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PROJECT BACKGROUNNMAPURPOSE

The lower Salinas Valley is a 405 square mile area located on the Central Coast of California,
composed of three watersheds (Lower Salinas River, Reclamation Canal and the Moro Cojo Slough)
that drain into the Monterey Bay National Marine Sanctuary. The ea has a Mediterranean climate
that makes year round agriculture feasible, with mild temperatures and rainfall averaging
approximately 14 to 16 inches per year in the farmed areas of the Valley. The highly productive

land draws high lease rates with cropand renting from $350- $3000 per acre depending on

location (UCCE 2015), so growers are quite interested in maximizing crop production. Overall for
Monterey County, agriculture is of enormous economic importance with crop production

contributing $4.8 billion in 2015 (MCAC 2016).

Crop production is one of thefour main land uses in the Lower Salinas areeepresenting 34% of
the land coverage. Other land uses aggazing land (32%), undeveloped or forest (26%), and
urban land (8%) (CCRWQCB 201Fig.1). The lower elevation area ofSalinasValley is
predominantly used for crop productionandin this area, the hydrology and water quality is
influenced by crop irrigation and artificial drainages(CCRWQCB 2023 Both surface and
groundwater in the region are contaminated with nitrate and other norrpoint source pollutants.
The addition of nitrogen fertilizer and animal wastes is the largest source of nitrate in groundwater
(Harter and Lund 2012). Fertilization rates differ by crop type, with the estimated average
application rate of 230 Ib N/acre/crop for vegetables and berries onrrigated agricultural land in
the Salinas Vdey (Fig.2, Harter and Lund 2016. To reduce groundwater nitrate loading to a
sustainable levelHarter and Lund estimated a needededuction of 70 Ib N/acre/crop for
vegetables and berries.Surface wateris alsocontaminated by runoff from agriculture when
applied nutrients cannot all be taken up by plants, athe water solubility of nitrate makes it easily
transportable to waterbodies.

Figure 1: A) Land use in the Lower Salinas Valley and B) 303(d) listed water bodies. U sed with
permission (CCRWQCB 2013.
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Figure 2: Typical fertilization rates in the Salinas Valley derived from literature and USDA Chemical
Usage reports. Extracted from Harter and Lund 2016.
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The poor water quality of many waterbodies in the Lower Salinas area has damaged their ecological
condition and impaired their beneficial uses, resulting in several beinglacedon the 303(d) list
(CCRWQB8B 2013; Figlb). Nutrient contamination is one of the causes of impairmengnd a TMDL
evaluating the extent and severity of the problem was approved in March 2013 by the Central Coast
Regional Water Quality Control Board (CCRWQCB). This TMDL identifibdt cropland constitutes
over 88,000 acres comprising 34% of the three watersheds (Tembladero Slough, lower Old Salinas
River, Moro Cgo Slough) included in the Lower Salinas region (CCRWQCB 2013). Seventeen surface
water bodies (creeks, ditches, rivers psloughs) in these watersheds have been identified as
impaired for nutrient contamination by nitrate and/or unionized ammonia. Nitrate concentrations

at one or more sampling sites in16 out of 22 waterbodies listed in the Salinas Nutrient TMDL
exceeded tle 10 mg N/ L drinking water standard in >50% of samples taken. Additionally, nitrate
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has contaminated groundwater in the Salinas area, causing a problem with drinking water obtained
from wells. Unionized Ammonia concentrations in 2 out of 18 waterbodidssted in the Salinas
Nutrient TMDL exceeded the 0.025 mg N/ L standard in =>50% of samples taken. Orthophosphate
concentrations in19 out of 22 waterbodies listed in the TMDL exceeded the 0.3 mg P/ L standard in
=>50% of samples taken (CCRWQCB 2013).

Due to thesignificanceof agriculture to the local economy and the need to improve water quality,
incorporating management practices into farming methodology is importanto appropriately
managng nutrient and water inputs and reducing polluted runoff. Precision management can
reduce both the amount ofrunoff and the concertration of nutrients found in runoff. Further
treatment of the remaining runoff through treatment structures such as wetlands and bioreactors
can reduce or removepollutants prior to their discharge topublic water bodies. Through managing
water and fertilizer inputs and treating runoff, the resulting improvements inwater quality will
strengthen the viability of agriculture and an the Central Coast.

Project Description

The efforts funded by this grant focused on reducing nutrient levels found idischargesfrom farm
fields through two primary means: 1)improving the application efficiencyof irrigation water and
nutrient sthrough education and direct technical assistance otne farm and 2) through nutrient
treatment structures designed to remove nitrate and orthophosphate fronirrigation runoff prior to
discharging topublic water bodies. With the high density of agricultural production found in the
area and the importance of maintairmg high yields to pay for agricultural rents, a combination of
management practicesand runoff treatment is often necessaryto meet regional water quality
objectives. Management practicesare designed tohelp growers apply only the necessary amount of
water and nutrients for plant growth and soil salinity management Treatment structures, located
on-farm or off-farm, remove excess nutrients remaining in the water to achieve the appropriate
concentrations for beneficial usesletermined by the State Water Qality Control Board prior to
releasing water to a stream oiwother water body. Beneficial uses for the Salinas Valley waters
include drinking water, groundwater recharge, agricultural supply, aquatic habitat and recreation.
The overall goal of this program is to improve water quality and make progress toward restoring
beneficial uses in waterbodieghrough education, assessmenbf irrigation systems and
management practicesand implementation of projects

Project Goals:

1) Provide growers with technical expetise to improve on-farm irrigation and nutrient
management practices.

2) Provide growers technical and financial assistance in implementing esite projects,
infrastructures for water management,and/or sub-watershed nutrient treatment
structures that canconserve water and reduce nutrient loads to water bodies or
groundwater.

3) Make progress toward the achievement of the Lower Salinas Nutrient TMDL water quality
targets for nitrate, unionized ammonia and orthophosphate.

4) Reduce nitrate load contributions to goundwater and surface water.



OUTREACHEDUCATIONAND RECRUITMENT

Outreach

Early in the grant process we developedraOutreach Strategy for Grower Pdicipation and
Implementation. Our strategy identified that in the frst year of program outreachwe would
communicate to growers regarding the availability of funding for assessments and practice¥/e
developed thegoal of exceeding project maximum deliverables in terms of participation and
number of assessmentsmplemented through the following outreach adivities:

1 word of mouth through existing personal relationships

9 direct communication with commaodity group and industry contacts for solicitation of
information through their networks

1 presentations at commodity group meetings

We engaged in all three typesfmutreach activities(Table 1). The RCDi@and UCCE made personal
connections with their grower contacts who are typically on the forefront of adopting management
practices. These growerstermed early adopters,are typically larger growers with the meansand

i T OEOAOGETT O1 AAOGAI TP OEAEO 1 OCAT EUAOQET 1680 OEEII
new management practices and systemSeveral of these growes participated in irrigation and
nutrient management assessments. Others received shorteonsultations to provide technical
advice and reviewwhether the operation could benefit fromfurther assessmentWe also
communicated with commaodity groups and other industry contacts to solicit involvement. A notice
was posted on the AWQA website thatihding was available for assessments and projects through
the Proposition 84 grant. Presentations were made and connections developed at commodity
group meetings including Strawberry Commission meetings, an Aquaponics claaadthe Salinas
Valley Ag Techrsummit.

As an aspect of outreach, wimformed growers of the benefits of participating in the grant project,
including potential for water and fertilizer N savings, complying with water quality regulations and
improving the calibration of water and nutrient management tools. Growersvere alsoinformed of
the grant phases (consultation, assessment and implementation) and the required shared
information for each phase Thisensured that the grower hadfull knowledge of the reporting
obligations prior to their involvement.

Education

The purpose of education was timprove the knowledge base of growergheir organizations and
also technical service providergegarding technologies and practices available to aid their decision
making for irrigation water and nutrient applications, so they can more reliably apply the right
amount of water and nutrientsat the right time to meet the needs of the plant through stages in its
growth cycle. More precise application of water and nutrientsaffects water quality through
minimizing leaching to ground waterand reducing or eliminating runoff. Most training sessions
were designed toprovide growers and other members of their organizations with an
understanding of the concepts of irrigation and nutrient managemerdnd with hands on use of the
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hardware and software tools to aid them(Fig. 3). The types of training sessions offeredre listed

below:

T
T
T
T

ALBA training conducted in Spanish on basic irrigation

ALBAtraining and direct assistance with developing a farm plan

CropMarage hands on workshops

Nutrient budgeting workshops regarding the diffelent forms of nutrient additions and their
accounting, eg fertilizer, organic Nmineralization rates, nitrate in water and soil.
Annual UCCHrrigation and Nutrient management meetingsto convey the most recent
research findings

AWQA meetings to share information and reviewesearch related to innovativenutrient
removal technologies

Drought and Irrigation ConservationTraining

Strawberry Commission Irrigation Training

Nitrogen Managemat Training for Certified Crop Advisors

Hands on training for pressure management of AWQA meeting on Nitrate R emoval
irrigation systems Technologies including information on
efficiency, footprint and cost.

Photo: Pam Krone on 3/11/14

Figure 3. Photos from Educational Events.



Education has a long lasting benefit because what is learned can be built upon and applied over
several years of operation and support, as well as being shared with otheRelationships that are
formed during training events are built upon and trust is gained through time and effort. After trust
is built, the grower is ready to try implementing management changes in his operation. Some
growers, who started by attending ataining event, later asked for technical support or for an
assessment. Other growers utilized internal consultants to aid them in adopting practices and
tracking results. Consultants attended the training sessions and passed the knowledge on to others
in their grower organizations. A hands on irrigation training event, in one case, lead to specific
requests for inrhouse training for field managers in irrigation management. Another grant was
obtained for doing this training.

Recruitment:

The purpose of ecruitment was to rally growers to participate inon-farm consultations and
assesments and also to garner integst in onsite or off-site treatment practices.Through our
outreach activities we were able to recruitl4 growers in the region to participatein nutrient

and/or irrigation management assessmentsyften on multiple farms andover severalcrop cycles
Wereached out to growers and landowners where the potential for a treatment structure could be
considered. Our strategy was to identify acreage tiin sub-watershed drainages sufficient to
achievemeasurablenutrient reduction and to target outreach activities to explore landowner
willingness to participate in a project. Forming and developing land owner relationships requires
an ongoing effort andthe patience to progress at a pace that is comfortable to the land owner.
Commitment of land to a conservation project and to maintaining that project for its useful life
covers a long time horizon. Carefudonsideration by the landowner, especially oparcels where
ownership is shared by multiple individualsor a large corporak entity, takes time and represents a
substantial commitment. We weresuccessful in gaining the agreement of one large ndarming
corporation, a governmeri owned research station a norprofit organization and two large farming
operations for the installation of 5 different structural technologies. We alsaleveloped many
relationships with additional growers and landowners that wehope will result in their agreement
to install future practices on their land.



Table 1. Outreach, Education and Recruitment Activities

Date Event Number of Contacts
1/30/2014 UCCE Nutrient Budgeting Workshop 3
2/4/2014 2014 Annual Central Coast Strawberry Meeting 2
2/5/2014 Monterey Bay Conference on Water Quality 4
2/12/2014 UCCE 2014 Irrigation and Nutrient Management Meeting 1

2/25&26/14 Nitrogen Management Training for Certified Crop Advisers 5
3/11/2014 Strawberry Irrigation Management Educational Program 5
3/18/2014 Assessment of Soil Moisture and Irrigation Scheduling 3
3/27/2014 Salinas Valley Ag Technology Summit 1
1/29/2014 ALBA Basic Irrigation 29
2/7/12014 ALBA Deweloping a Farm Plan 26

1/1/14 to 3/31/14 Personal contacts with growers 6
4/10/2014 2014 Drought and Irrigation Conservation Conference 70
4/19/2014 Aquaponics Class & Tour 3
5/1/2014 CropManage Workshop 35
6/19/2014 Irrigation Efficiency& water conservation in Nurseries 3
7/9/2014 AWQA Meeting 25
12/3/2014 ALBA Grower Event Farm Lease & Mixer 30
11/12/2014 AWOQA Meeting 4
12/10/2014 AWQA Meeting 20
1/14/15 - 1/15/15 Strawberry Commission Irrigation Training 30
1/14/2015 AWQA Meeting 8
2/19/2015 2015 Irrigation and Nutirent Management Meeting 35
3/11/2015 AWQA Meeting 10
3/26/2015 Salinas Valley Ag Technology Summit 4
4/2/2015 CropManage Hands On Workshop 45
4/2/2015 INM Workshop 18
4/8/2015 AWOQA Meeting 30
6/10/2015 AWQA Meeting 20
Total Number of Events = 28 475

Sharing and Building on Successes

Our outreach strategy includedsharing project successes through commodity groups and UCCE
grower meetings, partrer newsletters, the RCDMC website, and local media that we could build

community awareness of the importance of these collaborative undertakings.

Website Presence: The RCDMC website and the Central Coast Action Tracker (CCAT,
https://www.ccactiontrack er.org/site/map ) websites display the implementation projects
accomplished through this grant. Information shared on these websisanay provide inspiration to
motivate other organizations to adopt nutrient management practices.
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AWQA Meetings: Project progresswas shared with AWQA partners throughout the course of the
project in regular bi-monthly meetings. A presentation of each project and the resulting benefits to
water quality will be presented at an AWQA meeting in early 2017.

Local Media: Local madia covered the

opening ceremony for the PG&E Treatment
Wetland, advertised as the Castroville COWG
reflooding event in memory of the wetlands ‘

that once predominated the lower Salinas Please join us for the official re-flooding

Valley. +3" 7h -1 1 OAOAUSO 11 of the Castroville Slough
news station, covered the openingf the (PGRE/Castroville Treatment Wetland)
ceremonyon their November 8, 2016

newscast: Friday
http://www.ksbw.com/article/moss  -landing- ~ November 18,2
project-aims-to-make-ag-runoff-water- p—— :00pm

cleaner/8341998 . KION also covered the
opening, available at
http://www.kion546.com/news/18 -acre-
wetland-in-castroville-set-for-re-
flood/17105025 6

The Monterey County Herald covered the

001 OU ET OEAEO ppTpuTpo
wetland restoration project to help clean
ACOEAQOI OOOAT xAOAO6 AOA
http://www.montereyherald.com/environme
nt-and-nature/20161118/castroville -
wetland-restoration-project-to-help-clean
agricultural-water.

The Santa Cruz Sentinel ran an article:
http://www.santacruzse ntinel.com/environ
ment-and-nature/20161118/castroville -
wetland-restoration-project-to-help-clean
agricultural-water
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Figure 4: Opening Day Ceremony at the PG&E treatment wetland. Photos : Pam Krone on 11/18/16.
Long Term Implementation Strategy:

The work undertaken through the support and funding of this Proposion 84 grant provided the
opportunity for meaningful advancement of the regional effort to increase precision resource
management of water and nutrients and tdmplement structural practicesto reduce nutrient
concentration and load from agricultural runoff. Despite the progress made, accomplishing the
water quality objectives of the region remains dormidable goalthat will require the ongoing
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collective and collaborative efforts of many individuals and organizationsver a long time horizon
Project partners on this grantdeveloped a long term implementation stategy that summarizes our
ongoing effortsand long term strategy

The reduction of nutrients in runoff to surface water and leachate to groundwater from irrigated
agriculture on the Central Coast remains a commitment of all partners involved in this Ryosition

84 grant project: Coastal Conservation and Research Inc., Central Coast Wetlands Group, Monterey
Bay National Marine Sanctuary, California Marine Sanctuary Foundation, Resource Conservation
District of Monterey County and UC Cooperative ExtensionWe intend to continue to provide
outreach and training in management practices and technologies, to provide ongoing research and
technical support to the grower community, and to develop remediation projects in the Lower
Salinas Valley that enable morerecisely controlled irrigation and nutrient management and that
reduce the nutrient load reaching surface and groundwater. We feel that partnerships in grants
and unfunded efforts, where each organization contributes their special talents and capabidi, can
advance agriculture in the region toward more rapid attainment of objectives for water quality,
environmental health, and agricultural sustainability.

Our long term implementation strategy is to continue partnering with one another as well as with
other committed organizations in both unfunded efforts and grant projects that will allow us to
further our efforts to improve water quality, environmental health and agricultural sustainability.
We built a strong platform demonstrating many successes tbugh our Proposition 84 grant, and
we plan to build on this platform by continuing to lead and support similar activities in the future.
This platform includes outreach, training, irrigation and nutrient management assessments, close
working collaborations with growers, implementation projects that remove nutrients, and
monitoring that demonstrates effectiveness.

Grant partner organizations are involved in organized and ad hoc relationships related to the joint
efforts described below. Some of the unfuded or partially funded efforts that involve progress
toward the goals represented by the Prop 84 grant include the following collaborations:

Agricultural Water Quality Alliance (AWQA ): The mission of AWQA

Working togetherwe will protect and enhance wr in the Monterey Bay

National Marine Sanctuaryand the adjacent watersheds while sustaining a

world class production agriculture region through voluntary collaboration
with managersof agricultural and rural lands.

