
in conjunction with 

FEBRUARY 2015

for the Western Tulare Lake Basin Area

Groundwater Quality Assessment 
Report

Westlands Water Quality Coalition



 710 WEST PINEDALE AVENUE,  • FRESNO, CALIFORNIA 93711 • P. 559.436.6616 • F. 559.436.1191
pw://Carollo/Documents/Client/CA/Westlands WD/9537A00/Deliverables/Text/TOC 

WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 

FOR THE 

WESTERN TULARE LAKE BASIN AREA 

February 2015 
 

 

 

February 16, 2015 February 16, 2015 February 16, 2015



 

February 2015 i 
pw://Carollo/Documents/Client/CA/Westlands WD/9537A00/Deliverables/Text/TOC 

Westlands Stormwater Coalition 
 

Groundwater Assessment Report  
for the 

Western Tulare Lake Basin Area 
 

TABLE OF CONTENTS 
 
 Page No. 

EXECUTIVE SUMMARY 

WESTLANDS WATER QUALITY COALITION ..................................................................... 1 
WDR TIMELINES RELATED TO THE GAR ......................................................................... 1 
OVERVIEW OF THE GAR .................................................................................................... 1 
SUMMARY OF FINDINGS .................................................................................................... 3 

Hydrogeologic Setting ............................................................................................... 3 
Groundwater Hydrology ............................................................................................. 5 

Depth to Groundwater ................................................................................... 6 
Groundwater Level Trends ............................................................................ 6 
Groundwater Flow Directions ........................................................................ 6 
Recharge Upgradient of Communities Reliant on Groundwater .................... 7 

Land Use ................................................................................................................... 7 
Irrigation Practices ......................................................................................... 8 
Fertilizer Use ................................................................................................. 9 

Groundwater Quality.................................................................................................. 9 
Historical Presence of Very High Salinity in Shallow Groundwater ............... 9 
Nitrate and TDS – Spatial Distribution ......................................................... 10 
Pesticide Detections .................................................................................... 11 
Nitrate and TDS Trends ............................................................................... 11 
Other Water Quality Constituents ................................................................ 12 

Groundwater Vulnerability and Prioritization ........................................................... 13 
Approach ..................................................................................................... 13 
Conceptual Model ........................................................................................ 13 
Methods 14 
High Vulnerability Area for the Western Tulare Lake Basin Area ................ 15 
Prioritization of the High Vulnerability Area ................................................. 16 

Sources of Information on Existing Groundwater Monitoring Programs .................. 17 

CHAPTER 1 - INTRODUCTION 

1.1  BACKGROUND ...................................................................................................... 1-1 
1.1.1  Westlands Coalition .................................................................................... 1-1 
1.1.2  Waste Discharge Requirements and Other Timelines ................................ 1-2 

1.2  PURPOSE OF GROUNDWATER QUALITY ASSESSMENT REPORT ................ 1-2 
1.3  WESTERN TULARE LAKE BASIN AREA .............................................................. 1-4 

1.3.1  Focus: Central Valley Floor (extent of DWR Bulletin 118 groundwater 
basins/subbasins) ........................................................................... 1-4 

1.3.2  Reconnaissance Discussion in GAR: Peripheral Area to Central Valley 
Floor ................................................................................................ 1-4 



February 2015 ii 
pw://Carollo/Documents/Client/CA/Westlands WD/9537A00/Deliverables/Text/TOC 

CHAPTER 2 - PHYSICAL SETTING 

2.1  LOCATION ............................................................................................................. 2-1 
2.1.1  Topography................................................................................................. 2-1 
2.1.2  Climate........................................................................................................ 2-1 
2.1.3  Surface Water ............................................................................................. 2-2 

2.2  GEOLOGIC SETTING ............................................................................................ 2-2 
2.2.1  General Hydrogeologic Setting ................................................................... 2-2 
2.2.2  Natural Surface and Groundwater Chemistry ............................................. 2-4 
2.2.3  Physical Conceptual Model ........................................................................ 2-6 

2.2.3.1  Very Shallow Unconfined Groundwater ........................................ 2-6 
2.2.3.2  Semi-Confined Upper Aquifer (above Corcoran Clay) ................. 2-7 
2.2.3.3  Corcoran Clay ............................................................................... 2-8 
2.2.3.4  Confined Lower Aquifer (below Corcoran Clay) ........................... 2-8 
2.2.3.5  Hydrogeologic Conceptualization ................................................. 2-8 

2.3  SURFACE AND SUBSURFACE SEDIMENTS CHARACTERIZATION ................. 2-9 
2.3.1  Surficial Soils .............................................................................................. 2-9 

2.3.1.1  Soil Hydraulic Conductivity ........................................................... 2-9 
2.3.1.2  Soil Drainage .............................................................................. 2-10 
2.3.1.3  Soil Chemistry ............................................................................ 2-10 

2.3.2  Hydraulic Properties of Subsurface Sediments ........................................ 2-11 
2.3.2.1  Very Shallow Groundwater Zone ................................................ 2-12 
2.3.2.2  Upper Aquifer ............................................................................. 2-12 
2.3.2.3  Corcoran Clay ............................................................................. 2-12 
2.3.2.4  Lower Aquifer ............................................................................. 2-13 
2.3.2.5  Subsurface Sediment Texture .................................................... 2-13 

2.4  SUMMARY OF PHYSICAL SETTING .................................................................. 2-14 

CHAPTER 3 - GROUNDWATER HYDROLOGY 

3.1  GROUNDWATER LEVELS .................................................................................... 3-1 
3.1.1  Groundwater Level Dataset ........................................................................ 3-1 
3.1.2  Trends in Groundwater Levels .................................................................... 3-3 

3.1.2.1  Depth to Groundwater .................................................................. 3-4 
3.1.2.2  Temporal Groundwater Level Trends ........................................... 3-5 

3.1.3  Groundwater Flow ...................................................................................... 3-6 
3.1.3.1  Groundwater Elevations ............................................................... 3-6 
3.1.3.2  Groundwater Flow Directions ....................................................... 3-7 
3.1.3.3  Areas with Higher Potential for Groundwater Recharge ............... 3-7 
3.1.3.4  Recharge Areas Upgradient of Communities Reliant on 

Groundwater ................................................................................. 3-7 
3.1.4  Areas for Potential Evapoconcentration in Very Shallow Groundwater ...... 3-8 
3.1.5  Tile Drains .................................................................................................. 3-8 

3.2  SUMMARY OF GROUNDWATER HYDROLOGY ................................................. 3-9 

CHAPTER 4 - LAND USE 

4.1  AGRICULTURE WITHIN THE COALITION REGION ............................................ 4-1 
4.1.1  Irrigated Lands ............................................................................................ 4-1 
4.1.2  Retired Lands ............................................................................................. 4-1 
4.1.3  Fallow Land ................................................................................................ 4-2 

4.2  LAND USE DATA ................................................................................................... 4-3 
4.2.1  WWD Land Use Data ................................................................................. 4-3 



February 2015 iii 
pw://Carollo/Documents/Client/CA/Westlands WD/9537A00/Deliverables/Text/TOC 

4.2.2  DWR Land Use Data .................................................................................. 4-3 
4.2.3  USDA Land Use Data ................................................................................. 4-3 
4.2.4  Land Use Categorization ............................................................................ 4-3 

4.3  LAND USE CHANGE ............................................................................................. 4-4 
4.4  PREDOMINANT COMMODITIES .......................................................................... 4-4 
4.5  IRRIGATION PRACTICES ..................................................................................... 4-5 

4.5.1  Pressurized systems................................................................................... 4-5 
4.5.2  Gravity Systems .......................................................................................... 4-6 
4.5.3  Influence of irrigation systems on deep percolation ................................... 4-7 
4.5.4  Changes in Irrigation Practices ................................................................... 4-7 

4.6  FERTILIZATION PRACTICES ............................................................................... 4-8 
4.7  LAND USE SUMMARY: ......................................................................................... 4-9 

4.7.1  Irrigation Practices .................................................................................... 4-10 
4.7.2  Fertilizer Use ............................................................................................ 4-10 

CHAPTER 5 - GROUNDWATER QUALITY 

5.1  GROUNDWATER QUALITY DATASET ................................................................. 5-1 
5.2  HISTORICAL PRESENCE OF VERY HIGH SALINITY IN SHALLOW 

GROUNDWATER ................................................................................................... 5-4 
5.3  SPATIAL PATTERNS IN GROUNDWATER QUALITY .......................................... 5-5 

5.3.1  Nitrate Concentrations ................................................................................ 5-5 
5.3.1.1  Very Shallow Groundwater ........................................................... 5-5 
5.3.1.2  Upper Aquifer ............................................................................... 5-6 
5.3.1.3  Lower Aquifer ............................................................................... 5-6 
5.3.1.4  Composite Wells ........................................................................... 5-7 
5.3.1.5  Wells of Unknown Depth .............................................................. 5-7 

5.3.2  TDS Concentrations ................................................................................... 5-7 
5.3.2.1  Very Shallow Groundwater ........................................................... 5-8 
5.3.2.2  Upper Aquifer ............................................................................... 5-8 
5.3.2.3  Lower Aquifer ............................................................................... 5-8 
5.3.2.4  Composite Wells ........................................................................... 5-9 
5.3.2.5  Wells of Unknown Depth .............................................................. 5-9 

5.3.3  Pesticides ................................................................................................. 5-10 
5.4  TEMPORAL TRENDS IN GROUNDWATER QUALITY ....................................... 5-11 

5.4.1  Time-Series Nitrate Concentrations .......................................................... 5-12 
5.4.1.1  Very Shallow Groundwater ......................................................... 5-12 
5.4.1.2  Upper Aquifer ............................................................................. 5-12 
5.4.1.3  Lower Aquifer ............................................................................. 5-13 
5.4.1.4  Composite Wells ......................................................................... 5-13 

5.4.2  Notable Temporal Trends in Nitrate Concentrations ................................ 5-13 
5.4.2.1  Very Shallow Groundwater ......................................................... 5-13 
5.4.2.2  Upper Aquifer ............................................................................. 5-14 
5.4.2.3  Lower Aquifer ............................................................................. 5-14 
5.4.2.4  Composite Wells ......................................................................... 5-14 

5.4.3  Time-Series TDS Concentrations ............................................................. 5-14 
5.4.3.1  Very Shallow Groundwater ......................................................... 5-14 
5.4.3.2  Upper Aquifer ............................................................................. 5-14 
5.4.3.3  Lower Aquifer ............................................................................. 5-15 
5.4.3.4  Composite Wells ......................................................................... 5-15 

5.4.4  Notable Temporal Trends in TDS Concentrations .................................... 5-15 
5.4.4.1  Very Shallow Groundwater ......................................................... 5-15 



February 2015 iv 
pw://Carollo/Documents/Client/CA/Westlands WD/9537A00/Deliverables/Text/TOC 

5.4.4.2  Upper Aquifer ............................................................................. 5-16 
5.4.4.3  Lower Aquifer ............................................................................. 5-16 
5.4.4.4  Composite Wells ......................................................................... 5-16 

5.5  ADDITIONAL GROUNDWATER QUALITY DATA ............................................... 5-16 

CHAPTER 6 - GROUNDWATER VULNERABILITY AND PRIORITIZATION 

6.1  OVERVIEW OF GROUNDWATER VULNERABILITY ASSESSMENT .................. 6-1 
6.1.1  Previous Assessments of Groundwater Vulnerability in the Western 

Tulare Lake Basin Area .................................................................. 6-4 
6.1.1.1  SWRCB Hydrogeologically Vulnerable Areas .............................. 6-4 
6.1.1.2  DPR Groundwater Protection Areas ............................................. 6-4 
6.1.1.3  Other Evaluations of Potential for Groundwater Contamination ... 6-5 

6.2  WESTERN TULARE LAKE BASIN AREA GROUNDWATER VULNERABILITY 
APPROACH ........................................................................................................... 6-6 
6.2.1  Conceptual Model ....................................................................................... 6-7 
6.2.2  Groundwater Quality in the Context of the Physical Conceptual Model ..... 6-8 

6.2.2.1  Comparison of Trends in Nitrate Concentrations and Salinity 
by Aquifer ..................................................................................... 6-9 

6.2.2.2  Integrated Approach to Assessing Groundwater Vulnerability ... 6-10 
6.2.3  Statistical Analyses of Associations between Observed Water Quality 

and Physical Hydrogeologic Conditions ........................................ 6-11 
6.2.3.1  Groundwater Quality Characteristics Variables (Dependent 

Variable) ..................................................................................... 6-13 
6.2.3.2  Hydrogeologic Variables of Interest (Independent Variables) .... 6-14 
6.2.3.3  Accounting for Land Use ............................................................ 6-16 

6.2.4  Description of Statistical Analyses ............................................................ 6-17 
6.2.4.1  Assumptions ............................................................................... 6-17 
6.2.4.2  Data Investigation and Statistical Analyses ................................ 6-18 
6.2.4.3  Multiple Regression to Account for Land Use Factors ............... 6-21 

6.2.5  Statistical Results ..................................................................................... 6-21 
6.2.5.1  Hydrogeologic Variables of Interest ............................................ 6-22 
6.2.5.2  Non-Hydrogeologic Variables of interest .................................... 6-23 

6.2.6  Determination of Groundwater Vulnerability ............................................. 6-24 
6.2.6.1  Very Shallow Groundwater ......................................................... 6-24 
6.2.6.2  Upper Aquifer ............................................................................. 6-25 
6.2.6.3  Lower Aquifer ............................................................................. 6-26 
6.2.6.4  Hydrogeologic High Vulnerability Area and High Well 

Vulnerability Areas ...................................................................... 6-27 
6.2.7  Evaluation of the High Vulnerability Area ................................................. 6-28 
6.2.8  Summary of the Western Tulare Lake Basin High Vulnerability Area ...... 6-29 

6.3  PRIORITIZATION OF HIGH VULNERABILITY AREA ......................................... 6-31 
6.3.1  Prioritization Calculation Approach ........................................................... 6-31 
6.3.2  Identified Priority Areas............................................................................. 6-34 
6.3.3  Summary of Prioritization .......................................................................... 6-35 

CHAPTER 7 - GROUNDWATER MONITORING PROGRAMS 

7.1  GROUNDWATER MONITORING PROGRAMS .................................................... 7-1 
7.1.1  Westlands Water District (including Groundwater Management Plan) ....... 7-2 
7.1.2  California Department of Water Resources ................................................ 7-2 
7.1.3  State Water Resources Control Board ....................................................... 7-3 



February 2015 v 
pw://Carollo/Documents/Client/CA/Westlands WD/9537A00/Deliverables/Text/TOC 

7.1.4  United States Geological Survey ................................................................ 7-3 
7.1.5  California Department of Public Health ....................................................... 7-3 
7.1.6  California Department of Pesticide Regulation ........................................... 7-3 
7.1.7  Regional Water Quality Control Board – Dairy Monitoring Programs ......... 7-4 

7.2  SUMMARY OF EXISTING GROUNDWATER MONITORING PROGRAMS ......... 7-4 
7.2.1  Recent Monitoring Programs ...................................................................... 7-4 
7.2.2  Data Gaps................................................................................................... 7-5 
7.2.3  Potential Monitoring Wells .......................................................................... 7-6 

CHAPTER 8 - REFERENCES 

8.1  REFERENCES CITED ........................................................................................... 8-1 
8.2  GENERAL REFERENCES ..................................................................................... 8-5 
 
 

LIST OF TABLES 
 
Table ES.1  Summary of Land Uses within Priority Areas .............................................. 19 
 
Table 1-1  Groundwater Quality Assessment Report Items Identified in WDR ............ 1-5 
 
Table 3-1  Summary of Assembled Groundwater Level Data .................................... 3-12 
Table 3-2  Located Public Water Systems Reliant on Groundwater .......................... 3-13 
 
Table 4-1  Comparison Between Irrigated and Non-Irrigated Areas .......................... 4-11 
Table 4-2  Westlands Water District Acquired Lands ................................................ 4-11 
Table 4-3  Land Use Classification System ............................................................... 4-12 
Table 4-4  Changes in WWD Agricultural Crop Categories from 1968 through 

2013 .......................................................................................................... 4-13 
Table 4-5  Top Agricultural Crop Categories in 2013................................................. 4-14 
Table 4-6  Summary of Irrigation Practices 2013 ....................................................... 4-14 
Table 4-7  WWD On-Farm Irrigation Practices Annual Percentage ........................... 4-15 
Table 4-8  WWD On-Farm Irrigation Practices Annual Acreage ................................ 4-16 
 
Table 5-1a  Summary of Assembled Groundwater Quality Data ................................. 5-18 
Table 5-1b  Summary of Groundwater Quality Data: Recent Sample Data ................. 5-19 
Table 5-2  Summary of Pesticide Detections ............................................................. 5-20 
Table 5-3  Summary of General Groundwater Quality Results from USGS GAMA 

Study......................................................................................................... 5-21 
 
Table 6-1  Summary of DRASTIC Parameter Weighting and Ranking System ......... 6-36 
Table 6-2  Summary of from Multiple Linear Regression Results .............................. 6-37 
Table 6-3  Summary of Multiple Regression Results Relating to Land Use Control 

Variables ................................................................................................... 6-38 
Table 6-4a  Summary of Nitrate and TDS Concentration by Vulnerability of 

Location .................................................................................................... 6-39 
Table 6-5b  Summary of Nitrate and TDS Concentration by Vulnerability of 

Location .................................................................................................... 6-40 
Table 6-6  Summary of High Vulnerability Areas ....................................................... 6-41 
Table 6-7  Matrix for Prioritization of High Vulnerability Area .................................... 6-42 
Table 6-7  Summary of Acreages for Priority Areas within High Vulnerability Area ... 6-43 
Table 6-8  Summary of Land Uses within Priority Areas ........................................... 6-44 



February 2015 vi 
pw://Carollo/Documents/Client/CA/Westlands WD/9537A00/Deliverables/Text/TOC 

 
Table 7-1  Summary of Historical Groundwater Monitoring ......................................... 7-8 
Table 7-2  Summary of Recent Groundwater Monitoring ............................................ 7-9 
Table 7-3  Summary of Recent Groundwater Monitoring by Vulnerability ................. 7-10 
 
 

LIST OF FIGURES 
 
Figure ES-1  Location Map and DWR Groundwater Basins and Subbasins .................... 20 
Figure ES-2  Map of High Vulnerability Area .................................................................... 21 
Figure ES-3  Map of Priority Levels for High Vulnerability Area within Irrigated Lands .... 22 
 
Figure 1-1  Location Map .............................................................................................. 1-8 
Figure 1-2  Map of DWR Groundwater Basins and Subbasins ..................................... 1-9 
 
Figure 2-1   Map of Groundwater Surface Elevation ................................................... 2-17 
Figure 2-2   Map of Topographic Slope....................................................................... 2-18 
Figure 2-3   Map of Average Annual Precipitation ...................................................... 2-19 
Figure 2-4   Map of Average Annual Precipitation ...................................................... 2-20 
Figure 2-5   Map of Major Surface Waterways ............................................................ 2-21 
Figure 2-6   Generalized Geologic Map ...................................................................... 2-22 
Figure 2-7A   Geologic Map of the Western Tulare Lake Basin Area ............................ 2-23 
Figure 2-8B  (Explanation)  Geologic Map .................................................................... 2-24 
Figure 2-9   Conceptual Illustration of the Western Tulare Lake Basin Area 

Hydrogeologic System .............................................................................. 2-25 
Figure 2-10   Map of Historical TDS Concentrations in the Western Tulare Lake 

Basin Area ................................................................................................ 2-26 
Figure 2-11   Map of Corcoran Clay Characteristics: Extent and Depth ....................... 2-27 
Figure 2-12   Map of Corcoran Clay Characteristics: Thickness ................................... 2-28 
Figure 2-13   Map of the "A" Clay Member of the Tulare Formation (From Croft, 

1972) ........................................................................................................ 2-29 
Figure 2-14   Map of the "C" Clay Member of the Tulare Formation (From Croft, 

1972) ........................................................................................................ 2-30 
Figure 2-15   Map of Geologic Cross-Section Locations............................................... 2-31 
Figure 2-16  Geologic Cross-Section A-A' .................................................................... 2-32 
Figure 2-17   Geologic Cross-Section B-B' ................................................................... 2-33 
Figure 2-18   Geologic Cross-Section C-C' ................................................................... 2-34 
Figure 2-19   Geologic Cross-Section D-D' ................................................................... 2-35 
Figure 2-20   Geologic Cross-Section E-E' ................................................................... 2-36 
Figure 2-21   Geologic Cross-Section F-F' .................................................................... 2-37 
Figure 2-22   Geologic Cross-Section G-G' .................................................................. 2-38 
Figure 2-23   Miller (1971) Geologic Cross-Section A ................................................... 2-39 
Figure 2-24   Miller (1971) Geologic Cross-Section B ................................................... 2-40 
Figure 2-25   Miller (1971) Geologic Cross-Section C .................................................. 2-41 
Figure 2-26   Miller (1971) Geologic Cross-Section D .................................................. 2-42 
Figure 2-27   Croft (1972) Geologic Cross-Section B ................................................... 2-43 
Figure 2-28   Croft (1972) Geologic Cross-Section F .................................................... 2-44 
Figure 2-29   Map of Soil Hydraulic Conductivity .......................................................... 2-45 
Figure 2-30   Map of Soil Drainage Characteristics ...................................................... 2-46 
Figure 2-31   Map of Soil Salinity .................................................................................. 2-47 
Figure 2-32   Map of Soil pH ......................................................................................... 2-48 



February 2015 vii 
pw://Carollo/Documents/Client/CA/Westlands WD/9537A00/Deliverables/Text/TOC 

Figure 2-33   Map of Vertical Hydraulic Conductivity: Very Shallow Zone .................... 2-49 
Figure 2-34   Map of Horizontal Hydraulic Conductivity: Very Shallow Zone ................ 2-50 
Figure 2-35   Map of Vertical Hydraulic Conductivity: Upper Aquifer ............................ 2-51 
Figure 2-36   Map of Horizontal Hydraulic Conductivity: Upper Aquifer ........................ 2-52 
Figure 2-37   Map of Vertical Hydraulic Conductivity: Corcoran Clay ........................... 2-53 
Figure 2-38   Map of Horizontal Hydraulic Conductivity: Lower Aquifer ........................ 2-54 
Figure 2-39A   CVHM Sediment Texture Model: 0 to 700 Feet ....................................... 2-55 
Figure 2-38B   CVHM Sediment Texture Model: 700 to 1,400 Feet ................................ 2-56 
Figure 2-38C   CVHM Sediment Texture Model 1,400 to 2,100 Feet .............................. 2-57 
 
Figure 3-1  Map of Groundwater Level Data by Source .............................................. 3-14 
Figure 3-2A  Map of Groundwater Level Data by Most Recent Year ............................ 3-15 
Figure 3-2B  Summary of Groundwater Level Data by Year ......................................... 3-16 
Figure 3-3  Map of Spring Depth to Groundwater: Very Shallow Groundwater .......... 3-17 
Figure 3-4  Map of Fall Depth to Groundwater: Very Shallow Groundwater ............... 3-18 
Figure 3-5  Map of Spring Depth to Groundwater Potentiometric Surface: Upper 

Aquifer ...................................................................................................... 3-19 
Figure 3-6  Map of Fall Depth to Groundwater Potentiometric Surface: Upper 

Aquifer ...................................................................................................... 3-20 
Figure 3-7  Map of Spring Depth to Groundwater Potentiometric Surface: Lower 

Aquifer ...................................................................................................... 3-21 
Figure 3-8  Map of Fall Depth to Groundwater Potentiometric Surface: Lower 

Aquifer ...................................................................................................... 3-22 
Figure 3-9  Map of Depth to Groundwater Measurements: Panoche Valley and 

Pleasant Valley Areas............................................................................... 3-23 
Figure 3-10  Select Graphs of Groundwaters: Very Shallow Groundwater ................... 3-24 
Figure 3-11  Select Graphs of Groundwater Potentiometric Surface Elevations: 

Upper Aquifer............................................................................................ 3-25 
Figure 3-12  Select Graphs of Groundwater Potentiometric Surface Elevations: 

Lower Aquifer............................................................................................ 3-26 
Figure 3-13  Map of Spring Groundwater Elevation: Very Shallow Groundwater ......... 3-27 
Figure 3-14  Map of Fall Groundwater Elevation: Very Shallow Groundwater .............. 3-28 
Figure 3-15  Map of Spring Groundwater Potentiometric Surface Elevation: Upper 

Aquifer ...................................................................................................... 3-29 
Figure 3-16  Map of Fall Groundwater Potentiometric Surface Elevation: Upper 

Aquifer ...................................................................................................... 3-30 
Figure 3-17  Map of Spring Groundwater Potentiometric Surface Elevation: Lower 

Aquifer ...................................................................................................... 3-31 
Figure 3-18  Map of Fall Groundwater Potentiometric Surface Elevation: Lower 

Aquifer ...................................................................................................... 3-32 
Figure 3-19  Map of Areas with Higher Potential for Groundwater Recharge ............... 3-33 
Figure 3-20  Map of Communities Reliant on Groundwater .......................................... 3-34 
Figure 3-21  Map of Contributing Groundwater Areas for Communities Reliant on 

Groundwater ............................................................................................. 3-35 
Figure 3-22  Map of Areas for Potential Evapoconcentration in Very Shallow 

Groundwater ............................................................................................. 3-36 
Figure 3-23  Map of Known Tile Drain Locations .......................................................... 3-37 
 
Figure 4-1  Map of Irrigated Lands .............................................................................. 4-17 
Figure 4-2  Map of Current and Future Retired Lands in WWD .................................. 4-18 
Figure 4-3  Map of Land Use: Mid 1990’s ................................................................... 4-19 



February 2015 viii 
pw://Carollo/Documents/Client/CA/Westlands WD/9537A00/Deliverables/Text/TOC 

Figure 4-4  Map of Land Use: Early 2000’s ................................................................. 4-20 
Figure 4-5  Map of Land Use: 2013 ............................................................................ 4-21 
Figure 4-6  Change in Land Use in the Western Tulare Lake Basin Area .................. 4-22 
Figure 4-7  Changes in WWD Agricultural Crop Categories from 1968 to 2012 ......... 4-23 
Figure 4-8  Summary of Primary Commodities ........................................................... 4-24 
Figure 4-9  Map of Irrigation Practices: 1999 .............................................................. 4-25 
Figure 4-10  Map of Irrigation Practices: Early 2000’s .................................................. 4-26 
Figure 4-11  Map of Irrigation Practices: 2006 .............................................................. 4-27 
Figure 4-12  Map of Irrigation Practices: 2013 .............................................................. 4-28 
Figure 4-13  Summary of Changes in Irrigation Practices in WWD .............................. 4-29 
Figure 4-14  Summary of WWD Irrigation Practices by Land Use: 2013 ...................... 4-30 
Figure 4-15  Trends in Irrigation Practice Percentages within WWD ............................ 4-31 
Figure 4-16  Trends in Irrigation Method Acreages within WWD .................................. 4-32 
Figure 4-17  Nitrogen Cycle .......................................................................................... 4-33 
Figure 4-18  Trend in Nitrogen Fertilizer Use ................................................................ 4-34 
 
Figure 5-1  Map of Groundwater Quality Data by Source: Nitrate .............................. 5-22 
Figure 5-2  Map of Groundwater Quality Data by Source: TDS .................................. 5-23 
Figure 5-3  Map of Groundwater Quality Data by Most Recent Year: Nitrate ............. 5-24 
Figure 5-4  Map of Groundwater Quality Data by Most Recent Year: TDS ................ 5-25 
Figure 5-5  Number of Groundwater Quality Tests and Wells by Decade .................. 5-26 
Figure 5-6  Map of Maximum Nitrate Concentrations: All Wells .................................. 5-27 
Figure 5-7  Map of Most Recent Nitrate Concentrations: All Wells ............................. 5-28 
Figure 5-8  Map of Maximum Nitrate Concentrations: Very Shallow Groundwater ..... 5-29 
Figure 5-9  Map of Most Recent Nitrate Concentrations: Very Shallow 

Groundwater ............................................................................................. 5-30 
Figure 5-10  Map of Maximum Nitrate Concentrations Upper Aquifer .......................... 5-31 
Figure 5-11  Map of Most Recent Nitrate Concentrations: Upper Aquifer ..................... 5-32 
Figure 5-12  Map of Maximum Nitrate Concentrations: Lower Aquifer ......................... 5-33 
Figure 5-13  Map of Most Recent Nitrate Concentrations: Lower Aquifer ..................... 5-34 
Figure 5-14  Map of Maximum Nitrate Concentrations: Composite Wells (Upper and 

Lower Aquifers)......................................................................................... 5-35 
Figure 5-15  Map of Most Recent Nitrate Concentrations: Composite Wells (Upper 

and Lower Aquifers).................................................................................. 5-36 
Figure 5-16  Map of Maximum Nitrate Concentrations: Well of Unknown Depth .......... 5-37 
Figure 5-17  Map of Most Recent Nitrate Concentrations: Wells of Unknown Depth ... 5-38 
Figure 5-18  Map of Maximum TDS Concentrations: All Wells ..................................... 5-39 
Figure 5-19  Map of Most Recent TDS Concentrations: All Wells ................................ 5-40 
Figure 5-20  Map of Maximum TDS Concentrations: Very Shallow Groundwater ........ 5-41 
Figure 5-21  Map of Most Recent TDS Concentrations: Very Shallow Groundwater ... 5-42 
Figure 5-22  Map of Maximum TDS Concentrations: Upper Aquifer ............................. 5-43 
Figure 5-23  Map of Most Recent TDS Concentrations: Upper Aquifer ........................ 5-44 
Figure 5-24  Map of Maximum TDS Concentrations: Lower Aquifer ............................. 5-45 
Figure 5-25  Map of Most Recent TDS Concentrations: Lower Aquifer ........................ 5-46 
Figure 5-26  Map of Maximum TDS Concentrations: Composite Wells (Upper and 

Lower Aquifers)......................................................................................... 5-47 
Figure 5-27  Map of Most Recent TDS Concentrations: Composite Wells (Upper 

and Lower Aquifer) ................................................................................... 5-48 
Figure 5-28  Map of Maximum TDS Concentrations: Wells of Unknown Depth ........... 5-49 
Figure 5-29  Map of Most Recent TDS Concentrations: Wells of Unknown Depth ....... 5-50 
Figure 5-30  Map of Pesticide Detections and Exceedances By Section ..................... 5-51 



February 2015 ix 
pw://Carollo/Documents/Client/CA/Westlands WD/9537A00/Deliverables/Text/TOC 

Figure 5-31  Select Graphs of Nitrate Concentrations: Upper Aquifer .......................... 5-52 
Figure 5-32  Select Graphs of Nitrate Concentrations: Lower Aquifer .......................... 5-53 
Figure 5-33  Select Graphs of Nitrate Concentrations: Composite Wells and Wells 

of Unknown Depth .................................................................................... 5-54 
Figure 5-34  Map of Significant Temporal Trends in Nitrate Concentrations: All 

Wells ......................................................................................................... 5-55 
Figure 5-35  Map of Significant Temporal Trends in Nitrate Concentrations: Very 

Shallow Groundwater ............................................................................... 5-56 
Figure 5-36  Map of Significant Temporal Trends in Nitrate Concentrations: Upper 

Aquifer ...................................................................................................... 5-57 
Figure 5-37  Map of Significant Temporal Trends in Nitrate Concentrations: Lower 

Aquifer ...................................................................................................... 5-58 
Figure 5-38  Map of Significant Temporal Trends in Nitrate Concentrations: 

Composite Wells ....................................................................................... 5-59 
Figure 5-39  Select Graphs of TDS Concentrations: Very Shallow Groundwater ......... 5-60 
Figure 5-40  Select Graphs of TDS Concentrations: Upper Aquifer ............................. 5-61 
Figure 5-41  Select Graphs of TDS Concentrations: Lower Aquifer ............................. 5-62 
Figure 5-42  Select Graphs of TDS Concentrations: Composite Wells ......................... 5-63 
Figure 5-43  Map of Significant Temporal Trends in TDS Concentrations: All Wells .... 5-64 
Figure 5-44  Map of Significant Temporal Trends in TDS Concentrations: Very 

Shallow Groundwater ............................................................................... 5-65 
Figure 5-45  Map of Significant Temporal Trends in TDS Concentrations: Upper 

Aquifer ...................................................................................................... 5-66 
Figure 5-46  Map of Significant Temporal Trends in TDS Concentrations: Lower 

Aquifer ...................................................................................................... 5-67 
Figure 5-47  Map of Significant Temporal Trends in TDS Concentrations: 

Composite Wells ....................................................................................... 5-68 
 
Figure 6-1  Map of SWRCB Hydrogeologically Vulnerable Areas .............................. 6-45 
Figure 6-2  Map of DPR Groundwater Protection Areas ............................................. 6-46 
Figure 6-3  Map of Groundwater Risk Assessment from Nolan et al. (2002) .............. 6-47 
Figure 6-4  Map of Nitrate Hazard Index Results from Dzurella et al. (2012) ............. 6-48 
Figure 6-5  Nitrate Concentration by Depth Along Geologic Cross-Section A-A' ........ 6-49 
Figure 6-6  Nitrate Concentration by Depth Along Geologic Cross-Section B-B' ........ 6-50 
Figure 6-7  Nitrate Concentration by Depth Along Geologic Cross-Section C-C' ....... 6-51 
Figure 6-8  Nitrate Concentration by Depth Along Geologic Cross-Section D-D' ....... 6-52 
Figure 6-9  Nitrate Concentration by Depth Along Geologic Cross-Section E-E' ........ 6-53 
Figure 6-10  Nitrate Concentration by Depth Along Geologic Cross-Section F-F' ........ 6-54 
Figure 6-11  Nitrate Concentration by Depth Along Geologic Cross-Section G-G' ....... 6-55 
Figure 6-12  TDS Concentration by Depth Along Geologic Cross-Section A-A' ........... 6-56 
Figure 6-13  TDS Concentration by Depth Along Geologic Cross-Section B-B' ........... 6-57 
Figure 6-14  TDS Concentration by Depth Along Geologic Cross-Section C-C' ........... 6-58 
Figure 6-15  TDS Concentration by Depth Along Geologic Cross-Section D-D' ........... 6-59 
Figure 6-16  TDS Concentration by Depth Along Geologic Cross-Section E-E' ........... 6-60 
Figure 6-17  TDS Concentration by Depth Along Geologic Cross-Section F-F' ........... 6-61 
Figure 6-18  TDS Concentration by Depth Along Geologic Cross-Section G-G' .......... 6-62 
Figure 6-19a  Comparisons of Groundwater Quality by Well Depth: Nitrate 

Concentrations ......................................................................................... 6-63 



February 2015 x 
pw://Carollo/Documents/Client/CA/Westlands WD/9537A00/Deliverables/Text/TOC 

Figure 6-19b  Comparisons of Groundwater Quality by Well Depth: TDS 
Concentrations ......................................................................................... 6-64 

Figure 6-20a-d Comparisons of Physical Characteristics and Average Groundwater 
Quality by Cell: Very Shallow Zone .......................................................... 6-65 

Figure 6-20e-h Comparisons of Physical Characteristics and Average Groundwater 
Quality by Cell: Upper Aquifer .................................................................. 6-66 

Figure 6-20i-j  Comparisons of Physical Characteristics and Average Groundwater 
Quality by Cell: Lower Aquifer .................................................................. 6-67 

Figure 6-21  Map of Nitrate Concentrations in Very Shallow Groundwater Relative 
to Soil Salinity ........................................................................................... 6-68 

Figure 6-22  Map of TDS Concentrations in Very Shallow Groundwater Relative to 
Soil Salinity ............................................................................................... 6-69 

Figure 6-23  Map of Change in TDS Concentrations in the Upper Aquifer: Pre-1980 
to 2000s .................................................................................................... 6-70 

Figure 6-24  Map of Change in TDS Concentrations in the Upper Aquifer: 
1980s/1990s to 2000s .............................................................................. 6-71 

Figure 6-25  Map of Difference in TDS Concentrations: Very Shallow Groundwater 
verses Upper Aquifer ................................................................................ 6-72 

Figure 6-26  Map of Nitrate Concentrations in the Upper Aquifer Relative to 
Sediment Texture ..................................................................................... 6-73 

Figure 6-27  Map of TDS Concentrations in the Upper Aquifer Relative to Sediment 
Texture...................................................................................................... 6-74 

Figure 6-28  Map of Vulnerability of the Upper Aquifer ................................................. 6-75 
Figure 6-29  Map of Hydrogeologic High Vulnerability Area ......................................... 6-76 
Figure 6-30  Map of High Well Vulnerability Area ......................................................... 6-77 
Figure 6-31  Distance to Hydrogeologic High Vulnerability Area for Wells with a 

Maximum Nitrate Concentration of 5 mg/L (as N or Greater) ................... 6-78 
Figure 6-32  Map of High Vulnerability Area ................................................................. 6-79 
Figure 6-33  Map of Prioritization of High Vulnerability Area ........................................ 6-80 
Figure 6-34  Map of Priority Levels for High Vulnerability Area within Irrigated Lands . 6-81 
 
Figure 7-1  Map of Wells Historically Monitored for Groundwater Levels: Very 

Shallow Groundwater ............................................................................... 7-11 
Figure 7-2  Map of Wells Monitored Historically for Groundwater Levels: Upper 

Aquifer ...................................................................................................... 7-12 
Figure 7-3  Map of Wells Monitored Historically for Groundwater Levels: Lower 

Aquifer ...................................................................................................... 7-13 
Figure 7-4  Map of Wells Monitored Historically for Groundwater Levels: 

Composite Wells ....................................................................................... 7-14 
Figure 7-5  Map of Wells Monitored Historically for Groundwater Levels: Wells of 

Unknown Depth ........................................................................................ 7-15 
Figure 7-6  Map of Wells Monitored Historically for Groundwater Quality: Very 

Shallow Groundwater ............................................................................... 7-16 
Figure 7-7  Map of Wells Monitored Historically for Groundwater Quality: Upper 

Aquifer ...................................................................................................... 7-17 
Figure 7-8  Map of Wells Monitored Historically for Groundwater Quality: Lower 

Aquifer ...................................................................................................... 7-18 
Figure 7-9  Map of Wells Monitored Historically for Groundwater Quality: 

Composite Wells ....................................................................................... 7-19 
Figure 7-10  Map of Wells Monitored Historically for Groundwater Quality: Wells of 

Unknown Depth ........................................................................................ 7-20 



February 2015 xi 
pw://Carollo/Documents/Client/CA/Westlands WD/9537A00/Deliverables/Text/TOC 

Figure 7-11  Map of Wells Monitored Recently for Groundwater Quality By Entity ....... 7-21 
Figure 7-12  Map of Wells Monitored Recently for Groundwater Level By Entity ......... 7-22 
Figure 7-13  Map of Sections Monitored for Pesticides ................................................ 7-23 
Figure 7-14  Map of Wells Monitored Recently: Very Shallow Groundwater and 

Upper Aquifer............................................................................................ 7-24 
Figure 7-15  Map of Wells Monitored Recently: Lower Aquifer ..................................... 7-25 
Figure 7-16  Map of Wells Monitored Recently: Composite Wells and Wells of 

Unknown Depth ........................................................................................ 7-26 
 



Westlands Water Quality Coalition – Groundwater Quality Assessment Report 

EXECUTIVE SUMMARY 

This Groundwater Quality Assessment Report (GAR) has been prepared on behalf of the 
Westlands Water Quality Coalition (Westlands Coalition, or Coalition). The Westlands 
Coalition serves as the third-party group for the growers within the Western Tulare Lake 
Basin Area. The Waste Discharge Requirements (WDRs) under General Order R5-2014-
0001, which apply to growers within the Western Tulare Lake Basin Area, were adopted by 
the Central Valley Regional Water Quality Control Board (RWQCB, or Board) on January 9, 
2014. The extent of the Westlands Coalition region is the same as the boundary of the 
Western Tulare Lake Basin Area, as identified in the WDRs and provided in spatial data 
available from the RWQCB. 

WESTLANDS WATER QUALITY COALITION 

The Westlands Coalition serves as the third-party group for the growers within the Western 
Tulare Lake Basin Area although some growers in the Area may elect to be regulated as 
individuals. The Western Tulare Lake Basin Area has approximately 555,260 acres of 
irrigated cropland, including 517,373 acres in Westlands Water District (WWD); 34,136 
acres in Pleasant Valley; 2,327 acres in the Western Central Valley floor outside WWD, and 
1,424 acres outside the Central Valley Floor (Figure ES-1). The Westlands Coalition WDRs 
indicate that nearly all of these irrigated acres are currently regulated under the Coalition 
Group Conditional Waiver; however, it is anticipated that some additional irrigated acres will 
require regulatory coverage under Order R5-2014-0001 or other WDRs or waivers. The 
Westlands Coalition WDRs also indicate the presence of a small number of “Small Farming 
Operations” within the Western Tulare Lake Basin Area. 

WDR TIMELINES RELATED TO THE GAR 

Following the Board’s adoption of the WDR on January 9, 2014, the Notice of Applicability 
(NOA) was approved on February 16, 2014. The approval date associated with the NOA 
starts the timeline for several requirements, including the requirement in the WDR Order 
(Section IV. A.) that, three months after receiving a NOA from the Board, “the third-party will 
provide a proposed outline of the GAR to the Executive Officer that describes the data 
sources and references that will be considered in developing the GAR”. Accordingly, the 
due date for submittal of the GAR outline was May 17, 2014. Additionally, the due date for 
the GAR is set at one calendar year after approval of the NOA, which for the Westlands 
Coalition is February 16, 2015. 

OVERVIEW OF THE GAR 

This GAR has been prepared in accordance with the outline submitted by the Westlands 
Coalition to the RWQCB on May 16, 2014. The GAR documents current groundwater 
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quality in the Westlands Coalition area, including nitrate and salinity concentrations and 
trends, evaluates the influence of irrigated agriculture on groundwater quality, and provides 
a scientifically based classification system for evaluating and determining the relative 
groundwater vulnerability (higher or lower), especially of the Westlands Coalition area 
within the Central Valley Floor. Key approaches for the Westlands Coalition area have 
involved: 

• Developing a representation of a physical conceptual model that describes the 
hydrogeology and groundwater quality conditions (salinity and nitrate) in very shallow 
groundwater (uppermost part of the Upper Aquifer), the extent and thickness of the 
Corcoran Clay, and the semi-confined Upper Aquifer and confined Lower Aquifers 
associated with the Coast Range on the west side and Sierran Sands on the east 
side of the Coalition area. 

• Evaluating the hydrogeologic sensitivity of the very shallow groundwater to naturally 
occurring salts and conditions related to the concentration of those salts; 

• Evaluating the trends in salinity and nitrate, particularly in the very shallow 
groundwater and the Upper Aquifer to determine whether trends in salinity can be 
used as a proxy where nitrate data are limited; 

• Determining the physical factors associated with confinement of the Lower Aquifer 
that serve to lower the vulnerability of the Lower Aquifer to nitrate effects; 

• Identifying and documenting conditions of naturally high salinity associated with 
Coast Range sediments and potential leakage below the Corcoran Clay. 

• Identifying existing wells (currently monitored by WWD or others) that can potentially 
be used to fill data gaps and/or to meet future trend monitoring needs for the Coalition 
while avoiding expenses associated with constructing new monitoring wells. 

The relative vulnerability of groundwater to irrigated land agricultural impacts is assessed 
based on: (1) hydrogeologic sensitivity, (2) overlying land uses and practices, and 
(3) groundwater quality observations (particularly nitrate but also salt and pesticide 
concentrations). Hydrogeologic sensitivity is a factor that is tied to the inherent physical 
characteristics of the geology and soils and underlying hydrogeologic and geologic 
conditions. Land use (location of cropping and management systems on the landscape, and 
locations of other non-agricultural land uses) is an indicator of potential groundwater quality 
stressors. The spatial relationship between the hydrogeologic sensitivity of an area, the 
overlying land use, and the proximity of groundwater serving urban and rural communities 
(particularly recharge areas upgradient of communities that rely on groundwater) is 
assessed for areas located within the Central Valley Floor. 

High vulnerability areas, where irrigated agriculture operations have impacted or are more 
likely to impact groundwater quality, are identified and prioritized in the GAR, and existing 
wells are identified that may satisfy future requirements to develop a Groundwater Quality 
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Trend Monitoring network to track groundwater quality and its response to agricultural 
practices. 

SUMMARY OF FINDINGS 

Hydrogeologic Setting 

The Westlands Coalition region encompasses the Westside and Pleasant Valley Subbasins 
of the San Joaquin Valley Groundwater Basin, which represent the extent of the Central 
Valley Floor within the Coalition region. The Coalition region also includes two groundwater 
basins located in the Coast Range Mountains peripheral to the Central Valley Floor, 
including the Panoche Valley and Vallecitos Creek Valley Groundwater Basins. Because of 
the hydrogeology and generally low water-bearing nature of Coast Range rocks occurring 
outside of the Central Valley Floor area (as defined by the extent of the San Joaquin Valley 
Groundwater Basin), and because of the minimal amount of irrigated agriculture in these 
areas, the characterization of subsurface materials and the groundwater vulnerability 
assessment for the GAR were focused on the Central Valley Floor, although the geology of 
the Panoche Valley and Vallecitos Creek Valley Groundwater Basins was also evaluated 
with respect to vulnerability. 

Within the Westside and Pleasant Valley Subbasins and the Central Valley Floor, the 
primary groundwater bearing units consist of Tertiary and Quaternary-aged unconsolidated 
continental deposits and older alluvium. The continental and alluvial deposits consist of 
layers of sand, gravel, silt, and clay that increase in thickness away from the margins of the 
valley. The hydrogeologic system in the Coalition region is characterized by the presence of 
three distinct groundwater zones, including a very shallow groundwater zone, an upper 
semi-confined zone (Upper Aquifer), and a lower confined zone (Lower Aquifer). The Tulare 
Formation, which extends to the base of freshwater throughout most of the area, extends to 
as much as 2,400 feet deep in parts of the Coalition region and is comprised of stratigraphic 
layers of clays, silts, sands, and gravels and includes the Corcoran Clay (E-Clay) member, 
a diatomaceous clay or silty clay of lake bed origin which is a prominent aquitard in the 
region that separates the upper zone from the lower zone and distinguishes the Upper 
Aquifer from the Lower Aquifer (Miller, 1971). However, the depth and thickness of the 
Corcoran Clay are variable and it is not present in all areas of the Westside Subbasin and 
does not exist at all in the Pleasant Valley Subbasin. 

The Tulare Formation is hydrologically the most important geologic formation in the 
Westlands Coalition region because it contains many fresh water-bearing deposits. Most of 
the natural recharge that occurs in the Westlands Coalition region is in the alluvial fan apex 
areas along the intermittent Coast Range streams (Fio and Leighton, 1994). More recently, 
a major source of recharge to the groundwater system on the west side has been from 
deep percolation of applied irrigation water. Secondary recharge to areas near the valley 
axis occurs from subsurface flow from the east (DWR, 2003). Eastward movement of 
groundwater from the fan apex recharge areas to the down slope drainage systems can 
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take between 10 to 90 years (Fio and Leighton, 1994). Historically, groundwater flow has 
been generally downward in the fan apex areas, although that flow can be upward in the 
low-lying areas. Naturally high concentrations of total dissolved solids (TDS) in groundwater 
within the Westlands Coalition region have existed historically due to the geochemistry of 
the Coast Range rocks, the resulting naturally high TDS of recharge derived from Coast 
Range streams, the dissolvable materials within the alluvial fan complexes, and the 
naturally poor draining conditions which tend to concentrate salts in the system. 

A pattern of progressive decline in vertical hydraulic conductivity of soils with distance from 
fan apex areas (along hill slopes) is evident within the Coalition region. Soils along stream 
channels such as Panoche Creek and in areas immediately surrounding natural surface 
water channels within Pleasant Valley have relatively higher hydraulic conductivity. 
Floodplain deposits blanket much of the eastern portion of the Coalition region, particularly 
along Fresno Slough. In areas peripheral to the Central Valley Floor, soils tend to be 
characterized by low hydraulic conductivity, although soils of higher hydraulic conductivity 
are present along active surface watercourses and within the Panoche Valley and 
Vallecitos Creek Valley Groundwater Basins within the peripheral area. 

Subsurface sediment texture data from the United States Geological Survey (USGS) 
Central Valley Hydrologic Model (CVHM) indicate the upper 450 feet of sediment consist of 
large areas with thick zones of coarser materials east of the Westlands Coalition region with 
some localized areas of higher percentages of coarse material present within the 
Westlands Coalition region, particularly in the northern area west of Mendota and in the 
Pleasant Valley vicinity and near Huron to the south. The presence of generally fine-grained 
sediments (<25 percent coarse) are apparent within interior areas of the Coalition region 
throughout much of the depth interval to 500 feet. Textural data between 500 and 
1,000 feet depth show relatively finer-grained sediments (<25 percent coarse) generally 
corresponding with the range of depths at which the Corcoran Clay is found. Below 
1,000 feet, a pattern of sediment coarsening emerges within the Westlands Coalition 
region, with increasing spatial extent of these coarse-grained materials across the region, 
and particularly in the southeast, with greater depths. Areas and intervals with the highest 
percentages of coarse sediments are largely zones of Sierra-sourced alluvial fan materials. 

In this GAR, very shallow groundwater is considered to be the zone within 100 feet of the 
ground surface. Because of the high salinity, very shallow groundwater is not used as a 
supply for agricultural or drinking water within the Coalition region. The Upper Aquifer is 
represented by the materials existing below the very shallow groundwater zone (top 
100 feet) and extending to the top of the Corcoran Clay. The Upper Aquifer includes 
shallow geologic units of younger and older alluvial and upper parts of the Tulare 
Formation. The Corcoran Clay is a remarkable hydrogeologic feature throughout most of 
the Coalition region that acts as an aquitard and impediment to vertical flow between the 
Upper and Lower Aquifers. The Corcoran Clay is present at depth across most of the 
Coalition region with the notable exception of areas in the southwestern portion of the 
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Coalition region extending westward approximately from Huron into the Pleasant Valley 
subbasin around Coalinga. The depth to the top of the Corcoran Clay ranges between 
approximately 400 and 800 feet below the ground surface with the general spatial pattern of 
deepening in the western and southern parts of the Central Valley Floor with the Coalition 
region. The thickness of the Corcoran Clay, which is expected to influence the degree of 
hydraulic separation it provides between the Upper and Lower Aquifers, is greatest to the 
north and east towards the valley axis, with decreasing thickness in the southern and 
western parts of the Central Valley Floor area. The Lower Aquifer is the portion of the 
Tulare Formation that is confined beneath the Corcoran Clay extending downward to the 
underlying San Joaquin Formation and the interface of salty water of marine origin within its 
uppermost beds. 

Data relating to the physical characteristics of surficial soils and deeper subsurface 
sediments, including soil characteristics and sediment texture model from CVHM layers that 
were derived from the texture model, were important considerations in the evaluation of 
groundwater vulnerability. 

Groundwater Hydrology 

Characterization of groundwater conditions within the Coalition region requires 
understanding groundwater levels. Data on groundwater levels provide important 
information with which to interpret hydrogeologic conditions, including spatial and temporal 
patterns in flow direction, groundwater level trends, potential groundwater recharge and 
discharge areas, and other conditions. 

Groundwater level data consisting of more than 260,000 measurements from over 
8,200 wells within and around the Coalition region were compiled into a database. Of these 
assembled data for 8,230 wells, 4,510 wells have available information on well construction 
such as depth or screened interval. For the purposes of differentiating and evaluating water 
level trends within the three depth zones of the hydrogeologic system, all wells were 
categorized by depth as interpreted from available information in the database. 
Groundwater level data were grouped into five well depth categories indicating the depth 
zone which they are interpreted to represent. These depth categories include very shallow, 
Upper Aquifer, Lower Aquifer, composite wells (Upper and Lower Aquifers), and wells of 
unknown depth. Very shallow wells were defined as wells with depths less than 100 feet 
and also wells called monitoring wells in the source database. Wells with depths indicating 
they are deeper than 100 feet but above the top of the Corcoran Clay, as indicated by 
CVHM data (Faunt, 2009), were classified as Upper Aquifer. In areas outside the extent of 
the Corcoran Clay, wells with depths less than 500 feet were considered Upper Aquifer 
wells. Wells indicated to be for domestic use were also included in the Upper Aquifer depth 
category even if well depth information was not provided. The depth of the bottom of the 
Corcoran Clay was used to differentiate wells interpreted to be in the Lower Aquifer. All 
wells with depths greater than the bottom of the Corcoran clay layer were classified as 
Lower Aquifer wells. Wells known to be irrigation wells were also classified as Lower 
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Aquifer. Wells interpreted to be screened in both the Upper and Lower Aquifer were 
classified as composite wells. Wells lacking any information that could be used to classify 
them in the above categories, either by well type or well depth, were designated as 
unknown depth. 

Depth to Groundwater 

Regionally, depth to groundwater decreases from the valley perimeter to the valley axis – in 
the Coalition region this translates to a west-to-east decrease in depth to water. The 
interpolated water table derived from the wells classified as very shallow indicates that 
water levels range between very close to the ground surface and approximately 55 feet, 
with generally deeper water tables in the western side of the valley portion of the Coalition 
region and a shallower water table in the eastern areas. Groundwater flow directions in the 
Upper and Lower Aquifers are controlled by the piezometric head gradient, which is 
generally from west to east in the Coalition region. The Upper Aquifer ranged from relatively 
shallow piezometric head in the range of 20 to 60 feet below ground surface, occurring in 
the most northern region of the Coalition region, to much deeper head values in the 
southern region, around 200 to 240 feet below ground surface. The Lower Aquifer exhibits 
more dramatic variation between spring and fall, with most of the aquifer presenting 
reduced piezometric heads in the fall. On the eastern edge of the Coalition region, in the 
northern portion, near the Mendota Pool and the San Joaquin River, the depth to 
potentiometric surface was lower in fall than spring, swinging from 160 feet below ground in 
fall to 120 feet or less in spring. In the southeastern corner of the Coalition region, the fall 
depth to potentiometric surface was around 140 feet, but in the spring this was closer to 
200 feet. In Pleasant Valley, depths to water ranged from over 400 feet to less than 
100 feet, whereas, depths to water in the Panoche Valley range from over 100 feet to less 
than 25 feet. 

Groundwater Level Trends 

In both the Upper and the Lower Aquifers and the very shallow groundwater zone, the 
wetter period in the mid-1990s is evident in groundwater level trends. The recent drought 
appears to have impacted water levels in the Upper and Lower Aquifers more than in the 
very shallow groundwater zone. Most of the available well hydrograph data sets begin after 
the 1960s, but those that start in the early 1960s or before reflect the higher extraction rates 
of the mid and late 1950s. This produces hydrographs that show a long-term trend in 
increasing water levels from the 1960s through the 1970s due to the increased use of 
surface water for irrigation. 

Groundwater Flow Directions 

The very shallow groundwater zone exhibits higher groundwater elevations in the 
southwest with lower elevations to the northeast with slightly higher groundwater elevations 
in spring relative to fall, most noticeably in the western part of the Coalition region. The 
Upper Aquifer exhibits a gradient in a northeasterly direction, though that gradient flattens 
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towards the east within the Central Valley Floor. Spring piezometric heads in the Upper 
Aquifer were generally higher than those in the fall. The groundwater potentiometric surface 
in the Lower Aquifer is flatter than in the Upper Aquifer with the greatest seasonal 
difference between relatively higher spring levels and relatively lower fall elevations. 
Throughout the Coalition region, the Lower Aquifer shows lower piezometric heads than the 
Upper Aquifer. 

Recharge Upgradient of Communities Reliant on Groundwater 

For purposes of understanding and prioritizing impacted areas of groundwater, the 
groundwater elevation datasets developed for the Central Valley Floor area were used to 
identify areas of groundwater recharge located upgradient from communities reliant on 
groundwater. All communities, including Disadvantaged Communities (DACs), within the 
Coalition region were identified based on Census Designated Places (CDPs) and public 
drinking water systems (PWSs) from CDPH’s EHIB database and evaluated with respect to 
reliance on groundwater using the CDPH Drinking Water Program (DWP) DRINC web 
portal and queries with wells identified in the CDPH Water Quality Monitoring (WQM) 
dataset. The PWSs from EHIB and CDPs found to be reliant on groundwater were further 
investigated with aerial imagery to identify the populated areas within each boundary. 
Disadvantaged Unincorporated Communities (DUCs), delineated by PolicyLink (2013) and 
based on parcel data and year 2000 Census data, were also investigated. All DUCs were 
reviewed by location and in some cases limited to residential areas through review of aerial 
photographs. All residential areas associated with DUCs were entirely encompassed by 
PWSs or CDPs (including DACs) previously evaluated for reliance on groundwater. No new 
areas were added to the set of communities reliant on groundwater as a result of 
incorporating DUCs into the analysis. Contributing areas to communities reliant on 
groundwater were developed for both the Upper and Lower Aquifers using groundwater 
elevation data for recent spring and fall conditions. 

Land Use 

Characterizing changing land use conditions over time is important for understanding past, 
current, and future groundwater quality. To document and evaluate the spatial distribution 
of past and recent land use across the Coalition region, data from county land use surveys 
conducted periodically (every five to ten years) by the California Department of Water 
Resources (DWR), USDA Cropscape data, and date provided by Westlands Water District 
(WWD) were used. The WWD Data was used for the WWD area and the area outside of 
WWD used data from DWR. The main surveyed counties with available DWR data in the 
Coalition region include Fresno County (1986, 1994, 2000, 2009 East), Kings County 
(1991, 1996, 2003), and San Benito County (1997 and 2002). Over 70 crop types and land 
uses are reported in the compiled land use survey snapshots. No irrigation methods data 
were recorded for surveys from the mid-1990s, but some irrigation method information was 
available in the early 2000s survey data. 
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Because DWR land use surveys are only conduced on a periodic basis, land use data from 
2013 United States Department of Agriculture (USDA) California Cropland Data Layer were 
used to represent the current land use conditions for the area outside WWD in the Coalition 
region. 

Because of the large number of unique land uses and crop types reported in the land use 
survey from WWD, DWR, and USDA, similar land uses were grouped into categories for 
purposes of evaluation spatial and temporal patterns and also for the groundwater 
vulnerability assessment. The list over 70 crop types and land uses contained in the land 
use survey data were grouped into 10 main categories based on some general similarities 
in agricultural practices and estimated typical nitrogen application rates. Within the Coalition 
region, the largest land use is non-agricultural followed by vegetables. Vegetables, nut 
trees, and grains/cotton represent 88 percent of agriculture by land area within the Coalition 
region. 

The majority of crop categories have stayed relatively consistent over roughly 45 years, 
including grapes, fruit trees, seeds and beans, grasses, and citrus. Non agricultural acreage 
has generally increased over the years with some periods of significant fluctuations. 
Grains/cotton peaked around 1980 and have been generally decreasing since then. 
Vegetables and tree nuts have been steadily increasing over the years. 

The increase in non-agricultural acreage is partly due to retired land within WWD. WWD is 
acquiring land to retire as a way to address the drainage issues in the area. By reducing the 
irrigated acres, there are fewer drainage issues, ensuring the long-term viability of the lands 
remaining in production by having a more adequate water supply. 

Irrigation Practices 

The Coalition area is predominantly irrigated land while the majority of the remaining area is 
non-irrigated hillsides. Available irrigation method data from the late WWD surveys were 
used to evaluate irrigation practices. The primary irrigation method was sprinkler 
(57 percent), followed by furrow (30 percent), and drip (11 percent) in 1999. The 2006 
WWD practices show a decrease in sprinkler irrigation and an increase in drip irrigation 
compared to 1999. Sprinkler irrigation represented 46 percent of the irrigation method, 
whereas drip was 33 percent and border/furrow was 21 percent. The 2013 data show an 
increase in drip (55 percent) and a decrease in sprinkler irrigation (7 percent). Based on 
WWD data, the use of border strips continually decreased from 1985 to 2013, while furrow 
irrigation stayed relatively consistent. The furrow and sprinkler combination, as well as 
sprinklers decreased, and drip/trickle has increased annually from 1985. 

Available irrigation method data from the late 1990s WWD surveys and DWR data were 
used to evaluate irrigation practices in the 2000’s. DWR data was used to determine the 
irrigation methods in the Coalition region that is outside of WWD. There is only a small 
portion of irrigated land outside of WWD, which is near the city of Coalinga. In the 2000’s, 
basin/furrow irrigation represent the primary irrigation method at 59 percent of the irrigated 
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area, while sprinkler irrigation represents 21 percent, micro/drip (10 percent), sub irrigation 
(0.03 percent), and the remaining 10 percent of irrigated area has an unknown system 
(data not shown). 

Fertilizer Use 

Estimated nitrogen fertilizer use was compiled by the California Department of Food and 
Agriculture Fertilizing Materials Tonnage Report. These data show generally stable levels of 
fertilizer use in these counties between the mid-1990s through early 2000s with a trend 
towards increasing use during the early 2000s, and peaking in 2004 in Fresno County and 
2006 in Kings County. Nitrogen fertilizer use appears to have decreased after 2004 in 
Fresno County and after 2006 in Kings County. 

