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 We face huge challenges

* |nvisible

e Out of sight

* Out of mind, except when:
— The well runs dry

— The tap does not flow
— Suddenly there is a fee

e Hats off to all that work in it

i tion of the s UNECE, UNECLAC,
unesco ' i i N >7~& " UNESCAP, UNESCWA unesco
Vorks Water over

Worké W Ftergovemmental
Assessment Programme Hydrelogical Programme

Making the invisible visible — ==



MAR Presentation Outline

* Overview of MAR
 California Status/Plans
* Definitions/Terminology
 MAR Basics

 California Examples




Water Management:
A Tale of Two Extremes

1976 1996-97
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GW Supplies /E,aceva,]j\riple Threat

ater
Treatme Nt

Less GW Recharge &mm - Shifting land use
* More intense, episodic rainfall -



Projects and Management Actions
San Joaquin Valley COD Basin 2020 GSPs

47% 33% 20%

Augmenting supplies Shifting surface water use Managing demand

|

|

Public Policy
Institute of

California - 2021

e 2.2 MAF new supplies
and management
options to shift use

* ~ TMAF in MAR

 Less than half that

surface water and | _ |
stormwater available | 43 Reclaimed water 40 Surface storage

PPIC 2020 Total amount: 2,241 tafly

241
Conveyance

147 91
Surface Recycled
waler water

treatment




Round 2 GSPs - Non-COD SGMA Basins
Managed Aquifer Recharge Projects Proposed

« 75 - Surface water in-lieu

« 55 - Infiltration basins

* 30 - On-farm recharge

« 25 - ASR and injection wells

* 15 - On- and off-stream recharge
* 10 - Mixed projects o
4 - Recycled water substitution &
3 - Recharge canals

« 2 - Vegetation removal

« 2 -Drywells

1 - Reservoir reoperation




Managed Aquifer Recharge Round 2 GSPs

Estimated Volumes and Costs

* Many projects did not have pre-determined volumes (TBD)
* Also many projects did not have pre-determined costs (TBD)
« So total volumes and costs from the Round 2 GSPs may be underestimated

Reported Volumes
580-700TAF

Extended VVolumes
1000TAF

Reported Costs
S ~1.5B

Extended VVolumes

S ~2.5B

2022-23 Round 2 SGMA Grant Funding - $200M
New Water Supply Strategy - $ 8.2B Modernize Infrastructure



MAR Definition and Purposes

The purposeful recharge of water to aquifers for subsequent
recovery or for environmental benefit

Manage water * Flood mitigation

supply + Water quality

Meet legal enhancement and
obligations protection
Restore/protect * Water reuse

aquifers * Ecosystem restoration

Maintain minimum and protection

flows and levels




MAR Terminology - Common Grounds

Aquifer  Infiltration (Recharge) Basin (Pond)
Aquifer Storage and Recovery * In Lieu Recharge

Aquifer Storage Transfer and  Managed Aquifer Recharge
Recovery e Receiving Water

Artificial Recharge (legacy term) * Recharge Area

Bank Filtration e Residence Time

Buffer Zone * Soil Aquifer Treatment

Cycle Test * Source Water

Dry Well * Target Storage Volume

Groundwater Replenishment * Underground Injection Control (UIC)



What is Aquifer Storage and Recovery (ASR)?

* Temporary storage of surface water underground
* Used in place of water tanks and reservoirs

* Water is recharged through wells directly into a target
aquifer zone during wet or surplus periods and pumped
out for beneficial use during dry or peak need periods

Urban Areas

Riverbank Filtration
Facility 0
— Injection o o
iz Wells 2
' ' LIS 0 o
-'_:. :.,~ | I,: | ﬁ ’
L o I 1l
2, o 11 I
I I
Il I
I I

.......
................

Surplus water stored in aquifer for
subsequent use during low river flow
seasons, droughts, or emergencies

Aquifer
Storage



Adapt MAR to Local Conditions

Percolation tank infiltrates intermittent

flow to rech alluvial aquifer. Water Wells in alluvium Rainwater harvesting
is recovered from wells down gradient MdUos, BN and infiltration with
Y, b{ Sewage treatment
do wells water reclamation

and rec
to limestone aquifer

for winter storage
and for

-
-
b D
-
g
-
- e

o

then Aquifer Storage and ¥~
Recovery (ASR) using limesto g
aquifer i(w lm%aﬂo':\g tm.q:plea"e |

~ SANDSTONE |

T ———
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Recharge Categories

Unintentional Recharge
Enhancement

(incidental)

Unmanaged Recharge
(for disposal)

Managed Recharge
(for recovery)

e Clearing of deep rooted
vegetation, or soil tillage

e Spate irrigation

 Leakage from water pipes
and sewers

e [rigation deep seepage

e Spraying herbicides

e Stormwater drainage wells
and sumps
e Septic tank leach fields

» Mining and industrial water
disposal to sumps

e Streambed channel modifications

» Bank filtration

» Water spreading

« Recharge wells

» Reservoir releases

» Soil aquifer treatment
« Rainwater harvesting

13






Different Scales of Managed Recharge
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Source Waters for Recharge