All Prop 84 partners have led and participated in AWQA events in the past and plan to continue
to do so in the future. The AWQA strategic plan includes objectives and strategies for improving
water quality, providing technical support to growers, outreach and communications to the
public and the ag community and being a forum for problem solving. AWQA partners

determine specific AWQA eventscollaborate on grantsand develop close working relationships
through monthly meetings.
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Nutrient Cooperative Approach : The nutrient cooperative approach is a partner driven

effort to work toward achieving water quality objectives with growers located in a common
subwatershed through management practice improvement and the implemeation of nutrient
removal structures. By developing cooperation between growers in the subwatershed with
technical and professional support from Prop 84rant partner organizations, the Grower
Shipper Associationand The Nature Conservancy, we anticipatwe can better determine the
types and location of practices that will provide the largest advancements in water quality using
the most affordable strategies for growers. We also hope to reduce the regulatory burden and
liability risks faced by growers,and thus provide incentives to participate in the cooperative.

CropManage: CropManage is an online decisiosupport tool developed by UCCE under the
leadership of Michael Cahn, to provide suggestions for the amount and timing of fertilizer and
water application through various stages in the plant growth cycle. Ongoing research involving
field trials enables adding new crops to the CropManage system and demonstrates the effects
on crop vield of following CropManage recommendations. CropManage technicapport is
regularly provided by UCCE in classroom training sessions and through individual relationships
with growers. Technical support in using the CropManage system was part of the irrigation and
nutrient assessment work accomplished through our Prop 84rant. CropManage is a system
supported and promoted by grant partners through outreach, training, technical support, and
research.

Assessments: Continue work on assessments. Work with growers in the Blanco and Moro Cojo
Slough subwatersheds to provide ssessments and recommend management practices through
funding provided by the NRCS Conservation Innovation Granhd Coastal Conservancy funds.

In addition to the collaboration mentioned above, partner organizations are undertaking or
proposing the folowing grant projects to advanceour objectives:

1 Resource Conservation District of Monterey County:

o Complete designs for Blanco Drain treatment wetlands projects and pursue non
SWRCB funding sources for their implementation (mostly likely options
DWR/IRWMPor CDFA).

o Develop Santa Rita Creek Stream Management Plan with Monterey County using
Coastal Conservancy funds (Integrated Watershed Restoration Program) to support
designs and permits for projects to improve water quality draining to and in Santa
Rita Creek

o Implement education and training and technical assistance projects as funded by
CDFA Specialty Crop Block Grants Program and DWR Ag Water Use Efficiency
Program.

o Initiate NRCS Conservation Innovation Grant (CIG) nutrient management
cooperative projectstarting in 2017.
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1 Central Coast Wetlands Group

(0]

Compare the effectiveness of multiple runoff treatment systems in parallel (CDFA
Specialty Crop Block Grants Program)

Build bioreactor in the upper Salinas river near the town of King City (design and or
permitting)

Initiate CIG nutrient management cooperative project starting in 2017.

9 California Marine Sanctuary Foundation/ Monterey Bay National Marine Sanctuary

(0]

Seekfuture funding to take advantage of outreach potential of the Focus Projects for
demonstrations to the ag community

Initiate CIG nutrient management cooperative project starting in 2017.

l OOEOO . !3! 7#35-" E1T OEA OAI EAAOQGEIT 1T &
Evapotranspiration (FRET) model.

Seek grants to continue on Assessment funding and the Equipmédman program

for recommended improvements.

1 University of California Cooperative Extension

(0]

(0]

(0]

Continueto support strawberry growers in the use of CropManage and to lend
equipment such as flow meters so growers can assess their effectiveness in regard
to irrigation application.

Participate in Specialty Crop Block Grant as a partner with CDFA to demonstrate
irrigation and nutrient best management practices on vegetable crops.

Continue work with large growers and their consultants in regard to field
equipmentinstallation, operation and maintenance for irrigation management.
Expand CropManage to new crops (celery, alfalfa, orchards) and to new regions (CA
Central Valley).

i Coastal Conservation and Research Inc.

(0]

CCR will continue to provide native plants, seedgreenhouse facilities, biological
expertise, longterm maintenance, and administrative support for many of the
projects initiated by our partners
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GRANT PROJECTS

Six projects resulted from the Proposition 84 grant, twdor improving the application efficiency of
irrigation and nutrients and four projects designed to remove nutrients from field runoff. The 2
projects with the purpose of increasingapplication efficiency werel) irrigation and nutrient
management assessments, recommendations and implemetitan and 2) the installation of a CIMIS
station near Soledad. Thd nutrient removal projects were 1) the Spence vegetated treatment
system, 2) the Oceanmist bioreactqB) the PG&E treatment wetland and 4) the Azevedo
bioreactor.

The primary purpose of bah application efficiency and nutrient removal projects was to reduce
nutrient loads entering surface and groundwaterfrom irrigated land. Load reductions were
computed for each project based oand grower interviews for project 1 andmonitoring data for
projects 2-5 (Table 2A). For the Oceanmist bioreactor, we reported the percent load reduction and
not the numeric reduction because wédave an agreementvith the landowner not to share actual
numbers. The Azevedo bioreactor and CIMIS station did nbave monitoring data and load
reduction could not be computed.

Table 2A: Estimated load reduction for each of the 6 projects based on current monitoring data .

Nitrate OrthoPhosphate
Estimated Annual Estimated Annual
Percent Load Load Removal | Percent Load Load Removal
# Project Project Type Reduction (kglyr) Reduction (kglyr)
1 [INM Assessment & Implementation Application Efficiency ND 191,400 ND ND
2 |CIMIS Station Application Efficiency ND ND ND ND
3 |PG&E Treatment Wetland Nutrient Removal 44% 2912 66% 148
4 |Oceanmist Bioreactor Nutrient Removal 42% NA 29% NA
5 |Azevedo Bioreactor Nutrient Removal ND ND ND ND
6 |Spence Vegetated Treatment System Nutrient Removal 100% 0.2 100% 0.1

In the case ofwvetland and bioreactorprojects, nitrate removal is likely to increase as maturdon is
approached and then level ofbnce maturation is achieved The performance of newly constructed
wetlands improves through time as plants become established and microbial communitiegvelop
in the bottom sediments and on plant surfaces We compted an anticipatedmature removal rate
for the PG&E wetland based othe median value found by Kadlec (2009) in his study of 205 surface
flow wetlands. Using this rate, wecomputed the load reduction the PG&E Constructed Wetland is
likely to achieve at maurity. Similarly the Oceanmist bioreactor performance will improve as
biological denitrifying bacteria communities are established and flow issues are addressed.eW
estimatedthe likely removal rate at the Oceanmist bioreactor based dime median denitri fication
rate found by Leverentz et al. (2010) for 5 woodchip bioreactors\We also showthe predicted
annual nitrate load removal andthe capital cost associated with the nitrate removal for each of the
Projects in Table 2B.
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Table 2B: Estimated load r eduction for each of the 6 projects at maturation and capital cost of nitrate
removal .

Nitrate: Predicted with maturation Capital Cost of Nitrate Removal
Asset or Capital Cos]
Service  per kg of
Estimated Estimated Annual Cost (not  Nitrate
Percent Load Load Removal Estimated including Removed*
# Project Project Type Reduction (kglyr) Project Life 0&M) ($/kg)
1 INM Assessment & ImplementationApplication Efficiency ND 191,400 10 $323,485 $0.17
2 CIMIS Station Application Efficiency| ND ND 20 $143,100 ND
3 PG&E Treatment Wetland Nutrient Removal 84% 5950 20 $600,000 $5.04
4 Oceanmist Bioreactor Nutrient Removal 59% NA 20 $93,000 $1.23
5 Azevedo Bioreactor Nutrient Removal 73% 3.6 20 $32,000  $444.44
6 Spence Vegetated Treatment Systédutrient Removal 100% 0.5 20 $85,615  $8561.50*

* The capital cost of nitrate removal at the Spence VTS is higher than other projects due to trstasitial decrease in fertilizer and water
applicationthe grower athieved through best practices. The VTS is capable of a much higher removal rate than was observed, however
due to very low inputs of water and nitrate iivasnot operated to full capacity.

Projects also provide ecosystem and human benefits beyond the renmahof nonpoint source
pollutants. These benefits include water conservation, reduced nitrate leaching, habitat
restoration, outreach and education, beautiful open space, demonstration sites for consideration by
other growers, and locations for further research (Table 2C). Specific examples of these benefits
include the Spence Vegetated Treatment system, which was used to demonstrate how carefully
calculated nutrient and irrigation water addition can result in almost no runoff to the VTS during
the growing season. Thgrower at this location managed irrigation so precisely that only two
runoff events occurred in both the summer of 2015 & 2016e@nerating an average of less than 5000
gallons of runoff per event, all of which completely infiltrated prior toreaching the outlet in the

VTS He managed fertilizer so precisely that thisunoff only contained 3.3 mg/L of nitrate. UC

Davis Granite Canyon lab also used the Spence VTS for pesticide removal trials and provided
grower outreach at the site regarding tial results. The PG&E constructed wetlanis another
example of high value added beyond nutrient removal. firovides habitat value for fish, reptiles,
amphibians, birds and small mammals as well as putting land into open space in perpetuity. This
wetland restoration project has supported the implementation of a critical portion of the Moro Cojo
management plan.

Table 2C: Project benefits to the ecosystem and human endeavors.

Project Project Benefits

INM Assessment & Implementation  Nutrient removal, water conservation, education
CIMIS Station Nutrient removal, water conservation

Nutrient Removal, habitat restoration*, outreach and education, beaut

PG&E Treatment Wetland . . .
open space, demonstration site, location for further research

Oceanmist Bioreactor Nutrient removal, location for further research

Nutrient Removal, outreach and education, demonstration site, locati
for further research

Nutrient Removal, outreach and education, demonstration site, locati
for further research

* Habitat restoration at PG&E wetland is valued at $240.000

Azevedo Bioreactor

Spence Vegetated Treatment System
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IRRIGATION AND NUTEINT MANAGEMENT ASSEBENTS RECOMMENDATIONS AN
IMPLEMENTATION

The purpose ofirrigation and nutrient management (INM) Assessments is to help growers
effectively manage their irrigation water and nutrientadditions to meet crop needsso thatnutrient
loads to ground water andsurface water are reduced Effedive INM helps the region make
progress toward several environmental objectives including reduced groundwateand surface
water contamination, reduced groundwater use, agricultural sustainability, and healthier stream
and ocean habitats. INM should alscelmefit the grower through reducing the cost of adding
excessive fertilizer, reducing water and pumping costs anachievingregulatory compliance. Each
grower faces a different set of circumstances that play a role in thiechoice of management
practices that will work best for their organization, current irrigation system, crop type and geo
physical setting.For this reason,on-farm assessmentsare the most effective way to help growers
accomplishINM goals.

Three types of INM assessments were offered thogh grant funding: irrigation distribution
uniformity, irrigation scheduling and nutrient management.

Distribution Uniformity (DU) is the cornerstonefor irrigation management, because
uniform water distribution means an even application of water acrossill plants in the field.
In the absence of even water distribution, irrigationwater addition must be sufficient to
satisfy the plants receiving the least amount of water. This results in over watering of the
plants receiving more water through the irrigation system. Oncenaximum possible
distribution uniformity is achieved, precision management of the application of irrigation
water can follow. The concepts of DU can be misunderstoaa multiple visits and follow up
are recommended to gain full orgardational acceptance and ongoing implementatiohy
the farming operation. Conducting initial meetings separately with the farm manager and
the technical irrigation staff is an important first step for establishing a relationship and an
information exchangebased on what is relevant to each. Follow up and verification that
practices are still in place after a time period can help accomplish the oversight and
maintenance requirements to sustain even DUOur work with farming operations typically
followed seweral phases: Outreach > Assessment > Report > Follow Up Consultation >
Implementation > Verification .

Irrigation Scheduling:  Irrigation scheduling relates to the time, rate and duration othe
application of irrigation water to the crop. Irrigation scheduling can be accomplished
through highly automated systems that monitor soil moisture and automatically apply
water based on these measures or througasimple process of an irrigator turning a valve
and timing the application for a given period. Ounrigation scheduling evaluationsfocused
on the use of soil moisture sensors and evapotranspiration as the basis for scheduling
irrigation and when appropriate, the use of CropManage as a system for tracking and
recommending irrigation amounts and timing.

Nutrient Management: Nutrient management plans document available nutriensources,
production practices,and other management practices that influence nutrient availability,
crop productivity and environmental stewardship. CropManage was also used to
recommend fertilizer amounts and timing of fertilizer applications. Fertilizer
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recommendations were based on soil test values of nitrateitrogen and the crop growth
stageusing crop specific nutrient uptake models

Consultation Summary

Consultations with growers sometimes precede more extensive irrigation and nutrient

management assessments, and are a way to let growers know what benefits can be obtained
through assessments. At other times they help growers obtain professional advice regarding
specific issues or questions. A summary of consultations provided through this grant project is

shown in Table3.

Table 3: Consultatio ns with growers included vegetable and berry growers managing

of production.

over 1000 acres

Quarter Crop Type Irrigation Type Acreage Represented Hours
Q12014 Strawberries & vegetables drip/sprinkler 120 6
Q22014 Strawberries drip/sprinkler 480 4
Q22014 Vegetables & strawberries drip 30 4
Q42014 Straw;nfj"\'/zzei:&ee: eME " drip/sprinkler 10 45
Q42014 Strawberry drip/sprinkler 6 30
Q42014 Cauliflower drip/sprinkler 8.7 20
Q12015 Strawberries drip 200 3
Q1 2015 Vegetables drip/sprinkler 200 3
Q1 2015 Strawberry drip/sprinkler 1 16
TOTAL 1055.7 90.5
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Assessment Summary

Three types d assessments were offered to growersAssessments of one or more types were
conducted on469 acres of land over 30 different fields related t& different crop typesinvolving 12
growers (Table 4). All three types of assessments were performed ddifields. Assessments were
performed for 4 large farming operations (> 1000 acre$, for 2 operations between 500-1000 acres,
for 3 operations between 506500, and for 3 small operations (<50 acres).

Table 4: Three types of assessments were offered to growers covering 7 crop types and 3 types of
irrigation systems, sometimes in combination for different parts of the growth cycle

Irrigation System Assessment Start Dates
Farming 8‘ = Irrigation
Operation Size -~ ; % System Irrigation Nutrient

Grower (acres)  Region Crop Type Acres & 3 = Evaluation ~ Scheduling Management

A > 1000 N Salinas Iceberg Lettuce 8.2 X X 3/20/2014  3/20/2014

A >1000 N Salinas Iceberg Lettuce 9.2 X X 4/20/2014  4/11/2014  4/11/2014

A > 1000 N Salinas Iceberg Lettuce 10.2 X X 3/27/2014  3/27/2014

C >1000 Soledad Iceberg Lettuce 35 X X 6/14/14 4/18/2014

C >1000 Soledad Iceberg Lettuce 32.8 X 4/24/2014  4/24/2014

E >1000 Castroville Iceberg Lettuce 15 X X 4/10/2014  4/10/2014

G <50 S Salinas  Winegrapes 13 X 1/31/2014

H 103 Soledad Winegrapes 28 X 5/16/2014

| <500 N.Salinas  Strawberry 5 X 6/29/2014  4/1/2014 4/1/2014

A > 1000 N Salinas Iceberg Lettuce 13 X X 6/8/2014 6/8/2014

A >1000 N Salinas Iceberg Lettuce 12.9 X X 7/26/2014  6/7/2014 6/7/2014

C >1000 Soledad Iceberg Lettuce 10.8 X 8/1/2014  6/18/2014  6/18/2014

C >1000 Soledad Iceberg Lettuce 10.8 X 8/13/2014  6/18/2014  6/18/2014

C >1000 Soledad Iceberg Lettuce 19.4 X X 6/25/2014  6/25/2014

C >1000 Soledad Iceberg Lettuce 8 X X 5/8/2014

C >1000 Soledad Iceberg Lettuce X X 6/30/2014

C >1000 Soledad Iceberg Lettuce 20 X X 8/12/2014

A >1000 N Salinas Iceberg Lettuce 8.2 X 5/11/2015  3/20/2015  3/20/2015

A > 1000 N Salinas Iceberg Lettuce 8.2 X X 6/27/2015  6/27/2015

C >1000 Soledad Iceberg Lettuce 9.85 X 4/16/2015  4/16/2015

C >1000 Soledad Iceberg Lettuce 10 X X 4/24/2015  4/24/2015

C >1000 Soledad Iceberg Lettuce 10.8 X 4/30/2015  4/30/2015

J >1000 S Salinas  Cauliflower 8.7 X X 11/26/2014 11/26/2014

J >1000 N.Salinas  Spinach 16 X 4/21/2015

C >1000 Soledad Broccoli 10.5 X X 5/14/2015  5/14/2015

M >500 Soledad Broccoli 10 X 4/16/2015

C >1000 Soledad Celery 51 7/9/2015

B <500 N Salinas  Strawberry 12 X 3/26/2015  12/5/2014  12/5/2014

B <500 N Salinas  Strawberry 12 X 3/26/2015  12/1/2014  12/1/2014

| >500 N.Salinas  Strawberry 6 X X 11/6/2014  11/6/2014

J >1000 N.Salinas Celery 19 X X 7/15/2015

K >500 S Salinas  Strawberry 6.48 X 3/27/2015 11/28/2014 11/28/2014

K >500 S Salinas  Strawberry 4.5 X 11/29/2014

L <50 N.Salinas  Strawberry 1 X X 1/26/2015 11/12/2014

L <50 N.Salinas  Strawberry 1 X 2/1/2015

N <50 N.Salinas  Strawberry 3 X 4/26/2015

C >500 Gonzales  Broccoli 10 X 7/28/2015  7/28/2015

12 Growers 9323 5 Areas 7 Crop Types 470 25 26 6 18 28 25
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Common Lessons Conveyed during Distribution Uniformity  (DU) Evaluations :

Figure 5 shows fotos of equipment used or reviewed dumig Distribution Uniformity evaluations.
Assessmentsover the benefits of using pressure regulators, how to measure pressure on drip lines
in the field, and a review of the irrigation system and its performance. The grower {govided an
irrigation efficie ncy report with findings and recommendations.

