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QΔ storage = Σ Ai x Si x Δhi 

 

where: 

QΔ storage = Annual change in storage for the Bunker Hill Basin, (acre-feet) 

Ai   = Area of sub-area and storage unit i, (acres) 

Si  = Storativity of sub-area and storage unit i 

Δhi  = Average water level change of sub-area and storage unit i, (feet) 

 

 

As shown in Table 3, the change in groundwater storage for the Bunker Hill Basin 

between Fall 2006 and Fall 2007 was a decrease of 113,900 acre-feet.   

 

5.0  Task 2 - Accumulated Change in Storage (Fall 1993 to Fall 
2007) 

For purposes of this report, the accumulated change in storage as of the last day of the 

preceding water year (June 30, 2007) was based on the changes in water levels 

between Fall 1993, when the accumulated basin change in storage was considered 

“zero”, and the Fall of 2007.2  The accumulated change in storage as of June 30, 2007 

was determined by adding the change in storage for the preceding water year (July 1, 

2006 to June 30, 2007) of (-113,900 acre-feet), determined in Section 4.4, to the 

accumulated change in storage as of June 30, 2006 (-245,500).  The result of this 

calculation is an accumulated decrease in storage for the Bunker Hill Basin of 359,400 

acre-feet. 

 

                                                           
2 In the District’s Engineering Investigation (EI) prior to 1993-94, the accumulated change in storage was based on the 
basin storage in 1984 as considered full.  A concern arose regarding the flooding of basements due to high groundwater 
levels in the Pressure Zone of the Bunker Hill Basin.  Therefore, in response to the City of San Bernardino’s comments on 
accumulated change in storage, all EI’s since that time are based on 1993 basin storage levels considered as full. 



 
 

Table 4 summarizes the accumulated change in storage of the Bunker Hill Basin for the 

period 1987 to 2007 based on 1993 as the “zero accumulated storage year”. The 

accumulated storage values are also displayed on Figure 9 with the percent of normal 

precipitation for the San Bernardino County Hospital station.  As would be expected, 

storage generally increases with above average rainfall and decreases with normal and 

below average rainfall. 

 

6.0 Task 3 - Total Groundwater Production for the Preceding 
Water Year (July 1, 2006 to June 30, 2007) 

Production data for the preceding water year (July 1, 2006 to June 30, 2007) for the 

Bunker Hill Basin were obtained from the primary water purveyors as listed in Section 

2.4.  Production data for wells owned by some smaller water agencies were not 

available and were estimated using previous year and calendar year 2006 data 

published by the Western - San Bernardino Watermaster and Western Municipal Water 

District, respectively. 

 

Appendix C shows the production for each groundwater well in the Bunker Hill Basin for 

the period July 2006 through June 2007.  As summarized on the last page of the 

appendix, groundwater production from the Bunker Hill Basin for the preceding water 

year was approximately 209,739 acre-feet.  Table 5 summarizes the Bunker Hill Basin 

groundwater production for each of the sub-areas defined in Section 4.1. 

 

Groundwater production within the Bunker Hill Basin during the period July 2006 through 

June 2007 is shown on Figure 10.  Each well is displayed with a graduated size symbol 

based on its annual production.  The Pressure Zone has the greatest density of higher 

producing facilities with pockets of substantial production scattered throughout the rest 

of the basin.  
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7.0 Task 4 - Estimate of the Annual Change in Storage for the 
Current Water Year (July 1, 2007 to June 30, 2008) 

To estimate annual change in storage for the current water year, a multiple regression 

analysis was performed for the period between 1991-92 and 2004-05 for three 

parameters. 

• Annual Change in Storage 

• Precipitation 

• Production 

 

In Engineering Investigations (EI) prior to 1998, data for the period 1982 calendar year 

through 1991 calendar year were also utilized in the regression analysis. The only 

production data available for this time frame were based on a calendar year period 

instead of the June to July period required in the EI. Since 1991-92 more accurate and 

more complete production data for the July to June period have become available as the 

District has compiled detailed information for its EI. Since 1998, the regression analysis 

has not included pre-1991 data to more accurately represent June though July 

production.  

  

Annual change in storage for the current water year is estimated using the following 

relationship between change in storage, precipitation, production, and the calculated 

regression coefficients. 

 

QAnnual Δ storage = -221,564 + 8,171 Qprec + 0.125 Qprod 

where: 

 

QAnnual Δ storage = Annual change in storage, (acre-feet) 

Qprec   = Annual Precipitation, inches 

Qprod  = Annual Production, acre-feet 
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A nomograph, constructed using the above equation, is shown on Figure 11.  Through 

the use of this chart or the equation above, annual change in storage can be estimated 

for a given set of annual precipitation and production values. The precipitation used in 

the nomograph is based on the average of the representative Bunker Hill Basin drainage 

area stations listed in Table 6.  

 

The average annual precipitation for eight of the ten stations with recent data is 

approximately 22.5 inches (Table 6), while the average for the preceding water year was 

7.9 inches (35 percent of normal). Historic annual precipitation values are plotted in 

Appendix D for these eight stations and twelve other local stations. 

