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A spreadsheet-based groundwater mass balance model was developed for the Fremont Valley Groundwater Basin 
(FVGB) as part of the Fremont Valley Basin Groundwater Management Plan (GWMP). The model uses hydrological 
data and estimated basin inflows and outflows as inputs. The model was set up on annual basis and was calibrated 
against historical changes in groundwater storage volume estimated using groundwater elevation contour maps 
between 1958 and 2017. The model was used as a tool to estimate annual groundwater recharge to the basin along 
with changes in storage volume due to changes in local hydrology and pumping activity. This technical memorandum 
(TM) describes the methodology and assumptions used for the modeling analysis. 

1. INTRODUCTION 

There is a limited understanding of groundwater storage capacity in the FVGB. Different estimates of groundwater 
storage capacity have been reported for the FVGB or portions of the basin, though the amount of groundwater in 
storage is currently unknown. A recent investigation by Stetson (2009) estimated the groundwater storage for two 
subunits, referred to as Mojave City and California City Subbasins, at approximately 2.62 million acre-feet (MAF) and 
5.66 MAF, respectively. It is important to note that this previous estimate was based on assumed basin boundaries 
that were different than the Department of Water Resources (DWR) Bulletin 118 basin boundary used for the GWMP.   

The spreadsheet-based mass balance model uses simplifying assumptions to quantitatively estimate the changes in 
storage as a result of changing hydrology and pumping activity in the FVGB. Calibration of the model was performed 
by comparing two parallel analyses, a mass balance analysis and groundwater contour analysis. For the groundwater 
contour analysis, groundwater elevations were mapped for selected representative years; and these contour maps 
were compared over time to calculate the changes in groundwater elevations and resulting changes in groundwater 
storage volume. For the mass balance analysis, inflows and outflows to the basin were estimated using certain 
assumptions and historical data. The mass balance values were then calibrated against the changes in groundwater 
storage volume estimated from the groundwater contour analysis. The mass balance analysis was conducted on an 
annual basis for years between 1945 and 2017. The groundwater contour analysis begins in 1958 as groundwater 
elevation data prior to 1958 were unavailable.   

2. DATA SOURCES 

Various data sources were used to quantify values for the mass balance model, to delineate watershed boundaries, 
and to estimate model inputs for the mass balance analysis. These data included crop acreages, precipitation values, 
urban and agricultural demands, groundwater pumping volumes, and groundwater subsurface inflows and outflows. In 
addition, groundwater elevation data were used to generate the groundwater contour maps that were used to calibrate 
the changes in groundwater storage for the mass balance analysis. Data types and sources are summarized in Table 
1 and the key data sources are described in the following sections. References for specific data sources presented in 
Table 1 were included in the GWMP.  
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Table 1: Data Sources for FVGB Mass Balance and Groundwater Contouring Analyses 

Data Type Data Sources Methodology/Assumptions 

Model Area DWR Bulletin 118 
Use to define the FVGB, Northern FVGB, 

and Southern FVGB boundaries. 

Watershed 
Boundaries 

Stetson (2009) 

Areas of surrounding watersheds 
contributing runoff to FVGB. Contributing 
areas were recalculated to include areas 

outside of the Bulletin 118 basin boundary. 

Precipitation 
Mojave Station (WRCC); Ransburg Station (NOAA); 

Tehachapi Station (NOAA) 
 

Reported precipitation data at three 
precipitation stations located within the 
Fremont Valley watershed were used to 

estimate direct recharge and runoff recharge 
to the FVGB. 

Recharge Coefficients NA 

Recharge coefficients estimated through 
calibration to calculate the amount of 

precipitation that is assumed to infiltrate into 
groundwater. 

Crop Acreages 
USGS (1977); USDA National 2017 Cropland Data 

Layer; Google Earth Aerial Maps 
Estimated from previous investigations and 

aerial maps; missing years were interpolated 

Crop Types 
USGS (1977); Richard C Slade & Associates (1995); 

DWR (https://gis.water.ca.gov/app/NCDatasetViewer/#) 
Historically assumed alfalfa; alfalfa and/or 

pistachios in years 2014 – 2017. 

