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EXECUTIVE SUMMARY

This report was prepared on behalf of the Central Valley Dairy Representative Monitoring Program
(CVDRMP), a non-profit group of dairy owners and operators organized in 2010 to conduct
representative groundwater monitoring on behalf of member dairies, to conduct related assessments
of dairy operational impacts to groundwater quality, and to develop management practice
recommendations toward minimizing such impacts. CVDRMP activities generally, and this report
specifically, are intended to fulfill requirements for Representative Monitoring Programs (RMPs) as
defined in the Reissued Waste Discharge Requirements General Order No. R5-2013-0122 for Existing
Milk Cow Dairies (2013 General Order), adopted by the Central Valley Regional Water Quality Control
Board (Central Valley Regional Board) on October 3, 2013.

Key Regulatory Charge

The key regulatory requirement that CVDRMP seeks to satisfy is the identification of on-farm
management practices that are protective of groundwater quality for the range of conditions found at
participating facilities. Comprehensive analysis and industry-wide recommendations for solutions and
upgrades were included in the Summary Representative Monitoring Report (SRMR), which was
submitted to the Central Valley Regional Water Quality Control Board on April 2, 2019 (CVDRMP 2019).
This Annual Report presents and discusses the cumulative data collected since January 2012 through
December 2019. Results are consistent with findings of previous research by the University of
California (Harter, Davis et al. 2001; Harter, Mathews et al. 2001; Harter, Meyer et al. 2001; Mathews,
Swenson et al. 2001; Harter, Davis et al. 2002; Van der Schans, Harter et al. 2009; Harter, Lund et al.
2012; Harter, Dzurella et al. 2017). Specifically, RMP observations confirm that first encountered
groundwater is affected by historical and/or current dairy farming practices and strongly indicate crop
fields as the primary source of subsurface mass emissions.

Per the 2013 General Order, the RMP examines conditions in first encountered groundwater (i.e.,
groundwater near the water table directly beneath dairy facilities). Therefore, the design of the
dedicated monitoring wells is fundamentally different from that of drinking water wells, and data from
the monitoring wells are not indicative of actual impacts to drinking water sources. The RMP was not
designed for, and does not address, monitoring and assessment of drinking water sources.

Per the 2013 General Order, the examination of the characteristics of first encountered groundwater is
coupled with examinations of dairy operations and management practices, particularly as related to
nutrient and salt management, to facilitate the evaluation of cause-and-effect relationships between
subsurface loading of nutrients and salts, and groundwater conditions.

Program Representativeness

The representativeness of the program was comprehensively reevaluated and confirmed after the
2012 Phase 2 expansion in the Central Valley Dairy Representative Monitoring Program Evaluation of
Representativeness (LSCE 2013a) and was revisited by CVDRMP’s external Multidisciplinary Advisory
Committee (MAC) at its January 2014 meeting. As a result of this concerted effort, including
independent external review, CVDRMP concluded that the 42 actively monitored RMP dairies exhibit
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the range of pertinent site conditions and farm practices that are presently employed on Central Valley
dairies. In addition, the extensive RMP well network provides ample redundancy such that no one
single dairy is indispensable.

External Advisory Committees

CVDRMP has been collaborating with two external advisory committees, the Groundwater Technical
Advisory Committee (GTAC) and the previously mentioned MAC. CVDRMP has successfully solicited
participation from experts in a variety of fields that are pertinent to the program and will modify
membership as program needs evolve. Presently, the committees are composed of hydrologists,
geologists, geochemists, agronomists, agricultural engineers, irrigation and soils experts, dairy
producers, and service providers to the dairy community. Committee members span the private,
public, non-profit, and academic sectors, including (i) consultants, (ii) staff from the Central Valley
Regional Board, California Department of Food and Agriculture, and (iii) research staff from the U.S.
Geological Survey, Lawrence Livermore National Laboratory, and the University of California, Davis,
including UC Cooperative Extension Service.

Progress Summary

In addition to the requirements for data collection set forth in the General Order, CYVDRMP carried out
substantial, voluntary investigative efforts regarding lagoons, cropland, and earthen-floored animal
housing. The purpose of these initiatives was to help generate technical information that supports the
development of recommendations for improved management practices, solutions, and upgrades.

In the years following the founding of CVDRMP in 2010, the primary attention of the program was on
maintaining regulatory compliance by developing a representative monitoring program, including the
selection of dairy sites and the development of an effective network of monitoring wells that was
acceptable to the Executive Officer of the Central Valley Regional Board. Monitoring well installation
commenced within weeks of the conditional approval of the 2011 RMP Workplan. This was followed by
a second phase of monitoring well installations in 2012, which expanded the program to the
Sacramento Valley and the South San Joaquin Valley. Additional wells were installed in 2014 as part of
CVDRMP’s network refinement. CVDRMP currently operates a total of 439 dedicated monitoring wells.

Simultaneous to the above effort, CVDRMP started systematic investigations to quantify in-situ
seepage losses from working earthen liquid dairy manure lagoons, estimate subsurface nitrogen mass
emissions, and assess local impacts on groundwater quality. This effort began in 2008, before CVDRMP
was formed, with a comprehensive literature review and briefing of the Central Valley Regional Board’s
Executive Officer. Field work commenced in the winter of 2011/12 for the development of a Technical
Field Guide, which provides a detailed protocol for the measurement of lagoon seepage. Extensive
seepage testing was continued in the winters of 2013/14 and 2014/15. These efforts were
complemented with a lagoon perimeter subsurface hydrogeologic investigation and geophysical
surveys in 2014 and 2015.

While CVDRMP carried out extensive lagoon-related field work in 2014, it started engaging its
Multidisciplinary Advisory Committee to address nitrogen management. Based on CVDRMP’s
knowledge at that time, it was thought likely that production agriculture on most dairies (and likely,
many if not most other irrigated farms), would continue to exceed the Central Valley Water Board’s
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standard for being protective of groundwater quality (e.g., the current Water Quality Objectives (WQO)
of 10 mg/L for nitrate-N) for possibly decades. Therefore, CVDRMP teamed with University of California
Cooperative Extension (UCCE) researchers to pursue a data-supported path to performance
improvement of nutrient management with targeted research projects on select dairies. Four two-year
NUE research projects were launched in summer 2016 (Merced, Madera and Fresno Counties) and a
fifth two-year project was launched in Tulare County in summer 2017. Results are presently being
evaluated and results are expected to be shared with Regional Board staff later in 2020.

With respect to earthen-floored animal housing (e.g., corrals), CVDRMP submitted a comprehensive
Corral Subsurface Hydrogeologic Investigation report in February 2019.

Summary of Key Findings
Key findings regarding groundwater conditions beneath dairies are as follows:

1. RMP observations confirm that first encountered groundwater is affected by historical and/or
current dairy farming practices. With few exceptions, nitrate-N concentrations beneath lagoons,
animal housing, and crop fields are greater than 10 mg/L.

2. Ordinary least squares regression (OLSR) analysis of 257 individual total nitrogen (TN) data sets?
(quarterly observations from the first quarter 2012 to the third quarter 2019) from CVDRMP’s
dedicated monitoring wells indicates the following groundwater TN concentration trends:

a. 34% (88 data sets) increasing
b. 26% (63 data sets) decreasing
c. 41% stable conditions (106 data sets)

3. OLSR was applied to seven different data sets: (i) the full data set of quarterly results; (ii) two
reduced data sets, each composed of only half of the data (i.e., data from the first and third
quarters (Q1/Q3) and data from the second and fourth quarters (Q2/Q4)), and (iii) quarterly data
(Q1, Q2, Q3, and Q4). Trend analyses for the partial data sets produced very similar results to the
full data set. There was no systematic bias introduced (e.g., due to seasonal filtering). Spring data
(i.e., Q2) were particularly consistent in yielding similar results to the full data set.

4. Aggregated data from all monitoring wells with onsite source areas indicate that TN concentrations
beneath dairies exhibit an increasing trend (i.e., 13 mg/L between 2012 and 2019). This trend is
nearly the same in shallow (<55 ft, bgs), light and heavy soil wells, with 8-year concentration
increases of 14, 12, and 15 mg/L, respectively. The statistical significance is high in these cases
(p<0.01). TN concentration increase was smaller in the deep wells (5.7 mg/L since 2012; p=0.10).

5. The 2019 mean TN concentration across all dairies was 46 mg/L; it was the highest in light soils and
in shallow groundwater (55 and 49 mg/L, respectively); and 33 mg/L in both deep groundwater and
heavy soils.

! The number of data sets is not a representation of the number of individual monitoring wells, well locations, or well sites.
See Section 2.1 for a definition of these terms and Section 4.3 for a description of the data sets.
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6. TN concentrations associated with offsite wells increased at approximately half the rate than the
Onsite Group All (i.e., 6.6 mg/L from 2012 to 2019 compared to 13 mg/L), and the 2019 mean was
approximately half that of onsite wells (24 mg/L compared to 46 mg/L).

7. Of the three management units, the 2012-2019 TN concentration increase in wells associated with
fields was similar to the Comprehensive (All) subgroup (11 mg/L compared to 13 mg/L). This is
consistent with the fact that field wells contribute the largest subset of data points. Groundwater
near lagoons exhibited the greatest concentration increase over the 8-year monitoring period (30
mg/L; p=0.02). However, this trend was strongly affected by nine outliers (i.e., nine observations
out of 340 observations, all associated with a single well). The removal of the outliers reduces the
slope coefficient to 0.0016 (i.e., 4.7 mg/L over 8 years). TN concentrations associated with animal
housing held steady (p=0.85)

8. 2019 mean TN concentrations were 62, 42, and 38 mg/L for wells associated with lagoons, fields,
and animal housing, respectively. The mean for the lagoon wells was strongly affected by nine
outliers as indicated by a much smaller median of 30 mg/L (compared to 40 and 25 mg/L for field
and animal housing wells, respectively).

Since the beginning of monitoring activities in what is likely the largest industry-specific monitoring
well network of its kind in the United States, it has become increasingly clear that groundwater
monitoring alone is not a suitable tool to evaluate on-farm management practices or to develop
recommendations for solutions and upgrades. Therefore:

o Annual reports generally do not attempt to explain groundwater quality based on management
practices.

0 Annual reports do not attempt to infer the adequacy of management practices for the
protection of groundwater based on groundwater quality.

0 Recommendations in the SRMR aim at improving nitrogen use efficiency on dairies regardless
of constituent concentrations in first encountered groundwater.

Other key findings to date are summarized below:

1. Groundwater monitoring with respect to lagoon performance provides no information on the
concentration of lagoon seepage, the seepage rate, overall subsurface mass loading rate, or the
duration of the loading. Although groundwater monitoring provides quantitative information, this
information can only be used qualitatively with respect to lagoon seepage, i.e., supporting a
statement such as, “groundwater chemistry is (or is not) indicative of lagoon seepage”.

2. Inthe context of fields, NUE improvements aim to reduce movement of nutrients below the crop
root zone. However, the reduction of subsurface mass emissions does not necessarily result in
concentration decreases at the water table below fields. This holds true for conservative salts as
well as for nitrate and other minerals taken up by plants.

3. The General Order’s premise that monitoring of first encountered groundwater can universally
identify (i) specific management practices that are either protective or not protective of
groundwater quality, and (ii) solutions and upgrades that will result in compliance (meaning
protectiveness of groundwater quality) is not realistic with possible exceptions in extreme cases.

