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Table 1 provides the MPEP GCC responses to the comments provided by the Regional Water Board.

Table 1. Response to comments from Central Valley Regional Water Quality Control Board received on June 17, 2016.

No. Original Section Original | Comment MPEP GCC Response
Page

1. - - Please include an Executive Summary that An Executive Summary is added.
presents the overall approach and steps
that will be taken to achieve the MPEP
objectives.

2. Technical 7 Please identify the Technical Coordinators A Request for Qualifications is being sent for Field

Coordinators who will oversee the development of the Coordinators (updated term from Technical
Study Plans. Coordinators) and Consultants to implement
studies. This is further detailed under Crop
Specific Field Coordinators and Consultants.
3. MPEP Study Design 8 The Work Plan states that several of the Language has been added to provide clarification
Conceptual phases will be completed concurrently. of the overlapping phases. A timeline to illustrate
Approach However, the Work Plan also states that the | phase start and end dates (Figure 3) is also
literature review will inform the special included.
study selection and design process.
The clarification is provided in the MPEP Work
Please clarify how the phases will occur and | Plan including deliverables from each phase and
what information will be gained from each the degree of interdependence among phases.
phase that will support the subsequent
phases. Is each phase independent or how
will key information from each phase be
used moving forward?

4. Phase 1 8 Please identify all of the literature and An initial review has been included in Appendix A.
studies that will be reviewed to prepare the | the review is ongoing and will be completed by
management practice compilation as a November 1, 2016. It is not possible to identify
bibliography appendix. all of the literature because the search for

relevant literature is in progress.

5. Phase 1 8 Please identify where the literature review | The MPEP GCC will develop an annotated list of

results and compilation of practices will be
reported.

studies and management practices that are
identified during the literature review. In




No. Original Section Original | Comment MPEP GCC Response
Page

addition to the annotated list, the MPEP GCC wiill
provide a short report with an evaluation of the
efficacy of the management practices. The
report and annotated list will be provided to each
Coalition and the Regional Water Board so it can
be shared with growers.

6. Phase 1 8 Please clarify if the results of the literature A short report with an evaluation of the
review will be used to select the management practices is now included as a
management practices for the special deliverable for Phase | (see No. 5 above). The
studies or what compilation of practices will | information obtained through the initial
be used for (e.g., early implementation, literature review will be used to identify practices
recommendations to growers). that can be communicated to growers as

protective of groundwater. The initial review will
allow the Coalitions to provide information
immediately to their members, speed the
adoption of additional practices if needed, and
result in improved groundwater quality. The
method(s) by which adoption of practices and
improvement in grower performance is
measured and tracked is a focus of each
Coalition’s Groundwater Quality Management
Plan.

7. Phase 2 9 Please include a map of the Coalitions that Map included.
are included in the MPEP group and the
high vulnerability areas in each Coalition
region.

8. Phase 2 10 Please identify the constituents to be A section has been added to the Work Plan,
assessed. Is nitrogen the only constituent Constituent of Concern. Nitrate is the only COC
that will be considered in the MPEP? in the MPEP.

9. Phase 2 15 Please include a map of the soil types The SSURGO soils maps contain a very large

present in the MPEP group region.

amount of information and a large number of soil
types. It is not clear what specific “soil types” are

Management Practice Evaluation Program Group Coordination Committee Work Plan
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No. Original Section Original | Comment MPEP GCC Response
Page
being requested and why. When a study site is
selected, soil types will be identified in the study
plan.

10. Phase 2 9 Please include a map of the 12 study areas
that will be included in the MPEP. Specific The 12 study areas have not been identified.
farms need not be identified, but the Each study area will be identified in each
general locations of the studies should be individual study plan. Maps of their location will
shown, particularly for the first series of be provided with the study plans. However, it is
studies. anticipated that study sites will be located in soil

series that are in high vulnerability areas.

11. Phase 2 11 Please identify the 12 combinations of soil The 12 combinations have not been identified.
type, crop, irrigation method, and fertilizer | Each suite of management practices will be
application that will be included as MPEP identified in each individual study plan but
special studies. generally can be described as following the 4Rs

for nitrogen applications and efficient irrigation
practices currently used by growers. This can
vary between each crop and soil type of the
planting. Additional combinations of
management practices will be identified and
incorporated into the modeling conducted in
Phase Il

12. Phase 2 12 Please identify the management practices Please see response to Comment No. 11.
that the MPEP GCC has assumed to be most
protective of groundwater that will be the
initial focus of the MPEP special studies.

13. Phase 2 14 Please include the prioritized list of crops The crops are identified in Table 4 and include
and management practices to be studied almonds, walnuts, processing tomatoes,
that the MPEP GCC has established. premium wine grapes, and silage corn.

14. Phase 2 16 Please state what groundwater monitoring | Groundwater monitoring is expected to be

will be conducted during the special studies.

conducted during some of the MPEP field studies.

Management Practice Evaluation Program Group Coordination Committee Work Plan
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No. Original Section Original | Comment MPEP GCC Response
Page

Does the GCC plan to install any monitoring | The MPEP GCC currently is reviewing potential

wells? study locations and determining if suitable wells
are present. The MPEP GCC will monitor
groundwater when monitoring is expected to
provide data that can be used to evaluate the
efficacy of management practices.

15. Phase 4 17 Please provide a brief overview of how each | The delay in identifying the model to be used is a
of the landscape-scale modeling tools work | result of the current discussions about
(e.g., inputs, outputs, uncertainty) and the collaboration between the north and south MPEP
pros and cons of each. groups. A meeting of the representatives of the

two groups is scheduled on August 11 to discuss
this issue. If cooperation between the two
groups involves sharing of modeling
responsibilities, the northern MPEP group will
use the model selected by the southern MPEP
group; SWAT. If the two groups determine that
cooperation is not possible, the northern MPEP
group will move forward with the landscape
model selection process.

16. Phase 4 17 Please provide the decision-making criteria | See response to No. 15 above.
that will be used to determine which
landscape-scale modeling tool will be used.

17. Reporting 18 Please clarify if one comprehensive MPEP One report will be prepared for all MPEP
Annual Report will be prepared for Coalitions and submitted in each participating
submission by all of the Coalition’s, or if the | Coalition’s Annual Report.
study regions will be separated out into
different Coalition-specific reports based on
study location.

18. Outreach 18 Please present a universal process that the | There is now a section in the MPEP Work Plan

Coalitions will use to conclude the MPEP
effort. It is unclear how the outcome of
each of the 4 phases will come together to

titled “Conclusion of MPEP activities” that
explains the process the GCC will use to assess
whether the MPEP studies and modeling are

Management Practice Evaluation Program Group Coordination Committee Work Plan
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No. Original Section Original | Comment MPEP GCC Response
Page
achieve greater protection of groundwater. | completed.

19. Outreach 18 Please indicate what the outcome will be Each Coalition has its own outreach program that
for the results of the MPEP. Will a website can consist of mailings, annual reports, websites,
or pamphlet, etc., be produced to tell and special publications to members. MPEP
growers which management practices are Annual Reports will be produced by the MPEP
effective based on site conditions and crop | GCC and it will be the responsibility of each
type? Coalition to provide the necessary outreach. The

description of that outreach may be provided in
the Groundwater Quality Management Plan, but
that is at the discretion of each member
Coalition.

20. Timeline 19 Please use actual dates in the timeline Dates now included as well as a graphic of the
versus the month count, so it is clear when timeline.
the milestones will be achieved and
progress reports can be expected.

21. Timeline 19 Please describe the rank and priority of the | The GCCis evaluating the management practices

studies in the master schedule for the MPEP
work.

associated with the high priority crops as well as
the availability of appropriate study locations. A
description of the process for identifying the
upcoming studies is included in the MPEP Work
Plan. The Coalition will develop the first study
plans by November 30, 2016 and then identify
the next two study plans to be developed in
subsequent months. This allows the MPEP GCC
and the Regional Water Board to discuss the next
set of studies to be performed without delaying
the initiation of the field studies.

Management Practice Evaluation Program Group Coordination Committee Work Plan
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Executive Summary

The Central Valley Regional Water Quality Control Board (Regional Water Board) requires that third-
party groups conduct a Management Practices Evaluation Program (MPEP). The goal of the MPEP is to
identify whether existing site-specific and/or commodity-specific agricultural management practices are
protective of groundwater quality. Five Central Valley third-party groups formed the MPEP Group
Coordination Committee (MPEP GCC) to jointly conduct MPEP studies in the Central Valley. The
participating coalitions include the East San Joaquin Water Quality Coalition, Sacramento Valley Water
Quality Coalition, San Joaquin County and Delta Water Quality Coalition, Westlands Water Quality
Coalition, and the Westside San Joaquin River Watershed Coalition.

The MPEP organization includes the MPEP Group Coordination Committee (MPEP GCC), a Technical
Advisory Committee, an Administrative Coordinator, two Field Coordinators, and contractors
responsible for completing the studies. The MPEP GCC includes the Executive Directors of each
Coalition, a grower/member of each Coalition’s Board of Directors, and an alternate for each member of
the respective Board of Directors. The role of the MPEP GCC is to approve field study plans and
modeling efforts, and allocate funds for the work. A Technical Advisory Committee (TAC) was formed to
provide the expertise from multiple disciplines that the range of crops and studies is expected to
demand. These technical experts are drawn from California Department of Food and Agriculture,
University of California faculty, University of California Cooperative Extension, the International Plant
Nutrition Institute, consulting companies, and commodity groups.