Urban Demand 

Population by U.S. Census data; historical growth rates 
in Kern County by the Department of Finance (DOF); 
average assumed gallons per capita per day (GPCD) 

from UWMPs 

Estimated based on historical groundwater 
pumping data and imported water data; 
missing water, demand records were 

interpolated/extrapolated. 

Agricultural Demand 
Cooperative Extension University of California Division 

of Agriculture and Natural Resources N.D.a. and N.D.b.; 
Google Earth Aerial Maps, CIMIS station Palmdale 197 

Calculated by applying specific crop 
coefficients to crops; agricultural demand 
was assumed to be met by groundwater 

pumping. 

Urban Pumping 
Richard C Slade & Associates 1995; Stetson (2009); 

Public Agencies (City of California, MPUD, Cal Water, 
Rancho Seco Inc, RCWD) 

Estimated based on groundwater pumping 
data to meet the estimated urban demand. 

Agricultural Pumping USGS (1977); Richard C Slade & Associates (1995) 

Estimated based on historical data available 
for consumptive use. Years without pumping 

records were estimated based on crop 
acreages and calculated consumptive water 

use. 

Other Pumping NA 
Unknown pumping estimated through 

calibration in the Southern FVGB. 

Groundwater 
Inflow and Outflow 

Stetson (2009) 
Subsurface inflow from Antelope Valley 
Groundwater Basin to Northern FVGB 

Stetson (2009) 
Subsurface inflow from Southern FVGB to 

Northern FVGB. 
Groundwater 

Elevations 
DWR CASGEM and USGS 

Used to generate groundwater elevation 
contour maps. 

Notes: WRCC: Western Resources Climate Center; NOAA: National Oceanic and Atmospheric Administration; NA: 
Not available; UWMP: Urban Water Management Plan  
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3. MODEL AREA 

For the groundwater mass balance analysis, the FVGB (as defined by DWR Bulletin 118) is represented as two 
subareas with the Muroc fault as a hydrogeologic divider. This approach allows for a more precise assessment of 
spatial variability and localized trends in groundwater levels. In this analysis, the portion of the FVGB north of the Muroc 
fault is referred to as the “Northern FVGB” and the portion south of the Muroc fault is referred to as the “Southern 
FVGB”. This terminology was introduced to differentiate the two subareas from the other naming conventions used by 
the USGS and the 2009 Stetson study, which also assumed different geographic coverage for subbasins. Figure 1 
shows the geographic coverage for the two subdivisions used in this modeling analysis as compared to the geographic 
coverage for the two subbasins used in the previous Stetson investigation.  

The area overlying the FVGB as defined by DWR Bulletin 118 is approximately 335,200 acres, including approximately 
198,600 acres in the Northern FVGB and 136,600 acres in the Southern FVGB. In comparison, the California City 
Subbasin and Mojave City Subbasin defined by Stetson (2009) cover approximately 142,450 acres and 73,330 acres, 
respectively. This constitutes a difference of 119,400 acres.  

3.1 Watershed Boundaries 

The spreadsheet mass balance model accounts for both direct recharge (directly overlying the FVGB) and runoff 
recharge to the FVGB from tributary watersheds. To estimate runoff recharge, tributary watershed areas were used in 
combination with historical precipitation data. The tributary watershed boundaries defined by Stetson (2009) were used 
as the starting point to estimate contributing runoff, but the boundaries were adjusted to reflect the FVGB basin 
boundary per DWR Bulletin 118. Tributary watersheds that contribute runoff to the basin include the El Paso Mountains, 
Tehachapi, Oak Creek and Rand Mountains, as shown in Figure 2 . Since the FVGB basin boundaries are different 
than those assumed in the 2009 Stetson report, this also affects the tributary watershed boundaries. Note that portions 
of the tributary watersheds that fall within the Bulletin 118 FVGB boundary were excluded from runoff recharge 
calculations to avoid double counting; these areas inside the Bulletin 118 boundary are accounted for as part of direct 
recharge to the basin.  
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Figure 1: Fremont Valley Groundwater Basin Subdivisions 
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Figure 2: FVGB – Tributary Watershed Boundaries  
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4. GROUNDWATER MASS BALANCE ANALYSIS 

The mass balance analysis was set up to track annual inflows and outflows separately for the Northern and Southern 
FVGB to calculate annual changes in groundwater storage volume. Water balance calculations were performed as 
shown in the following equation and as depicted schematically in Figure 3 .    