Irrigation Efficiency Report

M roomac

Figure 5: Irrigation Efficiency Evaluations.  Photos Michael Cahn 2015.
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Findings from DU Evaluations

Based on DU evaluations, the percent of DU was measured and recommendations were made to
growers for improving DU (Table 5). Drip irrigation systems tend to have higher DU than do
sprinkler systems, indicating that the entire field receives more even amounts of wateGreater
uniformity enables more efficient irrigation because excess water does noeed to be applied to the
crop areas receiving a lower amount of water.

Table 5: DU evaluations completed on 18 fields show the spreads found in distribution uniformity.

Distribution Uniformity
Irrigation Number
method of fields Average Mininum Maximum
------------------------ % Dulq -------===========nuun-1
drip 11 85 64 94
sprinkler 5 66 56 76
Total 16 76 56 94

The following points were the major findings of issues that prevented unifanity in drip irrigation
systems:

Pressures varied between submains

Pressure in the field lines was too low

Pressure fluctuated during the irrigation set

Emitters were plugged

Pressure was lost at hose leads

Organic and mineral material plugged the lines

=A =4 =4 -8 -9 -9

Sprinkle irrigation systems had a different set of problems that prevented uniform water
distribution. Below are the issues found with sprinkler systems:

1 The nozzle discharge rate varied

1 Spacing of sprinkler lines was uneven

1 Significant ponded water occured in some furrows

1 The nozzle pressure varied.

Recommendations for improving DU on drip systems .
To overcome the issues commonly found fodrip irrigation systems, anumber of
recommendationswere provided. Many recommendationswere similar across irms:

Add pressure reducing valve (PRV)

Install Schrader valves before and after PRVs.
Add or maintain a filter.

Flush drip lines regularly to reduce plugging.
Increase pressure in submain

Fix Tape Issues: same lot, right type, fix leaks
Use shorter& wider lead hoses,

Set all gate valves ta similar pressure

©No bk wNPE
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9. Add low pressure drain valves.
10. Change manifold design to allow flushing
11. Set all gate valves to same pressure

Recommendations for Distribution Uniformity on sprinkler systems.
Five sprinkler system DUs were performed and recommendations made included the following
system maintenance and upgrade suggestion$lost recommendations were unique to each farm.

Drip Irrigation Recommendations:

Maintain nozzles

Investigate pressure losses in thenain.

Increase pressure in latealsto 50 psi and make all laterals a uniform length.
Replacebroken sprinklersand leaky gaskets.

Eliminate long laterals at field perimeter

Use a uniform nozzle size.

Irrigate sets of equal size and time.

Add pressure redwcing valve

Set all gate valves to a similar pressure.

CoNORWNE

Drip SystemRecommendations Implemented

All growers who received DU evalation reports were contacted by phone for a followup interview
to find out whether the recommendations provided to them in thérrigation evaluation reports

were implemented. Of the 18 fields where DUs wereconducted, 13 reports were provided to
growers with recommendations. In the DU Reports, a total 048 practiceswere recommendedand
36 practices were implemented. Abarchart showing the recommended and implemented practices
for drip irrigation systems is shown in Figures.

M Recommended

Set all gate valves to same pressure

Change manifold design to allow flushing

Add low pressure drain valves.
m Implemented

Set all gate valves to similar pressure

Use shorter & wider lead hoses,

Fix Tape Issues: same lot, right type, fix leaks
Increase pressure in submain

Flush drip lines regularly to reduce plugging.

Add or maintain a filter.

Install Schrader valves before and after PRVs.

Add pressure reducing valve (PRV)

Figure 6: Common recommendations for improving DU in drip irrigation systems and the number of
recommendations that were implemented , based on grower interviews .
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On the 5 fieldsusing sprinkler irrigation where DU evaluations were completedand reports
provided, recommendationsfor improving sprinkler irrigation system swere unique for each field.
Most recommendations(81%) for bringing about improvementwere adopted. The
recommendations adopted are bolded in the list below and those not adoptede in unbolded font:

Sprinkler System Recommendations:

Irrigate sets that are equal in size and for the same amount of time
Irrigate during periods ofow wind
Replace worn nozzles with new nozzles of uniform size
Replace broken sprinklers and leaky gaskets
Straighten leaning sprinklers
Increase pressure in laterals to 50 psi
Make all laterals a uniform length
Replace broken sprinklers and leakysieets.
Increase diameter of submain

. Eliminate long laterals at field perimeter

. Replace leaky gaskets.

. Add a submain at the middle of the field

. Continue maintenance of nozzles

. Investigate pressure losses in mainline.

. Add pressure reducing valve

. Setall gate valves to similar pressure

©eNORr~wWDdPRE
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Irrigation Scheduling Assessments:

Irrigation scheduling is about placing the amount of water the plant needs in its root zone at the
time it requires water to avoid stress. Irrigation scheduling ssessmens provided grower and
irrigator assistance inthe use of equipment for measuring soinoisture, trackingand transmitting
water use, andincorporating the use of software decision support tools, such as CropManage

@6 Bondesen v  Espafiol @ Logout

CropManage

Welcome to Cr¢ pManage
Michael D Cahn
Ranch User Ranch List

# Home
Ranch Active Total
Plantings Plantings

Photo: Michael Cahn 2015.

Figure 7. A) Awater meter & data logger with a cell modem transmits water -use information to
CropManage. B) CropManage provides recommendations for water and nutrient applications for use
by growers in the decision making process and for tracking  purposes.
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Recommendations for Irrigation Scheduling.
Out of the 28 farm fields where irrigationschedulingassessments were performednany farms
received the same recommendationgFig. 8).

Use drip rather than sprinkler
irrigation after germination

Use drip irrigation instead of furrow
irrigation after germination.

Establish the strawberry crop with drip
irrigation and eliminate sprinklers from
the establishment phase.

Apply smaller amounts of water with
drip but more frequently.

Convert from sprinklers to drip earlier
in order to eliminate 1 sprinkler
application,

Reduce the amount of water applied
Juring the germination sprinkler stage.
Add less than a % inch per irrigation
event,
Use CIMIS ET model for calculating
irrigation schedule. Cross check CIMIS
with soil moisture monitoring
equipment

Number of Recommendations

Figure 8. Common recommendations for irrigation sc heduling.

Nutrient Management Assessment s:
Nutrient Management Assessmerstincluded information on soil nitrate testing, computing nitrate
application from irrigation water and creating a nitrogen budget (Fig. 9). They also includéhe 4 Rs
(right nutri ent, right amount, right location, right time)and how to avoid the common mistakes

made with fertilizer addition.
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Figure 9. A) Soil sample cores are removed from the field at multiple locations and combined. B)
combined samples are tested for n itrate concentrations using quick nitrate test strips.  Photo credits
Michael Cahn 2015.

Recommendations for Nutrient Management.

Out of the 25 farm fields where nutrient managemet assessments were performednost received
the same recommendationss stown (Fig. 10).

If soil test indicates that nitrogen fertilizer is needed, replace
sidedress application by fertigating through the drip system.

Reduce or eliminate the tractor applied sidedress application
of nitrogen.

the SNQT value.

Sample the soil and analyze for nitrogen with the soil nitrate
quick test before each fertilizer application.

Determine fertilizer N rate using crop N uptake demand and _

Figure 10. Common recommendations for nutrient management .
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STATUS AND PERFORMAR

Assessments were performed on a total of 469 acres on 35 fiel@sme fields were assessed twice
during different plantings) that ranged in size from 1 acre to 51 acreg\total of 12 different
growers managing 9323 acresvere assisted The benefits of performing an assessment typically
exceedthe actual acreage receiving assesgnt, as nost participating growers manage large farm
operations, some with more than 1000 acres of cropsGrowers report that lessons learned through
assessmentsare commonly carried over to multiple fields and the benefitsextend to the entire
operation, hopefully over a long time frame and multiple cropycles. Growers demonstrated an
investment in the assessments and recommendations mad&hey regularly askedtheir field staff

to participate in DU evaluations, devoted staff to providing input so we could conduct thorough and
complete assessments, and gt time understanding the results and recommendations from
assessments. In one case, a grower hired a software development company to devaltgblet
application for use by his field crew so that they could recorgvater application information needed

to utilize the CropManage system.

At the start of the Project we had goal for
the number of irrigation and nutrient
management assessmentset at5 irrigation
assessments and 5 nutrient management
assessments. We surpassedir goal,
accomplishing a totd of 18 distribution
uniformity assessments, 28 irrigation
scheduling assessments and 25 nutrient
management assessments. Many growers
requestedboth irrigation and nutrient
managementassessmens and some growers
requested these assessments across multg
fields and crop types.Crop typeswhere
assessments were performed included
strawberries, iceberg lettuce, spinach, celery,
winegrapes, broccoli and cauliflower

Assessments were held across multiple areas
within the Lower Salinas Valley The map in
Figure 11 shows the number of fields where
one or more assessment was conducted. On
some fields, all three types of assessments
were performed.
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Figure 11: Map showing the number of
fields where at least one type of .
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Project Assessment and Evaluation Plan (PAEP): Goals and Accomplishments

We establisheda PAEPgoal that between 50% to 75% of growers receiving assessments would
independently, without the support of grant money, implement at least one BMP included on the
assessment recommendatioiorm. We conducted phone follow up interviews to discover whether
recommendaions were followed to obtain this information.

All 9 growers who received assistance with DU evaluations were contactéy phoneand reported
on the practices implemented onheir farms based on recommendations in the DUdports they
received. All the growers (100%) who received DU assistance installed at least one practic@f the
18 fields where DUs were conductedyne or more recommendations were implementednd
funded bythe grower excepton 1field. This field already had achieved a high DU of 93% and the
benefit to the grower from another small incremental gain was notuficient to warrant the change
Out ofthe 48 total practices recommended on DU Reports, 3&acticeswere implemented or 73%.

Of the8 growers who received irrigation scheduling and nutrient management assessments, 5
growers were interviewed by phone to determine the water and nutrient savings estimated or
measured from implementing practices.For irrigation scheduling assessments, they were asked for
estimated or measured reductions in the irrigation water applied compared with past usage. For
nutrient management assessments, they were asked for the measured or estimated reduction they
achieved for ertilizer application. Some growers reviewedertilizer purchases from previous
yearsprior to receiving the recommendations of the nutrient assessment and compared these
purchases with subsequent fertilizer purchasedn order to estimate reduction in Napplied to the
field. Of thosereached, all of them (100%)had implemented at least one recommendationAll
growers interviewed stated they had implemented many recommendations extensively across their
entire operation, not only in the fields assessed.

We estimated the total savings of water and nutrients to the Lower Salinas watershed from
Irrigation Scheduling and Nutrient Management Assessments, however this did not include an
estimate of water savings from DU improvements. We computed the averagadtion saved as the
actual decrease reported per acre of irrigation water over CropManage recommendations for water
and nutrient applications from the 5 growers interviewed. We used these averages to extrapolate to
the farming operations of the 3 growersvho were not interviewed. Based the actual savings
reported and the extrapolations, our estimated annual water and nutrient savings to the Lower
Salinas Valley through this project is summarized below:

Estimated Water and Nutrient Savings

V Total acresmanaged bygrowers involved in irrigation scheduling and nutrient
management assessments and DU Evaluation8323 acres

V Estimated water savings to the Lower Salinas Valley2704 acre-ft/yr
V Estimated fertilize N reduction in the Lower Salinas Valley211 tons N/yr

V Cost over 10 years: $0.37 /Ib of N fertilizer reduced
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Because CropManage is used to tragkater and fertilizer usagein comparisonwith recommended
amounts, Table6 also shows the reduction that would have occurred if all management
recommendations had beerfully implemented.

Table 6: Grower estimates or measurements of the reduction in irrigation water and nutrient
application across the ir entire farming operation . Also shown are the potential savings based on
CropManage recommendations . NR means not reached for an interview.

Reduction in Fertilize
Farming Operation Reduction in Irrigatior ~ Application (lbs Irrigation Scheduling Nutrient Managemen

Grower Size (acres) (inches/acrelyear) N/acrelyear) Potential Potential
Grower measured or Grower measured o1 Following these Following these
estimated irrigation  estimated fertilizer irrigation nutrient managemen

water reductionas __ application was management recommendations
inches per acre per  reduced by __ recommendations would have reduced
year across his  pounds N per acre pe would have reduced the nitrogen fertilizer
operation. year across his the total amount of applicationby ___|b
operation. irrigation water N per acre.
applied to this crop b
___inches.
A 2700 3 73 3 147
B 300 3 35 0 77
C 4000 3.6 52.5 9 198
E 600 NR NR 0 0
| 540 3 0 0 0
J 160 NR NR 5 16
K 200 NR NR 3 50
L 40 12 28 18 50
Total* or 8540* 5 38 5 67
Average
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-
Irrigation and Nutrient Management

Description

The purpose of irrigation and nu-
trient management (INM} As-
sessments is to help growers ef-
fectively manage their irrigation
water and nutrient additions to
meet crop needs so that nutrient
loads to ground water and sur-
face water are reduced. Effective
INM helps the region make pro-
gress toward several environ-
mental cbjectives incduding re-
duced groundwater and surface
water contamination, reduced
groundwater use, agricultural
sustainability, and healthier
stream and ocean habitats. INM
can benefit the grower through
reducing the cost of over fertiliz-
ing, reducing water and pumping
costs and achieving regulatory
compliance. Each grower faces a
different set of circumstances
that play a role in their choice of
management practices that will
waork best for their organization,
current immigation system, aop
type and geo-physical setting.
For this reason, on-farm assess-
ments are the most effective way
to help growers accomplish TNM

goal.

By involving growers, farm man-
agers and irrigators in the evalu-
ation & assessment, knowledge
and skills are transferred. Alt-
hough the assessment is applied
to a single block, the leamings
are commaonly transferred across
the entire grower operation.

Three types of INM assessments
were offered through grant
funding:

Distribution Uniformity (DU}
evaluates the uniformity of wa-
ter distribution across the field
and recommends improvements
to the irrigation system so all
plants will receive the same
amount of water.

Irrigation Scheduling relates
to the time, rate and duration of
the application of irrigation wa-
ter to meet crop water needs.
Our imigation scheduling evalua-
tions focused on the use of soil
misture sensors and evapo-
transpiration as the basis for
scheduling irrigation and when
appropriate, the use of Crop-
Manage as a system for tracking
and recommending irrigation
amounts and timing.

Mutrient Management: Nu-
trient management plans docu-
ment available nutrient sources,
production practices, and other
management practices that in-
fluence nutrient availability,
crop productivity and environ-
mental stewardship.

Practice Adoption
Assessments of one or more
types were conducted on 469
acres of land over 30 different
fields related to 7 different crop
types invalving 12 growers.

DU evaluations

Murniber Conducted: 18 total (13 drip, 5
sprinkler irrigation syshems)
Recommmendations: 48 recommendations,
36 Implemented (75%)

Irrigation uling & Mutrient
Management Assessments

Conducted 28 Irrigation and 25 nutrient
management assessments

12 growers involved

Farm water savings: 3-12 in/acre-ftfyr
Farm fertillzer savings: 0-73 IbsM/acre/yr
Estimated Salinas Valley Benefit
Area managed by 12 growers invoheed:
9323 acres

Estirmiated water savings bo the Lowes

Salinas Valley: 2704 acre-lyr
Estimated Fertilizer reduction: 241 tons

Niyr

Partnerships

UC Cooperative Extension and
RCDMC provided the technical
assistance and the decision
support software, CropManage.
Grower organizations covered
the cost of improvements and
employee time. The project was
funded by SWRCE Prop 84
grant # 12-414-353.

Prop 84 Grant Funding
State Water Resources Control
Board's Proposition 84 Agricul-
tural Water Quality grant paid
for the technical assistance.
Professional services match was
provided by NRCS and UCCE.
Assessment Costs $323,500
Grower: Costs: time, upgrades &
maintenance. Benefits: water &
fertilizer savings, record keeping &
tracking, and reduced risk of con-

FOR MORE INFORMATION

Michael Cahn

UCCE Farm Advisor
midcahni@ucanr.edu
B31-739-7377
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STRUCTURAPROJECTS

Sixprojects resulted from the Proposition 84 grant, five of which were structural (Table 7; Fig. 7.
Structural projects were chosen based on defined criteria determied by the TAGand shown below.
During the grant, a total of 9 projects were ranked against these criteria and the top 5 were chosen
for development.

SITE SELECTION CRIREA FOR STRUCTURAL PREGITS

1. Growers:

a. Grower is willing to participate and aptgrant requirements.

b. Grower shows willingness to maintain BMPs for their useful life.

