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1.0 Declaration of Responsible Charge:

| Hereby declare that | am the Engineer of Work for this project, that |
am here exercised responsible charge over the design of the project
as defined in section 6730 of the business and professions code, and
that the design is consistent with the current standards.

Understand the check of project drawings and specifications by the
County of San Diego is confined to review only and does not relieve
me, as Engineer of work, of my responsibilities for project design..
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2. Project/ Site Description:

This project provides for design and construction of commercial building of 12,000 SF of
retail space, 48 parking spaces to be paved with Permeable Pavement, and
landscaping as required by the County of San Diego. The project will be built on two
adjacent parcels owned by the same owner along Jamacha Blivd., Spring Valley, CA
91977 (parcel lot APN 579-300-32-00, and APN 579-300-33-00).

These are vacant lots and both lots together create almost rectangular shaped site of
approximately 46,450 SF (46,450/ 43560 = 1.06 Acre.

3. Calculation Methodology:

Runoff calculations were performed in conformance with the requirements of the County
of San Diego Drainage Design Manual dated July 2005 and the San Diego County
Hydrology Manual dated June 2003. The Rational Method Procedure was used for
drainage calculations with the following parameters:

Storm Event.

100-year, 24-hour event from Isopluvial Maps (Appendix 3)
P24= 5.8 inches

100-year, 6-hour event from Isopluvial Maps (Appendix 3) |
P6= 2.8 inches

Runoff Coefficient:

Es’gimated actual imperviousness of each sub-basin.
The peak flow rate of runoff formula is:

Q=CIA

where:

Q = peak discharge, in cubic feet per second (cfs)

C = runoff coefficient, proportion of the rainfall that runs off the surface (no units)
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| = average rainfall intensity for a duration equal to the time of concentration for the
area, inch per hour (in. /hr.)

| = 4.8 in/ hr. for Pre- Development Pre- Development.
I = 5.1 in/ hr. for Post- Development and Post development are tabulated below:

The storm water discharge for Pre- Development and Post development are
tabulated in next pages. ' :
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4. Pre- Development:

The stormwater runoff for Pre- Development run as sheet flow through the vacant lot
toward Jamacha Blvd.

There is no storm water flow coming from adjacent parcels to this lot. The Most
southerly lot has a Braw Ditch where the storm water drain from West to East parallel to
the Property line ( about 5 feet from the project property line) and then turn about 90
degrees and drain from South to North through the Easterly adjacent parcel, and then
drains to Jamacha Blvd. through existing curb outlet.

Pre- Development:

C T(min | 1(inch/ hr | A (Arcs) | Q(cfs) V (fps)
Pre- 0.35 10 48 1.06 178 0.80
Development
Sheet
flow

5. Post- Development:
Area A-1

The parking spaces will be paved with Permeable Pavement and some
landscaping along the eastside of the property as shown on the plans.

The onsite Runoff from the roofs of the proposed building is designed to flow to
via downspouts and discharge to permeable pavement and will be collected by
the catch basin at the southeast corner of the parking. Then the discharge will
drain via 8’ PVC pipe to the 2™ catch basin which will be tied to curb outlet per
San Diego Regional Standard Drawing (SDRSD) D-25.
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Area A-2:

The area A-2 is fairly small, landscaped area. The storm water discharge (Q-2) of
0.09 cfs will drain to two sidewalk underdrain pipes per SDRSD D-27.