Change in Storage Volume = Inflows (Recharge from Direct Precipitation + Recharge Runoff from Watersheds + 
Subsurface Inflows) – Outflows (Pumping + Subsurface Outflows)  

Figure 3: Schematic Groundwater Mass Balance Approach   
 

   

4.1 Inflows  

Major inflows both in the Northern and Southern FVGB include direct recharge from precipitation to the basin and runoff 
recharge from the neighboring tributary watersheds. The Northern FVGB receives recharge runoff contributions from 
the El Paso Mountains watershed to the west and from the Rand Mountains watershed to the east. The Southern 
FVGB receives recharge runoff contributions from the Oak Creek and Tehachapi Mountain watersheds to the west. 
The Northern FVGB is also assumed to receive a small amount of underflow from the Antelope Valley Groundwater 
Basin, estimated at approximately 2,570 acre-feet per year (AFY) based on the Stetson report (2009) and a small 
amount of underflow from the Southern FVGB across the Muroc fault. This subsurface flow across the fault was based 
on the Stetson report (2009) and was assumed to occur historically up until 1958 only, ranging from zero to 5,475 AFY.  

4.1.1 Precipitation and Recharge 

The overlying areas for the Northern and Southern FVGB, as shown in Figure 1 , were used to estimate direct recharge 
from precipitation to remain consistent with Bulletin 118 basin boundary for the FVGB. Annual precipitation data were 
used from three precipitation stations located in the Fremont Valley watershed: Mojave Station, Tehachapi, and 
Ransburg (see Figure 2). The Mojave Station is located in the southern portion of the FVGB. Historical data between 
1945 and 2017 indicate precipitation is highest at the Tehachapi Station and lowest at the Mojave Station. Annual 
precipitation at the Mojave Station ranged from 0.75 inches to 15.51 inches, for an average of approximately 5.1 inches. 
Annual precipitation at the Tehachapi Station ranged from 2.52 inches to 27.77 inches, for an average of approximately 
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10.1 inches. Annual precipitation at the Randsburg Station ranged from 0.83 inches to 16.4 inches, for an average of 
approximately 5.9 inches. Annual precipitation data at each station are available in the Fremont Valley Basin GWMP.  

Precipitation data from the Mojave station were used to estimate natural recharge to the Northern and Southern FVGB; 
precipitation data from the Ransburg station were used to estimate recharge runoff from the Rand Mountains watershed 
to the Northern FVGB; and precipitation data from the Tehachapi station were used to estimate recharge runoff from 
the El Paso Mountains watershed to the Northern FVGB and from the Oak Creek and Tehachapi Mountain watershed 
to the Southern FVGB.  

Recharge coefficients were developed to estimate the amount of precipitation that is assumed to infiltrate into the basin 
as natural recharge, whether direct or from runoff. Direct recharge from precipitation and recharge runoff from 
precipitation from tributary watersheds were calculated as follows: 

    R = P x Rc x A 

Where R represents the estimated annual recharge (AF); P represents annual precipitation (feet); Rc represents a 
dimensionless recharge coefficient that calculates the percentage of precipitation that results in recharge; and A is the 
surface area of the overlying basin or tributary watershed (acres). Recharge coefficients were generated for each of 
the three precipitation stations separately during calibration. The methodology used to generate the recharge 
coefficients are described in the Calibration section (Section 6) below. 

4.2 Outflows  

Major outflows both in the Southern and Northern FVGB include groundwater pumping. As described above, a small 
amount of underflow was assumed from the Southern FVGB to the Northern FVGB; but there is no significant known 
quantity of groundwater flowing out of the basin.  

4.2.1 Pumping  

Groundwater extraction in the FVGB includes pumping for urban and agricultural end uses.  

4.2.1.1 Urban Demand and Pumping 

Historically, the City and MPUD were entirely dependent on groundwater until AVEK began delivering imported surface 
water from the SWP in 1980. Pumping by smaller water suppliers (Cal Water, Rand Communities Water District, and 
Rancho Seco Inc.) has been fairly small based on the limited data available. Pumping by private well owners, which 
make up the remaining demands in the FVGB, is difficult to estimate as it is unmetered and unreported.  

