
GAMA Program

Groundwater Ambient Monitoring 
and Assessment

John Borkovich, PG
GAMA Program

State Water Resources Control Board



Ground Rules
1) Use common conversational courtesy
2) All ideas and points of view have value
3) Avoid editorials
4) Honor time
5) Order of comments - PAC members 
speak first
6) Decision making by consensus



Goals of Today’s Meeting

Reconvene PAC
Review Status of the GAMA Program; 
emphasis on Priority Basin Project
Discuss proposed change in workscope
Initiate Discussion on Future Issues 
Facing GAMA



Presentation Overview

GAMA Background and Status

Groundwater Information in GeoTracker 
GAMA



GAMA is:

Groundwater
Ambient
Monitoring and
Assessment



GAMA Background
Legislature’s concern about groundwater quality
Budget Act of 2000
Water Code Section 10780

• Groundwater Quality Monitoring Act of 2001 -
(AB 599, Liu)

PAC and ITF created as a result 

• Groundwater Quality Monitoring –
(2008. AB 2222, Caballero)



PAC Representatives 
AB 599 specified that we convene an advisory committee 
“PAC”:

Two from federal agencies
Two from public water systems
Two from environmental organizations
Two from business community
One from a local agency 
Two from agriculture
Two from groundwater management entities

Note: SWRCB staff did not appoint.  We invited 
representative groups to appoint PAC membership. 



GAMA Program Functions 

• Collect new and existing data 
• Coordinate with other groundwater efforts
• Assess groundwater quality
• Serve information to the public



California Relies Heavily on 
Groundwater

35% of water for irrigation and public use is 
from groundwater
43% of Californians are served by groundwater
Many communities rely 100% on groundwater
Contaminated groundwater results in treatment 
costs, well closures, and new well construction 
which increases costs for consumers



Groundwater Quality Monitoring 
Importance

Groundwater data and information critical for 
resource management
Groundwater Information needs to be more 
centralized, integrated to be more easily 
monitored, evaluated, assessed



Priority 
Basins 

Special 
Studies

Domestic 
Wells

GeoTracker 
GAMA

GAMA

GAMA Program: Current Projects

Sampling conducted in Voluntary Cooperation with Participants



GAMA Domestic Well Project

Tests for chemicals commonly found
Provides Water quality info to well owners
Coordinate with local environmental agencies
Cost for testing incurred by State Water Board
Water Quality data online



Status: Domestic Well Project
1,146 Wells sampled from 2003-11 
Key Results – Yuba, El Dorado, Tehama, Tulare, 
San Diego, Monterey Counties:

• Total Coliform: 26% wells tested positive
Fecal 3.2%

• Nitrate: 10% wells tested above MCL 
Nitrate: 41%  Tulare wells above MCL 

• Radionuclides (gross alpha): 33% San Diego >MCL
• Perchlorate: 6% above MCL
• VOCs: <1% above MCL

State Board Staff Technical Lead



Status: Priority Basins Project

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

USGS Technical Lead with LLNL support



GAMA Priority Basins Project
Status: >1,200 participants: 208 dists.,159 
cities, 80 schools
Major Findings:

“Naturally” occurring compounds most prevalent
Low level pharmaceuticals and wastewater 
chemicals indicate connection between surface 
and groundwater
Pesticides – mostly detected only at v. low levels





Priority Basin – Future Funding
Priority Basins funding (Prop 50 bonds) 
ceases in 2015
AB 2222 report (1st one) recommends 
extending GAMA to 2024 

Funding for other GAMA Projects still intact
New Funding Source Not Yet Identified 
Reconvene PAC later this year, to discuss 
potential options



GAMA Special Studies
LLNL Lead
Focus on areas of groundwater concern 
(occurrence, source)

Wastewater, Septics
Dairies
Nitrate
Recycled Water

Tools used
Age dating (H3/He)
Isotopes (N, O, H, B)



Important Points/Findings:

Most land uses can impact groundwater quality

Shallow groundwater more vulnerable to contaminants

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

Monitoring groundwater quality is critical to track 
impacts over time



GeoTracker GAMA:
Groundwater Information System

Fulfills AB599 intent: Central data system

Shares data from CDPH, USGS, LLNL, DWR, 
DPR, State and Regional Water Boards

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



Internet accessible; public and tiered 
access

Can search for >225 chemical constituents

Adds new Data as it is available

System is capable of expanding more

GeoTracker GAMA:
Groundwater Information System (cont.)