CVDRMP Year 8 Annual Report (2019) | April 1, 2020
ES4



Stated differently, groundwater protection cannot be assumed or guaranteed based on the
implementation of particular management practices (MPs); again, with possible exceptions in
extreme cases.

o A MP can be an activity, process, operational range, structure, or use of technology with the

aim to reduce N leaching (e.g., conduct irrigation system performance, convert from flood
irrigation to subsurface drip irrigation, use weather-based irrigation scheduling, include a
deep-rooted perennial crop such as alfalfa in rotation, apply fertilizer in small multiple
doses rather than large single doses, install and use a flow meter to quantify lagoon water
applications to crops). Management practices can be carried out with different intensity,
frequency, and with various amounts of care, all of which may affect their effectiveness.
Therefore, any one MP can be expected to have a wide range of effects on groundwater
quality or none.

A MP may have much less of an effect on groundwater quality than the day-to-day decisions
that may be associated with a given practice. For example, the determination of cutoff time
based on visual observation of the irrigation water advance over the check is a common
practice associated with surface irrigation systems. The decision for cutoff has to be made
check-by-check, many times during the irrigation season while balancing the need to
irrigate the entire field with the desire to minimize leakage losses. Yet, the degree to which
this decision optimizes these competing goals (i.e., meet crop water requirement, but
minimize leakage loss while maintaining sufficient flushing of salts from the root zone) may
vary widely. Fundamentally, many management practices (e.g., optimization of cutoff time)
appear to be categorical in nature and, thus, may appear to non-agronomists to inform
evaluation of the effects of practices on groundwater quality. However, the farm
implementation of a practice is, more often than not, subjective, variable through time, and
practically not quantifiable.

4. Whole-lagoon seepage rates (n=17) ranged from zero to 2.2 mm d! with the exception of one
outlier lagoon where exposed gravel strata may be present and a maximum seepage rate of 3.9
mm d! was determined. The mean and median seepage rates were 1.1 and 0.7 mm d},
respectively. Ten of the 17 tested lagoons had seepage rates <0.8 mm d%, which is smaller than the
most recent and stringent U.S. Department of Agriculture Natural Resources Conservation Service
design seepage rate of 0.86 mm d* (NRCS 1997; NRCS 2009).

Q

Q

a

Due to fairly consistent performance across the range of lagoons evaluated, CVDRMP was
unable to identify variables (other than potentially exposed gravel strata) that could be used
to predict performance in existing earthen-lined lagoons.

The results are consistent with the pertinent academic literature. Specifically, small seepage
rates and a narrow range of seepage rates across the soil textures ranging from clay to
coarse sand have been documented in other studies, which have been attributed to the
moderating effect of a sludge layer of very low hydraulic conductivity.

The results contradict seepage rates suggested by Review of Animal Waste Management
Regulations, Task 2 Report: Evaluate Title 27 Effectiveness to Protect Groundwater Quality
(BVA 2003). That report implied seepage rates ranging from centimeters to meters per day
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10.

that were based on theoretical hydraulic conductivities associated with soil textures in
accordance with Title 27 regulations.

0 The mean lagoon nitrogen subsurface loading rate was estimated at 1,045 |bs ac! y.

A comprehensive literature review did not find quantitative information indicating the
effectiveness of specific management measures in reducing seepage of earthen lagoons below
existing levels. Many management measures appear to be based on what is considered common
sense. However, whether such measures actually reduce seepage is largely unknown. Given the
small seepage rates and the associated quantified imprecision (i.e., uncertainty) inherent in whole-
lagoon seepage testing, it is expected that, in most cases, this imprecision would be prohibitively
large to identify further incremental seepage reductions due to the implementation of specific
management measures. Therefore, additional field studies were deemed unpromising.

Results from an extensive corral subsurface hydrogeologic investigation indicate the mean corral
nitrogen subsurface loading rate was estimated at 121 Ibs ac! y. This rate was computed from
groundwater total nitrogen concentrations in samples retrieved from temporary boreholes and an
estimate of groundwater recharge. Therefore, it constitutes a mass flux to groundwater. To avoid
incidental underestimation of the mass flux, the estimate was made with a high recharge rate (i.e.,
40% of liquid deposition comprised of urine, feces, and precipitation) and assumed year-round
corral occupation (i.e., open lot dairy) in an area of comparatively high annual precipitation (i.e., 22
in) such as the northern Sacramento Valley.

Harter, Dzurella et al. (2017) estimated nitrogen loading from manured dairy cropland by
employing a comprehensive approach that accounted for the entirety of the Central Valley dairy
industry. The authors estimated that dairies in the Central Valley apply 174 Gg y! of manure-N on
their cropland by accounting for excretion rates, herd size, 40% volatilization losses prior to land
application, and manure exports off the dairies. They estimated a mean application rate of 890 Ibs
ac! y! of manure-N to dairy cropland. The authors then used an application-removal ratio of 1.7
and, thus, estimated that of the applied nitrogen, 368 Ibs ac! y* are not removed from the field
with the harvested portion of the crop.

Using the subsurface loading estimates that were developed for lagoons, corrals and cropland, in
combination with their associated acreage (Harter, Dzurella et al. 2017), the industry-wide
proportional N contribution from these management units are 2%, 4%, and 94%, respectively.

The injection of liquid manure water into the irrigation system is conceptually identical to the
injection of synthetic fertilizers (e.g., anhydrous ammonia). The application rate of synthetic
fertilizers can be precisely adjusted due to the homogeneity of the product. In contrast, total
nitrogen concentrations and the proportion of plant-available ammonium and plant-unavailable
organic nitrogen in liquid manure water applications vary substantially over the duration of the
irrigation of a single field. CVDRMP is not aware of existing technology that can make real-time
adjustments to maintain a constant N-application rate. This is one of the most fundamental
challenges of nutrient management on Central Valley dairies.

Chang, Harter et al. (2005) provide the rationale that led to the implementation of an AR ratio of
1.4 in the General Order. Using their theoretical example with 153 Ibs N input and 100 lbs N
harvest removal (i.e., AR ratio = 1.53), a small inaccuracy of +15% on the input yields AR ratios
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ranging from 1.30 to 1.76. The same +15% inaccuracy on the harvest removal yields AR ratios

ranging from 1.33 to 1.80. Additive and subtractive 15% inaccuracies yield AR ratios of 2.07 and
1.13, respectively.

0 This example shows that the AR ratio is very sensitive to small inaccuracies of N-inputs and
outputs. This sensitivity may explain, in part, the field-specific variability of AR ratios from
one season to the next. It also has significant implications for its utility as a regulatory
compliance tool.
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1 INTRODUCTION AND OVERVIEW

This report was prepared for the Central Valley Dairy Representative Monitoring Program (CVDRMP),
the administrative body managing the Representative Monitoring Program (RMP). It is referred to as
the “Year 8” Annual Report and aims to satisfy the regulatory requirements under the Reissued Waste
Discharge Requirements General Order No. R5-2013-0122 for Existing Milk Cow Dairies (2013 General
Order), adopted by the Central Valley Regional Water Quality Control Board (Central Valley Regional
Board) on October 3, 2013 (CVRWQCB 2013). General Order No. R5-2013-0122 rescinds and replaces
the 2007 General Order (CVRWQCB 2007). In this Annual Report, the term ‘General Order’ is used in
collective reference to both the 2007 and 2013 General Orders, their respective Monitoring and
Reporting Programs (MRPs), and all other attachments. Specificity is added, when needed, by
identifying the years of adoption (i.e., 2007 General Order and 2013 General Order).

The key regulatory requirement that CVDRMP seeks to satisfy is the identification of management
practices that are protective of groundwater quality for the range of conditions found at participating
facilities. Specifically, the 2013 General Order requires (ltem 23b, page 7):

Summary Representative Monitoring Report: Six (6) years following submittal of the first
ARMR, the RMP must submit a Summary Representative Monitoring Report (SRMR) to
the Board’s Executive Officer. The SRMR is to identify management practices that are
protective of groundwater quality for the range of conditions found at participating
facilities. Based on information supplied in the SRMR, if management practices are found
not to be protective of groundwater quality, the SRMR must propose solutions and
upgrades that will result in compliance.

Provision Ill. 10 (page MRP-24p) states:

No later than six (6) years following submittal of the first ARMR, the Representative
Monitoring Program shall submit a Summary Representative Monitoring Report (SRMR)
identifying management practices that are protective of groundwater quality for the range
of conditions found at facilities covered by the Representative Monitoring Program. The
identification of management practices for the range of conditions must be of sufficient
specificity to allow participants covered by the Representative Monitoring Program and
the Central Valley Water Board to identify which practices at monitored facilities are
appropriate for facilities with a corresponding range of site conditions, and generally
where such facilities may be located within the Central Valley (e.q., the summary report
may need to include maps of the Central Valley that identify the types of management
practices that should be implemented in certain areas based on specified site conditions).
The summary report must include an adequate technical justification for the conclusions
incorporating available data and reasonable interpretations of geologic and engineering
principles to identify management practices protective of groundwater quality. The
summary report is subject to approval by the Executive Officer.

The 2013 General Order states that it applies to approximately 1,300 milk cow dairies. CVDRMP’s
membership as of March 2017 was 1,098 dairies.
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1.1 Legal and Regulatory Background

Division 7 of the Water Code contains California’s Porter-Cologne Water Quality Control Act (Porter-
Cologne). The Legislature enacted Porter-Cologne in 1969, providing “activities and factors which may
affect the quality of the waters of the state shall be regulated to attain the highest water quality which
is reasonable, considering all demands being made and to be made on those waters and the total
values involved, beneficial and detrimental, economic and social, tangible and intangible.” (Wat. Code,
§ 13000) The Legislature designated the State Water Resources Control Board (State Board) and nine
Regional Water Quality Control Boards (Regional Boards) as the agencies responsible for regulation of
water quality under Porter-Cologne. (Id., § 13001.) Each Regional Board is responsible for water quality
protection, permitting, inspection, and enforcement within its region. (Id., § 13225(a).)

Porter-Cologne provides two primary tools to Regional Boards to regulate the discharge of waste into
waters of the state. Regional Boards may: (1) issue Waste Discharge Requirements (WDRs) prescribing
conditions under which a person may discharge waste (Wat. Code, § 13263), or (2) adopt a waiver of
WDRs (Wat. Code, § 13269). As with WDRs, a Regional Board may proscribe conditions for waivers of
WDRs. (Id., § 13269.) Porter-Cologne’s permitting requirements apply to any “person discharging
waste, or proposing to discharge waste, within any region that could affect the quality of the waters of
the state, other than into a community sewer system.” (Id., § 13260(a)(1).)

Sometimes WDRs are issued to an individual discharger who has filed a “report of waste discharge”
and requested the permit. (Wat. Code, § 13260.) Other times, a Regional Board may issue general
WDRs for a category of dischargers if the Regional Board determines that (i) the discharges are
produced by the same or similar operations; (ii) the discharges involve the same or similar types of
waste; (iii) the discharges require the same or similar treatment standards; and, (iv) the discharges are
more appropriately regulated under general discharge requirements than under individual discharge
requirements. (Id., § 13263(i).) The General Order here falls into this category. When issuing WDRs, a
Regional Board is required to consider a number of factors, including those specified in Water Code
section 13241, which includes economic consideration. (Wat. Code, §§ 13263(a), 13241(d).)

Porter-Cologne further authorizes Regional Boards to conduct investigations and inspections to verify
compliance with the act and with the terms of WDRs and waivers. (Wat. Code, § 13267(e).) A Regional
Board may also require dischargers to furnish technical or monitoring reports. (Id., § 13267(b).) The
first Annual Report (LSCE 2013b), as discussed further below, responded to a monitoring and reporting
requirement issued by the Central Valley Regional Board on February 23, 2011 (CVRWQCB
2011b)(rescinded and replaced by the 2013 General Order).

