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1.0 INTRODUCTION

Davidon Homes proposed development of 66 single-family residential homes on an

approximate 58.6-acre site.  The project will install storm drain in the streets that will

ultimately discharge to Kelly Creek.  Development of the site will increase runoff that

could adversely impact down stream facilities.

The 58.6-acre project site is part of a 360-acre sub basin of the Kelly Creek drainage basin

that crosses “D” street just south of Windsor Drive as shown on the attached Exhibit 1:

Drainage Map.

This report has been prepared to analyze the impacts to the storm drain system caused by

development of the 58.6-acre Davidon Homes site.  This report identifies pre-development

and post-development peak discharges from the drainage sub-basin and estimates storm

water detention needs required to limit post-development peak discharge to pre-

development levels.

2.0 EXISTING CONDITIONS

Most of the 58.6-acre site (portions of Tributart 1D and 2H) is part of the larger 360-acre

Kelly Creek drainage basin that crosses under “D” Street through a 7.5 foot by 7.5 foot

box culvert near the intersection of “D” Street and Windsor Drive.  Similar to the majority

of the Kelly Creek drainage basin west of “D” Street, this site is covered with grasses and

mature trees and is used for livestock grazing. A small portion of the site (Tributary 4)

drains to the storm drain system at the intersection of Windsor Drive and D Street, which

connects to Kelly Creek downstream of the box culvert that crosses under D Street.

Another  small  portion  of  the  site  (Tributary  3)  drains  to  Windsor  Drive  and  flows  west,

eventually entering a storm drain system that continues westward. See Exhibit 1.
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3.0 DESIGN CRITERIA

This storm drain analysis has been prepared in conformance with the Sonoma County

Water Agency Flood Control Design Criteria (SCWA FCDC) using the Rational Method.

Assumptions

Runoff Coefficients (C) (assuming 20 percent slope)

From Plate B-1, SCWA FCDC

Parks and vegetated areas 0.45

Residential over 1/2 acre 0.50

Residential 1/4 to 1/2 acre 0.58

Single Family Residential 0.68

Design Storm Event

10-year storm for minor waterways of one square mile or less

100-year storm for major waterways of four square miles or more

Minimum Time of Concentration (Tc)

10 minutes for lots smaller than 1/2 acre

15 minutes for Lots 1/2 acre and larger

Rainfall Intensity, ( I )

Based on the equation from Plate B-2, SCWA FCDC

I10 = 7.08/Tc(0.526)

I100 = 10.15/Tc(0.529)

The basic rainfall intensity equations applies to 30 inches of mean seasonal precipitation and are

adjusted  by  the  factor  K  shown  in  Plate  B-4  (SCWA  FCDC)  for  the  actual  mean  seasonal

precipitation in the project area as shown on the Isohyetal map, Plate B-3.  Based on Plate B-3

the project site receives approximately 25 inches of rainfall a year.  The K factor for 25 inches of

mean seasonal precipitation is 0.83.
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Storm water quality features incorporated in to the site will be designed to treat 0.2 inches/hour of

runoff.  This will delay the treatment flow (0.2 inches per hour) runoff from the site by

approximately 2 hours, effectively reducing the peak discharge from the site by 0.2 inches per

hour.  Therefore, the calculations presented in this study are conservative.  This benefit will be

documented in more detail in the project hydrology report prepared during development of the

project construction documents.

Table 1:  Rainfall Intensity

Tc I10, 10 Year Rainfall Intensity I100, 100 Year Rainfall Intensity

Base Corrected Base Corrected

10 2.11 1.75 3.00 2.49

15 1.70 1.41 2.42 2.01

20 1.46 1.22 2.08 1.73

30 1.18 0.98 1.68 1.39

45 0.96 0.79 1.35 1.12

60 0.82 0.68 1.16 0.97

Base rainfall intensity for areas with 30 inches annual precipitation
Corrected rainfall intensity is site specific based on 25 inches annual precipitation

Storm water storage volume will be estimated based on the following equation derived
from rational method.  This equation assumes the proposed runoff hydrograph
distribution is triangular shape and the duration of the hydrograph is three times of Tc
in proposed condition. In our experience, this equation provides a good estimate of
storm runoff detention volume for preliminary project analysis in the San Francisco
Bay area. A more detailed volume calculation will be determined during construction
document phase of the project after street sections, site plans and grading are finalized.

V=3/2 x Tc x (Qpr peak – Qex peak)

Where:

V = Required Storage Volume
Tc = Time of concentration
Qpr peak = Proposed peak discharge from the watershed after development
Qex peak = Existing peak discharge from the watershed
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4.0 STORM DRAIN SYSTEM EVALUATION

The site is divided into four drainage areas based on discharge points. The calculations for

runoff from each drainage basin for the 10 year and 100 year storm are detailed in the

attached spreadsheets. Implementation of stormwater quality features will modify the

drainage patterns. A portion of drainage basin 2H will now be a part of 1D. Drainage

basin  4  previously  flowed  to  the  storm  drain  system  at  the  intersection  of  D  Street  and

Windsor Drive, which connects to Kelly Creek after crossing D Street but now flows

directly to Kelly Creek on the project site. The box culvert conveying flows from Kelly

Creek under D Street was analyzed to determine if it has adequate capacity for the

proposed condition.

This storm drain analysis uses a runoff coefficient, C factor, of 0.45 for undeveloped areas

of the sub-basin that represent parks and vegetated areas.  A C factor of 0.68 is used for

development  of  the  site.   The  runoff  coefficient  used  for  the  developed  condition  is

representative of single family development on lots smaller than 1/4 acre and is

conservative when applied to this project where many of the lots will be larger than 1/4

acre.  This will result in lower peak storm water discharge from the site than represented

by these calculations.  This will be documented in the hydrology report prepared as part of

the project construction documents.

This analysis uses 15 minutes as the initial time of concentration.  The flow time for each

sub-basin is then added to the initial time of concentration to develop the time of

concentration at the discharge from each sub-basin.  The flow time for each sub-basin is

approximated using a flow velocity of 10 feet per second.  This was then checked using

the average slope of the sub-basin flow channel and an idealized channel cross section with

2H:1V side slopes and a roughness factor of 0.025.
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The storm water detention volume required to limit post development peak discharge to

predevelopment levels for the 10-year and the 100-year storm was then calculated.

5.0 SUMMARY AND CONCLUSIONS

The proposed development of the 58.6-acre site will increase the amount of impervious

surface in, and runoff from, the 360-acre Kelly Creek sub basin studied in this report.

Table 2 summarizes the peak runoff for the 10-year and the 100-year storm for the

existing and proposed conditions.

Table 2:  Summary of Peak Kelly Creek Discharge at “D” Street

Basin Storm Event Peak Discharge

Existing Condition (cfs)

Peak Discharge

Proposed Condition (cfs)

1 and 2 10-year 179.80 187.95

1 and 2 100-year 255.33 266.89

3 10-Year 2.90 1.46

3 100-Year 4.13 2.08

4 10-Year 5.33 7.41

4 100-Year 7.58 10.53

Analysis  of  the  existing  7.5  foot  square  box  culvert  under  “D” Street  shows that  it  has

adequate capacity for the 100-year storm under the proposed condition without

surcharge.  See the box culvert nomograph attached.
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Storm water will be detained on site to limit peak post-development discharge to peak

pre-development levels. For basins 1, 2, and 4, the project will detain the increase in flow

over  the  existing  condition.  Runoff  for  basin  3  will  decrease  in  the  proposed  condition

and no detention is necessary. Below is a sample calculation of the required detention

volume for drainage basin 1 and 2 during a 10-year storm. The detention volume is a 1.5

times product of the difference in peak flows (proposed and existing) multiplied by the

time of concentration.