Shared datasets 
listed here 

Access system 
through GAMA  
Homepage



Enter your address, 
zip to start query

Access all Data in 
System by County



Access all Data in System by County -
Over 100M results



Over 200K 
Wells in 
GeoTracker 
GAMA system



Chose a 
unique GIS 
to Narrow 
your results 



Concentrations 
over Time



Other Groundwater Information



Allows access to 
Pertinent Tech 
reports and Well 
Logs



Shows Well Logs 
for over 130 K 
Monitoring Wells



Water Levels for 130K MWs 
and DWR Water Data Library



Shows Relative Water 
Level Changes over 
Given Time (MWs)



Click on a Well and get 
its Hydrograph (water 
level history)



John Borkovich
GAMA Program Manager

jborkovich@waterboards.ca.gov

http://geotracker.waterboards.ca.gov/gama

Thanks



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

St t Wid R lSt t Wid R lState Wide RelevanceState Wide Relevance

A Presentation toA Presentation to
GAMA Public Advisory CommitteeGAMA Public Advisory Committee

A ilA il 20 201220 2012April April 20, 201220, 2012
byby

Bradley K. Esser (LLNL)Bradley K. Esser (LLNL)



Groundwater Ambient Monitoring & Assessment Groundwater Ambient Monitoring & Assessment 
(GAMA): A State Water Board Program(GAMA): A State Water Board Program(GAMA):  A State Water Board Program(GAMA):  A State Water Board Program

Initial ProgramInitial Program
California Aquifer Susceptibility Program (2001-2003)

Current ProgramsCurrent Programs
Priority Basins (USGS)Priority Basins (USGS) Special Studies (LLNL)Special Studies (LLNL)

Current ProgramsCurrent Programs

Domestic Wells (SWRCB)Domestic Wells (SWRCB)Domestic Wells (SWRCB)Domestic Wells (SWRCB)



What is a GAMA Special Study? 

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

S ifi  t  lit  i– Specific water quality issue

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

groundwater used for drinking water

• Using innovative & scientifically credible methods• 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 studentsn ol e & tra n students

Goal:Goal: ScienceScience‐‐Informed PolicyInformed Policy



A Focused Water Quality Investigation 

A single well
Is high nitrate in a 
city well from 

h d    f  

Small dairy farm

Transport & fate 
of dairy derived y

orchards or a farm 
supply yard?

Is high nitrate in a 
community well 
affected by 

of dairy-derived 
nitrate  to 
underlying aquifer

affected by 
agricultural 
nitrate?

A managed 
aquifer recharge 
operation
How can we trace 

Groundwater 
basins

Sources of nitrate How can we trace 
recharged water 
without SF6?
Is high arsenic 
caused by recent 
recharge operation?

and impact of 
nutrient 
management plans.

Impact of climate 
change on alpine recharge operation? change on alpine 
headwater basins.



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 (e g  Llagas & Salinas) Basins with nitrate management plans or PSW exceedences (e.g. Llagas & Salinas)
 Central Valley dairies & Tulare County domestic wells
 Municipal wells (e.g. Ripon)

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

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

Ph i l  ( b i )  ifi i l  d b  i Pharmaceuticals (carbamazepine); artificial sweeteners; and boron isotopes
 Impact of septic discharge and recycled municipal wastewater

 Groundwater recharge and transportg p
 Development of new age tracers for groundwater recharge

 Introduced tracers (to replace SF6) and natural tracers
 Water quality changes during groundwater recharge
 Impact of climate change on recharge in headwater basins Impact of climate change on recharge in headwater basins
 Identification of recharge area and surface/groundwater interaction



Using Innovative Approaches

• Delineate groundwater recharge, flow & 
t i t t t

g g
contaminant transport

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

Groundwater Age 
Dating

• Water source (stable isotopes of water)
• Water “tagging” (introduced gas tracers)
• Contaminant source (isotopic composition)

Isotope & Dissolved 
Gas Geochemistry • Contaminant source (isotopic composition)

• Contaminant degradation (e.g. denitrification)
Gas Geochemistry

Industrial VOCs & 
Emerging 

Contaminants

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

degradation in subsurfaceCo ta a ts degradation in subsurface



Groundwater age tracers act as proxies for Groundwater age tracers act as proxies for 
groundwater susceptibility & track groundwater flowgroundwater susceptibility & track groundwater flow

Contaminated
Recharge

Young 
vulnerable 
water

Vadose 
zone water

Older 
pristine 
water

Saturated zone

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

• Low Level VOCs 
– To detect recent recharge

• Stable isotopic composition of water
T di ti i h f t– To distinguish sources of water Age in years



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

A groundwater chronometer

T1/2 = 
12

A groundwater chronometer

3H 3He
12 years

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 ( )anthropogenic sources in the atmosphere. 