Post- Development:

C T (min |1 (inch/hr | A (Acres) | Q V ( fps)
(cfs)

A-1 (building, 0.35 | 8.3 48 0.88 1.48 -9
parking lot and
landscaped area
A-2 Landscaped | 0.10 | 10 48 0.18 0.09 9.50
area along Jamacha
road

6. Pre- Development vs Post- Development:

The stormwater runoff for pre- development is 1.85 cfs, and for post-

development is 1.57 fps. The difference in storm water discharge between Pre-

Development and Post development is - 0.28 cfs which is a decrease in the
storm water discharge on Jamacha Boulevard and wort’t impact the capacity of
the existing stormwater drain system.
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7. Summary/ Conclusion:

This project includes proposed 12,000 SF of commercial building to be built on
vacant two lots of 43560 (1.06 Acre) total. The vacant land is sloped toward
Jamacha Blvd where the storm water drains form South of the property’s
boundary toward Jamacha Blvd in the North East Direction (see attached
hydrology plans for pre- development)

For post development, also the storm water from area A-1 will drain in the North
East Direction, and will be collected at the catch basin located at the southeast
corner of the parking lot. Then the discharge will drain via 8" PVC pipe to the 2nd
catch basin which will be tied to curb outlet D-25. Area A-2 is fairly small, and
landscaped where the storm water discharge (Q-2) of 0.09 cfs will drain to two
sidewalk underdrain pipes per SDRSD D-27.

The difference in storm water discharge between Pre- Development and Post
development is negative value of -0.28 cfs due to pervious concrete pavement
and vegetated and landscaped areas.

The proposed building is not placed within 100- year flood hazard area, and it is
not mapped on flood hazard boundary, or flood insurance rate map, or County of
San Diego Flood Maps in the fiood zone (see Appendix A-5/ FEMA Flood Map).

References:

1. San Diego County Hydrology Manual, 2003
2. County of San Hydraulic Design Manual, 2014
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Free Online Manning Formula Trapezoidal Channel Calculator
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Appendix C: Circul
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Manning Formula Uniform Trapezoidal Channel Flow at Given Slope and

Depth

Jamacha Building

:l:rapezoidal C’h'annel Flow (1
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Appendix A-1

Vicinity Map
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VICINITY MAP
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Appendix A-2
San Diego Hydrology Manual Figures 1 through 5

(as we applied for calculations)
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Directions for Application:

(1) From precipitation maps determine 6 hr and 24 hr amounts
for the selected frequency. These maps are included in the
County Hydrology Manual (10, 50, and 100 yr maps included
in the Design and Procedure Manuai).

(2) Adjust 6 hr precipitation (if necessary) so that it is within

the range of 45% to 65% of the 24 hr precipitation (not
applicaple to Desert).

(3) Plot 6 hr precipitation on the right side of the chart.
{4) Draw a line through the point parallel to the plotted lines.

(5) This line is the intensity-duration curve for the location
being analyzed.

Application Form:
(a) Selected frequency __ S0 __ year
P
(b)Pg= __ 3 in,Py,= _55 =08 = 545 9@
6" —m 24 Pos4

() Adjusted Pg@ = _ 3 in.
(@) t,= _20__ min.
(eyi= _32 infhr

Note: This chart replaces the Intensity-Duration-Frequency
curves used since 1965.
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Intensity-Duration Design Chart - Example
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Appendix A-3

Rainfall Isophluvials

CEQA Drainage Study Jamacha Building
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Appendix A-4

San Diego Hydrology Manual sections

as related to Calculations.

CEQA Drainage Study Jamacha Building
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SECTION 3 _
RATIONAL METHOD AND MODIFIED RATIONAL METHOD

3.1 THE RATIONAL METHOD

The Rational Method (RM) is a mathematical formula used to determine the maximum
runoff rate from a given rainfall. It has particular application in urban storm drainage, where
it is used to estimate peak runoff rates from small urban and rural watersheds for the design
of storm drains and small drainage structures. The RM is recommended for analyzing the
runoff response from drainage areas up to approximately 1 square mile in size. It should not
be used in instances where there is a junction of independent drainage systems or for
drainage areas greater than approximately 1 square mile in size. In these instances, the
Modified Rational Method (MRM) should be used for junctions of independent drainage
systems in watersheds up to approximately 1 square mile in size (see Section 3.4); or the
NRCS Hydrologic Method should be used for watersheds greater than approximately 1

square mile in size (see Section 4).

