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HYDROLOGY CALCULATIONS: UNDISTURBED BASIN
Rational Method Pre and Post-Developed

BASIN AREA:

| Atoa = 5.42 acres| per Drainage Exhibit

RUNOFF COEFFICIENT:

Soil Type : D per Soils Group Map
Land Use: per Table 3-1, 1 DU/Acre or less
C-Value| C= 041 |
TIME OF CONCENTRATION: T.=Ti+T,
Initial Time, T; Land Use = Natural
Slope= 10 % per Post-Dev. Drainage Map
Ti= 6.7 min per Table 3-2 interpolated for C=0.36
Travel Time, T, Elevation Difference = 255 feet
Length= 868 feet per Pre-Dev. Drainage Map

Ti= 229 min per Nomograph on Figure 3-4

Te=[(11.9L3)/AE]*0.385

[ Tc= 9.0 min |
INTENSITY: | =7.44 (P6) (Tc) ***° in/hr per Figure 3-1
100yr

,where P6 =| 2.8 |[(in) per Isopluvial Map
I=| 5.05 |(in/hr) per Equation

FLOW RATE: Q=CIA

[ Qo= 112 cfs




Channel Report

Hydraflow Express Extension for Autodesk® Civil 3D® by Autodesk, Inc. Thursday, May 26 2022

V100 AT PROPERTY LINE FOR NORTHERLY UNDISTURBED AREA BASIN

Triangular Highlighted
Side Slopes (z:1) = 9.00, 9.00 Depth (ft) = 0.42
Total Depth (ft) = 4.00 Q (cfs) = 11.20

Area (sqft) = 1.59
Invert Elev (ft) = 1.00 | Velocity (ft/s) = 7.05 |
Slope (%) = 25.00 Wetted Perim (ft) = 7.61
N-Value = 0.035 Crit Depth, Yc (ft) = 0.63

Top Width (ft) = 7.56
Calculations EGL (ft) = 1.19
Compute by: Known Q
Known Q (cfs) = 11.20
Elev (ft) Section Depth (ft)
6.00 5.00
5.00 7 4.00

\ /

3.00 \ / 2.00

2.00 \\ 1.00

N
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San Diego County Rational Hydrology Program
CIVILCADD/CIVILDESIGN Engineering Software,(c)1991-2019 Version 9.1

Rational method hydrology program based on
San Diego County Flood Control Division 2003 hydrology manual
Rational Hydrology Study Date: 10/25/23

¥Akkkxx%*  Hydrology Study Control Information ***#¥kix

Rational hydrology study storm event year is 100.0
English (in-1b) input data Units used

Map data precipitation entered:

6 hour, precipitation(inches) = 2.800

24 hour precipitation(inches) = 5.900
P6/P24 = 47.5%

San Diego hydrology manual 'C' values used

++++++H+
Process from Point/Station 1.011 to Point/Station 1.021
**kxk TNITIAL AREA EVALUATION ****

Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 1.000

[UNDISTURBED NATURAL TERRAIN ]
(Permanent Open Space )

Impervious value, Ai = 0.000

Sub-Area C Value = 0.350

Initial subarea total flow distance = 100.000(Ft.)
Highest elevation = 675.000(Ft.)

Lowest elevation = 665.000(Ft.)

Elevation difference = 10.000(Ft.) Slope = 10.000 %
INITIAL AREA TIME OF CONCENTRATION CALCULATIONS:



The maximum overland flow distance is 100.00 (Ft)

for the top area slope value of 10.00 %, in a development type of
Permanent Open Space

In Accordance With Table 3-2

Initial Area Time of Concentration = 6.90 minutes
(for slope value of 10.00 %)
Rainfall intensity (I) = 5.993(In/Hr) for a 100.0 year storm

Effective runoff coefficient used for area (Q=KCIA) is C = 0.350
Subarea runoff = 0.063(CFS)
Total initial stream area = 0.030(Ac.)

