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Section 1 - Background and Objectives

This Annnal Report of the Prado Basin Habitat Sustainability Committee for Water Year 2017 (Annual
Report) was prepared on behalf of the Prado Basin Habitat Sustainability Committee (PBHSC),
convened by the Inland Empire Utilities Agency (IEUA) and the Chino Basin Watermaster
(Watermaster) pursuant to the mitigation monitoring and reporting requirements of the Peace
IT Subsequent Environmental Impact Report (SEIR) (Tom Dodson, 2010).

This introductory section provides background on the general hydrologic setting of the Prado
Flood Control Basin (Prado Basin); the Chino Basin Judgment, Optimum Basin Management
Program (OBMP) and its Programmatic EIR, and Peace Agreement; the Peace II Agreement
and its Subsequent EIR, the formation of the PBHSC and the development of the adaptive
management plan (AMP) for the Prado Basin Habitat Sustainability Program (PBHSP).

1.1 Prado Flood Control Basin

Figure 1-1 shows the Prado Basin, located in the southern portion of the Chino Groundwater
Basin (Chino Basin). The Prado Basin is the flood control area behind Prado Dam, which was
constructed in 1941 as the major flood-control facility within the Santa Ana River Watershed.
The US Army Corps of Engineers regulates releases of water from Prado Dam for both
purposes of flood control and groundwater recharge in Orange County. Releases of water
temporarily held in storage in Prado Basin for groundwater recharge in Orange County is
coordinated with the Orange County Water District (OCWD). Approximately 4,300 acres of
riparian habitat has developed within the Prado Basin, creating the largest riparian habitat in
Southern California.

The Santa Ana River (SAR) flows through the Prado Basin from east to west. The tributaries
of the SAR that flow into the Prado Basin include San Antonio/Chino Creek, Cucamonga/Mill
Creek, and Temescal Creek. The major components of flow within the SAR and its tributaries
are: runoff from precipitation, discharge of tertiary-treated effluent from wastewater treatment
plants, rising groundwater, discharge of untreated imported water from OC-59 turnout
conveyed through the Prado Basin for groundwater recharge in Orange County, and dry-
weather runoff'.

The Prado Basin is a hydrologically complex region of the lower Chino Basin. Groundwater in
the Chino Basin generally flows from the forebay regions in the north towards Prado Basin in
the south. Depth to groundwater is relatively shallow in the Prado Basin area, and the SAR and
its tributaries are unlined across the Prado Basin, which allows for groundwater/surface-water
interaction. Groundwater outflows in the Prado Basin occur via evapotranspiration by riparian
vegetation and rising-groundwater discharge to the SAR and its tributaries.

To the north of Prado Basin, the Chino Basin Desalter Authority (CDA) owns and operates a
municipal well field. Figure 1-1 shows the location of the existing CDA wells. The well field

! Dry-weather runoff consists of excess irrigation runoff, purging of wells, dewatering discharges, etc.
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pumps groundwater with high concentrations of total dissolved solids (TDS), nitrate, and
volatile organic compounds (VOCs). The CDA treats the groundwater at two regional facilities
using reverse osmosis, ion exchange and blending to produce a potable water supply for the
region. VOCs are currently treated through blending, and new treatment processes are being
added to increase their removal. CDA operations are fundamental to achieving many of the
management goals outlined in the Chino Basin OBMP and both Peace Agreements, which are
discussed below.

1.2 Chino Basin Judgment, OBMP, and Peace Agreement

A 1978 Judgment entered in the Superior Court of the State of California for the County of San
Bernardino (Chino Basin Municipal Water District 2. City of Chino et al.) established pumping
and storage rights in the Chino Basin. The Judgment established the Watermaster to oversee
the implementation of the Judgment and provided Watermaster with the discretionary authority
to develop an OBMP to maximize the beneficial use of the Chino Basin. The OBMP was
developed by Watermaster and the Parties to the Judgment (Parties) in the late 1990s (WEI,
1999). The OBMP maps a strategy to enhance the yield of the Chino Basin and reliable high-
quality water supplies for the development expected to occur. The goals of the OBMP are: to
enhance basin water supplies, to protect and enhance water quality, to enhance the management
of the Basin, and to equitably finance the OBMP.

In 2000, the Parties executed the Peace Agreement (Watermaster, 2000) which documented
their intent to implement the OBMP. The Peace Agreement included an OBMP
Implementation Plan, which outlined the time frames for implementing tasks and projects in
accordance with the Peace Agreement and the OBMP. The OBMP Implementation Plan is a
comprehensive, long-range water-management plan for the Chino Basin and includes: the use
of recycled water for direct reuse and artificial recharge, the capture of increased quantities of
high-quality storm-water runoff, the recharge of imported water when TDS concentrations are
low, the desalting of poor-quality groundwater in impaired areas of the basin, the support of
regulatory efforts to improve water quality in the basin, storage management, and the
implementation of management activities that will result in the reduced discharge of high-
TDS/high-nitrate groundwater to the SAR, thus ensuring the protection of downstream
beneficial uses in Orange County.

The Chino Basin Municipal Water District (CBMWD) was the plaintiff in the legal action that
resulted in the Judgment. The CBMWD was formed in 1950 to supply supplemental, imported
water purchased from the Metropolitan Water District of Southern California (MWD) to the
Chino Basin. On July 1, 1998, the CBMWD changed its name to the IEUA and expanded its
role to become the regional supplier of recycled water for most of the Chino Basin. For OBMP
implementation, the IEUA has served as the lead agency for compliance with the California
Environmental Quality Act (CEQA). A Program Environmental Impact Report for the OBMP
(SCH#2000041047) was certified by the IEUA in July 2000 (Tom Dodson, 2000).
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1.3 The Peace 1l Agreement and its Subsequent EIR

To further implement the goals and objectives of the OBMP, the Parties executed the Peace 11
Agreement in 2007, which modified the OBMP Implementation Plan (Watermaster, 2007). The
two main activities of the Peace II Agreement are: (i) increasing the controlled overdraft of the
Chino Basin, as defined in the Judgment,” by 400,000 acre-feet (AF) through 2030 (re-operation)
and (ii) refining the planned expansion facilities of the Chino Basin Desalter program from
about 30,000 to 40,000 acre-feet per year (AFY) of groundwater production. Re-operation is
allocated specifically to offset the production of the Chino Basin Desalters. Both re-operation
and desalter expansion contribute to the attainment of “hydraulic control” of groundwater
outflow from the Chino Basin to the SAR. The attainment and maintenance of hydraulic
control is a requirement of Watermaster and the IEUA, as defined in the Water Quality Control
Plan for the Santa Ana River Basin (California Regional Water Quality Control Board, Santa
Ana Region, 2008). Hydraulic control ensures that the water management activities in the Chino
Basin will not impair the beneficial uses designated for SAR water quality downstream of Prado
Dam.

The expansion of the Chino Basin Desalters, described in the Peace II Agreement, is
accomplished, in part, by the construction and operation of the Chino Creek Well Field (CCWF)
in the southwest portion of Chino Basin (see Figure 1-2). During Peace II Agreement planning,
the estimated capacity of the CCWF was about 5,000 to 7,700 AFY (WEI, 2007). The CCWF
wells were constructed in 2011-2012; the actual capacity is 1,500 to 1,800 AFY.

In 2010, the IEUA certified the Peace II SEIR (Tom Dodson, 2010) to evaluate the
environmental impacts that could result from implementing the Peace II Agreement. One of
the potential impacts evaluated was the possible lowering of groundwater levels (drawdown) in
the Prado Basin area, which could impact riparian vegetation that is dependent upon shallow
groundwater. Watermaster performed modeling studies to predict the extent and magnitude of
the drawdown associated with the implementation of the Peace II Agreement, using the planned
capacity of 7,700 AFY of the CCWF (WEI, 2007). Figure 1-2 (modified from Figure 4.4-10
from the Peace II SEIR) shows the model-predicted drawdown in the Prado Basin area for the
period of 2005 to 2030. The drawdown throughout most of the Prado Basin area was predicted
to be less than five feet by 2030.

Although the available modeling work indicated that implementing the Peace II Agreement
would not cause significant adverse effects on the Prado Basin riparian habitat, a contingency
measure to address the potential for drawdown of groundwater levels and its impact on riparian
vegetation was included in the Peace II SEIR as Mitigation Measure 4.4-3 (Biological
Resources/Land Use & Planning section of the Mitigation Monitoring and Reporting Program).

2 The Judgment established 200,000 AF of controlled overdraft over the period of 1978 to 2017. Re-operation
increases the controlled overdraft to 600,000 acre-ft through 2030.
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Mitigation Measure 4.4-3 was developed to ensure that the riparian habitat will not incur
unforeseeable significant adverse effects from the Peace II implementation and to contribute to
the long-term sustainability of the riparian habitat. Mitigation Measure 4.4-3 calls for:

1. Watermaster, the IEUA, the OCWD, and other stakeholders that choose to participate,
to jointly fund the development of an adaptive management program to monitor Prado
Basin riparian habitat extent and quality, and other factors, and to investigate and
identify essential factors to the long-term sustainability of the riparian habitat.

2. Watermaster and the IEUA to convene the PBHSC, comprised of representatives from
all interested parties to implement the adaptive management program.

3. The PBHSC to prepare annual reports pursuant the adaptive management program.
Annual reports are to include recommendations for ongoing monitoring and any
adaptive management actions required to mitigate any measured or prospective loss of
riparian habitat resulting from Peace II activities.

1.4 Adaptive Management Plan for the PBHSP

Pursuant to Mitigation Measure 4.4-3 in the SEIR, Watermaster and the IEUA convened four
meetings of the PBHSC, starting in late-2012, to develop the adaptive management plan for the
PBHSP and facilitate its implementation. Watermaster and the IEUA adopted the final 2076
Adaptive Management Plan for the Prado Basin Habitat Sustainability Program (AMP) in August 2016
(WEIL 2010).

The AMP is designed to answer the following questions to satisfy the monitoring and mitigation
requirements of the Peace II SEIR:

1. What are the factors that potentially can affect the extent and quality of the riparian habitat?

2. What is a consistent, quantifiable definition of “riparian habitat quality,” including metrics

and measurement criteria?
3. What has been the bistorical extent and guality of the riparian habitat in the Prado Basin?

4. How has the extent and quality of the riparian habitat changed during implementation of
Peace 11?7

5. How have groundwater levels and quality, surface-water discharge, weather, and climate
changed over time? What were the causes of the changes? And, did those changes result in an

adperse impact to riparian habitat in the Prado Basin?

6. Are there other factors besides groundwater levels, surface-water discharge, weather, and climate
that affect riparian habitat in the Prado Basin? What are those factors? And, did they (or
do they) result in an adverse impact to riparian habitat in the Prado Basin?

7. Are the factors that result in an adverse impact to riparian habitat in the Prado Basin related
to Peace I implementation?
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8. Abre there areas of prospective loss of riparian habitat that may be attributable to the Peace 11
Agreement?

9. What are the potential mitigation actions that can be implemented if Peace II implementation
results in an adverse impact to the riparian habitat?

The AMP outlines a process for monitoring, modeling, and annual reporting to answer and
address the questions listed above. Appendix A to the AMP is the initial monitoring program:
2016 Monitoring Program for the Prado Basin Habitat Sustainability Program. Annual reports are
intended to document: monitoring and modeling activities, the analysis and interpretation of
the monitoring and modeling results, and recommendations for changes to the PBHSP, which
may include monitoring, modeling, and/or mitigation, if deemed necessary. Any future
mitigation measures that are deemed necessary will be developed jointly by Watermaster and
the IEUA.

1.5 Annual Report Organization

This Annual Report for water year (WY) 2017 is the second annual report prepared by
Watermaster and the IEUA for the PBHSC. It documents the collection, analysis, and
interpretations of the data and information generated by the PSHSP through September 30,
2017 and is organized into the following sections:

Section 1 — Introduction. This section describes the background of the PBHSP and the
Annual Report.

Section 2 — Monitoring, Data Collection, and Methods. This section describes the
collection of historical information and recent monitoring data, and the groundwater-
modeling activities performed during WY 2017 for the PBHSP.

Section 3 — Results and Interpretations. This section describes the results and
interpretations that were derived from the information, data, and groundwater-modeling.

Section 4 — Conclusions and Recommendations. This section summarizes the main
conclusions derived from the PBHSP through the prior water year, and describes the
recommended activities for the subsequent fiscal year as a proposed scope-of-work,
schedule, and budget.

Section 5 — References. This section lists the publications cited in the report.
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Section 2 - Monitoring, Data Collection, and Methods

This section describes the collection of historical and recent monitoring data and the
groundwater-modeling activities performed during WY 2017 for the PBHSP.

The PBHSP was designed, in part, to answer Question 1 from the AMP:

1. What are the factors that potentially can affect the extent and quality of the riparian habitat?

The main hydrologic factors that can potentially affect the extent and quality of the riparian
habitat in Prado Basin include, but are not limited to, groundwater levels, surface-water
discharge, weather events, and long-term climate. As such, the PBHSP includes an integrated
monitoring and analysis programs for the riparian habitat, groundwater, surface water, and
climate.

During the first year of AMP implementation in WY 2016, data collection efforts included the
compilation of historical data through the present. The period of data available for each data
type varies, but all span both pre- and post-Peace II implementation. Data collection efforts
for WY 2017 focused primarily on recent monitoring data through the past water year. All data
collected and compiled for this effort were uploaded to Watermaster’s centralized relational
database, HydroDaVE®, and used in the data analyses.

2.1 Riparian Habitat Monitoring

The objective of the Riparian Habitat Monitoring Program (RHMP) is to collect data to help
answer questions 2, 3, and 4 from the AMP:

2. What is a consistent quantifiable definition of “riparian habitat quality,” including metrics

and measurement criteria?
3. What has been the bistorical extent and quality of the riparian habitat in the Prado Basin?

4. How has the extent and quality of the riparian habitat changed during the implementation of
Peace 117

To answer these questions, the RHMP must produce a time series of data and information on
the extent and quality of the riparian habitat in Prado Basin over a historical period that includes
both pre- and post-Peace II implementation.

Figure 2-1 displays the features of the RHMP. Two types of monitoring and assessment are
performed: regional and site-specific. Regional monitoring and assessment is appropriate
because the main potential stress associated with Peace II activities is the regional drawdown of
groundwater levels. The intent of the site-specific monitoring and assessment is to verify and
complement the results of the regional monitoring.
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Regional Monitoring of Riparian Habitat

Regional monitoring and assessment of the riparian habitat is performed by mapping the extent
and quality of riparian habitat over time using: () multi-spectral remote-sensing data and (i) air
photos. Both are discussed below.

2.1.1.1 Multi-Spectral Remote Sensing Data

The Normalized Difference Vegetation Index (NDVI), derived from remote sensing
measurements by Landsat Program satellites, is used to assess the extent and quality of the
riparian vegetation in the Prado Basin over a long-term historical period.

This sub-section provides background information on the NDVI, explains why the NDVI was
chosen as an analytical tool for the PBHSP and its advantages and limitations, and describes
how NDVI estimates were compiled and used for this annual report.

Background. Multi-spectral remote-sensing measurements of the Earth’s surface from
satellites are a verifiable means of deriving complete spatial coverage of environmental
information. Remote-sensing measurements have been collected in a consistent manner over
time. They are updated regularly and can be analyzed retrospectively, which has made these
measurements useful in various types of ecological and environmental monitoring, including
vegetation monitoring (USDA, 1996; Schidt and Karnieli, 2000; Campbell, 2007; Lillesand et
al., 2008; Xie et al., 2008; Jones and Vaughnan, 2010).

Remote sensing-based methods of vegetation monitoring commonly use vegetation indices that
can be calculated from the wavelengths of light absorbed and reflected by vegetation (Jensen,
2007). The NDVI is a widely used numerical indicator of vegetation extent and quality that is
calculated from remote-sensing measurements (Ke et al., 2015; Xue,] and Su, B.,2017).
Moreover, the NDVI is an index of greenness correlated with photosynthesis and can be used
to assess temporal and spatial changes in the distribution, productivity, and dynamics of
vegetation (Pettorelli, 2013). The NDVI is calculated from the visible and near-infrared
radiation reflected by vegetation using the following formula:

(NIR — VIS)

NDVI =~ vTs

Where: NIR = spectral reflectance of near infrared radiation
VIS = spectral reflectance of visible (red) radiation

Healthy vegetation during photosynthesis absorbs incoming visible light and reflects a large
portion of the near-infrared radiation. Unhealthy or dormant vegetation absorbs less visible
light and reflects less neat-infrared radiation. The figure’ below illustrates how the formula for
NDVI works:

3 http://earthobservatory.nasa.gov/Features/MeasuringVegetation/measuring vegetation 2.ph
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The near-infrared radiation and visible light spectral reflectance are both expressed as ratios of
the reflected radiation over the incoming radiation (values between 0 and 1); therefore, NDVI
estimates range between -1.0 and 1.0. Negative NDVI estimates correspond to standing water,
and low positive values (0 to 0.1) correspond to non-vegetated areas such as barren rock and
sand, snow, and water. NDVI estimates ranging from 0.1 to 1.0 correspond to vegetated areas,
with very low-end estimates indicating sparse, unhealthy, or dormant vegetation, and increasing
estimates towards 0.9 indicating higher amounts of dense, healthy green vegetation.

Advantages and Limitations. The NDVI was chosen as a method for characterizing and
monitoring the riparian habitat for the PBHSP for the following reasons:

e Peace II activities could cause regional changes in groundwater levels, which potentially
could result in regional impacts to the riparian habitat that is dependent on shallow
groundwater. The regional scale of the NDVI makes it an appropriate “first indicator”
of regional changes in the extent and quality of riparian vegetation. And, it has been
widely used in the past to support similar environmental monitoring and management
programs (Peters et al., 2002; Pinzon et al., 2004; Wang et al., 2004; Weiss et al., 2004,
Intera, 2014; Verbesselt et al, 2010; Gandhi et al. 2015).

e There is a long time-series of historical NDVI (early 1980s to present) that spatially
covers the entire Prado Basin. These datasets can be used to characterize the history of
the spatial extent and quality of the riparian vegetation prior to and after the
implementation of Peace II activities (2007).
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e In the future, it is likely that multi-spectral remote sensing will include the collection of
the commonly measured spectral bands that are used to calculate the NDVI (red and
near-infrared) and that these data will be available for use as part of the PBHSP at low
cost.

Like most monitoring tools, the NDVT has its limitations, which can reduce its reliability and
usefulness. Important examples include:

e Cloud cover, water vapor, and atmospheric contaminants can lead to false decreases in
NDVI estimates compared to clear days (Tanre et al., 1992; Achard and Estreguil, 1995;
Chen et. al., 2004; Hird and McDermid, 2009).

e Satellite degradation, sensor errors, and data transmission errors can lead to false
increases in NDVI estimates (James and Kalluri, 1994).

e Changes in soil moisture can lead to changes in NDVI estimates that are not necessarily
related to changes in vegetation (Pettorelli, 2013).

e The NDVI is a composite view of plant species diversity, form, structure, density, and
vigor. Therefore, changes in the NDVI may be caused by various changes in the riparian
habitat (Markon et al., 1995; Markon and Peterson, 2002). In other words, the NDVI
does not provide a complete picture of how and why vegetative changes are occurring;
it simply indicates a change in vegetation.

e In densely vegetated areas, NDVI estimates have been shown to plateau during the
growing season, which indicates that the NDVI can underestimate the green biomass in
densely vegetated areas (Tucker et al., 1980).

These limitations demand that the NDVI be screened and filtered to identify or remove errors
and noise in the data. To reduce or eliminate noise in the NDVI, processing algorithms can be
applied to “smooth” the time-series data and reveal patterns of change over time. An example
of a smoothing technique applied in this report is the averaging of all of the NDVI from the
growing season months. The average values are then plotted on time-series charts to display
long-term trends in growing season vegetation quality.

The limitations listed above also demand that the NDVI not be interpreted in isolation.
Interpretations of the NDVI (vegetative changes) should be (i) verified with other
georeferenced datasets, such as air photos and field vegetation surveys, and (ii) explained by
comparison to datasets of causal factors of vegetative changes, such as water availability.

2.1.1.2 Landsat Program and NDVI

The USGS and the National Aeronautics and Space Administration (NASA) jointly manage the
Landsat Program,” a series of Earth-observing satellite missions that began in 1972 with sensors

4 https://landsat.gsfc.nasa.gov/about/
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that observe the Earth’s surface and transmit information to ground stations that receive and
process multi-spectral remote-sensing data. LLandsat satellites use technology that collects scenes
of remote sensing measurements at the same time and location on the Earth’s surface at a
temporal frequency of about every two weeks. Landsat remote sensing measurements (Landsat
imagery) is acquired in scenes that are approximately 106 by 115 miles. Landsat imagery is the
only data source with more than thirty-years of continuous records of global land surface
conditions at a spatial resolution of tens of meters (Tuck et al. 2004). Landsat imagery is among
the most widely used satellite imagery in ecology and conservation studies (Pettorelli, 2013), and
the data have been available for no cost since about 2010.

The United States Geological Survey (USGS), in compliance with the Global Climate Observing
System,” produces spectral indices products from Landsat imagery to support land surface
change studies, which includes the NDVI from 1982 to present (USGS, 2016). The USGS uses
remote sensing imagery from the Landsat satellites—Iandsat 4, Landsat 5, Landsat 7, and Landsat
8 (Landsat 4, 5, 7, and §)—to generate the NDVI estimates of the Earth’s surface at a 30 x 30-
meter pixel resolution. A specialized software called Landsat Ecosystem Disturbance Adaptive
Processing System (LEDAPS) is used by the USGS to post-process the Landsat imagery to
apply the necessary atmospheric corrections to generate a surface reflectance product (USGS
2015; 2017a). This surface reflectance product is then used to determine the NDVI among the
other spectral indices post-processed by the USGS.

2.1.1.3 NDVI Methods for the PBHSP

The NDVI determined from Landsat imagery for the period 1982 to 2017 were collected from
the USGS, using the Earth Resources Observation and Science (EROS) Center Science
Processing Architecture (ESPA) On Demand Interface® (USGS 2017b). The interface requires
a bulk request in the form of a text file list of specific Landsat scenes using the Landsat scene
identifier ID.” To obtain complete spatial coverage of the Prado Basin area, the NDVI was
requested for all Landsat scenes for Path 040, Rows 036 and 037.° The table below summarizes
the Landsat satellites and the periods for which the NDVI was obtained to produce a near-
continuous NDVI record from 1982 through 2017.

5 http://www.wmo.int/pages/prog/gcos/

¢ https://espa.cr.usgs.gov/login?next=https%3A%2F%2Fespa.cr.usgs.gov%2F

7 Landsat imagery is captured in scenes that are about 106 by 114 miles. Each Landsat scene has a unique scene
ID based on the specific Landsat satellite, the Landsat path number, the Landsat row number, and the date the
image was collected.

8 Prado Basin is in an area of the Landsat path 040 that straddles Rows 036 and 037. Landsat scenes from Path
040 Row 036, and Path 040 Row 037 overlap each other throughout most of the Prado Basin region, but both
are required to obtain complete spatial coverage of the Prado Basin.
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Period of NDVI

Satellite Instrument Launched Data Obtained
from USGS
Landsat 4 Thematic Mapper | Jul 16, 1982 Dec 14,1993 1982 - 1983
Landsat 5 Thematic Mapper Mar 1, 1984 Jun 5, 2013 1984 - 2011
Landsat 7 Fnhanced Apr 15,1999 Still active 1999 - 2017

Thematic Mapper
Landsat 8 Operational Land | 1,1y 515 Still active 2013 - 2017
Imager

For this Annual Report, NDVI estimates were collected for WY 2017 and for some historical
dates that were not acquired during prior efforts to collect historical NDVI. This included
NDVI from Landsat 4, 5, 7, and § with scenes that have cloud cover greater than 20 percent
from 1982 to 2016, and all NDVI from Landsat 7 from 1999 to 2011.

In total, NDVI from about 1,600 scenes from the Landsat 4, 5, 7, and § satellites were obtained
from the USGS for the period 1982 through 2017. The NDVI from all 1,600 Landsat scenes
were cataloged, processed, and uploaded into HydroDaVE®™, a database management software
that manages gridded-data sets.” HydroDaVE®™ was used to compute a date-by-date stacked
average for Landsat scenes from Path 040, Rows 036 and 037, where they overlap, for each
NDVI pixel in a defined area."” The NDVI from the 1,600 Landsat scenes collected from the
USGS for Path 040, Rows 036 and 037, were averaged date-by-date, resulting in about 970
individual dates with a NDVI estimates between 1982 through 2017.

The source and frequency of availability of NDVI for the 970 dates over the period of record

varies:

e From 1982 to 1989, NDVI is from Landsat 4 and 5 and is patchy, ranging from a
frequency of eight days to one year.

e From 1990 to 1999, NDVI is from Landsat 5 at a frequency of 16 days.
e From 1999 to 2012, NDVI is from Landsat 5 and 7 at a frequency of eight days.

e From 2013 to 2017, NDVI is from Landsat 7 and § at a frequency of eight days.

? http://www.hydrodave.com/company/

10Not all dates will have Landsat scenes for both Rows 036 and 037 if cloud cover was greater than 20 percent
in one of them; Landsat scenes with a percent cloud cover greater than 20 percent were not obtained from the
USGS for this study.
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The spatial NDVI for the 970 dates were reviewed for disturbances that can be caused by cloud
cover, unfavorable atmospheric conditions, or satellite equipment malfunction. In
HydroDaVE®™, maps were prepared of the spatial NDVI for the entire Prado Basin region for
all 970 dates. The maps were reviewed and documented to identify specific dates that should
not be used for analysis due to cloud cover or other disturbances. Erroneous NDVI estimates
were discernable because the NDVI patterns of permanent landscape features were distorted
and/or NDVI estimates were cleatly not consistent with the estimates typically observed for a
particular area both seasonally and over time. About 201 dates with NDVI from the Landsat 4,
5, 7, and § satellites (21 percent) were identified as erroneous and excluded from the analysis.
Most of the dates were rejected because of cloud coverage in the Prado Basin region, which was
further ground by referencing the specific Landsat scene on the USGS EarthExplorer website. "
After reviewing for these disturbances, NDVI estimates for 769 dates out of the original 970
dates from Landsat 4, 5, 7, and & satellites remained for analysis of the historical period. This
includes only one date for 1982, and no dates for 1983.