Besides requiring Regional Boards to issue WDRs, Porter-Cologne also requires each Regional Board to
adopt “water quality control plans” or “Basin Plans” for areas within each region. (Wat. Code, § 13240.)
Basin Plans are required to conform to the policies set forth in Chapter 1 of Porter-Cologne, including
the legislative mandate that activities affecting water quality be regulated to the highest quality that is
reasonable considering all of the demands being made and to be made upon the waters. (Id. §§ 13000,
13240.) Further, Basin Plans identify and designate the “beneficial uses” for each water body in the
region. (Id., § 13050(j).) Examples of “beneficial uses” for groundwater include municipal supply,
agricultural supply, and industrial supply. Basin Plans also establish Water Quality Objectives (WQOs),
which are defined to mean, “the limits or levels of water quality constituents or characteristics which
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are established for the reasonable protection of beneficial uses of water or the prevention of nuisance
within a specific area.” (Wat. Code, § 13050(h).) WQOs may be numeric or narrative standards.
Further, Basin Plans are to include a program of implementation to achieve the adopted WQQOs. (Id., §
13242.)

When a Regional Board issues WDRs or conditional waivers, it must do so consistent with applicable
Basin Plans. (Wat. Code, §§ 13263(a), 13269(a)(1).) However, instantaneous compliance with WQQOs is
logically not required by Porter-Cologne. (lbid. as to both cites) Rather, the Regional Board is given
discretion to achieve this consistency, including setting of time schedules. (Id., § 13263(c).) The Central
Valley Regional Board adopted two Basin Plans under Porter-Cologne in 1975. They include the Water
Quality Control Plan for the Sacramento and San Joaquin River Basins (Sacramento-San Joaquin Basin
Plan) and the Water Quality Control Plan for the Tulare Lake Basin (Tulare Lake Basin Plan). Both Basin
Plans have been amended several times over the years and are subject to regular review
approximately every three years.

Since 2008, various stakeholders in the Central Valley (including dairy industry representatives) have
led and funded an initiative to develop a Central Valley-wide salt and nitrate management plan. The
initiative is referred to as the Central Valley Salinity Alternatives for Long-term Sustainability (CV-
SALTS), and one of its primary objectives was to provide the basis for amendments to the Sacramento-
San Joaquin and Tulare Lake Basin Plans to address ongoing salinity and nutrient concerns in the
Central Valley Region.

On October 16, 2019 the State Water Resources Control Board voted to approve the Central Valley
Regional Board’s amendments to the Sacramento and San Joaquin Basin Plan and the Tulare Lake Basin
Plan to incorporate a Central Valley-wide Salt and Nitrate Control Program (SWRCB 2019). The Basin
Plan amendments were adopted by the Central Valley Regional Board on May 31, 2018 (CVRWQCB
2018). The Salt and Nitrate Control Program provides a new framework for the Regional Water Board
to regulate salt and nitrate, while also ensuring a safe drinking water supply. With these amendments,
the Central Valley Regional Board will be able to ensure safe drinking water in affected areas and offer
greater flexibility for discharger compliance.

1.2 Procedural and Chronological Background

The General Order defines an existing milk cow dairy as a dairy that (i) was operating as of October 17,
2005, (ii) filed a complete Report of Waste Discharge in response to the Central Valley Regional Board’s
August 8, 2005 Report of Waste Discharge Request Letter, and (iii) has not expanded since October 17,
2005 (i.e., its herd size has not increased by more than 15%). The General Order regulates waste
discharges to land and imposes significantly more stringent requirements than in the past.

Relative to groundwater monitoring, the 2007 General Order and its accompanying Monitoring
and Reporting Program (MRP) specify two requirements: (1) monitoring of domestic and
agricultural supply wells at dairies, and (2) additional groundwater monitoring. The latter
requirement can be implemented by the Executive Officer by ordering individual dairies to install
monitoring wells (“site-by-site approach”). However, the 2007 General Order also authorizes the
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Executive Officer to approve alternative monitoring methods; its Information Sheet (page 1S-8)
states:

In the future, the Executive Officer or Central Valley Water Board may determine that a

proposed alternative method of environmental monitoring is appropriate to determine if

groundwater protection is being achieved. One suggested alternative has been to allow

regional groundwater monitoring as a substitute for groundwater monitoring at individual

dairies. Any proposed alternative will require sufficient details for consideration by either

the Executive Officer or Central Valley Water Board. The Executive Officer or the Central

Valley Water Board must issue a monitoring and reporting program order for any

alternative environmental monitoring.
In response to a preliminary evaluation of options (CVRWQCB 2009), and to further the development
of an alternative environmental monitoring method, Dairy Cares (www.dairycares.com) submitted a
proposal on October 5, 2009 (Cares 2009) to the Central Valley Regional Board Executive Officer for the
development of a collaborative plan that would allow a representative groundwater monitoring
approach to satisfy the additional groundwater monitoring requirements in lieu of the site-by-site
approach of the General Order MRP.

The Central Valley Regional Board held a February 4, 2010 stakeholder meeting in Rancho Cordova
where Luhdorff and Scalmanini, Consulting Engineers (LSCE) presented an initial outline of the
representative groundwater monitoring approach, which was developed based on over a decade of
dairy-specific and groundwater-related research in the Central Valley and a regional monitoring
approach proposed by Dr. Thomas Harter of the University of California Cooperative Extension (UCCE)
in September 2008 (Harter 2008). The monitoring approach was discussed in greater detail at the
meeting of the Central Valley Regional Board’s Groundwater Advisory Workgroup in Rancho Cordova
on March 9, 2010.

Concurrently, LSCE evaluated dairy farm characteristics along with environmental parameters to
determine an area in the Central Valley that is most sensitive to dairy management practices in the
Report of Results (LSCE 2010). This area was identified to be in Stanislaus and Merced Counties
between the San Joaquin River and Highway 99, and was selected for initiating the RMP based on
delineation of those areas in the Central Valley where high groundwater nitrogen and salt
concentrations are thought to be substantially attributable to dairy operations and where changes in
water quality are most likely to be detected quickly due to adoption of management practices required
by the General Order. The analysis included comparison of key information such as:

o Relative dairy farm/milk cow densities and other historical livestock operations data
Historical average depths to groundwater

Soil permeability

Historical recharge to groundwater

Observed historical groundwater nitrate and total dissolved solids (TDS) concentrations
Whole farm nitrogen balances submitted to the Central Valley Regional Board in response to
the General Order

0O 000D

This work effort recommended that the representative groundwater monitoring be initiated in
Stanislaus and Merced Counties (i.e., from the Stanislaus River in the north and the Chowchilla River in
the south) between the San Joaquin River and Highway 99 (this area is referred to as the high priority
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area). Results of this work effort were presented at the April 5, 2010 stakeholder meeting held at the
Central Valley Regional Board’s offices in Rancho Cordova.

Subsequently, two concurrent work efforts ensued. One was the formation of an administrative body
to manage the RMP. This occurred on May 17, 2010 with the founding of the CVDRMP. The other
effort concerned the modification of the MRP to provide regulatory support for the RMP. The revised
General Order MRP was issued by the Central Valley Executive Officer on February 23, 2011 (CVRWQCB
2011b).

On June 16, 2011, CVDRMP submitted the Public Review Draft Monitoring and Reporting Workplan and
Monitoring Well Installation and Sampling Plan Phase 1: Initiation of Representative Groundwater
Monitoring Network Design & Monitoring Program, Existing Milk Cow Dairies — Stanislaus and Merced
Counties, California (finalized without changes January 11, 2012 (LSCE 2012b)), which was followed by
a 30-day public review period and subsequent conditional approval on September 9, 2011 (CVRWQCB
2011a). The Phase 1 well installation campaign commenced without delay and was concluded with the
installation of 108 nested well structures, each with two monitoring wells in one borehole, for a total
of 216 monitoring wells in November 2011. The Phase 1 RMP well network also includes 18 pre-
existing monitoring wells. The results of this work effort were described in the Monitoring Well
Installation Completion Report Phase 1 Representative Monitoring Program, Existing Milk Cow Dairies —
Stanislaus and Merced Counties, California (LSCE 2012d).

OnJune 6, 2012, CVDRMP submitted the Public Review Draft Monitoring and Reporting Workplan and
Monitoring Well Installation and Sampling Plan, Phase 2: Representative Groundwater Monitoring
Network Design & Monitoring Program, Existing Milk Cow Dairies — Central Valley, California (LSCE
2012c; LSCE 2013c), which was followed by a 30-day public review period and the Addendum
Monitoring and Reporting Workplan and Monitoring Well Installation and Sampling Plan, Phase 2:
Representative Groundwater Monitoring Network Design & Monitoring Program, Existing Milk Cow
Dairies — Central Valley, California (LSCE 2012a). Conditional approval was given on August 27, 2012
(CVRWQCB 2012). The Phase 2 well installation campaign commenced without delay and was
concluded with the installation of 55 monitoring wells in October 2012 (LSCE 2014d). The Phase 2 RMP
well network also incorporated 146 pre-existing monitoring wells. Groundwater data collection in the
Phase 1 network of wells commenced in January 2012. Groundwater data collection in the Phase 2
network of wells commenced in January 2013.

CVDRMP submitted its first annual report on April 1, 2013 (LSCE 2013b). The representativeness of the
program was comprehensively evaluated and confirmed after the 2012 Phase 2 expansion in the
Central Valley Dairy Representative Monitoring Program Evaluation of Representativeness (LSCE 2013a)
and was revisited by the Multidisciplinary Advisory Committee at its January 2014 meeting. As a result
of this concerted effort, including independent external review, it was concluded that the 42 actively
monitored RMP dairies exhibit the range of pertinent site conditions and farm practices that are
presently employed on Central Valley dairies.

In 2014, CVDRMP carried out well network improvements including several new well installations and
the abandonment of one pre-existing monitoring well in Stanislaus and Merced Counties (LSCE 2014b;
LSCE 2015a), which brought the total number of monitoring wells to 443. In November 2019, two
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nested well structures were abandoned bringing the total number of monitoring wells to 439 as of
December 2019 (CVRWQCB 2019; LSCE 2019c; LSCE 2020).

The General Order was reissued on October 3, 2013 and provides more explicit language than the
previous General Order and the revised MRP regarding the options of individual groundwater
monitoring and participation in a Representative Monitoring Program. Specifically, /tem 23 (page 6)
states.

Under the MRP, Dischargers have the option of either implementing individual

groundwater monitoring or participating in a Representative Monitoring Program (RMP) to

identify whether or not their specific management practices are resulting in adverse

impacts to groundwater (i.e., whether the discharge is in compliance with the

groundwater limitations of this Order).
The Summary Representative Monitoring Report (SRMR) was submitted to the Central Valley Regional
Water Quality Control Board on April 2, 2019 (CVDRMP 2019).

1.3 CVDRMP Initiatives

CVDRMP has carried out substantial, voluntary work efforts including literature review and field data
collection in addition to requirements for data collection set forth in the Dairy Order (LSCE 2008; LSCE
2012e; LSCE 2014a; LSCE 2015b; LSCE 2015d; LSCE 2016b; LSCE 2017c; LSCE 2017a; LSCE 2019b). One
of the most important findings pertains to the estimation of the absolute and proportional subsurface
loading of lagoons, corrals, and manured cropland. Based on extensive field work, measurement and
data collection, CVDRMP developed loading estimates for lagoons and corrals. In addition, Harter,
Dzurella et al. (2017) developed a loading estimate for manured cropland for Central Valley dairies and
digitized lagoons (including settling basins), corrals, and manured cropland. Based on these combined
efforts, industry-wide proportional N contribution from corrals, lagoons, and manured cropland was
2%, 4%, and 94%, respectively.

