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[bookmark: _Toc163482964][bookmark: _Toc183940813][bookmark: _Toc343676373][bookmark: _Toc427921403]– Introduction
[bookmark: _Toc427921404][bookmark: _Toc163482965]Background and Objectives
[bookmark: _Toc343676375]The Bedford Basin[footnoteRef:2] is a relatively small and narrow groundwater basin located within the Upper Temescal Valley in the western portion of Riverside County, California. Figure 1-1 shows the location of the Bedford Basin within the Upper Temescal Valley, adjacent basins, and the Temescal Wash and Bedford Wash watersheds. Figure 1-2 shows the current land cover overlying the Bedford Basin using the most current (2014) ortho-rectified aerial imagery from USDA National Agriculture Imagery Program. Review of the aerial photo shows that the current developed land use over the Bedford Basin occurs primarily on the west side of the Temescal Wash and consists predominantly of urban residential, commercial, and industrial uses. The Temescal Wash is visible on the aerial photo by sparse to dense vegetation. Within the Bedford Basin, the active flood plain of the Temescal Wash ranges in width from approximately 200 to 1,250 feet. Surrounding the Bedford Basin are mostly areas of native vegetation in the foothills and mountains.  [2:  The Bedford Basin and adjacent basin boundaries are based on the currently defined “Management Zone” boundaries as described the Santa Ana Regional Water Quality Control Board Resolution R8-2004-0001 and as shown in the Basin Plan: http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/index.shtml. ] 

Historically, groundwater has been pumped from the Bedford Basin primarily by private and public water suppliers for non-potable uses. The three water-supply agencies that currently produce groundwater from the Upper Temescal Valley are: the City of Corona (Corona), the Lee Lake Water District (LLWD), and the Elsinore Valley Municipal Water District (EVMWD), hereafter collectively referred to as the “Agencies.” 
The Agencies desire to utilize the Bedford Basin as a potable water-supply and are interested in working collaboratively to develop a water-supply project(s) and acquire grant funding to support planning and/or implementation.
The Agencies retained Wildermuth Environmental, Inc. (WEI) to evaluate the feasibility of developing a potable water-supply from the Bedford Basin. In the proposal dated December 23, 2013, WEI recommended the feasibility investigation be divided into two phases:
Phase 1 – Describe the Bedford Basin hydrologic and hydrogeologic characteristics that are fundamental to characterizing the water-supply potential of the  basin
Phase 2 – Describe the potential potable water-supply alternatives and evaluate the alternatives with respect to yield and cost
Phase 1 is a necessary first step, and the information generated is essential to determining a sustainable production rate, the spatial limitations on production, and the spatial and temporal limitations on groundwater quality sampling within the basin necessary to complete the subsequent phase. The objectives of the Phase 1 investigation are to: (i) characterize and describe the physical structure of the Bedford Basin and how it functions as a groundwater reservoir, specifically with respect to recharge, groundwater flow, discharge, storage, and water quality; (ii) characterize the yield of the Bedford Basin; and, (iii) provide recommendations for the Phase 2 investigation.
Based on the data collection and analyses conducted in Phase 1 and our progress meeting with Corona and EVMWD staffs,[footnoteRef:3] the scope-of-work proposed in WEI’s December 23, 2013 proposal was modified. [3:  Project status meeting held on February 19, 2015 at the City of Corona.] 

The December 23, 2013 proposal contained work to develop a long-term water budget from which the yield of basin could be characterized. The specific approach was to construct a water budget using WEI’s R4 surface-water model, historic groundwater production data, evapotranspiration, and sub-surface outflow. During the course of the investigation, WEI noted several limitations in the development and application of a historical water budget, including: 
· The hydrology of the basin is non-stationary, meaning that the hydrologic budget in the past cannot be used directly to estimate a sustainable production rate in the future. 
· The complicated surface-water and groundwater interactions that occur in multiple reaches of the Temescal Wash coupled with the small regulatory storage volume in the basin relative to its large potential for recharge during wet years will profoundly affect sustainable production from the basin. 
· Given the observation that groundwater production from 1984 to 2014 (a period of 30 years) has been substantially less than in the past and that the basin—based on groundwater level records—has been full, even a water budget derived for the last 30 years would still understate the sustainable yield of the basin.
Based on the review of groundwater levels and precipitation records, the Bedford Basin fills fast and rejects recharge when full. Groundwater production creates room for recharge. This means that in addition to precipitation driving recharge, the history of groundwater production also drives recharge: more production can lead to more recharge. More recharge creates more yield. The only way to better understand these connected processes is to develop surface-water and groundwater models that can be linked and calibrated and then subsequently used to explore the relationship of yield to precipitation, production, and recharge.
In-lieu of estimating basin yield from a water budget table as originally proposed, WEI developed and analyzed a long time-history of groundwater production, groundwater levels, climate, and land use data to estimate future projected yield. This projection is limited to recent history and is not indicative of what may be possible under future projected cultural and groundwater management conditions. The Agencies should build and calibrate surface-water and groundwater models to explore future projected yields from projected future cultural conditions and groundwater management plans should they desire to expand sustainable production beyond the recommendation presented herein. 
Since the Phase I work commenced, the Sustainable Groundwater Management Act (SGMA) was enacted into law. The Bedford Basin is considered a high-priority basin pursuant to the SGMA and is subject to the creation and implementation of a sustainable groundwater management plan by 2022. The SGMA is summarized herein, and the implications of the SGMA for the Agencies in expanding production from the Bedford Basin are summarized in Section 4.
[bookmark: _Toc427921405]Report Organization
The remainder of this report is organized into the following sections:
Section 2 –Surface-Water Hydrology: This section describes precipitation and climatic trends, watersheds, surface-water discharge, and sources of wastewater discharge in the Bedford Basin. 
Section 3 –Hydrogeology: This section describes the geologic setting, aquifer characteristics, recharge, groundwater flow, discharge, storage, and the groundwater quality of the Bedford Basin.
Section 4 – Sustainable Groundwater Management Act Implications on Groundwater Production from the Bedford Basin: This section summarizes the SGMA and its implications to the Agencies operating within the Bedford Basin.
Section 5 – Conclusions and Recommendations: This section summarizes the major findings of Phase 1 and provides recommendations before proceeding to Phase 2.
Section 6 – References.
[image: blue bar small]
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[bookmark: _Toc183940832][bookmark: _Toc343676435][bookmark: _Toc427921406]– Surface-Water Hydrology
This section contains a description of the hydrology of the Bedford Basin as it can be deduced from available data and consists of three major subsections: data sources, precipitation, and surface water hydrology.
[bookmark: _Toc427921407]Data Sources 
The Phase 1 feasibility investigation included the collection and analysis of existing reports and data from the Bedford Basin and Upper Temescal Valley as well as an assessment of this information to achieve the investigation’s objectives. 
The published reports that were collected and reviewed include:
· California Division of Mines and Geology Bulletin 178. (1961). Geology and Mineral Resources of the Corona South Quadrangle
· GEOSCIENCE Support Services, Inc. (1989). - Groundwater Evaluation of a Portion of the Lee Lake Subbasin. Prepared for John S. Murk Engineers, Inc.
· Fox and Roberts. (2005). Temescal Canyon Development Project Flagler 2A and 3A Replacement Well Construction Report for EVMWD
· Todd Engineers/AKM Consulting Engineers. (2008). DRAFT AB 3030 Groundwater Management Plan
· California Department of Water Resources (DWR). Water Well Driller’s Reports obtained from the DWR, the Temescal Water Company, the EVMWD, and Corona
The data sets collected, compiled, and analyzed included:
· Wastewater discharge and water-quality data from Publically-Owned Treatment Works (POTW)
· Groundwater production data from Corona, the EVMWD, the Temescal Water Company, and Watermaster Support Services for wells within the Upper Temescal Valley
· Groundwater level data from wells within the Upper Temescal Valley
· Groundwater quality data from wells within the Upper Temescal Valley
· Precipitation data collected from the Riverside County Flood Control and Water Conservation District (RCFC&WCD)
· Stream discharge data collected from the United States Geological Survey (USGS)
[bookmark: _Toc427921408]Precipitation
Precipitation, in addition to highly infrequent discharges from Lake Elsinore, is the most significant source of natural recharge to the Upper Temescal Valley and the Bedford Basin. Understanding the sustainable yield of the basin is dependent on understanding the spatial and temporal characteristics of precipitation.
Long-term precipitation records from two rainfall stations located near the Bedford Basin were analyzed:
· Elsinore Station D067 with period of record running from 1898 to 2013
· Corona Station D035 with period of record running from 1935 to 2013
The precipitation records at these stations showed similar patterns of precipitation. The location of the Elsinore Station D067 is shown in Figure 1-1. Figure 2-1 shows the annual precipitation at this station and the cumulative departure from mean (CDFM) precipitation curve for the period of July 1898 through June 2015. From 1898 to 2015, average annual precipitation was 12.13 inches, maximum annual precipitation was 33.60 inches (2005), and minimum annual precipitation was 1.97 inches (2007). Precipitation during each year generally occurred from November to April, with highest monthly precipitation generally occurring in January and February. For discussion purposes herein, wet years are years when annual precipitation is greater than the station mean annual precipitation, and dry years are years when annual precipitation is less than the station mean annual precipitation. The CDFM curve illustrates the consecutive and cumulative relationship of each year’s precipitation to the long-term mean. When the slope of the curve trends downward from left to right, the annual precipitation is less than the average precipitation; when the slope continues downward for two or more years, the CDFM indicates a dry period. When the slope of the curve trends upward from left to right, the annual precipitation is greater than the average precipitation; when the slope continues upward for two or more years, then the CDFM indicates a wet period. As the CDFM curve shows, the Upper Temescal Valley experienced the following wet and dry periods:
	Dry Periods
	Wet Periods