The RM can be applied using any design storm frequency (e.g., 100-year, 50-year, 10-year,
etc.). The local agency determines the design storm frequency that must be used based on
the type of project and specific local requirements. A discussion of design storm frequency
is provided in Section 2.3 of this manual. A procedure has been developed that converts the
6-hour and 24-hour precipitation isopluvial map data to an Intensity-Duration curve that can
be used for the rainfall intensity in the RM formula as shown in Figure 3-1. The RM is
applicable to a 6-hour storm duration because the procedure uses Intensity-Duration Design
Charts that are based on a 6-hour storm duration.

3.1.1 Rational Method Formula

The RM formula estimates the peak rate of runoff at any location in a watershed as a function
of the drainage area (A), runoff coefficient (C), and rainfall intensity (I) for a duration equal

to the time of concentration (Tg), which is the time required for water to
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flow from the most remote point of the basin to the location being analyzed. The RM
formula is expressed as follows:

F

e

\

- =CIA i
oo Q=Cl >

i
e o i

Where: Q = peak discharge, in cubic feet per second (cfs)
C = runoff coefficient, proportion of the rainfall that runs off the surface (no
units) ,
1 = average rainfall intensity for a duration equal to the T, for the area, in
inches per hour (Note: If the computed T is less than 5 minutes, use 5
minutes for computing the peak discharge, Q)
A = drainage area contributing to the design location, in acres

Combining the units for the expression CIA yields:
. 2
lacrexinch ) { 43,560 ft l.foot 1 hour — 1.008 ofs
hour acre 12 inches / \ 3,600 seconds

For practical purposes the unit conversion coefficient difference of 0.8% can be ignored.

The RM formula is based on the assumption that for constant rainfall intensity, the peak
discharge rate at a point will occur when the raindrop that falls at the most upstream point in
the tributary drainage basin arrives at the point of interest.

Unlike the MRM (discussed in Section 3.4) or the NRCS hydrologic method (discussed in
Section 4), the RM does not create hydrographs and therefore does not add separate subarea
hydrographs at collection points. Instead, the RM develops peak discharges in the main line
by increasing the T as flow travels downstream.

Characteristics of, or assumptions inherent to, the RM are listed below:

e The discharge flow rate resulting from any I is maximum when the I lasts as long as or
longer than the T..

3-3
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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 P 4
Low Density Residential (LDR) Residential, 1.0 DU/A or less 10 0.27 0.32 0.36 0.41 Mfuoi]'“
Low Density Residential (LDR) Residential, 2.0 DU/A or less 20 0.34 0.38 0.42 0.46
Low Density Residential (LDR) Residential, 2.9 DU/A or less 25 0.38 0.41 0.45 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 Residentjal (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 @ )
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 @ P
Commercial/Industrial (Limited 1.) Limited Industrial 90 0.83 0.84 0.84 @’}
Commercial/Industrial (General I.) General Industrial 95 0.87 0.87 0.87 0.87 P4

*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 =
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3.1.4 Time of Concentration

The Time of Concentration (T,) is the time required for runoff to flow from the most remote
part of the drainage area to the point of interest. The T. is composed of two components:
irlitial time of concentration (T;).and travel time (T;). Methods of computation for T; and T,
are discussed below. The T; is the time required for runoff to travel across the surface of the
most remote subarea in the study, or “initial subarea.” Guidelines for designating the initial
subarea are provided within the discussion of computation of Ti. The T is the time required
for the runoff to flow in a watercourse (e.g., swale, channel, gutter, pipe) or series of
watercourses from the initial subarea to the point of interest. For tﬁ:EM, the T, at any point
within the drainage area is given by:

Tc=Ti+Tt

Methods of calculation differ for natural watersheds (nonurbanized) and for urban drainage
systems. When analyzing storm drain systems, the designer must consider the possibility
that an existing natural watershed may become urbanized during the useful life of the storm
drain system. Future land uses must be used for T. and runoff calculations, and can be
determined from the local Community General Plan.