1.4 External Advisory Committees

CVDRMP is collaborating with two external advisory committees, the Groundwater Technical Advisory
Committee (GTAC) and the Multidisciplinary Advisory Committee (MAC). CVDRMP has successfully
solicited participation from experts in a variety of fields that are pertinent to the program and will
continue to expand and modify membership as program needs evolve. Presently, the committees are
comprised of hydrologists, geologists, geochemists, agronomists, agricultural engineers, irrigation and
soils experts, dairy producers, and service providers to the dairy community. Committee members
span the private, public, non-profit, and academic sectors, including (i) consultants, (ii) staff from the
Central Valley Regional Board, California Department of Food and Agriculture, and (iii) research staff
from the U.S. Geological Survey, Lawrence Livermore National Laboratory, and UC Davis including its
Cooperative Extension Service.

The focus of the GTAC has included:

0 The concept of the representative monitoring approach.
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O Selection criteria for of dairy farm locations to ensure that the monitoring well network is
representative of hydrogeologic conditions such that conclusions developed from their
monitoring data are relevant to non-monitored dairies.

O Scope of RMP groundwater data collection effort.

0 Soundness of analytical tools and interpretations.

A selection of specific GTAC input and factual observations that are supported by the GTAC are
summarized below?.

1. Documentation of management practices is important to support the evaluation of
cause/effect relationships between surface processes (i.e., management practices) and the
quality of first encountered groundwater. These relationships are most clearly established in
areas of thin, sandy vadose zones and well-documented current management practices.

2. Notwithstanding Item 1, a groundwater constituent concentration yields no information on the
lagoon seepage rate, the strength of the seepage, overall subsurface loading rate, or duration

of the loading. This means that a high concentration of an indicator parameter does not
support the conclusion of “lots of seepage.” Similarly, a low concentration of an indicator

parameter does not support the conclusion of “little seepage.” Also, the absence of detectable
impacts to groundwater quality does not provide conclusive evidence for zero-seepage or no

impact to groundwater quality.

3. The thicker the vadose zone (other variables held constant), the more attenuated management

practice-related signals will become in first encountered groundwater. This confounds
interpretation of groundwater quality data with respect to management practices and may
introduce uncertainty surrounding interpretations and conclusions. Therefore, well-

documented historical management practices (in addition to current management practices)

become even more important for dairies situated on thick unsaturated zones. Additional

favorable attributes for these dairies are minimal change of management practices over time,

or at least well-documented management practices that are typical for a region.

4. To support the examination of cause/effect relationships and conclusions with high confidence,
the data set needs to facilitate analysis based on source loading rather than reactive transport.

This favors data collection efforts in areas of shallow groundwater and thin vadose zone.
5. Distinguishing transport processes (e.g., denitrification) from source loading in controlling

groundwater nitrate concentrations will be important in identifying management practices that

minimize nutrient loading to the water table. To address this, the redox characteristics? of

groundwater samples should be documented with field measurements of (at least) dissolved
oxygen and (preferably also) the oxidation-reduction potential. Laboratory analyses of Fe, Mn,
and sulfide were suggested as useful constituents to be added to the current monitoring effort.
6. Groundwater age dating can be a useful tool to supplement the current data collection effort,
particularly in areas of thick vadose zones. However, it may also provide insights in areas of thin

vadose zones.

2 ltems 1 and 3-12 first (GTAC meeting, July 2012); Item 2 (GTAC, February 2015).
3 This term refers to the groundwater’s oxygen content, i.e., whether it provides a reducing or oxidizing environment.
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7. All dairies should be sampled at the same sampling interval for at least two years to document
variability in groundwater nitrate and salt concentrations and to allow more robust statistical
comparisons.

8. Sampling frequencies should be sufficient to support the evaluation of seasonal trends.

9. Identification of the depth to groundwater and the relation of the water table to the monitoring
well screen is important for the interpretation of groundwater quality data.

10. Synchronized depth-to-water readings should be obtained from shallow and deep nested
monitoring wells (MWs) during sampling campaigns.

11. Synchronized groundwater quality sampling from shallow and deep nested MWs may benefit
the program by providing insight into the depth dependence of groundwater quality and for
interpreting seasonal variations in groundwater quality.

12. During well drilling, continuous core sampling (as opposed to retrieval of 18-inch cores with a
split barrel sampler every 5 feet) may provide additional lithologic information that can be
helpful in the interpretation of groundwater quality.

The focus of the MAC has included:

O The concept of the representative monitoring approach.

a Selection criteria for dairy farm locations to ensure that the monitoring well network is
representative of dairy farming practices such that conclusions developed from their
monitoring data are relevant to non-monitored dairies.

0 Insights on innovative methodologies, approaches, and analytical tools (e.g., whole farm nitrogen use
efficiency modeling, modeling of nitrogen and salt movement in the root zone, and groundwater
modeling) to support the RMP.

Additional tasks include:

0 Review and evaluation of results from implemented methodologies, approaches, and analytical
tools.

O Review and/or development of approaches to improved, comprehensive nutrient management.

0 Identification of potential research needs.

0 Identification of potential solutions in response to findings of the RMP.

At a January 2015 meeting, the MAC deemed the following four components indispensable for good
nutrient management on dairies:

1. Accurate measurements of irrigation water, nutrient inputs, and nutrient harvest removal

2. Ability to apply specific amounts of manure nutrients at the target rates and times they are

needed

On-farm record keeping which provides timely computation of application amounts

4. A means of estimating organic N release, expected leaching losses and other dynamic nitrogen
processes throughout the season and integrating this information into management decisions
to identify the need for adjustment of application rates from the pre-season plan

w

Key components of the RMP were developed with input from the MAC and include the variety of:

0 Flush and scrape dairies
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O

Lagoons with different construction characteristics including unlined lagoons, earthen-lined,
and synthetically lined lagoons

Crops and crop rotations

Irrigation systems

Irrigation water sources

Irrigation practices

Nutrient sources for crop fertilization

0 Nutrient applications

0O 000D

A selection of specific input received from the MAC prior to the expansion of the RMP from 18 to 42
dairies is summarized below.

1. Tile drain sampling is a suitable, low-cost alternative to groundwater sampling.

2. The collection of sufficiently accurate information regarding irrigation and nutrient
management is critical to the evaluation of management practices.

a. Major challenges are the lack of accurate, quantifiable flow control and the lack of accurate
quantification of nitrogen (inorganic and organic components) and mineral content in
irrigation water and lagoon water during irrigation events.

3. Inclusion of dairies in the south San Joaquin Valley is necessary in order to capture different
irrigation systems, cropping practices, and soil types.

4. It was recognized that groundwater monitoring in areas of deeper groundwater is not a
preferred choice due to (i) the increasing delay between surface processes and groundwater
quality changes and (ii) the decreased “signal strength”* of the groundwater quality changes in
response to distinct irrigation/nutrient management practices. Deep groundwater poses major
difficulties for groundwater quality analysis and establishing a causal link between surface
practices and groundwater quality changes.

5. Nevertheless, many dairy farmers located in areas of deep groundwater are unlikely to be
accepting of recommendations developed based on a data collection and analysis effort limited
to areas of shallow groundwater.

6. Dairy farmers need to be made part of the process of recommendations development.

1.5 Outreach and Status Updates

CVDRMP held semi-annual public meetings through the submittal of the Summary Representative
Monitoring Report (CVDRMP 2019) to brief interested parties on RMP activities, findings, progress, and
planned future activities. Meeting locations alternate between the Central Valley Regional Board’s
offices in Rancho Cordova and Fresno. In addition, CVDRMP meets with Central Valley Regional Board
staff on an as-needed basis and provided several formal status updates to Central Valley Regional
Board staff (LSCE 2014e; LSCE 2015e; LSCE 2016c; LSCE 2016d). CVDRMP’s Annual Reports (LSCE
2013b; LSCE 2014c; LSCE 2015c; LSCE 2016a; LSCE 2017b; LSCE 2018; LSCE 2019a) and many other
pertinent documents are available at

4 Essentially, the increased travel time and differential flow velocities through a thick unsaturated zone obscure a clearly
identifiable response to management practices on the surface.
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(https://www.waterboards.ca.gov/centralvalley/water issues/confined animal facilities/groundwater

monitoring/
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2 THE REPRESENTATIVE MONITORING
PROGRAM

2.1 Monitored Dairies and Well Network

The RMP started groundwater monitoring activities in January 2012 on 18 dairies in Stanislaus and
Merced Counties. In January 2013, monitoring activities were expanded to a total of 42 dairies>,
including facilities as far north as Tehama County and as far south as Kern County (Table 2-1, Figure 2-
1). As of November 2014, the monitoring well network on these dairies comprised 443 dedicated
monitoring wells (Table 2-2). This includes seven wells that were installed in fall 2014. Two nested
monitoring well structures were destroyed in November 2019 (CVRWQCB 2019; LSCE 2019c; LSCE
2020). Therefore, as of December 2019, there were 439 monitoring wells in the network. Many of the
wells were installed as nested wells (i.e., two or more wells in one borehole) or in well clusters (i.e.,
two or more wells installed adjacent to each other as a pair or group) to facilitate groundwater sample
retrieval from the uppermost zone of first encountered groundwater under variable groundwater level
conditions. The following terms are used throughout this document:

Monitoring Well. Monitoring well refers to a single well casing. As of December 2019, the network
comprises 439 monitoring wells. A monitoring well may share the borehole with another monitoring
well (i.e., a nested well structure).

Well Location. A well location is a single well structure comprising one or more monitoring
wells. The number of well locations is equal to the number of boreholes that were drilled to install
monitoring wells. As of December 2019, the network comprises 277 well locations.

Well Site. A well site comprises either one or more single wells, or a nested well structure,
or a combination thereof. As of December 2019, the network comprises 248 well sites. At each well
site, one groundwater sample is retrieved from the monitoring well that intersects the uppermost
portion of first encountered groundwater. Therefore, the number of well sites indicates the number of
samples to be retrieved during a groundwater quality sampling campaign.

Shallow and deep nested wells that were installed by CVDRMP were identified with an “s” or “d”,
respectively. The “s” and “d” designation does not imply that these wells are completed in distinct and
separate water bearing zones at any one well location. Monitoring well networks that were installed by
UC Davis for research purposes feature well clusters with a single completion well and up to three
nested wells. In these cases, the single completion well is identified with an “A”, and subsequently
deeper monitoring wells in the nested facility are identified with “B, C, and D”, respectively (Table 2-3).
At these well clusters, the “A” wells were purposefully constructed as dry wells above first
encountered groundwater (as encountered at the time of drilling) to accommodate a well structure

5 Since then, one dairy converted to a heifer ranch and four dairies converted to farms without livestock. Monitoring wells
remain in place and continue to be part of this program.
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that continues to monitor the uppermost zone of first encountered groundwater should groundwater
levels substantially rise in the future. Unlike CVDRMP-installed wells, “A, B, C, and D” wells are typically
separated by materials of low hydraulic conductivity. Wellhead survey coordinates are summarized in
Table 2-4. Monitoring wells are shown on maps of the dairy’s production areas and associated field
maps (Map Series).