Sample Calculation:

Detention volume required for drainage basin 1 and 2 during a 10-year storm

Table 3 summarizes storm water detention requirements.

Table 3:  Storm Water Detention Volume

Drainage Basin Storm Event Detention Volume (cf)

1 and 2 10-Year 17,473

1 and 2 100-Year 24,812

3 10-Year 0

3 100-Year 0

4 10-Year 2,805

4 100-Year 3,973

The site provides multiple opportunities to incorporate storm water detention into the

project to reduce peak post-development discharge from the site.  Opportunities include:

Providing oversized storm drain pipe and metering flow from the storm drain system

using a smaller diameter pipe or an orifice.
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Incorporating areas of detention integral with the storm water quality features.

Ponding can be allowed in these areas and storm water can be metered using weirs or

constrained orifices to reduce peak storm water runoff.

Providing a weir in the Kelly Creek tributary adjacent to D Street to allow storm

water to pond and reduce peak discharge from Kelly Creek tributary.

See Exhibit 2 for plan showing drainage basins and conceptual detention measures within

each basin. A more detailed analysis of the project storm drain system and detention

requirement will be prepared to accompany the project improvement plans and final map.
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Table 4:  Weighted Runoff Coefficients

Basin 1D
Total Area 107.41 ac
Open Space Area 91.62 ac
Developed Area 15.79 ac
C, Open space 0.45
C, Developed 0.68

C, Weighted 0.48

Basin 2H
Total Area 45.33 ac
Open Space Area 45.30 ac
Developed Area 0.00 ac
C, Open Space 0.45
C, Developed 0.68

C, Weighted 0.45

Basin 3
Total Area 2.07 ac
Open Space Area 1.62 ac
Developed Area 0.45 ac
C, Open Space 0.45
C, Developed 0.68

C, Weighted 0.50

Basin 4
Total Area 7.94 ac
Open Space Area 0.56 ac
Developed Area 7.37 ac
C, Open Space 0.45
C, Developed 0.68

C, Weighted 0.66



Davidon Homes/UOP Property
Preliminry Storm Drain Analysis

Table 5:  Peak Runoff, 10 Year Storm, Existing Condition
Basin Elevation Distance Slope i K C KAC Sum KAC Q Design

Sub-Basin Sum Difference Sub-Basin Travel* Total (base)+ Type
(ac) (ac) (ft) (ft) (ft/ft) (min) (min) (min) (in/hr) (cfs)

Tributary 1
1A 7.12 7.12 70 550 0.13 15.00 15.00 1.70 0.83 0.45 2.66 2.66 4.53 Overland
1B 14.59 21.71 70 800 0.09 1.33 16.33 1.63 0.83 0.45 5.45 8.11 13.21 Creek
1C 53.02 74.73 90 1300 0.07 2.17 18.50 1.53 0.83 0.45 19.80 27.91 42.59 Creek
1D 95.72 170.45 130 2800 0.05 4.67 23.17 1.36 0.83 0.45 35.75 63.66 86.30 Creek
Subtotal 170.45
Tributary 2
2A 13.17 13.17 80 850 0.09 15.00 15.00 1.70 0.83 0.45 4.92 4.92 8.38 Overland
2B 31.31 44.48 60 1000 0.06 1.67 16.67 1.61 0.83 0.45 11.69 16.61 26.78 Creek
2C 30.96 75.44 50 1100 0.05 1.83 18.50 1.53 0.83 0.45 11.56 28.18 42.99 Creek
2D 14.59 90.03 15.00 15.00 1.70 0.83 0.45 5.45 33.63 9.28 Overland
2E 5.69 95.72 15.00 15.00 1.70 0.83 0.45 2.13 35.75 3.62 Overland
2F 16.37 112.09 15.00 15.00 1.70 0.83 0.45 6.11 41.87 10.42 Creek
2G 29.18 141.27 60 1700 0.04 2.83 21.33 1.42 0.83 0.45 10.90 52.76 74.69 Creek
2H 48.75 190.02 50 1500 0.03 2.50 23.83 1.34 0.83 0.45 18.21 70.97 94.78 Creek
subtotal 190.02
Total 360.47 23.83 1.34 134.64 179.80

Tributary 3 4.56 4.56 15.00 15.00 1.70 0.83 0.45 1.70 1.70 2.90

Tributary 4 8.38 8.38 15.00 15.00 1.70 0.83 0.45 3.13 3.13 5.33

* Travel time through the Basin is based on channel velocity of 10 feet per second
+ Base rainfall intensity for 30 inches annual rainfall.  Corrected by K for locations with different annual rainfall amounts.'ex 10 yr storm'!

Area TC

J:\MAIN\2002\020038\06 Design\C Storm Drain\Project Description\13_1209-Kelly Creek Option A.xlsex 10 yr storm

BKF ENGINEERS
12/18/2013



Davidon Homes/UOP Property
Preliminry Storm Drain Analysis

Table 6:  Peak Runoff, 100 Year Storm, Existing Condition
Basin Elevation Distance Slope i K C KAC Sum KAC Q Design

Sub-Basin Sum Difference Sub-Basin Travel* Total (base)+ Type
(ac) (ac) (ft) (ft) (ft/ft) (min) (min) (min) (in/hr) (cfs)

Tributary 1
1A 7.12 7.12 70 550 0.13 15.00 15.00 2.42 0.83 0.45 2.66 2.66 6.44 Overland
1B 14.59 21.71 70 800 0.09 1.33 16.33 2.32 0.83 0.45 5.45 8.11 18.78 Creek
1C 53.02 74.73 90 1300 0.07 2.17 18.50 2.17 0.83 0.45 19.80 27.91 60.52 Creek
1D 95.72 170.45 130 2800 0.05 4.67 23.17 1.93 0.83 0.45 35.75 63.66 122.56 Creek
Subtotal 170.45
Tributary 2
2A 13.17 13.17 80 850 0.09 15.00 15.00 2.42 0.83 0.45 4.92 4.92 11.92 Overland
2B 31.31 44.48 60 1000 0.06 1.67 16.67 2.29 0.83 0.45 11.69 16.61 38.07 Creek
2C 30.96 75.44 50 1100 0.05 1.83 18.50 2.17 0.83 0.45 11.56 28.18 61.10 Creek
2D 14.59 90.03 15.00 15.00 2.42 0.83 0.45 5.45 33.63 13.20 Overland
2E 5.69 95.72 15.00 15.00 2.42 0.83 0.45 2.13 35.75 5.15 Overland
2F 16.37 112.09 15.00 15.00 2.42 0.83 0.45 6.11 41.87 14.81 Creek
2G 29.18 141.27 60 1700 0.04 2.83 21.33 2.01 0.83 0.45 10.90 52.76 106.10 Creek
2H 48.75 190.02 50 1500 0.03 2.50 23.83 1.90 0.83 0.45 18.21 70.97 134.59 Creek
subtotal 190.02
Total 360.47 23.83 1.90 134.64 255.33

Tributary 3 4.56 4.56 15.00 15 2.42 0.83 0.45 1.70 1.70 4.13

Tributary 4 8.38 8.38 15.00 15.00 2.42 0.83 0.45 3.13 3.13 7.58

* Travel time through the Basin is based on channel velocity of 10 feet per second
+ Base rainfall intensity for 30 inches annual rainfall.  Corrected by K for locations with different annual rainfall amounts.'ex 10 yr storm'!

