CEQA DRAINAGE STUDY REPORT
FOR
TEN UNIT RESIDENTIAL SUBDIVISION (PDS2022-TM-5648)
at
1434 Montiel Road
Escondido, California

Prepared for:

Shub Estates LLC
10225 Barnes Canyon Road
San Diego, CA 92121
Tel.: (619) 297-8066

March 10, 2026
ABI Project No.: 22056

Prepared by:

ABI ENGINEERING CONSULTANTS, INC.
1701 E. Edinger Ave., Suite A9
Santa Ana, California 92705
Tel.: (888) 220-5596
Fax: (714) 866-417



TABLE OF CONTENTS

1. PROJECT DESCRIPTION w1
1.1 DECLARATION OF RESPONSIBLE DISCHARGE........ccccceiiiiiiiiiicieeeeeeeee 2
1.2 DRAINAGE PATTERNS . ...ttt ettt e 3

1.2.1 EXISTING DRAINAGE PATTERNS ..........cccccooiiiiiiiiiiiieee e 3
1.2.2 PROPOSED DRAINAGE PATTERNS ............cccccooiiiiiiiiiiiieeeeeeee e 3

2. HYDROLOGY ....cccuieverrveicsecsnnenns 4

2.1 HYDROLOGY DESCRIPTION ......oiiiiiiiiiiieiieeie ettt ettt ettt st 4

2. 1.1 Rational Method.............................ccocoiiiiiiiiiiiiiiiiii et 4
2.1.2  Rainfall DiStriDULiON ........................ccccoooiiiieiiiiieeiieeeie et 6
2.1.3 Incremental Hydrographs .......................ccccocooveiiiiiiiiieiiieeeiie e 8
2.1.4 SOWMP and MitiQALION ....................cc.cccuveiiiiieaiiiieeieeeeie et eeeeeee e eiae e 10
2.1.5 Detention Storage Routing Calculations .......................cc..cccooovvvevieiiniieeeiieeainnann, 11
2.1.6  Detention ARGLYSIS .................ccooooouiieiiieeiiieeiie ettt 14
2.1.7 Hydraulic Grade Line Calculations .......................c...cc.cccccoeiiniinoiiniiniiiniiaeene 15
2.1.8 Hydraulic ANGLYSIS...................c.occoiviiiimiiiiiiiiiiiiiieiee e 17
2.1.9 Rip Rap Calculations .......................c.c.ccoccoviiiiiiiiiiniiiiiiiiiiiiiieeceteee e 17

3. CONCLUSIONS....cccecvvunruecrursaecsanens 19
4. OPERATIONS AND MAINTENANCE ......cuuiiiiiiiinnninnnissneissnissssssssssssssssssossssssssessssens 21

ATTACHMENT A

Preliminary Grading Plan, Existing & Proposed Exhibits and Planter Box Detail
ATTACHMENT B
Existing 100-Year Rational Method Hydrology Study
ATTACHMENT C
Proposed 100-Year Hydrology & Internal Pipe Hydraulic Calculations
ATTACHMENT D
Hydrograph Discharge & Outlet Routing Tables

ATTACHMENT E
BMP Design Manual Compliance Worksheet and Hydromodification Management Plan (HMP)
Modeling Report



ATTACHMENT F
100-Year Storm Inflow and Outflow Hydrographs
ATTACHMENT G

Hydrologic Soil Group Map
Rainfall Isopluvials for 100 years Rainfall Event — 6 hours and 24 hours map
Intensity-Duration Design Chart-Figure 3-1
Runoff Coefficients for urban areas-Table 3-1
Maximum Overland Flow length and Initial Time of Concentration Table 3-2
Rational Formula for Overland Time of Flow Nomograph Figure 3-3
Nomograph for Determination of Time of Concentration or Travel time for Natural Watersheds
Figure 3-4
Computation of Effective Slope for Natural Watersheds Figure 3-5



1. PROJECT DESCRIPTION

The project is a new residential subdivision on 1.98-acre parcel located west of Via Teramo,
approximately 250 feet north of Montiel Road in the County of San Diego. The project proposes
subdivide the vacant parcel into ten (10) residential lots ranging in size from 6,360 to 8,899 square
feet. Improvements include residential pads, Lot A (Private Road), internal private driveways, and
public frontage work. Lot B (the Via Teramo frontage strip) will remain undisturbed. Additionally,
the existing swale or flowline outside the western property boundary and the drainage ditch outside
the northern boundary will be preserved and remain undisturbed. Total area of disturbance is
approximately 1.92 acres. The site vicinity map is Figure 1. The existing condition and proposed

subdivision map are in Attachment A

Figure 1 Vicinity Map
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1.1 DECLARATION OF RESPONSIBLE DISCHARGE

DECLARATION OF RESPONSIBLE CHARGE:

I HEREBY DECLARE THAT I AM THE ENGINEER OF WORK FOR THIS PROJECT THAT I
HAVE EXERCISED RESPONSIBLE CHARGE OVER THE DESIGN OF THE PROJECT AS
DEFINED IN SECTION 6703 OF THE BUSINESS AND PROFESSIONS CODE, AND THAT
THE DESIGN IS CONSISTENT WITH CURRENT STANDARDS.

IUNDERSTAND THAT THE CHECK OF PROJECT DRAWINGS AND SPECIFICIATIONS BY
THE COUNTY OF SAN DIEGO IS CONFINED TO A REVIEW ONLY AND DOES NOT
RELIEVE ME, AS ENGINEER OF WORK, OF MY RESPONSIBILITIES FOR PROJECT
DESGIN.

ENGINEER OF WORK:
ABI ENGINEERING CONSULTANTS, INC
1701 EAST EDINGER AVENUE, SUITE A9
SANTA ANTA, CALIFORNIA 92705

TEL: (888) 220-5596 FAX: (714) 866-4171

03/04/2026
DAYANAND BETTADAPURA, R.C.E 46505 DATE
REGISTRATION EXPIRES JUNE 30, 2027




1.2 DRAINAGE PATTERNS

1.2.1 EXISTING DRAINAGE PATTERNS

The 1.98-acre project site is vacant and consists of native vegetation, including trees and shrubs.
The site topography is characterized by a consistent 22-foot elevation relief, sloping from a high
point of EL. 698 at the northeast corner to a low point of EL. 676 at the southwest corner. All
stormwater generated within the property boundaries flows from the northeast toward the

southwest, following this natural grade.

