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California SGMA Requirements

Maintain a Functioning GSA Conduct Annual GW Monitoring
(Budget and Staffing) and Reporting (each April)

Ongoing GSA SGMA Compliance Prepare/ Approve Five-

Coordination/Outreach Year GSP Updates




I
Solano Subbasin is Comprised

of Multiple GSAs

e Groundwater Sustainability Plan (Plan Area)

e Find out if you are located in the Solano
Subbasin: solanogsp.com/solano-subbasin/
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I Solano Collaborative I

City of
Vacaville
GSA
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Directors

Subbasin
GSA
Board of
Directors

Northern
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GSP Implementation: Ongoing Activities

Annual Reports and Five-Year Updates
Tracking Groundwater Conditions
Projects and Management Actions itp s
Outreach

Grant Opportunities

Orchard

Fallowed Field




Hydrogeologic Conceptual Model

§ 354.14. Hydrogeologic Conceptual Model

Each Plan shall include a descriptive hydrogeologic
conceptual model of the basin based on technical studies

and qualified maps that characterizes the physical
components and interaction of the surface water and

groundwater systems in the basin.

- Geologic Cross Sections (Key Component of HCM)

-/ prior cross sections focused on deeper
conditions

- 8 new cross sections fo enhance HCM

- 5shallow sections along Putah Creek

« 3 across northern and southern areas of Subbasin

- Lithologic & Geophysical Logs: Characterize
Subsurface Sediments to Depths >2500 Ft

/
Explanation
New Solano Subbasin
Cross-Sections
Putah Creek Cross-
Sections

e Other Cross-Sections

Existing Cross-Sections
from 2009 Hydrogeologic
Study (LSCE, 2009)

= Schematic Cross-Section
s D2 p Cross-Section
1LY Solano Subbasin




HCM and Groundwater Conditions

* Previous Hydrogeologic Studies

« Numerous Figures/lv\ops Quaternary Alluvium [

« Groundwater Data and Analyses
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GW levels (hydrographs; contours)

GW quality (key constituents:

Groundwater Elewation ifit)
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Water Budget Schematic: Preliminary
Surface Water System Water Budget

INFLOW l ﬂ_g OUTFLOW
A\ TTL
SURFACE WATER
INFLOW SYSTEM OUTFLOW | Focus of Preliminary
- Surface Water/Groundwater Interface Surface Water
System
Water Budget
EXCHANGE GROUNDWATER
SYSTEM:
INFLOW OUTFLOW
— e




Geologic Cross Section-2-2’
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Northwest Focus Area

Explanation
E Northwest Focus

Disadvantaged
Community
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Solano Subbasin — Long-Term Funding Strategy

| Maintain sustainability
. for 50 years
I

GSP Development : GSP Implementation

You are here

SGMA Timeline
January 2022
GSAs adopt GSP and submit GSP to DWR
June 2017 2042
Y Form GSA V' Achieve Sustainability

:
1
1
|
|
|
|

Occurring throughout:
(’ \ « Outreach & Engagement
« Monitoring & Adaptive Management

« Annual reports and 5-year updates




Upcoming Grant Funding Opportunities

Example: Department of Water Resources SGMA Implementation — Round 2 Funding
Cycle

Purpose: To provide funding support for implementation activities including annual
reports, five-year updates, projects, and management actions

Timeline: Grant application will be submitted in approx. Fall/Winter 2022

GSA Charges: Will be adjusted accordingly based on future grant funding




Proposition 68 Grant Application

Project Title Cost (icl)?n;ﬁﬁir:%n Comments

Component 1- Grant Administration $391,000 5 Currently assumes maximum allowable at 10%
Component 2- GSP Monitoring and Data Management Enhancements $970,000 2

Task 1: Monitoring Enhancements and Addressing Monitoring $340,000
Data Gaps ’

Task 2: Data Management System Enhancements $250,000

Task 3: Interconnected Surface Water (ISW) and Groundwater $380.000
Dependent Ecosystems (GDEs) and Putah Creek Projects ’
Component 3- Supporting Groundwater Use Management Actions $1,075,000 3

Task 1: Improving Understanding of Basin Water Use $375,000

Task 2: Local Water Conservation and Management $400,000

Task 3: Groundwater Management Policy- Positioning for the $300,000
Future ,
Component 4- Water Supply Replenishment and Reliability Projects $900,000 4

Task 1- Recharge Study — Targeted Augmentation $600,000

Task 2- Localized Groundwater Conditions Evaluation (near Lake $150,000
Solano)

Task 3- City of Vacaville Recycled Water Planning $150,000
Comppnent 5- GSP Implementation, Outreach, and Compliance $965,000 1
Activities

Task 1- Prepare Annual Reports $400,000 Annual reports WY 2022-2025

Task 2- Modify GSP in Response to DWR Determination $15,000

. Due January 2027, grant funding expires April 2026; approx.
Task 3- Five-Year GSP Update $325,000 50% of total cost included
Task 4- Stakeholder Engagement and Community Outreach $225,000
Total Funds Requested $4,301,000 H




Multiple ways to stay involved

Ongoing outreach via:

Website: SolanoGSP.com
Newsletters

Press Releases

Town Halls

Events in partnership with RCDs
Individual GSA Board meetings

Work with beneficial user groups includes:
e Projects and Management Actions
Inter-basin Coordination

Intra-basin Coordination

Tribes

[
[
[
e Disadvantaged Communities
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SA
REGIONAL COLLABORATIVE APPROACHES TO MAINTAINING
AND IMPROVING GROUNDWATER QUALITY
January 24, 2023

Vicki Kretsinger Grabert, Luhdorff & Scalmanini, Consulting Engineers



OVERVIEW

* Nitrate in Groundwater: Occurrence in

Sacramento River Watershed BPA Management Zone

(MZ)

 SVWQC Irrigated Lands Regulatory Program:
GAR Update and AGLAND Domestic Wells’
Results

SGMA Groundwater
Sustainability Plans

* Central Valley BPA: Nitrate Control Program _
Irrigated Lands

Regulatory Program

Sustainable Groundwater Management Act A\SR Coalition (GQMP/MPEP)




NITRATE: A VERY COMMON CHEMICAL

B What is Nitrate?

= Contaminant that can make drinking water unsafe for
drinking when above a certain level

= You can not see, smell, or taste Nitrate in water
= You can not boil Nitrate out of water
= Chemical found in most fertilizers, manure, and septic tanks

= Rain orirrigation water can carry Nitrate down through the
soil and into groundwater



CHEMICAL CONSTITUENTS (INCLUDING NITRATE):
HUMAN LAND USES

Leaky waste

Fertilizer and Pesticides Farm animal Garbage
. containers

sewage landfill

Acid mine

-
- — e ’

Injection
well

-
- —— - — ——

Low permeability
layer

e Adapted from Marshak, 2005 in Poeter, et al., 2020




WHY DO WE CARE ABOUT NITRATE?

B \When is Nitrate Unsafe?

= Government set a legal limit on the amount of Nitrate in
water used for drinking

" Drinking water limit is 10 milligrams per liter Nitrate as
nitrogen (US EPA and California state regulatory
requirement; Maximum Contaminant Level [MCL])




HOW DO NITRATE AND OTHER CHEMICALS

GET INTO WELL WATER?

