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I.       INTRODUCTION 
 

 A.     Purpose of Study  
 

The purpose of this study is to study the impacts that construction of a new gymnasium 

building on a now vacant graded pad south of the existing retention basin on the property 

owned by Joshua Springs Calvary Chapel.  The retention basin was sized to handle the 

incremental increase in runoff due to the development of the site.  The current basin size 

was determined by a drainage report by Warner Engineering dated October 26, 1999 

(included in Appendix A).  The proposed 9,720 square foot building and adjacent hardscape 

improvements will add additional impervious area to the overall site and the increased runoff 

will be directed to the retention basin. 

 

 B.     Scope 

 
A Unit Hydrograph was run to compare storm water runoff to the original Unit Hydrograph 

included in the Warner Report.   The new Unit Hydrograph made adjustments for the increase 

in proposed impervious area.  The offsite drainage basin from the 1999 report was analyzed 

and the 100 year, 3-hour storm was calculated for comparison purposes.  Hydrologic and 

hydraulic calculations were performed using methodologies defined in the San Bernardino 

County Flood Control District Hydrology Manual (August 1986) and County of San Bernardino 

Hydrology Manual Addendum for Arid Regions (April 2010). 

 

The CivilDesign Hydrology-Hydraulics software, Rational Hydrology program package was used 

to perform the hydrologic calculations. 

 

II. SITE AREA 
 

A. Area Characteristics 
 

The Joshua Springs Calvary Chapel campus is approximately 23 acres located south of Joshua 

Lane, north of Nagles Street and east of Hardesty Drive.  The site is presently disturbed or 

developed with buildings, desert landscaping or parking.  The drainage area tributary to the 

site from the south is largely undeveloped covered with natural desert vegetation with 

occasional single-family homes on large lots.  The natural terrain slopes down to the north at 

approximately 5%. 

 

The site accepts runoff from approximately 18 acres to the south and conveys runoff through 

the site to Joshua Lane through natural drain courses on the eastern edge of the property. 

 

The existing retention basin was designed to accept the runoff volume for the 100year, 3 hour 

storm.  The basin capacity is 171,000c.f., which includes a 40% bulking factor.  Per the Warner 

report, the previous development generates 122,400 c.f. runoff volume. 
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B. Proposed Development 
 

The proposed gymnasium and associated hardscape is proposed to be constructed on an 

existing vacant graded pad directly south of the retention basin.  The proposed construction 

adds an addition 15,500 sf. of impervious area to take into consideration during our analysis. 

 

C. Soils Group 
 

According to Plate C-2 of the San Bernardino County Flood Control District (SBCFCD) Hydrology 

Manual, the entirety of the watershed is within a Soil Type “B”. 

 

 D. Land Use 
 

The existing Land Use General Plan Designation for this site is RR-1 (Single Family Rural 

Residential, 1 acre minimum) and RR-2.5 (Single Family Rural Residential, 2.5 acre minimum).  

The existing land use is a church and school and accessory uses.  The location of the proposed 

new gymnasium is a vacant existing graded pad directly south of the existing retention basin. 

 

E. Rainfall Intensity 
 

The rainfall data used in the study are per the San Bernardino County Isohyetals located in the 

Hydrology Manual as were the original study conducted in 1999.  The NOAA Atlas 14, Volume 

6, Version 2 rainfall information was reviewed as recommended for use by the San Bernardino 

County Hydrology Manual, Addendum for Arid Regions (April 2010) and it was determined that 

they are relatively the same as the Isohyetals from the hydrology manual. For comparison 

purposes, we used the same data as the original study.  Data from the Yucca Valley Station ID: 

79-9002 is included in Appendix I. 

 

F. Antecedent Moisture Condition (AMC) 
 

Per San Bernardino County Hydrology Manual, Addendum for Arid Regions (April 2010), this 

project lies within the area mapped as AMC2 on Figure ADD-1.  However, in the interest of 

direct comparison, AMC 3 was used in our analysis to compare to the original study. 

 

 

III. SUMMARY 
 

A. Results 
 

The Unit Hydrograph calculation which includes the additional 15,500 s.f. of impervious 

area created by the proposed development of the new gymnasium generates 123,275 

c.f. runoff volume.  The existing retention basin has a capacity of 171,000 c.f., therefore 

the basin has the capacity to accept the additional runoff as a result of this proposed 

construction. 
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B. Conclusions  
 

Development of the new gymnasium and associated hardscape can be accomplished in a 

manner that will maintain historical downstream flow patterns.  The existing retention 

basin volume should be adequate to accommodate the additional volume of storm runoff 

due to the proposed development. 