2.2 Groundwater Data Collection

The RMP consists of monthly depth-to-water measurements in its 443 network wells and quarterly
groundwater sampling campaigns at 250 well sites (Tables 2-5 and 2-6). At each well site, a
groundwater sample is retrieved from the monitoring well that intersects the uppermost portion of
first encountered groundwater. When groundwater levels decline below the shallow well screen, a
sample is retrieved from the next deeper well. Monitoring field activities were carried out by Del-Tech
Geotechnical Support in the Central Area and by Blaine Tech Services in the North and South Areas.
Laboratory analytical services are provided by BC Laboratories. BC Laboratories is certified through the
State of California (Department of Health Services Environmental Laboratory Accreditation Program).

2.3 Concept of the Source Area of a Well

The concept of the source area of a well is fundamental to the RMP as it relates to the monitoring well
design and the interpretation of groundwater chemical characteristics as a result of dairy management
practices specific to management units.

The source area of a well is the area which supplies water to the well. The size of the source area
depends on many variables, including the well’s construction details, the rate and duration of
groundwater extraction, physical properties of the aquifer, and hydrologic conditions. Under absence
of pumping, the well’s source area essentially becomes a source line, referred to as the monitored
source length, s®. The monitored source length in recharge dominated hydrologic systems, such as
encountered in irrigated agricultural settings, can be conceptualized as follows (Harter, Davis et al.
2002):

eq.1

s=dy
where,
eq. 2

v=Ki

s = monitored source length [L]

6 Conceptually, the width of the source area approaches zero when a well is not pumped (or in practice, the well diameter).
Also, even monitoring wells are pumped during purging and sample retrieval activities. Therefore, the term “source area”
will be used in later discussions throughout this document.
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d = length of screen below water table [L]
v = horizontal flow [L t]

r = recharge rate [L t™]

K = hydraulic conductivity [L t]

i = horizontal gradient [L L]

Eqg. 1 states that s increases linearly with increasing d and v; and it decreases nonlinearly with
increasing r. Importantly, when r approaches zero (i.e., no recharge), s becomes infinitely large. This
condition may be encountered at synthetically lined lagoons and also, for example, at clay lined
lagoons and lagoons constructed in clay soils.

Eqg. 1 represents a simplification of the actual system, and the monitored source length is not constant.
As water table elevations fluctuate, d changes. Also, v and r are nonsteady. Furthermore, the
groundwater flow direction (this is not included in the scalar form of K used in eq. 2) is variable. The
single most influential variable on s is the hydraulic conductivity, K. This is due to the wide range of
hydraulic conductivities that occur in even relatively homogeneous subsurface materials. The
Handbook of Hydrology (Maidment 1993) suggests the following ranges of K [m d!] for subsurface
materials comparable to those investigated at the CVDRMP monitoring sites:

Clays: 107 -10*
Silts: 104 -10°
Sands (fine to coarse): 102 - 10*3

For typical values of d (10 ft), i (0.003), and r (1 ft y), below are estimates of monitored source lengths
(ft) for a range of K (ft d?) values (values are shown with one significant figure):

K=1 s=10
K=10 s=100
K =50 §=500
K=100 s=1,000
K=500 s=5,000

Using the above parameters, the largest primary hydraulic conductivity of clay would result in a source
length significantly shorter than 1 foot. A well of this characteristic would yield almost no water and
would tend to go dry during purging activities. In practice, it is believed that secondary porosity in clay
and silt rich soils, caused by fractures and other heterogeneities, effectively increases the RMP wells’
monitored source length. This is supported by the fact that RMP monitoring wells that are constructed
in clay and silt rich materials generally exhibit good yield characteristics during purging.
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2.4 Technical Limitations of Groundwater Monitoring in
the Context of the Dairy General Order

2.4.1 Source Area Considerations

Groundwater constituents that have been linked to agricultural activity are nitrogen components and
general minerals such as potassium, chloride, sulfate, phosphorous, calcium, and magnesium. These
constituents can impart a distinctive agricultural-chemical trademark to groundwater on a regional
scale, and elevated concentrations of these constituents have become ubiquitous in shallow
groundwater systems in agricultural landscapes, including in the Central Valley. In the absence of a
unique identifier (i.e., a constituent present in groundwater that can be directly linked to a specific
source), interpretation of groundwater quality data is most successful with consideration of the well’s
source area. Therefore, RMP monitoring wells positioned downgradient of a management unit are
intended to intercept groundwater which originates under the targeted management unit, only. It is
important to recognize that this is not physically possible when recharge from a management unit
approaches zero, such as may be the case with synthetically lined lagoons, clay lined lagoons, or
lagoons constructed in clay soils. Furthermore, nonsteady groundwater flow directions can readily
confound the interpretation of groundwater quality and corresponding land uses and management
practices.

Monitoring well design options with respect to source areas relate to the placement and length of the
well screen. In practice, these options are limited; the placement of the well screen is based on the
occurrence of first encountered groundwater during well construction. Regarding screen length, well
screens that are too short tend to produce highly variable groundwater quality results that are difficult
to interpret in this context. On the other hand, increasing the screen length has been found to
contribute significantly to vertical flow components (both upward and downward) within the well
structure that can yield misleading and ambiguous data concerning solute concentrations. Therefore,
the length of screen sections in RMP wells was typically kept between 5 and 20 feet. The RMP attempts
to address the above design challenges with nested wells (i.e., two wells in one borehole with relatively
short well screens located at different depth intervals). However, the limited monitoring well design
options cannot address the full range of environmental conditions.

With regard to management units on dairies, the monitored source length for fields is expected to be
shorter than the extent of the upgradient management unit because these are the largest
management units. In addition, recharge to groundwater from irrigated fields is comparatively high.
Well design and groundwater monitoring specific to animal housing are more difficult because these
areas are typically smaller than the fields, and they are sloped and constructed to reduce infiltration
and deep percolation (i.e., recharge to groundwater). The lagoons are often the smallest management
unit. If lagoon seepage approaches zero, the source area of a downgradient monitoring well will extend
beyond its footprint. In this case, groundwater chemical characteristics cannot be unambiguously
attributed to the lagoon, and the identification of seepage impacts on groundwater relies on unique
identifiers such as elevated ammoniacal nitrogen.
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With increasing depth to first encountered groundwater, the correlation of management unit specific
farming practices to groundwater characteristics becomes more difficult. As travel time through the
vadose zone increases, the correlation between management practices and groundwater quality
impacts diminishes (i.e., the relationship between individual irrigation/fertilization events and
groundwater quality diminishes). Physical dispersion, including transport along preferential flow paths
and lateral water movement on top of sedimentary deposits of low hydraulic conductivity causes the
original signature of the percolate to be attenuated. Even when considering a theoretical homogenous
and isotropic porous medium, dispersion will soon moderate the pulses that are signals of individual
irrigation and fertilization events and generate an aggregate signal that combines an unknown number
of pulse signals, eventually over the course of years. In addition, reactive transport, including sorption
and desorption, oxidation, nitrification, denitrification and cation exchange, have the potential to
change the chemical characteristics of the percolate along its flow paths before it reaches
groundwater. These natural processes impart technical limitations on the interpretation of
groundwater monitoring results that cannot be reconciled with monitoring well design.

2.4.2 Concentration and Mass Loading

Under ideal conditions, a groundwater
constituent concentration may yield information

Groundwater constituent concentrations do not
yield information on subsurface mass
emissions. In contrast, agricultural
improvements in nutrient use efficiencies
manifest themselves in subsurface emission
reductions, not necessarily in concentration
decreases at the water table.

on the effect of a single source on groundwater
quality at a specific point in the aquifer.
Fundamentally, groundwater constituent
concentrations do not yield information on the
source’s subsurface mass emissions or loading
rate. However, agricultural improvements in
nutrient use efficiencies manifest themselves in
subsurface emission reductions, not necessarily
in concentration decreases at the water table.

For example, increased water use efficiency, broadly accepted as a desirable goal for irrigated
agriculture, directly increases the salinity of the percolate traveling below the crop root zone. For
conservative minerals (salts), the basic physical relationship is as follows:

eq. 3

" LF

Cq = salt concentration in deep percolating water [mass/volume]
Ci = salt concentration in irrigation water [mass/volume]

LF = leaching fraction [unitless]
where,

eq.4

LF

_ (AW —ET)

AW
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AW = applied water that infiltrates the soil [L]
ET = evapotranspiration [L]

A similar technical limitation exists for nitrate in the percolate because improved nutrient management
has a non-unique concentration signature at the water table. The fact that plants take up nitrogen
does not mean that it cannot become concentrated in the soil water and percolate. In the example
below, reducing both water and N-input by 17 percent leads to a 33 percent mass loading reduction.
Yet, the concentration of the percolate remains unchanged (i.e., 100 lbs of N in 1.0 af of percolate).

ET and Plant

Parameter Input Nitrogen Uptake

Deep Percolation

Base Scenario
Water (af) 3 1.5 1.5
Nitrogen (Ibs) 300 150 150
Improved Water and Nutrient Efficiency
Water (af) 2.5 1.5 1.0
Nitrogen (Ibs) 250 150 100

The nature of irrigated agriculture and pertinent physical relationships demonstrate that groundwater
monitoring is not suitable as a primary tool for agricultural management practice evaluation. Instead,
the concept of subsurface loading in the context of irrigated agriculture in California is ultimately key
to identifying practices that are protective of groundwater quality at the scale relevant to the
protection of beneficial uses. This is achieved by improving nutrient management.

Groundwater monitoring with respect to lagoon
performance is similarly limited. It provides no

Although groundwater monitoring generates
quantitative information, this information can
only be used qualitatively such as,
“groundwater chemistry is indicative of lagoon
seepage.” However, seepage is to be expected
from lagoons, animal housing, and crop land.
Therefore, groundwater monitoring is of limited
usefulness.

information on the concentration of lagoon
seepage, the seepage rate, overall subsurface
mass loading rate, or the duration of the loading.
This means that the presence of a high
concentration of an indicator parameter does
not necessarily equate to “lots of seepage.” A
high concentration may be associated with a
small seepage rate and an overall small
subsurface mass loading rate. Similarly, a low
concentration of an indicator parameter does
not necessarily equate to “little seepage.” A low

concentration may be associated with a high seepage rate and an overall high subsurface mass loading
rate. Although groundwater monitoring generates quantitative information, this information can only
be used qualitatively. For example, with respect to lagoon seepage, i.e., supporting a statement such
as, “groundwater chemistry is (or is not) indicative of lagoon seepage.” Since guidelines, standards, and
laws that guided the construction of existing earthen lagoons intended to control seepage but not to
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stop it, seepage is to be expected and a data collection effort (e.g., groundwater sampling via
monitoring wells or other means) that supports a qualitative statement of whether a lagoon seeps or

not, is of limited usefulness.

2.4.3 Management Practices and Groundwater Quality

Groundwater protection cannot
be assumed or guaranteed
based on the implementation of
particular management
practices, with possible
exceptions in extreme cases.

Agricultural land use and its associated management practices
(MPs) affect groundwater quality. This Annual Report and
previous annual reports have presented evidence to that end.
However, the General Order’s premise that monitoring of first
encountered groundwater can universally identify (i) specific
MPs that are either protective or not protective of groundwater
quality, and (ii) solutions and upgrades that will result in
compliance (meaning protectiveness of groundwater quality) is
not realistic with possible exceptions in extreme cases. Stated
differently, groundwater protection cannot be assumed or

guaranteed based on the implementation of particular MPs; again, with possible exceptions in extreme

cases.