The goal of the MPEP program is to determine which management practices are protective of
groundwater. The primary constituent of concern for the MPEP studies is nitrate. Specifically, the
objectives of the MPEP stated in each of the Coalition’s Orders are:

1) Identify whether site-specific and/or commodity-specific management practices are protective
of groundwater quality within high vulnerability areas.

2) Determine if commonly implemented management practices are improving or may result in
improving groundwater quality.

3) Develop an estimate of the effect of Member’s discharge of constituents of concern on
groundwater quality in high vulnerability areas. A mass balance and conceptual model of the
transport, storage, and degradation/chemical transformation mechanisms for the constituents
of concern or equivalent method approved by the Executive Officer, must be provided.

4) Utilize the results of evaluated management practices to determine whether practices
implemented at represented Member farms (i.e., those not specifically evaluated, but having
similar site conditions), need to be improved.

To address these four objectives, the MPEP will be implemented in four phases that overlap in time:
Phase 1, develop information about management practices already demonstrated to be protective of
groundwater in some agricultural settings (Objective 1); Phase 2, initiate field studies on the amount of
N moving past the root zone under different management practices (Objective 1); Phase 3, modeling of
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leaching on N past the root zone on the field scale (Objectives 2, 3, and 4); and Phase 4, estimate the
amount of N leaching at a larger scale (Objectives 2 and 4).

During Phase |, the MPEP GCC will develop an annotated list of studies and management practices that
are identified as being protective of groundwater. Field studies carried out during Phase Il will be
conducted across all of the GCC member Coalition regions. Each MPEP field study will require a detailed
study plan that will be provided to the Regional Water Board prior to the initiation of the study. In each
study plan, the location of each study will be provided along with the details of the study design such as
plot size, equipment used to sample for nitrate, and frequency of sampling. All samples will be collected
and processed according to the MPEP Quality Assurance Project Plan (QAPP) submitted in June 2016.

The field studies conducted during Phase Il will focus on vadose zone process. Groundwater will be
monitored in studies where monitoring is expected to result in meaningful information, i.e. shallow
groundwater with a short transit time from the surface to first encountered groundwater. In Phase lll,
modeling will be used to address two of the objectives of the MPEP program; (Objective 2) determine if
commonly implemented management practices are improving or may result in improving groundwater
quality, and (Objective 3) develop an estimate of the effect of Member’s discharge of constituents of
concern on groundwater quality in high vulnerability areas. The model that the Coalitions intend to use
is the 1-dimensional version of Hydrus which can be used to model the movement of water and solutes
in the unsaturated and saturated zones. Hydrus is one of the best tools available to investigate a large
range of management practices that may not be possible to study in the field due to time and cost
constraints. Modeling can greatly speed the evaluation of management practices as model runs can be
performed over a few weeks compared to a 2 or 3-year period needed to perform a field study.

Determining if management practices are improving or may result in an improvement in groundwater
quality (Objective 2) likely requires extension of the modeling effort to the landscape level. The MPEP
GCC is currently investigating the use of SWAT (Soil and Water Assessment Tool) as the modeling
platform for this effort. As members across a large area adopt practices that are more protective of
groundwater than what they currently use, there is the anticipation that groundwater quality will
improve. The landscape model will be used to determine how much improvement can be expected
given the range of practices that could be adopted.

Regulatory Background

In accordance with the terms of the General Order, and to assist its members, third parties are required
to prepare a Groundwater Quality Management Plan (GQMP) for nitrates, under certain conditions. In
general, a GQMP is required to employ a strategy of implementation that includes actions for meeting
stated goals and objectives, which includes seeking compliance with receiving water limitations,
educating members and identifying, validating and implementing management practices. It must also
include a monitoring system that is designed to measure the effectiveness of the actions outlined in the
GQMP. This monitoring system can be part of the GQMP or can be embedded in the Groundwater
Trend Monitoring Program, another required element of the General Orders.
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Nitrate in groundwater is of particular concern for agricultural operations because the act of farming
necessarily requires nutrients in the soil to be replenished, and nitrogen in organic and synthetic
fertilizers can transform to nitrate and leach to groundwater. The presence of nitrates in groundwater
at levels that meet or exceed the drinking water standard of 10 mg/L as N, when the groundwater is
used for domestic and municipal drinking water purposes, can have adverse impacts on public health. It
is unknown at this time if commonly used management practices can help completely prevent, or
minimize, nitrogen in organic and synthetic fertilizers from transforming to nitrates that then reach the
groundwater.

Because of this unknown, and because it is necessary for the Regional Water Board to determine if
commonly used management practices are effective in protecting groundwater quality from reaching
unhealthy concentrations of nitrates, the Orders require the ESJIWQC (and all other third-parties) to
implement a Management Practices Evaluation Program (MPEP). The stated objectives of the MPEP are
to:

e Identify whether site-specific and/or commodity specific management practices are protective
of groundwater quality within high vulnerability groundwater areas,

e Determine if newly implemented management practices are improving or may result in
improving groundwater quality,

e Develop an estimate of the effect of the Members’ discharges of constituents of concern on
groundwater quality in high vulnerability areas. A mass balance and conceptual model of the
transport, storage, and degradation/chemical transformation mechanisms for the constituents
of concern, or equivalent method approved by the Executive Officer, must be provided.

o  Utilize the results of evaluated management practices to determine whether practices
implemented at represented Member farms (i.e., those not specifically evaluated, but having
similar site conditions), need to be improved.

Upon completion of the MPEP, and the Management Practices Evaluation Report, third parties are
required to update and/or amend its GQMP to incorporate the findings from the MPEP. In other words,
as management practices are found to be effective (or not) in preventing or minimizing the leaching of
nitrates to groundwater, the GQMP should be revised to assist members in identifying appropriate
management practices. Member implementation of identified management practices should be
designed to assist members in meeting applicable groundwater receiving limits (and by extension the
General Order). To the extent the MPEP shows that current used management practices are not
effective in protecting groundwater quality, the third party in conjunction with other experts and
entities shall propose and implement new/alternative management practices.

The Orders allow third-parties to meet associated MPEP requirements by conducting such evaluations
on their own, or as a collective group of third parties. (General Order, p. 31.) The work plan provided
here represents the framework for conducting the MPEP under the group option for five of the third
parties. The participants in this MPEP include: East San Joaquin Water Quality Coalition, Sacramento
Valley Water Quality Coalition, San Joaquin County and Delta Water Quality Coalition, Westlands Water
Quality Coalition, and Westside San Joaquin River Watershed Coalition.
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Besides meeting direct requirements in the Orders, the MPEP serves to assist members and third parties
in meeting other Basin Plan requirements. In particular, the Basin Plan incorporates statewide policies.
Relevant here are the State Board’s Statement of Policy with Respect to Maintaining High Quality of
Waters in California, Resolution No. 68-16 (hereafter referred to as “Resolution 68-16" or
“Antidegradation Policy”), and Policy for Nonpoint Source Pollution (Nonpoint Source Policy). With
respect to the Antidegradation Policy, regional boards are required to maintain high quality waters (i.e.,
those waters that are better than water quality objectives) unless the regional board finds that the
degradation is consistent with the maximum benefit to the people of the state, and the discharge is
subject to waste discharge requirements that result in best practicable treatment or control (BPTC) of
the discharge, and the highest water quality consistent with maximum benefit to the people of the state
will be maintained. What constitutes BPTC is not defined in law, but the State Water Board has
identified various factors for consideration of BPTC. Such factors include comparisons of existing
methods, evaluation of performance data, and consideration of methods used by similarly situated
dischargers. (See, e.g., General Order, Attachment A, p. 34.) Results of the MPEP will be instrumental in
identifying and determining what constitutes BPTC for different crops in different areas of the Central
Valley.

Where there are not high quality waters, the State Water Board has indicated that permit limitations
should be more stringent than Basin Plan objectives if such limitations can be met using best efforts,
which are limitations expected to be achieved using reasonable control efforts. Like with determining
BPTC, the MPEP will be instrumental in identify what is considered best efforts, or reasonable control
methods, where there are not high quality waters.

The Nonpoint Source Policy identifies five key elements for programs that are designed to control
nonpoint source pollution, which includes discharges from irrigated agriculture. The MPEP, in
conjunction with the GQMP and other monitoring and reporting requirements in the Orders, ensures
compliance with at least two of the five key elements. The two most applicable key elements are the
need to describe practices to be implemented and processes being used to select and verify proper
implementation of practices (key element #2), and the need for feedback mechanisms to determine if
the program is achieving its purpose (key element #4). Notably, the Sacramento County Superior Court
recently evaluated the Central Coast Conditional Waiver, and found that it was not consistent with the
Nonpoint Source Policy largely because the Court did not believe that there was a requirement/process
within the program that verified if “implemented management practices were effectively controlling the
relevant discharge.” Unlike the Central Coast Conditional Waiver, the General Order includes the MPEP,
which fulfills this need. Moreover, the Management Practices Evaluation Report that must be submitted
upon completion of the MPEP identify what management practices are protective of groundwater
quality for a range of conditions.

In summary, the MPEP serves multi-purposes within the framework of the Orders. The work plan
provided here sets forth how the MPEP will be conducted and address the four objectives established in
the MRP. In general, the work plan establishes four phases of implementation:

e Phase 1 - Inventory effective management practices;
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e Phase 2 — Perform field studies;

e Phase 3 — Model N dynamics at the field level; and,

e Phase 4 — Extend model to landscape level. Upon completion of the first phases, an evaluation
of knowledge gained, and identification of next and/or additional steps will occur.

