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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

o Legislature’s concern about groundwater quality
o 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

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




Groundwater Quality Monitoring
Importance

o Groundwater data and information critical for
resource management

o Groundwater Information needs to be more
centralized, integrated to be more easily
monitored, evaluated, assessed




GAMA Program: Current Projects

Special Priority
Studies Basins

GAM

Domestic GeoTracker
WWELS GAMA

Sampling conducted in Voluntary Cooperation with Participants

L3 ZUsGs




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
o 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

= a USGS l:g'
science for a changing world
Water Boards =




GAMA Priority Basins Project

> Status: >1,200 participants: 208 dists.,159
cities, 80 schools

> Major Findings:
« “Naturally” occurring compounds most prevalent

o Low level pharmaceuticals and wastewater
chemicals indicate connection between surface

and groundwater
o Pesticides — mostly detected only at v. low levels
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Priority Basin — Future Funding

> Priority Basins funding (Prop 50 bonds)
ceases in 2015

> AB 2222 report (15 one) recommends
extending GAMA to 2024

o Funding for other GAMA Projects still intact
> New Funding Source Not Yet Identified

> Reconvene PAC later this year, to discuss
potential options

o

Water




GAMA Special Studies
> LLNL Lead

> Focus on areas of groundwater concern
(occurrence, source)

o Wastewater, Septics

o Dairies
o Nitrate
o Recycled Water

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

Water Boards




Important Points/Findings:

> Most land uses can impact groundwater quality
o Shallow groundwater more vulnerable to contaminants

o 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




GeoTracker GAMA:.
Groundwater Information System (cont.)

> Internet accessible; public and tiered
access

> Can search for >225 chemical constituents

> Adds new Data as i1t Is available

System Is capable of expanding more

=
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Other Groundwater Information
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Thanks

John Borkovich
GAMA Program Manager
|borkovich@waterboards.ca.gov
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Groundwater Ambient Monitoring & Assessment
(GAMA): A State Water Board Program

Initial Program
California Aquifer Susceptibility Program (2001-2003)

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

g

Domestic Wells (SWRCB)




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




A single well

Is high nitrate in a
city well from
orchards or a farm
supply yard?

Is high nitrate in a
community well
affected by
agricultural
nitrate?

A managed
aquifer recharge
operation

How can we tfrace

% recharged water

without SF6?

Is high arsenic
caused by recent
recharge operation?

A Focused Water Quality Investigation

Small dairy farm

Transport & fate
of dairy-derived
nitrate to
underlying aquifer
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Gr'opndwa'l'er'
basins

Sources of nitrate
and impact of
nutrient
management plans.

Impact of climate
change on alpine

headwater basins.
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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)
« Central Valley dairies & Tulare County domestic wells
« Municipal wells (e.g. Ripon)
« Development & demonstration of source attribution for nitrate
« TIsotopic composition and co-contaminants

> Wastewater impacts on groundwater

« Development of new ftracers of wastewater in groundwater
o Pharmaceuticals (carbamazepine); artificial sweeteners; and boron isotopes

« Impact of septic discharge and recycled municipal wastewater

» 6Groundwater recharge and transport

Development of new age tracers for groundwater recharge
> Introduced fracers (to replace SF6) and natural tracers

Water quality changes during groundwater recharge
Impact of climate change on recharge in headwater basins
Identification of recharge area and surface/groundwater interaction




Using Innovative Approaches

« Delineate groundwater recharge, flow &
Groundwater Age contaminant transport
Dating « Proxy for aquifer susceptibility

» Tool for assessment of management practices

: » Water source (stable isotopes of water)
Isotope & Dissolved « Water “tagging” (introduced gas tracers)
Gas Geochemistry » Contaminant source (isotopic composition)
« Contaminant degradation (e.g. denitrification)
Industrial VOCs & » Proxy for aquifer susceptibility

- - Contaminant source tracers
Emerging « Emerging contaminant transport &
Contaminants degradation in subsurface

> P(Physical L
Water Boards < |\ anydsufe E]jm‘:- =




Groundwater age tracers act as proxies for

groundwater susceptibility & track groundwater flow

Young
vulnerable
water

Gro N
" »
h%

r < d Older
aturated zone pristine

water

Anaheim Lake

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

e Low Level VOCs
— To detect recent recharge

« Stable isotopic composition of water
— To distinguish sources of water

Santa Ana River

Age in years 1 mile
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The tritium/helium (3H/°H) method measures groundwater age on
an appropriate time-scale for water resource studies

Changes in fertilizer nitrogen and phosphorus use
LL.5. data show that from 1945 to 1993 nitrogen use jumped 20-fold and
phosphorus use tripled.

