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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 |s:

Groundwater
Ambient
Monitoring and
Assessment
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Presentation Notes
GAMA means 

Groundwater Ambient Monitoring and Assessment.


Why GAMA?

> California Relies Heavily on Groundwater

o 35% of water for irrigation and public use Is
from groundwater

o 43% of Californians are served by groundwater
o Many communities rely 100% on groundwater

o Contaminated groundwater results in treatment
costs, well closures, and new well construction
Which Increases costs for consumers
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Presentation Notes
California is increasingly reliant on groundwater.  

Groundwater contamination cleanup is expensive.


Why GAMA?

> Water Quality Testing I1s Not Complete

o \Water quality from 16,000 wells used for
public supply Is regulated by CDPH and
regularly tested (36M people)

o Water guality from 600K private domestic
wells is not regulated and Is rarely tested
(1.4M people)
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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?

o Budget Act of 2000

« Water Code Section 10780
Groundwater Quality Menitering Act of 2001
(AB 599, Liu)
Groundwater Quality: Monitoring
(2008. AB 2222, Caballero)

D
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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

e Coordinate with water agencies
e Collect new data
o Combine new and existing data
(water guality, water level, contaminant sources)
o Assess groundwater guality
o Serve information to the public
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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

e Projects staffed by State Board, USGS, LLNL to
assess CA groundwater quality

o Well owners volunteer wells to be sampled
o Over 4,000 wells sampled since 2000

« GAMA tests groundwater for:

* Drinking water standard contaminants
e Hundreds of contaminants for trace levels
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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.


=
GAMA Program

Current Projects & Schedule for Board Meetings

Informational Items
GeoTracker Priority
GAMA Basins
(May) (March)
GAM

Domestic Special
Wells Studies
(July) (April)

Sampling conducted in Voluntary Cooperation with Participants

|3 =USGS
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We will be briefing the Board on the four Projects within GAMA over the coming months.


Status: Priority Basins Project

> First statewide sampling cycle nearly
complete

> 2,200 wells sampled
> Dozens of Reports, Fact Sheets published

> USGS Presentation on Findings - March

D
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The first GAMA project is being presented today by the USGS - the Priority Basin Project.


Status: Special Studies - LLNL

o Studies on nitrates from dairies, fertilizer,
human wastewater

» \Wastewater Indicator studies on effect of
septic systems on shallow groundwater and
areas Influenced by recycled water

o Changes in chemistry of groundwater by
rlecharge of surface water

LENL Presentation on Findings — leday.
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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 Project

> 1,067 Wells sampled by Board staff from 2003-09

> Key Results — El Dorado, Yuba, Tehama, Tulare,
San Diego Counties
Total Coliform: 28% wells tested Positive
Nitrate: Average 10% wells tested above MCL
Nitrate: 41% Tulare County wells tested above MCL
Radionuclides: 33% San Diego above MCL

> Monterey County sampling to begin in May

Presentation oni Eindings — July: 19
(S5
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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.


GeoTlracker GAMA:
Groundwater Quality Data System

> Fulfills AB599 intent: Central Data Source

T
]
Fie &

CIFK

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

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

> Groundwater guality data collected with
State funds must comply with AB 599 -

but electronic submittal not specified

Presentation of System — May: 17
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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:

> Most land uses negatively affect groundwater
> Shallow groundwater Is poor In many areas

> Deeper water has better guality, but contains
several contaminants-usually in trace amounts

> o sustain groundwater resource and reduce
negative trend, action Is needed

> Monitoring groundwater guality Is critical to track
IMpacts 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)


Impacts from Nitrate on
Deep Groundwater
(2005-2010)

Hydrogeologically
\ulnerable Areas : .
and ! : T ’ Hydrogeologically Vulnerable Areas™

S % GAMA Priority Basin Study Units™**

GAMA Prlorlty | = ‘i ﬂ -\ 1 i-:) Regional Board Boundaries
BaSInS S § Counties

@® Deep wells above Nitrate MCL*

Nitrate above MCL
iIn Public Supply:
Wells

g MILES
Water Boards


Presenter
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 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 Funding

> Bond Funds run out 2013

> Without replacement funding,
Priority Basin Project funding will end

> AB 2222 Report to Legislature:
Options to extend GAMA to 2024
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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 Stuaies Project

Dr. Bradley Esser, 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.


A Presentatlon t
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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 emer ir;g 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: Science-Informed Policy




Municipal well
Is high nitrate
from orchards or
farm supply?

Small dairy farm
Transport & fate
of dairy-derived
nitrate to

underlying aquifer

Managed b | Groundwater

Aquifer o 1| § toreresnie| | basin .