A concrete drainage ditch exists to the northeast of the property outside the boundary of this
property. The drainage ditch conveys off-site runoff westward. The existing grades or an earthen
swale located outside the western property boundary on the adjacent lots, directs offsite surface

water runoff toward the regional low point at the southwest corner of the property area.

The small sliver of the parcel located at the southeast corner drains from north to south toward
Montiel Road. This runoff is collected and directed south into the existing County-maintained
storm drain system. These flows eventually discharge into Escondido Creek and terminate at the
San Elijo Lagoon. The existing drainage patterns have been mapped (Attachment A) to ensure the
design maintains the historic natural flow of the site and protects adjacent properties and

downstream systems.

1.2.2 PROPOSED DRAINAGE PATTERNS

The project consists of a ten-unit residential subdivision of the existing 1.98-acre lot. The site has
been subdivided into ten (10) residential lots 1 through 10, and includes Lot A, which is the internal
private road for site access, and Lot B, which the strip of land extending along Via Teramo to its
intersection with Montiel Road. The development includes site grading for building pads,

construction of internal private driveways, utility installation, and structural stormwater BMPs.

Proposed drainage patterns follow the existing site topography, conveying on-site runoff from the
northeast toward the southwest. Runoff from the residential pads, Lot A (Private Road), and other
impervious surfaces are collected via drainage swales and a private storm drain system. These
flows are directed toward biofiltration planter box (BMP #1) located at the southwestern low point

of the site. BMP #1 has been sized for a Design Capture Volume to provide both water quality



treatment and hydromodification management. In the event of a peak storm overflow, runoff is
piped to the existing drainage low point at the southwest corner of the property. This design ensures
that post-development peak flow rates do not exceed pre-development levels. See Attachment A

for existing condition and proposed development exhibits.

2. HYDROLOGY

2.1 HYDROLOGY DESCRIPTION
The San Diego County Hydrology Manual requires that the Rational Method beused for hydrologic
analysis of a watershed up to but not exceeding 1.0 square-mile (640 acres). The Rational Method

was used for this study because it satisfies the San Diego County design criteria.

The hydrology and hydraulic analyses for this project have been prepared using peak flow rates

from the 100-year storm event.

The hydrologic analysis is performed to assess the impact of the proposed development on existing

drainage patterns and to quantify any increase in runoff requiring mitigation.

The total project area is 1.98 acres. For this drainage analysis, a study area of 1.92 acres is
evaluated. The existing site topography is analyzed using three basins (Basins A, B & C). Basins
A and B encompass the 1.92-acre area where internal runoff flows to the low point at the southwest
of the property. Basin C consists of the 0.06-acre area that will remain untouched in its existing,

undisturbed condition.

For proposed improvements, the study area is analyzed using five basins (Basins A through E).
Basins A through D encompass the 1.92 acre developed area, where all internal runoff is directed
to the proposed biofiltration planter boxes for water quality and hydromodification mitigation.
Basin E consists of the 0.06-acre untouched area, resulting in a total proposed study area of 1.92

acres. See Attachment 'A' for the drainage maps

2.1.1 Rational Method

The Rational Method formula was used to estimate the peak rate of runoff as a function of the
drainage area (A), runoff coefficient (C), and rainfall intensity (I) for a duration equal to the time
of concentration (Tc), which is the time required for water to flow from the most remote point of

the basin to the location being analyzed.



Q =Cx*xIxA
Where:
e (Q =peak discharge (cfs)
e C = Runoff coefficient
e [ = Average rainfall intensity (in/hr)

e A =drainage area (acres)

The hydrologic conditions were analyzed in accordance with the San Diego County design
criteria as follows (See attachment B and C for pre and post development calculations):

Summary Table for Existing Condition -100-year storm event (without Q100 mitigation)

Table 1. Summary table for existing condition (without mitigation)

EXISTING CONDITION
Basin | Area(Acr) | C | Te(min) | I (in/hr) | CFS-100 Yr
A 1.87 025| 8.7 6.08 2.844
B 0.05 025| 8.7 6.08 0.076

Summary Table for Proposed Condition-100-year storm event (withoutQioo mitigation)
Table 2. Summary table for proposed condition (without mitigation)

PROPOSED CONDITION

Basin | Area (Acr) C Tc (min) | I (in/hr) | CFS-100 Yr
A 0.15 0.51 8.40 6.22 0.476
B 0.70 0.51 8.75 6.061 2.151
C 0.37 0.51 8.98 5.959 1.081
D 0.70 0.51 9.33 5.815 1.986

Runoff coefficients (C) are derived from Table 3-1 of the San Diego County Hydrology Manual. For
the proposed condition, a C-value of 0.51 is utilized, corresponding to Medium Density Residential
(7.3 DU/A or Less), which reflects the 10-lot subdivision layout and anticipated impervious surface
coverage.

While the unmitigated proposed peak flow for the total site (5.694 CFS) represents an increase over
the existing condition (2.920 CFS), the project implements a biofiltration planter box (BMP #1) for
flow attenuation and water quality treatment. The planter boxes capture the 100-year peak flow and

release it at a controlled rate of 2.445 CFS (see attachment D). Since this discharge is lower than the
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site's original natural runoff of 2.920 CFS, the project effectively reduces peak flows. This ensures
downstream areas are protected and meets all County requirements for hydromodification
management.
Treated runoff and 100-year overflow are directed to riprap energy dissipator located at the southwest
corner of the property. At this point, flows are discharged at the existing natural low-point location
to maintain historical drainage patterns and prevent erosion. Detailed calculations for the Design
Capture Volume (DCV) and the Stage-Storage-Discharge relationships are provided in the SWQMP
and Mitigation sections of this report. See attachment E.
The total volume under the resulting hydrograph is equal to the following equation:
VOL = CPsA

Where:

e VOL = Total runoff volume (acre-inches)

e C = Runoff coefficient (0.51 for Medium Density Residential)

e Ps= 6-hour precipitation depth (3.30 inches)

e A =Drainage area (1.92 acres)