2. Water Quality:

a. Select sites that will result in improvement to water quality (surface water or ground water) that
either:

9 Demonstrates load or concentratieauction
1 Makes improvement towards attainmenttaf Basin Plan WQ objectis®r compliance
with the CCRWQCBAg Order
b. Monitoring the WQ improvements resulting from the BMPs is feasible at a reasonable cost to
demonstrate effectiveness.

3. Location/Gearaphy:

a. Site is located where there is runoff or leeching of nitrate to an impaired waterbody
groundwater basin

b. Site must be located within impaired, high priority areas of the Salinas River, Tembladero, or
Moro Cojo watersheds.

Ranking Consideaations

Give priorityto:

a.

~®ooo0CT

Implementation projects in stkatersheds where a cooperative downstream treatment project (eg
VTS, wetland, bioreactor) is viable and incorporates mulfgole operations.

Sites with the largest potential to reduce nitrate eotr@tion based on tl@n-farmassesments.

Sites where the project cost is economical and allows sufficient funding for 3 or more projects.
Sites that will address TMDLs or improve conditions for identified beneficial uses.

Sites where the grower is Wilg to participate in cost sharing.

Sites where thergwer is willing to work cooperatively, to share and demonstrate the

effectiveness of BMPs to other growers/ resource agencies either through tours and/or through the
Central Coast Action Tracker.
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Sitesadd to the cumulative effect that leads to a quantifiable improvement to water quality.
Sites thamake up avariety of practices and structures that add divetsity t he #t ool

achieving water quality improvement

i. If two sites are exactly the santmjt one grower will allow on farm monitoringelectthat one
for morequantifiable results.

j. Sitesin a subwatershedhathave had assessmerdseed is demonstrat@ubor water quality);
and there is opportunity faff farm treatment structures or ambined regional treatment.

k. Sites where pstream operations have incorporated best management practices related to
irrigation and nutrient management.

|. Sites that are clustered in a subwatershed area to lead to increased measureable downstream

results.

Table 7. Five structural projects showing the sub watershed, 303(d) listing, acreage treated or supported and

crop types
CMP Site CMP Site
Acreage CMP Site  Waterbody 303(d) Nitrate ~Ammonia
Project Name Subwatershed Impacted Crops Downstream nutrient Listing Mean Mean
PG&E Treatment Wetland Moro Cojo, Castroville Slough 600 brussel sprouts, artichokes 306MOR ammonia 1.56 0.3
Oceanmist Bioreactor Moro Cojo 100 Burssel sprouts, artichokes 306MOR ammonia 1.56 0.3
Soledad CIMIS Station Salinas River, El Toro Creek 60,000 vegetables, grapes 309SAG nitrate 2.28 0.08
Spence Vegetated Treatment SystemQuail Creek 86 vegetables, strawberries 309QUI nitrate, ammonia  30.62 1.82
Azevedo Bioreactor Elkhorn Slough 10 strawberries 306ELK none 1.77 0.09
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Figure 12. Map showingstructural project locations. Pink lines represent 303(d) listed waterbodies.
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DESCRIPTION

SOLEDAD CIMIS STATIN

The Soledad CIMIS is a structural project related to improving application efficiency of water and
nutrients. In order to determine the amount of irrigation water a plant needs, reference evapo
transpiration is calculated based ormeteorologicaldata gathered by the CIMIS station. Through
the use of both reference evapotranspiration data and crop coefficientdecision support tools used
by growers calculate crop-specific plant water needs. Measurindocally representative climate data
increasesthe accuracy of forecasting crop water needs and boosts the confidence of growers to
utilize this information in their irrigation scheduling. By irrigating to match plant water needs,
excess water is not applied and the potential for leaching nutrientotgroundwater is reduced.

California Irrigation Management Information Systems (CIMIS) stations are a network of weather
stations for use by California growers that provide evapotranspiration data for calculating crop

water needs. Meteorological data inclding wind speed, temperature, solar radiation and other
parameters are used to calculate reference Evapotranspiration (g)fand uploaded to an easily
accessible website: http://wwwcimis.water.ca.gov/. The Soledad CIMIS Station will be included in

this information network to provide localized ETo for farms representing approximately 60,000

acres of irrigated agriculture in Salinas Valley between Gonzalez and Greenfieldo EiTcombination

with crop coefficients can be used to estimate field (soil and plantvater loss and estimate crop

water demands. Data is sent on an hourly basis to the CIMIS website, where @ita can be
accessedwww.cimis.water.ca.gov/ This information, along with other factors, augmentsC OT x A0 O 6

ability to determine irrigation water application amounts and timing.
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Figure 13: Location of Soledad CIMIS

Location: The Soledad CIMIS station is
located between the North Salinas and Arroyo
Seco sations in Salinas Valley (Fig. 13. It
monitors climate variables from atop
irrigated fescue grass covering 2 acres of
land. Having the grass coverage is important
to creating the climate conditions found on
irrigated crop land. With this grass as a
controlled variable, the reference
evapotranspiration data collected at different
CIMIS stations corresponds to the same
conditions and can be used in calculating crop
water needs for corresponding local areas
experiencing similar weather patterns. Wind
speed is the most influential variable causing
water loss in vegetation. Becausef the
spatial variability of wind in the Salinas
Valley, having more accurate and locally
relevant wind speed data can increase the
confidence of growers in using this
information to determine crop water needs.
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Use in Decision Support Tools: CropManages a decision support tool developed by UCCE to help
growers estimate crop irrigation water and nutrient needs at different stages in the plant growth
cycle(Fig. 14). Suggested amounts of water and nutrient addition provided by CropManage are
based on he research done by UCQE studies of crops including romaine and iceberg lettuce,
broccoli, cauliflower, cabbage, spinach, celery, oniepand berries. As more research is
consummated on different crops, these are added to the CropManage systebiMISET, data is
incorporated into the CropManage to recommend specific crop water needs based on other
information added by the grower.

Watering
Crop ET model | -> B P e PLatela

Database

driven web N fertilizer
application =) mendeteh

P,

Crop N model |>

Field sensors \,

D Display and export water
and fertilizer records

o

Decision support using crop models

Figure 14: Information that is used by CropManage software to recommend irrigation and nutrient
application amount and schedule.

As the importance of conserving water and avoiding nitrate leaching below the root zone has
escalated, growers are increasingly concerned with precision irrigation practices. Growers can have
increased confidence in ET data when a weather statias located in close proximity to their fields
and measures the actual conditions where they are farming, especially in windy areas like the
Salinas Valley. Multiple benefits for the region and the individual grower can be gained from
precise irrigation to match crop needs, which include:

-avoiding the need to overapply fertilizer due to leaching,

- reducing irrigation runoff,

- reducing contamination of groundwater with nitrate,
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- reducing groundwater use and slowing aquifer depletion,
- cost savirgs,

-avoiding plant stress from under or over watering,

-and aiding with regulatory requirements.

STATUS AND PERFORMAR

The Soledad CIMIS Station262 is transmitting evapo-transpiration data, which is available on the
CIMIS website for download Kttp://www.cimis.water.ca.gov/ ) and use by growers farming 60,000
acres of irrigated land in this areaThe CIMIS statiorwas fully installed in October2016 with an
irrigation system, weather station, cell towerfor data transmission and planted grassHowever
there was a delay in getting it operationabnline due to grassestablishment issues.The first grass
was planted inOctober of 2016 but due to a substantial weed seedbank and early rains, excessive
weed growth occurred and this vegetation did not provide a suitable base to meet DWR standards
for a CIMIS station. CIMIS stations must be located on 4 inches of wietigated grass to create the
right climactic environment for determining reference evapotrarspiration. The irritant weeds were
mowed and sprayed with herbicide and will be treated once more prior to replanting in late
February or March once winter rains abateln the meanwhile, theSoledad CIMIStation began
transmitting data to CIMIS on 2/20/17 andis available for use by growers and interested parties.

Operation and maintenance of the Soledad CIMIS station site will be the responsibility of DOLE.
DOLE will provide the ongoing irrigation and maintenance of the grass. The Department of Water
Resources will pay for the cell service to convey information and for any maintenance required for
the weather station.

The PAEP obijective fothe CIMIS Stationis to provide growers technical and financial assistance in
implementing on-site projects and awvater conservation infrastructure that can conserve water and
reduce nutrient loads to water bodies or groundwaterBecause of the importance of accurate
evapo-transpiration (ET) data in managing irrigation scheduling, having locally measured climate
infor mation (temperature, windspeed, solar radiation, etc.) can improve the reliability and grower
confidence in ET data. The Soledad CIMIS station will provide this localized data to growers
farming about 60,000 acres irSoledad and surrounding areas. Our B target for the CIMIS
project was twofold: A) Compare CIMIS data to closealternatives stationsto evaluate inadeased
accuracy of ET data, anB) Survey growers to evaluate the importance of ineased confidence in
usingthis data. Because the CIMISation hasonly beenoperational for a short time (one week),
we were not able to make comparisons to other nearby CIMIS station alternatives nor were we able
to contact growers to find out if the more localized and more reliable ET data was increasingeth
confidence in using this data for irrigation scheduling.
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]
Soledad CIMIS Station

Description
CIMIS stations provide meteoro-
logical data including wind speed,
temperature, solar radiation and
other parameters used for calcu-
lating reference Evapoltranspira-
tion (ETp). The Soledad CIMIS
Station will provide localized ETg
to help growers’ determine crop
water needs for farms represent-
ing approximately 60,000 acres
of irrigated agriculture in Salinas
Valley between Gonzalez and
Greenfield. ETy in combination
with crop coefficients can be
used to estimate field {soil and
plant) water loss and crop water
demands, which augments grow-
aers’ ability to determine irrigation
water application amounts and
timing.
Significance
As the importance of conserving
water and avoiding nitrate leach-
ing below the root zone has esca-
lated, growers are increasingly
concermed with precision irriga-
tion practices. Growers can have
increased confidence in ET data
when a weather station is located
in dose proximity to their fields
and measures the actual condi-
tions where they are farming,
especially in windy areas like the
Salinas Valley. Multiple benefits
for the region and the individual
grower can be gained from pre-
cise irrigation to match crop
needs, which include:
+ avoiding the need bo over-
apply fertilizer due to leaching,
+ reducing irrigation runoff,
# reducing contamination of
groundwater with nitrate,
+ reducing groundwater use and
slowing aquifer depletion,
= cost savings,
# avoiding plant stress from un-
der or over watering,
+ and aiding with regulatory re-
quirements.

PROJECT LOCATION

a e

The Soledad CIMIS station, lo-
cated between the Salinas and
Amroyo Seco stations, monitors
local dimate from atop irrigated
fescue grass covering 2 acres of
land. Data is sent on an hourly
basis to the CIMIS website,
where ETgdata can be accessed:
Wiiw. Cimis.water.ca.gov/
Decision Support Tools
CIMIS ET,data is incorporated
into decision support tools, such
as CropManage, for use by
growers and irrigators. Crop-
Manage guickly estimates water
needs for vegetables and bar-
ries. Growers can also use
CropManage to track water and
nutrient applications.

Parinerships

DOLE provided the land for the
CIMIS station as well as ongo-
ing maintenance of the grass.
University of California Cooper-
ative Extension (UCCE) provid-
ed the CropManage model for
utilizing reference ET to calcu-
late crop water needs and irri-
gation timing. The Resource
Conservation District of Monbe-
rey County (RCDMC) provided
the conceptual design and over-
saw the management and con-
struction of the project. The
engineering and construction
contractor was Imigation Design
and Construction (IDC). The
California Department of Water
Resources installed the weather
station and provides data on
the CIMIS website, The project
was fundad by SWRCE Prop 24
grant # 12-414-553.

Prop 84 Grant Funding
State Water Resources Control
Board's Proposition 84 Agricul-
tural Water Quality grant paid
for the engineering design and
construction of the irrigation
system, planting of the fescue
grass, and the CIMIS weather
station. Professional services
match was provided by NRCS
and UCCE.

Capital Costs $113,000
Land: $30,000

FOR MORE INFORMATION

Michael Cahn

UCCE Farm Advisor
midcahn@ucanr.edu
831-759-7377
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SPENCE VEGETATED TRREMENT SYSTEM

DESCRIPTION

The Spence vegetated treatment system (VTS) is a project designed to remove nutrients from field
runoff. The Speice VTS is an 1804t long ditch vegetated with native grasgfestuca rubra)that
intercepts runoff from 86 acres of farm fields, removing nutrients and other pollutantgFig. 15).
Sediment ponds at the field edges capture large sand particles and thenwarts transport water
under the farm roads, emptying into a bed of rocks. Dense grass in the VTS slows the flow ofoffin
settling out fine sediment. Plants uptake nutrients and also reduce the volume of rwoff by
increasing infiltration and evapotranspration losses. During heavy storm events the vegetation
prevents soil erosion. When sufficient ruroff drains to the lowest end of the VTS, this water is
collected in a sump and reapplied to the sides of the ditch using drip tape, thus maintaining the
grass through the dry season and increasing the treatment surface area. During summer irrigation
in 2016, all runoff was infiltrated prior to reaching the outlet.

The Spence ditch was manmade to carry field and storm rundfbm the Spence farmand does not
serve thebeneficial usesidentified by state water quality policy. Prior to implementation of this
Project, the Spence ditch was previously vegetated with fescue gragsis project paid for the
culverts, sediment basins and some grass seed for revegeba.

The Spence VTS is located on the USDA Research station in south Salinas on Spence Road and
represents an ideal site for agricultural research, outreach and training. UCCE conducted
monitoring to demonstrate nutrient removal. UC Davis explored orgayphosphate and

neonicitinoid pesticide removal at the VTS, also adding carbon and plastic filters as treatments. A
grower tour of the Spence VTS demonstrated nutrient and pesticide removal at a field dayeavon
2/19/15, which followed an Irrigation and Nutrient Management Meeting held at UCCE in Salinas.

Culvert from ditch under This weir was used ér Peristaltic Pump for Completed VTS
Road into VTSexiting on a flow Monitoring Composite Sampling with red fescue as
bed of rocks to control the vegetation.

erosion.

~

Photo: Ben Burgoa 6/9/15 Photo: Ben Bu g
8/27 /15

hoto: Bridget
Photo: Bridget Hoover Hoover 4/14/16
4/14/16

Figure 15: Important elements of the Spence Vegetate d Treatment System.
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Cropirrigation scheduling is determinedat this site using information from CropManage, a web
baseddecision support toolfor recommendingirrigation and fertiliz ation application amounts and
schedule tomatch crop water andnutrient needs. Because the goal is to apply just as much water
as is needed to replace water that is evaporated and transpired along with any needed leaching
fraction, irrigation runoff from fields is minimal. During non-storm events throughout the growing
seasm 2015-2016, all irrigation water entering the VTS was infiltrated prior to reaching the outlet.
This will be of interest to growers pursuing onsite containment of runoff.

WATER QUALITY ISSUES

The Spence VTS is located within Quail Creek watershddcaied south of Salinas.Quail Creek
watershed is 11,000 acres with 2700 acres of farmland and 3700 of grazing land (CCRWQGE3).
These land uses contribute to the nutrient water quality issues oQuail Creek whichis 303(d)
listed for both ammonia and ntrate. The impaired beneficial uses ardrinking water and
freshwater habitat. Theunofficial goalis a 65% nitrate load reduction Nitrate load data provided
by the Cooperative Monitoring Program indicated that nitrate load in Quail Creek was substaritia
reduced between 2005 and 2011 (CCRWQCB 2013).

STATUS AND PERFORMAR

Irrigation scheduling at the Spence VTS is controlled to match recommendations from CropManage,
a software decision support tool to help growers determine cropvater needs. Due tdahe high level

of control exercised to conserve water and irrigate efficiently, there were few irrigation runoff
eventsand thus little opportunity for monitoring . Only two irrigation runoff events occurred

during each summer (2015 and 2016) of monitoring In all cases for irrigation runoffevents, water
entering the VTS had totallyinfiltrated or evaporatedprior to reaching the outlet of the VTS

(Fig. 16). This can be viewed as a succefw growers seekng to eliminate tailwater from leaving

the ranch. The irrigation runoff events in 2016 followed the addition of an anticrustant that was

high in phosphorus.
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Monitoring results from these irrigation runoff events are shavn in Tables 8. No samples were
taken at the top Inlet of the VT$309 SVTFInlet) because there was no runoff into the ditch at this
location. Samples were not taken at the outlet (309S\VDutlet) in the summer as all water had
infiltrated prior to reaching the outlet. Samples from only one irrigation event were tested for
nitrate as Nduring irrigation runoff from both seasons, on 7/26/16. During this event,the
concentration of nitrate as N dropped from 3.3 mg/L to 0.9 mg/L demonstrating &3% reduction of
the nitrate between Inlet B and Inlet A of the VT8Appendix A, Table A1) This drop occurred over
adistance of 615 feet representing 35% of the length of the ditchA higher removal would have
occurred over the entire ditch if water had travelled the entire length. Orthophosphate increased in
the VTS between Inlet B and llet A during the two summer evens in 2016, once from a non
detectable level to 0.5 mg/L on 8/2/16 and from 0.2 to 0.7 mg/L on 7/26/16. This sampling event
occurred following the addition of a high phosplorous anticrustant and the increasecould have
beendue to phosphorus onparticles that had settled and then become rsuspended in the VTS.
The PAEP stated that we would accomplish 75% of ouitrate concentration reduction projection
by the end of year 1. We projected that the VTS would remove 75% bétnitrate. In year 2, our
actual removalwas 73% over only a 35% section of the VTSnd complete infiltration prior to the
outlet. Therefor we met or exceeded the PAEP target.