Of the 769 dates with NDVI estimates available for analysis, 307 of them were derived from
Landsat 7 satellite imagery from 1999 to 2017. The NDVI estimates for these 307 dates had to
be further reviewed date-by-date for the occurrence of spatial data gaps, resulting from the
failure of the Scan Line Corrector (SLC) on the Landsat 7 satellite, which accounts for the
satellite’s forward motion. SLC failure results in data gaps along scan line paths of variable
widths and occurrences. An estimated 22 percent of any given Landsat 7 scene is lost because
of SLC failure; however, the imagery acquired between these gaps is valid and useable for
analysis.'” All NDVI estimates derived from the Landsat 7 satellite imagery from 1999 to 2017
for the 307 dates were evaluated spatially date-by-date to determine if the valid data covers the
areas of interest used for the analysis of NDVI temporally in the time series discussed in Section
3 of this report. Date-by-date analysis is necessary because the spatial position and size of the
data gaps varies for each date. Generally, areas of interest for NDVI analysis that are larger than
about 400 square meters could not use any NDVI determined from the Landsat 7 satellite
imagery because it would include a data gap area; while areas of interest less than 400 square
meters could use about 70 percent of the NDVI from the Landsat 7 satellite imagery.

In addition to determining a stacked average for each NDVI pixel for Landsat scenes that
ovetlap, HydroDaVE®™ contains features to average and extract a date-by-date spatial average
NDVI for a designated area and time period. The NDVI spatial average data can be plotted in
time-series charts to analyze seasonal and temporal changes for a defined area.

When viewing time-series charts of NDVI for the period of record, it should be noted that
differences between the technology of the Landsat 4, 5, and 7 satellites, and the Landsat § satellite
is a methodological factor that can affect the observed NDVI trends. The Landsat 4, 5, and 7
satellites use thematic mapper technology to scan the land surface, whereas Landsat § uses
operational land imager sensors. It has been well documented that the ND VT estimates obtained

1 https://earthexplorer.usgs.gov/
12 https://landsat.usgs.gov/slc-products-background
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from the operational land imager sensors used on the Landsat § satellite generates slightly higher
index values for vegetated land cover (Xu and Guo 2014; She et al., 2015). The Landsat 8 satellite
was launched in orbit in 2013, and ever since, the NDVI is available from both Landsat 7 and 8§
satellites. In order to analyze time-series of NDVI derived across all Landsat satellites for the
period of record, a bias-correction factor of +0.05 that was derived from a literature review (Li
et al., 2014; Flood, 2014: and Ke et al., 2015) and was used to transform all Landsar § NDVI
estimates so that all historical NDVI estimates could be analyzed collectively (Roy et al., 2010).
Time-series charts of NDVI for various areas in the Prado Basin are first introduced in Section
3.1 of this report.

2.1.1.4 Collection and Analysis of Air Photos

Georeferenced air photos are used to visually characterize the spatial extent of the riparian
habitat in Prado Basin over the historical period. The air photos also serve as an independent
check on interpretations from the analysis of NDVI, which involves visually comparing the
extent and density of the riparian habitat as shown in the air photos to NDVI maps. Table 2-1
summarizes the air photos that have been compiled and analyzed for the Prado Basin region.
In total, fifty-eight air photos were collected for the period 1938-2017. For some years, there
are more than one air photo. The air photos vary in scale, coverage, and quality.

For the first annual report, all available historical air photos for the Prado Basin area were
compiled, cataloged, and georeferenced for the historical period of 1938-2016. These air photos
were collected from: USGS Earth Explorer, the United States Department of Agriculture
(USDA) Aerial Photography Field Office, Eagle Aerial Solutions, the University of California
Santa Barbara (UCSB) Aerial Imagery Research Service, the United State Bureau of Reclamation
(USBR), and the archives of the IEUA, the OCWD, Watermaster, and WEI.

The acquisition of the 2017 air photo included a custom flight that was performed by Eagle
Aerial Solutions on July 3, 2017 which produced a high-resolution (3-inch resolution) image of
the visible spectrum for the entire Prado Basin. The cost to acquire the 2017 air photo was
shared with the OCWD.

Site-Specific Monitoring of Riparian Habitat

The objective of the site-specific monitoring of riparian habitat is to collect data that can be
used to ground-truth the interpretations derived from the regional monitoring and assessment
of the riparian habitat. The NDVI from remote sensing measurements should be integrated
with georeferenced field observations for validation (Pettorelli, 2013). Site-specific monitoring
performed in the Prado Basin prior to the implementation of the AMP included vegetation
surveys performed by the USBR in 2007 and 2013 (USBR, 2008b; 2015) and seasonal ground-
based photo monitoring performed by the OCWD since 2010 (OCWD, 2015; Harvey, 2015).
In 2016, the USBR performed vegetation surveys at 38 sites: 24 previously established USBR
sites and 14 new sites primarily located near the PBHSP monitoring wells. Details of the 2016
USBR surveys ate described in the 2075/16 Annual Report for the PBHSC (WEI, 2017) and the
USBR’s 2016 vegetation survey report (USBR, 2017). Figure 2-1 shows the locations of the
USBR vegetation surveys and the OCWD photo-monitoring stations.
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In WY 2017, research was performed to refine the site-specific monitoring program to employ
methods favorable for validation of the NDVI values. Results of this research are discussed in

Appendix A.

2.2 Factors that Potentially Affect the Riparian Habitat

The main factors that can potentially affect riparian habitat in Prado Basin include, but are not
limited to: groundwater levels, surface-water discharge, and climate. This section describes the
methods employed to collect and analyze information on these factors to help answer the
questions 5, 6, and 7 from the AMP:

5. How have groundwater levels and quality, surface-water discharge, weather, and climate
changed over time? What were the causes of the changes? And, did those changes result in an
adperse impact to riparian habitat in the Prado Basin?

6. Are there other factors besides groundwater levels, surface-water discharge, weather, and climate
that affect riparian habitat in the Prado Basin? What are those factors? And, did they (or
do they) result in an adverse impact to riparian babitat in the Prado Basin?

7. Are the factors that result in an adverse impact to riparian habitat in the Prado Basin related
to Peace I implementation?

Groundwater Monitoring Program

A primary result of implementation of the Peace II Agreement is the lowering of groundwater
levels (drawdown) in the southern portion of Chino Basin. Hence, drawdown is a factor that is
potentially related to Peace II implementation and could adversely impact the riparian habitat.

The Groundwater Monitoring Program (GMP) includes the collection of three types of data:
groundwater production, groundwater level, and groundwater quality. Watermaster has been
implementing a groundwater monitoring program across the entire Chino Basin to support
various basin management initiatives and activities, and all data within Watermaster’s centralized
relational database are available to the GMP.

Watermaster’s groundwater monitoring network was expanded in 2015 specifically for the
PBHSP with the construction of 16 new piezometers at nine sites located along the fringes of
the riparian habitat, between the riparian habitat and the CDA well field. These wells, along with
two existing monitoring wells, HCMP-5/1 and RP2-MW?3, ate specifically monitored for the
PBHSP and are called the “PBHSP monitoring wells.”

Figure 2-2 shows the extent of the study area for which the GMP data are compiled and used
for the PBHSP. The area covers Prado Basin and the upgradient areas to the north that
encompass the CDA well field. Figure 2-2 also shows the wells in the study area where
groundwater data was available in WY 2017,
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2.2.1.1 Groundwater Production

Groundwater production strongly influences groundwater levels and groundwater-flow
patterns. Groundwater-production data are analyzed together with groundwater-level data to
characterize the influence of groundwater production on the extent and quality of riparian
habitat. Groundwater-production data are also used as an input to the Chino Basin
groundwater-flow model to evaluate past and future conditions in the Chino Basin, which, for
the PBHSP, supports the analysis of prospective losses of riparian habitat (see Section 2.3).

Watermaster collects quarterly groundwater-production data for all active production wells
within the Chino Basin. The data are checked for quality assurance and quality control (QA/QC)
and uploaded to Watermaster’s centralized relational database. The active production wells
within the study area include CDA wells and privately-owned wells used for agricultural, dairy,
or domestic purposes.

During WY 2017, Watermaster collected groundwater-production data at about 119 wells in the
GMP study area.

2.2.1.2 Groundwater Level

Monitoring groundwater levels in the Prado Basin is a key component of the PBHSP: the
potential for declining groundwater levels related to Peace II implementation could be a factor
that adversely impacts riparian habitat. Groundwater-level data are analyzed together with
production data to characterize how groundwater levels have changed over time in the GMP
study area and to explore the relationship(s) to any observed changes that occurred in the extent
and quality of the riparian habitat. Groundwater-level and production data are also used as input
to the Chino Basin groundwater flow model to evaluate past and future conditions in the Chino
Basin, which, for the PBHSP, supports the analysis of prospective losses of riparian habitat (see
Section 2.3).

Watermaster collects groundwater-level data at various frequencies at wells in the GMP study
area to support a variety of groundwater management initiatives. The data are checked for
QA/QC and uploaded to Watermastet’s centralized relational database.

During WY 2017, Watermaster collected groundwater-level data at 209 wells in the study area
(see Figure 2-2). At 96 of these wells, water levels were measured by the well owners at varying
frequencies and provided to Watermaster. The remaining 113 wells are CDA wells, dedicated
monitoring wells, or private wells that are monitored by Watermaster using manual methods
once per month or with pressure transducers that record water levels once every 15 minutes.
Groundwater-levels at the 18 PBHSP monitoring wells have been measured manually and with
pressure transducers since May 2015.

2.2.1.3 Groundwater Quality

Water-quality data can be used to understand the relative sources of groundwater in the Prado
Basin. For the PBHSP, groundwater-quality data are compared to surface-water-quality data to
characterize groundwater and surface-water interactions in the Prado Basin and assess the
importance of those interactions to the extent and quality of the riparian habitat.
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Watermaster collects groundwater-quality data from wells in the GMP study area to support a
variety of groundwater management initiatives. These data are checked for QA/QC and
uploaded to Watermaster’s centralized relational database.

During WY 2017, groundwater-quality data were collected from 160 wells in the study area (see
Figure 2-2). Of these wells, 101 were sampled by the well owners at varying frequencies. The
remaining 59 wells are dedicated monitoring wells or private wells sampled by Watermaster
either quarterly, annually, or triennially (every three years). The PBHSP monitoring wells were
sampled quarterly during water year 2016/17 (December 2016, March 2017, June 2017,
September 2017) and analyzed for the parameters listed in Table 2-2. The WY 2017 quarterly
groundwater-quality sampling occurred during.

Surface-Water Monitoring Program

Surface-water discharge in the Prado Basin is another factor that can influence the extent and
quality of riparian habitat and can influence groundwater levels. Surface-water discharge data
are evaluated for the PBHSP to characterize historical and current trends in the discharge of the
SAR and its tributaries in the Prado Basin and to explore the relationship(s) to any observed
changes that occurred in the extent and quality of the riparian habitat. Surface-water discharge
data are also used as input to the Chino Basin groundwater-flow model to evaluate past and
future conditions in the Chino Basin, which, for the PBHSP, supports the analysis of
prospective losses of riparian habitat (see Section 2.3). And, as noted in Section 2.2.1.3, surface-
water quality is compared to groundwater-quality data to characterize groundwater and surface-
water interactions in the Prado Basin and the importance of those interactions to the extent and
quality of the riparian habitat.

The surface-water monitoring program for the PBHSP involves collecting existing, publicly
available, surface-water discharge and quality data from sites within or tributary to the Prado
Basin. Figure 2-3 shows the location of the surface-water monitoring sites used in the PBHSP.
These sites include publicly-owned treatment works (POTWs) discharge locations, USGS
stream gaging stations, Watermaster and IEUA Maximum-Benefit Monitoring Program surface-
water-quality monitoring sites, and the OCWD’s discharge of untreated imported water from
OC-59 turnout tributary to Prado Basin.

Surface-water discharge and quality data are collected annually for these sites. All surface-water
discharge and quality data were collected and compiled, checked for QA/QC, and uploaded to
Watermastet’s relational database.

Climatic Monitoring Program

Climatic data are used to characterize how the climate has changed over time in the study area
and to explore the relationship(s) to any observed changes that occurred in the extent and quality
of the riparian habitat. Climatic data is also used for the Chino Basin groundwater-flow model
to evaluate past and future conditions in the Chino Basin, which, for the PBHSP, supports the
analysis of prospective losses of riparian habitat (see Section 2.3).

The climatic monitoring program for the PBHSP involves collecting existing, publicly-available
precipitation, temperature, evaporation, and potential evapotranspiration data in the vicinity of
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the Prado Basin. Figure 2-3 shows the location of the stations where data are available and
collected for the PBHSP. These sites include monitoring stations for the California Irrigation
Management Information System (CIMIS) for potential evapotranspiration data, the Los
Angeles County Department of Public Works pan evaporation station, and the spatially gridded
climate datasets from Next-Generation Radar (NEXRAD) and the PRISM Climate Group for
regional precipitation and temperature data. The Chino Basin boundary was used to extract the
spatially-gridded data for precipitation, and the Prado Basin boundary was used to extract the
spatially-gridded data for maximum and minimum temperature. Climatic data are collected
annually and uploaded to Watermaster’s relational database.

Other Factors That Can Affect Riparian Habitat

The AMP recognizes that there are potential factors other than groundwater, surface water, and
climate that can affect the riparian habitat in the Prado Basin. These factors include, but are
not limited to: fire, disease, pests, and invasive species. To the extent necessary, data and
information on these factors are collected and analyzed to explore for relationships to changes
in the extent and quality of the riparian habitat.

During WY 2016, two specific factors were identified as potential impacts to the Prado Basin
riparian habitat: wildfires and an invasive pest known as the Polyphagous Shot-Hole Borer -
Euwallacea fornicates (PSHB). Data was collected for these two factors in WY 2016 and updated
in WY 2017. The following describes the information that was collected for these two factors
and how they are used to explore for relationships to changes that have occurred in the extent
and quality of the riparian habitat.

2.2.4.1 Wildfires

Wildfires occur periodically in the Prado Basin and can reduce the extent and quality of the
riparian habitat. For the PBHSP, the occurrence and location of wildfires are used to

corroborate trends observed in riparian vegetation extent and health based on the analysis of
NDVIL

To map wildfires, fire-perimeter data were collected from the Fire and Resource Assessment
Program (FRAP) of the California Department of Forestry and Fire Protection (CAL FIRE)
for 1950-2016.” CAL FIRE, the USDA Forest Service Region 5 Remote Sensing Lab, the
Bureau of Land Management (BLM), and the National Parks Service (NPS) jointly developed a
GIS database of the fire perimeters for the State of California.'* The methods to compile the
data varied over time: data from 1950 to 2001 include CAL FIRE fires 2300 acres and US
Forest Service (USES) fires 210 acres; data from 2002 to 2016 include BLM and the NPS fires
210 acres, and CAL FIRE expanded criteria to include timber fires 210 acres, brush fires =50

13 Data for 2017 will not be available until April 2018, past the period of data collection and analysis for this
annual report for water year 2016/2017.
14 http://frap.fire.ca.gov/projects/fire_data/fire_perimeters_index
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acres, and wildland fires that destroyed three or more structures or caused $300,000 or more in
damage.

The FRAP database is the most complete digital record of fire perimeters in the State; however,
it is still incomplete in many aspects: fires may be missing altogether because historical records
were lost or damaged, fires were too small for the minimum cutoffs, documentation was
inadequate, or fires have not yet been incorporated into the database. Currently, wildfire data is
uploaded to the database annually during the month of April for the previous year.

2.2.4.2 Polyphagous Shot-Hole Borer (PSHB)

The PSHB is a recently identified pest within the Prado Basin and has the potential to negatively
impact the riparian habitat vegetation (USBR, 2016; Palenscar, K., verbal communication, 2016;
McPherson, D., verbal communication, 2016). For the PBHSP, the occurrence of PSHB in the
Prado Basin is used to corroborate trends observed in riparian vegetation extent and health
based on the analysis of the NDVI time series

The PSHB is a beetle that burrows into trees, introducing a fungus (Fusarium emwallacea) into the
tree bark, which spreads the disease Fusarium Dieback (FD)."*'* FD destroys the food and
water conducting systems of the tree, eventually causing stress and tree mortality. The PSHB
was first discovered in Southern California in 2003 and has been recorded to have caused branch
die-back and tree mortality for various tree specimens throughout the Southern California
region (USDA, 2013). OCWD biologists in the Prado Basin have been working with the
University of California at Riverside, the United States Fish and Wildlife Service (USFWS), and
the Santa Ana Watershed Association to actively monitor the occurrence and impact of PSHB
within Prado Basin riparian habitat (Zembal, R., personal communication, 2017); to date, no
reports have been prepared by the agencies.

Information on PSHB occurrence in the Prado Basin was obtained from the University of
California, Department of Agriculture and Natural Resources’ online PBHB/FD Distribution
Map'” for 2016 and 2017, from the USBR vegetation surveys of Prado Basin ripatian habitat
performed in 2016, and from the OCWD’s PSHB trap deployment and monitoring from 2016
to 2017.

2.3 Prospective Loss of Riparian Habitat

Monitoring and mitigation requirement 4.4-3 in the Peace II SEIR calls for annual reporting for
the PBHSP:

Annual reports will be prepared and will include recommendations for ongoing monitoring and
any adaptive management actions required to mitigate any measured loss or prospective
loss of riparian habitat that may be attributable to the Peace I1 Agreement (emphasis added).

15 http://ucanr.edu/sites/pshb/
16 http://cisr.ucr.edu/polyphagous_shot hole borer.html
17 http://ucanr.edu/sites/pshb/Map/
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The meaning of “prospective loss” in this context is “future potential loss” of riparian habitat.
Predictive modeling of groundwater levels can be used to answer question 8 from the AMP:

8. Are there areas of prospective loss of riparian habitat that may be attributable to the Peace 11
Agreement?

Watermaster’s most recent groundwater-modeling results can be used to evaluate forecasted
groundwater-level changes within the Prado Basin under current and projected future
conditions in the Basin, including, but not limited to, plans for pumping, storm-water recharge,
and supplemental-water recharge. To perform this evaluation, the predictive model results are
mapped and analyzed to identify areas (if any) where groundwater levels are projected to decline
to depths that may negatively impact riparian habitat in the Prado Basin.

For this annual report, Watermaster’s most recent groundwater model projections for Scenario
1A using the 2017 Chino Basin groundwater-flow model (WEIL to be published in 2018), were
used to characterize past and future groundwater-level conditions in the Prado Basin study area.
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Table 2-1
Summary of Collected Histrorical Air Photos for the Prado Basin Region

Percent Coverage of | Resolution

Source the Prado Basin (meters) Quality ‘ Georeferenced ‘ Comments
1938 UCSB 5/27/1938 to 10/17/1938 100% 1.2 Good no Scanned black and white photo.
Scanned black and white photo.
1946 USGS 12/29/1946 75% 0.7 Good yes R
The image borders need to be cropped.

1948 USGS 7/10/1948 to 7/20 1948 100% 05 Good yes Scanned black and white photo.

Some image borders need to be cropped.
1952 USGS 6/30/1952 100% 0.8 Good yes S.canned black and white photo.

The image borders need to be cropped.

1953 ucsB 9/22/1953 to 2/16/1954 100% 1 Very Good no Scanned black and white photo.
1959 ucsB 9/5/1959 to 11/6/1959 100% Okay no Scanned black and white photo.
1959 USDA 10/15/1959 to 11/6/1959 100% 0.3 Very Good no Scanned black and white photo.
1960 ucCsB 6/27/1960 to 7/13/1960 100% 0.6 Good yes Scanned black and white photo.
1960 Watermaster 2/9/1960 100% Okay yes Scanned black and white photo.
1962 ucsB 1/30/1962 100% Poor no Scanned black and white photo.
1965 ucsB 3/3/1965 100% Good yes Scanned black and white photo.
1966 USGS 4/16/1966 100% 0.7 Okay ves Scanned black and white photo.

Some image borders need to be cropped.
1967 ucsB 5/15/1967 100% Good no Scanned black and white photo.
1968 ucsB 9/23/1968 100% Good no Scanned black and white photo.
1973 ucCsB 1/20/1973 to 1/23/1973 100% 1.1 Okay yes Scanned black and white photo.
1974 WEI 8/27/1974 100% 3.2 Good yes Scanned Colored photo.
1974 USGS 11/6/1974 to 9/18/1975 100% 7 Okay yes Scanned black and white photo.
1977 ucsB 2/1/1977 100% 1.1 Good yes Scanned black and white photo.
1977 WEI 11/2/1977 80% 3.1 Okay yes Scanned Colored photo.
1980 USGS 11/21/1980 to 12/24/1980 100% 2.1 Okay yes Scanned black and white photo.
1980 WEI 11/12/1980 to 12/24/1980 100% Okay no Scanned black and white photo.
1980 UCSB 100% Okay no Scanned black and white photo.
1984 WEI 2/12/1984 50% 1.2 Okay no Scanned Colored photo.
1985 USGS 9/13/1985 100% 5 Okay yes Scanned infared photo.
1985 USDA 7/28/1985 100% 0.7 Good yes Scanned infared photo.
1990 USGS 100% 3.5 Okay yes Scanned infared photo.
1990 ucsB 5/21/1990 to 5/22/1990 100% Good no Scanned black and white photo.

Scanned black and white photo.

1994 WEI 6/1/1994 100% 1 Okay yes A black line runs through the photo center.
1994 USGS 6/1/1994 100% 2.8 Okay yes Scanned black and white photo.
1994 USDA 6/1/1994 100% 05 Good no Scanned black and white photo.

Some image borders need to be cropped.
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Table 2-1
Summary of Collected Histrorical Air Photos for the Prado Basin Region

Percent Coverage of | Resolution

Source the Prado Basin (meters) Quality ‘ Georeferenced ‘ Comments
1999 UCSB 1/14/1999 100% 1.8 Good yes Digital Colored photo.
2001 Eagle Aerial 100% 1 Good yes Digital Colored photo.
2002 Watermaster 100% 0.6 Very Good yes Digital Colored photo.
2003 Watermaster 100% 0.6 Very Good yes Digital Colored photo.
2003 USBR 12/2/2003 80% 0.2 Excellent yes Digital Colored photo.
2004 IEUA 100% 0.6 Very Good yes Digital Colored photo.
2005 Watermaster 100% 0.3 Very Good yes Digital Colored photo.
2005 IEUA 100% 0.3 Excellent yes Digital Colored photo.
2006 Watermaster 100% 0.3 Very Good yes Digital Colored photo.
2006 IEUA 100% 0.3 Excellent yes Digital Colored photo.
2007 Watermaster 100% 0.3 Very Good yes Digital Colored photo.
2007 IEUA 100% 0.3 Excellent yes Digital Colored photo.
2008 Watermaster 100% 0.3 Very Good yes Digital Colored photo.
2008 IEUA 100% 0.3 Good yes Digital Colored photo.
2009 Watermaster 100% 0.3 Very Good yes Digital Colored photo.
2009 OCWD 4/21/2009 to 5/8/2009 100% 0.1 Excellent yes Digital Colored photo.
2009 OCWD 1/26/2009 to 3/25/2009 100% 0.3 Excellent yes Digital Colored photo.
2010 Watermaster 100% 0.3 Very Good yes Digital Colored photo.
2010 IEUA 100% 0.3 Good yes Digital Colored photo.
2012 Watermaster 100% 1 Very Good yes Digital Colored photo.
2012 IEUA 1/28/2012 to 3/14/2012 100% Very Good no Digital Colored photo.
2012 ocwD 100% 0.3 Very Good yes Digital Colored photo.
2012 ocwD 100% 0.1 Very Good yes Digital Colored photo.
2014 USDA April and May 2014 100% 1 Good yes Digital Colored photo.
2014 OCWD 6/5/2014 to 6/6/2014 100% 0.1 Excellent yes Digital Colored photo.
2015 IEUA 5/11/2015 100% 0.1 Excellent yes Digital Colored photo.
2016 USDA 5/3/2016 to 6/14/2016 100% 0.6 Good yes Digital Colored photo.
2017 |Eagle Aerial Custom Flight 7/3/2017 100% 0.08 Excellent yes Digital Colored photo.
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Table 2-2

Parameter List for the Groundwater-Quality Monitoring Program

Analyte Method
Alkalinity in CaCO3 units SM2320B
Ammonia Nitrogen EPA 350.1
Bicarbonate as HCO3 Calculated SM2320B
Boron Total ICAP EPA 200.7
Calcium Total ICAP EPA 200.7
Carbonate as CO3 Calculated SM2320B
Chloride EPA 300.0
Flouride SM 4500-C
Hydroxide as OH Calculated SM2320B
Kjeldahl Nitrogen EPA 351.2
Magnesium Total ICAP EPA 200.7
Nitrate as Nitrogen by IC EPA 300.0
Nitrate as NO3 Calculated EPA 300.0
Nitrite as Nitrogen by IC EPA 300.0
Organic Nitrogen Calculated EPA 351.2
PH (H3=past HT not compliant) SM4500-HB
Potassium Total ICAP EPA 200.7
Sodium Total ICAP EPA 200.7
Specific Conductance, 25 C SM2510B
Sulfate EPA 300.0
Silica EPA 200.7
Total Dissolved Solids (TDS) E160.1/SM2540C
Total Hardness as CaCO3 by ICP Calculated SM 2340B
Total Organic Carbon SM5310C/E415.3
Turbidity EPA 180.1

Table 2-2 -- Table 2-2













Section 3 - Results and Interpretations

This section describes the analysis and interpretation of the monitoring data and groundwater-
modeling results for the PBHSP. The data analyzed span various historical periods, based on
data availability, and include periods both pre- and post-Peace II implementation (2007).

The primary intent of this section is to identify trends in the extent and quality of riparian habitat
and the factors that can impact the riparian habitat, and to understand cause-and-effect
relationships, particularly cause-and-effect relationships that may be associated with Peace 11
implementation. This section begins with the analysis of trends in the extent and quality of the
riparian habitat, and then describes the factors that could have potentially impacted the extent
and quality of the riparian habitat, including changes in groundwater levels, surface-water
discharge, climate, and other factors, such as pests and wildfires. Declining groundwater levels
is the primary factor that is potentially related to Peace II implementation and could adversely
impact the riparian habitat. This section also includes a review of the most recent results of
Watermaster’s predictive groundwater modeling of the Chino Basin to identify areas of future
drawdown that could lead to prospective loss of riparian habitat.