Considering the data input for this project we can establish that the Volume for the 6-hr storm event
will be as follows:

VOL =0.51(3.31n)1.92 ac=3.23 ac-in (11, 723 cubic feet)

2.1.2 Rainfall Distribution

We are showing a 6-hour rainfall distribution consisting of blocks of rain over increments of time
equal to Tc. The number of blocks is determined by rounding Tc to the nearest whole number of
minutes, dividing 360 minutes (6 hours) by Tc, and rounding again to the nearest whole number. The
blocks are distributed using a (2/3, 1/3) distribution in which the peak rainfall block is placed at the
4-hour time within the 6-hour rainfall duration. The additional blocks are distributed in a sequence

alternating two blocks to the left and one block to the right of the 4-hour time.
Number of Rainfall blocks:

The total storm duration is 6 hours or 360 minutes. Divide it by Tc = 9.33 min.:

Number of Blocks = — = 38.58

360
9.33



There are 39 blocks of rainfall for this storm.
Place the Peak Rainfall Block:
Using the (2/3, 1/3 distribution):
e The peak rainfall block is centered at 4 hours (240 minutes).
Distribute the Remaining Rainfall Blocks:

Following the procedure:

e Place two blocks to the left of the peak (at 240 - 9.33 and 240 - 18.66 minutes).

e Place one block to the right of the peak (240 + 9.33 minutes).
e Alternate in this sequence until all 39 blocks are distributed.

Table 3. Rainfall Blocks Distribution

Block Time Total Incremental Rainfall Peak

N (T=N*Te, Rainfall Rainfall Intensity Discharge
minutes) (PT, inches) (Pn, inches) (in/hr) (cfs)

1 240 0.81 0.81 5.21 5.10
2 230.67 1.02 0.21 1.35 1.31
3 221.34 1.18 0.16 1.03 1
4 249.33 1.31 0.13 0.84 0.81
5 212.01 1.41 0.1 0.64 0.62
6 202.68 1.5 0.09 0.58 0.56
7 258.66 1.58 0.08 0.51 0.5
8 193.35 1.65 0.07 0.45 0.44
9 184.02 1.72 0.07 0.45 0.44
10 267.99 1.78 0.06 0.39 0.37
11 174.69 1.84 0.06 0.39 0.37
12 165.36 1.9 0.06 0.39 0.37
13 277.32 1.95 0.05 0.32 0.31
14 156.03 2 0.05 0.32 0.31
15 146.7 2.05 0.05 0.32 0.31
16 286.65 2.1 0.05 0.32 0.31
17 137.37 2.14 0.04 0.26 0.25
18 128.04 2.18 0.04 0.26 0.25




Block Time Total Incremental Rainfall Peak
N (T=N*Te, Rainfall Rainfall Intensity Discharge
minutes) (PT, inches) (Pn, inches) (in/hr) (cfs)
19 295.98 2.22 0.04 0.26 0.25
20 118.71 2.26 0.04 0.26 0.25
21 109.38 2.3 0.04 0.26 0.25
22 305.31 2.34 0.04 0.26 0.25
23 100.05 2.38 0.04 0.26 0.25
24 90.72 2.42 0.04 0.26 0.25
25 314.64 2.45 0.03 0.19 0.19
26 81.39 2.48 0.03 0.19 0.19
27 72.06 2.51 0.03 0.19 0.19
28 323.97 2.54 0.03 0.19 0.19
29 62.73 2.57 0.03 0.19 0.19
30 53.4 2.6 0.03 0.19 0.19
31 3333 2.63 0.03 0.19 0.19
32 44.07 2.66 0.03 0.19 0.19
33 34.74 2.69 0.03 0.19 0.19
34 342.63 2.72 0.03 0.19 0.19
35 25.41 2.75 0.03 0.19 0.19
36 16.08 2.78 0.03 0.19 0.19
37 351.96 2.81 0.03 0.19 0.19
38 6.75 2.84 0.03 0.19 0.19
39 360 33 0.460* 0.06 0.06

*Note: The final block is adjusted to ensure the Total Rainfall matches the P6 depth of 3.30 inches
per San Diego County Hydrology Manual standards.

2.1.3 Incremental Hydrographs

The peak flow amount from each block of rain is determined by the RM formula, Q = CIA, where |
equals In (the actual rainfall intensity for the rainfall block). In is determined by dividing Pn by the
actual time base of the block, Tc. The following equation shows this relationship:

_ 60.PN
TC

In

Where:

o In = average rainfall intensity for a duration equal to Tc in inches per hour




e Pn=rainfall amount for the block in inches
e Tc = time of concentration (9.33 minutes)

Finally, the overall hydrograph for the storm event is determined by adding all the hydrographs
from each block of rain. Since the peak flow amount for each incremental hydrograph corresponds
to a zero-flow amount from the previous and proceeding hydrographs, the inflow hydrograph can

be plotted by connecting the peak flow amounts.

The incremental hydrograph can be summarized in the following graph. Table and Hydrograph
report is attached (See Attachment F)

INFLOW HYDROGRAPH

Q (cfs) Hyd. No. 1 — 100 Year Q (cfs)
6.00 6.00
5.00 500
4.00 4.00
3.00 3.00
2,00 2.00
1.00 -’f_”/,}/ 1.00

/—/—
0.00 \ 0.00
0.0 14 27 41 54 6.8
Time (hrs)

— Hyd No. 1
The peak flow values presented in the Incremental Hydrograph Distribution table are derived using
the standard manual Rational Method (Equation 6-4). In addition to these manual calculations, the
project utilized Hydraflow Hydrographs software to model the storm event and perform BMP

routing. The more conservative peak flow generated by the modeling software was adopted for all
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subsequent BMP sizing, spillway routing, and freeboard depth calculations.

2.1.4 SQWMP and Mitigation

The post-development project proposes a centralized Structural BMP to manage both Stormwater

Quality Management Plan (SWQMP) requirements and drainage improvements.

o Structural BMP: A BMP is proposed at the southern portion of the project site to capture

and treat runoff from the developed areas.

e Capacity and Dimensions: The BMP is designed with a surface area of approximately 2,350

sq-ft and a minimum length of 220 feet.

e Capture Volume: The facility is designed to provide a total Design Capture Volume (DCV)
of 2,969 cubic feet.