We averaged the concentrations for all summer irrigation runoff events in 216 and 2016 to
calculate percent concentration reduction(Table 8). We used flow information to calculate percent
load reduction. During the summer runoff events, as all runoff had fully infiltrated prior to reaching
the outlet, we assumed 100% load redttion. Nutrient concentrations entering the VTS were low
during winter stormwater events. Computations showno change oranincrease in concentration
and load fornitrate and orthophosphate between the inlet and outletduring high flow conditions,
which could be due todegradation of the vegtation in the ditch. During storm events, the VTS
reduced the TSS loadly 15%.

Table 8: Concentration and Load Reduction during summer irrigation runoff and winter
stormwater events.

Inlet Outlet Percent Percent
Analyte Concentration Concentration Concentration  Load  # Sample
(mg/L) (mg/L) Reduction  Reduction Dates
Summer Irrigation Runoff
Nitrate as N 3.3 ns NA 100% 1
Orthophosphate as P 0.6 ns NA 100% 2
Total Phosphorus 1.9 ns NA 100% 4
Total Suspended Solids 95.1 ns NA 100% 4
Storm Water Runoff
Nitrate as N 0.85 0.91 -7% 0% 6
Orthophosphate as P 0.67 0.76 -13% -15% 6
Total Phosphorus 5.93 5.65 5% 4% 6
Total Suspended Solids 2839 2526 11% 15% 6

*NA no concentration was measured at the outlet as all water had infiltrated
*ns not sampled due to the absence of water
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Operation and maintenance of the Vegetated Ditch will be the responsibility of the property owner,
the USDA. During winter storms in 2016017 the ditch was not compromised, and the sediment
ponds worked well for keeping sediment from entering the VTS and causing plugging. The only
anticipated maintenanceis occasional reseeding of the vegetation as needed.

The careful management of irrigation water ad nutrient addition at the Spence sites demonstrates
that low nitrate concentrations in runoff can be achieved with careful managemenstudies of this
management strategyhave alsodemonstrated that reducedirrigation was accomplished without
sacrificing product yields. As an example case this project demonstrated thatcareful

management is not sufficient to achieve water quality objectives, further reductioim nutrient
concentration in runoff can be accomplished through a treatment system such #8s VTS. This
ditch was constructed for agricultural purposes and is not a stream, thus it has no habitat or water
use benefits. However, as an exampldet nitrate as Nconcentration of 3.3 mg/L entering the VTS
at Inlet B onthe 7/26/16 sampling event was below the drinking water standardof 10 mg/L,
however exceeded thaCCAMP obijective of 2.25 mg/L. The nitrate as N concentration observed
downstream at Inlet A was0.9 mg/L, below both objectives.
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Spence Vegetated Treatment System

PROJECT LOCATION

Description

The Spence Vegetated Treatment
Systemn (VTS) is an 1800-ft long
ditch vegetated with native grass
(festuca rubra) that intercepts
runoff from 86 acres of farm
fields, removing nutrients and
other pollutants. Sediment ponds
at the field edges capture large
sand particles and then culverts
transport water under the farm
roads, emptying into a bed of
rocks. Dense grass in the VTS
slows the flow of run-off, settling
out fine sediment. Plants uptake
nutrients and also reduce the
volume of run-off by increasing
infiltration and evapotranspira-
tion losses. During heawvy storm
events the vegetation prevents
soil erosion. When sufficient run-
off drains to the lowest end of
the ¥TS, this water is collected in
a sump and reapplied to the
sides of the ditch using drip tape,
thus maintaining the grass
through the dry season and in-
creasing the treatment surface
area. During summer irmgatbon
in 2016, all runoff was infilbrated
pricr to reaching the outlet.

The Spence Vegetated Treatment
Systemn (VTS) is located at USDA
Agricultural Research Station in
thie Quail Creek watershed south
of Salinas. Quail Creek is 203(d)
listed for ammonia and nitrate.
The impaired beneficial use is
drinking water and the goal is a
65% nitrate load reduction.
Load Reduction

Midpoint sampling over a distance
of 615 feet (35% of the VTS)
showed a concentration reduction
in nitrate of 72% and sediment of
69% during summer irrigation on
7/26{/16. Othophosphate removal
over the course of the project was
variable. Because all water was
infiltrated, we surmised total re-
maoval of pollutants of 100%.

Load Mitrate as Othophospha Total Susp.
Date Flow Rate Reduction N teas P Solids
m3fsec Percent g/hr gfhe g/hr
7/26/2016 0.00136 100% 16.13 098 1486.27
|Bf2f2l]15 000180 100% nt 2.72 485.99

Culvert Outlet to VTS Ditch

Culvert Inlet from Sediment Basin

Demonstration Site

The VTS is used as a demon-
stration site for researchers,
agricultural professionals and
growers interested in nutrent
and pestiade removal by vege-
tated ditches. UC Davis Granite
Canyon Lab tested and demon-
strated methods for organo-
phosphate and neonicitinoid
pesticide removal. WCCE
demonstrated nutrient remowval
and small-seeded grass that
does not provide rodent or bird
habitat. The use of CropMan-
age for irrigation water and nu-
trient application has resulted
in low to ne runoff during the
irrigation season with complete
infiltration of any field runoff
within the VTS (except during
storms).

Partnerships

UCCE provided the conceptual
design and outreach to user
groups. RCD Monterey County
provided the technical design,
and the USDA Agricultural Re-
search Station provided the lo-
cation and earth movement for
the sediment basins . The pro-
ject was funded by SWRCE Prop
84 grant #12-414-333.

Prop 84 Grant Funding
State Water Resources Contral
Board's Proposition 84 Agricul-
tural Water Quality grant paid
for culverts, monitoring equip-
ment, sediment basins, plant
establishment and irrigation.
The ditch had been previously
constructed. Matching funds
were provided from UCCE as
professional services.
Construction Costs $40,600
Land $45,000

FOR MORE INFORMATION

Michael Cahn

UCCE Farm Advisor
mdcahniucanr.edu
B31-759-7377
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PG&E TREATMENTWETLAND

DESCRIPTION

The PG&E treatment wetland covers 18 acres of land in the Moro Cojo watersi{&ty. 17). Of this
18 acres 12 acres is a treatment wetland and acres isroad access angbonded habitat. The
treatment wetland is designed to reduce nutients and other NPS pollutants, provide wildlife
habitat, and help with flood control. Inlet water is pumped from the Castroville Ditchwhich drains
approximately 800 acres of land farmed predominantly in artichokes and brussel sprouts. Water is
gravity fed through a 1.25 km sinuous channel that includes depressions and ponds that support
wetland plants and sediments that denitrify agricultural water. Approximately 140,000-300,000
gallons/day of water is treated, depending on wateravailability at the inlet ditch. The treated
water then flows into the Castroville Slough about 200m downstream of the inlet, and out to the
Moro Cojo Slough before joining Old Salinas River and flowitigrough the Moss Landing harbor
andinto the PacificOcean The restoration site actively removes nutrient loading from the
entire Castroville Slough watershedincluding part of the City of CastrovilleThere is also a
culvert that allows flow of water from agricultural fields on the west side of highway 1 to
drain into the PG&E Treatment Wetland, increasing the amount of runoff treatedThis
project demonstratesthe effective integration of wetland restoration as a portion of a
regional water quality enhancement strategy.
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Figure 17: The watershed treated by the PG&E Treat ment wetland is shown in highlighted green and
also includes the highlighted red area on the west side of the Highway 1

The PG&E treatment wetland holds approximatel$8 acreft of water and the residence time is
estimated at7.5days. Nitrate concentraions entering the wetland are quite variable as shown by
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our pre-implementation monitoring. Our current estimate is that the wetland will remove 80% of
the nitrate when it reaches maturity with plant and microbial growth.

This location is available fortours and use as a demonstration site regarding the treatment results
that can be achieved by a constructed wetland. Itis an ideal site with easy access off of Highway 1
and arrangements can be made through the Central Coast Wetlands Group. Many peingleding
researchers, regulators and the grower owning adjacent property spoke positively about the water
guality benefits at the opening ceremony event conducted at the site on 11/15016 .

WATER QUALITY ISSUES

The Castroville ditch flows into the Moro Gjo Slough. Downstream of this confluence, tHdoro
Cojo Slough joins the Old Salinas River and empties iritee Moss Landing Harbor beforeexiting to
the PacificOcean Water from the Old Salinas Rivas entrained during flooding tidesand enters
the ewmlogically important and sensitive Elkhorn Sloughestuary. The Elkhorn Slough is an
important breeding ground for rock fishand provides important habitat for many kinds of birds,
fish, invertebrates and marine mammals. The Elkhorn Slough Foundation awaled anO &ating to
the Moro Cojo Slough and Old Salinas River (at the bridge) for water qualifyiercado et al. 2014).
The Elkhorn Slough Foundation isconcerned with the addition of nutrients to the Elkhorn Slough
via these water bodies and the effeatn eutrophic conditions found in the Slough. Because most
sites in the Elkhorn Slough are under severe nutrient stress, nutrient loading to the Elkhorn Slough
estuary poses a serious threat tthis ecosystems (Hughes 2010).

Nutrient concentrations within the Castroville Ditch were documented between 145 mg/L

Nitrate as N. This is higher than the concentrations measured in the Moro Cojo Slough at Highway 1
where the nitrate concentration averaged 0.56 mg/L and the maximum concentration was

9.6 mg/L (CCAVIP website).These differences could be due to the timing of samples and the highly
variable nitrate concentrations typically found in areas where drainage has a high percent of water
from irrigated agriculture, or could be due to the dilution of Castrovie Ditch water with other

water travelling in Moro Cojo Slough.The Castroville Ditch flows into the Moro Cojo Slough where
the endanged tidewater goby is found along with rainbow trout and other fish species. The Moro
Cojo Slough is on the 303(d) listdr high ammonia, but not for nitrate. The TMDL target objective
for unionized ammonia as N is 0.025 mg/L. We prioritized this site as important based on the high
nitrate concentrations observed in the Castroville ditchas well asthe importance of reducirg

nitrate load entering Elkhorn Sloughand ammonia load entering Moro Cojo Slough

The PG&E Treatment Wetland will provide habitat for amphibians and bird§.he design
deliberately excludes habitat for large waterfowl such as Canadian geese thesavould represent
a food safety concerrio neighboring growers. Wetland habitat is made less attractive to geese
through the growth of native wetland plants along the edges anshallow areasof the wetland body.
Deep pools were not included as part of the design order to minimize the attraction to large
waterfowl . Figure 18 shows the area of low water level that will grow with wetland plants through
time.
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Before

LS

Photo looking toward the wetland inlet Photo looking toward the wetland inlet

after clearing weeds and prior to planting about a weekafter opening the inlet valve.
wetland plants.Photo Ross Clark 8/7/16. Photo by Ross Clark 11/16/16.

Figure 18: Before planting and after planting at the PG&E treatment wetland.

STATUS AND PERFORANCE

PG&E became operational in early November 2017. Because of project delays encountered due to
unanticipated permitting requirements and the difficulties of working through the Monterey

County permitting process (see Lessons Learned below), the implemtation of the wetland and
therefore the monitoring of this site was considerably delayed. The actual construction of the site
took place in a remarkably short period of time over the month of October 2016 (Fig. 19). Project
partners pulled together acomplishing an extraordinary job to make things happen quickly and
provide resources where needed. CCWG oversaw the construction on a daily and hourly basis,
quickly resolving any issues encountered so as not to increase project construction costs running
APPOil @EI AOAI U Apmnmnm PAO EI 60 AOOEI ¢ OEEO DPAOET A8
program provided euipment and personnel time for rerouting ag ditches around the wetland
permiter. PG&E helped out by providing $54,000 to add a habitat portion to theest end of the
project. The project engineer from Waterways Consulting remained onsite and recommended
design modifications when field situations dictated the need for changes. Seamist faralowed

the use of water for wetting during construction andprovided earth moving support. Coastal
Conservation and Research grew the 30,000 native wetland plants that were planteg CCWG and
by volunteers. The valve was opened and the wetland began importing water for treatment in early
November 2016. The opeing ceremony was publicized by local media (as described in the earlier
part of the report).
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Earth Moving Equipment Sediment Basin Near Castroville Slough

| Photo CreditRoss Clrk
10/6/16

PhotoCredit Ross Clark0/6/16 v

Photo Credit Ross Clark0/6/16

CCR started plants from native | Some seeds were cast directly Children helped seed the
seeds and volunteers helped without pre -starting them. wetland at the opening
plant them. ceremony.

L Y
e

Photo Creat Ross ClarkL0/24/16

A CDFAgrant funded the Ross Clark described how the P Krone emphasized
development of treatment wetland removes pollutant s the importance of
chambers for research at the and improves water quality . cleaning water
wetland inlet. entering MBNMS

§|

0%

- Photo Katie McNeill
11/18/16

Photo Pa Krone 11/18/16

Figure 19. Construction at PG&E treatment wetland .
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Early monitoring following construction demonstrated nitrate removal between the source and
discharge siteaveraging 4%, even in thenewly initiated wetland (Fig. 20). These measures were
taken prior to the growth of plants in the wetland, thusremoval ratesare expected to increase as
the plants populate the wetland and the microbial denitrifying bacteria proliferate Samples were
taken between11/29/16 and 2/6/17 with an inter val of 7 days between the inleand outlet based
on the estimated hydraulic residence time HRT) of the wetland. Thisinterval provides the best
sample match, allowing for the travel of inlet water to the outletEven so, mixing occurs within the
wetland body, and outlet samples are @ombination of inlet waters entering over the course of
several days. Thus there is not truly a one to one correspondenibetweeninlet and outlet samples.

PG&E Nitrate Concentration
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Figure 20. Nitrate as N monitoring results comparing the outlet to  inlet water at the PG&E
treatment wetland show a n average reduction of 44%.

Based on current monitoring data from the new PG&E wetland, conservatively assuming no
improvement in performance with wetland maturation, we calculatedhe estimatesshown in
Table 9 for nutrient removal and we also show the removal performance anticipated at maturity.
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Table 9A: Nutrient Removal from PG&E treatment wetland based on monitoring data .

Estimated Nutrient Removal for PG&E Treatment Wetland based on

monitoring:
Estimated Volume of Water Treated Annually51 million gallons

Concentration Reduction of Nitrate: 44%
Concentration Reduction of Ammonia: 34%
Concentration Reduction of OrthoPhoshate: 836
Estimated LoadReduction for Nitrate as N2912 kg/yr
Estimated Load Reduction for Ammonia as N75 kg/yr
Estimated Load Reduction for OrthoPhoshate as P48 kg/yr
Estimated Nutrient Removal for PG&E Treatment Wetland based on mature

wetland nitrate r _emoval rates:

Estimated Concentration Reduction of Nitrate: 84%
Estimated Load Reduction for Nitrate as N5950 kg/yr

Mature wetlands perform better at nitrate removal than do newly constructed wetlands due to
plant growth and the development of denitrifying microbial populations (Kadlec and Wallace
2009). As this grant project is over before the wetland plants have become established, we
estimated the future nitrate load reduction potential for the PG&E treatment wetland based on the
median value for wetland performance found by Kadlec (2009) in his review of 205 free surface
flow wetlands. The computed value for the PG&E nitrate load removal as aatnre wetland are
shown in Table 9A.

Comparison of PAEP with Accomplishments:

The PAEP goal for nutrient removal projects was to reduce nitrate load contributions to surface
water. The target for nutrient removal projects was to achieve a load reduction 6% of the
projected load reduction by the end of their first year of operation. Wetlands and bioreactors
generally improve performance for a time perbd after their initiation , asplants and microbial
populations become established. For this reason wedinot expect 100% performance the first
year, but targeted 75% performance. Although the wetland has only been operational fon®nths,
not for a full year, performancehas exceeded th year 1 performance target. Kadlec (2009) found a
median aerial denitrif ication rate in constructed free surface wetlands 027 m/yr based on the
performance ofover 200 wetlands, which we usedo calculate a projectedoad removal rate. We
usedthe tanks in series modefor hydrology and first order removal to calculateprojected percent
removal:
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where G is the inlet concentration (mg/L), G is the outlet concentration (mg/L), kais the areal
reaction rate constant (m/yr), N is the number of tanks in series, and q is the hydraulic loading rate
(m/yr). We also based,on temperature using the Arrhenius equation, as wetlands are known to
perform better in warmer temperatures and worse during winter temperatures when microbial
activity is lower.

Based on the projected outlet concentration derived from the above formujéhe nitrate
concentration reduction in the winter months is expected to be 76% anthe winter projected load
removal is11.8kg/ day, whereas the observeaoncentration reduction was44% andload removal
rate was7.9kg/ day. The performance accomplishedfter 3 months was66% of the projected
removal rate at maturity, thusnot meeting thetargeted 75%of the mature rate. Our estimate is
that the 75% target will be met by the end of year one of operation.