	7-year dry period from 1898 through 1904
	

	
	13-year wet period from 1905 through 1917

	19-year dry period from 1918 through 1936
	

	
	9-year wet period from 1937 through 1945

	32-year dry period from 1946 through 1977
	

	
	6-year wet period from 1978 through 1983

	7-year dry period from 1984 through 1990
	

	
	8-year wet period from 1991 through 1998

	16-year dry period from 1999 through 2015[footnoteRef:4] [4:  The precipitation record shows that this dry period has continued through June 30, 2015.] 

	


The precipitation record for the Upper Temescal Valley demonstrates that the climate of the region is subject to prolonged dry periods and short wet periods. The average duration of a dry period is thirteen years, and the average duration of a wet period is nine years. The ratio of dry years to wet years is about three to two. That is, for every ten years, about 6 years experienced below-average precipitation, and four years experienced above-average precipitation. Some of the dry periods listed above contain one or more wet years, and some of the wet periods contain some dry years.
The intent of the characterization listed above is to demonstrate that it is not uncommon for dry periods to be punctuated with some wet years and vice versa, and that dry periods are significantly longer than wet periods. The two most important dry periods listed above include the 32-year period of 1946 through 1977 (longest recorded dry period in the station record) and the current ongoing dry period from 1999 through 2015—the current ongoing 16-year dry period contains seven of the driest years in the 118-year station record. 
As described in greater detail below, storage in the Bedford Basin is relatively small compared to its potential for recharge. The occurrence of multi-year wet and dry periods coupled with a relatively small storage means that the basin yield will fluctuate from wet to dry periods and that there may be management strategies that can be employed to increase the yield.
[bookmark: _Toc427921409]Surface-Water Hydrology
Figure 1-1 shows the two major sub-watersheds that are tributary to the Bedford Basin: the Temescal Wash and Bedford Wash watersheds. Within the Upper Temescal Valley Watershed, the Temescal Wash originates just downstream of Lake Elsinore and flows northwest, parallel to the Santa Ana Mountains, into Lee Lake. Water released from Lee Lake continues to flow in the Temescal Wash over the Bedford Basin towards the All-American Aggregate Pit. The Temescal Wash is an unlined, natural stream channel from the Lake Elsinore Spillway Channel to its point of discharge into the All-American Aggregate Pit. The Temescal Wash enters the Bedford Basin about 4,300 feet downstream of Lee Lake and discharges out of the basin 2,900 feet upstream of Flagler 2A.
Tributaries to the Temescal Wash consist primarily of smaller, unlined stream channels that drain the adjacent mountain slopes and valleys—the largest being the Bedford Wash. Surface-water discharge in the Temescal Wash and its tributaries originates from various sources, including discharge of tertiary-treated recycled water from POTWs, storm-water runoff, dry-weather runoff, and rising groundwater. Each of these sources contributes to groundwater recharge within the Bedford Basin and is described below in more detail.
[bookmark: _Toc427921410]Recycled Water Discharge
POTWs that discharge tertiary-treated recycled water to the Temescal Wash include: Corona Plant No. 3, the LLWD Water Reclamation Facility (WRF), the EMWD Recycled Water Pipeline, and the EVMWD Regional WRF. Historical estimates of recycled water discharge were collected from each agency and from the California State Water Resources Control Board. Figure 1-1 shows the locations of the POTW discharge points. Table 2-1 shows total annual POTW discharge to the Temescal Wash by each discharger. Recycled water discharges from the EVMWD to the Temescal Wash began in January 1987.[footnoteRef:5] Between 1987 and 2013, the average annual POTW discharge was approximately 6,590 acre-ft/yr, maximum annual POTW discharge was approximately 24,370 acre-ft (2005), and minimum annual POTW discharge was approximately 1,430 acre-ft (1987). After peaking in 2005, the annual volume of recycled water discharged to the Temescal Wash declined steadily to about 3,500 acre-ft/yr in 2013. This decline in recycled water discharge to the Temescal Wash is due to improved management of recycled water by EMWD during wet years and increases in recycled water reuse. This pattern of increasing recycled water reuse is projected to continue. Planning studies recently completed by the Basin Monitoring Program Task Force (WEI, 2015) indicate that future POTW discharge to the Temescal Wash will be lower than the past. The planned 2020 POTW discharges to Temescal Wash are:  [5:  EVMWD staff, personal communication, March 11, 2014.] 


	POTW
	Total Annual Discharge

	
	(acre-ft/yr)

	City of Corona – Plant No. 3
	0


	Lee Lake Water District WRF
	0

	EVMWD Regional WRF
	560

	EMWD Recycled Water Pipeline
	0



The EVMWD’s planned 560 acre-ft/yr recycled water discharge  will be primarily done to support riparian habitat in the Warm Springs Valley Basin, located directly downstream of the EVMWD Regional WRF discharge point and about 8.6 miles upstream of the Bedford Basin. It is unlikely that the recycled water discharged by the EVMWD will recharge the Bedford Basin except during storms where it can mix with storm-water and flow downstream to the Bedford Basin. 
[bookmark: _Toc427921411]Storm-Water Runoff
Storm-water is the largest source of natural recharge to the basin. Currently, there are no active stream gages in the Bedford Basin. The USGS constructed and operated stream-gage 11072000 from 1927 to 1980. The stream-gage was located approximately 2,300 feet downstream of the Bedford Basin boundary (Figure 1-1). The drainage area tributary to the gage excluding the drainage area tributary to Lake Elsinore is about 164 square miles. The USGS considers the records from this gage to be “poor” due to the irrigation diversions that were located upstream of the gage during its operation. That said, the “poor” characterization doesn’t mean that the gage measurements were poor, but rather, due to upstream diversions, the gage measurements do not represent the expected runoff that would have occurred without the diversions. It is unlikely that diversions, other than diversions to storage in Lee Lake, would have significantly affected the storm-water measurements at gage 11072000. However, summertime discharges would have been significantly affected by upstream diversions. Figure 2-2 shows the daily discharge hydrograph for the 11072000 gage; the daily discharge hydrograph shows extensive periods of near zero to zero discharge punctuated by relatively short periods of seasonal storm-water discharge. Figure 2-3 is a flow duration curve for the daily discharge time series at the 11072000 gage and shows the probability that the daily discharge is less than or equal to a specified value. As the flow duration curve shows, discharge is equal to zero cubic-feet per second (cfs) at least 62 percent of the time, is less than or equal to 1.0 cfs 73 percent of the time, is less than or equal to 10 cfs 94 percent of the time, and is less than or equal to 100 cfs 99 percent of the time. The maximum daily discharge observed at the gage was 3,460 cfs on March 2, 1938.
Table 2-2 contains the monthly average discharge for the period of record and statistics to characterize discharge at the gage. Monthly discharge variability in the Temescal Wash for the time period 1929 to 1980 is characterized in Figure 2-4 as a box and whisker plot. Monthly discharge variability is important to understanding the availability of surface-water throughout the year and thus recharge throughout the year. The horizontal line across the box represents the median discharge, whereas the bottom and top edges of the box mark the lower and upper quartiles,[footnoteRef:6],[footnoteRef:7] respectively. The upper and lower whiskers represent the minimum and maximum. The plot shows monthly discharge from the Temescal Wash varies seasonally with higher flows occurring between December and April and lower flows occurring the rest of the year. The monthly median discharge ranges from zero cfs during May through November to about 9 cfs in February. Average annual discharge is about 3.8 cfs or 2,780 acre-ft/yr. For the period between December and April, the average discharge is about 7.5 cfs or about 2,260 acre-ft for the period. On average, about 80 percent of the discharge occurs between December and April, suggesting that most of the recharge occurs during these months. [6:  The lower quartile represents the 25th percentile (i.e. 25 percent of the observed values are less than the lower quartile).]  [7:  The upper quartile represents the 75th percentile (i.e. 25 percent of the observed values are greater than the upper quartile.] 