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



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

Noble Gas Mass Spectrometry LLNL is one of two high-throughput noble 
gas mass spectrometry labs in the 
countrycountry

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

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

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

resource managers 
made age-dating accessible to water 

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

atoms of 3He.atoms of He.



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

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

MTBE Groundwater Age

USGS data LLNL  data
Hudson G B Moran J E Eaton G F 2002 Interpretation of Tritium 3HeliumShelton J L Burow K R Belitz K Dubrovsky N M Land M Gronberg J 2001

Significant findings of the California Aquifer Susceptibility project
Coastal aquifers are well protected from surface contamination

Hudson, G.B., Moran, J.E., Eaton, G.F., 2002. Interpretation of Tritium-3Helium 
Groundwater Ages and Associated Dissolved Noble Gas Results from Public Water 
Supply Wells in the Los Angeles Physiographic Basin. LLNL, UCRL-AR-151447

Shelton, J.L., Burow, K.R., Belitz, K., Dubrovsky, N.M., Land, M., Gronberg, J., 2001. 
Low-Level Volatile Organic Compounds in Active Public Supply Wells as Ground-
Water Tracers in the Los Angeles Physiographic Basin, California, 2000. USGS 
Water-Resources Investigations Report 01-4188, p. 29.

• Coastal aquifers are well-protected from surface contamination
• Central Valley aquifers are not well-protected from surface contamination



The GAMA program currently uses multiple age tracers:
Tritium/helium-3; radiocarbon; and radiogenic helium

Age tracers currently 
used by GAMA program

Modern
water

Pre-modern
water

used by GAMA program

10 100 1 000 00010 00010 100 1,000,00010,000
Groundwater age (years since recharge)



GAMA Special Studies is also developing 
krypton-85 to complement tritium/helium-3

Modern
water

Pre-modern
waterate water

10 100 1 000 00010 000
Groundwater age (years since recharge)

10 100 1,000,00010,000
Groundwater age (years since recharge)



…and sulfur-35 and introduced noble gases 
to trace recent recharge (< 2 year old water)

35S, introduced tracers
e

en
t r

ec
ha

rg
e

Modern
water

Pre-modern
water

R
ec

e ate water

10 100 1 000 00010 000

Lawrence Livermore National Laboratory LLNL-PRES-547531 13

10 100 1,000,00010,000
Groundwater age (years since recharge)



Characterizing managed aquifer recharge requires tracing 
groundwater transport on short time scales

Method General 
accuracy

General 
level of 
effort

Safety 
factor

Retention 
time

(months)

Formula 
(Darcy’s)

Poor Some info 
on aquifer

4.0 24

3‐D model Fair Lots of info 
on aquifer

2.0 12

Intrinsic
tracer

Better Sample
existing 
tracers

1.5 9

Added  Desired Track added  1.0 6
tracer tracer

California Department of Public Health, 2008. Draft Groundwater Recharge Reuse 
Regulations  (Title 22, California Code of Regulations; Division 4,. Environmental 
Health; Chapter 3. Recycling Criteria).

Treated wastewater used for 
groundwater recharge requires a 

subsurface residence time of 
months to years.

GAMA Special Studies is developing new age tracers 
for managed aquifer recharge:

Lawrence Livermore National Laboratory LLNL-PRES-547531 14

• Introduced: Noble gas tracers to replace SF6
• Natural: Sulfur-35 (for water less than two years old)



Introduced noble gas isotopic tracers can be used 
for short time scales (OCWD and LLNL)lso a powerful tool
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Xe tracer arrival (days)3H/3He Age in years

Clark, J.F., Hudson, G.B., Davisson, M.L., 
Woodside, G., Herndon, R., 2004. 
Geochemical imaging of flow near an artificial 
recharge facility, Orange County, California. 
Ground Water 42, 167-174.