Cost Benefit Analysis

The PG&E treatement wetlandhas multiple ecosystem benefits beyond the removal ofon-point
sourcepollutants from runoff. This wetland restoration project has supported the implementation
of a critical portion of the Moro Cojo management planlt will provide habitat for frogs, reptiles,
small mammals,and birds. Bird counts have already shown an increase in the diversity and
number of species present in the wetland. In addition, the property owner has agreed that the
wetland can be a demonstration site that can be used for ogtach and education as well as for
further research on wetland performance and value. Not least, it will remain dedicated as beautiful
open space adjacent to Highway 1.

Two benefits were analyzed for thePG&E treatment wetland. One was the benefit of impeal

water quality and the second was the benefit of improved habitat. Central Coast Wetlands Group
(CCWG) estimated the water quality cost/ benefit ratio to be®%21. CCWG estimated the habitat
value at $240,000 andhe overall cost benefit ratioto be $3.19.

Table 10: Cost benefit analysis for PG&E treatment wetland.

PGE Cost Benefit
Capital Cost for 12 acre wetland: $ 600,000

Maintenance Cost (20 years): $ 20,000
Water Quality CostBenefit: $ 521
Habitat Value $ 240,000
Complete Cost Benefit $ 319

Ecoli Monitoring

Surrounding growers were concerned with food safety and asked that we monitor E coli at the
PG&E treatment wetland.We measuredE coli concentrations at the outlet on 2/9/17 and 2/16/17
finding values of 30 MPN/100mL and 2420 MPN/100mL respectively. Thieeafy Greens Marketing
Association (LGMA) standards a geometric mean ofLl26 MPN/100mL for foliar applications and a
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limit of 576 MPN/100mL for non-foliar applications. E coli samples taken at the outlet exceeded
LGMA safety standards. However no intended application to crosplanned forwater from the
PG&E wetland

Bird Monitoring

Bird species and abundance counts were condued in August prior to construction and November
subsequent to construction at the PGE treatment wetlan@able 10). In August the total number of
species observed was 10 and the total bird count was 50. In November the total number of species
observed was 13 and the total bird count was 249. The completed wetland is attracting bird
species and numbers in quantities above previous scientific and casual observations at this site.
The wetland was designed with shallower water to encourage smaller water fdvand discourage
large ducks and geese.

Table 10. Bird count before construction and after planting for the PGE treatment wetland.

Bird Counts

Code Species 8/27/2016 11/29/2016
AMCO American Coot 1
AMGO American Goldfinch 29
AMPI American Pipit 5
BARS Barn Swallow 4
BLPH Black Phoebe 1
BRBL Brewers Blackbird 97
CLSW  CIiff Swallow 1
COYE Common Yellowthroat 1
EUST  European Starling 5
GREG Great Egret 1
GRYE Greater Yellowlegs 4
HOLA  Horned Lark 1
KILL Killdeer 7 22
LBDO Long-billed Dowitcher 40
LESA Least Sandpiper 3
NOHA  Northern Harrier 1
RTHA  Redtailed Hawk 1
RWBL Redwinged Blackbird 48
SAVS  Savannah Sparrow 2
SOSP  Song Sparrow 3
WEME Western Meadowlark 21
WTKI White-tailed Kite 1

Total 50 249
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PG&E Constructed Treatment Wetland

Description

The PGAE treatment wetland co-
vers 18 acres of land in the Moro
Cojo watershed. It is designed to
reduce nutrients and other NP5
pollutants, provide wildlife habi-
tat, and help with flood control.
Inlet water is pumped from the
Castroville Ditch which drains ap-
proximately 800 acres of land
farmed predominantly in arti-
chiokes and brussel sprouts, as
well as a portion of the storm-
water runoff from Castroville.
Water is gravity fed through a
1.25 km sinuous channel that
includes depressions and ponds
that support wetland plants and
sediments that denitrify agricul-
tural water. The treated water
then flows into the Castroville
Slough about 200m downstream
of the inlat, and out to the Moro
Cojo Slough before joining Old
Salinas River and flowing the into
the Pacific.

Water Quality Issues
Mutrient concentrations within
the Castroville Ditch have been
documented between 10-45 mg/
L Mitrate as N. The Castroville
Ditch flows into the Mora Cajo
Slough where the endanged tide-
water goby is found along with
rainbow trout and other fish spe-
cies. The Moro Cojo Slough is on
the 302(d) list for high ammonia,
sediment and low dissolved oxy-
gen.

PROJECT LOCATION

B
e

Nutrient Remowval

Load and concentration removal
are estimates based on typical
wetland performance and will be
validated by monitoring:

Area contributing runcff: B00 acres
Wetland land area: 12 acres

Water volume: 12,000 yard®
Capacity: 220,000 gal/

Nitrate-N Load H.ech.lmm 5950 lbs/yr

Nitrate Removal: 84
Orthophosphate RElm:wal B6%
Ammonia Removal: 680%

Clg Pr ]

Nnuwasipe

PG&E Restoration Plan

B o=

- R
Furids

I e enctiond

mEed R
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Partnerships

The Central Coast Wetlands
Group (CCWG) provided the
conceptual design, coordinated
with the owners and contrac-
tors, obtained permits and
oversaw the construction.
PGE&E provided the land and
project support. Waterways
Consulting provided the tech-
nical design and Durden Con-
struction Inc. complated con-
struction. Coastal Conservation
and Ressarch grew the 30,000
native wetand plants that were
planted. Monterey County Maos-
quito Abatement and SeaMist
Farms provided earthmaoving
and on-site support bo establish
ditches around perimeter. The
project was funded by SWRCE
Prop 84 grant # 12-414-553.

Prop 84 Grant Funding
State Water Resources Control
Board's Proposition 84 Agricul-
tural Water Quality grant paid
for biological monitoring, wet-
land construction, and water
guality monitoring. A Depart-
ment of Water Resources
{DWR]) Integrated Regicnal Wa-
ter Management Plan Imple-
mentation grant covered the
engineering designs and per-
mitting costs. Matching funds
were provided from NRCS and
UCCE as professional services.
PGEE dedicated land use and
paid for west end Frog Ponds.
Monterey County supported in-
stallation of new pumping infra-
structure.

Pﬂmrlﬂ.rﬂmﬁnmm

Constraction & & Mgmi: 455,000
Total Cost: $674,000*

* Project costs could be reduced by
5162,000 if prevalling wage and per-
rriitting were elimingted,

FOR MORE INFORMATION

Ross Clark, Director

Central Coast Wetlands Group
ridark@mlml.calstate.edu
831-771-4411
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OCEANMIST BIOREACTOR

DESCRIPTION

The Oceanmist bioreactor covers approximately half an acre of land and treats runoff from 100
acres of farmland growirg predominantly artichokes andbrussel sprouts. The bioreactor receives
and treats drainage water flowing from three agriculture drainage ditches that support extensive
tile drain systems. The bioreactor écharges to the Seamist wetland, previously restored by CCR
under Proposition 13, and therefore serves as a prereatment system to improve water quality
entering the wetland habitat. Water is pumped from a collection point where the three drainage
ditches meet into the inlet of the bioreactor, which spreads the water across the breadth of the inlet
(Fig. 21). This water then flows passively through the biaractor to the outlet where itgravity feeds
into the Seamist wetland and eventually flows into the Moro Cojo Slough, before joining the Old
Salinas River ad then flowing into Monterey Bay.

The original project proposed a one acre bioreactor antivo basins were dugwithin this acre. The
first larger basin was used to construct the bioreactorFor two primary reasons the second basin
has not been put into operation. First, the project team wantetb monitor and evaluate the
performance of the first basin to find out if it could remove sufficient nitrate without the need for a
second basin. This would leave open the option of designing and utilizing the second basin for
some other purpose, such apesticide removal. A second reasorelated to the escalated expense of
completing the first basin, largely due to the need to pay for woodchips. When the project was
originally conceived, woodchips could be obtained free of charge. However, the regionalste
disposal site began charging for woodchips for use in boiler operations and was no longer willing to
provide them free of charge at the time of constructiorSo in addition to not being certain a second
basin was necessary, there was also insufficiefunding available to construct a bioreactor within
the second basin.

Three agricultural The sinuated channel was Wood chips provide a The outlet pipe in the
ditches converge at created by draping pond liner | carbon source for photo forefront sends
the inlet pump over fencing. denitrifying bacteria treated water to the
location. Runoff is and a colonization Seamist wetland.
treated by bioreactor surface.

denitrification

processes.

Photo Date:4/14/16 Photo Date:4/14/16

Photo Date: 1/22/16 Credit: Pam Krone Credit: Pam Krone

Credit: Jason Adelaars

Figure 21. Location, construction and outlet at the Oceanmist Bioreactor
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Water Volume

The transect method was used on 8/31/16 to measure and estimattotal bioreactor volume and to
EAAT OEZAU bi OOEAT A OAAAA UiT A6 AOAAO ET GiEA AET OAA
porosity test was conducted to reevaluate porosity now that woodchip settling has occurred. The
total bioreactor capacity was measured at 127,110 gallons, with 80% porosity. Based on the high
porosity discovered, morewood chipswere subsequentlyadded to the bioreactor in order to
increase thecarbon source available for denitrificationand eliminate water flowing preferentially
across the open bottom of the wetland beneath the floating woochips. The water capacity at 55%
porosity is 70,000 gallons.Dead zones in the corners were identified to represent approximately
13% of the bioreactor volume. Dead zones in treatmenystems are not unusualand this percent

is within the norm.

Oceanmist Bioreactor Tracer Test 1:

A tracer testwas performed at the Oceanmist Bioreactowith the goal ofcalculating the hydraulic
residence time. On 8/14/16 the tracer test was performed by CCWG and CMSF by adding 400
pounds of salt dissolved in 275 gallons of water to theniet of the bioreactor over a zhour period.

A Eureka water probewas placed at the outlet and programmed to measure salinigt 10 minute
intervals over a Tday period until the probe was removed the morning of 8/19/16. The pump
operation was monitored on a daily basis and the number of hours pumped was recorded and
converted to gallons of water and inlet discharge. The pump turns on and off based on a level in the
ditch, sainlet pumping rate varies.

The primary finding from the tracer test was that pumping variability has a greater impact on the
hydraulic retention time than does the hydraulic characteristics of the bioreactor. A chart was
developed to display thehydraulic retention time and recommended time interval between
samples based on the number of hours the pump operate

STATUS AND PERFORMAE

The Oceanmist bioreactor has been operational since April 20Hhd continues to be operated and
maintained. However, rumerous technicalissues have occurred that have preventedonsistent
operation and monitoring of the bioreactor. The outlet of the bioreactor was originally undersized
and required modification. Gas emmitted from the sodaused the pond liner o lift and impaired
water flow through the bioreactor. Januaryand February2017 storms caused flooding of the
surrounding farm fields and roads, as well asecord high water levels in the Seamist wetland.
Operating the bioreactor under theséhigh water conditions was not feasible.

The O@anmist bioreactor is removing nutrients from the runoff it is treating (Tables 11 & 12).Per
the monitoring plan, wedisclosed percent concentration and load reductions but not numeric
reduction. Nitrate removal in the new bioreactor was 42%, which will increase as the bioreactor
microbial population matures. The nitrateN reduction applies to both concentration and loadas
inlet and outlet discharge rates are approximately equabecausethe lined pond does notpermit
infiltra tion and evaporation is minimal Orthophosphate removal wa29% while ammonia
increased by a factor of 4Despite this increaseall concentrations of total ammoniaat the outlet
were less than1.35 mg/L and ofunionized ammoniawere less than0.007 mg/L, which are below
the acute and chronic criterion set by the EPAThe addition of a pump to oxygenate water at the
midpoint of the bioreactor is plannedto remove ammonia.
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Table 11. Oceanmist bioreactor parameters and performance in 2016.

Area contributing runoff 100 acres
Bioreactor land area 0.5 acres
Wetted treatment area 7500 f¢

Water volume 76,000 gallons
Treatment capacity 30,000144,000gal/day
Nitrate concentration removal 42%
Nitrate-N load reduction 42%
Orthophosphate concentration removal 29%
Orthophosphate load reduction 29%

Table 12: Percent change in concentration and load between inlet and the outlet of the Oceanmist
bioreactor . A positive number indicates a reduction in concentration.  Although ammonia
increased between the inlet and outlet, concentrations were below EPA ¢  hronic and acute toxicity

criterion.
Date Uniorlized Total Ammonig Nitrate as N Orthophosphate
Ammoniaas N % as N % % as P %
8/29/2016 -526 -288 41 62
8/30/2016 -284 -417 48 41
8/31/2016 -505 -432 47 -30
9/1/2016 -87 -624 40 -17
9/2/2016 -1362 -854 40 -233
9/6/2016 -241 -244 33 74
Average* -348 -410 42 29

Average* calculation is based on average concentrations at the inlet and outlet, not the average of the
daily percentage removal.

Comparison of PAEP with Accomplishments:

The PAEP goal for nutrient removal projectsvas to reduce nitrate load contributions to surface
water. The target for nutrient removal projects was to achieve a load reduction of 75% of the
projected load reduction by the end of their first year of operation. Wetlands and bioreactors
generally improve performance for a time period after their initiation, as plants and microbial
populations become established. For this reason we did not expect 100% performance the first
year, but targeted 75% performance. Hartz et. 2017 found amaximum removal rate of 10 ppm
per HRT day for the woodchiioreactors they installed for research purposes in the lower Salinas
Valley. With an observed HRT of 0.9 days for the bioreacttinerefore we estimated a removal of
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9 mg/L nitrate as N & 100% performance. We oberved an average removal 3 times this amount or
300%.

Cost Benefit Analysis

Two benefits were analyzed for thePG&E treatment wetland. Central Coast Wetlands Group
(CCWG) estimated the water quality cost/ benefit ratio to be $49. CCWG estimated the halait
value at $0 and the overall cost benefit ration to bel$49.

Table 13: Cost benefit of Oceanmist Bioreactor .

Oceanmist Bioreactor Cost Benefit
Construction Cost forbioreactor: $ 93,000
MaintenanceCost (10 years): $ 20,000
Water Quality Cost /Benefit: $ 149
Habitat Value $ 0
Complete Cost Benefit $ 149
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Oceanmist Bioreactor

Description

The half acre Oceanmist bioreac-
tor treats runoff from approxi-
mately 100 acres of farmland

growing predominantly artichokes |

and brusssl sprouts. The biore-
actor receives and treats runoff

from three agriculture drainage

ditches that support extensive tile &

drain systems.

A sinuated channel was created
to minimize bypass within the
systern and simulate plug flow
conditions. The channel was ex-
cavated and lined with pond liner
to create a containment basin,
and then filled with wooddhips
from the local landfill. Woodchips
provide a carbon source for deni-
trifying microbes, thus increasing
the nitregen removal rate.

The pumping rate into the biore-
actor varies depending on water
lewel in the drainage ditch collec-
tion point, which varies with fiald
runoff and stormwater. The high-
er the flow rate into the bioreac-
tor, the more nitrate load is re-
moved; however concentration
reduction is less at higher flow.
The bioreactor discharges to the
Seamist wetland restoration site,
serving as a pre-treatment sys-
tern to remove contaminants and
clean up water prior to entry into
the wetland habitat.

Water is pumped into the bioreac-
tor from a collection point of three
agricultural drainage ditches. This
water then flows passively through
the bioreactor to the outlet where
it gravity feeds into the Seamist
wetland. From there water flows
into the Moro Cojo Slough, before
joining the Old Salinas River. The
0ld Salinas River flows out to the
Pacific Ocean at Moss Landing
Harbor, where it also meets and
mixes with water entering Elkhorn
Slough during incoming tides.

The More Cojo Slough is home to
the endangered tidewater goby
and is 202(d) listed for ammenia,
sediment, and low dissolved oxy-
gen. Old Salinas River water con-
tributes to the hypoxic conditions

found in Elkhorn Slough
FOR MORE INFORMATION
Ross Clark, Director

Central Coast Wetlands Group

riclark@miml calstate. edu
831-771-4411

Nutrient Treatment

Load and concentration removal
are estimates based on 2 months
of monitoring. Estimates will be
updated through time as the biore-
actor microbial population matures
and removal rates increase.

Area contributing runcff: 100 acres

Capacity: 30,000-144,000 gal/day
HRT: 0.5—1.5 days

Nitrate Removal: 42%

Nitrate-N Load Reduction: 42%
Orthophisphate Removal: 29%
Orthephesphate Load Reduction: 29%

Ammonia Removal: Ammonia in-
creased in the bioreactor, although
outlet concentrations are well W

EPA criteria limits. Steps are being
taken to correct this issue.

The Department of Pesticide Regu-
lations is planning field trials in
2017 to test pesticide reduction.

Parinerships

CCWG provided the conceptual de-
sign, coordination with the owners
and contractors, obtained permits
and oversaw the construction. The
RCD of Monterey County provided
the technical design. Oceanmist
Farm provided the land, the inl=t
pumip, and helped with the exca-
vation of the basin. The project
was funded by SWRCB grant # 12-
414-333.

Prop 284 Grant Funding
State Water Resources Control
Board's Proposition 84 Agricultural
Water Quality grant paid for exca-
vation, woodchips, pond liner, pip-
ing, project coordination and engi-
neering. Oceanmist Farm provided
the land and inlet pump. Monterey
County Mosguito Abatement pro-
vided earth moving.

