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According to the California Sustainable Groundwater Management Act, the bottom of a basin, and subsequently the depth to which groundwater is managed, can be defined through physical or geochemical qualities of the aquifer. Total dissolved solids (TDS) concentrations are most frequently used to define the basin bottom. However, upper limits in TDS concentrations for “fresh” and “useable” groundwater can range from 1,000 to 10,000 mg/L. To evaluate the applicability of using TDS concentrations to delineate depths subject to sustainable groundwater management, we analyze 216,754 TDS measurements throughout the state of California. We find major challenges to reasonably estimating the BFW with our dataset in 73% of California due to data insufficiencies or complexity introduced by non-montonic TDS-depth relationships. We estimate the BFW in 22% of the Central Valley, a key agricultural region with large groundwater demands and many critically overdrafted groundwater subbasins. Using a TDS limit of 3,000 mg/L, where possible, we estimate the shallowest BFW in the Central Valley to be 155 m below ground surface and the deepest BFW to be 589 m below ground surface. We find that the base of brackish water (TDS < 10,000 mg/L) can extend more than 500 m deeper than the BFW in 78% of the Central Valley where we are able to estimate the BFW, which corresponds to 2% of California. There is a need to evaluate alternative strategies for defining groundwater subject to sustainable management, which likely involves additional measurements and analysis to better characterize groundwater quality with depth throughout California.
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INTRODUCTION

Groundwater is an essential resource in California and accounts for >40% of the total annual water supply in the state (Babbitt et al., 2018). In 2014, the Sustainable Groundwater Management Act (SGMA) was signed into California law. The intention of SGMA is to provide guidance for long term sustainable groundwater management across the state through the creation of Groundwater Sustainability Agencies (GSA), which are required to submit Groundwater Sustainability Plans (GSPs) (University of California, Division of Agriculture and Natural Resources, 2015). In December 2019, the SGMA Basin Prioritization was completed and classified 94 (18%) of the 515 basins as medium or high priority (State of California, 2020). The basins classified as medium or high priority are primarily located in the Central Valley (MacLeod and Méndez-Barrientos, 2019; State of California, 2020), an agriculturally intensive area that accounts for ~75% of California's groundwater use (Ojha et al., 2018). The GSPs submitted in 2020 reveal that 60% are using the base of fresh water (BFW) concept (Kang et al., 2020) and maps that were developed over 50 years ago to define the basin bottom (Page, 1971, 1973). Therefore, there is a need to evaluate the applicability and the limitations of using the base of fresh water concept.

In order to develop GSPs, GSAs in California are required to implement governance actions based on regulatory and non-regulatory tools provided in the SGMA (Kiparsky et al., 2016). One major legislative gap in the SGMA is the lack of a specific definition of the bottom of a groundwater basin (Thompson et al., 2021). Areal extents of groundwater basins used in the SGMA are defined in Bulletin 118. According to Bulletin 118, the bottom of a groundwater basin can be defined based on physical characteristics or geochemical properties. One such geochemical property is total dissolved solids (TDS) concentrations. TDS limits are used in definitions for “fresh” or “useable” groundwater outlined by United States Geological Survey (USGS), the US Environmental Protection Agency, or the California Water Resources Control Board (SWRCB) (California Department of Water Resources, 2020). Unfortunately, definitions for fresh water in terms of TDS concentration limits vary widely depending on the context of use and the regulating body (Government of Canada, 1991; Rhoades et al., 1992; Driscoll, 2002; Government of Saskatchewan, 2008; Gray et al., 2011; Shevah, 2014). Generally, the upper limit for fresh water to be used as drinking water for humans is taken to be 1,000 mg/L (California State Water Resources Control Board, 2017; United States Geological Survey, 2019). In the widely-used BFW estimates completed in 1971 and 1973 (Page, 1971; Berkstresser, 1973) and more recent updates (O'Bryan, 1992), fresh water is defined as water with <2,000 mg/L TDS. California's Division of Oil, Gas, and Geothermal Resources (DOGGR) [now California Geologic Energy Management (CalGEM)] formerly used TDS concentration <3,000 mg/L for their BFW estimates (Davis et al., 2018). When using any of these TDS limits to estimate a BFW, an inherent assumption is that TDS concentrations monotonically increase with depth (Supplementary Figure 1). However, a state-wide assessment of the relationship between TDS concentrations and depth has not been conducted.