Moreover, as results and information from the MPEP are available, the GQMP will be modified and
members will be educated regarding appropriate management practices.

Introduction

The Central Valley Regional Water Quality Control Board (Regional Water Board) requires that third-
party groups conduct a Management Practices Evaluation Program (MPEP). The goal of the MPEP is to
identify whether existing site-specific and/or commodity-specific agricultural management practices are
protective of groundwater quality. Third party groups are required to initiate an MPEP in high
vulnerability groundwater areas. The initial step in the MPEP is to develop a work plan that describes
the tools and/or methods to be used to associate management practice activities on the land surface
with the effect of those activities on underlying groundwater quality. This document is the Work Plan
that provides the framework for all of the studies that will be conducted as part of this program.

The MPEP is envisioned as the vehicle for developing studies that will provide that critical information
on management practices. As management practices are identified as being protective of groundwater
quality, Coalition members in areas with similar characteristics, crops and conditions will be encouraged
to implement those types of practices. Additionally, Groundwater Quality Trend Monitoring Programs
(GTMP) implemented in each coalition region will evaluate potential changes in regional groundwater
conditions. Monitoring data collected before and during the MPEP studies through the GTMP will
inform the conclusions regarding the effect of the evaluated practices on groundwater quality.

Five Central Valley third-party groups have formed an organization, the MPEP Group Coordination
Committee (MPEP GCC) to jointly conduct MPEP studies in the Central Valley. The participating
coalitions include (Figure 1):

e East San Joaquin Water Quality Coalition,

e Sacramento Valley Water Quality Coalition,

e SanJoaquin County and Delta Water Quality Coalition,
e Westlands Water Quality Coalition, and

e Westside San Joaquin River Watershed Coalition.
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Third-Party (Coalition) Boundaries
) Gertal Valley Regianal Water Quality Gontrol
Boundary

(1) Sacramento River Watershed Order
undary®

(2) California Rice Commission™

(3) San Joaquin County and Delta Water
Quality Coalition

(4) East San Joaguin Water Quality Coalition

(5) Westside San Joaquin River Watershed
Coalition
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Figure 1. The five member Coalitions of the MPEP GCC. The California Rice Commission (number 2 in the map) is not a
member of the MPEP GCC. The Grasslands Coalition (number 6 in the map) is also not a member but is participating as part
of the Westside San Joaquin River Water Quality Coalition.

Sl 2

A letter was sent to the Regional Water Board on September 23, 2014 describing the MPEP GCC
organization, members, participating individuals, and memorandum of agreement (Westlands Water
Quality Coalition and Sacramento Valley Water Quality Coalition were added to the MPEP GCC after the
letter was submitted). A letter of approval for that approach was received on June 25, 2015.

Within six years of the implementation of the MPEP, the MPEP GCC will submit a Management Practice
Evaluation Report (MPER), describing management practices that are protective of groundwater quality
for the range of conditions found at farms covered by MPEP studies or modeling. Information from the
report will be used by the Regional Water Board staff and third-party members to identify the types of
management practices that should be implemented in certain areas based on site-specific conditions.
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Coalition MPEP Process - Administration and Technical
The MPEP process for developing individual MPEP studies is provided in Figure 2 below.

Coordinating
Commmittee

/
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California Department of Food and
Agriculture
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Design

University of California Researchers

Regional Board
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Figure 2. Process for study design implementation. Currently two Field coordinators are planned although the GCC may
contract with a single Field Coordinator.

Field Studies
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The MPEP organization includes the MPEP GCC, a Technical Advisory Committee, an Administrative
Coordinator, two Field Coordinators, and contractors responsible for completing the studies. The role of
each entity is described below.

MPEP Group Coordination Committee

The MPEP GCC is made up of representatives from five Central Valley water quality coalitions. These
coalitions cover more than 5 million acres of irrigated cropland. On May 1, 2014, a Memorandum of
Agreement (MOA) was established among the East San Joaquin River Watershed Coalition (ESJWQC),
the San Joaquin County Resources Conservation District on behalf of the San Joaquin County and Delta
Water Quality Coalition (SJCDWQC), and the San Joaquin Valley Drainage Authority on behalf of the
Westside San Joaquin River Watershed Coalition (WSJRWC). The MOA provides supplemental
information to the Coordination Agreement for the Management Practices Evaluation Group Option
(effective 5/1/2014) and additional detail about the operation of the MPEP GCC. The MOA was later
signed by the Sacramento Valley Water Quality Coalition (SYWQC) and the Westlands Water Quality
Coalition (WWQC). The role of the MPEP GCC is to direct the development, preparation, and
implementation of the MPEP Group Work Plan and reporting.

The MPEP GCC includes the Executive Directors of each Coalition, a grower/member of each Coalition’s
Board of Directors, and an alternate for each member of the respective Board of Directors (Table 1).
Parry Klassen (ESJWQC) serves as Chair and Joe McGahan (WSJRWC) is the Vice Chair.

Table 2. MPEP GCC members. The Chair and Vice Chair are also voting members of the MPEP GCC.

Name Coalition MPEP GCC Responsibility
Parry Klassen ESIwQC Chair MPEP GCC
Bill Brush ESIwQC Voting Member
Alan Reynolds ESIwQC Alternate
Michael Wackman SICDWQC Voting Member
John Herrick SICDWQC Voting Member
Diego Olagaray sicbwQc Alternate
Joe McGahan WSJRWC Vice Chair, MPEP GCC
Dan Roberts WSJRWC Voting Member
David Cory WSJRWC Alternate
Bruce Houdesheldt svwQcC Voting Member
Lester Messina svwQcC Voting Member
Kelly Huff svwQcC Alternate
Charlotte Gallock wwaQcC Voting Member
Jose Gutierrez wwaQcC Voting Member
Russ Freeman wwQcC Alternate

The MPEP GCC will approve studies and modeling, and allocate funds for the individual studies. The
MPEP GCC has contracted with CURES (Coalition for Urban Rural Environmental Stewardship) to be the
Administrative Coordinator to manage the projects and guarantee that work is progressing in a timely
manner, and the contractors are within budget. The MPEP GCC has worked with the Technical Advisory
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Committee (see below) to develop the MPEP Work Plan; the MPEP Work Plan will guide the
development of individual Study Plans. The Study Plans provide the detail about the individual MPEP
studies that will be performed by the contractors.

The MPEP GCC will contract with Field Coordinators who will oversee the development of the individual
MPEP Study Plans and manage the studies as they are conducted. Nitrogen use is sufficiently different
between annual crops and perennial crops that a single expert may not be able to provide the level of
expertise that is necessary to develop an acceptable study plan for the specific crops in those categories.
However, the decision as to contract with one or two Field Coordinators will be made when
qualifications are reviewed.

Technical Advisory Committee

A Technical Advisory Committee (TAC) was formed to provide the expertise from multiple disciplines
that the range of crops and studies is expected to demand. The TAC has met with the MPEP GCC
multiple times to receive input on the development of the Work Plan. The TAC will work with the MPEP
GCC to develop the individual MPEP Study Plans. These technical experts are drawn from California
Department of Food and Agriculture, University of California faculty, University of California Cooperative
Extension, the International Plant Nutrition Institute, consulting companies, and commodity groups.

The TAC is made up of the following individuals:

e Dr. Patrick Brown, UC Davis Department of Plant Sciences

e Dan Munk, UCCE Farm Advisor

e Allan Fulton, UCCE Irrigation and Water Resources Advisor

e Dr. Doug Parker, Director, California Institute for Water Resources, UC Division of Agriculture
and Natural Resources

e Dr. Rob Mikkelsen, International Plant Nutrition Institute

e Dr. Tim Hartz, UCCE Vegetable Crops Specialist, Department of Vegetable Crops

e Dr. Lowell Zelinski, Precision Ag Consulting

e Dr. Gabriele Ludwig, Almond Board of California

e Charles Rivara, California Tomato Research Institute

e Mark Cady, CA Department of Food and Agriculture

e Dr. Barzin Moradi, CA Department of Food and Agriculture

e Vicki Kretsinger Grabert, Luhdorff and Scalmanini Consulting Engineers

All study designs will be reviewed by the TAC and modified as necessary in response to comments. Once
the design described in the Study Plan is approved by the TAC, it will be submitted to the Regional Water
Board for review.

Administrative Coordinator

The MPEP GCC has contracted with the Coalition for Urban Rural Environmental Stewardship (CURES) to
serve as MPEP Administrative Coordinator. CURES is performing the administrative functions for the
program such as managing funding development, creating Scope of Work documents, managing the
selection process for the Field Coordinators, working with the Field Coordinators to select contractors
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for individual studies, working with contractors to develop budgets and contracts, and tracking study
progress.

Technical Consultant and Crop Specific Grower Liaison

The MPEP GCC is releasing a Request for Qualifications (RFQ) for Consultant(s) to act as Technical
Coordinator and Grower Liaisons who will work together with the MPEP GCC to develop and implement
study designs. To allow for flexibility, the MPEP GCC is requesting Statement of Qualifications (SOQs) for
both the Technical Consultant and Field Liaison and the MPEP Consultant which should include the
following minimum qualifications:

MPEP Technical Consultant

Role: Develop the crop specific Study Plan in collaboration with the Grower Liaison, MPEP TAC and
MPEP GCC. Once the Study Plan is approved, the MPEP Technical Consultant will implement the Study
Plan including the collection and analysis of samples according to the MPEP QAPP, analysis of results,
graphical and tabular representation of data, study implementation progress reports and final study
design write up.

