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Talk Outline

Background and setting

System design

Quantification of initial infiltration benefit

Water quality improvements

% Ongoing work and future plans
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Water Quantity Water Quality
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Pajaro Valley Groundwater Basin

. . . . fe California Dept. of Water Resources
Coastal basin with significant Groundwater Basin Priorities
annual overdraft It T i Bl High
é \ ;&ij‘ Lo Medium

Elevation (m)
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Pajaro Valley Groundwater Basin faces water
supply and quality issues

N-NO; Concentration (mg/L) Groundwater accounts
‘ <25 for 98% of total water
~25-10  supply
W 10-20
—— |
] PvwMA Area

Highly productive
agricultural region

Mantovey Doty

Modified from PVWMA SNMP (2014)

*California Maximum Contaminant Level 10 mg/L N-NO,



Managed recharge projects distributed throughout
the basin are aimed at addressing these issues

Elevation (m)
265

UCSC projects are part of
the Recharge Net Metering
program (ReNeM)

Also a part of our efforts to
combine field observations
with modeling results of

runoff and infiltration
PVWMA Projects

(Current and planned)

i% Stormwater MAR Projects
(Current and planned)

* This presentation 10 km N



Managed recharge projects distributed throughout
the basin are aimed at addressing these issues

Elevation (m)
265

134 acre drainage basin

48% Active
Agriculture

52% Forested \
,\

Projects

* Stormwater Googie Ear{h
MAR Projects
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i% This presentation
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Basin is designed to collect diverted stormwater
from a nearby canal

0.6 acres

Instruments

Size of the basin gwftenevei
Rain Gauge

a”OWS for == Cross Section
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Elevation (m-asl)

Both subbasins are instrumented for mass
balance measurements

Berm =149.6 m Inlet=149.7 m

Outlet = 149.1m \ \A
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Quantification of initial recharge

Instruments
@ water level

® Rain Gauge
== Cross Section

G
S

‘ Diversion

How does inflow
and infiltration
vary with
precipitation!?
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Another dry winter in California

Water Year 2018 Rainfall*
20.1cm

*as of March 5, 2018

Precipitation (cm)
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0.00

Precipitation (in)
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Another dry winter in California

Cumulative Precipitation as of
March 5th
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Precipitation (cm)
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20.1 cm
(7.9 in)
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WY 2018 Average WY 2017
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Basin volume response to events

Basin Volume (acre-ft)

Dec-10 Dec-31 Jan-21 Feb-11 Mar-04
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T T
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0.4

Precipitation (cm)
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Instruments S)’Stem is deSigned to
@ water level

® Rain Gauge divel"t a. fraCtiOn Of
== Cross Section .
runoff in the canal

Diversion amount will

"“e“‘*‘O” increase as system
stabilizes in future years
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Infiltration response to events

Cumulative Infiltratrion (acre-ft)

Dec-10 Dec-31 Jan-21 Feb-11 Mar-04
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1 -4 ‘ | ” I—rr
1.2 |
1.0 | Total Infiltration |
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Cumulative Infiltratrion (acre-ft)

Quantification of initial recharge

fit
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System has infiltrated
a modest amount of
water in a dry year

Precipitation (cm)
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Cumulative Infiltratrion (acre-ft)

Quantification of initial recharge
benefit

Dec-10 Dec-31 Jan-21 Feb-11 Mar-04
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Precipitation (cm)

System has infiltrated
a modest amount of
water in a dry year

System is performing
as expected in first
season of operation

21



Cumulative Infiltratrion (acre-ft)

Quantification of initial recharge

benefit
11 %
System has infiltrated
Dec-10 Dec-31 Jan-21 Feb-11 Mar-04 Y
a modest amount of
1.4 | | | | | | | | | _ 0.0 .
‘ f HT water in a dry year
1.2 |
10 | {02 E | |
= System is performing
0.8 I 104 -% as expected in first
0.6 | 53 season of operation
[7]
0.4 I {06 2
0.2 Unused basin volume
0.0 |, — T Y- and generated runoff
Dec-10 Dec-31 Jan-21  Feb-11  Mar-04 present an

opportunity to
increase infiltration
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Water quality improvements during MAR

24



Water quality impro?/ements during MAR

Dilution

MAR project water

S Ambient groundwater
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Water quality improvements during MAR

o Contaminant removal
Dilution S .
during infiltration

Ambient groundwater

Non-pristine MAR

MAR project water

. Contaminant
7

processing/removal
in soil

Contaminant concentration




Water quality impro?/ements during MAR

Dilution

MAR project water

S Ambient groundwater
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Sampling storm events

Basin Volume (acre-ft)

N-NO3 mg/L
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Sampling storm events

N-NO3 mg/L
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Sampling storm events

Basin Volume (acre-ft)

N-NO3 mg/L
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Precipitation (cm)

Subbasin 2 fed primarily
by precipitation

Jan-25

N-NO; concentrations are well
below California MCL —10 mg/L

Other indicators show high
water quality as well (eg TDS,
NaCl, metals)

Subbasin | fed by field
runoff and precipitation
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Sampling storm events—Across the groundwater basin

Basinwide Runoff N-NO; mg/L

Elevation (m)
265 |]

ok _
Current Project
- i
Field Sit@&#1 *

N-NO3; mg/L

*Sampled on Jan. 9, 2018
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Sampling storm events—Across the groundwater basin

Basinwide Runoff N-NO; mg/L

Elevation (m)
265 |]

< |
Current Project. "%
Field Sité#1 =

N-NO3; mg/L

*Sampled on Jan. 9, 2018
**Data from Pajaro Valley Water Management Agency
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Sampling storm events—Across the groundwater basin

Basinwide Runoff N-NO; mg/L

Elevation (m) :
265 ﬂ | _CAMCL
< I
Current Project. “® |
Field Sité#1 7~ |
: :
|
|
|
|
|
|
|
|
I I ! I I
N-NO3; mg/L

*Sampled on Jan. 9, 2018
**Data from Pajaro Valley Water Management Agency

34



Water quality improvements during MAR

Contaminant concentration

N

Dilution

.