Typical ranges of applied nitrogen by crop category in pounds per acre per year (lbs/ac/yr) 
based on data from the literature for 1973 and 2005 (Rosenstock et al., 2013; Viers et al., 
2012). Vegetables generally have the highest typical nitrogen application rate based on 
2005 estimates, particularly corn (213 lbs/ac/yr) and tomatoes (180 lbs/ac/yr) which make 
up most of the vegetable crops within the Coalition region. Grains/cotton and nut trees also 
tend to have higher applied nitrogen with typical rates of 174 to 177 lbs/ac/yr for 
grains/cotton and between 138 and 179 lbs/ac/yr for nut trees. Crop categories with the 
lowest nitrogen application rates include grasses (11 lbs/ac/yr), grapes (27-44 lbs/ac/yr), 
and seeds/beans (91 lbs/ac/yr). The typical nitrogen rate for crop categories of nut trees, 
vegetables, grains/cotton, and seeds/beans increased considerably between the 1970s and 
2005. In contrast, grapes and grasses had notable decreases between 1973 and 2005 in 
the typical applied nitrogen. 

Groundwater Quality 

Historical Presence of Very High Salinity in Shallow Groundwater 

The presence of natural very high salinity conditions in groundwater throughout much of the 
Westlands Coalition region has existed historically as a result of the natural hydrogeologic 
setting. Natural conditions of high groundwater salinity exist throughout all zones of the 
groundwater system as a result of the contribution of salts from recharge off of the Coast 
Range Mountains. Areas of the Coalition region are underlain by low-permeability, fine-
grained floodplain sediments and clays within the Tulare Formation (including A, C, and E 
Clay members) which impede vertical movement of groundwater, often resulting in poor 
drainage conditions, shallow groundwater stagnation, and associated accumulation of salts. 
Subsurface drainage systems and evaporation ponds were implemented by farmers as 
early as the 1950s to manage persistent problems with salinity. The historical use of 
groundwater for irrigation in the Westlands Coalition region has also concentrated salts in 
the groundwater system. The use of low salinity surface water for irrigation within the 
Coalition region has resulted in decreased trends in soil and shallow groundwater salinity in 
agricultural areas during the irrigation season. 
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Nitrate and TDS – Spatial Distribution 

Over 3,200 nitrate test results were compiled from over 1,500 wells distributed throughout 
the Central Valley Floor area of the Coalition region with some additional data in Panoche 
Valley. Considerably more TDS data are available. 

Generally high maximum concentrations of nitrate are evident in a majority of very shallow 
wells from the available data. Many of these wells have maximum concentrations 
exceeding the nitrate MCL of 10 mg/L. The existence of high nitrate concentrations in these 
wells is not surprising given the hydrogeologic environment consisting of very shallow 
groundwater and poor drainage conditions. A notably higher density of very shallow wells 
with a maximum concentration greater than 10 mg/L is apparent in an area located south 
and southwest of Mendota with additional exceedances scattered throughout other parts of 
the Coalition region. Few very shallow wells have multiple tests for nitrate concentration 
and most nitrate data for very shallow wells are from before 2000. In contrast to the very 
shallow groundwater, many fewer wells interpreted to be in the Upper Aquifer have 
maximum nitrate concentrations exceeding the MCL. The majority of these exceedances 
are located in the northeastern portion of the study area. Wells in the Upper Aquifer in more 
southern parts of the Coalition region tend to have lower concentrations of nitrate, typically 
below 5 mg/L. Considerably more data are available relating to nitrate concentrations in the 
Lower Aquifer. Very few wells in the Lower Aquifer have a maximum nitrate concentration 
above 5 mg/L with only eight wells classified as Lower Aquifer having maximum nitrate 
concentrations exceeding 10 mg/L. Furthermore, in the most recent nitrate data, a fewer 
number of the Lower Aquifer wells have concentrations exceeding 10 mg/L. Localized 
areas of elevated nitrate levels in the Lower Aquifer tend to be concentrated in the vicinity 
of Huron to the south and southwest of Mendota. In contrast to data in the very shallow and 
Upper Aquifer zones, much of the nitrate data in the Lower Aquifer are more recent, since 
2000. The few occurrences of high concentrations of nitrate in the Lower Aquifer wells 
suggest the continued role of the Corcoran Clay as an impediment to vertical migration of 
contaminants into the Lower Aquifer. Clusters of higher nitrate concentrations in the Lower 
Aquifer are generally concentrated in areas where the Corcoran Clay is either thin or non-
existent, most notably to the west and in the vicinity of Huron. 

The majority of the wells in the very shallow groundwater zone have TDS concentrations 
that are above 2,000 mg/L. Most of these wells are located to the east of the California 
Aqueduct, which roughly defines the westernmost extent of the very shallow groundwater 
zone in the Coalition region. There is a higher density of wells exceeding 2,000 mg/L in the 
northern region with numerous very shallow wells located south and southwest of Mendota 
exhibiting TDS concentrations greater than 6,000 mg/L. A large fraction of very shallow 
wells with TDS concentration data have data obtained since 2000 and a notably greater 
number of very shallow wells exhibit most recent TDS concentrations below 1,000 mg/L. 
TDS concentration data for wells in the Upper Aquifer are limited, with most data occurring 
east of the California Aqueduct. Higher TDS concentrations in the Upper Aquifer are 
observed in the northern areas of the Coalition region with a notable area in the southeast 
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where TDS concentrations are largely below 1,000 mg/L, likely indicative of higher-quality 
groundwater in sediments derived from Sierran sources. A pattern of higher TDS along the 
western margins of the Central Valley Floor area suggests influence of high salinity 
recharge from Coast Range streams and subsurface groundwater flow. A band of high 
salinity in the Upper Aquifer is also apparent along the eastern edge of the Coalition region, 
where poor drainage conditions exist resulting in very high salinity in the very shallow zone. 

Pesticide Detections 

Pesticide concentration data for this GAR were limited to data obtained from DPR. 
Pesticide data available from DPR are for wells, but locations are only provided at the 
spatial resolution of the PLSS section in which the well is located. Data for a total of 
101 wells (in 84 PLSS sections) tested for pesticides in the study area were available from 
DPR. Of the 101 wells tested, nine unique wells had detectable concentrations of a 
pesticide. Fourteen instances of pesticide detections were recorded within the Coalition 
region; however, some wells had detectable concentrations of multiple pesticides. Of the 
84 sections that had wells tested, eight sections had wells with detectable concentrations of 
a pesticide. A total of three instances occurred in which a pesticide (simazine) was detected 
above the exceedance threshold, although only two unique wells had exceedances. A 
higher density of pesticide detections and exceedances has occurred in the northern part of 
the Coalition region, with many of these detections clustered in an area south of Mendota. 

Nitrate and TDS Trends 

Graphical evaluation and basic statistical analyses were conducted with available time-
series data for wells to identify significant trends in nitrate and TDS concentrations through 
time. Separate statistical tests were performed on nitrate and TDS data to determine if 
there was a significant relationship between time and concentration for nitrate and TDS 
concentrations detected in well samples. 

A large fraction of very shallow wells for which nitrate data are available have fewer than 
three sampling events. Consequently, no meaningful graphs of time-series nitrate data 
could be produced for wells in the very shallow zone. However, despite data limitations, 
graphs for wells in the Upper and Lower Aquifers appear to indicate relatively low nitrate 
concentrations exhibiting overall stable long-term trends in nitrate concentration. Because 
of the minimum data requirement for the statistical temporal trend analysis, there are also 
relatively few wells for which statistically significant temporal trends in nitrate concentrations 
are indicated. The majority of the wells showing statistically significant nitrate trends are 
located west and southwest of Mendota with others located along the California Aqueduct. 
A slightly greater number of wells show statistically significant decreasing temporal trends 
in nitrate concentrations compared to those that show increasing trends. No obvious trend 
in the spatial distribution of these trends is apparent. Wells in the Upper Aquifer, for which 
statistically significant trends are indicated, exhibit very small change in nitrate 
concentrations or mildly decreasing trends. Generally stable trends in nitrate concentrations 
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are also indicated for all of the wells in the Lower Aquifer for which a statistically significant 
trend could be identified. 

Graphs of TDS concentrations in the very shallow groundwater suggest relatively high 
concentrations throughout the extent of the very shallow groundwater zone with remarkably 
similar and consistent trends of decreasing TDS concentrations since the mid-1980s. 
Graphs of TDS concentrations for very shallow wells in the more southern area display a 
particularly notable decrease in TDS with many of these wells showing decreases from 
historical concentrations above 4,000 mg/L to more recent concentrations closer to 
2,000 mg/L. A similar number of very shallow wells exhibit statistically significant increasing 
trends in TDS compared with decreasing TDS concentrations. Many of the very shallow 
wells with increasing trends are located along the eastern margin of the Coalition region in 
areas where drainage is particularly poor and where groundwater is especially shallow. 
Fewer very shallow wells in the south exhibit statistically significant TDS trends, and these 
show roughly an equal number of wells with decreasing and increasing trends. 

The TDS concentrations in Upper Aquifer wells are notably lower than for those in the very 
shallow groundwater and a general trend of stable to decreasing concentrations is apparent 
in the graphs for these wells. Higher TDS concentrations, often above 4,000 mg/L exist in 
the north whereas TDS concentrations are generally below 2,000 mg/L in Upper Aquifer 
wells in the south. A number of the wells in the north have decreasing trends since the 
1970s and 1980s, although the availability of recent data is limited for some wells. Very few 
wells exhibited statistically significant trends in TDS concentrations with most of the wells 
having fewer than three TDS samples. All three of the wells in the Upper Aquifer in the area 
with statistically significant TDS trends indicate decreasing TDS concentrations. Wells in 
the Lower Aquifer tend to have longer periods of record for TDS than those wells in other 
depth zones and many of these wells indicate largely stable TDS concentrations from the 
1960s through early 2000s. During this timeframe, consistently lower salinity groundwater 
conditions have persisted in much of the Lower Aquifer, most notably in the southern end of 
the Coalition region where TDS concentrations have remained below 1,000 mg/L 
throughout the available period of record. No obvious patterns are evident from data for 
statistically significant TDS trends in the Lower Aquifer with wells indicating both increasing 
and decreasing trends across the Coalition region. Many of the wells in the Lower Aquifer 
indicate a trend of stable TDS concentrations with either very small change or mildly 
increasing or mildly decreasing concentrations. 

Other Water Quality Constituents 

The focus of this GAR was on acquiring and summarizing general groundwater quality in 
the Coalition region based on chemical constituent data that are widely available and most 
commonly associated with impacts from irrigated agricultural practices. As a result, the 
acquisition and summary of groundwater quality data for this GAR focused on nitrate, TDS, 
and pesticides. Other published reports were reviewed to document groundwater quality 
characteristics other than nitrate, TDS, and pesticides within the Western Tulare Lake Basin 
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area. Concentrations of trace metals and numerous chemical constituents in groundwater 
were investigated across the Coalition region by the USGS in 2013 as part of the SWRCB 
GAMA Program’s Priority Basin Project and the results as summarized by Mathany et al. 
(2013) are included in this GAR. Water quality analyses conducted on samples from 13 grid 
wells within the Coalition region and 45 grid wells within the Westside subbasin area 
indicate that most inorganic constituents in groundwater are present at concentrations 
below health-based benchmarks. 

Groundwater Vulnerability and Prioritization 

Approach 

The approach for determining groundwater vulnerability in this GAR is modeled after the 
definition of intrinsic vulnerability as defined in this GAR and focuses on determining the 
vulnerability of groundwater to contaminants based on the intrinsic physical properties of 
the area. Intrinsic physical properties remain relatively static over time and represent 
conditions that are generally beyond control from management decisions. In contrast, 
influences from human activities as a result of land use are subject to major changes in 
trends over short periods of time. Consequently, a measure of groundwater vulnerability 
that is based on intrinsic physical properties independent of land use conditions is 
advantageous because physical characteristics of the watershed are less likely to undergo 
such rapid and major shifts in characteristics. From a practical standpoint, an assessment 
of groundwater vulnerability that is tied to land use would need to be adjusted in response 
to changes in land use. Land use considerations were incorporated throughout the process 
of determining high vulnerability areas. 

Conceptual Model 

The groundwater vulnerability assessment for the GAR is grounded on a conceptual model 
in which the observed groundwater quality is the result of interactions between land use 
practices at the surface and the presence of physical hydrogeologic characteristics and 
processes occurring at a location. Under this conceptual model, the presence of 
hydrogeologic characteristics that enable potential contaminants to reach the groundwater 
surface faster make a location more vulnerable to groundwater contamination than a 
location with hydrogeologic characteristics that impede the ability of contaminants to reach 
groundwater or attenuate the contamination. Accordingly, hydrogeologic processes and 
characteristics such as soil properties, the ability of subsurface materials to transmit water, 
lack of barriers (clay layers) to vertical movement of water, and depth to groundwater are 
expected to influence the vulnerability of a location to groundwater contamination. 

The hydrogeology of the Western Tulare Lake Basin Area consists of three distinct depth 
zones where groundwater occurs (very shallow, Upper Aquifer, and Lower Aquifer) each 
with distinct groundwater quality characteristics resulting from a combination of natural and 
anthropogenic influences. The potential for groundwater contamination of each of these 
zones is different. The potential for vertical hydraulic communication between the surface 
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and subsurface is the primary consideration in understanding the vulnerability of 
groundwater to impacts from irrigated agriculture. Consequently, characterization of the 
nature of the vertical hydraulic communication between different depths zones, and relating 
physical conditions that affect (increase or decrease) the hydraulic communication, can 
effectively be used to determine vulnerability. Identifying physical conditions as they relate 
to their influence on vertical hydraulic communication between the surface and the 
subsurface and between depth zones was the focus of the groundwater vulnerability 
evaluation conducted for the Western Tulare Lake Basin Area. 

Nitrate is a widespread contaminant in groundwater in the United States which has been 
primarily associated with anthropogenic influences, including agricultural fertilization 
activities, leaching from septic tanks and sewer facilities, confined animal feeding 
operations, discharge to land of wastewater, food processor waste, unprotected wellheads, 
improperly abandoned wells, and lack of backflow prevention on wells. Nitrate 
contamination is also one of the primary groundwater quality concerns in areas of irrigated 
agriculture in the Western Tulare Lake Basin Area. As an essential nutrient for plant growth, 
nitrogen is a component in many fertilizers that has been applied in agricultural areas for 
many decades. Nitrate is the dominant form of nitrogen in groundwater, and nitrate 
concentrations are regulated throughout the State of California. Naturally-occurring 
concentrations of nitrate in groundwater are typically very low; therefore, observations of 
nitrate in the groundwater are considered to be primarily a function of the application of 
nitrogen through fertilization practices (where applicable) at the surface and subsequent 
processes of transporting the contaminant through the subsurface into the groundwater. 
This makes nitrate concentrations a more useful indicator of influence from irrigated 
agriculture than some other more commonly available groundwater quality measures such 
as TDS or EC, which indicate general water salinity and can occur naturally in high 
concentrations. 

Despite acquiring all readily available data relating to nitrate concentrations in groundwater, 
the spatial and temporal distribution of nitrate data are greatly limited for individual 
groundwater zones. Considering this data limitation, TDS data were also used to evaluate 
potential hydraulic communication between groundwater zones. Because of the paucity of 
available nitrate concentration data, TDS concentrations are considered to be a proxy for 
understanding hydraulic communication between groundwater zones for the purposes of 
evaluating groundwater vulnerability. 

Methods 

The approach to assessing groundwater vulnerability focused on individually evaluating the 
vulnerability of each of the three groundwater zones. Statistical analyses utilizing TDS and 
nitrate concentration data were conducted to quantify the degree of hydraulic 
communication between groundwater zones. Collectively, the groundwater vulnerability was 
assembled to represent the combined vulnerability of the three zones. Statistical methods 
were used to quantify important relationships between the characteristics and mechanisms 
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of the hydrogeologic system and the observed groundwater quality and hydraulic 
communication. Because of the complexities in the hydrogeologic system, some physical 
mechanisms or characteristics that could not be tested statistically were also incorporated 
into the vulnerability assessment. 

The approach to determining groundwater vulnerability developed in this GAR is based on 
adaptations to index- and overlay- based methods and incorporates identification of 
important input physical variables based on the results from statistical analyses. Bivariate 
comparisons were made to evaluate potential relationships between physical 
characteristics and groundwater quality. Multiple regression analyses were used to detect 
significant relationships between hydrogeologic characteristics and observed groundwater 
quality conditions across the Coalition region, while controlling for different land use types. 
Analyses were conducted to separately identify relationships between physical 
characteristics and vulnerability for each of three groundwater zones (a very shallow 
groundwater zone, a semi-confined Upper Aquifer, and a confined Lower Aquifer below the 
Corcoran Clay) present within the Coalition region. Hydrogeologic variables investigated 
focused on soil salinity, soil hydraulic conductivity, deeper subsurface sediment texture, and 
Corcoran Clay characteristics including thickness. Only hydrogeologic variables that could 
be evaluated in a manner consistent with the conceptual model were considered in the 
vulnerability assessment for each zone. Evaluating vulnerability of deeper zones was 
challenging due to the complex hydrogeology and the limited availability of data within the 
Upper Aquifer. Because of the limited availability of observed nitrate concentration data in 
both the very shallow groundwater zone and the Upper Aquifer, TDS concentrations were 
used as a proxy with which to evaluate hydraulic communication between groundwater 
zones, and therefore the vulnerability of each. Multiple regression analyses were conducted 
on measures relating to the difference in TDS concentrations between depth zones and 
also changes in TDS concentrations through time. Land use categories as mapped for 
three time periods (mid-1990s, early 2000s, and 2012) were evaluated as controlling 
independent variables during the assessment. 

High Vulnerability Area for the Western Tulare Lake Basin Area 

Using multiple regression, significant (p-value < 0.1) independent variables for each depth 
zone were identified and selected for further comparison and evaluation from quantitative 
and qualitative standpoints. The vulnerability assessments for each depth zone were as 
follows: 

1. Very Shallow Groundwater Zone – based on data from very shallow wells only and 
dependent variable of TDS concentration; included significant hydrogeologic 
independent variables of soil hydraulic conductivity and soil salinity. 

2. Upper Aquifer – based on data from wells in Upper Aquifer only and dependent 
variables of change in TDS concentrations through time and difference in TDS 
concentration between very shallow groundwater zone and Upper Aquifer; included 
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significant hydrogeologic independent variables relating to percent coarse of 
subsurface sediments up to 200 feet deep. 

3. Lower Aquifer – based on data from wells in Lower Aquifer only and dependent 
variables of average nitrate concentration; included significant hydrogeologic 
independent variable of Corcoran Clay thickness. 

The vulnerability areas indicated by each of these assessments were compared and 
evaluated. Thresholds indicating high vulnerability for significant variables were determined 
and adjusted using qualitative assessments based on professional judgment and using 
comparisons of areas relative to observed groundwater quality, especially nitrate 
concentrations. Following this process, areas of high soil salinity greater than 4 dS/cm, 
areas with a minimum percentage of coarse sediments of 25 or greater in subsurface 
sediments up to 200 feet deep, and soil saturated hydraulic conductivity values greater than 
2 ft/day were identified as areas of high vulnerability. Although the thickness of the 
Corcoran Clay appears to be an important factor in protecting the Lower Aquifer, because 
the Upper Aquifer overlies the Lower Aquifer, the vulnerability of the Upper Aquifer 
supersedes the vulnerability of the Lower Aquifer. 

The combined high vulnerability areas for the very shallow groundwater zone and the 
Upper Aquifer, as described above, represent the Hydrogeologic High Vulnerability Area 
(HHVA) within the Coalition region. Most wells with elevated nitrate concentrations are 
located within the HHVA. The locations of wells with maximum historical nitrate 
concentrations of 10 mg/L (as N) or greater and also wells with maximum concentrations 
greater than or equal to 5 mg/L that exhibit statistically significant increasing trends in 
concentrations were incorporated through delineation of High Well Vulnerability Areas 
(HWVAs), using minor adjustments to the outlines of the HHVA, when possible, and 
through inclusion of a quarter mile radius around outlier wells when they are located away 
from the HHVA. The High Vulnerability Area (HVA) for the Western Tulare Lake Basin Area 
includes the combined HHVA and HWVA areas. The HVA and associated acreages are 
presented in Figure ES-2 and Table ES-1. 

Prioritization of the High Vulnerability Area 

For planning of future monitoring and management efforts focused on the HVA and to fulfill 
requirements of the WDR, all areas within the HVA were prioritized. The factors used in the 
prioritization included those identified in the WDRs (listed here) as well as others: 

• Identified exceedances of water quality objectives 

• Proximity to areas contributing recharge to urban and rural communities that rely on 
groundwater as a source of supply 

• Existing field and operational practices identified to be associated with irrigated 
agricultural waste discharges that are the cause or source of groundwater quality 
degradation 
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• The largest acreage commodity types comprising up to at least 80 percent of irrigated
agriculture in the high vulnerability areas

• Legacy or ambient groundwater conditions

• Groundwater basins currently proposed to be under review by CV-SALTS

• Identified constituents of concern

In an effort to objectively incorporate the many factors identified for consideration as part of 
the prioritization, a system was developed with which to calculate priority values across the 
high vulnerability area. From these priority calculations, priority areas ranging from Priority 1 
(high priority) to Priority 4 (low priority) were identified to inform groundwater monitoring and 
management efforts. The priority areas for irrigated lands within the HVA are presented in 
Figure ES-3 and Table ES-1. 

Sources of Information on Existing Groundwater Monitoring Programs 

Many entities have conducted groundwater monitoring in the Coalition area, including 
monitoring on the Central Valley Floor and also in the Peripheral area. The WDR specifies 
that one year from the approval of the GAR the Coalition shall develop a workplan for 
conducting trend monitoring that meets the objectives and minimum requirements of the 
Monitoring and Reporting Program (MRP). The objectives for the trend monitoring program 
include: 

1. Determine current water quality conditions of groundwater relevant to irrigated
agriculture.

2. Develop long-term water quality information that can be used to evaluate the regional
effect (i.e., no site-specific effects) of irrigated agriculture and its practices.

The design and implementation of the trend monitoring program will include (among other 
considerations) a groundwater monitoring network that will address: 

1. High and low groundwater vulnerability areas in the Coalition region.

2. Use of shallow wells “but not necessarily wells completed in the uppermost zone of
first encountered groundwater” (WDR R5-2014-0001, Attachment B, IV, C).

3. The potential suitability of existing monitoring networks such as those developed for
purposes of groundwater management plans.

4. The rationale for the distribution of the trend monitoring wells.

The GAR summarizes the groundwater monitoring networks that have been developed by 
federal, state, and local entities to preliminarily assess the distribution of existing monitoring 
wells that may potentially be used for purposes of the Coalition’s trend monitoring program. 
Well construction data are lacking for many monitored wells; therefore, as part of the trend 
monitoring workplan, additional examination of available records for existing monitoring 
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wells, which are potential candidates for inclusion in the trend network, will be needed in 
many cases to determine the construction of the candidate wells.
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                                             Groundwater Quality Assessment Report for the Western Tulare Lake Basin Area
                                             Westlands Water Quality Coalition

High Vulnerability Area (HVA) 86,152 70,300 103,163 361,167 620,781
Irrigated Lands Within HVA
(from 2013 WWD and USDA land use data)

81,778 67,729 100,178 190,112 439,797

Land Use Category Within HVA
(from 2013 WWD and USDA land use data)

All Irrigated Land Use Categories* 81,778 67,729 100,178 190,112 439,797
Nut Trees 31,979 23,578 29,261 21,728 106,546
Vegetables 19,065 17,771 36,754 50,231 123,821
Grains/Cotton 14,756 11,905 15,292 39,059 81,012
Grapes 866 177 484 12,400 13,927
Fruit Trees 637 759 963 1,250 3,608
Citrus/Subtropics 624 816 1,382 4,168 6,989
Grasses 212 54 175 7,978 8,419
Seeds/Beans 45 45 228 9,451 9,769
Rice 0.2 0.0 0.0 0.0 0.2
Double Crops 0.4 0.2 0.2 2.1 3
Temporarily Fallow/Idle 13,616 12,641 15,653 43,795 85,704

Non Agricultural 3,051 1,800 1,638 104,176 110,665
Retired Land 1,323 771 1,346 66,879 70,319

Notes:
* Total of irrigated area may not equal sum of individual categories due to rounding and resolution in spatial analysis calculations.

Table ES-1                          Summary of Land Uses within Priority Areas

Description
Priority 1
(Acres)

Priority 3
(Acres)

Priority 4
(Acres)

Total
(Acres)

Priority 2
(Acres)
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Westlands Water Quality Coalition – Groundwater Quality Assessment Report 

Chapter 1 

INTRODUCTION 

This Groundwater Quality Assessment Report (GAR) has been prepared on behalf of the 
Westlands Water Quality Coalition (Westlands Coalition, or Coalition). The Westlands 
Coalition serves as the third-party group for the growers within the Western Tulare Lake 
Basin Area. The Waste Discharge Requirements (WDRs) under General Order R5-2014-
0001, which apply to growers within the Western Tulare Lake Basin Area, were adopted by 
the Central Valley Regional Water Quality Control Board (RWQCB, or Board) on January 9, 
2014. The extent of the Westlands Coalition region is the same as the boundary of the 
Western Tulare Lake Basin Area, as identified in the WDRs and provided in spatial data 
available from the RWQCB. 

1.1 BACKGROUND 

California is known for the wide range of agricultural commodities the state produces and 
distributes worldwide. In 2003, the Irrigated Lands Program (ILP) was initiated to regulate 
discharges from irrigated agriculture to surface waters. Upon the adoption of the 
Conditional Waiver of Waste Discharge Requirements for discharges from irrigated lands, 
the ILP became known as the Irrigated Lands Regulatory Program (ILRP). An expansion of 
the ILRP, the Long-Term Irrigated Lands Regulatory Program (LTILRP) is underway and 
being developed to protect both surface water and groundwater. 

The RWQCB has coordinated with growers to encourage them to combine resources by 
forming water quality coalitions. Currently, there are 141 coalition groups that work directly 
with their member growers to assist in complying with RWQCB requirements. Of the 
estimated 35,000 growers in the Central Valley, there are about 25,000 landowners/ 
operators2 who are part of one of these 14 coalition groups. The Westlands Coalition is one 
of the 14 coalition groups. 

1.1.1 Westlands Coalition 

The Westlands Coalition serves as the third-party group for the growers within the Western 
Tulare Lake Basin Area although some growers in the Area may elect to be regulated as 
individuals. The Western Tulare Lake Basin Area has approximately 555,260 acres of 
irrigated cropland, including 517,373 acres in Westlands Water District (WWD); 
34,136 acres in Pleasant Valley; 2,327 acres in the Western Central Valley Floor outside 
WWD, and 1,424 acres outside the Central Valley Floor. The Westlands Coalition WDRs 
indicate that nearly all of these irrigated acres are currently regulated under the Coalition 

1 There are 14 Coalition groups shown for the Central Valley, Region 5; 
http://www.waterboards.ca.gov/centralvalley/water_issues/irrigated_lands/app_approval/index.sht
ml, accessed December 18, 2014. 

2 This number is included in the RWQCB ILRP Frequently Asked Questions as of November 2013; 
the number of enrolled growers has increased since that time. 
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Group Conditional Waiver; however, it is anticipated that some additional irrigated acres will 
require regulatory coverage under Order R5-2014-0001 or other WDRs or waivers. The 
Westlands Coalition WDRs also indicate the presence of a small number of “Small Farming 
Operations”3 within the Western Tulare Lake Basin Area.  

1.1.2 Waste Discharge Requirements and Other Timelines  

Following the Board’s adoption of the WDR on January 9, 2014, the Notice of Applicability 
(NOA) was approved on February 16, 2014. The approval date associated with the NOA 
starts the timeline for several requirements, including the requirement in the WDR Order 
(Section IV. A.) that, three months after receiving a NOA from the Board, “the third-party will 
provide a proposed outline of the GAR to the Executive Officer that describes the data 
sources and references that will be considered in developing the GAR”. Accordingly, the 
due date for submittal of the GAR outline was May 17, 2014. Additionally, the due date for 
the GAR is set at one calendar year after approval of the NOA, which for the Westlands 
Coalition is February 16, 2015. 

The GAR outline was submitted by the Westlands Coalition to the Board on May 16, 2014, 
and the Board sent a letter on August 18, 2014 approving the GAR outline. 

1.2 PURPOSE OF GROUNDWATER QUALITY ASSESSMENT 
REPORT 

The water resources of the Westlands Coalition area are essential to the livelihood and 
prosperity of the area and within and outside of the state. The WWD area is widely 
recognized for its long-term challenges and efforts related to saline soils and shallow 
groundwater, which are largely a result of the naturally occurring conditions including salts 
in Coastal marine geologic deposits of the Coast Range, low permeability water logged 
soils, a very shallow water table, and accompanying poor natural drainage. In order to 
address these issues, WWD has been actively engaged in efforts to increase irrigation 
efficiency by managing applied water and financing programs for water users to purchase 
high efficiency irrigation systems. The Coalition area has special hydrogeologic conditions 
that have necessitated consideration of complicated confounding factors to evaluate the 
relative vulnerability in the Coalition area. 

The GAR is a foundational element that outlines much of the framework for the Westlands 
Coalition to navigate other requirements in its LTILRP WDRs, with an emphasis on 
assessment of groundwater conditions and long-term protection of regional groundwater 
quality. Table 1-1 summarizes major requirements of the GAR as identified in the WDRs 
and where they are addressed within this GAR document. 

3 Small Farming Operations are defined in Order R5-2014-0001 as a total farming operation that 
comprises less than 60 acres of irrigated land. 
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The GAR documents current groundwater quality in the Westlands Coalition area, including 
nitrate and salinity concentrations and trends, evaluates the influence of irrigated agriculture 
on groundwater quality, and provides a scientifically based classification system for 
evaluating and determining the relative groundwater vulnerability (higher or lower), 
especially for the Westlands Coalition area within the Central Valley Floor. Key approaches 
for the Westlands Coalition area have involved: 

• Developing a representation of a physical conceptual model that describes the 
hydrogeology and groundwater quality conditions (salinity and nitrate) in very shallow 
groundwater (uppermost part of the Upper Aquifer), the extent and thickness of the 
Corcoran Clay, and the semi-confined Upper Aquifer and confined Lower Aquifers 
associated with the Coast Range on the west side and Sierran Sands on the east 
side of the Coalition area. 

• Evaluating the hydrogeologic sensitivity of the very shallow groundwater to naturally 
occurring salts and conditions related to the concentration of those salts. 

• Evaluating the trends in salinity and nitrate, particularly in the very shallow 
groundwater and the Upper Aquifer to determine whether trends in salinity can be 
used as a proxy where nitrate data are limited. 

• Determining the physical factors associated with confinement of the Lower Aquifer 
that serve to lower the vulnerability of the Lower Aquifer to nitrate effects. 

• Identifying and documenting conditions of naturally high salinity associated with 
Coast Range sediments and potential leakage below the Corcoran Clay. 

• Identifying existing wells (currently monitored by WWD or others) that can potentially 
be used to fill data gaps and/or to meet future trend monitoring needs for the Coalition 
while avoiding expenses associated with constructing new monitoring wells. 

The relative vulnerability of groundwater to irrigated land agricultural impacts is assessed 
based on: (1) hydrogeologic sensitivity, (2) overlying land uses and practices, and 
(3) groundwater quality observations (particularly nitrate but also salt and pesticide 
concentrations). Hydrogeologic sensitivity is a factor that is tied to the inherent physical 
characteristics of the geology and soils and underlying hydrogeologic and geologic 
conditions. Land use (location of cropping and management systems on the landscape, and 
locations of other non-agricultural land uses) is an indicator of potential groundwater quality 
stressors. The spatial relationship between the hydrogeologic sensitivity of an area, the 
overlying land use, and the proximity of groundwater serving urban and rural communities 
(particularly recharge areas upgradient of communities that rely on groundwater) is 
assessed for areas located within the Central Valley Floor. 

This GAR outlines the different methods for assessing groundwater vulnerability that have 
been used to evaluate groundwater vulnerability, including approaches applied to assess 
vulnerability in California (e.g., California State Water Resources Control Board [SWRCB], 
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California Department of Pesticide Regulation [DPR], Nolan et al., 2002, Harter, 2012), and 
presents the method developed for determining high vulnerability areas within the region 
encompassed by the Coalition boundary. To determine high vulnerability areas, select 
statistical analyses and index overlay approaches were used based on observed 
groundwater quality, soil parameters, and hydrogeologic characteristics of the aquifer 
system beneath the Central Valley portion of the Coalition area. The results from the 
groundwater vulnerability assessment were evaluated with respect to locations of observed 
exceedances of groundwater quality drinking water standards for nitrate, TDS and pesticide 
detections. The method of determining groundwater vulnerability also accounts for 
differences in land use among the observations in order to decipher differences in 
groundwater quality that are related to hydrogeologic variables as opposed to differences in 
groundwater quality that are related to land use. Spatial data representing land use mapped 
at three different snapshots in time, including the mid-1990s, early 2000s and 2013, were 
utilized in the analyses described in the GAR to account for different land use conditions. 

High vulnerability areas, where irrigated agriculture operations have impacted or are more 
likely to impact groundwater quality, are identified and prioritized in the GAR, and existing 
wells are identified that may satisfy future requirements to develop a Groundwater Quality 
Trend Monitoring network to track groundwater quality and its response to agricultural 
practices. 

1.3 WESTERN TULARE LAKE BASIN AREA 

1.3.1 Focus: Central Valley Floor (extent of DWR Bulletin 118 
groundwater basins/subbasins)  

The study area for the GAR includes the entire Western Tulare Lake Basin Area 
(Figure 1-1). Figure 1-2 also illustrates a key distinction between what is hydrogeologically 
referred to as the Central Valley Floor and areas peripheral to the Central Valley Floor in 
the Coalition region. The Central Valley Floor, as referred to in the GAR, is defined by the 
extent of the San Joaquin Valley Groundwater Basin as designated by the California 
Department of Water Resources (DWR) and presented in Bulletin 118 (DWR, 2003). 
Greater than 93 percent of the DWR-designated groundwater basins and subbasins within 
the Western Tulare Lake Basin Area are located within the Central Valley Floor, and these 
basins represent the area that is the focus of most of the work for the GAR. 

1.3.2 Reconnaissance Discussion in GAR: Peripheral Area to Central 
Valley Floor 

The Peripheral Area to the Central Valley Floor that is within the Coalition boundary will be 
addressed through a reconnaissance assessment of existing groundwater data. The 
assessment for this area evaluates groundwater quality data (to the extent available), 
especially nitrate and salt results for wells on or in the vicinity of irrigated lands. 
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Table 1-1 Groundwater Quality Assessment Report Items Identified in WDR 
Groundwater Quality Assessment Report for the Western Tulare Lake 
Basin Area 
Westlands Water Quality Coalition 

GAR Items Identified in Monitoring and Reporting Program 
(Appendix B) of the Western Tulare Lake Basin WDR General Order 

Where 
Addressed in 

GAR 

1. Objectives  

A. Provide an assessment of all available, applicable and relevant date 
and information to determine the high and low vulnerability areas 
where discharges from irrigated lands may result in groundwater 
quality degradation. 

Throughout 

B. Establish priorities for implementation of monitoring and studies 
within high vulnerability areas. 

Chapter 6 

C. Provide a basis for establishing workplans to assess groundwater 
quality trends. 

Throughout 

D. Provide a basis for establishing workplans and priorities to evaluate 
the effectiveness of agricultural management practices to protect 
groundwater quality. 

Throughout 

E. Provide a basis for establishing groundwater quality management 
plans in high vulnerability areas and priorities for implementation of 
those plans. 

Throughout 

2. Components  

A. Detailed land use information with emphasis on land uses 
associated with irrigated agricultural operations. The information 
shall identify the largest acreage commodity types in the third-party 
area, including the most prevalent commodities comprising up to at 
least 80 percent of the irrigated agricultural acreage in the third-party 
area. 

Chapter 4 

B. Information regarding depth to groundwater, provided as a contour 
map(s). 

Chapter 3 

C. Groundwater recharge information, including identification of areas 
contributing recharge to urban and rural communities where 
groundwater serves as a significant source of supply. 

Chapter 3 

D. Soil survey information, including significant areas of high salinity, 
alkalinity and acidity. 

Chapter 3 

E. Shallow groundwater constituent concentrations (potential 
constituents of concern include any material applied as part of the 
agricultural operation, including constituents in irrigation supply 
water [e.g., pesticides, fertilizers, soil amendments, etc.] that could 
impact beneficial uses or cause degradation). 

Chapter 5 
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Table 1-1 Groundwater Quality Assessment Report Items Identified in WDR 
Groundwater Quality Assessment Report for the Western Tulare Lake 
Basin Area 
Westlands Water Quality Coalition 

GAR Items Identified in Monitoring and Reporting Program 
(Appendix B) of the Western Tulare Lake Basin WDR General Order 

Where 
Addressed in 

GAR 

F. Information on existing groundwater data collection and analysis 
efforts relevant to this Order (e.g., Department of Pesticide 
Regulation [DPR] United States Geological Survey [USGS] State 
Water Board Groundwater Ambient Monitoring and Assessment 
[GAMA], California Department of Public Health, local groundwater 
management plans, etc.). This groundwater data compilation and 
review shall include readily accessible information relative to the 
Order on existing monitoring well networks, individual well details, 
and monitored parameters. For existing monitoring networks (or 
portions thereof) and/or relevant data sets, the third-party should 
assess the possibility of data sharing between the data-collecting 
entity, the third- party, and the Central Valley Water Board. 

Chapter 7 

3. Data Review and Analysis  

A. Determine where known groundwater quality impacts exist for which 
irrigated agricultural operations are a potential contributor or where 
conditions make groundwater more vulnerable to impacts from 
irrigated agricultural activities. 

Chapter 5 

B. Determine the merit and feasibility of incorporating existing 
groundwater data collection efforts, and their corresponding 
monitoring well systems for obtaining appropriate groundwater 
quality information to achieve the objectives of and support 
groundwater monitoring activities under this Order. This shall include 
specific findings and conclusions and provide the rationale for 
conclusions. 

Chapter 7 

C. Prepare a ranking of high vulnerability areas to provide a basis for 
prioritization of workplan activities. 

Chapter 6 

D. The GAR shall discuss pertinent geologic and hydrogeologic 
information for the third-party area(s) and utilize GIS mapping 
applications, graphics, and tables, as appropriate, in order to clearly 
convey pertinent data, support data analysis, and show results. 

Chapter 3 
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Table 1-1 Groundwater Quality Assessment Report Items Identified in WDR 
Groundwater Quality Assessment Report for the Western Tulare Lake 
Basin Area 
Westlands Water Quality Coalition 

GAR Items Identified in Monitoring and Reporting Program 
(Appendix B) of the Western Tulare Lake Basin WDR General Order 

Where 
Addressed in 

GAR 

4. Groundwater Vulnerability Designations  

A. Designate high/low vulnerability areas for groundwater in 
consideration of high and low vulnerability definitions provided in 
Attachment E of the Order. 

Chapter 6 

B. The vulnerability designations will be made by the third-party using a 
combination of physical properties (soil type, depth to groundwater, 
known agricultural impacts to beneficial uses, etc.) and management 
practices (irrigation method, crop type, nitrogen application and 
removal rates, etc.). 

Chapter 6 

C. The third-party shall provide the rationale for proposed vulnerability 
determinations. 

Chapter 6 

5. Considerations for Prioritization of High Vulnerability Groundwater Areas 

A. Identified exceedances of water quality objectives for which irrigated 
agriculture waste discharges are the cause, or a contributing source. 

Chapter 6 

B. The proximity of the high vulnerability area to areas contributing 
recharge to urban and rural communities where groundwater serves 
as a significant source of supply. 

Chapter 6 

C. Existing field or operational practices identified to be associated with 
irrigated agriculture waste discharges that are the cause, or a 
contributing source. 

Chapter 6 

D. The largest acreage commodity types comprising up to at least 
80 percent of the irrigated agricultural acreage in the high 
vulnerability areas and the irrigation and fertilization practices 
employed by these commodities. 

Chapter 6 

E. Legacy or ambient conditions of the groundwater. Chapters 5 & 6 

F. Identified constituents of concern, e.g., relative toxicity, mobility. Chapters 5 & 6 
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Westlands Water Quality Coalition – Groundwater Quality Assessment Report 

Chapter 2 

PHYSICAL SETTING 

2.1 LOCATION 

For the purposes of completing the Groundwater Quality Assessment Report (GAR) and 
the required groundwater vulnerability assessment component, available information and 
data on surface and subsurface sediments were acquired and assembled. The Westlands 
Water Quality Coalition (Westlands Coalition, or Coalition) region encompasses the 
Westside and Pleasant Valley Subbasins of the San Joaquin Valley Groundwater Basin, 
which represent the extent of the Central Valley Floor within the Coalition region. The 
Coalition region also includes two groundwater basins located in the Coast Range 
mountains peripheral to the Central Valley Floor including the Panoche Valley and 
Vallecitos Creek Valley Groundwater Basins (Figure 1-2). Because of the generally low 
water-bearing nature of rocks and lack of irrigated agriculture within the Coast Range, the 
characterization of subsurface materials and the groundwater vulnerability assessment for 
the GAR are generally limited to the Central Valley Floor area within the Westlands 
Coalition region. 

2.1.1 Topography 

The Western Tulare Lake Basin Area lies on the western side of the Central Valley and 
encompasses an area extending from near the Fresno Slough, along the axis of the Valley 
to the east, to the Coast Range divide on the west side. Ground surface elevations within 
the Western Tulare Lake Basin area range from less than 200 feet along the eastern edge 
towards the Central Valley axis to greater than 3,000 feet in the Coast Range (Figure 2-1). 
Lower elevation areas are generally limited to the eastern part of the Coalition area, east of 
Interstate 5, although some notable lower elevation areas extend into Pleasant Valley 
around Coalinga. Low elevation areas generally coincide with the extent of the San Joaquin 
Valley Groundwater Basin which defines the Central Valley Floor portion of the Coalition 
area. The Coalition area is characterized by low topographic slopes across the Central 
Valley Floor, where slopes are generally less than 2 percent, with steeper slopes of greater 
than 6 percent comprising much of the mountainous Coast Range areas to the west 
(Figure 2-2). 

2.1.2 Climate 

The climate of the Western Tulare Lake Basin region is arid with average annual 
precipitation generally totaling between 5 and 8 inches on the Valley Floor with greater 
annual precipitation amounts exceeding 20 inches at higher elevations in the Coast Range 
mountains. The considerably higher elevations in the Coast Ranges along the western 
edge of the Western Tulare Lake Basin area create a rainfall shadow along the eastern 
slope of the mountains and the adjacent Valley Floor. Figure 2-3 shows the spatial 
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distribution of average annual precipitation in the area based on data from the PRISM 
model (PRISM Climate Group, 2014). Most precipitation occurs during winter and spring 
with very little precipitation occurring during summer and fall. Figure 2-4 illustrates 
seasonal trends in average annual precipitation on the Valley Floor. Consequently, the 
west-side streams are intermittent and carry little water (Hotchkiss et al., 1973). 

2.1.3 Surface Water 

Surface water resources and active features within the Westlands Coalition region are 
limited by the arid climate and consist primarily of intermittent streams emanating from the 
Coast Range. The Coalition region is located to the west of the Fresno Slough and the main 
streams crossing the area include the Little Panoche and Panoche Creeks, Arroyo Hondo, 
and Cantua, Salt, Martinez, Domengine, Los Gatos, and Zapato Creeks, which all flow from 
the foothills of the Coast Range toward the San Joaquin Valley axis. Surface water use 
within the Coalition is derived largely from water deliveries provided by the California 
Aqueduct, also referred to as the San Luis Canal. To a lesser extent surface water 
deliveries from the San Joaquin and Kings Rivers are also available only intermittently, 
usually in very wet years (Figure 2-5). 

2.2 GEOLOGIC SETTING 

2.2.1 General Hydrogeologic Setting 

The San Joaquin Valley is at the southern end of the Central Valley of California in the 
Great Valley Geomorphic Province. The Central Valley is a large structural trough that has 
been filled with interlayered sediments of sand, gravel, silt, and clay derived from erosion of 
the Sierra Nevada and Coast Range mountains. Figure 2-6 shows the geology within the 
Coalition region as generalized from Jennings (1977). Figure 2-7 shows more detailed 
geologic mapping of the Coalition region. The fill deposits mapped throughout much of the 
valley extend vertically for thousands of feet, and the texture of sediments varies in the 
east-west direction across the valley. Coalescing alluvial fans have formed along the sides 
of the valley created by the continuous shifting of distributary stream channels over time. 
This process has led to the development of thick fans of generally coarse texture along the 
margins of the valley and a generally fining texture towards the axis of the valley (Faunt et 
al., 2009 and 2010). Lacustrine and floodplain deposits also exist closer to the valley axis 
as thick silt and clay layers. Lakes present during the Pleistocene epoch in parts of the San 
Joaquin Valley deposited great thicknesses of clay sediments.  

Approximately three million years ago, tectonic movement of the oceanic and continental 
plates associated with the San Andreas Fault system gave rise to the Coast Range, which 
sealed off the Central Valley from the Pacific Ocean. As this occurred, the floor of the San 
Joaquin Valley began to transition from a marine depositional environment to a freshwater 
system, where ancestral rivers brought alluvium to saltwater bodies (Mendenhall et al., 
1916). The Coast Ranges on the western side of the San Joaquin Valley consist mostly of 
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complexly folded and faulted consolidated marine and nonmarine sedimentary rocks 
ranging from Jurassic to Neogene age, which dip eastward and overlie the basement 
complex (Croft, 1972). Within the Coalition region, the Central Valley Floor consists of 
Tertiary and Quaternary-aged alluvial and basin fill deposits (Figures 2-6 and 2-7). In 
contrast to the east side of the valley, the more irregular and ephemeral streams on the 
west side have less energy and transport smaller volumes of sediment resulting in less-
developed alluvial features, including alluvial fans, which are less extensive, although 
steeper, than alluvial fan features on the east side (Bertoldi et al., 1991). The largest two 
alluvial fans of the western San Joaquin Valley fans were formed by the Panoche and Los 
Gatos Creeks in the north and south of the Westlands Coalition region (Randolph, 2003). 
The Panoche Creek has deposited the largest alluvial fan complex of the western San 
Joaquin Valley with sediments and soils that are generally more permeable than the other 
fan alluvium and soils (Miller et al., 1971). The three primary alluvial fan landforms within 
the Coalition associated with the Panoche, Cantua, and Los Gatos/Zapato Chino Creeks 
have prominent topographic expressions evident as bulges extending northeast from the 
Coast Ranges (Figure 2-1). 

Within the Westside and Pleasant Valley Subbasins and the Central Valley Floor, the 
primary groundwater bearing units consist of Tertiary and Quaternary-aged unconsolidated 
continental deposits and older alluvium. The continental and alluvial deposits consist of 
layers of sand, gravel, silt, and clay that increase in thickness away from the margins of the 
valley. The hydrogeologic system in the Coalition region is characterized by the presence of 
three distinct groundwater zones, including a very shallow perched groundwater zone, an 
upper semi-confined zone (Upper Aquifer), and a lower confined zone (Lower Aquifer) 
(Figure 2-8). Subsurface hydrogeologic materials within the Central Valley Floor consist of 
lenticular and generally poorly sorted clay, silt, and sand that make up the younger and 
older alluvium and underlying Tulare Formation (DWR, 2003). The Tulare Formation, which 
extends to the base of freshwater throughout most of the area, extends to as much as 
2,400 feet deep in parts of the Coalition region and is comprised of stratigraphic layers of 
clays, silts, sands, and gravels and includes the Corcoran Clay (E-Clay) member, a 
diatomaceous clay or silty clay of lake bed origin which is a prominent aquitard in the region 
that separates the upper zone from the lower zone and distinguishes the Upper Aquifer 
from the Lower Aquifer (Miller, 1971). However, the depth and thickness of the Corcoran 
Clay are variable and it is not present in all areas of the Westside Subbasin and does not 
exist at all in the Pleasant Valley Subbasin. Within the Upper Aquifer, clay layers including 
the “A” Clay and “C” Clay members of the Tulare Formation are variable in extent and 
thickness, and present varying degrees of confinement (Croft, 1972). The unconsolidated 
continental deposits within the Tulare Formation along the western side of the San Joaquin 
Valley consist largely of lenticular tongues and beds of sand, silt, and clay that differ widely 
in extent and thickness and grade abruptly both laterally and vertically into one another. 
The Coast Range alluvial deposits are generally oxidized and divided into three parts: the 
coarser fan apex (80 to 100 percent sand with 20 percent clay), the variable mid to lower 
fan margins, and the distal fan (≤20 percent sand and ≥80 percent silt and clay) (Belitz and 
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Heimes, 1990). Midfan deposits are typically coarser textured proximal to present-day 
stream channels and paleochannels (Belitz and Heimes, 1990). 

The Tulare Formation is hydrologically the most important geologic formation in the 
Westlands Coalition region because it contains many fresh water-bearing deposits. Most of 
the natural recharge that occurs in the Westlands Coalition region is in the alluvial fan apex 
areas along the intermittent Coast Range streams (Fio and Leighton, 1994). More recently, 
a source of recharge to the groundwater system on the west side has been from deep 
percolation of applied irrigation water, although changing trends in irrigation technologies 
are reducing deep percolation from applied irrigation water, although changing trends in 
irrigation technologies are reducing deep percolation from applied irrigation water. 
Secondary recharge to areas near the valley axis occurs from subsurface flow from the east 
(DWR, 2003). Eastward movement of groundwater from the fan apex recharge areas: along 
the western edge of the Central Valley Floor to the down slope drainage systems can take 
between 10 to 90 years (Fio and Leighton, 1994). Historically, groundwater flow has been 
generally downward in the fan apex areas, although that flow can be upward in the low-
lying areas. Historically, numerous wetlands have existed along the axis, indicative of a 
zone of groundwater discharge (Randolph, 2003). Some of these conditions have 
disappeared during the past 100 years as a result of increased development of 
groundwater resources within the Tulare Formation (Randolph, 2003). Under natural (pre-
development) conditions, the groundwater flow system of the western San Joaquin Valley 
was predominantly characterized by northerly lateral flows towards the Delta from the 
northern Mendota area and southerly lateral flows toward Tulare Lake from the southern 
Mendota area (Fio and Leighton, 1994). The combined effect of pumping below the 
Corcoran Clay and percolation from above the water table has developed a transient 
downward flow gradient in the semi-confined zone of the upper Tulare Formation, which 
changes with variable pumping and irrigation over time. The largest vertical gradients 
typically occur within finer textured floodplain deposits (Bertoldi et al., 1991). 

Historically, the Westlands Coalition region has experienced periods of considerable 
decline in groundwater levels during which hydraulic heads decreased by more than 
400 feet in some areas along the western boundary due to heavy pumping (Bertoldi et al., 
1991). This caused inelastic compaction of fine-grained materials, potentially resulting in 
remarkable decreases (between 1.5 and 6 times) in permeability of the A-Clay and C-Clay 
and the Corcoran Clay (Bertoldi et al., 1991). However, the effect of the many wells in the 
area that penetrate the Corcoran Clay, potentially acting as conduits for vertical hydraulic 
movement across this aquitard, is believed to have offset the decrease in permeability 
caused by the inelastic compaction of the Corcoran Clay and other clays (Davis et al., 
1959; Davis et al., 1964). 

2.2.2 Natural Surface and Groundwater Chemistry 

Alluvial sediments derived from west-side streams are composed of material derived from 
serpentine, shale, and sandstone parent rock, which results in soil and groundwater types 
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entirely different from those on the east side of the San Joaquin Valley. In contrast with the 
siliceous mineralogy of the alluvial sands and gravels on the eastern side of the Central 
Valley that are derived from the Sierra granitic rocks which are coarser and more resistant 
to chemical dissolution, the sulfate and carbonate shales and sandstones of Coast Range 
sediments on the western side are more susceptible to dissolution processes. Naturally 
high concentrations of total dissolved solids (TDS) in groundwater within the Westlands 
Coalition region have existed historically due to the geochemistry of the Coast Range rocks, 
the resulting naturally high TDS of recharge derived from Coast Range streams, the 
dissolvable materials within the alluvial fan complexes, and the naturally poor draining 
conditions which tend to concentrate salts in the system. The water quality and chemical 
makeup in west side streams is generally highly saline and historical base flow TDS 
concentrations as high as 5,250 mg/L have been observed in Panoche Creek (Miller et al., 
1971). Consequently, naturally high salinity in the groundwater within and around the 
Westlands Coalition has long been recognized, including documentation of these conditions 
since the early 1900s (Mendenhall, 1916). Areas of historical high salinity groundwater are 
evident in Figure 2-9, which shows TDS concentrations of greater than 1,000 mg/L in wells 
with an average depth of 450 feet located along the Fresno Slough and several other areas 
of notably high TDS concentrations greater than 2,000 mg/L, as presented by Mendenhall 
(1916). 

The chemical quality of waters in the Coast Range streams can be closely correlated with 
the geologic units in their respective drainage basins, falling into two general chemical 
types. Streams that drain extensive areas of Paleogene sediments generally carry sulfate 
water of the calcium or sodium type, while streams that drain the older Franciscan 
Formation and the post-Franciscan Cretaceous sediments generally carry bicarbonate 
water (Davis et al., 1957). The Panoche Creek watershed consists largely of older 
Franciscan Group rocks, whereas Cantua and Los Gatos Creeks have drainage areas 
consisting of more Paleogene and Cretaceous marine rocks (Figure 2-7). The Panoche 
Creek Valley and the Pleasant Valley represent areas where the surface waters have 
incised through a sequence of Cretaceous into younger Pleistocene rocks (Figure 2-7). 
Groundwater flows discharging from these marine and non-marine rocks into streams 
introduce a variety of dissolved constituents, resulting in variable groundwater types within 
alluvial fans. Some areas of the Upper Aquifer along the eastern border of the Westlands 
Coalition region within the immediate vicinity of the San Joaquin River, Fresno Slough, and 
Kings River area are influenced by lower salinity surface water discharging from the east 
side of the San Joaquin basin (Davis et al., 1957). 

The general chemical composition of groundwater in the Westlands Coalition region is 
variable based on location and depth. Groundwater types in the area range from calcium 
sulfate to sodium chloride type. Generally, carbonate is predominant in groundwater in the 
eastern portion of the region while sulfate is predominant in groundwater further west. The 
Upper Aquifer, within the uppermost 200 to 300 feet in Westlands Coalition region, is 
predominantly calcium and magnesium sulfate type (Davis et. al., 1959). Along the valley 
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axis in the area between Mendota and Huron, groundwater containing extremely high 
sulfate and chloride concentrations occurs in the basal portion of the Upper Aquifer just 
above the Corcoran Clay (Davis et al., 1959). Groundwater quality in the Lower Aquifer 
below the Corcoran Clay is spatially variable, and along the Fresno Slough localized deep 
saline silt deposits exist. Consequently, in these areas, some deep wells have yielded water 
good enough for irrigation, while others have yielded water that is very poor quality 
(Davis et al., 1957). The junctions at depth of the east and west encroachments of alluvium 
deposited during the formation of the valley reflects the position of the San Joaquin and 
Kings Rivers, which coincides closely with the transition of saline to fresh groundwater 
types along the west side of the valley (Davis et al., 1957). In the area west of Huron and 
along the western margin of the Central Valley Floor, deep wells (2,000 to 2,200 feet) have 
historically been characterized by high sulfate concentrations, which is generally associated 
with the quality of the Upper Aquifer suggesting enhanced recharge from the Upper Aquifer 
to the Lower Aquifer may occur in this area because of the absence or discontinuous 
character of the Corcoran Clay (Davis et al., 1957; Davis et al., 1959). 

2.2.3 Physical Conceptual Model 

2.2.3.1 Very Shallow Unconfined Groundwater 

The increased presence of fine-grained floodplain deposits towards the Central Valley axis 
to the east within the Coalition region results in low-permeability shallow soils that restrict 
percolation of water. These areas have conditions with very shallow groundwater and are 
commonly considered as drainage problem areas (DWR, 2003). The very shallow 
groundwater that underlies much of the Westlands Coalition region is generally not suitable 
for any purpose due to high concentrations of dissolved solids. The combined effect of the 
many very shallow fine-grained lenses impeding vertical flow, especially in the distal fan 
and floodplain areas closer to the axis, are believed to be great, and speculated to 
represent a more substantial barrier to vertical movement of water than the Corcoran Clay, 
which separates deeper materials of the Upper and Lower Aquifers (Bertoldi et al., 1991). 

Floodplain deposits along the eastern side of the Westlands Coalition region and the 
associated poorly draining soils cause naturally percolating water and applied irrigation 
water to build up the very shallow zone. Shallow groundwater stagnation (where soils 
remain saturated within about 5 feet of the land surface) can increase salt accumulation in 
shallow soils and groundwater resulting from evaporation occurring directly from the water 
table (Corwin, 2012). Soil salinities are highest in the midfan and distal-fan areas towards 
the valley axis, and places absent of intermittent streams (Fio, 1994). During non-irrigation 
periods, on-farm drainage water can become highly saline due to the greater proportion of 
water contributed from deeper groundwater intercepted by the drainage system (Fio, 1994). 
Conversely, during irrigation periods, the contribution of irrigation recharge increases, 
resulting in decreased salinity in drainage water (Fio, 1994). In this GAR, very shallow 
groundwater is considered to be the zone within 100 feet of the ground surface. Because of 
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the high salinity, very shallow groundwater is not used as a supply for agricultural or 
drinking water within the Coalition region. 

2.2.3.2 Semi-Confined Upper Aquifer (above Corcoran Clay) 

The Upper Aquifer is represented by the materials existing below the very shallow 
groundwater zone (top 100 feet) and extending to the top of the Corcoran Clay. The Upper 
Aquifer includes shallow geologic units of younger and older alluvial and upper parts of the 
Tulare Formation. Sediments within the upper Tulare Formation have variable sources and 
subdivision of units can be distinguished between eastern and western sourced materials. 
Alluvial fan materials above the Corcoran Clay in the Westlands Coalition region are 
generally more extensive than older alluvial fan deposits within the Tulare Formation below 
the Corcoran Clay. The extent, depth, and thickness of the Corcoran Clay, as represented 
in the Central Valley Hydrologic Model (CVHM) (Faunt et al., 2009 and 2010) and based on 
revised interpretations by (Faunt et al. 2009 and 2010), are shown in Figures 2-10 and 
2-11 defining the extent and degree of hydraulic separation between the Upper and Lower 
Aquifers. As shown in Figure 2-10 by the depth to the top of the Corcoran Clay, the depth 
of the Upper Aquifer ranges generally between 400 and 800 feet. Other notable mapped 
clay units also exist within the upper part of the Tulare Formation in the vicinity of the 
Coalition, including the A and C Clay members of the Tulare Formation.  

The mapped extent and elevation of these clay members, as presented by Croft (1972), are 
shown in Figures 2-12 and 2-13 indicating areas where considerable barriers to vertical 
groundwater movement within the Upper Aquifer are known to exist. As shown in 
Figures 2-12 and 2-13, the extent and thickness of both the A and C Clays are somewhat 
uncertain, although they have been mapped to exist in two general areas between Mendota 
and the town of San Joaquin and south of Helm along the eastern boundary of the Coalition 
area. The A Clay occurs at elevations ranging from about 100 to 160 feet corresponding to 
depths of generally between 100 and 200 feet. The deeper C Clay exists at correspondingly 
lower elevations from between 20 to 100 feet above mean sea level. (Figure 2-12) 
(Figure 2-13). Although not explicitly mapped, less extensive and unmapped clay units 
within the Upper Aquifer also exist in other parts of the Coalition region. Groundwater within 
the Upper Aquifer generally has high concentrations of calcium and magnesium sulfate and 
show a general vertical decrease in TDS and hardness with depth accompanied by an 
increase in percent sodium with depth (Davis et al., 1957). 

Where the Corcoran Clay is not present within the Central Valley Floor, along parts of the 
western margins of the valley, differentiation between the Upper and Lower Aquifers is less 
distinct. In these areas, a depth of 500 feet, which is approximately representative of the 
average depth to the top of the Corcoran Clay within the Coalition region, was used to 
differentiate Upper from Lower Aquifers. Although, most of the groundwater used for 
agricultural and drinking water supply within the Coalition region is produced from the 
Lower Aquifer, the Upper Aquifer represents a supply for some irrigation wells and also 
likely for many domestic drinking water wells in the area. 
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2.2.3.3 Corcoran Clay 

As discussed above, the Corcoran Clay is a remarkable hydrogeologic feature throughout 
most of the Coalition region that acts as an aquitard and impediment to vertical flow 
between the Upper and Lower Aquifers. The Corcoran Clay is present at depth across most 
of the Coalition region with the notable exception of areas in the southwestern portion of the 
Coalition region extending westward approximately from Huron into the Pleasant Valley 
subbasin around Coalinga (Figures 2-10 and 2-11). The depth to the top of the Corcoran 
Clay ranges between approximately 400 and 800 feet below the ground surface with the 
general spatial pattern of deepening in the western and southern parts of the Central Valley 
Floor with the Coalition region (Figure 2-10). The thickness of the Corcoran Clay, which is 
expected to influence the degree of hydraulic separation it provides between the Upper and 
Lower Aquifers, is greatest to the north and east towards the valley axis, with decreasing 
thickness in the southern and western parts of the Central Valley Floor area (Figure 2-11). 