A groundwater chronometer 15

Nitrogen

o e PhoOsphorus
T1/2 I

12 years
3H 3He

w
=
S
E
i
=
=]
=
L=}
=
et
w
=

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. peietdi sy tadl,
1940 1950 19%0 1970 1980 1990 2000

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




Tritium-Helium (3H/3He) age dating and noble gas geochemistry is a

signature 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 H determination

Noble Gas Mass Spectrometry

Over the past 15 years, LLNL has

made age-dating accessible to water
resource managers

The detection level for 2He is one zeptomole
(600 atoms). LLNL routinely measures 10°
atoms of 3He.

N rzisit SCIENCES &




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

e e W

= "'““;L%“"PN P GroundwaterAge

MTBE concentrations
Not detected
0.052-0.18 ng/l.
>018-057 pgll.
= 3057 poll T o A Ilaa:gt?:‘(yurs]

10-16 years
17-24 years

Il Unconsolidated deposits Study area boundary + o s
T - | years
] Unconsolidated deposits Forebay boundary 2 7 F

 lolder deposits) Seawater intrusion Y B _ s
%' Consolidated deposits 0 10 MILES <3 * (pCi 0 10 MILES ||
e o i

Recharge facilities 10 KILOMETERS i — Forabay Boundury § 10 KILOMETERS ||
e e e T e

barriers

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.

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

| = |

ESE
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The GAMA program currently uses multiple age tracers:

Tritium/helium-3; radiocarbon; and radiogenic helium

Method

A

Modern | Pre-modern
water water

Age tracers currently
used by GAMA program

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

Physical
Land Life
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GAMA Special Studies is also developing

Krypton-85 to complement tritium/helium-3

A

i gaKrrn[jﬂ]pm]
3 3 = — g* i
H"! He § o —_— ggAr[E'r&.ﬂodem] i
ar s % o
.35Kr,CFC,SF6 = |
\ U g
ﬂ < T T T 3 i i 1 T
% Modern Pre_modern 1900 1920 1940reCharq1egviE;r 1930 2000
9 water water
>
-
10 100 10,000 1,000,000
Groundwater age (years since recharge)
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..and sulfur-35 and introduced noble gases
to trace recent recharge (< 2 year old water)

¥
et

_ g5,

o ) SKrCFC,SF,
o | & |
e | &
- f:’ Modern | Pre-modern
E S | water water

P

-
10 100 10,000 1,000,000

Groundwater age (years since recharge)

Lawrence Livermore National Laboratory PV |



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

General General Retention
accuracy level of time
effort (months)

Formula Some info

(Darcy’s) on aquifer
3-D model Fair Lots of info 2.0 12
on aquifer
Intrinsic Better Sample 1.5 9
tracer existing
tracers

Added Desired Track added 1.0 6
tracer tracer

Treated wastewater used.for California Department of Public Health, 2008. Draft Groundwater Recharge Reuse
groundwater recharge requires a Regulations (Title 22, California Code of Regulations; Division 4,. Environmental
subsurface residence time of Health; Chapter 3. Recycling Criteria).
months to years.

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

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

Lawrence Livermore National Laboratory wnrressrsn 14 B



Introduced noble gas isotopic tracers can be used

for short time scales (OCWD and LLNL)

3H/3He Age in years

Anaheim Lake

Santa Ana River

1 mile

Distance
(mile)

2.0
1.5 - e -
1.0 - Jv@l//l ‘ '
e
0.5 - -7
™
0.0 T ‘
0 200 400 600
Xe tracer arrival (days)

Vertical Distance (feet)

-1000

=]

Well
AMD10

Kraemer
Basin

Well Anaheim
A27 Lake

8
=1

5

3

8

—

6,000

4,000
Horizontal Distance (feet)