B How does Nitrate get into Access tube for water reading

your well water? Grave”*%
: Grout seal
"= Groundwater is produced I“ i

Pump motor housing

Typical Well Structure

Conductor casing

from water-bearing
deposits beneath the land

Water table

surface " E (blank) casing

= All wells need to have good ] PumD B Jl  Well Screen
integrity and be protected Gravelly sand : e
from land surface activities : ‘

Clayey loam
i Well screen

= Proper well construction
helps reduce contaminants
from being introduced at
the land surface

e
et
Qi
e
o LI
vt
—ra——
o
T
——r
—
—

Bottom plate




NITRATE AT THE LAND SURFACE MAY

AFFECT GROUNDWATER

EVAPORATION Runoff and
DRY « * PRECIPITATION | |
. o SPRAY DRIFT Pollutants
DEPOSITION ‘ R \ WIND EROSION ‘ N~z

Sources of Nitrate PSR JORESA M [ ] partial seal to
N Well: lr,kw r > rmmo M‘w 38 f'_- 7 | Contaminants
 RUNOFF — CHEMIGATION | 1 1 [Gravel Envelope:
* Entrance to well AW | S o ClowcAn L | ||| Grovel Envelope:
?‘-‘« > > > I / Full Length o
near land surface } Lo l 11| well Borehole
nscm\ncsz GROUNDWATER RECHARG S
DISCHARGE
RECHARGE TO STREAMS
FROM
'STREAMS

USGS, C.E. Thodal et al.. 2008. Fact Sheet 2009-3093
Modified from Gilliom and others, 2006




NITRATE IN GROUNDWATER

MAY ENTER THE WELL

Access tube for water reading

. Gravel feed tube X
Movement into Well Structure: ) \\ .

* Shallow Groundwater with Nitrate [
in Vicinity of Well May Move into T _l |
Well | .. ' Nitrate in

(F 8 Groundwater

uinp v

Pump motor housing

Conductor casing

Grout seal

Gravelly sand Gravel pack

S ‘.’-"' ' h'.
Clayey loam o o
4 o2 B Well screen
500“. %“".
/]‘a ! ®

Bottom plate



CENTRAL VALLEY AND
NITRATE IN GROUNDWATER

* Legacy and existing conditions

* Direct impacts to drinking water
supplies

e Significant economic costs, including
treatment or alternate supply

* Diverse sources of nitrate to be
managed

ENTERPRISE
A

Legend

ANDERSON = B !LLVILLE I: Central Valley Water Board
ROSE&OOD g S::J: BATTLE CREEK [:] DWR Hydrologic Regions
BOW,MAN Gy
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Source: US'National Park Service




WHY DO WE CARE ABOUT

NITRATE IN GROUNDWATER?

Drinking water obtained from groundwater that enters our homes through a private
domestic well may require action if impacted by Nitrate.

® Public Supply Wells ® Private Domestic Wells
= Public Supply Wells are tested = The well owner must test the water to
regularly determine if it is impacted by Nitrate
= Public Supply Wells can have VS. = |f impacted, the well owner should
treatment to make sure the water take action to address the Nitrate
is safe for drinking or cooking before water is used for drinking or

before it reaches homes cooking

nrd




SVWQC Irrigated Lands Regulatory Program

Groundwater Quality
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* One of the key objectives of the GAR:

“Provide an assessment of all readily available,
applicable and relevant data.... to determine the
high and low vulnerability areas where
discharges from irrigated lands may result in
groundwater quality degradation.”

* Additionally, as part of data review and
analysis:

“Determine where known groundwater quality
impacts exist for which irrigated agricultural
operations are a potential contributor or where
conditions make groundwater more vulnerable
to impacts from irrigated agricultural
activities.”

2022 Groundwater Quality

Assessment Report
5-Year Update

PREPARED FOR

Sacramento Valley Water
Quality Coalition

&\ NCWA
(“7 Neoctharn Calornia Water Association

PREPARED BY
Luhdorff.S :
Scalmanini
Consulting Engineers

September 2022




CONCEPTS RELATING TO GROUNDWATER VULNERABILITY

Sacramento Valley Hydrology
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Near-Stream Areas

Graphic modified from USGS

* Shallow GW

 High SW/IGW
exchange

* Low NO;

* Low vulnerability to
impairment

Distal Areas

 Deeper GW

* Greater influence by
sediment character

* Potential vulnerability
to impairment,
depending conditions




NEAR-STREAM AREA SW-GW INTERCONNECTIONS




INPUT VARIABLES TO MAP HYDROGEOLOGIC SENSITIVITY
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HYDROGEOLOGICALLY SENSITIVE AREAS

Hydrogeologically Sensitive Areas (HSA)
defined based on physical characteristics:

= 1,478,472 acres in the Sacramento
Valley

= Not evaluated outside of Sacramento
Valley

Explanation
2022 Hydrologically
Sensitive Area

] SVWQC Boundary
(] sacramento Valley Floor

A Sovarment Uty Yiare: 0,098 Coainon 2000 Briuho ean: Senicet (S Sac aientA212) pory AT

........

0 510 20 30+ 40
O e Viles




IRRIGATED LANDS

Irrigated Lands as defined by:
* LandlQ 2018 landuse (DWR)
" CropScape 2020 landuse (NRCS)

Total Irrigated Acres = 1,331,666

Explanation
Irrigated Land in
Sacramento Valley

] SVWQC Boundary

(] Sacramento Valley Floor

‘‘‘‘‘‘‘
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Nitrate Data Sources in the

Sacramento Valley

Count of Count of
Count of Wells in Sac Nitrate Count of
DETERLII(-8 Wells in Sac Wells in

Valley with  Samples in o
Vel Depth Data  Sac Valley cealifen

State Board-

DDW 40,326

State Board-

GAMA 488

DWR 5,413

USGS 3,037

Special

Studies &2 o

ILRP 22 18 40

Total 5,339 2,254

Count of
Nitrate
Samples in
Coalition

56,855

1,378

7,252

3,934

65

53

Explanation
Wells with Nitrate Data in
Coalition
Maximum NO3 Finding
{mg{N)L)

c 0




2022 HVA

Hydrogeologic Vulnerability Area (HVA):

All Irrigated HSA lands in Sacramento Valley that
encompass Nitrate exceedances and wells with
increasing Nitrate trends.

Land in 2022 HVA - Acres

Irrigated 598,262
Irrigated and Enrolled 468,342
Irrigated and Not Enrolled 129,920

Enrolled Not Irrigated (buffer area) 2,667

All HVA Acres 600,929

......

|||||||

......

||||||||||

nnnnnnn

Explanation
e Coalition Boundary

<7 SacValley22
2022 HVA

Wells in irrigated
agriculture-influenced
areas:

® Exceedant 0 5 10

N

20

o Up Trend Miles

SRcE kion




2022 DRINKING WATER WELL

TESTS (RESULTS AS OF 1/7/23)

ILRP Drinking Water Well Testing
Program

o Nitrate testing required of individual
landowners for domestic wells by end of
2022

Total number of drinking water wells
tested to date ~¥817; 738 in Sacto. Valley

o 17% of well tests in the Valley exceed
NO; MCL

122 nitrate exceedances to date

o 96% of wells with exceedances within
0.5 mile of HVA

Explanation
2022 HVA

& Coalition Boundary
<2 Sacramento Valley

Agland Domestic Well
Sampling Results
(Accessed Jan 2, 2023)

® </I=25

® </=5

e </=75

e </=10
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Miles
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-

= 40 Domestic Wells that exceed the gg—tm sl .l 3 .
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451 Counties P
<™ Solano Subbasin R
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Central Valley Basin Plan Amendment

Nitrate Control Program




SNMP/BASIN PLAN AMENDMENT GOALS

@ Ensure safe drinking water supplies

= Short-term and long-term solutions

Reduce salt and nitrate loadings to not cause or
contribute to exceedances of water quality
objectives

= Short-term and long-term solutions

Implement long-term managed aquifer
restoration programs

= Where reasonable, feasible and practicable




Legend
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NITRATE CONTROL PROGRAM
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Legend Tty

STARTED IN 2020 WITH

Public Water System Service

PRIORITY 1 BASINS o

Nitrate Control Program
Management Zone (2021)

DWR No. Groundwater Basin [ It

Carson City

5'22.11 Kaweah \_J ‘ Priority 1 Area SantaRosa e ‘
5-22.03 Turlock L SOLANO. = e

>-22.05 Chowchilla NO i 4
iz Tule Priority ...