Area TC

BKF Engineers
12/18/2013

J:\MAIN\2002\020038\06 Design\C Storm Drain\Project Description\13_1209-Kelly Creek Option A.xlsex 100 yr storm



Davidon Homes/UOP Property
Preliminry Storm Drain Analysis

Table 7  Peak Runoff, 10 Year Storm, Proposed Condition
Basin Elevation Distance Slope i K C KAC Sum KAC Q Design

Sub-Basin Sum Difference Sub-Basin Travel* Total (base)+ Type
(ac) (ac) (ft) (ft) (ft/ft) (min) (min) (min) (in/hr) (cfs)

Tributary 1
1A 7.12 7.12 70 550 0.13 15.00 15.00 1.70 0.83 0.45 2.66 2.66 4.53 Overland
1B 14.59 21.71 70 800 0.09 1.33 16.33 1.63 0.83 0.45 5.45 8.11 13.21 Creek
1C 53.02 74.73 90 1300 0.07 2.17 18.50 1.53 0.83 0.45 19.80 27.91 42.59 Creek
1D 107.41 182.14 130 2800 0.05 4.67 23.17 1.36 0.83 0.48 43.13 71.04 96.30 Creek
Subtotal 182.14
Tributary 2
2A 13.17 13.17 80 850 0.09 15.00 15.00 1.70 0.83 0.45 4.92 4.92 8.38 Overland
2B 31.31 44.48 60 1000 0.06 1.67 16.67 1.61 0.83 0.45 11.70 16.61 26.78 Creek
2C 30.96 75.44 50 1100 0.05 1.83 18.50 1.53 0.83 0.45 11.56 28.18 42.99 Creek
2D 14.59 90.03 15.00 15.00 1.70 0.83 0.45 5.45 33.62 9.28 Overland
2E 5.69 95.72 15.00 15.00 1.70 0.83 0.45 2.13 35.75 3.62 Overland
2F 16.37 112.09 15.00 15.00 1.70 0.83 0.45 6.11 41.86 10.42 Creek
2G 29.18 141.27 60 1700 0.04 2.83 21.33 1.42 0.83 0.45 10.90 52.76 74.69 Creek
2H 45.33 186.60 50 1500 0.03 2.50 23.83 1.34 0.83 0.45 16.93 69.69 93.07 Creek
subtotal 186.60
Total 368.73 23.83 1.34 140.74 187.95

Tributary 3 2.07 2.07 15 15 1.70 0.83 0.50 0.86 0.86 1.46

Tributary 4 7.94 7.94 15.00 15.00 1.70 0.83 0.66 4.35 4.35 7.41

* Travel time through the Basin is based on channel velocity of 10 feet per second
+ Base rainfall intensity for 30 inches annual rainfall.  Corrected by K for locations with different annual rainfall amounts.'ex 10 yr storm'!

Area TC

BKF Engineers
2/10/2014

K:\MAIN\2002\020038\06 Design\C Storm Drain\Project Description\13_1209-Kelly Creek Option A.xlspr 10 yr storm



Davidon Homes/UOP Property
Preliminry Storm Drain Analysis

Table 8:  Peak Runoff, 100 Year Storm, Proposed Condition
Basin Elevation Distance Slope i K C KAC Sum KAC Q Design

Sub-Basin Sum Difference Sub-Basin Travel* Total (base)+ Type
(ac) (ac) (ft) (ft) (ft/ft) (min) (min) (min) (in/hr) (cfs)

Tributary 1
1A 7.12 7.12 70 550 0.13 15.00 15.00 2.42 0.83 0.45 2.66 2.66 6.44 Overland
1B 14.59 21.71 70 800 0.09 1.33 16.33 2.32 0.83 0.45 5.45 8.11 18.78 Creek
1C 53.02 74.73 90 1300 0.07 2.17 18.50 2.17 0.83 0.45 19.80 27.91 60.52 Creek
1D 107.41 182.13 130 2800 0.05 4.67 23.17 1.93 0.83 0.48 43.13 71.04 136.76 Creek
Subtotal 182.13
Tributary 2
2A 13.17 13.17 80 850 0.09 15.00 15.00 2.42 0.83 0.45 4.92 4.92 11.91 Overland
2B 31.31 44.48 60 1000 0.06 1.67 16.67 2.29 0.83 0.45 11.70 16.61 38.07 Creek
2C 30.96 75.44 50 1100 0.05 1.83 18.50 2.17 0.83 0.45 11.56 28.18 61.09 Creek
2D 14.59 90.03 15.00 15.00 2.42 0.83 0.45 5.45 33.62 13.20 Overland
2E 5.69 95.72 15.00 15.00 2.42 0.83 0.45 2.13 35.75 5.15 Overland
2F 16.37 112.09 15.00 15.00 2.42 0.83 0.45 6.11 41.87 14.81 Creek
2G 29.18 141.27 60 1700 0.04 2.83 21.33 2.01 0.83 0.45 10.90 52.76 106.10 Creek
2H 45.33 186.60 50 1500 0.03 2.50 23.83 1.90 0.83 0.45 16.93 69.69 132.17 Creek
subtotal 186.60
Total 368.73 23.83 1.90 140.74 266.89

Tributary 3 2.07 2.07 15 15 2.42 0.83 0.50 0.86 0.86 2.08

Tributary 4 7.94 7.94 15.00 15.00 2.42 0.83 0.66 4.35 4.35 10.53

* Travel time through the Basin is based on channel velocity of 10 feet per second
+ Base rainfall intensity for 30 inches annual rainfall.  Corrected by K for locations with different annual rainfall amounts.'ex 10 yr storm'!

Area TC

BKF Engineers
2/10/2014

K:\MAIN\2002\020038\06 Design\C Storm Drain\Project Description\13_1209-Kelly Creek Option A.xlspr 100 yr storm
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1.0 INTRODUCTION

Davidon Homes proposed development of 63 single family residential homes on an

approximate 58.6-acre site.  The project will install storm drain in the streets that will

ultimately discharge to Kelly Creek.  Development of the site will increase runoff that

could adversely impact down stream facilities.

The 58.6-acre project site is part of a 360-acre sub basin of the Kelly Creek drainage basin

that crosses “D” street just south of Windsor Drive as shown on the attached Exhibit 1:

Drainage Map.

This report has been prepared to analyze the impacts to the storm drain system caused by

development of the 58.6-acre Davidon Homes site.  This report identifies pre-development

and post-development peak discharges from the drainage sub-basin and estimates storm

water detention needs required to limit post-development peak discharge to pre-

development levels.