Maxwell, R.M., Welty, C., Tompson, A.F.B., 
2004. Streamline-based simulation of virus 
transport resulting from long term artificial 
recharge in a heterogeneous aquifer (vol 26, 
pg 1075, 2003). Advances in Water Resources 
27, 857-857.



Introduced noble gas tracers can be used to constrain 
recharge and flow in complex settings (AWWARF)

This approach works, and 
is an alternative to SF6

The challenge is making

M J E H lli ll M S 2003 Ch t i i G d t

The challenge is making 
it cost-effective and 
widely accessible

Moran, J.E., Halliwell, M.S., 2003. Characterizing Groundwater 
Recharge: A Comprehensive Isotopic Approach. American Water 
Works Association Research Foundation Report 90941, p. 199.



GAMA Special Studies developed an inexpensive benchtop 
instrument with high throughput for noble gas analysis: NG-MIMS

A current GAMA Special Study

Noble gas membrane inlet 
mass spectrometry 

Lawrence Livermore National Laboratory LLNL-PRES-547531 17

(NG-MIMS)



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

Investigated a groundwater banking 
project in California’s Central Valley: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 waterTravel times for banked water
• Water quality changes in banked high-

quality water
• Transport of emerging contaminants 

i t d ith d t hassociated with groundwater recharge

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

Specific recommendations can be 
made on recharge management

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

– 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 monitoringg

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 
J i V ll C lif i A li d G h i t 24 129 137Joaquin 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 locatedSources 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

Wh t i th & f th t i ti ?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 
i N b di i i horganic N sources, but cannot distinguish 
manure from septic sources

Nitrate from Chico falls mostly in the 
“ d ti di h ” fi ld“manure and septic discharge” field. 

GAMA Special Studies is exploring the use 
of boron isotopic composition to distinguish 

manure from septic sources of nitrate.



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

Trace Organics

“A i lt l “

“Agricultural”

“Septic”

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

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

Current & future studies:
boron isotopes, artificial sweeteners



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

O

• Nitrate contamination in Chico
– High-density septic system

“Agricultural”

“Septic”

Trace Organics – High-density septic system 
discharge is a source of nitrate 
within the city limits

– Manure from agricultural operations 
is a source of nitrate on theis 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 
th “M t l (2006) S fthe 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. 



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

O

• Nitrate contamination in Chico
– High-density septic system

“Agricultural”

“Septic”

Trace Organics – High-density septic system 
discharge is a source of nitrate 
within the city limits

– Manure from agricultural operations 
is a source of nitrate on theis 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 
th “M t l (2006) S fthe 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. 



LLNL also provides support to the GAMA Domestic Well Project with 
isotopic analyses to constrain water & contaminant sources

• LLNL analyses
– Isotopic composition of water
– Isotopic composition of nitrate
– Isotopic composition of boron

• Tulare County
– >40% of wells exceed nitrate MCL
– Isotopic data consistent with findings of 

SBX2 report (Harter et al, 2012):
– Water isotopes indicate most 

domestic well water is from 
irrigation returns

– Nitrate isotopes are consistent with 
a mixed source of synthetic and 
organic fertilizer

• Boron isotopes
– Better distinction between synthetic 

fertilizer; manure; and septic discharge
– Samples collected and processed for San 

Diego and Monterey Counties



Salinas Valley nitrate study

Study Questions:
– What is the natural background nitrate 

concentration for the study area?
– What happens to nitrate in the Salinas River 

during recharge and transport?
– What is the source of nitrate in a contaminated 

drinking water wells?

d i diStudy Findings

• When rainwater and soil are the only source 
of N, groundwater nitrate is very low (< 4ppm)

• Groundwater from shallow & deep wells 
adjacent to the river has recharged relatively 
recently. Older water is found in the confined 
zone and in the Eastside subbasin

• Denitrification is taking place in the vadose 
d i d t th S li

f

zone and in groundwater near the Salinas 
River.

• The San Jerardo community well draws high‐
nitrate irrigation return water in the spring 
and summerBasemap from Kulongoski et al., 2005 and summer

J. Moran et al. (2011) Nitrate Fate and Transport in the Salinas Valley: Presentation to 
Region 3 Board (San Luis Obispo; 09/01/2011).