Urban pumping was estimated based on imported water sales data provided to the City and MPUD by AVEK and the 
assumption that remaining demands are met with pumped groundwater. For years with missing water records, 
demands were extrapolated using:  

 Population overlying the FVGB (provided by U.S. Census data) 
 Historical growth rates in Kern County (provided by the Department of Finance (DOF))  
 Average assumed gallons per capita per day (GPCD) for the City and MPUD (obtained from UWMPs)  

In the Northern FVGB (north of Muroc fault), surface water deliveries from AVEK to the City of California and MPUD 
were available from 1979 to 2017 and were used to estimate urban pumping for the City of California and MPUD. For 
years where the surface water deliveries were available and groundwater pumping records were unavailable or 
incomplete, surface water deliveries were subtracted from the total estimated demand to estimate urban groundwater 
pumping. Total urban pumping estimated in the Northern FVGB for the last 20 years averaged 3,400 AFY, including 



  

 

 

City of California  8 Woodard & Curran 
Fremont Valley Groundwater Basin – Mass Balance Analysis  August 2018 
 

the City’s average pumping of approximately 3,200 AFY plus the remaining pumping for small communities and private 
wells. The City of California annual pumping data were available for 1953-1969 and 2000-2007 based on the Stetson 
report (2009). Data for 2010-2016 were based on records provided by the City. For years without pumping records, 
urban demand was assumed to be met by groundwater pumping after surface water deliveries were taken into account, 
as described above. 

In the Southern FVGB (south of Muroc fault), total urban pumping estimated by MPUD for the last 20 years averaged 
approximately 860 AFY. MPUD pumping was estimated for 1951 to 1993 based on total metered water sold, after 
surface water was taken into account, beginning in 1979 (Richard C Slade & Associates 1995).  Pumping volumes for 
2012 – 2016 were based on pumping records provided by MPUD. For years with missing pumping data, urban demand 
was assumed to be met by groundwater pumping after surface water deliveries were taken into account. For urban 
demand estimates in the Southern FVGB, it was assumed that the population consists of the MPUD service area and 
approximately 30 percent of the population in unincorporated Kern County that overlies the FVGB. The 30 percent 
value is assumed because approximately 30 percent of the current unincorporated Kern County population overlying 
the basin resides south of the Muroc fault. All remaining population overlying the basin was assumed to be located in 
the Northern FVGB.  

4.2.1.2 Agricultural Demand and Pumping  

Historically, agriculture has been an important component of the water demand and groundwater pumping for the 
FVGB. Agricultural pumping was estimated based on agricultural demands, assuming that all agricultural demands 
were met by groundwater pumping. Data used for crop acreages and the methodology used for calculating agricultural 
demand are summarized in Table 2 and explained in the following sections.  

Table 2: Data Sources, Methodology, and Assumptions Used for Crop Acreages and Agricultural 
Demand in the Northern FVGB  

Years  Data Source Methodology/Assumptions Used for Data Gaps 

1945 – 1964 
No data available for crop 

acreages 
Agricultural demand assumed during calibration. 

1960 – 1976 
USGS (1977);  

Google Earth Aerial Maps 
Agricultural demand based on the USGS estimates, except for 1967. 
Missing data for 1967 was interpolated.  

1977 – 1983 
No data for crop acreages 

were available 
Crop acreages interpolated based on data between 1976 and 1984; 
agricultural demand calculated based on crop acreages. 

1984 – 1995, 
2000, 2005, 

2010 
Google Earth Aerial Maps 

Agricultural demand calculated based on crop acreages from aerial 
maps; assumed 100% alfalfa. 

2014 
No data available for crop 

acreages 
Crop acreages were interpolated; agricultural demand calculated based 
on crop acreages; assumed 100% pistachios.  

2015 Google Earth Aerial Maps 
Agricultural demand calculated based on crop acreages from aerial 
maps; assumed 50% alfalfa and 50% pistachios. 

2016 
No data available for crop 

acreages 
Crop acreages were interpolated; agricultural demand calculated based 
on crop acreages; assumed 50% alfalfa and 50% pistachios as in 2015. 

2017 
USDA National 2017 
Cropland Data Layer; 

Google Earth Aerial Maps 

Agricultural demand calculated based on crop acreages; assumed 40% 
alfalfa and 60% pistachios.  