Per the San Diego County BMP Design Manual, the design capture volume is calculated from the

85th percentile, 24-hour rain event. This value is determined using the San Diego County 85th

percentile precipitation isohyetal map.

The 85th percentile, 24-hour rain event for this project site was determined to be 0.81 inches, which

was utilized for all water quality and DCV calculations.

Table 4. Summary table for BMP

Name Descrintion | Effective | Tc 85" Percentile 24-hr Area | DCV (cu-
P C (min.) storm depth (ac) ft)
BMP 1
(Planter Bio filtration 0.52 9.33 0.81 1.92 2,939
box)

See Attachment E for the complete SWQMP Exhibit and Attachment A for BMP Exhibits.

Note: The BMP size is based on the 85th percentile storm for water quality (DCV), it also functions
as a detention facility for larger peak flow events. For the 100-year rainfall event, any volume
exceeding the BMP's capacity will be managed via the integrated overflow structures and directed

toward the designated discharge points as shown in the project hydrology maps.
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2.1.5 Detention Storage Routing Calculations

Detention routing calculations were performed for the proposed development to determine the peak
flow attenuation for the 100-year storm. The following hydraulic characteristics of the BMP were
established to determine the relationship between water depth, storage volume, and discharge

capacity.
Outlet Rating Curve

The elevation-discharge relationship is established based on the primary and secondary outlet
structures as detailed in the project design documents (see Attachment F). This relationship is critical

for determining the rate at which the BMP releases stored runoff.

The discharge capacity for the BMP is calculated based on the available head above the outlet invert.
For the lower stages of the BMP, the discharge is governed by the primary outlet pipe, utilizing the

following orifice equation:
Q=C.A\2gh

Where:

e Q= Discharge (cfs)

e C = Discharge coefficient

e A =Cross-sectional area of the opening (sq-ft)

e g = Acceleration due to gravity (32.2 ft/s"2)

o h = Effective head (ft)

As the water surface elevation increases, the software-calculated rating curve accounts for transition
into inlet or outlet control. For secondary overflow conditions (above the internal riser crest), the

discharge follows the weir equation:
Q= CpewlH 3/2
Where:

e Q= Discharge (cfs)
11



e Cbcw = Broad-crested weir coefficient
e L = Length of the weir (ft)

o H = Depth of flow over the crest (ft)

The following table summarizes these calculations as derived from the Stage/Discharge Report (see

attachment D).
Table 5. Outlet Rating Curve
Depth of Flow Wetted Hydraulic
Water Area Perimeter Radius Discharge
(f0) (sq-10 0 (M) 9
0 0 0 0 0
0.5 0.49 1.95 0.25 0.423
1.05 1.18 3.12 0.38 1.571
1.54 1.77 4.71 0.38 2.445
2.04 1.77 4.71 0.38 7.416
2.53 1.77 4.71 0.38 10.84
3.03 1.77 4.71 0.38 12.40
3.53 1.77 4.71 0.38 13.78
4.03 1.77 4.71 0.38 15.01
5.5 1.77 4.71 0.38 18.25

Stage-Storage Relationship

The stage-storage relationship is determined by the geometric configuration of the proposed
centralized BMP. Based on the Pond Report (see Attachment D), the BMP provides a uniform storage
area across its 5.5-foot design depth. The cumulative volume is calculated using the average area

method:
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Table 6. Stage-Storage Curve

Planter Incremental Cumulative
Depth Average Area
Area Volume Volume
(ft) (sq-ft)
(sq-ft) (cu-ft) (cu-ft)
0 2,350 0 0 0
0.55 2,350 2,350 1,293 1,293
1.1 2,350 2,350 1,293 2,585
1.65 2,350 2,350 1,293 3,878
2.2 2,350 2,350 1,293 5,170
2.75 2,350 2,350 1,293 6,463
33 2,350 2,350 1,293 7,755
3.85 2,350 2,350 1,293 9,048
4.4 2,350 2,350 1,293 10,340
4.95 2,350 2,350 1,293 11,633
5.5 2,350 2,350 1,292 12,925

Storage Indication Method

With the inflow hydrograph and outlet characteristics established, the Storage Indication Method was

used to determine the BMP's performance. This iterative routing process calculates the change in

storage and outflow over time using the following equation:

28n+41
At

2S5,
0n+1> = (A_t - 0n> + (In+Inv1)

The following summary, derived from the Hydrograph Discharge Table (see Attachment D), shows

the successful attenuation of the post-development peak flow.
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Table 7. Storage Indication Method

Time Inflow | Outflow | Storage | WSEL
(hrs) (cfs) (cfs) (cu-ft) (ft)

0 0 0 0 680.35

1.05 0.2 0.19 587 680.60

2.1 0.3 0.30 940 680.75

3.15 0.5 0.48 1575 | 680.02

4.05 (Peak In) 5.69 2.09 3,055 | 681.65

4.20 (Peak Out) 0.90 2.45 3,618 | 681.89

5.1 0.2 0.38 1,410 | 680.95

6 0.06 0.06 118 680.40

This analysis demonstrates that the 100-year peak inflow of 5.69 cfs is successfully attenuated to a
peak outflow of 2.45 cfs. This is achieved by utilizing a maximum storage volume of 3,618 cu-ft,

which corresponds to a maximum water surface elevation (WSEL).

2.1.6 Detention Analysis

Based on the updated hydrologic analysis, detention is provided on-site to attenuate peak runoff from
the developed area before it is discharged to the riprap energy dissipator located at the southwest
boundary of the project. A centralized BMP is utilized to manage these flows, ensuring the post-

development discharge does not exceed the capacity of the downstream system.