Grower Liaison

Role: Assist with Study Plan development and works closely with the cooperating grower and the
grower’s agronomist or Certified Crop Advisor (CCA) to ensure that the study plan implementation is
coordinated with existing growing practices and field activities of the grower cooperator. The Grower
Liaison will assist the MPEP Technical Consultant in documenting fertilizer and irrigation applications
and acts a liaison between the MPEP Technical Consultant who is implementing the study design and
the grower.

When the MPEP GCC contracts with the Technical Consultant and Grower Liaison for crop specific study
designs, the MPEP GCC will provide the Regional Water Board with their names and qualifications.

Regional Water Board Review

Prior to initiating any field studies, the location of the study (including but not limited to hydrogeologic
setting, relevance to high vulnerability areas, etc.), crop(s) involved, management practice(s) evaluated,
and final study design will be provided to the Regional Water Board for comment. After Regional Water
Board comments are received, the final design will be revised as necessary and provided to the MPEP
GCC for final approval and funding. Studies will be conducted in high vulnerability areas or areas that
have been proposed as high vulnerability but not yet approved by the Regional Water Board.

Timeline - Contracting and Study Plan Development

The MPEP Grower Liaisons and Technical Consultant contracted to develop the individual study plans
should be identified and under contract by mid-August. At that time, they will initiate the development
of the first study plans. The Field Coordinators and Contractors will work with the MPEP GCC to identify
the initial crops (currently proposed to be almonds or walnuts, grapes, tomatoes or corn), management
practices, locations, and cooperators for the studies. The first study plans will be developed by
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November 30, 2016 and provided to the Regional Water Board for review. The initial studies will be
initiated as soon as the study plans are approved.

MPEP Study Design - Conceptual Approach

The objectives of the MPEP program are to determine if management practices implemented by
members are protective of groundwater (Order R5-2012-0116-R2, Attachment B, Section IV.B). The
primary constituent of concern for the MPEP studies is nitrate.

Specifically, the objectives of the MPEP stated in each of the Coalition’s Orders are:

1) Identify whether site-specific and/or commodity-specific management practices are protective
of groundwater quality within high vulnerability areas.

2) Determine if commonly implemented management practices are improving or may result in
improving groundwater quality.

3) Develop an estimate of the effect of Member’s discharge of constituents of concern on
groundwater quality in high vulnerability areas. A mass balance and conceptual model of the
transport, storage, and degradation/chemical transformation mechanisms for the constituents
of concern or equivalent method approved by the Executive Officer, must be provided.

4) Utilize the results of evaluated management practices to determine whether practices
implemented at represented Member farms (i.e., those not specifically evaluated, but having
similar site conditions), need to be improved.

To address these four objectives, the MPEP will be implemented in four phases that overlap in time:
Phase 1, develop information about management practices already demonstrated to be protective of
groundwater in some agricultural settings (Objective 1); Phase 2, initiate field studies on the amount of
N moving past the root zone under different management practices (Objective 1); Phase 3, modeling of
leaching on N past the root zone on the field scale (Objectives 2, 3, and 4); and Phase 4, estimate the
amount of N leaching at a larger scale (Objectives 2 and 4).

Constituent of Concern

Nitrate is the COC in the MPEP. It is the single constituent listed by all five Coalitions in their
Groundwater Assessment Reports as a COC. Although detections of pesticides occur in wells in all
Coalition regions, the concentrations are low relative to MCLs and many are legacy pesticides that are
not applied currently. Consequently, studying management practices to prevent leaching of legacy
pesticides is nonsensical. For the current use pesticides that have been detected in groundwater, the
detections are sufficiently isolated that these chemicals do not rise to the level needed to trigger field
studies or modeling.

MPEP Deliverables

The MPEP will generate numerous deliverables during its existence which are summarized in Table 3
below. The specific deliverables from each of the four phases are discussed in the descriptions of each
phases below (also summarized in Table 3 below). The MPEP GCC general deliverables include Annual
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Reports to the MPEP GCC Coalitions and the Regional Water Board, and the Final MPEP Report at the
six-year deadline. These are described below.

Table 3. List of deliverables.

Deliverable to the Regional Board Deliverable Date

Literature Review November 1, 2016 MPEP GCC

Joint MPEP Annual Progress Report May' 2016, annually MPEP GCC

MPEP Field Studies Final Reports Upon completion of each MPEP GCC
study

Management Practice Evaluation Report May 2023, every 6 years MPEP GCC

"The Westside Coalition will submit their reports in their November semi-annual report.

MPEP Annual Progress Report

Each year, the MPEP GCC will provide an annual report to each of the member organizations and the
Regional Water Board based on study progress reports provided by the MPEP Contractors. This report
will outline progress to date and the planned activities for the upcoming year including studies that will
be completed, new studies to be initiated, and an update of the work documenting the efficacy of
management practices in preventing the leaching of nitrate to groundwater. Specific information in the
MPEP Annual Progress Report will include:

e All data (including analytical reports)

e Tabulated summary of data collected to the date of the report

e Summary of activities conducted under the MPEP

e The number and location of monitoring wells relative to each other (if applicable) and other
types of monitoring devices

e Evaluation of the impact on groundwater by activities at the farm operation being monitored

e An assessment of whether the specific phases are on schedule

The MPEP Annual Progress Report will be provided to each MPEP Coalition in time to allow them to
insert the report in their own Annual Report by reference or in its entirety.

The MPEP is undertaking an endeavor never before done by either the University or private industry in
California, other states in the U.S. or Europe. To be sure, it will be an iterative, evolving process.
Because there is still so much to learn about practices that can prevent leaching of nitrate to
groundwater under the various cropping systems found in the MPEP GCC Coalition region, new
knowledge will be generated every year with each field study and each modeling run. Consequently, at
this point it is not clear what is the most appropriate study or modeling effort to conduct during the life
of the MPEP. As each study and each modeling run are completed, it is expected that the MPEP GCC will
better understand which crops, practices, and climatic conditions will be appropriate for the next study.
As described below, it is not possible to conduct field studies on all combinations of soils, crops, fertilizer
and irrigation management practices that are the focus of the MPEP. And, it is not possible at this time
to select the subset of combinations (see Table 4 below) for inclusion in field studies that will allow the
MPEP GCC to optimize limited resources and also provide the most and best information to its members
on protective practices. For some combinations of management practices, the literature review may
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lead to the conclusion that it is not necessary to perform field studies to further document that they are
protective of groundwater.

In each year’s Annual Progress Report, the MPEP GCC will provide to its member Coalitions and the
Regional Water Board the planned activities in the upcoming year for each of the phases described
below. It will also include the anticipated activities in the following year for each of the phases to allow
the member Coalitions and the Regional Water Board to evaluate their options and discuss the progress
of the MPEP. The set of anticipated activities for the next year provides all parties with an opportunity
to discuss and modify the field studies or the focus of modeling runs without delaying the current year’s
activities. The MPEP Annual Progress Report will be provided to the MPEP GCC by April 25" of each year
to be included in the Coalition’s Annual Report (or Semi-Annual Reports of the Westside San Joaquin
River Water Quality Coalition) to be submitted to the Regional Water Board by May 1 of each year. The
Westside San Joaquin River Watershed Coalition will submit its report in November of each year.

MPEP GCC Final Report - Management Practice Evaluation Report

After the first six years of the MPEP, the GCC will provide an evaluation of the knowledge gained and
determine the next steps that need to be accomplished to meet the objectives outlined above. Included
in the Management Practice Evaluation Report will be:

e List of management practices evaluated through field studies or modeling in the MPEP that are
protective of groundwater. The evaluation will include a discussion of the range of conditions
under which a determination of protective can be made. The assessment of the range of
conditions will be accompanied by the degree of certainty of the assessment.

e Evaluation of the conditions under which each management practice evaluated by the MPEP
GCC is considered protective of groundwater.

e Discussion of where in the MPEP GCC Coalition region each of the management practices can be
recommended to growers as protective of groundwater.

e Technical justification for all evaluations and conclusions.

Although the evaluation of management practices is not required until the end of six years (May 2023),
several field studies and numerous modeling studies will be completed prior to the issuance of the
Management Practice Evaluation Report. The results of the studies and modeling runs will be shared in
each MPEP Annual Progress Report (to be submitted to the Regional Water Board as a component of
each Coalition’s Annual Report) and, if appropriate, the information will be provided to members of
each MPEP GCC Coalition. Information transmitted to coalition members may be an assessment of the
degree to which the evaluated practice(s) are protective and the conditions under which the conclusions
are valid. Each Coalition may conduct their outreach and education to their members differently but
will keep their members informed and updated on MPEP activities in relation to GQTMP results and
NMP Summary Analysis results as they become available.

Conclusion of MPEP activities
The MPEP GCC intends to evaluate whether a combination of irrigation and fertilizer application
practices are protective of groundwater on a selected number of crops. Although the number of crops is
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limited, the evaluation is to be conducted on the top five crops in the in high vulnerability areas of the
Coalitions which includes 90% of the irrigated acreage in the HVAs of the MPEP GCC Coalitions.
However, there are more than 100 additional crops grown in HVAs and an additional 50 — 100 crops
grown across the entirety of the MPEP GCC region. It is not possible to perform field studies on these
minor acreage crops. There is neither adequate time nor sufficient funding to evaluate all practices
across all crops and all soils by either field studies or modeling. The two key questions are:

1. When will the MPEP GCC Work Plan be complete?
2. How can the Coalitions recommend protective practices to members who grow minor crops that
are not studied under the MPEP?