2.0 EXISTING CONDITIONS

Most of the 58.6-acre site (portions of Tributary 1D and 2H) is part of the larger 360-acre

Kelly Creek drainage basin that crosses under “D” Street through a 7.5 foot by 7.5 foot

box culvert near the intersection of “D” Street and Windsor Drive.  Similar to the majority

of the Kelly Creek drainage basin west of “D” Street, this site is covered with grasses and

mature trees and is used for livestock grazing. A small portion of the site (Tributary 4)

drains to the storm drain system at the intersection of Windsor Drive and D Street, which

connects to Kelly Creek downstream of the box culvert that crosses under D Street.

Another  small  portion  of  the  site  (Tributary  3)  drains  to  Windsor  Drive  and  flows  west,

eventually entering a storm drain system that continues westward. See Exhibit 1.
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3.0 DESIGN CRITERIA

This storm drain analysis has been prepared in conformance with the Sonoma County

Water Agency Flood Control Design Criteria (SCWA FCDC) using the Rational Method.

Assumptions

Runoff Coefficients (C) (assuming 20 percent slope)

From Plate B-1, SCWA FCDC

Parks and vegetated areas 0.45

Residential over 1/2 acre 0.50

Residential 1/4 to 1/2 acre 0.58

Single Family Residential 0.68

Design Storm Event

10-year storm for minor waterways of one square mile or less

100-year storm for major waterways of four square miles or more

Minimum Time of Concentration (Tc)

10 minutes for lots smaller than 1/2 acre

15 minutes for Lots 1/2 acre and larger

Rainfall Intensity, ( I )

Based on the equation from Plate B-2, SCWA FCDC

I10 = 7.08/Tc(0.526)

I100 = 10.15/Tc(0.529)

The basic rainfall intensity equations applies to 30 inches of mean seasonal precipitation and are

adjusted  by  the  factor  K  shown  in  Plate  B-4  (SCWA  FCDC)  for  the  actual  mean  seasonal

precipitation in the project area as shown on the Isohyetal map, Plate B-3.  Based on Plate B-3

the project site receives approximately 25 inches of rainfall a year.  The K factor for 25 inches of

mean seasonal precipitation is 0.83.
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Storm water quality features incorporated in to the site will be designed to treat 0.2 inches/hour of

runoff.  This will delay the treatment flow (0.2 inches per hour) runoff from the site by

approximately 2 hours, effectively reducing the peak discharge from the site by 0.2 inches per

hour.  Therefore, the calculations presented in this study are conservative.  This benefit will be

documented in more detail in the project hydrology report prepared during development of the

project construction documents.

Table 1:  Rainfall Intensity

Tc I10, 10 Year Rainfall Intensity I100, 100 Year Rainfall Intensity

Base Corrected Base Corrected

10 2.11 1.75 3.00 2.49

15 1.70 1.41 2.42 2.01

20 1.46 1.22 2.08 1.73

30 1.18 0.98 1.68 1.39

45 0.96 0.79 1.35 1.12

60 0.82 0.68 1.16 0.97

Base rainfall intensity for areas with 30 inches annual precipitation
Corrected rainfall intensity is site specific based on 25 inches annual precipitation

Storm water storage volume will be estimated based on the following equation derived
from rational method.  This equation assumes the proposed runoff hydrograph
distribution is triangular shape and the duration of the hydrograph is three times of Tc
in proposed condition. In our experience, this equation provides a good estimate of
storm runoff detention volume for preliminary project analysis in the San Francisco
Bay area. A more detailed volume calculation will be determined during construction
document phase of the project after street sections, site plans and grading are finalized.

V=3/2 x Tc x (Qpr peak – Qex peak)

Where:

V = Required Storage Volume
Tc = Time of concentration
Qpr peak = Proposed peak discharge from the watershed after development
Qex peak = Existing peak discharge from the watershed
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4.0 STORM DRAIN SYSTEM EVALUATION

The site is divided into four drainage areas based on discharge points. The calculations for

runoff from each drainage basin for the 10 year and 100 year storm are detailed in the

attached spreadsheets. Implementation of stormwater quality features will modify the

drainage patterns. A portion of drainage basin 2H will now be a part of 1D. Drainage

basin  4  previously  flowed  to  the  storm  drain  system  at  the  intersection  of  D  Street  and

Windsor Drive, which connects to Kelly Creek after crossing D Street but now flows

directly to Kelly Creek on the project site. The box culvert conveying flows from Kelly

Creek under D Street was analyzed to determine if it has adequate capacity for the

proposed condition.

This storm drain analysis uses a runoff coefficient, C factor, of 0.45 for undeveloped areas

of the sub-basin that represent parks and vegetated areas.  A C factor of 0.68 is used for

development  of  the  site.   The  runoff  coefficient  used  for  the  developed  condition  is

representative of single family development on lots smaller than 1/4 acre and is

conservative when applied to this project where many of the lots will be larger than 1/4

acre.  This will result in lower peak storm water discharge from the site than represented

by these calculations.  This will be documented in the hydrology report prepared as part of

the project construction documents.

This analysis uses 15 minutes as the initial time of concentration.  The flow time for each

sub-basin is then added to the initial time of concentration to develop the time of

concentration at the discharge from each sub-basin.  The flow time for each sub-basin is

approximated using a flow velocity of 10 feet per second.  This was then checked using

the average slope of the sub-basin flow channel and an idealized channel cross section with

2H:1V side slopes and a roughness factor of 0.025.
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The storm water detention volume required to limit post development peak discharge to

predevelopment levels for the 10-year and the 100-year storm was then calculated.

5.0 SUMMARY AND CONCLUSIONS

The proposed development of the 58.6-acre site will increase the amount of impervious

surface in, and runoff from, the 360-acre Kelly Creek sub basin studied in this report.

Table 2 summarizes the peak runoff for the 10-year and the 100-year storm for the

existing and proposed conditions.

Table 2:  Summary of Peak Kelly Creek Discharge at “D” Street

Basin Storm Event Peak Discharge

Existing Condition (cfs)

Peak Discharge

Proposed Condition (cfs)

1 and 2 10-year 179.80 187.95

1 and 2 100-year 255.33 266.89

3 10-Year 2.90 1.46

3 100-Year 4.13 2.08

4 10-Year 5.33 7.20

4 100-Year 7.58 10.23

Analysis  of  the  existing  7.5  foot  square  box  culvert  under  “D” Street  shows that  it  has

adequate capacity for the 100-year storm under the proposed condition without

surcharge.  See the box culvert nomograph attached.
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Storm water will be detained on site to limit peak post-development discharge to peak

pre-development levels. For basins 1, 2, and 4, the project will detain the increase in flow

over  the  existing  condition.  Runoff  for  basin  3  will  decrease  in  the  proposed  condition

and no detention is necessary. Below is a sample calculation of the required detention

volume for drainage basin 1 and 2 during a 10-year storm. The detention volume is a 1.5

times product of the difference in peak flows (proposed and existing) multiplied by the

time of concentration.

Sample Calculation:

Detention volume required for drainage basin 1 and 2 during a 10-year storm

Table 3 summarizes storm water detention requirements.

Table 3:  Storm Water Detention Volume

Drainage Basin Storm Event Detention Volume (cf)

1 and 2 10-Year 17,473

1 and 2 100-Year 24,812

3 10-Year 0

3 100-Year 0

4 10-Year 2,520

4 100-Year 3,568

The site provides multiple opportunities to incorporate storm water detention into the

project to reduce peak post-development discharge from the site.  Opportunities include:

Providing oversized storm drain pipe and metering flow from the storm drain system

using a smaller diameter pipe or an orifice.
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Incorporating areas of detention integral with the storm water quality features.