2.2.3.4 Confined Lower Aquifer (below Corcoran Clay) 

The Lower Aquifer is the portion of the Tulare Formation that is confined beneath the 
Corcoran Clay extending downward to the underlying San Joaquin Formation and the 
interface of salty water of marine origin within its uppermost beds. The Lower Aquifer is 
characterized by groundwater that tends to be dominantly sodium sulfate type, which is 
typically of better quality than the Upper Aquifer (Davis et al., 1957). Because of its 
generally lower salinity when compared to other groundwater resources in the area, the 
Lower Aquifer is the primary source of groundwater for agricultural and drinking water uses 
within the Coalition region. 

2.2.3.5 Hydrogeologic Conceptualization 

Figure 2-14 displays the locations of geologic cross-sections created from the sediment 
texture model for the Central Valley generated by (Faunt et al. 2009 and 2010) for 
visualization of the vertical relationships between the three groundwater zones across the 
Coalition region. As described above, the Corcoran Clay divides the Upper and Lower 
Aquifers. In Figures 2-15 through 2-21, characteristics of subsurface materials are 
presented in 50-foot intervals by percent coarse with darker green areas indicating 
relatively lower percent coarseness corresponding with finer-grained sediments of lower 
hydraulic conductivity and lighter tan to orange colors indicating higher percentages of 
coarse-textured materials corresponding with coarser-grained sediments of generally 
greater hydraulic conductivity. The presence of fan materials is apparent in some sections 
transecting alluvial fans by the presence of coarse materials on the western side of the 
valley. Alluvium associated with the San Joaquin River system and also sandier zones 
representing areas where Sierran alluvial fan materials sourced from the east side of the 
valley have extended into the Coalition region are also evident in these cross-sections. 
Additional notable cross-sections presented by Miller et al. (1971) and Croft (1972), that 
overlap with the Coalition region, are located on Figure 2-14 and presented in 
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Figures 2-22 through 2-27. These cross-sections provide considerable information relating 
to the vertical and lateral extent and continuity of subsurface geologic features throughout 
the region. Cross-section B constructed by Miller et al. (1971) (Figure 2-23) depicts an 
encroachment of micaceous Sierran sands above the Corcoran Clay that are not apparent 
in geologic cross-sections A and B, which are based on CVHM and sediment texture model 
data (Figures 2-15 and 2-16). Higher quality groundwater can be associated with this layer 
of Sierran sediments that are generally coarser-grained and composed of relatively less 
dissolvable minerals compared to other sediments derived from Coast Range sources 
(Davis et al., 1957). Cross-section C from Miller et al. (1971) (Figure 2-24) depicts several 
encroachments of coarse textured Sierran floodplain deposits above and below the 
Corcoran Clay. These layers are fairly consistent with the data shown in cross-section C of 
CVHM texture model data (Figure 2-17), which follows a similar alignment. Consistent with 
the maps of the extent and elevation of the A and C Clay members of the Tulare Formation 
(Figures 2-13 and 2-14), the A and C Clay units are not apparent in either the C cross-
section by Miller et al. (1971) (Figure 2-24) or cross-section C showing the CVHM textural 
model data (Figure 2-17). 

2.3 SURFACE AND SUBSURFACE SEDIMENTS 
CHARACTERIZATION 

2.3.1 Surficial Soils 

For the purposes of completing the GAR, including the required groundwater vulnerability 
assessment component, available information, and data on surface and subsurface 
sediments were acquired and assembled. Because of the hydrogeology of the surrounding 
mountains, generally low water-bearing nature of rocks outside the Central Valley Floor 
area and lack of irrigated agriculture in these areas, the characterization of subsurface 
materials and the groundwater vulnerability assessment were limited to within the Central 
Valley Floor. Sources of data used to characterize the surface and subsurface sediments in 
the area consisted of descriptions provided in the literature with mapped data sources 
consisting primarily of county soil surveys completed by the Natural Resource Conservation 
Service (NRCS), subsurface sediment texture model data (Faunt et al., 2009 and 2010), 
and data relating to hydraulic properties of layers and Corcoran Clay properties from CVHM 
(Faunt et. al, 2009 and 2010). 

2.3.1.1 Soil Hydraulic Conductivity 

Figure 2-28 shows the saturated hydraulic conductivity of surficial soils within the Coalition 
region as mapped by The NRCS assigns ranges of properties to different map units by 
aggregating observed data. As part of the NRCS soil surveys, soil map units are defined to 
express similarities between soils within similar landform and landscape positions. Each soil 
map unit is assigned ranges of physical properties by aggregating data collected for each 
soil map unit. Soil survey data for counties encompassed by the Coalition region were 
combined using the weighted harmonic mean of these representative layers to estimate the 
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vertical saturated hydraulic conductivity of the C-horizon for each NRCS map unit, as 
shown in Figure 2-28. 

A pattern of progressive decline in vertical hydraulic conductivity of soils with distance from 
fan apex areas (along hill slopes) is evident within the Coalition region (Figure 2-28). The 
presence of soils of higher conductivity in combination with underlying coarser sediments, 
make the potential for groundwater recharge highest in areas more proximal to fan sources 
that extend along the hill slopes bounding the west side of the Central Valley Floor. Soils 
along stream channels such as Panoche Creek and in areas immediately surrounding 
natural surface water channels within Pleasant Valley have relatively higher hydraulic 
conductivity (Figure 2-28). Soils of relatively higher vertical hydraulic conductivity extending 
towards Mendota are likely the result of historical depositional processes by Panoche Creek 
and paleochannels and fan deposits associated with flows from Los Gatos Creek and 
Zapato Creek. Large areas near Huron also exhibit soils with high vertical hydraulic 
conductivity (Figure 2-28). Floodplain deposits blanketing much of the eastern portion of 
the Coalition region, particularly along Fresno Slough, are evident as lower hydraulic 
conductivity soils in Figure 2-28. In areas peripheral to the Central Valley Floor, soils tend 
to be characterized by low hydraulic conductivity, although soils of higher hydraulic 
conductivity are present along active surface watercourses within the peripheral area. 

2.3.1.2 Soil Drainage 

The spatial distribution of soil drainage characteristics are shown in Figure 2-29 by 
drainage class. Soil drainage characteristics are closely tied to hydraulic conductivity and 
the similarities between spatial distribution of soil hydraulic conductivity and drainage 
characteristics are clearly apparent in Figures 2-28 and 2-29. As discussed above, the 
presence of fine-grained floodplain deposits along the eastern portions of the Coalition 
region are evident in soils with lower hydraulic conductivity (Figure 2-28). Accordingly, 
these characteristics also make these areas relatively poorly draining. Areas of poorly 
drained to somewhat poorly drained soils are most evident in the northeastern part of the 
Coalition region. As early as 1958, farmers in parts of the western San Joaquin Valley 
began installing subsurface drainage systems and evaporation ponds to manage such 
poorly draining soils and the associated shallow water table and soil salinity (Fio, 1994). As 
seen in Figure 2-29, more upland soils, proximal to sediment sources derived from the 
Coast Range hill slopes, are characterized as moderately well drained. 

2.3.1.3 Soil Chemistry 

Figures 2-30 and 2-31 display soil salinity and soil pH as mapped by NRCS. Salinity is a 
measurement of the amount of salt present in soil and is estimated by measuring the 
electrical conductivity (EC) of the soil. From an agricultural standpoint, salinity of the soil is 
important because it can greatly impact the ability of the soil to support crops. While crops 
vary in their tolerance for elevated soil salinity, the productivity of most crops becomes 
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impacted when EC levels are above 4 decisiemens per meter (dS/m), although some more 
sensitive crops may have declining yields at lower salinity levels (Waskom et al., 2012). 

Soil salinity values for individual map units (Figure 2-30), were calculated using a weighted 
arithmetic mean, weighted by the thickness of soil horizons. A notable spatial relationship 
between soil salinity and vertical hydraulic conductivity and drainage characteristics of soils 
(Figures 2-28 and 2-29) is evident through comparison of these maps. Areas of highest 
soil salinity (red) in Figure 2-30 are located across much of the eastern portion of the 
Coalition region where vertical hydraulic conductivity of soils is low. This is consistent with 
the hydrologic properties of these soils inhibiting the ability of salts to flush from these soils. 
Finer-textured soils with low hydraulic conductivity are also capable of holding more water 
by capillarity, which can increase bare soil evaporation resulting in shallow salt 
accumulation over time. Map units with relatively lower soil salinity are exhibited across 
much of the western and southwestern portion of the Coalition region. 

The spatial distribution of soil pH within the Coalition region, as derived from available 
NRCS soil surveys, is shown in Figure 2-31. Soil pH is a measurement of the concentration 
of hydrogen ions present in soil. A pH in the range of 7 is considered neutral with increasing 
pH levels indicating more alkaline soil conditions and decreasing pH values indicating more 
acidic soil conditions. Crops vary in their ability to tolerate levels of soil pH; however, most 
crops grow best when the soil pH is slightly acidic at a value between 6 and 7, while highly 
alkaline soils (pH > 7.8) can affect plant health. 

A prominent difference in soil pH is evident between more alkaline soils (higher pH) present 
within the Central Valley Floor and neutral to acidic soils (lower pH) present in the 
peripheral areas as shown on Figure 2-31. The most alkaline soils are generally located in 
the western portion of the Central Valley Floor and where carbonates and hydroxides exist 
within near surface soils derived from Coast Range rock formations along the minor surface 
drainage channels into Pleasant Valley, the Los Gatos Creek channel, and the Zapato 
Chino Creek channel (Figure 2-31). 

2.3.2 Hydraulic Properties of Subsurface Sediments 

The characteristics of subsurface sediments below the soil layers are more difficult to 
describe and map in a spatially continuous manner because it must be inferred and 
interpolated from available boring information. As part of the development of the CVHM, 
(Faunt et al. 2009 and 2010) created a three-dimensional sediment texture model to 
characterize the valley-fill deposits within the Central Valley Floor area. This model 
incorporated interpretation and interpolation of lithologic data from numerous well drillers’ 
logs and other available data to develop a layered spatial representation of subsurface 
hydraulic conductivity at a horizontal grid scale of one-square mile and approximately 
50 foot thickness intervals. Data from the texture model were compiled into layers for use in 
the CVHM. As discussed above, data derived from the CVHM and associated sediment 
texture model were used to evaluate the subsurface geologic conditions. Using these data, 
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Figures 2-32 through 2-37 display some of the relevant hydraulic properties for the very 
shallow zone, Upper Aquifer, Lower Aquifer, and Corcoran Clay, as outlined in the 
conceptual model above. 

2.3.2.1 Very Shallow Groundwater Zone 

Figures 2-32 and 2-33 show vertical and horizontal hydraulic conductivity within the very 
shallow groundwater zone. Similar spatial patterns and ranges of magnitude in values are 
evident in the vertical and horizontal hydraulic conductivity of the very shallow zone. In 
general, areas of lower hydraulic conductivity exist in the interior parts of the Central Valley 
Floor area of the Coalition region with several localized areas of higher conductivity 
apparent (Figure 2-32 and Figure 2-33). Notably higher hydraulic conductivity values 
within the very shallow zone exist in areas within Pleasant Valley and in several small areas 
to the north. The lower vertical hydraulic conductivity and higher horizontal hydraulic 
conductivity shown along the margins of the Central Valley Floor are believed to be CVHM 
model-related artifacts. 

2.3.2.2 Upper Aquifer 

Figures 2-34 and 2-35 display hydraulic conductivity properties within the Upper Aquifer 
using data from CVHM. Although spatial patterns in these data are not clearly evident, 
several areas of notably higher horizontal hydraulic conductivity values within the Upper 
Aquifer are apparent. A zone of relatively higher horizontal hydraulic conductivity is shown 
in Figure 2-35 along the eastern margins of the Coalition region and may be indicative of 
the presence of encroachments of coarse-textured deposits of Sierran origin from the east. 
Another area of higher horizontal conductivity within the Upper Aquifer is shown in the 
vicinity of Huron and likely depicts the generally coarse-textured sediments from the alluvial 
fan created by depositional processes associated with Los Gatos and Zapato Chino 
Creeks. The range of values in vertical and horizontal hydraulic conductivity within the 
Upper Aquifer is similar to the very shallow groundwater zone. 

2.3.2.3 Corcoran Clay 

The map of vertical hydraulic conductivity of the Corcoran Clay presented as Figure 2-36 
shows overall very low hydraulic conductivity with relatively little spatial variability. 
According to CVHM data, the vertical hydraulic conductivity of the Corcoran Clay is on the 
order of 100 times less than the vertical hydraulic conductivity of the very shallow 
groundwater and Upper Aquifer. Interestingly, several areas of slightly higher vertical 
hydraulic conductivities are indicated in the CVHM data and are shown as darker colors on 
Figure 2-36. Although, the vertical hydraulic conductivity of the Corcoran Clay may provide 
some measure of vertical hydraulic communication across this layer, the degree of 
communication between these zones is a function of the hydraulic characteristics and 
thickness combined. 
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2.3.2.4 Lower Aquifer 

The CVHM hydraulic conductivity data for layers indicate that the overall horizontal 
hydraulic conductivity of the Lower Aquifer is notably less than that in the very shallow 
groundwater and the Upper Aquifer. These data show the horizontal hydraulic conductivity 
to be highest along the western edge of the Central Valley Floor and decreasing toward the 
Valley axis on the east side (Figure 2-37). This representation is consistent with historical 
interpretations of the alluvial fan depositional environments, including decreasing coarse 
materials toward the axial areas (Figure 2-37). 

2.3.2.5 Subsurface Sediment Texture 

Sediment textural data across the Central Valley Floor, from which the CVHM layer 
configuration and properties were developed, are displayed in Figure 2-38A through 
Figure 2-38C. These data represent some of the most complete and spatially continuous 
readily available data representing the subsurface characteristics in the Western Tulare 
Lake Basin area. As discussed above, these data were compiled from well driller’s logs in 
the area and interpolated to a one-square mile grid with the fraction of percent coarse for 
each cell indicated in 50-foot intervals. Although these data were aggregated into 
hydrostratigraphic layers of varying thickness for use in the CVHM, the textural data provide 
a higher-resolution representation of sediment texture through the finer discrete depth 
intervals available. High values for percentage of coarse materials within a depth interval 
indicate the presence of higher content of fine-grained materials such as clay, either 
through increased number clay beds in the interval or overall more clayey nature to 
sediments. Hydraulic conductivity is closely related to sediment texture with increasing 
hydraulic conductivity corresponding with increasing percent coarse materials. Both vertical 
and lateral spatial patterns in sediment texture are evident in Figure 2-38A through 
Figure 2-38C. The sediment texture model data are shown in 50-foot thick horizontal slices 
to a depth of 2,100 feet with four value categories for percent coarse ranging from less than 
25 percent (dark green) to greater than 75 percent (dark orange). The upper 450 feet of 
sediment texture data indicate large areas with thick zones of coarser materials east of the 
Westlands Coalition region with some localized areas of higher percentages of coarse 
material present within the Westlands Coalition region, particularly in the northern area west 
of Mendota and in the Pleasant Valley vicinity and near Huron to the south (Figure 2-38A). 
This representation is consistent with the positioning of the proximal alluvial fan areas 
associated with the Panoche Creek and Los Gatos/Zapato Chino Creek systems, as 
discussed above. The presence of generally fine-grained sediments (<25 percent coarse) 
are apparent within interior areas of the Coalition region throughout much of the depth 
interval to 500 feet. Textural data between 500 and 1,000 feet depth show relatively finer-
grained sediments (<25 percent coarse) across most of the vicinity both within the Western 
Tulare Lake Basin Area and to the west across the Central Valley Floor (Figure 2-38A and 
Figure 2-38B). This zone of fine-grained material generally corresponds to the range of 
depths at which the Corcoran Clay is found within the Coalition region. Below 1,000 feet, a 
pattern of sediment coarsening emerges within the Westlands Coalition, with spreading 

February 2015 2-13 
pw://Carollo/Documents/Client/CA/Westlands WD/9537A00/Deliverables/Text/CH 02 



extent of these coarse-grained materials across the region, and particularly in the 
southeast, with greater depths. These areas and intervals with the highest percentages of 
coarse sediments are largely zones of Sierra-sourced alluvial fan materials (Figure 2-38C). 

Data relating to the physical characteristics of surficial soils and deeper subsurface 
sediments, including soil characteristics and sediment texture model and hydraulic 
properties for CVHM layers that were derived from the texture model, were important 
considerations in the evaluation of groundwater vulnerability, as discussed later in 
Chapter 6. Because of the finer vertical resolution to the sediment texture data, these data 
were particularly important to understand the hydraulic communication between the various 
distinct hydrostratigraphic depth zones in the conceptual model. 

2.4 SUMMARY OF PHYSICAL SETTING 

The Westlands Coalition region encompasses the Westside and Pleasant Valley Subbasins 
of the San Joaquin Valley Groundwater Basin, which represent the extent of the Central 
Valley Floor within the Coalition region. The Coalition region also includes two groundwater 
basins located in the Coast Range mountains peripheral to the Central Valley Floor 
including the Panoche Valley and Vallecitos Creek Valley Groundwater Basins 
(Figure 1-2).  

Within the Westside and Pleasant Valley Subbasins and the Central Valley Floor, the 
primary groundwater bearing units consist of Tertiary and Quaternary-aged unconsolidated 
continental deposits and older alluvium. The continental and alluvial deposits consist of 
layers of sand, gravel, silt, and clay that increase in thickness away from the margins of the 
valley. The hydrogeologic system in the Coalition region is characterized by the presence of 
three distinct groundwater zones, including a very shallow groundwater zone, an upper 
semi-confined zone (Upper Aquifer), and a lower confined zone (Lower Aquifer) 
(Figure 2-8). The Tulare Formation is hydrologically the most important geologic formation 
in the Westlands Coalition region because it contains many fresh water-bearing deposits. 
The Tulare Formation extends to the base of freshwater throughout most of the area and is 
comprised of stratigraphic layers of clays, silts, sands, and gravels and includes the 
Corcoran Clay (E-Clay) member, a diatomaceous clay or silty clay of lake bed origin which 
is a prominent aquitard in the region that separates the upper zone from the lower zone and 
distinguishes the Upper Aquifer from the Lower Aquifer (Miller, 1971). However, the depth 
and thickness of the Corcoran Clay are variable and it is not present in all areas of the 
Westside Subbasin and does not exist at all in the Pleasant Valley Subbasin. 

Most of the natural recharge that occurs in the Westlands Coalition region is in the alluvial 
fan apex areas along the intermittent Coast Range streams (Fio and Leighton, 1994). More 
recently, a major source of recharge to the groundwater system on the west side has been 
from deep percolation of applied irrigation water. Secondary recharge to areas near the 
valley axis occurs from subsurface flow from the east (DWR, 2003). Eastward movement of 
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groundwater from the fan apex recharge areas to the down slope drainage systems can 
take between 10 to 90 years (Fio and Leighton, 1994). Historically, groundwater flow has 
been generally downward in the fan apex areas, although that flow can be upward in the 
low-lying areas. Naturally high concentrations of total dissolved solids (TDS) in groundwater 
within the Westlands Coalition region have existed historically due to the geochemistry of 
the Coast Range rocks, the resulting naturally high TDS of recharge derived from Coast 
Range streams, the dissolvable materials within the alluvial fan complexes, and the 
naturally poor draining conditions which tend to concentrate salts in the system. 

A pattern of progressive decline in vertical hydraulic conductivity of soils with distance from 
fan apex areas (along hill slopes) is evident within the Coalition region. Soils along stream 
channels such as Panoche Creek and in areas immediately surrounding natural surface 
water channels within Pleasant Valley have relatively higher hydraulic conductivity. 
Floodplain deposits blanket much of the eastern portion of the Coalition region, particularly 
along Fresno Slough. In areas peripheral to the Central Valley Floor, soils tend to be 
characterized by low hydraulic conductivity, although soils of higher hydraulic conductivity 
are present along active surface watercourses and within the Panoche Valley and 
Vallecitos Creek Valley Groundwater Basins within the peripheral area. 

Subsurface sediment texture data from CVHM indicate the upper 450 feet of sediment 
consist of large areas with thick zones of coarser materials east of the Westlands Coalition 
region with some localized areas of higher percentages of coarse material present within 
the Westlands Coalition region, particularly in the northern area west of Mendota and in the 
Pleasant Valley vicinity and near Huron to the south. The presence of generally fine-grained 
sediments (<25 percent coarse) are apparent within interior areas of the Coalition region 
throughout much of the depth interval to 500 feet. Textural data between 500 and 
1,000 feet depth show relatively finer-grained sediments (<25 percent coarse) generally 
corresponding with the range of depths at which the Corcoran Clay is found. Below 
1,000 feet, a pattern of sediment coarsening emerges within the Westlands Coalition 
region, with spreading extent of these coarse-grained materials across the region, and 
particularly in the southeast, with greater depths. Areas and intervals with the highest 
percentages of coarse sediments are largely zones of Sierra-sourced alluvial fan materials. 

In this GAR, very shallow groundwater is considered to be the zone within 100 feet of the 
ground surface. Because of the high salinity, very shallow groundwater is not used as a 
supply for agricultural or drinking water within the Coalition region. The Upper Aquifer is 
represented by the materials existing below the very shallow groundwater zone (top 
100 feet) and extending to the top of the Corcoran Clay. The Upper Aquifer includes 
shallow geologic units of younger and older alluvial and upper parts of the Tulare 
Formation. The Corcoran Clay is a remarkable hydrogeologic feature throughout most of 
the Coalition region that acts as an aquitard and impediment to vertical flow between the 
Upper and Lower Aquifers. The Corcoran Clay is present at depth across most of the 
Coalition region with the notable exception of areas in the southwestern portion of the 
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Coalition region extending westward approximately from Huron into the Pleasant Valley 
subbasin around Coalinga. The depth to the top of the Corcoran Clay ranges between 
approximately 400 and 800 feet below the ground surface with the general spatial pattern of 
deepening in the western and southern parts of the Central Valley Floor with the Coalition 
region. The thickness of the Corcoran Clay, which is expected to influence the degree of 
hydraulic separation it provides between the Upper and Lower Aquifers, is greatest to the 
north and east towards the valley axis, with decreasing thickness in the southern and 
western parts of the Central Valley Floor area. The Lower Aquifer is the portion of the 
Tulare Formation that is confined beneath the Corcoran Clay extending downward to the 
underlying San Joaquin Formation and the interface of salty water of marine origin within its 
uppermost beds. 
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Explanation
Elevation (feet msl)
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Western Tulare Lake Basin

Data sources
USGS National Elevation Dataset (NED)
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Explanation
Slope
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USGS National Elevation Dataset (NED)
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Precipitation
(inches)
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Western Tulare Lake Basin

Data sources
USDA - National Water and Climate Center
Oregon State University PRISM Climate Group
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Explanation
!? Streamflow Gage Locations

Western Tulare Lake Basin

Data sources
US Geological Survey
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Western Tulare Lake Basin

Data sources
US Geological Survey, California Geological Survey
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Compiled Geologic Map Explanation

Geologic Map compiled from:
1. Jennings, C.W. and Strand, R.G. , 1958, Geologic Atlas of California - Santa Cruz Quadrangle, 

California Geological Survey, Geologic Atlas of California Map No. 020, 1:250,000 scale.
2. Jennings, C.W., 1958, Geologic map of California - San Luis Obispo Quadrangle, 

California Division of Mines and Geology, 1:250,000 scale.
3. Smith, A.R., 1964, Geologic map of California - Bakersfield Quadrange, 

California Division of Mines and Geology, 1:250,000 scale. 
4. Matthews, R.A. and Burnett, J.L. , 1965, Geologic Atlas of California - Fresno Quadrangle, 

California Geological Survey, Geologic Atlas of California Map No. 005, 1:250,000 scale. 
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FIGURE 2-8
WESTLANDS WATER QUALITY  COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
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CONCEPTUAL ILLUSTRATION OF THE WESTERN TULARE
LAKE BASIN AREA HYDROGEOLOGIC SYSTEM

Very Shallow Groundwater Zone (<100 ft)

Upper Aquifer

Corcoran Clay

Lower Aquifer ±

Not drawn
to scale

Very Shallow Groundwater Zone: Ground surface to 100 feet deep
thickness range = 100 feet

Upper Aquifer: From 100 feet to top of Corcoran Clay (where present), to depth of 500 feet outside extent of
Corcoran Clay
thickness range = less than 100 feet to greater than 700 feet  

Corcoran Clay: E Clay member of the Tulare Formation, from Faunt et al. (2009) 
depth range = less than 200 feet to greater than 800 feet
thickness range = zero feet to greater than 100 feet  

Lower Aquifer: Below Corcoran Clay (where present), below depth of 500 feet outside extent of Corcoran Clay
depth range = less than 500 feet to greater than 900 feet
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Data sources
Mendenhall, 1916
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Explanation
Depth to Top of
Corcoran Clay (feet)
(CVHM 1 square mile
grid cells)
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Western Tulare Lake Basin

Data sources
US Geological Survey, CVHM
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Explanation
Corcoran Clay
Thickness (feet)
(CVHM 1 square mile
grid cells)

20 - 25
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Western Tulare Lake Basin

Data sources
US Geological Survey, CVHM
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 02-12 Map of the A Clay Member of the Tulare Formation_141119.mxd

Explanation
Mapped Extent and
Elevation of the "A"
Clay (from Croft, 1972)

Extent of the "A" Clay

Elevation of the Base of "A"
Clay (dashed indicates
uncertainty)

Western Tulare Lake Basin

Data sources
Croft, 1972
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 02-13 Map of the C Clay Member of the Tulare Formation_141119.mxd
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Mapped Extent and
Elevation of the "C"
Clay (from Croft, 1972)

Extent of the "C" Clay

Elevation of the Base of "C"
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Western Tulare Lake Basin

Data sources
Croft, 1972
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Explanation
New Cross-Sections (Based on CVHM Data)

Cross-Section from Miller (1971)

Cross-Section from Croft (1972)
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FIGURE 2-19
WESTLANDS WATER QUALITY  COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

GEOLOGIC CROSS-SECTION E-E'

Vertical Exaggeration: 20x
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Explanation
Sediment Texture
- Percent Coarse
(shown in 50 foot intervals
from CVHM texture model)
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 02-20 Geologic Cross-Section F-F'.mxd

FIGURE 2-20
WESTLANDS WATER QUALITY  COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

GEOLOGIC CROSS-SECTION F-F'

Vertical Exaggeration: 20x
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Explanation
Sediment Texture -
Percent Coarse
(shown in 50 foot intervals
from CVHM texture model)
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 02-21 Geologic Cross-Section G-G'.mxd

FIGURE 2-21
WESTLANDS WATER QUALITY  COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

GEOLOGIC CROSS-SECTION G-G'

Vertical Exaggeration: 20x
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Sediment Texture
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FIGURE 2-22
WESTLANDS WATER QUALITY  COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

MILLER (1971) GEOLOGIC CROSS-SECTION A

Western Tulare
Lake Basin Area

Panoche Creek
Vicinity of
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Cantua Creek
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FIGURE 2-23
WESTLANDS WATER QUALITY  COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

MILLER (1971) GEOLOGIC CROSS-SECTION B

Western Tulare
Lake Basin Area§̈¦5 Fresno

Slough
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FIGURE 2-24
WESTLANDS WATER QUALITY  COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

MILLER (1971) GEOLOGIC CROSS-SECTION C

§̈¦5 Western Tulare
Lake Basin Area

Fresno
Slough
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FIGURE 2-25
WESTLANDS WATER QUALITY  COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

MILLER (1971) GEOLOGIC CROSS-SECTION D

Western Tulare
Lake Basin Area

§̈¦5
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FIGURE 2-26
WESTLANDS WATER QUALITY  COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

CROFT (1972) GEOLOGIC CROSS-SECTION B

Western Tulare
Lake Basin Area

Kings River
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FIGURE 2-27
WESTLANDS WATER QUALITY  COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

CROFT (1972) GEOLOGIC CROSS-SECTION F

Panoche Creek
Cantua Creek

Vicinity of 
Los Gatos Creek Western Tulare

Lake Basin Area
§̈¦5
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 02-28 Map of Soil Hydraulic Conductivity 141103.mxd

Explanation
Soil Saturated
Hydraulic Conductivity
(feet/day)

<0.5

0.6 - 1.0

1.1 - 2.0

2.1 - 4.0

>4.0

Western Tulare Lake Basin

Data sources
US Geological Survey, California Geological Survey

FIGURE 2-28
WESTLANDS WATER QUALITY  COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
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MAP OF SOIL HYDRAULIC
CONDUCTIVITY
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 02-29 Map of Soil Drainage.mxd

Explanation
Soil Drainage Class

Somewhat excessively
drained

Well drained

Moderately well drained

Somewhat poorly drained

Poorly drained

Very poorly drained

Western Tulare Lake Basin

Data sources
Natural Resources Conservation Service (NRCS) Soil Survey Geographic

FIGURE 2-29
WESTLANDS WATER QUALITY  COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF SOIL DRAINAGE CHARACTERISTICS
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 02-30 Map of Soil Salinity.mxd

Explanation
Soil Salinity
Electrical Conductivity
(dS/m)

<=1.0

1.1 - 2.0

2.1 - 4.0

4.1 - 8.0

>8.0

Western Tulare Lake Basin

Data sources
Natural Resources Conservation Service (NRCS) Soil Survey Geographic

FIGURE 2-30
WESTLANDS WATER QUALITY  COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF SOIL SALINITY

Soils with EC 
above 4 dS/m
commonly
considered
saline
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 02-31 Map of Soil pH.mxd

Explanation
Soil pH

<=5.5

5.6 - 6.5

6.6 - 7.5

7.6 - 8.5

>8.5

Western Tulare Lake Basin

Data sources
Natural Resources Conservation Service (NRCS) Soil Survey Geographic

FIGURE 2-31
WESTLANDS WATER QUALITY  COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF SOIL PH
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 02-32 Vertical Hydraulic Conductivity Very Shallow Zone_141118.mxd

Explanation
Vertical Hydraulic Conductivity:
Very Shallow Zone (CVHM 0-100 ft)
(feet/day)

<0.030

0.030 - 0.045

0.046 - 0.049

0.050 - 0.055

>=0.055

Western Tulare Lake Basin

Data sources
US Geological Survey, CVHM

FIGURE 2-32
WESTLANDS WATER QUALITY COALITION

GROUNDWATER QUALITY ASSESSMENT REPORT
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF VERTICAL HYDRAULIC CONDUCTIVITY: 
VERY SHALLOW ZONE
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 02-33 Horizontal Hydraulic Conductivity Very Shallow Zone_141119.mxd

Explanation
Horizontal Hydraulic Conductivity:
Very Shallow Zone (CVHM 0-100 ft)
(feet/day)

<20.0

20.0 - 39.9

40.0 - 59.9

60.0 - 79.9

>=80.0

Western Tulare Lake Basin

Data sources
US Geological Survey, CVHM

FIGURE 2-33
WESTLANDS WATER QUALITY COALITION

GROUNDWATER QWATSMENT REPORT
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF HORIZONTAL HYDRAULIC CONDUCTIVITY:
VERY SHALLOW ZONE
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 02-34 Vertical Hydraulic Conductivity Upper Aquifer_141103.mxd

Explanation
Vertical Hydraulic
Conductivity: Upper Aquifer
(CVHM below 100 ft and above
Corcoran Clay)
(feet/day)

<0.030

0.031 - 0.045

0.046 - 0.050

0.051 - 0.055

>=0.055

Western Tulare Lake Basin

Data sources
US Geological Survey, CVHM

FIGURE 2-34
WESTLANDS WATER QUALITY COALITION

GROUNDWATER QUALITY ASSESSMENT REPORT
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF VERTICAL HYDRAULIC CONDUCTIVITY:
UPPER AQUIFER
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 02-35 Horizontal Hydraulic Conductivity Upper Aquifer_141119.mxd

Explanation
Horizontal Hydraulic
Conductivity: Upper Aquifer
(CVHM below 100 ft and above
Corcoran Clay)
(feet/day)

<20

20.0 - 39.9

40.0 - 59.9

60.0 - 79.9

>=80

Western Tulare Lake Basin

Data sources
US Geological Survey, CVHM

FIGURE 2-35
WESTLANDS WATER QUALITY COALITION

GROUNDWATER QUALITY ASSESSMENT REPORT
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF HORIZONTAL HYDRAULIC CONDUCTIVITY:
UPPER AQUIFER
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 02-36 Vertical Hydraulic Conductivity of Corcoran Clay_141103.mxd

Explanation
Vertical Hydraulic Conductivity:
Corcoran Clay (CVHM Layers 4&5)
(feet/day)

<0.00050

0.00050 - 0.00054

0.00055 - 0.00059

0.00060 - 0.00064

>=0.00065

Western Tulare Lake Basin

Data sources
US Geological Survey, CVHM

FIGURE 2-36
WESTLANDS WATER QUALITY COALITION

GROUNDWATER QUALITY ASSESSMENT REPORT
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF VERTICAL HYDRAULIC CONDUCTIVITY:
CORCORAN CLAY
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 02-37 Horizontal Hydraulic Conductivity of Lower Aquifer_141103.mxd

Explanation
Horizontal Hydraulic Conductivity:
Lower Aquifer (CVHM Layers 6-8)
(feet/day)

<10.0

10.0 - 14.9

15.0 - 19.9

>=20.0

Western Tulare Lake Basin

Data sources
US Geological Survey, CVHM

FIGURE 2-37
WESTLANDS WATER QUALITY COALITION

GROUNDWATER QUALITY ASSESSMENT REPORT
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF HORIZONTAL HYDRAULIC CONDUCTIVITY:
LOWER AQUIFER



(

(

(

(

( (

Coalinga

Mendota

San
Joaquin

Helm

Huron

(

(

(

(

( (

Coalinga

Mendota

San
Joaquin

Helm

Huron

C

B

A

D

F

E

G

\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 02-38a CVHM Sediment Texture Model 0 to 700.mxd

FIGURE 2-38A
WESTLANDS WATER QUALITY  COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

CVHM SEDIMENT TEXTURE MODEL: 0 TO 700 FEET
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Explanation
Sediment Texture -
Percent Coarse
(shown in 50 foot intervals
from CVHM texture model)
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Cross-Section Location
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FIGURE 2-38B
WESTLANDS WATER QUALITY  COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

CVHM SEDIMENT TEXTURE MODEL: 700 TO 1,400 FEET
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Explanation
Sediment Texture -
Percent Coarse
(shown in 50 foot intervals
from CVHM texture model)
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76 - 100

Cross-Section Location
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Westlands Water Quality Coalition – Groundwater Quality Assessment Report 

Chapter 3 

GROUNDWATER HYDROLOGY 

3.1 GROUNDWATER LEVELS 

Characterization of groundwater conditions within the Westlands Water Quality Coalition 
(Westlands Coalition, or Coalition) region requires understanding groundwater levels. Data 
on groundwater levels provide information with which to interpret hydrogeologic conditions, 
including spatial and temporal patterns in flow direction, groundwater level trends, potential 
groundwater recharge and discharge areas, and other conditions. Publically and readily 
available groundwater level data for the Coalition region were gathered from the California 
Department of Water Resources (DWR) and the State Water Resources Control Board 
(SWRCB) Geotracker database. These data were used in conjunction with considerable 
groundwater level data provided by Westlands Water District (WWD). 

3.1.1 Groundwater Level Dataset 

To develop an understanding of the groundwater conditions and trends, data were collected 
and mapped for the Coalition region and vicinity. Available data within five miles of the 
Coalition region were allowed for control points for interpolation along the edge of the 
Coalition region. Therefore, more data were used than just the data within the Coalition 
region (Table 3-1). These data consisted of more than 260,000 measurements from over 
8,200 wells within and around the Coalition region. DWR data consisted of 3,965 wells with 
42,024 measurements; SWRCB Geotracker data consisted of 184 wells with 3,350 
measurements; and WWD data consisted of 4,081 wells with 215,905 measurements 
(though some of these likely overlap with the DWR data). Of these assembled data for 
8,230 wells, 4,510 wells have available information on well construction such as depth or 
screened interval. 

Additional requests for available data were made to Pleasant Valley Water District and local 
entities including Fresno and Kings County public health and environmental departments, 
were also contacted concerning available groundwater quality data not included in public 
databases. Data requests to local entities were constrained to data readily available in 
electronic format such as databases and spreadsheets with a focus on acquiring 
groundwater level and quality data previously not reported to or available through public 
databases. No data were made available from either county through this process. 

Well location information was an essential requirement for all data. Because of 
confidentiality and security reasons, locational coordinates for wells and associated data 
from California Department of Public Health (CDPH) are only approximate and verification 
of the accuracy of well locations was not a practical possibility; therefore, well coordinates 
provided in the source database were assumed to be accurate. Locations provided by 
CDPH are known to be obfuscated by up to one mile from the true well location. Locational 
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information for pesticide data from DPR were provided only at the Public Land Survey 
System (PLSS) township/range/section level.  

All data received were processed and underwent quality assurance/quality control (QA/QC) 
procedures. During the QA/QC process, to the degree possible, duplicate well records and 
measurements and erroneous data were detected and eliminated. 

Both the groundwater level and groundwater quality data were classified into interpreted 
depth zones. The same procedures were utilized for both datasets. Groundwater level data 
were grouped into five well depth categories indicating the depth zone which they are 
interpreted to represent. These depth categories include very shallow, Upper Aquifer, 
Lower Aquifer, composite wells (Upper and Lower Aquifers), and wells of unknown depth. 
Very shallow wells were defined as wells with depths less than 100 feet and also wells 
called monitoring wells in the source database. Wells with depths indicating they are deeper 
than 100 feet but above the top of the Corcoran Clay, as indicated by Central Valley 
Hydrologic Model (CVHM) data (Faunt, 2009), were classified as Upper Aquifer. In areas 
outside the extent of the Corcoran Clay, wells with depths less than 500 feet were 
considered Upper Aquifer wells. Wells known to be domestic wells were also included in the 
Upper Aquifer depth category even if well depth information was not provided. The depth of 
the bottom of the Corcoran Clay was used to differentiate wells interpreted to be in the 
Lower Aquifer. All wells with depths greater than the bottom of the Corcoran clay layer were 
classified as Lower Aquifer wells. Wells known to be irrigation wells were also classified as 
Lower Aquifer. Wells interpreted to be screened in both the Upper and Lower Aquifer were 
classified as composite wells. Wells lacking any information that could be used to classify 
them in the above categories, either by well type or well depth, were designated as 
unknown depth.  

The spatial distribution of groundwater level data by data source is presented in Figure 3-1. 
This map shows the wide distribution of both DWR and WWD datasets, and the relatively 
localized nature of the SWRCB Geotracker dataset. Groundwater level data are lacking in 
the western portion of the Coalition region, with relatively few data points available within 
the Peripheral Area. These limitations restrict the extent of the groundwater level contours 
that were developed for this project to within the Central Valley Floor portion of the Coalition 
region. Consistent and continuous representations of groundwater levels in groundwater 
zones can reasonably be interpreted within the valley fill deposits comprising much of the 
San Joaquin Valley Groundwater Basin and the Central Valley Floor. However, more 
consolidated rocks of the Coast Range, including uplifted, rotated, and faulted geologic 
units in which groundwater occurrence and movement is less predictable, limit the ability to 
develop similar representations of conditions in these areas at the scale appropriate for the 
GAR. 

The distribution of groundwater level data by year is shown in Figure 3-2A. In general, 
there is a good distribution of data from all decades back to the 1960s. Prior to that decade, 
the dataset becomes sparse and poorly distributed across the Coalition region. Figure 3-2B 
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shows the distribution of all water level measurements used over time, and indicates that 
sampling efforts doubled every five years between 1930 and 1960, doubled again by 1980, 
and have increased more slowly since, although the number of wells sampled doubled 
quickly in the early 1990s. 

3.1.2 Trends in Groundwater Levels 

As a foundational element of the GAR, a spatially complete representation of current 
groundwater levels across the Coalition region was needed. Groundwater levels can 
fluctuate greatly through time due to numerous natural and anthropogenic factors, including 
long-term climatic conditions, adjacent well pumping, nearby surface water flows, and 
seasonal groundwater recharge/depletion. All of these factors can contribute to 
groundwater levels changing on short- and long-term temporal scales. An attempt was 
made to capture the spatial trends in current groundwater levels under spring and fall 
seasonal conditions in the form of interpolated groundwater levels across the Central Valley 
Floor area of the Coalition region. The development of these spatial datasets was limited to 
the Central Valley Floor, largely due to the location of available data, but also because this 
is where the majority of irrigated agriculture exists, and the hydrogeologic environment 
within the Central Valley Floor area is different from the Peripheral Area of the Coalition 
region. 

A spatially continuous depth to groundwater surface was developed from the assembled 
water level data using Geographic Information System (GIS) spatial analysis tools and 
capabilities provided within ArcGIS (ESRI, ArcGIS 10.2). 

Water table elevations (for the very shallow groundwater zone) and piezometric heads (for 
the Upper and Lower Aquifers) were interpolated using nearest neighbor assignment within 
the Coalition region. For each aquifer, two sets of well water level data were analyzed, one 
for fall and one for spring. Fall was defined as the months of September, October, and 
November. Spring was defined as the months of January, February, March, and April. Only 
groundwater levels from 2005 and later were used. All the available data for each season 
for each well were averaged to produce a single value of water level for each season for 
that well. The interpolated surface was contoured, and those contours were then re-
converted to a surface at a lower resolution, as a simple method of smoothing the data. 
Based on the output of this operation, local inconsistencies were visually identified and 
investigated. If any indication existed that the well could be misrepresented, either in 
location or aquifer assignment, it was removed from the dataset. The interpolation and 
contouring process was then followed again to produce adjusted outputs. This iterative 
process was followed up to four times to produce the final versions presented here. As 
discussed above, the extents of the groundwater level contours for each depth zone were 
limited by the spatial distribution of available groundwater level data. The extents were 
further limited to the Central Valley Floor area were geologic conditions make interpolations 
between well points more appropriate. 
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3.1.2.1 Depth to Groundwater 

Regionally, depth to groundwater decreases from the valley perimeter to the valley axis – in 
the Coalition region this translates to a west-to-east decrease in depth to water. Depth to 
groundwater is influenced by local elevation of the land surface and does not indicate flow 
direction; it is important to recognize that although depth to water decreases in the 
eastward direction, this does not imply that the groundwater gradient is from east to west. 
As discussed in Section 3.1.3, groundwater flow directions in the Upper and Lower 
Aquifers are controlled by the piezometric head gradient, which is generally from west to 
east in the Coalition region. 

The results produced in this analysis agree well with depth to water maps provided by 
WWD, which generally show the shallowing trend from west to east. 

3.1.2.1.1 Very Shallow Groundwater 

The interpolated water table derived from the wells classified as very shallow indicates that 
water levels range between very close to the ground surface and approximately 55 feet, 
with generally deeper water tables in the western side of the valley portion of the Coalition 
region and a shallower water table in the eastern areas (Figure 3-3). The influence of the 
alluvial fans of Panoche, Cantua, and Los Gatos Creeks is apparent, as the accumulated 
alluvium at the mouths of these streams have produced elevated land surfaces in those 
regions, resulting in greater depths to water. The map of fall depths to water (Figure 3-4) 
show a similar pattern to spring groundwater levels, though generally slightly deeper. 

3.1.2.1.2 Upper Aquifer 

The Upper Aquifer ranges from relatively shallow piezometric head in the range of 20 to 
60 feet below ground surface, occurring in the most northern region of the Coalition region, 
to much deeper head values in the southern region, around 200 to 240 feet below ground 
surface. 

When local depressions are ignored, fall (Figure 3-5) depths to potentiometric surfaces are 
greater than those in the spring (Figure 3-6). 

3.1.2.1.3 Lower Aquifer 

The Lower Aquifer exhibits more dramatic variation between spring (Figure 3-7) and fall 
(Figure 3-8), with most of the aquifer presenting reduced piezometric heads in the fall. On 
the eastern edge of the Coalition region, in the northern portion, near the Mendota Pool and 
the San Joaquin River, the depth to potentiometric surface was lower in fall than spring, 
swinging from 160 feet below ground in fall to 120 or less in spring. In the southeastern 
corner of the Coalition region, the fall depth to potentiometric surface was around 140 feet, 
but in the spring this was closer to 200 feet. 
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3.1.2.1.4 Peripheral Area 

Depths to water in the Panoche Valley range from over 100 feet to less than 25 feet, but 
with no obvious trend in relation to the creek or the valley axis (Figure 3-9 – top). The 
deepest water was found throughout the valley, as were the lesser depths to groundwater. 
The likelihood of great variability in the subsurface hydrogeological properties, coupled with 
lack of screen-depth data for most of the wells in the area limits the usefulness of this 
dataset. 

In Pleasant Valley, depths to water ranged from over 400 feet to less than 100 feet 
(Figure 3-9 – bottom). The greatest depth to water was found in the uppermost (northwest) 
portion of the valley, likely reflecting the sharp increase in land surface elevation at that end 
of the valley. 

3.1.2.2 Temporal Groundwater Level Trends 

In both the Upper and the Lower Aquifers and the very shallow groundwater zone, the 
wetter period in the mid-1990s is evident in groundwater level trends. The recent drought 
appears to have impacted water levels in the Upper and Lower Aquifers more than in the 
very shallow groundwater zone. Most of the available well hydrograph data sets begin after 
the 1960s but those that start in the early 1960s or before reflect the higher extraction rates 
of the mid and late 1950s. This produces hydrographs that show a long-term trend in 
increasing water levels from the 1960s through the 1970s due to the increased use of 
surface water for irrigation. 

3.1.2.2.1 Very Shallow Groundwater 

Select hydrographs illustrating temporal groundwater level trends in very shallow wells 
across the Central Valley Floor area of the Coalition region are shown in Figure 3-10. 
Hydrographs shown on Figure 3-10 are displayed with different ranges of elevations on the 
vertical axes. During the period from the 1970s to the late 2000s, wells in the western part 
of the Valley Floor within the Coalition region tended to see an increase of around 10 feet in 
groundwater elevation, whereas in the eastern portion of the Coalition region, the very 
shallow wells saw a slight decrease, if any change, in groundwater elevation. 

3.1.2.2.2 Upper Aquifer 

Figure 3-11 presents select hydrographs illustrating temporal groundwater level trends in 
the Upper Aquifer wells. Hydrographs shown on Figure 3-11 are displayed with different 
ranges of elevation values on the vertical axes. Wells in the Upper Aquifer exhibit 
decreasing to somewhat stable longer-term trends in piezometric heads over the period 
from the 1970s through the early 2000s. 

3.1.2.2.3 Lower Aquifer 

Figure 3-12 presents select hydrographs illustrating temporal groundwater level trends in 
deep wells. Hydrographs shown on Figure 3-12 are displayed with different ranges of 
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elevation on the vertical axes. In the Lower Aquifer, piezometric head typically has 
increased during the period from the 1970s through the late 1990s or early 2000s, but, 
since the early 2000s, water levels appear to have remained relatively stable. 

3.1.3 Groundwater Flow 

Groundwater flow direction is controlled by piezometric head gradient. This section 
describes the results of the groundwater elevation analysis. 

3.1.3.1 Groundwater Elevations 

Groundwater elevations were calculated by subtracting the depth to groundwater spatial 
dataset from the land elevation surface. Continuous depth to groundwater spatial datasets 
were generated for recent spring and fall time periods as described above and these depth 
to groundwater level datasets were subtracted from the USGS National Elevation Dataset 
(NED) 10-meter resolution digital elevation model (DEM) to calculate the groundwater 
elevation within the Central Valley Floor area of the Coalition region. Representations of 
groundwater elevations are important for understanding hydrogeologic relationships and 
interpreting groundwater flow directions.  

3.1.3.1.1 Very Shallow Groundwater 

Figures 3-13 and 3-14 show contours of groundwater elevations in the very shallow 
groundwater zone for recent spring and fall time periods. Both maps indicate higher 
groundwater elevations within the very shallow groundwater zone in the southwest with 
lower elevations in the northeast. In general, groundwater elevation increases slightly in 
spring (Figure 3-13) relative to fall (Figure 3-14), most noticeably in the western part of the 
Coalition region. 

3.1.3.1.2 Upper Aquifer 

Contour maps of groundwater elevation in the Upper Aquifer for recent spring and fall time 
periods are presented in Figures 3-15 and 3-16. The Upper Aquifer exhibits a gradient in a 
northeasterly direction, though that gradient flattens towards the east within the Central 
Valley Floor. Spring piezometric heads (Figure 3-15) were generally higher than those in 
the fall (Figure 3-16) throughout most of the Coalition region. 

3.1.3.1.3 Lower Aquifer 

Patterns in recent spring and fall groundwater elevations within the Lower Aquifer are 
illustrated in Figures 3-17 and 3-18. The Lower Aquifer exhibits the greatest seasonal 
difference in groundwater elevations with relatively higher spring (Figure 3-17) and 
relatively lower fall (Figure 3-18) elevations. Throughout the Coalition region, the Lower 
Aquifer shows lower piezometric heads than the Upper Aquifer suggesting that potential 
exists for downward movement of water where subsurface geologic condition provide lesser 
hydraulic separation between these zones. 
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3.1.3.2 Groundwater Flow Directions 

Groundwater flow directions in the very shallow groundwater zone and Upper Aquifer tend 
to be towards the valley axis. In the Lower Aquifer, horizontal flow may be dominated by 
extraction practices more than regional trends. 

3.1.3.3 Areas with Higher Potential for Groundwater Recharge 

The primary process for groundwater recharge within the Central Valley Floor area is from 
percolation of applied irrigation water. Groundwater recharge estimates made by DWR 
(2003) for the Westside groundwater subbasin, encompassing the Valley Floor portion of 
the Coalition region, indicate that natural groundwater recharge represents a relatively 
small fraction of total recharge when compared with estimates of recharge from applied 
water.  

Figure 3-19 shows factors relating to the potential for recharge of groundwater from the 
land surface. Areas of higher soil hydraulic conductivity, as represented by shallow (top 
15 feet) subsurface materials, are shown in Figure 3-19 based on data derived from NRCS 
Soils Survey data (SSURGO). Higher values indicate increased recharge potential, 
especially for the very shallow groundwater zone. CVHM data for the minimum percent of 
coarse materials in the upper 200 feet of substrate indicate areas with higher potential for 
recharge to the Upper Aquifer. The extent of the Corcoran Clay is also shown on 
Figure 3-19. The Corcoran Clay restricts vertical flow between the Upper and Lower 
Aquifer. Therefore recharge of the Lower Aquifer is most likely restricted where the 
Corcoran Clay is present, including across most of the Valley Floor portion of the Coalition 
region. Primary recharge areas to the Lower Aquifer are most likely in western parts of the 
Central Valley Floor, particularly in the vicinity and west of Huron and in Pleasant Valley, 
where the Corcoran Clay is not present (Figure 3-19). 

3.1.3.4 Recharge Areas Upgradient of Communities Reliant on Groundwater 

To identify all groundwater-reliant communities in the Coalition region, the 2010 Census 
data (Census, 2014) were queried for Census Designated Places (CDPs), and these were 
investigated through the CDPH Drinking Water Program (DWP) DRINC web portal to find 
any water system serving those CDPs. The DRINC portal identifies which systems include 
groundwater wells as part or all of their water supply. Additionally, the Environmental Health 
Investigations Branch (EHIB) public water system (PWS) boundaries dataset provided by 
CDPH (CDPH, 2014) was queried for local systems and those with wells identified in the 
CDPH Water Quality Monitoring (WQM) dataset were retained. The PWSs from EHIB and 
CDPs found to be reliant on groundwater were further investigated with aerial imagery to 
retain only the populated areas within each feature. Table 3-2 lists all the communities 
located within the Coalition region and the status with respect to reliance on groundwater, 
as determined through the procedure outlined above. The resulting community areas 
identified to be reliant on groundwater are shown on Figure 3-20. 
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Disadvantaged Unincorporated Communities (DUCs), delineated by PolicyLink (2013) and 
based on parcel data and year 2000 Census data, were also investigated. All DUCs were 
reviewed by location and in some cases limited to residential areas through review of aerial 
photographs. All residential areas associated with DUCs were entirely encompassed by 
PWSs or CDPs previously evaluated for reliance on groundwater as indicated in Table 3-2. 
No new areas were added to the set of communities identified to be reliant on groundwater 
(as a result of incorporating DUCs into the analysis. The status of all DUCs, as it relates to 
the extent of communities reliant on groundwater, is indicated in Table 3-2. 

Contributing areas to communities reliant on groundwater (shown in Figure 3-20), were 
developed for both the Upper and Lower Aquifers. To do this, polygons representing 
communities reliant on groundwater were buffered by 200 meters to provide enough 
starting area to capture flow in the modela modeling environment. The groundwater 
elevation surfaces for fall and spring for the Upper and Lower Aquifers were separately 
processed to produce flow direction grids for each zone. These flow direction grids were 
then used to independently determine the contributing area for each buffered community 
polygon during both spring and fall for each depth zone. The resulting four sets of 
contributing areas were then merged to produce a single combined representation of 
potential groundwater contributing areas for all communities identified to be reliant on 
groundwater within the Coalition region. Figure 3-21 shows these contributing areas with 
the communities they supply where applicable. 

It should be noted that these contributing areas are sensitive to changes in the input 
datasets used in their calculation. Small changes in the groundwater elevation datasets or 
in extent of communities reliant on groundwater can result in considerable change in 
contributing areas. The analysis used in the GAR incorporated groundwater elevation 
datasets representative of recent conditions for both spring and fall in an attempt to most 
accurately identify potential source areas under variable groundwater level conditions. 

3.1.4 Areas for Potential Evapoconcentration in Very Shallow 
Groundwater 

Figure 3-22 shows locations of very shallow groundwater within the Coalition region 
indicating areas where groundwater is shallowest and where higher potential exists for 
atmospheric communication with the very shallow groundwater zone. These represent 
areas where evaporative processes from the water table are most likely to occur, resulting 
in evapoconcentration of salts in the very shallow groundwater zone. As illustrated in 
Figure 3-22, the areas where the groundwater is very near the land surface are distributed 
along the eastern edge of the Coalition region and generally coincide with locally low land 
surface elevations. 

3.1.5 Tile Drains 

The presence of shallow or perched groundwater in parts of the San Joaquin Valley has led 
to the installation of tile drains in some areas. Readily available data sources, for current tile 
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drains, were researched in an attempt to identify locations of known tile drains within the 
Coalition region. 

Locations of tile-drained fields were found based on DWR water quality sampling points. 
This map shows the presence of tile drains just to the north of the Coalition region, outside 
the Coalition boundary. The DWR study area did not extend throughout the Coalition 
region, as shown in Figure 3-23, so it is possible that other tile-drained areas exist within 
the Coalition region, although no located tile drain data were within the Coalition region. 

3.2 SUMMARY OF GROUNDWATER HYDROLOGY 

Characterization of groundwater conditions within the Coalition region requires 
understanding groundwater levels. Data on groundwater levels provide important 
information with which to interpret hydrogeologic conditions, including spatial and temporal 
patterns in flow direction, groundwater level trends, potential groundwater recharge and 
discharge areas, and other conditions. Groundwater level data consisting of more than 
260,000 measurements from over 8,200 wells within and around the Coalition region were 
compiled into a database. Of these assembled data for 8,230 wells, 4,510 wells have 
available information on well construction such as depth or screened interval.  

For the purposes of differentiating and evaluating water level trends within the three depth 
zones of the hydrogeologic system, all wells were categorized by depth as interpreted from 
available information in the database. Groundwater level data were grouped into five well 
depth categories indicating the depth zone which they are interpreted to represent. These 
depth categories include very shallow, Upper Aquifer, Lower Aquifer, composite wells 
(Upper and Lower Aquifers), and wells of unknown depth. Very shallow wells were defined 
as wells with depths less than 100 feet and also wells called monitoring wells in the source 
database. Wells with depths indicating they are deeper than 100 feet but above the top of 
the Corcoran Clay, as indicated by Central Valley Hydrologic Model (CVHM) data 
(Faunt, 2009), were classified as Upper Aquifer. In areas outside the extent of the Corcoran 
Clay, wells with depths less than 500 feet were considered Upper Aquifer wells. Wells 
known to be domestic wells were also included in the Upper Aquifer depth category even if 
well depth information was not provided. The depth of the bottom of the Corcoran Clay was 
used to differentiate wells interpreted to be in the Lower Aquifer. All wells with depths 
greater than the bottom of the Corcoran clay layer were classified as Lower Aquifer wells. 
Wells known to be irrigation wells were also classified as Lower Aquifer. Wells interpreted 
to be screened in both the Upper and Lower Aquifer were classified as composite wells. 
Wells lacking any information that could be used to classify them in the above categories, 
either by well type or well depth, were designated as unknown depth.  

Regionally, depth to groundwater decreases from the valley perimeter to the valley axis – in 
the Coalition region this translates to a west-to-east decrease in depth to water. The 
interpolated water table derived from the wells classified as very shallow indicates that 
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water levels range between very close to the ground surface and approximately 55 feet, 
with generally deeper water tables in the western side of the valley portion of the Coalition 
region and a shallower water table in the eastern areas. Groundwater flow directions in the 
Upper and Lower Aquifers are controlled by the piezometric head gradient, which is 
generally from west to east in the Coalition region. The Upper Aquifer ranged from relatively 
shallow piezometric head in the range of 20 to 60 feet below ground surface, occurring in 
the most northern region of the Coalition region, to much deeper head values in the 
southern region, around 200 to 240 feet below ground surface. The Lower Aquifer exhibits 
more dramatic variation between spring and fall, with most of the aquifer presenting 
reduced piezometric heads in the fall. On the eastern edge of the Coalition region, in the 
northern portion, near the Mendota Pool and the San Joaquin River, the depth to 
potentiometric surface was lower in fall than spring, swinging from 160 feet below ground in 
fall to 120 or less in spring. In the southeastern corner of the Coalition region, the fall depth 
to potentiometric surface was around 140 feet, but in the spring this was closer to 200 feet. 
In Pleasant Valley, depths to water ranged from over 400 feet to less than 100 feet, 
whereas, depths to water in the Panoche Valley range from over 100 feet to less than 25 
feet.  

In both the Upper and the Lower Aquifers and the very shallow groundwater zone, the 
wetter period in the mid-1990s is evident in groundwater level trends. The recent drought 
appears to have impacted water levels in the Upper and Lower Aquifers more than in the 
very shallow groundwater zone. Most of the available well hydrograph data sets begin after 
the 1960s but those that start in the early 1960s or before reflect the higher extraction rates 
of the mid and late 1950s. This produces hydrographs that show a long-term trend in 
increasing water levels from the 1960s through the 1970s due to the increased use of 
surface water for irrigation. 

The very shallow groundwater zone exhibits higher groundwater elevations in the 
southwest with lower elevations to the northeast with slightly higher groundwater elevations 
in spring relative to fall, most noticeably in the western part of the Coalition region. The 
Upper Aquifer exhibits a gradient in a northeasterly direction, though that gradient flattens 
towards the east within the Central Valley Floor. Spring piezometric heads in the Upper 
Aquifer were generally higher than those in the fall. The groundwater potentiometric surface 
in the Lower Aquifer is flatter than in the Upper Aquifer with the greatest seasonal 
difference between relatively higher spring levels and relatively lower fall elevations. 
Throughout the Coalition region, the Lower Aquifer shows lower piezometric heads than the 
Upper Aquifer, suggesting that potential exists for downward movement of water where 
subsurface geologic conditions provide lesser hydraulic separation between these zones. 