A MP can be an activity, process, operational range, structure, or use of technology with the aim to
reduce N leaching (e.g., conduct irrigation system performance, convert from flood irrigation to
subsurface drip irrigation, use weather-based irrigation scheduling, include a deep-rooted perennial
crop such as alfalfa in rotation, apply fertilizer in small multiple doses rather than large single doses,
install and use a flow meter to quantify lagoon water applications to crops). MPs can be carried out
with different intensity, frequency, and with various amounts of care, all of which may affect their
effectiveness. Therefore, any one MP can be expected to have a wide range of effects on groundwater
quality or none. This is exacerbated by the fact that farmers implement many MPs at the same time
and/or in sequence. For example, in a border irrigated system, a farmer may choose a certain field
slope, irrigation onflow rate, and cultivation practice. This simplified system (slope “1”, slope “2”,
harrowed vs. not harrowed, onflow rate “1” and onflow rate “2”) already produces eight treatment
permutations. While any one of these permutations may result in substantial irrigation water savings
during the pre-irrigation (and thus, contribute to reduced leaching and improved NUE), it may or may
not have an effect on the first irrigation or any subsequent irrigations over the course of one growing
season. Other factors that may profoundly influence findings include the run length, antecedent soil
water conditions, check width, and soil type. Further, even subtle soil (textural) differences on adjacent
fields or within fields can produce significantly different results in replicated trials. Finally, in practice,
the system is much more complex because there are different types of harrows and other implements
available to modify surface roughness, and both slope and onflow rate provide many more options

than used in the above example.
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The notion to identify specific
management practices that are
either protective or not
protective of groundwater
quality via groundwater
monitoring is not realistic.

It is important to recognize that a MP may have a lesser effect
on groundwater quality than the day-to-day decisions that may
be associated with a given practice. For example, the
determination of cutoff time based on visual observation of the
irrigation water advance over the check is a common practice
associated with surface irrigation systems. The decision for
cutoff has to be made check-by-check, many times during the
irrigation season, while balancing the need to irrigate the entire

field with the desire to minimize leakage losses. Yet, the degree

to which this decision optimizes these competing goals (i.e.,
meet crop water requirement, but minimize leakage loss while maintaining sufficient flushing of salts
from the root zone) may vary widely. Fundamentally, many MPs (e.g., optimize cutoff time) appear to
be categorical in nature and, thus, may appear to non-agronomists to inform evaluation of the effects
of practices on groundwater quality. However, the farm implementation of a practice is, more often
than not, subjective, variable through time, and practically not quantifiable. Furthermore, farmers are
compelled to routinely try new MPs or modify traditional MPs in order to stay competitive. Therefore,
the notion to identify specific MPs that are either protective or not protective of groundwater quality
via groundwater monitoring is not realistic.

2.4.4 Groundwater Confinement

With increasing depth to first encountered groundwater, confinement also increases. “First
encountered groundwater” is not synonymous to “unconfined aquifer”. First encountered
groundwater may exist in both unconfined and confined conditions. To explain the occurrence of
increasing confinement, characteristics of both unconfined and confined aquifers are detailed below.

The top of an unconfined aquifer is the water table, which is the plane where groundwater pressure is
equal to atmospheric pressure. The water table height corresponds to the equilibrium water level in a
well penetrating the aquifer. Above the water table is the vadose zone. The lower boundary of an
unconfined aquifer is a layer of much smaller hydraulic conductivity. When groundwater flows from an
unconfined aquifer into a pumped well, air moves through the vadose zone and replaces water that
has drained from the pore space in the upper aquifer material.

A confined aquifer is a layer of water bearing material between two layers of much less permeable
material, such as a sand layer between two clay layers. Confined aquifers are completely filled with
groundwater; there is no water table. The pressure condition in a confined aquifer is characterized by
the piezometric surface, which is the surface obtained by connecting equilibrium water levels in tubes,
or piezometers, penetrating the aquifer. Due to the confinement of the aquifer, its water is under
pressure, and the equilibrium water level in a well penetrating the aquifer will be above the aquifer,
i.e., above the screened interval in the blank casing. When groundwater flows from a confined aquifer
into a pumped well, water is primarily yielded by compression of the confining layers (and other fine-
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grained material interspersed with the coarse aquifer material) due to a lowering of the piezometric
surface’.

Unconfined and confined aquifers describe two extremes of groundwater occurrence with aquifers of
varying degrees of confinement in between these extremes. Confinement also occurs without the
presence of an upper confining layer by the mere presence of a thick unsaturated zone if it sufficiently
reduces airflow. In this case, confinement increases with increasing depth, i.e., it is a gradual change of
pressure conditions rather than an abrupt change.

Whether first encountered groundwater exists under unconfined conditions or confined conditions,
the concept of the source area still applies. However, it is important to recognize that, under
increasingly confined conditions, the equilibrium water level of a well will not necessarily be within the
screen. Instead, it may be above the screened section in the blank casing. Similar to the processes of
dispersion and reactive transport discussed above, these pressure phenomena, which become
increasingly characteristic with increasing depth, cannot be reconciled with monitoring well design.

2.4.5 Implications for Analysis and Recommendations Development

It is clear from the preceding discussions in Section 2.4 that groundwater monitoring is not a suitable
tool to evaluate individual on-farm management practices or to develop recommendations for
solutions and upgrades. Therefore:

1. CVDRMP’s Annual Reports do not attempt to explain groundwater quality based on MPs (with
few exceptions).

2. Annual Reports do not attempt to infer the adequacy of MPs for the protection of groundwater
based on groundwater quality.

3. Recommendations in the Summary Representative Monitoring Report (CVDRMP 2019) aim at
improving nitrogen use efficiency on dairies regardless of constituent concentrations in first
encountered groundwater, and at increasing manure exports from dairies.

2.5 Sampling Procedures and Instrumentation

2.5.1 Groundwater Level Measurements

An electrical sounder is used to measure the depth to groundwater from a specified reference point
(usually the top, north side of the well casing). Measurements are recorded to the nearest 0.01 foot.
Measurements on any one dairy are collected near in time to obtain a data set resembling a “snapshot
in time”.

During groundwater quality sampling campaigns, a depth to water measurement is obtained prior to
sampling a monitoring well. The static water level in conjunction with well construction information is

7 Other sources of water may be seepage through the confining layers and lowering of the water table at the outcrop of the
aquifer.
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used to calculate the volume of water in the well. This information is used to determine the minimum
volume of water to be purged prior to sample collection.

2.5.2 Purging Protocol

Monitoring wells are purged and sampled using dedicated HDPE tubing equipped with stainless steel
foot valves. Where groundwater is sufficiently shallow, this assembly is used in combination with a
centrifugal pump on the surface. Prior to sample collection, the dedicated tubing is disconnected from
the pump, and sample bottles are filled with groundwater using the inertial pump process. Using this
equipment and process eliminates the need for decontamination because the groundwater sample
does not come into contact with equipment shared between wells.

Monitoring wells are purged of three or more wet casing volumes and until indicator parameters
(temperature, pH, and specific conductance) have stabilized prior to sample retrieval. Stabilization is
defined as consecutive readings at approximately 5-minute intervals (or at intervals of casing volumes)
where parameters do not vary by more than 5 percent. Purged groundwater is disposed of by
spreading it on the ground at a reasonable distance from the sampled well to avoid the potential for
purge water to enter the well casing again during the purging process.

The following parameters are monitored during the well purging:

Temperature (°C)

pH (standard pH-units)

Specific Conductance (uS/cm)

Dissolved oxygen (mg/L)

Dissolved oxygen (percent saturation) (added in February 2013)
Oxygen reduction potential (mV)

Turbidity (NTU)

0000 D0 DD

Visual (color, occurrence of solids), olfactory (odor) and other observations (e.g., wellhead conditions,
well access, ground conditions, weather) are noted as appropriate.

2.5.3 Instrumentation and Maintenance

Shop and field calibration of instrumentation is conducted following the manufacturer’s instructions
and guidelines using appropriate standard solutions and procedures and at manufacturer
recommended intervals. The electrical sounder and thermometer are factory calibrated and are not
field calibrated.

Due to the use of dedicated equipment, there are no decontamination procedures in place. If
additional analyses are incorporated into the program in the future, procedures for purging, sample
retrieval, and decontamination will be adjusted, as needed.

2.5.4 Sample Handling and Recordation

Upon completion of purging activities, groundwater quality samples are collected in laboratory-
supplied bottles with or without preservative (depending on analyses to be conducted and
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recommendation from the analyzing laboratory) according to laboratory instructions. Bottles are
labeled with laboratory-supplied labels, immediately placed on ice, and kept in a dark ice chest (at 4 °C)
until received by the laboratory. Sample pick-up is coordinated between the field technicians and the
laboratory’s courier service under observance of applicable holding times.

A chain-of-custody (COC) form is used to record sample identification numbers, type of samples
(matrix), date and time of collection, analytical tests requested, and blind duplicate samples. In
addition, times, dates, and individuals who had possession of the samples are documented to record
sample custody. A field sheet is used to document field activities and measurements.

2.5.5 Quality Assurance Procedures

Quality assurance (QA) is an overall management plan used to guarantee the integrity of data collected
by the monitoring program. This includes the above guidelines for groundwater level measurements,
purging protocol, and sample handling and recordation. Quality control (QC) is a component of QA that
includes analytical measurements used to evaluate the quality of the data. A brief discussion of field
QC is followed by a discussion of laboratory QC requirements.

2.5.5.1 Field Quality Control

“Blind” duplicate field samples (duplicate samples) are collected to assess the precision (i.e.,
repeatability) of sampling results as influenced by natural variability of constituent concentrations in
the sample and laboratory performance. Therefore, concentration differences between sample pairs,
even large differences, do not necessarily indicate poor laboratory performance. Laboratory
performance is addressed via laboratory quality control measures (see next section) and the
cation/anion balance. This field quality control program is not used to adjust individual sample results.

The identified sample and its duplicate sample are retrieved immediately following each other to limit
natural variability. The true identity of duplicate samples is not noted on the COC form, rather a unique
identifier is provided. The identities of the duplicate samples are recorded on the field sheet, but the
sampling locations of the duplicate samples are not revealed to the laboratory. Duplicate samples are
collected from at least 5 percent (1 in 20) of the total number of sample locations (i.e., in these cases
two samples are collected from the same sample location).

2.5.5.2 Laboratory Quality Control

Quality assurance and quality control samples (e.g., spiked samples, blank samples, duplicates) are
employed by the laboratory to document the laboratory performance. Results of this testing are
provided with each laboratory report.

2553 Review of Laboratory Data Reports

Data validation includes a data completeness check of each laboratory analytical report. Specifically,
this review includes:
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0 Review of data package completeness (ensuring that required QC and analytical results are
provided);

0 Review of the required reporting summary forms to determine if the QC requirements were met
and to determine the effect of exceeded QC requirements on the precision, accuracy, and
sensitivity of the data;

0 Review of the overall data package to determine if contractual requirements were met; and

0 Review of additional QA/QC parameters to determine technical usability of the data.

In addition, the data validation includes a comprehensive review of the following QA/QC parameters:

O Holding times (to assess potential for degradation that may affect accuracy)

Blanks (to assess potential laboratory contamination)

O Matrix spikes/matrix spike duplicates and laboratory control samples (to assess accuracy of the
methods and precision of the method relative to the specific sample matrix)

O Internal standards (to assess method accuracy and sensitivity)

Constituent reporting limits and method detection limits

0 Field duplicate relative percent differences

O

O
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3 PROGRAM REPRESENTATIVENESS

3.1 The Concept of Subsurface Loading

For purposes of groundwater quality research, California dairy farms have previously been
conceptualized to consist of three main management units (liquid manure lagoons, animal housing,
and land application areas (i.e., the fields where lagoon liquor and/or solid manure are used to fertilize
crops))(Harter, Davis et al. 2001; Harter 2008; Van der Schans, Harter et al. 2009). This concept has
been incorporated into the RMP (LSCE 2012b). The RMP is tasked to identify dairy farm practices
specific to these management units that are protective of groundwater quality.