Construction: $88,000
Land: $5000
TOTAL: $93,000
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AZEVEDO BIOREACTOR

DESCRIPTION

The Azevedo bioreactor treats runoff from 1Gcres of strawberry fields on the Azevedo Ranch
adjacent toElkhorn Slough(Fig. 14). Irrigation and storm water runoff from the strawberry fields
travels down furrows and farm roads into a sediment basin where heavier sand particles settle out
prior to water being pumped into the bioreactor When the water level in the sediment basin
reaches a certain height, a floating pumpowered by a solar panel and battery packansports it to
the bioreactor inlet through a pipe buried under the farm road The bioreactor is a pondlined

basin filled with wood chipspurchased at the local waste disposal facility, with care to insure a low
percentage of eucalyptusand redwood. Water level in the bioreactor icontrolled by alevel control
box at the outlet.Cleaned waer exiting the outletis gravity fed into a ditch that carries it to a tidally
influenced pond on Elkhorn Slough Foundation property. From the pond it is conveyed by a culvert
under railroad tracks and into Elkhorn Slough.

The bioreactor treats agricutural runoff through the action of denitrifying microbes that convert
nitrate to nitrogen gas. Microbes live on the woodchip and pond liner surfaces and their growth is
stimulated by the carbon contained in thevood chipsand nitrate in the runoff. Thewood chipslast
for 10-15 years, before requiring replacement.The bioreactor dimensions are 50 ft (L) by 8 ft (W)
by 4 ft (D) the woodchip porosity is 55% The bioreactor is designed to treatpproximately 4300
gallons per day with a hydraulic retention tme of 25 hours.

The Azevedo Ranch is owned by the Ag Land Trust, whose mission is to assist in the preservation
and protection of productive agricultural lands, open space and historic land. The Ag Land Trust is
concerned with water quality entering the environmentally sensitive Elkhorn Sloughthat is

adjacent to these fields. Based on this desire to protect sensitive habitat in the Slough from
nutrient s and other NPS pollutants, the Ag Land Trust decided to install théoreactor at their own
cost. The Ag Land Trust paid fothe materials, construction costsand provided the land for this
project, while the Prop 84 grant paid forprofessionaltime of the RCD to design and manage the
project.

The Azevedo Bioreactor will be a site where research andiecational outreach is welcomed. The
landowner is interested in allowing others to learn from this project andn encouragng adoption of
this bioreactor system for nutrient removal. Researchers, technical service providers and
interested professionals ae encouraged to enquire either through the Ag Land Trust or through the
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idally Influenced Pond Azevedo Ranch with
Strawberry Fields

Bioreactor Site

Sediment Basin

Elkhorn Slough

Figure 22. Cleaned water exiting the outlet flows through a ditch to a tidally influenced pond and is
then conveyed by a culvert under railroad tracks and into Elkhorn Slough.

Trench for Azevedo Construction showing the Final Project Completed
Bioreactor pond liner and wood chips
being added.

Photo 3 Pam Krone 2/16/17

Figure 22.Cleaned water exiting the outlet flows through a ditch to a tidally influenced pond and is
then conveyed by a culvert under railroad tracks and into Elkhorn Slough.
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Azevedo Bioreactor

Description

The Azevedo bioreactor treats
runoff from 10 acres of strawberry
fields on the Azevedo Ranch adja-

cent to Elkhom Slough. Irrigation |

and storm water runoff from the
strawberry fields travels down
farm roads and into a sediment
basin where heavier sand particles
settle out. Water is actively
pumped into the bioreactor inlet
from a floating pump powered by
a solar panel and battery pack.
The pump turns off when the wa-
ter level falls below a threshold
depth. The bioreactor is a pond-
lined basin filled with woodchips
purchased at the local waste dis-
posal facility, with care to insure
a low percentage of eucalyptus.
Water levels are controlled by a
level control box at the outlet of
the bioreactor. Cleaned outlet wa-
ter is gravity fed into a ditch that
carries it to a tidally influenced
pond on Elkhorn Slough Founda-
tion property. From the pond it is
conveyed by a culvert under rail-
road tracks and into Elkhorn
Slough.

PROJECT CONSTRUCTION

The bioreactor treats agricultural
runoff through the action of deni-
trifying microbes that convert ni-
trate to nitrogen gas. Microbes live
on the woodchip and pond liner
surfaces and their growth is stimu-
lated by the carbon contained in
the woodchips. The woodchips are
anticipated to last for 10-15 years,
before requiring replacement.

The bioreactor is designed to treat
up to 4300 gallons per day with a
hydraulic retention time of 25
hours. The dimensions are 50 ft
(L) by 8 ft (W) by 4 ft (D).

PROJECT LOCATION

/

/

klkkomn sleugh

o -

Nutrient Treatment

Inlet nitrate as N concentration
measures varied between 1 to
11 mg/L. Nitrate removal in the
new bioreactor has not yet
been assessed, but is expected
to be 90%.

Demonstration Site

The Azevedo bioreactor is a
demonstration site for re-
searchers, agricultural profes-
sionals and growers interested
in nutrient and pesticide remov-
al by bioreactors.

Parinerships & Funding
The Ag Land Trust of Monterey
County owns the Azevedo
Ranch. They provided the land
and paid for materials and con-
struction. The RCD of Monterey
County provided the technical
design. Stockman’s Energy de-
signed the inlet pumping sys-
tem. The technical design of the
project was funded by SWRCB
Proposition 84 grant # 12-414-
553. Matching funds were pro-
vided from NRCS and UCCE.

Project Cost: $32,000

FOR MORE INFORMATION

Pam Krone

Monterey Bay National Marine
Sanctuary
Pam.krone-davis@noaa.gov
831-647-4238
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STATUS AND PRFORMANCE

The Azevedo bioreactor was fully installed in January 2017. This includedyging the pit, adding
the woodchips,installing the bioreactor liner, the outlet water level control box, the floating pump,
piping, solar panels and back up batteriesWater is pumped from the sediment pond into the
bioreactor and then flows out a ditch to a pond in Elkhorn SloughSedimentwas removedfrom the
sediment pond in July and agaiin December of 205; however heavy winter storms have since
caused the pondo refill with sediment. The water height is currently insufficient to allow for
pumping from the sediment basin into thebioreactor. Once the rains stop, the pond will be
dredged of excess sediment and the bioreactor will be activated.

Operation and maintenance of the Azevedo bioreactor will be the responsibility of the property
owner, the AgLand Trust. Tie AgLand Tust has agreed to maintain the sediment pond, to replace
the woodchips when needed and tanonitor the system to insure that it remains orable.

MONITORING PLAN & QRP COMPARED WITH ACUAL MONITORING

The timing of monitoring from the Monitoring Plan is compared to actualampling accomplished in
Table 14. Due to project delays, limited time was available for the monitoring of projectdn order
to obtain performance results, sampling was intensified when possible.

Table 14. Monitoring plan, actual monitoring and reasons for differences

Monitoring Plan or QAPP Actual Monitoring Reason for Difference
Spence VTS Conventional water quality 1) Irrigation runoff occurred 4 1) Could not sample irrigatig
parameters, including flow, total times and was monitored 2 runoff one quarter as planng
suspended solids, nitrate, total timesin 2015 and 2timesin  due to lack of irrigation
nitrogen, orthophosphate, and 2017. 2) Nitrate was not analyz runoff. 2) Technician did not
total phosphate will be sampled in 3 out of the 4 summer runotf communicate with the lab
quarterly (three summer events. OrthoPhosphate was ncorrectly. 3) Project leaders
irrigation runoff events with one analyzed on 2 out of 4, 3) Four felt the extra storm sampling
following fertilizer application or Winter storm events were would be informative.
a contributing field and one monitored: 3in 2015and 1in

winter storm event.) 2016

Soledad CIMIS station Data from the CIMIS station will The Soledad CIMIS station be¢ There has not been sufficier
be automatically uploaded to theoperating on 2/20/17 and is time to transition

Calif. Department of Water providing hourly datatothe = CropManage users in the
Resources Website hourly. DWR website. Soledad area to this station
Cropmanage will provide to develop quarterly reports

guarterly reports summarizing
how many ranches are using the
new CIMIS station and the
number of irrigation decisions
that relied on the new CIMIS

station.

Azevedo bioreactor Conventional water quality The Azevedo bioreactor has ncMonitoring has not been
parameters including flow, been monitored. initiated due to start-up
conductivity, total suspended issues caused by sediment
solids, nitrate, pH, transparency the inlet pond.

ammonia, orthophosphate and
temperature will be sampled
monthly.
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4 AAT A p 1. Modtbrihngdpai &tual monitoring and reasons for differences

Site Monitoring Plan or QAPP Actual Monitoring Reason for Difference

Oceanmist bioreactor E coliwill be sampled at the inle1E coliwas not sampled during E colisampling was planned
and outlet twice during the the project period. for winter 2017 but the
project period. bioreactor was not operating

due to flooding.
PG&E Treatment Wetland E coliwill be sampled at the inle1E coliwas sampled at the inlet Monitored according to plan

and outlet twice during the and outlet twice during the
project period. project period.

PG&E Treatment Wetland Conventional water quality Specified water quality Project leaders sampled
parameters including flow, paramters were sampled intensively to gain as much
conductivity, total suspended intensively following startup. data as possible in the short
solids, nitrate, pH, turbidity and time frame remaining in the
temperature will be sampled grant.

monthly. Ammonia and

orthophosphate will be sampled

every other month.
PG&E Treatment Wetland & Pre-construction monitoring of Pre-construction monitoring  Monitored according to plan
Oceanmist bioreactor the source water for the PG&E provided the baseline as

and Oceanmist sites will be planned.

completed 5 times to establish ¢

baseline.

PROJECT ASSESSMEMND EVALUATION PLANVS ACCOMPLISHMENTS

Project performance was evaluated compared with the goals and targets set forth in the Project
Assessment and Evaluation Plan (PAEPable 15.

Application Efficiency Projects

Ouir first goal was toprovid e growers with technical expertise to assess on farm irrigation and
nutrient management practices, with a target of doing 5 assessments each. ¥daducted more
INM assessments than targetedccomplishing 18 irrigation system distribution uniformity
evaluations, 28 irrigation scheduling assessment@and 25 nutrient management assessments

Our second goal was tovide growers technical assistance in implementing oisite projectsto
conserve water and reduce nutrient loads to water bodies or groundwatembased on
recommendations made duringassessmentsOur target was that % - 75% percent of growers
receiving assessmentsvould independently implement at least one BMPecommended. All
growers (100%) interviewed had implemented at least 1 BMP.The water and nutrient reduction
growers accomplished was mesured or estimated in terms ofnumeric and percentsavings Water
savings ranged between 312 inches per crop with an &erage water reduction was 5 in/acreper
crop. This represented a savings of 10940% comparedwith the targeted water reduction of 5-
20%. Reduced fertilizer N applicatiorranged from 0-73 IbN/acre per crop with an average fertilizer
N savingsof 38 IbsN/acre/year . This represented a reduction in fertilizer N use of£80%, slightly
lessthan the targeted reduction of 10-40%.

The CIMIS statiorwent online 2/20/17 on the Department of Water Resource€IMISwebsite and
is now available for use by growersfarming 60,000 acres of irrigated landn making irrigation
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scheduling decisionshowever due tothe short timeframe it has been available, we could not
compare it to the project targets set forth in the PAEP.

Table 15A. PAEP goalsl & 2 and targets established before implementing projects

accomplishments .

compared with

Project Goals

Targets

Accomplishments

1) Provide growers with technical
expertise to assess on-farm irrigation
and nutrient management practices.

1.1. Conduct a minimum of 5 with
a goal of 10 irrigation practice
assessments.

1.1 Conducted 18 irrigation syster
distribution uniformity evaluations
and 28 irrigation scheduling
assessments.

1.2. Conduct a minimum of 5 with
a goal of 10 nutrient management
assessments.

1.2. Conducted 25 nutrient
management assessments.

1.3. For each assessment record
the following information: crop type,
irrigation type, acres impacted and
hours consulted.

1.3. Recorded this information for
all assessments and included it in
guarterly reports.

1.4.50% - 75% percent of growers
receiving assessments
independently implement at least
one BMP included in the
assessment recommendation
form.

1.4. Worked with 12 growers and
had follow up contact with 10
growers. Of the 10 growers
contacted, 100% had implemente
at least one BMP, all were self
funded.

2) Provide growers technical and
financial assistance in implementing
on-site projects, water conservation
insfrastructure,and/or sub-watershed
nutrient treatment structures that
can conserve water and reduce
nutrient loads to water bodies or
groundwater.

2.1. On-farm BMP implementation:
Achieve a reduction of 5-20% in
water use on farms implementing
irrigation BMPs, reduce nitrogen
addition by 10-40%.

2.1. Contacted 5 out of 8 growers
who received irrigation scheduling
assessments, many on multiple
fields. Water reduction varied
between 3 - 12 inches for a crop,
10-40% reduction. Average water
reduction was 5 in/acre. Fertilizer
reduction varied between O and 7
IbsN/acre/yr, with an reduction
average of 38 IbsN/acre/yr. This
represents 0-30% reduction in
nitrogen addition.

2.2. WM Infrastructure - CIMIS
Station: A) Compare CIMIS data to
closest alternative to evaluate
increased accuracy of ET data,
and B) Survey growers to evaluate
the importance of increased
confidence in using data

2.2. The CIMIS Station went onlin
2/20/17 and ET data is available tq
growers farming 60,000 acres of
land near Soledad. The short
operational timeframe was
insufficent for a comparison to
other stations or a survey of grow
confidence.
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Growers who received assesnents were interviewed, and they provided information on estimated
or measured water and fertilizer savings compared with previous usage across their entire
operation. Grower water use was reduced by approximately 1810% and nitrogen application by
0-30%, depending on the grower.Growers reported that learnings from assessments were
generally applied across their entire operation, not just on the fields evaluated. Based on grower
feedback,an estimatedtotal of 2704 ac-ft/yr less water is being used foiirrigation and a total of

211 tonslyear lessfertilizer N is used inthe Lower Salinaswatershed.

Nutrient Removal Projects

Table 15B} AT 1.®AER Qoals3 & 4 and targets established before implementing  nutrient removal projects
compared with ac complishments .

Project Goals Targets Accomplishments

3) Make progress toward the _ 3.1 CMP, Assess whether the on- 3.1. There was an insufficient timd
achievement of the Lower Salinas farm effort impacted downstream f t lect data f

Nutrient TMDL water quality targets  |WQ and why or why not. ramg 9 collect data .rom

for nitrate and unionized ammonia. monitoring to ascertain whether a

improvement was made.

4) Reduce nitrate load contributions |4.1. Achieve 75% of the load and  |4.1. For projects with less than on
to surface water. concentration reduction projections year of data, we based the percef

.by the e.nd of year 1 after . on the available data: CIMIS ND*
installation. Projections are site
specific based on wetland size, Azevedo ND*; Spence 100%;
inlet load, and the median decay ~ |Oceanmist 71%; PG&E 52%
rate found in the literature.
4.2. In aggregate show a collective (4.2, For the Lower Salinas
reduction of 5% in applied water  |\atershed, a total of 2704 ac-ft/yr
and 15% nitrogen fertilizer by less water is being used for
growers in the subwatershed . . .
irrigation. Average water reductio
for growers involved per acre was
0.32 acre-ft/year. Total fertilizer N
reduction was 211 tons/year.
Average N reduction was 38
Ibs/acre. We did not compute the
percent reduced collectively.

ND = no data

Project goal 3 related to both water and nutrient application efficiency projects and nutrient
removal projects. This goal was to make progress toward the achievement of the Lower Salinas
TMDL water quality targets for nitrate and unionzed ammonia. There was insufficient time to
collect enough data to ascertain whether progress was made or not toward this goal. In the future,
a change point analysis using Cooperative Monitoring and CCAMP data could be undertaken to find
out whether there was a before and after difference based on the 6 projects implemented through
this grant project.
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Nutrient Removal Projects

Goal 4 for nutrientremoval projects was to reduce nitrate load contributions to surface water. The
target for nutrient removal projects was to achieve a load reduction of 75% of the projectadature
load reduction by the end of their first year of operation. Wetlands and bioreactors generally
improve performance for a time period after their initiation as the plants and microbiapopulations
become established. For this reason we did not expect 100% performance the first year, but
targeted accomplishing75% of estimated matureperformance.Monitoring data could not be
collected for the Azevedo bioreactor angerformance could nat be evaluated.