Currently, there are no surface-water monitoring programs to measure discharge or to assess surface-water quality within the Bedford Basin. This is a significant limitation to characterizing how surface-water discharge and water quality have changed with the conversion of land use from predominately agricultural uses to urban uses and how these changes affect the yield and water quality of the basin.
[bookmark: _Toc427921412]Dry-Weather Runoff
Historical and current land uses in the Bedford Basin include: agricultural, residential, commercial, industrial, mining, open-space recreational (e.g. parks and golf courses), and undeveloped natural conditions. Irrigation and other applied water can result in groundwater recharge and runoff to storm drains and stream channels. At present, dry-weather runoff cannot be quantified due to a lack of surface-water monitoring. 
[bookmark: _Toc427921413]Groundwater – Surface-water Interaction
[image: blue bar small]
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For the Bedford Basin (Phase 1)	2 – Surface Water Hydrology
The Bedford Basin is a relatively narrow and shallow groundwater basin. Because of this, there are reaches along the Temescal Wash where rising groundwater discharges to the Temescal Wash and other reaches where Temescal Wash discharge recharges the groundwater basin. This interaction can be seasonal or persistent due to wet or dry periods and groundwater production. Rising groundwater is known to occur in areas near bedrock constrictions such as at the boundary between the Lee Lake and Bedford Basins near the Gregory wells and at the boundary between the Bedford and Temescal Basins just upstream of the Flagler wells. The significance of groundwater-surface-water interaction cannot be assessed in the Phase 1 effort due to a lack of data. Characterizing rising water as a function of groundwater levels would provide the Agencies with a basin management tool that would help them maximize the yield of the basin. For example, the Agencies could use numerical tools within a groundwater model to develop a relationship equating rising groundwater discharge to groundwater levels to groundwater production rates to help increase the yield of the basin by decreasing rising groundwater discharge. Groundwater and surface-water monitoring are required to develop this relationship. Developing a groundwater and surface-water monitoring program is important as the SGMA includes a regulatory requirement regarding groundwater and surface water-interaction. 
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[bookmark: _Toc427921414]–Hydrogeology
[bookmark: _Toc427921415]Geologic Setting
The Bedford Basin is located in the northern part of the Peninsular Ranges along the Elsinore Fault Zone within the Upper Temescal Valley (Figure 3-1). The active Elsinore Fault Zone separates the Santa Ana Mountains to the west from the Perris Block to the east (Morton and Weber, 2003). The El Sobrante de San Jacinto is a bedrock plateau that forms the western edge of the Perris Block. Within the Bedford Basin, the structure of the Upper Temescal Valley is a complex graben formed by a system of northwest trending high-angle faults (Engel, 1959). During Plio-Pleistocene time, uplift and tilting along the Elsinore Fault Zone likely provided the initial course for the Temescal Creek to begin eroding the adjacent mountain and hill sediments (Gray, 1961). Sediments eroded from the adjacent mountains have filled the valley to form shallow groundwater reservoirs.
[bookmark: _Toc427921416]Stratigraphy
Figure 3-1 shows the general surface geology in the vicinity of the Bedford Basin. The stratigraphy of this area is divided into two natural divisions: (1) the pervious formations that comprise the groundwater reservoir are termed the “water-bearing sediments,” and (2) the impermeable formations that enclose the groundwater reservoirs are termed “consolidated bedrock.” The water-bearing sediments overlie the consolidated bedrock, with the bedrock formations exposed at the surface as the surrounding hills and mountains.
The terms used in this report to describe bedrock, such as “consolidated,” “non-water-bearing,” and “impermeable,” are used in a relative sense. The water content and permeability of these bedrock formations, in fact, is not zero. However, the primary point is that the permeability of the bedrock formations flanking and underlying the groundwater basin is much less than the aquifer sediments within the basin.
[bookmark: _Toc427921417]Consolidated Bedrock
The consolidated bedrock formations consist primarily of Tertiary[footnoteRef:8] sedimentary units and Cretaceous[footnoteRef:9] and pre-Cretaceous[footnoteRef:10] volcanic, intrusive, and metamorphic units. The consolidated bedrock formations outcrop as the surrounding hills and mountains (Figure 3-1). [8:  Approximately 66 to 2.6 million years ago. ]  [9:  Approximately 145 to 66 million years ago.]  [10:  Older than approximately 145 million years.] 

The consolidated bedrock formations occur at depth underlying the water-bearing sediments of the Bedford Basin and act as the effective base of the freshwater aquifer. Herein, the effective base of the freshwater aquifer is referred to as the “bottom of the aquifer.” Figure 3-2 is a map of the bottom of the aquifer in the Bedford Basin and shows contours of equal depth to the buried contact between the water-bearing sediments and the consolidated bedrock formations. These contours were drawn from the lithologic descriptions recorded on well driller’s reports obtained from the DWR and the Temescal Water Company, and they represent a best estimate of the configuration of the aquifer bottom based on available well lithologic data and interpretation. For visualization, Figure 3-2 also shows a colored raster of the depth to the bottom of the aquifer.
[bookmark: _Toc427921418]Water-Bearing Sediments
The water-bearing sediments consist of Quaternary[footnoteRef:11] younger, older, and very old alluvium. The alluvium is composed of interbedded and unconsolidated layers of gravel, sand, silt, and clay. The younger alluvium is considered to be the primary groundwater reservoir in the Bedford Basin. Figure 3-2 shows that the younger alluvium is concentrated along the current floodplain of the Temescal and Bedford Wash. [11:  Approximately 2 million to 12,000 years ago.] 

[bookmark: _Toc427921419]Occurrence and Movement of Groundwater
[bookmark: _Toc427921420]Basin Boundaries
The physical boundaries of the Bedford Basin are shown in Figure 3-1. The basin boundaries include geologic contacts with consolidated bedrock formations, faults, and bedrock constrictions that separate the Bedford Basin from the upstream and downstream basins. The eastern boundary is defined by the approximate contact between alluvial deposits in the Temescal Wash and the bedrock outcrops of El Sobrante de San Jacinto. To the south, the Bedford Basin is separated from the Lee Lake Basin by a narrow bedrock canyon just downstream of Lee Lake. To the west, the Bedford Basin is bounded by the North Glen Ivy Fault, which separates the Coldwater and Bedford Basins. This fault is an effective barrier to groundwater flow. To the north, the Bedford Basin is separated from the Temescal Basin by a narrow bedrock canyon just downstream of the Flagler wells.
[bookmark: _Toc427921421]Aquifer Geometry
The depth-to-bedrock contours in Figure 3-2 also depict the thickness of the water-bearing sediments. And, Figures 3-1 and 3-2 also show the locations of four hydrogeologic cross-sections that transect the Bedford Basin across the Temescal Wash. These cross-sections are shown in profile view in Figures 3-3a, 3-3b, 3-3c, and 3-3d, and include borehole lithology and well information along the cross-sections. Beneath the Temescal Wash, the water-bearing sediments are primarily composed of younger alluvium. The major production wells within Bedford Basin are completed within the younger alluvium adjacent to the Temescal Wash. The maps and cross-sections depict the younger alluvium beneath the Temescal Wash as a narrow, thin band of saturated alluvial sediments. The thickness of the younger alluvium beneath Temescal Wash ranges from approximately 60 to 140 feet.
Areas where the water-bearing sediments are mapped as thickest underlie the Bedford Wash (~250 feet thick) and the southwestern portion the Bedford Basin along the boundary with the Coldwater Basin (~200 to 350 feet thick). Borehole and well information is sparse in these areas, so the aquifer geometry is not well characterized. Currently, there are no major production wells located in these areas. 
[bookmark: _Toc427921422]Aquifer Properties
There is limited aquifer testing information for wells within the Bedford Basin. Some aquifer testing information is available in the northern portion of the Bedford Basin. In 2005, Fox and Roberts conducted a single three-hour constant-rate test after the construction and development of Flagler 3A. The well was pumped for three hours at a rate of 1,100 gpm, total drawdown was 10.5 ft, the specific capacity was 105 gpm/ft. Other pump testing includes Southern California Edison’s (SCE) 24-hour efficiency testing at Flagler 2A, Flagler 3A, Gregory 1, and Gregory 2. The efficiency testing results for these wells are as follows:
Summary of SCE Well Efficiency Testing	Comment by Jesus Gastelum: Use attached pumping test for Flagler wells implemented in 2014. It provides Transmissivity and Specific Capacity values
	Well
	Test Date
	Static Water Level
	GPM
	Drawdown
	Specific Capacity
	Well Efficiency