2000

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.
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Introduced noble gas tracers can be used to constrain

recharge and flow in complex settings (AWWARF)

ALAMEDA COUNTY WATER DISTRICT PUBLIC SUPPLY WELLS

N SNELL l
S "ﬁ\k@'omn
RUBBER

v GRAU DAM #3
', \POND

ALAMEDA CREEK

This approach works, and
&) v 63(823%) B 7@ 8 ) .
£  75(0:1%) W6 is an alternative to SF6
2 196{1+0.6%)
N v " 0y’
16§r1’fi4%i1§.§42{1go.5%1 . .
\  PeraitaTyson The challenge is making
Y Wellfield . .
‘%,;,% LEGEND it cost-effective and
A @ Production Well . .
. o Ve TRACER: widely accessible
N Wellfield g \"S; First detection in days t7(peak tracer %)
o8 7 \F

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

F(Physical
_an%lsufe___ !1




GAMA Special Studies developed an inexpensive benchtop

Instrument with high throughput for noble gas analysis: NG-MIMS

€D Drinking Water Production Well
Mwz2 @ Monitoring Well
@ Pond Sampling Lacation
@ Pond Vertical Profile
Xenon Introduction Line

MW3

3
T
13
8
n Production Well Field
YYD
\RENFRENZR PN
® 350 meter
MW4 >60 days?

Xenon introduction

1000 ft of silicone tubing (1/,5" ID)

* Submerged 15-20 ft below surface

+ Connected to 1000L xenon cylinder

+ Viapressure regulator at 100 kPa

« 1weekintroduction (10/17/2011 - 10/24/2011)
= 774 Lxenon (~ 60 times natural background)

200 meter
Figure 1.6. Map of the tracer study site.

80.0 -
70.0 +
60.0 -
50.0
40.0 +
30.0 +
20.0 +
10.0 +
0.0 +
-10.0 +
-20

Measured and modeled xenon concentrations in the pond

= odeled (100% efficiency)
= M odeled (90% efficiency)

= Measured

0 20 40 60 80

A current GAMA Special Study

Figure 1.11: Measured and modeled concentrations of xenon in the pond.

Lawrence Livermore National Laboratory

Noble gas membrane inlet
mass spectrometry
(NG-MIMS)

LLNL-PRES-547531 17 ‘
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Aquifer Storage and Recovery Projects are vital

for California’s water supply

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 et |
° Transport Of em erglng Contamlnants < Tracer introduction point

associated with groundwater recharge

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

Physical
and Life

CIE

| = |
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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
naturally occurring iron oxides In the recharge will result in dissolution of
hgve higher pH than ambient water ferric oxides, and release of much

higher concentrations of arsenic.

2NGE-11H4-8, 540 to 600 feet below LSD, 2NGE-1A1-5, 540 to 600 feet below LSD, - ngh Oxygen demand In reCharglng
4 percent arsenic by weigh ercent arsenic by weigh H
=’ " Kl 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
Joaquin Valley, California. Applied Geochemistry 24, 129-137.

100 micrometers

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

(>nsis2 SCIENCES I
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Nitrate contamination is a water-quality issue of

state-wide relevance

Nitrate NO, (2009) Animal Manure Fertilized Agriculture
@ -10mg/L = 5980
10— 45 mg/L = 3699
. > 45 mg/L = 503

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

0 30 &80 120 -
—_— — s

Sourpe: SWRLCE, GeoTracker GAMA
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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?

----------

Water Boards|
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An isotopic approach:

Distinguishing synthetic fertilizers, manure, and wastewater

Water Boards)

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

Animal Manure Fertilized Agriculture

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

Nitrate from Chico falls mostly in the
“manure and septic discharge” field.
GAMA Special Studies is exploring the use
of boron isotopic composition to distinguish
manure from septic sources of nitrate.