We estimated mature removal rategor the PG&E treatment wetland and Oceanmist bioreactor
based onremoval rates found in scientific literature and used these to computehe PAERarget,
which was 75% of the load reduction ofthe mature rate. The load reduction at maturity for the

0' Q% OOAAOI AT O xAOdI AT A x(2009) Aclian/adibl Aittatk Fem@ & fate C
among 205 wetlandsof 26.5 m/yr. We used the tanks in series model to estimatautlet
concentration and computeload reduction, basing inlet concentration on the average
concentration of nitrate entering the wetland over the course of our monitoring (24 mg/L).We
used the Arhennius equation to estimate the performanckased on temperature differences in the
winter and summer, assuming 6 months of each. We calculated load removal fsimmer pumping
into the wetland at a rate 0f141,000 gallons per dayand winter as300,000 gallons per day. Based
on these assumptions and calculations, the mature wetland is estimateal temove84% of the
nitrate as N at an average rate of 16.3 kg/dayDuring its first three months of operation, he PG&E
treatment wetland achieved a load reductia of 44%based on monitoring dataThus it achieved
52% (44/84) of the load reduction predided at maturity compared with a target of 75%. A similar
analysis was done for the Oceanmist bioreactor using the volumetriemoval rate of 1.4day! found
by Leverenz et al. (2010 in the study of 5 woodchip bioreactors. The Oceanmist bioreactor
achieved a load reduction of 42% with an estimated future mature load reductioaf 59%. Thus it
achieved 71% (42/59) of the load reduction predicted at maturity compared with a target of 75%.
Although both projects underperformed according to target, neithewas operational for a full year
and much of the monitoring was in winter months when performance is worst due ttower
microbial activity in cold temperatures. Both projects would have performed better had they been
operational for a full year.

LESSONSEARNED& FOLLOWUP ACTIVITES

Permitting

Permitting through Monterey County was costly and time consuming, due to thi@ountyreview
process:archaeological assessmenhbiological assessmenthiological studies, biological and
amphibian reports, andbiological monitoring for PG&Eand Oceanmisiprojects. There was a

tendency on the part of the County to loose perspective of the purpose of the project as the creation

of habitat and to treat it similarly to a commercial development. Having a permit streamlining
process for conservation projects may have speeded @#nd simplified the process. Also, perhaps
involving County upper level staff in the vision and benefits to Monterey County of having scenic
coastal habitat either through site visits or artist renditions, might help reduce permitting burden
or speed the process.
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There were a number of requirements the County considered, which took time to argue and avoid.
At one point they considered requiring a three year amphibian study. At another time they
considered requiring a conservation easement.

Somepermits were avoided through scaling projects to avoid the need for permitting. For example
earth removal, when possible waskept under the total 100 cu yards that would trigger the need for
agrading permit. The solar panel at Azevedo did not require a permit because the voltage was
under 25V.

Having a previously approved Moro Cojo Slough Management Plan that included a filed CEQA
negative declaration from May 2, 1996 and the programmatic CEQA exemption completed by the
State Water Resources Control Boarsket precedentand enabled county staff to concur with the
previous negative declaration for the PG&E treatment wetland and the Oceanmist bioreact@CR
and CCWG hee a well-documented history of permits and reports for this area, which is very
helpful when seeking further approvals (Appendix A: Moro Cojod?mit History).

Having a streamlined permitting process in Monterey County, similar to those in place for Santa
Cruz and San Luis Obispo Counties, could help reduce the burden of permitting for conservation
oriented projects.

Technical and financial issues and resolution

At the Spence VTS during stormwatetunoff, sometimes the VTS ovetopped the edges andlowed
onto the adjacent road. This is being resolved by adding sediment collected in the sediment basin
to augmentthe berm between the VTS and theoad.

The weirs installed to collect flow information caused flow to back up during high stormwater
runoff events, thereby reducing the accuracy of the flow information and also resulting in overflow
of the VTS at the low berm areas along its sides.

The grower was very efficient at irrigating during the summer, generated very little runoff, and re
circulation of water to irrigate the grass on the ditch sides was not plausible.

The Oceanmist Bioreactor outlet was originally sized too small fdhe needed throughput, and this
resulted in flow issues. Our recommendation is to oversize outlet piping to avoid similar issues.

Soil emitted gas was a problenbeneaththe Oceanmist bioreactor liner which caused elevation of
the liner bed. A narrower design would albw for gas to escape around the sides, but the wide
Oceanmist design resukd in the gas causing the liner to rise and resulting in flow issues. This
could be resolved through not having a lined basin at the bottom or through use of large gravel or a
French drain under the bioreactor.

Wood chipswere afree commodity when the Oceanmistbioreactor project was originally
budgeted.Subsequently a use was found forood chipsas a boiler fuel, and they acquired an
economic value. This resulted in the unantipated costto acquire wood chips.

The CIMIS station experienced grass failuredue to thegrowth of weeds which outcompeted the
grass, when the irrigation system was turned on. This has resulted in timeed to use an herbicide
to kill the weeds, reseedthe grass and beckthe irrigation system prior to replanting.
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Labor costs due to the need to pay Prevailing Wages were much higher than if this were not a
requirement. Getting labor therefoe has a high relative value compared with material and land
costs. Awareness of prevailing wage actual costs earlier in the project could have helped improve
our estimates.

Wood chipssettle through time and occasionally checking that they are covering the entire water
column is important.

Organizational

Working across organizational boundaries where several playensad different objectives and

timing requirements proved to be challenging. Coordinating contractors, property owners, growers
leasing the property, and engineers proved difficult at most implementationites and caused

project delays.

FOLLOW UP ACTIVITIES

The combination of onfarm work to more efficiently apply water and nutrients to meet crop
demands along with treatment ofrunoff water to remove nutrients has proven to bea worthwhile
strategy. Projed partners have received a CDFA Conservation Innovation Grant for $1.3 million to
continue working on this approach. The overall goal of the CIG project is to establish a cooperative
model for pooling resources to comply with water quality regulations, mking conservation
practices more widely applicable in highvalue, irrigated agricultural lands. The cooperative
approach acts as a framework for strategic and spatially expliaihodeling, siting, and monitoring of
on- and off-farm treatment areas. The appoachwill provide a governance structure that links
implementation of voluntary conservation practices with streamlined regulatory compliance,
increasing the efficiency andaffordability of program implementation.

In addition to the CIG grant, partners wi continue working at the locations where implementation
projects were establishedn order to evaluate ongoing performance and to provide tours and
demonstrations to interested groups.We will also encourage research of the removal of other NPS
pollutants including pesticides. CA Department of Pesticide regulation is planning to research
pesticide removal at the Oceanmist bioreactor and UC Davis at Granite Canyon has already
conducted pesticide removal research at the Spence VTS.
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APPENDIXA: MONTORING RESULTS

Table A1l. Monitoring results from irrigation event sampling at the Spence VTS in the summer of 2015 and 2016.

Specific
Kjehldahl Phosphorus, Conductance Total Susp.  Event Runoff
Sampling Location Date Nitrogen Nitrate as N Nitrite as N Total Nitrogen o-phosphate asP  Total (E.C) Solids volume
mg/l mg/l mg/l mg/l mg/l mg/l umhos/c mg/l cubic meters
309SVT-SedTrapOutflow 8/10/2015 3.4 nt nt nt nt 2.7 644 1595 0.833
309SVT-InletA 8/10/2015 5 nt nt nt nt 3.4 609 1250 0.833
309SVT-Outlet 8/10/2015 ns ns ns ns ns ns ns ns 0.000
309SVT-SedTrapOutflow 8/12/2015 5.2 nt nt nt nt 34 650 1248 0.844
309SVT-InletA 8/12/2015 3.6 nt nt nt nt 2.7 620 580 0.844
309SVT-Outlet 8/12/2015 ns ns ns ns ns ns ns ns 0.000
309SVT-InletB 7/26/2016 2.2 3.3 nd 5.5 0.2 11 5.5 304 31.779
309SVT-InletA 7/26/2016 1.7 0.9 nd 2.6 0.7 1 2.6 94 0.057
309SVT-Outlet 7/26/2016 ns ns ns ns ns ns ns ns 0.000
309SVT-InletB 8/2/2016 1.8 nt nt nt nd 0.42 nt 75 40.4995
309SVT-InletA 8/2/2016 1.2 nt nt nt 0.5 0.68 nt 11 0.29523
309SVT-Outlet 8/2/2016 ns ns ns nt ns ns ns ns 0.000

ns= no sample taken. nt = not tested. nd = no¢tected by laboratory analysis.
Event runoff volume is the total runoff forthe entire duration of the event.
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Table A2. Monitoring results from stormwater event sampling at the Spence VTS.

Specific
Kjehldahl Phosphorus, Conductance Total Susp.  Event Runoff
Sampling Location Date Nitrogen Nitrate as N Nitrite as N Total Nitrogen o-phosphate asP  Total (E.C) Solids volume
mg/l mg/l mg/l mg/l mg/l mg/l uS/cm mg/l cubic meters
309SVT-SedTrapOutflow 11/9/2015 5.6 0.4 nd 6 1.6 55 303 900 142.69
309SVT-InletA 11/9/2015 11.6 0.7 nd 12.3 1 10 184 4580 142.69
309SVT-Outlet 11/9/2015 14.6 1 nd 15.6 1.3 9 154 4940 129.45
309SVT-SedTrapOutflow 11/10/2015 4.8 0.4 nd 1.8 4.5 283 283 676 405.20
309SVT-InletA 11/10/2015 6 0.5 nd 0.8 4.4 182 182 1160 405.20
309SVT-Outlet 11/10/2015 4.9 nd nd 1 4.3 186 186 740 405.20
309SVT-InletB 11/16/2015 4.8 0.3 0.2 1.1 5 260 260 4860 861.47
309SVT-InletA 11/16/2015 5.9 0.4 0.2 0.4 6 169 169 5200 861.47
309SVT-Outlet 11/16/2015 7.7 0.4 0.2 0.6 7 168 168 5120 861.47
309SVT-InletB 12/11/2015 ns ns ns ns ns ns ns ns 818.30
309SVT-InletA 12/11/2015 7 14 0.2 0.7 6 115 115 3640 818.30
309SVT-Outlet 12/11/2015 7.9 1.2 0.2 0.6 6 120 120 2810 818.30
309SVT-SedTrapOutflow 12/22/2015 5.6 1.9 0.2 0.6 4.6 103 103 1000 2175.99
309SVT-InletA 12/22/2015 8.9 1.2 0.3 0.7 7.5 92 92 3180 2175.99
309SVT-Outlet 12/22/2015 4.2 1.7 0.2 0.4 3.9 132 132 880 2175.99
309SVT-SedTrapOutflow 1/5/2016 7.9 1.2 nd 9.05 0.5 nt 106 5877 557.97
309SVT-InletA 1/5/2016 4.6 11 nd 5.7 0.5 nt 95.5 1062 557.97
309SVT-Outlet 1/5/2016 4.15 1.2 nd 5.4 0.6 nt 86.5 821 425.30

ns= no sample taken. nt = not tested. nd = no¢tected by laboratory analysis
Event runoff volume is the total runoff for the entireduration of the event.
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Table A3: Field measurements for Oceanmist bioreactor

at the inlet and the outlet .

Specific Oxygen,
Temperature Conductivity Dissolved Turbidity
StationCode SampleDate (Deg C) (uS/cm) Salinity (mg/L) pH (NTU)
3060MB-In 8/29/2016 18.55 3328 1.75 9.32 6.76 5.95
3060MB-Out 8/29/2016 17.7 3420 1.8 2.45 7 3.45
3060MB-In 8/30/2016 17.33 2904 1.8 6.91 7.15 1.43
3060MB-Out 8/30/2016 17.45 2913 1.8 1.51 7.02 1.81
3060MB-In 8/31/2016 20.12 3101 1.52 17.68 7.04 1.45
3060MB-Out 8/31/2016 18.53 3073 1.87 5.21 7.14 1.67
3060MB-In 9/1/2016 21.96 3627 2.04 19.46 7.46 1.54
3060MB-Out 9/1/2016 18.5 3073 1.85 0.65 6.98 1.71
3060MB-In 9/2/2016 18.5 2919 1.75 10.92 6.95 1.94
3060MB-Out 9/2/2016 18.59 3470 1.83 4.07 7.14 1.77
3060MB-In 9/6/2016 16.99 2881 1.79 9.4 6.71 7.45
3060MB-Out 9/6/2016 17.09 2943 1.83 3.01 6.71 6.8

Table A4: Lab measurements for Oceanmist bioreactor at the inlet and the outlet .

Ammoniaas N Nitrate as N  Nitrite as N OrthoPhosphate
SampleDate  StationCode (mglL) (mg/L) (mg/L) as P (mg/L)

10/8/2015 3060OMB-Source 0.03 3.83 0.29 0.15
4/16/2015 3060MB-Source 0.20 57.80 0.18 0.19
4/23/2015 3060MB-Source 0.13 73.40 0.06 0.22
5/15/2015 306 0MB-Source 12.18 16.05 1.28 2.88
5/5/2015 3060MB-Source 0.13 73.40 0.06 0.22
7/9/2015 3060MB-Source 0.15 55.60 0.11 0.25
8/29/2016 3060MB-Discharge 1.28 40.40 nd 0.05
8/29/2016 3060MB-Source 0.33 68.80 0.50 0.13
8/30/2016 3060MB-Discharge 1.24 38.28 0.42 0.10
8/30/2016 3060MB-Source 0.24 73.20 0.96 0.17
8/31/2015 306 0MB-Source 0.05 2.80 0.35 0.23
8/31/2016 3060MB-Discharge 1.33 36.16 0.36 0.13
8/31/2016 3060MB-Source 0.25 67.60 0.43 0.10
9/1/2016 3060MB-Discharge 1.23 36.60 0.54 0.07
9/1/2016 3060MB-Source 0.17 60.80 1.06 0.06
9/2/2016 3060MB-Discharge 1.24 38.12 0.50 0.10
9/2/2016 3060MB-Source 0.13 63.60 0.30 0.03
9/6/2016 3060MB-Discharge 1.24 41.60 0.36 0.06
9/6/2016 3060MB-Source 0.36 62.00 0.18 0.23
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Table A5: Lab measurements for PG&E Treatment We tland.

Ammonia as N Nitrate as N Nitrite as N  OrthoPhosphate
SampleDate  StationCode (mg/L) (mg/fL) [mg/L) as P (mg/L)

4162015 I06PGE-Sourcel 4.40 14.20 133 0.77
4f23/2015 I06PGE-Sourcel 134 17.58 132 1.07

5/5/2015 306PGE-Sourcel 134 17.58 132 1.07
5f15/2015% 306PGE-Sourcel 0.10 67.50 0.03 0.25

7/9/2015 306PGE-Sourcel 4.08 10.72 1.15 1.75
8/31/2015 306PGE-Sourcel 3.10 2.76 117 0.39
10/8/2015 I06PGE-Sourcel 3.19 27 1.03 0.40
11/29/2016 3I06PGE-Sourcel 0.16 22.10 023 0.39
11/29/2016 306PGE-Source3 018 20.43 0.25 0.37
12/1/2016 I06PGE-MidPoint 013 13.83 032 0.17
12/1/2016 I06PGE-Sourcel 053 16.59 0.17 1.01
12/1/2016 I06PGE-Source3 031 2298 021 0.90
12/5/2016 306PGE-Discharge ooz 5.00 032 0.12
12/5/2016 I06PGE-MidPoint 0.02 16.14 038 0.09
12/5/2016 I06PGE-Sourcel 0.66 12.93 0.12 0.76
12/5/2016 I06PGE-Source2 0.1z B.88 032 0.01
12/5/2016 306PGE-Source3 013 2336 0.17 0.81
12/8/2016 I06PGE-Discharge ooz 5.06 033 011
12/8/2016 I06PGE-MidPoint oo 12.42 0.70 0.02
12/8/2016 I06PGE-Sourcel 0.58 7.59 028 0.71
12/8/2016 I06PGE-Source2 017 B.94 034 0.01
12/8/2016 I06PGE-Source3 043 11.40 0.13 0.86
12122016 306PGE-Discharge 3.20 B.62 1.14 0.01
12/12/2016 306PGE-Sourcel 1.00 27.20 035 0.84
12/12/2016 3I06PGE-Source? 0.83 5.64 0.62 0.33
12/12/2016 3I06PGE-Source3 4.20 15.18 132 0.28
12{15/2016 306PGE-Discharge 013 11.90 121 0.02
12/15/2016 I06PGE-MidPoint 017 19.80 087 0.26
12/15/2016 ID6PGE-Source? 0.10 12.00 121 0.02
12/19/201& 306PGE-Discharge 0.10 12.40 0.63 0.22
12/19/2016 3ID6PGE-Source? 018 12.40 0.66 0.23
1/17/2017 306PGE-Source 1 0.59 40.08 0.14 091
1/17/2017 I06PGE-Source 3 053 36.90 0.14 0.80
1/19/2017 306PGE-Mid Point 023 27.75 035 0.59
1/19/2017 I06PGE-Source 1 0.37 10.56 0.17 0.81
1/19/2017 I06PGE-Source 3 023 5.74 0.16 0.70
1/23/2017 I0D6PGE-Discharge 031 212 012 0.52
1/23/2017 306PGE-Mid Point 0.26 235 0.12 0.62
1/23/2017 I06PGE-Source 1 0.33 5.00 0.14 1.00
1/23/2017 I06PGE-Source 2 0.24 2.10 0.12 0.50
1/23/2017 I06PGE-Source 3 013 468 0.14 0.98
1/26/2017 306PGE-Discharge 0.35 2.05 0.15 0.79
1/26/2017 306PGE-Mid Point 021 417 0.15 0.77
1/26/2017 I06PGE-Source 1 0.40 32.40 011 0.95
1/26/2017 I06PGE-Source 2 018 2.05 0.15 0.77
1/26/2017 I06PGE-Source 3 0.52 26.64 0.12 0.93
1/30/2017 306PGE-Discharge 017 19.17 023 0.40




Table A5} Al

1 :@ dbAng@asurements for PG&E Treatment Wetland .
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