Conclusion of field studies and field-specific modeling

The MPEP GCC will cease field studies and modeling when management practices protective of
groundwater can be encouraged for implementation on 90% of the HVA acreage across the entire
region covered by the MPEP GCC Coalitions. The management practices can be identified through field
studies, modeling, or existing literature. Technical justification and the level of certainty accompanying
the justification will be available to support the endorsements and can be provided to members if they
request it. Because the conclusions and technical justification will have been provided to the Regional
Water Board in each year’s Annual Report, no additional discussion will be necessary before the
practices are presented to growers as effective in protecting groundwater. The MPEP GCC does not
believe that is possible to specify a time period to accomplish the completion of the field studies and
modeling. As field and modeling studies are completed, the MPEP GCC and the Regional Water Board
will develop a better understanding of when the Work Plan will be completed.

Remaining 10% of irrigated acreage

The studies and modeling involve a variety of irrigation practices, fertilizer application approaches, and
soils that are common across all of the Coalition’s HVAs. The results of the studies depend to some
extent on the specific crop, the pattern and density of roots in the root zone, the depth of the root zone,
the crop nitrogen demand, and ET.. However, there will be sufficient similarities between those crops
studied and modeled during the MPEP process and the minor crops grown across the Coalition’s region
to allow the MPEP GCC to encourage the adoption of specific management practices for those minor
crops. Prior to the endorsement of the management practices, the MPEP GCC will engage the field
coordinators and the MPEP TAC to assist the MPEP GCC in establishing the similarities between the
crops studied and the other crops in the MPEP GCC Coalition region. If necessary, Hydrus modeling will
be used to confirm the applicability of the results of the original MPEP studies to the remaining crops.
Once these similarities are established, the MPEP GCC will encourage the implementation of
management practices by growers of minor crops.

The discussion of each phase of the MPEP process is provided below.

Phase I - Inventory of effective management practices
There are two purposes for conducting an inventory of management practices by reviewing the relevant
literature. First, if reliable information is available to conclude that a practice(s) is effective in
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preventing leaching of nitrogen under a specific set of conditions, that information can be provided to
growers immediately. The extent of existing implementation of that practice can also be documented.
Second, the information known about the ability of various management practices to protect
groundwater quality will help guide the development of the latter MPEP studies and the modeling.

There have been a large number of studies on nitrogen use efficiency (NUE defined as the amount of
nitrogen used by the crop relative to the amount applied) in a variety of crops. A majority of these
studies have been performed to guide the development of fertilizer application rates. For example, the
CDFA FREP has developed a website that provides fertilization guidelines for 17 crops based on NUE
studies. What is unclear from the large majority of these studies is the eventual fate of nitrogen
fertilizer that is not utilized by the crop. There are several potential losses of nitrogen including leaching
to groundwater, direct volatilization, and denitrification. Although the NUE of a crop may be known,
very little is known about the amount of nitrate leaching to groundwater.

Some studies have been performed that evaluate the efficacy of management practices specifically with
respect to the amount of nitrogen leaching through the vadose zone to groundwater. For example,
Baram et al. (2016) measured the amount of nitrate leaching past the root zone in pistachio and almond
orchards under three sets of management practices (see Figure 3 below). However, this type of study is
uncommon in the published literature.

The MPEP GCC has already initiated the compilation of practices that have been demonstrated to be
effective, or have the potential to reduce the amount of nitrogen leaching to groundwater. This review
of the literature will be complete by November 1, 2016. The practices identified during the literature
review may not be possible to extend to every field as not all practices are equally effective in all
locations, soil types, or crops. Consequently, the evaluation of practices will consist of the list of
management practices, the state of the knowledge about their effectiveness in reducing leaching,
caveats (e.g. not effective on sandy or clay soils), and degree of uncertainty about their efficiency in
preventing leaching of nitrate. As the MPEP continues over time and the results of new studies are
published, the MPEP GCC will augment the list of effective practices obtained through periodic literature
reviews.

The information obtained during the review of management practices and their potential to reduce
leaching of nitrate provides the foundation for the later field studies and, more importantly, the
modeling. Because time and the amount of funding available are extremely limited relative to the
potential number of management practices that can be evaluated, modeling is expected to be the
method by which the effectiveness of practices under conditions found in the MPEP GCC region is
validated. Many of the practices identified to date have been studied in locations outside the Central
Valley of California. Consequently, it is not clear if their efficacy in reducing leaching of nitrate below
the root zone is similar under the soil and climatic conditions found in the MPEP region. The MPEP GCC
believes that it may not be justified to use these practices in full field studies, but may collect limited
field data and use modeling to verify that the practice(s) is effective in reducing leaching. However, the
MPEP GCC may believe that a full field study is justified based on the data presented in the literature.

The practices and relevant information will be obtained from the published literature, and gray
literature (e.g. university extension bulletins or farm trade publications). The first review will be of the
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studies on nitrogen use efficiency used to develop fertilization guidelines posted on the CDFA FREP
website. Dr. Daniel Geisseler, a Cooperative Extension Specialist at UC Davis, is completing the
development of other nitrogen removed coefficients that will be used to calculate the amount of
nitrogen removed at harvest for numerous crops. The literature used for that work will be reviewed for
information on management practices and their relative efficacy in preventing leaching of nitrate to
groundwater. If necessary, additional practices will be identified and information on their efficacy
accumulated by searching the peer reviewed and gray literature. Discussions with experts on the MPEP
TAC will also be used to verify the information from the literature, and complete the review.

Phase I Deliverable

The MPEP GCC will develop an annotated list of studies and management practices that are identified
during the literature review. The list will provide a suite of practices from which growers can choose to
implement on their farming operation. In addition to the annotated list, the MPEP GCC will provide a
short report with an evaluation of the efficacy of the management practices and future efforts, if any,
needed to fully evaluate the efficacy of the practices under the conditions found in the five MPEP GCC
Coalition regions. The evaluation of each study will include but is not necessarily limited to:

e Crop/commodity

e Nitrogen application information (type, timing, rate, location)

e |rrigation method, timing, and rate

e Study location

e Study year

e Study duration

e  Study conditions

e Evaluation method used in the study (e.g., modeling, soil cores, lysimeters, groundwater
monitoring)

e Conclusions

o Applicability to MPEP GCC Coalition region

An initial list of studies evaluated during the literature review and the literature sources that will be
searched for additional studies are provided in Appendix A. The full review will be available to the
Regional Water Board and will be used by the MPEP GCC member Coalitions in their outreach to
members on groundwater protection.

Phase II - Field Studies

Location/Cooperator Identification

The Coalitions in the joint MPEP program have identified the groundwater high vulnerability areas
within their boundaries (some designations are still being reviewed by the Regional Water Board). Each
Coalition’s high vulnerability areas have crops and general soil types in common which means that
studies can be coordinated and conducted at several locations in the Valley and be applicable in several
areas within the MPEP GCC region.
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The MPEP GCC has identified several locations in which the first studies could be performed. The
representatives from the five Coalitions are gathering information to determine if the locations are
suitable for study. The initial locations and crops under consideration include processing tomatoes in
the Westlands Water Quality Coalition, corn in the Sacramento Valley Water Quality Coalition, walnuts
in the East San Joaquin Water Quality Coalition, and grapes in the San Joaquin County and Delta Water
Quality Coalition region. The information being obtained to make a decision about the studies include:

e Depth to groundwater and availability of wells in the immediate vicinity of the field to sample
e Management practices used by the grower

e Irrigation system

e Soil type

e Fertilizer application timing, method, and rate (in general)

Figure 3 is a conceptual diagram of how these three factors will be evaluated when prioritizing study
designs.

Priority
Locations
Priority
Management Priority Crops
Practices

Figure 3. Conceptual diagram of the relationship between priority locations, crops and management practices that will be
evaluated when deciding on study designs to prioritize.

The MPEP GCC will provide the locations of the field studies in the first two study plans to be submitted
to the Regional Water Board by November 30, 2016. Once the location of the first two studies are
selected, the MPEP GCC will immediately start identifying the location of the second set of MPEP
studies. Although the information developed during the literature review is expected to be used as a
guide for modeling, it is possible that the information available about a specific set of management
practices may lead to a field study. For example, information from the literature review may indicate
that a particular practice is effective in reducing leaching in sandy soils. However, its performance in
clayey soils may not be well understood and modeling may not be sufficient to provide the confidence
to the MPEP GCC to encourage growers to adopt the practices. Therefore, the Coalitions may want to
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conduct a field study of the practice in a clayey soil prior to encouraging members to adopt the practice.
It is anticipated that the field studies will extend across the range of conditions in the MPEP GCC area
(Table 4). However, because of the cost of performing field studies, the Coalitions will rely heavily on
the use of modeling (see Phase Ill below) to extend the results of the field studies to the site-specific
conditions in each Coalition region. Data from the field studies will be used to parameterize the models
for the evaluation of management practices through modeling.

Table 4. Potential factors to be used to develop specific studies.