Nitrogen & oxygen isotopic composition of

nitrate in GAMA Special Study groundwaters
30 : ! , 1 . ! . |

Nitrate fertilizer u

20 °® L
" ©

W Denitrification

10

- a0 B ® Wastewater
il e Manure and m  Septic
3 ® B septic discharge ® Dairy
g, © Survey

1 / B Domestic
S e PWS

= 1 0 > T T T T T T I L ]|

0 10 20 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
O “Agricultural”

[] “Septic”

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

“Septic”

« DEET (1)

« Caffeine (2)

« Surfactants (1)

Trace Organic Compo

D, it 9 « Carbamazepine (4)
g . "Semic".

e st ~  #Coo gle Current & future studies:
boron isotopes, artificial sweeteners

- (it SCIE|

| = |

ESE




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

Chico, CA

T I I

Trace Organics
O “Agricultural”

« Nitrate contamination in Chico
— High-density septic system
discharge is a source of nitrate
within the city limits
[] “Septic” — 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:

o The International Association of GeoChemistry selected
the paper — “Moore et al. (2006) Sources of
- Groundwater Nitrate Revealed Using Residence Time

®
ng S and Isotope Methods” -- as the year’s most significant
| ! ! paper published in Applied Geochemistry, the IAGC’s

0 10 20 monthly scientific journal.

*Hr’He Apparent Age (years)




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

Chico, CA

T I I

Trace Organics
O “Agricultural”

« Nitrate contamination in Chico
— High-density septic system
discharge is a source of nitrate
within the city limits
[] “Septic” — 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:

o The International Association of GeoChemistry selected
the paper — “Moore et al. (2006) Sources of
- Groundwater Nitrate Revealed Using Residence Time

®
ng S and Isotope Methods” -- as the year’s most significant
| ! ! paper published in Applied Geochemistry, the IAGC’s

0 10 20 monthly scientific journal.

*Hr’He Apparent Age (years)




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

2003, 2004
(398)

Monterey
2011

Groundwater Ambient Monitoring and Assessment

(GAMA) Program
Domestic Well Project

Sampling Study Areas

Total Number of Wells Sampled Through 2011: 1,146

2002 Year Sampled
(128) Number of Wells Sampled

 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

 Boronisotopes

— Better distinction between synthetic
fertilizer; manure; and septic discharge

— Samples collected and processed for San
Diego and Monterey Counties




Salinas Valley nitrate study

47° 1747 1227 120° 118° 116" 1147 Study Questions:

OREGON

: — What is the natural background nitrate
e, 5y Moo Pl S T g s concentration for the study area?

Mountains

— What happens to nitrate in the Salinas River
during recharge and transport?

40°
— What is the source of nitrate in a contaminated
drinking water wells?

Northem
Coast

Study Findings

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

Monterey Bay and
Salinas Valley
GAMA Study Unit

*  Groundwater from shallow & deep wells

adjacent to the river has recharged relatively
. | \ recently. Older water is found in the confined
Soubern Sy 07 > & : zone and in the Eastside subbasin

Coast
Ranges

*  Denitrification is taking place in the vadose
zone and in groundwater near the Salinas
River.

34°

ARIZONA

e The San Jerardo community well draws high-
nitrate irrigation return water in the spring
and summer

200 MILES
L 1

o=

T
200 KILDMETERS
MEXICO

Basemap from Kulongoski et al., 2005

J. Moran et al. (2011) Nitrate Fate and Transport in the Salinas Valley: Presentation to
Region 3 Board (San Luis Obispo; 09/01/2011).
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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
predicted climate changes.
Water Resour. Res. 46,
WOOFO06.

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

N (risa SCIENCES &




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

GAMA Special Study (LLNL and SWRCB)
e  Consider climate change impacts to groundwater
recharge & groundwater quality,
e  Determine primary recharge locations & their
vulnerability

Martis Valley Groundwater Model

(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.

Martis Valley Groundwater Management Plan
. The Placer County Water Agency (PCWA)
. Truckee Donner PUD (TDPUD): _
. The Northstar Community Services District (NCSD) . E Y ® Surface Water

@ \Vell Locations

Age tracer data will used in the
development of a groundwater basin
management plan.




Age tracer data

« Tritium, helium isotopic, and noble gas concentration data
Mean groundwater age: Tritium/helium-3
Fraction pre-modern: Initial tritium
Recharge temperature: Xenon
Excess air (recharge condition): Neon

« Age Tracer Database:
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
samples collected by the GAMA project




What are the general findings?