. -
\ A
. \ a
. S ¢
s . Natic Invo
h Fore M ah one
~ @ k. Fores
Tala fMahanamant Zane \ -
lule vianagement Lone s e

Bres no

5-22.02 Modesto Q
5-22.08 Kings T

\FN b
B

Priority 2 Area

San Luis
Obispo

Non-Prioritized Basins

‘Santa Maria

Lompoc



FUTURE CHOICES TO ADDRESS SALT & NITRATE ISSUES

Nitrate & Salinity
Control Programs

Prioritized
Program

Phased
Program

] Salinity Compliance
Pathways
v v v \
4 N\ (£ ) )
4 Ger]era_lly h Management : :
Maintain Zone Conservative Alternative
Traditional oy Permitting Permitting
" Permitting
Permitting A Approach Approach
pproach
\. Approach / \_ J 4 4

44



WHAT IS A MANAGEMENT ZONE?

e Regulatory construct in BPA

* Defined area; discrete regulatory
compliance unit for nitrates in
groundwater (Nitrate Control Program)

* Dischargers in MZ cooperate to
implement Early Action Plan to address
nitrate in groundwater

= Nearer term — Early Action Plan to address wells with nitrate-impaired
groundwater (i.e., interim clean water supplies)

= |onger term — Implement Plan for maintaining/improving GW quality
and reducing salt and nitrate impacts, and restoration where
practical/feasible

45



MANAGEMENT ZONE

IMPLEMENTATION PLANS (MZIPS) %= S

Nitrate Control Program is unlike anything tackled
in California before and currently involves 6 MZs:

o Assessing nitrate in GW across ~2,644,000 acres

o Addressing nitrate contamination in ~9,000 wells and an
affected population of ~86,000

o Working with all sectors of dischargers (ag, dairy,
wastewater facilities, food processors, wine industry,
poultry, rural residential septic systems, and others)

o Developing nitrate loading estimates
o Developing an understanding of nitrogen reduction efforts

o Determining long-term solutions for clean water for
communities and private wells Santabaria.

Lompoc losPadres
~ b il



Sustainable Groundwater Management Act
Solano Subbasin




GSP IMPLEMENTATION

Solano Subbasin

* Groundwater Sustainability Plan
(Plan Area)

e GSP Submitted to DWR January
2022

* GSP Implementation
" Monitoring
= Annual Report

" Projects/Management Actions
(like Recharge Projects)

Vacaville
.

Fairfield
Explanation

n Solano Subbasin

Solano Subbasin
Groundwater
Sustainability Agency
(GSA)
City of Vacavile
Solano Irrigation District
Solano Subbasin
County of Sacramento
GSA - Solano
. Northern Delta (RDs 501
and 349)
RD No. 3
RD No. 317
RD No. 407
RD No. 554
RD No. 556
RD No. 2111

West .

Sacramento
Davis
L
Dixon
Yolo
Subbasin .Clarksburg
Courtiand
8 South American
b5 Subbasin
vl
o e :? /
.. A, ', ) Grove
& )
i B
M'\'r'-, )
' l p)
Suisun- .
Fairfield i
Valley Rio Vista o
Subbasin e
2 o Eastern
Biras Landing ‘ San Joaquin
o ) Subbasin
"?.\' K Termaouse
Pittsburg Bethel Island
. L)
i East
.Los Medanos : Contra Cqsta Tracy
® Antioch Subbasin Subbasin

.Oakley



Develop Projects/Management Actions &
Implementation Plan

Develop & Adopt GSP




SGMA: GROUNDWATER CONDITIONS - QUALITY

§ 354.16. Groundwater Conditions

Each Plan shall provide a description of current and historical
groundwater conditions in the basin, including data from January 1, 2015,
to current conditions, based on the best available information that

includes the following:

(d) Groundwater quality issues that may affect the supply and
beneficial uses of groundwater, including a description and map of the
location of known groundwater contamination sites and plumes.

50



SGMA AND PROTECTING
GROUNDWATER QUALITY

Avoid significant and unreasonable
degradation of groundwater quality

= Consider local, state, and federal water
qguality standards applicable to the basin

= GSAs not responsible for regulatory
programs enforced by other agencies

= GSAs are responsible for groundwater
guality conditions affected by sustainability
projects

SOLANO SUBBASIN

GROUNDWATER SUSTAINABILITY PLAN

November 30, 2021
Volume 1 - Main Report

RECLAMATION DISTRICT 3 GSA RECLAMATION DISTRICT 349 GSA RECLAMATION DISTRICT 554 GSA
RECLAMATION DISTRICT 556 GSA ~ RECLAMATION DISTRICT 2111 GSA
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FOCUS AREA FOR PROJECTS
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* Assess effect of recharge on GW quality

* Regional Board recognizes salt and nitrate

in vadose zone

e Potential for short-term WQ degradation
near recharge sites

* Enhanced natural recharge and/or
intentional recharge may increase nitrate
and/or salt concentrations initially

* Long-term quantity and quality recharge
benefits likely outweigh initial effects

RECHARGE PROJECT
CONSIDERATIONS

Explanation
| <2 Sacramento Valley

23 Coalition Boundary
2022 HVA

2§4 Counties

«"™ Solano Subbasin

<= NW Focus Area

Agland Domestic Well
Sampling Results
(Accessed Jan 2, 2023)
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GROUNDWATER QUALITY AND PROGRAM SYNERGIES

* GW quality characterization & GW quality trend
monitoring (ILRP)

* Surveillance and monitoring program (BPA/MZs)

 GW conditions/conceptualization (SGMA)

* Inform management strategies
e Sustainability indicator (quality and quantity)
monitoring

* Coordination between Groundwater
Sustainability Agencies (GSAs) and MZs
* Maintain local flexibility
* Coordinate monitoring
e Coordinate SGMA management actions/projects with
salt and nitrate management strategies
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Dr. Helen E. Dahlke
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Cumulative Daily/Monthly Precipitation (inches)
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Current surface water & groundwater situation

Northern Sierra Precipitation: 8-Station Index, January 19, 2023
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Sustainable groundwater management

Cumulative Groundwater Loss

0 1 1 1 F 5]
Sacramento e USGS-CVHM
Valley -20 = GRACE/FO -
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How do we remedy groundwater
overdraft of 2-4 MAF per year?