	
	
	(ft-bgs)
	
	(ft)
	(gpm/ft)
	(%)

	Flagler 2A
	Feb. 2012
	24.8
	503
	7.4
	68
	74

	Flagler 3A
	Feb. 2012
	23.8
	724
	7.4
	98
	68

	Gregory 1
	Jul. 2013
	11.0*
	159
	16
	10
	44

	Gregory 2
	Jul. 2013
	11.0
	28
	9.2
	3
	24

	*Static water level was not obtained at the start of the test. Because of the proximity to Gregory 2, it was assumed that the static water level in Gregory 1 was the same.



Using the specific capacity data reported from the efficiency testing, the aquifer transmissivity can be estimated around each well using Driscoll’s (1986) equation for estimating transmissivity from a well’s specific capacity. For an unconfined aquifer the equation is:
T = 1500 (Q/Sw)
Where T is the transmissivity (gal/day/ft), Q is the constant discharge rate (gal/min), and Sw is the drawdown in the pumped well after 24 hours. 
The hydraulic conductivity can also be calculated from transmissivity using the following equation:
K = T/b
Where K is the hydraulic conductivity (ft/day) and b is the saturated thickness (feet). The K value estimated is only representative near each well. The estimated T and K values for Flagler 2A, Flagler 3A, and Gregory 2 are: 
Summary of Hydraulic Properties
	Well
	Specific Capacity
	Aquifer Saturated Thickness
	Transmissivity
	Hydraulic Conductivity

	
	(gpm/ft)
	(ft)
	(ft2/day)
	(ft/day)

	Flagler 2A
	68
	65
	13,630
	210

	Flagler 3A
	98
	68
	19,619
	289

	Gregory 1
	10
	59
	1,993
	34

	Gregory 2
	3
	59
	610
	10



Although there is limited aquifer data from the entire Bedford Basin, the aquifer’s hydraulic property results, based on current groundwater level conditions, suggest that the aquifer is more productive in the northern portion of the basin, near the Flagler wells. Additional aquifer test data from the central Bedford Basin, near LLWD monitoring wells MW 1A, MW 2, and MW 3would provide a better understanding of the aquifer’s hydraulic properties across the entire basin.
[bookmark: _Toc427921423]Groundwater Levels
Historic groundwater level data for wells in the Bedford and Lee Lake Basins were available from Corona, the EVMWD, the Temescal Water Company, and the LLWD. The data were collected for this investigation and previous WEI investigations and stored in HydroDaVE℠.[footnoteRef:12] Several wells within the Bedford Basin have long-term groundwater level records beginning around 1945. These wells include the EVMWD Flagler and New Sump wells. The Flagler wells are located in northern portion of the Bedford Basin, and the New Sump well is located towards the southern portion of the Bedford Basin. Figure 3-4 shows groundwater level data for the Bedford Basin for the period between 1945 and 2014. Since 1945, groundwater levels at the Flagler and New Sump wells have fluctuated by approximately 68 feet and 50 feet, respectively. Figure 3-4 shows that groundwater levels respond to the stresses of both precipitation and groundwater production. For the period 1945 to 1978, groundwater production from the Bedford Basin was greater than current conditions, the climate was relatively dry, and groundwater levels were generally lower than 2014 conditions. Maximum depth to groundwater during this period was approximately 68 feet for the Flagler wells and approximately 50 feet for the New Sump well. During wet years (1969 and 1978), groundwater levels increased rapidly, most likely in response to the recharge of storm-water in the unlined channels of the Temescal Wash and its tributaries. Since 1978, groundwater production from the Bedford Basin has decreased, and groundwater levels have remained shallow and relatively stable, ranging between approximately 5 and 35 feet-bgs at the Flagler wells and approximately 4 and 39 feet-bgs at the New Sump well. [12:  HydroDaVE℠ is a software system with a centralized database and graphical user interface that allows the visualization of data through a variety of sophisticated data-analysis tools.] 

[bookmark: _Toc427921424]Groundwater Flow
In general, groundwater flow mimics surface-water drainage patterns: from the flanks of the surrounding bedrock hills and mountains toward the Temescal Wash and then northwestward following the downstream course of the Temescal Wash. Along these general flow paths, groundwater encounters bedrock ridges and bedrock constrictions that restrict groundwater flow to narrow flow paths and can create localized areas of shallow or rising groundwater. In the Bedford Wash, groundwater flows from the surrounding bedrock hills, and then northeastward towards the Flagler wells.
Figure 3-5 is a groundwater-elevation contour map that depicts general groundwater flow patterns across the Bedford Basin under historical conditions in fall 1949—a time of relatively low groundwater levels. The arrows on the map indicate flow direction, which is perpendicular to the contours from higher elevation to lower elevation. Figure 3-6 is a similarly constructed groundwater-elevation contour map for fall 2012—a time of relatively high groundwater levels. Although groundwater elevations are different on these maps, the shape and orientation of the contours are similar, demonstrating that the groundwater flow patterns within the Bedford Basin have been generally consistent over time and under different hydrologic conditions.
[bookmark: _Toc427921425]Groundwater Recharge
Groundwater recharge to the Bedford Basin primarily occurs by the following mechanisms:
· Infiltration of surface-water runoff (streambed recharge) from the Temescal and Bedford Wash watersheds. Sources of runoff include: storm-water runoff, POTW discharge, and dry-weather runoff. 
· Sub-surface inflow from the saturated alluvium and fractures within the consolidated bedrock in the bordering hills and mountains.
· Sub-surface inflow in the younger alluvium through the narrow bedrock canyon along the Temescal Wash from the Lee Lake Basin.
· Sub-surface inflow across the North Glen Ivy Fault from the Coldwater Basin. This fault is an effective groundwater barrier, and sub-surface underflow across this fault may only occur after extensive recharge has filled the Coldwater Basin (John S. Murk Engineers, 1987).
· Deep infiltration of precipitation and applied water (DIPAW). The amount of water that can infiltrate through the soil zone is dependent on the properties of the soil, the overlying vegetation, and the timing and amount of precipitation and applied water that enters the soil. DIPAW occurs when the sum of the water applied and stored in the soil water exceeds field capacity and evapotranspiration.
[bookmark: _Toc427921426]Deep Infiltration of Precipitation and Applied Water (DIPAW)
Land use and associated water use within the Bedford Basin and the Upper Temescal Valley have changed over time, and these changes have impacted DIPAW: changes in DIPAW are directly related to the yield of the Bedford Basin. 
Figure 3-7 summarizes land use overlying the Bedford Basin for years 1949, 1963, 1990, and 2014. The land use characterizations prior to 1975 are based on land use maps prepared by the DWR and historical aerial photos. The land use characterizations from 1990 to 2014 are based on land use maps prepared by the Southern California Association of Governments (SCAG). The land use characterization for 2014 is based on 2005 land use with updated information using Google Earth Imagery. Figure 3-7 shows a change in land use from mainly non-irrigated field crops in the late 1940s to citrus in the early 1960s and to mainly urban land uses in 2014. As of 2014, large portions of urbanized residential areas are identified west of the Temescal Wash and in the Bedford Wash. Urbanized commercial and industrial land use is also located along and immediately adjacent to the Temescal Wash.
With few exceptions, as land is converted from natural undeveloped conditions to human uses, it becomes more impervious and produces more storm-water runoff. Historically, when land use has been converted from natural and agricultural uses to urban land uses, the imperviousness can increase from near zero to between 60 and almost 100 percent, depending on the specific land use (WEI, 2014). Likewise, with respect to irrigated areas, citrus irrigation efficiency improves over time with modern irrigation techniques. For example, the typical efficiency of flood irrigation is 60 percent or less; modern irrigation methods, such as drip irrigation, can achieve 90 percent efficiency (PIER, 2006). The combination of higher imperviousness and higher irrigation efficiency associated with urban land uses reduces return flows of applied water to the groundwater basin.
As part of WEI’s on-going development of a Salt and Nutrient Management Plan for the Upper Temescal Valley, an applied water and return flow analysis was completed for the entire Upper Temescal Valley. It is important to understand changes in land use and water use over the entire Upper Temescal Valley and not specifically the Bedford Basin only: land use and changes in water use upstream of the Bedford Basin impact both surface-water in the Temescal Wash and groundwater within the Bedford Basin. Table 3-2 summarizes the estimated annual irrigation return flow for the Upper Temescal Valley. The Coldwater Basin is not included in this analysis, as we consider the North Glen Ivy Fault to serve as a groundwater barrier between the Coldwater and Bedford Basins. Historically, irrigation return flows ranged from approximately 4,000 to 8,725 acre-feet/yr between 1933 and 1975, respectively. The relatively large magnitude of irrigation return flows between 1963 and 1975 are attributed to lower irrigation efficiency from flood-irrigated citrus groves. Between 1990 and present day, return flows ranged from approximately 2,400 to 3,735 acre-feet/yr. These lower irrigation return flows are attributed to higher irrigation efficiency and reductions in the area where irrigation occurs. 
[bookmark: _Toc427921427]Groundwater Discharge
Groundwater discharge from the Bedford Basin occurs primarily as groundwater production from wells, sub-surface outflow to the Temescal Basin, evapotranspiration from riparian vegetation growing along the Temescal Wash, and as groundwater discharge to surface water in the Temescal Wash.
[bookmark: _Toc427921428]Groundwater Production
Historic groundwater production data for wells in the Bedford and Lee Lake Basins were available from Corona, the EVMWD, the Temescal Water Company, and Watermaster Support Services;[footnoteRef:13] specifically, groundwater production data were available for 37 wells located throughout the Bedford and Lee Lake Basins beginning in 1947. Figure 3-4 shows groundwater level data from select wells for the period of 1945 through 2014, annual groundwater production for the Bedford and Lee Lake Basins between 1947 and 2012, annual wastewater discharge to the Temescal Wash from 1988 through 2014, and the annual precipitation observed at Lake Elsinore. Groundwater production from the Lee Lake Basin is important to review in conjunction with groundwater production from the Bedford Basin because groundwater production from the Lee Lake Basin may impact groundwater levels and production in the Bedford Basin. The Gregory wells were included as part of the Bedford Basin dataset because of their proximity to the Bedford-Lee Lake Basin boundary. [13:  As part of this investigation, the LLWD provided no new groundwater production data.] 