In 2013, the California Senate Bill 4 was passed which requires groundwater monitoring where TDS concentrations are <10,000 mg/L to protect groundwater from oil and gas development. The TDS limit of 10,000 mg/L is based on the United States Environmental Protection Agency's (US EPA) definition for underground sources of drinking water (USDW). Several peer-reviewed publications since the implementation of California Senate Bill 4 have used various methods and a TDS limit of 10,000 mg/L to map groundwater salinity and determine the depth to which groundwater is protected (Gillespie et al., 2017, 2019; Metzger and Landon, 2018; Stephens et al., 2019; Ball et al., 2020). However, to our knowledge, the depth to which TDS concentrations are <10,000 mg/L has not been mapped across California.

Although there are multiple GSAs (The Country of Fresno, 2019; Davids Engineering Inc., 2020; Dee Jaspar and Associates, Inc., et al., 2020; GEI Consultants, Inc., and Kern Groundwater Authority, 2020; Luhdorff and Scalmanini and California Department of Water Resources, 2020; San Joaquin River Exchange Contractors GSA, 2020; Semitropic Water Storage District, 2020) that specifically cite the USGS-estimated BFW (Page, 1971; Berkstresser, 1973; O'Bryan, 1992) for determination of the vertical basin boundaries (Kang et al., 2020), studies also suggest there are likely substantial volumes of fresh and usable water in groundwater aquifers not included by using the USGS-estimated BFW (Kang and Jackson, 2016). Given California Senate Bill 4 and previous research (Gillespie et al., 2017, 2019; Metzger and Landon, 2018; Stephens et al., 2019; Ball et al., 2020), one potential alternative approach is the use of the base of brackish water, where brackish water is usually defined as water with TDS concentrations <10,000 mg/L but greater than fresh water. Brackish water is increasingly becoming economical to treat (Karagiannis and Soldatos, 2008; Gray et al., 2011; Cassaniti et al., 2013; Kahsar, 2020) and there are several uses for brackish water including drinking water for livestock (Pfost et al., 2001), irrigation for agricultural and floricultural crops (Pang et al., 2010; Cassaniti et al., 2013) and thermoelectric power generation (Kahsar, 2020). Moreover, desalination of brackish water is considerably cheaper than seawater due to the lower concentration of impurities that must be removed (Karagiannis and Soldatos, 2008) and seawater is currently desalinated to supply fresh water in many parts of the world, including California (Calsbad Desalination Plant, 2017; Robbins, 2019). The base of brackish water is generally deeper than the BFW and may provide a more conservative approach to defining basin bottoms.

In this paper, we: (i) develop a framework to estimate the TDS profile and the BFW, (ii) estimate the BFW and the base of brackish water, where possible, and (iii) compare our BFW estimates with USGS-estimated BFWs. We then use our results to consider the limitations of utilizing the BFW for sustainable groundwater management. Overall, our results can be used to guide sustainable management of groundwater resources in California and elsewhere.



METHODOLOGY


TDS Data

We analyze 216,754 groundwater TDS measurements from five different sources; (1) the USGS Produced Waters Database (PWD), (2) CalGEM Data Sheets, (3) the USGS Brackish Groundwater Assessment (BGA), (4) the Water Quality Portal (WQP), and (5) the USGS Groundwater Ambient Monitoring and Assessment (GAMA) Program (Kang et al., 2019, 2020). We group TDS measurements by their depths: 0–25, 25–75, 75–150, 150–305, 305–1,000, 1,000–2,000, and >2,000 m. Because of the disproportionately large number of TDS data closer to the surface with 60% of data located within 75 m of the surface, we divide the first depth zone (75 m) used by Kang et al. (2020) into two distinct depth zones. We select a depth of 25 m because this depth splits the available data within 75 m of the surface evenly between the newly created depth zones (Supplementary Table 1). The remaining depth zones are based on the boundaries of previously studied depths (Kang et al., 2020). These depth zones are used to select measurements considered in TDS-depth profiles. The depths of the TDS measurements are retained in the analysis.