For purposes of understanding and prioritizing impacted areas of groundwater, the 
groundwater elevation datasets developed for the Central Valley Floor area were used to 
identify areas of groundwater recharge located upgradient from communities reliant on 
groundwater. All communities within the Coalition region were identified based on Census 
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Designated Places (CDPs) and public drinking water systems (PWSs) from CDPH’s EHIB 
database and evaluated with respect to reliance on groundwater using the CDPH Drinking 
Water Program (DWP) DRINC web portal and queries with wells identified in the CDPH 
Water Quality Monitoring (WQM) dataset. The PWSs from EHIB and CDPs found to be 
reliant on groundwater were further investigated with aerial imagery to identify the 
populated areas within each boundary. Disadvantaged Unincorporated Communities 
(DUCs), delineated by PolicyLink (2013) and based on parcel data and year 2000 Census 
data, were also investigated. All DUCs were reviewed by location and in some cases limited 
to residential areas through review of aerial photographs. All residential areas associated 
with DUCs were entirely encompassed by PWSs or CDPs previously evaluated for reliance 
on groundwater. No new areas were added to the set of communities reliant on 
groundwater as a result of incorporating DUCs into the analysis. Contributing areas to 
communities reliant on groundwater were developed for both the Upper and Lower Aquifers 
using groundwater elevation data for recent spring and fall conditions. 
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Table 3-1 Summary of Assembled Groundwater Level Data (all data since 1910)

Groundwater Quality Assessment Report for the Western Tulare Lake Basin Area

Westlands Water Quality Coalition

Monitoring 
Entity

Number 
of Wells

Number of 
samples

Number with 
known depth

Irrigation 
Wells

Monitoring 
Wells

Domestic 
Wells

Unknown 
Well Type

Very 
Shallow 

Zone
Upper 

Aquifer
Lower 
Aquifer Composite

Unkown 
Depth 
Zone

Samples
Pre-1970s

Samples in 
1970s

Samples in 
1980s

Samples in 
1990s

Samples in 
2000s

Samples in 
2010s

WWD 3,612 195,806 3,206 1,432 1,547 11 622 2,040 344 883 345 0 6,633 12,829 67,333 73,216 29,923 5,867
DWR 3,100 25,689 722 942 64 0 2,094 31 132 881 0 2,056 7,001 3,219 3,007 2,423 7,019 3,020
SWRCB 47 673 30 0 0 0 47 28 13 0 0 6 0 0 0 0 390 283

Total 6,759 222,168 3,958 2,374 1,611 11 2,763 2,099 489 1,764 345 2,062 13,634 16,048 70,340 75,639 37,332 9,170



Table 3-2                                              Located Public Water Systems Reliant on Groundwater
Groundwater Quality Assessment Report for the Western Tulare Lake Basin Area
Westlands Water Quality Coalition

Name of Boundary
Meets DAC 

Criteria

Included as 
Community 
Reliant on 

Groundwater?
Explanation of Final Boundary Status as

Community Reliant on Groundwater
Addition Information
Sources Reviewed

Cantua Creek (1000359) N/A Yes See Cantua Creek CDP (listed below)
Casaca Vineyards (1000175) N/A Yes Adjusted to residential area DRINC, aerial imagery
Coit Ranch (1009131) N/A Yes Adjusted to residential area DRINC, aerial imagery
El Porvenir (1000019) N/A Yes See Three Rocks CDP (listed below)
Five Points Ranch (1009020) N/A Yes Adjusted to residential area DRINC, aerial imagery
Houlding Farms (1009051) N/A Yes See Cantua Creek CDP (listed below) DRINC
Mendota (1010021) N/A Yes Adjusted to residential area DRINC, aerial imagery
Murrieta/Hernandez Farms (1000585) N/A Yes Adjusted to residential area DRINC, aerial imagery
Linda Vista Farms (1000445) N/A No Residential area outside Coalition region DRINC, aerial imagery

Cantua Creek Yes Yes
Served by Cantua Creek (1000359) PWS and Houlding Farms (1009051) PWS; 
reliant on groundwater; adjusted to residential area DRINC, aerial imagery

Kettleman City Yes Yes
Served by Kettleman City (1610009) PWS; reliant on groundwater;
adjusted to residential area DRINC, aerial imagery

Lemoore Station Yes Yes
Served by Lemoore (1610700) PWS; reliant on groundwater;
adjusted to residential area DRINC, aerial imagery

Three Rocks Yes Yes
Served by El Porvenir (1000019) PWS; reliant on groundwater;
adjusted to residential area DRINC

Avenal City Yes No Served by Avenal (161002) PWS; not reliant on groundwater DRINC, aerial imagery
Coalinga Yes No Served by Coalinga (1010004) PWS; not reliant on groundwater DRINC
Huron City Yes No Served by Huron (1010044) PWS; not reliant on groundwater DRINC, aerial imagery

Cantua Creek Yes Yes Within Cantua Creek CDP (listed above)
Kettleman City Yes Yes Within Kettleman City CDP (listed above)

Mendota Yes Yes
Served by Coit Ranch (1009131) PWS (listed above); DUC is not co-located with 
Mendota PWS

Three Rocks Yes Yes Within Three Rocks CDP (listed above)
Calflax Yes No Served by Farming D (1009147) PWS; not reliant on groundwater DRINC, aerial imagery
Ora Yes No Served by Coalinga (1010004) PWS; not reliant on groundwater DRINC

Turk Yes No
Served by Pappas and Co (1009006) PWS and Coalinga (1010004) PWS; not 
reliant on groundwater DRINC

Census Designated Places 2010 (Census, 2014)

Groundwater-Supplied Public Water System (PWS) Boundaries (CDPH, 2014)

Disadvantaged Unincorporated Communities (PolicyLink, 2013)
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 03-02 Map of Water Level Data by Year 141214.mxd

Explanation
Groundwater Level
Datapoints
Year of Most Recent
Measurement

! 1955 - 1969

! 1970 - 1989

! 1990 - 1999

! 2000 - 2009

! 2010 - 2014

Western Tulare Lake Basin

FIGURE 3-2A
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF GROUNDWATER LEVEL DATA BY
MOST RECENT YEAR
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WESTLANDS WATER QUALITY COALITION 
GROUNDWATER QUALITY ASSESSMENT REPORT 
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 03-03 Map of Recent Spring Depth to Groundwater Very Shallow.mxd

Explanation
Recent Spring
Groundwater Level

Contour of Depth to
Groundwater (10-ft interval)

Depth to Groundwater
(feet bgs)

55

0

Western Tulare Lake Basin

FIGURE 3-3
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF RECENT SPRING DEPTH TO GROUNDWATER: 
VERY SHALLOW GROUNDWATER
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 03-04 Map of Recent Fall Depth to Groundwater Very Shallow.mxd

Explanation
Recent Fall
Groundwater Level

Contours of Depth to
Groundwater (10-ft interval)

Depth to Groundwater
(feet bgs)

55

0

Western Tulare Lake Basin

FIGURE 3-4
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF RECENT FALL DEPTH TO GROUNDWATER: 
VERY SHALLOW GROUNDWATER
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 03-05 Map of Recent Spring Depth to Groundwater Upper Aquifer.mxd

Explanation
Recent Spring
Groundwater Level

Contours of Depth to
Groundwater Potentiometric
Surface (40-ft interval)

Depth to Groundwater
Potentiometric Surface
(ft bgs)

295

0

Western Tulare Lake Basin

FIGURE 3-5
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF RECENT SPRING DEPTH TO GROUNDWATER
POTENTIOMETRIC SURFACE: UPPER AQUIFER
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 03-06 Map of Recent Fall Depth to Groundwater Upper Aquifer.mxd

Explanation
Recent Fall
Groundwater Level

Contours of Depth to
Groundwater Potentiometric
Surface (40-ft interval)

Depth to Groundwater
Potentiometric Surface
(feet bgs)

325

0

Western Tulare Lake Basin

FIGURE 3-6
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF RECENT FALL DEPTH TO GROUNDWATER
POTENTIOMETRIC SURFACE: UPPER AQUIFER



!(

!(

!(

!(

!(

!(

MERCED COUNTY

FRESNO COUNTY

SAN BENITO COUNTY

MONTEREY COUNTY

KINGS COUNTY
FRESNO COUNTY

FRESNO COUNTY

FRESNO COUNTY

FRESNO COUNTY
MADERA COUNTY

C ant ua Creek

San Joaquin River

Zapato Chin o Creek

Fresno River

Panoche Creek

Los Gatos Creek

Fresno Slough

California Aqueduct

UV165

UV41

UV33

UV180

UV198

£¤99

§̈¦5

120

440

400

440

120

360

36
0

280

32
0

32
0

280

12
0

400

40
0

28
0

28
0

320
400

240

200

360

400

80

320

200

360

32
0

280

240

360

360

160

240

200

240

32
0

28
0

28
0

320

Dos Palos

Mendota

San
Joaquin

Coalinga

Helm

Huron

X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 03-07 Map of Recent Spring Depth to Groundwater Lower Aquifer.mxd

Explanation
Recent Spring
Groundwater Level

Contours of Depth to
Groundwater Potentiometric
Surface (40-ft interval)

Depth to Groundwater
Potentiometric Surface
(feet bgs)

500

48

Western Tulare Lake Basin

FIGURE 3-7
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF RECENT SPRING DEPTH TO GROUNDWATER
POTENTIOMETRIC SURFACE: LOWER AQUIFER
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 03-08 Map of Recent Fall Depth to Groundwater Lower Aquifer.mxd

Explanation
Recent Fall
Groundwater Level

Contours of Depth to
Groundwater Potentiometric
Surface (40-ft interval)

Depth to Groundwater
Potentiometric Surface
(feet bgs)

565

55

Western Tulare Lake Basin

FIGURE 3-8
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF RECENT FALL DEPTH TO GROUNDWATER
POTENTIOMETRIC SURFACE: LOWER AQUIFER
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 03-09 Map of Depth to Groundwater Measurements Peripheral Area.mxd

Explanation
Minimum Depth to
Water (feet)
! < 25

! 26 - 50

! 51 - 75

! 76 - 100

! > 100

Western Tulare Lake Basin

Data sources
USGS National Elevation Dataset (NED)

FIGURE 3-9
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA0 2 4 Miles

MAPS OF DEPTH TO GROUNDWATER MEASUREMENTS:
PANOCHE VALLEY AND PLEASANT VALLEY AREAS
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Coalinga

PANOCHE VALLEY

Explanation
Wells with Groundwater
Level Measurement
Minimum Depth to Water
(feet)

! < 25

! 26 - 50

! 51 - 75

! 76 - 100

! > 100

Explanation
Wells with Groundwater
Level Measurement
Minimum Depth to Water
(feet)

! < 100

! 101 - 200

! 201 - 300

! 301 - 400

! > 400

´

PLEASANT VALLEY
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 03-10 Select Graphs of Groundwater Levels Very Shallow Groundwater.mxd

Explanation
!(

Well Location with Graph of
Groundwater Elevation (ft, msl)

Westlands Water District

Western Tulare Lake Basin

FIGURE 3-10
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

SELECT GRAPHS OF GROUNDWATER ELEVATIONS:
VERY SHALLOW GROUNDWATER
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 03-11 Select Graphs of Groundwater Levels Upper Aquifer.mxd

Explanation
!(

Well Location with Graph of
Groundwater Potentiometric
Surface Elevation (ft, msl)

Westlands Water District

Western Tulare Lake Basin

FIGURE 3-11
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

SELECT GRAPHS OF GROUNDWATER 
POTENTIOMETRIC SURFACE ELEVATIONS: UPPER AQUIFER
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 03-12 Select Graphs of Groundwater Levels Lower Aquifer.mxd

Explanation
!(

Well Location with Graph of
Groundwater Potentiometric
Surface Elevation (ft, msl)

Westlands Water District

Western Tulare Lake Basin

FIGURE 3-12
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

SELECT GRAPHS OF GROUNDWATER 
POTENTIOMETRIC SURFACE ELEVATIONS LOWER AQUIFER
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 03-13 Map of Recent Spring Groundwater Elevation Very Shallow.mxd

Explanation
Recent Spring
Groundwater Level

Contours of Groundwater
Elevation (10- ft interval)

Groundwater Elevation
(feet msl)

320

130

Western Tulare Lake Basin

FIGURE 3-13
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA
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MAP OF RECENT SPRING GROUNDWATER ELEVATION: 
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 03-14 Map of Recent Fall Groundwater Elevation Very Shallow.mxd

Explanation
Recent Spring
Groundwater Level

Contours of Groundwater
Elevation (10-ft interval)

Groundwater Elevation
(feet msl)

320

110

Western Tulare Lake Basin

FIGURE 3-14
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 03-15 Map of Recent Spring Groundwater Elevation Upper Aquifer.mxd

Explanation
Recent Spring
Groundwater Level

Contours of Groundwater
Potentiometric Surface
Elevation (20-ft interval)

Groundwater
Potentiometric Surface
Elevation
(feet msl)

340

-50

Western Tulare Lake Basin

FIGURE 3-15
WESTLANDS WATER QUALITY COALITION 
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 03-16 Map of Recent Fall Groundwater Elevation Upper Aquifer.mxd

Explanation
Recent Fall
Groundwater Level

Contours of Groundwater
Potentiometric Surface
Elevation (20-ft interval)

Groundwater
Potentiometric Surface
Elevation
(feet msl)

310

-15

Western Tulare Lake Basin

Data sources
USGS National Elevation Dataset (NED)
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 03-17 Map of Recent Spring Groundwater Elevation Lower Aquifer.mxd

Explanation
Recent Spring
Groundwater Level

Contours of Groundwater
Potentiometric Surface
Elevation (40-ft interval)

Groundwater
Potentiometric Surface
Elevation
(feet msl)

175

-120

Western Tulare Lake Basin

FIGURE 3-17
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 03-18 Map of Recent Fall Groundwater Elevation Lower Aquifer.mxd

Explanation
Recent Fall
Groundwater Level

Contours of Groundwater
Potentiometric Surface
Elevation (40-ft interval)

Groundwater
Potentiometric Surface
Elevation
(feet msl)

200

-120

Western Tulare Lake Basin

FIGURE 3-18
WESTLANDS WATER QUALITY COALITION 
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 03-19 Map of Areas with Higher Potential for Groundwater Recharge.mxd

Explanation
Higher Soil Hydraulic
Conductivity

Saturated Hydraulic Conductivity
>2 ft/day

Higher Percentage Coarse
Sediments
Minimum Percent Coarse
Materials in Upper 200 Feet

25 - 40

>40

Extent of Corcoran Clay (Area of
Low Recharge Potential to Lower
Aquifer)

Extent of the San Joaquin Valley
Groundwater Basin

Western Tulare Lake Basin

Data sources
US Geological Survey
National Resource Conservation Service
California Department of Water Resources

FIGURE 3-19
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF AREAS WITH HIGHER POTENTIAL FOR
GROUNDWATER RECHARGE
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 03-20 Map of Communities Reliant on Groundwater update 150114.mxd

Explanation
Communities Reliant on
Groundwater Based on
Census Designated Places

Communities Reliant on
Groundwater Based on Public
Water Systems

Western Tulare Lake Basin

Data sources
CDPH
US Census Bureau

FIGURE 3-20
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF COMMUNITIES
RELIANT ON GROUNDWATER
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 03-21 Map of Contributing Groundwater Areas for Communities Reliant on Groundwater.mxd

Explanation
Contributing Groundwater Areas for
Communities Reliant on Groundwater
(Upper and Lower Aquifers)

Boundaries of Public Water Systems
Reliant on Groundwater (from EHIB)

Disadvantaged Communities and
Census Designated Places Reliant on
Groundwater

Western Tulare Lake Basin

FIGURE 3-21
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF CONTRIBUTING GROUNDWATER AREAS 
FOR COMMUNITIES RELIANT ON GROUNDWATER
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 03-22 Map of Areas of Potential Groundwater Discharge.mxd

Explanation
Depth to First Water < 5 ft

Depth to First Water < 10 ft

Western Tulare Lake Basin

FIGURE 3-22
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF AREAS FOR POTENTIAL EVAPOCONCENTRATION
IN VERY SHALLOW GROUNDWATER
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Westlands Water Quality Coalition – Groundwater Quality Assessment Report 

Chapter 4 

LAND USE 

Characterizing changing land use conditions over time is important for understanding past, 
current, and future groundwater quality. Land use activities can have a range of effects on 
groundwater quality; documenting the spatial distribution of land use and assessing the 
intensity of effects from different land uses on the groundwater quality are important for 
development of effective groundwater quality monitoring and management strategies. 
Additionally, documenting past and present land use is an important consideration in 
evaluating groundwater vulnerability, which is addressed in Chapter 6. 

4.1 AGRICULTURE WITHIN THE COALITION REGION 

4.1.1 Irrigated Lands 

The Coalition area is predominantly irrigated land while the majority of the remaining area is 
non-irrigated hillsides. Data from Department of Water Resources (DWR) 2000 surveys 
were used to determine the extent of irrigated land within the Coalition area. Figure 4-1 
shows the total irrigated area within the Westlands Water Quality Coalition (Westlands 
Coalition, or Coalition) area, including 517,373 acres in Westlands Water District (WWD), 
and 34,136 acres in Pleasant Valley, 2,327 acres in the Western Central Valley Floor 
(outside Westlands Water District [WWD]), and 1,424 acres in the peripheral area. Since 
2000, over 72,000 acres have been retired in WWD and are no longer irrigated lands. 
Table 4-1 shows the breakdown of the acres and percentage of land that is irrigated 
compared to non-irrigated areas. The lands are shown in Figure 4-2 and discussed in the 
next section. 

4.1.2 Retired Lands 

Drainage is one of the oldest problems faced by irrigated agriculture worldwide. The 
naturally occurring salt found in the west side of the Central Valley soil further complicates 
the drainage issue. Without proper drainage and disposal, saline soils and water can impact 
the root zones and germination of plants, preventing crop growth and reducing yields. 
WWD’s salinity and drainage concerns are complicated by soil structure in areas where 
dense clay layers of varying depth and thickness restrict natural drainage. This causes an 
accumulation of unused irrigation water above the clay layers, resulting in a very shallow 
water table. 

To address drainage issues, WWD employs irrigation management techniques restricting 
deep percolation to the minimum needed to maintain a salt balance and choosing a crop 
rotation and cultural management regime to minimize the required percolation. Salinity is 
managed with a unique and advanced management of salinity testing, seed germination, 
infiltration, and crop selection. 
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Since 1985, WWD has studied a number of available or emerging drainage technologies, at 
a cost of over eight (8) million dollars, including land application, evaporation and solar 
ponds, biological selenium removal, a deep injection well, cogeneration, agro forestry, and 
strategic groundwater pumping. Source control efforts have proven successful in reducing 
problems in the drainage-impacted areas of the Coalition. WWD has provided growers with 
one (1) million dollars to obtain the services of irrigation consultants. Advanced water 
management techniques implemented by WWD growers has reduced deep percolation 
below the crops’ root zone and lessened the immediate impacts of the lack of artificial 
drainage. Many growers with drainage-impacted lands have been able to keep their land in 
production by improving irrigation efficiency and changing cropping patterns. But without a 
long-term solution, lack of drainage will continue to be an issue throughout the west side of 
the Central Valley. 

WWD is acquiring land to retire as a way to address the drainage issues in the area. By 
reducing the irrigated acres, there are fewer drainage issues, ensuring the long-term 
viability of the lands remaining in production by having a more adequate water supply. The 
majority of the lands that have been retired or are yet to be retired are in areas where the 
groundwater is within 5 feet of the ground surface. 

WWD acquired the land through a series of settlements with district farmers, involving land 
with drainage issues. The two main settlements were the Britz/Peck and the Sagouspe 
settlements. The Britz/Peck settlement resulted in the acquisition of land during the years 
2002-2006, for a total of 33,370 acres. The Sagouspe Settlement resulted in the acquisition 
of land during the years 2002-2007, for a total of 33,736 acres. A summary of the land 
acquired each year is in Table 4-2. Acquired land is owned by WWD and retired land is 
WWD owned land that cannot receive irrigation water. All right to surface water allocations 
from the district were forfeited on the retired land. Those forfeited water allocations are 
utilized elsewhere on the parcels that are actively farmed. There are some acquired fields 
that are still actively farmed. Some retired lands are leased out to farmers who typically “dry 
farm,” which only utilizes the rainwater for irrigation. WWD is in the process of selling some 
of the land to solar developers, who will utilize the land for utility scale solar developments. 

Currently, there are 72,174 acres of retired land within a 200,000 total acre boundary in 
which land may potentially be retired in the future (Figure 4-2). All of the retired lands are 
owned by WWD. WWD plans to retire an additional 10,000 acres within the next 10 years 
with no particular land area specified. The retired land can also be seen on the land use 
and irrigation methods figures presented later in this chapter. 

4.1.3 Fallow Land 

Growers of actively farmed land may decide if they want to fallow any field for a particular 
year. The farmers usually do not have a field fallow for more than five years, since this 
would trigger the need to complete an environmental review before resuming farming on 
the land. 
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4.2 LAND USE DATA 

4.2.1 WWD Land Use Data 

To document and evaluate the spatial distribution of past and recent land uses across the 
Coalition region, data from WWD and county land use surveys conducted periodically 
(every five to ten years) by DWR were used. The land use and irrigation maps are 
snapshots of 3 time frames in the last 20 years. For the 2004 and 2013 maps, WWD data 
were used for the area within the WWD boundary. For Coalition areas outside WWD, DWR 
land use data were used. WWD land use data are produced in a different way from the 
DWR land use surveys. WWD data are developed through annual surveys and inventories 
with growers in order to obtain crops, acreage, and irrigation method data. Land use data 
from the WWD were provided in tables to represent annual land use data within the district 
boundary. 

4.2.2 DWR Land Use Data 

DWR land use surveys are conducted through on-ground visual identification. The available 
surveyed data in the Coalition region include Fresno County (1986, 1994, 2000, 2009 East), 
Kings County (1991, 1996, 2003), and San Benito County (1997 and 2002). Past land use 
conditions were compiled for one land use snapshot for Fresno and Kings Counties from 
the mid-1990s. This snapshot is based on the 1994 and 1996 surveys. Over 70 crop types 
and land uses are reported in the compiled land use survey snapshots. Sometimes 
irrigation methods are also recorded in the surveys. No irrigation methods data were 
recorded for surveys from the mid-1990s, but some irrigation method information was 
available in the early 2000s survey data. There are some non-surveyed areas in the upland 
area where there is little likelihood of lands being irrigated and these are assumed to be 
non-agricultural. 

4.2.3 USDA Land Use Data 

Because DWR land use surveys are only conducted on a periodic basis, land use data from 
the 2013 US Department of Agriculture (USDA) California Cropland Data Layer were used 
to represent current land use conditions in the coalition area outside of WWD. The USDA 
land use data are produced in a different way from the DWR land use surveys. These data 
are developed using satellite imagery and sensor data from which unique aspects or 
signatures for crop types are identified. Through this process, crop type or land use type 
can be identified to a spatial resolution of 56 meters, or 0.77 acres. The digital analysis and 
results process are verified through ground-truthing, and the accuracy for the 2013 data set 
is reported to be approximately 81 percent. 

4.2.4 Land Use Categorization 

Because of the large number of unique land uses and crop types reported in the land use 
surveys data from DWR and WWD, it was necessary to group similar land uses into 
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categories in order to evaluate spatial and temporal patterns and for consideration for the 
groundwater vulnerability assessment. Over 70 crop types and land uses contained in the 
land use survey data were grouped into 9 main categories, based on some general 
similarities in agricultural practices and estimated typical nitrogen application rates. 
Table 4-3 illustrates the land use category grouping system that was used for the DWR and 
WWD land use survey data and highlights the major commodities within each land use 
category. Within the Coalition region, the largest land use category behind non-agricultural 
acreage is grasses. Non-agricultural uses (including developed or urban uses) comprise 
approximately 28 percent of the land area, according to the WWD 2013 survey and DWR 
data, which represent the Coalition area outside of WWD. 

4.3 LAND USE CHANGE 

The spatial distribution of land use at each of the three land use snapshots (mid-1990s, 
2005, and 2013) are illustrated in Figure 4-3 through Figure 4-5. Figure 4-5 also shows 
the retired lands and land use for WWD where there are some crops being grown on the 
retired land. These crops are grains, and the lands are dry farmed to only utilize rainwater 
as a source of irrigation water. Figure 4-6 shows the changing acreage in land use 
categories within the Coalition region. 

As discussed above, there are differences in land use identification systems between DWR 
and WWD for the land use surveys shown in these figures. However, as highlighted in the 
graph of land use changes discussed above (Figure 4-6), major differences in the spatial 
distribution of land use in 2013 are visually apparent in Figure 4-5, especially the increased 
acreage in nut trees in 2013 throughout the Coalition region. Non-agricultural lands have 
shown the largest increase in acreage during this time.  

The three maps of land use give a good representation of the changes in cropping patterns 
over the last 20 years. In addition, WWD has annual data going back to 1968 that can be 
used to determine the annual changes in crop usage, (Table 4-4 and Figure 4-7). The 
majority of crop categories have stayed relatively consistent over roughly 45 years, 
including grapes, fruit trees, seeds and beans, grasses, and citrus. Non-agricultural 
acreage has generally increased over the years with some periods of significant 
fluctuations. Grains/cotton peaked around 1980 and have been generally decreasing since 
then. Vegetables and tree nuts have been steadily increasing over the years. 

4.4 PREDOMINANT COMMODITIES 

Agriculture is a dominant industry within the Coalition region, and the agricultural crop value 
produced within the Coalition region in 2013 was estimated by the WWD data to be more 
than 1.8 billion dollars. The top crops within the Coalition region in 2013 by value included 
almonds ($569 million), pistachios ($323 million), processing tomatoes ($290 million), 
cantaloupes ($100 million), and numerous other crops with values less than $100 million. In 
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2013, almonds were also the top crop by acreage with over 88,000 acres estimated in the 
Coalition region. Processing tomatoes, wheat, pistachios, and cotton are the next most 
prevalent crops by acre. Figure 4-8 summarizes the top ten commodities within the 
Coalition region by value and by acreage. 

Table 4-5 shows the acreage for the top agricultural crop categories within the Coalition 
region as derived from WWD 2013 land use data and USDA data, and their cumulative 
percentages by land area. Vegetables are the top category by land area, followed by nut 
trees, and grains/cotton. These three categories represent 88 percent of agriculture by land 
area within the Coalition region. 

4.5 IRRIGATION PRACTICES 

Irrigation can be split into four main methods: surface, sprinklers, drip/micro, and 
sub-irrigation. Surface, sprinklers, and drip/micro are the main types of irrigation used in the 
Coalition region. For the analysis of irrigation methods in the Coalition area, surface 
irrigation was broken into two categories, border and furrow irrigation. 

Irrigation systems are comprised of the water source, conveyance system, irrigation 
method, and drainage system. Irrigation systems are evaluated mainly by irrigation 
efficiency and distribution uniformity. Irrigation efficiency is the percentage of irrigation 
water applied that is beneficially used, while distribution uniformity (DU) measures the 
uniformity of the irrigation water applied to the plants in a field. A summary of irrigation 
systems, as characterized in American Society of Civil Engineers (ASCE’s) Selection of 
Irrigation Methods for Agriculture (Burt, et al., 2000) is provided below. 

4.5.1 Pressurized systems 

Two types of pressurized systems are sprinkler irrigation and drip/micro irrigation. Sprinkler 
irrigation applies the water to the soil from a pressurized piping system with nozzles that 
spray the water over a large diameter. The sprinklers are evenly spaced along a lateral line 
to supply water evenly among a field. Sprinklers can be used on any farmland with minimal 
land grading required. Disadvantages of sprinkler systems include high pumping energy. 
The system also requires filtration, but the required filtration is less than what is required for 
drip/micro irrigation systems. 

Drip/micro irrigation refers to the irrigation methods in which the water is conveyed through 
pressurized pipes and is applied through emitters directly to the area adjacent to the plants. 
There is typically more than one emitter per tree in an orchard, while row crops and field 
crops have emitters that are evenly spaced along the row. Drip/micro systems require 
highly filtered water so particles do not clog the small emitter orifices. The drip/micro system 
usually remains in place either temporarily or permanently during the irrigation season and 
can be used on various types of fields, including ones with steep terrain. Drip/micro 
systems are able to attain high DU because they supply water directly to a root zone and do 
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not require the soil as the main means of water transport throughout the field. These 
systems can be designed for any size and shape of fields as well as variation in elevation. 
Fertilizer can be applied directly to the root zone at any time without getting on the plant 
foliage. 

While drip/micro irrigation has many advantages, there are also several disadvantages to 
this type of irrigation system. Even though this system has a high DU, it can decrease 
throughout a field due to plugging of the emitters if the system is not filtered properly or 
flushed regularly. There needs to be an adequate supply of water for frequent irrigations 
since the system will be supplying water on a daily schedule rather than weekly or monthly. 
Over time, salts will accumulate within the root zone of these systems requiring larger 
volumes of water to be supplied periodically mainly by means of floodwater or larger 
volume sprinklers to leach the soil. There is a higher cost to using a drip/micro system due 
to the energy costs and maintenance on different parts of the system (e.g., valves, pipes, 
etc.). The largest downside to implementing a drip/micro system for farmers today is the 
large initial cost due to material costs and system requirements for filtration and pumps. 
The cost to install a drip/micro system is the highest of all the irrigation methods. 

4.5.2 Gravity Systems 

Surface irrigation refers to irrigation methods that apply water to the surface of a field by 
gravity. The water is applied at a point on the high side of the field and allowed to flow by 
gravity to the lower elevation areas. The irrigation efficiency and DU are largely determined 
by the soil conditions of the field. The soil transports the water down the field and controls 
the infiltration rates. These soil conditions will in turn control the infiltration rate or quantity 
of water that percolates below the immediate soil surface. 

Border strips and furrow irrigation are the types of surface irrigation used in the Coalition 
region. Any surface irrigation in the Coalition region is required to have tailwater ponds to 
capture the excess water runoff at the end of the field and distribute it back to the field. 
Under the District’s rules, tailwater ponds and returns are required because growers cannot 
discharge tailwater. Border strips apply irrigation water to an area of land that is bounded by 
borders on two sides to prevent lateral spread of the water. The field is divided into parallel 
rectangular strips with uniform slopes down the strips. Unlike border strips, with wide strips, 
furrows have narrow sloping channels that transport the water down the field. This method 
is primarily seen when a much smaller or concentrated wetting area is required between 
plants. One advantage to surface irrigation is the low initial capital cost to install the 
systems. There is also no filtration required for applying the irrigation water. 

Surface irrigation systems are less efficient than sprinklers and drip/micro irrigation 
systems. This in part is due to the time it takes for water to travel the length of the required 
wetted area. The head of the field in these cases must percolate water well past the rooted 
zone while the tail end will only reach a minimum depth; excess unused water results at the 
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end of the row or berm. This over percolation and excess water causes a decrease to both 
DU and irrigation efficiency. 

4.5.3 Influence of irrigation systems on deep percolation 

Deep percolation occurs when the irrigation water infiltrates below the plant root zone, and 
is no longer utilized by the plants. Reasons for deep percolation include purposeful 
leaching, non-uniformity of irrigation, improper timing of irrigations, and excessive rainfall. In 
WWD, there is poor drainage in many areas. 

4.5.4 Changes in Irrigation Practices 

Available irrigation method data from the late 1990s WWD surveys and DWR data were 
used to evaluate irrigation practices. The spatial distribution of irrigation practices in the 
Coalition region is shown in Figure 4-9 through Figure 4-13. Figure 4-10 shows the 
irrigation methods for the entire Coalition area in the early 2000s. The color scheme is 
different than the other irrigation maps due to the different data sources. Figure 4-10 uses 
DWR data to include the entire Coalition region, while the other maps use WWD data. 
Outside of WWD, there is only a small portion of irrigated land near the city of Coalinga. 
Basin/furrow irrigation represent the primary irrigation method at 59 percent of the irrigated 
area, while sprinkler irrigation represents 21 percent, micro/drip (10 percent), sub-irrigation 
(0.03 percent), and the remaining 10 percent of irrigated area has an unknown system 
(data not shown). 

Figure 4-9 and Figures 4-11 through 4-13 pertain to the WWD irrigation practices. 
Figure 4-13 shows the changing trend in irrigation methods between 1999 and 2013 where 
drip systems have increased and sprinklers have decreased. Figure 4-13 shows that the 
primary irrigation method was sprinkler (57 percent), followed by furrow (30 percent), and 
drip (11 percent) in 1999. The 2006 WWD practices show a decrease in sprinkler irrigation 
and an increase in drip irrigation compared to 1999. Sprinkler irrigation represented 
46 percent of the irrigation method, whereas drip was 33 percent and border/furrow was 
21 percent. The 2013 data show an increase in drip (55 percent) and a decrease in 
sprinkler irrigation (7 percent). 

Table 4-6 and Figure 4-14 summarize the irrigation practices in the WWD boundary by 
agricultural crop category based on the 2013 WWD data. In 2013, the predominant 
irrigation practice was drip, representing the irrigation method used on approximately 
74 percent of the irrigated lands area. Basin/furrow irrigation and sprinkler irrigation 
represented the irrigation method used on 15 percent and 11 percent of the irrigated area, 
respectively. By crop category, grasses and seeds/beans relied the most on micro/drip 
irrigation. The remaining crops also used mostly micro/drip irrigation (around 75 percent), 
while grasses and seeds/beans used over 88 percent. 

The annual changes in irrigation practices in the WWD boundary are displayed in 
Table 4-7, Table 4-8, Figure 4-15, and Figure 4-16. The irrigation methods are displayed 
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as border strip, furrow, furrow and sprinkler combination, sprinklers, and drip/trickle. The 
trends in Figure 4-15 and Figure 4-16 show that the use of border strips continually 
decreased from 1985 to 2013, while furrow irrigation stayed relatively consistent. The 
furrow and sprinkler combination, as well as sprinklers decreased, and drip/trickle has 
increased annually from 1985. 

4.6 FERTILIZATION PRACTICES 

Fertilizers are applied to agricultural land to promote crop growth and maximize yields. 
Many farmers commonly use fertigation, which applies the fertilizer to the irrigation water, 
and the water carries the fertilizer into the soil. This is a common practice for farmers who 
use drip/micro, sprinklers, border, and furrow irrigation (Burt C. M., 1995). 

The most common nutrients in fertilizers include nitrogen, phosphorus, and potassium in 
which nitrogen is of the most concern for the Long Term Irrigated Lands Regulatory 
Program (LTILRP). The forms of nitrogen in fertilizers are typically nitrate, ammonia, and 
organic nitrogen, which are carried into the soil by the irrigation water for uptake by crops. 
The nitrogen compounds are converted biologically through the nitrogen cycle, which is 
depicted in Figure 4-17. With regular irrigation and abundant dissolved oxygen, applied 
nitrogen that is not taken up by the crops can be converted to nitrates, which migrates 
through the soil with the water and enter the groundwater. 

The estimated nitrogen fertilizer use from the mid-1990s to early 2010s for the two counties, 
Fresno and Kings, that make up most of the Coalition region is illustrated in Figure 4-18. 
The data presented in Figure 4-18 represent estimated nitrogen fertilizer use that was 
compiled by the California Department of Food and Agriculture Fertilizing Materials 
Tonnage Report. These data show generally stable levels of fertilizer use in these counties 
between the mid-1990s through early 2000s with a trend towards increasing use during the 
early 2000s, and peaking in 2004 in Fresno County and 2006 in Kings County. Nitrogen 
fertilizer use appears to have decreased after 2004 in Fresno County and after 2006 in 
Kings County. 

Table 4-3 shows typical ranges of applied nitrogen by crop category in pounds per acre per 
year (lbs/ac/yr) based on data from the literature for 1973 and 2005 (Rosenstock et al., 
2013; Viers et al., 2012). The typical applied nitrogen by crop category for 1973 is also 
included in Table 4-3. These data indicate that vegetables generally have the highest 
typical nitrogen application rate based on 2005 estimates, particularly corn (213 lbs/ac/yr) 
and tomatoes (180 lbs/ac/yr) which make up most of the vegetable crops within the 
Coalition region. Grains/cotton and nut trees also tend to have higher applied nitrogen with 
typical rates of 174 to 177 lbs/ac/yr for grains/cotton and between 138 and 179 lbs/ac/yr for 
nut trees. Crop categories with the lowest nitrogen application rates include grasses 
(11 lbs/ac/yr), grapes (27-44 lbs/ac/yr), and seeds/beans (91 lbs/ac/yr). The typical nitrogen 
rate for crop categories of nut trees, vegetables, grains/cotton, and seeds/beans increased 
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considerably between the 1970s and 2005. In contrast, grapes and grasses had notable 
decreases between 1973 and 2005 in the typical applied nitrogen. 

4.7 LAND USE SUMMARY 

Characterizing changing land use conditions over time is important for understanding past, 
current, and future groundwater quality. To document and evaluate the spatial distribution 
of past and recent land use across the Coalition region, data from county land use surveys 
conducted periodically (every five to ten years) by the California Department of Water 
Resources (DWR), USDA Cropscape data, and date provided by WWD were used. The 
WWD Data was used for the WWD area and the area outside of WWD used data from 
DWR. The main surveyed counties with available DWR data in the Coalition region include 
Fresno County (1986, 1994, 2000, 2009 East), Kings County (1991, 1996, 2003), and San 
Benito County (1997 and 2002). Over 70 crop types and land uses are reported in the 
compiled land use survey snapshots. No irrigation methods data were recorded for surveys 
from the mid-1990s, but some irrigation method information was available in the early 
2000s survey data. 

Because DWR land use surveys are only conduced on a periodic basis, land use data from 
2013 US Department of Agriculture (USDA) California Cropland Data Layer were used to 
represent the current land use conditions for the area outside WWD in the Coalition region. 

Because of the large number of unique land uses and crop types reported in the land use 
survey from WWD, DWR, and USDA, similar land uses were grouped into categories for 
purposes of evaluation spatial and temporal patterns and also for the groundwater 
vulnerability assessment. The list over 70 crop types and land uses contained in the land 
use survey data were grouped into 10 main categories based on some general similarities 
in agricultural practices and estimated typical nitrogen application rates. Within the Coalition 
region, the largest land use is non-agricultural followed by vegetables. Vegetables, nut 
trees, and grains/cotton represent 88 percent of agriculture by land area within the Coalition 
region. 

The majority of crop categories have stayed relatively consistent over roughly 45 years, 
including grapes, fruit trees, seeds and beans, grasses, and citrus. Non-agricultural 
acreage has generally increased over the years with some periods of significant 
fluctuations. Grains/cotton peaked around 1980 and have been generally decreasing since 
then. Vegetables and tree nuts have been steadily increasing over the years. 

The increase in non-agricultural acreage is partly due to retired land within WWD. WWD is 
acquiring land to retire as a way to address the drainage issues in the area. By reducing the 
irrigated acres, there are fewer drainage issues, ensuring the long-term viability of the lands 
remaining in production by having a more adequate water supply. 
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4.7.1 Irrigation Practices 

The Coalition area is predominantly irrigated land while the majority of the remaining area is 
non-irrigated hillsides. Available irrigation method data from the late WWD surveys were 
used to evaluate irrigation practices. The primary irrigation method was sprinkler 
(57 percent), followed by furrow (30 percent), and drip (11 percent) in 1999. The 2006 
WWD practices show a decrease in sprinkler irrigation and an increase in drip irrigation 
compared to 1999. Sprinkler irrigation represented 46 percent of the irrigation method, 
whereas drip was 33 percent and border/furrow was 21 percent. The 2013 data show an 
increase in drip (55 percent) and a decrease in sprinkler irrigation (7 percent). Based on 
WWD data, the use of border strips continually decreased from 1985 to 2013, while furrow 
irrigation stayed relatively consistent. The furrow and sprinkler combination, as well as 
sprinklers decreased, and drip/trickle has increased annually from 1985. 

Available irrigation method data from the late 1990s WWD surveys and DWR data were 
used to evaluate irrigation practices in the 2000’s. DWR data was used to determine the 
irrigation methods in the Coalition region that is outside of WWD. There is only a small 
portion of irrigated land outside of WWD, which is near the city of Coalinga. In the 2000’s, 
basin/furrow irrigation represent the primary irrigation method at 59 percent of the irrigated 
area, while sprinkler irrigation represents 21 percent, micro/drip (10 percent), sub-irrigation 
(0.03 percent), and the remaining 10 percent of irrigated area has an unknown system 
(data not shown). 

4.7.2 Fertilizer Use 

Estimated nitrogen fertilizer use was compiled by the California Department of Food and 
Agriculture Fertilizing Materials Tonnage Report. These data show generally stable levels of 
fertilizer use in these counties between the mid-1990s through early 2000s with a trend 
towards increasing use during the early 2000s, and peaking in 2004 in Fresno County and 
2006 in Kings County. Nitrogen fertilizer use appears to have decreased after 2004 in 
Fresno County and after 2006 in Kings County. 

Typical ranges of applied nitrogen by crop category in pounds per acre per year (lbs/ac/yr) 
based on data from the literature for 1973 and 2005 (Rosenstock et al., 2013; Viers et al., 
2012). Vegetables generally have the highest typical nitrogen application rate based on 
2005 estimates, particularly corn (213 lbs/ac/yr) and tomatoes (180 lbs/ac/yr) which make 
up most of the vegetable crops within the Coalition region. Grains/cotton and nut trees also 
tend to have higher applied nitrogen with typical rates of 174 to 177 lbs/ac/yr for 
grains/cotton and between 138 and 179 lbs/ac/yr for nut trees. Crop categories with the 
lowest nitrogen application rates include grasses (11 lbs/ac/yr), grapes (27-44 lbs/ac/yr), 
and seeds/beans (91 lbs/ac/yr). The typical nitrogen rate for crop categories of nut trees, 
vegetables, grains/cotton, and seeds/beans increased considerably between the 1970s and 
2005. In contrast, grapes and grasses had notable decreases between 1973 and 2005 in 
the typical applied nitrogen. 
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Table 4-1 Comparison Between Irrigated and Non-Irrigated Areas 
Groundwater Quality Assessment Report for the Western Tulare Lake 
Basin Area 
Westlands Water Quality Coalition 

Area Acres Percent 

Westlands Water District 517,373 39.64 

Pleasant Valley 34,136 2.62 

Western Central Valley Floor (outside 
WWD) 

2,327 0.18 

Peripheral Area 1,424 0.11 

Total Irrigated Land 555,260 42.55 

   Westlands Water District Retired Land 72,174 5.53 

Non-Irrigated 677,570 51.92 

Total 1,305,004 100.00 
Notes: 

(1) Data from 2013 USDA Cropscape Data and WWD 2013 Data. 

 

Table 4-2 Westlands Water District Acquired Lands 
Groundwater Quality Assessment Report for the Western Tulare Lake 
Basin Area 
Westlands Water Quality Coalition 

Description Acquired Acres Water Year 

Acquired Land 643.49 1998/99 

Acquired Land 12259.57 1999/00 

Acquired Land 1706.84 2000/01 

Acquired Land 21056.93 2002/03 

Acquired Land 15845.19 2003/04 

Acquired Land 26227.49 2004/05 

Acquired Land 687 2005/06 

Acquired Land 2887.95 2006/07 

Lands Sold Back/Reconveyed (2602.28) 2007/08 

Lands Sold Back/Reconveyed (-10.00) 2008/09 

Acquired Land 262.88 2011/12 

Total Land Retired 78,965.06  

Acquired Land that is Irrigated 6,791.06  

Retired Land 721.74  
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Table 4-3 Land Use Classification System
Groundwater Quality Assessment Report for the Western Tulare Lake Basin Area
Westlands Water Quality Coalition

LSCE WWD & DWR WWD & USDA

Mid-1990s a 2005 2013

% of Coalition Areab % of Coalition Areab % of Coalition Areab 1973 2005

 Non Agricultural 
 

All"U"codes,#,L,NV,NR,N
S,NV,NW 

 Native vegetation, urban, 
water surface, riparian 

vegetation, other. 
43.6% 21D

 Grasslands, Idle crop 
land, Wildlife area, 

Developed, barren, forest, 
water, wetlands, shrubland 

61, 111, 121, 122, 123, 
124, 131, 141, 142, 143, 

152, 171, 190, 195

 Grasslands herbaceous, 
Developed, barren, forest, 
water, wetlands, shrubland 

54.8% 53.7%

 Nut Trees  D12,D13,D14 
 Almonds, walnuts, 

pistachios 
1.8% 27A, 27C, 27D

 Almonds, pecans, 
walnuts, pistachios 

74, 75, 76, 204
 Almonds, walnuts, 

pistachios 
4.6% 0.3%  120‐148  138‐179 

Grasses  All"P"codes 
 Alfalfa, pasture, 

(mixedandnative),clover, 
turffarms  

0.9% 1, 2  Alfalfa, Pasture, Sudan 27, 36, 58, 59  Alfalfa, Pasture 1.2% 0.8%  20d  11d

 Vegetables 
 F6 (corn) and all "T" 

codes 

  Corn, tomatoes, sweet 
potatoes, artichokes, 

beans (green), broccoli, 
bushberries, cabbage, 

cauliflower, celery, 
cucumbers, flowers, 

nursery, Christmas tree 
farms, lettuce, melons, 
squash, onions, garlic, 
peppers, strawberries 

15.2%

6B, 10DB, 10E, 10N, 10H, 
10J, 10AA, 10P, 10FF, 

10SS, 10D, 10TF, 10AG, 
10U, 10R, 16, 17

 Cantaloupes, corn, 
tomatoes, garlic, 

blueberries, broccoli,, 
carrots, greens, herbs, 

flowers, pumpkins, 
honeydew melons, lettuce, 
misc vegs & fruits, onions, 

peppers, sugarbeets, 
sweetcorn, watermelons 

1, 12, 41, 43, 44, 46, 47, 
48, 49, 50, 53, 54, 57, 

206, 207, 208, 209, 213, 
214, 216, 219, 221, 227, 

242

 Corn, tomatoes, 
blueberries, broccoli, 
cantaloupes, carrots, 
garlic, greens, herbs, 
flowers, honeydew 

melons, lettuce, misc vegs 
& fruits, onions, peppers, 
sugarbeets, sweetcorn, 

watermelons 

16.0% 12.7%
 Canteloupe: 95, 

Tomatoes: 142, Lettuce: 
159, Corn: 145

 Canteloupe: 163, 
Tomatoes: 180, Lettuce: 

193, Corn: 213

 Grapes  All"V"codes  Vineyards 0.6% 14A, 14B, 14C  Grapes 69  Grapes 0.8% 1.6%  53‐57  27‐44 

 Grains/Cotton 
 All "G"codes and also F1 

(Cotton) 

 Cotton, grain and hay 
crops, barley, wheat, oats, 

misc. 
30.6% 6D, 6E, 6F, 23A, 25, 25A

 Cotton, barley, wheat, 
oats, grain hay, other hay 

2, 21, 22, 23, 24, 28, 37, 
205

 Cotton, barley, wheat 
(Durum,Spring,Winter), 

oats, other hay/nonalfalfa 
20.5% 9.1%  88‐109  174‐177 

 Seeds/beans 
 All "F" codes except F1 
(Cotton) and F6 (Corn) 

 Field crops, dry beans, 
safflower, sugar beets, 
grain sorghum, sudan 

6.7%
A2, 4S, 6C, 6M, 6HG, 6G, 

6S

Garbanzo, alfalfa seed, 
dry beans, safflower, 

sorghum, sugar beets, 
sunflowers

4, 5, 6, 42, 33
Dry beans, safflower, 

sorghum, sugar beets, 
sunflowers

1.3% 0.9%  51  91 

 Fruit Trees 
 D1, D2, D3, D5, D6, D7, 

D8, D9, D10, D, D** 

 Peaches and nectarines , 
apples, apricots, cherries, 
pears, plums, prunes, figs, 

misc. deciduous, 
deciduous fruit, and nuts   

0.3%
11A, 11B, 11F, 11H, 11L, 

11T

 Cherries, apples, apricots, 
nectarines, other tree 

crops, peaches, pluots, 
plums, prunes

66, 67, 68, 71, 77, 218, 
220, 223

 Cherries, apples, apricots, 
nectarines, other tree 
crops, peaches, plums 

0.3% 0.9%  95‐133  102‐130 

 Citrus/Subtropics  All"C"codes 
 Oranges, grapefruit, 

eucalyptus, olives, kiwis 
0.1% 11K, 12A, 12C, 12D, 12G

 Citrus, oranges, 
pomegranates, other citrus 

72, 211, 212, 217
 Citrus, olives, oranges, 

pomegranates 
0.3% 0.6%  65‐166  95‐123 

Rice All "R" codes Rice 5 Rice 3 Rice 86 130
Total 100% 100% 80.6%

Notes
a. Mid‐1990s DWR land use combines data for Fresno County (1994) and Kings County (1996)
b. Land cover values are shown as percent of the Coalition area.

   

c. Source of applied nitrogen rates: Rosenstock, T.S. and others, 2013, Nitrogen fertilizer use in California: assessing the data, trends and a way forward, California Agriculture, Vol 67 No. 1. pgs 68‐79. Online: http://californiaagriculture.ucant.edu/landingpage.cfm?article=ca.E.v067n01p68&fulltext=yesDPI:10.3733/ca.E.v067n01p68
d. Source of applied nitrogen rates for alfalfa, 2005: Viers, J.H. and others, 2012, Nitrogen Sources and Loading to Groundwater, Technical Report 2, Assessing Nitrate in California's Drinking Water with a focus on Tulare Lake Basin and Salinas Valley Groundwater, Center for Watershed Sciences, University California,  Davis, prepared for California State Water 
Resources Control Board.

(lbs/nitrogen/ac/year)

DWR WWD Applied Nitrogenc

Group Description Land Use Codes Land Use Description Codes Land Use Description

USDA

Codes Land Use Description



Table 4-4 Changes in WWD Agricultural Crop Categoriesfrom 1968 to 2013
Groundwater Quality Assessment Report for the Western Tulare Lake Basin Area 
Westlands Water Quality Coalition

Crop 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984
Citrus/Subtropics 85  85 359 348 572 547 584 564 724 642 826 881 879 737 704 630 686 
Fruit Trees -  -  -  -  -  -  -  -  -  15 63 15 15 18 144 246 285 
Grains/Cotton 27,764  46,232 77,088 120,779 192,821 241,070 324,786 297,618 324,232 301,271 401,191 395,454 416,872 415,022 385,584 300,356 370,162 
Grapes 156  320 307 597 456 1,060 2,851 3,814 4,148 4,410 4,566 4,924 4,782 5,603 6,247 5,262 6,767 
Grasses 2,792  4,375 8,913 9,265 19,187 20,783 17,161 14,793 18,250 17,073 15,468 13,677 10,392 11,692 6,757 11,269 11,480 
Non Agricultural 10,418  13,573 9,781 8,876 14,374 13,990 14,447 4,297 3,149 69,548 36,335 25,743 16,527 18,203 26,202 33,848 16,456 
Rice 617  265 220 362 156 860 1,127 3,523 2,418 -  1,080 638 1,649 1,676 435 291 388 
Seeds/Beans 19,804  41,163 58,188 81,786 68,746 57,198 44,653 68,995 38,508 22,189 35,980 40,801 42,662 36,999 39,803 25,815 35,551 
Tree Nuts 152  787 1,746 2,258 2,077 2,601 3,643 4,366 6,525 6,843 7,134 7,596 8,392 9,057 10,483 9,691 10,135 
Vegetables 13,847  20,074 28,140 26,360 33,196 51,188 48,988 66,239 69,540 55,395 67,040 82,764 69,288 72,319 91,426 123,122 119,985 

Crop 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Citrus/Subtropics 684  667 709 761 943 1,284 922 920 1,097 862 1,130 1,172 1,368 1,470 1,296 1,541 1,591 
Fruit Trees 266  398 376 364 902 1,081 1,350 2,167 2,607 2,001 2,279 2,472 2,602 2,708 2,210 2,261 1,930 
Grains/Cotton 361,314  291,198 305,944 325,827 283,016 276,040 219,435 247,820 263,517 258,620 287,968 296,616 292,499 260,772 233,306 243,736 239,200 
Grapes 6,633  6,363 6,416 5,796 5,821 5,867 5,208 5,490 6,187 5,546 6,179 6,247 7,266 7,744 9,289 9,790 10,116 
Grasses 11,029  10,489 9,488 10,673 11,964 11,190 8,523 5,835 4,885 5,073 4,419 5,534 5,374 12,975 16,646 14,858 11,440 
Non Agricultural 33,824  68,650 66,685 47,210 65,322 57,074 131,755 116,356 91,862 77,902 44,206 27,320 36,393 34,483 37,851 47,598 75,620 
Rice 37  153 84 -  -  -  -  -  -  -  -  -  -  -  -  -  -  
Seeds/Beans 35,152  51,397 36,191 37,331 41,301 41,487 23,746 39,003 35,159 33,076 35,167 35,807 28,680 35,481 38,237 31,755 25,278 
Tree Nuts 10,361  11,083 11,439 10,016 11,998 10,543 13,040 16,019 16,300 16,403 18,536 20,814 27,289 29,151 33,578 34,768 41,372 
Vegetables 122,469  140,946 139,335 142,147 158,287 170,197 166,130 147,056 154,915 173,239 175,276 180,476 180,201 194,006 210,640 191,139 170,510 

Crop 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
Citrus/Subtropics 1,759  1,836 2,114 2,848 3,215 4,373 4,890 5,220 5,513 6,688 6,631 
Fruit Trees 2,656  2,690 3,286 3,128 3,461 3,253 3,392 3,470 3,098 3,524 3,425 
Grains/Cotton 207,241  226,182 220,111 209,782 175,139 141,307 115,248 76,692 144,609 211,267 142,202 
Grapes 9,325  8,479 8,258 10,853 12,704 13,382 13,836 13,905 13,299 13,446 14,380 
Grasses 14,710  13,988 11,243 11,362 14,331 12,660 14,253 12,715 10,178 7,375 7,616 
Non Agricultural 95,090  78,376 71,828 68,159 56,924 97,403 100,766 197,395 131,339 59,514 112,755 
Rice -  -  -  -  -  -  -  -  -  -  -  
Seeds/Beans 18,308  10,927 12,276 18,461 36,491 18,117 58,615 15,792 11,698 10,318 8,173 
Tree Nuts 41,072  49,123 50,377 60,610 70,717 83,451 91,722 85,556 88,003 91,507 99,314 
Vegetables 189,472  187,724 199,250 193,495 207,074 203,809 172,316 164,237 168,304 173,824 183,028 



Table 4-5 Top Agricultural Crop Categories in 2013 
Groundwater Assessment Report for the Western Tulare Lake Basin Area 
Westlands Water Quality Coalition 

Crop Category Acres Cumulative Percent Top 80 percent Category 

Vegetables 165,957.99 35 Yes 

Nut Trees 138,909.71 64 Yes 

Grains/Cotton 118,275.05 88 Yes 

Grapes 21,178.44 93 Yes 

Seeds/Beans 11,741.60 95 Yes 

Grasses 9,897.50 97 Yes 

Citrus/Subtropics 8,232.82 99 Yes 

Fruit Trees 4,307.29 100 Yes 

Rice 0.40 100 Yes 
Notes: 

(1) Data from 2013 WWD crop layer and USDA data. 

 

Table 4-6 Summary of Irrigation Practices 2013 
Groundwater Assessment Report for the Western Tulare Lake Basin Area 
Westlands Water Quality Coalition 

 

Irrigation Method 

Land Use Category Micro/Drip Basin/Furrow Sprinkler 

Grasses 90 percent 8 percent 2 percent 

Nut Trees 72 percent 15 percent 13 percent 

Fruit Trees 77 percent 9 percent 15 percent 

Vegetables 72 percent 17 percent 11 percent 

Grains/Cotton 77 percent 16 percent 8 percent 

Seeds/Beans 88 percent 8 percent 4 percent 

Grapes 71 percent 16 percent 13 percent 

Overall 74 percent 15 percent 11 percent 
Notes: 

(1) Data from 2013 WWD irrigation data layer. 
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Table 4-7 WWD On-Farm Irrigation Practices Annual Percentage
Groundwater Quality Assessment Report for the Western Tulare Lake Basin Area
Westlands Water Quality Coalition

Irrigation Practice 1985 1990 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Surface
     Furrow 60    38    32    36    34    34    32    31    29    28    26    22    22    23    20    19    18    11    9      8      10    7      7      
     Border Strip 3      5      1      4      2      2      2      2      2      2      2      3      2      2      3      2      3      5      4      3      3      2      2      

Combination Sprinkler/Furrow 15    38    46    40    43    43    44    43    45    44    44    45    42    39    34    28    24    19    10    11    10    9      5      

Pressurized
     Sprinkler 21    16    17    15    15    15    14    15    13    13    13    12    12    11    10    10    9      13    15    11    12    11    11    
     Drip/Trickle 1      3      4      5      6      6      8      9      11    13    15    18    22    25    33    41    46    52    62    67    65    71    75    

100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  100  

Percent of Land Irrigated



Table 4-8 WWD On-Farm Irrigation Practices Annual Acreage
Groundwater Quality Assessment Report for the Western Tulare Lake Basin Area
Westlands Water Quality Coalition

Irrigation Practice 1985 1990 1993 1994 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Surface * *
     Furrow 322,785   196,021   124,259    127,741    176,370    169,362    157,834    141,581    124,377    104,509    117,475    101,784    95,681      90,529      86,541      49,118      33,019      31,480      46,314      30,184      30,956    

     Border Strip 16,139     25,792     3,053        12,352      9,300        10,490      8,446        8,352        6,885        11,760      9,656        9,891        11,896      9,063        11,139      21,585      16,334      9,642        11,491      10,641      8,574      

Combination Sprinkler/Furrow 80,696     196,021   178,714    143,304    241,716    231,386    235,505    224,758    203,165    214,480    227,604    174,445    163,280    135,995    111,667    84,864      35,833      42,879      47,779      42,286      21,237    

Pressurized
     Sprinkler 112,975   82,535     66,651      54,669      77,239      83,914      69,949      72,161      65,500      56,456      68,269      48,671      47,677      47,936      44,213      58,511      56,701      42,356      56,673      49,281      44,979    

     Drip/Trickle 5,380       15,475     14,118      17,235      40,122      48,489      57,718      65,929      68,325      86,249      118,963    110,534    157,247    196,994    216,142    224,767    230,665    254,750    297,737    331,078    321,183  
Total 537,975   515,845   386,795    355,301    544,747    543,641    529,452    512,781    468,252    473,454    541,967    445,325    475,781    480,517    469,702    438,845    372,552    381,107    459,994    463,470    426,929  

Notes:
* Acreage estimated from on-farm irrigation system percentage.

Total Acreage of Land Irrigated
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Westlands Water Quality Coalition – Groundwater Quality Assessment Report 

Chapter 5 

GROUNDWATER QUALITY 

The emphasis of the Groundwater Quality Assessment Report (GAR) requirements is on 
characterizing past and present groundwater quality and impacts to groundwater quality 
from irrigated agricultural practices within the Westlands Water Quality Coalition (Westlands 
Coalition, or Coalition) region. The goal is to develop focused management plans and 
procedures based on the best understanding of the hydrogeology and groundwater 
resources in the area. In order to provide a characterization of groundwater quality 
conditions in the area, an extensive effort to assemble readily available groundwater quality 
data was conducted. The data collection effort focused on nitrate, salinity (TDS and 
electrical conductivity [EC]), and pesticides. Nitrate is one of the most common groundwater 
contaminants and is generally the water quality constituent of greatest concern in areas of 
irrigated agriculture where application of fertilizers containing nitrogen can lead to 
groundwater contamination. Natural concentrations of nitrate in groundwater are generally 
low, and elevated levels usually indicate impacts from land use activities. Nitrate presents 
health concerns at high concentrations and is regulated in public drinking water systems. 
The US Environmental Protection Agency (EPA) has established a Maximum Contaminant 
Level (MCL) for nitrate (as nitrogen) of 10 milligrams per liter (mg/L) under its National 
Primary Drinking Water Regulations; this MCL standard is established for public health 
reasons and is a requirement of all public drinking water systems. TDS and EC are general 
measures of salinity and overall water quality. EC is directly related to the TDS 
concentration and, therefore, also provides a measure of general salinity of the water. 
Although agricultural practices can increase salinity in groundwater, as discussed in 
Chapter 2, naturally-occurring salinity in groundwater is typically high throughout the 
Coalition region because of the hydrogeologic and environmental setting. Like nitrate, 
pesticides are an indicator of groundwater impacts resulting from land use activities. 
Groundwater quality data for other constituents as presented in published reports, 
particularly data from the USGS Groundwater Ambient Monitoring and Assessment 
Program investigations conducted for the area, are also summarized. 

5.1 GROUNDWATER QUALITY DATASET 

This GAR aimed to characterize current groundwater quality conditions within the Western 
Tulare Lake Basin area and to evaluate relationships between groundwater quality and 
physical characteristics and land use practices within the region. Groundwater quality data 
were gathered from a variety of different entities. As noted above, the data collection 
focused on nitrate, salinity (TDS and EC), and pesticide sample data. 

An attempt was made to collect groundwater quality data from all available sources. Public 
sources of data included the California Department of Public Health’s (CDPH) Water 
Quality Analyses Data Files, DWR’s Water Data Library, USGS’s National Water 
Information System (NWIS), SWRCB’s Geotracker database (GAMA), data from the 
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Regional Water Quality Control Board (RWQCB) for wells located on dairies, and the 
Department of Pesticide Regulation (DPR) pesticide sampling database. 

Additional groundwater quality data were obtained from Westlands Water District and 
requests for available data were made to Pleasant Valley Water District. Local entities, 
including Fresno and Kings County public health and environmental departments, were also 
contacted concerning available groundwater quality data not included in public databases. 
Data requests to local entities were constrained to data readily available in electronic format 
such as databases and spreadsheets with a focus on acquiring groundwater level and 
quality data previously not reported or available through public databases. No data were 
made available from either county through this process. 