In the Lee Lake Basin, annual groundwater production ranged from approximately 125 to 2,540 acre-ft/yr and averaged approximately 1,100 acre-ft/yr. Groundwater production from the Lee Lake Basin was the greatest between 1971 and 2004, averaging approximately 1,500 acre-ft/yr. In the Bedford Basin, annual groundwater production ranged from approximately 90 to 4,645 acre-ft/yr and averaged approximately 2,330 acre-ft/yr. Groundwater production from the Bedford Basin was the greatest between 1948 and 1984, averaging approximately 3,000 acre-ft/yr. Groundwater production from the Bedford Basin began decreasing in the late 1980s and has been significantly declining since 2005.
Review of Figure 3-7 indicates that since 1978, groundwater production has been less than the recharge potential of the basin. This is evident in the groundwater levels—as the basin appears to be full in the post-1978 period. This means that sustainable groundwater production was greater in the historical production period prior to 1978. 
The average annual groundwater production from the Bedford Basin between 1947 and 1977 was about 3,110 acre-ft/yr. This period corresponds with the 32-year dry period from 1946 to 1977. Groundwater levels were lower during this period than in the post-1977 period. The higher groundwater production during the 1947 through 1977 period was sustained in part from irrigation return flows, which were greater during this period than the post-1977 period. This means that the groundwater production sustained in the 1947 through 1977 period is not characteristic of sustainable production in the Bedford Basin at the present or in the future.
[bookmark: _Toc427921429]Sub-Surface Outflow
Sub-surface outflow from the Bedford Basin to the Temescal Basin occurs just upstream of the Flagler wells. From 1945 to 1977, water levels at these wells have ranged from 4 feet below ground surface (ft-bgs) to up to 70 ft-bgs. Since 1978, water levels from these wells have remained within 10 to 20 feet of the ground surface. These high water levels suggest groundwater may discharge to the Temescal Wash as surface water and/or sub-surface outflow through Temescal Canyon and into the Temescal Basin. The volume of sub-surface outflow from the Bedford Basin to the Temescal Basin is likely to be small. An estimate of sub-surface outflow from the Bedford Basin through Temescal Canyon and into the Temescal Basin can be made using Darcy’s law, expressed as:
Q = KIA
Where K is the average hydraulic conductivity reported in Section 3.3.3 (250 ft/day), I is the hydraulic gradient along the Temescal Canyon profile and assumed to be equal to the slope of the Temescal Wash thalweg (0.005), and A is the saturated cross-sectional area of the aquifer at Temescal Canyon (average width of 285 ft multiplied by the saturated thickness of the younger alluvium of 71 ft). The sub-surface outflow across Temescal Canyon likely ranges from 0 to 115 acre-ft/yr. The annual sub-surface outflow will be verified using a groundwater model prior to initiating the Phase 2 investigation.
[bookmark: _Toc427921430]Evapotranspiration
Evapotranspiration is defined as the water lost to the atmosphere from the ground surface, evaporation from the capillary fringe of the groundwater table, and the transpiration of groundwater by plants whose roots top the capillary fringe of the groundwater table. Within the Bedford Basin, riparian vegetation is confined to the alluvial floodplain sediments along the Temescal Wash where groundwater water levels have remained persistently high. Riparian vegetation is visible in Figure 1-2, beginning upstream of the LLWD WRF. The dense riparian vegetation and high groundwater levels within the Temescal Wash indicate evapotranspiration is an active process within the Bedford Basin. As part of WEI’s on-going development of a Salt and Nutrient Management Plan for the Upper Temescal Valley (WEI, 2015), the amount of evapotranspiration occurring in the Bedford Basin is presently estimated to be about 540 acre-ft/yr. This is based on an analysis of riparian vegetation extent and density along the Temescal Wash and a vegetation consumption rate of 3 ft/yr (DWR, 1942). The annual evapotranspiration will be verified using a groundwater model prior to initiating the Phase 2 investigation.
[bookmark: _Toc427921431]Rising Groundwater
Within the Bedford Basin, shallow groundwater occurs along the Temescal Wash. Groundwater and surface-water interactions along the wash have not been spatially or temporally characterized. The areas and amounts rising groundwater are very important in siting wells and estimating the sustainable yield of the Bedford Basin. The areas and amounts rising groundwater should be located and quantified, respectively, prior to initiating the Phase 2 investigation. This will require field work and modeling.
[bookmark: _Toc427921432]Groundwater Storage
As described above, the primary producing aquifer within the Bedford Basin is restricted to a shallow and narrow band of saturated alluvial sediments underlying the Temescal Wash. Figures 3-3a, 3-3b, 3-3c, and 3-3d characterize the primary producing alluvial aquifer located within the Temescal Wash. The saturated aquifer thickness and groundwater storage may be calculated from the difference between groundwater elevations and the effective base of the aquifer. 
Groundwater storage was computed for years 1949 and 2012. Figure 3-4 illustrates groundwater levels in 1949 were the lowest recorded water levels in the Bedford Basin; whereas in 2012, water levels represent high water levels in the basin. The method used for computing storage in Bedford Basin is described below.
The data used to estimate groundwater storage for 1949 and 2012 included the bottom of aquifer map shown (Figure 3-2), the 1949 and 2012 groundwater elevation maps (Figures 3-5 and 3-6), and a specific yield estimate of 0.20 for sediments within the primary producing alluvial aquifer. The specific yield estimate is based on the Bedford Basin surficial geology and data published in Johnson (1967). Within ArcGIS, the effective base of the aquifer, groundwater-level elevation, and specific yield were assigned to each cell based on a 200 x 200 foot grid extended across the primary producing alluvial aquifer sediments only (Quaternary young alluvial-fan and valley deposits).
The total storage in the Bedford Basin was approximately 12,160 acre-ft in 1949 and approximately 18,650 in 2012. These storage values represent the basin’s storage under historic and near-current conditions. The maximum storage capacity of the Bedford Basin’s aquifer was not determined in the Phase 1 work. Review of the groundwater level data in Figure 3-4 suggests that the historical maximum storage may have been reached in 1978 or 1993. The maximum storage capacity should be quantified prior to initiating the Phase 2 investigation. 
[bookmark: _Toc427921433]Historical Production Related to Storage, Climate, and Irrigation Return Flows	Comment by Jesus Gastelum: If possible, for the cited periods or couple of them and based on the obtained data, prepare a summary table to show evolution of the most important inflows (surface water, return flow, recycled water) and outflows (pumping, evapotranspiration). To the extent possible, provide with a rough safe yield estimate.
With these time-specific storages, review of Figure 3-7 and Table 3-2 reveals the following:
· 1949 through 1964 is characterized as a dry period, groundwater storage was about 12,000 acre-ft, irrigation return flows were about 5,300 acre-ft/yr, and groundwater production was about 2,900 acre-ft/yr.
· 1965 through 1977 is characterized as a dry period, groundwater storage was about 15,000 acre-ft, irrigation return flows were about 8,400 acre-ft/yr, and groundwater production was about 3,350 acre-ft/yr.
· 1978 through 2002 is mostly characterized as a wet period, groundwater storage was likely greater than 18,200 acre-ft, irrigation return flows were about 4,600 acre-ft/yr, recycled water discharge was about 3,400 acre-ft/yr,[footnoteRef:14] and groundwater production about 2,000 acre-ft/yr. [14:  Recycled water discharge to the Temescal Wash began in 1987 from the EVMWD.] 