+++++++
Process from Point/Station 1.021 to Point/Station 1.022
*x%*% TRREGULAR CHANNEL FLOW TRAVEL TIME ***x*

Estimated mean flow rate at midpoint of channel = 4.597(CFS)
Depth of flow = ©.166(Ft.), Average velocity = 3.355(Ft/s)
¥HRk*xkxx Trregular Channel Data *¥¥¥kkxkkkx

Information entered for subchannel number 1 :

Point number 'X' coordinate 'Y' coordinate
1 0.00 1.00
2 50.00 0.00
3 100.00 1.00
Manning's 'N' friction factor = 0.035
Sub-Channel flow = 4.597(CFS)
' ' flow top width = 16.555(Ft.)
' ' velocity= 3.355(Ft/s)
' ' area = 1.370(Sq.Ft)
' ' Froude number = 2.055
Upstream point elevation = 665.000(Ft.)
Downstream point elevation = 504.000(Ft.)
Flow length = 930.000(Ft.)
Travel time = 4.62 min.
Time of concentration = 11.52 min.
Depth of flow = ©.166(Ft.)
Average velocity =  3.355(Ft/s)
Total irregular channel flow = 4.597(CFS)
Irregular channel normal depth above invert elev. = 0.166(Ft.)
Average velocity of channel(s) = 3.355(Ft/s)
Adding area flow to channel
Rainfall intensity (I) = 4.306(In/Hr) for a 100.0 year storm
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 1.000

[UNDISTURBED NATURAL TERRAIN ]



(Permanent Open Space )
Impervious value, Ai = 0.000
Sub-Area C Value = 0.350

Rainfall intensity = 4.306(In/Hr) for a 100.0 year storm
Effective runoff coefficient used for total area

(Q=KCIA) is C = ©.350 CA = 2.103

Subarea runoff = 8.995(CFS) for 5.980(Ac.)

Total runoff = 9.058(CFS) Total area = 6.010(Ac.)
Depth of flow = ©.213(Ft.), Average velocity = 3.975(Ft/s)

End of computations, total study area = 6.010 (Ac.)



San Diego County Rational Hydrology Program
CIVILCADD/CIVILDESIGN Engineering Software,(c)1991-2019 Version 9.1

Rational method hydrology program based on
San Diego County Flood Control Division 2003 hydrology manual
Rational Hydrology Study Date: 10/20/23

¥Akkkxx%*  Hydrology Study Control Information ***#¥kix

Rational hydrology study storm event year is 100.0
English (in-1b) input data Units used

Map data precipitation entered:

6 hour, precipitation(inches) = 2.800

24 hour precipitation(inches) = 5.900
P6/P24 = 47.5%

San Diego hydrology manual 'C' values used

++++++H+
Process from Point/Station 2.011 to Point/Station 2.021
*kxk TNITIAL AREA EVALUATION ****

Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 1.000

[UNDISTURBED NATURAL TERRAIN ]
(Permanent Open Space )

Impervious value, Ai = 0.000

Sub-Area C Value = 0.350

Initial subarea total flow distance = 100.000(Ft.)
Highest elevation = 652.500(Ft.)

Lowest elevation = 632.000(Ft.)

Elevation difference = 20.500(Ft.) Slope = 20.500 %
Top of Initial Area Slope adjusted by User to 20.000 %



INITIAL AREA TIME OF CONCENTRATION CALCULATIONS:

The maximum overland flow distance is 100.00 (Ft)

for the top area slope value of 20.00 %, in a development type of
Permanent Open Space

In Accordance With Table 3-2

Initial Area Time of Concentration = 6.90 minutes

(for slope value of 10.00 %)
Rainfall intensity (I) = 5.993(In/Hr) for a  100.0 year storm
Effective runoff coefficient used for area (Q=KCIA) is C = 0.350
Subarea runoff = 0.063(CFS)
Total initial stream area = 0.030(Ac.)