This necessitates the evaluation of cause-and-effect relationships between farming practices on the
ground surface and groundwater chemical characteristics, and begins with those practices that are
currently employed in response to the General Order.

The RMP is a data collection and analysis effort designed to develop a knowledge base from a subset of
Central Valley dairy farms that will support conclusions with respect to practices and their ability to
protect groundwater quality that are applicable to non-monitored dairy farms under the General
Order. For this purpose, the selection of dairy farms was based on two types of data:

O Physical parameters that control subsurface loading
0 Additional dairy farm features

The concept of subsurface loading was introduced in the Phase 1 Workplan (LSCE 2012d) and
recognizes fundamental similarities and differences between Central Valley dairy farms. Therefore, it is
integral to the application of the RMP’s conclusions to non-monitored dairy farms. The subsurface
loading rate (also referred to as subsurface mass emissions) is determined by the product of its two
components: the rate of deep percolation (i.e., the amount of infiltrated water reaching first
encountered groundwater) and the constituent concentration of the infiltrate. Therefore,
measurement or estimation of either component is not a conclusive management evaluation tool on
its own (Section 2.4). The subsurface loading rate is a flux that describes a particular management
unit’s performance. It is controlled by key physical parameters. Therefore, these parameters directly
support the analysis and interpretation of groundwater quality data. Physical parameters essentially
serve as explanatory variables for groundwater chemical characteristics beneath specific management
units®. Static physical parameters refer to site conditions. Dynamic physical parameters refer to dairy
farm practices, i.e., they are subject to change.

8 Importantly, an infinite number of combinations of deep percolation and constituent concentrations can result in the
same groundwater chemical concentrations in a groundwater sample. For example, high rates of deep percolation can
result in relatively low mineral concentrations in groundwater. Similarly, low rates of deep percolation associated with
water conservation efforts may result in higher mineral concentrations in groundwater.
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3.2 Static Physical Parameters (Site Conditions)

Static physical parameters that were considered in the design of a representative network of
monitored dairy farms are soil texture and annual precipitation depth. Although the depth to
groundwater and the age of a management unit do not control subsurface loading rates, they are
discussed in this section because these parameters are taken into consideration in the evaluation of
groundwater chemical characteristics.

3.2.1 Soil Texture

Soil texture, and particularly its clay content, relates to the soil’s hydraulic properties, including the
water holding capacity, permeability, the infiltration rate and its rate of change during individual and
consecutive irrigation and precipitation events. For example, soil properties in conjunction with the
rate of irrigation application (e.g., in a furrow irrigated system) relate to the spatial variability of deep
percolation losses along the furrow profile. Farmers employ irrigation types (e.g., furrow, border, or
sprinkler) and practices (e.g., rate of irrigation application, timing and duration of irrigation events) to
complement their particular soil type. Similarly, the frequency and rate of fertilizer applications to
satisfy a particular crop’s demand depend, in part, on the soil.

Soil types in the current RMP range from coarse-textured, highly permeable sand over a variety of
different loams to fine-textured, clay soils of low permeability (Attachment 1 [Tables 3-1 and 3-2]).
These are all highly mineralized soils, typical of soils beneath dairies in the Central Valley. CVDRMP is
not aware of Central Valley dairies that are situated on soil types, such as peat, weathered limestone
(Karst), fractured rock, or gravel beds, that would indicate fundamentally different hydraulic behavior
or chemical processes in the subsurface. Therefore, the current RMP is considered representative of
the range of soil types encountered on Central Valley dairies.

3.2.2 Annual Precipitation Depth

Precipitation, while typically not a major contributor to deep percolation beneath crop fields in the
Central Valley, poses a complicating variable to the farmer, as it can affect decisions relating to the
timing of sowing, planting, harvest, irrigation, and manure/fertilizer applications. In addition, it can
potentially cause unwanted flushing of the root zone. Since the long-term sustainability of irrigated
agriculture depends on the flushing of excess salts below the root zone (to prevent a detrimental
accumulation of salts), the interaction between the soil, irrigation and precipitation, and
manure/fertilizer application is key to the interpretation of groundwater quality beneath cropped
manure application fields.

The Central Valley is characterized by semi-arid climate with dry, hot summers and mild, typically
snow-free winters with the great majority of precipitation falling from November to March. Aridity
generally increases from north to south and from east to west (Figure 3-1).

The RMP accounts for the geographic distribution of precipitation in the Central Valley by including
some of the northernmost and southernmost dairies regulated under the General Order (i.e., from
Tehama to Kern counties), and it captures the range of annual precipitation depths from less than 8 to
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slightly over 22 inches. Therefore, the current RMP is considered sufficiently representative of the
range of precipitation under which dairies regulated by the General Order operate.

3.2.3 Depth to Groundwater and Age of a Management Unit

The depth to groundwater does not control subsurface loading rates. Therefore, it was not considered
for the representativeness of the program. However, the thickness of the unsaturated zone (i.e., the
zone that separates groundwater from the ground surface) affects constituent travel time and reactive
transport. Therefore, the depth to groundwater is a consideration when groundwater chemical
characteristics are evaluated. Importantly, the RMP focuses on the evaluation of subsurface loading
and not on reactive transport. In addition, the shorter the response time between management
practices at the ground surface and effects on groundwater quality, the sooner conclusions can be
drawn from the data, and the higher the confidence in the identified linkage between management
practices and groundwater quality trends. Therefore, the RMP favors dairies situated on relatively
shallow groundwater.

Similar to the depth to groundwater, the age of a management unit does not control subsurface
loading rates. Therefore, it was not considered for the representativeness of the program. However,
the age of a unit may be a consideration when interpreting groundwater quality, as it relates to the lag
time between management practices at the ground surface and groundwater quality. For example,
subsurface loading emanating from new animal housing may not be detectable in groundwater for
many years, and a ‘no-impact’ conclusion based on groundwater quality data without consideration of
lag time may be drawn prematurely. Therefore, during the selection of dairies in 2011 and 2012, the
RMP placed emphasis on older management units (i.e., 10 years and up to 30 and more years in
operation) such as to favor those with a history of nitrogen and salt loading.

3.3 Dynamic Physical Parameters (Dairy Farming
Practices)

3.3.1 Crop Fields

Dynamic physical parameters that were considered for the selection of a representative group of
monitored fields include:

Crops and crop rotations

Irrigation systems

Irrigation water sources

Irrigation practices

Nutrient sources for crop fertilization
Nutrient applications

O 0000 ~D
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3.3.1.1 Crops and Crop Rotations

Dairy farms in the Central Valley grow much of the feed for the cows on the farm. The climate allows
for double cropping which refers to the harvest of a summer crop and a winter crop on the same field
in one year. The summer crop is commonly corn and the winter crop is a cereal grain, most typically
oats and wheat (Attachment 1 [Table 3-3]). Oats are more popular in the northern San Joaquin Valley,
and wheat is more popular in the southern San Joaquin Valley. Many dairy farmers keep a portion of
their land out of the summer corn-winter grain rotation to grow perennial alfalfa, which is harvested
several times a year. This is done on a multi-year rotation from one field to the next as alfalfa yields
decline below desired levels. The homogeneity of cropping patterns throughout the dairy industry is
advantageous for the RMP. There are less common winter crops grown on Central Valley dairy farms,
such as sudan, triticale, and sorghum. However, these comprise a very small portion of the overall feed
production, and they typically do not replace the more popular winter crops (oats and wheat) on any
one dairy farm. Rather, they are used in a supplemental form. The only significant exception to the
above are the few pasture dairies, where cows spend a large portion of their life on pasture, where
they graze and fertigate the soil with their excretions.

The RMP captures the three major crops grown on Central Valley dairies (i.e., corn, oats, and wheat). It
also includes a variety of less common winter grains such as sudan, triticale, and sorghum, and a
pasture dairy. Therefore, the RMP is considered representative of the range of forage crops typically
encountered on Central Valley dairies.

3.3.1.2 Irrigation Systems

Dairy farms in the Central Valley irrigate their forage crops most typically using either a furrow or
border system. Furrow irrigation is used for summer corn and border irrigation is used for the winter
crop. In areas of non-cohesive (e.g., sandy) soil that cannot support furrows, the border system is also
used in the summer. A very small subset of dairy farms uses center pivot irrigation systems (i.e.,
overhead sprinklers).

The RMP captures the above irrigation systems, including the furrow/border rotation, border only, and
center pivot (i.e., overhead) sprinklers (see Attachment 1 [Table 3-3]). It is, therefore, considered
representative of typical irrigation systems encountered on Central Valley dairies.

3.3.1.3 Irrigation Water Sources

Dairy farmers irrigate their crops with surface water delivered by local water purveyors (i.e., irrigation
or water districts), groundwater from their own irrigation wells, or a combination thereof (lagoon
liguor is discussed below under Nutrient Sources for Crop Fertilization). Groundwater is typically of
higher mineral content than surface water. The reliability of surface water to the farms can vary
substantially from year to year and depends greatly on the surface water rights held by the purveyor.
For example, CCID holds very senior water rights and can deliver nearly 100% of allocations often even
in drought years. In other districts, some farmers may only receive 20% or less of their allocation in
normal water years.
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The RMP captures the spectrum of dairy fields that are irrigated exclusively with surface water, those
that are irrigated exclusively with groundwater, and those that are irrigated with variable proportions
of these sources (see Attachment 1 [Table 3-3]). It is, therefore, considered representative of irrigation
water source conditions under which Central Valley dairy farmers operate.

3.3.1.4 Irrigation Practices

Irrigation practices pertain to the farmer’s choice of the field’s run length (i.e., the length of the field
that irrigation water travels between the head ditch and the tail end); whether fields are operated with
or without tailwater runoff; and when, at what rate, and how long to irrigate. The run length is clearly
identifiable and ranges from less than an eighth of a mile to almost half a mile among the monitored
fields. This is an important parameter because high levels of irrigation uniformity are difficult to attain
with longer run lengths.

Other irrigation practices are less defined and vary according to farmers’ preferences and estimations.
However, they are also strongly influenced by the resources available to the individual farmer,
especially with regard to the irrigation water source(s) and systems they work with, the crops they
grow, and soil properties. For example, farmers decide when to irrigate based on their field
observations and agronomic experience, but the exact timing of irrigations may also be influenced by
the water district’s ability to deliver the water.

Importantly, the many combinations of irrigation practices have the potential to greatly affect
irrigation water application uniformity and water use efficiency. Relatively subtle modifications may
translate into significant reductions of water and mineral losses to deep percolation. Therefore, the
RMP does not attempt to select a group of fields based on the many individual choices that are
available to farmers and pertain to their exact irrigation water use and management. Rather, the RMP
focuses on readily quantifiable differences (i.e., the run length, tailwater management, and irrigation
durations).

Based on the range of run lengths, and indirectly based on the range of captured irrigation water
sources and systems, crops, and soil properties, the RMP is considered representative of irrigation
practices employed on Central Valley dairy farms.

3.3.1.5 Nutrient Sources for Crop Fertilization

Dairy farmers fertilize their crops with manure, synthetic fertilizers, or varying proportional
combinations thereof. Manure may be applied in liquid form or solid form. Similarly, synthetic
fertilizers are applied in both liquid and solid forms.

The RMP captures the spectrum of dairy fields that are fertilized with manure, synthetic fertilizers, or a
combination thereof. Therefore, it is considered representative of nutrient sources relied upon by dairy
farmers in the Central Valley.