Well location information was an essential requirement for all data. Because of 
confidentiality and security reasons, locational coordinates for wells and associated data 
from CDPH are only approximate and verification of the accuracy of well locations was not 
a practical possibility; therefore, well coordinates provided in the source database were 
assumed to be accurate. Locations provided by CDPH are known to be obfuscated by up to 
one mile from the true well location. A very limited amount of groundwater quality data were 
provided for a private well in the Pleasant Valley area, although these data were not 
incorporated into the dataset because the data and well details, including location, were not 
available or in a readily useable format. Locational information for pesticide data from DPR 
were provided only at the Public Land Survey System (PLSS) township/range/section level. 

All data received were processed and underwent QA/QC procedures. During the QA/QC 
process, to the degree possible, duplicate well records and samples and erroneous data 
were detected and eliminated. If water quality results were reported at less than the 
laboratory detection level, one half of the reported laboratory detection limit was used. In 
cases where laboratory detection limits were not available, values of 0.225 mg/L and 
10 mg/L were used for nitrate as nitrogen (N) and TDS, respectively. These values were 
established through a review of the common laboratory detection limits provided in the 
assembled data. 

Nitrate data were acquired as reported values for both nitrate as nitrate and also for nitrate 
as nitrogen. All nitrate concentration values reported as nitrate were converted to nitrate as 
nitrogen by dividing values by 4.427, which represents a conversion based on atomic 
weight. All values for nitrate concentrations reported in this report reference the units of 
nitrate in mg/L as N. Similarly, because of the direct relationship between TDS 
concentration and measured EC, all EC values were converted to TDS using a multiplier of 
0.64 and are referenced as TDS concentrations throughout this report. The TDS 
concentrations referenced in this report are in units of mg/L. 

Groundwater quality data were delineated by interpreted depth zones as with the 
groundwater level data. The same procedures were utilized for both datasets. Groundwater 
quality data were grouped into five well depth categories indicating the depth zone which 
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they are interpreted to represent. These depth categories include very shallow, Upper 
Aquifer, Lower Aquifer, composite (Upper and Lower Aquifers), and unknown depth. Very 
shallow wells were defined as wells with depths less than 100 feet and also wells called 
monitoring wells in the source database. Wells with depths indicating they are deeper than 
100 feet but above the top of the Corcoran Clay, as indicated by CVHM data, were 
classified as Upper Aquifer. In areas outside the extent of the Corcoran Clay, wells with 
depths less than 500 feet were considered Upper Aquifer wells. Wells known to be 
domestic wells were also included in the Upper Aquifer depth category even if well depth 
information was not provided. The depth of the bottom of the Corcoran Clay was used to 
differentiate wells interpreted to be in the Lower Aquifer. All wells with depths greater than 
the bottom of the Corcoran clay layer were classified as Lower Aquifer wells. Wells known 
to be irrigation wells were also classified as Lower Aquifer. Wells interpreted to be screened 
in both the Upper and Lower Aquifer were classified as composite wells. Wells lacking any 
information that could be used to classify them in the above categories, either by well type 
or well depth, were designated as unknown depth. 

From the nitrate data, 139 wells were classified as very shallow, 115 were Upper Aquifer, 
443 were categorized as Lower Aquifer wells, 51 wells were classified as composite wells, 
and 782 did not have any information with which to interpret their depth and were classified 
as unknown depth (Table 5-1). Of the wells with TDS data, 848 wells were categorized as 
very shallow, 331 were categorized as Upper Aquifer, 1,209 were categorized as Lower 
Aquifer, 386 were categorized as composite, and 1,498 did not have any information 
allowing for a depth classification. Of the 1,530 wells with nitrate samples, 575 had reported 
depth information. For the wells with TDS samples, 2,396 of the 4,272 had reported depth 
information (Table 5-1). From the 1,530 nitrate data wells, 203 wells (13 percent) had 
reported concentrations above the MCL of 10 mg/L for nitrate as nitrogen; 143 wells (nine 
percent) have concentrations above 20 mg/L. As summarized in Table 5-1, 4,272 TDS data 
wells, 4,205 wells (98 percent) had reported concentrations above the Secondary Drinking 
Water Standard of 500 mg/L; 2,776 wells (65 percent) had reported concentrations above 
1,000 mg/L and 1,577 wells (37 percent) had reported concentrations above 1,500 mg/L. 

The complete groundwater quality dataset available and utilized for the preparation of this 
GAR is summarized in Table 5-1. Over 3,200 nitrate records were compiled from over 
1,500 wells distributed throughout the Central Valley Floor area of the Coalition region with 
some additional data in Panoche Valley (Figure 5-1). The majority of the nitrate sampling 
data comes from DWR (1,490 records) with a substantial amount of additional data 
available from the USGS. Limited additional nitrate data from WWD are also available. In 
contrast with nitrate data, considerably more TDS data are available with the majority of 
TDS data provided by WWD (4,108 records) and DWR (4,049 records). The spatial density 
of available TDS data, as shown in Figure 5-2, is considerably greater than for nitrate data 
(Figure 5-1). 
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Figure 5-3 and Figure 5-4 show the distribution of available data by time period for both 
nitrate and TDS. Figure 5-5 shows the distribution by decade. Much of the available data 
for nitrate concentrations in groundwater are relatively older with more limited data available 
for recent time periods. Nitrate data available for the time period since 2000 are especially 
sparse in the Panoche and Pleasant Valley areas. TDS concentration data are more widely 
available for all date ranges and locations. However, recent data for TDS since 2000 are 
also sparse in the Panoche and Pleasant Valley areas. 

5.2 HISTORICAL PRESENCE OF VERY HIGH SALINITY IN 
SHALLOW GROUNDWATER 

As discussed in Chapter 2, the presence of natural very high salinity conditions in 
groundwater throughout much of the Westlands Coalition region has existed historically as 
a result of the natural hydrogeologic setting. Early documentation of the high salinity 
conditions in the vicinity includes groundwater quality data collected and summarized in the 
early 1900s by Mendenhall (1916) (Figure 2-9). Natural conditions of high groundwater 
salinity exist throughout all zones of the groundwater system as a result of the contribution 
of salts from recharge off of the Coast Range mountains. Surface water and groundwater 
flowing over and through Coast Range sediments of marine origin have dissolved naturally 
occurring salts contributing to the historical and current presence of high salinity in the 
groundwater within the Coalition region. As discussed in Chapter 2 and Chapter 4, 
subsurface drainage systems and evaporation ponds were implemented by farmers as 
early as the 1950s to manage persistent problems with salinity. 

In addition to natural salinity contributed from the Coast Range sediments, a number of 
other mechanisms are believed to further contribute to increased salinity in the groundwater 
in the region. The historical use of groundwater for irrigation in the Westlands Coalition 
region has concentrated salts in the groundwater system. Some studies have estimated 
that 0.8 tons/acre/year of salts are applied to the land surface in the region as a result of 
salts present in groundwater used for irrigation water (Randolph, 2003). The use of low 
salinity surface water for irrigation within the Coalition region has resulted in decreased 
trends in soil and shallow groundwater salinity in agricultural areas during the irrigation 
season (Randolph, 2003). In agricultural fields with shallow saline groundwater, capillary 
action can draw water upwards through the soil profile to the ground surface, which can 
increase soil salinity during periods when irrigation is not occurring (Corwin, 2012). As 
noted in Chapter 2, areas of the Coalition region are underlain by fine-grained floodplain 
sediments in younger and older alluvial sediments and clays within the Tulare Formation 
(including A, C, and E Clay members). These low-permeable sediments impede vertical 
movement of groundwater often resulting in poor drainage conditions, shallow groundwater 
stagnation, and associated accumulation of salts. Excessive concentrations of sodium in 
the groundwater and soils can result in the plugging of soil pores caused by the dispersion 
of fine soil particles. Consequently, when the sodium adsorption ratio (SAR) is high, where 
sodium exceeds calcium by a ratio of 3:1 or greater, severe infiltration problems and 
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increases in soil salinity can occur (DWR, 2013). Irrigation water with low TDS (<250 mg/L) 
can also cause declines in infiltration capacity in much the same manner as the high SAR 
by leaching minerals and salts from the soil, which reduces its structural integrity and 
causes fine soil particle dispersion accompanied by the clogging of pore spaces (DWR, 
2013). 

5.3 SPATIAL PATTERNS IN GROUNDWATER QUALITY  

Figure 5-6 through Figure 5-17 present nitrate concentrations in wells by depth zone 
throughout the Coalition region. Separate figures show the maximum historically observed 
concentration and the most recent observed concentration for each well. 

5.3.1 Nitrate Concentrations 

The maximum nitrate (as N) concentrations observed in all wells throughout the study area 
are depicted in Figure 5-6. The majority of wells have maximum concentrations below 
5 mg/L; however, several areas exist with a greater density of wells with maximum 
concentrations exceeding the MCL of 10 mg/L (as N), especially in the area south and 
southwest of Mendota. Historical and current land use in this area consists mainly of grains, 
cotton, and grasses. Several other areas with a greater number of wells with maximum 
nitrate concentrations above 10 mg/L also occur, including several wells in Pleasant Valley. 
There are no wells in Panoche Valley with maximum nitrate concentrations exceeding the 
MCL, although available groundwater quality data in this area pre-dates 2000 
(Figure 5-12). 

Figure 5-7 shows the most recent nitrate concentrations in all the wells in the study area. 
The overall picture illustrated by the most recent nitrate data in Figure 5-7 is very similar to 
that seen in Figure 5-6 for maximum nitrate concentrations, although the map of most 
recent nitrate concentrations shows a decreased number of wells with concentrations 
above 5 mg/L. This suggests that there may be a trend towards decreasing nitrate 
concentrations in some wells, or that the maximum observed nitrate concentration in some 
wells is anomalous. However, only 233 of the 1,529 wells have nitrate data more recent 
than 2000 and this limitation in available nitrate data makes it difficult to characterize more 
recent temporal trends in nitrate, especially during time periods since 2000.  

5.3.1.1 Very Shallow Groundwater 

Figure 5-8 depicts maximum nitrate concentrations in very shallow groundwater. Generally 
high maximum concentrations of nitrate are evident in a majority of very shallow wells from 
the available data. Many of these wells have maximum concentrations exceeding the nitrate 
MCL of 10 mg/L. The existence of high nitrate concentrations in these wells is not surprising 
given the hydrogeologic environment consisting of very shallow groundwater and poor 
drainage conditions. A notably higher density of very shallow wells with a maximum 
concentration greater than 10 mg/L is apparent in an area located south and southwest of 
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Mendota with additional exceedances scattered throughout other parts of the Coalition 
region. Because of the limited spatial distribution of these data, few data on nitrate 
concentrations in very shallow wells in the peripheral areas outside the Central Valley Floor 
are available. One location with several very shallow wells exhibiting high maximum 
concentrations exists outside the Central Valley Floor in the hills along the southwestern 
edge of the Valley Floor approximately 10 miles northwest of Interstate 5. This location is 
the site of a SWRCB regulated facility with historical nitrate contamination from fertilizer 
drum disposal practices; nitrate concentrations here are not related to irrigated agriculture 
practices. 

Nearly identical spatial patterns are evident in Figure 5-9 presenting the most recent nitrate 
concentrations in very shallow wells. Few very shallow wells have multiple tests for nitrate 
concentration and most nitrate data for very shallow wells are from before 2000. 

5.3.1.2 Upper Aquifer  

Similar to the very shallow groundwater data, available data on nitrate concentrations in the 
Upper Aquifer are relatively limited. However, in contrast to the very shallow groundwater, 
many fewer wells interpreted to be in the Upper Aquifer have maximum nitrate 
concentrations exceeding the MCL (Figure 5-10). The majority of these exceedances are 
located in the northeastern portion of the study area. Wells in the Upper Aquifer in more 
southern parts of the Coalition region tend to have lower concentrations of nitrate, typically 
below 5 mg/L. Figure 5-11 shows the most recent nitrate concentrations for wells in the 
Upper Aquifer. Most nitrate data for the Upper Aquifer pre-dates 2000 and exhibits similar 
patterns as the maximum nitrate concentration data. 

5.3.1.3 Lower Aquifer  

Considerably more data are available relating to nitrate concentrations in the Lower Aquifer. 
This is because most the irrigation wells in the region are completed in the Lower Aquifer. 
Figure 5-12 displays the maximum nitrate concentrations in wells interpreted to be in the 
Lower Aquifer. As is evident in Figure 5-12, very few wells in the Lower Aquifer have a 
maximum nitrate concentration above 5 mg/L with only eight wells classified as Lower 
Aquifer having maximum nitrate concentrations exceeding 10 mg/L. Furthermore, in the 
most recent nitrate data, a fewer number of the Lower Aquifer wells have concentrations 
exceeding 10 mg/L (Figure 5-13). Localized areas of elevated nitrate levels in the Lower 
Aquifer tend to be concentrated in the vicinity of Huron to the south and southwest of 
Mendota. In contrast to data in the very shallow and Upper Aquifer zones, much of the 
nitrate data in the Lower Aquifer are more recent, since 2000. The few occurrences of high 
concentrations of nitrate in the Lower Aquifer wells suggest the continued role of the 
Corcoran Clay as an impediment to vertical migration of contaminants into the Lower 
Aquifer. Clusters of higher nitrate concentrations in the Lower Aquifer are generally 
concentrated in areas where the Corcoran Clay is either thin or non-existent as seen in 
Figure 2-11, most notably to the west and in the vicinity of Huron. 
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5.3.1.4 Composite Wells  

As seen in Figure 5-14, the maximum nitrate concentrations in the composite wells, which 
are interpreted to be screened across the Corcoran Clay in both the Upper and Lower 
Aquifers, are nearly all below 5 mg/L. The one exception, located in the southern area 
where the Corcoran Clay is thin, has a concentration below 10 mg/L. The maximum nitrate 
concentration data in composite wells also reflect the most recent data (Figure 5-15) and 
the majority of the data are older with few data since 2000. 

5.3.1.5 Wells of Unknown Depth 

Many of the wells for which nitrate data are available could not be classified into a depth 
category because of the lack of information relating to well construction and type. The 
spatial distribution of nitrate concentrations in these wells of unknown depth are shown in 
Figure 5-16. The majority of these wells have maximum nitrate concentrations below 
5 mg/L, although a greater density of wells with maximum nitrate concentrations exceeding 
10 mg/L can be seen in the area south of Mendota (Figure 5-16). This area also exhibits 
elevated nitrate concentrations in the very shallow and Upper Aquifer zones (Figure 5-8 
through Figure 5-11). This suggests that many of the wells in this area are likely screened 
in one of these shallower depth zones. Other wells exceeding 10 mg/L are more sparsely 
distributed throughout the study area. Many wells in the Panoche and Pleasant Valley 
areas lack depth information, although the data shown in Figure 5-16 and Figure 5-17 
indicate some nitrate impacts with concentrations greater than 5 mg/L and a few wells with 
nitrate exceedances in Pleasant Valley. The elevated concentrations of nitrate in the 
Panoche Valley are most likely the result of more point sources of nitrate such as septic 
systems because only minimal irrigated agriculture exists in this area. As with much of the 
available nitrate data in the Coalition region, the majority of nitrate data for wells of 
unknown depth pre-date 2000 (Figure 5-17), although some more recent data exist along 
the California Aqueduct. 

5.3.2 TDS Concentrations  

Figure 5-18 through Figure 5-29 present the maximum and most recent TDS 
concentrations in wells by depth zone within the Coalition region and indicate the general 
salinity of groundwater. The concentration of TDS in drinking water is regulated as a 
Secondary Drinking Water Standard and the standards are established for aesthetic 
reasons such as taste, odor, and color and not based on public health concerns. TDS 
concentrations in groundwater, as shown in Figure 5-18 through Figure 5-29, are 
symbolized by three classes: less than 1,000 mg/L, a concentration which is equivalent to 
the upper Secondary MCL; 1,000 to 2,000 mg/L; and greater than 2,000 mg/L. The spatial 
distribution of available TDS data are considerably more dense than for nitrate data. The 
majority of wells within the Coalition region have maximum TDS concentrations exceeding 
1,000 mg/L, although a general spatial pattern of lower TDS towards the south is evident in 
Figure 5-18 and Figure 5-19. An apparent higher density of wells with TDS concentrations 
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greater than 2,000 mg/L is evident in wells in the northern areas and towards the western 
margin of the Central Valley Floor. In contrast to the nitrate data, which are generally from 
before 2000, most of the TDS data are since 2000 (Figure 5-19). The areas of Panoche 
and Pleasant Valley also have some wells with higher TDS concentrations although much 
of these data are from before 2000. 

5.3.2.1 Very Shallow Groundwater  

As seen in Figure 5-20, the majority of the wells in the very shallow groundwater zone have 
TDS concentrations that are above 2,000 mg/L. The majority of these wells are located to 
the east of the California Aqueduct, which roughly defines the westernmost extent of the 
very shallow groundwater zone in the Coalition region. Although the very shallow wells with 
TDS concentrations above 2,000 mg/L are distributed throughout the area where very 
shallow groundwater occurs, there is a higher density of wells exceeding 2,000 mg/L in the 
northern region. In fact, numerous very shallow wells located south and southwest of 
Mendota exhibit TDS concentrations greater than 6,000 mg/L. The most recent TDS 
concentration data show a similar pattern (Figure 5-21) although a notably greater number 
of very shallow wells exhibit most recent TDS concentrations below 1,000 mg/L. A large 
fraction of very shallow wells with TDS concentration data have data obtained since 2000. 
No TDS data for the very shallow zone are available for the Panoche Valley area and 
limited very shallow TDS data are available in Pleasant Valley, although several very 
shallow wells located south of Coalinga have TDS concentrations greater than 2,000 mg/L. 

5.3.2.2 Upper Aquifer  

As is observed for nitrate data, TDS concentration data for wells interpreted to be in the 
Upper Aquifer are limited, with most data occurring east of the California Aqueduct 
(Figure 5-22). Higher TDS concentrations in the Upper Aquifer are observed in the northern 
areas of the Coalition region with a notable area in the southeast where TDS 
concentrations are largely below 1,000 mg/L. This is likely indicative of higher-quality 
groundwater in sediments derived from Sierran sources. A pattern of higher TDS along the 
western margins of the Central Valley Floor area suggests influence of high salinity 
recharge from Coast Range streams and subsurface groundwater flow. A band of high 
salinity in the Upper Aquifer is also apparent along the eastern edge of the Coalition region, 
where poor drainage conditions exist resulting in very high salinity in the very shallow zone. 
Available TDS data for many of the Upper Aquifer wells include relatively recent data that 
have been collected since 2000 (Figure 5-23). These recent data show very similar 
patterns as the maximum concentration data for this zone. 

5.3.2.3 Lower Aquifer 

As seen in Figure 5-24 and Figure 5-25, TDS concentration data for wells in the Lower 
Aquifer are much more widely distributed across the Central Valley Floor of the Coalition 
region. These data indicate overall lower salinity in the Lower Aquifer than is evident in the 
very shallow groundwater; although, a similar pattern of lower salinity conditions in 
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groundwater in the south and southeast is apparent in the Lower Aquifer as is also 
observed in the very shallow and Upper Aquifer zones. A majority of the wells in the Lower 
Aquifer show maximum TDS concentrations below 2,000 mg/L with maximum TDS 
concentrations below 1,000 mg/L in many of these wells along the southern and 
southeastern edge of the Coalition region (Figure 5-24). Several notable areas with greater 
densities of high salinity conditions exist in the northern part of the Coalition region and also 
in the southeast in the vicinity of Huron. In notable contrast to the very shallow 
groundwater, there is a pattern of higher TDS concentrations in the Upper Aquifer along the 
western margin of the Central Valley Floor with generally lower concentrations towards the 
east. This trend is particularly prominent in the central area of the Coalition region around 
and north of Huron and likely reflects the greater influence from Coast Range derived 
groundwater recharge. Additionally, the Corcoran Clay is thinner or non-existent in some of 
these areas which may result in increased vertical communication with overlying 
groundwater zones of higher salinity. A much greater amount of recent TDS data are 
available for the Lower Aquifer (Figure 5-25) than are available for nitrate. These more 
recent data since 2000 highlight the same patterns evident in the maximum concentration 
data. Few TDS concentration data exist in the Panoche Valley and Pleasant Valley for the 
Lower Aquifer, although the minimally available data suggest deeper TDS concentrations in 
these areas are in the 1,000 to 2,000 mg/L range. 

5.3.2.4 Composite Wells  

Figure 5-26 depicts maximum TDS concentration data for composite wells screened in 
both the Upper and Lower Aquifers, whereas Figure 5-27 presents the most recent 
concentration data for composite wells. Although data for these wells are not as complete 
as in the Lower Aquifer, the pattern in TDS concentrations shown in Figure 5-26 and 
Figure 5-27 is consistent with patterns evident in both the Upper and Lower Aquifer wells. 
Considerably fewer composite wells have TDS concentrations greater than 2,000 mg/L and 
these wells exhibit a similar trend of decreasing TDS concentrations from north to south. 
Most of the recent TDS concentration data since 2000 for these wells are located in the 
southern portion of the Coalition region where concentrations are generally lower. 

5.3.2.5 Wells of Unknown Depth 

As shown in Figure 5-28 and Figure 5-29, much TDS concentration data exist for wells of 
unknown depth. These figures indicate wells west of Mendota have higher TDS 
concentrations than wells further south in the Huron vicinity. This is particularly evident in 
the density of wells with TDS concentrations greater than 2,000 mg/L. However, 
Figure 5-28 and Figure 5-29 both show that the Pleasant Valley area near Coalinga has 
high TDS concentrations with many wells exceeding 2,000 mg/L. Several areas with higher 
densities of wells with lower TDS concentrations can be seen in Figure 5-28 and 
Figure 5-29. One such area southeast of Huron has a particularly high density of wells of 
unknown depth with lower TDS concentrations of less than 1,000 mg/L. As seen in 
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Figure 5-29 the majority of the TDS data for wells of unknown depth are from before 2000 
and most of the recent data are located along the California Aqueduct. 

5.3.3 Pesticides  

Pesticide concentration data for this GAR were limited to data obtained from DPR. 
Pesticide data available from DPR are for wells, but locations are only provided at the 
spatial resolution of the PLSS section in which the well is located. Figure 5-30 shows the 
locations of sections where wells have been sampled for pesticides and where pesticide 
test results are reported by DPR and include sections that may only be partially within the 
Coalition region. Because well locations are not provided with these pesticide data, it is 
possible that wells in sections that are only partly within the Coalition region actually fall 
outside of the Coalition area. Sections with detected concentrations of pesticides exceeding 
levels provided in the SWRCB Water Quality Goals Online Database (SWRCB, 2013a) are 
symbolized orange in Figure 5-30, and sections where pesticide detections have occurred 
at concentrations below the identified exceedance threshold are symbolized as green. 
Figure 5-30 shows all available pesticide sample data from DPR within the Western Tulare 
Lake Basin area. Table 5-2 summarizes pesticides that have been detected in wells that 
are in sections that overlap with the Coalition region to some degree, as reported in the 
DPR database. The threshold values used as a basis for identifying pesticide exceedances 
are also included in Table 5-2. The thresholds used to define pesticide exceedances were 
based first on a California Primary MCL, where applicable, and otherwise using the US 
Environmental Protection Agency (EPA) Primary MCL or California notification level, as 
available. No exceedance threshold value was used if no available values existed for the 
chemical in the SWRCB online database, or if the chemical could not be located in the 
database. In such cases where no exceedance value could be found in the SWRCB 
database, the CDPH list of MCLs (CDPH, 2013b) was consulted to verify that no applicable 
exceedance value was available. 

Data for a total of 101 wells (in 84 PLSS sections) tested for pesticides in the study area 
were available from DPR. Of the 101 wells tested, nine unique wells had detectable 
concentrations of a pesticide (Table 5-2). As shown in Table 5-2, fourteen instances of 
pesticide detections were recorded within the Coalition area; however, some wells had 
detectable concentrations of multiple pesticides. Of the 84 sections that had wells tested, 
eight sections had wells with detectable concentrations of a pesticide. A total of three 
instances occurred in which a pesticide (simazine) was detected above the exceedance 
threshold, although only two unique wells had exceedances. One well had two 
exceedances of simazine while another well had a single exceedance (Table 5-2). The well 
with two simazine, exceedances has a recorded depth of 20 feet; however, the depth of the 
other well with an exceedance is not known. Both of the exceedances occurred in 1992. As 
shown in Figure 5-30, a higher density of pesticide detections and exceedances has 
occurred in the northern part of the Coalition region, with many of these detections 
clustered in an area south of Mendota. 
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5.4 TEMPORAL TRENDS IN GROUNDWATER QUALITY 

Evaluating historical temporal trends in groundwater quality is an important part of 
understanding the natural and anthropogenic influences on water quality. Temporal trends 
in groundwater quality were evaluated through plotting and comparison of graphs of time-
series data for nitrate and TDS concentrations and so using statistical testing to identify 
significant temporal trends in groundwater quality in wells within the Western Tulare Lake 
Basin area. Select graphs of time-series nitrate and TDS concentration data for wells within 
the Coalition area are presented in Figure 5-31 through Figure 5-33 and Figure 5-39 
through Figure 5-42. 

Basic statistical analyses were conducted on available time-series data for wells to identify 
significant trends in nitrate and TDS concentrations through time. Separate statistical tests 
were performed on nitrate and TDS data to determine if there was a significant relationship 
between time and concentration for nitrate and TDS concentrations detected in well 
samples. This was done to assist in identifying notable patterns and trends in groundwater 
quality based on data from numerous wells throughout the Coalition region. Both parametric 
and non-parametric statistical methods were used to evaluate the data for temporal trends. 
Non-parametric analysis included the Mann-Kendall, whereas parametric testing consisted 
of ordinary least squares linear regression. 

The Mann-Kendall test is a non-parametric statistical test for determining relationships 
between two variables. In the case of water quality time-series data, the variables are time 
(X) and concentration (Y). Non-parametric means that the statistical method does not look 
at the magnitude of change in values, but the relative change in terms of an upward or 
downward trend. Essentially the test compares forward pairs of data (X-Y pairs) in time 
series, and counts the number of increases (each increase gets a +1) and decreases (each 
decrease gets a -1) in concentrations throughout a time series. Significance is determined 
by computing Kendall’s tau non-parametric correlation coefficient by summing the +1s and 
-1s for a time series and comparing the result to the number of forward pairs. The test (as 
coded by the USGS) does, however, provide an estimated linear relationship between 
water quality and time, though the statistical significance of a trend reflects only the 
direction of change. A p-value of 0.1 was used to indicate statistical significance in the 
Mann-Kendall analysis. One advantage of the Mann-Kendall and other non-parametric 
analyses, over parametric methods such as linear regression, is that it is more robust to 
outliers in the data. 

For the linear regression trend analyses, the correlation coefficients (using date and 
concentration pairs) were calculated for each well and then evaluated for significance. The 
significance of a calculated correlation coefficient is dependent on the size of the sample 
and the magnitude of the correlation coefficient. A t-value was determined from the 
calculated correlation coefficient and also the number of degrees of freedom (n-2; n 
representing the number of samples for a well). The t-value was then compared to the 
t-distribution to determine a corresponding probability (p-value) which will determine if the 
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trend is significant. A p-value of 0.05 was used as a threshold for defining significance. 
Following the determination of significance for a well’s correlation coefficient for 
concentration and time, the linear regression slope was calculated for each well using 
ordinary least squares regression. 

The statistical significance of trends can only be determined for wells with three or more 
samples. The Mann-Kendall and linear regression methods produced very similar results 
although the linear regression analysis indicated a notably greater number of wells with 
statistically significant temporal trends. Consequently, only the results from the linear 
regression method are presented in this report. Figure 5-34 through Figure 5-38 and 
Figure 5-43 through Figure 5-47 present the results of significant trend analyses for 
nitrate and TDS concentrations based on the linear regression method. The sign and 
magnitude of any statistically significant trends in concentration are indicated on the figures. 
In the figures displaying trends, significant nitrate concentration trends greater than 
0.1 mg/L per year (mg/L/yr) and less than 1 mg/L/yr are indicated as mildly increasing, 
while trends in nitrate concentrations greater than 1 mg/L/yr are considered increasing. 
Conversely, nitrate trends between -0.1 and -1 mg/L/yr are considered mildly decreasing 
and trends less than -1 mg/L/yr are considered decreasing. For TDS, significant temporal 
trends are considered mildly increasing for values between 10 mg/L/yr and 50 mg/L/yr and 
increasing for values greater than 50 mg/L/yr. Mildly decreasing TDS trends are rates of 
change between -10 mg/L/yr and -50 mg/L/yr and decreasing trends are indicated by 
values less than -50 mg/L/yr. 

5.4.1 Time-Series Nitrate Concentrations 

Figure 5-31 through Figure 5-33 display temporal trends in nitrate concentrations in 
groundwater within the Coalition area by depth zone. Selected graphs show nitrate 
concentrations through time with nitrate plotted on the vertical axis in units of mg/L as 
nitrogen. 

5.4.1.1 Very Shallow Groundwater 

Very limited available data exist with which to evaluate temporal trends in nitrate 
concentrations in individual wells. Consequently, no meaningful graphs of time-series 
nitrate data could be produced for wells in the very shallow zone. 

5.4.1.2 Upper Aquifer 

Time-series data for nitrate concentrations in wells classified in the Upper Aquifer are also 
limited. Figure 5-31 shows a limited number of graphs showing time-series data for nitrate 
concentrations in wells in the Upper Aquifer. Very few wells had enough data for time-series 
plots and none of the wells shown have data since 1980. Although these data do not show 
much temporal range or spatial distribution and any interpretation of trends should be 
cautioned, the data shown suggest that nitrate concentrations in these select wells were 
low and relatively stable between the early 1950s and early 1980s. 
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5.4.1.3 Lower Aquifer 

Figure 5-32 presents select graphs of time series nitrate concentrations for wells in the 
Lower Aquifer. As with the Upper Aquifer, there are few wells with enough nitrate 
concentration data for time-series graphing and most of the graphs shown on Figure 5-32 
only include a few data points. It is difficult to infer any generalizations with respect to 
temporal trends in nitrate concentration based on these data. However, despite data 
limitations, the graphs for these wells show relatively low nitrate concentrations exhibiting 
overall stable long-term trends in nitrate concentration. 

5.4.1.4 Composite Wells 

Figure 5-33 shows time series graphs for nitrate concentrations in composite wells and 
wells of unknown depth. Very few composite wells had enough data for time series plots; 
therefore, no meaningful interpretations can be made from these graphs regarding nitrate 
trends in the composite wells. Similarly, time-series data for wells of unknown depth are 
also limited and much of the available data are from before 1980. Additionally, many of the 
wells for which some data are available are clustered in Panoche Valley and Pleasant 
Valley and in the area south of Huron so the spatial representation of the data is limited. 

5.4.2 Notable Temporal Trends in Nitrate Concentrations 

Figure 5-34 illustrates statistical temporal trends in nitrate concentrations in all wells within 
the Coalition region. A large fraction of the wells for which nitrate data are available have 
fewer than three sampling events. Because of the minimum data requirement for the 
statistical temporal trend analysis, there are relatively few wells for which statistically 
significant temporal trends in nitrate concentrations are indicated. The majority of the wells 
showing statistically significant nitrate trends are located west and southwest of Mendota 
with others located along the California Aqueduct. A slightly greater number of wells show 
statistically significant decreasing temporal trends in nitrate concentrations compared to 
those that show increasing trends. No obvious trend in the spatial distribution of these 
trends is apparent from Figure 5-34. Several clustered areas of higher densities of wells 
with either increasing or decreasing trends are found throughout the Coalition region, 
although in many instances there are adjacent wells with conflicting trends. 

5.4.2.1 Very Shallow Groundwater 

As seen in Figure 5-35, few very shallow wells exhibit statistically significant trends in 
nitrate concentrations and very few very shallow wells have more than three samples; 
however, all of those wells with statistically significant trends indicate that they are 
decreasing in nitrate concentration. Three of these wells suggest nitrate concentrations 
decreasing at a rate of greater than 1 mg/L/yr, while one well indicates only mildly 
decreasing nitrate concentrations. 
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5.4.2.2 Upper Aquifer  

Similar to the very shallow groundwater, wells in the Upper Aquifer, for which significant 
trends are indicated, exhibit very small change in nitrate concentrations or mildly 
decreasing trends (Figure 5-36). Figure 5-36 also shows that the majority of wells in the 
Upper Aquifer had fewer than three samples for nitrate. 

5.4.2.3 Lower Aquifer  

Figure 5-37 also highlights the generally stable trends in nitrate concentrations that are 
indicated for all of the wells in the Lower Aquifer for which a statistically significant trend 
could be identified. Statistically significant trends in nitrate concentration were identified for 
ten wells spaced out across much of the Coalition region as shown in Figure 5-37. 

5.4.2.4 Composite Wells  

The results of the composite wells are similar to those of the other depth zones. Few 
statistically significant trends were identified in these wells and a majority of the wells had 
fewer than three samples available. Both of the composite wells with statistically significant 
nitrate trends indicated generally stable nitrate concentrations (Figure 5-38). 

5.4.3 Time-Series TDS Concentrations  

Figure 5-39 through Figure 5-42 present temporal trends in TDS concentrations in 
groundwater within the study area by depth zone. In these figures selected graphs show 
TDS concentrations through time with TDS plotted on the vertical axis in units of mg/L. The 
range of TDS concentrations shown on the vertical axis varies between depth zones. 

5.4.3.1 Very Shallow Groundwater  

Graphs of TDS concentrations for select very shallow wells are displayed in Figure 5-39. 
For most of these wells, data are available from the mid-1980s through the early 2000s. 
Although these graphs show relatively high TDS concentrations in the very shallow 
groundwater throughout the extent of the very shallow groundwater zone, these wells also 
exhibit remarkably similar and consistent trends of decreasing TDS concentrations since 
the mid-1980s. Graphs for very shallow wells in the more southern area display a notable 
decrease in TDS with many of these wells showing decreases from historical 
concentrations above 4,000 mg/L to more recent concentrations closer to 2,000 mg/L. 

5.4.3.2 Upper Aquifer  

More limited TDS data are available for wells in the Upper Aquifer. Figure 5-40 presents 
graphs of time-series TDS concentration data for ten Upper Aquifer wells located within the 
Central Valley Floor area of the Coalition region. The TDS concentrations in these wells are 
notably lower than for those in the very shallow groundwater and a general trend of stable 
to decreasing concentrations is apparent in the graphs for these wells. As shown in other 
figures of TDS concentrations for the Upper Aquifer and other depth zones, higher TDS 
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concentrations, often above 4,000 mg/L exist in the north whereas TDS concentrations are 
generally below 2,000 mg/L in Upper Aquifer wells in the south. A number of the wells 
shown in the north have decreasing trends since the 1970s and 1980s, although the 
availability of recent data is limited for some wells. 

5.4.3.3 Lower Aquifer  

TDS concentrations in the Lower Aquifer appear to be largely stable since the 1960s, as 
seen in Figure 5-41. Wells in the Lower Aquifer tend to have longer periods of record for 
TDS than those wells in other depth zones and many of these wells have data that extends 
from the 1960s through early 2000s. During this timeframe, consistently lower salinity 
groundwater conditions have persisted in much of the Lower Aquifer, most notably in the 
southern end of the Coalition region where TDS concentrations have remained below 
1,000 mg/L throughout the available period of record. Two of the graphs for Upper Aquifer 
wells located in the north indicate potential trends toward increasing TDS concentrations. 

5.4.3.4 Composite Wells  

Several graphs of TDS concentrations in composite wells (Figure 5-42) show trends 
consistent with both the Upper and Lower Aquifer wells. These wells are located in the 
general vicinity of Huron and to the north and show stable to decreasing long-term trends in 
TDS concentrations. The historical TDS concentrations in these wells are also notably low 
and typically below 1,000 mg/L. 

5.4.4 Notable Temporal Trends in TDS Concentrations  

Figure 5-43 through Figure 5-47 show the statistically significant temporal trends in TDS 
concentrations for wells within the study area. Figure 5-43 presents those trends identified 
for all wells, regardless of depth zone. In contrast to the nitrate data, many more statistically 
significant temporal trends were identified for TDS concentrations. As shown in 
Figure 5-43, the greatest density of TDS statistically significant trends data are in the north 
in the area south and west of Mendota. Furthermore, a notably higher number of wells with 
increasing TDS trends are also apparent in this area. However, wells with statistically 
significant decreasing TDS concentration trends are also interspersed with those showing 
increasing trends. To the south, most of the statistically significant trends indicate stable or 
decreasing TDS concentrations. 

5.4.4.1 Very Shallow Groundwater  

The statistically significant temporal trends in TDS concentrations in very shallow 
groundwater are shown in Figure 5-44. Most of the wells with statistically significant trends 
are located in the north. A similar number of wells exhibit statistically significant increasing 
trends in TDS compared with decreasing TDS concentrations. Many of the wells with 
increasing trends are located along the eastern margin of the Coalition region in areas 
where drainage is particularly poor and where groundwater is especially shallow. Fewer 
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very shallow wells in the south exhibit statistically significant TDS trends, and these show 
roughly an equal number of wells with decreasing and increasing trends. 

5.4.4.2 Upper Aquifer 

Very few wells exhibited statistically significant trends in TDS concentrations and those are 
shown on Figure 4-45. Most of the wells in the Upper Aquifer have fewer than three TDS 
samples and consequently show no statistically significant temporal trend. All three of the 
wells in the Upper Aquifer in the area with statistically significant TDS trends indicate 
decreasing TDS concentrations. 

5.4.4.3 Lower Aquifer 

Figure 5-46 shows statistical trends in TDS concentrations in wells in the Lower Aquifer. No 
obvious patterns are evident from these data and they indicate wells with both increasing 
and decreasing trends across the Coalition region. Many of the wells indicate a trend of 
stable TDS concentrations with either very small change or mildly increasing or mildly 
decreasing concentrations. 

5.4.4.4 Composite Wells 

Composite wells with statistically significant TDS trends are shown in Figure 5-47. Many of 
the composite wells have fewer than three samples for TDS; however, three wells indicate 
statistically significant trends of stable or mildly decreasing concentrations. All of these 
wells are located in the southern part of the Coalition region. 

5.5 ADDITIONAL GROUNDWATER QUALITY DATA  

The focus of this GAR was on acquiring and summarizing general groundwater quality in 
the Coalition region based on chemical constituent data that are widely available and most 
commonly associated with impacts from irrigated agricultural practices. As a result, the 
acquisition and summary of groundwater quality data for this GAR focused on nitrate, TDS, 
and pesticides. Other published reports were reviewed to document groundwater quality 
characteristics other than nitrate, TDS, and pesticides within the Western Tulare Lake Basin 
area. As discussed in Section 2.2.2, groundwater types within the Westlands Coalition 
region range from calcium sulfate to sodium chloride type. Concentrations of trace metals 
and numerous chemical constituents in groundwater were investigated across the Coalition 
region by the USGS in 2013 as part of the SWRCB GAMA Program’s Priority Basin Project 
and the results are summarized by Mathany et al. (2013). Water quality analyses conducted 
on samples from 13 grid wells within the Coalition region and 45 grid wells within the 
Westside subbasin area indicate that most inorganic constituents in groundwater are 
present at concentrations below health-based benchmarks. 

Table 5-3 summarizes the notable water quality results for the 13 grid wells within the 
Coalition region sampled as part of the USGS GAMA study and reported by Mathany et al. 
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(2013). As shown in Table 5-3, very few wells sampled as part of this study had 
concentrations above the Primary MCL for the respective inorganic constituents. However, 
more commonly, wells sampled had groundwater exceeding Secondary MCL (SMCL) 
thresholds, which are not health-based standards and are applied to constituents that affect 
the aesthetic qualities of drinking water, such as taste, odor, and color, or the physical 
qualities of drinking water, such as scaling and staining. Areas that are poorly drained are 
generally more susceptible to the accumulation of trace elements such as arsenic, boron, 
and selenium in the shallow subsurface (Randolph, 2003). The most common constituents 
detected above the SMCL included TDS, boron, sulfate, manganese, chloride, and iron. 
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Table 5-1a Summary of Assembled Groundwater Quality Data
Groundwater Quality Assessment Report for the Western Tulare Lake Basin Area
Westlands Water Quality Coalition

Number of Wells with Wells with Wells with
wells with Unknown results over results over results over

Well Type 5 mg/L 10 mg/L 20 mg/L
(as N) (as N) (as N)

WWD 397 526 356 328 0 0 0 11 48 0 38 267 51 41 21 8 3 0 0 0 0 0 1
DWR 745 1490 4 0 3 0 1 0 741 3 0 1 0 741 76 41 23 949 100 38 0 108 0
USGS 305 678 305 0 0 0 0 0 305 112 75 118 0 0 177 146 114 44 1 85 0 0 21
SWRCB 40 243 40 0 23 0 17 0 0 23 0 17 0 0 9 4 3 0 0 0 0 73 59
CDPH 36 352 36 0 0 0 36 0 0 1 0 35 0 0 7 3 1 0 0 1 27 115 97
Dairy 7 10 7 5 0 2 0 0 0 0 2 5 0 0 1 1 1 0 0 0 0 10 0
Total 1530 3299 748 333 26 2 54 11 1094 139 115 443 51 782 291 203 145 993 101 124 27 306 178

Number of Wells with Wells with Wells with
wells with Unknown results over results over results over

Well Type 500 mg/L 1,000 mg/L 1,500 mg/L

WWD 2370 4202 2359 1648 620 33 0 53 16 646 248 1079 386 11 2354 1598 903 1034 115 6 832 1556 511
DWR 1416 3592 9 0 5 0 4 0 1407 5 0 4 0 1407 1376 816 359 2064 118 46 0 109 0
USGS 416 1640 80 0 0 0 0 0 416 174 83 79 0 80 411 346 298 72 1 367 27 3 21
SWRCB 42 519 42 0 23 0 19 0 0 23 0 19 0 0 40 27 22 0 0 1 19 85 66
CDPH 28 281 28 0 0 0 28 0 0 0 0 28 0 0 24 8 7 0 0 0 0 33 34
Total 4272 10234 2518 1648 648 33 51 53 1839 848 331 1209 386 1498 4205 2795 1589 3170 234 420 878 1786 632

Depth Zone
Composite

Entity wells sample 
tests

known 
depth

Wells Wells Wells Wells Types Zone Aquifer Aquifer
Domestic

known 
depth

Nitrate Data

Monitoring 
Entity

Number of 
wells

Number of 
sample 
tests

Irrigation
Wells

Monitoring
Wells

Domestic
Wells

Public Supply
Wells

Other Well
Types

Very Shallow
Zone

Total Dissolved Solids (TDS) Data

Monitoring Number of Number of Irrigation Monitoring Unknown
Sample 

tests
Sample 

tests
Sample 

testsPublic Supply Other Well Very Shallow Upper Lower
Sample 

tests

Upper
Aquifer

Lower
Aquifer

Unknown
Depth Zone

Composite

Sample 
tests

Pre-1970s in 1970s in 1980s in 1990s in 2000s in 2010s

Sample 
tests

Sample 
tests

Sample 
tests

Sample 
tests

Sample 
tests

in 2010s

Sample 
tests

Sample 
tests

Pre-1970s in 1970s in 1980s in 1990s in 2000s



Table 5-1b Summary of Groundwater Quality Data: Recent Sample Data
Groundwater Quality Assessment Report for the Western Tulare Lake Basin Area
Westlands Water Quality Coalition

Monitoring 
Entity

Number of 
wells

Number of 
sample 
tests

Number of 
wells with 

known 
depth

Irrigation 
Wells

Monitoring
Wells

DomesticW
ells

Public 
Supply 
Wells

UnknownW
ell Type

Very 
Shallow 

Zone
Upper 

Aquifer
Lower 
Aquifer Composite

Unknown 
Depth Zone

Wells with 
results 
over 5 
mg/L

Wells with 
results 
over 10 
mg/L

Wells with 
results 
over 20 
mg/L

CDPH 25 253 0 0 0 0 25 0 0 0 25 0 0 7 3 1
DWR 640 1318 0 0 3 0 0 637 3 0 0 0 637 71 37 21
SWRCB 27 164 0 0 18 0 9 0 18 0 9 0 0 8 3 3
USGS 242 549 193 0 0 0 0 242 106 36 51 0 49 154 129 103
WWD 391 516 322 358 0 10 0 23 0 39 292 51 9 19 7 3
Total 1325 2800 515 358 21 10 34 902 127 75 377 51 695 259 179 131

Monitoring 
Entity

Number of 
wells

Number of 
sample 
tests

Number of 
Wells with 

known 
depth

Irrigation 
Wells

Monitoring
Wells

DomesticW
ells

Public 
Supply 
Wells

UnknownW
ell Type

Very 
Shallow 

Zone
Upper 

Aquifer
Lower 
Aquifer Composite

Unknown 
Depth Zone

Wells with 
results 

over 500 
mg/L

Wells with 
results 

over 1000 
mg/L

Wells with 
results 

over 1500 
mg/L

CDPH 21 114 0 0 0 0 21 0 0 21 0 0 0 17 4 3
DWR 1197 3062 0 0 4 0 2 1,191 4 2 0 0 1191 1186 719 308
SWRCB 27 353 0 0 18 0 9 0 18 9 0 0 0 27 23 18
USGS 327 1259 266 0 0 0 0 327 155 56 55 0 61 323 280 238
WWD 2197 3935 1917 1579 536 32 0 50 550 592 669 375 11 2184 1471 801
Total 3769 8723 2183 1579 558 32 32 1568 727 680 724 375 1263 3737 2497 1368

Total Dissolved Solids (TDS) Samples Since 2005

Nitrate Samples Since 2005
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Table 5-2 Summary of Pesticide Detections 
Groundwater Quality Assessment Report for the Western Tulare Lake Basin Area 
Westlands Water Quality Coalition 

Pesticide 
Total 
Tests 

Total 
Detections 

Total 
Exceedences 

Unique 
Wells with 
Detection(1) 

Unique 
Wells with 

Exceedance 

Exceedance 
Threshold 

Value (µg/L) Basis 

Atrazine 113 2 0 2 0 1 CA Primary MCL 

Carbon Disulfide 10 1 0 1 0 160 CA Notification 
Level 

Chlorpyrifos 16 2 0 2 0 None No MCL 

Chlorthal-dimethyl and 
degradates (total) 

3 1 0 1 0 None Not in Database 

Diazinon 19 1 0 1 0 1.2 CA Notification 
Level 

Prometon 98 2 0 2 0 None Not in Database 

Simazine 117 5 3 4 2 4 CA Primary MCL 

Total 376 14 3 13 2   
Notes: 

(1) A total of nine wells have pesticide detections, but some wells have detections for multiple pesticides. 
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Table 5-3 Summary of General Groundwater Quality Results from USGS GAMA Study 
Groundwater Quality Assessment Report for the Western Tulare Lake Basin Area 
Westlands Water Quality Coalition 

Water Quality 
Constituent 

Wells 
Sampled Detections Exceedances 

Exceedance 
Threshold (µg/L) Threshold Type 

Arsenic 13 13 2 10 Primary MCL 

Molybdenum 13 13 0 40 Primary MCL 

Selenium 13 13 0 50 Primary MCL 

Uranium 13 13 0 30 Primary MCL 

Benzene 13 13 3 1 Primary MCL 

Chloride 13 13 1 250 Secondary MCL 

Iron 13 13 0 300 Secondary MCL 

Manganese 13 13 5 50 Secondary MCL 

Sulfate 13 13 9 250 Secondary MCL 

Strontium 13 13 0 4,000 USEPA Lifetime Health 
Advisory Level 

Boron 13 13 5 1,000 CDHP Notification Level 
Notes: 

(1) Results summarized from Mathany et al. (2013) 

 

 



!(

!(

!(

!(

!(

!(

!

!

!
!

!

!

!

!

!

!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!

!!!!!
!

!

!

!

!

!

!!!!!

!!!!!!!!!!

!

!

!!!!!!!!!!

!

!!!!!!!!!!!!!!!!!

!!!!!

!!

!!!

!!!!!!

!!!!!!!!!

!!!!!!!!!!!

!!!!!!!!!!!

!

!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!

!!

!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!

!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!

!

!

!!!!!!!

!!!

!!!

!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!! !!!!!!

!!!!

!!

!!

!!

!!

!!

!

!! !!

!!

!!

!!

!!

!!

!!

!!
!!

!!

!!

!! !!

!!
!!

!!

!!

!!

!!
!! !! !!

!!

!! !!

!!

!!

!!

!!

!! !!!! !!

!!!! !!!!!!!!!!
!!!!!!

!!

!!

!!!!!!!!!!!!

!!

!!

!!

!!

!!!!!!!!!!

!!!!!!

!!

!

!!

!!

!!

!!

!!

!!

!!!! !!!!

!!

!!!!

!!

!!
!!

!!

!! !!!!!!
!!

!!

!!

!!

!!

!!!!!!!!!!

!!

!!!!!!!!!!!!!!

!

!!

!!

!

!!

!!

!! !!!!!!!!!!!!!!

!!!!!

!!!!

!!

!!!!!!!!!!!!!

!!

!!

!

!!

!!

!!

!!

!!

!!

!!

!!!! !!!

!!

!!

!!

!!!!

!!

!!

!

!

!

!!

!!

!

!!

!!

!

!!

!

!!

!!

!!

!

!!

!!

!!

!!!!

!!

!

!!

!!

!

!!

!!

!

!!

!!

!!

!!

!!

!!!
!

!!

!!

!!

!

!!

!!

!!

!

!!!!
!!

!

!

!!

!

!!!!

!!

!!

!!

!

!

!

!!

!

!!

!!

!

!!!!

!!

!!

!

!!

!!

!!

!!

!!

!

!!

!!

!!

!!

!!

!!

!!

!!

!!

!!

!!

!!

!!

!!!!

!!

!!

!!

!!

!!

!!!!

!!

!!

!!!!

!!

!!
!!

!!

!!

!!

!!
!!!!!!!!!! !!!!!!

!!!!
!!

!!!!

!!!!

!!!!

!!!!
!!!!

!!!!

!!!!

!!

!!

!!

!!!!

!!!!

!!
!!

!!

!!

!!

!!

!!!!
!!

!!

!!

!!!!!!

!!!!

!!

!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!

!!

!! !!

!!

!!
!!

!!

!!

!!!!

!!

!!

!!!!

!

!!!!!!

!!!

!!!!

!!!

!

!!!!!!!
!

!
!

!
!

!!
! ! !!

!!

!

!

!!
!

!
!!

!

!

!

!

!

!

!

! !
!

!

!

!

!

!

!

!

!

!

!

!!!

!

!!

!

!

! !

!

!!!!

!!

!

!

!

! !

!

!

!!!!!!

!

!

!

!

!!

!

!

!

!

!!

!

!

!

!!!!!

!!!!

!

!

!

!!

!

!

!

!

!!!!!!

!!!!!

!

!

!

!

!

!

!

!!!!!!

!!!

!

!

!!!!!!

!

!

!

!

!

!

!

!!!!!

!

!!!!!

!

!

!

!!

!

!

!

!

!!!!!!!!

!

!

!

!!

!

!

!

!!

!!!!!!!

!

!!!

!

!

!

!

!!!

!

!!!!!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!!!!!

!

!!!!!

!

!!

!

!

!

!

!!

!

!

!!

!!

!

!

!

!!!

!

!

!

!!

!

!

!

!

!

!

!!!!!!

!!

!

!

!

!

!

!!!!!

!

!

!

!

!

!!!

!

!

!

!

!

!

!

!

!
!

!!!!!
!

!

!

!

!

!!!!

!

!

!!

!

!

!!

!

!

!

!

!!!!!!!!

!!

!!!!!!!!!

!

!!!

!!

!

!

!

!

!

!

!

!!!

!

!

!!

!

!
!

!

!!

!

!

!

!

! ! !!

!

!

!

!

!

!!

!!

!

!

!

!

!

!

!

!

!

!

!

!
!

!!

!

!

!

!!

!

!

!

!

!

!

!

!

! !
!

!
!

!!

!

!

!

!
!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!!

!

!

!

!!

!

!

!

!

!

!

!

!!

!

!

!

!!!!!!!!!!!!!!!!!

!

! !

!

!

!

!!

!

!

!

!

!

!!!!!!

!!

!

!

!

!

!

!

!

!!!!!

!

!

!

!

!!

!

!!!

!

!

!

!

!!!

!!!!

!

!!!!!

!

!

!

!

!!!!!

!

!

!

!

!

!

!

!!

!!
!

!!

!!!!!!!

!

!

!

!

!

!!!!

!

!

!

!

!

!

!

!

!!!!!!

!!!!

!

!!!!!!!

!

!

!

!!

!

!

!

!

!

!!!

!

!

!!!!!!!

!

!

!

!

!

!

!

!

!

!!!!!!!

!

!

!

!!

!

!

!!!!!!! !!!!!

!

!!

!!!!

!

!

!

!!!!!!!

!

!

!!

!

!

!

!

!!

!

!

!

!

!!!!!!!!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!!!!!

!

!

!!

!!

!!!!!!!
!

!

!

!

!

!
!

!

!

!

!!!!!!!

!

!

!

!

!

!

!

!!!!!!

!!

!!! !

!

!

!

!!!!!

!

!
!

!

!!!
!

!

!

!

!!!!!

!!!

!

! !

!!

!

!

!

!

!

!

!

!

!!!!

!

!

!

!

!
!

!

!

!

!

!

!! !

!

!!!!!

!

!

!

!

!

!

!

!

!!

!

!

!!!!!!

!!!!!!!!

!

!

!

!

!

!

!

!

!!

!

!
!

!

!

!!!!!!!!

!

!

!

!

!
!

!

!!!!!!!
!!

!

!!

!

!

!

!!!!!

!

!

!!!!!!

!!!!!!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!!!!

!!

!!!!!!!! !!

!

!

!!!!!

!

!

!

!

!!

!

!

!!!!

!!!!

!

!

!

!

!

!!

!

!

!!

!

!!

!

!

!!!

!! !

!

!

!

!

!

!!

!!

!

!

!

!

!

!!

!

!

!

!

!

!!

!

!

!!!

!

!

!

!!!!

!

!!

!

! !

!

!

!

!

!

!

!

!

!

!

!!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!!!

!

!

!

!

!!!

!

!

!

!

!

!

!

!

!

!!

!

!!

!

!

!

!

!

!

!

!

!

!

!!

!

!! !!

!!!

!!

!

!

!

!

!

!

!

! !

!

!

!!

! !

!

!

!

!

!!!

!

!

!

!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!

!

!!

!

!
!

!

!

!

!

!

!
!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!!!!!!!!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!!!!!!!

!!!!!!!!

!!

! !!!!!

!

!

!

!!

!

!

!

!!
!!!!

!

!

!

!

!

!

!
!!

!

!

!

!

!

!

!

!

! !

!!

!

!

!!!!

!

!

!

!!!!!

!

!!!!

!

!

!

!

!

!

!

!

!

!
!!

!

!!!!!

!

!

!

!

!

!

!

!

!!!!!

!

!

!

!

!
!

!

!

!

!

!

!!!!!!!!

!

!

!

!

!!!

!

!

!

!!!

!

!!!

!!!!!!!!

!

!

!

!

!

!

!

!

!

!

!

!
!!!!!!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!!

!

!

!!

!

!

!

!!!!!!!

!

!

!

!

!

!!!!!

!

!

!
!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!!!!!!!!!!!

!

!

!

!!!!!!!

!

!

!

!

!

! !

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!
!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!!

!!

!

!

!

!!!!

!

!

!

!

!

!

!!!!!!!
!

!!

!

!

!