 

C. References 
 

1. CivilDesign Engineering Software, Rational Method Hydrology System Model, © 
1989-2001, Version 6.4.  

 

2. County of San Bernardino, Hydrology Manual, ©August 1986. 
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  U n i t   H y d r o g r a p h    A n a l y s i s

  Copyright (c) CIVILCADD/CIVILDESIGN, 1989 - 2014, Version 9.0

   Study date  10/01/24

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 ------------------------------------------------------------------------

 San Bernardino County Synthetic Unit Hydrology Method
   Manual date - August 1986

 Program License Serial Number 6360

 ---------------------------------------------------------------------
 JOSHUA SPRINGS NEW GYMNASIUM 2024
 100 YEAR 3 HOUR STORM, POST DEVELOPMENT
 OCTOBER 1, 2024 VB
 
 --------------------------------------------------------------------

  Storm Event Year = 100

  Antecedent Moisture Condition = 3

  English (in-lb) Input Units Used

  English Rainfall Data (Inches) Input Values Used

  English Units used in output format

 Area averaged rainfall intensity isohyetal data:
  Sub-Area        Duration        Isohyetal
  (Ac.)            (hours)         (In)
 Rainfall data for year 10
      20.00            1           0.91
 --------------------------------------------------------------------
 Rainfall data for year 2
      20.00            6           1.00
 --------------------------------------------------------------------
 Rainfall data for year 2
      20.00           24           1.30
 --------------------------------------------------------------------
 Rainfall data for year 100
      20.00            1           1.40
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 --------------------------------------------------------------------
 Rainfall data for year 100
      20.00            6           2.50
 --------------------------------------------------------------------
 Rainfall data for year 100
      20.00           24           5.00
 --------------------------------------------------------------------
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

 ******** Area-averaged max loss rate, Fm ********

 SCS curve  SCS curve     Area     Area     Fp(Fig C6)    Ap      Fm
 No.(AMCII) NO.(AMC 3)    (Ac.)    Fraction     (In/Hr)  (dec.)   (In/Hr)
  56.0      75.8          9.80      0.490     0.440    0.510    0.224
  66.0      83.8         10.20      0.510     0.304    0.510    0.155

 Area-averaged adjusted loss rate Fm (In/Hr) =  0.189

 ********* Area-Averaged low loss rate fraction, Yb **********

 Area       Area          SCS CN    SCS CN      S     Pervious
  (Ac.)      Fract         (AMC2)    (AMC3)           Yield Fr
      5.00   0.250         56.0      75.8       3.19     0.504
      4.80   0.240         98.0      98.0       0.20     0.953

      5.20   0.260         66.0      83.8       1.93     0.650
      5.00   0.250         98.0      98.0       0.20     0.953

 Area-averaged catchment yield fraction, Y =  0.762
 Area-averaged low loss fraction, Yb =  0.238
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Watercourse length =    3000.00(Ft.)
 Length from concentration point to centroid =    1250.00(Ft.)
 Elevation difference along watercourse =     150.00(Ft.)
 Mannings friction factor along watercourse =  0.030
 Watershed area =      20.00(Ac.)
 Catchment Lag time =   0.116 hours
 Unit interval =   5.000 minutes
 Unit interval percentage of lag time = 71.5584
 Hydrograph baseflow =     0.00(CFS)
 Average maximum watershed loss rate(Fm) =  0.189(In/Hr)
 Average low loss rate fraction (Yb) = 0.238 (decimal)
 DESERT S-Graph Selected
 Computed peak 5-minute rainfall =  0.664(In)
 Computed peak 30-minute rainfall =  1.137(In)
 Specified peak 1-hour rainfall =  1.400(In)
 Computed peak 3-hour rainfall =  1.998(In)
 Specified peak 6-hour rainfall =  2.500(In)
 Specified peak 24-hour rainfall =  5.000(In)
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 Rainfall depth area reduction factors:
 Using a total area of      20.00(Ac.) (Ref: fig. E-4)

 5-minute factor = 0.999     Adjusted rainfall =  0.664(In)
 30-minute factor = 0.999    Adjusted rainfall =  1.136(In)
 1-hour factor = 0.999       Adjusted rainfall =  1.399(In)
 3-hour factor = 1.000       Adjusted rainfall =  1.997(In)
 6-hour factor = 1.000       Adjusted rainfall =  2.500(In)
 24-hour factor = 1.000      Adjusted rainfall =  5.000(In)
 ---------------------------------------------------------------------