3.1 Trends in Riparian Habitat Extent and Quality

The regional assessment of riparian habitat in the Prado Basin includes the analysis of air photos
and NDVI to characterize trends in the extent and quality of the riparian habitat over time. The
regional assessment techniques are two independent methods that are analyzed comparatively
to complement and corroborate each other. The site-specific monitoring of riparian habitat in
the field is used to ground truth the regional monitoring and assessment.

Extent of the Riparian Habitat

Figure 3-1a shows a times series of historical air photos compiled and digitized for the first
annual report for 1960, 1977, 1985, 1999, 2006, and 2016 (WEI, 2017). The figure illustrates
the changes in the extent and vegetated density of the riparian habitat in the Prado Basin from
1960 to 2016. From the 1930s to about 1960, large areas of the Prado Basin were managed to
minimize the growth of riparian vegetation and its associated consumptive use of water in an
effort to maximize flow in the SAR (Woodside, G., personal communication). In general, from
1960 to 1999, the mapped extent of the riparian habitat increased from about 1.8 to 6.7 square
miles, and its vegetated density increased. Since 1999, the extent and vegetated density of the
riparian habitat has remained relatively constant.

Figure 3-1b compares the 2016 and 2017 air photos that were acquired for the PBHSP. The air
photo resolution increased from 2016 (60-cenimeter pixels) to 2017 (3-inch pixels), which
enhanced the ability to map the extent and visually assess the riparian habitat. The mapped
extent of the riparian habitat decreased by 0.01 squares miles from 2016 to 2017. This decrease
is attributed the enhanced ability to digitize the extent of the riparian habitat with the higher-
resolution 2017 air photo, and thus does not indicate an actual change in extent.

Figure 3-1c compares the 2017 air photo and the mapped extent of the riparian habitat to the
NDVI estimates for the Prado Basin area on a date that corresponds to the maximum of the
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spatial average of NDVI during the growing season for 2017." The same air-photo/NDVI
comparison figures were prepared and analyzed in the first annual report for 1985, 1999, 2000,
and 2016 (WEI, 2017). Four main observations and interpretations are derived from these
figures:

1. Generally, the following ranges in NDVI during the growing season correspond to
these land cover types:

NDVI Land Cover During Growing Season

<0 Water

0-0.2 Non-vegetated surfaces, such as urbanized land cover and barren land.

Vegetated land cover — the higher NDVI values indicate greater photosynthetic
activity of the vegetation

2. Prado Basin riparian vegetation areas have NDVI estimates of about 0.4 to 0.9 during
the growing season. Active agricultural lands in the Prado Basin region can also have
NDVI values of about 0.3 to 0.7 during the growing season.

3. The NDVI estimates support the delineation of the extent of the riparian habitat as
drawn from the air photos.

4. The processing and georeferencing of air photos and NDVI for this study were
performed accurately, which supports subsequent analyses and interpretations.

Quality of the Riparian Habitat

As discussed and referenced in Section 2, the NDVI is a measure of the photosynthetic activity
of vegetation and therefore can be used as an indicator of the health or “quality” of the riparian
vegetation. In this section, the NDVI is spatially and temporally analyzed in maps and time-
series charts for defined areas throughout Prado Basin to characterize changes in the quality of
riparian habitat for the period 1984 to 2017. The defined areas of NDVI analyses are shown in
Figure 3-2. These defined areas include: the entire 2017 extent of the riparian habitat which is
about 6.8 square miles (19,520 30 x 30-meter NDVI pixels); one area in the lower Prado Basin,
which is about 0.26 square miles (650 30 x 30-meter NDVI pixels); and multiple areas primarily
located along the northern reaches of the riparian habitat in Prado Basin near the PBHSP
monitoring wells—these areas are 6,500 square-meters (four 30 x 30-meter NDVI pixels).

Figure 3-3 compares the maps of NDVI across the entire Prado Basin area for 2016 and 2017
on the dates that correspond to the maximum of the spatial average NDVI for extent of the
riparian vegetation in Prado Basin during the growing season. This figure is used to identify

18 The growing season for the Prado Basin riparian vegetation in is from March through October (Merkel,
2007; USBR, 2008).
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any areas of significant change in NDVI that may indicate a recent change in the quality of the
riparian habitat.

Figures 3-4, 3-5, and 3-6a through 3-6k are time-series charts of the NDVI for each of the
defined areas. These figures are used to identify trends in NDVI in specific areas that may
indicate changes in the quality of the riparian habitat. There are three time-series curves shown
on each chart that illustrate trends in the NDVT estimates:

1. The spatial average of the NDVI pixels within the defined area of analysis. This
characterizes the seasonal and long-term trends in NDVI for the area. The NDVI time-
series are typical for a deciduous forest, meaning that NDVT is higher in the growing
season assumed to run from March through October, and lower in the dormant season
running from November through February when plants shed their leaves and become
dormant.

2. 'The annual average of the spatial average of the NDVI estimates for the growing season
period of March through October (‘average growing-season NDVT’). This curve shows
the annual changes and long-term trends in the NDVI for growing-season. This metric
is used to analyze the year-to-year and long-term trends in this annual report.

3. The annual maximum of the spatial average of NDVI estimates for the growing season
period of March through October (‘maximum growing-season NDVI’). This curve
shows the trend in the annual maximum NDVI estimates. Maximum growing-season
NDVI typically occurs during the summer months. This metric is used to analyze the
year-to-year and long-term trends in this annual report.

NDVI maps and air photos are included on the time-series charts for spatial reference and as a
visual check on the interpretations derived from the time-series charts. The air photos used on
the figures include 1999, 2006, 2016, and 2017— showing pre- and post-Peace II Agreement
periods and the last two years.

To statistically characterize the long-term trends in the NDVI time-series for each area in
Figures 3-4, 3-5, and 3-6a through 3-0k, a Mann-Kendall trend test was performed on the
average growing-season NDVI for the entire period of record from 1984 to 2017. The Mann-
Kendall trend test is used to statistically analyze if there is a monotonic increasing or decreasing
trend in data that does not have a normal distribution. Appendix B describes the Mann-Kendall
test method and the test results. The final Mann-Kendall test result of the average growing-
season NDVI (‘increasing trend’, ‘decreasing trend’, or ‘no trend’) is shown on each figure.
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The following table summarizes the Mann-Kendall test result for each area, and the short-term
variability for the average growing-season NDVI over the period of record (1984-2017) and
recently (2015-2017):

Recent Short-Term Changes from

Short-Term Changes from 1984 - 2015

2015 - 2017 Long-Term
Defined Area Figure Average Largest Largest Trend in
Nomber | Annval | Annwal | Annwal ol o0l a0l 015 2017 | ong s
Change in | Increase in | Decrease in 1984-2017
NDVI NDVI NDVI
2017 Rip Veg
Extent 3-4 0.02 0.06 -0.07 -0.02 0.02 0.00 No Trend
Lower Prado 3-5 0.03 0.10 -0.09 -0.01 0.00 -0.01 Increasing
CC-1 3-6a 0.03 0.09 -0.06 -0.03 -0.03 -0.05 Increasing
CC-2 3-6b 0.03 0.07 0.07 -0.01 -0.01 -0.02 Increasing
CC-3 3-6¢ 0.03 0.14 -0.08 -0.03 -0.01 -0.04 Increasing
CC-4 3-6d 0.04 0.10 0.12 -0.01 -0.03 -0.04 Increasing
MC-1 3-Ge 0.03 0.08 -0.10 -0.06 -0.01 -0.07 Increasing
MC-2 3-6f 0.04 0.16 -0.18 -0.02 -0.04 -0.06 No Trend
MC-3 3-6g 0.04 0.13 -0.12 0.00 -0.05 0.05 No Trend
MC-4 3-6h 0.04 0.11 -0.10 -0.02 -0.03 -0.05 Increasing
SAR-1 3-6i 0.05 0.11 -0.21 -0.01 -0.21 -0.23 Increasing
SAR-2 3-6j 0.03 0.08 -0.11 0.00 0.08 0.08 Increasing
SAR-3 3-6k 0.03 0.09 -0.11 -0.02 0.00 -0.02 Increasing

1 -- See Appendix B for a description of the Mann-Kendall test.

3.1.2.1 Analysis of Prado Basin Riparian Habitat in Aggregate
Visual inspection of Figure 3-3 indicates:

1. Little to no change in NDVI across most of the extent of the riparian habitat from 2016
to 2017.

2. In the southeastern portion of lower Prado Basin, within an area that was burned by
wildfire in 2015, the NDVI incteased from 2016 to 2017, which indicates that the
riparian vegetation is recovering in this area.

Figure 3-4 is a time-series chart from 1984-2017 of the spatial average of all 19,520 NDVI pixels
that are within the 2017 extent of the riparian habitat in the Prado Basin. The intent of the
chart is to characterize the trend in the NDVI for the Prado Basin as a whole. The trend is used
as a basis of comparison to the trends in the NDVI for each of the smaller defined areas shown
in subsequent figures. Figure 3-4 also includes NDVI maps for a year from each decade to
visually compare the spatial NDVI to the NDVI time-series.

Figure 3-4 shows that average growing-season NDVI vary from year-to-year by no more than
0.07 and show no apparent long-term trend. The Mann-Kendall test result indicates that from
1984 to present there is no trend in the average growing-season NDVI. From 2016 to 2017 the
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average growing-season NDVI increased by about 0.02. These long-term trends in NDVI
suggest that, the riparian habitat in Prado Basin analyzed as a whole, has not degraded since
1984.

3.1.2.2 Analysis of the Riparian Habitat in Lower Prado Basin

Figure 3-5 is a time-series chart from 1984-2017 of the spatial average of 650 NDVI pixels
within a defined area in the southern portion of the Prado Basin (Lower Prado). The intent of
the chart is to characterize NDVI trends in an area of the Prado Basin that is not expected to
be impacted by the drawdown associated with Peace II implementation based on projections of
groundwater levels from groundwater modeling. This analysis is used as a basis of comparison
to trends in NDVI for each of the smaller defined areas located further to the north along Chino
Creek, Mill Creek, and the SAR.

Figure 3-5 includes a series of air photos for spatial reference and as a visual check on the
interpretations derived from the NDVI time-series charts. The air photos are for 1999, 2000,
2016 and 2017—showing periods of both pre-Peace and Peace II Agreements implementation,
and the last two years.

Figure 3-5 shows that the maximum growing-season NDVI vary from year-to-year by no more
than 0.1 and show no long-term declining trend. The Mann-Kendall test result indicates that
from 1984 to 2017 there is an increasing trend in the average growing-season NDVI. From
2016 to 2017 the average growing-season NDVI shows no trend. These trends in the NDVI
suggest that the riparian habitat in Lower Prado has not degraded since 1984.

3.1.2.3 Analysis of the Riparian Habitat along Chino Creek, Mill Creek, and the Santa
Ana River

Figures 3-6a through 3-0k are time-series charts from 1984-2017 of the spatial average of four
NDVI pixels for areas located along Chino Creek, Mill Creek, and the SAR. The intent of these
charts is to characterize NDVI trends in smaller areas primarily located along the northern
stream reaches of the riparian habitat in the Prado Basin—areas that are most susceptible to
potential impacts from declining groundwater levels associated with Peace II implementation.
These areas are located near the PBHSP monitoring well sites to facilitate the comparison of
NDVI to shallow groundwater levels.

Figures 3-6a through 3-0k also include a series of air photos for spatial reference and as a visual
check on the interpretations derived from the NDVI time-series charts. The air photos are for
1999", 2006, 2016 and 2017—showing periods of both pre-Peace and Peace I Agreements
implementation, and the last two years.

19 Figures 3-6i shows the 1994 air photo instead of the 1999 air photo.
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Chino Creek (Figures 3-6a to 3-6d). Four areas were analyzed along Chino Creek: CC-1, CC-
2, CC-3, and CC-4 (see locations on Figure 3-2). These areas were selected to characterize
NDVI trends in vegetated areas in the Prado Basin located just southwest of the CDA well field.

These figures show that the average growing-season NDVI vary by no more than 0.14 from
year-to-year in all four areas and show no long-term declining trend along the entire reach of
Chino Creek. The Mann-Kendall test results indicate that from 1984 to 2017 there is an

‘increasing trend’ in the average growing-season NDVI at all four areas.

From 2015 to 2017, the average growing-season NDVI decreased in all four areas. However,
these two-year declines in NDVI are no more than 0.05, which is within the range of the long-
term, year-to-year variability in these NDVI statistics. Visual inspection of the air photos on
these figures do not show evidence of degradation of the riparian vegetation.

Mill Creek. (Figures 3-6e to 3-6h). Four areas were analyzed along Mill Creek: MC-1, MC-2,
MC-3, and MC-4 (see locations on Figure 3-2). These sites were selected to characterize NDVI
trends in vegetated areas in the Prado Basin located just south of the CDA well field.

These figures show that the average growing-season NDVI vary by no more than 0.18 from
year-to-year at all four areas, and that the long-term average growing-season NDVI show no
declining trend along the entire reach of Mill Creek. The Mann-Kendall test results indicate that
from 1984 to 2017 there is an ‘increasing trend’ in the average growing-season NDVI for the
northern and southern most areas (MC-1 and MC-4), and ‘no trend’ for the two areas along the
middle portion of Mill Creek (MC-2 and MC-3).

From 2015 to 2017, the average growing-season NDVI increased at MC-3 along the middle
portion of Mill Creek and decreased at the three other areas (MC-1, MC-2, and MC-4) along the
upper and lower portion on Mill Creek. These two-year declines in the NDVI are no more
than 0.07, which is within the range of the long-term, year-to-year variability in these NDVI
statistics. In addition, visual inspection of the air photos on these figures do not show evidence
of degradation of the riparian vegetation.

Santa Ana River (Figures 3-6i to 3-6k). Three areas were analyzed along the floodplain of
the Santa Ana River: SAR-1, SAR-2, and SAR-3 (see locations on Figure 3-2). These areas were
selected to characterize NDVI trends in the Prado Basin located south of the CDA well field
along the SAR.

These figures show that the average growing-season NDVI vary by no more than 0.21 from
year-to-year at all three areas, and that the long-term average growing-season NDVI show no
long-term declining trend along the entire reach of the SAR. The Mann-Kendall test results
indicate that from 1984 to 2017 there is an ‘increasing trend’ in the average growing-season
NDVT at all three areas.

From 2015 to 2017 the average growing-season NDVI increased by about .08 at SAR-2 and
remained stable at SAR-3. From 2015 to 2017, the average growing-season NDVI decreased at
SAR-1 by about 0.23, with most of the decrease occurring from 2016 to 2017 (0.21 decrease).
Inspection of the air photos in Figure 3-6i (for SAR-1) confirm an isolated area of brown color
throughout most of the area which contrasts with green colors in the prior 2016 air photo,
indicating some degradation in the vegetation. This level of a decrease in the NDVI has occurred
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previously in this area in the early 1990s, followed by a gradual increase. Inspection of the air
photo for 1994 in Figure 3-6i indicates that the meandering SAR channel was the likely cause
of that NDVI decrease in the early 1990s.

3.1.2.4 Analysis of Trends in Riparian Habitat

Figures 3-7a through 3-7d are bar charts that further characterize long-term trends in the
growing-season NDVI for the 13 defined areas shown on Figures 3-4, 3-5, and 3-6a through 3-
0k. The bar charts show the annual departure of the average growing-season NDVI from the
mean of the average growing-season NDVI for the 22-year period of 1984 to 2006 (referred to
herein as ‘NDVI baseline’). This 22-year period for the NDVI baseline was chosen because it
is prior to implementation of the Peace II Agreement in 2007.

The bar charts demonstrate the magnitude and duration of the negative (decreasing) or positive
(increasing) departure from the NDVI baseline. Included for reference with the bar charts are
the time series of spatial average NDVI for the area being analyzed, the corresponding average
growing-season NDVI, and the NDVI baseline. Also included on these figures are the results
from the Mann-Kendall trend test of the average growing-season NDVI over the 1984-2017
period.

Figure 3-7a characterizes trends in the average growing-season NDVI compared to the NDVI
baseline for the entire 2017 extent of riparian vegetation in Prado Basin. The bar chart
demonstrates no increasing or decreasing trend for the growing-season NDVI which agrees
with the Mann-Kendall test result of no trend. The majority of the annual departures of the
average growing-season NDVI from the NDVI baseline are positive after the NDVI baseline
period, indicating an increasing trend since 2007.

Figure 3-7b characterizes trends in the average growing-season NDVI compared to the NDVI
baseline for the four areas along Chino Creek. The bar charts demonstrate an increasing trend
in growing-season NDVI at all four areas which agrees with the Mann-Kendall test results of
increasing trend” At all four areas the majority the annual departures of the average growing-
season NDVI from the NDVI baseline are positive after the NDVI baseline period, indicating
an increasing trend since 2007. This increasing trend is more prominent at the two areas along
the northern reach of Chino Creek (CC-1 and CC-2).

Figure 3-7c characterizes trends in the average growing-season NDVI compared to the NDVI
baseline for the four areas along Mill Creek. The bar charts demonstrate an increasing trend in
growing-season NDVTI at the northern most and southern most areas along Mill Creek (MC-1
and MC-4) which agrees with the Mann-Kendall test results of increasing trend. Additionally,
these areas, the majority of the annual departures of the average growing-season NDVI from
the NDVI baseline are positive after the NDVI baseline period, indicating an increasing trend
since 2007. The bar charts demonstrate no trend in growing-season NDVI for the two areas
along the middle portion of Mill Creek (MC-2 and MC-3) which agrees with the Mann-Kendall
test results of no trend. However, all the average growing-season NDVI from the NDVI
baseline are positive after 2009, indicating and increasing trend since then.

Figure 3-7d characterizes trends in the average growing-season NDVI compared to the NDVI
baseline for the three areas along the SAR and the Lower Prado area. The bar charts
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demonstrate an increasing trend in growing-season NDVI at all four areas which agrees with
the Mann-Kendall test results of increasing trend. The majority of the annual departures of the
average growing-season NDVI from the NDVI baseline are positive after the NDVI baseline
period, indicating an increasing trend since 2007.

Analysis of Vegetation Surveys

Vegetation field surveys were not performed for the PBHSP in 2017. Vegetation surveys are
performed for the PBHSP once every three years. The most recent vegetation surveys were
performed in 2016 by the USBR and were a continuation and expansion of the surveys
performed in 2007 and 2013.

Table 3-1 summarizes the measured and calculated parameters for all areas surveyed in 2007,
2013, and 2016. The percent canopy cover measurements from the USBR vegetation surveys
are the most appropriate information for ground-truthing the NDVI data. Where and when
available, the average percent canopy cover for surveyed areas near the areas of NDVI analysis
in Figures 3-6a through 3-6k are shown with the ND VI time-series data for comparison. Canopy
cover is a measurement of the percentage of the ground surface area that is directly covered by
the vertical projections of tree crowns (USDA, 1999). Although there is no direct quantitative
relationship between percent canopy cover and NDVI, canopy cover is a metric of the areal
density of the vegetation that is reflecting the visible and near-infrared light and, therefore can
be used to validate field conditions to correlate with the NDVI analysis. Where percent canopy
cover measurements are available for more than one year, they typically show stable or
increasing trends, consistent with increasing trends in NDVI since 2007. Table 3-2 shows that
overall, the percent canopy cover for all surveyed areas each year has increased—the average
for percent canopy cover at all areas surveyed in 2007, 2013, and 2016 were 75%, 76%, and
86%, respectively.

Summary

This assessment of the riparian habitat in Prado Basin, through the analysis of historical air
photos shows that the riparian habitat has increased in its extent since the 1960s.

The quality of riparian habitat, as characterized by the time series of average-growing season
NDVTI at the defined areas, shows no trend in degradation from 1984 to 2017, and may have
improved since the implementation of the Peace II Agreement. For some areas, the average-
growing season NDVI decreased during 2015 to 2017 period. These two-year declines in the
NDVI are within the range of the long-term annual variability in these NDVI statistics.
Continued monitoring and more information is required to determine if and how the riparian
vegetation is changing in these specific areas. Strategies for continued monitoring and acquiring
more information are described in Section 4.

The remainder of Section 3 describes the factors that can affect the riparian habitat, how these
factors have changed over time, and compares trends in the NDVI to trends in these factors to
explore cause-and-effect relationships.
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3.2 Groundwater and Its Relationship to Riparian Habitat

The implementation of the Peace II Agreement was projected to change patterns of
groundwater production and reduce artificial recharge through 2030, both of which change
groundwater levels in the Chino Basin. Changes in groundwater levels caused by the
implementation of the Peace II Agreement and other water management activities unrelated to
Peace 11" have the potential to impact the extent and quality of ripatian habitat in the Prado
Basin.

This section characterizes the history of groundwater production and the groundwater-level
responses in the GMP study area in the southern Chino Basin and compares these trends to
trends in the extent and quality of the riparian habitat.

Groundwater Production

Table 3-2 lists the annual estimates of groundwater production within the GMP study area for
WY 1961 to 2017.*" From the execution of the Judgment to the Peace Agreement (WY 1979
to 2000), groundwater production from this area occurred mainly from agricultural wells and
averaged about 41,700 AFY. During the post-Peace Agreement period (WY 2001 to 2017),
agricultural groundwater production progressively declined and by WY 2017 was about 6,000
AFY; CDA production commenced and increased to replace the declining agricultural
groundwater production—as envisioned in the OBMP/Peace Agreement and Peace II
Agreement—and by WY 2017 was about 28,200 AFY. Total groundwater production from the
study area during WY 2001-2017 averaged about 35,500 AFY.

Figures 3-8a through 3-8c illustrate the spatial distribution of groundwater production within
the GMP study area over the period of WY 1978 to 2017 and the extent of the riparian habitat.
Each figure includes: a map that illustrates the spatial distribution and magnitude of production
at wells for a single year based on the Watermaster’s production records for WY 1978
(commencement of the Judgment), 1999 (commencement of the OBMP) and 2017 (current
conditions); a bar chart of annual groundwater production in the GMP study area for WY 1961
through 2017%; an air photo for that period; and the extent of the riparian vegetation based on
the air photo.

20 Other water management activities unrelated to Peace 11 Agreement implementation include changes in
wastewater discharge to the SAR due to conservation, recycling, and drought response; increases in storm
water diverted and recharged; increases in recycled water recharge; and the implementation of the dry-year
yield program with Metropolitan Water District of Southern California.

2l Production for years prior to WY 2001 were estimated in the calibration of the 2013 Chino Basin
groundwater model (WEI, 2015). Production estimates for WY 2001 and thereafter are based on metered
production data and water-duty estimates compiled by the Watermaster.

22 Tbid
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WY 1978 (Figure 3-8a). Groundwater production was about 47,000 AF and occurred at wells
distributed throughout the GMP study area that were mostly private domestic and agricultural
wells. The extent of the riparian vegetation in Prado Basin at this time was about 2,780 acres.

WY 1999 (Figure 3-8b). Groundwater production was about 24,000 AF—50 percent less than
WY 1978. The production occurred at wells distributed throughout the GMP study area that
were mostly private domestic and agricultural wells for dairies. Production decreased primarily
due to land use conversions from agricultural to urban uses. The extent of the riparian

vegetation in the Prado Basin area expanded to about 4,280 acres—a 54 percent increase from
1978.

WY 2017 (Figure 3-8c). Groundwater production was about 34,000 AF—28 percent less than
WY 1978 and 40 percent greater than 1999. The production occurred primarily at CDA wells
located in the northern portion of the GMP study area. Even though total production from
this area has increased since 1999, the domestic and agricultural production for dairies continued
to decline and by WY 2017 was about 6,000 AFY. As articulated in the OBMP and subsequent
Peace Agreements, CDA production was planned to replace the declining domestic and
agricultural production. CDA production began in WY 2001 at about 9,000 AFY from 11 wells
and increased to about 28,000 AFY from 26 wells by WY 2017. The extent of riparian vegetation
in the Prado Basin was about 4,350 acres—a two percent increase from 1999.

Groundwater Levels

Figures 3-9a and 3-9b are groundwater-elevation contour maps of the GMP study area for the
shallow aquifer system in September 2016 (prior yeat’s annual report condition) and September
2017 (current condition).”” The contours were drawn based on measured groundwater
elevations at wells. These contours were used to create rasterized surfaces of groundwater
clevation for September 2016 and September 2017. The raster for September 2016 was
subtracted from the raster for September 2017 to create a raster of change in groundwater
elevation over the past year and is shown on Figure 3-10. Groundwater levels changed by up to
+/- five feet across the GMP study area and within the 2017 extent of the riparian habitat in
the Prado Basin. Along Chino Creek, groundwater levels increased by up to five feet along its
northern reach near well PB-8 and decreased by one to five feet along its southern reach. Along
Mill Creek, groundwater levels slightly increased or remained the same. Along most of the SAR,
groundwater levels generally remained unchanged since the prior year.

The raster of groundwater elevation for September 2017 was subtracted from a 1-meter
horizontal resolution digital elevation model of the ground surface (Associated Engineers, 2007)
to create a raster of depth-to-groundwater in September 2017 and is shown in Figure 3-11. The
outline of the 2017 extent of the riparian habitat in the Prado Basin is superimposed on the
raster of depth-to-groundwater in 2017. With the exception of the Temescal Wash area, the

23 Historical groundwater-elevation data in Prado Basin are scarce due to a lack of wells and/or monitoring.
Therefore, discussion and interpretation of measured depth-to-groundwater is focused on last year’s condition
and current condition.
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riparian habitat overlies areas where the depth-to-groundwater is less than 15 feet below the
ground surface.

Figures 3-12a through 3-12c are time-series charts that compare long-term trends in
groundwater production and groundwater elevations to the NDVI for three areas in the Prado
Basin: Chino Creek, Mill Creek, and the SAR. These figures show the average growing-season
NDVI for the 12 defined areas of riparian habitat discussed in Section 3.1 and shown in Figures
3-5 and 3-6a through 3-6k.

The groundwater-elevation estimates for the period 1960 to 2011 were extracted from
Watermaster’s most recent calibration of its groundwater-flow model at monitoring well
locations (WEI, 2015). The more recent groundwater-elevation data shown on these charts
were measured at monitoring wells that were constructed by Watermaster and IEUA to support
the Hydraulic Control Monitoring Program (HCMP) (beginning in 2005) and the PBHSP
(beginning in 2015). Where the measured and model-estimated groundwater elevations overlap
in time, the model-estimated elevations mimic the seasonal fluctuations and the longer-term
trends of the measured elevations, and the model-estimated elevations are typically no more
than 10 feet different than the measured elevations.