Ambient groundwater

MAR project water

--Current project generates high
quality water for infiltration

--Other projects areas around
the basin have the potential to
generate high quality water for
infiltration

--Nitrate and other water quality

indicators are likely to vary by
storm events throughout the year
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Water quality improvements during MAR

Contaminant removal

during infiltration

Contaminant
processing/removal
in soil




Improving water quality during

Denitrification

Carried out by Requires abundant
native soil microbes carbon and low oxygen




Woodchips
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Improving water quality during
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infiltration
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Improving water quality during
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Improving water quality during

Controlled infiltration
studies suggest that
denitrification can be
enhanced during
infiltration, but does this
happen under field
conditions?

An average of ~40% removal of nitrate
was observed during infiltration in the
presence of woodchips compared to
<1% without woodchips

Normalized

Without With

woodchips woodchips
42



Experimental plots will facilitate testing of
enhanced nitrate removal during operation

Experimental Plots
B Redwood Chips

B Mixed woodchips and native soil
B Native soil

3 Experimental Plots Installed:
--Native Soil (control)
--Woodchips

--Woodchips:Soil Mixture (1:1)
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Experimental plots will facilitate testing of
enhanced nitrate removal during operation

Fluid Samp_lg_r_s

’7“‘4\ \

Experimental Plots 8 P S0l
B Redwood Chips

B Mixed woodchips and native soil
B Native soil

3 Experimental Plots Installed:

--Native Soil (control)
--Woodchips
--Woodchips:Soil Mixture (1:1)

1 meter
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Experimental plots will facilitate testing of
enhanced nitrate removal during operation

Can woodchips enhance
nitrate removal during
infiltration under field
conditions!?

Experimental Plots
B Redwood Chips
B Mixed woodchips and native soil
B Native soil

Can a woodchip soil
mixture provide similar
nitrate removal benefit to
woodchips!?

3 Experimental Plots Installed:
--Native Soil (control)
--Woodchips

--Woodchips:Soil Mixture (1:1)
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Native soil plots show little evidence of nutrient

cycling during infiltration
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~80% removal of nitrate within the woodchip layer

Redwood Chips

Native Soil

pPazifew.IoN
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1:1 Mixture

Redwood Chips

Native Soil

Similar removal in soil:woodchip mixture,
suggesting feasible implementation on a larger

I
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Improving water quality during
infiltration

Water quality can be Soil woodchip mixture may

effectively improved during offer a viable implementation
infiltration using woodchips technique
Controlled Infiltration Experiments Field Results
. .. Redwood . ., Redwood :
Native Soil : 1:1 Mixture
Chips Native Soil Chips

—
o
| |

Normalized -
NO,

Normalized
NO,

Surface 80cm Surface 80cm Surface 30cm

30 cm Surface 3(29cm



Simultaneously addressing water
guantity and quality with MAR

Dec-10 Dec-31 Jan-21 Feb-11 Mar-04

System has collected and i
infiltrated ~| acre-ft of water ina  § o
dry winter so far

o [~ | -
Dec-10 Dec-31 Jan-21 Feb-11 Mar-04

_0.4'5
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Simultaneously addressing water
guantity and quality with MAR

Dec-10 Dec-31 Jan-21 Feb-11 Mar-04

€ 14

System has collected and

infiltrated ~| acre-ft of water in a
dry winter so far

Cumulative Infiltratrion (a

e e 220 0 2
o b B o @ o

Basin N-NO3; Concentration mg/L

0.30

Initial runoff water
quality is high 0%

0.20

N-NO3; mg/L
o
o

0.10

0.05

0.00 -
Jan-9 Jan-12

Jan-25

4 0.0
4 0.2
1 04
4 0.6

L 4 0.8
Dec-10 Dec-31 Jan-21 Feb-11 Mar-04
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Simultaneously addressing water
guantity and quality with MAR

Dec-10 Dec-31 Jan-21 Feb-11 Mar-04
1.4

o
=)

1.2 |

System has collected and

infiltrated ~| acre-ft of waterina i o L5
dry winter so far os |

Cumulative Infiltratrion (acre-ft)

0.0 " 1 -] 03
Dec-10 Dec-31 Jan-21 Feb-11 Mar-04

Initial runoff water
quality is high

N-NO3; mg/L
o
o

Native  Redwood 1:1
Soil Chips Mixture

Jan-25 1 .0 .

Nitrate removal can

be enhanced during

infiltration 0ol

o
pa

Norm.
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Providing a pilot for future projects

Methods and data from this
project can inform future
projects across the basin and
throughout the state
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