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INTRUDUCTION 

1   PURPOSE AND SCOPE

This Hydrology Report is to demonstrate that the BNSF Ono Lead Track Extension 
project can be designed to provide adequate flood protections for the proposed railway 
extensions, existing streets and all adjacent properties along the railway. The scope of 
this analysis includes the 100-year storm runoff calculation for each sub-drainage area, 
determines whether runoff exceeds the existing drainage capacities at streets, catch 
basins & inlets; and also analyzes & recommends adequate drainage facilities for each 
reach between railway stations. 

2   SITE DESCRIPTION AND EXISTING CONDITIONS

The site is located along the west side of the existing railway tracks and interstate 
freeway 215, a distance of approximately 5.5 miles from University Pkwy to West 5th 
Street, in the County of San Bernardino.  

There are existing flooding, ponding, and erosion issues along the railway at several 
locations because existing drainage systems are inadequate, and do not provide flood 
protection to the tracks. Flooding and erosion occur along the railway right-of-way 
where the tracks parallel Cajon Boulevard.  There are two 36” culverts that cross the 
tracks, and outlet approximately 38.8 cfs of runoff directly onto the shoulder of the 
street. These issues are compounded further because there is no storm drain system 
on Cajon Boulevard from West Highland Avenue to Spruce Street. Additional flooding, 
ponding, and erosion occur due to plugged catch basins, inadequate storm drain 
systems at streets next to the railway tracks, and plugged or sump conditions. Some 
streets have no storm drain system at all.  See reference-2 for pictures of the existing 
flooding. 

3   METHODOLOGY

The hydrologic data and methodology in this study is based on the San Bernardino 
County Hydrology Manual Rational Method, and the 100-year storm event precipitation 
based on the current NOAA Atlas 14 data sub-areas (details shown on reference-1 in 
this report). The impervious number for each drainage area is based on the engineers 
site visit and calculations. Civil Design Version 8.1, a Hydrology Computer Program was 
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used to calculate the 100-year storm runoff. Flow Master was used to size & analyze 
the proposed drainage channels.  

4   SUMMARY

The Hydrology Study shows that the 100-year storm water runoff for each area is 
calculated based on the San Bernardino County Hydrology Manual Rational Method. 
Evaluation of appropriateness of guidelines and accuracy of County data was beyond 
this scope of study.  Use of this report is limited to address the purpose and scope 
previously defined in the report. The Hydrology Study & Drainage Devices Summary 
Table (see page 7) show all hydrology information and engineer’s recommendations of 
this analysis. The opinions presented in this report have been derived in accordance 
with current standards of civil engineering practice. This report may not contain 
sufficient information for other parties or purposes. 
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HYDROLOGY INFORMATION

SITE AREA:           FROM OGDEN STREET. ~ W. 5TH STREET

SOIL GROUP:       B

                          60%

ISOHYETALS:       1.37"~1.8"
CN NUMBER:       56 (AMC-II),  75 (AMC-III)

METHOD:  SAN BERNARDINO COUNTY HYDROLOGY MANUAL

FREQUENCY:       100 YEAR

5.5 MILES ALONG WEST SIDE OF RAILWAY

ANTECEDENT MOISTURE CONDITION:       AMC III

                          90%

IMPERVIOUS:       PER CALCULATION
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                                                                   HYDROLOGY STUDY & DRAINAGE DEVICES SUMMARY TABLE:                                                       HYDROLOGY STUDY & DRAINAGE DEVICES SUMMARY TABLE:

RAILWAY STATIONS
SUB- 

AREA

AREA 

(ac)          

SLOPE  

(%)

ISOHYETALS 

100-Yr. 1-Hr.

SOILS 

GROUP
COVER TYPE

IMPERVIOUS 

NUMBER %

Q100       

(cfs)

EXISTING INLETS OR 

CATCH BASINS

EXISTING INLETS OR 

CATCH BASINS 

CAPACITY                          

(cfs)

Q100 OVER 

FLOW RATE 

(cfs)

CHANNEL 

FLOW Q100 

(cfs)

ENGINNER RECOMMEND CHANNEL 

TYPE & SIZE

104+00 -143+70 1A 5.24 2.1 1.8 B Road & Rail Road 60 51.75 NO 0 51.75 51.75
 Rectangular Concrete Channel:  

W=3', H=1.5' 

143+70 - 176+10 2A 5.16 2.1 1.77 B Road & Rail Road 60 21.74 NO 0 21.74 73.49
 Rectangular Concrete Channel:  

W=3', H=2' 

180+40 - 212+40 3A 4.1 1.7 1.7 B Road & Rail Road 60 14.68
1-36"X36" INLET 

CATCH BASIN
11.74 2.94 14.68

Triangular Earth Channel: W=3' , 

H=1.5' with 2:1 Side Slope

215+00 - 234+00 4A 4.96 1.3 1.65 B Industrial & Residential 70 19.79 NO 0 19.79 19.79
Triangular Earth Channel: W=3' , 

H=1.5' with 2:1 Side Slope

235+00 - 255+25 5A 20.17 1.2 1.6 B Industrial & Residential 70 83.53 NO 0 83.53 83.53
  Rectangular Concrete Channel:  

W=3', H=2.4' 

256+00 - 280+00 6A 17.74 1.8 1.55 B Residential 60 59.42 NO 0 59.42 59.42
 Rectangular Concrete Channel:  

W=3', H=1.6' 

282+00 - 288+50 7A 14.63 1.1 1.5 B Residential 60 43.33 1-12" PIPE INLET 2.4 40.93 40.93
 Rectangular Concrete Channel:  

W=3', H=1.5' 

288+50 -295+30 8A 11.27 1.5 1.47 B Industrial & Residential 70 33.47
1-12" PIPE &  2-

24"X24' BOX INLET
18.4 15.07 15.07

Triangular Earth Channel: W=3' , 

H=1.5' with 2:1 Side Slope

295+30 -303+00 9A 11.67 1 1.44 B Industrial 90 40.77
1-7'x8' & 1-5'x7' 

BULK INLET
0 0 0 No need

303+00 - 309+00 10A 27.32 1 1.4 B Industrial & Open Space 50 71.34
2-24"X24" BOX 

INLETS
22 49.34 49.34

 Rectangular Concrete Channel:  

W=3', H=1.5' 

309+00 - 315+80 11A 27.51 0.7 1.37 B Residential 60 68.16
2-24"X24" BOX 

INLETS
22 46.16 46.16

 Rectangular Concrete Channel:  

W=3', H=1.5' 

315+80 - 325+50 12A 19.9 0.5 1.35 B Residential 60 55 1-12" PIPE INLET 4.5 50.5 50.5
 Rectangular Concrete Channel:  

W=3', H=1.5' 
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1A.out

   San Bernardino County Rational Hydrology Program

       (Hydrology Manual Date - August 1986)

  CIVILCADD/CIVILDESIGN  Engineering Software, (c) 1989-2014 Version 9.0
  Rational Hydrology Study        Date: 01/08/18
 ------------------------------------------------------------------------
 BNSF RAILWAY
 ONO LEAD TRACK EXTENSION
 100-YEAR STORM
 SUB-AREA 1A
 ------------------------------------------------------------------------

 Program License Serial Number 6277

 ------------------------------------------------------------------------
  *********   Hydrology Study Control Information **********

 ------------------------------------------------------------------------
 Rational hydrology study storm event year is   100.0
 Computed rainfall intensity:
 Storm year =   100.00   1 hour rainfall =     1.800 (In.)
 Slope used for rainfall intensity curve b =  0.6000
 Soil antecedent moisture condition (AMC) = 3

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station        1.000 to Point/Station        2.000
 **** INITIAL AREA EVALUATION ****
 ______________________________________________________________________
 COMMERCIAL subarea type                     
 Decimal fraction soil group A = 0.000
 Decimal fraction soil group B = 1.000
 Decimal fraction soil group C = 0.000
 Decimal fraction soil group D = 0.000
 SCS curve number for soil(AMC 2)  = 56.00
 Adjusted SCS curve number for AMC 3 = 75.80
 Pervious ratio(Ap) = 0.1000     Max loss rate(Fm)=     0.044(In/Hr)
 Initial subarea data:
 Initial area flow distance =   712.000(Ft.)
 Top (of initial area) elevation =  1413.810(Ft.)
 Bottom (of initial area) elevation =  1365.450(Ft.)
 Difference in elevation =    48.360(Ft.)
 Slope =    0.06792  s(%)=       6.79
 TC = k(0.304)*[(length^3)/(elevation change)]^0.2
 Initial area time of concentration =    7.202 min.
 Rainfall intensity =      6.422(In/Hr) for a   100.0 year storm
 Effective runoff coefficient used for area (Q=KCIA) is C = 0.894
 Subarea runoff =      5.970(CFS)
 Total initial stream area =        1.040(Ac.)
 Pervious area fraction = 0.100
 Initial area Fm value =    0.044(In/Hr)

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station        2.000 to Point/Station        3.000
 **** SUBAREA FLOW ADDITION ****
 ______________________________________________________________________
 COMMERCIAL subarea type                     
 Decimal fraction soil group A = 0.000
 Decimal fraction soil group B = 1.000
 Decimal fraction soil group C = 0.000
 Decimal fraction soil group D = 0.000
 SCS curve number for soil(AMC 2)  = 56.00
 Adjusted SCS curve number for AMC 3 = 75.80
 Pervious ratio(Ap) = 0.1000     Max loss rate(Fm)=     0.044(In/Hr)
 Time of concentration =     7.20 min.
 Rainfall intensity =      6.422(In/Hr) for a   100.0 year storm
 Effective runoff coefficient used for area,(total area with modified
 rational method)(Q=KCIA) is C = 0.894
 Subarea runoff =     38.805(CFS) for    6.760(Ac.)
  Total runoff =     44.775(CFS)
 Effective area this stream =        7.80(Ac.)
 Total Study Area (Main Stream No. 1) =        7.80(Ac.)
 Area averaged Fm value =    0.044(In/Hr)