Chino Creek (Figure 3-12a). The upper chart on Figure 3-12a compares changes in
groundwater-levels along Chino Creek to long-term trends in groundwater production within
the study area. In the long-term, groundwater levels appear to have changed only slightly in
response to the long-term changes in groundwater production—typically by less than +/- five
feet. The chart shows that groundwater levels have remained steady since 1961 despite the
decline in groundwater production that started in late 1980s and continued until 2000, when the
CDA began production, and have remained relatively stable through WY 2017.

Groundwater-level monitoring at the PBHSP monitoring wells along Chino Creek indicates that
groundwater levels fluctuate each year, in some cases by more than 15 feet, under the seasonal
stresses of production and recharge. During the winter months of WY 2017, groundwater levels
at the PBHSP monitoring wells increased to their highest recorded levels, likely in response to
the recharge of stormwater discharge in unlined creeks and the associated surface-water
reservoir that ponds behind Prado Dam. From September 2015 to September 2017,
groundwater levels increased by up to one foot along the north portion of Chino Creek (PB-
9/1, RP2-MW?3, and PB-8), and decreased by up to one foot along the southern portion of
Chino Creek (PB-7/1 and PB-6/1).

The lower chart on Figure 3-12a shows the time series of the average growing-season NDVI
from 1984 to present for the four areas along Chino Creek. The NDVI estimates show a long-
term increasing trend from 1984 to 2017 indicating an improvement in the quality of the riparian
vegetation, while shallow groundwater levels along Chino Creek remained relatively stable.
From 2015 to 2017, NDVI decreased at all four areas along Chino Creek. These decreases in
NDVI are within the historical range of annual and short-term variability of NDVI at these
areas and therefore do not necessarily represent a degradation of the riparian habitat. In
addition, the analysis of air photos does not illustrate signs of degradation of the riparian habitat
(see Section 3.1). Declines in groundwater levels are not a likely the cause of the recent declines
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in NDVI considering that the declines in groundwater levels, if any, are less than one foot and
appear to be within the historical range of short-term variability.

Mill Creek. (Figure 3-12b). 'The upper chart on Figure 3-12b compares changes in
groundwater-levels along Mill Creek to long-term trends in groundwater production within the
study area. In the long-term, groundwater levels appear to respond to the long-term changes in
groundwater production —typically by less than +/- 10 feet. These responses were greatest
along the northern portion of Mill Creek near the MC-1 area (at the HCMP-5 and PB-2 wells)
where groundwater levels declined by about 10 feet when groundwater production increased to
its maximum in 1986, increased by a similar amount when production decreased to its minimum
in 1998, and declined again by a similar amount after CDA production began in 2000.
Downstream from the MC-1 area, groundwater levels along Mill Creek have remained relatively
stable from 1961 through WY 2017.

Groundwater-level monitoring at the PBHSP monitoring wells along Mill Creek indicates that
groundwater levels fluctuate each year, in some cases by more than 10 feet, under the seasonal
stresses of production and recharge. During the winter months of WY 2017, groundwater levels
at the PBHSP monitoring wells increased to their highest recorded levels, likely in response to
the recharge of stormwater discharge in unlined creeks and the associated surface-water
reservoir that ponds behind Prado Dam. From September 2015 to September 2017,
groundwater levels at the monitoring wells along Mill Creek increased by up to two feet.

The lower chart on Figure 3-12b shows the time series of the average growing-season NDVI
from 1984 to present for the four areas along Mill Creek. There is a long-term increasing trend
in average growing-season NDVT at the northern and southern areas along Mill Creek (MC-1
and MC-4) and no long-term trend in the average growing-season NDVI along the middle reach
of Mill Creek (MC-2 and MC-3). From 1984 to 2017, groundwater levels along the northern
reach of Mill Creek increased and decreased by up to 10 feet and remained relatively stable along
the southern reach. There does not appear to be a clear relationship between the long-term
changes in groundwater levels and the NDVI. From 2015 to 2017, NDVI decreased at three
of four areas along Mill Creek. These decreases in NDVI are within the historical range of
annual and short-term variability of NDVI at these areas and therefore do not necessarily
represent a degradation of the riparian habitat. In addition, the analysis of air photos does not
illustrate signs of degradation of the riparian habitat (see Section 3.1). Changes in groundwater
levels are not a likely the cause of the recent declines in NDVI given that groundwater levels
increased by up to one foot along Mill Creek.

Santa Ana River (Figure 3-12c¢). The upper chart on Figure 3-12¢ compares changes in
groundwater-levels along the SAR to long-term trends in groundwater production within the
study area. In the long-term, groundwater levels appear to respond to changes in groundwater
production—typically by less than +/- 10 feet. These responses are greatest along the northern
portion of the SAR near the SAR-1 area (PB-4 well) where groundwater levels declined by about
10 feet when groundwater production increased to its maximum in 1986, increased by a similar
amount when production decreased to its minimum in 1998, and declined again by a similar
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amount after CDA production began in 2000. Downstream from the SAR-1 area, groundwater
levels along the SAR have remained relatively stable from 1961 through WY 2017.

Groundwater-level monitoring at the PBHSP monitoring wells along the SAR indicates that
groundwater levels fluctuate each year by up to three feet, under the seasonal stresses of
production and recharge. During the winter months of WY 2017, groundwater levels at the
PBHSP monitoring wells increased to their highest recorded levels, likely in response to the
recharge of stormwater discharge in the SAR and the associated surface-water reservoir that
ponds behind Prado Dam. From September 2015 to September 2017, groundwater levels at the
monitoring wells along the SAR increased by up to one feet.

The lower chart on Figure 3-12c shows the time series of the average growing-season NDVI
from 1984 to present for four areas along the SAR. There is a long-term increasing trend in the
average growing-season NDVI from 1984 to 2017 at all four areas along the SAR indicating an
improvement in the quality of the riparian vegetation. From 1984 to 2017, groundwater levels
along the northern upstream reach of the SAR increased and decreased by up to 10 feet, and
along the southern downstream portion groundwater levels gradually increased. There is no
clear relationship between the long-term changes in groundwater levels and the NDVI. From
2015 to 2017, NDVI remained relatively stable along the SAR except for a decrease of 0.21 at
SAR-1 from 2016 to 2017. Analysis of the 2017 air photo indicates that the decrease in NDVI
at SAR-1 from 2016 to 2017 is due to a change in the riparian vegetation at SAR-1 (see Section
3.1). During this time groundwater levels increased by up to one foot along the SAR near SAR-
1.

Summary

The following observations and interpretations are derived from the analysis of groundwater
production, groundwater levels, and NDVI:

e Depth to groundwater in the Prado Basin area is relatively shallow—typically less than
15 feet below the ground surface where the riparian habitat exists. The shallow
groundwater contributes to rising groundwater discharge to the SAR and its tributaries
and evapotranspiration by the riparian vegetation in the Prado Basin.

e With two exceptions, groundwater levels across the GMP study area have remained
stable since 1961 and appear to have been unaffected by the implementation of the
Peace Agreements (starting in 2000). The two exceptions are along the northern reaches
of Mill Creek and the SAR where groundwater levels have fluctuated by up to +/- 10
feet, likely in response to decreased groundwater production within the GMP area in
the 1990s (which coincided with increases in groundwater levels) and increased
production after about 2000 with the commencement of CDA pumping (which
coincided with decreases in groundwater levels).

e During WY 2017, groundwater levels fluctuated, in some cases by more than 15 feet,
under the seasonal stresses of production and recharge. During the winter months of
WY 2017, groundwater levels at the PBHSP monitoring wells increased to their highest
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recorded levels, likely in response to the recharge of stormwater discharge in unlined
creeks and the associated surface-water reservoir that ponds behind Prado Dam. These
short-term increases in groundwater levels are temporary, and groundwater levels
declined during the growing season under the stresses of groundwater production and
evapotranspiration.

e From September 2015 to September 2017, groundwater levels increased by up to two
feet at all PBHSP monitoring well locations except along the southern portion of Chino
Creek (PB-7/1 and PB-6/1) where groundwater levels declined by up to one foot. The
NDVI also showed a decline from September 2015 to September 2017 along the
southern portion of Chino Creek. The declines in groundwater levels are not a likely
cause of the recent declines in NDVI at these locations because the declines in
groundwater levels are less than one foot and appear to be within the historical range of
short-term variability.

e From 2015 to 2017, the average growing-season NDVI decreased in several areas of
riparian habitat in Prado Basin. With the exception of the SAR-1 area, the decreases in
NDVI were minor and within the historical range of short-term variability of NDVI,
and hence, may not be indicative of riparian habitat degradation. Most of the areas
where NDVI decreased from 2015 to 2017 occurred in areas where groundwater levels
remained the same or increased by up to two feet.

e Analysis of the 2017 air photo indicates that the decrease in NDVI at the SAR-1 area
from 2016 to 2017 is due to a change in the riparian vegetation at SAR-1 (see Section
3.1). Groundwater levels have been stable in this area, which indicates that a decrease in
groundwater levels was not a factor in the observed change in NDVI. Additional

investigations are required to understand the cause of the change to the riparian habitat
at SAR-1.

3.3 Analysis of Groundwater and Surface Water Interactions

One of the objectives of the PBHSP is to identify factors that contribute to the long-term
sustainability of the riparian habitat in Prado Basin. The depth to groundwater analysis shown
on Figure 3-11 indicates that the riparian vegetation exists in areas of shallow groundwater that
is typically 15 feet below ground surface (ft-bgs) or less, and that the riparian vegetation is likely
dependent upon the shallow groundwater, at least in part.

This section describes the results of an analysis of surface-water discharge and quality,
groundwater quality, groundwater levels, and groundwater model results that was performed to
understand the sources of the shallow groundwater in the Prado Basin and the
groundwater/surface-water interactions that may be important to the long-term sustainability
of the riparian habitat in Prado Basin.

The nine PBHSP monitoring wells were strategically located along the fringes of the riparian
habitat adjacent to Chino Creek, Mill Creek, and SAR, and were constructed to sample the
shallow groundwater. Figures 3-13a through 3-13i display groundwater data, surface-water data,
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and model results at and near the nine PBHSP monitoring well sites. Each figure includes the
following data graphics:

A map of model-simmulated groundwater-flow directions for 2017. The map shows the location
of the PBHSP monitoring well site. The simulated groundwater-flow directions are
output information from the Chino Basin groundwater-flow model for layer 1 for June
30, 2017, and are shown with arrow symbols. Model-simulated groundwater-flow
directions can corroborate an understanding of the groundwater/surface-water
interactions derived from the measured data. Groundwater-flow directions (arrows)
that converge on a stream segment indicate a gaining reach (i.e. groundwater discharge).
Groundwater-flow directions that diverge from a stream segment indicate a losing reach
(i.e. streambed recharge).

A time-series chart of the surface-water discharge in the stream adjacent to the PBHSP monitoring
wells, groundwater-elevation at the PBHSP monitoring wells, and the thalweg elevation in the adjacent
stream. The groundwater elevation time-series for the shallow and deep PBHSP
monitoring wells are charted with the thalweg elevation of the adjacent creek or river.
The thalweg elevation was determined from a 1-meter horizontal resolution digital
elevation model of the ground surface (Associated Engineers, 2007)*. The thalweg
elevations are compared to the groundwater elevations to determine the potential for
groundwater discharge or streambed recharge along the specific stream reaches. The
relationship between the groundwater elevations in the shallow and deep PBHSP wells
are compared to identify downward or upward vertical hydraulic gradients at the well
site, which are additional information that can be wused to characterize
groundwater/surface-water interactions. Daily surface-water discharge data are also
charted and compared with groundwater elevations to characterize the relationship
between surface-water discharge and groundwater levels.

A time-series chart of TDS concentrations in groundwater and surface water. On these charts, TDS
concentrations for groundwater and surface water are compared to help determine the
source of the shallow groundwater at the PBHSP monitoring wells. In the southern
portion of Chino Basin, shallow groundwater quality is impacted by return flows from
applied water and can have TDS concentrations ranging from about 500-4,800 mg/L.
The TDS concentration in deeper groundwater is typically lower, generally ranging from
200-500 mg/L. The TDS concentrations of surface-water discharge typically range from
500-750 mg/L depending on the soutce.

A Piper diagram of general-mineral chemistry for groundwater and surface water. Groundwater in
the Chino Basin typically has a different general mineral chemistry than that of surface-
water discharge, which is predominantly tertiary-treated discharge from POTWs and

24 The 1-meter resolution digital elevation model of the ground surface uses the Ayala Park datum, which is

the same datum that was used to establish the reference-point elevations at the PBHSP wells. This allows for

an accurate comparison between the thalweg elevation and the measured groundwater elevations at the PBHSP

wells.
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stormwater discharge. Piper diagrams compare groundwater and surface-water via a
graphical display of the ratio of the major cations and anions. Water from similar or
related sources will generally plot in similar locations on a piper diagram. The data
plotted on the Piper diagrams are from the last five years (2013-2017), except for the
surface-water quality data for Mill Creek and Chino Creek, which is from a sampling
program conducted during 2008-2012.> Each Piper diagram indicates the general area
of the diagram where typical groundwater and surface water chemistry plot for the Prado
Basin region of interest (SAR, Chino Creek, and Mill Creek) based on the available data;
this can be used to characterize the source of water that is sampled at the PBSHP
monitoring wells.

Table 3-3 summarizes the analysis of the groundwater and surface water interactions and
interpretations on the source(s) of the shallow groundwater based on the data presented in
Figures 3-13a through 3-13i. In general, the analysis concludes that the SAR from PB-4 to PB-
3 and Mill Creek near PB-2 are losing reaches characterized by streambed recharge. Most other
areas along Chino Creek and Mill Creek, are gaining reaches characterized by groundwater
discharge. That said, at most locations in Prado Basin, there appears to be multiple and transient
sources that feed the shallow groundwater and the groundwater/surface-water interactions are
complex. Additional monitoring and testing are needed to better characterize the source waters
and the groundwater/surface-water interactions.

3.4 Climate and Its Relationship to the Riparian Habitat

Precipitation and temperature are climatic factors that can affect the extent and quality of the
riparian habitat. Precipitation can provide a source of water for consumptive use by the riparian
vegetation via direct infiltration of precipitation and runoff which increases soil moisture that
can be directly used by the vegetation or by maintaining groundwater levels underlying the
vegetation for subsequent use by the vegetation. Temperatures affect the rate of plant growth
and productivity. Both factors are unrelated to the implementation of the Peace II Agreement.

This section characterizes the time series of precipitation and temperature in the Prado Basin
area, and compares that time series to trends in the quality of the riparian habitat, as indicated
by NDVI, to analyze if these factors have influenced the riparian habitat in the Prado Basin.

Precipitation

Figure 3-14 is a time-series chart that shows annual precipitation estimates within the Chino
Basin for WY 1896 to 2017. These estimates were computed as a spatial average across the
Chino Basin using rasterized data from the PRISM Climatic Group (an 800-meter by 800-meter
grid). The long-term average annual precipitation in the Chino Basin is 16.47 inches per year

25 Surface water quality sampling for the Chino Basin Maximum-Benefit monitoring program ended in
December 2012. There has been no other surface water quality sampling along Mill and Chino Creeks since.
It is a recommendation for the PBSHP monitoring program next year to initiate water quality sampling in Mill
Creek and Chino Creek.
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(in/yt). The chart includes a cumulative departure from the mean (CDFM) precipitation cutve,
which characterizes the occurrence and magnitude of wet and dry periods: positive sloping
segments (trending upward to the right) indicate wet periods, and negative sloping segments
(trending downward to the right) indicate dry periods.

Review of the CDFM precipitation curve indicates that the Chino Basin has experienced several
prolonged wet and dry periods from WY 1896 to 2017. Typically, dry periods are longer in
duration than wet periods. The longest dry period occurred between 1946 through 1977 (32
years). The Peace and Peace II Agreements period (2001 through 2017) has been a dry period
punctuated by three wet years: 2005, 2011, and 2017. Over the 122-year record, about 39
percent of the years had precipitation greater than the average and 61 percent had below average
precipitation. In the 17-year period since the Peace Agreement was implemented, 29 percent
of the years had precipitation greater than the average and 71 percent had below average
precipitation. During the last five years (2013-2017) of the current 18-year dry period the average
precipitation was 10.21 in/yr—about 40 percent less than the long-term annual average.

Temperature

Maximum and minimum temperatures during the growing season are the temperature metrics
used in this analysis because they can influence NDVI since plant growth and development are
dependent upon the temperatures surrounding the plant (Hatfield and Prueger, 2015).
Maximum temperatures during the growing season directly influence photosynthesis,
evapotranspiration, and breaking of the dormancy of vegetation (Pettorelli, 2015). Minimum
temperatures affect nighttime plant respiration rates and can potentially can have an effect on
plant growth that occurs during the day (Hatfiled et. al, 2011). All species of plants have a range
of maximum and minimum temperatures necessary for growth (Hatfield and Prueger, 2015).
Climate change is more likely to increase minimum temperatures, while maximum temperatures
are affected more by local conditions (Knowles et al., 2006; Alfaro et al., 2000).

Figure 3-15a is a time-series chart that shows the average maximum and minimum temperatures
for the growing season months (March — October) in the Prado Basin from 1896 to 2017
(referred to as growing-season maximum and minimum temperatures). The data used to
generate this chart are based on observed daily maximum and minimum temperature converted
to monthly statistics and interpolated by the PRISM Climate Group to produce a gridded
monthly maximum and minimum temperature estimates (an 800-meter by 800-meter grid).
These estimates were computed as a spatial average across the Prado Basin from rasterized data
from the PRISM Climatic Group. This chart also shows the five-year moving average of the
growing-season maximum and minimum temperatures for the Prado Basin. The five-year
moving average is a smoothing technique used to analyze trends over time.

Also shown on this chart is a complete record of atmospheric carbon dioxide (CO2)
concentrations assembled from multiple sources:

e Values prior to 1959 are estimated from an analysis of the Law Dome DE08 and DEOS-
2 ice cores in Antarctica. (Acquired from the Carbon Dioxide Information Analysis
Center --http://cdiac.ornl.gov/trends/co2/lawdome.html; Accessed on June 6, 2017).
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o Values after 1959 are from measured CO2 concentration data at the Mauna Loa
Observatory in Hawaii.  (Acquired from the National Oceanic and Atmospheric
Association’s Earth Systems Research Laboratory --
https:/ /www.estl.noaa.gov/gmd/ccgg/trends/ full.html; Accessed on June 5, 2017).

The time history of atmospheric CO2 concentration shows a monotonic increasing trend
ranging from about 290 parts per million (ppm) in the late 1890s to about 310 ppm in 1950
after which the CO2 concentration increases at an increasing rate and exceeds 400 ppm by 2015.

From 1896 to 2017 the growing-season maximum temperatures fluctuate from 80° F to 89° F
and do not appear to have a long-term increasing or decreasing trend, until 1950 where there is
a slight increasing trend of about one-degree Fahrenheit through 2016. From 2016 to 2017 the
average maximum temperature increases by three degrees Fahrenheit and is the all-time
maximum recorded temperature for this data set. From 1896 to 2017 the growing-season
minimum temperatures fluctuates from about 49° F to 58° F and do not appeat to have an
increasing or decreasing trend till about 1950 where there is a clear increasing trend of about
five degrees Fahrenheit through 2017. These increasing trends in growing-season maximum and
minimum temperatures since 1950 appear to correlate with the increase in atmospheric CO2
concentrations. The rate of increase in the minimum growing-season temperature is greater than
the rate of increase in the maximum growing-season temperature. The five-year moving average
of the both the growing-season minimum and maximum temperatures demonstrate and
increasing trend for the last five years.

Figures 3-15b and 3-15c are bar charts that characterize long-term trends of the growing-season
maximum and minimum temperatures, respectively, in Prado Basin. The bar charts show the
departure of the average growing-season temperatures for each year from the growing-season
mean for the thirty-year period of 1921 to 1950. This thirty-year period is prior to the break in
curvature of atmospheric CO2 concentration time series, and prior to any observed trends in
the maximum and minimum temperatures shown in Figure 3-15a. The five-year moving average
for the growing-season temperatures is also show on these figures to compare the trend with
these bar charts.

Figure 3-15b demonstrates that there is no prominent long-term increasing or decreasing trend
in the average growing-season maximum temperature from the 1921-1950 mean, until the last
few years which show an increasing positive departure trend and an increasing five-year moving
average to the highest the highest observed values in the period of record.

Figure 3-15c demonstrates that there is a prominent increasing trend in the departure from the
1921-1950 mean for the growing-season minimum temperature. All but two of the annual
departures from the 1921- 1950 mean are positive since 1950 and show an increasing trend since
1950. In the last six years the average departure was about positive five degrees Fahrenheit, and
the five-year moving average of the minimum growing-season temperature has increased over
this time.

Figures 3-16a through 3-16c are time-series charts that compare long-term trends in
precipitation and temperature to the NDVI for three areas in Prado Basin: Chino Creek, Mill
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Creek, and the SAR. These figures plot the average growing-season NDVI for the 12 defined
areas of riparian habitat, as discussed in Section 3.1 and shown in Figures 3-5 and 3-6a through
3-6k. The period of analysis for these charts is 1984-2017—the period of NDVI data
availability.

The upper chart on Figures 3-16a through 3-16c¢ area time-series charts that show the annual
precipitation in Chino Basin, the CDFM precipitation curve, and the five-year moving average
for the growing-season maximum and minimum temperatures in the Prado Basin. The lower
charts on Figures 3-16a through 3-16c shows the time series of the average growing-season
NDVT along each respective area from 1984 to the present.

Chino Creek (Figure 3-16a) The NDVI estimates show a long-term increasing trend from
1984 to 2017 indicating an improvement in the quality of the riparian vegetation. These increases
occurred over both the wet period in the early 1990’s and the prolonged dry period since 1999.
The NDVI show no long-term correlation to the fluctuating maximum and minimum
temperatures in Prado Basin. The recent decreases in NDVI from 2015 to 2017 at all four areas
along Chino Creek are within the year-to-year variability of the NDVI estimates for these areas
and occurred during the recent warming trend in the minimum and maximum temperatures in
Prado Basin and at the end of the current 18-year dry period.

Mill Creek (Figure 3-16b) The NDVI estimates show a long-term increasing trend in average
growing-season NDVTI at the northern most and southern most areas along Mill Creek (MC-1
and MC-4) and no long-term trend in the average growing-season NDVI at the two middle
areas along Mill Creek (MC-2 and MC-3). There is an increasing trend observed at all four areas
during the onset of the early 1990s wet period, and no long-term trend or an increasing trend
over the prolonged dry period since 1999. The NDVI show no long-term correlation to the
fluctuating maximum and minimum temperatures. The recent decreases in NDVI from 2015
to 2017 at three of areas along Mill Creek are within the year-to-year variability of the NDVI
estimates for these areas, and occurred during the recent warming trend in the minimum and
maximum temperatures in Prado Basin and at the end of the current 18-year dry period.

Santa Ana River (Figure 3-16c) The NDVI estimates show a long-term increasing trend in
average growing-season NDVI at all four areas. There is an increasing trend observed at three
of the four areas during the onset of the early 1990s wet period, and no long-term trend or
increasing trend at all four areas over the prolonged dry period since 1999. The NDVI show no
long-term correlation to the fluctuating maximum and minimum temperatures. From 2015 to
2017, NDVI remained relatively stable or increased along the SAR except for a decrease of 0.23
at SAR-1. This large decrease at SAR-1 and occurred during the recent warming trend in the
minimum and maximum temperatures in Prado Basin and at the end of the current 18-year dry

period.

Summary

The following observations and interpretations are derived from the analysis of precipitation,
temperature, and NDVI:
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3.5

The current 18-year dry period includes the period of implementation of both Peace
and Peace II Agreements. During the last five years (2013-2017) of the current 18-year
dry period the average precipitation was 10.21 in/yr—about 40 percent less than the
long-term annual average, although during WY 2017 precipitation was above average.

The quality of riparian habitat, as characterized by the time series of NDVI at the 12
defined areas, has shown no consistent long-term relationship to precipitation or
growing-season temperatures, and may have improved slightly during the relatively dry
Peace Agreements period along the northern reaches of Chino Creek, Mill Creek, and
the SAR within the study area.

The early portion of the wet period in the 1990s coincides with a short-term increase in
NDVI at most areas along Chino Creek, Mill Creek and the SAR. This observation
suggests that the wet period may have had a positive influence on the riparian vegetation
in Prado Basin and resulted in increasing NDVL

The NDVI at the areas analyzed did not display a declining trend during the extended
dry period from 1999 to 2017. This observation suggests the availability of water, other
than precipitation and runoff, such as surface water and shallow groundwater for
consumptive use by the riparian vegetation.

There is a warming trend observed in the Prado Basin as indicated by the increases in
the five-year moving average for the growing-season maximum and minimum
temperatures. In addition, in 2017 the maximum and minimum temperatures and the
five-year moving average were the highest for the entire period of record (1895-2017).

Visual comparison of the trends in five-year moving average for the growing-season
maximum and minimum temperatures versus trends in average growing-season NDVI
from 1984 to 2017 reveal no obvious correlation at any of the areas analyzed.

From 2015 to 2017, the average growing-season NDVI decreased in several areas of
riparian habitat in Prado Basin. With the exception of the SAR-1 area, the decreases in
NDVI were minor and within the historical range of short-term variability of NDVI,
and may not be indicative of riparian habitat degradation. These decreases in NDVI
occurred during the recent warming trend in the minimum and maximum temperatures
in Prado Basin and at the end of the current 18-year dry period. Continued monitoring
and analysis is required to determine the relationship between recent trends in
temperature with the recent trends in the quality of the riparian habitat characterized by
NDVI at the defined study areas.

Stream Discharge and Its Relationship to the Riparian
Habitat

SAR stream discharge and its tributaries that flow through the Prado Basin is a factor that can
affect the extent and quality of the riparian habitat in Prado Basin. Stream discharge can recharge

the groundwater system along losing stream reaches and supply water through the groundwater

system to riparian vegetation. Stream discharge is also important to fauna living within the
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stteam system. Flooding events and flood-control/watet-conservation operations at Prado
Dam can scour and inundate areas of the riparian habitat and potentially cause adverse impacts.