« Groundwater age is a valuable tool
— as a predictor of groundwater susceptibility

— as a constraint on groundwater flow
(e.g. managed recharge)

 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




Two last points

 Shallow groundwater is important & susceptible

Affected water Challenges

Domestic wells Shallow groundwaters are susceptible to contamination

Managed recharge and to climate change
The quality of shallow groundwater is poorly known

Surface water

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

Orgunization  Need

Water Board(s) Funding; prioritization
LLNL Unique capability & expertise;
Internal funding (Water Initiative; Climate Initiative)

Districts Access; expertise; in-kind staff contributions; projects

Research Expertise; capability students; projects

institutions

: hysical

Water Boards| Land Life
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Technical Publications

Technical Reports Peer-reviewed Publications

UCRL-TR-223509

LAWRENCE LIVERMORE NATIONAL LABORATORY

Available online at www scencedirectcom

-cuuu@muu- Applied
Geochemistry
Prepared in coaperation with the 3 Applit Genchesisiry 1009
CALIFORNIA STATE WATER RESOURCES CONTROL BOARD e slvia comikatsippehem

Sources of groundwater nitrate revealed using residence time
and isotope methods

Keara B. Moore “*, Brenda Ekwurzel *, Bradley K. Esser ®
G. Bryant Hudso ®, Jean E. Moran ™

by A, Hereneg
ine 1§ May 2006

Abstract

Nitrate concentr |
many groundwater basins as drinki
especially when combined with oths
Water Boards the rounes and tinsg of NCh inpats

pr where it is detormined that low NO,
sources originate in the SE. Along

level are mpatring the viabiliry of

nt local NGk source, bringing groundwater
rexses the flux

[ ot
This work was performed under the auspices of the US. Department of Energy by the University of concentrations up i
Californis. Lawrence Livermore ¥ational Laboratory under contract ¥o. W-T40£ ENG-45. of NOj to the regions] aguifer. The bow ) in this location implicates syathetic fer

(h\\«. .m(hml'\um\ sources, natural NO; huk"rmnd L1d- between 15 and 20 mg NO; L' an found |nd1\pw(|l~n|1h

2006 Eravie L. All righes seserved
1. lntroduction domestic supply wells and 2% of public supply weils
excceded the Environmental Protoction Agency's
Nitrate contamination of groundwater is a grow-  maximum contaminant level (MCL) for drinking
ing concern for drinking water supplics in many water of 450 O L' (10 mgl~' as N; Nolan
wreas in the United States Between 1993 and et al, 2002). The Califomin Department of Health
2000, the US Gieological y's National Water-  Services reports. that NO, is the most comime
Quakity Assessment program found that %% of  faminent found in state groundwater and prese

serious theeat 1o the groundwater supply (Calif:
Dieparment of F h Services, 2004). In many
groundwater basins, urbaniztion has crented o

14 published (as of 04/2011) 9 published (as of 04/2011)

www.swrcb.ca.gov/water_issues/ Environmental Science & Technology
programs/gama/gamadocs.shtml Applied Geochemistry

Ground Water
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General Audience Publications

Fact Sheets

Mitrate contamination of Califormia
proundwater supplies is widespread: about
10% of groundwater wells that supply
drinking water to the public in Caldornia
are contaminated and produce water that
must be trested or blended before use. In
contrast, private domestic wells generally
tap shallower groundwater that has even
greater potential for cortamination, i
Tulare County, for example, over 80% of
domestic wells tested by the State Water
Board were above the dninking wister
standard (45 mg/L as NO ).

Groundws

r quality affects water supphy.
Nitrate is expersive to remove from
drinking water supplies, especially in public
and private systems that rely on untreated
groundwater and do not have the necessary
water treatment infrastructune. As a result,
community water-supply wells are of
abandaned due to nitrate contamination

What are sources of nitrate?

Mitrate is an essential mutrient that ocours
naturally in soil and water. Concentrations
of nitrate in groundwater from natural
sources are usually hess than 105 of the
Masirmum Contaminant Level [MCL) or 4
mg/Las NO,

Finding Sources of Nitrate in Groundwater

Nitrate has many aNtHIOPOGEeNic sountes
synthefic and crganic fertilzers applied to
crops, farm animal waste, human waste
from septic systems, and treated manicipal
wastewater appled to land.