++++++H+
Process from Point/Station 2.021 to Point/Station 2.022
**x*% TRREGULAR CHANNEL FLOW TRAVEL TIME ****

Estimated mean flow rate at midpoint of channel = 1.912(CFS)
Depth of flow = ©.118(Ft.), Average velocity = 2.744(Ft/s)
¥Ak*kxx Trregular Channel Data *¥*¥kkxkikk
Information entered for subchannel number 1 :
Point number ‘X' coordinate 'Y' coordinate
1 0.00 1.00
2 50.00 0.00
3 100.00 1.00
Manning's 'N' friction factor = 0.035
Sub-Channel flow = 1.912(CFS)
' ' flow top width = 11.805(Ft.)
' ' velocity= 2.744(Ft/s)
' ' area = 0.697(Sq.Ft)
' ' Froude number = 1.990

Upstream point elevation = 632.000(Ft.)
Downstream point elevation = 538.000(Ft.)
Flow length = 517.000(Ft.)
Travel time = 3.14 min.
Time of concentration = 10.04 min.
Depth of flow = ©.118(Ft.)
Average velocity = 2.744(Ft/s)
Total irregular channel flow = 1.912(CFS)
Irregular channel normal depth above invert elev. = ©0.118(Ft.)
Average velocity of channel(s) = 2.744(Ft/s)
Adding area flow to channel
Rainfall intensity (I) = 4.706(In/Hr) for a  100.0 year storm
Decimal fraction soil group A = 0.000

Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 1.000



[UNDISTURBED NATURAL TERRAIN ]
(Permanent Open Space )

Impervious value, Ai = 0.000

Sub-Area C Value = 0.350

Rainfall intensity = 4.706(In/Hr) for a 100.0 year storm
Effective runoff coefficient used for total area

(Q=KCIA) is C = ©.350 CA = 0.784

Subarea runoff = 3.626(CFS) for 2.210(Ac.)

Total runoff = 3.689(CFS) Total area = 2.240(Ac.)
Depth of flow = ©.151(Ft.), Average velocity = 3.234(Ft/s)

End of computations, total study area = 2.240 (Ac.)
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STORM DRAIN PIPE (TYP.) LIMIT OF TOP OF AMENDED SOIL

ONE 1.5” ORIFICE TO SEPARATE WATER QUALITY LAYER
FROM FLOOD DETENTION STORAGE LAYER PER
HYDRAULIC DESIGN MANUAL REQUIREMENTS
— T T T T ~ =T ] (NOTE: EXCEPTIONS ARE THAT TREE WELL IN LOT 3
S CRR = 7R HAS ONE 1.75” ORIFICE & LOT 7 HAS ONE 4" ORIFICE)

CATCH BASIN
18"x18”

CATCH BASIN

( ‘1’ FREEBOARD

. Caerl b EXISTING

3 y8" FLOOD STORAGE DETENTION PONDING | 183 | . \/\GROUND
2" WATER QUALITY PONDING o —

—_

SAVAR

R4 —N. . . 57 Za ‘e PROPOSED TYPE—C
. v v v v v v v v P MULCH LAYER 4 at " GRAVITY WALL PER
v ’ v ’ v v v v N2 ’ Vv ’ N4 ’ v v g v (3” MIN) RSD C—Og

PROPOSED CUT SLOPE

Q |2
X > 1
N L
RAIN
UNCOMPACTED SUBGRADE ?,I,C%EE‘T Dp|pE

TOP OF AMENDED SOIL SHOWN ON PLAN

PLAN VIEW

TREEWELL DETAIL SECTION A-A

NO SCALE

NOTE:

AMENDED SOIL THICKNESS VARIES DEPENDING ON TREE WELL:
—TREE WELLS IN LOTS 4 & 7 HAVE 2.5 OF AMENDED SOIL
—TREE WELLS IN LOTS 1 & 2 HAVE 3.0' OF AMENDED SOIL
—TREE WELL IN LOT 3 HAS 3.5 OF AMENDED SOIL

—TREE WELL IN LOT 5 HAS 4.0' OF AMENDED SOIL

*
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County of San Diego
Hydrology Manual

Rainfall Isopluvials

100 Year Rainfall Event - 6 Hours

‘ """" Isopluvial (inches)
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Rainfall Isopluvials

100 Year Rainfall Event - 24 Hours
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San Diego County Hydrology Manual Section: 3

Date: June 2003 Page: 6 of 26
Table 3-1
RUNOFF COEFFICIENTS FOR URBAN AREAS
Land Use Runoff Coefficient “C”
Soil Type
NRCS Elements County Elements % IMPER. A B C D