3.3.1.6 Nutrient Application Practices

Nutrient applications involve the farmer’s choice regarding the total application, the application rate,
and its timing. Field-scale mass balance calculations can help evaluate the efficiency of nutrient
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management. Field-scale nitrogen AR ratios exhibited a wide range for summer crops and also for
winter crops.

Based on the above, the RMP is considered representative of generally attained levels of nutrient
management on a field scale.

3.3.2 Animal Housing

The RMP monitors animal housing, including corrals that are used by cows year-round and those
where cows can be removed during the rainy season (Attachment 1 [Table 3-4]). This is independent
of whether a dairy operates as a flush or scrape dairy, and cow occupancy may be the most prominent
distinguishing factor for corrals as it relates to the manure excretion rate on soil. Year-round cow
occupancy also affects slope maintenance and the rate of manure removal during the rainy season,
because wet soil conditions can make it challenging to maintain an adequate slope for drainage and
can make it difficult to keep up with manure removal. Fundamentally, the assessment of corral
conditions is largely non-quantitative and subjective.

Based on the above, the RMP is considered representative of animal housing in operation by dairy
farmers in the Central Valley.

3.3.3 Liquid Manure Lagoons

The RMP monitors liquid manure lagoons ranging from earthen pits without construction information,
to clay-lined lagoons with varying construction details, and clay-lined and synthetically lined lagoons
with QA/QC documentation (Attachment 1 [Table 3-5]). Typical management practices include solids
separation via settling basins and/or mechanical separators; agitation and pump-out, dilution and
pump-out, pump-out from varying depths; removal of solids with minimal waste level fluctuation; and
purposeful drawdown of the waste level prior to solids removal. Nutrient and salt concentrations vary
widely in the monitored lagoons. All monitored dairies use a lagoon for storage, including one dairy
which is identified as a scrape dairy.

Based on the above, the RMP is considered representative of liquid manure lagoons that are in
operation on dairy farms in the Central Valley.

3.4 Additional Dairy Farm Features

There is a notion that large dairy farms have resources available to them (including advantages due to
economies of scale) that are not available to small dairy farms, and that this could manifest itself in
categorically advanced nutrient management. To address this, the RMP included dairies ranging in size
from less than 200 to approximately 5,500 mature milk cows, with various amounts of support
livestock (i.e., calves, heifers, and dry cows).

Also, there is a notion that the overall performance of a flush dairy farm with respect to groundwater
guality may be different than that of a scrape dairy (i.e., open lot dairy). Scrape dairy farms are rare in
the Central Valley, and while the RMP includes two scape dairies (HOL and HYN), it is important to note
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that on flush dairies, animal housing occurs under roofed areas (freestalls), but typically also on open
lots where manure is scraped. These features and dairy farm information pertaining to select physical
parameters are summarized in Attachment 1 (Table 3-6).

3.5 Program Representativeness Affirmed

In summary, the concept of subsurface loading recognizes fundamental similarities and differences
between Central Valley dairy farms. The subsurface loading rate is determined by the product of its
two components: the rate of deep percolation (i.e., the amount of infiltrated water reaching first
encountered groundwater) and the constituent concentration of the infiltrate. It is a chemical flux that
describes a particular management unit’s performance. The subsurface loading rate is controlled by
key physical parameters. Therefore, these parameters directly support the analysis and interpretation
of groundwater quality data. Physical parameters essentially serve as explanatory variables for
groundwater chemical characteristics beneath specific management units. Static physical parameters
refer to site conditions. Dynamic physical parameters refer to dairy farm practices, i.e., they are subject
to change. CVDRMP, with the input from its advisory committees, identified the following parameters
to be significant to the program’s representativeness:

Soil texture

Annual precipitation depth

Crops and crop rotations

Irrigation systems

Irrigation water sources

Irrigation practices

Nutrient sources for crop fertilization
Nutrient applications

Animal housing

Liquid manure lagoons

0000000000

These parameters were taken into consideration during the Phase 1 dairy selection process and again
during the Phase 2 dairy selection process. The representativeness of the program was
comprehensively evaluated and confirmed after the 2012 Phase 2 expansion in the Central Valley Dairy
Representative Monitoring Program Evaluation of Representativeness (LSCE 2013a) and was revisited
by the Multidisciplinary Advisory Committee at its January 2014 meeting. As a result of this concerted
effort, including independent external review, CVDRMP concluded that the 42 actively monitored RMP
dairies exhibit the range of pertinent site conditions and farm practices that are presently employed on
Central Valley dairies. In addition, the extensive RMP well network provides ample redundancy such
that no one single dairy is indispensable®.

% CRE may be the only exception as it is the only pasture dairy in the program (representing a very small fraction of dairies in
the Central Valley).
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4

4.1

RESULTS

Groundwater Data Quality Control

Information collected during groundwater purging activities in 2019 was extracted from the field
service provider’s field sheets (Attachment B1). Purging protocols were generally adhered to and
stabilization of indicator parameters (i.e., T, pH, and SC) was achieved prior to sample collection (Table
4-1). Laboratory reports from the quarterly sampling campaigns are compiled in Attachments B2 to B5.

a

Stabilization of indicator parameters. Instances where a stabilization criterion for an
indicator parameter was not fully attained are flagged in Table 4-1. In all of these cases, more
than 3 casing volumes were evacuated from the well prior to sample retrieval. Analytical results
resided within the range of the historical record or did not appear to be an outlier. Cation/anion
balances were within £6% during the 2019Q1 sampling campaign.

Purge volume. In some cases, the well dewatered during purging activities and the field
services provider opted to retrieve a sample although less than three casing volumes were
purged from the well. In some of these cases, full stabilization could not be documented.
Analytical results resided within the range of the historical record or did not appear to be an
outlier. Cation/anion balances were within +2.4% during the 2019Q1 sampling campaign.

Sample hold time. In six cases, NO3; was analyzed slightly out of hold time. Based on
communications with the laboratory, potential imprecisions due to the hold time exceedances
are expected to be insignificant in comparison to other sources of imprecisions, such as those
specified for each analytical method. Furthermore, all results were comparable to other
sampling campaigns.

Duplicate samples. The duplicate sample results document high precision (i.e., repeatability)
of the sampling/analysis process with identical analytical results or very small differences in
most cases (Table 4-2). Differences between major cations and anions rarely exceeded 10
percent. Small absolute, yet proportionally larger discrepancies tend to occur in conjunction
with concentrations near reporting limits, including J-flagged values below the reporting limit.
Constituents that are frequently present in such small concentrations are nitrite, ammoniacal
N, TKN, potassium, and phosphate. Analytical results resided within the range of the historical
record or did not appear to be an outlier. The importance of the duplicate sample data set is to
recognize that imprecisions exist (and are unavoidable); furthermore, the integrity of a data set
in general and particularly the interpretations of groundwater quality data improve as a
monitoring effort continues with repeat samples retrieved from the same sampling points.

Cation-anion balance. Complex chemical makeup (including several species of nitrogen),
high salinity, and turbidity of samples can make it difficult to attain the same level of ion
agreement as customary in drinking water analysis. However, the cation/anion balances
indicate overall high-quality results for the expanded suite of constituents with 18 samples
exceeding a cation/anion balance of 5 percent and a maximum of -10.4 percent.
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Based on the examination of field activities and laboratory data reports, including the above
observations, and specific laboratory inquiry, the 2019 groundwater data set is deemed technically
usable with one exception. The field reading of SC (DUR-MWS8, 2019Q4) was flagged as a questionable
measurement. Three previous SC data entry errors were also rectified (ANC-MWS5, 2016Q2; DUR-MWS,
2014Q3; and LON-MW6C, 2013Q2). Also, several field SC measurements were found to be erroneous
in 2019. They were flagged questionable in Table 4-1 and, where possible, a laboratory SC reading was
obtained.

LSCE has been very conservative when removing anomalously high or low values (outliers) from the
dataset. Unless clear, documentable conditions exist that would warrant the removal of a particular
measurement, measurements have not been removed. This approach intends to avoid premature
elimination of valid data that might appear inexplicable without the benefit of the examination of a
longer data record. Field measurements of SC exhibit several such outliers. Based on the review of the
totality of the SC data record, several outliers (pre-2019) were deemed questionable measurements
and flagged appropriately. Tables, graphics, and summary statistics were updated. Previously made
conclusions were not affected.

4.2 Site Specific Groundwater Evaluation

In 2019, groundwater levels were below the deepest well screen at 44 well sites and, consequently,
water quality samples were not retrieved. Water levels at these sites severely declined during the
2012-2016 drought and have not recovered since then.

4.2.1 Data Types

This section focuses on the evaluation of groundwater level and chemistry data. Since the groundwater
discussions pertain to individual dairies, the 3-letter identification of the monitoring wells is not
needed, and monitoring well sites are referred to as MW1, MW2, etc. The distinction between shallow
and deeper wells at a particular well site is made with the more complete identification MW1s, MW1d,
etc.

4211 Groundwater Levels

This section discusses the cumulative record of depth-to-groundwater beneath the dairies, water level
fluctuations, horizontal groundwater flow patterns and gradients, and vertical gradients. Table 4-3
shows the depth to water measurements with the associated dates and times and the calculated water
level elevations. For each location of nested wells, this table also shows the hydraulic head differences
(dh) and vertical gradients (iy) between the shallow and deep wells. The hydraulic head difference was
calculated as the difference in water level elevations between the shallow and deep wells. Dividing dh
by the distance between the midpoints of the shallow and deep well screens yields an estimate of the
vertical gradient. By definition in this context, a positive iy indicates a downward gradient and a
negative iy indicates an upward gradient. Summary statistics of depth to water and derived information
are shown in Table 4-4.
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Groundwater elevation hydrographs are compiled in Attachments A2 and A3. For each nested well
location installed by CVDRMP there is one plot. Thus, plots for nested well locations show two
hydrographs, one for the shallow well and one for the deeper nested well. Hydrographs for pre-
existing nested wells in the South Area are shown individually. The depth to groundwater below
ground surface (bgs) is shown on the left ordinate and the groundwater elevation in feet (NAVD88) is
shown on the right ordinate. The wells’ screen intervals are delineated with dashed lines. For each
dairy, a selection of wells was made including the shallowest wells with the most complete data record
for a compilation of group hydrographs (Attachment A4).

Maps showing the last year’s contours of equipotential groundwater elevations for 12 monthly
monitoring campaigns are provided in Attachment A5. These maps are important as they provide
insight into local groundwater flow conditions and temporal changes throughout the year. For each
monitoring well site, these maps are used to determine if the well’s source area can be attributed to a
single management unit with a reasonable degree of confidence. The sections on Well Network
Description and Assessment provide tabulated lists of wells and source areas. Source areas include
three management units (i.e., lagoons, animal housing, and crop fields). When nonsteady groundwater
flow directions do not permit the allocation of a source area that is confined to a single management
unit, combinations are used, such as “field/animal housing” or “field/other”. In these cases, the source
area is identified as “mixed” in Table 2-2. “Field (animal housing)” indicates that the primary source
area is associated with fields, while a smaller contribution is thought to be associated with animal
housing. “Other” indicates source areas associated with the dairy but not related to one of the three
investigated management units. “Off-site” indicates wells with off-site source areas.

Source areas were evaluated in the context of the recent year’s conditions. Apparent horizontal
gradients between a selection of well pairs are summarized in Table 4-5 and plotted in Attachment A6.
These gradients are computed based on water level elevation differences and distances between well
pairs. Therefore, these gradients are not always computed along an actual particle flow path and they
are never computed along curvilinear flow paths. Apparent gradients are an approximation of actual
gradients.

4.21.2 Groundwater Chemistry

When a well’s source area can be attributed to a single management unit, groundwater chemistry at
th