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station        3.000 to Point/Station        4.000
 **** IRREGULAR CHANNEL FLOW TRAVEL TIME ****
 ______________________________________________________________________
 Estimated mean flow rate at midpoint of channel =      0.000(CFS)
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1A.out
 Depth of flow =   3.023(Ft.), Average velocity =   8.708(Ft/s)
 !!Warning: Water is above left or right bank elevations
  ******* Irregular Channel Data ***********
 -----------------------------------------------------------------
 Information entered for subchannel number 1 :
 Point number      'X' coordinate     'Y' coordinate
  1              0.00              0.00
  2              1.00              0.00
 Manning's 'N' friction factor =   0.023
 -----------------------------------------------------------------
 Sub-Channel flow  =     30.424(CFS)
    '     '  flow top width =      1.000(Ft.)
   '     '    velocity=   10.065(Ft/s)
    '     '  area =      3.023(Sq.Ft)
    '     '  Froude number =     1.020 

 Information entered for subchannel number 2 :
 Point number      'X' coordinate     'Y' coordinate
  1              1.00              0.00
  2              2.00              1.00
 Manning's 'N' friction factor =   0.023
 -----------------------------------------------------------------
 Sub-Channel flow  =     17.865(CFS)
    '     '  flow top width =      1.000(Ft.)
   '     '    velocity=    7.081(Ft/s)
    '     '  area =      2.523(Sq.Ft)
    '     '  Froude number =     0.786 

 Upstream point elevation =  1365.450(Ft.)
 Downstream point elevation =  1350.000(Ft.)
 Flow length =  2578.000(Ft.)
 Travel time  =    4.93 min.
 Time of concentration =   12.14 min.
 Depth of flow =   3.023(Ft.)
 Average velocity =   8.708(Ft/s)
 Total irregular channel flow =    48.289(CFS)
 Irregular channel normal depth above invert elev. =   3.023(Ft.)
 Average velocity of channel(s) =   8.708(Ft/s)
 !!Warning: Water is above left or right bank elevations
  Adding area flow to channel
 COMMERCIAL subarea type                     
 Decimal fraction soil group A = 0.000
 Decimal fraction soil group B = 1.000
 Decimal fraction soil group C = 0.000
 Decimal fraction soil group D = 0.000
 SCS curve number for soil(AMC 2)  = 56.00
 Adjusted SCS curve number for AMC 3 = 75.80
 Pervious ratio(Ap) = 0.1000     Max loss rate(Fm)=     0.044(In/Hr)
 Rainfall intensity =      4.696(In/Hr) for a   100.0 year storm
 Effective runoff coefficient used for area,(total area with modified
 rational method)(Q=KCIA) is C = 0.892
 Subarea runoff =      6.971(CFS) for    4.560(Ac.)
  Total runoff =     51.746(CFS)
 Effective area this stream =       12.36(Ac.)
 Total Study Area (Main Stream No. 1) =       12.36(Ac.)
 Area averaged Fm value =    0.044(In/Hr)
 Depth of flow =   3.140(Ft.), Average velocity =   8.952(Ft/s)
 !!Warning: Water is above left or right bank elevations
 End of computations, Total Study Area =           12.36 (Ac.)
  The following figures may
  be used for a unit hydrograph study of the same area.
  Note: These figures do not consider reduced effective area
  effects caused by confluences in the rational equation.

  Area averaged pervious area fraction(Ap) = 0.100
 Area averaged SCS curve number =  56.0
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   San Bernardino County Rational Hydrology Program

       (Hydrology Manual Date - August 1986)

  CIVILCADD/CIVILDESIGN  Engineering Software, (c) 1989-2014 Version 9.0
  Rational Hydrology Study        Date: 01/04/18
 ------------------------------------------------------------------------
 BNSF RAILWAY
 ONO LEAD TRACK EXTENSION
 100-YEAR STORM
 SUB-AREA 2A
 ------------------------------------------------------------------------

 Program License Serial Number 6277

 ------------------------------------------------------------------------
  *********   Hydrology Study Control Information **********

 ------------------------------------------------------------------------
 Rational hydrology study storm event year is   100.0
 Computed rainfall intensity:
 Storm year =   100.00   1 hour rainfall =     1.770 (In.)
 Slope used for rainfall intensity curve b =  0.6000
 Soil antecedent moisture condition (AMC) = 3

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station        4.000 to Point/Station        5.000
 **** INITIAL AREA EVALUATION ****
 ______________________________________________________________________
 COMMERCIAL subarea type                     
 Decimal fraction soil group A = 0.000
 Decimal fraction soil group B = 1.000
 Decimal fraction soil group C = 0.000
 Decimal fraction soil group D = 0.000
 SCS curve number for soil(AMC 2)  = 56.00
 Adjusted SCS curve number for AMC 3 = 75.80
 Pervious ratio(Ap) = 0.1000     Max loss rate(Fm)=     0.044(In/Hr)
 Initial subarea data:
 Initial area flow distance =   400.000(Ft.)
 Top (of initial area) elevation =  1346.430(Ft.)
 Bottom (of initial area) elevation =  1331.260(Ft.)
 Difference in elevation =    15.170(Ft.)
 Slope =    0.03793  s(%)=       3.79
 TC = k(0.304)*[(length^3)/(elevation change)]^0.2
 Initial area time of concentration =    6.426 min.
 Rainfall intensity =      6.763(In/Hr) for a   100.0 year storm
 Effective runoff coefficient used for area (Q=KCIA) is C = 0.894
 Subarea runoff =      6.047(CFS)
 Total initial stream area =        1.000(Ac.)
 Pervious area fraction = 0.100
 Initial area Fm value =    0.044(In/Hr)

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station        5.000 to Point/Station        6.000
 **** IRREGULAR CHANNEL FLOW TRAVEL TIME ****
 ______________________________________________________________________
 Estimated mean flow rate at midpoint of channel =      0.000(CFS)
 Depth of flow =   1.824(Ft.), Average velocity =  10.518(Ft/s)
 !!Warning: Water is above left or right bank elevations
  ******* Irregular Channel Data ***********
 -----------------------------------------------------------------
 Information entered for subchannel number 1 :
 Point number      'X' coordinate     'Y' coordinate
  1              0.00              0.00
  2              1.00              1.00
 Manning's 'N' friction factor =   0.023
 -----------------------------------------------------------------
 Sub-Channel flow  =     13.925(CFS)
    '     '  flow top width =      1.000(Ft.)
   '     '    velocity=   10.518(Ft/s)
    '     '  area =      1.324(Sq.Ft)
    '     '  Froude number =     1.611 

 Upstream point elevation =  1365.450(Ft.)
 Downstream point elevation =  1269.520(Ft.)
 Flow length =  3315.000(Ft.)
 Travel time  =    5.25 min.
 Time of concentration =   11.68 min.
 Depth of flow =   1.824(Ft.)
 Average velocity =  10.518(Ft/s)
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 Total irregular channel flow =    13.925(CFS)
 Irregular channel normal depth above invert elev. =   1.824(Ft.)
 Average velocity of channel(s) =  10.518(Ft/s)
 !!Warning: Water is above left or right bank elevations
  Adding area flow to channel
 COMMERCIAL subarea type                     
 Decimal fraction soil group A = 0.000
 Decimal fraction soil group B = 1.000
 Decimal fraction soil group C = 0.000
 Decimal fraction soil group D = 0.000
 SCS curve number for soil(AMC 2)  = 56.00
 Adjusted SCS curve number for AMC 3 = 75.80
 Pervious ratio(Ap) = 0.1000     Max loss rate(Fm)=     0.044(In/Hr)
 Rainfall intensity =      4.725(In/Hr) for a   100.0 year storm
 Effective runoff coefficient used for area,(total area with modified
 rational method)(Q=KCIA) is C = 0.892
 Subarea runoff =     15.693(CFS) for    4.160(Ac.)
  Total runoff =     21.740(CFS)
 Effective area this stream =        5.16(Ac.)
 Total Study Area (Main Stream No. 1) =        5.16(Ac.)
 Area averaged Fm value =    0.044(In/Hr)
 Depth of flow =   2.230(Ft.), Average velocity =  12.569(Ft/s)
 !!Warning: Water is above left or right bank elevations
 End of computations, Total Study Area =            5.16 (Ac.)
  The following figures may
  be used for a unit hydrograph study of the same area.
  Note: These figures do not consider reduced effective area
  effects caused by confluences in the rational equation.

  Area averaged pervious area fraction(Ap) = 0.100
 Area averaged SCS curve number =  56.0
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   San Bernardino County Rational Hydrology Program

       (Hydrology Manual Date - August 1986)

  CIVILCADD/CIVILDESIGN  Engineering Software, (c) 1989-2014 Version 9.0
  Rational Hydrology Study        Date: 01/04/18
 ------------------------------------------------------------------------
 BNSF RAILWAY
 ONO LEAD TRACK EXTENSION
 100-YEAR STORM
 SUB-AREA 3A
 ------------------------------------------------------------------------

 Program License Serial Number 6277

 ------------------------------------------------------------------------
  *********   Hydrology Study Control Information **********

 ------------------------------------------------------------------------
 Rational hydrology study storm event year is   100.0
 Computed rainfall intensity:
 Storm year =   100.00   1 hour rainfall =     1.700 (In.)
 Slope used for rainfall intensity curve b =  0.6000
 Soil antecedent moisture condition (AMC) = 3

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station        7.000 to Point/Station        8.000
 **** INITIAL AREA EVALUATION ****
 ______________________________________________________________________
 COMMERCIAL subarea type                     
 Decimal fraction soil group A = 0.000
 Decimal fraction soil group B = 1.000
 Decimal fraction soil group C = 0.000
 Decimal fraction soil group D = 0.000
 SCS curve number for soil(AMC 2)  = 56.00
 Adjusted SCS curve number for AMC 3 = 75.80
 Pervious ratio(Ap) = 0.1000     Max loss rate(Fm)=     0.044(In/Hr)
 Initial subarea data:
 Initial area flow distance =   700.000(Ft.)
 Top (of initial area) elevation =  1271.400(Ft.)
 Bottom (of initial area) elevation =  1245.220(Ft.)
 Difference in elevation =    26.180(Ft.)
 Slope =    0.03740  s(%)=       3.74
 TC = k(0.304)*[(length^3)/(elevation change)]^0.2
 Initial area time of concentration =    8.060 min.
 Rainfall intensity =      5.669(In/Hr) for a   100.0 year storm
 Effective runoff coefficient used for area (Q=KCIA) is C = 0.893
 Subarea runoff =      6.075(CFS)
 Total initial stream area =        1.200(Ac.)
 Pervious area fraction = 0.100
 Initial area Fm value =    0.044(In/Hr)