3.1.4.1 Initial Time of Concentration

The initial time of concentration is typically based on sheet flow at the upstream end of a
drainage basin. The Overland Time of Flow (Figure 3-3) is approximated by an equation
developed by the Federal Aviation Agency (FAA) for analyzing flow on runaways (FAA,
1970). The usual runway configuration consists of a crown, like most freeways, with sloping
pavement that directs flow to either side of the runway. This type of flow is uniform in the
direction perpendicular to the velocity_and is very shallow. Since these depths are ¥4 of an
inch (more or less) in magnitude, the “telative roughness is high. S{)Eiligher relative
roughness values for overland flow are presented i Table 3.5 of the HEC-I Flood

Hydrograph Package User’s Manual (USACE, 1990).




Appendix B: Storm Water Pollutant Control Hydrologic Calculations

and Sizing Methods for Structural BMPs

B.1.2 Step 1B - Tributary Area

Detetmine the total tributary area through evaluation of the drainage area delineations performed as
outlined in Section 3. These areas will be analyzed in additional detail in Step 1C below.

B.1.3 Step 1C - Runoff Factor

Runoff factors (C) represent the ratio of storm water runoff over rainfall that is anticipated for a
particular surface type. Impervious surfaces typically have high runoff factors (0.90) as nearly all

rainfall is converted into runoff. Pervious surfaces typically have low runoff factors (0.10) as much of

the rainfall is retained in natural surface features. Applicants should evaluate all of the surface
covetages within a drainage area and assign runoff factors consistent with the values in Table B.1-1.

=, Table B.1-1: Runoff factors for surfaces dtaining to BMPs — Pollutant Control BMPs

Impetvious Roofs, Concrete, Asphalt, Unit Pavers (grouted) 0.90
Surfaces ,
Serni-Pervious | Decomposed Granite, Cobbles, Crushed Aggregate,
) . 0.30
Surfaces Compacted soil (unpaved parking)
Green Roofs per SD-C
Engineeted Permeable Pavement per SD-D, |
Pervious Amended Soils per SD-F, 0.10
Surface.sr_ﬁ Landscaped/Mulched Soils,
1 | Permeable Pavement per INF-3
Type A Soil 0.10
Natural | Tyne B Soil 0.14
Pervious -
Surfaces Type C Soil 0.23
' Type D Soil , 0.30
Impoundments | Swimming pools, fountains, ponds, etc. ‘ 0.00
Dispersion Areas routed to or serving as 4 dispersion atea per See Dispersion Area
Areas SD-B Text Below

If a drainage area is comprised of mote than one surface type, an area-weighted runoff factor must be

calculated per the following equation where C represents the runoff coefficient and A represents the

area of each surface.

Carea—-weigh,ted =

Z Csurface 1 Asurface 1+ Csurface 2 Asurface 2+ Csurface xAsurface x

2 Aall surfaces

www.sandiegocounty.gov/stormwater B-9

Effective September 15, 2020
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The sheet flow that is predicted by the FAA equation is limited to conditions that are similar
to runway topography. Some considerations that limit the extent to which the FAA equation
applies are identified below:

e Urban Areas — This “runway type” runoff includes:

1) Flat roofs, sloping at 1% =+

2) Parking lots at the extreme upstream drainage basin boundary (at the “ridge” of a
catchment area).
Even a parking lot is limited in the amounts of sheet flow. Parked or moving
vehicles would “break-up” the sheet flow, concentrating runoff into streams that
are not characteristic of sheet flow.

3) Driveways are constructed at the upstream end of catchment areas in some
developments. However, if flow from a roof is directed to a driveway through
a downspout or other conveyance mechanism, flow would be concentrated.

4) Flat slopes are prone to meandering flow that tends to be disrupted by minor
irregularities and obstructions. Maximum Overland Flow lengths are shorter
for the flatter slopes (see Table 3-2).