Current plans to address groundwater overdraft

Basin Priority — FINAL

Augmenting supplies Shifting surface Managing T ol —
water use demand o

7777777 Critically Overdrafted Basin/Subbasin
(P55 Adjudicated Areas

County Boundary

) AR
4
San F%
(8

241
Conveyance
147 91
Surface Recycled
water water

treatment
43 Recmec vater a0 e smge

Total amount: 2,241 tafly

PPIC, 2020, A Review of San Joaquin Valley Groundwater Sustainability Plans

Department of Water Resources, Pubic Afiairs Office December 18, 2019



Capture high-magnitude flows

San Joaquin R below Friant Dam USGS 11251000

12000
10-year event
10000
e N\
— 8000
2 |
- High-magnitude flows
29 6000
1]
£
2
a 4000
3-year event 90th percentile

2000
2-year event |

n 1 1\ M I |
Longterm average flow L
. T N ¢ PN R g g n_|
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Time

Photo credit: Sustainable Conservation
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California Flood-MAR program

& > C & waterboards.ca.gov/waterrights/water_issues/programs/applications/... & @ % * O x» 0O Q :

Share: £ B0 S B AboutUs ContactUs Subscribe £} Settings

California Flood-MAR program

e S S Board Programs Drinking Water Water Quality Water Rights Notices Water Boards Search

Home | Waterrights | Waterlssues i Programs | Applications | Groundwater Recharge i Streamlined Permits

Streamlined Processing for Standard Groundwater
Recharge Water Rights

=

QUICK LINKS

e Home

e Application Types

* FAQs

¢ Fact Sheets

e Groundwater Recharge > — ,‘ T——
Applications ‘\

* SGMA Home

Recharge Basin

The state legislature enacted the Sustainable Groundwater management Act (SGMA) to address widespread overdraft and other undesirable
results caused by groundwater conditions in California’s groundwater basins. SGMA requires local agencies in high and medium priority
basins to develop plans that achieve sustainability in the basin within 20 years of implementation. Groundwater recharge is likely to be an
important part of achieving sustainability in groundwater basins, but local agencies may lack the water rights to divert and use that water
later. The streamlined permitting process for diversion of high flows to underground storage was developed, in part, to assist local agencies to
obtain necessary water rights. Those water rights will, in turn, help Groundwater Sustainability Agencies (GSAs) reach their sustainability

goals more quickly. ﬁ DWR, 2019
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Crop tolerance

Soil suitability

Water availability
Hydrogeology
Conveyance capacity

Cost & incentives
Water rights
Permits

Shared governance
Ecosystem services
and benefits




Risk of groundwater contamination

Nitrate in shallow groundwater
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Site-specific nitrogen management
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Site-specific nitrogen management
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Nitrogen cycling processes

Soil microbial

communities

Low N source water
=% :’\’ .

M Proteobacteria
M Firmicutes

Planctomycetota
® Crenarchaeota

M Actinobacteriota

® Chloroflexi
Verrucomicrobiota
Nitrospirota

m Acidobacteriota

W Bacteroidota

B Methylomirabilota

M Desulfobacterota

Murphy et al. 2021, VZJ; Levintal et al. 2022, Crit. Rev ES&T Huang et al., ISMEJ, in review.
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Site-specific nitrogen management

Low N source water

wood chips ;

Murphy et al. 2021, VZJ; Levintal et al. 2022, Crit. Rev ES&T Beganskas et al. 2018, WR; Gorski et al. 2019, ES&T
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NO3-N (mg/L)

MODFLOW Modeling of Orchard Groundwater
MODFLOW Modeled and Observed Groundwater NO3-N Concentrations Across Orchard

---- Swtich to HFLC

Heterogenous geology
—— spatial variablility in

T
1
1
1
1
1
i
H00° i ‘ groundwater nitrate

] —— Observed
:
1

- ! BWN20
i
1
: |

o0 N BWNI18

BWNI15 BWN16

BIWVN4

BWN13 BWN10

BWNI11

e Even with High Frequency Low Concentration fertilization, model
predicts ~30 years to see NO,-N reduction in Groundwater!!

Soil coring site @



Nitrate leaching risk

Soil surface

Almond orchard - Modesto

din | 0.2m Flooding

* 4-weeks
2ft | 0.6 m |«3plots, 7785 sqft each
* 10m average recharge

33ft | 1m

Sensors Profile 1A, B
* Soil moisture, EC, Groundwater
temperature | flow direction
* 0, (gaseous)
* Redox potential
9.8ft | 3m * Ponding depth
* Water level

Profile 2A, B

Sampling Profile 3A, B

Soil samples
Soil pore water

16 ft S5m Groundwater W0 125 250 500 Feet
~ - -

Groundwater table at 21 ft



Effect of Ag-MAR on groundwater nitrate

Ambient groundwater nitrate concentrations

NO3-N (mg/L)

NO3-N (mg/L)
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Decision support

€  © casoilresource.lawr.ucdavis.edu/sagbi/ ¢ Q Search B8 9 3 A © @ 4

yAGBI | Soil Agricultural Groundwater Banking Index

D . | WY -
v Legend

About Factors Map Settings

‘ SAGBI Ratin Rating Class
SAGBI Factors | ating ing
B 5100 Excellent

|
|
The SAGBI is based on the following factors: \ e s
) ’

SAGBI Rating (modified):
60 - Moderately Good
Component: Brentwood
View all factor scores

Deep Percolation ‘ 49 - 69 Moderately Good
‘ 29 -49 Moderately Poor

Root Zone Residence Time

15 -29 Poor

Chemical Limitations 0-15 Very Poor

Topographic Limitations

Surface Condition

! "‘Q
PRE P

]

‘
Hartleg,

O’Geen et al. 2015, CalAg



Soil-crop relationships

. . Infiltration Water applied Deep Yield - compared
Crop SAGBI rating IO rate (in/hr) (ft) percolation (%) to control (%)
Alfalfa  Good Stoner gravelly coarse 3.9 28 99 90
loam
Almond Moderately good Dinuba fine sandy loam 2.7 2 87 99
Tomato Moderately poor Traver fine sandy loam 0.24 1.95 85 125
Almond Moderately poor Tehama silt loam* 0.25 0.4 77 -

* Soil with hardpan



Soil trafficability after deep wetting

Trafficability and risk
of soil compaction

0 50 100 200 300 400
Kilometers

Devine et al. 2021, J. of Soil & Tillage Research

Median days to
trafficability after
flooding
B <5
I 5410
10-15
15-20
B 20-25
B 25



Soil trafficability after deep wetting

Time-to-trafficability after deep soil wetting

ABOUT SOIL TRAFFICABILITY =K L;gend'; ) LTINS gngle FOM,‘: b T,
B <5days | ; 8. ) R o (LN gt .
A Background (M 5-10days [-hational CATSILEA R bR A NTG £ =
The time-to-trafficability SoilWeb product 12 ;2 332 ’ ~ N ;fja:ul
is intended to help California growers B 20- 25 days ' gt e Susanville
identify when fields are generally | >25days | -
trafficable after deep soil wetting during 7 % TRt N b
crop dormancy or winter fallow periods. " 'Foast. o,
The tool applies to wetting situations such 4 1t N:;!gri;‘:l
as managed aquifer recharge projects and o
large rain or flood events. The primary L
2 s

objective of the app is to help growers
avoid physical soil damage by agricultural
vehicles, so estimates are relatively
conservative.

See the topics below to better understand
this SoilWeb product.

Use the "Soil Trafficability" tab to modify
the trafficability estimate and map
settings.

¥V Definitions

¥ How to Interpret

V¥ Assumptions

V¥ Feedback

7445
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Targeted recharge near vulnerable communities

https://agra.ucdavis.edu

Agricultural Groundwater Recharge Assessment (AGRA)

Suitable parcels for ag-MAR that can benefit community water supplies
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* Increased groundwater storage for next drought
* Fill up soil profile prior to growing season

* Frequency of wet years is decreasing (every 5-7 years)

* Additional moisture stimulate mineralization (natural production of
nitrate in soils)

* Recharge with low nitrogen source water does dilute elevated
groundwater nitrate concentrations

* Management of soil salinity
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Why protect a wellhead or decommission an abandoned well?

Abandoned,
unsealed well
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Section 2 - Irrigation Well and Abandoned Well

Wellhead Protection nformation

Coalition Member ID#:
1. Irrigation Wells: Create a unique Well ID for each irrigation well. For each well, fill in the table below with the
Well ID and mark an “X"” under the practices that apply to the individual well. Mark the location of your wells on
the provided Farm Map(s) or your own farm map using the unigue Well 1D.