Ponding can be allowed in these areas and storm water can be metered using weirs or

constrained orifices to reduce peak storm water runoff.

Providing a weir in the Kelly Creek tributary adjacent to D Street to allow storm

water to pond and reduce peak discharge from Kelly Creek tributary.

See Exhibit 2 for plan showing drainage basins and conceptual detention measures within

each basin. A more detailed analysis of the project storm drain system and detention

requirement will be prepared to accompany the project improvement plans and final map.
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Table 4:  Weighted Runoff Coefficients

Basin 1D
Total Area 107.41 ac
Open Space Area 91.62 ac
Developed Area 15.79 ac
C, Open space 0.45
C, Developed 0.68

C, Weighted 0.48

Basin 2H
Total Area 45.33 ac
Open Space Area 45.30 ac
Developed Area 0.00 ac
C, Open Space 0.45
C, Developed 0.68

C, Weighted 0.45

Basin 3
Total Area 2.07 ac
Open Space Area 1.62 ac
Developed Area 0.45 ac
C, Open Space 0.45
C, Developed 0.68

C, Weighted 0.50

Basin 4
Total Area 7.94 ac
Open Space Area 1.31 ac
Developed Area 6.62 ac
C, Open Space 0.45
C, Developed 0.68

C, Weighted 0.64



Davidon Homes/UOP Property
Preliminry Storm Drain Analysis

Table 5:  Peak Runoff, 10 Year Storm, Existing Condition
Basin Elevation Distance Slope i K C KAC Sum KAC Q Design

Sub-Basin Sum Difference Sub-Basin Travel* Total (base)+ Type
(ac) (ac) (ft) (ft) (ft/ft) (min) (min) (min) (in/hr) (cfs)

Tributary 1
1A 7.12 7.12 70 550 0.13 15.00 15.00 1.70 0.83 0.45 2.66 2.66 4.53 Overland
1B 14.59 21.71 70 800 0.09 1.33 16.33 1.63 0.83 0.45 5.45 8.11 13.21 Creek
1C 53.02 74.73 90 1300 0.07 2.17 18.50 1.53 0.83 0.45 19.80 27.91 42.59 Creek
1D 95.72 170.45 130 2800 0.05 4.67 23.17 1.36 0.83 0.45 35.75 63.66 86.30 Creek
Subtotal 170.45
Tributary 2
2A 13.17 13.17 80 850 0.09 15.00 15.00 1.70 0.83 0.45 4.92 4.92 8.38 Overland
2B 31.31 44.48 60 1000 0.06 1.67 16.67 1.61 0.83 0.45 11.69 16.61 26.78 Creek
2C 30.96 75.44 50 1100 0.05 1.83 18.50 1.53 0.83 0.45 11.56 28.18 42.99 Creek
2D 14.59 90.03 15.00 15.00 1.70 0.83 0.45 5.45 33.63 9.28 Overland
2E 5.69 95.72 15.00 15.00 1.70 0.83 0.45 2.13 35.75 3.62 Overland
2F 16.37 112.09 15.00 15.00 1.70 0.83 0.45 6.11 41.87 10.42 Creek
2G 29.18 141.27 60 1700 0.04 2.83 21.33 1.42 0.83 0.45 10.90 52.76 74.69 Creek
2H 48.75 190.02 50 1500 0.03 2.50 23.83 1.34 0.83 0.45 18.21 70.97 94.78 Creek
subtotal 190.02
Total 360.47 23.83 1.34 134.64 179.80

Tributary 3 4.56 4.56 15.00 15.00 1.70 0.83 0.45 1.70 1.70 2.90

Tributary 4 8.38 8.38 15.00 15.00 1.70 0.83 0.45 3.13 3.13 5.33

* Travel time through the Basin is based on channel velocity of 10 feet per second
+ Base rainfall intensity for 30 inches annual rainfall.  Corrected by K for locations with different annual rainfall amounts.'ex 10 yr storm'!

Area TC

J:\MAIN\2002\020038\06 Design\C Storm Drain\Project Description\13_1209-Kelly Creek Option B.xlsex 10 yr storm

BKF ENGINEERS
12/18/2013
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Preliminry Storm Drain Analysis

Table 6:  Peak Runoff, 100 Year Storm, Existing Condition
Basin Elevation Distance Slope i K C KAC Sum KAC Q Design

Sub-Basin Sum Difference Sub-Basin Travel* Total (base)+ Type
(ac) (ac) (ft) (ft) (ft/ft) (min) (min) (min) (in/hr) (cfs)

Tributary 1
1A 7.12 7.12 70 550 0.13 15.00 15.00 2.42 0.83 0.45 2.66 2.66 6.44 Overland
1B 14.59 21.71 70 800 0.09 1.33 16.33 2.32 0.83 0.45 5.45 8.11 18.78 Creek
1C 53.02 74.73 90 1300 0.07 2.17 18.50 2.17 0.83 0.45 19.80 27.91 60.52 Creek
1D 95.72 170.45 130 2800 0.05 4.67 23.17 1.93 0.83 0.45 35.75 63.66 122.56 Creek
Subtotal 170.45
Tributary 2
2A 13.17 13.17 80 850 0.09 15.00 15.00 2.42 0.83 0.45 4.92 4.92 11.92 Overland
2B 31.31 44.48 60 1000 0.06 1.67 16.67 2.29 0.83 0.45 11.69 16.61 38.07 Creek
2C 30.96 75.44 50 1100 0.05 1.83 18.50 2.17 0.83 0.45 11.56 28.18 61.10 Creek
2D 14.59 90.03 15.00 15.00 2.42 0.83 0.45 5.45 33.63 13.20 Overland
2E 5.69 95.72 15.00 15.00 2.42 0.83 0.45 2.13 35.75 5.15 Overland
2F 16.37 112.09 15.00 15.00 2.42 0.83 0.45 6.11 41.87 14.81 Creek
2G 29.18 141.27 60 1700 0.04 2.83 21.33 2.01 0.83 0.45 10.90 52.76 106.10 Creek
2H 48.75 190.02 50 1500 0.03 2.50 23.83 1.90 0.83 0.45 18.21 70.97 134.59 Creek
subtotal 190.02
Total 360.47 23.83 1.90 134.64 255.33

Tributary 3 4.56 4.56 15.00 15 2.42 0.83 0.45 1.70 1.70 4.13

Tributary 4 8.38 8.38 15.00 15.00 2.42 0.83 0.45 3.13 3.13 7.58

* Travel time through the Basin is based on channel velocity of 10 feet per second
+ Base rainfall intensity for 30 inches annual rainfall.  Corrected by K for locations with different annual rainfall amounts.'ex 10 yr storm'!