Recharge . e Yamr || Sources of nitrate

o] 1-9 and impact of
peration nutrient

Is high arsenic

= caused by recent
rec harge Llagas subbasin — confined
ope r.at l on? 27% 00F N Llagas subbasin — unconfined

San Francisco Bay

Santa Clara County

|| santa Glara valley basin — confined

"] santa Ciara Valley basin — unconfined
T

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

o Development & demonstration of source attribution for nitrate
« TIsotopic composition and co-contaminants

» 6Groundwater recharge and transport
> Water quality changes during groundwater recharge

> Development of new age tracers for groundwater recharge
> Introduced tracers (to replace SFé) 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

(Physical
P ant Lite M\




Using Innovative Approaches

Water Boards

Groundwater Age
Dating

Isotope & Dissolved
Gas Geochemistry

Industrial VOCs &
Emerging
Contaminants

« 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 compaosition)
Contaminant degradation (e.g. denitrification)

Proxy for aquifer susceptibility
Contaminant source tracers
Emerging contaminant transport &
degradation in subsurface

::_. ical e



Water Boards

Contaminated
Recharge

Saturated zone

'ﬁ::l

Groundwater age by Tritium/Helium (3H/°He)
— To determine mean age

Low Level VOCs
— To detect recent recharge

Stable isotopic composition of water

— To distinguish sources of water Age in years

Young
vulnerable
water

Older
pristine
water

Anaheim Lake

Santa Ana River

1 mile




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

Changes in fertilizer nitrogen and phosphorus use
LL.S. data show that from 1945 to 1993 nitrogen use jumped 20-fold and
phosphorus use tripled.

A groundwater chronometer 15

_ —— Phosphorus
T1/2 -

12 years
3H *He
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=

The method is useful over the last 50 3H/3He time-scalé
years with an uncertainty of 1-2 years.
Tritium has both natural and

anthropogenic sources in the atmosphere. pletgliel s AN D el
1940 1950 1960 1970 1980 1990 2000

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




Water Boards

Noble Gas Mass Spectrometry

The detection level for 3He is 1 Zeptomole
(600 atoms). LLNL routinely measures 10°
atoms of 3He.

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




Water Boards

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 concentrations
Not detacted

0.052 - 0.18 o/l ﬁ,

S008-057 pgll. b e

s+ 3057 pg/L

|| Unconsolidated deposits
B Unconsolidated deposits
(alder deposits)
< Consolidated deposits
I Recharge facilities

R -

S o iy - National Laboratery .~ | Groundwat
L onbiedeceroms L — =7 YA “ ol e~ ~ '/Whﬁ:ﬁy.\lsnm :
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Mean Age (years)
| 4.9 years
10-16 years

Study area boundary 5 i Y e 17-24 years
& y = « ) al

Forebay boundary

Seawater intrusion
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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

P g a \‘*_-
barriers 0 10 MILES || — Rivers { 3 MILE:
—_—— | — =3 *H (pCill) 0 H 10 MILES |
T T = | |
0 5 10 KILOMETERS i = Fardbay Bouadary 0 § 10 KILOMETERS
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Investigated a groundwater banking
project in California’s Central Valley:

. Introduced SF 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-

O Well sampling point

quality water B e
° Transport Of emerg|ng Contamlnants <4 Tracer introduction point

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 Specific recommendations can be

of the recharge water made on recharge management
— Arsenic is rapidly released from — Low-oxygen conditions during
gaﬂf][gr” occurring iron eOrXSId\?VShilghthe recharge will result in dissolution of
hg\,e higher pH than ambient water ferric oxides, and release of much
higher concentrations of arsenic.

2NGE-11H4-8, 540 to 600 feet below LSD, 2NBGE-1A1-5, 540 to 600 feet below LSD, - ngh Oxygen demand In reCharglng

4 percent arsenic by weight 0 percent arsenic by weight

water should be avoided.

— The current operation is sustainable
with monitoring

McNab WW, Singleton MJ, Moran JE, and Esser BK, 2009. lon
exchange and trace element surface complexation reactions

. : : associated with applied recharge of low-TDS water in the San

“*100 micrometers f — 100 0 NS Joaquin Valley, California. Applied Geochemistry 24, 129-137.

Izbicki et al. 2008. USGS OFR-2008-1272.
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Nitrate contamination is a water-quality issue of

state-wide relevance

f ]
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't‘.._ fig! {| @ >45mg/L = 503

0 30 &0 120
— — |l
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Animal Manure

Fertilized Agriculture
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Sources of nitrate are often co-located
and non-point source.
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Water Boards

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?