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station        8.000 to Point/Station        9.000
 **** IRREGULAR CHANNEL FLOW TRAVEL TIME ****
 ______________________________________________________________________
 Estimated mean flow rate at midpoint of channel =      0.000(CFS)
 Depth of flow =   1.848(Ft.), Average velocity =   7.727(Ft/s)
 !!Warning: Water is above left or right bank elevations
  ******* Irregular Channel Data ***********
 -----------------------------------------------------------------
 Information entered for subchannel number 1 :
 Point number      'X' coordinate     'Y' coordinate
  1              0.00              0.00
  2              1.00              1.00
 Manning's 'N' friction factor =   0.023
 -----------------------------------------------------------------
 Sub-Channel flow  =     10.413(CFS)
    '     '  flow top width =      1.000(Ft.)
   '     '    velocity=    7.727(Ft/s)
    '     '  area =      1.348(Sq.Ft)
    '     '  Froude number =     1.173 

 Upstream point elevation =  1245.220(Ft.)
 Downstream point elevation =  1201.220(Ft.)
 Flow length =  2885.000(Ft.)
 Travel time  =    6.22 min.
 Time of concentration =   14.28 min.
 Depth of flow =   1.848(Ft.)
 Average velocity =   7.727(Ft/s)

Page 1



3A.out
 Total irregular channel flow =    10.413(CFS)
 Irregular channel normal depth above invert elev. =   1.848(Ft.)
 Average velocity of channel(s) =   7.727(Ft/s)
 !!Warning: Water is above left or right bank elevations
  Adding area flow to channel
 COMMERCIAL subarea type                     
 Decimal fraction soil group A = 0.000
 Decimal fraction soil group B = 1.000
 Decimal fraction soil group C = 0.000
 Decimal fraction soil group D = 0.000
 SCS curve number for soil(AMC 2)  = 56.00
 Adjusted SCS curve number for AMC 3 = 75.80
 Pervious ratio(Ap) = 0.1000     Max loss rate(Fm)=     0.044(In/Hr)
 Rainfall intensity =      4.022(In/Hr) for a   100.0 year storm
 Effective runoff coefficient used for area,(total area with modified
 rational method)(Q=KCIA) is C = 0.890
 Subarea runoff =      8.604(CFS) for    2.900(Ac.)
  Total runoff =     14.679(CFS)
 Effective area this stream =        4.10(Ac.)
 Total Study Area (Main Stream No. 1) =        4.10(Ac.)
 Area averaged Fm value =    0.044(In/Hr)
 Depth of flow =   2.156(Ft.), Average velocity =   8.864(Ft/s)
 !!Warning: Water is above left or right bank elevations
 End of computations, Total Study Area =            4.10 (Ac.)
  The following figures may
  be used for a unit hydrograph study of the same area.
  Note: These figures do not consider reduced effective area
  effects caused by confluences in the rational equation.

  Area averaged pervious area fraction(Ap) = 0.100
 Area averaged SCS curve number =  56.0
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   San Bernardino County Rational Hydrology Program

       (Hydrology Manual Date - August 1986)

  CIVILCADD/CIVILDESIGN  Engineering Software, (c) 1989-2014 Version 9.0
  Rational Hydrology Study        Date: 01/04/18
 ------------------------------------------------------------------------
 BNSF RAILWAY
 ONO LEAD TRACK EXTENSION
 100-YEAR STORM
 SUB-AREA 4A
 ------------------------------------------------------------------------

 Program License Serial Number 6277

 ------------------------------------------------------------------------
  *********   Hydrology Study Control Information **********

 ------------------------------------------------------------------------
 Rational hydrology study storm event year is   100.0
 Computed rainfall intensity:
 Storm year =   100.00   1 hour rainfall =     1.650 (In.)
 Slope used for rainfall intensity curve b =  0.6000
 Soil antecedent moisture condition (AMC) = 3

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station       10.000 to Point/Station       11.000
 **** INITIAL AREA EVALUATION ****
 ______________________________________________________________________
 COMMERCIAL subarea type                     
 Decimal fraction soil group A = 0.000
 Decimal fraction soil group B = 1.000
 Decimal fraction soil group C = 0.000
 Decimal fraction soil group D = 0.000
 SCS curve number for soil(AMC 2)  = 56.00
 Adjusted SCS curve number for AMC 3 = 75.80
 Pervious ratio(Ap) = 0.1000     Max loss rate(Fm)=     0.044(In/Hr)
 Initial subarea data:
 Initial area flow distance =   550.000(Ft.)
 Top (of initial area) elevation =  1193.670(Ft.)
 Bottom (of initial area) elevation =  1184.930(Ft.)
 Difference in elevation =     8.740(Ft.)
 Slope =    0.01589  s(%)=       1.59
 TC = k(0.304)*[(length^3)/(elevation change)]^0.2
 Initial area time of concentration =    8.685 min.
 Rainfall intensity =      5.261(In/Hr) for a   100.0 year storm
 Effective runoff coefficient used for area (Q=KCIA) is C = 0.892
 Subarea runoff =     14.087(CFS)
 Total initial stream area =        3.000(Ac.)
 Pervious area fraction = 0.100
 Initial area Fm value =    0.044(In/Hr)

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station       11.000 to Point/Station       12.000
 **** IRREGULAR CHANNEL FLOW TRAVEL TIME ****
 ______________________________________________________________________
 Estimated mean flow rate at midpoint of channel =      0.000(CFS)
 Depth of flow =   2.452(Ft.), Average velocity =   8.695(Ft/s)
 !!Warning: Water is above left or right bank elevations
  ******* Irregular Channel Data ***********
 -----------------------------------------------------------------
 Information entered for subchannel number 1 :
 Point number      'X' coordinate     'Y' coordinate
  1              0.00              0.00
  2              1.00              1.00
 Manning's 'N' friction factor =   0.023
 -----------------------------------------------------------------
 Sub-Channel flow  =     16.972(CFS)
    '     '  flow top width =      1.000(Ft.)
   '     '    velocity=    8.695(Ft/s)
    '     '  area =      1.952(Sq.Ft)
    '     '  Froude number =     1.097 

 Upstream point elevation =  1184.930(Ft.)
 Downstream point elevation =  1169.810(Ft.)
 Flow length =  1283.000(Ft.)
 Travel time  =    2.46 min.
 Time of concentration =   11.14 min.
 Depth of flow =   2.452(Ft.)
 Average velocity =   8.695(Ft/s)
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 Total irregular channel flow =    16.972(CFS)
 Irregular channel normal depth above invert elev. =   2.452(Ft.)
 Average velocity of channel(s) =   8.695(Ft/s)
 !!Warning: Water is above left or right bank elevations
  Adding area flow to channel
 RESIDENTIAL(8 - 10 dwl/acre)                
 Decimal fraction soil group A = 0.000
 Decimal fraction soil group B = 1.000
 Decimal fraction soil group C = 0.000
 Decimal fraction soil group D = 0.000
 SCS curve number for soil(AMC 2)  = 56.00
 Adjusted SCS curve number for AMC 3 = 75.80
 Pervious ratio(Ap) = 0.4000     Max loss rate(Fm)=     0.176(In/Hr)
 Rainfall intensity =      4.530(In/Hr) for a   100.0 year storm
 Effective runoff coefficient used for area,(total area with modified
 rational method)(Q=KCIA) is C = 0.881
 Subarea runoff =      5.707(CFS) for    1.960(Ac.)
  Total runoff =     19.794(CFS)
 Effective area this stream =        4.96(Ac.)
 Total Study Area (Main Stream No. 1) =        4.96(Ac.)
 Area averaged Fm value =    0.096(In/Hr)
 Depth of flow =   2.641(Ft.), Average velocity =   9.247(Ft/s)
 !!Warning: Water is above left or right bank elevations
 End of computations, Total Study Area =            4.96 (Ac.)
  The following figures may
  be used for a unit hydrograph study of the same area.
  Note: These figures do not consider reduced effective area
  effects caused by confluences in the rational equation.

  Area averaged pervious area fraction(Ap) = 0.219
 Area averaged SCS curve number =  56.0
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   San Bernardino County Rational Hydrology Program

       (Hydrology Manual Date - August 1986)

  CIVILCADD/CIVILDESIGN  Engineering Software, (c) 1989-2014 Version 9.0
  Rational Hydrology Study        Date: 01/04/18
 ------------------------------------------------------------------------
 BNSF RAILWAY
 ONO LEAD TRACK EXTENSION
 100-YEAR STORM
 SUB-AREA 5A
 ------------------------------------------------------------------------

 Program License Serial Number 6277

 ------------------------------------------------------------------------
  *********   Hydrology Study Control Information **********

 ------------------------------------------------------------------------
 Rational hydrology study storm event year is   100.0
 Computed rainfall intensity:
 Storm year =   100.00   1 hour rainfall =     1.600 (In.)
 Slope used for rainfall intensity curve b =  0.6000
 Soil antecedent moisture condition (AMC) = 3

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station       13.000 to Point/Station       14.000
 **** INITIAL AREA EVALUATION ****
 ______________________________________________________________________
 COMMERCIAL subarea type                     
 Decimal fraction soil group A = 0.000
 Decimal fraction soil group B = 1.000
 Decimal fraction soil group C = 0.000
 Decimal fraction soil group D = 0.000
 SCS curve number for soil(AMC 2)  = 56.00
 Adjusted SCS curve number for AMC 3 = 75.80
 Pervious ratio(Ap) = 0.1000     Max loss rate(Fm)=     0.044(In/Hr)
 Initial subarea data:
 Initial area flow distance =   533.000(Ft.)
 Top (of initial area) elevation =  1168.820(Ft.)
 Bottom (of initial area) elevation =  1160.840(Ft.)
 Difference in elevation =     7.980(Ft.)
 Slope =    0.01497  s(%)=       1.50
 TC = k(0.304)*[(length^3)/(elevation change)]^0.2
 Initial area time of concentration =    8.680 min.
 Rainfall intensity =      5.104(In/Hr) for a   100.0 year storm
 Effective runoff coefficient used for area (Q=KCIA) is C = 0.892
 Subarea runoff =     17.305(CFS)
 Total initial stream area =        3.800(Ac.)
 Pervious area fraction = 0.100
 Initial area Fm value =    0.044(In/Hr)