¢ Rural or Natural Areas - The FAA equation is applicable to these conditions since

(.5% to 10%) slopes that are uniform in width of flow have slow velocities consistent

with the equation. Irregularities in terrain limit the length of application.

1) Most hills and ridge lines have a relatively flat area near the drainage divide.
However, with flat slopes of .5% *, minor irregularities would cause flow to
concentrate into streams.

2) Parks, lawns and other vegetated areas would have slow velocities that are
consistent with the FAA Equation.

The concepts related to the initial time of concentration were evaluated in a report entitled
Initial Time of Concentration, Analysis of Parameters (Hill, 2002) that was reviewed by the
Hydrology Manual Committee. The Report is available at San Diego County Department of
Public Works, Flood Control Section and on the San Diego County Department of Public
Works web page.

3-11
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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 (L)) 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.

N

(I'able 3-2
/

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

Element* | DU/ 5% 1% 2% 3% 5% 10%
Acre |Lm | T Lm | Ti Lm | T Lm | Ti Im |Ti |Lm | T

Natural 5011324 70{12.5| 85/109]100) 103|100 8.7]100] 6.9
LDR 1 501122{ 70{11.5]| 8 ]10.0{100] 95[100( 8.0[100]| 6.4
LDR 2 50{113({ 70{10.5| 8] 92[100| 88 100| 74100 5.8
LDR 2.9 5011074 70(10.0| 85| 88| 95| 81100 7.0[100] 5.6
MDR 4.3 501102] 70| 96| 80| 8.1} 95| 7.81100| 6.7|100] 5.3
MDR 7.3 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| 90| 6.0]100| 541100 4.3
HDR 24 50] 67| 65| 6.1 75| 5.1 90| 49| 95| 43100 3.5
HDR 43 50| 5.3 65 471 75| 40| 85| 3.8] 95]134]100] 2.7
N. Com 50| 53] 60| 4.5 751 40| 85| 3.8 95|34[100} 2.7
G. Com 50 47) 60| 41| 75| 36| 8| 34| 912910024
O.P./Com 50| 42| 60| 37| 70| 3.1 80| 29| 90| 26100 2.2
Limited I. 50| 42160} 37| 70| 3.1 80| 2.9{( 90| 2.6(100]| 2.2
General 1. 50| 371 60| 32 70 27| 80| 2.6| 90| 23}|100| 1.9

*See Table 3-1 for more detailed description
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3.1.4.1A Planning Considerations

The purpose of most hydrology studies is to develop flood flow values for areas that are not
at the upstream end of the basin. Another example is the Master Plan, which is usually
completed before the actual detailed design of lots, streets, etc. are accomplished. In these
situations it is necessary that the initial time of concentration be determined without detailed
information about flow patterns.

To provide guidance for the initial time of concentration design parameters, Table 3-2
includes the Land Use Elements and other variables related to the Time of Concentration.
The table development included a review of the typical “layout” of the different Land Use
Elements and related flow patterns and consideration of the extent of the sheet flow regimen,

the effect of ponding, the significance to the drainage basin, downstream effects, etc.
3.1.4.1B Computation Criteria

(a) Developed Drainage Areas With Overland Flow - T; may be obtained directly from the
chart, “Rational Formula — Overland Time of Flow Nomograph,” shown in Figure 3-3
or from Table 3-2. This chart is based on the Federal Aviation Agency (FAA) equation

mor the short rain durations (<15 minutes) involved, intensities are high
but the depth of flooding is limited and much of the runoff is stored temporarily in the

overland flow and in shallow ponded areas. In developed areas, overland flow is

limited to lengths given in Table 3-2. Beyond these distances, flow tends to become

concentrated into streets, gutters, swales, ditches, etc.