An isotopic approach:

Distinguishing synthetic fertilizers, manure, and wastewater

The dual-isotope approach can
distinguish synthetic fertilizers from
organic N sources, but cannot distinguish
manure from septic sources

Animal Manure Fertilized Agriculture

1 oty WO
A R ]
\ fl

Organic Soil N

——

Nitrate-oxygen isotopic composition (SlsO, permil ve SMOW)

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

Water Boards

Nitrogen & oxygen isotopic composition of

nitrate in GAMA Special Study groundwaters

30 ! . 1 . ! . !
[
Nitrate fertilizer u
®
20 [ -
pu" °
W Denitrification
10 -
0 e \Wastewater
m  Septic
B Dairy
o  Survey
m Domestic
e PWS
-10 | ]|
30 40

Nitrate-nitrogen isotopic composition (8N, permil vs air)




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

Trace Organics
QO “Agricultural”

[] “Septic”

“Agricultural ©
*Herbicides (1)
*Herbicide degradates (2)

“Septic”
*DEET (1)
«Caffeine (2)
i O oat A oo I Surfactants (1)
® roicivar «Carbamazepine (4)

v . “Septic”

image © 2006 DigitaiGiobe. S Current & future studies:
; boron isotopes, artificial sweeteners

A~ o5 SCIENCES I



Tritium/helium-3 age dating can be used to distinguish between

recent and past sources of nitrate

Chico, CA ) ) . . .
.  Nitrate contamination in Chico

| ! T f |
® Trace Organics — H_|gh-den5|_ty septic system
O “Aqricultural” discharge is a source of nitrate
80 | 9 1 within the city limits

[] “Septic” — Manure from agricultural operations
. Is a source of nitrate on the

60 |-o- - periphery of the city
o — Nitrate contamination is ongoing and
associated with current practices

40 |- .

Nitrate (mgfL-NOS)

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

20 [ & o - The International Association of GeoChemistry selected
@ the paper — “Moore et al. (2006) Sources of

- . - Groundwater Nitrate Revealed Using Residence Time
rey S ol and Isotope Methods” -- as the year’s most significant

o L1 ! ! ! | paper published in Applied Geochemistry, the IAGC’s

0 10 20 30 40 50 monthly scientific journal.

*Hr’He Apparent Age (years)
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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

F(Physical
P ot Lite LI




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

(Physical
P ant Lite M\




Water Boards

Technical Reports

UCRL-TR-223509

LAWRENCE LIVERMORE NATIONAL LABORATORY

Prepared in cooperation with the
CALIFORNIA STATE WATER RESOURCES CONTROL BOARD

14 published

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

Peer-reviewed Publications

Available online at www scencedirectcom

et Applied
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Appiit Geschesisiey 21 (2006 1016-1809

Sources of groundwater r e revealed using residence time
and isotope methods

Keara B. Moore “*, Brenda Ekwurzel *, Bradley K. Esser ®
G. Bryant Hudson b, Jean E. Moran ™
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Fact Sheets

Nitrate contamination of California
Eroundwater supplies is widsspresd: about
10% of groundwater wells that supply
drinking water to the public in Calfornia
and produce water that
must be trested or blended before usa. In
contrast, private domestic wells generally
tap shallower groundwater that has even
greater potential for contamination, in
Tulare County, for examphe, over 80% of
domestic wells tested by the State Water
Board were above the drinking wits
standard (45 mg/L as NO,).

Groundwater quality affects water supply.
Nitrate is expersive to remove from
drinking water supplies, especially in publlc
and private systems that rely on untreated
groundwater and do nat have the necessary
walter treatment infrastructure. As a result,
community wates-supply wedls are of
abandoned due to nitrate contamination

What are sources of nitrate?

Nitrate is an es: | rutrient that ocours
naiturally in soll and water. Concentrations
of nitrate in groundwater from natural
sourees are ususlly less than 10% o
Mo Contami
mg/L & NO,

Finding Sources of Nitrate in Groundwater

Nitrate has many anthropogenic sources:
synithetic and o lertilzers apphed to
crops, farm animal waste, human waste

i
wastewater applied 1o land.

m septic systems, and treated municipal

Water Boards

GAMA Special Studies
Project

Since 2000, the Californas S1ate Wiser
Board Grouncwater Ambsent Mantanng
& Assessment (GAMA) Progam has
furded the Specisl Studies Project with
Lawrence Livesmaore Maonal Laboratory
(LLNL) o3 techmical lead. A rumber of
Tatnts have Deer CONDUCTED 10 AGINESS
specic contarminants of statewide
relevance.