Undisturbed Natural Terrain (Natural) Permanent Open Space 0* 0.20 0.25 0.30 0.35
Low Density Residential (LDR) Residential, 1.0 DU/A or less 10 0.27 032 036 041
Low Density Residential (LDR) Residential, 2.0 DU/A or less 20 0.34 038 042 0.46
Low Density Residential (LDR) Residential, 2.9 DU/A or less 25 0.38 041 045 0.49
Medium Density Residential (MDR) Residential, 4.3 DU/A or less 30 0.41 0.45 0.48 0.52
Medium Density Residential (MDR) Residential, 7.3 DU/A or less 40 0.48 0.51 0.54 0.57
Medium Density Residential (MDR) Residential, 10.9 DU/A or less 45 0.52 0.54 0.57 0.60
Medium Density Residential (MDR) Residential, 14.5 DU/A or less 50 0.55 0.58 0.60 0.63
High Density Residential (HDR) Residential, 24.0 DU/A or less 65 0.66 0.67 0.69 0.71
High Density Residential (HDR) Residential, 43.0 DU/A or less 80 0.76 0.77 0.78 0.79
Commercial/Industrial (N. Com) Neighborhood Commercial 80 0.76 0.77 0.78 0.79
Commercial/Industrial (G. Com) General Commercial 85 0.80 0.80 0.81 0.82
Commercial/Industrial (O.P. Com) Office Professional/Commercial 90 0.83 0.84 0.84 0.85
Commercial/Industrial (Limited I1.) Limited Industrial 90 0.83 0.84 0.84 0.85
Commercial/Industrial (General 1.) General Industrial 95 0.87 0.87 0.87 0.87

*The values associated with 0% impervious may be used for direct calculation of the runoff coefficient as described in Section 3.1.2 (representing the pervious runoff
coefficient, Cp, for the soil type), or for areas that will remain undisturbed in perpetuity. Justification must be given that the area will remain natural forever (e.g., the area
is located in Cleveland National Forest).

DU/A = dwelling units per acre

NRCS = National Resources Conservation Service

3-6



San Diego County Hydrology Manual Section: 3
Date: June 2003 Page: 12 of 26

Note that the Initial Time of Concentration should be reflective of the general land-use at the
upstream end of a drainage basin. A single lot with an area of two or less acres does not have
a significant effect where the drainage basin area is 20 to 600 acres.

Table 3-2 provides limits of the length (Maximum Length (Ly)) of sheet flow to be used in
hydrology studies. Initial T; values based on average C values for the Land Use Element are
also included. These values can be used in planning and design applications as described
below. Exceptions may be approved by the “Regulating Agency” when submitted with a
detailed study.

Table 3-2

MAXIMUM OVERLAND FLOW LENGTH (Ly)
& INITIAL TIME OF CONCENTRATION (Ty)

Element* | DU/ 5% 1% 2% 3% 5% 10%
Acre | Ly | Ty |Im|Ti |Im|Ti |Im |Ti {Im |Ti [Lm |T;
Natural 50/132| 7012.5| 85109100 103|100 87100 6.9
LDR 1 50(122| 70|11.5| 85{10.0[{100| 95100 8.0] 100 | 6.4
LDR 2 50|11.3| 70/10.5| 85| 92 (100 8.8|100| 74100 5.8
LDR 29 50|/10.7| 70|10.0| 8| 88| 95| 81]100|7.0]|100| 5.6

MDR 43 50(10.2] 70| 96| 80| 81| 95| 78|100)| 6.7|100| 5.3

MDR 73 50| 92| 65| 84| 8| 74| 95| 7.0[{100] 6.0 100 | 4.8

MDR 109 | 50| 87| 65 79| 80| 69| 90| 64100 5.7|100]| 4.5

MDR 145 | 50| 82| 65| 74| 80| 65| 9| 60|100|54|100| 4.3

HDR 24 50| 6765 61| 75| 51| 90| 49| 95|43100]| 35

HDR 43 50| 53| 65| 47| 75| 40| 8| 38| 95134100 2.7

N. Com 50| 53| 60| 45| 75| 40| 8 | 38| 95|34]100| 2.7
G. Com 50| 47| 60| 41| 75| 36| 8| 34| 90|29100]| 24
O.P./Com 50| 42|60 37| 70| 31| 80| 29| 90| 26100 2.2
Limited I. 50| 42| 60| 37| 70| 31| 80| 29| 90] 26100 2.2
General L. 50| 37/ 60| 32| 70| 27| 8] 26| 923|100 1.9