This section characterizes the time series of stream discharge within the Prado Basin, and
compares that time series to trends in the extent and quality of the riparian habitat, as indicated
by the NDVI, to determine whether changes in stream discharge have resulted in impacts to
riparian habitat in the Prado Basin.

Stream Discharge

There are three primary components of stream discharge in the SAR and its tributaries: storm
discharge, non-tributary discharge, and base-flow discharge. Storm discharge is rainfall runoff.
Non-tributary discharge typically originates from outside the watershed, such as imported water
discharge from the OC-59 turnout on San Antonio Creek. Base-flow discharge, as used herein
(and by the Santa Ana River Watermaster), includes tertiary-treated wastewater discharge from
POTWs (Publicly-Owned Treatment Works), rising groundwater, and dry-weather runoff.

Figure 3-17 includes time-series charts that summarize important annual discharges within the
upper SAR watershed that are tributary to Prado Dam from water years 1971 to 2017 (SARW,
2018). The upper chart in Figure 3-17 characterizes the annual outflow from Prado Basin as
total measured SAR discharge at the USGS gage S AR at below Prado Dam. The upper chart also
shows the base-flow component of total measured discharge as estimated by the Santa Ana
River Watermaster. This chart shows that base-flow discharge declined from about 154,000
AFY in 2005 to about 63,000 AFY by 2014, and slightly increased and leveled off to about
70,000 AFY in 2017.

The decline in base-flow discharge is primarily related to declines in POTW effluent discharge
that is tributary to Prado Dam. The lower chart in Figure 3-17 shows that the combined POTW
discharges that are tributary, at least in part, to Prado Dam declined from about 192,000 AFY
in 2005 to about 89,000 AFY by 2014 and increased to about 96,000 AFY in 2017. This decrease
is mostly attributed to decreases in effluent discharge from IEUA and the POTWs that
discharge to Temescal Creek. The post-2005 decrease in POTW effluent discharge was caused
by increased recycled-water reuse, decreased water use due to the economic recession that began
in 2008 and the implementation of emergency water-conservation measures during the recent
drought.

Figures 3-18a through 3-18c are time-series charts that compare long-term trends in stream
discharge to the NDVI for three areas in Prado Basin: Chino Creek, Mill Creek, and the SAR.
The figures display the annual volumes of measured discharge to each stream during the
growing season (March-October), including: measurements at USGS gaging stations located
upstream of Prado Basin, and POTW discharges.” These figures show the average growing-

26 These charts do not describe other hydrologic processes that affect surface-water discharge within the Prado
Basin, including evaporation, evapotranspiration, the infiltration of water along unlined stream segments, and
rising groundwater discharge.
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season NDVI for the 12 defined areas of riparian habitat discussed in Section 3.1 and shown in
Figures 3-5 and 3-6a through 3-6k.

Chino Creek (Figure 3-18a). Chino Creek is a concrete-lined flood-control channel that
transitions into an unlined stream channel at the Prado Basin boundary and flows south to
merge with Mill Creek and the SAR behind Prado Dam (see Figure 2-3). The upper chart on
Figure 3-18 shows the growing-season discharge to Chino Creek, including: imported water
discharged from the OC-59 turnout, measured discharge at the USGS gage Chino Creek at
Schaefer,and POTW discharges at locations downstream of the USGS gage from IEUA’s Carbon
Canyon, RP-2, RP-5, and RP-1 plants. Measured discharge at Chino Creek at Schaefer, is
representative of storm-water and dry-weather runoff in the concrete-lined channel upstream
of the IEUA discharge locations and the imported water discharge from OC-59 turnout.
Discharges not characterized in this figure are storm-water runoff, dry-weather runoff, and
rising-groundwater discharge downstream of Chino Creek at Schaefer gage. During 1984-1999,
the stream discharge in Chino Creek during the growing season averaged about 31,000 AFY.
From 1999-2017, discharge in Chino Creek during the growing season averaged about 17,000
AFY. The recent five-year average (2013-2017) of the growing-season discharge is about 7,800
AF, and in 2017 was about 4,500 AF. This decreasing trend is attributed to dry climatic
conditions since 1999, water conservation in response to drought and the decrease in effluent
discharge from the IEUA plants along Chino Creek.

The lower chart on Figure 3-18a shows the time series of the average growing-season NDVI
from 1984 to present for four areas along Chino Creek. The NDVI estimates show a long-term
increasing trend from 1984 to 2017 indicating an improvement in the quality of the riparian
vegetation. As discharge in Chino Creek gradually declined from 1999 through the present, there
is no clear declining trends in NDVI estimates at any of the locations along Chino Creek during
that time. From 2015 to 2017, NDVI decreased at all four areas along Chino Creek. These
decreases in NDVI are within the historical range of annual and short-term variability of NDVI
at these areas and therefore do not necessarily represent a degradation of the riparian habitat.
In addition, the analysis of air photos does not illustrate signs of degradation of the riparian
habitat (see Section 3.1). These recent changes in NDVI occurred when growing-season
discharge was above the five-year average in 2016 (16,600 AF) due to discharge from OC-59,
and when growing-season discharge was below the five-year average in 2017 (4,500 AF). From
2015 to 2017 the growing-season discharge decreased by 1,500 AF which is about twenty
percent of the five-year average of the growing-season discharge in Chino Creek.

Mill Creek (Figure 3-18b). Cucamonga Creek is a concrete-lined flood-control channel and
transitions into an unlined stream channel at the Prado Basin boundary, and at that point, its
name changes to Mill Creek (see Figure 2-3). The upper chart on Figure 3-14b shows the annual
discharge to Mill Creek, including: POTW effluent discharge from IEUA’s RP-1 plant to
Cucamonga Creek, and measured discharge at the downstream USGS gage Cucamonga Creek near
Mira Loma (less the RP-1 discharge). The measured discharge of Cucamonga Creek near Mira Loma
(Iess the RP-1 discharge) is representative of storm-water and dry-weather runoff in Cucamonga
Creek upstream of this gaging station. Discharges not characterized on this figure are storm-
water runoff, dry-weather runoff, and rising-groundwater discharge downstream of Cucamonga
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Creek near Mira Loma gage. The upper chart shows that from 1984 to 2012 discharge during the
growing season in Mill Creek averaged about 20,000 AF. The recent five-year average (2013-
2017) of the growing-season discharge is about 10,000 AF, and in 2017 was about 6,400 AF.
This decline in growing season discharge is attributed to dry climatic conditions, water
conservation in response to drought and the decrease in effluent discharge from IEUA’s RP-1
plant to Cucamonga Creek.

The lower chart on Figure 3-12b shows the time series of the average growing-season NDVI
from 1984 to present for the four areas along Mill Creek. There is a long-term increasing trend
in average growing-season NDVT at the northern and southern areas along Mill Creek (MC-1
and MC-4) and no long-term trend in the average growing-season NDVI along the middle reach
of Mill Creek (MC-2 and MC-3). As the discharge in Mill Creek gradually declined from 2012
through the present, there is no clear declining trends in NDVI estimates at any of the locations
along Mill Creek during that time. From 2015 to 2017, NDVI decreased at three areas along
Mill Creek. These decreases in NDVI are within the historical range of annual and short-term
variability of NDVT at these areas and therefore do not necessarily represent a degradation of
the riparian habitat. In addition, the analysis of air photos does not illustrate signs of
degradation of the riparian habitat (see Section 3.1). These recent discharges in NDVI occurred
when growing-season discharge was above average in 2016 (13,000 AF), and when growing-
season discharge was below average in 2017 (6,400 AF). From 2015 to 2017 the growing-season
discharge decreased by 7,000 AF which is about fifty percent of the five-year average growing-
season discharge in Mill Creek.

Santa Ana River (Figure 3-18c). The SAR is an unlined stream channel from the Riverside
Narrows to Prado Dam—its entire reach across the Chino Basin (see Figure 2-3). The upper
chart on Figure 3-14c shows the annual discharge at the USGS gage Santa Ana River at MWD
Crossing (Riverside Narrows) and discharges to the SAR downstream of the MWD crossing,
including wastewater effluent from the City of Riverside’s Regional Water Quality Control Plant
and from Western Riverside County Regional Wastewater Authority (WRCRWA) plant that is
conveyed in an unlined channel (along with a portion of SAR discharge) to the OCWD Prado
Wetlands. The measured discharge at Santa Ana River at MWD Crossing gage includes storm
flow and base flow in the SAR upstream of the gaging station at the Riverside Narrows. The
base-flow discharge includes wastewater discharge from the RIX and Rialto treatment plants,
dry-weather runoff and rising groundwater. Discharges not characterized on this figure are
storm-water runoff, dry-weather runoff, and rising-groundwater discharge downstream of Santa
Ana River at MWD Crossing. From 1984 to 2012, discharge during the growing-season in the
SAR was generally steady, with episodic increases in storm-water discharge during wet years,
and averaged about 79,000 AFY. The recent five-year average (2013-2017) of the growing-
season discharge is about 47,000 AF, and in 2017 was about 44,900 AF. This decrease in
growing-season discharge is mainly attributed to dry climatic conditions, water conservation in
response to drought., and decrease in the baseflow at the Riverside Narrows.

The lower chart on Figure 3-18c shows the time series of average growing-season NDVI from
1984 to present for four areas along the SAR. There is a long-term increasing trend in the
average growing-season NDVI from 1984 to 2017 at all locations along the SAR indicating an
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improvement in the quality of the riparian vegetation. With the exception of SAR-1, there is no
clear declining trend in NDVI estimates at any of the locations along the SAR from 2012 to
present, even though surface-water discharge has declined over this period. From 2015 to 2017,
NDVI remained relatively stable or increased along the SAR except for a decrease of 0.21 at
SAR-1 from 2016 to 2017. The large decrease in NDVI from 2016 to 2017 of 0.21 at SAR-1
occurred when the total discharge in the SAR remained stable.

Summary

The following observations and interpretations are derived from the analysis of surface
discharge, and NDVI:

e Discharge in the SAR and its tributaries to Prado Dam has declined significantly since
2005. The declining trend in discharge is attributed to dry climatic conditions from 1999-
2017, decreases in wastewater discharge because of increased recycled-water reuse,
decreased wastewater discharge due to the economic recession that began in 2008, and
the implementation of emergency water-conservation measures during the recent
drought.

e The quality of riparian habitat, as characterized by the time series of average growing-
season NDVTI in the 12 defined areas along Chino Creek, Mill Creek, and the SAR, has
shown no consistent relationship or declining trend that coincides with declines in
growing-season stream discharge, and may have improved slightly during the Peace 11
Agreement period.

e With the exception of the area SAR-1, the decreases in the average growing-season
NDVI were minor and within the historical range of short-term variability of NDVI,
and hence, may not be indicative of riparian habitat degradation. These decreases in
NDVI occurred when the growing-season discharge for both Chino Creek and Mill
Creek decreased from 2015 to 2017, and the growing-season discharge remained stable
in the SAR. Continued monitoring and analysis is required to determine the relationship
between recent trends in stream discharge with the recent trends in the quality of the
riparian habitat characterized by NDVI at the defined study areas.

e Analysis of the 2017 air photo indicates that the decrease in NDVI at SAR-1 from 2016
to 2017 is due to a change in the riparian vegetation at SAR-1 (see Section 3.1). This
decrease in NDVI occurred when the growing-season discharge in the SAR remained

stable, which indicates that discharge in the SAR were likely not a factor in the observed
change in NDVI.
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3.6 Other Factors and Their Relationship to the Riparian
Habitat

Other factors that can affect the extent and quality of riparian habitat in the Prado Basin
analyzed in this annual report are wildfire and pests. These factors are unrelated to the
implementation of the Peace II Agreement.

This section characterizes the time series of what is known about these two factors, and
compares time series of other factors to trends in the extent and quality of the riparian habitat
to determine whether these factors resulted in impacts to the quality of riparian habitat as
characterized by the NDVI.

Wildfire

Available wildfire perimeter data from the FRAP database” were compiled within the Prado
Basin extent for the period 1950-2016.® Beginning in the early 1980s, wildfires occurred in the
Prado Basin in 1985, 1989, 2007, and 2015. Figure 3-19 shows the spatial extent of these
wildfires mapped on the 2017 air photo. Portions of the extent of the 2015 wildfire is still
identifiable in the air photo by a brownish color compared to the dark green color of the
surrounding unburned areas.

Figures 3-20a through 3-20c are time-series charts that explore the relationship between wildfire
and the NDVI for three areas in Prado Basin: Chino Creek, Mill Creek, and the SAR. The
figures show the average growing-season NDVI for the 12 defined areas of riparian habitat, as
discussed in Section 3.1 and shown in Figures 3-5 and 3-6a through 3-6k. Wildfire occurrences,
annotated by date, are shown on the charts if the wildfire extent intersects with the extent of
the defined area of NDVI analysis.

The 2007 wildfire burned portions of Chino Creek in the CC-3 area and portions of Mill Creek
in the MC-2 area. As Figures 3-20a and 3-20b show, the NDVI at CC-3 decreases by about
0.05 after the 2007 wildfire, and the NDVI at MC-2 decreases by about 0.08 after the 2007
wildfire. However, decreases in NDVI of similar magnitude year-to-year occur at all other sites
analyzed along Chino Creek and Mill Creek, suggesting that the effects of the 2007 wildfire are
not reflected in the NDVI at CC-3 and MC-2.

The 1985 wildfire burned portions of SAR floodplain in the SAR-1 and SAR-2 areas. As Figure
3-16¢ shows, the NDVI at SAR-1 and SAR-2 increase slightly by about 0.05 and 0.02,
respectively, after the 1985 wildfire, suggesting that the effects of the 1985 wildfire are not
reflected in the NDVI for the SAR-1 and SAR-2 areas.

27 http.//frap.fire.ca.gov/index (Website for California Department of Forestry and Fire Protection’s Fire and

Resource Assessment Program).
28 Data is updated in late April for the previous year, so 2017 data was not available for this annual report
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Polyphagous Shot Hole Borer

The PSHB, from the group known as ambrosia beetles, is a relatively new pest in Southern
California. The PSHB bores into trees and brings with it fungi that assists in establishing
colonies. Infection caused by the fungi can cause a dark stain surrounding the entry holes,
discolored bark, leaf discoloration and wilting, and dieback of entire branches. The PSHB
attacks many species of trees, but some trees are resistant to the fungi it carries.

Figure 3-19 shows the locations where the presence of the PSHB has been documented within
the Prado Basin from 2016 to 2016. The University of California, Department of Agriculture
on their Natural Resources PSHB/FD Distribution Map29 noted the presence of the PSHB in
the Prado Basin riparian habitat at four locations from 2016-2017. During the USBR site-
specific vegetation surveys performed in 20106, the presence of the PSHB was identified at 29
of the 37 sites surveyed. At these sites, all of the trees identified with the presence of the PSHB
were noted as stressed except one which was noted as dead. There were no USBR site-specific
vegetation surveys performed during 2017.

OCWD biologists in the Prado Basin have been working with the University of California,
Riverside, the USFWS, and the Santa Ana Watershed Association (SAWA) to actively monitor
the occurrence and impact of PSHB within Prado Basin riparian habitat. These agencies have
noted that the presence of the PSHB is widespread through the Prado Basin, and has
significantly reduced tree canopy cover throughout the region (Zembal, R., personal
communication, 2018). But thus far, tree mortality is confined to small local patches. These
agencies are conducting studies on how to potentially protect certain areas of the Prado Basin
from the PSHB using attractants and deterrents, however and there are too many trees to
effectively protect the entire forest (Zembal, R., personal communication, 2018). Figure 3-19
shows the locations of 12 PSHB traps in the Prado Basin deployed by the OCWD and SAWA
between August 2016 and April 2017. The trap locations are placed throughout the lower
portion of Prado Basin and along the SAR. The total number of PBHB beetles trapped at each
location during August 2016 and April 2017 ranged from seven to 2,092.

Figures 3-20a through 3-20c are time-series charts that explore the relationship between the
PSHB and NDVI for three areas in Prado Basin: Chino Creek, Mill Creek, and the SAR. These
figures show the average growing-season NDVI for the 12 defined areas of riparian habitat
discussed in Section 3.1 and shown in Figures 3-5 and 3-6a through 3-6k. The percentage of
infected trees with PBSB to the total of all trees within each site ranged from three to 100
percent (see Table 3-1). The percentage of infected trees relative to the total of all trees within
the surveyed areas are plotted on these charts as the secondary y-axis value. For the 12 defined
areas shown on Figures 3-20a through 3-20c, ten of them are near vegetation survey sites where
PSHB was noted in 2016. Of those ten, eight of them show decreases in the average growing-
season NDVI from 2015 to 2017; these include all sites along Chino Creek, three sites along
Mill Creek (MC-1, MC-2, MC-4), and one site along the SAR (SAR-1). At the remaining two

29 http://ucanr.maps.arcgis.com/apps/Viewer/index.html?appid=3446e3 1 1c5bd434eabac98937f085c80
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areas where the PSHB was noted nearby in 2016, the average growing-season NDVI increased
from 2015 to 2017 (MC-3 and SAR-2).

The 2016 USBR surveys were the first site-specific surveys that documented the presence and
abundance of the PSHB for the PBHSP, and it is too eatly to suggest that the PSHB has caused
a decrease in NDVI. It is recommended that future vegetation surveys include measurement of
the presence, abundance, and effect of the PSHB on trees within the riparian habitat.

3.7 Analysis of Prospective Loss of Riparian Habitat

The meaning of “prospective loss” of riparian habitat in this context is “future potential loss”
of riparian habitat. Watermaster’s recent predictive modeling results” were used to identify
areas of prospective loss of riparian habitat that may be attributable to the Peace II Agreement
by projecting future groundwater level conditions in the Prado Basin area through 2030. To
perform this evaluation, the predictive model results were mapped and charted to identify areas,
if any, where groundwater levels are projected to decline to depths that may negatively impact
riparian habitat in the Prado Basin.

Figure 3-21 is a map that shows the predicted change in groundwater levels in the Prado Basin
area over the period of 2017-2030. In this scenario, groundwater levels are predicted to remain
steady across most of the Prado Basin area through 2030, including the areas along Chino Creek
and Mill Creek. The stability in groundwater levels is explained by projected declines in
groundwater production from private wells in the area; IEUA’s delivery of treated recycled
water to this area for direct uses, such as outdoor irrigation, and the fact that most of the CDA
production will occur to the north and north east.

Figure 3-21 shows that groundwater levels are projected by 2030 to increase by less than five
feet along the eastern reach of the SAR within the study area. This area is located directly south
of the main production centers of the CDA.

Figure 3-22 is a time-series chart of projected groundwater levels at the PBHSP monitoring
wells for the period 2017-2030. These wells are strategically located adjacent to the riparian
habitat south of the CDA well field to best understand the potential impacts of Peace II
implementation on groundwater levels and riparian habitat. The chart shows:

¢ Groundwater levels are projected to fluctuate seasonally at the PBHSP monitoring wells
by about one to two feet.

30 The predicted groundwater level changes through 2030 were made with the 2017 Chino Basin Groundwater
Model for Scenario 1A developed in Watermaster’s Storage Framework investigation (WEI, to be published
in 2018). Scenario 1A represents the Chino Basin parties’ best estimates of how future supplies would be used
to meet demands. Scenario 1A serves as the baseline for the storage programs evaluated in the Storage
Framework investigation
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Groundwater levels are projected to remain stable at most of the PBHSP monitoring
wells through the duration of the Peace II Agreement through 2030 with no significant
periods of increasing or decreasing groundwater levels.

Two of the PBHSP monitoring wells are projected to experience declines in
groundwater levels of about one foot by 2030: PB-9 along the northern portion of
Chino Creek; and PB-2 along northern portion Mill Creek.

One of the PBHSP monitoring wells is projected to expetrience an increase in
groundwater levels of about two feet by 2030: PB-4 along the eastern portion of the
SAR.

With regard to prospective loss of riparian habitat:

Across the Prado Basin where the riparian habitat exists, there are no projected declines
in groundwater levels through 2030 that would indicate a threat for prospective loss of
riparian habitat. And along the eastern portion of the SAR groundwater levels are
projected to rise by about two feet.

There are two areas within Prado Basin where groundwater levels are projected to
decline by 2030—the northernmost reaches of Chino Creek and Mill Creek. Figure 3-
11 shows the current depth-to-groundwater (Fall 2017) for The Prado Basin. Where the
riparian vegetation is growing along the northernmost reaches of Chino Creek and Mill
Creek, the depth to water is about zero to 13 feet-bgs. In these areas, the model-
projected decline in groundwater levels from 2017-2030 is about one foot. This suggests
that the depth-to-groundwater in these areas will be about one to 14 feet by 2030. Figure
3-11 shows that the riparian vegetation in the Prado Basin grows in areas where depth-
to-groundwater is up to 15 feet-bgs. Hence the projected declines in groundwater levels
along Chino Creek and Mill Creek are minor, and it is not likely that they will result in
adverse impacts to the riparian habitat in Prado Basin.

The projected changes in groundwater level under the Prado Basin study area are
predicated on the Chino Basin parties pumping groundwater and conducting recharge
operations consistent with their planning that was incorporated into the model
projections.
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Table 3-1
Summary of USBR Vegetation Surveys in 2007, 2013, and 2016 in Prado Basin

Canopy Cover (%) * Tree Condition (% surveyed per plot) Polyphagous Shot-Hole Basal Area (m?/ha)* Density per plot (trees/ha) > Crown Ratio ®
site 2007 2013 2016 Change - = o Borer 2007 | 2013 | 2016 | 2007 | 2013 | 2016 | 2007 | 2013 | 2016
Change - Change - Change - Present in

Chino Creek Sites
Chino 3 59% NM NM = NM NM NM = NM NM = NM NM = NM NM 36 NM NM 127 NM NM NM NM NM
Chino 3B NM 97% 96% - NM 100% 0% -100% NM 0% 100% 100% NM 0% 0% 0% no 0% NM 6 30 NM 318 1019 NM 0.66 0.67
Chino 4 80% 94% 98% 18% NM 100% 7% -93% NM 0% 80% 80% NM 0% 13% 13% no 0% 29 34 43 255 318 477 NM 0.71 0.84
Chino 9 92% 96% 95% 4% NM 100% 0% -100% NM 0% 100% 100% NM 0% 0% 0% no 0% 32 39 33 382 318 318 NM 0.82 0.76
Chino 11 94% 96% 96% 2% NM 100% 50% -50% NM 0% 42% 42% NM 0% 8% 8% no 0% 5 118 185 64 1146 1528 NM 0.75 0.75
Chino 16 46% 61% 81% 35% NM NM 27% - NM NM 64% - NM NM 9% - no 0% 23 34 28 127 318 350 NM 0.77 0.82
Chino 18 38% 87% 90% 52% NM 100% 7% -93% NM 0% 67% 67% NM 0% 27% 27% yes 40% 26 21 94 127 605 1910 NM 0.86 0.68
Chino 21 98% 94% 88% -10% NM 100% 0% -100% NM 0% 100% 100% NM 0% 0% 0% yes 17% 73 103 83 414 1019 764 NM 0.72 0.63
Chino 24 93% 93% 98% 4% NM 100% 6% -94% NM 0% 94% 94% NM 0% 0% 0% yes 6% 17 32 30 223 318 573 NM 0.72 0.75
Chino 30 79% 88% NM - NM NM NM - NM NM NM - NM NM NM - NM NM 60 8 NM 382 255 NM NM 0.76 NM
Chino 30B NM NM 89% = NM 0% 0% NM NM 89% = NM NM 11% = yes 100% NM NM 63 NM NM 1146 NM NM 0.74
Chino 31 82% 93% 97% 14% NM 100% 7% -93% NM 0% 93% 93% NM 0% 0% 0% yes 7% 31 34 57 350 318 446 NM 0.78 0.82
Chino 34 96% 97% 89% -7% NM 100% 0% -100% NM 0% 67% 67% NM 0% 33% 33% no 0% 22 76 60 255 1019 764 NM 0.66 0.70
Chino 78 95% 98% 87% -8% NM 100% 0% -100% NM 0% 80% 80% NM 0% 20% 20% yes 80% 51 40 27 318 350 318 NM 0.74 0.87
Chino 81 92% 0% NM = NM NM NM = NM NM NM = NM NM NM = NM NM 6 NM NM 72 NM NM NM NM NM
Chino 85 89% 0% NM - NM NM NM - NM NM NM - NM NM NM - NM NM 3 NM NM 28 NM NM NM NM NM
Chino X3 NM NM 93% = NM NM 25% = NM NM 75% = NM NM 0% = no 0% NM NM 81 NM NM 509 NM NM 0.76
Chino X4 NM NM 92% - NM NM 0% - NM NM 100% - NM NM 0% - yes 100% NM NM 15 NM NM 891 NM NM 0.61
Chino X5 NM NM 96% = NM NM 75% = NM NM 25% = NM NM 0% = yes 25% NM NM 122 NM NM 1019 NM NM 0.82
Chino X6 NM NM 98% - NM NM 87% - NM NM 13% - NM NM 0% - yes 13% NM NM 69 NM NM 1910 NM NM 0.68
Chino X7 NM NM 88% = NM NM 0% = NM NM 70% = NM NM 30% = yes 70% NM NM 30 NM NM 318 NM NM 0.85
Chino X8 NM NM 85% - NM NM 0% - NM NM 62% - NM NM 38% - yes 46% NM NM 68 NM NM 1655 NM NM 0.82
Average 81% 78% 92% 11% - 100% 16% -84% - 0% 73% 82% - 0% 11% 10% yes 28% 30 45 62 223 525 884 - 0.75 0.75
Mill Creek Sites
Mill 1 40% 0% NM = NM NM NM = NM NM NM = NM NM NM = NM NM 4 NM NM 80 NM NM NM NM NM
Mill 3 8% 13% NM - NM NM NM - NM NM NM - NM NM NM - NM NM NM NM NM NM NM NM NM NM NM
Mill 4 38% 6% 0% -38% NM 0% 0% 0% NM 63% 50% -13% NM 37% 50% 13% yes 50% 6 NM 0 350 605 191 NM 0.63 0.73
Mill 8 66% 88% 82% 16% NM 33% 33% 0% NM 67% 0% -67% NM 0% 67% 67% yes 33% NM 3 4 NM 764 764 NM 0.00 0.91
Mill 11 75% 80% NM = NM 90% NM = NM 0% NM = NM 10% NM = NM NM 10 24 NM 318 318 NM NM 0.75 NM
Mill 18 62% 68% 78% 16% NM 100% 38% -63% NM 0% 38% 38% NM 0% 25% 25% yes 38% 34 22 21 318 223 255 NM 0.92 0.91
Mill 22 89% 93% 96% 7% NM 86% 0% -86% NM 0% 79% 79% NM 14% 21% 7% yes 64% 16 NM 80 382 1783 1910 NM 0.65 0.77
Mill 30 63% 63% NM - NM NM NM - NM NM NM - NM NM NM - NM NM 12 35 NM 286 732 NM NM 0.41 NM
Mill 35 81% 95% NM = NM 100% NM = NM 0% NM = NM 0% NM = NM NM 4 40 NM 80 1401 NM NM 0.78 NM
Mill 39 94% 87% 96% 2% NM 92% 0% -92% NM 0% 67% 67% NM 8% 33% 25% yes 44% 18 23 21 350 382 286 NM 0.82 0.88
Mill 60 76% 90% 83% 6% NM 86% 0% -86% NM 0% 93% 93% NM 14% 7% -7% yes 29% 4 NM 22 103 1783 446 NM 0.72 0.85
Mill 62 66% 96% 96% 30% NM 100% 0% -100% NM 0% 94% 94% NM 0% 6% 6% yes 94% 2 121 124 35 2165 2037 NM 0.76 0.72
Mill 63 70% 97% 78% 8% NM 100% 0% -100% NM 0% 68% 68% NM 0% 32% 32% yes 41% 3 33 22 72 668 700 NM 0.70 0.82
Mill 67 75% 95% NM - NM 100% NM - NM 0% NM - NM 0% NM - NM NM 6 105 NM 88 1655 NM NM 0.77 NM
Mill 69 92% 84% 75% -17% NM 90% 0% -90% NM 0% 64% 64% NM 10% 36% 26% yes 64% 21 16 22 446 605 446 NM 0.87 0.92
Mill 82 92% 96% 56% -36% NM 100% 0% -100% NM 0% 75% 75% NM 0% 25% 25% yes 25% 6 30 29 95 382 382 NM 0.71 0.78
Mill 101 90% 94% 83% -7% NM 96% 0% -96% NM 0% 87% 87% NM 4% 13% 9% yes 83% 3 40 50 39 764 955 NM 0.72 0.79
Mill X9 NM NM 94% - NM NM 70% - NM NM 30% - NM NM 0% - yes 10% NM NM 47 NM NM 1273 NM NM 0.76
Mill X10 NM NM 89% = NM NM 0% = NM NM 50% = NM NM 50% = yes 50% NM NM 94 NM NM 2037 NM NM 0.82
Average 69% 73% 77% -1% - 84% 11% -74% - 9% 61% 53% - 7% 28% 21% yes 48% 10 41 41 203 949 899 - 0.68 0.82
Santa Ana River Sites
SAR X1 NM NM 58% = NM NM 76% = NM NM 5% = NM NM 19% = yes 3% NM NM 28 NM NM 1178 NM NM 0.76
SAR X2 NM NM 93% - NM NM 11% - NM NM 89% - NM NM 0% - yes 17% NM NM 51 NM NM 573 NM NM 0.63
SAR X11 NM NM 88% = NM NM 27% = NM NM 64% = NM NM 9% = yes 82% NM NM 129 NM NM 1401 NM NM 0.91
SAR X12 NM NM 96% - NM NM 9% - NM NM 91% - NM NM 0% - yes 91% NM NM 45 NM NM 2801 NM NM 0.81
SAR X13 NM NM 87% = NM NM 0% = NM NM 67% = NM NM 33% = yes 67% NM NM 75 NM NM 1146 NM NM 0.69
SAR X14 NM NM 88% - NM NM 0% - NM NM 100% - NM NM 0% - yes 100% NM NM 63 NM NM 1019 NM NM 0.90
Average - - 85% - - - 21% - - 69% - - 10% yes 60% - - 65 - - 1353 - - 0.78
Average all Sites 75% 76% 86% 11% - 91% 15% -76% - 5% 68% 63% - 4% 17% 13% yes 40% 20 43 55 213 760 965 - 0.71 0.78