GAMA Special Studies
Project

Since 2000, the Californds State Water
Board Groundwater Ambeent Montonng
& Assevument (GAMA] Program has
tunded the Specisl Studies Fropect wak
Lawrence Livermore Mational Laboratory
(LLNL] o3 techrucal lead. A rumber of
Mathes have Deer (OAAUCTED 10 Addredt
pecic contamanants af statewde
relevance.

A major goal of the GAMA Program is 10
Incresse the availatility of information
SbOUT ErOUNCEIEY QUAIRY 10 The Pubic
This GAMA Special Studties Project Fact
Sheet s mtended to mform the pubic
4nd water-resCurte CommuRLy, fOCisng
on the netrate mue

GAMA funding for the Special Studies
Project sllows researchen to befter
Characterize ard Bitesy water quaity
in Caitfornia groundwater Determaning
the source of mitrate in proundwater

methods s Sifcu. New methods sre
Peeded to idenfify nan-point source
cantamananty, woh e narete

Incliuding groundwater ape, nitiate
Isgtopic compesition, and nitrate oo
CONTATAAARTS, if Wy MARL near Chico,
Liwermore, and Morgan Hill and in snd
Wround daines n Kings County

Nitrates in Groundwater

Identifying
Groundwater
Nitrate Sources
and Sinks

flective mansgement of nitrate
I:um\rhd aquifers requires

identifying the sources of nitrate
10 the aquifer, and understanding the

and fate of mitrate within

the aquifer. Sowrce identification is
crucial to effective source mitigation;
comversion of ressdential seplic systems
b sewer in a rural community will be
ineffective il the primary source of nitrate
contamination i agricultural operations.

Determining the soarce of nitrate in an
aquiter. however, can he difficalt. Nitrate
occtrs naturally and has a number of
anthropogenic sources. inchading synthetic
Fertilirers. animal mamere, septic systems,
and municipal wastewater. More
e source may be present in a
area and the
&
proundwater nitrate contamination is
often widely distributed with limited
conceniration range, making tr
plume-tracking methods of placing
wells upgradient and downgradient
of a suspected source ineffective.

Characterizing nitrate transport is alio
essential to effective management,
Since nitrate travels without significant

32 | JULY/AUGUST 2009 | Southwest Hydrology

Non-technical publications

atenuation in cxygen.rich groandwaters,
matural tracers of groundwater Sow

can help distinguish between ing
ansd historsc sources of nitrate, and can
b wsed 0 idenitify app
for assessing the impact of land wse or
mansgement changes on groundwater
quality. The msast significant process for
degradation of nitrase in groundwater is
demitrification, the microbial conversion
of nitrate o Ritrogen g, Demonstrating
that denitrification is occurring can

L tox acceplance of monitored natural

riate wells

an fertilizer soarces of nitrate in
groundwater underlying residential

areas sither surrounded by Barmlands

o recently converted from agrscultural
wse. A Lawrence Livermore National
Laboratory b undwater
underlying € ntained
trace concentrations of co-contaminants
indicating a septic source: DE
surfactants, and widely prescribed anti-
epileptics such as carbamazepine. In
contrast, groundwater in surrounding
Earmlands contained herbicides and
herbicid

[, caffeine,

Henuation as & viable
plan. and can reconcile messired and
modeled nitrate concentratinns.

Source ID
Nitrate soarces in groundwater can be
determined from

nitrate isotopic composition;
» the presence af nitrale co-contaminants
characteristic of specific sources;

wroundwater major and trace ekement
chemibcal ard Botopic compositien:

+ mean age of the groundwater;

o sobopic compo:

Isotupic Compuosition: The nitrate malecule
contains nitrogen, with stable Botopes "N
and "N, and oxygen, with stable isotopes
1603, 173, and 'R0, Meastarire the isotopic
composition of buth elements. known as the
dual-otope metheod diagrostic for
distinguishing atmospheric and
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. products. The
highest nitrate concentrations were in the
youngest groundwater, indicating engolng
nitrate loading. Nilrate otope composition
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Baron and boron isstopic compo
also indicate the presence of waste

Water tracers: Quantifying groundwater
age and source can be usefiel in nitrate
source identification (inchadin
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historic sources). identifying wells for
Ritrate monitoring (including background
Dual-isotope Mathod for
MNitrats Source Attritution
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respuires gther
UDenitrification
ot
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