Area TC

BKF Engineers
12/18/2013
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Table 7  Peak Runoff, 10 Year Storm, Proposed Condition
Basin Elevation Distance Slope i K C KAC Sum KAC Q Design

Sub-Basin Sum Difference Sub-Basin Travel* Total (base)+ Type
(ac) (ac) (ft) (ft) (ft/ft) (min) (min) (min) (in/hr) (cfs)

Tributary 1
1A 7.12 7.12 70 550 0.13 15.00 15.00 1.70 0.83 0.45 2.66 2.66 4.53 Overland
1B 14.59 21.71 70 800 0.09 1.33 16.33 1.63 0.83 0.45 5.45 8.11 13.21 Creek
1C 53.02 74.73 90 1300 0.07 2.17 18.50 1.53 0.83 0.45 19.80 27.91 42.59 Creek
1D 107.41 182.14 130 2800 0.05 4.67 23.17 1.36 0.83 0.48 43.13 71.04 96.30 Creek
Subtotal 182.14
Tributary 2
2A 13.17 13.17 80 850 0.09 15.00 15.00 1.70 0.83 0.45 4.92 4.92 8.38 Overland
2B 31.31 44.48 60 1000 0.06 1.67 16.67 1.61 0.83 0.45 11.70 16.61 26.78 Creek
2C 30.96 75.44 50 1100 0.05 1.83 18.50 1.53 0.83 0.45 11.56 28.18 42.99 Creek
2D 14.59 90.03 15.00 15.00 1.70 0.83 0.45 5.45 33.62 9.28 Overland
2E 5.69 95.72 15.00 15.00 1.70 0.83 0.45 2.13 35.75 3.62 Overland
2F 16.37 112.09 15.00 15.00 1.70 0.83 0.45 6.11 41.86 10.42 Creek
2G 29.18 141.27 60 1700 0.04 2.83 21.33 1.42 0.83 0.45 10.90 52.76 74.69 Creek
2H 45.33 186.60 50 1500 0.03 2.50 23.83 1.34 0.83 0.45 16.93 69.69 93.07 Creek
subtotal 186.60
Total 368.73 23.83 1.34 140.74 187.95

Tributary 3 2.07 2.07 15 15 1.70 0.83 0.50 0.86 0.86 1.46

Tributary 4 7.94 7.94 15.00 15.00 1.70 0.83 0.64 4.23 4.23 7.20

* Travel time through the Basin is based on channel velocity of 10 feet per second
+ Base rainfall intensity for 30 inches annual rainfall.  Corrected by K for locations with different annual rainfall amounts.'ex 10 yr storm'!

Area TC

BKF Engineers
2/10/2014
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Table 8:  Peak Runoff, 100 Year Storm, Proposed Condition
Basin Elevation Distance Slope i K C KAC Sum KAC Q Design

Sub-Basin Sum Difference Sub-Basin Travel* Total (base)+ Type
(ac) (ac) (ft) (ft) (ft/ft) (min) (min) (min) (in/hr) (cfs)

Tributary 1
1A 7.12 7.12 70 550 0.13 15.00 15.00 2.42 0.83 0.45 2.66 2.66 6.44 Overland
1B 14.59 21.71 70 800 0.09 1.33 16.33 2.32 0.83 0.45 5.45 8.11 18.78 Creek
1C 53.02 74.73 90 1300 0.07 2.17 18.50 2.17 0.83 0.45 19.80 27.91 60.52 Creek
1D 107.41 182.13 130 2800 0.05 4.67 23.17 1.93 0.83 0.48 43.13 71.04 136.76 Creek
Subtotal 182.13
Tributary 2
2A 13.17 13.17 80 850 0.09 15.00 15.00 2.42 0.83 0.45 4.92 4.92 11.91 Overland
2B 31.31 44.48 60 1000 0.06 1.67 16.67 2.29 0.83 0.45 11.70 16.61 38.07 Creek
2C 30.96 75.44 50 1100 0.05 1.83 18.50 2.17 0.83 0.45 11.56 28.18 61.09 Creek
2D 14.59 90.03 15.00 15.00 2.42 0.83 0.45 5.45 33.62 13.20 Overland
2E 5.69 95.72 15.00 15.00 2.42 0.83 0.45 2.13 35.75 5.15 Overland
2F 16.37 112.09 15.00 15.00 2.42 0.83 0.45 6.11 41.87 14.81 Creek
2G 29.18 141.27 60 1700 0.04 2.83 21.33 2.01 0.83 0.45 10.90 52.76 106.10 Creek
2H 45.33 186.60 50 1500 0.03 2.50 23.83 1.90 0.83 0.45 16.93 69.69 132.17 Creek
subtotal 186.60
Total 368.73 23.83 1.90 140.74 266.89

Tributary 3 2.07 2.07 15 15 2.42 0.83 0.50 0.86 0.86 2.08

Tributary 4 7.94 7.94 15.00 15.00 2.42 0.83 0.64 4.23 4.23 10.23

* Travel time through the Basin is based on channel velocity of 10 feet per second
+ Base rainfall intensity for 30 inches annual rainfall.  Corrected by K for locations with different annual rainfall amounts.'ex 10 yr storm'!

Area TC

BKF Engineers
2/10/2014
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1.0 INTRODUCTION

Davidon Homes proposes a revised project of 28 single family residential homes on a larger

14.48-acre portion of an approximate 58.6-acre site.  The project will install storm drain in

the streets that will ultimately discharge to Kelly Creek.

The 58.6-acre site is part of a 360-acre sub basin of the Kelly Creek drainage basin that

crosses  “D”  street  just  south  of  Windsor  Drive  as  shown  on  the  attached  Exhibit  1:

Drainage Map.

This report has been prepared to analyze the impacts to the storm drain system caused by

development of the 14.48-acre Davidon Homes site.  This report identifies pre-

development and post-development peak discharges from the drainage sub-basin and

estimates storm water detention needs required to limit post-development peak discharge

to pre-development levels.

2.0 EXISTING CONDITIONS

Most of the larger 58.6-acre site (portions of Tributary 1D) is part of the larger 360-acre

Kelly Creek drainage basin that crosses under “D” Street through a 7.5 foot by 7.5 foot box

culvert near the intersection of “D” Street and Windsor Drive.  Similar to the majority of

the Kelly Creek drainage basin west of “D” Street, this site is covered with grasses and

mature  trees  and  is  used  for  livestock  grazing.  A small  portion  of  the  site  (Tributary  4)

drains to the storm drain system at the intersection of Windsor Drive and D Street, which

connects to Kelly Creek downstream of the box culvert that crosses under D Street. Another

small portion of the site (Tributaries 3A and 3B) drains to Windsor Drive and flows west,

eventually entering a storm drain system that continues westward. See Exhibit 1.
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3.0 DESIGN CRITERIA

This storm drain analysis has been prepared in conformance with the Sonoma County

Water Agency Flood Control Design Criteria (SCWA FCDC) using the Rational Method.