Estimation of the Base of Fresh Water

To examine the relationship between TDS measurements and depth, we divide the area of California into 10 by 10 km grid sections. We choose 20 grid sections across the Central Valley aquifer such that all of the Central Valley is no more than 50 km from a chosen grid section. We choose the Central Valley aquifer system because of data availability and because many medium and high priority basins are located in this aquifer system (Scanlon et al., 2012; California Department of Water Resources, 2019). After evaluating methodologies to estimate the BFW using the 20 grid sections, we estimate the BFW for all grid sections in the Central Valley, where possible.

For the 20 grid sections, we evaluate two different methods to select the set of TDS measurements that will be used to plot the TDS-depth profiles, determine the relationship between TDS measurements and depth, and estimate the BFW. The first method, the “fixed radius” approach, selects all TDS measurements within a specific radius from the center of the grid. Selection radii in the “fixed radius” approach are chosen in two different manners: (a) selection radii are the same across all grid sections but differ by depth zone to account for the larger number of data at depths closer to the surface and (b) selection radii are based on the density of data and vary with location and depth. Because fewer TDS measurement are available at deeper depths, we increase the selection radius with depth to ensure a sufficient number TDS measurements are selected from each depth zone (see Supplementary Table 1). The second method, the “nearest data” approach, selects a specific number of TDS measurements that are located closest to the center of the grid section. We evaluate two different numbers of TDS measurements: 20 and 10. Additionally, we set a 50 km limit on the search radius for all depth zones except the >2,000 m zone where we set a 100 km limit. As the distance between the available TDS measurement location and a grid section increases, the likelihood the data describes the TDS-depth relationship of that grid section decreases. Therefore, the 50 km and 100 km search radius limits are chosen to ensure that the selected TDS measurements accurately reflect the salinity profiles of each grid section. For all methods, after selection of the TDS measurements, we evaluate whether the BFW can reasonably be defined and estimate the range in BFW values (Supplementary Figure 2).

Across all grids in the Central Valley, we classify the relationship between TDS measurements and depth as: (1) linear and monotonic, (2) non-linear but monotonic, (3) non-linear and non-monotonic and (4) insufficient data (Figure 1 and Supplementary Figure 3). We classify a “linear” relationship when the fit has an R2 > 0.8 using a linear model. To determine the BFW, we complete a linear regression with the available data and use the linear equation to estimate the BFW using a TDS limit of 2,000 mg/L to compare to the USGS-estimated BFW. We also estimate the BFW using a TDS limit of 3,000 mg/L, which was a definition of fresh water formerly used by CalGEM and the Bureau of Land Management (Davis et al., 2018), and we estimate the base of brackish water using a TDS limit of 10,000 mg/L. To avoid extrapolating the available data, we only calculate the base of brackish water in areas where at least one TDS measurement within 100 km of the grid section exceeds 10,000 mg/L. We estimate the BFW and the base of brackish water in areas of the Central Valley with a linear and monotonic TDS-depth relationship. We do not determine an equation of best fit to represent TDS measurements with depth in areas with a “non-linear” (R2 < 0.8) but monotonic relationship. These areas represent only 1% of the total land area in the Central Valley and 0.1% of the total land area of California (Kharaka and Thordsen, 1992). Areas with no data are classified as having a total of 10 data points or less within a 50 km search area or lacking TDS concentrations associated with depths >300 m.


[image: Figure 1]
FIGURE 1. TDS-depth relationship by grid sections in California. Areas with a linear (R2 > 0.8) and monotonic relationship are in green, non-linear (R2 <0.8) and monotonic in blue, and insufficient data in white. Areas in gray have a non-linear non-monotonic TDS-depth relationship.