Check this box if you have no irrigation wells on your parcel(s).

Step by Ste p I n stru ction S Wellhead Protection Practices
Well ID Ground Standing .
{A unigue name s:’ ped m’.f:' d H GT"d . [::: g::- P?:f-t:‘::e Cement
The F Eval : has 4 . of your choice) I aveiee ouserespine pressurized f Check Pad
e Farm Evaluation has compon ents: from around Practices systems) Valve
Wellhead wellhead

Section 1: Whole Farm Evaluation

Section 2: Irrigation Well Information

Section 3: Sediment & Erosion Control Practices
Section 4: Farm Map(s)

Step 2: Section 2: Complete the Wellhead Protection Practices table and/or Abandoned Well Practices table

for all irrigation and abandoned wells on your property. Give each well a unigue identifier (Well 1) and list

them in the first column of the table. Complete the table by marking which Wellhead Protection Practices or

Abandoned Well Practices apply to each of your wells. Mark the location of all in-use wells {irrigation and

drinking water supply wells), abandoned wells, and off farm surface water discharge points on a Farm Map.

wells should be marked with the Well ID nated on the Farm Evaluation. Keep the map in your files (do not Comments:

return to the Coalition). The map(s) with well identifiers must be produced if you have a Regional Water

Board compliance inspection. If your land does not contain irrigation wells or abandoned wells, check the

appropriate box above the Wellhead Protection Practices table and/or the Abandoned Well Practices Table. 2. Abandoned Wells: Create a unigue Well ID for each abandoned well. Mark the location of your wells on the
provided Farm Map(s) or your own farm map using the unique Well ID. Indicate the year the well was

*Good housekesping practices include keeping the area surrauncing the wellhead clean of trash, debriz and any empty conteiners.

abandoned {write “UNK" if the year is unknown; approximation is okay) and mark how the well was destroyed
with an “X" under the appropriate practice.

W] Check this box if you have no abandoned wells on your parcel(s)
well o Abandoned Well Practices
(A unique nams of If abandoned, year Destroyed — Dels_trnyeddb\r Destroyed -
your cho":e} abandoned certified by county wens_e Unknown method
professional
Natural
Resources
Comments: Conservation
Farm Evaluation Template — Section 2 Page 4 S erv i ce

\O} nrcs.usda.gov/




USDA
LOLM

_ United States Department of Agriculture

Wellhead Protection

Wellhead Protection Practices
Well ID .
Ground Standing . Concrete
. Sloped water Good Air Gap BECkﬁD:W SOIano County
(A unique name A : . [for non- Preventive Lomant
N way avoided Housekeeping . . g
of your choice) from arocund Practices® pressurized / Check Fad SpeCIflcs
Wellhead wellhead systems) Valve
*Good housekeeping practices include keeping the area surrounding the wellhead clean of trash, debris and any empty containers.
Solano County Code

Y
has adopted CA DWR
I Bulletin 74-81 "Water

__Air Gap oD Well Standards: State
l of California“ with the
N D Bott Vent__ poubie Gockilon addition of county-
. Prevention Voles o .
Stondpipe (VG ~Prassuse Aol specific requirements

,? - *Va/ve (size=0/4) for Chapter 13 1 0_1 4

B Cﬂj (d) Drilling Waste and
I S — AL A NN (e) Mud pits and 13.10-

19 Inspections)

- [ !
well I Abandoned Well Practices SuRELIA)
! Resources
Dest d b
(A unlquEhn?mE of If abandoned, year Destroyed — E:t reve 4 v Destroyed - Conservation
your choice) abandoned certified by county frenss Unknown methed = -
professional Service

\0.»’ ‘nrcs.usda.gov/
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Abandoned Wells

What’s considered
“abandoned”?

A well is
considered
“abandoned” or
permanently
inactive if it has
not been used
for one year
unless the owner
demonstrates
intention to use
the well again.

Natural

Resources
Conservation
Service
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Why decommission my abandoned well?
“Baby Jessica”, October 1987, Midland TX

THE RESCUE EFFORT

JESSICA TRAPPED

T :"“‘\3)"“”}"'"';7“""'"" Ry
; =
well pipe 5107 ft.ap

~ Sprague and husband Ray,
have lived at 3311 Tanner
1vefor20years
The grandparents of 14 chil-
y en and parents of five voiced :
ey = willingness to do whatever : /) 1214 in. wide.
2 ! ey could to help. ~ :
- -Apurﬁonoftheirrearfence :

1s uprooted to make room for

& ( | air compressor that deli-
red warm air to the trapped
L, - ssica who was in a chamber

} {thin the shaft about 12 to 14
\

\' .|\ chesindiameter, Whiteuld

he fence for a glimp

er caver Bill Bently is lowered into the rescue e.

Natural
Resources

Conservation

Service



http://www.people.com/people/archive/covers/gallery/0,,20274151_20352080,00.html
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Well Decommissioning (351)

 Definition — The sealing and permanent closure of an
inactive, abandoned, or unusable water or monitoring well.

 Purposes — Protect ground water from surface water
contamination. Protect the aquifer water quality. Restore
the natural hydrogeologic conditions.

* Procedure as outlined in the NRCS Conservation Practice
Standard (CPS) 351

Data Collection

Permitting, Applications, & Bids

NRCS Implementation Requirements (IR) Development
* Requires approval by NRCS State Conservation Engineer
Well Preparation

Disinfection

Casing Removal/Perforation/Blasting/Grouting

Sealing Material

Fill (plugging) Material

Surface Seal (mushroom cap)

Surface Soil Backfilling

Final Reporting

Solano County
Specifics

Solano County Code
has adopted CA DWR
Bulletin 74-81 "Water
Well Standards: State
of California“ with the
addition of county-

specific requirements
for Chapter 13.10-14
(d) Drilling Waste and

(e) Mud pits and 13.10-

19 Inspections)

Natural
Resources
Conservation
Service

nrcs.usda.gov/
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ALLOW & mMPsIWGs OF 24 HOURS FOR CONCRETE
TC SET BEFCRE BACEFILLING

HACKFILL WITH HATIVE SCIL, FREE OF LaSGE ROCKES aMD
DEBRIS 27 OR LARGER, MECHARICALLY COMPACTED IR
127 max LFTS.

FIMISHED GRaDE

TR AT pll=li ==
COMPACTION FER
03 EARTHFILL TAFPER SAMNES OR
= EHOSE FER TAL OSHA
EXCANATED TO 5—1,42" SERCS
BELOW FINISHED CRADE
CUT OFF CASIMNG AT &7 = f
BELOW FINISHED CRACE -4
R N ALLDW SFILL—OWER TO FORM
. 2 Ccar 12°=18" THICK
H =
A
H
A
11 A g
1
-
o .
1
. 4 |1
=5
Ex. 14" 10, 0.188" THICK . L. THE EMTEE wELL Colume FROw
STEEL CASING oL A SCREEM T CasING CUT—GFF AMD
FOR PERFORATION = AMMNULIS SHALL EE FILLED WITH 10.2
WATH SLASTING . - SACKE SAMD SLUURRY MIX. CWER—FILL
EXFLOSIVES . . 2 THE CASING T3 FOREM & SOUC SEAL
&
1
& "_
A
‘M
H - 1
r
1
1
. a
<
H
A
= o
Applieable Stapdards
Calitormia Well Stardards (Bullstin 74—210
Fart Il Destruction of wells, §20 o 8235
Bulletin F4—50, Por: Il — Destruction of
Wells, §20 and §23; 2015 Statewide
Addscry: Sedbhg Materldls foF Woter Wells
Montonng Wells, Cathodie Protecton walls

and Gaothermal Hear Exchange Wells1)
Solana County Code Chapter 1310
(welading, but ret limited $o. Chopter
1590—14 {d) Drllirg Waste ard (e) Wad
pltz apd T210-7% Inspections] and
WEGS well Decormmissioning (351),