Other Years 
No data available for crop 

acreages 
Crop acreages were interpolated between subsequent years; agricultural 
demand calculated based on crop acreages; assumed 100% alfalfa. 
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4.2.1.2.1 Crop Acreages  

To estimate the areas cultivated historically, visual observations of aerial maps were used. Table 2 presents the years 
for which historical aerial maps were available. These observations suggested that most agricultural activities were 
performed in the Northern FVGB, but it was not possible to confirm the types of crops produced in the Northern FVGB 
based on the aerial maps. Since alfalfa has historically been grown throughout the Plan area, agricultural demand 
estimates assume that alfalfa is the only crop cultivated in the Plan area, except for 2014 and 2017 when more precise 
data were available. In 2014, pistachios were assumed to be cultivated based on the DWR data confirming that fruits 
and nuts were grown in the area. Overall, agricultural activities and crop acreages increased through the 1960s and 
1970s and peaked in 1976, according to previous USGS investigations (USGS 1977). Agricultural activities significantly 
decreased thereafter; and as of 2017, only 159 acres of land was estimated to be cultivated for alfalfa (approximately 
40 percent of the total cultivated lands) and pistachios (approximately 60 percent of the total cultivated lands). For 
years when aerial maps were not available or not compiled, crop acreages were interpolated using the values for known 
crop acreages. Data sources and assumptions used for data gaps are summarized in Table 2. Estimated crop acreages 
for the Northern FVGB are shown in Figure 4.  

Three were no specific crop acreages identified for the Southern FVGB. Estimates of agricultural pumping were 
available only for 1964 – 1973 (Richard C Slade & Associates 1995) and these data were incorporated into the mass 
balance calculations (see calibration discussion in Section 6).  

 
Figure 4: Estimated Crop Acreages for Northern FVGB 

 

 

4.2.1.2.2 Agricultural Demand  

Agricultural water demands for alfalfa and pistachios were estimated based on the calculated monthly gross water 
requirements (ETc) as the product of the reference evapotranspiration (ETo) and a unique crop factor (Kc). Kc values 
account for specific daily evapotranspiration variations due to growth and development in different crops. Alfalfa has 
an annual gross water requirement more than eight times greater than that of pistachios, which results in a significant 
difference in agricultural water demand for a given acreage (Cooperative Extension University of California Division of 
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Agriculture and Natural Resources N.D.a. and ND.b.). Average annual rainfall data1 were subtracted from average 
crop demand. Based on an assumed irrigation efficiency of 75 percent under normal conditions (USDA 2013) and 
annual average rainfall, crop ETc is estimated at approximately 60.7 inches for alfalfa and 7.4 inches for pistachios. 
For 2017, for instance, this results in water demand estimates of 390 AF for alfalfa and 16 AF for pistachios. Note that 
Alfalfa is a very water-intensive crop; and though it was assumed to be cultivated on about 40 percent of all farm lands 
(64 acres) in the Northern FVGB in 2015, it is estimated to account for more than 96 percent of the total agricultural 
water demand.  

4.2.1.2.3 Agricultural Pumping  

Agricultural pumping, assumed to meet all agricultural demands, was estimated based on crop coefficients and 
available crop acreages, using assumptions and interpolation to fill in data gaps. Table 2 presents the data sources, 
assumptions used for estimating agricultural demand from 1945 to 2017 for the Northern FVGB. Figure 5 presents the 
estimated agricultural demand for the Northern FVGB. Overall, agricultural activities increased through the 1960s and 
1970s and peaked in 1976, with groundwater extractions reaching a maximum of approximately 59,500 AFY according 
to previous USGS investigations (USGS 1977).  

For the Southern FVGB, estimates of agricultural pumping were available only for 1964 – 1973 (Richard C Slade & 
Associates 1995), as mentioned above. For other years, pumping rates were unknown and values were assumed 
during calibration (see calibration discussion in Section 6). 