· 2003 through 2013 is characterized as a dry period, groundwater storage was about 18,200 acre-ft, groundwater irrigation return flows were about 2,500 acre-ft/yr, recycled water discharge was about 11,200 acre-ft/yr, and groundwater production was about 700 acre-ft/yr.
Based on the review of all data collected and summarized as part of the Phase 1 investigation, the following preliminary conclusions can be made:
· Storage in the basin has fluctuated by about 6,500 acre-ft or 35-percent of 2012 storage conditions.  From a groundwater management perspective, a 35-percent storage change is considered large.
· Historically, groundwater production appears to be significantly supported by return flows regardless of whether the climate was wet or dry or of the amount of water in storage. 
· The discharge of recycled water to the Temescal Wash has great potential to recharge the basin and makeup for reductions in recharge historically contributed by irrigation returns. Ironically, the recent increases in recharge from the discharge of recycled water to Temescal Wash will go to zero with the planned elimination of recycled water discharges to the wash.
· Given the data available and current cultural conditions, groundwater production in excess of 2,000 acre-ft/yr may not be sustainable except for during wet periods.
[bookmark: _Toc427921434]Groundwater Quality
Groundwater quality data for wells in the Bedford Basin were available from Corona, the EVMWD, the Temescal Water Company, and the LLWD.[footnoteRef:15] Water quality data were collected from this investigation and previous WEI investigations and stored in HydroDaVE℠.12 Water quality data from each well in the Bedford Basin were compared against California Title 22 drinking water standards. Total dissolved solids (TDS) and nitrate concentrations from each well were also characterized because of their importance to the ongoing salt and nutrient management planning for the Upper Temescal Valley. [15:  Previously collected water quality data from the LLWD is limited to monitoring wells MW 1B, MW 2, and MW 3 for 2013. As part of this investigation, the LLWD provided no new water quality data.] 

[bookmark: _Toc427921435]Comparison of Historical Water Quality Data to Title 22 Drinking Water Standards
Appendix A contains a HydroDaVE℠ exceedance report that compares all available Bedford Basin water quality data from 2009 to 2014 to current EPA and California Primary and Secondary Maximum Contaminant Levels (PMCL and SMCL, respectively) as well as the California Notification Levels under California Title 22 drinking water standards. Table 3-3 summarizes the results of this report by listing each chemical that was detected above a PMCL or SMCL, the numbers of times the PMCL or SMCL was exceeded, and the number of wells at which the exceedances occurred. From 2009 to 2014, the constituents of concern where the PMCL or SMCL was exceeded in more than one well and on more than one instance included iron, manganese, sulfate, and TDS.
Table 3-3 is limited to the publically available water quality data, the implication being that there is likely more data available and that these data may provide important new information regarding the suitability of Bedford Basin groundwater for potable uses and treatment requirements. The spatial and temporal characterization of water quality conditions in the basin is limited by the location of the wells; wells within the Bedford Basin are typically clustered in groups with large areas lacking wells from which to assess water quality conditions. The combination of data from only a few wells, large uncharacterized areas, and relatively few sampling events in the last five years limits the confidence in the water quality characterization described herein.
[bookmark: _Toc427921436]TDS and Nitrate Characterization
Figure 3-8 and 3-9 show the areal distribution of groundwater quality in the Bedford Basin for TDS and nitrate as nitrogen, respectively. Both figures show the maximum concentration measured at each well with available data from 2009 to 2014 using a standardized class interval based on the water quality standards for the constituent of concern. 
The SMCL for TDS is 500 mg/L. Figure 3-8 displays the areal distribution of the maximum TDS concentration at wells in Bedford Basin from 2009 to 2014. During this period, all 10 wells sampled for TDS exceeded the SMCL. The maximum TDS concentrations ranged from 580 mg/L to 990 mg/L and averaged 813 mg/L. The highest TDS concentrations (>900 mg/L) were present at Flagler 2A and LLWD MW 1A. The source/cause of elevated TDS includes DIPAW, septic tank and recycled water discharges, evapotranspiration by riparian vegetation, Lake Elsinore overflows, and leaching from rocks. The TDS concentration in DIPAW is higher than in precipitation and irrigation water and the receiving groundwater; thus, DIPAW degrades groundwater. The increase in TDS concentrations is caused by evapotranspiration and mass added through the application of fertilizers. The relative contribution of DIPAW to other recharge water governs the rate of groundwater quality degradation: the greater the relative contribution of DIPAW to other sources, the greater the rate of degradation. 
The PMCL for nitrate as nitrogen in drinking water is 10 mg/L. Figure 3-9 displays the areal distribution of the maximum nitrate as nitrogen concentration at wells in the Bedford Basin from 2009 to 2014. During this period, none of the wells sampled for nitrate as nitrogen exceeded the PMCL. The maximum nitrate as nitrogen concentrations ranged from <1 mg/L to 9.5 mg/L and averaged 4.3 mg/L. The sources of nitrate degradation are excess nitrogen from fertilizer application that is subsequently concentrated by evapotranspiration and septic tank discharges to groundwater
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[bookmark: _Toc427921437]– Sustainable Groundwater Management Act Implications on Groundwater Production from the Bedford Basin
[bookmark: _Toc427921438]The Sustainable Groundwater Management Act (SGMA)
The Sustainable Groundwater Management Act (SGMA) recently passed by the Legislature fundamentally changes the management of California’s groundwater basins.[footnoteRef:16] The following is a summary of the SGMA, developed from Desktop Reference to the Sustainable Groundwater Management Act of 2014, prepared by the law firm of Brownstein, Hyatt, Farber, and Schreck.[footnoteRef:17] The implications for the Agencies in developing potable supplies from the Bedford Basin and, more generally, producing groundwater for any purpose from the Bedford and surrounding basins are described below and included in the conclusions and recommendations in the following section. [16:  The SGMA is composed of three separate bills: Senate Bill 1168 (Pavley), Senate Bill 1319 (Pavley), and Assembly Bill 1739 (Dickinson). Together, these three bills establish the Sustainable Groundwater Management Act.]  [17:  http://water.bhfs.com/sgmadesktopreference/ ] 