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station       14.000 to Point/Station       15.000
 **** IRREGULAR CHANNEL FLOW TRAVEL TIME ****
 ______________________________________________________________________
 Estimated mean flow rate at midpoint of channel =      0.000(CFS)
 Depth of flow =   3.919(Ft.), Average velocity =  14.755(Ft/s)
 !!Warning: Water is above left or right bank elevations
  ******* Irregular Channel Data ***********
 -----------------------------------------------------------------
 Information entered for subchannel number 1 :
 Point number      'X' coordinate     'Y' coordinate
  1              0.00              0.00
  2              1.00              1.00
 Manning's 'N' friction factor =   0.023
 -----------------------------------------------------------------
 Sub-Channel flow  =     50.455(CFS)
    '     '  flow top width =      1.000(Ft.)
   '     '    velocity=   14.755(Ft/s)
    '     '  area =      3.419(Sq.Ft)
    '     '  Froude number =     1.406 

 Upstream point elevation =  1160.840(Ft.)
 Downstream point elevation =  1145.250(Ft.)
 Flow length =   970.000(Ft.)
 Travel time  =    1.10 min.
 Time of concentration =    9.78 min.
 Depth of flow =   3.919(Ft.)
 Average velocity =  14.755(Ft/s)

Page 1



5A.out
 Total irregular channel flow =    50.455(CFS)
 Irregular channel normal depth above invert elev. =   3.919(Ft.)
 Average velocity of channel(s) =  14.755(Ft/s)
 !!Warning: Water is above left or right bank elevations
  Adding area flow to channel
 RESIDENTIAL(8 - 10 dwl/acre)                
 Decimal fraction soil group A = 0.000
 Decimal fraction soil group B = 1.000
 Decimal fraction soil group C = 0.000
 Decimal fraction soil group D = 0.000
 SCS curve number for soil(AMC 2)  = 56.00
 Adjusted SCS curve number for AMC 3 = 75.80
 Pervious ratio(Ap) = 0.4000     Max loss rate(Fm)=     0.176(In/Hr)
 Rainfall intensity =      4.753(In/Hr) for a   100.0 year storm
 Effective runoff coefficient used for area,(total area with modified
 rational method)(Q=KCIA) is C = 0.871
 Subarea runoff =     66.225(CFS) for   16.370(Ac.)
  Total runoff =     83.530(CFS)
 Effective area this stream =       20.17(Ac.)
 Total Study Area (Main Stream No. 1) =       20.17(Ac.)
 Area averaged Fm value =    0.151(In/Hr)
 Depth of flow =   5.127(Ft.), Average velocity =  18.052(Ft/s)
 !!Warning: Water is above left or right bank elevations
 End of computations, Total Study Area =           20.17 (Ac.)
  The following figures may
  be used for a unit hydrograph study of the same area.
  Note: These figures do not consider reduced effective area
  effects caused by confluences in the rational equation.

  Area averaged pervious area fraction(Ap) = 0.343
 Area averaged SCS curve number =  56.0
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   San Bernardino County Rational Hydrology Program

       (Hydrology Manual Date - August 1986)

  CIVILCADD/CIVILDESIGN  Engineering Software, (c) 1989-2014 Version 9.0
  Rational Hydrology Study        Date: 01/04/18
 ------------------------------------------------------------------------
 BNSF RAILWAY
 ONO LEAD TRACK EXTENSION
 100-YEAR STORM
 SUB-AREA 6A
 ------------------------------------------------------------------------

 Program License Serial Number 6277

 ------------------------------------------------------------------------
  *********   Hydrology Study Control Information **********

 ------------------------------------------------------------------------
 Rational hydrology study storm event year is   100.0
 Computed rainfall intensity:
 Storm year =   100.00   1 hour rainfall =     1.550 (In.)
 Slope used for rainfall intensity curve b =  0.6000
 Soil antecedent moisture condition (AMC) = 3

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station       16.000 to Point/Station       17.000
 **** INITIAL AREA EVALUATION ****
 ______________________________________________________________________
 RESIDENTIAL(8 - 10 dwl/acre)                
 Decimal fraction soil group A = 0.000
 Decimal fraction soil group B = 1.000
 Decimal fraction soil group C = 0.000
 Decimal fraction soil group D = 0.000
 SCS curve number for soil(AMC 2)  = 56.00
 Adjusted SCS curve number for AMC 3 = 75.80
 Pervious ratio(Ap) = 0.4000     Max loss rate(Fm)=     0.176(In/Hr)
 Initial subarea data:
 Initial area flow distance =   427.000(Ft.)
 Top (of initial area) elevation =  1147.360(Ft.)
 Bottom (of initial area) elevation =  1140.330(Ft.)
 Difference in elevation =     7.030(Ft.)
 Slope =    0.01646  s(%)=       1.65
 TC = k(0.374)*[(length^3)/(elevation change)]^0.2
 Initial area time of concentration =    9.588 min.
 Rainfall intensity =      4.658(In/Hr) for a   100.0 year storm
 Effective runoff coefficient used for area (Q=KCIA) is C = 0.866
 Subarea runoff =      7.785(CFS)
 Total initial stream area =        1.930(Ac.)
 Pervious area fraction = 0.400
 Initial area Fm value =    0.176(In/Hr)

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station       17.000 to Point/Station       18.000
 **** IRREGULAR CHANNEL FLOW TRAVEL TIME ****
 ______________________________________________________________________
 Estimated mean flow rate at midpoint of channel =      0.000(CFS)
 Depth of flow =   3.976(Ft.), Average velocity =   9.677(Ft/s)
 !!Warning: Water is above left or right bank elevations
  ******* Irregular Channel Data ***********
 -----------------------------------------------------------------
 Information entered for subchannel number 1 :
 Point number      'X' coordinate     'Y' coordinate
  1              0.00              0.00
  2              1.00              1.00
 Manning's 'N' friction factor =   0.023
 -----------------------------------------------------------------
 Sub-Channel flow  =     33.637(CFS)
    '     '  flow top width =      1.000(Ft.)
   '     '    velocity=    9.677(Ft/s)
    '     '  area =      3.476(Sq.Ft)
    '     '  Froude number =     0.915 

 Upstream point elevation =  1140.330(Ft.)
 Downstream point elevation =  1127.310(Ft.)
 Flow length =  1925.000(Ft.)
 Travel time  =    3.32 min.
 Time of concentration =   12.90 min.
 Depth of flow =   3.976(Ft.)
 Average velocity =   9.677(Ft/s)
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 Total irregular channel flow =    33.637(CFS)
 Irregular channel normal depth above invert elev. =   3.976(Ft.)
 Average velocity of channel(s) =   9.677(Ft/s)
 !!Warning: Water is above left or right bank elevations
  Adding area flow to channel
 RESIDENTIAL(8 - 10 dwl/acre)                
 Decimal fraction soil group A = 0.000
 Decimal fraction soil group B = 1.000
 Decimal fraction soil group C = 0.000
 Decimal fraction soil group D = 0.000
 SCS curve number for soil(AMC 2)  = 56.00
 Adjusted SCS curve number for AMC 3 = 75.80
 Pervious ratio(Ap) = 0.4000     Max loss rate(Fm)=     0.176(In/Hr)
 Rainfall intensity =      3.898(In/Hr) for a   100.0 year storm
 Effective runoff coefficient used for area,(total area with modified
 rational method)(Q=KCIA) is C = 0.859
 Subarea runoff =     51.634(CFS) for   15.810(Ac.)
  Total runoff =     59.419(CFS)
 Effective area this stream =       17.74(Ac.)
 Total Study Area (Main Stream No. 1) =       17.74(Ac.)
 Area averaged Fm value =    0.176(In/Hr)
 Depth of flow =   5.390(Ft.), Average velocity =  12.150(Ft/s)
 !!Warning: Water is above left or right bank elevations
 End of computations, Total Study Area =           17.74 (Ac.)
  The following figures may
  be used for a unit hydrograph study of the same area.
  Note: These figures do not consider reduced effective area
  effects caused by confluences in the rational equation.

  Area averaged pervious area fraction(Ap) = 0.400
 Area averaged SCS curve number =  56.0

Page 2



7A.out

   San Bernardino County Rational Hydrology Program

       (Hydrology Manual Date - August 1986)

  CIVILCADD/CIVILDESIGN  Engineering Software, (c) 1989-2014 Version 9.0
  Rational Hydrology Study        Date: 01/04/18
 ------------------------------------------------------------------------
 BNSF RAILWAY
 ONO LEAD TRACK EXTENSION
 100-YEAR STORM
 SUB-AREA 7A
 ------------------------------------------------------------------------

 Program License Serial Number 6277

 ------------------------------------------------------------------------
  *********   Hydrology Study Control Information **********

 ------------------------------------------------------------------------
 Rational hydrology study storm event year is   100.0
 Computed rainfall intensity:
 Storm year =   100.00   1 hour rainfall =     1.500 (In.)
 Slope used for rainfall intensity curve b =  0.6000
 Soil antecedent moisture condition (AMC) = 3

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station       19.000 to Point/Station       20.000
 **** INITIAL AREA EVALUATION ****
 ______________________________________________________________________
 COMMERCIAL subarea type                     
 Decimal fraction soil group A = 0.000
 Decimal fraction soil group B = 1.000
 Decimal fraction soil group C = 0.000
 Decimal fraction soil group D = 0.000
 SCS curve number for soil(AMC 2)  = 56.00
 Adjusted SCS curve number for AMC 3 = 75.80
 Pervious ratio(Ap) = 0.1000     Max loss rate(Fm)=     0.044(In/Hr)
 Initial subarea data:
 Initial area flow distance =   800.000(Ft.)
 Top (of initial area) elevation =  1127.060(Ft.)
 Bottom (of initial area) elevation =  1125.400(Ft.)
 Difference in elevation =     1.660(Ft.)
 Slope =    0.00207  s(%)=       0.21
 TC = k(0.304)*[(length^3)/(elevation change)]^0.2
 Initial area time of concentration =   15.160 min.
 Rainfall intensity =      3.424(In/Hr) for a   100.0 year storm
 Effective runoff coefficient used for area (Q=KCIA) is C = 0.888
 Subarea runoff =     14.511(CFS)
 Total initial stream area =        4.770(Ac.)
 Pervious area fraction = 0.100
 Initial area Fm value =    0.044(In/Hr)