 

Figure 5: Estimated Agricultural Demand for Northern FVGB (AFY) 

 

 

                                                           
 
 
1  CIMIS Palmdale No. 197 Station rainfall records since April 2005.  Accessed 9 August 2017 
from:  www.cimis.water.ca.gov/Stations.aspx. 
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5. GROUNDWATER ELEVATION CONTOUR ANALYSIS 

A network of wells was selected north of the Muroc fault and south of the Muroc fault to calculate the change in storage 
volumes for the Northern FVGB and the Southern FVGB separately over time. Figure 6 shows the locations of the 
wells that were selected for the contouring analysis. Twenty representative years were selected based on the 
availability of sufficient groundwater level data; the years were also selected such that both dry and wet hydrologic 
periods were included. Table 3 presents the years selected; it identifies the hydrologic condition of each year with 
respect to long-term average precipitation. Each year, an average of January, February, March, and April groundwater 
elevation measurements were averaged to represent spring groundwater elevations, when available (i.e., to capture 
conditions that occur, generally, after the “rainy season”). Representative wells were then selected from the available 
data for each of the twenty years; the same wells were selected for each year when possible. For wells with missing 
data, groundwater elevation values were interpolated based on adjacent years or nearby wells, as appropriate. 
Appendix A of this TM presents the groundwater hydrographs used for the groundwater contouring analysis based on 
measured and interpolated values. Groundwater hydrographs with data records shown in blue represent the measured 
groundwater elevations and data records shown in orange represent interpolated groundwater elevations.  

The “Natural Neighbors” tool for raster1 interpolation in Geographic Information System (GIS) software was used to 
develop groundwater contours for the Northern and Southern FVGB separately. Appendix B presents the groundwater 
contours generated for the Northern and Southern FVGB for the selected years and selected wells. The change in 
groundwater elevation between each of the selected years was then calculated using raster math in GIS. This approach 
estimates the volume of dewatered sediments and multiplies that value by the specific yield of the sediments for each 
consecutive year contoured. The change in storage was calculated by multiplying the change in groundwater elevation 
for each cell of a raster by the area covered by the raster, using a specific yield value of 0.0982. The value assumed 
for the specific yield was based on the previous investigation by Stetson (2009) for the unconsolidated deposits. The 
1977 USGS study had an average specific yield of 1.1 percent (0.011) for the Koehn Lake area.  

Some portions of the basin were not contoured because data were sparse or lacking. To calculate the change in 
storage outside of the raster areas for a given time period, the average change in groundwater elevation inside the 
raster areas was used.  

  

                                                           
 
 
1 A raster is a spatial data model that defines space as an array of equally sized cells arranged in rows and columns composed of 
single or multiple bands. Each cell contains an attribute value (such as groundwater level) and location coordinates. 
2 Specific yield is defined as the percentage by volume of drainable pore spaces. 
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Table 3: Years Selected for Groundwater Elevation Contours 
   

Year Year Type Year Year Type 

1958 Wet Year 1990 Dry Year 

1969 Wet Year 1993 Wet Year 

1972 Dry Year 1995 Wet Year 

1975 Dry Year 1998 Wet Year 

1978 Wet Year 2005 Wet Year 

1980 Dry Year 2007 Dry Year 

1981 Dry Year 2010 Dry Year 

1983 Wet Year 2013 Dry Year 

1985 Dry Year 2015 Dry Year 

1987 Dry Year 2017 Dry Year 
Note: Wet years represent year with precipitation above the long-term average at the Mojave Station; dry years represent 
precipitation below the long-term average at the Mojave Station. 
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Figure 6: Locations of Wells Used for Groundwater Elevation Contours  
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6. CALIBRATION 

Calibration was performed to minimize the difference between the change in storage estimated from the mass balance 
analysis and the change in storage estimated from the groundwater elevation contour analysis. The model was 
calibrated using a trial-and-error approach. Initial iterations used the solver function available in the Microsoft Excel 
program, but the calibration included a manual process. The primary model parameters subject to calibration were the 
recharge coefficients, which were adjusted to achieve a good match between the two analyses. Note that recharge 
coefficients, as a percentage of precipitation, tend to be higher with increasing precipitation as the effects of evaporation 
become less significant relative to percolation.  