Surface water from rivers or lakes
Captured stormwater

Disinfected Drinking Water
Treated wastewater

Desalinated seawater and
brackish water

Groundwater from other aquifers

s S N ATTSRNRE R B SNEG S ael ™ A S
N ¢ - ..:_. © « 3 - %A ki B

* Recharge water compatibility
— Aquifer matrix materials
— Receiving groundwater
— Vadose zone possibly also

— Pollutants, trace elements, pathogens,
emerging constituents

Pilot testing advisable

17



Stormwater as a Source for
Managed Aquifer Recharge (MAR)

Low-impact ,ls) ;3:;’1 b’”;?:r Regional
development w spreading
(LID) ColleMcjrlc?)n 2 grounds
DSC-MAR
1-10 affyr ( ) 104-10° af/yr
per site per site

102-10° aflyr
per site
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Essential Requirements for MAR

Sufficient demand for recovered water
Adequate source and quality of source water
Suitable aquifer to store and recover water

Sufficient land footprint to harvest and treat
water

Capacity to effectively manage MAR project
Water rights for source, storage, and recovery
Satisfy adequately statutes and regulations
Public Involvement/General Acceptance

19



Technical and Regulatory Challenges of MAR

* Adequate hydrogeologic characterizations for water
quantity and hydrogeochemical assessments for quality

* Inadequate aquifer knowledge serious impediment

« Consider short- and long-term impacts of both native
groundwater and surface water

o Changes in groundwater
recharge, flow and discharge

o Water quality effects of mixing

o Chemical interactions with
aquifer matrix

o Monitoring levels and quality key




550

*\..» Instream Recharge \.‘\

-D strict Recharge Ponds or Facilities — \
Sania Clara Subbasin (DWR Basin 2-9.02) \ G

Llagas Subbasin (DWR Basin 3-3.01) N7 R

Ssanta Clara Plain Confined Area ~d

Santa Clara Plain Recharge Ares E

Coyote Valley Recharge Area Z

Liagas Subbasin Confined Area h\\

Llagas Subbasin Recharge Area e

Approximate Extent of Confinaed Area

Reservoir

Salt Ponds

Santa Clara County




Long-Term MAR in California
Santa Clara Valley Water District

e Established in 1930s to address
land subsidence and associated
flooding from San Francisco
Bay

e Land subsidence about 13 feet
in San Jose between 1915-1970

e 393 acres of recharge ponds

* 91 miles of controlled in-
stream recharge

* Recharge approximately 100,00
acre-feet per year

*“\.» Instream Recharge
-D-strict Recharge Ponds or Facilities

[___] Santa Clara Subbasin [DWR Basin
[ ] Liagas Subbasin {(DWR Basin 3-3.01)
Sama Clara Plain Confined Area

Santa Clara Plain Recharge Area
Coyote Valley Recharge Area
Liagas Subbasin Confined Area
Llagas Subbasin Recharge Area

" ... Approximate Extent of Confined Area
Reservoir
Salt Ponds

|| Santa Clara County

2-9.02)
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Long-Term MAR in California
Santa Clara Valley Water District

* Approximately half the
supply comes from
groundwater

* Direct and in lieu recharge

* Sources of water include
stormwater water,
recycled water and
imported water




Long-Term MAR in California
Leaky Acres - City of Fresno & Clovis, Fresno Irrigation District

Initiated in the 1970s to
address falling groundwater
levels

» Clovis - 85-acre recharge basin s
* Fresno - 224 acres of recharge
ponds

* Fresno Flood Irrigation District ?
operates 700-mile canal and
nearly 600-acres of recharge
ponds

24



Long-Term MAR in California

Leaky Acres - City of Fresno & Clovis, Fresno Irrigation District

* |In the 1930’s groundwater was as shallow as
30 feet bgs, but now more on the order of
150 feet bgs

» Approximately 60,000 acre-feet/year
recharged

* An additional 20,000 acre-feet stormwater
recharged through Flood Control District
recharge basins

» Recycled water use has also been increased
for supplemental use, and not is over 25% of
water supply in Clovis and 15% in Fresno

Artificial Recharge

Water from the Kings and
San Joaquin rivers is moved
through

the Fresho/
| Clovis
~ area.
Once it reaches
the basins, the
water soaks
through the soil to
the groundwater
aquifer.
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Long-Term MAR in California

Kern Water Bank

« Established in 1988 by the State - 1994 thru
Monterey Agreement became a separate non-
state entity

« 20,000 acres of state and federally o [l ] T pa—
designated habitat e S W L
- Habitat conservation plan /natural community | ., °
conservation plan i
« Bank capacity ~10MAF