Natural
Resources
Conservation
Service
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Example from 2022 — preparation, grout and charge placement:

Natural
Resources

Conservation

[~ 571 -
Service
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Example from 2022 — grout and charge placement completion:

Natural
Resources
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Service
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Example from 2022 - final concrete “mushroom cap” and finished site:

Natural
Resources
Conservation
Service
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NRCS Well Decommissioning Assistance

Tentative Payment Rates FY 2023

NRCS Financial Assistance Programs for Well Decommissioning

Drilled Well > 300 FT ($17.75/FT)
Drilled Well < 300 FT ($34.23/FT)
Shallow Well > 20 FT ($708.73/CY)
Shallow Well < 20 FT ($626.31 /CY)

include:

Environmental Quality Incentives Program (EQIP)

Agricultural Conservation Easement Program (ACEP) - Wetland Reserve
Enhancement (WRE) Program

Wetland Reserve Enhancement Program (WRP)

Caveats

+ Payment rates are

higher for
Historically
Underserved (HU)
producers and those
in identified Source
Water Protection
zones

+ Payment rates
shown are tentative
for FY 2023 and are
subject to change
» Final payment
amounts will be
based on the well
decommissioning
completion report
submitted to the
County and NRCS

Natural
Resources
Conservation
Service

nrcs.usda.gov/
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Other NRCS Assistance

« Slow It | "
« Provide a rougher, more vegetated surface that slows down water
flow By slowing,
' spreading, sinking,
° Spread It and storing
« Prevent flow accumulation by widening the flow path. rainwater on your
_ field(s), availability
« Sink It of early season soil
. e e : t b
- Create a soil surface that allows water infiltration into unconfined  ;/oreased and
shallow and/or deep aquifers. recharge of
° Store |t groundwater and

i ) ) i ] ] ] reliance on pumped
« Create a healthy, biologically active soil profile with organic mattegroundwater can be

that acts more as a sponge. reduced.

« NRCS’ Field Office Technical Guide (eFOTG) R

» https://efotg.sc.egov.usda.gov/#/state/ CA/documents/section=4 Resources

Conservation

Service
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Slow I, Spread it, Sink It, and Store It

Conservation Cover (327)
. Definition — Establishing and maintaining permanent vegetative cover.

*  Applicable purposes include — Reduce sheet, rill, and wind erosion and
sedimentation. Reduce ground and surface water quality degradation by
nutrients and surface water quality by sediment. Improve soil health.

Cover Crop (340)

»  Definition — Crops including grasses, legumes, and forbs for seasonal cover
and other conservation purposes.

»  Applicable purposes include — Reduce erosion from wind and water.
Increase soil organic matter content. Capture and recycle or redistribute
nutrients in the soil profile. Promote biological nitrogen fixation and reduce
energy use. Manage soil moisture. Minimize and reduce soil compaction.

Residue and Tillage Management, No Till (329)

. Definition — Limiting soil disturbance to manage the amount, orientation,
and distribution of crop and plant residue on the soil surface year-round.

*  Applicable purposes include — Reduce sheet, rill, and wind erosion and
excessive sediment in surface waters. Maintain or increase soil health and
organic matter content. Increase plant available moisture.

ReS|due and Tillage Management, Reduced Till (345)

Definition — Managing the amount, orientation, and distribution of crop and
other plant residue on the soil surface year- -round while limiting soil-
disturbing activities used to grow and harvest crops in systems where the
field surface is tilled prior to planting. .

*  Applicable purposes include — Reduce sheet, rill, and wind erosion and
excessive sediment in surface waters. Improve soil health and maintain or
increase organic matter content.

How?

These full- or partial-
field practices reduce
flow concentration
and raindrop impact
while enhancing
nitrogen fixation and
the soil microbiome.
They can provide
additional root
penetrations that
help to improve
water infiltration
while increasing the
soil’s ability to act as
a sponge.

Natural
Resources
Conservation
Service
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Slow It

. Field Border (386)

. Definition — A strip of permanent vegetation established at the edge or around the How?
perimeter of a field.

. Applicable purposes include — Reduce erosion from wind and water and reduce

excessive sediment to surface waters. Reduce sedimentation offsite and protect water These practices
quality and nutrients in surface and ground waters. | d
- Filter Strlp (393) can SRl
Definition - A strip or area of herbaceous vegetation that removes contaminants from filter water
overland flow. . d
. Applicable purposes include - Reduce suspended solids and associated contaminants in running on an
runoff and excessive sediment in surface waters. Reduce dissolved contaminant off of fields.

loadings in runoff. Reduce suspended solids and associated contaminants in irrigation
tailwater and excessive sediment in surface waters.

. Grassed Waterway (412)

Definition — A shaped or graded channel that is established with suitable vegetation to
convey surface water at a non-erosive velocity using a broad and shallow cross section to
a stable outlet.

. Applicable purposes include - Convey runoff from terraces, diversions, or other water
concentrations without causing erosion or flooding. Prevent gully formation.
Protect/improve water quality.

. Hedgerow Planting (422)

Definition — Establishment of dense vegetation in a linear design to achieve a natural
resource conservation purpose.

. Applicable purposes include — To provide substrate for predaceous and beneficial
invertebrates as a component of integrated pest management. To intercept airborne
particulate matter. To reduce chemical drift and odor movement. To increase carbon
storage in biomass and soils.

. Mulchlng (484)

Definition — Applying plant residues or other suitable materials to the land surface.

. Applicable purposes include — Improve the efficiency of moisture management. Improve
: the efficient use of irrigation water. Reduce concentrated flow erosion. Reduce sheet, rill,
u

Natural
Resources
Conservation
Service

and wind erosion. Maintain or increase organic matter content.

nrcs.usda.gov/
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Spread It

Diversion (362)

Definition — A channel generally constructed across the slope
with a supporting ridge on the lower side.

Applicable purposes include — Break up concentrations of
water on long slopes, on undulating land surfaces and on
land that is generally considered too flat or irregular for

terracing.

Waterspreadlng (640)

Definition - A system of diverting or collecting runoff from
natural watercourses and spreading the runoff over relatively
flat areas.

Applicable purposes include - Reduce the potential for
flooding and ponding. Reduce the potential for gully
formation. Manage natural precipitation more efficiently.
Facilitate ground water recovery.

How?

NRCS practices
can, on a case-
by-case basis,
be employed to
spread out
concentrated
flows to increase
infiltration and
reduce the
erosive power of
water.

Natural
Resources
Conservation
Service
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Sink It — Interim Groundwater Practices

 Groundwater Recharge Basin or Trench (815) Caveat
» Definition — An off-channel impoundment with a permeable base As of FY 2022
underlain by an unconfined aquifer. these practices are

«  Purpose — To recharge a specific aquifer to reduce the risk of natural 't';“gﬁ’gtfsr;‘jgzg:g
resource degradation, or limitation to land use caused by groundwatefagera, Merced,

depletion. Tulare, and Kern
Counties and is
o On-Farm RGCharge (81 7) expected to remain

«  Definition — The periodic application of surface or stormwater to croplang® untl the
evaluation period

with connectivity to an unconfined aquifer. for the interim

« Purpose — To recharge a specific aquifer to reduce the risk of natural  practices is
resource degradation, or limitation to land use caused by groundwater complete.
depletion.