*See Table 3-1 for more detailed description

3-12
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2.0 N . Directions for Application:
8.0 i < e Q (1) From precipitation maps determine 6 hr and 24 hr amounts
70NN —t N for the selected frequency. These maps are included in the
NN NUSNONONON EQUATION County Hydrology Manual (10, 50, and 100 yr maps included
6.0 = in the ign and Procedur ).
~ N r ‘\\ N ~:.“~ I = TaN P6D0'645 " S .d.P. K - o o
5.0 - J ™ : I = Intensity (infhr) 1R (2) Adjust 6 hr precipitation (if necessary) so that it is within
N NG| TS N \\ ~;N :"~..~ Pe = 6-Hour Precipitation (in) the range of 45% to 65% of the 24 hr precipitation (not
4.0 N ¥ ~ R D = Duration (min) — applicaple to Desert).
N | N ~~\ ~~\ \: -~.~:~_::.~~ (3) Plot 6 hr precipitation on the right side of the chart.
™ N " . :
3.0 < N . H TR (4) Draw a line through the point parallel to the plotted lines.
N INU T N s ) : : :
. ™ b TN N NN (5) This line is the intensity-duration curve for the location
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™ NN 20 5[ 263 395 5.27 659 7.90 0.22 1054 11.86 13.17 14.49 1581
0.3 7| 2.12 318 4.24 5.30 6.36/7.42 8.48 | 9.54 10.60|11.66 12.72
X 10| 1.68 2.53 3.37 4.21 505 590| 6.74 7.58 842 |9.27 10.11
15 15| 1.30 [1.95/2.59| 3.24 |3.89/4.54| 519 584 649 | 7.13 7.78
20| 1.08 |1.62/2.15 2.69 3.23 3.77 4.31 485 539 | 593 646
25| 0.93 1.40 1.87 2.33 2.80 3.27| 3.73 | 4.20 | 4.67 | 513 5.60
02 ] 30| 0.83 1.24 1.66/ 2.07 249290 3.32 3.73 | 4.15 | 4.56 4.98
i 40| 0.69 |1.03/1.38 1.72 2.07 241 2.76 | 3.10 | 345 379 4.13
. 50| 0.60 0.901.19 1.49 1.79 2,09 239 269 298 3.28 3.58
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Minutes it Hours 360] 0.17 [0.25 0.33/ 0.42 0.50 0.58  0.67  0.75 | 0.84 082 1.00

FIGURE
Intensity-Duration Design Chart - Template 3_ 1




100

WATERCOURSE DISTANCE IN FEET
OVERLAND FLOW TIME IN MINUTES

EXAMPLE:

Given: Watercourse Distance (D) = 70 Feet
Slope (s) =1.3% _1.8(1.1-0)\VD
Runoft Coefficient (C) = 0.41 T= Yrs
Overland Flow Time (T) = 9.5 Minutes

SOURCE: Airport Drainage, Federal Aviation Administration, 1965

FI1GURE

Rational Formula - Overland Time of Flow Nomograph
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EQUATION

SOURGE: California Division of Highways (1941) and Kirpich (1940)

3\ 0.
Tc = 1,1 'gl: )0 385
AE
Tec = Time of concentration (hours)
L = Watercourse Distance (miles)
AE = Change in elevation along
effective slope line (See Figure 3-5)(feet)
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Nomograph for Determination of

Time of Concentration (Tc) or Travel Time (T1) for Natural Watersheds

F1GURE
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Watershed Divide \
/——' —————————
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Watershed |

Divide

Design Point
(Watershed Outlet)

Area “A” = Area “B”

SOURCE: California Division of Highways (1941) and Kirpich (1940)

FI1GURE

Computation of Effective Slope for Natural Watersheds 3 5