The SGMA permits the election of groundwater sustainability agencies (GSA) for all basins and requires the adoption of groundwater sustainability plans (Plan) for basins designated as medium- or high-priority by the DWR. Plans must be developed to eliminate overdraft conditions in aquifers and to return them to a condition that assures their long-term sustainability within twenty years of Plan implementation. 
The SGMA applies to all groundwater basins in the state but contains special requirements for basins or sub-basins that the DWR designates as medium- or high-priority basins. Under the SGMA, the DWR must rank each of the basins or sub-basins identified in its Bulletin 118 as either as very low-, low-, medium-, or high-priority basins, based on the threat to the basin’s integrity. The DWR completed its initial ranking on January 31, 2015.
The implication for the Agencies is that the Bedford Basin is contained in the Elsinore Groundwater Basin, which has been identified by the DWR as a high-priority basin and is therefore subject to the requirements of the SGMA. As such, future groundwater production will be limited to sustainable rates pursuant to a Plan to be developed by 2022.
[bookmark: _Toc427921439]Groundwater Sustainability Agencies
The SGMA permits the election of a GSA for any basin, but requires that a GSA be identified for all medium- and high-priority groundwater basins by June 30, 2017 or within two years from the date of reprioritization of a basin as medium- or high-priority. Counties will be presumed to be the GSA for all unmanaged basins. However, the county may decline this responsibility.
The implication for the Agencies is that a GSA must be formed for the Bedford Basin and surrounding high-priority basins. The Agencies need to determine their involvement in the GSA and potentially taking the lead in forming a GSA collectively.
The SGMA significantly expands the powers of local agencies acting as GSAs, including authorizing the GSA to:
· Adopt rules, regulations, ordinances, and resolutions;
· Conduct investigations of water rights;
· Require well registration;
· Require well operators to measure and report extractions;
· Require reporting of diversions of surface-water to storage;
· Acquire property and water rights;
· Reclaim water;
· Impose well spacing requirements;
· Regulate groundwater extractions, including limiting or prohibiting groundwater production;
· Impose fees and assessments; and
· Undertake enforcement actions for noncompliance.
Although the SGMA also allows GSAs to request that counties provide well construction applications for the GSA’s consideration and comment, counties maintain the well permitting authority. GSAs are not authorized to issue well construction permits unless that power is delegated to them from the county.
[bookmark: _Toc427921440]Groundwater Sustainability Plans
The SGMA requires GSAs for all medium- and high-priority basins to adopt a Plan, or an alternative that complies with the SGMA, by January 31, 2022. For basins subject to critical overdraft conditions, the Plan must be adopted by January 31, 2020. The principal goal of the SGMA is to ensure that all basins are sustainably managed to avoid undesirable results, which are defined as follows:
1. Chronic lowering of groundwater levels indicating a significant and unreasonable depletion of supply;
2. Significant and unreasonable reduction of groundwater storage;
3. Significant and unreasonable seawater intrusion;
4. Significant and unreasonable degraded water quality, including the migration of contaminant plumes that impair water supplies;
5. Significant and unreasonable land subsidence that substantially interferes with surface land uses; and/or
6. Surface water depletions that have significant and unreasonable adverse impacts on beneficial uses of surface water.
Accordingly, Plans must include: 
· Long-term planning goals
· Measurable objectives and interim milestones in increments of five years that are designed to achieve the basin’s sustainability goal within twenty years of Plan implementation
The implication for the Agencies, as to items 1 and 2 above, is that maximizing the yield of the Bedford Basin will require operating the basin at high and low storage levels. As long as it only affects the levels in the Agencies’ wells, this should not be an issue to the GSA. Items 3, 4, and 5 should not be issues to the Agencies. Item 6 could be problematic as operating the basin for maximum yield may impact the riparian vegetation and require mitigation.
The SGMA provides a list of additional required components, many of which are similar to the current requirements for AB 3030 or groundwater management plans. These are listed in Appendix B, which contains a table that compares the requirements of the SGMA and AB 3030.
Other provisions of the new law require coordination between land use planning agencies and GSAs. Prior to the adoption or substantial amendment of a general plan, the land planning agency is required to review and consider a plan and to refer a proposed action to adopt or substantially amend a general plan to any local GSA for review. As part of this process, a GSA is required to provide the local land planning agency with the anticipated effects of a proposed action to adopt or substantially amend a general plan on the implementation of the Plan.
Upon the adoption of a Plan, the designated GSA must submit the Plan for DWR review. The SGMA gives the DWR until June 1, 2016 to develop regulations for evaluating Plans. Upon completing its review of a Plan, the DWR has the power to request changes to the Plan in order to address deficiencies. DWR is required to re-evaluate Plans every five years to ensure continued compliance and sufficiency. After the adoption of a Plan, the GSA must submit to the DWR an annual compliance report containing basin groundwater data, including elevation, aggregate extraction, water usage, and any changes in groundwater storage.
The implication for the Agencies is that they should establish a monitoring plan that will enable them to have the information required to clearly establish a sustainable production rate and demonstrate compliance with the SGMA.
[bookmark: _Toc427921441]- Conclusions and Recommendations
[bookmark: _Toc427921442]Conclusions
Based on the review of Bedford Basin hydrology and hydrogeology, WEI emplaces the following conclusions:
· The precipitation record for the Upper Temescal Valley demonstrates that the climate of the region is subject to prolonged dry periods and short wet periods. The ratio of dry years to wet years is about three to two. That is, for every ten years, about 6 years experienced below-average precipitation, and four years experienced above-average precipitation. Significant precipitation during the year generally occurs from November to April, with the highest monthly precipitation in January and February. Over the period of record, the average annual precipitation was 12.13 inches, maximum annual precipitation was 33.60 inches (2005), and minimum annual precipitation was 1.97 inches (2007).
· The Temescal Wash is the main stream that drains the Temescal Wash and Bedford Wash Watersheds. The Temescal Wash is a natural channel from just downstream of Lake Elsinore to the point where it discharges into the All-American Aggregate Pit in the City of Corona. Tributary flow to the Temescal Wash consists primarily of small unlined stream channels that drain the adjacent mountain slopes and valleys. Over the period of record at USGS station 11072000, the monthly discharge ranged from a minimum of zero cfs to maximum of 9,707 cfs, and the monthly average discharge ranged from approximately 16 cfs (952 acre-ft/mo) to 490 cfs (29,157 acre-ft/mo). The average monthly discharge is large compared to the observed range in storage change of only 6,500 acre-ft.
· The Bedford Basin is a relatively small and narrow groundwater basin. The alluvial sediments along Temescal Wash are shallow, thin, range between 60 to 140 feet deep, and are horizontally confined by consolidated non-water-bearing bedrock formations on both sides.
· Analysis of aquifer properties from the Flagler and Gregory wells indicate the hydraulic conductivities are highest in the northern portion of the Bedford Basin. This suggests the northern portion represents a very productive portion of the basin. Additional aquifer test data is needed from the central Bedford Basin to assess how aquifer parameters vary across the basin.
· Between 1945 and present day, groundwater levels within the Bedford Basin have ranged from approximately 5 to 70 feet-bgs. Groundwater levels in the Bedford Basin respond to the stresses of both precipitation and groundwater production. This is evident in the 1945 to 1978 dry-period, where the climate was dry, groundwater levels were at their lowest recorded, and groundwater production was at its greatest. Water levels in the Bedford Basin have also recovered rapidly following wet years (i.e. 1969 and 1978). Following the 1978 wet year, groundwater levels remained within approximately 30 feet of the ground surface. Higher water groundwater levels between 1978 and present day are likely due to the combination of the wet period of 1978 through 1998, the recent occurrence of recycled water discharges to the Temescal Wash, and historically low groundwater production.
· Recharge sources—including DIPAW, some POTW discharges, storm-water runoff along the Temescal Wash and from surrounding mountain slopes and valleys, and dry-weather runoff—are the major sources of recharge to the Bedford Basin. The annual time history of values for these recharge sources should be verified through modeling prior to initiating the Phase 2 investigation. 
· Estimates of irrigation return flows (part of DIPAW) in the Upper Temescal Valley ranged from approximately 8,725 acre-feet in 1975 to 2,400 acre-feet in 2014. The large decrease in return flows is attributed to changes in overlying land uses (i.e. irrigated crop land to urban residential and commercial land) and improved irrigation efficiency.