The maximum water surface stage during the 100-year storm event is calculated at an elevation that
provides a total hydraulic head of 1.54 feet above the biofiltration surface, resulting in a total basin
water depth of 5.50 feet including the subsurface storage layers. The results of the routing

calculations for the 100-year storm event are summarized in the table below.
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Table 8. Summary Table for Detention Analysis

DESCRIPTION VALUE UNIT
Maximum Detention Depth 5.5 Feet (FT)
Peak Inflow 5.69 Cubic Feet Per Second (CFS)
Maximum Storage Utilized (g,gfé) Acre-Feet (Cu-Ft)
Peak Outflow 2.45 Cubic Feet Per Second (CFS)
Max. Biofiltration Ponding Depth 1.54 Feet (FT)
Primary Outlet Size 1.5 Feet (FT)

A centralized BMP was used to mitigate stormwater runoff. This facility serves as a conjunctive use
area designed to meet both water quality (pollutant control) and hydromodification requirements.
The current configuration utilizes a primary 18-inch outlet and an overflow riser to safely manage

extreme weather events.

The outfall is directed to a riprap pad designed to reduce flow velocities and prevent erosion at the

discharge point.

2.1.7 Hydraulic Grade Line Calculations

Calculations were performed for the primary outlet pipe extending from the centralized BMP to the
riprap energy dissipator located at the southwest part of the project. The peak 100-year storm
discharge (Q) used for this analysis is 2.45 cfs, derived from the routing reservoir calculations in

Section 2.1.5.

To determine the Hydraulic Grade Line (HGL), we first established the Energy Grade Line (EGL).
The EGL is the sum of the downstream control elevation, friction losses (hf), and minor structure

losses (hr):
EGL =EGL, + hs+ he
Velocity Calculation:

The peak outflow (Q) from the BMP routing is 2.45 cfs. The primary outlet is an 18-inch (1.5 ft)
reinforced concrete pipe (RCP).

D? 1.52
e Flow Area (A) = n(T) = 3.14(7) = 1.77 sq-ft.
15



e Design Velocity (V)=Q/A=2.45/1.77=1.38 ft/s.
Friction loss (hy) is determined using the Darcy-Weisbach equation:
he= F(2 2
=FOE)
o f(friction factor for RCP) =0.019
e L (length of pipe to north outfall) =45 ft
e D (diameter)=1.5 ft

e g (gravity) =32.2 ft/s?

1.38%
2x32.2

he=0.019(52) (;o25)= 0.017 ft.

Minor losses:

1.382
2%32.2

2
« Entrance Loss (hen): Kong- (Z—g)z 0.5. (=222)=0.015 ft

2
e Exit Loss (hex): Kgy.- (Z—g)= =0.030 ft

e Total Minor Losses (hr): 0.015 + 0.030 = 0.045 ft

HGL Determination:
The HGL is calculated by working upstream from the discharge point at the riprap.
e Tailwater Control (Downstream Invert) = 680.35 ft.

e Total Head Loss (hf+ hr) =0.017 + 0.045 = 0.062 ft
¢ EGL = Downstream Elevation + hf= 680.35 + 0.062 = 680.412 ft.

2 2
e Velocity Head = 3% 0.030 ft.
2g 644

e HGL =EGL - Velocity Head = 680.412 - 0.030 = 680.382 ft.

The calculation confirms that the HGL (680.382 ft) is lower than the BMP's peak water surface

elevation (681.89 ft), proving the system will drain efficiently by gravity.
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2.1.8 Hydraulic Analysis

As mentioned before, current existing conditions include trees and shrubs. The site possesses a
consistent gradient that directs runoff from the northeast to the southwest, draining towards Montiel
Road. No stormwater runoff mitigation systems or connection points to the existing stormwater
public drain system are present on site, necessitating a comprehensive mitigation strategy for the
proposed development.

The proposed conditions consist of 10 lots totaling 83,635.20 SQ. FT., each featuring a hardscape
pad, concrete driveway, and a cul-de-sac at the end of Street A. Post-project conditions offer
stormwater runoff mitigation system consisting of a centralized detention and BMP that mitigates
the entire site's runoff. The overflow now drains through an 18-inch primary outlet to a stabilized

riprap energy dissipator located at the southwest boundary of the property.
2.1.9 Rip Rap Calculations

Project Details:
e Application: Stormwater Channel Protection / Outlet Energy Dissipator.
e Slope: 2:1 (Embankment slope).
e Soil Type: Type B.

e Rip Rap Dimensions: 14.25 ft width x 4.25 ft length (Updated to match site plan

requirements).
e Outlet Diameter: 1.5 ft (18 inches).
Flow Velocity Calculation (V):

The velocity is calculated using the continuity equation based on the peak discharge from the 100-

year storm routing (Q = 2.45 cfs from Section 2.15).
e Design Discharge (Q): 2.45 cfs.
e Outlet Area (A): 1.77 sq.ft

e Final Velocity (V): Q/ A =1.38 ft/s

17



Determine Riprap Size Dso.

Using Isbash’s Equation to verify the stone stability for the calculated velocity:
e Velocity (V): 1.38 ft/s.
e Gravity (g): 32.2 ft/s%.

e Specific Gravity of Rock (S): 2.65

v? _ 1.382
(2g9(s-1)) (2.32.2(2.65-1))

e Calculation: Dsp= =0.018 ft

e Selected Stone Size (Dso): 3 inches (0.25 ft) (Standard Class 1 Riprap per SD County D-40).
Requirement of Riprap Thickness:

e Calculation: 1.5 X 3 inches = 4.5 inches

e Specified Thickness: 12 inches (1.0 ft) (Standard minimum for outfall protection).
Proposed Dimensions:
To ensure complete protection of the discharge channel area:

e Length (L): 4.25 ft.
e Width (W): 14.25 ft.

Riprap Volume and Weight Calculation:
e Volume = Area (Length x Width) X Thickness
e Area=14.25X4.25=60.56 sq.ft
e Volume = 60.56 sq.ft X 1 ft = 60.56 cu.ft = 2.24 Cubic Yards
e Weight =2.24CY X 1.35 tons/CY = 3.02 tons

The energy dissipator is sufficient. The actual exit velocity of 1.38 ft/s is lower than the 6.0 ft/s
threshold for Class 1 Riprap and the 5.0 ft/s erosive threshold for native soils. The specified 14.25' x
4.25' apron ensures that discharge energy is fully dissipated before contacting native soil, satisfying

the requirement for erosion mitigation.
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3. CONCLUSIONS

Based on the findings of this study, the proposed development at 1434 Montiel Road will not result
in a significant impact on the downstream drainage system or the surrounding environment. The site
currently consists of natural terrain with an existing impervious area of approximately 0.06 acres
(3.0%). The proposed 10-unit residential subdivision will increase the impervious coverage within

the 1.92-acre study area. There is no existing inflow of offsite drainage onto this property.