Assumptions

· Runoff Coefficients (C) (assuming 20 percent slope)

From Plate B-1, SCWA FCDC

Parks and vegetated areas 0.45

Residential over 1/2 acre 0.50

Residential 1/4 to 1/2 acre 0.58

Single Family Residential 0.68

· Design Storm Event

10-year storm for minor waterways of one square mile or less

100-year storm for major waterways of four square miles or more

· Minimum Time of Concentration (Tc)

10 minutes for lots smaller than 1/2 acre

15 minutes for Lots 1/2 acre and larger

· Rainfall Intensity, ( I )

Based on the equation from Plate B-2, SCWA FCDC

I10 = 7.08/Tc(0.526)

I100 = 10.15/Tc(0.529)

The basic rainfall intensity equations applies to 30 inches of mean seasonal precipitation and are

adjusted by the factor K shown in Plate B-4 (SCWA FCDC) for the actual mean seasonal

precipitation in the project area as shown on the Isohyetal map, Plate B-3.  Based on Plate B-3 the

project site receives approximately 25 inches of rainfall a year.  The K factor for 25 inches of mean

seasonal precipitation is 0.83.
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Storm water quality features incorporated in to the site will be designed to treat 0.2 inches/hour of

runoff.   This  will  delay  the  treatment  flow  (0.2  inches  per  hour)  runoff  from  the  site  by

approximately 2 hours, effectively reducing the peak discharge from the site by 0.2 inches per

hour.  Therefore, the calculations presented in this study are conservative.  This benefit will be

documented in more detail in the project hydrology report prepared during development of the

project construction documents.

Table 1:  Rainfall Intensity

Tc I10, 10 Year Rainfall Intensity I100, 100 Year Rainfall Intensity

Base Corrected Base Corrected

10 2.11 1.75 3.00 2.49

15 1.70 1.41 2.42 2.01

20 1.46 1.22 2.08 1.73

30 1.18 0.98 1.68 1.39

45 0.96 0.79 1.35 1.12

60 0.82 0.68 1.16 0.97

Base rainfall intensity for areas with 30 inches annual precipitation
Corrected rainfall intensity is site specific based on 25 inches annual precipitation

· Storm water storage volume will be estimated based on the following equation derived

from rational method.  This equation assumes the proposed runoff hydrograph

distribution is triangular shape and the duration of the hydrograph is three times of Tc

in proposed condition. In our experience, this equation provides a good estimate of

storm runoff detention volume for preliminary project analysis in the San Francisco

Bay area. A more detailed volume calculation will be determined during construction

document phase of the project after street sections, site plans and grading are finalized.

V=3/2 x Tc x (Qpr peak – Qex peak)

Where:

V = Required Storage Volume

Tc = Time of concentration

Qpr peak = Proposed peak discharge from the watershed after development

Qex peak = Existing peak discharge from the watershed
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4.0 STORM DRAIN SYSTEM EVALUATION

The site is divided into four drainage areas based on discharge points. The calculations for

runoff from each drainage basin for the 10 year and 100 year storm are detailed in the

attached spreadsheets. Implementation of stormwater quality features will modify the

drainage patterns. Drainage basin 2 has remained the same. Drainage basin 3 within the

project limits has increased in impervious area. However, the overall tributary area for

drainage basin 3 has reduced in size and continues to drain to Windsor Drive and flow

west, eventually entering a storm drain system that continues westward. Drainage basin 4

also has a smaller tributary area and continues to flow into the storm drain system at the

intersection of D Street and Windsor Drive, which connects to Kelly Creek after crossing

D Street. The box culvert conveying flows from Kelly Creek under D Street was analyzed

to determine if it has adequate capacity for the proposed condition.

This storm drain analysis uses a runoff coefficient, C factor, of 0.45 for undeveloped areas

of the sub-basin that represent parks and vegetated areas.  A C factor of 0.68 is used for

development of the site.  The runoff coefficient used for the developed condition is

representative of single family development on lots smaller than 1/4 acre and is

conservative when applied to this project where many of the lots will be larger than 1/4

acre.  This will result in lower peak storm water discharge from the site than represented

by these calculations.  This will be documented in the hydrology report prepared as part of

the project construction documents.

This analysis uses 15 minutes as the initial time of concentration.  The flow time for each

sub-basin is then added to the initial time of concentration to develop the time of

concentration at the discharge from each sub-basin.  The flow time for each sub-basin is

approximated using a flow velocity of 10 feet per second.  This was then checked using

the average slope of the sub-basin flow channel and an idealized channel cross section with

2H:1V side slopes and a roughness factor of 0.025.
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The storm water detention volume required to limit post development peak discharge to

predevelopment levels for the 10-year and the 100-year storm was then calculated.

5.0 SUMMARY AND CONCLUSIONS

The proposed development of the 14.48-acre site will increase the amount of impervious

surface in, and runoff from, the 360-acre Kelly Creek sub basin studied in this report.  The

proposed storm water detention basin will reduce discharge into Kelly Creek to match or

be below predevelopment levels.  Table 2 summarizes the peak runoff for the 10-year and

the 100-year storm for the existing and proposed conditions without any storm water

detention basin.

Table 2:  Summary of Peak Kelly Creek Discharge at “D” Street

Basin Storm Event Peak Discharge

Existing Condition (cfs)

Peak Discharge

Proposed  Condition (cfs)

1 10-year 87.44 91.14

1 100-year 124.18 129.44

2 10-year 92.28 92.28

2 100-year 131.04 131.04

3 10-Year 2.61 1.52

3 100-Year 3.71 1.75

4 10-Year 5.23 4.74

4 100-Year 7.44 6.73

Analysis of the existing 7.5 foot square box culvert  under “D” Street  shows that  it  has

adequate capacity for the 100-year storm under the proposed condition without surcharge.

See the box culvert nomograph attached.
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Storm water will be detained on site to limit peak post-development discharge to peak pre-

development levels. For basin 1 the project will detain the increase in flow over the

existing condition. Runoff for basins 2, 3, and 4 will remain the same or decrease in the

proposed condition and no detention is  necessary.  Below is a sample calculation of the

required detention volume for drainage basin 1 during a 10-year storm. The detention

volume is a 1.5 times product of the difference in peak flows (proposed and existing)

multiplied by the time of concentration.

Sample Calculation:

Detention volume required for drainage basin 1 during a 10-year storm

ܸ =
3
2 ∗ ܶܿ ∗

൫ܳ௣௥ − ܳ௘௫൯

ܸ =
3
2 ∗ (23.17		min	) ∗

ܿ݁ݏ	60
1	݉݅݊ ∗ ݏ݂ܿ	91.14	) − (ݏ݂ܿ	87.44	

ܸ = 7,730		݂ܿ

Table 3 summarizes storm water detention requirements.

Table 3:  Storm Water Detention Volume

Drainage Basin Storm Event Detention Required (cf)

1 10-Year 7,730

1 100-Year 10,977

2 10-Year N/A

2 100-Year N/A

3 10-Year N/A

3 100-Year N/A

4 10-Year N/A

4 100-Year N/A
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The site provides multiple opportunities to incorporate storm water detention into the

project to further reduce peak post-development discharge from the site.  Opportunities

include:

· Providing oversized storm drain pipe and metering flow from the storm drain system

using a smaller diameter pipe or an orifice.

· Incorporating areas of detention integral with the storm water quality features.

Ponding can be allowed in these areas and storm water can be metered using weirs or

constrained orifices to reduce peak storm water runoff.