Potential stratification of MPEP

studies

Soil Type
Clay
Loam
Sand

Crops

Almonds
Walnuts

Processing tomatoes
Premium wine grapes
Silage corn

Irrigation methods

Flood
Furrow
Pressurized

Fertilizer applications
Broadcast
Side dress
Fertigation — Low Frequency
Fertigation — High Frequency
Pump & Fertilize

Conceptual Study Design

Each MPEP field study will require a detailed study plan that will be provided to the Regional Water
Board prior to the initiation of the study. In each study plan, the location of each study will be provided
along with the details of the study design such as plot size, equipment used to sample for nitrate, and
frequency of sampling. All samples will be collected and processed according to the MPEP Quality
Assurance Project Plan (QAPP) submitted in June 2016. The rationale behind the study design and the
conceptual design are provided below.

To determine if management practices are protective of groundwater, the processes that determine the
comparative availability of nitrate for leaching should be measured under site-specific conditions.
Nitrate is soluble and moves where water moves. Consequently, if water moves past the root zone and
nitrate is present in the water, that water could eventually leach the nitrate to groundwater.
Mechanisms that minimize the movement of water and nitrate past the root zone include
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reducing/eliminating excess applied water that is not captured by roots, or increasing the conversion of
the nitrate to a form of N (e.g. organic N) that is retained in the root zone (immobilization) or lost as N2
gas (denitrification). Conversely, conditions that prevent the conversion of a non-nitrate form of N to
nitrate (nitrification) also reduce the potential for leaching.

Measurements of leaching can be done using a combination of soil cores (shallow and deep), pore water
samplers, and moisture sensors to measure the mobile pool of N (pore water), total N (soil cores), and
the flux of water moving past the root zone (tensiometers and water content sensors). These methods
generate the data that can be used to compare different management practices to evaluate which is
most effective in preventing leaching of nitrate to groundwater (see example Figure 2 below, which is
Figure 7 from Baram et al. (2016)). Baram et al. (2016) made the significant conclusion that although
the amount of variability in the soil profile is significant, it is possible to successfully characterize the
amount of nitrate moving past the root zone by using the mean concentration of nitrate in suction
lysimeters and soil cores. This conclusion allows the MPEP GCC to move forward with studies at a
reasonable cost.

kg-N ha' kg-N ha'! kg-N ha'!
(Per 30 to 60 cm depth interval) (Per 30 to 60 cm depth interval) (Per 30 to 60 cm depth interval)
0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
0 .
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Fig. 7. Nitrogen quantities (Kg-Nha ') in the soil profile under the almond orchard in Madera at February 2014 (full symbols) and February 2015 (hollow symbols). All the
values were normalized to the water content and represent integration of 30-50 cm intervals. The left panel represents sampling sites under the P&F treatment, the middle
panel represents locations under the HFLC treatment and the right panel represents locations under the AGP treatment. The lithological profile at each site is presented at
the right side of each panel.

Figure 4. Comparison of the amount of N in the soil profile in fields with three different management practices. Taken from
Baram et al. (2016). P&F refers to Pump & Fertilize, HFLC is High Frequency Low N Application rates, and AGP is Advanced
Grower Practice which consists of standard N applications without counting the contribution of NO3 in irrigation water.

The MPEP studies will measure parameters that allow empirical estimates of leaching and a crude mass
balance of the nitrogen in the system. To estimate mass loading of nitrogen to groundwater, it is
necessary to measure the concentration of nitrate in the leachate, and the volume of water moving past
the root zone. Recognizing that nitrate that is not taken up by a crop is not all lost to groundwater, the
field studies may measure any of the following:

e Mobile pool of N

e Immobile pool of N
e Fluxof N

e  Flux of water

e Confirm with well monitoring the concentration of nitrate in groundwater when feasible
(shallow groundwater and permeable soils)

Measurement techniques and parameters may include any or all of the following:
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e Lysimeters for pore water and mobile fraction of nitrogen (e.g. suction, capillary lysimeters)

e Soil cores for soil texture, total N, soil moisture, carbon content

e Tensiometers for H,O flux

e Soil moisture probes for soil moisture content

e Neutron probes for H,0 flux

e Use of harvested material or permanent tissue for N removed from the field and sequestered in
woody tissue (if appropriate)

e Soil nitrogen, organic and inorganic

e Irrigation water for NO; concentration

e Manure for N concentration

The specific measurements and the methodology used in each study will be a function of the conditions
at the specific field site including the crop, soil, and irrigation practice(s). Each study will require a site-
specific study plan that will be submitted to the Regional Water Board along with any study-specific
QAPP modifications prior to initiating each study.

Management Practices

There is a wide range of management practices used by members on their farming operations. Coalition
outreach efforts to date have focused on using nitrogen fertilizer according to the “four R’s” developed
by the International Plant Nutrition Institute (IPNI); right place, right time, right rate, and right source.
This framework for practices resonates with growers making adoption of new practices a relatively
straightforward process. Consequently, outreach efforts in the future will continue to focus on the four
R’s. Superimposed on these fertilizer management practices are irrigation management practices that
are often important in preventing nitrate from being moved below the root zone. Several practices are
reasonably assumed to be more protective of groundwater in many high vulnerability areas including for
example, split applications of fertilizer timed to crop demand or consumption, accounting for nitrate in
groundwater (if used as a source of irrigation water), injecting low concentrations of liquid nitrogen
fertilizer into drip or microsprinkler irrigations at times that match important plant growth stages.

The MPEP GCC will focus initially on those practices assumed to be most protective of groundwater, i.e.
practices that reduce or prevent the movement of nitrate past the root zone. If necessary, comparisons
among practices can be made although these comparisons are difficult because of the differences
between fields that can compromise the interpretation of the results. However, in separate studies for
example, single applications of fertilizer and flood irrigation can be compared to split applications. Or,
split applications can be modeled using parameters developed using field studies. These comparisons
are potential studies in Phase Il of the MPEP. The selection of management practices involved in the
studies will be determined based in part on the literature review conducted in Phase |, and what are
considered by a particular crop industry (commercial growers, commodity group, University specialists,
agronomists working on that crop) to be the optimal practices currently used by growers to produce
that crop. The final selection will be made by the MPEP GCC. The specific practices to be evaluated in a
study will be provided to the Regional Water Board in the individual Study Plan(s).

The management practices that are proposed for evaluation may include:
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e Maximization of irrigation efficiency (e.g. use of crop ET for irrigation scheduling) where
applicable and based on the crop and conditions, low pressure micro irrigation systems or
efficient surface water management practices.

e Split/multiple nitrogen fertilizer applications throughout the growing season based on the crop
nitrogen consumption curve.

e Consideration/utilization of nitrate in irrigation water (if test site has nitrate in supply water).

e |nseason tissue/petiole testing to determine if an in season nitrogen application is necessary.

e Adjusting N rates based on expected crop yield.

e Proper P and K rates based on soil/crop needs.

e Other practices that may improve the efficiency of nitrogen applications or crop utilization of
nitrogen (crop dependent).

Study Design

A full and detailed study design will be prepared for each study conducted. The design will follow the
general design provided below. The Field Coordinators will work with the Technical Consultants to
ensure that the specific designs contain the elements discussed below and if not, ensure that there is
adequate justification for any deviation and alternative methods/samples collected to allow an
adequate evaluation of the efficacy of the target management practices.

After the general location and crop/management practice(s) for a study have been selected, individual
fields will be identified as specific sites for the study. Each field will likely be sampled in the winter
following adequate rain to saturate soils and throughout two irrigation seasons. In some locations,
winter rains occur infrequently and at least one mid-winter irrigation event on perennial crops generally
occurs. If this is the case, sampling will be conducted after the winter irrigation event(s). Sampling
protocols (i.e. frequency, timing) will be adjusted as necessary to meet the objectives of each study
which will be crop, management practice and location specific.

Samples can be collected from the soil, soil pore water, irrigation water, and crop tissue (total leaf N) as
appropriate for the specific study. The critical N pools are nitrate inputs in irrigation water, fertilizer,
and manure and/or compost (if applied by the grower cooperator). Other essential plant nutrient
elements may be measured, based upon specific conditions. Knowledge of overall crop nutrition status
can reveal correlative features with regard to nitrogen assimilation.

Groundwater monitoring wells may be utilized to evaluate impacts on groundwater. However, the use
of wells will be determined in each Study Plan and will be based on conditions such as depth to
groundwater and soil conditions. The relatively short duration of the field studies, two to three years,
does not allow for the impact of management practices to be identified when groundwater is relatively
deep. Although high vulnerability ground in the Coalition’s regions are often found in areas with high
infiltration rates and shallow groundwater, those terms are relative and it could take several years for
the water applied at the surface to reach groundwater. At the locations selected for the individual
studies, it is possible that the transit time and paths from nitrogen application to nitrate entering
groundwater would not result in useful information being obtained from groundwater monitoring.
Conversely, studies conducted in locations where applications on the surface are expected to reach
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groundwater within a single year or growing season suggests that samples collected from shallow wells
could provide useful data on the change in groundwater quality. Each study will consider the potential
for groundwater monitoring to yield useful information and a decision will be made about the
installation of monitoring wells on a case by case basis.

Information collected for each study will include as appropriate, the date and amount of irrigation water
applied, tissue N content at date of fertilization (if available), date of fertilizer application, method of
application, amount and type of fertilizer applied, amount of nitrate in irrigation water (if any), any
compost/manure applied, concentration of nitrate in soil pore water, concentration of nitrate in the soil,
organic carbon content of the soil, and soil moisture. Data on nitrogen removed at harvest, N removed
in the pruning’s that are removed from the field (in the case of perennial crops), and the incremental
incorporation of N into perennial tissues (when appropriate) will be collected (Table 5).