!
!
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FRESNO COUNTY

SAN BENITO COUNTY

MONTEREY COUNTY

KINGS COUNTY
FRESNO COUNTY

FRESNO COUNTY

FRESNO COUNTY

FRESNO COUNTY
MADERA COUNTY

C ant ua Creek

San Joaquin River

Zapato Chin o Creek

Fresno River

Panoche Creek

Los Gatos Creek

Fresno Slough

California Aqueduct

UV165

UV41

UV33

UV180

UV198

£¤99

§̈¦5

Dos Palos

Mendota

San
Joaquin

Coalinga

Helm

Huron

\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 05-01 Nitrate Groundwater Quality by Source.mxd

Explanation
Data Source Entity
! WWD

! DWR

! USGS

! CDPH

! USBR

! SWRCB

Western Tulare Lake Basin

FIGURE 5-1
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF GROUNDWATER QUALITY 
DATA BY SOURCE: NITRATE 
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 05-02 TDS Groundwater Quality by Source.mxd

Explanation
Data Source Entity
! WWD

! DWR

! USGS

! CDPH

! USBR

! SWRCB

Western Tulare Lake Basin

FIGURE 5-2
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF GROUNDWATER QUALITY 
DATA BY SOURCE: TDS 
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Explanation
Year

! 1946 - 1969

! 1970 - 1979

! 1980 - 1989

! 1990 - 1999

! 2000 - 2014

Western Tulare Lake Basin

FIGURE 5-3
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF GROUNDWATER QUALITY DATA BY 
MOST RECENT YEAR: NITRATE
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Explanation
Year

! 1946 - 1969

! 1970 - 1979

! 1980 - 1989

! 1990 - 1999

! 2000 - 2014

Western Tulare Lake Basin

FIGURE 5-4
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF GROUNDWATER QUALITY DATA BY 
MOST RECENT YEAR: TDS
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Explanation
Maximum Nitrate
Concentration
(mg/L as N)
! <5.0

! 5.0 - 9.9

! >=10.0

Western Tulare Lake Basin

FIGURE 5-6
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF MAXIMUM NITRATE 
CONCENTRATIONS: ALL WELLS
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 05-07 Recent Nitrate Concentrations All Wells.mxd

Explanation
Most Recent Nitrate
Concentration
(mg/L as N)
! <5.0

! 5.0 - 9.9

! >=5.0

( Most Recent is Since 2000

Western Tulare Lake Basin

FIGURE 5-7
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF MOST RECENT NITRATE 
CONCENTRATIONS: ALL WELLS
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 05-08 Maximum Nitrate Concentrations Very Shallow Groundwater.mxd

Explanation
Maximum Nitrate
Concentration
(mg/L as N)
! <5.0

! 5.0 - 9.9

! >=10.0

Western Tulare Lake Basin

FIGURE 5-8
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF MAXIMUM NITRATE CONCENTRATIONS:
VERY SHALLOW GROUNDWATER
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 05-09 Recent Nitrate Concentrations Very Shallow Groundwater.mxd

Explanation
Most Recent Nitrate
Concentration
(mg/L as N)
! <5.0

! 5.0 - 9.9

! >=10.0

( Most Recent is Since 2000

Western Tulare Lake Basin

FIGURE 5-9
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF MOST RECENT NITRATE CONCENTRATIONS: 
VERY SHALLOW GROUNDWATER
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 05-10 Maximum Nitrate Concentrations Upper Aquifer.mxd

Explanation
Maximum Nitrate
Concentration
(mg/L as N)
! <5.0

! 5.0 - 9.9

! >=10.0

Western Tulare Lake Basin

FIGURE 5-10
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF MAXIMUM NITRATE 
CONCENTRATIONS: UPPER AQUIFER
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 05-11 Recent Nitrate Concentrations Upper Aquifer.mxd

Explanation
Most Recent Nitrate
Concentration
(mg/L as N)
! 0.0 - 5.0

! 5.1 - 10.0

! 10.1 - 356.9

( Most Recent is Since 2000

Western Tulare Lake Basin

FIGURE 5-11
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF MOST RECENT NITRATE 
CONCENTRATIONS: UPPER AQUIFER
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 05-12 Maximum Nitrate Concentrations Lower Aquifer.mxd

Explanation
Maximum Nitrate
Concentration
(mg/L as N)
! <5.0

! 5.0 - 9.9

! >=10.0

Western Tulare Lake Basin

FIGURE 5-12
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF MAXIMUM NITRATE 
CONCENTRATIONS: LOWER AQUIFER
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 05-13 Recent Nitrate Concentrations Lower Aquifer.mxd

Explanation
Most Recent Nitrate
Concentration
(mg/L as N)
! <5.0

! 5.0 - 9.9

! >=10.0

( Most Recent is Since 2000

Western Tulare Lake Basin

FIGURE 5-13
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF MOST RECENT NITRATE 
CONCENTRATIONS: LOWER AQUIFER
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 05-14 Maximum Nitrate Concentrations Composite Wells.mxd

Explanation
Maximum Nitrate
Concentration
(mg/L as N)
! <5.0

! 5.0 - 9.9

! >=10.0

Western Tulare Lake Basin

FIGURE 5-14
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF MAXIMUM NITRATE CONCENTRATIONS: 
COMPOSITE WELLS (UPPER AND LOWER AQUIFERS)
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 05-15 Recent Nitrate Concentrations Composite Wells.mxd

Explanation
Most Recent Nitrate
Concentration
(mg/L as N)
! <5.0

! 5.0 - 9.9

! >=10.0

( Most Recent is Since 2000

Western Tulare Lake Basin

FIGURE 5-15
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF MOST RECENT NITRATE CONCENTRATIONS:
COMPOSITE WELLS (UPPER AND LOWER AQUIFERS)
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 05-16 Maximum Nitrate Concentrations Unknown Depth.mxd

Explanation
Maximum Nitrate
Concentration
(mg/L as N)
! <5.0

! 5.0 - 9.9

! >=10.0

Western Tulare Lake Basin

FIGURE 5-16
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF MAXIMUM NITRATE CONCENTRATIONS:
WELLS OF UNKNOWN DEPTH
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 05-17 Recent Nitrate Concentrations Unknown Depth.mxd

Explanation
Most Recent Nitrate
Concentration
(mg/L as N)
! <5.0

! 5.0 - 9.9

! >=10.0

( Most Recent is Since 2000

Western Tulare Lake Basin

FIGURE 5-17
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF MOST RECENT NITRATE CONCENTRATIONS: 
WELLS OF UNKNOWN DEPTH
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Explanation
Maximum TDS
Concentration
(mg/L)
! <1,000

! 1,000 - 1,999

! >=2,000

Western Tulare Lake Basin

FIGURE 5-18
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF MAXIMUM TDS CONCENTRATIONS:
ALL WELLS
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Explanation
Most Recent TDS
Concentration
(mg/L as N)
! <1,000

! 1,000 - 1,999

! >=2,000

( Most Recent is Since 2000

Western Tulare Lake Basin

FIGURE 5-19
WESTLANDS STORMWATER COALITION

GROUNDWATER QUALITY ASSESSMENT REPORT
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF MOST RECENT TDS CONCENTRATIONS: 
ALL WELLS
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Explanation
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Concentration
(mg/L)
! <1,000

! 1,000 - 1,999

! >=2,000

Western Tulare Lake Basin

FIGURE 5-20
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF MAXIMUM TDS CONCENTRATIONS:
VERY SHALLOW GROUNDWATER
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 05-25 Recent TDS Concentrations Lower Aquifer.mxd

Explanation
Most Recent TDS
Concentration
(mg/L as N)
! <1,000

! 1,000 - 1,999

! >=2,000

( Most Recent is Since 2000

Western Tulare Lake Basin

FIGURE 5-25
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF MOST RECENT TDS CONCENTRATIONS: 
LOWER AQUIFER
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Explanation
Maximum TDS
Concentration
(mg/L)
! <1,000

! 1,000 - 1,999

! >=2,000

Western Tulare Lake Basin

FIGURE 5-26
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF MAXIMUM TDS CONCENTRATIONS:
COMPOSITE WELLS (UPPER AND LOWER AQUIFERS)
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Explanation
Most Recent TDS
Concentration
(mg/L as N)
! <1,000

! 1,000 - 1,999

! >=2,000

( Most Recent is Since 2000

Western Tulare Lake Basin

FIGURE 5-27
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF MOST RECENT TDS CONCENTRATIONS:
COMPOSITE WELLS (UPPER AND LOWER AQUIFER)
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 05-28 MaximumTDS Concentrations Unknown Depth.mxd

Explanation
Maximum TDS
Concentration
(mg/L)
! <1,000

! 1,000 - 1,999

! >=2,000

Western Tulare Lake Basin

FIGURE 5-28
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF MAXIMUM TDS CONCENTRATIONS:
WELLS OF UNKNOWN DEPTH
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 05-29 Recent TDS Concentrations Unknown Depth.mxd

Explanation
Most Recent TDS
Concentration
(mg/L as N)
! <1,000

! 1,000 - 1,999

! >=2,000

( Most Recent is Since 2000

Western Tulare Lake Basin

FIGURE 5-29
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF MOST RECENT TDS CONCENTRATIONS:
WELLS OF UNKNOWN DEPTH
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 05-30 Pesticide Detections and Exceedances by Section.mxd

Explanation
Sections with Wells
Tested for Pesticides

Tested and no detections

Detection but no exceedances

Exceedance

Western Tulare Lake Basin

Data sources
California Department of Pesticide Regulation (DPR)

FIGURE 5-30
WESTLANDS WATER QUALITY COALITION

GROUNDWATER QUALITY ASSESSMENT REPORT
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF PESTICIDE DETECTIONS AND
EXCEEDANCES BY SECTION
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 05-31 Select Graphs of Nitrate Concentrations Upper Aquifer.mxd

Explanation
!(

Well Location with Graph of
Nitrate Concentration (mg/L as N)

Westlands Water District

Western Tulare Lake Basin

FIGURE 5-31
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

SELECT GRAPHS OF NITRATE CONCENTRATIONS:
UPPER AQUIFER
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 05-32 Select Graphs of Nitrate Concentrations Lower Aquifer.mxd

Explanation

!(
Well Location with Graph of
Nitrate Concentration (mg/L as N)

Westlands Water District

Western Tulare Lake Basin

FIGURE 5-32
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

SELECT GRAPHS OF NITRATE CONCENTRATIONS:
LOWER AQUIFER
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 05-33 Select Graphs of Nitrate Concentrations Composite Wells.mxd

Explanation

!(
Well Location with Graph of
Nitrate Concentration (mg/L as N)

Westlands Water District

Western Tulare Lake Basin

FIGURE 5-33
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

SELECT GRAPHS OF NITRATE CONCENTRATIONS:
COMPOSITE WELLS AND WELLS OF UNKNOWN DEPTH

´
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 05-34 Significant LR Temporal Trends in Nitrate Concentration in All Wells.mxd

Explanation
Concentration Trend
(Linear Regression)

Decreasing

Mildly Decreasing

Very Small Change

Mildly Increasing

Increasing

! No significant Trend (<3 tests)

! No significant Trend (>=3 tests)

Western Tulare Lake Basin

FIGURE 5-34
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF SIGNIFICANT TEMPORAL TRENDS IN 
NITRATE CONCENTRATIONS: ALL WELLS 
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 05-35 Significant LR Temporal Trends in Nitrate Concentration Very Shallow.mxd

Explanation
Concentration Trend
(Linear Regression)

Decreasing

Mildly Decreasing

Very Small Change

Mildly Increasing

Increasing

! No Significant Trend (<3 tests)

! No Significant Trend (>=3 tests)

Western Tulare Lake Basin

FIGURE 5-35
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF SIGNIFICANT TEMPORAL TRENDS IN NITRATE
CONCENTRATIONS: VERY SHALLOW GROUNDWATER
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 05-36 Significant LR Temporal Trends in Nitrate Concentration Upper Aquifer.mxd

Explanation
Concentration Trend
(Linear Regression)

Decreasing

Mildly Decreasing

Very Small Change

Mildly Increasing

Increasing

! No significant Trend (<3 tests)

! No significant Trend (>=3 tests)

Western Tulare Lake Basin

FIGURE 5-36
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF SIGNIFICANT TEMPORAL TRENDS IN 
NITRATE CONCENTRATIONS: UPPER AQUIFER
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 05-37 Significant LR Temporal Trends in Nitrate Concentration Lower Aquifer.mxd

Explanation
Concentration Trend
(Linear Regression)

Decreasing

Mildly Decreasing

Very Small Change

Mildly Increasing

Increasing

! No significant Trend (<3 tests)

! No significant Trend (>=3 tests)

Western Tulare Lake Basin

FIGURE 5-37
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF SIGNIFICANT TEMPORAL TRENDS IN 
NITRATE CONCENTRATIONS: LOWER AQUIFER
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 05-38 Significant LR Temporal Trends in Nitrate Concentration Composite.mxd

Explanation
Concentration Trend
(Linear Regression)

Decreasing

Mildly Decreasing

Very Small Change

Mildly Increasing

Increasing

! No significant Trend (<3 tests)

! No significant Trend (>=3 tests)

Western Tulare Lake Basin

FIGURE 5-38
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF SIGNIFICANT TEMPORAL TRENDS IN 
NITRATE CONCENTRATIONS: COMPOSITE WELLS
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 05-39 Select Graphs of TDS Concentrations Very Shallow Groundwater.mxd

Explanation
!(

Well Location with Graph of
TDS Concentration (mg/L)

Westlands Water District

Western Tulare Lake Basin

FIGURE 5-39
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

SELECT GRAPHS OF TDS CONCENTRATIONS:
VERY SHALLOW GROUNDWATER

´
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 05-40 Select Graphs of TDS Concentrations Upper Aquifer.mxd

Explanation
!(

Well Location with Graph of
TDS Concentration (mg/L)

Westlands Water District

Western Tulare Lake Basin

FIGURE 5-40
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 05-41 Select Graphs of TDS Concentrations Lower Aquifer.mxd

Explanation
!(

Well Location with Graph of
TDS Concentration (mg/L)

Westlands Water District

Western Tulare Lake Basin

FIGURE 5-41
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

SELECT GRAPHS OF TDS CONCENTRATIONS:
LOWER AQUIFER

´
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 05-42 Select Graphs of TDS Concentrations Composite Wells.mxd

Explanation
!(

Well Location with Graph of
TDS Concentration (mg/L)

Westlands Water District

Western Tulare Lake Basin

FIGURE 5-42
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

SELECT GRAPHS OF TDS CONCENTRATIONS:
COMPOSITE WELLS

´
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MERCED COUNTY

FRESNO COUNTY

SAN BENITO COUNTY

MONTEREY COUNTY

KINGS COUNTY
FRESNO COUNTY

FRESNO COUNTY

FRESNO COUNTY

FRESNO COUNTY
MADERA COUNTY

C ant ua Creek

San Joaquin River

Zapato Chin o Creek

Fresno River

Panoche Creek

Los Gatos Creek

Fresno Slough

California Aqueduct

UV165

UV41

UV33

UV180

UV198

£¤99

§̈¦5

Dos Palos

Mendota

San
Joaquin

Coalinga

Helm

Huron

X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 05-43 Significant LR Temporal Trends in TDS Concentration All Wells.mxd

Explanation
Concentration Trend
(Linear Regression)

Decreasing

Mildly Decreasing

Very Small Change

Mildly Increasing

Increasing

! No significant Trend (<3 tests)

! No significant Trend (>=3 tests)

Western Tulare Lake Basin

FIGURE 5-43
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF SIGNIFICANT TEMPORAL TRENDS IN 
TDS CONCENTRATIONS: ALL WELLS
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 05-44 Significant LR Temporal Trends in TDS Concentration Very Shallow.mxd

Explanation
Concentration Trend
(Linear Regression)

Decreasing

Mildly Decreasing

Very Small Change

Mildly Increasing

Increasing

! No significant Trend (<3 tests)

! No significant Trend (>=3 tests)

Western Tulare Lake Basin

FIGURE 5-44
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF SIGNIFICANT TEMPORAL TRENDS IN TDS 
CONCENTRATIONS: VERY SHALLOW GROUNDWATER
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 05-45 Significant LR Temporal Trends in TDS Concentration Upper Aquifer.mxd

Explanation
Concentration Tred
(Linear Regression)

Decreasing

Mildly Decreasing

Very Small Change

Mildly Increasing

Increasing

! No significant Trend (<3 tests)

! No significant Trend (>=3 tests)

Western Tulare Lake Basin

FIGURE 5-45
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF SIGNIFICANT TEMPORAL TRENDS IN 
TDS CONCENTRATIONS: UPPER AQUIFER
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 05-46 Significant LR Temporal Trends in TDS Concentration Lower Aquifer.mxd

Explanation
Concentration Trend
(Linear Regression)

Decreasing

Mildly Decreasing

Very Small Change

Mildly Increasing

Increasing

! No significant Trend (<3 tests)

! No significant Trend (>=3 tests)

Western Tulare Lake Basin

FIGURE 5-46
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF SIGNIFICANT TEMPORAL TRENDS IN 
TDS CONCENTRATIONS: LOWER AQUIFER
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Westlands Water Quality Coalition – Groundwater Quality Assessment Report 

Chapter 6 

GROUNDWATER VULNERABILITY AND PRIORITIZATION 

One major component of the Groundwater Quality Assessment Report (GAR) is the 
identification of high vulnerability areas for more focused management and monitoring of 
agriculture practices and groundwater conditions. Few specifics on methods for determining 
groundwater vulnerability are provided in the Waste Discharge Requirements (WDR); 
however, the WDR states that “vulnerability designations will be made by the third-party 
using a combination of physical properties (soil type, depth to groundwater, known 
agricultural impacts to beneficial uses, etc.) and management practices (irrigation method, 
crop type, nitrogen application and removal rates, etc.)”. The definition of high vulnerability 
areas is provided in Attachment E of the WDR.1 This Chapter outlines different methods for 
assessing groundwater vulnerability, including approaches applied to evaluate vulnerability 
in California, and presents the method developed for determining high vulnerability areas in 
this GAR. To determine high vulnerability areas, a model for assessing groundwater 
vulnerability was developed following an index/overlay methodology utilizing a combination 
of statistical approaches based on observed groundwater quality and hydrogeologic 
characteristics and incorporation of overlays of other important physical considerations. The 
results from the groundwater vulnerability assessment were reviewed and evaluated with 
respect to locations of observed exceedances of groundwater quality standards for nitrate, 
total dissolved solids (TDS), and pesticides. 

6.1 OVERVIEW OF GROUNDWATER VULNERABILITY 
ASSESSMENT 

The term groundwater vulnerability has been interpreted and defined in different ways 
within the scientific and water resource community. Common definitions of groundwater 
vulnerability couple the roles of intrinsic physical hydrogeologic properties with 
anthropogenic land use activities to provide a measure of groundwater vulnerability. The 
National Research Council (1993) defines groundwater vulnerability as “The 
tendency or likelihood for contaminants to reach a specified position in the ground 
water system after introduction at some location above the uppermost aquifer.” 

1 Definition of high vulnerability area from Attachment E of WDR: High vulnerability area 
(groundwater) – Areas identified in the approved Groundwater Quality Assessment Report “…where 
known groundwater quality impacts exist for which irrigated agricultural operations are a potential 
contributor or where conditions make groundwater more vulnerable to impacts from irrigated 
agricultural activities.” (see section IV.A.3 of the MRP) or areas that meet any of the following 
requirements for the preparation of a Groundwater Quality Management Plan (see section VIII.H of 
the Order): (1) there is a confirmed exceedance (considering applicable averaging periods) of a 
water quality objective or applicable water quality trigger limit (trigger limits are described in section 
VIII of the MRP) in a groundwater well and irrigated agriculture may cause or contribute to the 
exceedance; (2) the Basin Plan requires development of a groundwater quality management plan for 
a constituent or constituents discharged by irrigated agriculture; or (3) the Executive Officer 
determines that irrigated agriculture may be causing or contributing to a trend of degradation of 
groundwater that may threaten applicable Basin Plan beneficial uses. 
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Within this definition, groundwater vulnerability assessments generally fall into two different 
types: assessments of specific vulnerability and assessments of intrinsic vulnerability. 
Specific vulnerability is a measure of vulnerability with respect to a specific contaminant or 
anthropogenic activity, whereas intrinsic vulnerability describes vulnerability without 
consideration of the characteristics or behavior of a contaminant. In this way, intrinsic 
vulnerability is a relative measure of the tendency or likelihood for groundwater 
contamination based on the physical properties and characteristics of an area. Well 
vulnerability is distinct from groundwater vulnerability and depends on human land use 
factors and natural physical conditions, but also considers influences related to specific well 
characteristics and the presence of preferential contaminant flow pathways that result in the 
mixture of water present in a well (Eberts et al., 2013). 

Approaches used in groundwater vulnerability assessments can range in complexity from 
highly subjective evaluations to detailed transport models and can generally be grouped 
into three different types of methods: index or overlay methods, process-based methods, 
and statistically-based methods. Each of these types of groundwater vulnerability 
assessment methods has advantages and limitations. 

Index methods typically involve subjective approaches to combining spatial data layers 
describing the physical characteristics of the hydrogeologic setting (e.g., geology, depth to 
water, topography) and from these data deriving relative groundwater vulnerability at all 
locations within a study area. Index methods such as the DRASTIC method developed by 
EPA employ a semi-quantitative element to the vulnerability assessment wherein physical 
attributes are numerically scored and weighted according to the perceived importance of 
each physical factor (Aller et al., 1987). However, the scoring and weighting system applied 
to the physical factors is subjectively based and is typically not adjusted for specific local or 
regional circumstances. 

Process-based methods seek to integrate the many physical, chemical, and biological 
processes and interactions that affect groundwater vulnerability within the framework of a 
model that attempts to simulate the transport of contaminants. Process-based methods 
often require a large number of datasets, many of which may not be directly or as readily 
available, and have other potential limitations related to scaling of processes. However, 
these methods do not necessarily provide results that are any more reliable than 
vulnerability assessments resulting from other approaches. 

Statistical methods have sought to quantitatively relate multiple physical characteristics to 
observed groundwater quality in order to develop a statistically-based relationship to 
describe the relative likelihood for groundwater to be contaminated across a study area. 
These methods do not seek to identify cause-effect relationships, but rather they are 
intended to provide a relative measure of likelihood of groundwater contamination occurring 
under defined circumstances. Statistically-based methods rely on datasets representing the 
locations and concentrations of water quality observations in addition to spatial data for the 
independent variables of interest. These data serve as the basis with which to evaluate and 
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quantify relationships between characteristics of the physical setting and the observed 
water quality. 

As mentioned above, one of the most widely used methods to date for assessing intrinsic 
groundwater vulnerability has been the DRASTIC method developed by the EPA. The 
original DRASTIC approach is a semi-quantitative index method that incorporates seven 
hydrogeologic parameters in calculating a groundwater vulnerability rating: Depth to water, 
Net Recharge, Aquifer media, Soil media, Topography (slope), Impact of vadose zone 
media and Conductivity (hydraulic) of the aquifer. With DRASTIC, these parameters are 
scored and weighted across the study area in accordance with specific criteria, which were 
subjectively determined during the original development of the method (Aller et al., 1987). 
The scores and weights for all the hydrogeologic parameters are then used to calculate a 
DRASTIC groundwater vulnerability rating. Table 6-1 shows the scoring and weighting of 
parameters for the assessment of intrinsic groundwater vulnerability as outlined by Aller at 
al. (1987). More recently, various modified DRASTIC approaches have been employed for 
“calibrating” the scoring and weighting values of parameters in the DRASTIC method using 
observed groundwater quality data and statistical analyses. In this way, more objective and 
quantitatively-based relationships among the hydrogeologic parameters and groundwater 
vulnerability can be established. 

The concept of the Nitrate Groundwater Pollution Hazard Index (NHI) similarly utilizes an 
index method for calculating a risk value based on the combination of crop, irrigation, and 
soils. In the NHI concept, separate indices for crop type (incorporating nitrogen application 
and uptake rates), irrigation method, and soil type characteristics are determined with 
values assigned based on perceived level of risk for nitrate contamination associated with 
each. The combination of these values, either through summing or multiplying, is then used 
as a measure for risk to nitrate contamination resulting from the specified crop and soil 
conditions. 

A variety of statistical approaches have been used to assess groundwater vulnerability and 
relate groundwater quality to natural and anthropogenic variables. One statistical method 
that has been used in this way is logistic regression, which can be used to predict the 
presence of a selected water quality parameter exceeding a specified concentration 
threshold (Antonakos and Lambrakis, 2007; Greene et al., 2004; Nolan et al., 2002; Nolan, 
2001; Tesoriero et al., 1998; Tesoriero and Voss, 1997). Logistic regression can be useful 
in assessing the probability of exceeding a specified water quality concentration threshold; 
however, the dependent variable must be binary (in two categories). Non-linear regression 
methods have been used to predict nitrate contamination at a national scale using spatial 
averaging of observed water quality data to reduce local variability (Nolan and Hitt, 2006). 
Recently, a method using a random forest classifier was used to predict nitrate and arsenic 
concentrations in basin-fill aquifers in the southwestern United States (Anning et al., 2012). 
The random forest classifier is a rule-based method which follows a classification tree 
(decision tree) that fits a conceptual model. Many of the statistical approaches to assessing 
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groundwater vulnerability have focused on nitrate contamination and have used nitrate 
groundwater quality observations as the response variable. 

6.1.1 Previous Assessments of Groundwater Vulnerability in the Western 
Tulare Lake Basin Area 

Although very little specific guidance on determining groundwater vulnerability is provided in 
the WDR, it does call specific attention to and consideration of previous assessments of 
Hydrogeologically Vulnerable Areas conducted by the SWRCB, Groundwater Protection 
Areas identified by Department of Pesticide Regulation (DPR), and additional studies 
conducted by Nolan et al. (2002) and Dzurella et al. (2012) (cited as Harter et al. 2012 in 
WDR). Furthermore, the WDR specifies that should the third party fail to submit a GAR by 
the required deadline, the Executive Officer will designate default areas of high and low 
groundwater vulnerability considering these studies (and other approaches), together with 
areas of exceedances of groundwater quality objectives for which irrigated agricultural 
waste discharges are a contributing factor. The referenced assessments were performed 
using different methods with varying factors of consideration and degrees of complexity. 
The methods used in these approaches are described below. 

6.1.1.1 SWRCB Hydrogeologically Vulnerable Areas 

A map of Hydrogeologically Vulnerable Areas was created in 2000 by the SWRCB in 
response to Executive Order D-5-99 and in order to identify areas where published 
literature suggest the presence of soil or rock conditions that may make groundwater more 
vulnerable to contamination. Figure 6-1 shows the extent of the areas designated 
Hydrogeologically Vulnerable Areas by the SWRCB in 2011 that fall within the Westlands 
Water Quality Coalition (Westlands Coalition, or Coalition) region as provided by Regional 
Water Quality Control Board (RWQCB or Board) staff (J. Hartman, personal 
communication). This map was originally created in 2000 at a scale of 1:250,000 
(1 inch = 4 miles) based on Department of Water Resources (DWR) and United States 
Geological Survey (USGS) published information and delineates Hydrogeologically 
Vulnerable Areas where geologic conditions include generally more permeable units, 
enabling higher recharge rates, than in areas where lower permeability or confining layers 
exist (SWRCB, 2013b). There are no areas designated as Hydrogeologically Vulnerable 
Areas by SWRCB within the Western Tulare Lake Basin Area. 

6.1.1.2 DPR Groundwater Protection Areas 

The DPR developed the California Vulnerability (CALVUL) approach to delineate 
Groundwater Protection Areas (GWPAs) to fulfill parts of an EPA mandate for states to 
develop Pesticide Management Plans, including the development of a statewide 
vulnerability assessment. The CALVUL method is applied at a Public Land Survey System 
(PLSS) section (one square mile) spatial scale and relies on an empirically developed 
approach to identifying select soil conditions and characteristics that are common among 
sections of land where pesticides have been detected. Additionally, sections with depth to 
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groundwater of less than 70 feet were also determined to have a higher probability of 
having pesticide detections (Troiano et al., 1999a and 1999b). From these associations, 
Groundwater Protection Areas (GWPAs) are identified where soil and depth to water 
conditions suggest a greater potential for contamination. Ultimately, DPR’s CALVUL 
method identifies GWPAs at the section level where soil characteristics in a section are 
generally coarse or hardpan and if the depth to groundwater is less than 70 feet. DPR’s 
GWPAs are categorized as leaching, runoff, or leaching or runoff according to likely 
mechanisms for contamination. Coarse soils with depth to water less than 70 feet are 
designated vulnerable to leaching, whereas hardpan soils are designated vulnerable to 
runoff. Sections where pesticide residue has been detected but where soil or depth to 
groundwater conditions do not suggest a vulnerability to contamination through either 
leaching or runoff mechanisms are designated as leaching or runoff GWPAs. Figure 6-2 
shows the extent of the areas designated by DPR as GWPAs (DPR, 2013). There are no 
areas designated as GWPAs by DPR within the Western Tulare Lake Basin Area. 

6.1.1.3 Other Evaluations of Potential for Groundwater Contamination 

Additional studies have characterized parts of the Western Tulare Lake Basin area based 
on statistical relationships derived from national studies of groundwater quality (Nolan et al., 
2002) and also through standardized techniques such as application of the NHI for the area 
by Dzurella et al. (2012) and presented in and cited in the WDR as Harter et al. (2012). 
Nolan et al. (2002) used logistic regression to evaluate the statistical relationships between 
shallow groundwater quality observations and multiple variables representing land use and 
physical conditions. Nolan et al. (2002) used a threshold nitrate concentration value of 
4 million gallons per liter (mg/L) (as N) for conducting the logistic regression analysis. 
Results from this national study indicated significant positive statistical relationships 
between locations with observed nitrate concentrations above 4 mg/L and applied nitrogen, 
population density, presence of well drained soils, depth to water, and presence of 
unconsolidated sand and gravel aquifers. Nolan et al. (2002) applied these relationships to 
provide a groundwater risk assessment for the area as shown in Figure 6-3. Although the 
application of the logistic regression model was successful in predicting locations with 
nitrate concentrations below the 4 mg/L (96 percent), the success rate of predicting 
locations with nitrate concentrations above 4 mg/L was relatively low (16 percent). These 
results suggest a strong need for consideration of variables at a more local scale, 
particularly as they relate to the physical hydrogeologic setting. Additionally, it is also not 
known to what degree valuable information relating to the magnitude of nitrate 
concentrations at levels above 4 mg/L may not have been considered through use of the 
logistic regression approach. 

The application of the NHI presents similar challenges as it utilizes a standard matrix for 
calculating a risk value based on the combination of crop, irrigation, and soils without 
regard to many other aspects of the physical setting. Dzurella et al. (2012) produced a map 
of risk for nitrate contamination in the area based on application of the NHI. The results of 
this assessment are displayed in Figure 6-4. In contrast to the SWRCB and DPR studies 
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which determined Hydrogeologically Vulnerable Areas and GWPAs based largely on 
physical characteristics of the location, the relative “risk” results generated by Nolan et al. 
(2002) using statistical relationships derived from a national study and the application of the 
NHI by Dzurella et al. (2012) are heavily dependent on the specified characteristics 
associated with the land use. This presents additional challenges for identifying high 
vulnerability areas as discussed below. It is notable in Figure 6-3 and Figure 6-4 that both 
of these assessments indicate higher risk areas in the western part of the Central Valley 
Floor area. 

Both of these methods derive risk measures for nitrate contamination based on land use 
factors with relatively lesser consideration of hydrogeologic conditions. The only physical 
characteristics considered in the NHI are the soils whereas Nolan et al. (2002) incorporates 
soil drainage characteristics and depth to groundwater, but neither method considers other 
aspects of the hydrogeologic system. It is particularly notable that both methods are also 
specific to potential for contamination from nitrate and only under the mapped land use at 
the time of the analysis. Consequently, areas associated with land uses having generally 
high nitrate application rates, are indicated relatively higher risk, although actual land uses 
and land use practices can and do change. Furthermore, the risk of potential contamination 
from chemicals other than nitrate is largely not considered in these methods for assessing 
risk. 

6.2 WESTERN TULARE LAKE BASIN AREA GROUNDWATER 
VULNERABILITY APPROACH 

The approach for determining groundwater vulnerability in this GAR is modeled after the 
definition of intrinsic vulnerability as defined and discussed above and focuses on 
determining the vulnerability of groundwater to contaminants based on the intrinsic physical 
properties of the area. Intrinsic physical properties remain relatively static over time and 
represent conditions that are generally beyond control from management decisions. In 
contrast, influences from human activities as a result of land use are subject to major 
changes in trends over short periods of time. Consequently, a measure of groundwater 
vulnerability that is based on intrinsic physical properties independent of land use 
conditions is advantageous because physical characteristics of the watershed are less 
likely to undergo such rapid and major shifts in characteristics. From a practical standpoint, 
an assessment of groundwater vulnerability that is tied to land use would need to be 
adjusted in response to changes in land use. Land use considerations were incorporated 
throughout the process of determining high vulnerability areas as discussed in detail later in 
the chapter. 

To determine the groundwater vulnerability of the Western Tulare Lake Basin Area for this 
GAR, statistical methods for assessing groundwater vulnerability were utilized to identify 
and quantitatively describe relationships between physical characteristics of the study area 
and observed groundwater quality. This approach involved using multiple linear regression 
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(hereinafter referred to as multiple regression) statistical analyses to identify relationships 
between multiple potential independent (explanatory) variables characterizing the physical 
setting and the dependent (response) variable of observed groundwater quality. This 
approach is similar to index methods for assessing groundwater vulnerability, but it 
minimizes subjective aspects inherent in index methods by determining groundwater 
vulnerability using statistical relationships with actual observations of groundwater quality 
within the watershed. A method of determining groundwater vulnerability irrespective of 
land use was used by accounting for differences in land use in order to decipher differences 
in groundwater quality that are related to hydrogeologic variables as opposed to differences 
in groundwater quality that are related to land use. Snapshots of past land use conditions at 
different points in time were used to consider how land use has influenced water quality. 

Multiple regression was chosen over logistic regression because the dependent variable in 
the analysis is water quality concentration with values reported on a continuous scale. 
Therefore, a statistical method capable of considering the full range of values in the 
dependent variable was desired and in logistic regression the dependent variable must be 
binary (in two categories). It is possible that important information would be lost in an 
analysis using logistic regression by converting the dependent variable from continuous 
concentration values into two categories based on a specified threshold. 

Informed by the statistical analyses, select datasets for physical properties and conditions 
interpreted to be important factors in the potential for contaminants to migrate from the 
ground surface into the groundwater were used to assess the vulnerability of areas 
throughout the Coalition region. 

6.2.1 Conceptual Model 

The groundwater vulnerability assessment for the GAR is grounded on a conceptual model 
in which the observed groundwater quality is the result of interactions between land use 
practices at the surface and the presence of physical hydrogeologic characteristics and 
processes occurring at a location. Under this conceptual model, the presence of 
hydrogeologic characteristics that enable potential contaminants to reach the groundwater 
surface faster make a location more vulnerable to groundwater contamination than a 
location with hydrogeologic characteristics that impede the ability of contaminants to reach 
groundwater or attenuate the contamination. Accordingly, hydrogeologic processes and 
characteristics such as soil properties, the ability of subsurface materials to transmit water, 
lack of barriers (clay layers) to vertical movement of water, and depth to groundwater are 
expected to influence the vulnerability of a location to groundwater contamination. 

As discussed in Chapter 2, the hydrogeology of the area consists of three distinct depth 
zones where groundwater occurs (very shallow, Upper Aquifer, and Lower Aquifer) each 
with distinct groundwater quality characteristics resulting from a combination of natural and 
anthropogenic influences. The potential for groundwater contamination of each of these 
zones is different. Figure 2-8 presents a conceptual illustration of the hydrogeologic 
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system. An unconfined zone of very shallow groundwater exists in some areas with deeper 
groundwater aquifers (Upper and Lower Aquifers) below. The E Clay Member of the Tulare 
Formation, referred to as the Corcoran Clay Member, is a prominent subsurface feature in 
the Western Tulare Lake Basin Area that provides hydraulic separation between the Upper 
and Lower Aquifers throughout much of the Coalition region. Several shallower clay 
members of the Tulare Formation including the A Clay and C Clay are less extensive than 
the Corcoran Clay, but exist in parts of the area and represent potential impediments to 
vertical movement of groundwater below and within the very shallow zone and Upper 
Aquifer. The potential for vertical hydraulic communication between the surface and 
subsurface is the primary consideration in understanding the vulnerability of groundwater to 
impacts from irrigated agriculture. Consequently, characterization of the nature of the 
vertical hydraulic communication between different depths zones, and relating physical 
conditions that affect (increase or decrease) the hydraulic communication, can effectively 
be used to determine vulnerability. Identifying physical conditions as they relate to their 
influence on vertical hydraulic communication between the surface and the subsurface and 
between depth zones was the focus of the groundwater vulnerability evaluation conducted 
for the Western Tulare Lake Basin Area. 

6.2.2 Groundwater Quality in the Context of the Physical Conceptual 
Model 

Nitrate is a widespread contaminant in groundwater in the United States which has been 
primarily associated with anthropogenic influences, including agricultural fertilization 
activities, leaching from septic tanks and sewer facilities, confined animal feeding 
operations, discharge to land of wastewater, food processor waste, unprotected wellheads, 
improperly abandoned wells, and lack of backflow prevention on wells. Nitrate 
contamination is also one of the primary groundwater quality concerns in areas of irrigated 
agriculture in the Western Tulare Lake Basin Area. As an essential nutrient for plant growth, 
nitrogen is a component in many fertilizers that has been applied in agricultural areas for 
many decades. Nitrate is the dominant form of nitrogen in groundwater, and nitrate 
concentrations are regulated throughout the State of California. Naturally-occurring 
concentrations of nitrate in groundwater are typically very low; therefore, observations of 
nitrate in the groundwater are considered to be primarily a function of the application of 
nitrogen through fertilization practices (where applicable) at the surface and subsequent 
processes of transporting the contaminant through the subsurface into the groundwater. 
This makes nitrate concentrations a more useful indicator of influence from irrigated 
agriculture than some other more commonly available groundwater quality measures such 
as TDS or EC, which indicate general water salinity and can occur naturally in high 
concentrations. 

Additionally, data on nitrate concentrations in groundwater are more broadly available than 
most other contaminants associated with irrigated agricultural practices such as pesticides. 
For these reasons, nitrate provides a useful measure for groundwater quality impacts from 
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irrigated agriculture for the purposes of assessing the intrinsic groundwater vulnerability of 
areas within the Coalition area. As discussed in Chapter 5, available data for observations 
of nitrate concentrations in groundwater in the Western Tulare Lake Basin Area were 
compiled from various sources. Despite acquiring all readily available data relating to nitrate 
concentrations in groundwater, the spatial and temporal distribution of nitrate data are 
greatly limited for individual groundwater zones. Considering this data limitation, TDS data 
were also used to evaluate potential hydraulic communication between groundwater zones. 
However, as discussed in Chapter 2, there is documented natural and historical occurrence 
of high salinity water in all groundwater zones in the Western Tulare Lake Basin Area. As a 
result, using salinity as measure of anthropogenic impacts proves particularly problematic in 
the area. Nevertheless, because of the paucity of available nitrate concentration data, TDS 
concentrations are considered to be a proxy for understanding hydraulic communication 
between groundwater zones for the purposes of evaluating groundwater vulnerability. 

6.2.2.1 Comparison of Trends in Nitrate Concentrations and Salinity by Aquifer 

Spatial and temporal trends and patterns in groundwater quality characteristics within each 
of the three depth zones are presented and discussed in detail in Chapter 5. Figure 6-5 
through Figure 6-18 are the same geologic cross-sections presented in Chapter 2 with 
groundwater quality observations within one mile of the cross-section shown by well depth. 
These figures more directly illustrate differences in groundwater quality between the depth 
zones and relative to subsurface characteristics and configuration. Data presented in these 
figures suggest that each of the groundwater zones has distinct hydrologic behavior with 
varying degrees of hydraulic independence as indicated by the notable differences in 
groundwater quality between these zones. 

6.2.2.1.1 Very Shallow Unconfined Groundwater Zone 

The higher concentrations of nitrate and TDS in very shallow wells are quite apparent in 
Figure 6-5 through Figure 6-18. In Figure 6-5 through Figure 6-11 despite some of the 
limitations on available nitrate data, a much greater frequency and density of wells with high 
nitrate concentrations is evident within the very shallow groundwater zone. Similarly, the 
tendency towards higher TDS concentrations in the very shallow zone is notable in many of 
the figures (Figure 6-12 through Figure 6-18). The greatest contrast between TDS 
concentrations in the very shallow zone and deeper zones are exhibited by wells displayed 
in Figure 6-13, Figure 6-15, and Figure 6-18. As discussed above, the poor drainage 
conditions in soils and shallow sediments have resulted in a zone of very shallow 
groundwater across much of the western Coalition region, and these areas have 
experienced concentration of salts within the soil column and very shallow groundwater 
zone. 

6.2.2.1.2 Semi-Confined Upper Aquifer (above Corcoran Clay) 

As was evident in water quality maps discussed in Chapter 5, the number of wells in the 
Upper Aquifer plotted on the cross-sections is much smaller than for either the very shallow 
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or Lower Aquifer zones. Nevertheless, most of the nitrate and TDS concentrations in the 
Upper Aquifer displayed on these figures suggest that groundwater quality in the Upper 
Aquifer is distinct from the very shallow zone and the frequency and magnitude of wells with 
higher concentrations of nitrate or TDS are much lower than the very shallow zone. 
Numerous locations exist where great differences exist between nitrate and TDS 
concentrations in very shallow groundwater and groundwater in the Upper Aquifer. These 
differences are most apparent in cross-sections B, D, and F on Figure 6-13, Figure 6-15, 
and Figure 6-17. Although it is difficult to detect consistent patterns in sediment texture as 
it relates to groundwater concentrations in the Upper Aquifer, many of the areas where the 
Upper Aquifer exhibits high TDS or nitrate concentrations appear to have an overall higher 
percentage of coarse sediments. Nevertheless, as illustrated by Figure 6-5 through 
Figure 6-18, the groundwater quality conditions in many parts of the Upper Aquifer suggest 
that this zone has a high degree of hydraulic separation from the very shallow groundwater 
zone. 

6.2.2.1.3 Confined Lower Aquifer (below Corcoran Clay) 

As discussed in Chapter 5, one of the most readily apparent patterns in groundwater quality 
in the Coalition region is the notably lower concentrations of nitrate and TDS in most of the 
Lower Aquifer. This is clearly portrayed in the cross-sections in Figure 6-5 through 
Figure 6-18. Equally notable in these figures are the areas where nitrate and TDS are 
higher in the Lower Aquifer. These areas typically are located outside the perimeter of the 
Corcoran Clay or where the Corcoran Clay is thin such as in the vicinity of Huron as shown 
on cross-section E (Figure 6-9 and Figure 6-16). The presence of overlying coarser 
sediments in these areas also likely enables a greater level of hydraulic communication 
between the shallow zones and the Lower Aquifer. 

6.2.2.2 Integrated Approach to Assessing Groundwater Vulnerability 

Numerous challenges exist for evaluating groundwater vulnerability in this hydrogeologic 
setting. The intent of the groundwater vulnerability assessment in this GAR is to detect 
signals in the groundwater system that can be used to objectively evaluate the vulnerability. 
The naturally high salinity present throughout the groundwater system makes the detection 
and identification of influences from irrigated agriculture difficult. Furthermore, the existence 
of three distinct groundwater zones, ranging from a very shallow unconfined zone to a deep 
confined zone (Lower Aquifer) below a considerable aquitard, each exhibiting different 
degrees of vulnerability, complicates the assessment of vulnerability in the region. Although 
nitrate concentrations in groundwater are a more conservative indicator of influences from 
irrigated agriculture, the availability of these data were much more limited than for TDS and 
this limitation made interpretations based on statistical comparisons of nitrate data very 
difficult. Groundwater quality data were particularly limited for the Upper Aquifer, as 
discussed in Chapter 5. 
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The approach to assessing groundwater vulnerability focused on individually evaluating the 
vulnerability of each of the three groundwater zones. Statistical analyses utilizing TDS and 
nitrate concentration data were conducted to quantify the degree of hydraulic 
communication between groundwater zones. Collectively, the groundwater vulnerability was 
assembled to represent the combined vulnerability of the three zones. Statistical methods 
were used to quantify important relationships between the characteristics and mechanisms 
of the hydrogeologic system and the observed groundwater quality and hydraulic 
communication. However, because of the complexities in the hydrogeologic system, some 
physical mechanisms or characteristics that could not be tested statistically were also 
incorporated into the vulnerability assessment. 

6.2.3 Statistical Analyses of Associations between Observed Water 
Quality and Physical Hydrogeologic Conditions 

Various statistical analyses were used to evaluate groundwater vulnerability in the Western 
Tulare Lake Basin Area. Multiple regression is a statistical analysis that models the 
relationship between two or more independent (explanatory) variables and an observed 
dependent (response) variable with a linear equation. In determining groundwater 
vulnerability, the statistical relationship between observed groundwater quality and different 
aspects of the physical hydrogeologic characteristics of the area were used to evaluate the 
relative likelihood of groundwater contamination in all areas of the watershed based on the 
hydrogeologic conditions present. Accordingly, various characteristics of groundwater 
quality, including average concentration within depth zones and differences in 
concentrations between depth zones (with respect to both nitrate and TDS concentrations), 
were used as the dependent variable, and physical hydrogeologic characteristics were used 
as independent variables to understand the relationship between hydrogeologic 
characteristics and observed groundwater quality. Multiple regression and other statistical 
analyses were conducted using ArcGIS 10.2.2 software and Spatial Statistics toolset 
(ESRI, 2014). 

As discussed above, data derived from the Central Valley Hydrologic Model (CVHM) 
represent a primary resource for continuous spatial data relating to subsurface conditions in 
the area. Mapping of the Corcoran Clay and the CVHM sediment texture model data, which 
were utilized during the development of the hydrostratigraphic configuration and 
characteristics for the CVHM, provide multiple data types with which to evaluate the 
vulnerability of areas to groundwater contamination and relationships between observed 
groundwater conditions and physical conditions. The statistical approach emphasized 
comparative analyses of groundwater quality between depth zones and time periods to 
evaluate hydraulic communication between depth zones. To facilitate this analysis, and also 
because of limitations in spatial and temporal distribution of available groundwater quality 
data, groundwater quality characteristics where averaged within depth zones for decadal 
time periods. The CVHM grid consisting of one square mile cells was used to define areas 
for this analysis. Average concentrations were calculated for each well by decade and then 
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the average, minimum, and maximum of these decadal well concentrations were calculated 
within each CVHM grid cell. In doing this, all wells were weighted equally in the averaging 
of water quality by cell, even if different amounts of data were available for wells. 
Differences in concentration between depth zones and time periods (by cell) were further 
derived from the compiled dataset. Average decadal data were aggregated into three multi-
decade time periods (pre-1980s, 1980-1999, post-2000) to facilitate comparison of 
groundwater quality over time. 

Spatial datasets representing hydrogeologic characteristics across the entire study area 
were used to designate the average (using arithmetic mean) properties for each of the 
independent hydrogeologic variables of interest within each cell. The hydrogeologic 
properties selected for investigation through statistical analyses were chosen based on 
several factors: 1) professional judgment and conceptual interpretation of important 
physical characteristics and mechanisms for transport of contaminants into the 
groundwater, 2) approaches and results from other groundwater vulnerability studies, and 
3) availability of data at compatible spatial scales. 

Different dependent variables relating to average groundwater quality by depth zone and by 
time period were utilized in the statistical analyses. Additionally, numerous hydrogeologic 
variables were incorporated into the statistical analyses, including: 

• shallow (soil) hydraulic conductivity and drainage characteristics, 

• deeper subsurface sediment characteristics (as measured by sediment texture and 
vertical hydraulic conductivity), 

• depth to groundwater, 

• topographic slope, and 

• characteristics of the Corcoran Clay. 

Average values for these physical characteristics within each CVHM cell were derived for 
use in the statistical analyses. Land use was incorporated into the analysis by including 
land use conditions at different time periods to recognize differences in past land uses 
across the study area. Land use conditions within each cell were determined for three 
different time periods spanning the 1990s through 2013 based on land use data from 
Westlands Coalition, DWR, and USDA. Percent of each land use category at three time 
snapshots for mid-1990s, early 2000s, and 2013 was calculated for each cell from land use 
data developed and described above in Chapter 4. 

The resultant dataset was used to perform statistical analyses to identify relationships 
between the independent hydrogeologic variables and the different dependent variable 
measures of groundwater quality in an effort to assess groundwater vulnerability across the 
entire study area, including areas where groundwater quality data are limited or non-
existent. This was done separately for each land use time period. The relationships among 
hydrogeologic variables and observed groundwater quality characteristics were investigated 
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through multiple regression analysis as part of this groundwater vulnerability assessment, 
although the statistical relationships between the hydrogeologic variables and the observed 
groundwater quality do not necessarily indicate a cause-and-effect relationship. Land use is 
variable with location and through time across the Coalition region. This required controlling 
for differences in land use practices (to the degree possible) in analyses, based on several 
mapped land use time snapshots, as discussed above. In doing this, the analysis makes 
several primary assumptions 1) the land use practices are similar within each land use 
category across the analysis area, 2) the length of time over which a given land use 
practice has occurred is similar across the analysis area, and 3) the subsurface microbial 
degradation rates of nitrogen are similar across the analysis area, when evaluating nitrate 
concentrations. 

A large portion of the Western Tulare Lake Basin Area lies within the Westside and 
Pleasant Valley Subbasins of the San Joaquin Valley Groundwater Basin (Figure 1-2) as 
defined by DWR (DWR, 2003) and greater than 99.7 percent of the irrigated acreage 
present in the Coalition region (based on 2013 Westlands Coalition and USDA data) lies 
within the extent of the San Joaquin Valley Groundwater Basin (Figure 4-1, Table 4-1). The 
Western Tulare Lake Basin Area also encompasses the Panoche Valley and Vallecitos 
Creek Valley Groundwater Basins, although only two acres of irrigated land exist outside 
the San Joaquin Valley Groundwater Basin. The groundwater vulnerability assessment for 
the Western Tulare Lake Basin Area focuses on the irrigated lands within the Central Valley 
Floor. The Central Valley Floor area within the Coalition region is consistent with the San 
Joaquin Valley Groundwater Basin which represents the extent of Quaternary-aged 
geologic materials consisting of alluvial fan and other valley fill sediments with some 
sandstones and conglomerates along the western margin. This is where the greatest 
impacts from irrigated agriculture have occurred in the past and are most likely to occur in 
the future. The Central Valley Floor extent also coincides with the domain of the CVHM 
model in the area, which is a source of spatial data on several hydrogeologic variables 
investigated through the statistical analysis. All statistical analyses were limited to the 
extent of the Central Valley Floor within the Coalition region. However, although statistical 
analyses were limited to the Central Valley Floor, the vulnerability of all areas within DWR-
designated groundwater basins, including Panoche Valley and Vallecitos Creek Valley 
Groundwater Basins, were considered and evaluated using available data. 

6.2.3.1 Groundwater Quality Characteristics Variables (Dependent Variable) 

Observed concentrations of nitrate (as nitrogen) and TDS from wells sampled at specified 
locations within the Central Valley Floor were used to develop average concentrations for 
each of the three depth zones (Very Shallow, Upper Aquifer, Lower Aquifer) for each 
decade to be used in statistical analysis and as the dependent variable in multiple 
regression analyses. Available data on nitrate and TDS observations were compiled for the 
Coalition region as discussed above. These data span the timeframe from the 1920s to 
2013 as shown in Figure 5-3 and Figure 5-4. The spatial distribution of available nitrate 
and TDS data are variable by time period and also by depth zone. Controlling for 
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differences in timing between water quality observations is especially critical when using 
these observations as a means of assessing the groundwater vulnerability or likelihood for 
groundwater to be contaminated based on hydrogeologic conditions. Groundwater quality 
differences between depth zones and with time were of primary interest in the analyses. To 
account for important differences in time and depth zone for groundwater quality, the 
groundwater quality was aggregated (by arithmetic mean) to one square mile cells (CVHM 
cells) and by decade. This enabled the consideration of both depth- and time-dependency 
in the analysis. 

In order to evaluate the hydraulic communication between different depth zones, 
differences and changes in groundwater quality by depth zone were calculated for cells. 
Calculations of difference in groundwater quality between zones were performed through 
comparison of groundwater quality between depth zones for each of the time periods 
(through 1970, 1980s and 1990s, 2000s). Change in groundwater quality through time was 
determined through comparisons of groundwater quality for different time periods for each 
depth zone. Although nitrate represents a much better indicator of impacts from irrigated 
agriculture, and despite the natural and historical presence of high salinity groundwater in 
the area, due to limitations in the spatial and temporal distribution of available nitrate data, 
groundwater quality as measured by TDS was equally important for consideration during 
these analyses. TDS was used primarily to evaluate the degree of hydraulic communication 
between depth zones and was not necessarily considered as an indicator of influences from 
irrigated agriculture. 

6.2.3.2 Hydrogeologic Variables of Interest (Independent Variables) 

6.2.3.2.1 Soil Characteristics 

Conceptually, the hydraulic conductivity of soils is expected to influence the observed 
groundwater quality in areas of irrigated agriculture because higher conductivity soils are 
likely to enable more rapid infiltration of applied nitrogen. Several different soil properties 
were investigated, including soil conductivity, to identify any notable relationships between 
the hydraulic properties of shallow surficial geologic materials and potential for vertical 
migration or accumulation of contaminants in the groundwater. Natural Resource 
Conservation Service (NRCS) Soils Survey Geographic database (SSURGO) of soil 
mapping was used as the basis for developing shallow soil hydraulic conductivity data for 
analysis. The weighted (based on thickness of soil layers) harmonic mean of the saturated 
hydraulic conductivity for the soil profile, as derived from the SSURGO dataset, was 
calculated for the Central Valley Floor area. The harmonic mean is a method of averaging 
in which low values are more heavily weighted and is commonly used for averaging soil 
conductivities where flow is perpendicular to layering. Use of the harmonic mean as a 
representative averaging method for hydraulic conductivities of stratified geologic materials 
has been widely used and is consistent with methods used in the derivation of hydraulic 
conductivity data for groundwater flow models in the area (Faunt et al., 2009; Phillips et al., 
2007, Belitz et al., 1993). Figure 2-28 shows the spatial distribution of soil saturated 
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hydraulic conductivity throughout the Coalition region (where available). Additional soil 
characteristics, including soil drainage class (Figure 2-29) and salinity (Figure 2-30), were 
considered in vulnerability analyses. From the raw spatial soil data, an area-weighted 
average value for soil characteristics within each cell was calculated. 

6.2.3.2.2 Deeper Subsurface Properties 

Characteristics of deeper subsurface geologic materials within cells were also included for 
investigation through statistical analyses. As with hydrologic characteristics in soils, the 
conceptual model for groundwater vulnerability holds that the hydraulic conductivity of 
deeper subsurface materials is likely to influence the observed groundwater quality and the 
ability of chemicals to move vertically into the groundwater or between groundwater zones; 
the vertical movement of chemicals is expected to occur more readily in subsurface 
sediments that are hydraulically conductive. Various measures of the conductivity of 
subsurface materials were investigated, including vertical hydraulic conductivity data from 
CVHM model layers and also from the sediment texture model developed for the CVHM. 
The CVHM sediment texture data were originally derived from approximately 8,500 well 
drillers’ logs throughout the Central Valley and represent the percentage of coarse geologic 
materials in 50 foot intervals across the Central Valley Floor. Vertical hydraulic conductivity 
values for layers in CVHM were derived from the sediment texture data and aggregated by 
model layer (Faunt et al., 2009). Consequently, the CVHM sediment texture dataset is 
advantageous because it retains a higher level of vertical resolution (50 feet intervals) as 
compared to the CVHM vertical hydraulic conductivity data, which have been aggregated 
within each of the model layers. Both sediment texture and vertical hydraulic conductivity 
data are available for CVHM cells within the Coalition region as shown on Figure 2-34 
through Figure 2-38. 

6.2.3.2.3 Corcoran Clay 

The Corcoran Clay member of the Tulare Formation geologic unit represents a prominent 
hydrostratigraphic feature in the Western Tulare Lake Basin Area with varying extent, 
depth, and thickness. The Corcoran Clay is a low-permeability stratigraphic unit present 
throughout much of the Central Valley Floor area. However, the occurrence, depth, and 
thickness of the unit in the area are spatially variable (Figure 2-10 and Figure 2-11) and it 
does not extend into the Pleasant Valley Subbasin. Several properties of the Corcoran 
Clay, as derived from CVHM datasets, were investigated as independent variables in 
statistical analysis. Variables representing the extent (presence/absence), depth, and 
thickness of the Corcoran Clay were considered in the statistical analyses. The spatial 
datasets from CVHM representing these properties of the Corcoran Clay are shown in 
Figure 2-10 and Figure 2-11. 

6.2.3.2.4 Depth to Groundwater 

From a conceptual standpoint, depth to the groundwater surface might be expected to be 
negatively correlated with observed nitrate concentration, provided the assumptions 
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mentioned above are valid. This relationship would be expected because in the conceptual 
model for groundwater vulnerability, the depth to groundwater is considered to be 
representative of the distance that a chemical must travel before it reaches the 
groundwater. As a result, because of factors relating to the attenuation of the chemical in 
time and concentration, the observed nitrate concentration is expected to be less with 
greater depth to groundwater. However, in some studies a negative relationship between 
depth to groundwater and nitrate concentration has been noted in evaluating relationships 
in shallow groundwater (Nolan et al., 2002; Burkart et al., 1999). It has been suggested that 
this might be because of denitrification processes occurring in very shallow groundwater. 

There are considerations specific to the Western Tulare Lake Basin Area concerning the 
potential relationships between depth to groundwater and groundwater quality that are 
important to recognize. These include the presence of very shallow depth to water and poor 
drainage of some areas that in part has led to retirement of these areas from use for 
irrigated agriculture. Additionally, the presence of three distinct depth zones of groundwater, 
with varying degrees of confinement (causing differences in groundwater levels), is an 
important recognition when evaluating relationships between groundwater quality and depth 
to water. Spatial datasets representing the depth of recent spring groundwater levels within 
each of the depth zones throughout the Central Valley Floor area were developed from the 
best available water level data as part of this GAR and for use in the groundwater 
vulnerability assessment, as discussed earlier. These depth to groundwater datasets were 
generated in an effort to represent typical recent groundwater level conditions. A 
hierarchical approach was employed by considering recent groundwater level 
measurements first and incorporating gradually older water levels only as necessary to fill 
gaps in available recent groundwater level data. Figure 3-3 through Figure 3-8 show the 
most recent depth to groundwater datasets for spring and fall that were generated as part of 
this GAR. However, in part because of the variability in confinement of different zones and 
in the nature and degree of the hydraulic communication between different depth zones 
across the Coalition region, consideration of depth to groundwater in the groundwater 
vulnerability assessment was limited. 

6.2.3.3 Accounting for Land Use 

The objective of the groundwater vulnerability assessment for this GAR was to develop 
statistical relationships to use in describing the intrinsic groundwater vulnerability 
independent of land use conditions. However, the observed groundwater quality is a 
function of past land use practices and hydrogeologic conditions. In the context of 
determining intrinsic groundwater vulnerability, land use is a confounding factor on the 
observed groundwater quality. Therefore, a statistical method of determining groundwater 
vulnerability irrespective of land use must account for differences in land use among the 
observations in order to decipher differences in groundwater quality that are related to 
hydrogeologic variables as opposed to differences in groundwater quality that are related to 
land use. Spatial data representing land use conditions mapped at three different 
snapshots in time from the mid-1990s to 2013 were utilized in the analyses to account for 
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different land use conditions. Three different land use snapshots were evaluated, as it was 
not known if the observed groundwater quality is most representative of land use during any 
specific time period. 

Mapped land use for the area for the mid-1990s, early 2000s, and for 2013, as developed 
in accordance with the discussion above in Chapter 4, were included and evaluated in 
statistical analyses as independent variables to control for different land uses and practices 
that potentially affect the groundwater quality outcome. These land use variables were also 
evaluated as independent explanatory variables of secondary interest since they are not 
intrinsic physical characteristics of the hydrogeologic system. 

Mapped land use crop types and descriptions were grouped into categories based largely 
on published typical nitrogen application rates for crops and in accordance with criteria 
described above in Chapter 4. Each cell within the Central Valley Floor was attributed with 
values representing the percent of each land use category mapped within the cell. This 
process was done separately for mapped land use conditions in the mid-1990s, early 
2000s, and 2013 for evaluation through statistical analyses. 

6.2.4 Description of Statistical Analyses 

6.2.4.1 Assumptions 

Multiple linear regression was one of the primary statistical analyses used to evaluate 
statistical relationships between physical characteristics and the groundwater quality at 
locations. Multiple regression models using standard estimation techniques make several 
primary assumptions that should be recognized: 

1. Linearity: the relationship between dependent and independent variables is linear. 

2. Constant variance (homoscedasticity): the spread of dependent variable values 
around the mean (variance in error) is the same regardless of values of the 
independent variables. 

3. Normality: residuals (errors) are normally distributed. 

4. Independence: errors of the dependent variables are not correlated with each other; 
the location of any dependent variable in relation to its mean cannot be predicted. 

Although some of the assumptions implicit in the multiple regression analysis may not be 
fully satisfied, it is important to consider the overall objective of the analysis and context for 
the use of this analysis in assessing relative groundwater vulnerability. Although a multiple 
regression model that does not fully meet all of the assumptions could potentially have a 
greater error in predicted values, the results developed through these analyses were 
compared and evaluated in qualitative and quantitative ways to confirm that any 
conclusions derived from these results are reasonable and consistent with the conceptual 
model, observed groundwater quality data, and hydrogeologic and land use conditions. 

February 2015 6-17 
pw://Carollo/Documents/Client/CA/Westlands WD/9537A00/Deliverables/Text/CH 06 



6.2.4.2 Data Investigation and Statistical Analyses 

The data were initially investigated through bivariate (two variable) analyses to identify 
potential relationships between individual dependent and independent variables through 
comparisons and visual analysis of maps and graphs (X-Y graphs). In maps and in X-Y 
graphs, clear relationships between soil conditions and very shallow groundwater 
conditions were apparent. These included spatial associations between soil hydraulic 
conductivity (drainage) and locations of wells in the very shallow groundwater zone and 
also between soil salinity and locations with high TDS and nitrate concentrations in the very 
shallow groundwater. These patterns are evident in a comparison of Figure 2-28 and 
Figure 2-30 and Figure 5-8, Figure 5-9, Figure 5-20, and Figure 5-21. Additionally and 
not surprisingly, preliminary exploration of nitrate and TDS concentrations in the Lower 
Aquifer indicated apparent relationships with the thickness of the Corcoran Clay. This 
association can be observed in comparisons of maps of nitrate and TDS in the Lower 
Aquifer with Corcoran Clay characteristics, as discussed in Chapter 5. 

Evaluating potential relationships in the Upper Aquifer were more challenging because of 
the presence of the overlying very shallow groundwater zone in areas and also because of 
the limited available data for wells in the Upper Aquifer. Furthermore, the conditions of 
naturally high salinity in the Coalition region presented challenges in detecting relationships 
between physical characteristics and groundwater quality. Consequently, the evaluation of 
the Upper Aquifer focused on using cell-based average differences in nitrate and TDS 
concentrations between the very shallow zone and the Upper Aquifer and also average 
changes in nitrate and TDS concentrations through time as the primary metrics with which 
to evaluate the nature of hydraulic communication between the Upper Aquifer and the very 
shallow groundwater zone. The degree of hydraulic communication between these zones 
was interpreted as an indicator of the vulnerability of the Upper Aquifer. 

Through comparative processes, notable patterns and relationships were initially observed. 
Some of these trends are highlighted in Figure 6-19 and Figure 6-20. In Figure 6-19, 
which compares nitrate and TDS concentrations by well depth (Figure 6-19), apparent 
trends of decreasing concentrations in deeper wells can be seen. Higher concentrations in 
wells less than 100 feet deep are especially prominent in these graphs. In the context of the 
conceptual model for groundwater vulnerability and the hydrogeologic system in the 
Coalition region, only physical characteristics and independent variables believed relevant 
to mechanisms and processes that influence the dependent variable, were considered in 
the analysis. As an example, deeper subsurface sediment characteristics were not 
considered when evaluating the vulnerability of the very shallow groundwater zone. 
Figure 6-20 highlights some of the apparent relationships between physical characteristics 
and different metrics for average groundwater quality by CVHM cell for each of the depth 
zones. 
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6.2.4.2.1 Very Shallow Groundwater 

Relationships between average TDS concentrations in cells through time and soil 
properties are shown for the very shallow zone in Figure 6-20a through Figure 6-20d. The 
correlation between poorly draining (low conductivity) soils and the high concentrations of 
salts in the very shallow zone is apparent in Figure 6-20a. Figure 6-20b shows that 
changes in TDS concentrations in the very shallow groundwater through time are higher in 
areas of higher soil hydraulic conductivity. Negative values for change in concentration 
indicate decreasing average concentration over time, whereas positive values indicated 
increasing concentrations. The pattern displayed in Figure 6-20b suggests that the 
naturally poor drainage conditions of soils with low hydraulic conductivity has likely led to 
high salinity in the very shallow zone. However, areas with higher soil conductivity may 
experience greater impacts from application of nutrients on the ground surface leading to 
greater change in concentration through time in the very shallow zone. It is interesting to 
note that for most cells, the values for change in TDS concentrations in the very shallow 
groundwater are negative, indicating decreasing average TDS concentrations during the 
period between the 1980s/1990s and 2000s (Figure 6-20b). Figures 6-20c and 6-20d 
present the average TDS concentrations and change in TDS concentrations in the very 
shallow zone relative to the soil salinity. A correlation between average TDS concentration 
and soil salinity is apparent for the 1980s/1990s and 2000s time periods (Figure 6-20c). 
Meanwhile the relationship between change in TDS concentrations in the very shallow 
groundwater zone and soil salinity exhibits a negative trend, indicating decreasing 
concentrations with time and especially in areas with higher soil salinity (Figure 6-20d). 
This trend is likely a result of changing agricultural practices and uses including greater use 
of surface water for irrigation. The positive relationship between very shallow groundwater 
average TDS concentrations and soil salinity is not surprising and reflects the overall high 
spatial agreement between the extent of very shallow wells and the soils with high salinity 
and poorly draining conditions as evident through comparison of Figures 2-28 and 2-30 
with Figure 5-20. 