    U n i t  H y d r o g r a p h 
 +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Interval          'S' Graph          Unit Hydrograph
 Number            Mean values             ((CFS))
 ---------------------------------------------------------------------
   (K =       241.88 (CFS))

   1                8.231                  19.908
   2               51.673                 105.077
   3               74.307                  54.745
   4               84.207                  23.946
   5               89.961                  13.917
   6               93.549                   8.678
   7               95.969                   5.855
   8               97.532                   3.780
   9               98.410                   2.122
  10               99.248                   2.028
  11              100.000                   1.819
 ---------------------------------------------------------------------
 --------------------------------------------------------------------
 --------------------------------------------------------------------
 Total soil rain loss =      0.30(In)
 Total effective rainfall =      1.70(In)
 Peak flow rate in flood hydrograph =     80.78(CFS)
 ---------------------------------------------------------------------
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
                     3 - H O U R    S T O R M
                R u n o f f      H y d r o g r a p h
 --------------------------------------------------------------------
             Hydrograph in   5   Minute intervals ((CFS))

 --------------------------------------------------------------------
  Time(h+m) Volume Ac.Ft   Q(CFS)  0       22.5      45.0      67.5      90.0
  -----------------------------------------------------------------------
    0+ 5       0.0019      0.28  Q         |         |         |         | 
    0+10       0.0138      1.74  Q         |         |         |         | 
    0+15       0.0313      2.53  VQ        |         |         |         | 
    0+20       0.0516      2.95  VQ        |         |         |         | 
    0+25       0.0738      3.22  |Q        |         |         |         | 
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    0+30       0.0976      3.46  |Q        |         |         |         | 
    0+35       0.1227      3.65  |Q        |         |         |         | 
    0+40       0.1492      3.84  |QV       |         |         |         | 
    0+45       0.1768      4.01  |QV       |         |         |         | 
    0+50       0.2058      4.21  |QV       |         |         |         | 
    0+55       0.2361      4.40  |Q V      |         |         |         | 
    1+ 0       0.2679      4.62  | QV      |         |         |         | 
    1+ 5       0.3011      4.83  | Q V     |         |         |         | 
    1+10       0.3363      5.10  | Q V     |         |         |         | 
    1+15       0.3733      5.38  | Q  V    |         |         |         | 
    1+20       0.4128      5.74  | Q  V    |         |         |         | 
    1+25       0.4546      6.07  | Q   V   |         |         |         | 
    1+30       0.4984      6.35  | Q    V  |         |         |         | 
    1+35       0.5450      6.77  |  Q   V  |         |         |         | 
    1+40       0.5966      7.49  |  Q    V |         |         |         | 
    1+45       0.6541      8.34  |  Q     V|         |         |         | 
    1+50       0.7214      9.78  |   Q     V         |         |         | 
    1+55       0.8040     11.99  |    Q    |V        |         |         | 
    2+ 0       0.9244     17.48  |      Q  |  V      |         |         | 
    2+ 5       1.1655     35.01  |         |    QV   |         |         | 
    2+10       1.7218     80.78  |         |         |   V     |    Q    | 
    2+15       2.0591     48.98  |         |         |Q       V|         | 
    2+20       2.2487     27.52  |         | Q       |         |V        | 
    2+25       2.3788     18.89  |       Q |         |         |  V      | 
    2+30       2.4760     14.11  |     Q   |         |         |   V     | 
    2+35       2.5525     11.11  |   Q     |         |         |     V   | 
    2+40       2.6135      8.85  |  Q      |         |         |     V   | 
    2+45       2.6625      7.13  |  Q      |         |         |      V  | 
    2+50       2.7066      6.40  | Q       |         |         |       V | 
    2+55       2.7456      5.67  | Q       |         |         |       V | 
    3+ 0       2.7746      4.20  |Q        |         |         |        V| 
    3+ 5       2.7992      3.58  |Q        |         |         |        V| 
    3+10       2.8123      1.90  Q         |         |         |        V| 
    3+15       2.8193      1.02  Q         |         |         |        V| 
    3+20       2.8236      0.63  Q         |         |         |        V| 
    3+25       2.8264      0.39  Q         |         |         |        V| 
    3+30       2.8281      0.25  Q         |         |         |        V| 
    3+35       2.8291      0.15  Q         |         |         |        V| 
    3+40       2.8297      0.09  Q         |         |         |        V| 
    3+45       2.8301      0.06  Q         |         |         |        V| 
    3+50       2.8303      0.03  Q         |         |         |        V| 
-----------------------------------------------------------------------
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