Table 5. Critical processes and pools of nitrogen.

Process _ Measurements ~Medium and method
Monitor Constituent NO; applied (fertilizers and Soil solution above and
(nitrate) irrigation water), concentration below the root zone
concentration of NO3 in soil, within root zone; (suction lysimeters at
in soil water concentration of NO; in leachate  selected depths)

water below the root zone.

Immobilization/Mineralization Organic carbon, NO3, NH,; TKN Soil (cores) at selected

Assessment soil, Total Nitrogen, TOC, %0.M. soil profile depths.

Nitrification/denitrification NH,, NO3, NO, Leachate (suction
lysimeter)

N removed/sequestered Organic N Tissue analysis

Phase III - Modeling of N Dynamics at the Field Level

The MPEP field studies will have a focus on vadose zone process. Groundwater will be monitored in
studies where monitoring is expected to result in meaningful information, i.e. shallow groundwater with
a short transit time from the surface to first encountered groundwater. The studies use field
measurements to estimate nitrate leaching past the root zone and nitrogen removed from the field at
harvest. Modeling will be used to address two of the objectives of the MPEP program; (Objective 2)
determine if commonly implemented management practices are improving or may result in improving
groundwater quality, and (Objective 3) develop an estimate of the effect of Member’s discharge of
constituents of concern on groundwater quality in high vulnerability areas.

Even though groundwater monitoring wells may be used to monitor groundwater quality, it is unlikely
that groundwater monitoring will yield sufficient information to successfully address Objectives 2 and 3
in a reasonable timeframe. Studies of the vadose zone similarly will not yield sufficient information to
address Objectives 2 and 3. Because the field studies are unable to generate the data needed to
address these objectives, the MPEP GCC will employ modeling to make an estimate of the discharge of
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nitrate to groundwater. Where appropriate, field studies and groundwater monitoring will be used to
validate the model results.

Once a field study is generating data, a model of processes in the vadose zone will be parameterized and
run for the field site at which the study is being conducted. The model that the Coalitions intends to use
to evaluate leaching in a single field is the 1-dimensional version of Hydrus which can be used to model
the movement of water and solutes in the unsaturated and saturated zones. The 1-dimensional aspect
indicates that movement is tracked vertically in the soil column. Hydrus 1D is used to estimate mass
flow of water past the root zone, while account for NO; transport, exchange dynamics, diffusion, and
nitrification of ammonia fertilizers, and root water uptake (passive). The model inputs include
volumetric water content at two depths measured on a time step of an hour or less, irrigation water
volume, placement and timing of water and fertilizer, fertilizer form, CIMIS weather data for the surface
boundary conditions, and FREP water and nutrient root uptake timing (assumed to be distributed evenly
around the trunk of each tree in a cylinder). Model outputs will include soil water content, nitrate
concentration and water flux and leaching below the active root zone. Model outputs will be verified
with continued soil water content monitoring as well as with access tube sampling of pore water for
nitrate analysis. An Excel file of Hydrus inputs and outputs can be provided upon request.

The Hydrus model will be calibrated for the field sites used for the field studies. Once the model is
parameterized for the study site, the parameters can be modified to reflect changes in management
practices. Hydrus contains a large number of parameters that can be adjusted to reflect changes in
management practices such as application rate of nitrate, application timing (e.g. at the middle or end of
the irrigation event), type of nitrogen applied, irrigation method, and irrigation rate. Any or all of these
factors can be changed in different model runs to evaluate their impact on the amount of nitrate
reaching groundwater. If the physics of the system are represented correctly, adjusting many of the
input parameters (management practices) requires no additional calibration (e.g. changing timing of
applications).

Hydrus is one of the best tools available to investigate a large range of management practices that may
not be possible to study in the field due to resource constraints. Modeling can greatly speed the
evaluation of management practices as model runs can be performed over a few weeks compared to a 2
or 3-year period needed to perform a field study. Demonstrating the efficacy of management practices
relative to other practices is the one of the key objectives of Hydrus modeling. Although it may not be
possible to absolutely accurately estimate the amount of nitrate leaching past the root zone, if the
relative amount of leaching under a variety of management practices can be estimated, outreach to
growers can be initiated much sooner with solid recommendations about which practices are more
protective of groundwater under the conditions modeled.

Phase IV - Landscape Level Model

Determining if management practices are improving or may result in an improvement in groundwater
quality (Objective 2) likely requires extension of the modeling effort to the landscape level. As members
across a large area adopt practices that are more protective of groundwater than what they currently
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use, there is the anticipation that groundwater quality will improve. However, it is unclear how much
improvement can be expected given the range of practices that could be adopted.

The 1D Hydrus model is the best tool to estimate the amount of nitrate reaching groundwater at a
specific location, i.e. what is the reduction in nitrate reaching groundwater under an individual field with
a change in a management practice. But, 1D Hydrus will not be able to estimate the change in
groundwater quality at the scale of the aquifer. This effort requires a model that can be applied at the
landscape scale.

The MPEP GCC is currently investigating the use of SWAT (Soil and Water Assessment Tool) as the
modeling platform for this effort. The SWAT model may be used by the southern Coalitions in their
MPEP work to link management practices implemented on the land surface with groundwater quality.
The two MPEP groups are exploring if it is possible to extend the SWAT model to the northern portions
of the Central Valley. Hydrus and SWAT share a physical model of water flow, and if this module (Green-
Ampt) in SWAT is selected for model runs, field parameters from Hydrus can be incorporated into a
larger scale SWAT model. If not, the outputs from the Hydrus model could be used to generate the
empirical parameters for SWAT’s NRCS Curve Number approach. Alternatively, it may be possible to use
Hydrus at the landscape scale using ArcGIS and the 3-dimensional version of Hydrus.

2016 Pilot Study in Walnuts

CURES (the Coalition for Urban Rural Environmental Stewardship) received a grant from CDFA FREP to
perform a study to investigate nitrate leaching past the root zone in walnuts. The study was initiated in
March 2016 and will be completed in 2018. The design of the study is based on the conceptual model
provided above, and the proposal with the design is provided as Appendix B. CURES is successfully
collecting data and is evaluating practices in two walnut orchards near Ceres, CA. Each of the MPEP GCC
Coalitions is contributing financially to the project to expand the scope of the study. This study is
viewed as a pilot project for the proposed field studies to be performed for under the MPEP Work Plan.
In addition, data collected during the CDFA FREP Walnut study will be stored within the same database
design in which data collected from the field studies will be stored.

Integration of MPEP with other WDR elements

The Coalition’s General Orders require that both members and Coalitions become involved in several
elements related to groundwater quality. These elements are focused on minimizing reduce the
amount of nitrogen leaching, documenting that practices are implemented, and monitoring the
groundwater to document improved quality.

Member responsibilities:

e Farm Evaluation Plan — grower completion, submit to 3™ Party

e Nitrogen Management Plan (NMP) Worksheet— grower completion, retain on operation

e Nitrogen Management Plan (NMP) Summary Report — grower completion using the NMP
Worksheet, submit to 3 Party
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Coalition responsibilities:

e Management Practices Evaluation Program — 3" Party, submit report to Water Board annually
as progress reports and every 6 years as a report

e Groundwater Assessment Report — 3" Party, submit to Water Board every 5 years

e Groundwater Quality Management Plan — 3" Party, submit to Water Board, progress report
annually

e Groundwater Trend Monitoring Program — 3" Party, submit to Water Board, report annually

An additional element that has grown out of the nitrogen reporting process is the NMP Technical
Advisory Work Group which was tasked with determining the most reasonable grower reporting metric.
This metric allows an estimate of the amount of nitrogen removed from the field relative to the amount
applied, and therefore is an estimate of the potential amount of N leached to groundwater.

Preliminary analyses conducted by each Coalitions were provided in their Groundwater Assessment
Report which identified locations where groundwater is or has the likelihood of being contaminated
with nitrate. Management of nitrate in these high vulnerability areas require immediate attention to
prevent further degradation of groundwater quality and eventually improve groundwater quality over
time. Management of nitrate is accomplished through the implementation of management practices
that prevent leaching to groundwater.

Unlike surface water, there are several challenges in the process that prevent immediate
implementation of management practices including:

e Practices that are documented to be effective in preventing leaching are not fully vetted and it is
difficult to recommend practices to members that are known to be maximally effective under all
conditions

e Reasonable metrics that can be evaluated to determine the potential for improved groundwater
quality over time have not been developed or are too simplistic to be useful in a regulatory
setting

To address these challenges, the Coalitions implemented several interacting programs to facilitate
compliance with the requirements of the Orders; these programs include the submission of information
on irrigation and nitrogen management practices (FEP) and nitrogen applications (NMP Summary
Report), development of appropriate reporting metrics (NMP TAWG), the implementation of effective
management practices (GQMP, MPEP), and the monitoring of groundwater quality to document
improvements (GTMP); these programs are described briefly below.

Groundwater Quality Management Plan

Each Coalition is required to develop a Groundwater Quality Management Plan (GQMP) which outlines
the process that Coalition will follow to improve groundwater quality. The GQMP establishes a set of
performance goals and measures that ensure that the management plan can be evaluate its actions to
determine if adequate progress is being made toward improving groundwater quality. Implementation
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of practices is tracked through Farm Evaluation Plans and Nitrogen Management Plans, and improved
water quality is tracked through the Trend Monitoring Program.