3-13
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(b) Natural Or Rural Watersheds — These areas usually have an initial subarea at the
upstream end with sheet flow. The sheet flow length is limited to 50 to 100 feet as
specified in Table 3-2. The Overland Time of Flow Nomograph, Figure 3-3, can be
used to obtain T.. The initial time of concentration can excessively affect the

__magnitude of flow further downstream in the drainage basin. For instance, variations

in the initial time of concentration for an initial subarea of one acre can change the

~—

flow further downstream where the area is 400 acres by 100%. Therefore, the initial
time of concentration is limited (see Table 3-2).

The Rational Method procedure included in the @l Hydrology Manual (1971) and

v

_Design and Procedure Manual (1968) included a@‘)minute value to be added to the initial

time. of concentration deve oped through the Kirpich Formula (see Figure 3-4) for a natural
watershed.: That procedure is superceded by the procedure above to.use Table 3-2 or Figure

~3-3 to determine T; for the appropriate sheet flow length of the initial subarea. The values for

e

natural watersheds given in Table 3-2 vary from 13 to 7 minutes, depending on slope. If the i
. 3
T

_Table 3-2, add the travel time based on the Kirpich formula for the remaining length of the

total length of the initial subarea is greater than the maximum length allowable based on

s S A
_initial subarea. a0~y

3.1.4.2 Travel Time

The T, is the time required for the runoff to flow in a watercourse (e.g., swale, channel,
gutter, pipe) or series of watercourses from the initial subarea to the point of interest. The T
is computed by dividing the length of the flow path by the computed flow velocity. Since the
velocity normally changes as a result of each change in flow rate or slope, such as at an inlet
or grade break, the total T, must be computed as the sum of the T¢’s for each section of the
flow path. Use Figure 3-6 to estimate time of travel for street gutter flow. Velocity in a

channel can be estimated by using the nomograph shown in Figure 3-7 (Manning’s Equation

Nomograph).

3-14
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(a) Natural Watersheds — This includes rural, ranch, and agricultural areas with natural
channels. Obtain T; directly from the Kirpich nomograph in Figure 3-4 or from the
equation. This nomograph requires values for length and change in elevation along

the gffective slopd line for the subarea, See Figure 3-5 for a representation of the

effective slope line.

This nomogtaph is based on the Kirpich formula, which was developed with data
from agricultural watersheds ranging from 1.25 to 112 acres in area, 350 to 4,000 feet
in length, and 2.7 to 8.8% slope (Kirpich, 1940). A maximum length of 4,000 feet
should be used for the subarea length. Typically, as the flow length increases, the
depth of flow will increase, and therefore it is considered a concentration of flow at
points beyond lengths listed in Figure 3-2. However, because the Kirpich formula
has been shown to be applicable for watersheds up to 4,000 feet in length (Kirpich,
1940), a subarea may be designated with a length up to 4,000 feet provided the
topography and slope of the natural channel are generally uniform.

Justification needs to be included with this calculation showing that the watershed
will remain natural forever. Examples include areas located in the Multiple Species
Conservation Plan (MSCP), areas designated as open space or rural in a community’s
General Plan, and Cleveland National Forest.
\ p %
(b) Urban Watersheds - Flow through a closed conduit where no additional flow can enter the
system during the travel, length, velocity and T; are determined using the peak flow in

the conduit. In cases where the conduit is not closed and additional flow from a
contributing subarea is added to the total flow during travel (e.g., street flow in a
gutter), calculation of velocity and T is performed using an assumed average flow
based on the total area (including upstream subareas) contributing to the point of
interest. The Manning equation is usually used to determine velocity. Discharges for
small watersheds typically range from 2 to 3 cfs per acre, depending on land use,

Note: The MRM should be used to calculate the peak discharge when there is a junction
from independent subareas into the drainage system.

3-15




San Diego County Hydrology Manual Section: 4
Date: June 2003 Page: 16 of 60

4.1.2.1 Hydrologic Soil Group

Soil properties influence the relationship between rainfall and runoff since soils have

differing rates of infiltration. Based on infiltration rates, the NRCS has divided soils into
four hydrologic soil groups.