Hydrologic calculations were performed in accordance with San Diego County standards. Under
existing conditions, a 100-year storm event produces a peak flow of 2.92 cfs. Under the proposed
conditions, the unmitigated peak flow generated by the site is 5.69 cfs. Therefore, the project
incorporates a biofiltration planter box (BMP #1) designed to capture and treat the Design Capture
Volume (DCV) of 2,939 cubic feet, as calculated for the 1.92-acre area. Through detention and
controlled release, the final mitigated peak discharge from the site is reduced to 2.45 cfs from the

existing peak flow of 2.92 cfs.

A hydraulic analysis of the discharge pipes was performed (See attachment C). The hydraulic
analysis of the 18-inch outlet pipe, sized for the mitigated discharge of 2.45 cfs, provides an efficient
gravity drainage system with a Hydraulic Grade Line (HGL) that remains below the BMP's peak
water surface elevation. The drainage system for the development consists of a network of swales
and pipes that convey the water to a biofiltration planter located at the southwest portion of the site.
The drainage system is verified to convey the Rational Method peak of 3.71 cfs as detailed in the
proposed 100 Year Hydrology report. The discharge point at the southwest corner of the property is
protected by a riprap energy dissipator. To ensure erosion control, the riprap is sized based on the

outlet velocity of 1.38 ft/s resulting from the mitigated flow.

A review of regional hazard mapping confirms that the project site is not located within any
significant natural hazards zone. The site topography and soil characteristics indicate that the
development is not situated on an active or prehistoric alluvial fan. Consequently, the proposed
development is not subject to unique flooding or debris-flow hazards associated with these

geological features.
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In compliance with the San Diego County BMP Design Manual, the project implements Permanent
Structural BMPs (Biofiltration) to treat runoff before it leaves the site. These measures are
specifically designed to remove pollutants of concern typically associated with residential
development. The analysis confirms that the project will not create substantial additional sources of

polluted runoff or degrade downstream water quality.

The project has been designed to ensure that the concentrated discharge of stormwater will not result
in adverse impacts on downstream properties. Because the mitigated peak discharge is lower than
the pre-development flow, the project will not increase the risk of flooding or erosion. All site runoff
is directed to the pre-existing natural low point at the southwest corner of the property, thus
maintaining historical drainage pattern. By managing flows on-site and ensuring no diversion of
water that would negatively affect adjacent landowners, the project satisfies the "Rule of Reasonable

Use" and effectively protects downstream properties.

The analysis confirms that the proposed facilities will not cause existing or planned stormwater
drainage systems to exceed capacity, nor will they modify the course of any stream or river. With
the implementation of the specified biofiltration and erosion control measures, the project effectively
manages runoff volume, rates, and pollutant loads, ensuring that the development meets all San

Diego County CEQA requirements for hydromodification and water quality.
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4. OPERATIONS AND MAINTENANCE

Planter Box with Underdrains:

Maintenance and regular inspections are important for the proper function of Planter Box with
underdrains (Bioretention). Bioretention areas require annual plant, soil, and mulch layer
maintenance to ensure optimal infiltration, storage, and pollutant removal capabilities. In general,
bioretention maintenance requirements are typical landscape care procedures, which include:

o Irrigate plants as needed during prolonged dry periods. In general, plants should be selected
to be drought-tolerant and not require irrigation after establishment (two to three years.

o Inspect flow entrances, ponding area, and surface overflow areas periodically, and replace
soil, plant material, and/or mulch layer in areas if erosion has occurred. Properly designed
facilities with appropriate flow velocities should not cause erosion except potentially during
extreme events. If erosion occurs, the flow velocities and gradients within the bioretention
area and energy dissipation and erosion protection strategies int the pretreatment area and
flow entrance should be reassessed. If sediment is deposited in the bioretention area, identify
the source of the sediment within the tributary area, stabilize the source, and remove excess
surface deposits.

o Prune and remove dead plant material as needed. Replace all dead plants, and if specific
plants have a high mortality rate, assess the cause and, if necessary, replace them with more
appropriate species.

. Remove weeds as needed until plants are established. Weed removal should become less
frequent if the appropriate plant species are used and planting density is attained.

. Select the proper soil mix and plants for optimal fertility, plant establishment, and growth
to preclude the use of nutrient and pesticide supplements. By design, bioretention facilities
are in areas where phosphorus and nitrogen levels are often elevated such that these should
not be limiting nutrients. Addition of nutrients and pesticides may contribute pollutant loads
to receiving water.

. In areas where heavy metals deposition is likely (i.e., tributary areas to industrial, vehicle
dealerships/repair, parking lots, roads), replace mulch annually. In areas where metals
deposition is less likely (i.e., residential lots), replace or add mulch as needed to maintain a

two-to-three-inch depth at least once every two years.
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. Analyze soil for fertility and pollutant levels if necessary. Bioretention soil media are
designed to maintain long-term fertility and pollutant processing capability.

. Eliminate standing water to prevent vector breeding.

e Inspect overflow devices for obstructions or debris, which should be removed immediately.

Repair or replace damaged pipes upon discovery.

Landscape Management:

Landscape Maintenance includes several activities such as vegetation removal, pesticide/fertilizer
applications, waste removal, pruning, watering, mowing, etc. Whenever possible, use mechanical
methods of vegetation removal (e.g mowing with tractor type or push mowers, hand cutting with gas
or electric powered weed trimmers) rather than applying herbicides. Use hand weeding where
practical. Avoid loosening the soil when conducting mechanical or manual weed control, this could
lead to erosion. Use mulch or other erosion control measures when soils are exposed.