Comparison of Base of Fresh Water Estimates

We use contour maps of the USGS-estimated BFWs digitized by Kang et al. (2020) and compare them to our BFW estimates determined using a TDS limit of 2,000 mg/L. We note that Kang et al. (2020) did not estimate the BFW but directly compared TDS measurements to the BFWs estimated by the USGS and CalGEM and to depths of groundwater production wells. Here, we make a comparison of our estimated BFWs to the USGS-estimated BFWs despite the fact that these estimates are 50 years old because they are still being used in GSPs submitted in 2020 (Kang et al., 2020). Our comparison is limited to areas where we find linear and monotonic TDS-depth relationships.




RESULTS


Estimates of the Base of Fresh Water in the Central Valley Using 20 Selected Grid Sections
 
Fixed Radius Approach

Using a fixed search radius that varies only with depth, we find that some of the 20 selected grid sections have substantially more data selected than other grid sections (Table 1, see Supplementary Figures 4–7, Supplementary Table 2). Grid section 1 has the most TDS measurements with 2,698 selected measurements, and grid section 20 has the fewest measurements with 142 selected measurements, resulting in a difference of 2,556 TDS measurements. Only 4 other grid sections (14, 12, 6, and 5) out of the 20 have more than 1,000 TDS measurements selected. We find 6 (30%) of the 20 selected grid sections have TDS measurements >3,000 mg/L within 25 m of the surface, and 8 (40%) of the 20 selected grid sections have a non-monotonic relationship. For 3 (15%) of the 20 selected grid sections, the BFW range is 293–1,350 m below the surface. Using a fixed search radius of 50 km for all depths and 100 km for >2,000 m depths, we can reasonably estimate the BFW in three (15%) of the 20 selected grid sections.


Table 1. Number of selected TDS measurements and ability to determine BFW for each of the 20 selected grid sections using selection methods that have a variable radius.
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Next, we vary the search radius based on the point density of TDS measurements within range of the grid section (see Supplementary Figures 8–10, Supplementary Table 3). We find a difference of 3,812 TDS measurements between the grid section with the largest and the smallest number of selected measurements. Grid section 1, the southernmost selected grid section in the western half of Kern County, has the most selected TDS measurements with 4,414, located between 10 km in the two depth zones nearest the surface to 150 km at depths >2,000 m. Grid section 17, located in Glenn County, has the fewest TDS measurements selected with 602. The search radius in Glenn, Butte, Tehama, and Shasta Counties ranges from 10 km in the two depth zones nearest the surface to 200 km for depths >2,000 m. We find 11 (55%) of the 20 selected grid sections have TDS measurements >3,000 mg/L within 25 m of the surface, and 8 (40%) of the 20 selected grid sections have a non-monotonic TDS-depth relationship. We are able to determine the BFW in one (5%) of the 20 selected grid sections using TDS measurements obtained within a radius that varies with depth and location.



Nearest Data Approach

To identify a method that will increase the number of grid sections for which we can estimate the BFW, we select the 20 nearest TDS measurements with a 50 km radius of each grid section (Supplementary Figures 11–13). We find a difference of 36 TDS measurements between the grid section with the fewest and the largest number of selected measurements. We set the maximum number of TDS measurements selected from all depth zones at 120. Grid sections 2, 6, 7, 12, 13, 14, 15, and 16 have the maximum number of data available (Table 2). Grid section 11, in Stanislaus County, has the fewest data points within the selected radius with 84. Grid section 11 and 20 are the only grid sections with <100 selected measurements. We find 8 (40%) of the 20 selected grid sections have TDS measurements >3,000 mg/L within 25 m of the surface, and 4 (20%) of the 20 selected grid sections have a non-monotonic TDS-depth relationship. For 3 (15%) of the 20 selected grid sections, the estimated BFW lies between 372 and 2,133 m below the surface. We can reasonably estimate the BFW in 5 (25%) of the 20 selected grid sections.