Notes:
NM - Not Measured

1- Canopy cover is a measurement of the percentage of the ground area directly covered by vertical projections of tree crowns. In the field, canopy cover is measured using a spherical densiometer standing five meters from the center of the plot in the four cardinal directions (north, south, east, west). Canopy Cover percent herein is the average of the four measurements.
2- Tree condition is a qualitative measurement of the health of the tree. Trees were assessed and classified as "live", "stressed", or "dead". The percentage of each classification per plot is shown here.

3-In 2016 trees were assessed for the presence of polyphagous shot-hole borer. If a tree showed signs of the beetle it was noted. The percent of trees in each plot that showed signs of beetle infestation was then calculated.

4- Basal area is a measurement of the amount of land occupied by the cross sectional area of tree stems. It is determined by measuring tree diameter at breast height (DBH). DBH is used to calculate the cross sectional areas of each tree stem in a plot, which are summed and divided by the total plot area.

5-Tree density is calculated by dividing the number of trees counted per plot by the plot area.

6-Crown ratio is the ratio of living crown height to total tree height. Living crown height was determined by subtracting the distance to the canopy bottom from the total height of the tree.
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Table 3-2
Annual Groundwater Production in the Groundwater Monitoring Program Study Area

Water Year Non-CDA Production (AFY)® CDA Production (AFY) Total (AFY)*
1961 48,577 0 48,577
1962 43,811 0 43,811
1963 43,293 0 43,293
1964 45,170 0 45,170
1965 43,294 0 43,294
1966 46,891 0 46,891
1967 42,709 0 42,709
1968 47,180 0 47,180
1969 37,754 0 37,754
1970 45,849 0 45,849
1971 45,492 0 45,492
1972 47,541 0 47,541
1973 38,427 0 38,427
1974 47,014 0 47,014
1975 44,606 0 44,606
1976 44,847 0 44,847
1977 45,710 0 45,710
1978 46,881 0 46,881
1979 48,829 0 48,829
1980 46,402 0 46,402
1981 53,326 0 53,326
1982 41,719 0] 41,719
1983 42,200 0 42,200
1984 52,877 0 52,877
1985 46,876 0 46,876
1986 54,501 0 54,501
1987 46,875 0 46,875
1988 46,277 0 46,277
1989 46,835 0 46,835
1990 45,732 0 45,732
1991 42,266 0 42,266
1992 44,617 0 44,617
1993 43,186 0 43,186
1994 37,390 0 37,390
1995 32,604 0 32,604
1996 35,200 0 35,200
1997 33,340 0 33,340
1998 22,366 0 22,366
1999 23,632 0 23,632
2000 24,299 523 24,822
2001 21,249 9,470 30,719
2002 20,271 10,173 30,445
2003 18,600 10,322 28,922
2004 18,606 10,480 29,086
2005 13,695 10,595 24,290
2006 14,261 19,819 34,079
2007 12,988 28,529 41,517
2008 12,293 30,116 42,409
2009 11,694 28,456 40,150
2010 10,452 28,964 39,416
2011 10,460 28,941 39,401
2012 11,193 28,230 39,423
2013 11,433 27,380 38,813
2014 9,059 29,626 38,685
2015 6,985 29,877 36,862
2016 5,900 28,249 34,148
2017 5,899 28,351 34,250

Average: 1979-2000 41,662 23 41,685
Average: 2001-2017 12,649 22,799 35,448

1- Prior to water year 2001 production is estimated with the calibrated 2013 Chino Basin groundwater model (WEI, 2015).
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Location
Figure No.

Chino Creek
@ PB-9

Figure 3-13a

Model-Simulated
Groundwater-Flow Directions

The simulated groundwater-flow directions (arrow
symbols on the map) converge on Chino Creek,
which indicates that this is an area of shallow
groundwater discharge to Chino Creek.

Table 3-3

Analysis of Groundwater/Surface-Water Interactions in the Prado Basin and Sources of Shallow Groundwater

Groundwater Elevations

Groundwater elevations at both PB-9 wells are
typically at or above the thalweg elevation, which
indicates that this is an area of groundwater
discharge during these periods.

There are periods when nearby pumping causes
groundwater elevations in PB-9/2 to decline below
the thalweg elevation, which may cause
streambed recharge under these conditions.

The shallow well PB-9/1 may be screened across a
perched aquifer as indicated by a lack of water-
level response to nearby pumping and a
downward vertical gradient between the
monitoring wells.

Lines of Evidence

Surface-Water Discharge
vs. Groundwater Levels

Water levels in both monitoring wells increase
during and immediately after periods of
stormwater discharge in Chino Creek, which
suggests that stormwater discharge is a source of
recharge to shallow groundwater.

TDS in Surface Water
and Groundwater

TDS concentrations at both PB-9 wells are
generally about 900-1,000 mg/L, similar to or
slightly higher than the TDS concentrations of
shallow groundwater at other nearby wells (HCMP-
3/1), which suggests that the source of
groundwater sampled at the PB-9 wells is primarily
the shallow regional aquifer system and local
concentrated return flows from precipitation and
applied water.

For a period of time during 2015 and 2016, the TDS
concentrations at PB-9/2 (deeper wells) decreased
to about 500 mg/L, similar to the TDS
concentrations of the surface water. This was also
a period when groundwater levels at PB-9/2 were
below the thalweg, which indicates conditions of
streambed recharge during this period.

Piper Diagrams

Both PB-9 wells have chemistry that is similar to
the regional shallow aquifer system, and is
different than the surface water chemistry, which
is primarily composed of effluent from IEUA's
Carbon Canyon plant. This indicates that the
source of water at the PB-9 wells is the shallow
regional aquifer system.

There were instances during 2015-2016 when the
chemistry of samples from PB-9/2 were similar to
the chemistry of Carbon Canyon effluent. These
instances correspond to periods when
groundwater levels at PB-9/2 were below the
thalweg and TDS concentrations at PB-9/2 had
decreased to about 500 mg/L, which suggests
conditions of streambed recharge during these
periods.

Interpretations

Chino Creek at PB-9 appears to be an area of
groundwater discharge with instances of
streambed recharge when groundwater levels
decline below the thalweg. The likely primary
sources of the shallow groundwater in this area
are a perched aquifer, the shallow regional aquifer
system, and local return flows from precipitation
and applied water. There are some indications
that streambed recharge contributes to the
shallow groundwater, especially during
stormwater discharge events and when
groundwater levels in the shallow regional aquifer
system decline below the thalweg.

Chino Creek
@ PB-8

Figure 3-13b

The simulated groundwater-flow directions (arrow
symbols on the map) converge on Chino Creek,
which indicates that this is an area of shallow
groundwater discharge to Chino Creek.

Groundwater elevations at both PB-8 wells are
always above the thalweg elevation and show an
upward vertical hydraulic gradient, both of which
indicate that this is an area of groundwater
discharge during the period of record.

Water levels in both monitoring wells increase
during and immediately after periods of
stormwater discharge in Chino Creek, which
suggests that stormwater discharge is a source of
recharge to shallow groundwater.

TDS concentrations at both PB-8 wells are
generally about 800-900 mg/L, similar to or slightly
higher than the TDS concentrations of shallow
groundwater at other nearby wells, which suggests
that the source of groundwater sampled at the PB-
8 wells is primarily the shallow regional aquifer
system and local concentrated return flows from
precipitation and applied water.

Both PB-8 wells have chemistry that is similar to
the regional shallow aquifer system, and is
different than the surface water chemistry of
Chino Creek, which is primarily composed of
effluent from IEUA's Carbon Canyon and RP-5
plants. This indicates that the source of water at
the PB-8 wells is the shallow regional aquifer
system.

Chino Creek at PB-8 appears to be an area of
groundwater discharge. The likely primary sources
of the shallow groundwater in this area are the
shallow regional aquifer system and local return
flows from precipitation and applied water. There
are some indications that streambed recharge
contributes to the shallow groundwater, especially
during stormwater discharge events.

Chino Creek
@ PB-7

Figure 3-13c

The simulated groundwater-flow directions (arrow
symbols on the map) converge on Chino Creek,
which indicates that this is an area of shallow
groundwater discharge to Chino Creek.

Groundwater elevations at both PB-7 wells are
typically above the thalweg elevation and show an
upward vertical hydraulic gradient, both of which
indicate that this is an area of groundwater
discharge during the period of record.

Water levels in both monitoring wells increase
during and immediately after periods of
stormwater discharge in Chino Creek and the
formation of a reservoir behind Prado Dam, which
suggests that stormwater discharge is a source of
recharge to shallow groundwater.

TDS concentrations at the PB-7/1 (shallow well)
range between 800-1,300 mg/L, similar to the TDS
concentrations of shallow groundwater at other
nearby wells, which suggests that the source of
groundwater sampled at the PB-7/1 well is
primarily the shallow regional aquifer system. The
TDS concentrations at PB-7/2 (deeper well) display
a decreasing trend with concentrations as low as
270 mg/L that are typically associated with
stormwater.

The general-mineral chemistry for the PB-7 wells
do not cluster on the piper diagram--not with each
other or from sample to sample. This indicates:
multiple and different sources of water for each
well and complex and transient
groundwater/surface-water interactions.

The general-mineral chemistry for PB-7/1 (shallow
well) plots on the piper diagram closest to the
chemistry of groundwater sampled from other
nearby wells that are screened across the regional
shallow aquifer system. The chemistry for PB-7/2
plots in a different location on the piper diagram
and migrates away from the chemistry of shallow
groundwater and surface water (primarily effluent
and dry-weather flow). This may indicate a
stormwater source for PB-7/2.

Chino Creek at PB-7 appears to be an area of
groundwater discharge. The likely primary source
of the shallow groundwater in this area is the
shallow regional aquifer system. However, the
groundwater/surface-water interactions in this
area appear to be complex with multiple and
transient sources of water that are tributary to the
PB-7 wells. Additional monitoring and testing are
needed to better characterize the source waters
and the groundwater/surface-water interactions.
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Location
Figure No.

Chino Creek
@ PB-6

Figure 3-13d

Model-Simulated
Groundwater-Flow Directions

The simulated groundwater-flow directions (arrow
symbols on the map) converge on Chino Creek,
which indicates that this is an area of shallow
groundwater discharge to Chino Creek.

Table 3-3

Analysis of Groundwater/Surface-Water Interactions in the Prado Basin and Sources of Shallow Groundwater

Groundwater Elevations

Groundwater elevations at both PB-6 wells are at
or near the thalweg elevation and show no vertical
gradient, which indicates that this can be an area
of groundwater discharge and/or streambed
recharge.

Lines of Evidence

Surface-Water Discharge
vs. Groundwater Levels

Water levels in both monitoring wells increase
during and immediately after periods of
stormwater discharge in Chino Creek and the
formation of a reservoir behind Prado Dam, which
suggests that stormwater discharge is a source of
recharge to shallow groundwater.

TDS in Surface Water
and Groundwater

TDS concentrations at the PB-6/1 (shallow well)
range between 420-1,200 mg/L, which is similar to
the TDS concentrations of shallow groundwater at
nearby wells when the TDS is higher, and is similar
to the surface-water discharge or stormwater
when the TDS is lower. This suggests a transient
mixture of sources of groundwater sampled at the
PB-6/1 well. The TDS concentrations at PB-6/2
(deeper well) range between 320-410 mg/L, which
is slightly lower than the surface-water discharge,
which suggest that the source of groundwater
sampled at PB-6/2 is influenced by stormwater
recharge.

Piper Diagrams

The general-mineral chemistry for PB-6/1 (shallow
well) plots on the piper diagram similar to the
chemistry of groundwater sampled from nearby
wells that are screened across the regional shallow
aquifer system; and other times the chemistry for
PB-6/1 plots in different locations away from the
chemistry of shallow groundwater and surface
water. This indicates that the source of water at
the PB-6/1 is sometimes influenced by the shallow
regional aquifer system, and at other times by
other sources (possibly stormwater). The
chemistry for PB-6/2 plots on the Piper diagram in
a location away from the general-mineral
chemistry of shallow groundwater and surface
water. This indicates another source water for PB-
6/2, possibly stormwater.

Interpretations

Chino Creek at PB-6 appears to be an area of both
groundwater discharge and streambed recharge.
The likely sources of the shallow groundwater in
this area are the shallow regional aquifer system
and streambed recharge. However, the
groundwater/surface-water interactions in this
area appear to be complex with multiple and
transient sources of water that are tributary to the
PB-6 wells. Additional monitoring and testing are
needed to better characterize the source waters
and the groundwater/surface-water interactions.

Mill Creek
@ PB-2

Figure 3-13e

The simulated groundwater-flow directions (arrow
symbols on the map) diverge from Mill Creek,
which indicates that this is an area of streambed
recharge.

Groundwater elevations at PB-2 (shallow well) are
typically at or above the thalweg elevation which
indicates that this is an area of groundwater
discharge. Groundwater elevations at HCMP-5/1
(deeper well) are below the thalweg elevation
which indicates the potential for streambed
recharge.

The shallow well PB-2 may be screened across a
perched aquifer as indicated by a downward
vertical gradient between the monitoring wells,
and that the groundwater elevations in the
regional aquifer system (HCMP-5/1) are below the
thalweg.

Water levels in both monitoring wells increase
during and immediately after periods of
stormwater discharge in Mill Creek, which
suggests that stormwater discharge is a source of
recharge to shallow groundwater.

TDS concentrations at both PB-2 wells (PB-2 and
HCMP-5/1) are generally about 2,500-4,500 mg/L,
which is higher than the TDS concentrations of
shallow groundwater at nearby wells and the
surface water in Mill Creek. This observation
suggests that the source of groundwater sampled
at the PB-2 wells is influenced by local
concentrated return flows of precipitation and
applied water.

Both PB-2 wells (PB-2 and HCMP-5/1) have general-
mineral chemistry that is similar to the regional
shallow aquifer system, and is different than the
surface water chemistry of Mill Creek. This
indicates that the source of water at the PB-2 wells
is influenced by the shallow regional aquifer
system.

Mill Creek to the south of PB-2 appears to be an
area of streambed recharge at the location were
the lined Cucamonga Creek ends and the unlined
Mill Creek begins. However the primary sources of
the shallow groundwater near PB-2 is the shallow
regional aquifer system and/or perched
groundwater recharged by local return flows from
precipitation and applied water.

Mill Creek
@ PB-1

Figure 3-13f

Directly upstream of this area, the groundwater-
flow directions diverge from Mill Creek, which
indicates an area of streambed recharge to Mill
Creek. The simulated groundwater-flow directions
then converge on Mill Creek near PB-1, which
indicates that the streambed recharge upstream in
Mill Creek then becomes shallow groundwater
discharge to Mill Creek near PB-1.

Groundwater elevations at both PB-1 wells are
always at or above the thalweg elevation and
show an upward vertical hydraulic gradient, both
of which indicate that this is an area of
groundwater discharge during the period of
record.

Water levels in both monitoring wells increase
during and immediately after periods of
stormwater discharge in Mill Creek, which
suggests that stormwater discharge is a source of
recharge to shallow groundwater.

TDS concentrations at PB-1/1 (shallow well) are
about 2,500-3,000 mg/L, similar to the TDS
concentrations of shallow groundwater at nearby
wells (HCMP-6/1), which suggests that the source
of groundwater sampled at the PB-1/1 is primarily
the shallow regional aquifer system and/or local
concentrated return flows from precipitation and
applied water. TDS concentrations at PB-1/2
(deeper well) range from 440-590 mg/L, similar to
the surface-water discharge in Mill Creek, which
suggest that the source of groundwater sampled
at the PB-1/2 is streambed recharge that occurs
upstream from PB-1.

The general-mineral chemistry for PB-1/1 (shallow
well) plots on the Piper diagram closest to the
chemistry of groundwater sampled from nearby
wells that are screened across the regional shallow
aquifer system. The general-mineral chemistry for
PB-1/2 plots near the chemistry of the surface
water (primarily effluent), which indicates a
surface water source for PB-1/2.

Mill Creek at PB-1 appears to be an area of
groundwater discharge. The primary source of the
shallow groundwater at PB-1 appears to be a
complex mixture of the shallow regional aquifer
system that is fed, in part, by streambed recharge
in upstream areas of Mill Creek. The
groundwater/surface-water interactions in this
area appear to be complex with multiple sources
of water that are tributary to the PB-5 wells.
Additional monitoring and testing are needed to
better characterize the source waters and the
groundwater/surface-water interactions.
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Location
Figure No.

Mill Creek
@ PB-5

Figure 3-13g

Model-Simulated
Groundwater-Flow Directions

The simulated groundwater-flow directions (arrow
symbols on the map) converge on Mill Creek,
which indicates that this is an area of groundwater
discharge to Mill Creek.

Table 3-3

Analysis of Groundwater/Surface-Water Interactions in the Prado Basin and Sources of Shallow Groundwater

Groundwater Elevations

Groundwater elevations at both PB-5 wells are
always above the thalweg elevation on Mill Creek,
which indicates that this is an area of groundwater
discharge during the period of record.

Lines of Evidence

Surface-Water Discharge
vs. Groundwater Levels

Water levels in both monitoring wells increase
during and immediately after periods of
stormwater discharge in Mill Creek, which
suggests that stormwater discharge is a source of
recharge to shallow groundwater.

TDS in Surface Water
and Groundwater

TDS concentrations at PB-5/1 (shallow well)
ranges from 590-690 mg/L which is slightly higher
than the TDS concentrations in surface water
discharge, and much lower than TDS
concentrations of shallow groundwater of 3,000
mg/L. TDS concentrations at PB-5/2 (deeper well)
ranges from 350-440 mg/L, which is slightly lower
than the surface water discharge and slightly
higher than deeper groundwater. The TDS
concentrations at both wells suggests that the
source of groundwater sampled at the PB-5 wells
is likely multiple sources: primarily deeper rising
groundwatrer and shallow groundwater influence
by nearby streambed recharge of effluent from
WRCRWTP and IEUA's RP-1 plant to Cucamonga
Creek. The lower TDS concentrations at PB-5/2
suggest some influence of deeper groundwater.

Piper Diagrams

The general-mineral chemistry for both PB-5 wells
plots on the Piper diagram between the chemistry
of the surface water (primarily effluent), shallow
groundwater, and deeper groundwater, which
suggest that the sources of shallow groundwater
at PB-5 are a complex mixture of nearby
streambed recharge and rising groundwater.

Interpretations

Mill Creek at PB-5 appears to be an area of
groundwater discharge. The likely source of
shallow groundwater at PB-5 is a complex mixture
of: (i) streambed recharge of effluent discharge in
upstream areas of Mill Creek, the SAR, and the
diversion channel that conveys WRCRWTP effluent
to the OCWD Wetlands and (ii) rising groundwater
discharge. Additional monitoring and testing are
needed to better characterize the source waters
and the groundwater/surface-water interactions.

SAR
@ PB-4

Figure 3-13h

The simulated groundwater-flow directions (arrow
symbols on the map) diverge from the SAR, which
indicates that this is an area of streambed
recharge of the SAR.

Groundwater elevations at both PB-4 wells are
below the thalweg elevation, which indicates that
this is an area of streambed recharge during the
period of record.

Water levels in both monitoring wells increase
slightly during and immediately after periods of
stormwater discharge in the SAR, which suggests
that stormwater discharge is a source of recharge
to shallow groundwater.

TDS concentrations at PB-4/1 (shallow well)
fluctuate between 730-1,500 mg/L; the lower
range of TDS concentrations are similar to the TDS
concentrations in baseflow of the SAR, while the
higher TDS concentrations are similar to the TDS
concentrations of shallow groundwater at other
nearby wells. This suggests that the source of
groundwater sampled at PB-4/1 well is influenced
by streambed recharge of the SAR, the shallow
regional aquifer system, and/or local return flows
of precipitation and applied water. TDS
concentrations at PB-4/2 (deeper well) range from
650-810 mg/L which is similar to the TDS
concentrations in SAR baseflow, which suggests
that the source of groundwater sampled at PB-4/2
is streambed recharge.

The general-mineral chemistry for both PB-4 wells
plot on the Piper diagram between the chemistry
of the surface water (baseflow of the SAR) and
nearby wells, which indicates that the source of
the shallow groundwater at PB-4 is streambed
recharge of the SAR, the shallow regional aquifer
system, and/or local return flows of precipitation
and applied water.

The SAR at PB-4 is primarily an area of streambed
recharge. The primary source of shallow
groundwater at PB-4 is streambed recharge of the
SAR, and at times there appears to be some
influence of the shallow regional aquifer system
and/or local return flows of precipitation and
applied water.

SAR
@ PB-3

Figure 3-13i

The simulated groundwater-flow directions (arrow
symbols on the map) diverge from the SAR, which
indicates that this is an area of streambed
recharge of the SAR.

Groundwater elevations at both PB-3 wells are
below the thalweg elevation, which indicates that
this is an area of streambed recharge during the
period of record.

Water levels in both monitoring wells increase
slightly during and immediately after periods of
stormwater discharge in the SAR, which suggests
that stormwater discharge is a source of recharge
to shallow groundwater.

TDS concentrations at both PB-9 wells are
generally about 500-700 mg/L, which are similar to
the baseflow of the SAR and suggests that the
source of groundwater sampled at the PB-3 wells
is streambed recharge of the SAR.

The general-mineral chemistry for both PB-3 wells
plots on the Piper diagram near the general-
mineral chemistry of the baseflow of the SAR,
which indicates the source of groundwater
sampled at the PB-3 wells is streambed recharge
of the SAR.

The SAR at PB-3 is an area of streambed recharge.
The primary source of shallow groundwater at PB-
3 is streambed recharge of the SAR.

Table 3-3_GW-SW Interactions_v2 -- 20170605 Table
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Figure 3-7a
Trend Analysis of Growing Season NDVI for the 2017 Extent of the Riparian Vegetation - 1984-2017
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Annual Precipitation (inches)

Figure 3-14
Annual Precipitation in the Chino Basin - Water Years 1896-2017
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Temperature (F°)

Figure 3-15a
Maximum and Minimum Temperature in Prado Basin - 1895-2017
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Departure from the Mean Temperature ( F°)

Figure 3-15b
Annual Departure of the Average Growing-Season Maximum Temperature in Prado Basin from the Growing-Season Mean for 1921-1950
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Departure from the Mean Temperature ( F °)
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Annual Departure of the Average Growing-Season Minimum Temperature in Prado Basin from the Growing-Season Mean for 1921-1950
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Section 4 - Conclusions and Recommendations

The monitoring and mitigation requirements in the Peace II SEIR call for annual reporting for
the PBHSP:

Annual reports will be prepared and will include recommendations for ongoing monitoring and
any adaptive management actions required to mitigate any measured loss or prospective loss of
riparian habitat that may be attributable to the Peace 11 Agreement.