—P

Group A
Soils have high infiltration rate when thoroughly wetted; chiefly deep, well-

drained to excessively drained sand, gravel, or both. Rate of water transmission is
high; thus runoff potential is low.

Group B

Soils have moderate infiltration rate when thoroughly wetted; chiefly soils that are
moderately deep to deep, moderately well drained to well drained, and moderately
coarse textured. Rate of water transmission is moderate.

Group C
Soils have slow infiltration rate when thoroughly wetted; chiefly soils that have a
layer impeding downward movement of water, or moderately fine to fine textured

soils that have a slow infiltration rate. Rate of water transmission is slow.

Group D
Soils have very slow infiltration rate when thoroughly wetted; chiefly clays that

have a high shrink-swell potential, soils that have a high permanent water table,
soils that have a claypan or clay layer at or near the surface, or soils that are
shallow over nearly impervious material. Rate of water transmission is very slow.

A list of soils throughout San Diego County and their hydrologic classification is located
on the map in Appendix A. Soil Survey maps can be obtained from local NRCS offices
for use in estimating soil type. The NRCS maps are also available at the County of San
Diego DPWECS. Consideration should be given to the effects of urbanization on the

4-16
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gradations. Where topography is steeper than desirable, drop structures may be used to maintain
design velocities (see Section 7.11).

Table 7-3. Channel Bottom Rlprap Protection

“ 1ganlouly(ft/s) T I ;
—__ @ No. 2Backing é—-———v use /{-‘L
o 10-13 ' . Y ton ‘.
12-14 Y ton
14-16 . 1ton
16-18 2 ton :
>18 Special Design

7.6.2 Roughness Coefficients

The Manning roughness coefficient (n) for hydraulic computations shall be estimated for loose rock
riprap using the Manning-Strickler equation (Equation 7-5). Equation 7-5 (Chang, 1992) does hot
apply to grouted rock riprap or to very shallow flow. Table 7-4 provides Manning roughness
coefficients for standard rock riprap classifications based on the Manning-Strickler method.

Equation 7-5. Mannlng-Strlckler Equatlon

n=0.0395d5,"®
where:
n =  Manning roughness coefficient (dimensionless)
dso = median stone diameter (feet)
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Chapter 5. Open Channels

where ...
n = Manning roughness coefficient (dimensionless); and
dso median stone diameter (feet).

Table 5-4 Standard Rock Riprap Gradations

##Rock Gradation ° Median Ston% Weight Median Stonec| Manning n
e (Wso) ¢ , 2 Diameter (d§°)’ (Ungrouted! 7

#>No. 3 Backing ¢~ 5b 041 0.034
.. No. 2 Backing C251b 0.7 0.037
-~~~ 7"""No.1 Backing " 751b oft 0.039
: : Light 200 b 131t 0.041
Y Ton 500 Ib 1.8 ft 0.044
e % Ton 1000 Ib 231t 0.045
1 Ton 2000 Ib 291t 0.047
2 Ton 4000 Ib 3.6 1t 0.049

(a) Except for 2 ton rock, classification is based upon Caltrans Method B Placement, which allows dumping of the rock
and spreading by mechanical equipment. Local surface irregularities shall not vary from the planned grade by more than
1 foot, measured perpendicular to the slope. Two-ton rock requires special placement, see Caltrans (2002) or Greenbook
for more information. (b) No. 1 Backing has same gradation as Facing Riprap. (c) per Caltrans (2002). (d) Assumes
specific weight of 165 Ib/ft3. The designer shall take care to apply a unit weight that is applicable to the type of riprap
specified for the project, and adjust their calculations when necessary. (e) Based on Manning-Strickler relationship
(Chang, 1988).