Mowing should not be performed if significant rain events are predicted. Mulching mowers may be
recommended for certain flat areas. Other techniques may be employed to minimize mowing such
as selective vegetative planting using low maintenance grass and shrubs. Collect lawn and garden
clippings, pruning waste, tree trimmings, and weeds. Chip if necessary, and compost or dispose of it
at a landfill (see waste management section of this fact sheet). Place temporarily stockpiled material

away from watercourses, and berm or cover stockpiles to prevent material releases to storm drains.
Catch Basin Inspection:

Ensure that contaminated storm water is not discharged directly to inlets. Catch/Sediment basins
should be inspected regularly to ensure debris does not accumulate far beyond the inlet’s capacity.
Cleaning before the sump is 40% full. Catch basins should be cleaned as frequently as needed. Clean
catch basins, storm drain inlets, and other conveyance structures in high pollutant load areas just
before the wet season to remove sediments and debris accumulated during the summer. Conduct
inspections more frequently during the wet season for problem areas where sediment or trash
accumulates more often. Clean and repair as needed. Keep accurate logs of the number of catch

basins cleaned. Record the amount of waste collected.
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Catchment Surface:

Inspect the catchment area very regularly, before and after the rainy season, to check the surface for
debris and algae growth as well as obstructions, such as broken or dislodged roof tiles or cracks in
the surface. Repair the catchment area as needed to maintain flows and minimize the loss of
rainwater. Keep a clean roof and install appropriate debris removal devices on gutters. If the surface
is dirty or has algae growth, disconnect downspouts from the rainwater system, wash the surface
using plain or soapy water, treat to remove algae if necessary, and rinse thoroughly. Finally,

reconnect the downspout.
Private Parking Spaces:

Keep the parking areas clean and orderly. Remove debris in a timely fashion. Allow sheet runoff to
flow into biofilters (vegetated strip and swale) and/or Underground devices. Clear parking spaces at

least once before the onset of the wet season.
Gutters And Downspouts:

Inspect gutters and downspouts regularly and check all clips and brackets to see if they are secure
and unbroken; if not, repair. Check that the slope of gutters maintains positive drainage. Remove
accumulated debris and clogs. Where vegetation overhangs gutters, inspect them every three months
for leaf accumulation, rust, and mold, rain gutters and downspouts will be inspected and cleaned at
least twice annually. If rust or mold is present and would adversely affect the intended use of the
water, disconnect the downspouts from the storage tank and treat the gutters as needed to remove
the rust and mold. Reconnect downspouts when work is completed. Trim trees and vines away from
gutters to maintain a minimum 24-inch clear zone. Check downspout for animal intrusions, clogs, or
overgrowth that could obstruct positive drainage.

Clean filters with warm soapy water or rinse well every three to six months. Check that the drop
from gutter to downspout remains vertical. Run water in the downspouts and observe where the
waterfalls. If most of the water does not land in the middle and towards the back of the leaf and
debris filter screen on rain heads, adjust the location of the downspout. All debris removal devices

should be installed and monitored according to manufacturers’ instructions.
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Trash Enclosure Maintenance:

Cover storage containers with leak proof lids or some other means. If waste is not in containers,
cover all waste piles (plastic tarps are acceptable coverage) and prevent stormwater run on and runoff
with a berm. The waste containers or piles must be covered except when in use. Use drip pans or
absorbent materials whenever grease containers are emptied by vacuum trucks or other means.
Grease cannot be left on the ground. Collected grease must be properly disposed of as garbage.

Check storage containers weekly for leaks and to ensure that lids are on tightly. Replace any that are
leaking, corroded, or otherwise deteriorating. Sweep and clean the storage area regularly. If it is
paved, do not hose down the area to a storm drain. Dispose of rinse and wash water from cleaning
waste containers into a sanitary sewer if allowed by the local sewer authority. Do not discharge water
to the street or storm drain. Transfer waste from damaged containers into safe containers. Take
special care when loading or unloading waste to minimize losses. Loading systems can be used to
minimize spills and fugitive emission losses such as dust or mist. Vacuum transfer systems can

minimize waste loss.

Table 9. Summary of recommended operation and maintenance activities

Inspection/
BMP Inspection/ Maintenance Activity Maintenance
Frequency
Landscape areas shall be maintained
Landscape appropriately. Any eroded areas will be Weekly landscape
areas addressed to avoid damage to downside service
drainage. Inspection to occur regularly
Catchment Inspect and repair or clean as Semi-annually (begin
Surface necessary. and end of rain events)

Inspect and repair or clean, as

necessary.
Condition and security of clips and
brackets. .
Gutt . Semi-annually, pre and
utfers o Slope of gutters (positive post rain events
drainage).

Condition of Screens and presence
of debris or
clogs.
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BMP

Inspection/ Maintenance Activity

Inspection/
Maintenance
Frequency

The presence of trees or vines with
24 inches of
gutters.

Flush gutters (and downspouts)
once all debris is

removed to wash away remaining
dirt or debris.

Downspouts

Inspect and repair or clean as
necessary.

Animal intrusions or clogs.
Debris accumulation or damage.

Flush downspouts (and gutters)
once all debris is

removed to wash away
remaining dirt or debris.

Semi-annually, pre and
post rain events

Planter Box
with
Underdrains

Repair small, eroded areas and ruts by
filling them with gravel. Overseed bare
areas to reestablish vegetation.

Remove accumulated fine sediments,
dead leaves, and trash to restore surface
permeability.

Remove any evidence of visual
contamination from floatable such as
oil and grease.

Remove sediment and debris
accumulation near inlet and outlet
structures to alleviate clogging.

Periodically observe function under
wet weather conditions.

Repair structural damage to flow
control structures including inlet,
outlet, and overflow structures. (Major
maintenance)

Following any irrigation
failures, large storms,
and at minimum, or
smi-annually.

Monthly and pre & post
rain events

During rain events

Semi-annually, pre &
post rain events

Take photographs before and after
major maintenance.

When major
maintenance is needed.
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Inspection/

BMP Inspection/ Maintenance Activity Maintenance
Frequency

The owner is required to have at least
80 percent of drainage facilities

inspected, cleaned and maintained on

Catch Basin an gr.lr}ual. basis Wth 100 percent of'the Semi-annually, pre &
. facilities included in a two-year period. .
Inspection post rain events

Drainage facilities include catch basins
(storm drain inlets) retention basin and
open drainage channels and lift
stations.