Natural
Resources
Conservation
Service
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Store It

« Soil Carbon Amendment (808) How?
« Definition — Using carbon-based amendments to increase soil carbon angy,e aqdition of soil
improve the physical, chemical, and biological properties of the soil. carbon and organic

. Applicable purposes include — Maintain, increase, or improve soil organi#ﬂzt;eg"i?no}ntf:zzﬁ

matter quantity and quality. Maintain or improve soil aggregate stability. {0 soak up and
Maintain or improve habitat for soil organisms. Improve plant productivity retain water,

and health. Improve the efficient use of irrigation water. allowing it to
percolate deeper

into the soil profile
after rainfall events.

Natural
Resources
Conservation
Service
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Other NRCS Practices

* Microirrigation System (441) How?
* Irrigation Water Management (449) “g;;{ggggg,z'
+ Nutrient Management (590) amployed to aesie

with conserving

° 1 irrigation water,
Pest Management Conservation System (3935)  reaonwacr

ng = . . and/or pesticide
Denitrifying Bioreactor (605) applications, and
managing excess

irrigation water

and/or nitrogen

applications.

Natural
Resources
Conservation

Service
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Amy King

SOLANO RESOURCE CONSERVATION DISTRICT




Soil amendments for nitrogen and water
management: cover crops, compost and biochar

SOLANOQO Amy«ing

Resource Watershed Project Manager
Conservation

District Solano RCD




* Provide sufficient water for the crop
* Minimize water use in the dry months

* Minimize standing water or flooding
in the wet months

* Recharge groundwater/improve
infiltration

* Minimize nutrient/contaminant loss
to surface water and groundwater

All of these are improved with increased
soil organic matter (carbon)




Easiest ways to increase soil organlc matter

(Biochar)

* Minimize tillage
e Biosolids

--------
- Sso

-~ -
——————————
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PHAL HAWKINS-BURGOS™ LEE.- /KANE

Cover Crop Heebie Jeebies

Extra field ops/expense
One more thing to manage
Prevent spring soil heating and exacerbate frost

Keep ground too wet in the spring

»} SCARIER THAN HELL!

Take available soil water from the primary crop
Make harvest difficult
Attract unwanted insects/pathogens

Attract rodents




But we love them anyway, because they......

Contribute organic
matter to the soil

Reduce soil erosion

Contribute nitrogen
and micronutrients to
soils and crops

Shade out weeds

Take carbon out of
the atmosphere and
put it in the soil



A recent review of published studies
on the effects of cover crops on soil
health measures shows significant
benefits in cover cropped systems

From: J Jian, B Lester, X Du, M Reiter, R Stewart. 2020. A calculator to quantify cover crop
effects on soil health and productivity. Soil and Tillage Research 199: 104575.
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But we love them anyway, because they......

Contribute organic
matter to the soil

Reduce soil erosion

Contribute nitrogen
and micronutrients to
soils and crops

Shade out weeds

Take carbon out of
the atmosphere and
put it in the soil



A recent review of published studies
on the effects of cover crops on soil
health measures shows significant
benefits in cover cropped systems

From: J Jian, B Lester, X Du, M Reiter, R Stewart. 2020. A calculator to quantify cover crop
effects on soil health and productivity. Soil and Tillage Research 199: 104575.
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Compost

* Incorporated or surface-applied

e Variable in C:N ratio,
contaminant levels, nutrient
content and moisture content

* Increases soil organic matter,
water holding capacity, nutrient .
availability s

Photo: Ramon Barreiro



If you are looking for compost....

Zero Foodprint’s Compost
Connector program

Connector program.

RRRRRR

Compost facility at Hay
Road landfill

Also available at Napa Recycling and Waste Services, other Central Valley locations



If you are STILL looking for compost....

(We may be able to help you get some!)

1. SB 1383 mandates that jurisdictions collecting curbside green waste
(cities and counties) must make finished compost available, free of
charge, to their residents. The amounts required are based on

population, and meeting those requirements will require moving some of
that compost out to farms.

2. State funding focused on healthy soils/regenerative agriculture is

providing major financial incentives to apply compost on farms and
ranches.

) SOLANO

@) Resource (GSkar Amy or KEVin)

&/ Conservation
W District



Biochar

* Created by incinerating organic
material (wood) at very high
temps in low/no oxygen
(pyrolysis)

* Leaves a carbon skeleton
(charcoal) with exceptionally
high surface area for adsorbing
water and nutrients

Photo: K.salo.85




From: acarbons.com

* Increases soil water holding capacity

* Filters contaminants from soil

* Sequesters carbon by growing plants
and then burying their carbon in a
very stable form (100s — 1000s of
years) in the soil

", % - Biomass (Bone dry tonesly)

B 117000 - 562000

B 562001 - 775000
775001 - 1751000
1751001 - 2689000
26839001 - 3861000

B 3561001 - 10251000

Q37575 180 225 300
e e Kilometerns

Figure 3. Amount of biomass produced annually in counties in the
state of California, US (Commission, 2007).



Table 1. List of active biochar producers in California.

Year Products Commercial Focus application Main feedstock Status
started product sector
2011 Reactors, biochar Biochar and bio- Farming and Nutshells, urban green Phase 2
stimulants gardening waste
2014 Biochar BlackLite Agriculture Woody residues Phase 3
2012 Reactors, biochar Soil mix pro Organic waste Biosolids, manure, Phase 2
management green waste
2017 Biochar (green Carbon services  Climate & soil, Forestry waste Phase 1
landscaping) landscaping
2007 Biochar BioCore and Agriculture Wood waste from Phase 1
BioCharge timber industry
2010 Biochar SEEK fertilizer Agriculture Pine, bamboo Phase 2
2009 Biochar CoolTerra Agriculture Farm residues Phase 2
Energy Anew IMC, San 2005 Biochar (solar-powered) Biocharm Vegetables, Wood chips Phase 2
Rafael flowers, fruit
Interra energy, INC, 2009 Biochar, fuels, reactor  Interra Preta Agriculture, biofuels Trimmings, wood, Phase 2
San Diego timber & green waste
All power labs, 2007 Reactors, biochar, Chartainer, power Local carbon Woody residues Phase 2
Berkeley blends pallet network
Phoenix energy, San 2006 Reactors, biochar Reactor Agriculture Forest and woody Phase 2
Francisco residues
Tolero energy, LLC, 2009 Reactors, biochar, fuels, Tolero fuel Transportation, Urban biomass Phase 2
Sacramento activated carbons water treatment

From: Thengane et al 2021. Market prospects for biochar production and application in California. Biofuels, Bioproducts and Biorefining.



Groundwater

Table 2. Annual biochar production and

application potential in different sectors of State annual water consumption in 11.08 Trillion
California. agriculture®’ gallons
Biochar production Water holding capacity increment (2% 7275  Gallons/
Total biomass available (agriculture + forest) 5226  Million BOT (w/w) mwm)ﬂ

Toulnoeeubloboot;;anavalabb 2352 Million BOT Totalincreasedwaterhold'ng”

(agriculture + forest)

Total biochar production (20% conversion) 4.70 Milion BOT

Portion of total water consumption in

Biochar application agriculture
Agriculture and forestry Wastewater treatment
Land covered by biochar application 470 Million State I ' ter tion™ 1.46 Trillion
(1 BDT/acre) acres o
Time required to cover total agricultural 538 Years
land of state Portion of wastewater treated by biochar 4324 %
Time required to cover total forest land of ~ 7.02 Years (0.51 kg/m*™
sate Livestock feed and manure management
GHG reduction Livestock feed (1% biochar in daily feed w/w™ ~ 0.39 million BDT
State total GHG annual emissions*® 4241  Million-ton biochar)
CO,-e

State GHG annusl emissions in agriculture  32.23  Million-ton Enteric fermentation (20% GHG 227 Million-ton
sector™® COy-e reduction™) CO,-e
Biochar carbon sequestration potential 12.08 Million-ton Manure management (13.6% w/w biochar 11.07 Million-ton
(average biochar carbon content: 70%)™ CO;-e in manure ~4.31 million BDT biochar) CO,-e
Soll NyO emission mduciion (1 80T/acse 022 Mion-ton Portion of total state GHG emissions in 4138 %

x i s agriculture sector
Portion of total state GHG emissions in 3816 % ) _
agnculture sector From: Thengane et al 2021. Market prospects for biochar production

and application in California. Biofuels, Bioproducts and Biorefining.