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station       20.000 to Point/Station       21.000
 **** STREET FLOW TRAVEL TIME + SUBAREA FLOW ADDITION ****
 ______________________________________________________________________
 Top of street segment elevation =  1125.400(Ft.)
 End of street segment elevation =  1119.510(Ft.)
 Length of street segment  =     9.860(Ft.)
 Height of curb above gutter flowline  =    6.0(In.)
 Width of half street (curb to crown)  =  30.000(Ft.)
 Distance from crown to crossfall grade break  =  28.500(Ft.)
 Slope from gutter to grade break (v/hz) =   1.000
 Slope from grade break to crown (v/hz)  =   1.000
 Street flow is on [2] side(s) of the street 
 Distance from curb to property line  =  10.000(Ft.)
 Slope from curb to property line (v/hz) =   2.000
 Gutter width =   1.500(Ft.)
 Gutter hike from flowline =  0.500(In.)
  Manning's N in gutter =  0.0130
  Manning's N from gutter to grade break =  0.0140
  Manning's N from grade break to crown =  0.0140
 Estimated mean flow rate at midpoint of street =     28.993(CFS)
 Depth of flow =   0.308(Ft.), Average velocity =  31.110(Ft/s)
 Streetflow hydraulics at midpoint of street travel:
 Halfstreet flow width =   1.766(Ft.)
 Flow velocity =  31.11(Ft/s)
 Travel time =    0.01 min.     TC =   15.17  min.
  Adding area flow to street
 RESIDENTIAL(8 - 10 dwl/acre)                
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 Decimal fraction soil group A = 0.000
 Decimal fraction soil group B = 1.000
 Decimal fraction soil group C = 0.000
 Decimal fraction soil group D = 0.000
 SCS curve number for soil(AMC 2)  = 56.00
 Adjusted SCS curve number for AMC 3 = 75.80
 Pervious ratio(Ap) = 0.4000     Max loss rate(Fm)=     0.176(In/Hr)
 Rainfall intensity =      3.423(In/Hr) for a   100.0 year storm
 Effective runoff coefficient used for area,(total area with modified
 rational method)(Q=KCIA) is C = 0.865
 Subarea runoff =     28.815(CFS) for    9.860(Ac.)
  Total runoff =     43.327(CFS)
 Effective area this stream =       14.63(Ac.)
 Total Study Area (Main Stream No. 1) =       14.63(Ac.)
 Area averaged Fm value =    0.133(In/Hr)
 Street flow at end of street =     43.327(CFS)
 Half street flow at end of street =     21.663(CFS)
 Depth of flow =   0.390(Ft.), Average velocity =  35.225(Ft/s)
 Flow width (from curb towards crown)=   1.849(Ft.)
 End of computations, Total Study Area =           14.63 (Ac.)
  The following figures may
  be used for a unit hydrograph study of the same area.
  Note: These figures do not consider reduced effective area
  effects caused by confluences in the rational equation.

  Area averaged pervious area fraction(Ap) = 0.302
 Area averaged SCS curve number =  56.0
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   San Bernardino County Rational Hydrology Program

       (Hydrology Manual Date - August 1986)

  CIVILCADD/CIVILDESIGN  Engineering Software, (c) 1989-2014 Version 9.0
  Rational Hydrology Study        Date: 01/04/18
 ------------------------------------------------------------------------
 BNSF RAILWAY
 ONO LEAD TRACK EXTENSION
 100-YEAR STORM
 SUB-AREA 8A
 ------------------------------------------------------------------------

 Program License Serial Number 6277

 ------------------------------------------------------------------------
  *********   Hydrology Study Control Information **********

 ------------------------------------------------------------------------
 Rational hydrology study storm event year is   100.0
 Computed rainfall intensity:
 Storm year =   100.00   1 hour rainfall =     1.470 (In.)
 Slope used for rainfall intensity curve b =  0.6000
 Soil antecedent moisture condition (AMC) = 3

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station       22.000 to Point/Station       23.000
 **** INITIAL AREA EVALUATION ****
 ______________________________________________________________________
 RESIDENTIAL(8 - 10 dwl/acre)                
 Decimal fraction soil group A = 0.000
 Decimal fraction soil group B = 1.000
 Decimal fraction soil group C = 0.000
 Decimal fraction soil group D = 0.000
 SCS curve number for soil(AMC 2)  = 56.00
 Adjusted SCS curve number for AMC 3 = 75.80
 Pervious ratio(Ap) = 0.4000     Max loss rate(Fm)=     0.176(In/Hr)
 Initial subarea data:
 Initial area flow distance =   784.000(Ft.)
 Top (of initial area) elevation =  1120.630(Ft.)
 Bottom (of initial area) elevation =  1113.580(Ft.)
 Difference in elevation =     7.050(Ft.)
 Slope =    0.00899  s(%)=       0.90
 TC = k(0.374)*[(length^3)/(elevation change)]^0.2
 Initial area time of concentration =   13.798 min.
 Rainfall intensity =      3.551(In/Hr) for a   100.0 year storm
 Effective runoff coefficient used for area (Q=KCIA) is C = 0.855
 Subarea runoff =     16.796(CFS)
 Total initial stream area =        5.530(Ac.)
 Pervious area fraction = 0.400
 Initial area Fm value =    0.176(In/Hr)

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station       24.000 to Point/Station       24.000
 **** STREET FLOW TRAVEL TIME + SUBAREA FLOW ADDITION ****
 ______________________________________________________________________
 Top of street segment elevation =  1113.580(Ft.)
 End of street segment elevation =  1108.180(Ft.)
 Length of street segment  =   275.000(Ft.)
 Height of curb above gutter flowline  =    6.0(In.)
 Width of half street (curb to crown)  =  30.000(Ft.)
 Distance from crown to crossfall grade break  =  28.500(Ft.)
 Slope from gutter to grade break (v/hz) =   1.000
 Slope from grade break to crown (v/hz)  =   1.000
 Street flow is on [2] side(s) of the street 
 Distance from curb to property line  =  10.000(Ft.)
 Slope from curb to property line (v/hz) =   2.000
 Gutter width =   1.500(Ft.)
 Gutter hike from flowline =  0.500(In.)
  Manning's N in gutter =  0.0130
  Manning's N from gutter to grade break =  0.0140
  Manning's N from grade break to crown =  0.0140
 Estimated mean flow rate at midpoint of street =     25.233(CFS)
 Depth of flow =   0.778(Ft.), Average velocity =   8.844(Ft/s)
 Warning: depth of flow exceeds top of curb
 Distance that curb overflow reaches into property =    0.14(Ft.)
 Streetflow hydraulics at midpoint of street travel:
 Halfstreet flow width =   2.237(Ft.)
 Flow velocity =   8.84(Ft/s)
 Travel time =    0.52 min.     TC =   14.32  min.
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  Adding area flow to street
 RESIDENTIAL(8 - 10 dwl/acre)                
 Decimal fraction soil group A = 0.000
 Decimal fraction soil group B = 1.000
 Decimal fraction soil group C = 0.000
 Decimal fraction soil group D = 0.000
 SCS curve number for soil(AMC 2)  = 56.00
 Adjusted SCS curve number for AMC 3 = 75.80
 Pervious ratio(Ap) = 0.4000     Max loss rate(Fm)=     0.176(In/Hr)
 Rainfall intensity =      3.473(In/Hr) for a   100.0 year storm
 Effective runoff coefficient used for area,(total area with modified
 rational method)(Q=KCIA) is C = 0.854
 Subarea runoff =     16.676(CFS) for    5.750(Ac.)
  Total runoff =     33.472(CFS)
 Effective area this stream =       11.28(Ac.)
 Total Study Area (Main Stream No. 1) =       11.28(Ac.)
 Area averaged Fm value =    0.176(In/Hr)
 Street flow at end of street =     33.472(CFS)
 Half street flow at end of street =     16.736(CFS)
 Depth of flow =   0.912(Ft.), Average velocity =   9.518(Ft/s)
 Warning: depth of flow exceeds top of curb
 Distance that curb overflow reaches into property =    0.21(Ft.)
 Flow width (from curb towards crown)=   2.371(Ft.)
 End of computations, Total Study Area =           11.28 (Ac.)
  The following figures may
  be used for a unit hydrograph study of the same area.
  Note: These figures do not consider reduced effective area
  effects caused by confluences in the rational equation.

  Area averaged pervious area fraction(Ap) = 0.400
 Area averaged SCS curve number =  56.0
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   San Bernardino County Rational Hydrology Program

       (Hydrology Manual Date - August 1986)

  CIVILCADD/CIVILDESIGN  Engineering Software, (c) 1989-2014 Version 9.0
  Rational Hydrology Study        Date: 01/04/18
 ------------------------------------------------------------------------
 BNSF RAILWAY
 ONO LEAD TRACK EXTENSION
 100-YEAR STORM
 SUB-AREA 9A
 ------------------------------------------------------------------------

 Program License Serial Number 6277

 ------------------------------------------------------------------------
  *********   Hydrology Study Control Information **********

 ------------------------------------------------------------------------
 Rational hydrology study storm event year is   100.0
 Computed rainfall intensity:
 Storm year =   100.00   1 hour rainfall =     1.440 (In.)
 Slope used for rainfall intensity curve b =  0.6000
 Soil antecedent moisture condition (AMC) = 3

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station       25.000 to Point/Station       26.000
 **** INITIAL AREA EVALUATION ****
 ______________________________________________________________________
 COMMERCIAL subarea type                     
 Decimal fraction soil group A = 0.000
 Decimal fraction soil group B = 1.000
 Decimal fraction soil group C = 0.000
 Decimal fraction soil group D = 0.000
 SCS curve number for soil(AMC 2)  = 56.00
 Adjusted SCS curve number for AMC 3 = 75.80
 Pervious ratio(Ap) = 0.1000     Max loss rate(Fm)=     0.044(In/Hr)
 Initial subarea data:
 Initial area flow distance =   926.000(Ft.)
 Top (of initial area) elevation =  1114.000(Ft.)
 Bottom (of initial area) elevation =  1102.700(Ft.)
 Difference in elevation =    11.300(Ft.)
 Slope =    0.01220  s(%)=       1.22
 TC = k(0.304)*[(length^3)/(elevation change)]^0.2
 Initial area time of concentration =   11.278 min.
 Rainfall intensity =      3.926(In/Hr) for a   100.0 year storm
 Effective runoff coefficient used for area (Q=KCIA) is C = 0.890
 Subarea runoff =     40.770(CFS)
 Total initial stream area =       11.670(Ac.)
 Pervious area fraction = 0.100
 Initial area Fm value =    0.044(In/Hr)
 End of computations, Total Study Area =           11.67 (Ac.)
  The following figures may
  be used for a unit hydrograph study of the same area.
  Note: These figures do not consider reduced effective area
  effects caused by confluences in the rational equation.