6.2.4.2.2 Upper Aquifer 

As discussed above, the evaluation of the vulnerability of the Upper Aquifer focused on 
identifying conditions and mechanisms influencing the hydraulic communication between 
the very shallow groundwater zone and the Upper Aquifer in order to use relationships with 
these factors to map the vulnerability of the Upper Aquifer across the entire Central Valley 
Floor of the Coalition region. From a conceptual standpoint, characteristics of the 
subsurface sediments are expected to exert the strongest influence on the vulnerability of 
the Upper Aquifer. Subsurface texture data from CVHM provide the most complete, 
spatially continuous, and readily available data resource characterizing these sediments. 
These data were the basis for the development of the hydrostratigraphy and hydraulic 
properties for layers in the CVHM. Different measures of subsurface sediment texture, in 
percent coarse (PC) sediments, were considered and evaluated. In accordance with the 
conceptual model and the hydrogeologic system, the focus was on evaluating whether the 
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sediment texture in the upper several hundred feet, as characterized in the CVHM sediment 
texture model, is an indicator of vulnerability of the Upper Aquifer. 

Very little available nitrate data for the Upper Aquifer exist. Consequently, measures of 
temporal change in TDS and differences in TDS concentrations between the very shallow 
groundwater zone and Upper Aquifer were used to assess the importance of subsurface 
sediment texture. Figure 6-20e and Figure 6-20f are examples of the relationship exhibited 
between changes in TDS concentrations in the Upper Aquifer and the minimum PC of 
subsurface sediments within the top 100 and 200 feet, respectively. The minimum PC (MIN 
PC) of sediments represents the lowest PC value from among all of the 50-foot vertical 
sections making up the depth interval. The notion that the MIN PC would be an important 
measure is based on the concept that the presence of many clay layers or a thick clay layer 
within an interval, as represented by intervals with low PC sediments, would be the 
restrictive interval that most influences the degree of hydraulic communication between 
zones. 

A trend of increasing change in TDS concentration in the Upper Aquifer through time with 
increasing MIN PC of sediment materials is apparent over the upper 200 feet as shown in 
Figures 6-20e and Figure 6-20f. Reasonably so, this suggests that the hydraulic 
communication between the Upper Aquifer and the very shallow groundwater zone, or other 
overlying sources of higher TDS water, are greater where the sediment texture is coarser. 
Similarly, the charts of differences in TDS concentrations between the very shallow 
groundwater and the Upper Aquifer (Figure 2-10 and Figure 2-11) show negative 
relationships indicating that the hydraulic communication between these zones is greater 
where the MIN PC between 0 and 100 feet (MIN PC 0-100) and also between 0 and 
200 feet (MIN PC 0-200) is greater. In interpreting these plots, it is important to recognize 
the considerable variability (“noise”) in TDS concentrations that may be a function of the 
naturally high salinity conditions throughout the Coalition region. Despite these complicating 
circumstances, these plots suggest the presence of notable and consistent trends. 

6.2.4.2.3 Lower Aquifer 

The distinction between the Upper and Lower Aquifers is defined by the Corcoran Clay, 
where present. Therefore, evaluating the influence of the Corcoran Clay on vertical 
transport into the Lower Aquifer is the most important aspect of assessing the vulnerability 
of the Lower Aquifer. Figure 6-20i and Figure 6-20j plot the average nitrate concentration 
and change in the nitrate concentration through time in the Lower Aquifer against the 
thickness of the Corcoran Clay. Consistent with the conceptual model for vulnerability, both 
the average nitrate concentration and the change in nitrate concentration in the Lower 
Aquifer exhibit apparent negative relationships with Corcoran Clay thickness. In other 
words, the thicker the clay the less indication of impacts from irrigated agriculture, i.e., lower 
average nitrate concentrations and lesser indication of change in nitrate concentration with 
time. 
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6.2.4.3 Multiple Regression to Account for Land Use Factors 

Guided by the conceptual model for vulnerability and results from the data evaluation of 
bivariate combinations, multiple regression analyses were conducted in which land use 
conditions within cells were accounted for. This was done to control for land use factors 
when analyzing for statistically significant relationships between physical characteristics 
and measures relating to the observed groundwater quality. Multiple dependent variables, 
each specifically evaluated in relation to relevant independent variables with respect to the 
vulnerability of each groundwater zone, were investigated separately as part of the multiple 
regression analyses. For the very shallow zone, soil characteristics represented the most 
relevant hydrogeologic independent variables; the PC of subsurface sediments were the 
focus for the Upper Aquifer; and the thickness (including presence or absence) of the 
Corcoran Clay were the primary independent variables of interest for the Lower Aquifer. 

6.2.5 Statistical Results 

Notable results from the multiple regression analyses are summarized in Table 6-2. Each 
hydrogeologic independent variable listed in Table 6-2 was evaluated individually with 
respect to the dependent variable. Combinations of hydrogeologic independent variables 
were also investigated, although due to complexities of the hydrogeologic system, utilization 
of such combinations was limited in accordance with the conceptualization of vulnerability. 
All of the analyses were conducted while controlling for differences in land use across the 
region, as described above. Results reported in Table 6-2 are for analyses conducted using 
mid-1990s land use conditions. The mid-1990s land use data are the earliest available, and 
these data are believed to represent the most relevant land use snapshot corresponding 
with a midpoint of the range of time periods (pre-1980 through 2000s) for which the 
dependent variables were being evaluated. Various degrees of time lag associated with 
many of the groundwater quality observations also make this the most reasonable land use 
representation for these analyses. 

The p-values indicated by the multiple regression analyses provide a measure of assessing 
the probability that a result occurred by chance, assuming the null hypothesis is true. The 
reported p-values in Table 6-2 represent the probability that the observed relationship 
between the dependent and hydrogeologic independent variable of interest is a result of 
chance. Low p-values indicate that the result is unlikely to be a product of random chance 
alone. Although the threshold used to define statistical significance is arbitrary, a p-value 
below 0.1 is considered statistically significant in this evaluation; however, low p-values 
above this threshold were also considered in the evaluation of important relationships. The 
coefficient defines the nature of the relationship between the independent and dependent 
variables, both in terms of direction and magnitude, holding all other variables constant. 
Positive coefficient values indicate a positive relationship (dependent variable increases 
with increasing values of the independent variable) whereas negative values indicate an 
inverse relationship. The absolute value of the coefficient indicates the magnitude of the 
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relationship and the degree to which the dependent variable changes with changes in the 
independent variable. 

6.2.5.1 Hydrogeologic Variables of Interest 

6.2.5.1.1 Soil Characteristics 

As indicated in Table 6-2, soil saturated hydraulic conductivity and soil salinity appear 
strongly correlated with average TDS concentrations during the 2000s in the very shallow 
groundwater zone. Soil conductivity is negatively correlated with TDS in very shallow 
groundwater whereas soil salinity is positively correlated. Clear spatial associations 
between soil salinity and saturated hydraulic conductivity are also evident in the Coalition 
region as exhibited in Figure 2-28 and Figure 2-30. Furthermore, the presence of these 
soil characteristics also generally correspond with the extent of high observed nitrate and 
TDS concentrations in very shallow wells (Figure 5-8, Figure 5-9, Figure 5-20, and 
Figure 5-21). 

6.2.5.1.2 Subsurface Texture 

Table 6-2 summarizes results from multiple regression analyses conducted to identify 
relationships between the independent variables and dependent variables interpreted to be 
indicative of the degree of hydraulic communication between the very shallow groundwater 
zone and the Upper Aquifer. As noted above and observed through bivariate comparisons, 
different measures of the subsurface sediment texture were investigated using multiple 
regression. In the multiple regression analyses, statistically significant relationships were 
identified between subsurface texture characteristics and different dependent variable 
measures of hydraulic communication between the very shallow and Upper Aquifer zones. 
Generally consistent results were observed in these analyses. As shown in Table 6-2, 
many of the measures of the texture (PC) of sediments in the upper 200 feet indicated 
significant correlations with dependent variables relating to change in TDS concentration 
through time within the Upper Aquifer. This is particularly apparent for the time periods from 
pre-1980s through 2000s and also from 1980s/1990s through 2000s (Table 6-2). In 
addition to the low p-values exhibited in results from these analyses, the independent 
variable coefficients are reasonably consistent, both in sign (positive/negative) and in 
magnitude. 

Analyses of relationships between subsurface sediment texture independent variables and 
the dependent variable relating to differences in TDS concentrations between the very 
shallow groundwater zone and the Upper Aquifer are consistent with relationships indicated 
from the analysis of change in TDS concentration through time, as discussed above 
(Table 6-2). Although p-values indicated for correlations between sediment texture and 
differences in TDS across these zones are higher, the sign of the coefficients (positive) are 
consistent with the conceptualization of the hydrogeologic system as it relates to 
groundwater vulnerability. In these analyses, positive coefficients suggest a correlation 
between increasing PC sediments and hydraulic communication between the very shallow 
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groundwater and Upper Aquifer zones. It is also interesting to note that the difference in 
TDS concentrations between the very shallow groundwater and Upper Aquifer zones is 
strongly correlated with the average TDS concentration in the very shallow zone. This 
relationship may partly explain relatively lower statistical strength (as indicated by p-values) 
in the identified relationship between sediment texture and difference in concentration 
between the very shallow and Upper Aquifer zones. 

6.2.5.1.3 Corcoran Clay Properties 

Potential relationships between properties of the Corcoran Clay and groundwater quality 
conditions in the Lower Aquifer were evaluated to assess the influence of the Corcoran 
Clay on vulnerability in the Lower Aquifer. Consistent with the conceptual model, average 
nitrate concentrations and change in nitrate concentrations in the Lower Aquifer, are 
significantly negatively correlated with the Corcoran Clay thickness (Table 6-2). These 
relationships suggest that the Corcoran Clay plays an important role in restricting 
contamination of the Lower Aquifer. 

6.2.5.1.4 Depth to Groundwater 

As discussed above, because of complexities in the hydrogeologic system as it relates to 
evaluating groundwater vulnerability, consideration of depth to groundwater as an 
independent variable in multiple regression analyses was limited. Because of the existence 
of very shallow depths to groundwater in parts of the Coalition region (Figure 3-3 and 
Figure 3-4) combined with the semi-confined and confined nature of groundwater in the 
Upper and Lower Aquifers, incorporating depth to groundwater in quantitative analyses of 
vulnerability is challenging and accordingly relationships between depth to groundwater and 
vulnerability were largely not evaluated in multiple regression analyses. 

6.2.5.2 Non-Hydrogeologic Variables of interest 

Although land use independent variables were used primarily to control for influences of 
spatial variability in land use treatments on the observed concentration of nitrate in 
groundwater, notable statistically significant relationships for different land uses were 
observed through the multiple regression analyses. Not surprisingly, this suggests that land 
use practices likely influence the groundwater quality, in addition to hydrogeologic 
characteristics that make certain locations intrinsically more vulnerable to groundwater 
contamination. Table 6-3 summarizes notable results relating to the land use control 
variables used in the multiple regression analyses. In the statistical analyses conducted, 
land use was used as a control variable in order to quantify statistical relationships between 
the intrinsic hydrogeologic properties and observed groundwater quality characteristics and 
trends, irrespective of differences in land use. The results summarized in Table 6-3 include 
the p-values and coefficients for each of the land use control variables used in the multiple 
regression analyses based on a land use snapshot from the mid-1990s. A p-value of 0.1 or 
less was considered as significant and only the coefficients for land uses with p-values of 
less than 0.1 are presented in Table 6-3 (shaded). The coefficients represent the mean 
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predicted difference in the dependent variable for each land use category relative to a non-
agricultural land use and holding all other variables constant. It is important to note that the 
statistically significant results presented in Table 6-3 indicate correlation between variables, 
but do not suggest a cause-effect relationship between the land use and the dependent 
variable. Furthermore, because of the complexity of the hydrogeologic setting, many of the 
multiple regression analyses were designed to evaluate hydraulic communication between 
depth zones. Accordingly, many of the dependent variables evaluated are measures related 
to salinity, which is naturally high in the Coalition region and should not necessarily be 
interpreted as an indicator of impacts from irrigated agriculture. 

6.2.6 Determination of Groundwater Vulnerability 

Based on interpretation of quantitatively determined relationships between physical 
characteristics and groundwater vulnerability, understanding of potential conditions and 
mechanisms influencing vulnerability, and results from methods for assessing groundwater 
vulnerability in the area used by others, the vulnerability of very shallow groundwater, the 
Upper Aquifer, and the Lower Aquifer were determined independently using a combination 
of indices and overlays for intrinsic factors interpreted to influence groundwater 
vulnerability. Determination of the final high vulnerability area included the combined 
representation of areas of high vulnerability from each of the three zones within the 
DWR-designated groundwater basins. The groundwater basins define the extent of the 
unconsolidated geologic units and represent the extent of higher permeability materials 
through which water is more readily transmitted. The groundwater basins within the 
Coalition region include the San Joaquin Valley Groundwater Basin, consisting of the 
Westside and Pleasant Valley Subbasins, and the Panoche Valley and Vallecitos Creek 
Valley Groundwater Basins. 

6.2.6.1 Very Shallow Groundwater 

As described above, the very shallow groundwater exhibits a strong correlation between 
groundwater quality and soil salinity both in bivariate plots of TDS concentrations versus 
soil salinity (Figure 6-20c and Figure 6-20d) and also in results of multiple regression 
analyses (Table 6-2). Similarly, notable spatial associations are very evident in Figure 6-21 
and Figure 6-22, which show observed nitrate and TDS concentrations in all wells in the 
Coalition region relative to the mapped soil salinity conditions. Such strong agreement 
suggests that conditions in these areas of high soil salinity make them more vulnerable to 
concentration of salts, including influences from irrigated agricultural practices. These areas 
also generally correspond with areas of poor drainage conditions where the groundwater is 
especially shallow. Accordingly, the area with particularly high soil salinity conditions 
exceeding 4 dS/m, as shown in Figure 6-21 and Figure 6-22, is considered a high 
vulnerability area for the very shallow groundwater zone. 
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6.2.6.2 Upper Aquifer 

Bivariate comparisons and multiple regression analyses were conducted to evaluate 
relationships between physical properties and the degree of hydraulic communication 
interpreted to exist between the very shallow groundwater zone and the Upper Aquifer 
based on change in TDS concentration through time in the Upper Aquifer and also based 
on differences in TDS between the very shallow groundwater and the Upper Aquifer zones. 
The degree of hydraulic communication between these zones was interpreted as an 
indicator of the vulnerability of the Upper Aquifer. Figure 6-23 and Figure 6-24 illustrate 
calculated average change in TDS concentrations for the Upper Aquifer within CVHM cells 
over different time periods; the calculated average difference in TDS concentrations 
between the very shallow groundwater zone and the Upper Aquifer are shown in 
Figure 6-25. These data were used as dependent variable indicators of the degree of 
potential hydraulic communication between the very shallow groundwater zone and the 
Upper Aquifer for statistical evaluation. 

Several of the measures of PC in the upper 200 feet showed similar and consistent positive 
relationships with these dependent variables indicative of hydraulic communication between 
the very shallow and Upper Aquifer zones (Table 6-2). Each of the different measures of 
PC represents a slight variation on the physical characteristics of the subsurface materials. 
Most importantly, these relationships are logical and consistent with the conceptual 
hydrogeologic system. From the evaluations and analyses described above, the 
MIN PC 0-200 was identified as the measure which demonstrated the greatest consistency 
across the bivariate and statistical evaluations and which is also most reasonable from a 
conceptual standpoint. This logic is based on the interpretation that the zone with the 
minimum percent of coarse sediment materials (greatest fraction of fine-grained sediments) 
is likely the most influential factor in limiting vertical movement of contaminants and 
nutrients into the Upper Aquifer. Using a measure of these physical characteristics over the 
upper 200 feet is also reasonable because the Upper Aquifer (as defined in this study) 
extends from below 100 feet to the top of the Corcoran Clay, which has variable depth but 
is generally between 400 and 800 feet deep across much of the Coalition region. In many 
parts of the Coalition region, the very shallow groundwater zone is constrained to depths 
considerably less than 100 feet. Consequently, MIN PC 0-200 is believed to be most 
representative of the range of characteristics in subsurface sediments present within the 
zone that typically separates the Upper Aquifer from the very shallow groundwater zone, 
and was therefore identified as an important factor in the vulnerability of the Upper Aquifer. 

As with the very shallow groundwater zone, characteristics of surficial soils such as 
hydraulic conductivity, which are not likely to be accurately represented in the subsurface 
sediment texture data which extended over considerably greater depths, are also believed 
to influence the vulnerability of groundwater. The ability of soils to transmit water is 
commonly recognized as an important variable influencing vulnerability. Accordingly, areas 
with soils having high saturated hydraulic conductivity values were also identified as high 
vulnerability areas for the Upper Aquifer. 
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Figure 6-26 and Figure 6-27 show the spatial distribution of values for MIN PC 0-200. The 
areas with overall coarser sediments in this zone (between 0 and 200 feet deep) are shown 
in light orange to red colors whereas the finer-textured sediments are shown as darker 
blues. As noted in earlier depictions of the sediment texture data (Figure 2-38a), the 
fraction of coarse sediments is generally greatest in areas along the western edge of the 
Central Valley Floor of the Coalition region and in association with locations of greater 
alluvial fan sediment deposition. Several notable areas of coarser materials exist to the 
south of Huron and also west of Huron into Pleasant Valley. Additionally, an area of 
generally coarser subsurface sediments is apparent to the north where the Panoche Creek 
alluvial fan exists. The spatial relationships between nitrate and TDS concentrations in the 
Upper Aquifer relative to MIN PC 0-200 are also shown on Figure 6-26 and Figure 6-27. 
The relative paucity of available data in the Upper Aquifer makes it difficult to assess the 
degree to which the MIN PC values agree with the locations where high nitrate or TDS 
concentrations have been observed. Many of the locations with high nitrate or TDS in the 
Upper Aquifer correspond with high percentages of coarse sediments although this 
relationship is not consistently expressed across the Coalition region. This could be a result 
of numerous factors, including spatial variability in land use between locations (which is 
controlled for in the multiple regression analyses), groundwater quality in the very shallow 
groundwater zone, and other important physical characteristics not represented by the 
minimum subsurface sediment texture. 

Thresholds for high and low vulnerability for the MIN PC 0-200 and also for soil saturated 
hydraulic conductivity were determined and adjusted using qualitative assessments based 
on professional judgment and using comparisons of areas relative to observed groundwater 
quality, especially nitrate concentrations. Following this process, CVHM cells with MIN PC 
0-200 values of 25 or greater were identified as high vulnerability areas because of the 
relatively higher percentage of coarser materials in the subsurface sediments. Additionally, 
areas with soil saturated hydraulic conductivity values greater than 2 feet (ft)/day were 
identified as areas of high vulnerability due to the greater potential for water and 
contaminants to move through these soils and into the deeper subsurface. The areas over 
which these two high vulnerability conditions exist are presented in Figure 6-28 as areas of 
high vulnerability of the Upper Aquifer. 

6.2.6.3 Lower Aquifer 

As discussed above, a statistically significant negative relationship is observed between the 
thickness of the Corcoran Clay and average nitrate concentrations in the Lower Aquifer. 
This means that on average, nitrate concentrations in the Lower Aquifer tend to be higher 
where the Corcoran Clay is thin or non-existent; conversely, they are lower where the 
Corcoran Clay is thick. This relationship is an important recognition as it indicates the role 
of the Corcoran Clay in protecting the Lower Aquifer. Nevertheless, because the Upper 
Aquifer overlies the Lower Aquifer, the vulnerability of the Upper Aquifer supersedes the 
vulnerability of the Lower Aquifer. However, the thickness of the Corcoran Clay and its 
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influence on groundwater quality in the Lower Aquifer is accounted for in the prioritization of 
the final high vulnerability areas. 

6.2.6.4 Hydrogeologic High Vulnerability Area and High Well Vulnerability Areas 

The combined high vulnerability areas for the very shallow groundwater zone and the 
Upper Aquifer, as described above, represent the Hydrogeologic High Vulnerability Area 
(HHVA) within the Coalition region. The complete HHVA for the Western Tulare Lake Basin 
Area is shown on Figure 6-29. Figure 6-30 illustrates the locations of observed nitrate 
concentrations above 5 mg/L (as N) in groundwater relative to the extent of the HHVA. A 
considerable fraction of wells with observed nitrate concentrations above 5 mg/L fall within 
the HHVA; similarly, most of the wells with observed nitrate concentrations above 10 mg/L 
also are located within the HHVA. Tables 6-4a and 6-4b summarize the locations of wells 
with nitrate concentrations of 5 mg/L (as N) or greater and TDS concentrations of 1,500 
mg/L or greater with respect to the extent of the HHVA. Table 6-4b shows a more detailed 
breakdown of these well locations relative to the vulnerability areas identified for both the 
very shallow groundwater zone and the Upper Aquifer. 

Out of 82 wells with nitrate concentrations between 5 and 10 mg/L, 70 wells (85 percent) 
are within the HHVA and only 12 are located outside; the one well exhibiting a nitrate 
concentration between 5 and 10 mg/L and a statistically significant increasing trend in 
concentration is located within the HHVA. Similarly, 155 (87 percent) of the 179 wells with 
nitrate concentrations of 10 mg/L or more are located within the HHVA; 24 of these wells 
are located outside the HHVA (Table 6-4a). Of a total of 261 wells with historical nitrate 
concentrations greater than or equal to 5 mg/L (as N), 225 (86 percent) of these wells are 
located within the HHVA. Although many potential confounding factors unrelated to irrigated 
agriculture exist with observed TDS concentrations in groundwater, the HHVA also 
captures a high percentage of wells exhibiting high salinity as is illustrated in Table 6-4a. 
Approximately 81 percent (631) of the 776 wells with TDS concentrations between 1,500 
and 3,000 mg/L are located within the HHVA. Of the 592 wells with TDS concentrations of 
at least 3,000 mg/L, 545 wells (greater than 92 percent) are inside the HHVA. Among all 
wells with TDS concentrations of 1,500 mg/L or greater, about 86 percent (1,176 out of 
1,368) are within the HHVA. The HHVA also fully encloses both of the sections in which a 
well exists with a historical pesticide exceedance. Additionally, four of the six sections in 
which a historical pesticide detection occurred are completely within the HHVA and the 
other two sections are nearly completely (83 and 93 percent) within the HHVA. As 
discussed in Chapter 5, pesticide data available from DPR are only provided by the section 
in which the well is located. 

Many of the “outlier” wells, wells which have nitrate concentrations of 5 mg/L (as N) or 
greater and do not fall within the HHVA, are in very close proximity to the HHVA. This 
pattern is illustrated in Figure 6-31, which plots the distance from the HHVA for outlier 
wells. The close proximity of many of the outlier wells to the HHVA could indicate that the 
HHVA is the source for nitrate moving to many of these outlier wells. The WDR defines high 
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vulnerability as wells or areas exhibiting impacts from irrigated agriculture. Although the 
source (type and location) of nitrate to these wells is not known, the locations of wells with 
maximum historical nitrate concentrations of 10 mg/L (as N) or greater and also wells with 
maximum concentrations greater than or equal to 5 mg/L that exhibit statistically significant 
increase trends in concentrations were incorporated and identified as High Well 
Vulnerability Areas (HWVA). The HWVAs were encapsulated in the High Vulnerability Area 
through minor adjustments to the outlines of the HHVA, when possible, and through 
inclusion of a quarter mile radius around outlier wells when they are located away from the 
HHVA. As shown in Tables 6-4a and 6-4b, three wells located at a single site were not 
included in the HWVA because they are located away from irrigated lands at a regulated 
fertilizer drum disposal facility. The high nitrate concentrations in these wells are unrelated 
to irrigated agriculture practices. Ultimately, the total area of the HHVA is 619,140 acres 
and the additional HWVA encompasses approximately 1,641 acres. In total, the High 
Vulnerability Area (HVA), representative of the combined HHVA and HWVA areas, for the 
Western Tulare Lake Basin Area includes 620,781 acres as summarized in Table 6-5 and 
illustrated on Figure 6-32. 

6.2.7 Evaluation of the High Vulnerability Area 

The HVA for the Western Tulare Lake Basin Area, as shown in Figure 6-32, encompasses 
620,781 acres within the Coalition region (Table 6-5) with approximately 594,000 acres 
within the Central Valley Floor area and nearly 485,000 acres of HVA within the extent of 
Westlands Coalition. The total HVA acreage values presented in Table 6-5 include lands 
that have been retired by Westlands Coalition. The HVA covers much of the Central Valley 
Floor portion of the Coalition region and also extends into Panoche and Vallecitos Creek 
Valleys, although very little irrigated agriculture land exists in those areas. Approximately 
440,000 acres of the HVA are identified as irrigated lands and 403,899 of these irrigated 
acres are within Westlands Coalition. A total of 69,720 acres of HVA are located within 
Pleasant Valley and about 34,000 of these acres are irrigated agriculture. 

The presence of very shallow groundwater and high salinity soils along much of the eastern 
edge of the Coalition region accompanied by soils of high hydraulic conductivity and coarse 
subsurface geologic materials in western areas located more proximal to alluvial fan 
sediment sources, make the vulnerability of much of the Central Valley Floor portion of the 
Coalition region relatively high (Figures 6-26 and 6-30). However, the wide spatial 
distribution of locations with observed high nitrate concentrations, as shown in Figure 6-30, 
is consistent with these locations existing across areas characterized by a variety of 
geologic conditions, but which appear to be reasonably captured through soil and 
subsurface sediment texture conditions. 

Comparing previous assessments of vulnerability in the area, results from both Nolan et al. 
(2002) and from the NHI, as implemented by Dzurella et al. (2012), are not consistent with 
observed groundwater quality conditions in many parts of the Coalition region. The eastern 
part of the Coalition, which is suggested as having lower probability of nitrate contamination 
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in the groundwater risk assessment implemented by Nolan et al. (2002) (Figure 6-3), are in 
fact areas where the greatest densities of high nitrate concentrations have been observed. 
Similarly, results from implementation of the NHI in the area by Dzurella et al. (2012) 
(Figure 6-4) also indicate relatively lower risk in the same eastern areas of the Coalition 
region where higher nitrate concentrations have been observed. This inconsistency 
between predicted and observed groundwater risk is largely because the methods 
employed by Nolan et al. (2002) and Dzurella et al. (2012) rely on relationships derived 
through studies at different scales intended for broader application across diverse study 
areas. Accordingly, these methods focus on the influences from land uses and the 
permeability of soils, factors which apparently do not capture some of the unique conditions 
and mechanisms relating to groundwater vulnerability and high observed nitrate 
concentrations along the eastern margins within the Coalition region. Both methods are 
also specific to nitrate and do not account for potential contamination from other chemical 
constituents. In contrast, both Nolan et al. (2002) and Dzurella et al. (2012) indicate 
patterns of generally higher risk in western areas along the edge of the Central Valley Floor, 
which generally agree with the HVA determined as part of this GAR. 

Among the many differences between methods employed by Nolan et al. (2002) and 
Dzurella et al. (2012) and those used in determining the HVA in this GAR, one of the main 
aspects that differentiates the method used in this assessment is its focus on the physical 
hydrogeologic characteristics and conditions as they relate to vulnerability. Although 
variability in land use was considered and controlled for in statistical analyses used to 
identify significant relationships between physical conditions and groundwater quality, land 
use was not used as an input to define the vulnerability in this assessment like it was in the 
assessments by Nolan et al. (2002) and Dzurella et al. (2012). As discussed above, this is 
important because the HVA represents an area with intrinsically higher potential for 
groundwater contamination regardless of the land use, which is a variable that can, and is 
likely to, change in time. 

6.2.8 Summary of the Western Tulare Lake Basin High Vulnerability Area 

The approach to determining groundwater vulnerability developed in this GAR is based on 
adaptations to index- and overlay- based methods and incorporates identification of 
important input physical variables based on the results from statistical analyses. Bivariate 
comparisons were made evaluate potential relationships between physical characteristics 
and groundwater quality. Multiple regression analyses were used to detect significant 
relationships between hydrogeologic characteristics and observed groundwater quality 
conditions across the Coalition region, while controlling for different land use types. 
Analyses were conducted to separately identify relationships between physical 
characteristics and vulnerability for each of three groundwater zones (a very shallow 
groundwater zone, a semi-confined Upper Aquifer, and a confined Lower Aquifer below the 
Corcoran Clay) present within the Coalition region. Hydrogeologic variables investigated 
focused on soil salinity, soil hydraulic conductivity, deeper subsurface sediment texture, and 
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Corcoran Clay characteristics including thickness. Only hydrogeologic variables that could 
be evaluated in a manner consistent with the conceptual model were considered in the 
vulnerability assessment for each zone. Evaluating vulnerability of deeper zones was 
challenging due to the complex hydrogeology and the limited availability of data within the 
Upper Aquifer. Because of the limited availability of observed nitrate concentration data in 
both the very shallow groundwater zone and the Upper Aquifer, TDS concentrations were 
used as a proxy with which to evaluate hydraulic communication between groundwater 
zones, and therefore the vulnerability of each. Multiple regression analyses were conducted 
on measures relating to the difference in TDS concentrations between depth zones and 
also changes in TDS concentrations through time. Land use categories as mapped for 
three time periods (mid-1990s, early 2000s, and 2012) were evaluated as controlling 
independent variables during the assessment, although all results were based on mid-
1990s land use conditions. 

Using multiple regression, significant (p-value < 0.1) independent variables for each depth 
zone were identified and selected for further comparison and evaluation from quantitative 
and qualitative standpoints. The vulnerability assessments for each depth zone were as 
follows: 

1. Very Shallow Groundwater Zone – based on data from very shallow wells only and 
dependent variable of TDS concentration; included significant hydrogeologic 
independent variables of soil hydraulic conductivity and soil salinity. 

2. Upper Aquifer – based on data from wells in Upper Aquifer only and dependent 
variables of change in TDS concentrations through time and difference in TDS 
concentration between very shallow groundwater zone and Upper Aquifer; included 
significant hydrogeologic independent variables relating to percent coarse of 
subsurface sediments up to 200 feet deep. 

3. Lower Aquifer – based on data from wells in Lower Aquifer only and dependent 
variables of average nitrate concentration; included significant hydrogeologic 
independent variable of Corcoran Clay thickness. 

The vulnerability areas indicated by each of these assessments were compared and 
evaluated. Thresholds indicating high vulnerability for significant variables were determined 
and adjusted using qualitative assessments based on professional judgment and using 
comparisons of areas relative to observed groundwater quality, especially nitrate 
concentrations. Following this process, areas of high soil salinity greater than 4 dS/cm, 
areas with a minimum percentage of coarse sediments of 25 or greater, and soil saturated 
hydraulic conductivity values greater than 2 feet/day were identified as areas of high 
vulnerability. Although the thickness of the Corcoran Clay appears to be an important factor 
in protecting the Lower Aquifer, because the Upper Aquifer overlies the Lower Aquifer, the 
vulnerability of the Upper Aquifer supersedes the vulnerability of the Lower Aquifer. 
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The combined high vulnerability areas for the very shallow groundwater zone and the 
Upper Aquifer, as described above, represent the HHVA within the Coalition region. Most 
wells with elevated nitrate concentrations are located within the HHVA. The locations of 
wells with maximum historical nitrate concentrations of 10 mg/L (as N) or greater and also 
wells with maximum concentrations greater than or equal to 5 mg/L that exhibit statistically 
significant increasing trends in concentrations were incorporated through delineation of 
HWVAs, using minor adjustments to the outlines of the HHVA, when possible, and through 
inclusion of a quarter mile radius around outlier wells when they are located away from the 
HHVA. The High Vulnerability Area (HVA) for the Western Tulare Lake Basin Area includes 
the combined HHVA and HWVA areas (Figure 6-32). 

6.3 PRIORITIZATION OF HIGH VULNERABILITY AREA 

For planning of future monitoring and management efforts focused on the HVA and to fulfill 
requirements of the WDR, all areas within the HVA were prioritized. In Attachment E the 
WDR identifies a number of factors to be considered in prioritizing high vulnerability areas. 
These factors include the following: 

• Identified exceedances of water quality objectives

• Proximity to areas contributing recharge to urban and rural communities that rely on
groundwater as a source of supply

• Existing field and operational practices identified to be associated with irrigated
agricultural waste discharges that are the cause or source of groundwater quality
degradation

• The largest acreage commodity types comprising up to at least 80 percent of irrigated
agriculture in the high vulnerability areas

• Legacy or ambient groundwater conditions

• Groundwater basins currently proposed to be under review by CV-SALTS

• Identified constituents of concern

In an effort to objectively incorporate the many factors identified for consideration as part of 
the prioritization, a system was developed with which to calculate priority values across the 
high vulnerability area. From these priority calculations, priority areas ranging from Priority 1 
(high priority) to Priority 4 (low priority) were identified to inform groundwater monitoring and 
management efforts. 

6.3.1 Prioritization Calculation Approach 

In order to capture the prioritization factors identified in the WDR, a prioritization matrix was 
developed in which various components of the prioritization scheme are ranked and 
weighted in order to calculate continuous priority values across the HVA. Table 6-6 
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describes the prioritization matrix used in detail, including all of the factors identified in the 
WDR and how they are accounted for in the matrix. Many of the prioritization components 
identified in the WDR overlap with and relate to common conditions. For example, there is 
overlap in consideration of legacy conditions of the groundwater, locations of MCL 
exceedances, and identified constituents of concern since they all represent measures of 
groundwater quality conditions. In order to understand the overall weighting of the general 
conditions measured by these components, Table 6-6 shows how components were 
grouped into categories and how weighting of individual components was treated in the 
priority calculation. Some additional components not identified in the WDR were included in 
the prioritization matrix, including the calculated groundwater vulnerability percentile and 
temporal trends in groundwater quality. 

Using the parameters identified in the prioritization matrix, a priority value was calculated for 
all locations (on a 100-meter cell scale, or 10,000 square meter cell size) within the HVA. 
For each component considered in the priority calculation, all locations within the HVA 
received a ranking value of zero to ten (from low to high) based on the measures of each 
specific component at the location. This was performed for all components included in the 
prioritization matrix (Table 6-6). After all components were ranked for each location, a 
weighting of the components was applied based on the relative importance of each 
component in the prioritization calculation. Factors of greater importance in the priority 
calculation were weighted higher. In this way, a priority value was calculated for all 
locations within the HVA from which high priority areas could be identified. The components 
and groupings included in the prioritization matrix are detailed in Table 6-6 and further 
discussed below. In rankings of all components, if no data were available with which to 
perform the ranking for a location, then a neutral ranking value of five was assigned to the 
location. This was done to minimize potential biasing of the prioritization as a result of 
limitations in data availability. 

The prioritization matrix components were grouped into four main categories for 
understanding and context of the overall weighting of factors. These four categories 
include: hydrogeologic groundwater vulnerability, existing groundwater quality conditions, 
land use, and other factors, including proximity to communities reliant on groundwater. The 
hydrogeologic groundwater vulnerability component was used as a way of incorporating a 
measure of intrinsic vulnerability at locations based on factors identified to represent 
vulnerable conditions in the determination of groundwater vulnerability described above. 
The hydrogeologic groundwater vulnerability component was ranked according to three 
different physical factors that are identified or believed to influence the vulnerability of 
groundwater. These include soil hydraulic conductivity, subsurface sediment texture, and 
thickness of the Corcoran Clay. These measures were assigned a combined weight of 
15 percent as shown in Table 6-6. 

Legacy or ambient conditions of groundwater quality were incorporated through measures 
of the observed groundwater quality and from temporal trends in groundwater quality. 
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Groundwater nitrate concentrations in the very shallow and Upper Aquifer zones were 
considered independently with different weighting factors applied, as shown in Table 6-6. 
These measures were ranked from zero to ten based on average nitrate concentration and 
average temporal trend in nitrate in any zone within one half mile. Additionally, the salinity 
of the very shallow groundwater was included as part of the ranking system; higher salinity 
areas received a relatively lower value. Salinity is naturally high in many parts of the 
Coalition region and this was done to further prioritize areas where the salinity of the very 
shallow groundwater is relatively lower and of higher overall quality. The nitrate data used 
in ranking these measures are shown in Figure 5-9, Figure 5-11, and Figure 5-13; data 
used to represent the salinity of very shallow groundwater are shown in Figure 5-21. 
Factors related to MCL exceedances were incorporated through a ranking based on 
distance from the nearest nitrate exceedance. Ranking value for distance from an MCL 
exceedance decreased with distance from the exceedance location following guidelines 
outlined in Table 6-6. The data shown in Figure 5-9, Figure 5-11, and Figure 5-13 were 
used in this ranking and a relatively low weighting of 2.5 percent was applied because a 
measure of extreme nitrate concentrations was also included through incorporation of 
average nitrate concentration. The last component identified in the WDR relating to existing 
groundwater quality conditions is identified constituents of concern. Pesticide detection data 
from DPR were used to represent this measure for ranking in the prioritization calculation. 
The ranking for this factor was conducted based on percent of wells with a detection 
occurring in a section. This component was also weighted relatively low at 2.5 percent 
because data from DPR are only provided to a section spatial resolution. Data used for 
ranking of this component are shown in Figure 5-30. 

The components identified in the WDR, including existing field or operational practices and 
the largest acreage commodities comprising up to at least 80 percent of irrigated agriculture 
within the HVA, were considered as general measures related to land use. To incorporate 
these factors, the prioritization matrix used typical applied nitrogen rates, typical irrigation 
method, and top 80 percent commodities within the HVA as ranking measures. Typical 
applied nitrogen rate by land use category was ranked at locations following applied 
nitrogen value ranges for 2005 shown in Table 4-3. Land use was determined from a 
composite dataset representing 2013 data from Westlands Coalition with USDA 2013 land 
use data used to supplement the coverage of the WWD. Accordingly, ranking values for 
applied nitrogen were assigned to land uses and it was weighted at 7.5 percent. Typical 
irrigation method by land use category was based on data from DWR early 2000s land use 
surveys and as shown in Table 4-6 and was ranked by location using the 2013 composite 
land use data. Land use categories were ranked zero to ten based on percentage of 
different types of irrigation methods used in early 2000s. Irrigation method was weighted at 
12.5 percent in the priority calculation. Whether a commodity represents one of the 
commodities that comprise the top 80 percent of the HVA was also incorporated as a 
yes/no factor based on land use category and was weighted at 2.5 percent. The top land 
use categories are shown in Table 4-5. 
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Other prioritization factors identified in the WDR such as proximity to contributing areas to 
communities reliant on groundwater and groundwater basins currently under review by 
CV-SALTS were also incorporated. Proximity to contributing areas for communities reliant 
on groundwater was included based on the calculated contributing groundwater to locations 
of the communities identified, as described in Chapter 3 and shown on Figure 3-21 and 
listed in Table 3-2. The ranking system was based on distance from the community 
boundary with a greater weighting on locations within a contributing area to a community 
reliant on groundwater. This factor was weighted high at 30 percent because these 
communities rely on groundwater as a significant source of supply. Initial Analysis Zones 
(IAZ) from CV-SALTS and the preliminary prioritization determined by CV-SALTS for each 
IAZ with respect to nitrate in groundwater were used as a prioritization factor (LWA, 2013). 
Priority IAZs were identified as those with a priority value of 3 or 4 assigned by CV-SALTS. 
The weighting of this factor was relatively low at 2.5 percent. 

From applying this prioritization matrix, priority values ranging from zero to ten (low to high 
priority) were calculated for the entire HVA. The calculated priority values are shown on 
Figure 6-33. 

6.3.2 Identified Priority Areas 

Figure 6-33 presents the prioritization of areas within the HVA for the Coalition region. Four 
priority levels are assigned in order of highest (Priority 1) to lowest (Priority 4). Because the 
proximity to communities reliant on groundwater has a high weighting in the prioritization 
matrix, some high priority areas are focused around mapped communities, in particular in 
the vicinity of Lemoore Station and Cantua Creek. Most notable in the prioritization are the 
areas where groundwater vulnerability factors rank high (i.e., soil hydraulic conductivity, 
sediment texture, Corcoran Clay thickness) resulting in high calculated priority values. 
These areas are particularly apparent where the Corcoran Clay is thin or absent in areas 
west of Huron and in Pleasant Valley and along much of the western edge of the Central 
Valley Floor. The influence of factors relating to groundwater quality (e.g., nitrate 
concentrations and exceedances) also is evident in Figure 6-33 as foci around 
observations; however, the paucity of these data limits the influence of observed 
groundwater quality on the calculated prioritization. 

Table 6-7 summarizes the acreages designated as part of the HVA by priority level. 
Approximately 86,150 acres of the HVA are located within the highest priority area 
(Priority 1) and of those acres about 95 percent (almost 82,000 acres, based on 2013 
Westlands Coalition and USDA data) are irrigated lands. Over 70,000 acres of the HVA are 
Priority 2 of which about 67,700 acres are irrigated lands (based on 2013 Westlands 
Coalition and USDA data). The remaining 464,329 acres of the HVA are in the relatively 
lower priority areas (Priority 3 and 4) and include approximately 290,000 acres of irrigated 
lands (based on 2013 Westlands Coalition and USDA data). Although all of the HVA has 
been prioritized and summarized in Table 6-7 and shown in Figure 6-33, prioritization 
intended for implementation of management and monitoring of agricultural practices as part 
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of the Long-Term Irrigated Lands Regulatory Program (LTILRP), will only be implemented 
on irrigated lands within the Coalition region. The prioritization of irrigated lands within the 
HVA is presented in Figure 6-34. 

As shown in Table 6-8, based on 2013 Westlands Coalition and USDA land use data, nut 
trees and vegetables currently represent the largest agricultural land use categories by 
area across each of the top three priority area types. Within the Priority 1 area, irrigated 
land uses make up nearly 82,000 acres of the total area. Nut trees cover 31,979 acres 
within the Priority 1 area, which is almost 40 percent of the irrigated lands within the 
Priority 1 area. Vegetables and grains/cotton represent the next largest agricultural land 
use categories within the Priority 1 area with totals of 19,065 and 14,756 acres, 
respectively. Approximately 14,000 acres of area categorized as irrigated land is 
temporarily fallow or idle. A little over 4,000 acres within the Priority 1 area are non-
agricultural lands or unirrigated retired lands. Within the Priority 2 area, nut trees also 
represent the largest agricultural land use categories encompassing 23,578 acres followed 
by vegetables (17,771 acres) and grains/cotton (11,905 acres). A total of 12,641 acres of 
the Priority 2 area are temporarily fallow/idle lands while about 2,500 acres are non 
agricultural lands. The dominant land use category in the Priority 3 area is vegetables 
(36,754 acres) with also a large number of acres of nut trees (29,261 acres) designated as 
Priority 3. Most of the non-agricultural and unirrigated lands (including retired lands) within 
the HVA are within Priority 4 areas. The Priority 4 area includes about 361,000 acres and 
only about 53 percent (about 190,000 acres) of this area is irrigated. Approximately 
95 percent of non-agricultural or retired land areas within the HVA are designated Priority 4. 

6.3.3 Summary of Prioritization 

All areas within the HVA were prioritized for planning of future monitoring and management 
efforts. In accordance with factors identified in the WDR, prioritization incorporated many 
considerations including, but not limited to, the following: 

• Identified exceedances of water quality objectives, 

• Proximity to communities reliant on groundwater, 

• Existing land uses, and 

• Legacy or ambient groundwater conditions, 

Additional factors were included to incorporate the vulnerability of areas. To objectively 
incorporate the many factors to be considered, a prioritization system was developed with 
which to calculate priority values across the high vulnerability area. From these priority 
calculations, priority areas ranging from Priority 1 (high priority) to Priority 4 (low priority) 
were identified to inform groundwater monitoring and management efforts. The priority 
areas for irrigated lands within the HVA are presented in Figure 6-34 and summarized in 
Table 6-8.
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Table 6‐1

Range of Values/Description Units Rating Weight

0‐5 10
5‐15 9
15‐30 7
30‐50 5
50‐75 3
75‐100 2
>100 1

0‐2 1
2‐4 3
4‐7 6
7‐10 8
>10 9

Massive Shale 1‐3
Metamorphic/Igneous 2‐5
Weathered Metamorphic/Igneous 3‐5
Glacial Till 4‐6
Bedded Sandstone, Limestone, and Shale Sequences 5‐9
Massive Sandstone 4‐9
Massive Limestone 4‐9
Sand and Gravel 4‐9
Basalt 2‐10
Karst Limestone 9‐10

Thin or Absent 10
Gravel 10
Sand 9
Peat 8
Shrinking and/or Aggregated Clay 7
Sandy Loam 6
Loam 5
Silty Loam 4
Clay Loam 3
Muck 2
Nonshrinking and Nonaggregated Clay 1

0‐2 10
2‐6 9
6‐12 5
12‐18 3
>18 1

Confining Layer 1
Silt/Clay 2‐6
Shale 2‐5
Limestone 2‐7
Sandstone 4‐8
Bedded Limestone, Sandstone, Shale 4‐8
Sand and Gravel with significant Silt and Clay 4‐8
Metamorphic/Igneous 2‐8
Sand and Gravel 6‐9
Basalt 2‐10
Karst Limestone 8‐10

1‐100 1
100‐300 2
300‐700 4
700‐1,000 6
1,000‐2,000 8

>2,000 10

Summary of DRASTIC Parameter Weighting and Ranking System (after Aller et al., 1987) 

Groundwater Assessment Report for the Western Tulare Lake Basin Area 
Westlands Water Quality Coalition

Soil Media 2

3

Parameter

D 5

R Net Recharge 4

feet

Gallons per day/
feet squared

Depth to Water

C Conductivity (Hydraulic) of the Aquifer 3

T Topography (Slope) 1% slope

I Impact of the Vadose Zone Media 5

inches per year

A Aquifer Media

S



Table 6-2              Summary of Results from Multiple Regression Analyses
Groundwater Quality Assessment Report for the Western Tulare Lake Basin Area
Westlands Water Quality Coalition

Dependent Variable Hydrogeologic Independent Variable* p-value Coefficient
Sample 

Size
(# cells)

Comment/Explanation

Very Shallow Groundwater Zone Analyses

Average TDS Concentrations:
2000s Soil Saturated Hydraulic Conductivity <0.005 -1211.6 395

Statistically significant negative correlation consistent with influence of poor 
drainage conditions on very shallow groundwater salinity.

Soil Salinity <0.005 390.5 395
Statistically significant positive correlation consistent with concentration of salts in 
shallow soils and groundwater.

Upper Aquifer Analyses

Change in TDS Concentrations Through Time:
Pre-1980 to 2000s AVG PC 0-100 0.008 75.6 18

AVG PC 0-200 0.180 69.8 18
MIN PC 0-100 0.048 58.6 18
MIN PC 0-200 0.091 57.1 18

Change in TDS Concentrations Through Time:
1980s/1990s to 2000s AVG PC 0-100 0.035 22.0 41

AVG PC 0-200 0.097 18.9 41
MIN PC 0-100 0.053 19.4 41
MIN PC 0-200 0.026 21.9 41

Difference in Average TDS Between
Very Shallow Zone and Upper Aquifer: 2000s AVG PC 0-100 0.377 -36.7 54

AVG PC 0-200 0.169 -71.5 54
MIN PC 0-100 0.481 -27.7 54
MIN PC 0-200 0.375 -36.8 54

Lower Aquifer Analyses
Average Nitrate Concentrations:
Pre-1980 Corcoran Clay Thickness 0.008 -0.008 228

Average Nitrate Concentrations:
1980s/1990s Corcoran Clay Thickness 0.028 -0.080 25

Average Nitrate Concentrations:
2000s Corcoran Clay Thickness 0.064 -0.024 59

Note: All results reported are for multiple regression analyses conducted using mid-1990s land use conditions. 
* AVG PC = average percent coarse sediments, MIN PC = minimum percent coarse sediments,  value ranges indicate ranges of depth below ground surface in feet.

Positive correlations are consistent with the conceptual model for vulnerability as 
indicated by vertical hydaulic communication between very shallow groundwater 
and Upper Aquifer (i.e., higher percentage coarse enables greater vertical hydraulic 
communication resulting in positive change in TDS through time); several variables 
of sediment texture show statistical significance (p-value < 0.10).

Positive correlations are consistent with the conceptual model for vulnerability as 
indicated by vertical hydaulic communication between very shallow groundwater 
and Upper Aquifer (i.e., higher percentage coarse enables greater vertical hydraulic 
communication resulting in positive change in TDS through time); all variables of 
sediment texture show statistical significance (p-value < 0.10).

Negative correlations are consistent with the conceptual model for vulnerability as 
indicated by vertical hydaulic communication between very shallow groundwater 
and Upper Aquifer (i.e., i.e., higher percentage coarse enables greater vertical 
hydraulic communication resulting in smaller difference in TDS); no statistical 
significance indicated (p-value > 0.10) for sediment texture variables although 
coefficient signs are consistent and some have low p-values.

Negative correlations are consistent with the conceptual model for vulnerability 
(i.e., nitrate concentrations in Lower Aquifer are lower where Corcoran Clay is 
thicker); Corcoran Clay thickness is statistically significant independent variable for 
all time periods analysed. 



p-value Coefficient p-value Coefficient p-value Coefficient p-value Coefficient p-value Coefficient p-value Coefficient p-value Coefficient p-value Coefficient p-value Coefficient
Very Shallow Groundwater Zone Analyses

Average TDS Concentrations:
2000s Soil Saturated Hydraulic Conductivity 0.457 N/A 0.824 N/A 0.083 -11565 <0.0005 -6988 0.958 N/A 0.679 N/A 0.925 N/A 0.001 -6157 <0.0005 -10245

Soil Salinity 0.727 N/A 0.536 N/A 0.092 -10379 <0.0005 -5647 0.562 N/A 0.801 N/A 0.380 N/A 0.003 -4927 <0.0005 -7504
Upper Aquifer Analyses

Change in TDS Concentrations Through Time:
Pre-1980 to 2000s AVG PC 0-100 N/P N/P 0.560 N/A 0.081 102795 0.100 N/A N/P N/P 0.040 20571 N/P N/P 0.134 N/A 0.107 N/A

AVG PC 0-200 N/P N/P 0.635 N/A 0.306 N/A 0.351 N/A N/P N/P 0.168 N/A N/P N/P 0.374 N/A 0.333 N/A
MIN PC 0-100 N/P N/P 0.855 N/A 0.225 N/A 0.236 N/A N/P N/P 0.130 N/A N/P N/P 0.305 N/A 0.260 N/A
MIN PC 0-200 N/P N/P 0.954 N/A 0.851 N/A 0.903 N/A N/P N/P 0.477 N/A N/P N/P 0.967 N/A 0.861 N/A

Change in TDS Concentrations Through Time:
1980s/1990s to 2000s AVG PC 0-100 N/P N/P 0.437 N/A N/P N/P 0.742 N/A N/P N/P 0.546 N/A 0.987 N/A 0.677 N/A 0.740 N/A

AVG PC 0-200 N/P N/P 0.496 N/A N/P N/P 0.596 N/A N/P N/P 0.400 N/A 0.646 N/A 0.544 N/A 0.566 N/A
MIN PC 0-100 N/P N/P 0.533 N/A N/P N/P 0.596 N/A N/P N/P 0.537 N/A 0.991 N/A 0.541 N/A 0.591 N/A
MIN PC 0-200 N/P N/P 0.499 N/A N/P N/P 0.752 N/A N/P N/P 0.531 N/A 0.791 N/A 0.668 N/A 0.697 N/A

AVG PC 0-100 N/P N/P 0.767 N/A 0.106 N/A 0.014 -19238 N/P N/P 0.179 N/A 0.173 N/A 0.024 -17871 0.011 -21200
AVG PC 0-200 N/P N/P 0.791 N/A 0.089 -20615 0.023 -17798 N/P N/P 0.170 N/A 0.161 N/A 0.032 -16840 0.016 -19860
MIN PC 0-100 N/P N/P 0.750 N/A 0.094 -20819 0.011 -19864 N/P N/P 0.167 N/A 0.162 N/A 0.018 -18564 0.008 -21875
MIN PC 0-200 N/P N/P 0.703 N/A 0.081 -21402 0.015 -19173 N/P N/P 0.166 N/A 0.154 N/A 0.022 -18074 0.009 -21419

Lower Aquifer Analyses
Average Nitrate Concentrations:
Pre-1980 Corcoran Clay Thickness 0.620 N/A 0.874 N/A 0.464 N/A 0.142 N/A 0.082 2.9 0.092 2.5 0.092 1.9 0.460 N/A 0.132 N/A

Average Nitrate Concentrations:
1980s/1990s Corcoran Clay Thickness 0.840 N/A 0.625 N/A 0.968 N/A 0.149 N/A 0.362 N/A 0.787 N/A 0.598 N/A 0.119 N/A 0.492 N/A

Average Nitrate Concentrations:
2000s Corcoran Clay Thickness 0.978 N/A 0.751 N/A 0.275 N/A 0.825 N/A 0.835 N/A 0.206 N/A 0.003 19.7 0.670 N/A 0.015 3.8

Dairy/Livestock/
Poultry Fruit Trees

Land Use Category Control Variables*

Dependent Variable
Hydrogeologic Independent 

Variable**

Table 6-3              Summary of Multiple Regression Results Relating to Land Use Control Variables
Groundwater Quality Assessment Report for the Western Tulare Lake Basin Area
Westlands Water Quality Coalition

Difference in Average TDS Between
Very Shallow Zone and Upper Aquifer: 2000s
(Upper Aquifer Minus Very Shallow Zone)

Note: All results reported are for multiple regression analyses conducted using mid-1990s land use conditions.
* The reported coefficients represent the increase/decrease in dependent variable value for each land use category relative to a non-agricultural land use, holding all other variables constant. N/A denotes that the coefficient was not significant at a p-value of greater than 0.1. N/P denotes that land use category was
not present in data analyzed.  
** AVG PC = average percent coarse sediments, MIN PC = minimum percent coarse sediments,  value ranges indicate ranges of depth below ground surface in feet. 

VegetablesSeeds/BeansNut TreesGrassesGrapesGrains/Cotton
Citrus/

Subtropics



Table 6-4a Summary of Nitrate and TDS Concentrations Relative to High Vulnerability Areas
Groundwater Quality Assessment Report for the Western Tulare Lake Basin Area

Westlands Water Quality Coalition

Nitrate 
Concentration: 

>=10 mg/L (as N)

Nitrate 
Concentration: 

>=10 mg/L (as N)

TDS 
Concentration:
>=3,000 mg/L

TDS 
Concentration:
>=3,000 mg/L

All
Wells

With 
Increasing 

Trend*

All
Wells

All
Wells

With 
Increasing 

Trend*

All
Wells

All
Wells

With 
Increasing 

Trend*

All
Wells

All
Wells

With 
Increasing 

Trend*

All
Wells

Total Number of Wells 70 1 155 10 0 24 631 12 545 145 7 47

Very Shallow 15 0 73 2 0 11 162 1 390 12 1 28

Upper 4 0 11 0 0 2 63 0 29 12 0 1

Lower 15 1 6 4 0 2 167 3 16 54 2 2

Composite 1 0 0 0 0 0 44 0 8 14 0 0

Unknown 35 0 65 4 0 9 195 8 102 53 4 16

Total Number of Wells 70 1 176 10 0 3** 644 12 555 132 7 37

Very Shallow 15 0 81 2 0 3** 165 1 396 9 1 22

Upper 4 0 13 0 0 0 65 0 29 10 0 1

Lower 15 1 8 4 0 0 169 3 16 52 2 2

Composite 1 0 0 0 0 0 45 0 8 13 0 0

Unknown 35 0 74 4 0 0 200 8 106 48 4 12

* Wells with statistically significant increasing trend in nitrate or TDS concentration.
** Three remaining wells outside the high vulnerability areas are also outside irrigated lands at a single regulated fertilizer drum disposal facility; high nitrate concentrations at this site are not a result of irrigated agriculture practices. 

Well
Depth

Category

Well Locations Relative to Final High Vulnerability Area
(Combined Hydrogeologic High Vulnerability Area and High Well Vulnerability Areas)

Well Locations Relative to Hydrogeologic High Vulnerability Area
(High Soil Salinity, High Soil Conductivity, and Coarse Subsurface Sediments)

Wells Inside Area Wells Remaining Outside Area(s)

TDS Concentration:
1,500-3,000 mg/L

TDS 
Concentration:

1,500-3,000 mg/L

Wells by TDS Concentration
Relative to High Vulnerability Areas

Nitrate 
Concentration:

5-10 mg/L (as N)

Nitrate 
Concentration:

5-10 mg/L (as N)

Wells Inside Area Wells Remaining Outside Area(s)

Wells by Nitrate Concentration
Relative to High Vulnerability Areas



Table 6-4b Summary of Locations of Well Nitrate and TDS Concentrations Relative to High Vulnerability Areas
Groundwater Quality Assessment Report for the Western Tulare Lake Basin Area
Westlands Water Quality Coalition

Nitrate 
Concentration: 

>=10 mg/L (as N)

Nitrate 
Concentration: 

>=10 mg/L (as N)

TDS 
Concentration:
>=3,000 mg/L

TDS 
Concentration:
>=3,000 mg/L

All
Wells

With 
Increasing 

Trend*

All
Wells

All
Wells

With 
Increasing 

Trend*

All
Wells

All
Wells

With 
Increasing 

Trend*

All
Wells

All
Wells

With 
Increasing 

Trend*

All
Wells

Total Number of Wells 24 0 122 56 1 57 330 5 488 452 14 104

Very Shallow 11 0 62 6 0 22 140 0 358 34 2 60

Upper 2 0 4 2 0 9 46 0 21 30 0 9

Lower 2 0 3 17 1 5 47 2 13 176 3 5

Composite 0 0 0 1 0 0 22 0 8 37 0 0

Unknown 9 0 53 30 0 21 75 3 88 175 9 30

Total Number of Wells 46 1 33 10 0 24 301 7 57 145 7 47

Very Shallow 4 0 11 2 0 11 22 1 32 12 1 28

Upper 2 0 7 0 0 2 17 0 8 12 0 1

Lower 13 1 3 4 0 2 120 1 3 54 2 2

Composite 1 0 0 0 0 0 22 0 0 14 0 0

Unknown 26 0 12 4 0 9 120 5 14 53 4 16

Total Number of Wells 0 0 21 10 0 3** 13 0 10 132 7 37

Very Shallow 0 0 8 2 0 3** 3 0 6 9 1 22

Upper 0 0 2 0 0 0 2 0 0 10 0 1

Lower 0 0 2 4 0 0 2 0 0 52 2 2

Composite 0 0 0 0 0 0 1 0 0 13 0 0

Unknown 0 0 9 4 0 0 5 0 4 48 4 12

Wells by Nitrate Concentration
Relative to High Vulnerability Areas

Notes:
* Wells with statistically significant increasing trend in nitrate or TDS concentration.

** Three remaining wells outside the high vulnerability areas are also outside irrigated lands at a single regulated fertilizer drum disposal facility; high nitrate concentrations at this site are not a result of irrigated agriculture practices. 

Well Locations Relative to High Well Vulnerability Areas: Locations of Outlier Wells with Elevated and Increasing Nitrate Concentrations
(of those wells remaining outside very shallow groundwater and Upper Aquifer high vulnerability areas)

Well
Depth

Category

Well Locations Relative to Upper Aquifer High Vulnerability Area: High Soil Conductivity and Coarse Subsurface Sediments
(of those remaining outside very shallow groundwater high vulnerability area)

Well Locations Relative to Very Shallow Groundwater High Vulnerability Area: High Soil Salinity

Wells Inside Area Wells Remaining Outside Area(s)

TDS Concentration:
1,500-3,000 mg/L

TDS Concentration:
1,500-3,000 mg/L

Wells by TDS Concentration
Relative to High Vulnerability Areas

Nitrate 
Concentration:

5-10 mg/L (as N)

Nitrate 
Concentration:

5-10 mg/L (as N)

Wells Inside Area Wells Remaining Outside Area(s)



 Groundwater Quality Assessment Report for the Western Tulare Lake Basin Area
 Westlands Water Quality Coalition

Total
WWD

(Acres)

Irrigated 

Area1

(Acres)

Retired 

Lands2

(Acres)

Total 
Pleasant 

Valley
(Acres)

Irrigated 
Area

(Acres)

Total Other 
Areas Central 
Valley Floor

(Acres)

Irrigated 
Area

(Acres)

Total 
Peripheral 

Area
(Acres)

Irrigated 
Area

(Acres)

Total 
Coalition
(Acres)

Irrigated 
Area

(Acres)

Hydrogeologic High Vulnerability Area 483,213 402,413 70,298 69,720 34,001 40,166 2,764 26,977 2 619,140 438,311

High Well Vulnerability Area 1,641 1,486 18 0 0 0 0 0 0 1,641 1,486

High Vulnerability Area (Total) 484,855 403,899 70,316 69,720 34,001 40,166 2,764 26,977 2 620,781 439,797

Notes:
1 Includes all agricultural land as indicated in 2013 land use conditions compiled from WWD and USDA, except for within WWD retired lands where no irrigation occurs. 
2 Includes land already retired as of January 2015; retired land is not irrigated.