 

Table 6 shows that for the period between July 2007 and December 2007, precipitation 

was 89 percent of normal for the eight stations with data.  For purposes of this report, it 

was assumed that precipitation for the rest of the current water year (January 2008 to 

June 2008) would be average. Therefore, precipitation for the current water year (July 

2007 to June 2008) was estimated to be 97 percent of normal or 21.8 inches of rainfall 

(0.97 x 22.5). 

 

Based on these assumptions, the estimated production for the current water year will be 

approximately 239,972 acre-feet as shown on Figure 12.  Using this result on Figure 

11, an estimated change in storage for the current water year (July 2007 to June 2008) 

of -13,440 acre-feet was determined. 

 

8.0 Task 5 - Estimate of the Annual Change in Storage for the 
Ensuing Water Year (July 1, 2008 to June 30, 2009) 

The annual change in storage for the ensuing water year (July 1, 2008 to June 30, 2009) 

was estimated using the same method as described in Section 7.0. It was assumed that 

precipitation for the ensuing water year would be 100 percent of normal or 22.5 inches.  

Based on this assumption, the estimated production for the ensuing water year will be 

approximately 239,124 acre-feet as shown on Figure 13.  Again, using this result in the 

nomograph shown on Figure 11, the estimated annual change in storage for the 

ensuing water year (July 1, 2008 to June 30, 2009) is -7,826 acre-feet. 
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9.0 Task 6 - Average Annual Change in Storage for the 
Immediate Past Ten Water Years 

Table 7 shows the average annual change in storage for the immediate past ten water 

years (Fall 1997 to Fall 2007) using the same method as described in Section 4.0.    By 

summing the average annual change in storage for each sub-area, a total average 

annual change in storage for the Bunker Hill Basin for the immediate past ten water 

years was determined to be –41,400 acre-feet. 

 

10.0 Task 7 - Estimated Amount of Agricultural Water and Other 
Than Agricultural Water to be Withdrawn for the Ensuing 
Water Year (July 1, 2008 to June 30, 2009) 

The estimated amount of agricultural water and other than agricultural water to be 

withdrawn within the District for the ensuing water year (July 1, 2008 to June 30, 2009) 

was based on the following equations: 
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Prediction Chart for Annual Change in Storage
Current and Ensuing Water Years
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Change in Storage =  -221,564 + 8,171 Precipitation + 0.125 Production    (R2 = 0.88)
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Precipitation: 21.8 inches (97% of Normal)
Production: 239,972 acre-ft (see Figure12)
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Precipitation: 22.5 inches (100% of Normal)
Production: 239,124 acre-ft (see Figure13)

* Based on Big Bear Dam, Camp Angelus, Devore CDF, Lake Arrowhead, Mentone CDF, Mill Ck Intake #3,
Redlands Country Club, San Bernardino County Hospital, Santa Ana Powerhouse #3, and Yucaipa CDF.
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Estimate of Production for Current Water Year
(July 2007 To June 2008)
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Estimate of Production for Ensuing Water Year
(July 2008 To June 2009)
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Summary of Percentage of Normal Precipitation
 1983 to 2007 (Water Year - Oct. to Sept.)

Station
Historic
Annual

Avg.
[in]

1982
-1983
[in]

1983
-1984
[in]

1984
-1985
[in]

1985
-1986
[in]

1986
-1987
[in]

1987
-1988
[in]

1988
-1989
[in]

1989
-1990
[in]

1990
-1991
[in]

1991
-1992
[in]

1992
-1993
[in]

1993
-1994
[in]

1994
-1995
[in]

1995
-1996
[in]

1996
-1997
[in]

1997
-1998
[in]

1998
-1999
[in]

1999
-2000
[in]

2000
-2001
[in]

2001
-2002
[in]

2002
-2003
[in]

2003
-2004
[in]

2004
-2005
[in]

2005
-2006
[in]

2006
-2007
[in]

Big Bear Dam 36.3 41.7 19.3 NA 40.3 19.2 28.9 20.8 17.6 34.8 38.9 81.9 28.7 52.7 24.4 30.0 51.7 14.2 20.6 21.4 9.2 38.1 19.6 59.1 26.4 10.3

Crafton Hills 12.3 18.4 NA 5.9 12.6 9.0 12.1 10.0 6.3 12.3 10.7 23.0 5.5 27.1 7.8 16.7 25.6 7.3 6.4 10.5 2.5 17.6 9.5 31.4 11.5 3.3

Del Rosa Ranger Station 18.4 37.9 11.3 15.4 20.1 9.5 18.9 13.2 12.9 8.8 24.2 41.4 12.3 27.7 14.2 17.3 37.3 8.3 12.7 16.6 6.1 19.7 13.0 38.6 17.4 8.8

Devore CDF 27.6 54.9 21.5 24.0 36.8 12.4 17.9 NA 15.0 20.4 31.3 64.0 15.4 45.4 20.6 33.1 45.1 13.6 8.0 15.5 10.9 35.4 16.4 60.4 24.8 8.9