  Area averaged pervious area fraction(Ap) = 0.100
 Area averaged SCS curve number =  56.0
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   San Bernardino County Rational Hydrology Program

       (Hydrology Manual Date - August 1986)

  CIVILCADD/CIVILDESIGN  Engineering Software, (c) 1989-2014 Version 9.0
  Rational Hydrology Study        Date: 01/04/18
 ------------------------------------------------------------------------
 BNSF RAILWAY
 ONO LEAD TRACK EXTENSION
 100-YEAR STORM
 SUB-AREA 10A
 ------------------------------------------------------------------------

 Program License Serial Number 6277

 ------------------------------------------------------------------------
  *********   Hydrology Study Control Information **********

 ------------------------------------------------------------------------
 Rational hydrology study storm event year is   100.0
 Computed rainfall intensity:
 Storm year =   100.00   1 hour rainfall =     1.400 (In.)
 Slope used for rainfall intensity curve b =  0.6000
 Soil antecedent moisture condition (AMC) = 3

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station       27.000 to Point/Station       28.000
 **** INITIAL AREA EVALUATION ****
 ______________________________________________________________________
 RESIDENTIAL(8 - 10 dwl/acre)                
 Decimal fraction soil group A = 0.000
 Decimal fraction soil group B = 1.000
 Decimal fraction soil group C = 0.000
 Decimal fraction soil group D = 0.000
 SCS curve number for soil(AMC 2)  = 56.00
 Adjusted SCS curve number for AMC 3 = 75.80
 Pervious ratio(Ap) = 0.4000     Max loss rate(Fm)=     0.176(In/Hr)
 Initial subarea data:
 Initial area flow distance =   663.000(Ft.)
 Top (of initial area) elevation =  1116.000(Ft.)
 Bottom (of initial area) elevation =  1111.000(Ft.)
 Difference in elevation =     5.000(Ft.)
 Slope =    0.00754  s(%)=       0.75
 TC = k(0.374)*[(length^3)/(elevation change)]^0.2
 Initial area time of concentration =   13.366 min.
 Rainfall intensity =      3.447(In/Hr) for a   100.0 year storm
 Effective runoff coefficient used for area (Q=KCIA) is C = 0.854
 Subarea runoff =     14.425(CFS)
 Total initial stream area =        4.900(Ac.)
 Pervious area fraction = 0.400
 Initial area Fm value =    0.176(In/Hr)

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station       28.000 to Point/Station       29.000
 **** STREET FLOW TRAVEL TIME + SUBAREA FLOW ADDITION ****
 ______________________________________________________________________
 Top of street segment elevation =  1111.000(Ft.)
 End of street segment elevation =  1096.000(Ft.)
 Length of street segment  =  1363.000(Ft.)
 Height of curb above gutter flowline  =    6.0(In.)
 Width of half street (curb to crown)  =  30.000(Ft.)
 Distance from crown to crossfall grade break  =  28.500(Ft.)
 Slope from gutter to grade break (v/hz) =   1.000
 Slope from grade break to crown (v/hz)  =   1.000
 Street flow is on [2] side(s) of the street 
 Distance from curb to property line  =  10.000(Ft.)
 Slope from curb to property line (v/hz) =   2.000
 Gutter width =   1.500(Ft.)
 Gutter hike from flowline =  0.500(In.)
  Manning's N in gutter =  0.0130
  Manning's N from gutter to grade break =  0.0140
  Manning's N from grade break to crown =  0.0140
 Estimated mean flow rate at midpoint of street =     42.961(CFS)
 Depth of flow =   1.222(Ft.), Average velocity =   8.169(Ft/s)
 Warning: depth of flow exceeds top of curb
 Distance that curb overflow reaches into property =    0.36(Ft.)
 Streetflow hydraulics at midpoint of street travel:
 Halfstreet flow width =   2.681(Ft.)
 Flow velocity =   8.17(Ft/s)
 Travel time =    2.78 min.     TC =   16.15  min.
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10A.out
  Adding area flow to street
 RESIDENTIAL(8 - 10 dwl/acre)                
 Decimal fraction soil group A = 0.000
 Decimal fraction soil group B = 1.000
 Decimal fraction soil group C = 0.000
 Decimal fraction soil group D = 0.000
 SCS curve number for soil(AMC 2)  = 56.00
 Adjusted SCS curve number for AMC 3 = 75.80
 Pervious ratio(Ap) = 0.4000     Max loss rate(Fm)=     0.176(In/Hr)
 Rainfall intensity =      3.077(In/Hr) for a   100.0 year storm
 Effective runoff coefficient used for area,(total area with modified
 rational method)(Q=KCIA) is C = 0.849
 Subarea runoff =     56.914(CFS) for   22.420(Ac.)
  Total runoff =     71.339(CFS)
 Effective area this stream =       27.32(Ac.)
 Total Study Area (Main Stream No. 1) =       27.32(Ac.)
 Area averaged Fm value =    0.176(In/Hr)
 Street flow at end of street =     71.339(CFS)
 Half street flow at end of street =     35.669(CFS)
 Depth of flow =   1.590(Ft.), Average velocity =   9.264(Ft/s)
 Warning: depth of flow exceeds top of curb
 Distance that curb overflow reaches into property =    0.55(Ft.)
 Flow width (from curb towards crown)=   3.049(Ft.)
 End of computations, Total Study Area =           27.32 (Ac.)
  The following figures may
  be used for a unit hydrograph study of the same area.
  Note: These figures do not consider reduced effective area
  effects caused by confluences in the rational equation.

  Area averaged pervious area fraction(Ap) = 0.400
 Area averaged SCS curve number =  56.0
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11A.out

   San Bernardino County Rational Hydrology Program

       (Hydrology Manual Date - August 1986)

  CIVILCADD/CIVILDESIGN  Engineering Software, (c) 1989-2014 Version 9.0
  Rational Hydrology Study        Date: 01/04/18
 ------------------------------------------------------------------------
 BNSF RAILWAY
 ONO LEAD TRACK EXTENSION
 100-YEAR STORM
 SUB-AREA 11A
 ------------------------------------------------------------------------

 Program License Serial Number 6277

 ------------------------------------------------------------------------
  *********   Hydrology Study Control Information **********

 ------------------------------------------------------------------------
 Rational hydrology study storm event year is   100.0
 Computed rainfall intensity:
 Storm year =   100.00   1 hour rainfall =     1.370 (In.)
 Slope used for rainfall intensity curve b =  0.6000
 Soil antecedent moisture condition (AMC) = 3

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station       30.000 to Point/Station       31.000
 **** INITIAL AREA EVALUATION ****
 ______________________________________________________________________
 RESIDENTIAL(8 - 10 dwl/acre)                
 Decimal fraction soil group A = 0.000
 Decimal fraction soil group B = 1.000
 Decimal fraction soil group C = 0.000
 Decimal fraction soil group D = 0.000
 SCS curve number for soil(AMC 2)  = 56.00
 Adjusted SCS curve number for AMC 3 = 75.80
 Pervious ratio(Ap) = 0.4000     Max loss rate(Fm)=     0.176(In/Hr)
 Initial subarea data:
 Initial area flow distance =   728.000(Ft.)
 Top (of initial area) elevation =  1113.720(Ft.)
 Bottom (of initial area) elevation =  1108.700(Ft.)
 Difference in elevation =     5.020(Ft.)
 Slope =    0.00690  s(%)=       0.69
 TC = k(0.374)*[(length^3)/(elevation change)]^0.2
 Initial area time of concentration =   14.126 min.
 Rainfall intensity =      3.263(In/Hr) for a   100.0 year storm
 Effective runoff coefficient used for area (Q=KCIA) is C = 0.851
 Subarea runoff =     13.891(CFS)
 Total initial stream area =        5.000(Ac.)
 Pervious area fraction = 0.400
 Initial area Fm value =    0.176(In/Hr)