This section describes the main conclusions of this annual report, and provides
recommendations for future monitoring, reporting, and mitigation, if any.

4.1 Main Conclusions and Recommendations

This sub-section describes the main conclusions and recommendations for the 2017 Annual
Report of the PBHSC. Some conclusions and recommendations are similar to those in the 2016
annual report, and some conclusions and recommendations are new.

The following conclusions and recommendations are similar to those described in the 2016
annual report, and are consistent with the interpretations described in this annual report:

e The assessment of the riparian habitat in the Prado Basin, through the analysis of historical
air photos and NDVT estimates show that the riparian habitat has increased in its extent and
quality since the 1960s. There is no indication of a long-term trend in degradation of the
extent or quality of riparian habitat along Chino Creek, Mill Creek, or the SAR that is
contemporaneous with the implementation of the Peace I Agreement. Recommendation
for 2018: Continue the regional monitoring of riparian habitat using NDVI and high-
resolution air photos of the Prado Basin

e With two exceptions, groundwater levels undetlying the riparian habitat in Prado Basin have
remained stable since 1961 and appear to have been unaffected by the implementation of
both Peace Agreements starting in 2000. The two exceptions are areas along the northern
reaches of Mill Creek and the SAR, where groundwater levels have fluctuated by up to +/-
10 feet—apparently in response decreased groundwater production from the southern
Chino Basin in the 1990s and increased production after about 2000 with the
commencement of CDA pumping. The quality of the riparian habitat in these areas has
shown no long-term trend of degradation since the NDVI estimates became available in the
early 1980s and may have improved slightly during the Peace II Agreements period.
Recommendation for 2018: Continue the monitoring of groundwater levels with no
change in scope.

e The extended dry period from 1999 to 2017 does not correlate with a long-term declining
trend in the quality of riparian habitat in Prado Basin during this period, which suggests the
availability of source waters for consumptive use by the riparian vegetation other than
precipitation and runoff, such as baseflow discharge and shallow groundwater.
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Discharge in the SAR and its tributaries to Prado Dam has declined significantly since 2005.
The declining trend in discharge is attributed to dry climatic conditions from 1999-2017 and
the decreases in POTW effluent discharge because of increased recycled-water reuse and
decreased wastewater discharge due to the economic recession that began in 2008 and the
implementation of emergency water-conservation measures during the recent drought. The
quality of riparian habitat in the 12 defined areas along Chino Creek, Mill Creek, and the
SAR in the Prado Basin show no long-term trend of degradation that coincides with the
decline in stream discharge, and may have improved slightly during the implementation of
the Peace II Agreement. Recommendation for 2018: Continue the monitoring of stream
discharge with no change in scope. The 2018 annual report should analyze the influence of
the elevation of the Prado Dam reservoir on the riparian habitat and groundwater/surface
water interactions in the Prado Basin. Additionally, the 2018 annual report should indicate
what portion of the USGS gage at Chino Creek at Schaefer is composed of discharge from the
OC-59 turnout during the growing season.

There are other factors that have had documented adverse impacts on the riparian habitat,
including wildfire and pests, particularly, the PSHB beetle which has been identified as threat
to cause adverse impacts to trees in the Prado Basin. The USBR site-specific vegetation
surveys performed in 2016 noted presence of the PSHB at about 80 percent of the sites
surveyed, and the OCWD and others have indicated that the PSHB is widespread through
the Prado Basin and has reduced tree canopy cover throughout the region, and caused tree
deaths in local patches. Recommendation for future field vegetation surveys: The
PSHB should be monitored for and documented in future field-based vegetation surveys.

Depth-to-groundwater is relatively shallow across most of Prado Basin. The riparian
vegetation typically overlies areas where the depth-to-groundwater is less than 15 feet-bgs,
which suggests that shallow groundwater is an available source water for consumptive use
by the vegetation.

The following are new conclusions and/or recommendations detived from this annual report:

The quality of riparian habitat, characterized by the time series of average-growing season
NDVI at 13 defined areas and analyzed using the Mann-Kendall trend test, show ‘no trend’
or ‘increasing trend’ in the NDVI during 1984-2017. Recommendation for 2018: Use the
same method to analyze trends in the NDVI for specific intervals within the period of
record to characterize changes in the quality of the riparian habitat before and after
implementation of both Peace Agreements.

During WY 2017, groundwater levels fluctuated, in some cases by more than 15 feet, under
the seasonal stresses of production and recharge. During the winter months of WY 2017,
groundwater levels at the PBHSP monitoring wells increased to their highest recorded
levels, likely in response to the recharge of stormwater discharge in unlined creeks and the
associated surface-water reservoir that ponds behind Prado Dam. These short-term
increases in groundwater levels are temporary, and groundwater levels declined during the
growing season under the stresses of groundwater production and evapotranspiration.
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Recommendation for 2018: Continue the monitoring of groundwater levels with no
change in scope.

e There is a warming trend observed in the Prado Basin as indicated by the increases in the
five-year moving average for the growing-season maximum and minimum temperatures. In
addition, in 2017 the maximum and minimum temperatures and the five-year moving
average were the highest for the entire period of record (1895-2017). Recommendation
for 2018: Continue the monitoring of climate with no change in scope.

e The most recent groundwater modeling of the Chino Basin shows there are two areas within
Prado Basin where groundwater levels are projected to decline by 2030 due to the
implementation of the Peace II Agreement—the northernmost reaches of Chino Creek and
Mill Creek. These projected groundwater-level declines are minor, and based on the current
(2017) depth to groundwater in these areas, are not associated with concerns for prospective
loss of riparian habitat. Recommendation for the PBHSP: Continue the monitoring of
groundwater levels and utilize updated groundwater model projections of groundwater
levels to characterize areas of prospective loss of riparian habitat.

e Several of the defined areas in Prado Basin along Chino Creek, Mill Creek, and SAR show
decreases in the average-growing season NDVI from the 2015-2017 period. Except for one
area (SAR-1), these two-year decreases in the NVDI are minor and within the historical
range of the annual and short-term variability of NDVI at these area, and hence do not
necessarily represent degradation of the quality of riparian habitat. In addition, the analysis
of air photos does not illustrate signs of degradation of the riparian habitat. Sections 3.2
through 3.6 compare trends in the average-growing season NDVI for the defined areas
during 2015 to 2017 with trends in other factors that affect riparian vegetation:

O Except for the southern portion of Chino Creek, the decreases in the average-
growing season NDVI from 2015 to 2017 occurred at locations where groundwater
levels remained the same or increased by two feet. In the locations along the
southern portion of Chino Creek where the NDVI decreased from 2015 to 2017,
groundwater levels declined by up to one foot. The declines in groundwater levels
are not a likely cause of the recent declines in NDVI at these locations because the
declines in groundwater levels are less than one foot and appear to be within the
historical range of short-term variability.

O The decreasing trends in NDVI observed from 2015 to 2017 occurred during a
gradual warming trend in the Prado Basin growing-season maximum and minimum
temperature, and the highest recorded maximum and minimum temperatures in
2017. The Chino Basin has been experiencing a dry period since 1999.

O The decreasing trends in NDVI from 2015 to 2017 occurred as the growing season
discharge in Chino Creek and Mill Creek decreased over this period, and were below

the five-year averages in 2017; the growing-season discharge remained stable in the
SAR.
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0 At all areas where NDVI decreased from 2015 to 2017, the presence of the PSHB
beetle was noted in stressed trees at nearby locations during the 2016 USBR site-
specific vegetation surveys.

These observations suggest that the drawdown of groundwater levels due to the Peace 11
implementation is not the cause of the recent (2015-2017) decrease in the NDVI estimates
observed at some areas in the Prado Basin. It is premature to attribute the recent trends in
decreasing NDVI with the increasing temperatures in the Prado Basin over the last five
years, a prolonged dry period, the 2015 to 2017 declines in growing-season discharge in
Chino Creek and Mill Creek, and the presence of the PSHB noted in 2016. Continued
monitoring and analysis is required to identify the relationships between recent trends in
these factors with recent trends in the quality of the riparian habitat. Recommendation for
the PBHSP: Continue the monitoring of temperature, precipitation, surface-water
discharge, and groundwater levels with no change in scope. Recommended changes to the
riparian habitat monitoring program include: (i) in 2018, increase the number of defined
areas to analyze NDVI in the Prado Basin to include areas near the defined areas where
NDVI decreased from 2015 to 2017—these areas may include locations where the USBR
conducted vegetation surveys in 2016; (ii) monitoring for the presence of PSHB in the site-
specific vegetation surveys scheduled for 2019; and (iii) modifying the list of sites for the
2019 specific vegetation surveys as deemed necessary to include additional sites where
declining trends in NDVI are observed in 2018.

e The average-growing season NDVI at SAR-1 along the upstream reach of the SAR
decreased from 2016 to 2017 by 0.21. Analysis of the 2017 air photo indicates that the
decrease in NDVI is due to a change in the riparian vegetation at SAR-1. Groundwater
levels and baseflow in the SAR remained relatively stable in this area from WY 2015 to 2017.
The stress that caused change in the vegetation at SAR-1 is currently unknown.
Recommendation for 2018: Perform a site visit to SAR-1 with OCWD biologists to
inspect and document the state of the vegetation. Based on the results of the site visit, revise
the monitoring program for this area to characterize changes in the riparian habitat and
identify the causes of those changes.

e Shallow groundwater in Prado Basin provides a source water for consumptive use by the
ripatian vegetation. Analysis of groundwater/surface water interactions in the Prado Basin
indicates that the northern reaches of Mill Creek and the SAR are “losing reaches”
characterized by streambed recharge. Most other areas along Chino Creek and Mill Creek
are “gaining reaches” characterized by groundwater discharge. However, at most locations
in Prado Basin, groundwater/surface-water interactions are complex and there appeats to
be multiple and transient source waters that feed the shallow groundwater. Additional
monitoring and testing are needed to better characterize the source waters and the
groundwater/surface-water interactions in these locations. Recommendation for the
PBHSP: Discontinue the quarterly groundwater sampling for general minerals at all nine
locations (18 wells) performed for the PBHSP thus far, and replace with a monitoring pilot
test at two locations along Chino Creek and/or Mill Creek (four wells). The recommended
pilot test will use (i) high-frequency water-quality monitoring probes that measure EC and
temperature at the wells and the surface water just upstream from the wells and (i) quarterly
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sampling and analysis of general minerals at the wells and surface-water site. The high-
frequency data may better characterize the groundwater/surface-water interactions and
source waters for the shallow groundwater, and enhance the interpretation of the general
mineral data. Additionally, the 2018 annual report should analyze the influence of the
elevation of the Prado Dam reservoir on the groundwater/surface water interactions.

e NDVI should be integrated with georeferenced field observations for validation. The USBR
performed field vegetation surveys in 2007, 2013, and 2016. A field vegetation survey is
planned for 2019. It is possible that the field survey methods could be refined to improve
the validation of NDVI. Appendix A includes a literature review of field-survey methods
that are favorable for validating NDVI results. Recommendation for 2018: Recruit a
biological expert with experience in groundwater-dependent ecosystems to review the field-
survey methods used thus far for the PBHSP, perform independent research, and provide

recommendations for field sutveys and/or other site-specific monitoring methods for the
PBHSP.

4.2 Recommended Mitigation Measures and/or Adjustments
to the AMP

This annual report documented no trend in degradation of the extent or quality of the riparian
habitat along Chino Creek, Mill Creek, or the SAR that is contemporaneous with the
implementation of the Peace II Agreement. Hence, no mitigation measures are proposed at
this time.

No adjustments to the AMP are recommended at this time.

4.3 Recommended PBHSP for Fiscal Year 2018/19

Based on the conclusions and recommendations described above, a scope-of-work for the
PBHSP for FY 2018/19 was developed and recommended by the PBHSC and is shown in
Table 4-1 as a line-item cost estimate.

The ongoing costs of the PBHSP are shared between the Watermaster and IEUA per the 2016
Agreement.”’ Watermaster is responsible for the costs associated with Tasks 1 through 3; and
IEUA and Watermaster split costs 50/50 for Tasks 4 through 7. The cost for the custom flight
to collect a high-resolution air-photo in Task 4 is being shared 50/50 with OCWD.

The following describes the scope-of-work by major task for the PBHSP for FY 2018/19:

31 Agreement Between Chino Basin Watermaster and Inland Empire Utilities Agency Regarding
Reimbursement of the Peace II Subsequent Environmental Impact Report Mitigation Measure 4.4.5 (Prado
Basin Habitat Sustainability Program). Signed September 2016.
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Task 1—Groundwater-Level Monitoring Program. The monitoring of groundwater levels
in the Prado Basin is a key component of the PBHSP, as declining water levels could be a factor
related to Peace II implementation that adversely impacts riparian vegetation. Sixteen
monitoring wells were installed specifically for the PBHSP during fiscal year 2014/15. These
wells, plus monitoring wells HCMP-5/1 and RP3-MW3, are monitored for groundwater levels.
These 18 PBHSP monitoring wells are located at nine sites in the Prado Basin along the fringes
of the riparian habitat (see Figure 2-2). The 18 monitoring wells are equipped with pressure
transducers that record water-level measurements every 15 minutes. This task includes quarterly
field visits to all 18 PBHSP monitoring wells to download the transducer data, and processing,
checking, and uploading of the data to the database. This task is consistent with the work
performed during the previous fiscal year.

Task 2—Groundwater-Quality Monitoring Program. Groundwater-quality data are
analyzed along with groundwater-level data, model-generated groundwater-flow directions, and
surface-water chemistry data to help characterize groundwater/surface-water interactions in the
Prado Basin and determine the source of the shallow groundwater that is available for
consumptive use by the riparian vegetation.

Quarterly groundwater-quality grab samples have been collected over the previous three fiscal
years at the 18 PBHSP monitoring wells since they were constructed. These data were analyzed
for the current annual report. The analysis suggests that the SAR is a losing reach from PB-4
to about River Road, and that the source of the shallow groundwater along this reach is recharge
from the SAR. However, the analysis was inconclusive along portions of Chino Creek and Mill
Creek. It appears that the groundwater/surface-water interactions along these creeks are more
complex, and that the current water-quality monitoring program is not sufficient to definitively
characterize the interactions. We recommend discontinuing the current groundwater-quality
monitoring procedures used through fiscal year 2017/18, and petrforming a pilot test of a high-
frequency water-quality monitoring program at two groundwater monitoring sites (four wells)—
located along Chino Creek or Mill Creek. Each well will be equipped with probes that measure
and record EC, temperature, and water levels at a 15-minute frequency. The wells will be
visited quarterly to download the data from the probes, measure water levels, and collect grab
samples for laboratory analyses of TDS and general mineral analytes listed in Table 4-2. The
high-frequency data may better reveal the groundwater/surface-water interactions and enhance
the interpretation of the TDS and general mineral data that has been derived from grab
sampling. This task also includes quarterly processing, checking, and uploading of the water-
quality data into the database.

Conducting this pilot test, instead of continuing the quarterly groundwater-quality monitoring
for general mineral chemistry, translates into a $25,015 reduction in cost from the previous fiscal
year for Task 2.
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Task 3—Surface-Water Monitoring Program. Surface-water discharge data are evaluated in
the vicinity of the Prado Basin to characterize trends, and to determine if these trends contribute
to impacts on the riparian habitat. The surface-water monitoring program utilizes publicly-
available data sets which include: the USGS daily discharge measurements at six sites along the
Santa Ana River and its tributaries; daily discharge and water-quality data from Publicly-Owned
Treatment Works (POTWs) that are tributary to Prado Basin; US Army Corps of Engineers
(ACOE) daily measurements of reservoir elevation and releases from the reservoir at Prado
Dam; and Watermaster’s quarterly surface-water-quality monitoring at two sites along the Santa
Ana River. The locations of these surface-water monitoring sites are shown on Figure 2-3.

Task 3.1 and 3.2 includes the annual collection of the USGS, POTW, and ACOE data for water
year 2018 (October 2017 — September 2018), and the processing, checking, and uploading of
these data to the PBHSP database. These tasks do not include the processing, checking, and
uploading of the Watermaster-collected Santa Ana River data, which is performed for another
Watermaster task. Collecting this surface-water data is consistent with the work performed
during the previous fiscal year.

The surface-water data were analyzed along with groundwater-quality data for the current
annual report to help characterize groundwater/surface water interactions. However, as
described in Task 2 above, the analysis was inconclusive along portions of Chino Creek and Mill
Creek. Additionally, there are no recent surface-water-quality data along Chino Creek and Mill
Creck except for the POTW discharge water-quality data. Starting in fiscal year 2018/19, we
recommend collecting quarterly surface-water-quality grab samples at two sites—one site along
Chino Creek and one site along Mill Creek (near the two groundwater monitoring sites where
the proposed pilot test is to be conducted for Task 2 above). Task 3.3 includes conducting
quarterly surface-water-quality sampling at two surface-water sites and laboratory analyses for
TDS, nitrate, and general mineral analytes listed in Table 4-2. These data will be used to better
characterize groundwater/surface-water interactions along these crecks. Task 3.4 is for the
quarterly processing, checking, and uploading of the surface-water-quality data into the
database. Collecting Task 3.3 and 3.4 will increase the cost of Task 3 by $11,495 compared to
last fiscal year.

Task 4—Riparian Habitat Monitoring Program. Monitoring the extent and quality of the
riparian habitat in the Prado Basin is a fundamental component of the PBHSP to characterize
how the riparian habitat changes over time. To characterize the impacts of Peace II
implementation on the riparian habitat, if any, it is necessary to understand the long-term
historical trends of its extent and quality and the factors that have affected it. The riparian habitat
monitoring program consists of both regional and site-specific components.

The regional monitoring of riparian habitat is performed via two independent methods that
complement each other: mapping and analysis of the riparian habitat using (i) air photos and (ii)
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the NDVI derived from the Landsat remote-sensing program. Tasks 4.1, 4.2, and 4.3 are for
the collection of data for the regional monitoring of the riparian habitat, and include the
following:

e Perform a custom flight (outside professional) to acquire a high-resolution air photo
(three-inch pixel) of the Prado Basin during summer 2018. The cost for the air photo is
shared with the OCWD.

e (atalog and import the 2018 high-resolution air photo to ArcGIS, and digitize the extent
of the riparian habitat.

e Collect, review, and upload the Landsat NDVI data for water year 2018.

Task 4.4 is for research and refinement of the regional monitoring methods, as-needed. This
includes coordination with OCWD and others to research and identify regional monitoring
methods of the riparian habitat that can complement and validate the NDVI data. This includes
review of a pilot study that the OCWD is conducting at two transects in Prado Basin during
2018 using infrared imagery collected from drones to analyze vegetation health.

Site-specific monitoring of the riparian habitat consists of periodic field surveys of the riparian
vegetation at selected locations. These surveys provide an independent measurement of
vegetation quality that can be used to “ground truth” the regional monitoring of the riparian
habitat. To date, the field surveys have been conducted by USBR and OCWD staff once every
three years. The Annual Report of the PBSHC for Water Year 2016/ 17 includes a literature review
of field-survey methods that are favorable for ground truthing the NDVI results. No field
surveys are planned for FY 2018/19.

Task 4.5 is for research and refinement of the site-specific monitoring methods. This includes
effort to identify and contract with a biological expert with experience in groundwater-
dependent ecosystems to review the field-survey methods used thus far for the PBHSP, perform
independent research, and provide recommendations for field surveys and/or other site-specific
monitoring methods for the PBHSP.

Task 4.6 is for planning and coordination for the next field survey that is scheduled for Summer
2019. This may include completing the same scope as past field surveys performed by the USBR
and OCWD, or implementing new monitoring methods that are recommended by the biological
expert in Task 4.5.

Task 5 — Climate Monitoring Program. Climatic data are evaluated in the vicinity of the
Prado Basin to characterize trends, and to determine if these trends contribute to impacts on
the riparian habitat. The climate monitoring program utilizes publicly-available data sets. Two
types of datasets are compiled: time-series data measured at weather stations and spatially-
gridded datasets. Task 5 includes the annual collection of the time-series data and spatially-
gridded datasets for water year 2018 (October 2017 — September 2018), and the processing,
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checking, and uploading of the data to the PBHSP database. The scope of this task is consistent
with the work performed for the previous fiscal year.

Task 6—Prepare Annual Report of the PBHSC. This task involves the analysis of the data
sets generated by the PBHSP through water year 2018. The results and interpretations generated
from the data analysis will be documented in the Annual Report for Prade Basin Habitat Sustainability
Committee for Water Year 2017/ 18. This task includes the effort to prepare an administrator draft
report for Watermaster and IEUA staff review, a draft report for the review by the PBHSC, and
a final report including comments and responses. A PBHSC meeting will be conducted in May
2019 to review the draft report and facilitate comments on the report. The scope of this task is
consistent with the work performed for the previous fiscal year.

Task 7—Project Management and Administration. This task includes the effort to prepare
the PBHSP scope, schedule, and budget for the subsequent fiscal year. A draft Technical
Memorandum Recommended Scope and Budget of the Prado Basin Habitat Sustainability Program for FY
2019/ 20 will be submitted to the PBHSC in February/March 2019. A PBHSC meeting will be
conducted in March 2019 to review the draft recommended scope and budget and facilitate
comments. Also included in this task is project administration, including management of staffing
and monthly financial reporting. The scope of this task is consistent with the work performed
for the previous fiscal year.
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Table 4-1
Work Breakdown Structure and Cost Estimate
Prado Basin Habitat Sustainability Program -- FY 2018/19

Labor Total Other Costs
Task Description No. of | Person Equip. Outside Recommended Budget Difference | Difference | \o\\p o0 | cBWM Share
Rental | 2P Pro predagt 2017/18 PO || EUCAE 2018/19 2018/19
2018/19 2018/19 2018/19
Task 1: Groundwater Level Monitoring Program 11.4 $12,856 $782 $13,638 $11,931 $11,600 $1,707 $2,038 - $13,638
1.1 Collect Transducer Data from PBHSP Wells (Quarterly) 18 5.0 $4,792 $590 $192 $782 $5,574
Collect, Check, and Upload Transducer Data from
12 pBHSP Wells (Quarterly) 18 | 64 $8,064 $0 $8,064
Task 2: Groundwater Quality Monitoring Program 6.6 $13,612 $10,428 $24,040 $49,055 $67,422 -$25,015 -$43,382 - $24,040
Initiate a Pilot Test of High-Frequency Water Quality
" Monitoring using EC and Temperature Probes 4 33 $3,879| $236 $6.,100 $6.,336 $10.215
Collect, Check, and Upload High-Frequency Probe Data
22 from Pilot Monitoring Program (Quarterly) 4 24 $3,123 $0 $3.123
Collect, Check, and Upload Grab Sample General
23 Mineral Chemistry Data (Quarterly) 4 6.6 $6,610| $472 $820 | $2,800 $4,092 $10,702
Task 3: Surface Water Monitoring Program 2.8 $12,940 $2,033 $14,973 $3,744 $3,800 $11,229 $11,173 - $14,973
Collect, Check, and Upload Surface Water Discharge
3.1 and Quality Data from POTWSs, and Dam Level data 2.0 $2,470 $0 $2,470
from the ACOE (Annual)
Collect, Check, and Upload Surface Water Discharge
3.2 and Quality Data from USGS gaging stations (Annual) 08 $1,008 $0 $1,008
Design and Conduct a Surface Water-Quality
33 Monitoring at Chino and Mill Creeks (Quarterly) 2 7.0 $6,793| $525 $108 $1.400 $2,033 $8,826
Check and Upload Grab Surface Water Quality Field
34 and Lab Data (Quarterly) 2 2.0 $2,669 $0 $2,669
Task 4: Riparian Habitat Monitoring Program 22,5 $36,194 $20,000 $56,194 $50,342 $145,927 $5,852 -$89,733 $28,097.2 $28,097.2
Perform a Custom Flight to Acquire a High-Resolution
41 2018 Air Photo of the Prado Basin 08 $1,224 $10,000 $10,000 1 $11,224
Catalog, Check, and Digitize the Extent of the Riparian
42 Vegetation in the 2018 Air Photo of the Prado Basin 37 85,234 $0 85,234
Collect, Check, and Upload 2018 Landsat NDVI Data to
43 the PBHSP Database 5.0 $7,240 $0 $7,240
4.4 Research and Refine Regional Monitoring Methods 4.0 $7,008 $0 $7,008
4.5 Research and Refine Site-Specific Monitoring Methods 6.0 $10,432 $10,000 $10,000 $20,432
Plan and Coordinate the Site-Specific Monitoring Event
46 for Summer 2019 3.0 $5,056 $0 $5,056
Task 5: Climate Monitoring Program 1.0 $1,479 $300 $1,779 $1,756 $1,700 $23 $79 $889.60 $889.60
5.1 Collect, Check, and Upload Climatic Data (Annual) 1.0 $1,479 $300 $300 $1,779
Task 6: Prepare Annual Report of the PBHSC 61.0 $95,747 $210 $95,957 $91,082 $203,473 $4,875 -$107,516 $47,978.6 $47,978.6)
Analyze Data and Prepare Admin Draft Report for
&1 cewmriEuA 447 $70,007 $0 $70,007
6.2 Meet with CBWM/IEUA to Review Admin Draft Report 3.0 $5,216| $105 $105 $5,321
Incorporate CBWM/IEUA Comments and Prepare Draft
6.3 Report: Submit Draft Report to PBHSC 50 $7.152 $0 $7.152
6.4 Meet with PBHSC to Review Draft Report 3.0 $5,216| $105 $105 $5,321
6.5 Incorporate PBHSC Comments and Finalize Report 5.3 $8,156 $0 $8,156
Task 7: Project Manag 1t and Administration 11.8 $20,282 $105 $20,387 $19,033 $23,395 $1,354 -$3,008 $10,193.30 $10,193.30
7.1 Prepare Scope and Budget for FY 2019-20 4.0 $6,848 $0 $6,848
Meet with PBHSC to Review Scope and Budget for
72 py 2019120 3.0 $5.216| $105 $105 $5,321
7.3 Project Administration and Financial Reporting 4.8 $8,218 $0 $8,218
Totals 232 $193,110 | $1,548 | $928 |$4,200 | $20,300 | $6,100 $33,858 $226,968| $226,943| $457,317 $25| -$230,349 $87,159| $139,810

1 - This is half of the cost for the outside professional. OCWD will pay the other half.