A mapor goal of the GAMA Program is @
Incresse the availability of informasion
ADGLT groundwater GuUAlY 10 the Pubic
This GAMA Specisl Studies Froject fact
Sheet is ntended 13 miorm the public
ard water-fesourie Community, focusing
N the netrate miue

GAMA funding for the Specisl Studes
Praject silows researchers to better
Characterioe ard B1se13 water Quaity
in Catfornia groundwater Determning
the sourte of RarHle in groundwater
5 imporiant 1o profect Grnking water
fram ni#e contEminaton. Because
nitrate SIURCEs aTe often miermngied.
Idenniying The Soun(e SINg tradmanal
methods s AIfcun. New methods are
needed to sientify non-point Wource
comtamanants, weh ot narate.

The GAMA Special Studies progect has
uuted & number of INNOVATIVE new Tack,
Includieg grousdwates age, ne
Isotopic compesition, and nirate co-
CORTATHNARLS, in STusdy s near Chico,
Livermore, and Morgan Hill and in snd
wround Saines i Dngs County.

Nitrates in Groundwater

Identifying
Groundwater
Nitrate Sources
and Sinks

flective mansgement of nitrs
E.m.m.d aquifers requires
identifying the sources of nitrate
to the aquifer, and understanding the
transport and fate of mitrate within
the aquifer. Source identification is
crucial to effective source mitigation;
comversion of ressdential seplic systems
b sewer in a rural community will be
ineffective if the primary source of nitrate
contamination & agricultural eperations

Determining the soarce of nitrate in an
aquiter, however, can he difficult. Nitrate
occtrs naturally and has a number of
anthropogenic sources. inchading synthetic
fertifirers. animal mamere, septic systems,
and municipal wastewater. More than
one sonirce may be present in a recharge
area. and the sources may be diffu
distribated, or localized. As a res
proundwater nitrate
often widely distribusted
concentration range, making tradstional
plume.tracking methods of placing
wells upgradient and downgradient

of a suspected source ineffective

aracterizing nitrate transport is alio
I to effective management
mitrate travels withous significant

Sime

32 | JULY/AUGUST 2009 | Southwest Hydroiogy

attenuation in oxygen-rich groundwaters,
4 -

and fertilizer sources of nitrate in

matural tracers of g
can help distinguish between e
and historic sources of nitrate, and can
e wsed 1o idemtify apy
for assessing the impact of land use or

management changes on groundwater

quality, The mast significant process for
degradation of nitrate in groundwater is

eiate wells

that denitrification is occurring can
lead to acceplance of manitored natural

underlying residential
areas either surrounded by farmlands

o recently converted from agricultural
use. A Lawrence Livermone National
Laboratory study found that groundwater

surfactants, and widely prescribed anti-

epileptics nuch as carhamazepine, In

contrast, groundwater in surrmunding

Eermlands contained herbicides and
bicid,

tion as & viable

plan. and can reconcile measired and
modeled nitrate concentratinns.

ource 1D
Nitrate soarces in groundwater can be
determined from

1¢ isti

i composition;
» the presence of nitrale co-contaminants
haracteristic of specific sources;

roundwater major and trace ement
chemical arsd isotopic compasition:

+ mean age of the groundwat

r

+ isotopic composition of water

Istopic Compusition: The nitrate molecule
contains nitrogen, with stable Botopes "N
and "N, and oxygen, with stable isotopes
150, 170, and 80, Meastaring the isobopic
composition of both o s, known as the
dual-otope method ic for
distinguishing atmosp

fertilizer sources from organic fertilizer
and septic soarces, and for identil
denitrification {see figure. right). Septic
discharpe cannot usally be distinguished
froem manure application asing this methed,
buwever. and there are large areas of overlap
Inetween various anthropogenic sources

and natural soil nitrate. Since mitrif
the oxidation of ammoniwm 1o nitrate,
typically incorporates avygen from both
the atmosphere and water, messurements
of loxcal water 570 can also be useful in
assessing the impartance of ammoniam
mitrogen from seplic and municipal
wastewater discharge, an
organic matter. or ammoniam fertilizers
a8 a source of groundwaler nitrate.

mansre

Co-comtampnnts: A difficult but
Important problem is distinguishing
beetwoeen residential (septic) wastewater

7 products. The
highest nitrate concentrations were in the
youngest groundwater, indicating engolng

nitrate loading. Nitrate sotope compasition
was ol defimitive im this setting, & results
fell in the area of overlap between animal
waste. septic efflsent, and soil nitrate

Water tracers: Quantifying groundwater
age and source can be usefiel in nitrate

historic sources). identifying wells for
Ritrate monitoring (including background

1 published

Water Boards

Southwest Hydrology

EPA Technology News & Trends

Hydrovisions




Presentations

Regulatory agency briefings
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