Determining Water Resource Vulnerability to Climate Change 
(LLNL Climate Initiative)

Squaw Creek
(Olympic Valley)

Singleton, M.J., Moran, 
J.E., 2010. Dissolved noble 
gas and isotopic tracers 
reveal vulnerability of 
groundwater in a small, 
high-elevation catchment to g
predicted climate changes. 
Water Resour. Res. 46, 
W00F06.

How will changes in climate impact runoff in alpine headwater basins?

G d t di h i i ifi t t i l i t ff• Groundwater discharge is a significant component in alpine stream runoff

• Alpine groundwaters spend between a few years to more than a decade below the surface, 
and may buffer or reduce the impact on water resources from extreme wet or dry years.

• Recharge occurs over diffuse vegetated areas, rather than along exposed bedrock, 
which may buffer the impact of the transition from snow to rainfall.



LLNL is providing age tracer constraints on development of the 
Martis Valley Groundwater Model and Management Plan

GAMA Special Study (LLNL and SWRCB)
• Consider climate change impacts to groundwater 

recharge & groundwater qualityrecharge & groundwater quality, 
• Determine primary recharge locations & their 

vulnerability

Martis Valley Groundwater Model
( h i d f l i )(Desert Research Institute and US Bureau of Reclamation)

• Estimate effects of large scale groundwater trends, 
• Estimate the location of key recharge areas, and 
• Estimate implications of potential climate change on 

Martis Valley's water resources.y

Martis Valley Groundwater Management Plan
• The Placer County Water Agency (PCWA) 
• Truckee Donner PUD (TDPUD): 
• The Northstar Community Services District (NCSD)• The Northstar Community Services District (NCSD)

Age tracer data will used in the 
development of a groundwater basindevelopment of a groundwater basin 

management plan. 



Age tracer data

• Tritium, helium isotopic, and noble gas concentration data
Mean groundwater age: Tritium/helium 3– Mean groundwater age: Tritium/helium-3

– Fraction pre-modern:  Initial tritium
– Recharge temperature: Xenon

E cess air (recharge condition) Neon– Excess air (recharge condition): Neon

• Age Tracer Database:
C il d t d di d tii f ll j t t d t– Compile and standardize reductiion of all project age tracer data

– Upload archival tritium and noble gas data from the GAMA Special 
Studies and California Aquifer Susceptibility Projects to Geotracker
Develop a map and database of groundwater age for all groundwater– Develop a map and database of groundwater age for all groundwater 
samples collected by the GAMA project



What are the general findings? 

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

(e.g. managed recharge)

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



Two last points

• Shallow groundwater is important & susceptible

Affected water Challenges

Domestic wells

Managed recharge

Surface water

Shallow groundwaters are susceptible to contamination 
and to climate change

The quality of shallow groundwater is poorly knownSu ace ate

Monitoring shallow groundwater is important to track the 
impact of land use, management practice and climate 
change on water quality

• Special Studies success requires collaboration
Organization Need
Water Board(s) Funding; prioritization

LLNL Unique capability & expertise;
Internal funding (Water Initiative; Climate Initiative)

Districts Access; expertise; in kind staff contributions; projectsDistricts Access; expertise; in‐kind staff contributions; projects

Research 
institutions

Expertise; capability students; projects



Technical Publications

Technical Reports Peer-reviewed Publications

Data collected by USGS

14 published (as of 04/2011)
www.swrcb.ca.gov/water_issues/ 
programs/gama/gamadocs shtml

9 published (as of 04/2011)
Environmental Science & Technology
Applied Geochemistryprograms/gama/gamadocs.shtml Applied Geochemistry
Ground Water



General Audience Publications

Fact Sheets Non-technical publications

1 published
Southwest Hydrology
EPA Technology News & Trends
Hydrovisions



Presentations

Regulatory agency briefings Stakeholder & professional
workshops & meetings

Scientific conferencesScientific conferences
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For more information

St t W t B d GAMA P W b itState Water Board GAMA Program Website:
http://www.waterboards.ca.gov/gama

John Borkovich (SWRCB)
GAMA Program Manager

jborkovich@waterboards.ca.govj @ g
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GAMA Special Study Project LeadGAMA Special Study Project Lead

bkesser@llnl.gov



Technical Reports
(as of 04/2011)(as of 04/2011)

Carle, S. F., Moran, J. E., and Esser, B. K., 2010. California GAMA Special Study: Groundwater Age Simulation and Deconvolution Methods for 
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