· Groundwater production from the Bedford Basin was greatest between 1947 and 1984. Average annual production during this time period was approximately 3,110 acre-ft/yr. Groundwater production was greatest in northern Bedford Basin at the confluence of the Temescal Wash and Bedford Wash near the Flagler wells. Since 2005, groundwater production from the Bedford Basin has significantly declined. Average annual production from 2005 to 2012 was approximately 600 acre-ft/yr. High groundwater production during the 1947 to 1984 period corresponds with the 32-year dry period from 1946 to 1977. Groundwater levels were lower in this period than in the post-1977 period. Higher groundwater production during the 1947 through 1977 period was sustained in part from irrigation return flows, which were greater during this period than the post-1977 period. This means that the groundwater production sustained in the 1947 through 1977 period is not characteristic of sustainable production in the present or future.
· Evapotranspiration and sub-surface outflow are small discharge components of the Bedford Basin water budget. Evapotranspiration from the Bedford Basin was estimated to be 540 acre-ft/yr. Sub-surface outflow from the Bedford Basin to Temescal Basin was estimated to range from 0 to 115 acre-ft/yr. Additional yield from the basin can be achieved by identifying their magnitudes and reducing them through strategically located wells. The magnitude of evapotranspiration and sub-surface outflow should be estimated before initiating the Phase 2 investigation.
· The total storage in the Bedford Basin was approximately 12,160 acre-ft in 1949 and approximately 18,650 in 2012—a storage change of about 6,500 acre-ft over 63 years. From a groundwater management perspective, the storage capacity of the basin and its historical operating range are small relative to the recharge (e.g. DIPAW) and discharge (e.g. production) terms that can be estimated. This means that the annual production yield of the basin will be highly variable without a groundwater management plan.
· Based on limited available groundwater quality data, TDS is a water quality constituent of concern within the Bedford Basin. Between 2009 and 2014, the average maximum TDS concentration measured at wells in the Bedford Basin was approximately 837 mg/L and about 340 mg/L greater than the SMCL. Nitrate as nitrogen is not a concern in the Bedford Basin. Additional and regular groundwater quality sampling for California drinking water standards is needed to fully assess water quality trends and issues within and across the Bedford Basin.
[bookmark: _Toc427921443]Recommendations	Comment by Jesus Gastelum: I will also propose to implement a couple of geophysical surveys and gravity data analysis to improve understanding of hydrogeological conditions of the aquifer.
[bookmark: _Toc427921444]Phase 1 Investigation Recommendations
The Bedford Basin is considered a small and shallow basin of limited storage capacity that responds rapidly to both recharge and groundwater extraction. The basin geometry as well as hydrologic and hydrogeologic processes have important implications on the way groundwater and surface-water can be managed within the Bedford Basin in the near future. WEI recommends the following based on this Phase 1 investigation: 
[bookmark: _Toc427921445]Increase Groundwater Production
Given the long history of precipitation, groundwater production, and groundwater level data for the Bedford Basin, WEI opines that the Bedford Basin groundwater supply is underutilized and can be pumped more aggressively than has been done in the period spanning 2005 to present. Certain portions of the Bedford Basin, such as near the Flagler wells, may be able to be operated at lower groundwater levels. Operating at lower groundwater levels would: (i) maximize production from the basin and (ii) create more storage space that can subsequently be used to store storm-water that is otherwise not recharged and stored. This carries with it the risk of lower annual production during extended dry periods.
Based on a review of the data plotted in Figure 3-4, WEI recommends that the Agencies produce at least 2,000 acre-ft/yr for the foreseeable future coupled with the groundwater and surface-water monitoring programs described below. The results of the monitoring programs can be used to fine tune this production recommendation with the goal of increasing sustainable production.	Comment by Jesus Gastelum: Based on the suggested estimation of rough safe yield values, this number can be refined/revised.
[bookmark: _Toc427921446]Develop a Groundwater Level Monitoring Program
Over the last five years, groundwater levels within the Bedford Basin have been monitored on a monthly interval for some wells. A water-level monitoring program should be implemented for all Corona, EVMWD, and LLWD-owned wells, and potentially other private wells in the Bedford Basin. This monitoring plan should have the following features:
· The Basin should be canvassed to identify all wells in the basin that can be used to measure groundwater levels and obtain water quality samples. From these wells, determine which wells should be used for monitoring.
· Equip each well selected for monitoring with a probe that can measure groundwater level (transducer), temperature, and conductance. 
· Download the data monthly for the first six months and subsequently at a reduced frequency to be determined after the initial six-month period.
This program would run indefinitely and would be refined over time to ensure that the acquired data were satisfying the groundwater management requirements and to minimize costs. The probes would be programmed to acquire high-frequency groundwater level, temperature, and conductance measurements that can be coupled with precipitation and stream discharge records to determine precisely where and how recharge occurs, the relationship of rising groundwater to groundwater levels and production, and the timing and magnitude of consumptive use of riparian vegetation. This information is required to assess and maximize the sustainable yield of the basin during wet and dry periods and to minimize the risk of stranding capital assets. Based on the current understanding of the location of wells in the Bedford Basin, a minimum of 12 probes should be should be deployed as listed in Table 5-1.
[bookmark: _Toc427921447]Develop a Groundwater Quality Monitoring Program
Groundwater quality sampling from wells within the Bedford Basin is generally limited to inorganic constituents (metals, major anions, and general minerals).16 WEI’s water quality database indicates that only Flagler wells 2A and 3A were analyzed in 2013 and 2014 for constituents under the Title 22 California Code of Regulations for Drinking Water Standards. WEI recommends that all active wells within the Bedford Basin be sampled and analyzed for constituents under the Title 22 California Code of Regulations for Drinking Water Standards. With this monitoring, a more complete assessment of water quality can be made for groundwater at existing wells, and a subsequent determination can be made as to the need for additional monitoring wells. In total, WEI recommends that a minimum of 12 wells be included in this water-quality monitoring plan, as listed in Table 5-1.
[bookmark: _Toc427921448]Develop a Surface-Water Monitoring Program
There are no surface-water monitoring stations or other consistent surface-water monitoring activities within the Bedford Basin to determine recharge potential and the occurrence of rising groundwater. A continuous record of Temescal Wash daily discharge entering the Bedford Basin would be valuable in the years to come to help develop surface-water and groundwater models that can be subsequently used to manage the Bedford Basin. WEI recommends the following:
· Instrument Lee Lake Dam and all of the diversion facilities immediately downstream such that the measurements can be used to estimate daily discharge to the Bedford Basin. The EVMWD is the owner and operator of the dam and could maintain the instrumentation and process the resulting data to develop the daily discharge hydrograph. Any return flows of diverted water would also need to be directly monitored or estimated based on diversions and metered deliveries to non-potable customers.
· For a period of two to three years, conduct bi-weekly discharge measurements during the period of May through September to determine the discharge at various locations along the Temescal Wash, the reaches where surface-water is recharging groundwater, and where rising groundwater may be occurring.
· Based on the results of the initial rounds of groundwater quality monitoring and the initial results of the bi-weekly surface-water discharge monitoring, develop and implement a surface- water quality monitoring program to assess the water quality of surface-water that is recharging the basin.
[bookmark: _Toc427921449]Develop and Apply Surface-Water and Groundwater Models to Assess Sustainable Production Rates and to Minimize the Risk of Stranded Assets
Feasibility Investigation
for the Bedford Basin (Phase 1)	4 – Conclusions and Recommendations
As discussed in Sections 1 through 3, it is not possible to determine the yield of the basin from historical data alone because: (i) the cultural conditions in the watershed tributary to and overlying the Bedford Basin have been in a state of constant change, (ii) the amount of storage that can be used to regulate recharge is small compared to the recharge potential of the basin, and (iii) recharge to the basin is function of both water available for recharge and production. A water budget table, if prepared from historical data alone, would not be a reliable tool to estimate yield under projected future cultural conditions and different basin management plans. Models can be developed based on the historical record and subsequently applied to current and projected future cultural conditions to enable the Agencies to determine the sustainable yield of the basin and to support their future water resources planning with the intent of complying with the SGMA and minimizing the risk of stranded assets. If the Agencies desire to construct new facilities to produce more than 2,000 acre-ft/yr, they should invest in the development of appropriate models to determine the sustainable yield of the basin, characterize how the yield will change under different climatic conditions, and support development of an overall management plan to optimize the use of groundwater in the Bedford Basin. The models should be developed using the historical data available today. The models would be subsequently updated after about three years of new monitoring data is acquired. The initial model build will inform and refine the monitoring program.
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