Table 2. Number of selected TDS measurements and ability to determine BFW for each of the 20 selected grid sections using methods that select the nearest 20 and 10 TDS measurements to the center of each grid section.
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Next, we evaluate the approach that selects a maximum of the 10 closest TDS measurements in each depth zone (Supplementary Figures 14–16). This corresponds to a maximum of 70 TDS measurements over the seven depth zones (Table 2). We find that every grid section reaches the maximum of 70 selected TDS measurements, given the upper limit in search areas of 50 km radius for the top six zones and 100 km radius for the deepest depth zone (>2,000 km). We find that 5 (25%) of the 20 selected grid sections have TDS measurements >3,000 mg/L within 25 m of the surface, 3 (15%) of the 20 selected grid sections have a non-monotonic TDS-depth relationship, and 1 (5%) of the 20 selected grid sections has a BFW that lies between 372 and 1,350 m below the surface. We can reasonably estimate the BFW in 11 (55%) of the 20 selected grid sections, which represents the largest number of grid sections for which we estimate a BFW among the four methods explored here.




Relationship Between TDS and Depth

Because selection of the 10 nearest TDS measurements to the center of each grid section results in the largest area where a BFW can be reasonably estimated, we use this method to determine the TDS-depth relationship throughout California. To account for high TDS concentrations at the surface we determine two relationships between TDS and depth using (1) all depth zones and (2) depth zones deeper than 25 m (Supplementary Table 4). We find that excluding TDS measured at depths shallower than 25 m does not lead to substantially greater areas in which a BFW can be calculated (Supplementary Table 4). We find that in 20% (84,850 km2) of California, there is a linear (R2 > 0.8) and monotonic relationship between TDS measurements and depth. In 7% (31,506 km2) of California, we find a non-linear (R2 < 0.8) but monotonic relationship between TDS measurements and depth (Figure 1). An additional 23% (98,584 km2) of California, by area, is lacking sufficient TDS measurement data to determine the BFW. (We define areas lacking sufficient data as having <11 TDS measurements within the defined search radius or lacking TDS measurements associated with depths >300 m). In the Central Valley, 3% of the valley's total area does not have sufficient data for BFW calculations. Across California, 49% (209,026.76 km2) of the state's area has sufficient data but a non-linear and non-monotonic TDS-depth relationship, and the BFW concept may not be appropriate for identifying groundwater subject to management and protection in these areas.



Maps of Base of Fresh (TDS < 3,000 mg/L) and Brackish (TDS < 10,000 mg/L) Water

Focusing on the Central Valley, we estimate the BFW and the base of brackish water in 22% (10,461 km2) of the valley with linear and monotonic TDS-depth relationships, which accounts for 2% of the total area of California (Figure 2A). We estimate the shallowest BFW to be 155 m and the shallowest base of brackish water to be 691 m, which can be viewed as consistent with Gillespie et al. (2017). The deepest BFW is 590 m and 59% of BFW estimates are deeper than 400 m. Additionally, all base of brackish water estimates are deeper than 400 m and 68% of estimates are deeper than 1,000 m. The deepest base of brackish water estimate is 1,845 m. Where we calculate the BFW and the base of brackish water, an additional volume of at least 8,377 km3 would be managed and protected when using the base of brackish water, compared to the volume using our estimated BFW based on a TDS limit of 3,000 mg/L.
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FIGURE 2. Maps of the base of water (A) using TDS < 2,000 mg/L (left), TDS < 3,000 mg/L (center), and TDS < 10,000 mg/L (right). Differences between the USGS-estimated BFW and our estimated BFW using TDS < 2,000 mg/L (B). In (B), green/yellow areas show where the USGS-estimated BFW is deeper and red/orange areas show where the USGS-estimated BFW is shallower, compared to our BFW estimate using TDS < 2,000 mg/L. (A) Maps of the base of fresh water. (B) Differences between the USGS-estimated BFW and the BFW estimated in this paper using TDS < 2,000 mg/L.