A word on trees:

e Can occupy farm edges,
non-arable land,
roadsides

* Create tremendous
networks of sub-surface
channels to improve soil
water infiltration and
groundwater recharge

* Pull CO, out of the air
while so doing

Hor} Fm

B [100

200

300

From: Wageningin University and Research Collection



How can we help?

* Cover crops, compost, biochar

* Hedgerows, riparian forest, wildlife
nesting boxes and perches

* Fencing and troughs to keep cattle off
waterways

* Irrigation system evaluations

* Groundwater recharge basins

* Fire-safe land management

* Creek management and flood
prevention

e Carbon farm plans

We can work with you to plan projects and find funds to implement them!



To chat about water or dirt or plants, any time!

Amy King

Solano Resource Conservation District
Watershed Project Manager
530-848-3551
Amy.King@solanorcd.org

1170 N. Lincoln Street, Suite 110
Dixon, CA 95620

SOLANO

Resource
Conservation
District




Kevin Young-Lal

SOLANO RESOURCE CONSERVATION DISTRICT
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Multi-rotor Copters

Generally 18-25 minute flight time with

Vertical take off and landing
Typically < 2 pound payload

Can cover > 50 acres per flight
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Mostly aerial
photography
and
videography!
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WHAT ARE MULTISPECTRAL/THERMAL IMAGES?

Absorption and reflection of light

Visible light Specular and Diffuse Reflection i 4

Gamma Ultraviolet Infrared Ared object reflects red and absorbs

others colors of white light

/A

Awhite object reflects all An object is seen as black if
colors of white light aqually it absorbs all colors of white light

rays X-rays radiation radiation Microwaves Radiowaves




VEGETATION SPECTRUM
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VEGETATION CURVE
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SOIL CURVE
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WATER CURVE
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GREEN BAND

Dead Leaf Stressed Leaf



RED BAND

Water Content
Leaf Biochemicals
Protein Lignin, Cellulose

Atmospheric Water

Dead Leaf Stressed Leaf



RED EDGE BAND

Dead Leaf Stressed Leaf



NIR (NEAR-INFRARED) BANDS

Dead Leaf Stressed Leaf Healthy Lea



Vegetation reflectance properties are used to derive vegetation indices (VIs).
Analyze various ecologies.

Constructed from reflectance measurements in two or more wavelengths to analyze
specific characteristics of vegetation, such as total leaf area and water content.

getation index is NDVI (Normalized Difference Vegetation Index).




Index of plant “greenness” or photosynthetic activity

By taking the ratio of red and near infrared bands from a remotely sensed image
alculated on a per-pixel basis), an index of vegetation “greenness’” can be defined.

NDVI values like plant photosynthetic activity, total plant
d plant stress. Because of this, NDVI is

(a) 1997.02.07 (b) 2007.01.02 (c) 2017.01.13
4:18:38 GMT 4:48:43 GMT 4:54:05 GMT

lometars



Thermal imagery captured from the air makes visible the heat emitted from objects on the
ground, revealing temperature differences.

Results can show:

Crop stress

Pinpoint common issues in irrigation systems T —
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Opftimize irrigation scheduling and system design =
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or the terrain and soil conditions.




AG WATER EFFICIENCY PROGRAM SERVICES

Pressure and Flow Test Location Map

Pump

MainLine

Submain

Hose Lines

L\ Flow Test

o

Pressure Test (PSI)

One of the key components of this report is the distribution uniformity (DU) rating, a
measure of how evenly water is distributed throughout the irrigation system. The DU is
calculated by comparing sprinkler or emitter flow rates collected in at least 3 different
locations across the system. The closer the DU rating is to 100% equates to the higher the

efficiency (uniformity) of the system.

This irrigation system’s performance:
Distribution Uniformity (global)
Distribution Uniformity (flow)

Application Rate

The global system DU of 95% is excellent for a micro sprinkler system. For all practical
purposes, 100% is not possible; however, highly efficient micro systems typically have DUs
above 92%. Global DU values are calculated through the use of an irrigation evaluation
program while flow DU values are determined through the use of a low quarter formula

located in the *Application Rate and Flow DU” section of this report.

For this evaluation the MIL has identified several issues that include:
e Minor sprinkler plugging
o Slight pressures variability at manifold valve inlets

o Inaccurate pressure gauges at manifold valves

e Sprinklers close to minimum pressure recommended from manufacturer

System Pressures

Balanced pressures are an incredibly important factor that determine flow rates at each

sprinkler or emitter (unless pressure compensating or flow control devices are used). When



What is a pump test?

« A pump test measures various aspects of the pump's operation and provides an estimation of

the overall efficiency of the pump and cost of running it under test conditions.

Who does the pump testing?
«  Currently, SRCD is working with a contractor to provide pump efficiency tests to landowners.
Why should | do a pump test?

oump testing can identify problems before a breakdown occurs, energy bills climb, and



TECHNICAL ASSISTANCE FOR PLANNING ON-FARM PRACTICES

1170 N Lincoln, Suite 110 W\_/("’

Dixon, CA 95620

Conservation Plan

707/ 6781655 x 3

FAX (707) 678-5001
www.solanored.org RG D

° Date: May 14, 2021

Name: [ EEEEEE
° Address: _
Contact: |

Resource concerns
Water conservation in vineyard alleys: Landowner received a Healthy Soils grant to incorporate cover crops and mulch in
vineyard operations. The perennial cover is difficult to establish, as the soil is extremely rocky and hard to prepare for
seeding. Perhaps mulching the alleys would be more efficient?
Rodent management: Gophers are an issue and owl boxes are of interest to attract natural predators to the area.
° Sources for mulch: Wood chips are always useful and sources for them would be helpful.
Plants to avoid near winegrapes: |f native plants, or garden plants, are established in the vineyard area it would be good
to avoid species that are known hosts for grapevine pests.
This conservation plan will address the following topics in Individual sections:
. Soils map and description
. Options for vineyard alleys and sources for mulch

. Owl box plans and recommendations
. "Do not plant” list for grapevines







PESTICIDE DISPOSAL PROGRAM
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INFORMATION NEEDED FOR SIGN-UP?

AGRICULTURAL PESTICIDE
INVENTORY FOR DISPOSAL

PN CLEARLY W peimd jrom sy Sokys

ACKNOWLDOMENT | e wnierupd agres W il B Conty of Sotern ol Sotrn Resrns
Corvarvaton Dutrat harvtess # my pate goton » T Pestoos Dugonel Pt Mages e Cios Pe
US Dupartmt of Tramagariaion & ndes ssltnd 10 B Bamigont linis of Sasardons wasie o & aned

oy )




Q & A

QUESTIONS AND ANSWERS WITH THE PRESENTERS




Please take a few
minutes to fill out the
workshop evaluation.

Thank you for attending!
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