Table 4-2
Parameter List for the Groundwater and Surface Water Quality
Monitoring Programs for Fiscal Year 2018/19

Method Detection

Chemical Parameter . Analysis Method
Limit

Alkalinity in CaCO3 units 2 SM2320B
Ammonia Nitrogen 0.05 EPA 350.1
Bicarbonate as HCO3 Calculated 2 SM2320B
Calcium Total ICAP 1 EPA 200.7
Carbonate as CO3 Calculated 2 SM2320B
Chloride 1 EPA 300.0
Hydroxide as OH Calculated 2 SM2320B
Magnesium Total ICAP 0.1 EPA 200.7
Nitrate as Nitrogen by IC 0.1 EPA 300.0
Nitrate as NO3 Calculated 0.44 EPA 300.0
Nitrite as Nitrogen by IC 0.05 EPA 300.0
PH (H3=past HT not compliant) 0.1 SM4500-HB
Potassium Total ICAP 1 EPA 200.7
Sodium Total ICAP 1 EPA 200.7
Specific Conductance, 25 C 2 SM2510B
Sulfate 0.5 EPA 300.0
Silica 0.5 EPA 200.7
Total Dissolved Solids (TDS) 10 E160.1/SM2540C
Total Hardness as CaCO3 by ICP 3 SM 2340B
Total Organic Carbon 0.3 SM5310C/E415.3
Turbidity 0.05 EPA 180.1

Table 4-2 -- PBHSP Qtr_For Lab 2018
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Appendix A- Field Methods to Validate NDVI

1.1 Introduction

The riparian habitat monitoring program for the Prado Basin Habitat Sustainability Program
(PBHSP) consists of regional and site-specific monitoring methods. The regional monitoring
is performed via two independent methods that complement each other: mapping and
interpretation of the extent and quality of riparian vegetation using (i) air photos and (ii) the
normalized difference vegetation index (NDVI) derived from Landsat remote-sensing
measurements. The site-specific monitoring consists of periodic field surveys of the structural
and compositional attributes of the riparian vegetation at select locations. Where and when
possible, field measurements should be used to “ground truth” the NDVI determined from
remote sensing measurements.

To date, the field surveys performed for the PBHSP have measured structural and
compositional vegetation attributes that are not distinguished by the NDVI. The vegetation
attributes can complement the interpretations derived from the NDVI, but cannot be used to
validate and/or calibrate the NDVI because the field measurements do not directly correlate to
NDVI. Field methods that can be used to validate NDVI should collect data that correlates
directly to NDVI. This appendix summarizes a literature review of the field methods that can
be used to validate NDVI. These field methods will be considered when designing the site-
specific monitoring methods during the upcoming fiscal year 2018/19.

1.2 Field Methods to Validate NDVI

NDVI is a measurement of greenness associated with photosynthesis and is used to assess
changes in vegetation distribution, productivity, and dynamics (Pettorelli, 2013). Field survey
data that can be used to validate NDVI should have attributes related to photosynthesis. A
summary of field methods that can be used to validate NDVI follows:

e In-Field NDVI Measurements. NDVI can be measured in the field with NDVI
sensors (i.e. GreenSeeker TM handheld sensor, METER Spectral Reflectance Sensor).
Passive or active in-field NDVI sensors can be mounted on a pole or tripod, looking
straight down upon a given canopy area to measure NDVI. Passive NDVI sensors
measure the ratio of the reflected radiation over the incoming radiation to calculate the
NDVT of the canopy. Active NDVI sensors emit red and near-infrared radiation onto
a canopy to determine the ratio of reflected to emitting radiation and calculates the
NDVI. NDVI field measurements can be compared with NDVI determined from
remote-sensing measurements for the same area to validate the NDVI estimates
determined from remote sensing. (Gamon et al., 1995; Turner et al., 1999; Pietragalla
and Madrigal Vega, 2012).

e Leaf Area Index (LAI). Leaf area affects the absorption of solar radiation by a plant
canopy and the amount of reflectance that can be measured by NDVI sensors
(Hardwick et al., 2015). Leaf area measurements are generally converted to LAI, which
is the ratio of the one-sided green leaf area per unit of ground surface area. Various field
researchers that utilized LAI to verify NDVI generally built a regression analysis
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Appendix A - Site Specific Monitoring to Ground Truth NDVI Data

between the two datasets to determine the strength of the relationship. LAI in the field
is typically measured using the following methods: a) clipping phytomass, b) collecting

plant litter, or c¢) canopy gap analyzing devices.
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2)

b)

Clipping Phytomass: Phytomass is the total amount of living organic plant
matter accumulating above the ground, and is harvested by clipping all
phytomass in a designated plot area (gram per square meter [g/m?]). This
method is commonly used for crops or pastures (Breda, 2003). LAI is the
product of the harvested phytomass (g/m?), percent leaves, and the specific
leaf area (square meters per gram [m’/g]) (Wolf et al., 1972). The percent
leaves in the harvested sample is determined by separating the leaf and non-
leaf tissues for each sample. Each live and green leaf is flatted and patted dry
in order to insert into a leaf area meter (ILAI-3000 for broadleaf species and
Delta-T Image Analyzer for conifer species) to measure the species-specific,
one-sided leaf area (m”). The leaf is dried and weighed to obtain the dry
biomass (g). Specific leaf area (m*/g) is calculated from the one-sided leaf
area over its dry mass. Studies that used LLAI determined from the clipping
method and NDVI from remote sensing measurements had field plot sizes
ranging from 0.1 x 0.5 m to 0.2 x 0.2 m (Gamon et al., 1995; Turner et al,
1999; Raynolds et al., 2012).

Collecting Plant Litters: For a deciduous forest, plant litter can be collected in
traps distributed below the canopy for a determined frequency during the
leaf fall period (Gamon et al., 1995). Litter is collected in a number of traps
with a known area at least every two weeks to avoid losses and
decomposition (Breda, 2003). Collected litter is dried and weighed to
compute the dry mass of litter. Plant litters are sorted by species and leaf
area meter is used to measure the leaf area for each species (Gamon et al,,
1995). The specific leaf area of each species is determined by dividing the
leaf area over its dry mass. Then the total dry mass of leaves for a specific
species, collected within a designated plot is multiplied by the specific leaf
area and divided by the designated plot size to determine the LAI for each
species (Fleck et al., 2012). The LAI is the accumulated leaf area over the
leaf fall period. This method provides an understanding of the trends in
LAI during leaf fall and the contribution of each species to total leaf area.

Canopy Gap Analyzing Devices: Canopy gap analyzing devices (i.e. LAI-2200C
Plant Canopy Analyzer) measure canopy gap fraction, which is the amount
of light passing through a canopy without encountering plant matter
(Danson et al., 2007). This method is an in-direct and none destructive
technique to obtain the LAI Canopy gap analyzing devices use fish-eye
optical sensors to measure reflectance above and below the canopy area to
determine canopy gap fraction at various angles (Van Wijk and Williams,
2005; and Persson, 2014). A solar radiative transfer model is applied to the
canopy gap fraction measurements to calculate the LAIL The solar radiative
transfer model takes into account how solar radiation is transferred through
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a leaf canopy, the vertical heterogeneities of plant stand, leaf orientations,
and solar tracking behavior of plants (Verstraete, 1987).

e Canopy Chemical Content (CCC). CCC is the content of different chemicals in the
live, green portions of the canopy. CCC such as chlorophyll (the green pigment in plants
responsible for photosynthesis) and nitrogen (the main nutrient for chlorophyll
production) (Loomis, 1997; Mufioz-Huerta et al., 2013) play important roles in canopy
photosynthesis rate and can influence reflectance measured by NDVI sensors.
Chlorophyll and nitrogen contents can be measured by harvesting the phytomass,
similar to the field method described above for clipping phytomass to determine LAIL
After phytomass is separated into live and dead portions and green and non-green
portions, the live and green leaves are used to determine the chlorophyll content
spectrophotometrically in 80:20 (volume : volume) acetone : water extracts (Porra et al.,
1989), and total nitrogen can be estimated using the micro-Kjeldahl technique (Isaac
and Johnson, 1976). Regression analysis is utilized to determine the strength of the
relationship between chlorophyll, nitrogen, and NDVI data.

e Leafand Canopy Fluxes. Leaf- and canopy-level fluxes are the exchanges of gases like
carbon dioxide (CO») and water vapor that occur between the leaf/canopy surface and
the surrounding atmosphere. During photosynthesis, pores on leaf surface known as
stomata open and CO; enters the leaf to be used for plant growth and production
(Holding and Streich, 2013). In the process of opening stomates, water vapor exits the
leaf into the surrounding atmosphere during photosynthesis. In times of limited water
resources, the plant will close its stomates to conserve water and photosynthesis will
cease (Nogués and Baker, 2000; Holding and Streich, 2013). Due to their close
interactions with photosynthesis, CO, gas and water vapor flux measurements can help
validate/calibrate NDVI measurements. A regression analysis is generally used to
determine the correlation between CO; gas and water vapor fluxes with NDVI data.
CO; gas and water vapor fluxes are measured using the following methods: a) eddy
covariance, or b) portable gas exchange meters:

a) Eddy Covariance: Eddy covariance technique measures vertical gas exchanges
between the canopy and the surrounding atmosphere by measuring the amount
of molecules moving up and down over time at various speeds (Burba, 2013).
Air flow is composed of horizontal and vertical turbulent flows (eddies) and
measurements of different characteristics of these eddies (i.e. wind speed,
temperature, etc.) are measured with sensors to determine the gas exchanges
between the canopy and the atmosphere (Burba, 2013; Pirvulescu, 2013). Eddy
covariance devices are equipped with gas analyzing and air velocity sensors to
calculate air speed and CO; and water vapor fluxes (Pirvulescu, 2013). Gas
analyzing sensors measure CO; gas and water vapor exchanges between the
canopy and the atmosphere using chemical, electric, or optical sensors.

b) Portable Gas Exchange Meters: Portable gas exchange meters (i.e. LI-6200 or LI-
COR.) measure the rate of changes in CO; and water vapor concentrations of a
given leaf in a closed or open system to determine the leaf’s CO, and water
vapor fluxes. In a closed system, a leaf is enclosed in a sealed chamber to
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1.3

monitor and calculate the rate of changes of CO, and water vapor
concentrations. In an open system, air is allowed to pass through the leaf
chamber and the CO; and water vapor concentrations are calculated from the
difference in CO; and water vapor concentrations that flow into the leaf
chamber to that which flows out of the leaf chamber (Ferrari et al., 2015). Gas
exchange measurements can be made on top-canopy leaves that are exposed to
full sun between mid-morning to noon (Gamon et al., 1995).

Field Survey Design

Often the design of traditional site-specific monitoring programs does not enable easy

integration with remotely senses data (Lawley et al., 2016) When integrating field survey

data with remotely sensed data such as NDVI, design factors, such as the location and

size of the field survey area, and timing of field surveys and the remote sensing

measurements should be considered.
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Location of field survey area. Locations of field measurements should spatially align
with locations of the remote-sensing pixels and be representative of the
vegetation conditions within the study area (Razzhivin, 1999; Reinke and Jones,
20006; Raynolds et al., 2012). The field survey area should be at least one-pixel
width from the boundary of the vegetation of interest to reduce the effects of
relative positioning errors between the edge of the field measurements and
remote-sensing data pixel (Reinke and Jones, 20006).

Size of field survey area. The size of the field survey area should be sufficient to
adequately sample the features of interest at a scale consistent with the spatial
resolution of the remote sensing sensor, however it is should also be appropriate
for the spatial distribution or size of the features measured in the field (Reinke
and Jones, 20006). From a remote sensing perspective, the minimum field survey
area should equal the area of at least one remote-sensing pixel (Reinke and Jones,
20006). The minimum field survey area can also be determined using the ground
width of a pixel and the geometric accuracy of the pixel (Justice and Townshed,
1981) using the following: mznimum plot size = pixel width (1+(2* geometric accuracy
of the pixel)). For example, Landsat NDVI data has a pixel size of 30 m x 30 m;
if the geometric accuracy is 0.5 pixels, this would result in a plot size of 60 m x
60 m.

Timing of field surveys and remote sensing. When possible, field data should be
collected within the same date as the remote-sensing measurements to ensure
temporal compatibility for data comparison (Reinke and Jones, 2006). For
example, the Landsat 7 and 8 remote sensing data both have temporally
frequency of every 16 days, so a field survey can be planned for the desired
season/month to be on the same date as the remote-sensing measurement. The
time of day should also be considered when planning the field surveys. Landsat
7 and 8 daytime acquisition times occur at a given location around the same time
each passt+/- 15 minutes (USGS, https://landsat.usgs.gov/what-acquisition-
schedule-landsat). Field data to ground truth NDVI determined from remotes-
sensing measurements are more effective during the growing season when
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plants are photosynthetically active (Gamon et al., 1995; Reinke and Jones, 2000;
Raynolds et al., 2012).

1.4 Next Steps

During the upcoming fiscal year 2018/19, a biological expert will be recruited to review and
refine the field-survey methods used thus far for the PBHSP, and provide recommendations
for the field surveys and other site-specific monitoring methods for the PBHSP. This literature
review of field-survey methods that are favorable to validate NDVI derived from remote
sensing measurements will be considered when designing the site-specific monitoring for fiscal
year 2019/20.
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Appendix B- Mann-Kendall Analysis of NDVI Data

1.1 Introduction

The Mann-Kendall statistical trend test (Mann-Kendall test) was performed on the average
growing-season NDVI metrics (NDVI) for the period of 1984 to 2017 for all 13 areas where
NDVI are analyzed for the Annual Report of the Prado Basin Habitat Sustainability Committee Water
Year 2016/2017. The Mann-Kendall test was utilized to evaluate whether the average growing-
season NDVI increased, decreased, or remained stable over time.

1.2 Methods

The primary objective of a statistical trend test is to quantitatively characterize the relationship
among a series of observations. Trend analysis determines whether the probability distribution
of a data-set changes over time (Helsel and Hirsch, 2002). The Mann-Kendall test is a non-
parametric hypothesis test and is analogous to parametric trend testing such as regression (linear
regression) except the data do not need to have a particular probability distribution (normal)
and be accurately described by a particular measure of centrally tendency (mean, standard
deviation, etc.). The Mann-Kendall test determines whether Y values (NDVI) increase, decrease,
ot stay the same with time (X) by independently ranking the chronological change among data
as either a positive difference (rank: 1), negative difference (rank: -1), or no difference (rank: 0).
This comparison of relative relationships among data can be described as monotonic correlation
(Meals et al. 2011). The Mann-Kendall test utilizes the null hypothesis (H,) that thetre is no
trend. Two values, the S test statistic and the t(tau) coefficient are calculated to measure the

strength of monotonic correlation of NDVI. If the § test statistic and T coefficient are

significantly different than zero (tested at a specified significance), H, is rejected and a trend
exists.

The S test statistic, represents the difference of concordant pairs (number of XY pairs where
Y increases with increasing X) from discordant pairs (number of X,Y pairs where Y decreases
with increasing X). A positive § test statistic is indicative of an increasing trend in Y, and
conversely a negative S test statistic is indicative of a decreasing trend in Y. The S test statistic
is calculated using the following equation (Meals et al. 2011):

n-1
s= Z
i=1j

Using the § test statistic, the T coefficient (analogous to the r correlation coefficient in linear

NGE

sign(y; — yi)
1

+

=i

associations) is then calculated using the following equation:

B S
t= nn—1)/2
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Appendix B - Mann-Kendall Analysis of NDVI Data

The 7T coefficient represents the strength of the monotonic relationship between X and Y with
a possible a range of -1 to 1. It is the net relative score of association. A perfect positive trend
would yield a T coefficient equal to 1, and a perfect negative trend would yield a T coefficient
equal to -1. If the T coefficient equals 0, the null hypothesis of ‘no trend’ cannot be rejected
indicating no trend exists in the data.

To test for the statistical significance of the calculated § test statistic and T coefficient, two
possible methods are utilized. For small sample sizes (n = 10) results are compared to a table of
standardized critical values for T coefficient at a level of significance of 0.05 (95% confidence)
(Fisher et al. 1989). For large sample sizes (n > 10), a normal-approximation test can be applied
at a specified level of significance (Kendall, 1975).

1.3 Example

Consider the following dataset: X(time)= 1991, 1992, 1993, 1994 and Y(INDVI)= 0.4, 0.7, 0.6,
0.9 (n=4). The data is organized chronologically by increasing X. The Y values are ranked based
on the relative changes between data whereby a rank of 1 indicates the subsequent value
increased, and -1 if the subsequent value decreased; Y pair 1 (0.4, 0.7) receives a rank of 1.
Performing this ranking exercise on all Y data combinations yields the following table:

Y Pair Rank

0.4, 0.7) 1 (positive difference)
(0.4, 0.6) 1 (positive difference)
0.4, 0.9) 1 (positive difference)
(0.7, 0.6) -1 (negative difference)
0.7, 0.9) 1 (positive difference)
(0.6, 0.9) 1 (positive difference)
Total (increasing) 5
Total (decreasing) 1
S = Total (increasing) - Total (decreasing) 4
T (tau) 0.67

For this data set, the positive S test statistic of 4 indicates an increasing trend in Y(NDVI), and

the positive T coefficient of 0.67 represents the strength of the relationship between X and Y,
on a scale of 0 to 1.

1.4 Data Analysis and Results

The S test statistic and T coefficient were computed for average-growing season NDVI from
1984 to 2017 for the 13 atreas in Prado Basin, using ‘Kendall” package in R studio'. A two-tailed
p-value was calculated in R s#udio to test for significance of the S test statistic. Table B-1 lists the
results of Mann-Kendall test. The S test statistics were evaluated at 0.05 level of significance
(95% confidence) using a normal-approximation test typically done for sample sizes where n >

! RStudio Team (2015). RStudio: Integrated Development for R. RStudio, Inc., Boston, MA URL
http://www.rstudio.com/.
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10. A p-value below the specified level of significance of 0.05 indicates a rejection of the null
hypothesis of ‘no trend’, and an increasing trend is the § test statistic and T coefficient are
positive, and a decreasing trend if the S test statistic and T coefficient are negative. A p-value
above the specified level of significance of 0.05 indicates a failure to reject the null hypothesis
of ‘no trend’, and a determination of no trend. For all 13 sites where NDVI data were evaluated
with the Mann-Kendall test, 10 resulted in an ‘increasing trend’, and three resulted in ‘no trend’
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Table B-1
n (number of (X, Y) pairs) S test statistic T (tau) coefficient p-value (two-tailed) |Confidence (1-(p-value)) SigTr:ii?ci :(t:eO.I.O:vel

Riparian Vegetation Extent 33 104 0.20 0.1105 0.8895 No Trend
Lower Prado 33 198 0.38 0.0023 0.9977 Increasing

CC-1 34 357 0.64 1.19E-07 1.0000 Increasing

CC-2 34 397 0.71 2.22E-16 1.0000 Increasing

CC-3 34 255 0.46 0.0002 0.9998 Increasing

cc-4 34 171 0.31 0.0117 0.9883 Increasing

MC-1 34 325 0.58 1.55E-06 1.0000 Increasing

MC-2 34 -21 -0.04 0.7669 0.2331 No Trend

MC-3 34 -79 0.14 0.2476 0.7524 No Trend

MC-4 34 217 0.39 0.0014 0.9986 Increasing

SAR-1 34 313 0.56 3.70E-06 1.0000 Increasing

SAR-2 34 229 0.41 0.0007 0.9993 Increasing

SAR-3 34 269 0.48 7.09E-05 0.9999 Increasing




Appendix C - Response to PBHSC Comments
Annual Report of the PBHSC — Water Year 2017

U.S. Fish and Wildlife Service and California Department of Fish and Wildlife — comments
provided by Rebecca Gordon

Comment 1 — Baseline Condition

As previously stated, we are concerned with the lack of an established baseline to compare changes over
time since the Peace Il Agreement was first implemented.

Response:

In determining whether a project's impacts are significant, an EIR compares those impacts with existing
environmental conditions that exist in the area affected by the project at the time the EIR process begins,
which are referred to as the "baseline" for the impact analysis. (14 Cal Code Regs § 15125(a).) As noted in
the Peace Il SEIR, the baseline condition is the absence of implementation of the Peace Il Agreement
(Basin Re-operation and the expansion of the CDA facilities to achieve Hydraulic Control). All prior
groundwater extraction, recharge, and management activities (e.g. Peace Agreement activities) have
been through certified environmental review pursuant to the California Environmental Quality Act
(CEQA), and are part of the current and future baseline conditions. Thus, any new projects must consider
the Peace Agreement activities in their baseline analysis.

While the Peace Il SEIR concluded, based on modeling data, that implementation of the Peace Il
Agreement would not cause significant adverse effects on Prado Basin riparian habitat, a monitoring
program was adopted as a contingency mitigation measure in response to comments from Orange County
Water District (OCWD). The Prado Basin Habitat Sustainability Program (PBHSP) is an adaptive
management program to ensure that the Prado Flood Control Basin riparian habitat will not incur any
unforeseeable significant adverse effects due to the implementation of the Peace Il Agreement. The
specific intent of this monitoring program is to characterize the historical, current, and future extent and
quality of the riparian habitat in Prado Basin, and if degradation of the riparian habitat is documented, to
provide the data necessary to describe the cause(s) of that degradation. This Annual Report includes
historical data dating from the 1960s and vegetation surveys that were performed before and after the
Peace Il Agreement was implemented. In sum, the assessment of the Prado Basin riparian habitat, through
the analysis of air photos, NDVI, and vegetation surveys, shows that the riparian habitat has increased in
its extent and quality since the 1960s. There is no indication of a trend in degradation in the extent or
quality of the riparian habitat that is contemporaneous with the Project at issue.

Comment 2 — Section 3.3

Groundwater elevations and thalweg elevations for 2017 were determined using a 1-meter horizontal
resolution digital elevation model (DEM) of the ground surface obtained in 2007. These DEM data are
approximately 10 years old and should be updated for future analyses. There is known aggradation
occurring within the Prado Basin and the Santa Ana River, and elevations are likely higher in at least some
locations than they were in 2007. Please obtain more current DEM data for next year's report.

Response:

Comment noted. While the recommended PBHSP for fiscal year 2018/19 does not include the
development of an updated DEM for the Prado Basin area, the PBHSC may determine that it should be
explored, and potentially considered for fiscal year 2019/20.
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Comment 3 - Site-specific monitoring

Orange County Water District is currently implementing an updated field protocol to measure habitat
quality within Prado Basin. Please coordinate with them to determine if their new methods may support
ground-truthing efforts in conjunction with future remote-sensing data.

Response:

Concur. The Watermaster and IEUA have coordinated with OCWD on their monitoring efforts in the Prado
Basin throughout the development and implementation of the PBHSP. The scope of the PBHSP for the
upcoming fiscal year 2018/19 includes a refinement of the site-specific or regional monitoring methods
of riparian vegetation and incudes coordination with OCWD and recruiting a biological expert to review
the field-survey methods used thus far for the PBHSP, perform independent research, and provide
recommendations for field surveys and/or other site-specific monitoring methods for the PBHSP.

Comment 4

We appreciate your continued efforts to monitor groundwater within the Chino Basin and implement the
Prado Basin Habitat Sustainability Program

Response:

Comment noted and thank you.
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Orange County Water District (OCWD) — Comments provided by Greg Woodside

Comment 1 — Monitoring and Reporting

OCWD appreciates the data collection and analysis efforts by the Chino Basin Watermaster and Inland
Empire Utilities Agency. The data and analyses in the draft report are presented in an understandable
manner and the graphics are well-designed.

Response:

Comment noted and thank you.

Comment 2 - Section 1.1

The report says ‘The US Army Corps of Engineers, in coordination with the Orange County Water District
(OCWD), regulates releases of water from Prado Dam for both purposes of flood control and groundwater
recharge in Orange County.” The Corps coordinates with OCWD for releases of water temporarily held in
storage for groundwater recharge, but does not coordinate with OCWD regarding flood control. Suggest
change text to something like ‘The US Army Corps of Engineers regulates releases of water from Prado
Dam for both purposes of flood control and groundwater recharge in Orange County. Releases of water
temporarily held in Prado Basin for groundwater recharge in Orange County are coordinated with OCWD.’

Response:

The report text was updated to read “The US Army Corps of Engineers regulates releases of water from
Prado Dam for both purposes of flood control and groundwater recharge in Orange County. Releases of
water temporarily held in storage in Prado Basin for groundwater recharge in Orange County is
coordinated with the Orange County Water District (OCWD)".

Comment 3 - Section 2.1

The draft report utilizes LANDSAT satellite imagery and the calculated index referred to as ‘NDVI’ to
characterize temporal trends in the extent and quality of Prado Basin’s riparian habitat. As discussed in
comments submitted on last year’s report, NDVI is a useful tool to assess potential changes but it is
important to note that as we continue to collect data in the future, we will need to assess the degree to
which NDVI measurements correlate with on the ground measurements of vegetation health. As stated
in the report, NDVI measurements cannot be interpreted in isolation. The report provides a good
discussion of NDVI measurements in light of other data. OCWD appreciates the discussions we have had
in the last year with Wildermuth Environmental and agency staff regarding NDVI measurements and
available options for collecting data remotely from above the earth’s surface. We will need to continue to
carefully assess future NDVI measurements in light of other data regarding vegetation health, such as
vegetation surveys conducted by biologists in the field. OCWD looks forward to continued collaboration
with IEUA, CBWM, and Wildermuth Environmental regarding the most effective data collection efforts

Response:
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Concur. As stated in the annual report: “Interpretations of the NDVI (vegetative changes) should be (i)
verified with other georeferenced datasets, such as air photos and field vegetation surveys, and (ii)
explained by comparison to datasets of causal factors of vegetative changes, such as water availability.”

Comment 4 - Air Photo

OCWD appreciates the cost sharing for aerial photo collection in the summer of 2017 by IEUA and
CBWM. OCWD is willing to share the cost of the aerial photo collection in July 2018 with IEUA and
CBWM

Response:

The Watermaster and IEUA appreciate OCWD cost sharing for the 2017 air photo. The high-resolution air
photo collected in July 2017 is a valuable tool to analyze the riparian vegetation extent and quality and to
verify the NDVI. Watermaster and IEUA have allocated budget in fiscal year 2018/19 to share the cost
with OCWD for acquiring a high-resolution air photo in July.
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