Fallsvale 29.9 43.9 19.0 16.9 29.6 23.0 20.3 3.5 16.0 22.5 36.0 71.9 24.7 54.9 22.1 33.8 53.0 16.3 21.2 15.3 6.5 37.5 25.2 61.4 26.9 8.5

Lake Arrowhead 40.6 73.9 27.1 30.8 50.6 23.7 40.4 28.5 26.6 23.7 45.2 85.0 28.2 74.5 30.8 36.5 72.8 18.1 25.8 28.6 10.7 36.5 22.7 69.7 46.2 18.5

Loma Linda FD 10.8 NA 6.1 9.2 13.2 7.4 10.5 8.8 7.7 7.2 13.4 25.6 11.0 19.0 7.2 9.8 22.7 5.1 7.7 6.4 2.5 14.5 8.1 22.6 11.1 3.5

Lytle Creek at Foothill 13.6 34.8 8.9 10.2 16.0 7.0 13.0 3.9 8.5 15.5 14.9 31.6 9.2 25.5 12.2 13.8 25.8 6.3 9.8 12.1 4.0 13.6 7.2 27.2 11.2 3.8

Lytle Creek Fire Station 25.3 50.0 12.6 19.0 27.6 11.2 22.4 12.8 17.9 32.1 49.1 87.7 20.5 47.6 24.5 23.1 52.2 11.8 20.4 18.3 4.5 17.0 12.1 44.1 18.9 4.2

Mentone CDF 12.6 21.6 5.1 7.7 12.0 9.2 8.9 8.6 6.1 12.6 15.9 23.9 8.4 17.1 9.4 15.7 27.1 4.3 9.1 10.2 4.1 15.0 10.4 24.9 11.0 5.4

Oak Glen 26.9 50.4 18.8 22.0 26.0 19.3 21.5 17.8 17.7 26.9 30.8 58.0 18.8 57.9 20.0 30..9 49.5 11.3 17.1 12.3 6.7 14.3 18.4 34.1 22.6 9.7

Redlands - Roth 12.3 24.2 5.0 8.7 9.3 7.8 11.2 8.1 7.2 13.3 15.0 25.6 10.1 20.5 8.1 10.8 22.2 6.5 7.4 10.4 3.4 12.2 9.2 24.4 9.5 3.3

Redlands Country Club 14.0 27.8 8.2 10.7 13.4 8.8 14.2 10.7 8.6 14.5 16.1 29.4 12.6 19.8 8.5 9.0 17.2 6.3 5.7 10.0 4.0 16.5 11.6 29.4 10.3 4.1

San Bernardino CDF 17.3 39.9 11.1 16.1 20.1 9.3 18.3 12.9 10.6 15.5 21.9 37.4 4.5 20.3 15.8 16.2 34.3 9.3 13.6 16.6 5.3 13.1 11.5 37.3 16.4 6.3

San Bernardino Co. Hospital 16.4 32.4 10.8 12.9 17.9 8.1 13.5 12.6 8.1 15.5 16.5 30.8 11.7 24.1 11.9 18.6 32.7 8.0 11.1 2.3 3.6 17.1 10.5 29.9 13.2 4.7

Santa Ana Pumphouse #3 17.3 33.9 14.2 11.9 15.9 12.3 14.7 NA 10.3 15.8 18.4 23.0 15.9 24.9 11.1 16.6 28.0 7.0 6.8 8.6 3.2 18.2 9.4 27.7 11.8 6.1

Yucaipa CDF 16.2 33.7 9.8 10.7 13.0 11.0 11.3 9.7 NA 11.2 17.9 34.2 11.4 30.2 10.5 15.6 24.7 7.6 11.1 9.9 5.7 19.5 11.8 32.7 13.1 6.3

Yucaipa Valley Water District 16.4 30.8 9.7 12.3 15.2 10.6 NA NA NA 17.0 18.7 18.1 12.5 25.2 10.9 16.9 28.6 9.9 9.6 9.7 5.3 19.5 11.1 32.7 12.5 5.5

Redlands Daily Facts 13.2 28.1 8.0 10.4 11.3 9.1 12.7 8.9 7.7 13.8 16.0 28.0 12.1 21.3 8.2 12.6 27.2 6.1 7.9 10.3 3.6 16.0 9.4 26.4 10.6 4.0

Big Bear City 13.7 26.7 17.6 13.2 19.1 10.2 10.6 9.4 10.2 17.8 14.0 22.9 11.5 18.6 11.2 12.1 16.8 6.5 4.8 20.1 3.3 12.6 7.6 23.3 14.4 3.7

Percent of Normal 100% 190% 66% 72% 107% 61% 86% 60% 61% 90% 119% 216% 73% 167% 74% 96% 178% 47% 61% 68% 27% 103% 65% 189% 87% 33%

Average 19.55

Source: San Bernardino County Department of Transportation/Flood Control
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