The changes in storage between the two datasets were plotted and then recharge coefficients were adjusted within 
probable ranges, between 0.001 and 0.2. Visual comparison of the change in storage curves calculated between the 
two datasets also provided a qualitative evaluation of the calibration. The root-mean-square-error (RMSE)1 was also 
used to quantitatively evaluate the difference (i.e. residuals) between the two datasets during calibration.  Given the 
uncertainties of the groundwater pumping used in the mass balance analysis, the overall aim for calibration was to 
capture the general trends of the change in storage volumes estimated from the groundwater contour analysis. Table 
4 presents the range of values for precipitation and recharge coefficients established during the calibration process. 

Table 4: FVGB Recharge Coefficients  

Precipitation 
Station 

Type of 
Recharge 

Basin/Watershed 
Contributing 

Runoff 

Precipitation Range  
(inches) 

Recharge Coefficient 

Mojave Station 
Direct, Valley 

Floor 
Northern FVGB, 
Southern FVGB 

0 - 2.4 0.001 
2.4 – 3.8 0.002 
3.8 – 7.3 0.005 

7.3 – 15.5 0.01 

Tehachapi Station 
Runoff, 

Tributary 
Watershed 

El Paso Mountains 
Watershed  

0 – 7.4 0.001 
7.4 – 9.6 0.002 

9.6 – 12.6 0.008 
12.6 – 27.8 0.07 

Randsburg 
Station 

Runoff, 
Tributary 

Watershed 

Rand Mountains 
Watershed 

0 - 3.1 0.001 
3.1 - 5.6 0.002 
5.6 - 7.7 0.01 

7.7 - 16.4 0.2 

In the Northern FVGB, the initial years through the early 1960s indicate a relatively poor fit between the two change in 
storage curves. Since the contour maps started in 1958, and due to lack of data for water balance values, this period 
was not critical to the overall calibration process. For the period from 1960 to 1976, agricultural demand and pumping 
were based on values from the 1977 USGS study. No adjustments were made to those values to improve the calibration 
for this period. The decline in storage was greater during years where agricultural pumping was high, from the 1960s 
through the late 1970s. This is consistent with declining trends observed in groundwater elevations. The model also 
showed the largest decline in storage around the mid-1980s followed by a reversed, increasing trend for change in 
storage thereafter. This is also consistent with general trends observed in groundwater levels where declines in 
groundwater levels slowed down or became more stable after agricultural pumping declined significantly and surface 

                                                           
 
 
1 RMSE is the square root of the average of squared residuals between two datasets. 
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water deliveries began. A better fit was obtained for later years, which was likely due to less uncertainty in the pumping 
data. 

For the Southern FVGB, agricultural and private pumping was lumped into “other groundwater extraction” due to a lack 
of data to differentiate pumping end uses. Estimates of agricultural pumping were available only for 1964 – 1973 
(Richard C Slade & Associates 1995). No adjustments were made to those values to improve the calibration for this 
period. For all other years, pumping rates were unknown and values were assumed for a close fit during calibration. 
The calibration process for the Southern FVGB revealed that some form of outflow would have to be assumed in order 
to provide a close match between the change in storage estimates.  While there is no evidence of significant agricultural 
development after 1973 in this subarea, it is possible that this represents basin outflow (i.e., private well pumping) that 
cannot be explained by available data or reasonable assumptions; thus, it was lumped into “other groundwater 
pumping”.   

7. CHANGE IN GROUNDWATER STORAGE 

Figure 7 and Figure 8 present the individual mass balance components along with the changes in storage calculations 
for the Northern and Southern FVGB, respectively. The figures are based on the mass balance analysis (black dashed 
line) and the groundwater contour analysis (black solid line). The cumulative change in storage after calibration was 
estimated to be -738,000 AF, with approximately -608,000 AF in the Northern FVGB and -130,000 AF in the Southern 
FVGB. The negative change indicates a decline in groundwater storage, and this trend is consistent with the generally-
declining trends seen in groundwater levels in both the Northern and Southern FVGB. While the trends and the extent 
of the change in storage are significantly different in each part of the FVGB, each curve follows patterns similar to 
groundwater elevations observed. Based on results from the mass balance analysis, recharge from precipitation and 
pumping are the most important components. Historically, urban pumping was a small portion of the total pumping, as 
assumed in each part of the FVGB.  

