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1.  SUMMARY 

The Sacramento Central Groundwater Authority Well Protection Program (WPP) is a result of 
negotiations that took place as part of the Central Sacramento County Groundwater Forum’s 
ongoing effort to protect and enhance groundwater resources in the Central Basin.  
Groundwater levels in the Central Basin could change due to water demands necessary to meet 
the build-out level of development under future land use and water use conditions.  Changes in 
groundwater levels may impact existing agricultural and rural domestic wells.  For impacted 
wells, actions may be required to extend the lifespan of the well, such as lowering of the pump 
bowl, deepening of the well, or replacement of the well.  The WPP is being developed for the 
Central Basin as a mechanism to provide funding for mitigation of wells that may be impacted 
by the lowering of groundwater levels as a result of the implementation of new water 
management practices. 

The total number of rural domestic and agricultural wells in the Central Basin is not known.  
However, 825 rural domestic wells and 226 agricultural wells have been identified.  The 
analysis presented here is based on data collected from the identified wells.   

Water levels for the project scenarios analyzed were obtained from the Hydrologic and Modeling 

Analysis for Zone 40 Water Supply Mater Plan (WIMRE, 2004), and the modeling work performed 
as part of the Central Sacramento County Groundwater Management Plan – Impact Analysis for Well 

Protection Program (IAWPP) (WRIME, 2005).  These project scenarios are: 

 Proposed Project, and 
 Reduced Surface Water Availability. 

The “Proposed Project” scenario represents the build-out conditions with the water supplies 
proposed under the Zone 40 Water Supply Master Plan (MWH, 2005) 



  

The “Reduced Surface Water Availability” scenario was simulated in this study to represent a 
26,700 acre-feet/year (AFY) reduction in surface water diversion at Freeport to Zone 40 and 
increased groundwater pumping by 26,700 AFY in the Central Basin (also described in MWH, 
2005). 

Data was developed as part of previous work for the “No Project” scenario, but was not 
analyzed as part of this task. 

The results of this work indicate that depending on the management scenario enacted, 
approximately 4,000 to 5,000 individual parcels over 1 acre may potentially have wells that 
could be impacted at some level.  Details of the analysis processes are described in this memo.   

2.  INTRODUCTION 

The future water levels estimated under the Proposed Project and Reduced Surface Water 
Availability scenarios were obtained from the hydrologic modeling work performed as part of 
the WRIME, 2004 study and the IAWPP study, using the Sacramento County Integrated 
Ground and Surface water Model (SacIGSM).  SacIGSM is an integrated hydrologic model that 
simulates the land use based surface water conditions, groundwater flows, streamflows, and 
stream-aquifer interaction throughout the Sacramento County area.  The model uses a “26-year” 
hydrologic cycle for the period water years 1970-95.  The model has recently been updated for 
the areas north of the American River with more refined land and water use data (WRIME, 
2007).  Simulation results for SacIGSM indicate that under a “No Project” scenario, groundwater 
levels in parts of the Central Basin are expected to decline.  With implementation of either of the 
two project scenarios, groundwater levels would continue to decline, but not as rapidly, or to 
the extent estimated without implementation of the project scenarios.   

A Well Protection Program is being developed for the Sacramento Central Groundwater Basin 
to provide a funding mechanism for mitigating potential impacts to private wells.  The work 
presented in the IAWPP laid the groundwork for analyzing the areas that may be impacted.  
This work refines the IAWPP work and identifies the land parcels potentially impacted by 
implementation of either the Proposed Project scenario or the Reduced Surface Water 
Availability scenario. 

3.  AVAILABLE DATA 

Groundwater level data was obtained from the previous modeling work developed using the 
SacIGSM as part of the IAWPP and the Zone 40 projects.  In addition to this data, the 
Sacramento County Water Agency (SCWA) provided the polygon grid in GIS shapefile format 
used for management of groundwater elevations, as illustrated in the Central Sacramento County 
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Groundwater Management Plan (MWH, 2006).  The SCWA also provided a GIS shapefile 
containing all parcels in the Central Sacramento Groundwater Basin project area.  

4.  METHODOLOGY 

Data obtained from the IAWPP are analyzed in this study through two methods, 1) 
mathematical analysis of well impacts and 2) spatial analysis of well impacts.  The IAWPP used 
an individual well impact analysis that resulted in a dataset describing 3 impact thresholds; the 
impact threshold qualifiers are shown in Table 1.  Figure 1 is an example of the results from the 
IAWPP analysis.  For the new analysis, the previous data files were used to more precisely 
investigate localized impacts.  This was done by analyzing each scenario and each threshold 
individually.  The resultant data was then combined with known well data into a more 
manageable and discrete aggregate file based on localized well groupings.  This resulted in 
some points representing one well and other points representing many wells, sometimes as 
many as 50 or more. 

Table 1.  Well Protection Plan Impact Levels 

Impact Criteria Threshold 1 Threshold 2 Threshold 3 

Water level change 
50 feet from bottom 

of well 
10 feet from bottom 

of well 
30 feet below bottom 

of well 
Action Lower pump bowl Deepen well Replace well 

Groundwater levels during the 26-year hydrologic sequence were analyzed at each well 
location, under each scenario and for each impact threshold.  The lowest groundwater level 
over time was selected for comparison with the available well depth data.  The above impact 
criteria were used to determine the impact to wells at all thresholds for rural domestic wells as 
well as agricultural wells under the Proposed Project scenario and the Reduced Surface Water 
Availability scenario.  