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station       31.000 to Point/Station       32.000
 **** STREET FLOW TRAVEL TIME + SUBAREA FLOW ADDITION ****
 ______________________________________________________________________
 Top of street segment elevation =  1108.700(Ft.)
 End of street segment elevation =  1091.710(Ft.)
 Length of street segment  =  1400.000(Ft.)
 Height of curb above gutter flowline  =    6.0(In.)
 Width of half street (curb to crown)  =  30.000(Ft.)
 Distance from crown to crossfall grade break  =  28.500(Ft.)
 Slope from gutter to grade break (v/hz) =   1.000
 Slope from grade break to crown (v/hz)  =   1.000
 Street flow is on [2] side(s) of the street 
 Distance from curb to property line  =  10.000(Ft.)
 Slope from curb to property line (v/hz) =   2.000
 Gutter width =   1.500(Ft.)
 Gutter hike from flowline =  0.500(In.)
  Manning's N in gutter =  0.0130
  Manning's N from gutter to grade break =  0.0140
  Manning's N from grade break to crown =  0.0140
 Estimated mean flow rate at midpoint of street =     41.099(CFS)
 Depth of flow =   1.163(Ft.), Average velocity =   8.380(Ft/s)
 Warning: depth of flow exceeds top of curb
 Distance that curb overflow reaches into property =    0.33(Ft.)
 Streetflow hydraulics at midpoint of street travel:
 Halfstreet flow width =   2.621(Ft.)
 Flow velocity =   8.38(Ft/s)
 Travel time =    2.78 min.     TC =   16.91  min.
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11A.out
  Adding area flow to street
 RESIDENTIAL(8 - 10 dwl/acre)                
 Decimal fraction soil group A = 0.000
 Decimal fraction soil group B = 1.000
 Decimal fraction soil group C = 0.000
 Decimal fraction soil group D = 0.000
 SCS curve number for soil(AMC 2)  = 56.00
 Adjusted SCS curve number for AMC 3 = 75.80
 Pervious ratio(Ap) = 0.4000     Max loss rate(Fm)=     0.176(In/Hr)
 Rainfall intensity =      2.929(In/Hr) for a   100.0 year storm
 Effective runoff coefficient used for area,(total area with modified
 rational method)(Q=KCIA) is C = 0.846
 Subarea runoff =     54.272(CFS) for   22.510(Ac.)
  Total runoff =     68.163(CFS)
 Effective area this stream =       27.51(Ac.)
 Total Study Area (Main Stream No. 1) =       27.51(Ac.)
 Area averaged Fm value =    0.176(In/Hr)
 Street flow at end of street =     68.163(CFS)
 Half street flow at end of street =     34.082(CFS)
 Depth of flow =   1.515(Ft.), Average velocity =   9.505(Ft/s)
 Warning: depth of flow exceeds top of curb
 Distance that curb overflow reaches into property =    0.51(Ft.)
 Flow width (from curb towards crown)=   2.974(Ft.)
 End of computations, Total Study Area =           27.51 (Ac.)
  The following figures may
  be used for a unit hydrograph study of the same area.
  Note: These figures do not consider reduced effective area
  effects caused by confluences in the rational equation.

  Area averaged pervious area fraction(Ap) = 0.400
 Area averaged SCS curve number =  56.0
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12A.out

   San Bernardino County Rational Hydrology Program

       (Hydrology Manual Date - August 1986)

  CIVILCADD/CIVILDESIGN  Engineering Software, (c) 1989-2014 Version 9.0
  Rational Hydrology Study        Date: 01/04/18
 ------------------------------------------------------------------------
 BNSF RAILWAY
 ONO LEAD TRACK EXTENSION
 100-YEAR STORM
 SUB-AREA 12A
 ------------------------------------------------------------------------

 Program License Serial Number 6277

 ------------------------------------------------------------------------
  *********   Hydrology Study Control Information **********

 ------------------------------------------------------------------------
 Rational hydrology study storm event year is   100.0
 Computed rainfall intensity:
 Storm year =   100.00   1 hour rainfall =     1.350 (In.)
 Slope used for rainfall intensity curve b =  0.6000
 Soil antecedent moisture condition (AMC) = 3

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station       33.000 to Point/Station       34.000
 **** INITIAL AREA EVALUATION ****
 ______________________________________________________________________
 RESIDENTIAL(8 - 10 dwl/acre)                
 Decimal fraction soil group A = 0.000
 Decimal fraction soil group B = 1.000
 Decimal fraction soil group C = 0.000
 Decimal fraction soil group D = 0.000
 SCS curve number for soil(AMC 2)  = 56.00
 Adjusted SCS curve number for AMC 3 = 75.80
 Pervious ratio(Ap) = 0.4000     Max loss rate(Fm)=     0.176(In/Hr)
 Initial subarea data:
 Initial area flow distance =   688.000(Ft.)
 Top (of initial area) elevation =  1099.000(Ft.)
 Bottom (of initial area) elevation =  1090.440(Ft.)
 Difference in elevation =     8.560(Ft.)
 Slope =    0.01244  s(%)=       1.24
 TC = k(0.374)*[(length^3)/(elevation change)]^0.2
 Initial area time of concentration =   12.272 min.
 Rainfall intensity =      3.498(In/Hr) for a   100.0 year storm
 Effective runoff coefficient used for area (Q=KCIA) is C = 0.855
 Subarea runoff =     17.283(CFS)
 Total initial stream area =        5.780(Ac.)
 Pervious area fraction = 0.400
 Initial area Fm value =    0.176(In/Hr)

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station       34.000 to Point/Station       35.000
 **** STREET FLOW TRAVEL TIME + SUBAREA FLOW ADDITION ****
 ______________________________________________________________________
 Top of street segment elevation =  1090.440(Ft.)
 End of street segment elevation =  1086.510(Ft.)
 Length of street segment  =   620.000(Ft.)
 Height of curb above gutter flowline  =    6.0(In.)
 Width of half street (curb to crown)  =  30.000(Ft.)
 Distance from crown to crossfall grade break  =  28.500(Ft.)
 Slope from gutter to grade break (v/hz) =   1.000
 Slope from grade break to crown (v/hz)  =   1.000
 Street flow is on [2] side(s) of the street 
 Distance from curb to property line  =  10.000(Ft.)
 Slope from curb to property line (v/hz) =   2.000
 Gutter width =   1.500(Ft.)
 Gutter hike from flowline =  0.500(In.)
  Manning's N in gutter =  0.0130
  Manning's N from gutter to grade break =  0.0140
  Manning's N from grade break to crown =  0.0140
 Estimated mean flow rate at midpoint of street =     36.218(CFS)
 Depth of flow =   1.292(Ft.), Average velocity =   6.365(Ft/s)
 Warning: depth of flow exceeds top of curb
 Distance that curb overflow reaches into property =    0.40(Ft.)
 Streetflow hydraulics at midpoint of street travel:
 Halfstreet flow width =   2.750(Ft.)
 Flow velocity =   6.36(Ft/s)
 Travel time =    1.62 min.     TC =   13.90  min.
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12A.out
  Adding area flow to street
 RESIDENTIAL(8 - 10 dwl/acre)                
 Decimal fraction soil group A = 0.000
 Decimal fraction soil group B = 1.000
 Decimal fraction soil group C = 0.000
 Decimal fraction soil group D = 0.000
 SCS curve number for soil(AMC 2)  = 56.00
 Adjusted SCS curve number for AMC 3 = 75.80
 Pervious ratio(Ap) = 0.4000     Max loss rate(Fm)=     0.176(In/Hr)
 Rainfall intensity =      3.247(In/Hr) for a   100.0 year storm
 Effective runoff coefficient used for area,(total area with modified
 rational method)(Q=KCIA) is C = 0.851
 Subarea runoff =     37.720(CFS) for   14.120(Ac.)
  Total runoff =     55.003(CFS)
 Effective area this stream =       19.90(Ac.)
 Total Study Area (Main Stream No. 1) =       19.90(Ac.)
 Area averaged Fm value =    0.176(In/Hr)
 Street flow at end of street =     55.003(CFS)
 Half street flow at end of street =     27.502(CFS)
 Depth of flow =   1.603(Ft.), Average velocity =   7.058(Ft/s)
 Warning: depth of flow exceeds top of curb
 Distance that curb overflow reaches into property =    0.55(Ft.)
 Flow width (from curb towards crown)=   3.061(Ft.)
 End of computations, Total Study Area =           19.90 (Ac.)
  The following figures may
  be used for a unit hydrograph study of the same area.
  Note: These figures do not consider reduced effective area
  effects caused by confluences in the rational equation.

  Area averaged pervious area fraction(Ap) = 0.400
 Area averaged SCS curve number =  56.0
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Project Description

Friction Method Manning Formula

Solve For Discharge

Input Data

Roughness Coefficient 0.023

Channel Slope 0.02100 ft/ft

Normal Depth 1.80 ft

Left Side Slope 2.00 ft/ft (H:V)

Right Side Slope 2.00 ft/ft (H:V)

Discharge 52.50 ft³/s

Cross Section Image

1-A Tranglar Earth Channel

1/9/2018 1:39:33 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page

Not Recommend



Project Description

Friction Method Manning Formula

Solve For Discharge

Input Data

Roughness Coefficient 0.023

Channel Slope 0.02100 ft/ft

Normal Depth 1.80 ft

Left Side Slope 2.00 ft/ft (H:V)

Right Side Slope 2.00 ft/ft (H:V)

Results

Discharge 52.50 ft³/s

Flow Area 6.48 ft²

Wetted Perimeter 8.05 ft

Hydraulic Radius 0.80 ft

Top Width 7.20 ft

Critical Depth 2.12 ft

Critical Slope 0.00877 ft/ft

Velocity 8.10 ft/s

Velocity Head 1.02 ft

Specific Energy 2.82 ft

Froude Number 1.51

Flow Type Supercritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 1.80 ft

Critical Depth 2.12 ft

Channel Slope 0.02100 ft/ft

Critical Slope 0.00877 ft/ft

1A - Triangular Channel

1/9/2018 1:34:51 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page

> 5 ft/s  (Erosible Velocity)

Not Recommend



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.02100 ft/ft

Normal Depth 1.32 ft

Bottom Width 3.00 ft

Discharge 51.75 ft³/s

Cross Section Image

Cross Section for Rectangular Channel - 1

1/9/2018 2:04:27 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page

Recommend  Channel

1A



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.02100 ft/ft

Bottom Width 3.00 ft

Discharge 51.75 ft³/s

Results

Normal Depth 1.32 ft

Flow Area 3.96 ft²

Wetted Perimeter 5.64 ft

Hydraulic Radius 0.70 ft

Top Width 3.00 ft

Critical Depth 2.10 ft

Critical Slope 0.00618 ft/ft

Velocity 13.08 ft/s

Velocity Head 2.66 ft

Specific Energy 3.98 ft

Froude Number 2.01

Flow Type Supercritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 1.32 ft

Critical Depth 2.10 ft

Channel Slope 0.02100 ft/ft

Critical Slope 0.00618 ft/ft

1A Rectangular Channel - 1

1/9/2018 2:05:38 PM
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.02100 ft/ft

Normal Depth 1.72 ft

Bottom Width 3.00 ft

Discharge 73.49 ft³/s

Cross Section Image

Cross Section for 2A Rectangular Channel - 1

1/9/2018 2:15:50 PM
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.02100 ft/ft