Where hydraulic radius is less than or equal to two times the maximum rock size, the roughness
coefficient will be greater than indicated by Equation 5-5. In these cases, the design engineer
shall use the method outlined in Section 5.7.17 to calculate the roughness of the channel.
Appendix A (Table A-3) provides recommended Manning roughness coefficient (r) for grouted
riprap applications. A 20% roughness coefficient reduction ( N grouted = 0.80 N ungrouted) for
grouted rip-rap shall be required for velocity-based design for energy dissipation/scour
minimization measures applications. For channel capacity design, the roughness coefficients in
Table 5-4 and Appendix A shall be used.

57.3 Low Flow and Trickle Channels

Riprap-lined channels conveying a 100-year peak runoff of 20 cfs or less do not require trickle
channels. The design engineer shall evaluate the factors such as drainage slope, flow velocity, soil
type, and upstream impervious area, and specify a trickle channel when needed based on their
engineering judgment. Low-flow channels shall be designed in accordance with Section 5.5.3.2.

5.7.4 Bottom Width

The selection of the 6ver-all channel bottom width shall consider factors such as ultimate
conveyance requirements, constructability, channel stability, and maintenance.

5.7.5 Freeboard and Flow Depth

Riprap-lined channels shall meet the minimum frecboard requirements outlined in Section 5.3.7.
Excessive depths and high velocities shall be avoided whenever practicable to maintain public
safety. Section 5.3.9 discusses access and safety for open channels, including thresholds for flow
depth and velocity.

5.7.6 Side Slopes

The side slopes of riprap-lined channel shall not ordinarily be steeper than 2H:1V, except in cases
where an embankment stability analysis can justify a steeper side slope. The stability analysis
should be completed in consultation with a soils engineer, and consider such factors such as: soit
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Chapter 5. Open Channels

Table 5-6 Minimum Riprap Layer Thickness
Placement Method A
Rock Gradation Minimum Layer Thickness (ft)
8 ton 8.50
4 ton 6.80
2ton 5.40
1 ton 4.30
¥ ton 3.40
Placement Method B
Rock Gradation Minimum Layer Thickness (ft)
1 ton 5.40
Y ton 4.30
Yaton 3.30
Light 2.50
Facing 1.80
Backing No. 1 1.80

& _____ pkBacking No.

»Backing No. 2

1.25 )
0.7+ .. _

Minimum layer thickness for Placement Method A is 1.50ds and 1.875ds for Placement Method B.
These thickness calculations assume a specific weight of 165 IbAE. The designer shall take care to
apply a unit weight that is applicable to the type of riprap specified for the project, and adjust their
calculations when necessary.

underwater, the riprap thickness shall be increased by at least 50 percent. The total thickness of a

riprap installation is the sum of individual layer thicknesses (see Section 5.7 A,

5.7.11 Bedding Requirements

The long-term stability of riprap erosion protection is strongly influenced by proper bedding
conditions. Properly designed bedding provides a buffer of intermediate-sized material between
the channel bed and the riprap to prevent movement of soil particles through the voids in the
riprap. Three types of bedding are in common use: generic single-layer granular bedding,
multiple-layer granular bedding, and filter fabric.

Standard riprap installations include an outside layer, one or more inner layers, a backing layer,
and filter fabric. Section 5.7.9 describes the determination of gradation of the outside rock layer.
The composition of the inner layer(s), backing layer, and filter fabric are design to be
progressively smaller to prevent migration of material through voids of the layers. Table 5-7
summarizes the appropriate layers for standard riprap installations. Alternate designs for riprap

bedding are acceptable when accompanied by appropriate design calculations.

Filter fabric can provide adequate bedding for channel linings along uniform mild sloping
channels where leaching forces are primarily perpendicular to the fabric. The design engineer
shall use care in specifying using filter fabrics, and shall note appropriate construction methods
on their plans and specifications. Some of the design considerations and limitations of filter

fabric include:
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Appendix A-5

Flood Map (by FEMA)

CEQA Drainage Study Jamacha Building
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Exhibit A:

Pre- Development Drainage Map

And

Exhibit B:

Post- Development Drainage Map

CEQA Drainage Study Jamacha Building
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