8. ESTIMATED GROUNDWATER RECHARGE   

Based on the calibrated groundwater mass balance analysis, the average groundwater recharge was estimated as 
13,800 AFY for the FVGB, with approximately 11,300 AFY in the Northern FVGB (approximately 80 percent of total) 
and approximately 2,500 AFY in the Southern FVGB (approximately 20 percent of total). The last 20 years of data 
(1998-2017) were selected to represent the average annual recharge as this period reflects a reduction in groundwater 
pumping that is assumed to represent future conditions. The reduction is probably a reflection of AVEK deliveries 
starting in 1980 and the significant reduction in agricultural pumping after 1976. This period also includes more 
complete groundwater elevation records and encompasses both hydrologically wet and dry periods, including the most 
recent years with below-average precipitation.   
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Figure 7: Groundwater Budget for the Northern FVGB 
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Figure 8: Groundwater Budget for the Southern FVGB 

 
 
9. MODEL LIMITATIONS  

The mass balance spreadsheet presented in this TM greatly simplifies a highly complex, dynamic groundwater system 
of the FVGB. The applicability of this model is most suited for initial groundwater work at a conceptual level. The 
following model limitations should be noted for future study and analysis of the FVGB: 

 The model is set up on an annual basis and does not account for monthly or seasonal variations in the 
groundwater system. 

 The model does not account for site-specific variables for hydrologic or subsurface properties.  

 The model is a simplified representation of water balance components in the FVGB and treats each the 
Northern and Southern FVGB as a “bathtub” model with complete mixing. It does not account for complex 
and dynamic interactions within and across the Northern and Southern FVGB and with adjacent basins. 

 The model cannot estimate localized variations in groundwater storage.  

 Well pumping data have uncertainties due to data limitations. Urban pumping by individual public agencies 
were incomplete and missing data were estimated to meet the urban demand after surface water deliveries. 
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 Pumping data for agriculture were not available for all years for the Northern FVGB; it was estimated based 
on the total agricultural demand.  

 Crop acreages or pumping data for agriculture were not available for all years for the Southern FVGB; many 
of these values were estimated during calibration.    

 To estimate natural recharge, the calibration relied on precipitation coefficients that are not based on field 
measured parameters.  

A more robust, numerical groundwater flow model would be required for future groundwater work to support a 
Groundwater Sustainability Plan. A numerical model can better quantify the basin conditions and water budget 
components. 
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APPENDIX A: GROUNDWATER HYDROGRAPHS 
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NORTHERN FVGB GROUNDWATER HYDROGRAPHS
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SOUTHERN FVGB GROUNDWATER HYDROGRAPHS
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APPENDIX B: GROUNDWATER ELEVATION CONTOUR MAPS 
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Figure B-1: Spring 1958 Groundwater Elevation Contours 
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Figure B-2: Spring 1969 Groundwater Elevation Contours 
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Figure B-3: Spring 1972 Groundwater Elevation Contours 
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Figure B-4: Spring 1975 Groundwater Elevation Contours 
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Figure B-5: Spring 1978 Groundwater Elevation Contours 
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Figure B-6: Spring 1980 Groundwater Elevation Contours 
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Figure B-7: Spring 1981 Groundwater Elevation Contours 

 



 

 

 

City of California City  B-9       Woodard & Curran 
Fremont Valley Groundwater Basin – Mass Balance Analysis                August 2018 
 

Figure B-8: Spring 1983 Groundwater Elevation Contours 
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Figure B-9: Spring 1985 Groundwater Elevation Contours 

 



 

 

 

City of California City  B-11       Woodard & Curran 
Fremont Valley Groundwater Basin – Mass Balance Analysis                August 2018 
 

Figure B-10: Spring 1987 Groundwater Elevation Contours 
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Figure B-11: Spring 1990 Groundwater Elevation Contours 
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Figure B-12: Spring 1993 Groundwater Elevation Contours 
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Figure B-13: Spring 1995 Groundwater Elevation Contours 
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Figure B-14: Spring 1998 Groundwater Elevation Contours 
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Figure B-15: Spring 2005 Groundwater Elevation Contours 
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Figure B-16: Spring 2007 Groundwater Elevation Contours 
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Figure B-17: Spring 2010 Groundwater Elevation Contours 
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Figure B-18: Spring 2013 Groundwater Elevation Contours 
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Figure B-19: Spring 2015 Groundwater Elevation Contours 
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Figure B-20: Spring 2017 Groundwater Elevation Contours 

 