Comparison Between Our Estimated Bases of Fresh Water and Previously-Estimated Bases of Fresh Water

We compare our BFW estimates for the Central Valley (Figure 2A) with the USGS-estimated BFW (both based on a TDS limit of 2,000 mg/L) (Kang et al., 2020) in 22% (10,552 km2) of the Central Valley. We do not consider temporal variability, as a clear temporal trend could not be identified (Supplementary Figures 3, 4). We find that the USGS-estimated BFW is deeper in 65% (6,841 km2) of this estimated area and shallower in 35% (3,637 km2) of the estimated area (Figure 2B). The largest difference between our BFW and the USGS-estimated BFW is found to be 801 m where the USGS-estimated value is deeper than our estimated BFW. In areas of the Central Valley where the USGS estimates are deeper than our estimates, 57% of areas have a difference >100 m, and in areas where the USGS estimates are shallower than the BFW estimated in this paper, 19% have a difference >100 m. Where the USGS estimate is shallower than our estimates, the largest difference is 140 m. The USGS-estimated BFW is deeper than our estimated BFW in a majority of the area for which we estimate the BFW. The areas where our estimated BFW are deeper than the USGS-estimated BFW are found in regions north of Fresno County, whereas the areas where the USGS estimates are deeper are found in Fresno, King, Tulare, and Kern counties (Figure 2B). We find the USGS-estimated BFW conservatively protects more than 1,000 km3 of groundwater when compared to volumes based on our estimated BFW. However, we cannot reasonably estimate the BFW in the majority (85%) of the Central Valley due to non-linear and non-monotonic TDS-depth relationships. Therefore, our finding cannot be used to determine if the USGS-estimated BFW is a conservative option for groundwater management.




DISCUSSION

Anthropogenic contamination from aboveground sources such as agriculture can impact groundwater quality (Ferguson et al., 2018; Warrack et al., 2021). Although we reach similar conclusions regardless of whether TDS measurements in the top 25 m are considered or not, impacts of agriculture on TDS concentrations is likely to be widespread (Suarez, 1989) and irrigated agriculture may also be responsible for the salinization of groundwater deeper than 25 m in the San Joaquin Valley (Schoups et al., 2005; Gillespie et al., 2017). Anthropogenic contamination from agriculture but also other industrial sources such as oil and gas development may be contributing to the large variation in TDS measurements in the top 75 m, which range from ~1 to ~100,000 mg/L between 50 and 75 m of depth. Additional sampling and analysis are needed to identify areas with naturally high TDS concentrations near the surface and areas affected by anthropogenic contamination. Removal of high TDS measurements in areas with contamination could assist in clarifying the TDS-depth relationship.

Overall, our methodology can be used to estimate the BFW and the base of brackish water at a large spatial scale. When combined with additional geologic and chemical properties of aquifers, our data and analysis may be useful for groundwater regulators to estimate TDS concentrations at a wider range of depths and for broader geographical areas. Another important consideration is the temporal variabilities in TDS concentrations as a result of anthropogenic activities such as groundwater overdraft (Hansen et al., 2018). Due to the limited data availability over time, only 16% of TDS samples are taken before 2000, and 45% of available TDS concentrations are lacking date information (Supplementary Figures 3, 4). Therefore, it is difficult to draw statistically significant relationships regarding changes in TDS concentrations over time.

Although we find that the USGS-estimated BFW appears to be a conservative option for groundwater management and protection, this comparison may not be representative as we are only able to reasonably estimate the BFW in 22% of the Central Valley and only 2% of California. Nevertheless, the USGS-estimated BFW is deeper than our estimated BFW in the counties of Fresno, King, Tulare, and Kern, where many critically overdrafted groundwater basins are found, and possibly protects more than 1,000 km3 of groundwater when compared to groundwater volumes based on our estimated BFW.

Even with a large data set of 216,754 TDS measurements, we are unable to reasonably estimate the BFW across 75% of California's area. There are data limitations that prevent characterization of the TDS-depth relationship in 23% of the state with the methods presented here. Moreover, even where there is sufficient data, the BFW (or base of brackish water) concept may not be appropriately applied for groundwater management because the TDS-depth relationship is non-monotonic, which is the case for a majority (52%) of the state. These findings support the conclusion that defining areas subject to groundwater management through TDS limits may not be a viable approach. Possible alternatives include considering other constituents such as nitrate and including geological information.