IDENTIFICATION OF IMPACTED PARCELS 

The analysis of Well data and modeled impacts was broken into two distinct processes.  The 
first process was the use of spreadsheets and a formulary approach to dissolving and 
recombining the data.  The second Process was to use ArcMap to analyze the spatial attributes 
of well impacts and correlate those impacts to discrete parcels within the Central Basin.  These 
processes have been broken up into steps for more detail below: 

1. Spreadsheet analysis: 

A. The existing conditions for known wells were compared to modeled conditions 
for the same locations under the Proposed Project and Reduced Surface Water 
Availability scenarios.  The impacts per well were recorded for each scenario.   
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B. Wells with the same latitude have the same longitude and are thus recorded in 
the same location; therefore the latitude for each point was termed the “unique 
x”.  Of 1,051 wells analyzed, there were 154 “unique x” values.  The impact 
analysis data was transferred from the individual data points to the aggregate 
point file (unique x impact value) based on the unique x of each recorded well 
point.  The number of known wells per unique x were also summed and 
incorporated into the aggregate file.   

C. The unique x impact values and known wells per unique x were used to 
determine the Impact Ratio.  As part of the Impact Ratio, wells already 
compromised in the year 2000 were subtracted from the unique x impact values 
in an effort to avoid assigning impact to the project where wells were previously 
compromised.  The impact ratio was, therefore, calculated as follows: 

Impact Ratio = (unique x impact value – Impacted wells in 2000) / 
Total Known Wells) 

2. ArcMap analysis: 

A. Data from aggregate well points (unique x) were associated with the polygon 
shapefile based on the location of the well points in relation to the polygons.  The 
unique x impact values for each of the aggregate wells (minus the year 2000 
condition values) were summed for each scenario in the polygon shapefile.  
Polygon impact ratios were then calculated as follows: 

Polygon Impact Ratio (PIR) = Sum unique x impact value [per polygon]) 
/ (Total Known Wells [per polygon]) 

For polygons with no known data, the impact ratio was calculated by averaging 
the PIR for neighboring polygons.  The calculation of PIR for polygons with no 
data only extends one polygon from polygons with data-based PIR values 
greater than zero.  Figure 2 shows an example of the resultant polygons with 
completed impact analysis. 

B. The county parcel data (228,754 parcels) were analyzed based on square footage; 
all parcels greater than one acre (12,482 parcels) were exported to a new layer file 
(revised parcel layer) to prevent data corruption and enhance data 
manageability.   

C. Finally, parcel impacts were identified by overlaying the revised parcel layer 
with the polygon layer and transferring the PIR to the parcels.  Figures 3 through 
14 show the PIR as a percentage for rural domestic and agricultural wells under 
the Proposed Project scenario as well as the Reduced Surface Water Availability 
scenario at all three impact thresholds. 
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5.  RESULTS 

The well impact analysis ultimately resulted in two products; maps of impacted parcels under 
the two evaluated scenarios at all three impact thresholds (Figures 3 through 14), and a table 
identifying all parcels potentially impacted ,the property details of those parcels, and the 
potential impacts as binary values (Appendix A, electronic file).  Under no scenario and at no 
threshold were more than 25% of wells in any given polygon identified as impacted.  For clarity 
of display, the potential impact levels are displayed every 5%.  Calculations showed no impact 
for the agricultural wells at threshold 3 for the Proposed Project scenario or the Reduced Surface 
Water Availability scenario; however, these maps are included as Figures 11 and 14.  The 
calculated PIR for domestic wells at threshold 3, under the Proposed Project scenario and the 
Reduced Surface Water Availability scenario were limited to 1% or less and are shown on 
Figures 5 and 8 respectively.  Figures 15 and 16 show the total of all wells impacted by the 
Proposed Project and by a Reduced Surface Water Availability scenario at any threshold for 
domestic wells and agricultural wells, respectively.  Figures 17 and 18 illustrate potential 
impacts to parcels at all thresholds and for all well types under the Proposed Project and the 
Reduced Surface Water Availability scenarios, respectively.  Figure 19 shows all parcels 
impacted at any threshold under any project scenario.  The number of potentially impacted 
parcels identified in this analysis for each impact threshold is shown on Table 2. 

Table 2.  Potentially Impacted Parcel Count 

Impact Type 
Project 

Scenario 
Reduced Surface Water 

Availability 
Threshold 1 3,002 4,010 
Threshold 2 2,421 2,305 
Threshold 3 354 1,451 

Parcels with 
Domestic Wells 

All Thresholds 3,023* 4,882* 
Threshold 1 1,881 2,833 
Threshold 2 627 1,554 
Threshold 3 0 0 

Parcels with 
Agricultural Wells 

All Thresholds 2,142* 3,346* 
All Parcels All Thresholds 3,673* 4,882*,† 

*This number is not an arithmetic summation; it is calculated in ArcGIS using the definition query tool.  
†This number also represents the total number of impacted parcels at any threshold for any project scenario (Figure 19).  

Based on the data collected and analysis performed in this study, there are not sufficient data 
available to determine whether an impacted parcel has a well and/or the type of well a parcel 
may have.  Therefore, a detailed survey for the potentially impacted wells is in order.  The 
information that can be surveyed should include well type, number of wells, activity and use 
status, capacity (recent power records) and construction details. 
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APPENDIX A IMPACTED PARCELS 
 ELECTRONIC FILE 

The contents of this Appendix are included in the Excel Table provided separately on the CD. 
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