» 7,000 acres recharge ponds - recharge rate 0.3 ===
ft/day 9

« 85 recovery wells - 5 cubic feet/sec
« 36 miles pipeline
* 6-mile canal =

* Recharge more than 2.5MAF and recovery 1.5 53
MAF annually




Long-Term MAR in California

Kern Water Bank

\%% e ) @ =

Cda s

\%

To California
Aqueduct

4

ge Basin

Recovery thru Wells

Courtesy of Kern County Water Agency
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Long-Term MAR in California - WRD

Water Replenishment District of
Southern California

« Created by Special Legislation in 1959 to
manage, regulate and replenish West
Coast and Central Basins

— 43 Cities

— Population ~4M

— ~600,000 AF/Y Water Usage

— ~250,000 AF/Y Groundwater

— Over 400 Pumping Wells

Water Interdependence Now

— Maximize local stormwater and 3 e
recycled water for replenishment |
and resiliency




Long-Term MAR in California - WRD

WRD Leo J. Vander Lans Advanced Water Treatment Facility

Seawater Barrier Injection
[esm——
THE GROUNDWATER SUPPLY

ADVANCED TREATED
WATER

> Pre treatment before Reverse Osmosis process
> Extends the useful life of the Reverse
Osmosis membranes
> Makes treatment more efficlent
> Filters are the size of 1/300 of a hair

REMOVES: \;) MOST BACTERIA, FINE PARTICLES, SEDIMENTS

Somple Pump Op
Observotion Well K-12

1950’s Seawater Intrusion Barrier Testing

‘f/ STAGE 2 REVERSE OSMOSIS

> Thin film membrane filters at molecular level

> Only water molecules can go through

> Over 99% of contaminants are removed at this process
> Best available technology for removing contaminants
> Microscopie Level

TR,
REMOVES: ) ORGANIC MATERIAL, MOST VIRUSES, PESTICIDES, SALT, IONS

DISINFECTION WITH
ADVANCED OXIDATION

> Hydrogen peroxide and UV
light breaks chemical bonds
> Another layer of disinfection @)

@ sTAGE 3

PHARMACEUTICALS, VIRUSES,

CARCINOGENS, PERSONAL CARE PRODUCTS,

INDUSTRIAL ADDITIVES/CHEMICALS

29



Long-Term MAR in California - WRD

Facilities owned and operated by Los Angeles
County Flood Control District

Size Both Basins: 1,000 Acres
Intake Capacity: 2,850 cfs
Storage Capacity: 5,200 af
Infiltration Rate: up to 1,200 cfs
(2,400 afd)

30



Long-Term MAR in California - OCWD

Orange County Water District

e Established in 1933 to

* Protect rights to Santa Ana River
flow

* Manage OC Groundwater Basin
* Provide groundwater to

* 19 municipal and sewer districts
e 2.5 million residents

* Basin provides 77% of the water
supply for north and central Orange
County, or ~300,000 AF/Y

* Basin capacity “40MAF
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Long-Term MAR in California - OCWD

Main Recharge Sources

- - ~ - NP

e River storm flows

* River base flows (largely
treated effluent from
Riverside and San
Bernardino counties)

* Imported water N SR
(decreasing supply) OCWD rechgfcilitis D\ \ S -;-'"‘_ff‘f.f;_.-.;-x \
* Recycled water along Santa Ana River. Q\ e
(increasing supply) center/background. N\ g
Total Recharge:
250,000- 300,000 AFY
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Long-Term MAR in California - OCWD

The Groundwater Replenishment System (GWRS)

Operating since mid-1990s

Preliminary/primary
treatment — screening, grit

chambers, clarifiers, Btk S
biological sludge treatment ocso "SeA Decharen vt
Plant No. 1
Microfiltration oo 100MGD going to 130MGD
] Interplant Sewer
Reverse osmosis
o) Decarbonator Pe“"de Reverse Osmosis v

. . . . 7 & = ‘ .
High intensity ultraviolet iecion vl ] — _ 9 ‘LE
light with hydrogen - I e .
peroxide Sreadrg < [ e S SFirs

v
pH adjustment and FOFshTenk ~ Baife To 0CSD Ellis Ave
decarbonation - — Saan
To OCSD Ocean Outfall

CaIC{L{m I_"nydrOX|de %,g;m( N ——— ROBypess (SARor)
stabilization 0CSD Coen Quital -
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International Association of Hydrogeologists - Managed /
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Blercrotnawater Management Program-— ———
-r --"ﬁi’"—‘ anaqement/SGMA- roundwqte"

TUTIENT Ol VVc e StaiNe

—

_ Manage A | ==
*Sahta C_IaraVakey Valcl et R
WS WWW. vallevwatemrij/yeur-w ter where your-water-comes-from/ ré'u*n‘dwater‘“*‘
~ . Vanessa de la Piedra vdelaplear%@\/él’Teywater org' - e - }

f’RegronaI Water Authority http://rwah20.org/ Rob Swartz rswartz@rwéﬁ?‘o orq
‘Kern.\Water . Bank http://www.kwb.org/ Jon Parker jparker@kwb.org
Water Replenlshment of Southern Callfornla http://www.wrd.org/
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