Table 6-5  Summary of Acreages for High Vulnerability Area

Westlands Water District Pleasant Valley
Other Areas within
Central Valley Floor

Peripheral Area
(Panoche Valley and 

Vallecitos Creek Valley) Total Coalition Region



Table 6-6 Matrix for Prioritization of High Vulnerability Area

Groundwater Quality Assessment Report for the Western Tulare Lake Basin Area

Westlands Water Quality Coalition

Ranking Metric Range of Ranking Percent Comments

Soil Vulnerability
Includes ranking of the vulnerability based on 
soil hydraulic conductivity.

Soil saturated 
hydraulic 
conductivity

0 to 10 (low to high) based on soil 
hydraulic conductivity; (Ksat in ft/day: 
<1 = 0, 1-2=2.5, 2-3=5, 3-4=7.5, 
>4=10)

5%

Subsurface Sediment Vulnerability
Includes ranking of the vulnerability based on 
subsurface sediment texture

Minimum 
percentage of 
coarse 
sediments 
indicated for 50 
foot intervals in 
the upper 200 
feet

0 to 10 (low to high) based on 
minimum percent coarse (PC) for 0 to 
200 feet; 5 (neutral) for locations 
outside Central Valley Floor; (minimum 
PC: <20 = 0, 20-25=2, 25-30=4, 30-
35=6, 35-40=8, >40=10)

5%

Role of Corcoran Clay
Includes ranking of vulnerability based on 
characteristics of the Corcoran Clay

Corcoran Clay 
thickness

0 to 10 (low to high) based on CC 
thickness; 0 for locations outside 
Central Valley Floor; (thickness in feet: 
>80=0, 60-80=2, 40-60=4, 20-40=6, 10-
20=8, 0-10=10)

5%

Observed Groundwater Quality 
Concentrations
Includes an evaluation and ranking of areas 
based on recent observed groundwater NO3 
concentrations. >2000, most recent test

Average 
concentration for 
location based 
on wells within 
1/2 mile

0 to 10 (low to high) based on average 
concentration; 
5 (neutral) for locations without any 
concentration data within 1/2 mile; 
(NO3 [mg/L as N]: <1=0, 1-2=1, 2-3=2, 
3-4=3, 4-5=4, 5-6=5, 6-7=6, 7-8=7, 8-
9=8, 9-10=9, >10=10)  

10% High
Upper Aquifer=7.5%
Very Shallow=2.5%

Temporal Trend in Groundwater Quality
Includes evaluation and ranking of areas based 
on recent trend (degrading, improving, etc.) in 
groundwater NO3 concentration.

Average trend for 
location based 
on wells within 
1/2 mile

0 to 10 (low to high) based on average 
water quality trend; 
5 (neutral) for locations without any 
trend data within 1/2 mile (mg/L/yr: <-
1=0, -1--0.5=1, -0.5--0.1=2, -0.1-0.1=5, 
0.1-0.5=8, 0.5-1=9, >1=10)

10% Moderate
Upper Aquifer=7.5%
Very Shallow=2.5%

Salinity of Very Shallow Groundwater
Includes evaluation and ranking of areas based 
on salinity in the very shallow groundwater. Low 
salinity in very shallow groundwater receives 
higher value.

Average TDS 
concentration for 
location based 
on very shallow 
wells within 1/2 
mile

0 to 10 (low to high) based on average 
concentration; 
5 (neutral) for locations without any 
concentration data within 1/2 mile; 
(TDS [mg/L]: >6,000=0, 4,500-
6,000=2.5, 3,000-4,500=5, 1,500-
3,000=2.5, <1,500=0)  

5% Low-Moderate 

Identified exceedances of water 
quality objectives for which 
agricultural waste discharges are 
the cause, or a contributing source. 

MCL Exceedances
Includes evaluation and ranking of areas 
according to presence/absence of NO3 
concentrations observations that are above the 
drinking water MCL.  

Distance from 
nearest NO3 
MCL 
Exceedance

0 to 10 (low to high) inversely related 
to distance from nearest NO3 
exceedance; 
5 (neutral) for locations without any 
WQ observations within specified 
distance; (miles: >2=0, 1.5-2=2, 1-
1.5=4, 0.5-1=6, 0.25-0.5=8, <0.25=10) 

2.5% Low - weighting is low 
to avoid double-
counting since 
measured 
concentration is 
considered in ambient 
water quality 
component

Identified constituents of concern. Pesticide Detections
Includes evaluation and ranking of areas based 
on presence/absence of detectable 
concentrations of pesticides in groundwater 
samples.

Percent of wells 
with a pesticide 
detection within a 
section

0 to 10 (low to high) based on percent 
of wells with a pesticide detection; 
5 (neutral) for sections without any 
pesticide observations; (percent: 
0%=0, 0.1-10%=2, 10-20%=4, 20-
30%=6, 30-40%=8, >40=10)

2.5% Low - Pesticide 
detection data from 
DPR are at coarse 
spatial accuracy

Typical Nitrogen Application Rate
Includes evaluation and ranking of areas based 
on typical nitrogen application rates for land 
uses (Rosenstock and others, 2013; Viers and 
others, 2012) using 2012 USDA land use 
designation.

Typical nitrogen 
application rate 
for land use

0 to 10 based on typical nitrogen 
application rate;  (lbs/ac/yr: <50=0, 50-
100=3, 100-150=7, >150=10)

7.5% Low-Moderate

Typical Irrigation Method
Includes ranking of areas based on typical 
irrigation method for land uses (using 2012 
USDA land use designation) in accordance with 
irrigation method statistics derived from DWR 
land use survey irrigation method data (2001-
2004) and Coalition membership irrigation 
method data.

Typical irrigation 
method for land 
use

0 to 10 based on typical irrigation 
method;
(micro=3, sprinkler=6, gravity=10)

12.5% Moderate-High

The largest acreage commodity 
types comprising up to at least 80% 
of the irrigated agricultural acreage 
in the high vulnerability areas and 
the irrigation and fertilization 
practices employed by these 
commodities.

Top Commodities
Includes evaluation and ranking of areas based 
on percent of land area that is of a land use 
category comprising 80% of the high 
vulnerability (based on 2012 USDA land use 
designation).

Presence/absenc
e of top 80% land 
use category

0 = Absent
10 = Present; (Top 80% land use 
category=10, Other land use 
category=0)

2.5% Low

Proximity of high vulnerability areas 
to areas contributing recharge to 
urban and rural communities where 
groundwater serves as a significant 
source of supply.

Proximity to Public Groundwater Supply
Includes evaluation and ranking of areas by 
proximity to public water systems and 
communities reliant on groundwater.

Distance, within 2 
miles, from 
community reliant 
on groundwater 

Within 
Contributing 
Area/Not Within 
Contributing Area 

0 to 10 (low to high) inversely related 
to distance from community reliant on 
groundwater; 
multiplier of 1 for locations within 
contributing area and multiplier of 0.5 
for locations outside of contributing 
area; (miles: >2=0, 1.5-2=2, 1-1.5=4, 
0.5-1=6, 0.25-0.5=8, <0.25=10) 

30% High

Groundwater basins currently or 
proposed to be under review by CV-
SALTS.

CV-SALTS Priority Areas
Includes Initial Analysis Zones (IAZ) that were 
identified by CV-SALTS as being high priority 
with respect to nitrate in groundwater. 

Location within or 
not within IAZ 
identified as high 
priority by CV-
SALTS

0 = Not within priority IAZ
10 = Within priority IAZ

2.5% Low

Other Factors

Component Weighting

Existing 
Groundwater 

Quality 
Conditions

Prioritization 
Component 

Category

Prioritization Component Identified 
in the Order  (Att. B)

Land Use

Existing field or operational 
practices identified to be associated 
with irrigated agriculture water 
discharges that are the cause, or a 
contributing source. 

Ranking FactorsDescription of Component Used in 
Prioritization Method

Hydrogeologic 
Groundwater 
Vulnerability

Additional component not directly 
specified in order for prioritization 
purposes

High - Collectively 
represents weighting 
of importance of 
hydrogeologic 
characteristics

Legacy or ambient conditions of the 
groundwater.



Table 6-7

Groundwater Quality Assessment Report for the Western Tulare Lake Basin Area
Westlands Water Quality Coalition

Total
WWD

(Acres)

Irrigated 

Area1

(Acres)

Retired 

Lands2

(Acres)

Total 
Pleasant 

Valley
(Acres)

Irrigated 
Area

(Acres)

Total Other 
Areas Central 
Valley Floor

(Acres)

Irrigated 
Area

(Acres)

Total 
Peripheral 

Area
(Acres)

Irrigated 
Area

(Acres)

Total 
Coalition
(Acres)

Irrigated Area
(Acres)

High Vulnerability Area 484,855 403,899 70,316 69,720 34,001 40,166 2,764 26,977 2 620,781 439,797

Priority 1 67,040 64,683 1,301 18,613 16,981 857 464 0 0 86,152 81,778

Priority 2 58,556 57,106 755 11,239 10,479 880 518 0 0 70,300 67,729

Priority 3 98,502 96,251 1,331 3,854 3,437 910 588 0 0 103,163 100,178

Priority 4 260,757 185,860 66,928 36,014 3,103 37,518 1,194 26,977 2 361,167 190,112
Notes:
1 Includes all agricultural land as indicated in 2013 land use conditions compiled from WWD and USDA, except for within WWD retired lands where no irrigation occurs. 
2 Includes land already retired as of January 2015; retired land is not irrigated.
3 Priority areas are in order from highest (1) to lowest (4). 

Prioritization of High Vulnerability Area3

Summary of Acreages for Priority Areas within High Vulnerability Area

Westlands Water District Pleasant Valley
Other Areas within
Central Valley Floor

Peripheral Area
(Panoche Valley and 

Vallecitos Creek Valley) Total Coalition Region



Groundwater Quality Assessment Report for the Western Tulare Lake Basin Area
Westlands Water Quality Coalition

High Vulnerability Area (HVA) 86,152 70,300 103,163 361,167 620,781
Irrigated Lands Within HVA
(from 2013 WWD and USDA land use data)

81,778 67,729 100,178 190,112 439,797

All Irrigated Land Use Categories* 81,778 67,729 100,178 190,112 439,797
Nut Trees 31,979 23,578 29,261 21,728 106,546
Vegetables 19,065 17,771 36,754 50,231 123,821
Grains/Cotton 14,756 11,905 15,292 39,059 81,012
Grapes 866 177 484 12,400 13,927
Fruit Trees 637 759 963 1,250 3,608
Citrus/Subtropics 624 816 1,382 4,168 6,989
Grasses 212 54 175 7,978 8,419
Seeds/Beans 45 45 228 9,451 9,769
Rice 0.2 0.0 0.0 0.0 0.2
Double Crops 0.4 0.2 0.2 2.1 3
Temporarily Fallow/Idle 13,616 12,641 15,653 43,795 85,704

Non Agricultural 3,051 1,800 1,638 104,176 110,665
Retired Land 1,323 771 1,346 66,879 70,319

Notes:
* Total of irrigated area may not equal sum of individual categories due to rounding and resolution in spatial analysis calculations.

Table 6-8          Summary of Land Uses within Priority Areas

Description
Priority 1
(Acres)

Priority 3
(Acres)

Priority 4
(Acres)

Total
(Acres)

Priority 2
(Acres)

Land Use Category Within HVA (from 2013 WWD and USDA land use data)
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 06-01 Map of SWRCB Hydrogeologically Vulnerable Areas.mxd

Explanation
SWRCB Hydrogeologically
Vulnerable Area

Western Tulare Lake Basin

Data sources
SWRCB

FIGURE 6-1
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF SWRCB HYDROGEOLOGICALLY
VULNERABLE AREAS
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 06-02 Map of DPR Groundwater Protection Areas.mxd

Explanation
DPR Groundwater
Protection Areas

Leaching

Runoff

Runoff or Leaching

Western Tulare Lake Basin

Data sources
DPR

FIGURE 6-2
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF DPR GROUNDWATER
PROTECTION AREAS
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 06-03 Map of Groundwater Risk Assessment from Nolan 2002.mxd

Explanation
Groundwater Risk (from
Nolan et al., 2002)
Probability of Nitrate
Concentration >4 mg/L (as N)

0-0.17

0.17-0.33

0.33-0.5

0.5-0.67

0.67-0.83

0.83-1.0

Western Tulare Lake Basin

FIGURE 6-3
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

Data sources
Nolan et al., 2002

MAP OF GROUNDWATER RISK ASSESSMENT
FROM NOLAN ET AL. (2002)
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 06-04 Map of Nitrate Hazard Index Results from Dzurella 2012.mxd

Explanation

Western Tulare Lake Basin

FIGURE 6-4
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF NITRATE HAZARD INDEX RESULTS
FROM DZURELLA ET AL. (2012)

Data sources
Dzurella et al., 2012
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 06-05 Nitrate Concentration by Depth Along Cross-Section A-A'.mxd

FIGURE 6-5
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

NITRATE CONCENTRATION BY DEPTH ALONG
GEOLOGIC CROSS-SECTION A-A'

Vertical Exaggeration: 20x

A A'

Ele
va

tio
n (

ft, 
ms

l)

Distance (ft)

(WEST) (EAST)

Explanation
Maximum Nitrate Concentration
- Some Aspect of Well
Construction Known
(mg/L as N; displayed by known or
inferred well perforated interval)

<5.0

5.0 - 9.9

>10.0

Maximum Nitrate Concentration
- Depth Zone Inferred From
Well Type
(mg/L as N; displayed by midpoint of
inferred depth zone)

" <5.0

" 5.0 - 9.9

" >=10.0

Sediment Texture
- Percent Coarse
(shown in 50 foot intervals from
CVHM texture model)

0 - 25

25 - 50

50 - 75

75 - 100

Corcoran Clay

Fining

Coarsening

Fresno
Slough

Western Tulare
Lake Basin Area

§̈¦5 California
Aqueduct

G-G'
San Joaquin

River
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 06-06 Nitrate Concentration by Depth Along Cross-Section B-B'.mxd

FIGURE 6-6
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

NITRATE CONCENTRATION BY DEPTH ALONG
GEOLOGIC CROSS-SECTION B-B'

Vertical Exaggeration: 20x

B B'

Ele
va

tio
n (

ft, 
ms

l)

Distance (ft)

(WEST) (EAST)

Explanation
Maximum Nitrate Concentration
- Some Aspect of Well
Construction Known
(mg/L as N; displayed by known or
inferred well perforated interval)

<5.0

5.0 - 9.9

>=10.0

Maximum Nitrate Concentration
- Depth Zone Inferred From
Well Type
(mg/L as N; displayed by midpoint of
inferred depth zone)

" <5.0

" 5.0 - 9.9

" >=10.0

Sediment Texture
- Percent Coarse
(shown in 50 foot intervals from
CVHM texture model)
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 06-07 Nitrate Concentration by Depth Along Cross-Section C-C'.mxd

FIGURE 6-7
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

NITRATE CONCENTRATION BY DEPTH ALONG
GEOLOGIC CROSS-SECTION C-C'

Vertical Exaggeration: 20x
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Maximum Nitrate Concentration
- Some Aspect of Well
Construction Known
(mg/L as N; displayed by known or
inferred well perforated interval)

<5.0

5.0 - 9.9

>=10.0

Maximum Nitrate Concentration
- Depth Zone Inferred From Well
Type
(mg/L as N; displayed by midpoint
of inferred depth zone)

" <5.0

" 5.0 - 9.9

" >=10.0

Sediment Texture
- Percent Coarse
(shown in 50 foot intervals from
CVHM texture model)
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 06-08 Nitrate Concentration by Depth Along Cross-Section D-D'.mxd

FIGURE 6-8
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

NITRATE CONCENTRATION BY DEPTH ALONG
GEOLOGIC CROSS-SECTION D-D'

Vertical Exaggeration: 20x

D D'
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tio
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(WEST) (EAST)

Explanation
Maximum Nitrate Concentration
- Some Aspect of Well
Construction Known
(mg/L as N; displayed by known or
inferred well perforated interval)

<5.0

5.0 - 9.9

>=10.0

Maximum Nitrate Concentration
- Depth Zone Inferred From Well
Type
(mg/L as N; displayed by midpoint of
inferred depth zone)

" <5.0

" 5.0 - 9.9

" >=10.0

Sediment Texture
- Percent Coarse
(shown in 50 foot intervals from
CVHM texture model)
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 06-09 Nitrate Concentration by Depth Along Cross-Section E-E'.mxd

FIGURE 6-9
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

NITRATE CONCENTRATION BY DEPTH ALONG
GEOLOGIC CROSS-SECTION E-E'

Vertical Exaggeration: 20x
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Maximum Nitrate Concentration
- Some Aspect of Well
Construction Known
(mg/L as N; displayed by known or
inferred well perforated interval)

<5.0

5.0 - 9.9

>=10.0

Maximum Nitrate Concentration
- Depth Zone Inferred From Well
Type
(mg/L as N; displayed by midpoint of
inferred depth zone)

" <5.0

" 5.0 - 9.9

" >=10.0

Sediment Texture
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(shown in 50 foot intervals from
CVHM texture model)
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 06-10 Nitrate Concentration by Depth Along Cross-Section F-F'.mxd

FIGURE 6-10
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

NITRATE CONCENTRATION BY DEPTH ALONG
GEOLOGIC CROSS-SECTION F-F'

Vertical Exaggeration: 20x

F F'

Ele
va

tio
n (

ft, 
ms

l)

Distance (ft)

(WEST) (EAST)

Fresno
Slough

Western Tulare
Lake Basin Area

§̈¦5

California
Aqueduct

G-G'

Explanation
Maximum TDS Concentration
- Some Aspect of Well
Construction Known
(mg/L as N; displayed by known or
inferred well perforated interval)

<5.0

5.0 - 9.9

>=10.0

Maximum TDS Concentration
- Depth Zone Inferred From Well
Type
(mg/L as N; displayed by midpoint of
inferred depth zone)

" <5.0

" 5.0 - 9.9

" >=10.0

Sediment Texture
- Percent Coarse
(shown in 50 foot intervals from
CVHM texture model)

0 - 25

25 - 50

50 - 75

75 - 100

Corcoran Clay

Fining

Coarsening



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

200000 220000 240000 260000 280000 300000 320000 340000
-2100
-2000
-1900
-1800
-1700
-1600
-1500
-1400
-1300
-1200
-1100
-1000

-900
-800
-700
-600
-500
-400
-300
-200
-100

0
100
200
300

        

X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 06-11 Nitrate Concentration by Depth Along Cross-Section G-G'.mxd

FIGURE 6-11
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

NITRATE CONCENTRATION BY DEPTH ALONG
GEOLOGIC CROSS-SECTION G-G'

Vertical Exaggeration: 20x

G

Ele
va

tio
n (

ft, 
ms

l)

Distance (ft)

(NORTH)

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0 20000 40000 60000 80000 100000 120000 140000 160000 180000
-2100
-2000
-1900
-1800
-1700
-1600
-1500
-1400
-1300
-1200
-1100
-1000

-900
-800
-700
-600
-500
-400
-300
-200
-100

0
100
200
300

          

G'
(SOUTH)

Ele
va

tio
n (

ft, 
ms

l)
Distance (ft)

Explanation
Maximum TDS Concentration
- Some Aspect of Well Construction
Known
(mg/L as N; displayed by known or inferred well
perforated interval)

<5.0
5.0 - 9.9
>=10.0

Maximum TDS Concentration
- Depth Zone Inferred From Well Type
(mg/L as N; displayed by midpoint of inferred
depth zone)

" <5.0
" 5.0 - 9.9
" >=10.0

Sediment Texture - Percent Coarse
(shown in 50 foot intervals from CVHM
texture model)

0 - 25

25 - 50

50 - 75

75 - 100

Corcoran Clay

Fining

Coarsening

Section
Continued

Below
(SOUTH)

Section
Continued

From
Above

(NORTH)

Western Tulare
Lake Basin Area

A-A' B-B' C-C'

D-D' E-E' Western Tulare
Lake Basin Area



""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" """""""""

""

"
"

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""

"

"

"

"""

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0 20000 40000 60000 80000 100000 120000

-2400

-2300

-2200

-2100

-2000

-1900

-1800

-1700

-1600

-1500

-1400

-1300

-1200

-1100

-1000

-900

-800

-700

-600

-500

-400

-300

-200

-100

0

100

200

300

400

500

600

700

       

X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 06-12 TDS Concentration by Depth Along Cross-Section A-A'.mxd

FIGURE 6-12
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

TDS CONCENTRATION BY DEPTH ALONG
GEOLOGIC CROSS-SECTION A-A'

Vertical Exaggeration: 20x

A A'

Ele
va

tio
n (

ft, 
ms

l)

Distance (ft)

(WEST) (EAST)

Explanation
Maximum TDS Concentration
- Some Aspect of Well
Construction Known
(mg/L; displayed by known or inferred
well perforated interval)

<2,000

2,000 - 3,999

4,000 - 5,999

>=6,000

Maximum TDS Concentration
- Depth Zone Inferred From
Well Type
(mg/L; displayed by midpoint of
inferred depth zone)

" <2,000

" 2,000 - 3,999

" 4,000 - 5,999

" >=6,000

Sediment Texture
- Percent Coarse
(shown in 50 foot intervals from
CVHM texture model)

0 - 25

25 - 50

50 - 75

75 - 100

Corcoran Clay

Fining

Coarsening

Fresno
Slough

Western Tulare
Lake Basin Area

§̈¦5 California
Aqueduct

G-G'
San Joaquin

River



"
"

"""
"""

"

""

""""

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0 20000 40000 60000 80000 100000
-2100

-2000

-1900

-1800

-1700

-1600

-1500

-1400

-1300

-1200

-1100

-1000

-900

-800

-700

-600

-500

-400

-300

-200

-100

0

100

200

300

400

500

600

700

800

900

1000

1100

      

\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 06-13 TDS Concentration by Depth Along Cross-Section B-B'.mxd

FIGURE 6-13
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

TDS CONCENTRATION BY DEPTH ALONG
GEOLOGIC CROSS-SECTION B-B'

Vertical Exaggeration: 20x

B B'

Ele
va

tio
n (

ft, 
ms

l)

Distance (ft)

(WEST) (EAST)

Explanation
Maximum TDS Concentration
- Some Aspect of Well
Construction Known
(mg/L; displayed by known or inferred
well perforated interval)

<2,000

2,000 - 3,999

4,000 - 5,999

>=6,000

Maximum TDS Concentration
- Depth Zone Inferred From
Well Type
(mg/L; displayed by midpoint of
inferred depth zone)

" <2,000

" 2,000 - 3,999

" 4,000 - 5,999

" >=6,000

Sediment Texture
- Percent Coarse
(shown in 50 foot intervals from
CVHM texture model)

0 - 25

25 - 50

50 - 75

75 - 100

Corcoran Clay

Fining

Coarsening

Fresno
Slough

Western Tulare
Lake Basin Area

§̈¦5

California
Aqueduct

G-G'



"
"

""

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0 20000 40000 60000 80000 100000
-2100

-2000

-1900

-1800

-1700

-1600

-1500

-1400

-1300

-1200

-1100

-1000

-900

-800

-700

-600

-500

-400

-300

-200

-100

0

100

200

300

400

500

600

700

800

900

1000

1100

      

X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 06-14 TDS Concentration by Depth Along Cross-Section C-C'.mxd

FIGURE 6-14
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

TDS CONCENTRATION BY DEPTH ALONG
GEOLOGIC CROSS-SECTION C-C'

Vertical Exaggeration: 20x

C C'

Distance (ft)

(WEST) (EAST)

Ele
va

tio
n (

ft, 
ms

l)

Explanation
Maximum TDS Concentration
- Some Aspect of Well
Construction Known
(mg/L; displayed by known or
inferred well perforated interval)

<2,000

2,000 - 3,999

4,000 - 5,999

>=6,000

Maximum TDS Concentration
- Depth Zone Inferred From
Well Type
(mg/L; displayed by midpoint of
inferred depth zone)

" <2,000

" 2,000 - 3,999

" 4,000 - 5,999

" >=6,000

Sediment Texture -
Percent Coarse
(shown in 50 foot intervals from
CVHM texture model)

0 - 25

25 - 50

50 - 75

75 - 100

Corcoran Clay

Fresno
Slough

Western Tulare
Lake Basin Area

§̈¦5

California
Aqueduct

G-G'

Fining

Coarsening



""""

"""

""
"""""""

""
" ""

"" "
"

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0 20000 40000 60000 80000 100000 120000
-2300

-2200

-2100

-2000

-1900

-1800

-1700

-1600

-1500

-1400

-1300

-1200

-1100

-1000

-900

-800

-700

-600

-500

-400

-300

-200

-100

0

100

200

300

400

500

600

700

800

900

       

X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 06-15 TDS Concentration by Depth Along Cross-Section D-D'.mxd

FIGURE 6-15
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

TDS CONCENTRATION BY DEPTH ALONG
GEOLOGIC CROSS-SECTION D-D'

Vertical Exaggeration: 20x

D D'

Ele
va

tio
n (

ft, 
ms

l)

Distance (ft)

(WEST) (EAST)

Explanation
Maximum TDS Concentration
- Some Aspect of Well
Construction Known
(mg/L; displayed by known or
inferred well perforated interval)

<2,000

2,000 - 3,999

4,000 - 5,999

>=6,000

Maximum TDS Concentration
- Depth Zone Inferred From
Well Type
(mg/L; displayed by midpoint of
inferred depth zone)

" <2,000

" 2,000 - 3,999

" 4,000 - 5,999

" >=6,000

Sediment Texture
- Percent Coarse
(shown in 50 foot intervals from
CVHM texture model)

0 - 25

25 - 50

50 - 75

75 - 100

Corcoran Clay

Fining

Coarsening

Fresno
SloughWestern Tulare

Lake Basin Area

§̈¦5

California
Aqueduct

G-G'



""""""""""""""""""""""""""""""""""""""""""""""""""""

"

"

"""""""""""""""""""
"""""""""""""""""

""""""""""""""

""""""""""""""""""

""

"""

""""""""""""""""""""""""""""""""""""
""""""""""""""""""""""""""""""""""

""""""""""""""""""""""""""""

""""""""""""""""""""""""""""""""""

""
"

" "
""""""""

"""""""

""""" "

"

"
"

"

""

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0 20000 40000 60000 80000 100000 120000 140000 160000
-2900

-2800

-2700

-2600

-2500

-2400

-2300

-2200

-2100

-2000

-1900

-1800

-1700

-1600

-1500

-1400

-1300

-1200

-1100

-1000

-900

-800

-700

-600

-500

-400

-300

-200

-100

0

100

200

300

400

500

600

700

800

         

X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 06-16 TDS Concentration by Depth Along Cross-Section E-E'.mxd

FIGURE 6-16
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
WESTERN TULARE LAKE BASIN AREA

TDS CONCENTRATION BY DEPTH ALONG
GEOLOGIC CROSS-SECTION E-E'

Vertical Exaggeration: 20x

E E'

Ele
va

tio
n (

ft, 
ms

l)

Distance (ft)

(WEST) (EAST)

Explanation
Maximum TDS Concentration -
Some Aspect of Well
Construction Known
(mg/L; displayed by known or inferred
well perforated interval)

<2,000

2,000 - 3,999

4,000 - 5,999

>=6,000

Maximum TDS Concentration -
Depth Zone Inferred From Well
Type
(mg/L; displayed by midpoint of
inferred depth zone)

" <2,000

" 2,000 - 3,999

" 4,000 - 5,999

" >=6,000

Sediment Texture
- Percent Coarse
(shown in 50 foot intervals from
CVHM texture model)

0 - 25

25 - 50

50 - 75

75 - 100

Corcoran Clay

Fresno
Slough

Western Tulare
Lake Basin Area

§̈¦5 California
Aqueduct

G-G'

Fining

Coarsening



""""""

"
""

"
"

"

"
"

"

" ""

""

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0 20000 40000 60000 80000 100000 120000 140000
-2400

-2300

-2200

-2100

-2000

-1900

-1800

-1700

-1600

-1500

-1400

-1300

-1200

-1100

-1000

-900

-800

-700

-600

-500

-400

-300

-200

-100

0

100

200

300

400

500

600

700

800

900

1000

1100

1200

1300

        

X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 06-17 TDS Concentration by Depth Along Cross-Section F-F'.mxd

FIGURE 6-17
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Explanation
Very Shallow Wells with
Nitrate Concentrations
>= 5 mg/L (as N)
! 5.0 - 9.9

! >=10.0

Soil Salinity
Electrical Conductivity (dS/m)

<=1.0

1.1 - 2.0

2.1 - 4.0

4.1 - 8.0

>8.0

Western Tulare Lake Basin

Data sources
Natural Resources Conservation Service (NRCS) Soil Survey Geographic
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Very Shallow Wells with
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>= 1,500 mg/L
! 1,500 - 3,000

! >=3,000

Soil Salinity
Electrical Conductivity (dS/m)

<=1.0

1.1 - 2.0

2.1 - 4.0

4.1 - 8.0

>8.0

Western Tulare Lake Basin

Data sources
Natural Resources Conservation Service (NRCS) Soil Survey Geographic
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 06-23 Map of Change in TDS Concentrations in Upper Aquifer - Pre-1980 to 2000s.mxd

Explanation
Change in Average TDS
Concentrations in
Upper Aquifer
(Pre-1980 minus 2000s,
mg/L)
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FIGURE 6-23
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 06-24 Map of Change in TDS Concentrations in Upper Aquifer - 1980s1990s to 2000s.mxd

Explanation
Change in Average TDS
Concentrations in
Upper Aquifer
(1980s/1990s minus 2000s,
mg/L)
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Western Tulare Lake Basin

FIGURE 6-24
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 06-25 Map of Difference in TDS Concentrations - Very Shallow versus Upper Aquifer.mxd

Explanation
Difference in Average TDS
Concentrations: 2000s
(Very Shallow Zone minus
Upper Aquifer, mg/L)
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FIGURE 6-25
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 06-26 Map of Nitrate Concentrations Relative to Sediment Texture Minimum Percent Coarse 0-200 Feet.mxd

Explanation
Wells in the Upper Aquifer
with Nitrate Concentration
>= 5 mg/L (as N)
!( 5.0 - 9.9

!( >=10.0

Sediment Texture - Percent
Coarse
(MIN PC 0-200)

<10

11 - 15

16 - 20

21 - 25

26 - 30

31 - 35

36 - 40

41 - 45

46 - 50

>50

Western Tulare Lake Basin

Data sources
US Geological Survey, CVHM
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 06-27 Map of TDS Concentrations Relative to Sediment Texture Minimum Percent Coarse 0-200 Feet.mxd
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FIGURE 6-27
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Data sources
US Geological Survey, CVHM
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 06-28 Map of Vulnerabilty of the Upper Aquifer.mxd

Explanation
Soil Vulnerability

High Vulnerability Soils - High
Hydraulic Conductivity (>2 ft/day)

Subsurface Sediment
Vulnerability

High (>25 Percent Coarse)

Low (<25 Percent Coarse)

Western Tulare Lake Basin

FIGURE 6-28
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 06-29 Map of Hydrogeologic High Vulnerability Areas.mxd

Explanation
Hydrogeologic High
Vulnerability Areas

Soils with High Salinity

Soils with High Conductivity

Coarse Subsurface Sediments

Western Tulare Lake Basin
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 06-30 Map of Nitrate Concentrations in Relation to Hydrogeologic High Vulnerability Areas.mxd

Explanation
Wells with Nitrate
Concentration
>= 5 mg/L (as N)
(Wells of All Depths)

! 5.0 - 9.9

! >=10.0

High Well Vulnerability Area
(area around outlier wells,
highlighted for display - not to scale)

Hydrogeologic High
Vulnerability Area

Western Tulare Lake Basin

FIGURE 6-30
WESTLANDS WATER QUALITY COALITION 

GROUNDWATER QUALITY ASSESSMENT REPORT 
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MAP OF HIGH WELL VULNERABILITY AREA
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Explanation
High Vulnerability Area

Western Tulare Lake Basin
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Explanation
High Vulnerability Area
Priority Level

Priority 1

Priority 2

Priority 3

Priority 4

Retired Lands

Western Tulare Lake Basin
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Explanation
Priority Level for High
Vulnerability Area
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Westlands Water Quality Coalition – Groundwater Quality Assessment Report 

Chapter 7 

GROUNDWATER MONITORING PROGRAMS 

7.1 GROUNDWATER MONITORING PROGRAMS 

As indicated in earlier report chapters, many entities have conducted groundwater 
monitoring in the Westlands Water Quality Coalition (Westlands Coalition, or Coalition) 
region, including monitoring on the Central Valley Floor and also in the peripheral areas. 
The waste discharge requirements (WDR) specifies that within one year from the approval 
of the Groundwater Quality Assessment Report (GAR), the Coalition shall develop a 
workplan for conducting trend monitoring that meets the objectives and minimum 
requirements of the Monitoring and Reporting Program (MRP). The objectives for the trend 
monitoring program include: 

1. Determine current water quality conditions of groundwater relevant to irrigated 
agriculture. 

2. Develop long-term water quality information that can be used to evaluate the regional 
effect (i.e., no site-specific effects) of irrigated agriculture and its practices. 

The design and implementation of the trend monitoring program will include (among other 
considerations) a groundwater monitoring network that will address: 

1. High and low groundwater vulnerability areas in the Coalition region. 

2. Use of shallow wells “but not necessarily wells completed in the uppermost zone of 
first encountered groundwater” (WDR R5-2014-0001, Attachment B, IV, C). 

3. The potential suitability of existing monitoring networks such as those developed for 
purposes of groundwater management plans. 

4. The rationale for the distribution of the trend monitoring wells. 

This chapter summarizes the groundwater monitoring networks that have been developed 
by federal, state, and local entities to preliminarily assess the distribution of existing 
monitoring wells that may potentially be used for purposes of the Coalition’s trend 
monitoring program. As indicated in previous chapters, well construction data are lacking 
for many monitored wells. Therefore, as part of the trend monitoring workplan, additional 
examination of available records for existing monitoring wells, which are potential 
candidates for inclusion in the trend network, will be needed in many cases to determine 
the construction of the candidate wells. Table 7-1 and Figure 7-1 through Figure 7-10 
summarize the availability of historical monitoring within the Coalition region and indicate 
potential wells for consideration as part of a monitoring program. Wells monitored recently 
(since 2005) are summarized in Table 7-2, Table 7-3, Figure 7-11, and Figure 7-12 by the 
entity from which data were available. 

February 2015 7-1 
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7.1.1 Westlands Water District (including Groundwater Management 
Plan) 

Westlands Water Quality Coalition (Westlands Coalition, or Coalition) has provided data 
from 3,612 wells in the Coalition area with over 195,000 groundwater level measurements. 
Of these wells, 3,206 had known well depth, and about 3,000 were of known well type 
(Table 7-1). This was the largest dataset available for interpretation of groundwater levels. 
The quality of location information for most of these wells was relatively high with most 
having Global Positioning System (GPS) coordinate information. From the data provided, 
approximately 3,300 had GPS coordinates included. Of those wells lacking GPS 
coordinates, about 100 wells had other sources of coordinates while the remainder were 
located to the center of the quarter-quarter section identified in the State Well Number for 
each well. 

Westlands Coalition well water level data were collected more regularly during the 1990s 
than in the time periods prior or since. However, data spanning the last five decades have 
been maintained. 

Groundwater quality data from Westlands Coalition included 391 wells with 516 nitrate 
samples, and 2,197 wells with 3,935 TDS samples, most with well depth and well type 
known. Other than a distinct drop in the number of samples collected in the 1980s, 
Westlands Coalition has collected well water TDS samples in large quantities since the 
1950s. Similarly, the nitrate testing program has been active for five decades, but it was 
greatly reduced from the 1970s through the 2000s. Nitrate data collection has increased 
since the 2000s. 

7.1.2 California Department of Water Resources 

The California Department of Water Resources (DWR) monitors groundwater levels 
throughout the state. These data are available publically through the California Statewide 
Groundwater Elevation Monitoring (CASGEM) web portal. Within the Coalition area, 
3,100 wells were identified in the DWR CASGEM database. These data consist of 
25,689 useable water level measurements taken over the last century. Most of these wells 
were of unknown type and unknown depth. Of those for which the aquifer and the well use 
were known, most of these wells were in the lower aquifer and were irrigation wells. These 
measurements were collected throughout the last 50 years, with a drop in measurements 
during the 1980s and 1990s, rebounding in the 2000s, similar to the Westlands Coalition 
water levels dataset. 

DWR data for groundwater quality included 640 wells sampled 1,318 times for nitrate, and 
1,197 wells sampled 3,062 times for TDS, with some overlap between those two sets of 
wells. Approximately all of these were of unknown well type and depth. Most of the DWR 
water quality data were collected prior to the 1970s, with some wells sampled for water 
quality in more recent decades. 
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7.1.3 State Water Resources Control Board 

Several GAMA programs exist within the study area. Forty-seven (47) wells with 
673 groundwater level measurements were available for this project (Table 7-1). None of 
these were of known well type, but 41 were of known depth. All of these samples were 
collected after the year 2000. 

State Water Resources Control Board (SWRCB) groundwater quality data included 27 wells 
sampled 164 times for nitrate, and 27 wells sampled 353 times for TDS, with some overlap 
between those. Most were of known depth and well type. All of these samples were 
collected after the year 2000. 

7.1.4 United States Geological Survey 

It was determined that the United States Geological Survey (USGS) groundwater level 
wells in the area were included in the groundwater levels dataset provided by Westlands 
Coalition and therefore the USGS National Water Information System (NWIS) groundwater 
levels dataset was not included to avoid duplication of water level results. 

For groundwater quality, USGS data included 242 wells sampled 549 times for nitrate and 
327 wells sampled 1,259 times for TDS (Table 7-1). Well type was not available, but well 
depths were available in almost all cases. USGS data collection efforts have been 
punctuated rather than consistent. The majority of the data in this dataset was collected 
during the 1980s with another set of data collected before 1970. 

7.1.5 California Department of Public Health 

Community water systems are required to report water quality parameters on a triennial or 
more frequent schedule, pending location of the system and specific circumstances that 
may require more frequent testing and reporting. California Department of Public Health 
(CDPH) data for the Coalition region include 25 wells for nitrate and 21 for TDS (Table 7-1). 
Due to lack of access to well construction information, these wells are categorized as 
completed in the Lower Aquifer. CDPH water quality data is generally collected on a regular 
basis, however, there are very few Public Water Systems in the Coalition area. Therefore, 
only a few samples have been collected by CDPH, most in the last decade. 

7.1.6 California Department of Pesticide Regulation 

As a requirement of the Pesticide Contamination Prevention Act (PCPA), the California 
Department of Pesticide Regulation (DPR) maintains a database of results from sampling of 
wells for pesticides that are submitted to DPR from local, county, and state agencies. 
Multiple agencies report groundwater testing data to DPR, including CDPH and SWRCB. In 
the past, the SWRCB has also collected groundwater quality data through the GAMA 
program, and these results are reported to DPR. Some sampling of wells for pesticides is 
also conducted by DPR as part of groundwater monitoring programs aimed at delineating 
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Groundwater Protection Areas (GWPAs) and also to determine if pesticides classified as 
potential contaminants have reached groundwater as a result of their legal use. 

When DPR receives a result indicating a pesticide detection, the detection is investigated to 
determine if it was the result of legal agricultural practices, and whether additional sampling 
is necessary. However, DPR does not conduct additional sampling if any of the following 
circumstances exist: 1) the pesticide is no longer sold in California, 2) follow-up samples do 
not detect the pesticide, 3) the pesticide is regulated as a groundwater contaminant and 
located within a Groundwater Protection Act (GWPA), or 4) the pesticide is naturally 
occurring, although DPR will consider additional sampling if there is evidence that the 
detection is the result of pesticidal use of the compound. When pesticide detections are 
located outside of the GWPAs, DPR will determine if the GWPAs need to be expanded to 
include new areas. 

Data provided by DPR for use in this GAR were only available at a spatial resolution 
accurate to the section (approximately one square mile) in which the well is located. DPR 
provided well pesticide test data for 84 wells, with a total of 2,400 test results. 

7.1.7 Regional Water Quality Control Board – Dairy Monitoring Programs 

Although some dairy wells are located adjacent to the Coalition region, and were 
incorporated into the dataset used in the evaluation of groundwater conditions, (Chapter 5) 
no dairy monitoring wells lie within the boundaries of the Coalition region. 

7.2 SUMMARY OF EXISTING GROUNDWATER MONITORING 
PROGRAMS 

There are several ongoing monitoring programs in the Western Tulare Lake Basin Area. 
DWR, DPR, CDPH, and Westlands Coalition all maintain databases that are regularly 
updated with new information obtained from wells in the study area. The largest and most 
widespread data are available in the DWR and Westlands Coalition groundwater level 
datasets. The CDPH water quality dataset is relatively small in terms of number of wells 
sampled, compared with more populated areas of the Central Valley, however, this dataset 
has the widest range of water quality parameters tested. 

7.2.1 Recent Monitoring Programs 

Table 7-3 summarizes the recent groundwater monitoring since 2005 by location relative to 
high groundwater vulnerability areas. A total of 3,848 wells have been monitored for 
groundwater levels since 2005 in the Coalition region, with 3,264 of those in the High 
Vulnerability Area (HVA), 584 outside the HVA, but within the Central Valley Floor, and 
60 wells outside the HVA in the Peripheral area. The primary entities from which recent 
groundwater data are available are Westlands Coalition and DWR. 
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Since 2005, 191 wells within the Western Tulare Lake Basin Area have been sampled for 
nitrate and 1,070 have been sampled for TDS (Table 7-3). Within the HVAs, 136 wells have 
been sampled for nitrate since 2005 and 805 wells have been sampled for TDS. In areas 
within the Central Valley Floor located outside the HVAs, 55 wells have been sampled for 
nitrate and 265 wells have been sampled for TDS since 2005. Additionally, in the Peripheral 
Area, 15 wells have been sampled for nitrate since 2005 and 14 wells have been sampled 
for TDS. 

Westlands Coalition data are the largest portion of the water quality data collected since 
2005. Westlands Coalition data collected since 2005 include 54 wells sampled for nitrate 
and 904 wells sampled for TDS (Table 7-3). DWR collected nitrate data for 77 wells since 
2005, and TDS data for 78 wells. SWRCB, CDPH, and USGS wells made up the rest of the 
data collected since 2005, with 27, 24, and 9 wells (respectively) sampled for nitrate; and 
42, 26, and 20 wells (respectively) sampled for TDS. 

7.2.2 Data Gaps 

The most apparent data gap is a lack of wells with groundwater quality (in particular, nitrate 
data) and groundwater level data in the Upper Aquifer (Table 7-2). It is possible that many 
of the wells assigned to “Unknown” depth class may be in the Upper Aquifer, but this would 
have to be determined through further investigation of the well construction information or 
through other methods. 

Many of the wells for which data are available were assigned to a depth zone based on 
their use type, when well depth information is not known. Identification of well construction 
information will be important for any wells chosen as part of a future monitoring program to 
ensure the program is properly designed to meet its objectives. If depth or other 
construction information is not readily known, it may be advantageous to obtain this 
information through construction logs or other well records, in order to consider a well for 
inclusion as part of a monitoring program. 

For the groundwater levels database, the lack of depths or perforated intervals for many 
wells, particularly in the DWR and SWRCB datasets, presents challenges in interpreting 
data. Similarly, more complete attribution of well uses in the SWRCB and DWR 
groundwater levels datasets would enable better identification of candidate wells for 
monitoring. In the Westlands Coalition dataset, some of the well uses are unclear and 
investigation of these well types may be helpful if they are to be considered for inclusion in 
a groundwater monitoring program. 

From available groundwater quality data, there were many wells monitored for nitrate; 
accurate location information is notably missing for many of the CDPH wells in the Coalition 
region. CDPH well locations, are readily available and available for this report, are 
purposely obfuscated by the State with regards to location, up to a mile away from their 
actual location. An effort should be made to obtain better location coordinates for the CDPH 
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wells, and also for some of the DWR wells, many of which can only be imprecisely located 
using their State Well Number. 

In the HVAs, recent water quality data from the very shallow groundwater is available from 
many wells on the eastern side of the valley floor portion of the Coalition region; however, 
few data are available along the western side of the region. In particular, no data are 
available along the Interstate-5 corridor, around the cities of Huron or Coalinga, or in the 
Panoche Valley from the very shallow groundwater. These areas of poor coverage include 
the majority of the Priority 1 areas (Figure 7-14). 

Recently monitored Upper Aquifer wells were spare, including sparse coverage of the HVAs 
along the eastern edge of the Coalition region, and almost no wells in the Priority 1 zones 
(Figure 7-14). 

In the HVAs, described in Chapter 6, recent water quality data (since 2005) from the Lower 
Aquifer is somewhat poorly distributed, with no data available in the Panoche Valley, in the 
area around Coalinga, and in a large area south of the city of Mendota and west of the city 
of San Joaquin. All of these are populated areas. The areas with poor data coverage 
include about half of the Priority 1 areas identified in Chapter 6 (Figure 7-15). Recently 
sampled composite wells (Figure 7-16) were distributed along the eastern edge of the 
Coalition region, rarely extending westward of the California Aqueduct, mostly in the 
southern two-thirds of the Coalition region. Thus, these will not be of much help in 
increasing coverage in the HVAs. 

Wells of unknown depth were present in a thin region stretching along the California 
Aqueduct (Figure 7-16); these may help to cover some data gaps in the coverage of Upper 
and Lower Aquifers, if the depths of these wells can be determined. 

7.2.3 Potential Monitoring Wells 

The best candidates for monitoring wells will be wells for which the depths and lengths of 
perforated intervals and casings are available and that are accurately located with GPS or 
other coordinate information. Well completion reports and drillers’ logs should be acquired 
for all monitoring wells. For the purposes of future trend monitoring, monitoring wells should 
not be assigned to an aquifer based on well-use only. Ideally, these wells should also have 
an existing record of groundwater quality and level data. 

The overall construction of potential monitoring wells should also be considered. Poorly 
constructed wells with pathways for water to travel between aquifers can produce 
inaccurate monitoring results. Driller’s logs and well completion reports can be used to 
identify wells that are suitable for sampling one aquifer without mixing water from aquifers 
above or below the target aquifer. 

Wells in the Upper Aquifer and very shallow groundwater zone within the HVAs 
(Figure 7-14) will be important for monitoring networks as these wells will be best suited for 
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characterizing the impact of changing irrigation practices; however, as described above, 
there is a lack of recently monitored wells in much of the Priority 1 area of the HVA. Older 
data exist for a handful of wells in the western part of the Central Valley Floor, as shown in 
Figure 7-7; but these wells have not been recently monitored, and may be destroyed, 
abandoned, lost, or inaccessible. Further investigation of historically, but not recently, 
monitored wells may increase the coverage of wells for monitoring the Upper Aquifer and 
very shallow groundwater. 

Composite wells and wells of unknown depth should be further investigated to understand 
their value as monitoring wells, particularly in areas with poor data availability in the HVAs 
(Figure 7-16).  
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Table 7-1

Groundwater Quality Assessment Report for the Western Tulare Lake Basin Area

Westlands Water Quality Coalition

Monitoring 
Entity

Number of 
wells

Number of 
measure-

ments

Wells with 
known 
depth

Irrigation 
Wells

Monitoring 
Wells

Domestic 
Wells

Unknown 
Well Type

Very 
Shallow 

Zone
Upper 
Aquifer

Lower 
Aquifer Composite

Unknown 
Zone

Wells 
measured
Pre-1970s

Wells 
measured 
in 1970s

Wells 
measured 
in 1980s

Wells 
measured 
in 1990s

Wells 
measured 
in 2000s

Wells 
measured 
in 2010s

WWD 3,612 195,806 3,206 1,432 1,547 11 622 2,040 344 883 345 0 459 872 2,007 2,218 2,070 1,516
DWR 3,100 25,689 722 942 64 0 2,094 31 132 881 0 2,056 1,097 641 425 349 920 1,105
SWRCB 47 673 30 0 0 0 47 28 13 0 0 6 0 0 0 0 47 17

Total 6,759 222,168 3,958 2,374 1,611 11 2,763 2,099 489 1,764 345 2,062 1,556 1,513 2,432 2,567 3,037 2,638

Monitoring 
Entity

Number of 
wells

Number of 
samples

Wells with 
known 
depth

Irrigation 
Wells

Monitoring 
Wells

Residential 
Wells

Public 
Supply 
Wells

Unknown 
Well Type

Very 
Shallow 

Zone
Upper 
Aquifer

Lower 
Aquifer Composite

Unknown 
Zone

Wells 
Sampled

Pre-1970s

Wells 
Sampled 
in 1970s

Wells 
Sampled 
in 1980s

Wells 
Sampled 
in 1990s

Wells 
Sampled 
in 2000s

Wells 
Sampled 
in 2010s

WWD 391 516 322 358 0 10 0 23 0 39 292 51 9 322 14 0 10 9 47
CDPH 25 253 0 0 0 0 25 0 0 0 25 0 0 0 0 1 5 18 22
DWR 640 1,318 0 0 3 0 0 637 3 0 0 0 637 501 80 26 0 78 0
SWRCB 27 164 0 0 18 0 9 0 18 0 9 0 0 0 0 0 0 13 25
USGS 242 549 193 0 0 0 0 242 106 36 51 0 49 37 1 195 1 0 9
Total 1,325 2,800 515 358 21 10 34 902 127 75 377 51 695 860 95 222 16 118 103

Monitoring 
Entity

Number of 
wells

Number of 
samples

Wells with 
known 
depth

Irrigation 
Wells

Monitoring 
Wells

Residential 
Wells

Public 
Supply 
Wells

Unknown 
Well Type

Very 
Shallow 

Zone
Upper 
Aquifer

Lower 
Aquifer Composite

Unknown 
Zone

Wells 
Sampled

Pre-1970s

Wells 
Sampled 
in 1970s

Wells 
Sampled 
in 1980s

Wells 
Sampled 
in 1990s

Wells 
Sampled 
in 2000s

Wells 
Sampled 
in 2010s

WWD 2,197 3,935 1,917 1,579 536 32 0 50 550 592 669 375 11 877 109 6 502 876 362
CDPH 21 114 0 0 0 0 21 0 0 21 0 0 0 0 0 1 4 12 17
DWR 1,197 3,062 0 0 4 0 2 1,191 4 2 0 0 1,191 1,065 94 34 0 79 0
SWRCB 27 353 0 0 18 0 9 0 18 9 0 0 0 0 0 0 0 13 25
USGS 327 1,259 266 0 0 0 0 327 155 56 55 0 61 63 1 254 1 0 9

Wells With Historic Groundwater Level Measurements

Wells With Historic Nitrate Samples

Wells With Historic Total Dissolved Solids (TDS) Samples

Summary of Historical Groundwater Monitoring



Table 7-2 Summary of Recent Groundwater Monitoring

Groundwater Quality Assessment Report for the Western Tulare Lake Basin Area

Westlands Water Quality Coalition

Monitoring 
Entity

Number 
of wells

Number 
of 

measure-
ments

Number 
with known 

depth
Irrigation 

Wells
Monitoring 

Wells
Domestic 

Wells
Unknown 
Well Type

Very 
Shallow 

Zone
Upper 
Zone Lower Zone Composite Unkown

WWD 1,995 14,476 1,670 1,060 886 4 45 882 224 438 255 0
DWR 1,830 8,686 709 929 64 0 837 31 130 456 0 832
SWRCB 23 631 18 0 0 0 23 10 0 0 0 0
Total 3,848 23,793 2,397 1,989 950 4 905 923 354 894 255 832

Monitoring 
Entity

Number 
of wells

Number of 
samples

Number 
with 

known 
depth

Irrigation
Wells

Monitoring 
Wells

Residential 
Wells

Public 
Supply Wells

Unknown 
Well Type

Very 
Shallow 

Zone
Upper 

Aquifer
Lower 
Aquifer Composite

Unknown 
Zone

Wells 
with

results 
over

5 mg/L
(as N)

Wells 
with

results 
over

10 mg/L
(as N)

Wells 
with

results 
over

20 mg/L
(as N)

WWD 54 67 5 46 0 0 0 8 0 1 37 8 8 3 0 0
CDPH 24 202 0 0 0 0 24 0 0 0 24 0 0 7 3 1
DWR 77 370 0 0 1 0 0 76 1 0 0 0 76 19 15 15
SWRCB 27 164 0 0 18 0 9 0 18 0 9 0 0 8 3 3
USGS 9 14 8 0 0 0 0 9 0 2 6 0 1 2 0 0
Total 191 817 13 46 19 0 33 93 19 3 76 8 85 39 21 19

Monitoring 
Entity

Number 
of wells

Number of 
samples

Number 
with 

known 
depth

Irrigation
Wells

Monitoring 
Wells

Residential 
Wells

Public 
Supply Wells

Unknown 
Well Type

Very 
Shallow 

Zone
Upper 

Aquifer
Lower 
Aquifer Composite

Unknown 
Zone

Wells 
with

results 
over
500 

mg/L

Wells 
with

results 
over
1,000 
mg/L

Wells 
with

results 
over
1,500 
mg/L

WWD 904 1,536 794 357 524 1 0 22 535 64 222 74 9 887 660 486
CDPH 26 107 0 0 0 0 26 0 0 0 26 0 0 23 8 6
DWR 78 653 0 0 1 0 0 77 1 0 0 0 77 75 34 15
SWRCB 42 519 0 0 23 0 19 0 23 0 19 0 0 40 27 22
USGS 20 85 19 0 0 0 0 20 1 8 10 0 1 19 9 4
Total 1,070 2,900 813 357 548 1 45 119 560 72 277 74 87 1,044 738 533

Groundwater Level Measurements Since 2005

Nitrate Samples Since 2005

Total Dissolved Solids (TDS) Samples Since 2005



Table 7-3 Summary of Recent Groundwater Monitoring by Vulnerability

Groundwater Quality Assessment Report for the Western Tulare Lake Basin Area

Westlands Water Quality Coalition

Monitoring 
Entity

Number of 
wells

Wells in High 
Vulnerability Areas

Wells Outside High 
Vulnerability Areas (within 

Central Valley Floor)
Wells Outside of the 
Central Valley Floor

WWD 1,995 1,708 287 1
DWR 1,830 1,537 293 45
SWRCB 23 19 4 14
Total 3,848 3,264 584 60

Monitoring 
Entity

Number of 
wells

Wells in High 
Vulnerability Areas

Wells Outside High 
Vulnerability Areas (within 

Central Valley Floor)
Wells Outside of the 
Central Valley Floor

WWD 54 39 15 0
CDPH 24 14 10 6
DWR 77 50 27 0
SWRCB 27 26 1 9
USGS 9 7 2 0
Total 191 136 55 15

Monitoring 
Entity

Number of 
wells

Wells in High 
Vulnerability Areas

Wells Outside High 
Vulnerability Areas (within 

Central Valley Floor)
Wells Outside of the 
Central Valley Floor

WWD 904 708 196 0
CDPH 26 13 13 5
DWR 78 51 27 0
SWRCB 42 26 16 9
USGS 20 7 13 0
Total 1,070 805 265 14

Wells with Groundwater Level Measurements Since 2005

Wells with Nitrate Samples Since 2005

Wells with Total Dissolved Solids (TDS) Samples Since 2005
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 07-01 Map of Wells Monitored Historically for Groundwater Level - Very Shallow 141216.mxd

Explanation
!

Very Shallow Wells Monitored
Historically for Groundwater Levels

Western Tulare Lake Basin

FIGURE 7-1
WESTLANDS WATER QUALITY COALITION

GROUNDWATER QUALITY ASSESSMENT REPORT
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF WELLS MONITORED HISTORICALLY FOR
GROUNDWATER LEVELS: VERY SHALLOW GROUNDWATER
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 07-02 Map of Wells Monitored Historically for Groundwater Level - Upper 141216.mxd

Explanation
!

Wells in the Upper Aquifer
Monitored Historically for
Groundwater Levels

Western Tulare Lake Basin

FIGURE 7-2
WESTLANDS WATER QUALITY COALITION

GROUNDWATER QUALITY ASSESSMENT REPORT
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF WELLS MONITORED HISTORICALLY FOR 
GROUNDWATER LEVELS: UPPER AQUIFER
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Explanation
!

Wells in the Lower Aquifer
Monitored Historically for
Groundwater Levels

Western Tulare Lake Basin

FIGURE 7-3
WESTLANDS WATER QUALITY COALITION

GROUNDWATER QUALITY ASSESSMENT REPORT
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF WELLS MONITORED HISTORICALLY FOR 
GROUNDWATER LEVELS: LOWER AQUIFER
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 07-05 Map of Wells Monitored Historically for Groundwater Level - Unknown 141216.mxd

Explanation
!

Wells of Unknown Depth
Monitored Historically for
Groundwater Levels

Western Tulare Lake Basin

FIGURE 7-5
WESTLANDS WATER QUALITY COALITION

GROUNDWATER QUALITY ASSESSMENT REPORT
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF WELLS MONITORED HISTORICALLY FOR 
GROUNDWATER LEVELS: WELLS OF UNKNOWN DEPTH
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 07-06 Map of Wells Monitored Historically for Groundwater Quality - Very Shallow 141216.mxd

Explanation
!

Very Shallow Wells Monitored
Historically for Groundwater
Quality

Western Tulare Lake Basin

FIGURE 7-6
WESTLANDS WATER QUALITY COALITION

GROUNDWATER QUALITY ASSESSMENT REPORT
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF WELLS MONITORED HISTORICALLY FOR 
GROUNDWATER QUALITY: VERY SHALLOW GROUNDWATER
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 07-07 Map of Wells Monitored Historically for Groundwater Quality - Upper 141216.mxd

Explanation
!

Wells in the Upper Aquifer
Monitored Historically for
Groundwater Levels

Western Tulare Lake Basin

FIGURE 7-7
WESTLANDS WATER QUALITY COALITION

GROUNDWATER QUALITY ASSESSMENT REPORT
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF WELLS MONITORED HISTORICALLY FOR 
GROUNDWATER QUALITY: UPPER AQUIFER
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FIGURE 7-8
WESTLANDS WATER QUALITY COALITION
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!
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Groundwater Quality

Western Tulare Lake Basin

FIGURE 7-10
WESTLANDS WATER QUALITY COALITION

GROUNDWATER QUALITY ASSESSMENT REPORT
WESTERN TULARE LAKE BASIN AREA

´
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MAP OF WELLS MONITORED HISTORICALLY FOR 
GROUNDWATER QUALITY: WELLS OF UNKNOWN DEPTH
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Explanation
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(since 2005)
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! SWRCB

! DWR

! WWD

Western Tulare Lake Basin

FIGURE 7-11
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GROUNDWATER QUALITY ASSESSMENT REPORT
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MAP OF WELLS MONITORED RECENTLY FOR 
GROUNDWATER QUALITY BY ENTITY
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 07-12 Map of Wells Monitored Recently for Groundwater Level by Entity 141214.mxd

Explanation
Wells Monitored Recently
for Groundwater Level
(since 2005)
Data Source Entity

! WWD

! DWR

! SWRCB

Western Tulare Lake Basin

FIGURE 7-12
WESTLANDS WATER QUALITY COALITION

GROUNDWATER QUALITY ASSESSMENT REPORT
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF WELLS MONITORED RECENTLY FOR 
GROUNDWATER LEVEL BY ENTITY
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X:\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 07-13 Map of Sections Sampled for Pesticides 20141222.mxd

Explanation
Sections With Wells
Monitored for Pesticides
Most Recent Year of Sample

1999 and earlier

2000 and later

Western Tulare Lake Basin

FIGURE 7-13
WESTLANDS WATER QUALITY COALITION

GROUNDWATER QUALITY ASSESSMENT REPORT
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF SECTIONS 
MONITORED FOR PESTICIDES
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 07-14 Map of Wells Monitored Recently - Very Shallow and Upper.mxd

Explanation
Wells Monitored Recently
(since 2005)

! Very Shallow

! Upper Aquifer

Priority Level for Irrigated
High Vulnerability Area

Priority 1

Priority 2

Priority 3

Priority 4

Retired Lands

Western Tulare Lake Basin

FIGURE 7-14
WESTLANDS WATER QUALITY COALITION

GROUNDWATER QUALITY ASSESSMENT REPORT
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF WELLS MONITORED RECENTLY: 
VERY SHALLOW GROUNDWATER AND UPPER AQUIFER
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\\lsceexser\clerical\2014 Job Files\14-004\GIS_WESTLANDS\FIGURES_GIS\Figure 07-15 Map of Wells Monitored Recently - Lower Aquifer.mxd

Explanation
Wells Monitored Recently
(since 2005)

! Lower Aquifer

Priority Level for Irrigated
High Vulnerability Area

Priority 1

Priority 2

Priority 3

Priority 4

Retired Lands

Western Tulare Lake Basin

FIGURE 7-15
WESTLANDS WATER QUALITY COALITION

GROUNDWATER QUALITY ASSESSMENT REPORT
WESTERN TULARE LAKE BASIN AREA

´
0 4 8 Miles

MAP OF WELLS MONITORED RECENTLY:
LOWER AQUIFER
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