Farm Evaluation Plans

Members are provided with a survey that requests information about management practices used on
several aspects of their farming operation including erosion control, prevention of discharge of
agricultural chemicals to surface water, and practices in place that are understood to minimize the
discharge of agricultural chemicals to groundwater (e.g. wellhead protection). The surveys are
distributed to all members and are returned to the Coalitions each year.

NMP Technical Advisory Work Group (NMP TAWG)

Metrics must be reported by members to the Coalitions to allow an adequate evaluation of their
nitrogen applications, the amount of nitrogen removed from the fields, and the potential risk for
leaching nitrate to groundwater. To assist the Coalitions and Regional Water Board with the
development of an appropriate metric, a technical advisory workgroup was formed. The NMP TAWG
process involved experts from State and Federal government agencies, academia including both UC
faculty and UC Cooperative Extension personnel, commaodity groups (e.g. tomatoes and almonds), and
industry (International Plant Nutrition Institute). The TAWG met numerous times and recommended
that growers report the amount of nitrate applied, and the ratio of nitrogen applied to yield. From
these two metrics, the Coalitions could calculate the yield from each field. As per requirements from
the Regional Water Board, the yield of many crops can be converted to the amount of nitrogen removed
by multiplying the yield by a crop conversion constant (converts yield on a per acre basis to the amount
of N removed per acre).

MPEP

As indicated above, the efficacy of many management practices in preventing leaching of nitrate to
groundwater is not known. The MPEP is the vehicle for evaluating the effectiveness of management
practices that can be implemented to protect groundwater (prevent leaching of nitrate past the root
zone which will result in improved groundwater quality). To conduct the studies that evaluate the
efficacy of management practices, the Coalitions formed a larger group to fund and manage the studies
that will document the effectiveness of practices.

Groundwater Trend Monitoring Program (GTMP)

Once management practices are implemented, there is the expectation that groundwater quality will
improve. The Groundwater Trend Monitoring Program is the vehicle to document improvements in
groundwater quality over time. Each Coalition is developing their individual groundwater monitoring
network and monitoring program that will be able to document any improvements in water quality.
What is unclear is the time necessary for each Coalition’s monitoring program to detect improved
groundwater quality. Because the transit time for nitrate applied to the surface may be decades in
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many areas, it is expected that improvements may not be immediate. Consequently, it is expected that
any improvement in groundwater quality will not be detectable for a significant period of time.
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Table 6. Integration of General Order programs

Farm Evaluation Plan NMP Worksheet / NMP Summary NMP TAWG

Summary Report Report Analysis
Who Grower Grower Coalition Coalition / Coalition Coalition Coalition Coalition
Experts
Information on X X X X
management
practices
Information on X X
nitrogen applications
Determine tool box X X

of “right” practices

(right time, right

place, right type,

right amount)

Education on X X X X
practices, new

technology, crop

uptake information

and leaching

Determine areas with X X X

high nitrates and

prioritization of crop

/ location for

outreach

Impact of practices X X X

on crop growth

Impact of practices X X
on groundwater (field

level)

Impact of practices X X
on groundwater

(landscape level)
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Integration

Growers are expected to implement the practices vetted through the MPEP, and report the
implementation through the Farm Evaluation Plans. Nitrogen Summary Reports (depending on the
practices implemented) provide an estimate of the potential risk to groundwater through the use of the
A/R or A/Y metrics. The Coalitions also will report on the implemented practices in their annual reports.
Finally, improved groundwater quality is documented through the GTMP monitoring and reporting.

Member Education and Outreach

A summary of the report in lay terms will be developed for release to Coalition members and interested
stakeholders. A methodology will be developed to extend the information to Coalition members and
encourage the adoption of practices found to increase the protection of groundwater. Each Coalition
has developed an approach to outreach and education that meets the needs of their membership
including but not limited to large meetings for growers, small meetings, individual outreach, literature
development, mailings, and websites. Each Coalition will be able to disseminate to its members the
status and results from the studies as they become available.

Timeline and Master Schedule

With the exception of a brief period of time at the beginning and the end of the MPEP, the Phases |, Il,
and 1l will be conducted concurrently. Phase IV will be initiated later in the MPEP, at this point it is
anticipated that sufficient information will be available to initiate the SWAT modeling in the 5th year.
There are several pre-MPEP activities that will take place to allow the MPEP to be initiated as soon as
possible after Regional Water Board approval of the Work Plan. The timeline is provided in Figure 5 and
is described below.

Pre-MPEP activities

e Receive SOQs for Field Coordinator(s) and Consultants

e Contract with Field Coordinator(s) and Consultants to design and implement first two MPEP field
studies

e Develop cooperator ingress/egress agreement

e Initiate Phase | Literature Review (duration - 2 months)

December 2016 — November 2017

o Development of individual Phase Il Study Plans for 4 studies (duration — 0 - 6 months for first
two studies, 6 — 12 months for next two studies)

e Phase Il studies (Study duration — 24 — 36 months)

e Phase Illl Hydrus model parameterization and calibration

e Qutreach to members on results of literature review, field study plans and potential outcomes
of studies

e Progress report in Coalition’s Annual Monitoring Reports
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December 2017 — November 2018

e Development of individual Phase Il Study Plans for 4 studies (duration — 12 - 18 months for first

two studies, 18 — 24 months for next two studies)
e Phase Il studies (Study duration — 24 — 36 months)
e Phase lll Hydrus modeling — evaluation of alternative management practices
e Outreach to members on status and/or results of field studies
e Progress report in Coalition’s Annual Monitoring Reports

December 2018 — November 2019

e Development of individual Phase Il Study Plans for 4 studies (duration — 24 - 30 months for first

two studies, 30 — 36 months for next two studies)
e Completion of first 4 MPEP field studies
e New Phase Il studies (Study duration — 24 — 36 months)
e Phase lll Hydrus modeling — evaluation of alternative management practices
e QOutreach to members on status and/or results of field studies
e Progress report in Coalition’s Annual Monitoring Reports

December 2019 — November 2020
e Completion of four MPEP field studies
e Phase lll Hydrus modeling — evaluation of alternative management practices
e Qutreach to members on status and/or results of field studies
e Progress report in Coalition’s Annual Monitoring Reports

December 2020 — November 2021
e Completion of four MPEP field studies
e Phase lll Hydrus modeling — evaluation of alternative management practices
o Develop Phase IV landscape model
e QOutreach to members on status and/or results of field studies
e Progress report in Coalition’s Annual Monitoring Reports

December 2021 — May 2023
e Write Management Practices Evaluation Report
e Phase lll Hydrus modeling — evaluation of alternative management practices
e Phase IV landscape model
e Outreach to members on status and/or results of field studies
e Progress report in Coalition’s Annual Monitoring Reports
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Figure 5. MPEP GCC Work Plan Phase I-IV Timeline and Deliverables for the first six years.
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Appendix A

Initial literature reviewed for evaluation of management practices

Management Practice Evaluation Program Group Coordination Committee Work Plan Page 33



N management practices that are protective of groundwater

Findings

Baram, S., (2016) — High frequency, low concentration (HFLC) vs. standard split fertigations with and
without accounting for N in supply water. (With some flood events, in Pistachio and Almond in CA)
Finding: timing during fertigation is most important; HFLC did give significant benefits over well timed
split fertigation, and flooding flushed more N down the profile.

Hanson, B., J. SimGnek, and J. W. Hopmans (2006) Drip tape position (surface vs. subsurface) and
injection time (beginning, middle and end) of fertigation with Urea-Ammonium Nitrate (UAN) in
California. The surface drip injection was more effective, and injection in the middle was most effective
at improving NUE (and protecting groundwater). This paper is entirely about modeling without a
groundtruthing component.

Hanson, B., J. W. Hopmans and J. Siméinek (2008) This paper is about localized leaching of salts around a
drip line (which does not require as much water as flood leaching) and no mention is made of the goal of
ground water protection.

Li, Gui-Hua, et al. (2011) Coated urea improved N retention in surface and decreased N losses, as
compared with uncoated urea in a corn/wheat rotation in China.

Li, Y., et al. (2015) Impacts of direct seeding rice on soil N dynamics, including leaching losses (as
compared with transplanting). Maybe not the most relevant in aerobic systems, but talks about redox
dynamics and about NH4 retarding N leaching.

Nakamura, K., et al. (2004) Split application reduces N leaching in sand and andisol in Japan. 2
applications was sufficient for andisol, but splitting into 3 applications gave more improvements.
Splitting into 6 gave no additional benefits on either soil. This is one of the most ground-truthed and
thorough parameterizations of the model that | have yet encountered.

Quin, W., et al. (2016) Split application vs. lumped, wet vs. dry years, irrigation water and nitrogen
annual application rates were all considered together with yield, and optimal N, applied in split
application, with 80% ET irrigation had best N use efficiency (NUE) without reducing yield. (this is
protective of groundwater)

Ravikumar, V., et al. (2011) This paper uses the model to make recommendations of fertigation amount,
timing. Sugarcane, india, groundtruthed with tensiometers and root depth and radius throughout
season.

Tafteh, A., and A. R. Sepaskhah (2012) Alternate furrow flooding of canola could prevent 50% of leaching
losses under canola as compared with all furrow (continuous).

Weng-Zhi, Z., et al. (2013) This is a column experiment (no plants) to calibrate Hydrus, showing that
different rates of urea application to the surface followed by different rates of water application
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