Another approach for GSPs to conservatively define basin bottoms is to use definitions such as the base of brackish water. However, as with the BFW, the base of brackish water is challenging to estimate because of data gaps, non-monotonic TDS-depth relationships, and large uncertainties. Nevertheless, the deeper depths associated with the base of brackish water would lead to sustainable management of more potentially usable groundwater–both fresh and brackish.

Additional sampling and studies to better define basin bottoms using TDS measurement and other hydrogeological and subsurface data are needed to fully evaluate BFW and alternative strategies, such as the base of brackish water.
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Variable radius by depth Variable radius by depth and location
County Grid DS BFW BFW depth DS BFW BFW depth
section measurements scenario range measurements scenario range
selected (m) selected (m)
Kern (South) 1 2,608 2 NA 4414 1 NA
Kern (North) 2 850 1 NA 2,186 1 N/A
Kings 3 444 1 NA 2,634 1 N/A
Tulare 4 666 2 NA 2,963 1 N/A
Fresno (South) 5 1,200 1 NA 2,440 1 N/A
Fresno (North) 6 1,389 1 NA 2,396 1 N/A
Fresno (East) 7 674 2 NA 2,940 2 N/A
Madera (West) 8 207 1 NA 2,108 1 NA
Madera (East) 9 209 3 372-1,350 1,747 2 N/A
Merced 10 206 3 372-1,350 1,776 2 NA
Stanislaus 11 687 2 NA 3027 2 NA
San Joaquin 12 1,489 2 NA 4,142 1 NA
Yolo (South) 13 643 4 648-1,056 1,367 2 N/A
Sacramento 14 1,109 1 NA 4,368 1 NA
Yolo (North) 15 340 4 648-1,056 980 2 N/A
Sutter 16 203 2 NA 1,312 1 NA
Glenn 17 159 2 NA 602 2 N/A
Butte 18 478 2 NA 1,310 2 NA
Tehama (Soutt) 19 296 4 278-559 841 4 407-559
Tehama (North) 20 142 3 203-1,235 709 1 N/A

Grid section numbers start at the southern portion of the Central Valley with Grid Section 1 representing the southernmostgrid section and Grid Section 20 representing the northemmost
grid section.
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20 nearest TDS measurements 10 nearest TDS measurements

County Grid DS BFW BFW depth DS BFW BFW depth

section measurements scenario range (m) measurements scenario range (m)

selected selected

Kern (South) 1 113 4 945-990 70 4 366-1,066
Kern (North) 2 120 1 N/A 70 1 N/A
Kings 3 113 1 N/A 70 1 N/A
Tulare 4 109 3 458-1,981 70 4 458-1,082
Fresno (South) 5 107 1 N/A 70 1 N/A
Fresno (North) 6 120 1 N/A 70 1 N/A
Fresno (East) 7 120 4 1,002-1,350 70 4 1,012-1,350
Madera (West) 8 116 1 N/A 70 1 N/A
Madera (East) 9 102 2 N/A 70 4 633-1,350
Merced 10 14 3 372-1,350 70 3 372-1,350
Stanislaus 11 84 3 976-2,133 70 4 976-1,078
San Joaquin 12 120 1 N/A 70 4 458-903
Yolo (South) 13 120 2 N/A 70 2 N/A
Sacramento 14 120 2 N/A 70 2 N/A
Yolo (North) 15 120 2] N/A 70 2 N/A
Sutter 16 120 1 N/A 70 4 648-1,056
Glenn 17 17 4 407-537 70 4 407-926
Butte 18 17 4 407-837 70 4 407-1,027
Tehama (South) 19 113 4 407-559 70 4 407-559
Tehama (North) 20 88 1 N/A 70 4 407-559

Grid section numbers start at the souther portion of the Central Valley with Grid Section 1 representing the southernmostgrid section and Grid Section 20 representing the northemmost
grid section.
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