Bottom Width 3.00 ft

Discharge 73.49 ft³/s

Results

Normal Depth 1.72 ft

Flow Area 5.15 ft²

Wetted Perimeter 6.43 ft

Hydraulic Radius 0.80 ft

Top Width 3.00 ft

Critical Depth 2.65 ft

Critical Slope 0.00691 ft/ft

Velocity 14.28 ft/s

Velocity Head 3.17 ft

Specific Energy 4.88 ft

Froude Number 1.92

Flow Type Supercritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 1.72 ft

Critical Depth 2.65 ft

Channel Slope 0.02100 ft/ft

Critical Slope 0.00691 ft/ft

2A Rectangular Channel

1/9/2018 2:14:35 PM
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Project Description

Friction Method Manning Formula

Solve For Discharge

Input Data

Roughness Coefficient 0.023

Channel Slope 0.01700 ft/ft

Normal Depth 1.20 ft

Left Side Slope 2.00 ft/ft (H:V)

Right Side Slope 2.00 ft/ft (H:V)

Results

Discharge 16.02 ft³/s

Flow Area 2.88 ft²

Wetted Perimeter 5.37 ft

Hydraulic Radius 0.54 ft

Top Width 4.80 ft

Critical Depth 1.32 ft

Critical Slope 0.01028 ft/ft

Velocity 5.56 ft/s

Velocity Head 0.48 ft

Specific Energy 1.68 ft

Froude Number 1.27

Flow Type Supercritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 1.20 ft

Critical Depth 1.32 ft

Channel Slope 0.01700 ft/ft

Critical Slope 0.01028 ft/ft

Worksheet for 3A Triangular Channel - 1
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Project Description

Friction Method Manning Formula

Solve For Discharge

Input Data

Roughness Coefficient 0.023

Channel Slope 0.01700 ft/ft

Normal Depth 1.20 ft

Left Side Slope 2.00 ft/ft (H:V)

Right Side Slope 2.00 ft/ft (H:V)

Discharge 16.02 ft³/s

Cross Section Image

Cross Section for 3A Triangular Channel - 1

1/9/2018 2:33:48 PM
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Project Description

Friction Method Manning Formula

Solve For Discharge

Input Data

Roughness Coefficient 0.023

Channel Slope 0.01300 ft/ft

Normal Depth 1.50 ft

Left Side Slope 2.00 ft/ft (H:V)

Right Side Slope 2.00 ft/ft (H:V)

Results

Discharge 25.40 ft³/s

Flow Area 4.50 ft²

Wetted Perimeter 6.71 ft

Hydraulic Radius 0.67 ft

Top Width 6.00 ft

Critical Depth 1.59 ft

Critical Slope 0.00966 ft/ft

Velocity 5.64 ft/s

Velocity Head 0.50 ft

Specific Energy 2.00 ft

Froude Number 1.15

Flow Type Supercritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 1.50 ft

Critical Depth 1.59 ft

Channel Slope 0.01300 ft/ft

Critical Slope 0.00966 ft/ft

Worksheet for 4A Triangular Channel - 1
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Project Description

Friction Method Manning Formula

Solve For Discharge

Input Data

Roughness Coefficient 0.023

Channel Slope 0.01300 ft/ft

Normal Depth 1.50 ft

Left Side Slope 2.00 ft/ft (H:V)

Right Side Slope 2.00 ft/ft (H:V)

Discharge 25.40 ft³/s

Cross Section Image

Cross Section for 4A Triangular Channel - 1

1/9/2018 3:20:10 PM
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.01200 ft/ft

Normal Depth 2.36 ft

Bottom Width 3.00 ft

Discharge 83.53 ft³/s

Cross Section Image

Cross Section for 5A Rectangular Channel - 1
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.01200 ft/ft

Bottom Width 3.00 ft

Discharge 83.53 ft³/s

Results

Normal Depth 2.36 ft

Flow Area 7.07 ft²

Wetted Perimeter 7.71 ft

Hydraulic Radius 0.92 ft

Top Width 3.00 ft

Critical Depth 2.89 ft

Critical Slope 0.00724 ft/ft

Velocity 11.81 ft/s

Velocity Head 2.17 ft

Specific Energy 4.53 ft

Froude Number 1.36

Flow Type Supercritical

GVF Input Data

Downstream Depth 2.00 ft

Length 1500.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 2.36 ft

Critical Depth 2.89 ft

Channel Slope 0.01200 ft/ft

Critical Slope 0.00724 ft/ft

Worksheet for 5A Rectangular Channel - 1
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.01800 ft/ft

Normal Depth 1.55 ft

Bottom Width 3.00 ft

Discharge 59.42 ft³/s

Cross Section Image

Cross Section for 6A Rectangular Channel - 1
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.01800 ft/ft

Bottom Width 3.00 ft

Discharge 59.42 ft³/s

Results

Normal Depth 1.55 ft

Flow Area 4.64 ft²

Wetted Perimeter 6.10 ft

Hydraulic Radius 0.76 ft

Top Width 3.00 ft

Critical Depth 2.30 ft

Critical Slope 0.00645 ft/ft

Velocity 12.79 ft/s

Velocity Head 2.54 ft

Specific Energy 4.09 ft

Froude Number 1.81

Flow Type Supercritical

GVF Input Data

Downstream Depth 2.00 ft

Length 1500.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 1.55 ft

Critical Depth 2.30 ft

Channel Slope 0.01800 ft/ft

Critical Slope 0.00645 ft/ft

Worksheet for 6A Rectangular Channel - 1
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.01100 ft/ft

Normal Depth 1.41 ft

Bottom Width 3.00 ft

Discharge 40.93 ft³/s

Cross Section Image

Cross Section for 7A Rectangular Channel - 1
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.01100 ft/ft

Bottom Width 3.00 ft

Discharge 40.93 ft³/s

Results

Normal Depth 1.41 ft

Flow Area 4.23 ft²

Wetted Perimeter 5.82 ft

Hydraulic Radius 0.73 ft

Top Width 3.00 ft

Critical Depth 1.80 ft

Critical Slope 0.00579 ft/ft

Velocity 9.69 ft/s

Velocity Head 1.46 ft

Specific Energy 2.87 ft

Froude Number 1.44

Flow Type Supercritical

GVF Input Data

Downstream Depth 2.00 ft

Length 1500.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 1.41 ft

Critical Depth 1.80 ft

Channel Slope 0.01100 ft/ft

Critical Slope 0.00579 ft/ft

Worksheet for 7A Rectangular Channel - 1
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.023

Channel Slope 0.01500 ft/ft

Left Side Slope 2.00 ft/ft (H:V)

Right Side Slope 2.00 ft/ft (H:V)

Discharge 15.07 ft³/s

Results

Normal Depth 1.20 ft

Flow Area 2.88 ft²

Wetted Perimeter 5.37 ft

Hydraulic Radius 0.54 ft

Top Width 4.80 ft

Critical Depth 1.29 ft

Critical Slope 0.01036 ft/ft

Velocity 5.23 ft/s

Velocity Head 0.42 ft

Specific Energy 1.63 ft

Froude Number 1.19

Flow Type Supercritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 1.20 ft

Critical Depth 1.29 ft

Channel Slope 0.01500 ft/ft

Critical Slope 0.01036 ft/ft

Worksheet for 8A Triangular Channel - 1
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.01400 ft/ft

Normal Depth 1.48 ft

Bottom Width 3.00 ft

Discharge 49.34 ft³/s

Cross Section Image

Cross Section for 10A Rectangular Channel - 1
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.01400 ft/ft

Bottom Width 3.00 ft

Discharge 49.34 ft³/s

Results

Normal Depth 1.48 ft

Flow Area 4.44 ft²

Wetted Perimeter 5.96 ft

Hydraulic Radius 0.74 ft

Top Width 3.00 ft

Critical Depth 2.03 ft

Critical Slope 0.00609 ft/ft

Velocity 11.11 ft/s

Velocity Head 1.92 ft

Specific Energy 3.40 ft

Froude Number 1.61

Flow Type Supercritical

GVF Input Data

Downstream Depth 2.00 ft

Length 1500.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 1.48 ft

Critical Depth 2.03 ft

Channel Slope 0.01400 ft/ft

Critical Slope 0.00609 ft/ft

Worksheet for 10A Rectangular Channel - 1
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.01370 ft/ft

Normal Depth 1.42 ft

Bottom Width 3.00 ft

Discharge 46.16 ft³/s

Cross Section Image

Cross Section for 11A Rectangular Channel - 1
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.01370 ft/ft

Bottom Width 3.00 ft

Discharge 46.16 ft³/s

Results

Normal Depth 1.42 ft

Flow Area 4.26 ft²

Wetted Perimeter 5.84 ft

Hydraulic Radius 0.73 ft

Top Width 3.00 ft

Critical Depth 1.95 ft

Critical Slope 0.00598 ft/ft

Velocity 10.84 ft/s

Velocity Head 1.83 ft

Specific Energy 3.25 ft

Froude Number 1.60

Flow Type Supercritical

GVF Input Data

Downstream Depth 2.00 ft

Length 1500.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 1.42 ft

Critical Depth 1.95 ft

Channel Slope 0.01370 ft/ft

Critical Slope 0.00598 ft/ft

Worksheet for 11A Rectangular Channel - 1
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.01940 ft/ft

Normal Depth 1.33 ft

Bottom Width 3.00 ft

Discharge 50.50 ft³/s

Cross Section Image

Cross Section for 12A Rectangular Channel - 1
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.01940 ft/ft

Bottom Width 3.00 ft

Discharge 50.50 ft³/s

Results

Normal Depth 1.33 ft

Flow Area 4.00 ft²

Wetted Perimeter 5.67 ft

Hydraulic Radius 0.71 ft

Top Width 3.00 ft

Critical Depth 2.07 ft

Critical Slope 0.00613 ft/ft

Velocity 12.62 ft/s

Velocity Head 2.48 ft

Specific Energy 3.81 ft

Froude Number 1.93

Flow Type Supercritical

GVF Input Data

Downstream Depth 2.00 ft

Length 1500.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 1.33 ft

Critical Depth 2.07 ft

Channel Slope 0.01940 ft/ft

Critical Slope 0.00613 ft/ft

Worksheet for 12A Rectangular Channel - 1
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- Existing Drainage Devices Inflow Capacity Calculations 
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- NOAA Altas14 Precipitation 
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