Private parking
lots

Sweep parking lot to minimize cleaning with
water. Clean out oil/water/sand separators
regularly, especially after heavy storms. Clean
parking facilities on a regular basis to prevent
accumulated waste and pollutants from being
discharged into conveyance systems during
rainy conditions.

Monthly, pre & post rain
events

Trash Enclosures
To Reduce
Pollutant
Introduction

Always keep the waste management area
clean by sweeping and cleaning up spills
immediately. Use dry methods when possible
(e.g. sweeping, use of absorbents) when
cleaning around restaurant/food handling
dumpster areas. If water must be used after
sweeping/using absorbents, collect water and
discharge through grease interceptor to the
sewer.

Monthly and prior to rain
season
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ATTACHMENT A
Preliminary Grading Plan, Existing & Proposed Exhibits and Planter Box Detail












Details of the
proposed
planter box
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Details of the proposed planter box








AN

683.50TW

\\

Pad=688"
Pad=689.

o 8 ~—

g

12.5'

(676 FG

Bottom of Basin 677.0

/| I

\


kamal
Line

kamal
Polygon

kamal
Line

kamal
Line

kamal
Line

kamal
Polygon

kamal
Line

kamal
Line

kamal
Line

kamal
Line

kamal
Polygon

kamal
Polygon

kamal
Polygon

kamal
Line

kamal
Ellipse

kamal
Line

kamal
Line

kamal
Line

kamal
Text Box
Pad=686.74

kamal
Text Box
Pad=687.75

kamal
Text Box
Pad=688.69

kamal
Text Box
Pad=689.54

kamal
Polygon

kamal
Polygon

kamal
Polygon

kamal
Polygon

kamal
Polygon

kamal
Polygon

kamal
Polygon

kamal
Polygon

kamal
Polygon

kamal
Line

kamal
Line

kamal
Line

kamal
Text Box
15'

kamal
Text Box
683.50TW

kamal
Line

kamal
Text Box
(676 FG)

kamal
Text Box
680.50FG

kamal
Line

kamal
Text Box
9'

kamal
Line

kamal
Text Box
8'

kamal
Line

kamal
Text Box
7'

kamal
Text Box
6'

kamal
Line

kamal
Line

kamal
Text Box
7.5'

kamal
Arrow

kamal
Line

kamal
Line

kamal
Text Box
3'

kamal
Text Box
683.50TW

kamal
Arrow

kamal
Line

kamal
Line

kamal
Line

kamal
Text Box
15'

kamal
Line

kamal
Line

kamal
Text Box
12.5'

kamal
PolyLine

kamal
Callout
Bottom of Basin 677.0


ATTACHMENT B
Existing 100-Year Rational Method Hydrology Study









ATTACHMENT C
Proposed 100-Year Hydrology & Internal Pipe Hydraulic Calculations












ATTACHMENT D
Hydrograph Discharge & Outlet Routing Tables















ATTACHMENT E
BMP Design Manual Compliance Worksheet and Hydromodification Management Plan (HMP)
Modeling Report
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ATTACHMENT F
100-Year Storm Inflow and Outflow Hydrographs


















ATTACHMENT G
Hydrologic Soil Group Map
Rainfall Isopluvials for 100 years Rainfall Event — 6 hours and 24 hours map
Intensity-Duration Design Chart-Figure 3-1
Runoff Coefficients for urban areas-Table 3-1
Maximum Overland Flow length and Initial Time of Concentration Table 3-2
Rational Formula for Overland Time of Flow Nomograph Figure 3-3
Nomograph for Determination of Time of Concentration or Travel time for Natural Watersheds Figure
3-4
Computation of Effective Slope for Natural Watersheds Figure 3-5
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Minutes Hours 360 0.17 0.25/0.33| 0.42 0.50/0.58] 0.67 | 0.75 | 0.84 | 0.92 | 1.00

Duration

FIGURE

Intensity-Duration Design Chart - Template 3_ 1
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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 0.35
Low Density Residential (LDR) Residential, 1.0 DU/A or less 10 0.27 0.32 0.36 0.41
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 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 I.) 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
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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 (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 | T; Ly | Ti Ly | T Ly | Ti Ly |[Ti |[Lm | T
Natural 50132 70| 12.5| 85]10.9|100|10.3 | 100 | 87| 100 | 6.9
LDR 1 5011221 70 11.5] 8 100|100 9.5|100 8.0 100 6.4
LDR 2 501113 701105 8| 92100 8.8]100 | 7.4]100| 5.8
LDR 2.9 501107 701100 8 | 88| 95| 81100 7.0 100 5.6

MDR 4.3 50(1102] 70| 96| 80| 81| 95| 7.8]100| 6.7]100 ] 5.3

MDR 7.3 50] 921 65| 84| 80| 74| 95| 7.0]100| 6.0] 100 | 4.8

MDR 109 | 50| 87| 65| 79| 8] 69| 90| 6.4 100 5.7]100] 4.5
MDR 145 | 50| 82| 65| 74| 80 ] 65| 90| 6.0[100| 5.4 |100 | 4.3
HDR 24 50| 67 65| 61| 75| 51| 90| 49| 95|43]100] 3.5
HDR 43 50| 53] 65| 47| 75| 40| 85| 38| 95][34]100| 2.7
N. Com 50| 531 60| 45| 75| 40| 85| 3.8] 95][34]100| 2.7
G. Com 50| 471 60| 41| 75| 3.6| 8] 34| 9029|100 24
O.P./Com 50| 421 60| 37| 70| 31| 8] 29| 90| 26100 | 2.2
Limited I. 50 42160 37| 70 3.1 | 80| 29| 90| 26100 2.2
General I. 50 37160 32| 70| 27| 80| 2.6] 9]23]100] 1.9

*See Table 3-1 for more detailed description
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OVERLAND FLOW TIME IN MINUTES

EXAMPLE:

Given: Watercourse Distance (D) = 70 Feet
Slope (s) =1.3%
Runoff Coefficient (C) = 0.41
Overland Flow Time (T) = 9.5 Minutes

-

SOURCE: Airport Drainage, Federal Aviation Administration, 1965
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Rational Formula - Overland Time of Flow Nomograph

FIGURE
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EQUATION

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

340.385
Te (11.9L )
AE
Tc = 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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