See Exhibit 2 for plan showing drainage basins and conceptual detention measures within

each basin. A more detailed analysis of the project storm drain system and detention

requirement will be prepared to accompany the project improvement plans and final map.
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Table 4:  Weighted Runoff Coefficients

Basin 1D

Total Area 101.49 ac

Open Space Area 94.20 ac

Developed Area 7.29 ac

C, Open space 0.45

C, Developed 0.68

C, Weighted 0.47

Basin 3

Total Area 1.60 ac

Open Space Area 0.95 ac

Developed Area 0.65 ac

C, Open Space 0.45

C, Developed 0.68

C, Weighted 0.54

Basin 4

Total Area 7.11 ac

Open Space Area 6.44 ac

Developed Area 0.67 ac

C, Open Space 0.45

C, Developed 0.68

C, Weighted 0.47

All Other Basins

C, Open Space 0.45

C, Developed 0.68



Davidon Homes/UOP Property

Preliminry Storm Drain Analysis

Table 5:  Peak Runoff, 10 Year Storm, Existing Condition

Basin Elevation Distance Slope i K C KAC Sum KAC Q Design

Sub-Basin Sum Difference Sub-Basin Travel* Total (base)+ Type

(ac) (ac) (ft) (ft) (ft/ft) (min) (min) (min) (in/hr) (cfs)

Tributary 1

1A 9.55 9.55 70 550 0.13 15.00 15.00 1.70 0.83 0.45 3.57 3.57 6.08 Overland

1B 14.14 23.69 70 800 0.09 1.33 16.33 1.63 0.83 0.45 5.28 8.85 14.41 Creek

1C 51.12 74.80 90 1300 0.07 2.17 18.50 1.53 0.83 0.45 19.09 27.94 42.63 Creek

1D 97.90 172.70 130 2800 0.05 4.67 23.17 1.36 0.83 0.45 36.56 64.50 87.44 Creek

Total 172.70 23.17 1.36 64.50 87.44 Creek

Tributary 2

2A 13.76 13.76 80 850 0.09 15.00 15.00 1.70 0.83 0.45 5.14 5.14 8.76 Overland

2B 34.06 47.82 60 1000 0.06 1.67 16.67 1.61 0.83 0.45 12.72 17.86 28.79 Creek

2C 23.12 70.94 50 1100 0.05 1.83 18.50 1.53 0.83 0.45 8.64 26.50 40.43 Creek

2D 14.38 85.33 15.00 15.00 1.70 0.83 0.45 5.37 31.87 9.15 Overland

2E 9.71 95.04 15.00 15.00 1.70 0.83 0.45 3.63 35.50 6.18 Overland

2F 16.95 111.99 15.00 15.00 1.70 0.83 0.45 6.33 41.83 10.79 Creek

2G 28.59 140.58 60 1700 0.04 2.83 21.33 1.42 0.83 0.45 10.68 52.50 74.33 Creek

2H 44.43 185.01 50 1500 0.03 2.50 23.83 1.34 0.83 0.45 16.59 69.10 92.28 Creek

Total 185.01 23.83 1.34 69.10 92.28 Creek

 

Tributary 3 4.10 4.10 15.00 15.00 1.70 0.83 0.45 1.53 1.53 2.61

Tributary 4 8.22 8.22 15.00 15.00 1.70 0.83 0.45 3.07 3.07 5.23

* Travel time through the Basin is based on channel velocity of 10 feet per second

+ Base rainfall intensity for 30 inches annual rainfall.  Corrected by K for locations with different annual rainfall amounts.'ex 10 yr storm'!

Area TC

\\Bkf-rc\data\MAIN\2002\020038\06 Design\C Storm Drain\Hydrology Report\18_0507 Hydrology Detention Calcs.xlsex 10 yr storm

BKF ENGINEERS

7/6/2018



Davidon Homes/UOP Property

Preliminry Storm Drain Analysis

Table 6:  Peak Runoff, 100 Year Storm, Existing Condition

Basin Elevation Distance Slope i K C KAC Sum KAC Q Design

Sub-Basin Sum Difference Sub-Basin Travel* Total (base)+ Type

(ac) (ac) (ft) (ft) (ft/ft) (min) (min) (min) (in/hr) (cfs)

Tributary 1

1A 9.55 9.55 70 550 0.13 15.00 15.00 2.42 0.83 0.45 3.57 3.57 8.64 Overland

1B 14.14 23.69 70 800 0.09 1.33 16.33 2.32 0.83 0.45 5.28 8.85 20.49 Creek

1C 51.12 74.80 90 1300 0.07 2.17 18.50 2.17 0.83 0.45 19.09 27.94 60.58 Creek

1D 97.90 172.70 130 2800 0.05 4.67 23.17 1.93 0.83 0.45 36.56 64.50 124.18 Creek

Total 172.70 23.17 1.93 64.50 124.18 Creek

 

Tributary 2

2A 13.76 13.76 80 850 0.09 15.00 15.00 2.42 0.83 0.45 5.14 5.14 12.45 Overland

2B 34.06 47.82 60 1000 0.06 1.67 16.67 2.29 0.83 0.45 12.72 17.86 40.92 Creek

2C 23.12 70.94 50 1100 0.05 1.83 18.50 2.17 0.83 0.45 8.64 26.50 57.45 Creek

2D 14.38 85.33 15.00 15.00 2.42 0.83 0.45 5.37 31.87 13.02 Overland

2E 9.71 95.04 15.00 15.00 2.42 0.83 0.45 3.63 35.50 8.79 Overland

2F 16.95 111.99 15.00 15.00 2.42 0.83 0.45 6.33 41.83 15.34 Creek

2G 28.59 140.58 60 1700 0.04 2.83 21.33 2.01 0.83 0.45 10.68 52.50 105.58 Creek

2H 44.43 185.01 50 1500 0.03 2.50 23.83 1.90 0.83 0.45 16.59 69.10 131.04 Creek

Total 185.01 23.83 1.90 69.10 131.04 Creek

 

Tributary 3 4.10 4.10 15.00 15.00 2.42 0.83 0.45 1.53 1.53 3.71

Tributary 4 8.22 8.22 15.00 15.00 2.42 0.83 0.45 3.07 3.07 7.44

* Travel time through the Basin is based on channel velocity of 10 feet per second

+ Base rainfall intensity for 30 inches annual rainfall.  Corrected by K for locations with different annual rainfall amounts.'ex 10 yr storm'!

Area TC

BKF Engineers

7/6/2018
\\Bkf-rc\data\MAIN\2002\020038\06 Design\C Storm Drain\Hydrology Report\18_0507 Hydrology Detention Calcs.xlsex 100 yr storm



Davidon Homes/UOP Property

Preliminry Storm Drain Analysis

Table 7  Peak Runoff, 10 Year Storm, Proposed Condition

Basin Elevation Distance Slope i K C KAC Sum KAC Q Design

Sub-Basin Sum Difference Sub-Basin Travel* Total (base)+ Type

(ac) (ac) (ft) (ft) (ft/ft) (min) (min) (min) (in/hr) (cfs)

Tributary 1

1A 9.55 9.55 70 550 0.13 15.00 15.00 1.70 0.83 0.45 3.57 3.57 6.08 Overland

1B 14.14 23.69 70 800 0.09 1.33 16.33 1.63 0.83 0.45 5.28 8.85 14.41 Creek

1C 51.12 74.80 90 1300 0.07 2.17 18.50 1.53 0.83 0.45 19.09 27.94 42.63 Creek

1D 101.49 176.30 130 2800 0.05 4.67 23.17 1.36 0.83 0.47 39.30 67.24 91.14 Creek

Total 176.30 23.17 1.36 67.24 91.14 Creek

 

Tributary 2

2A 13.76 13.76 80 850 0.09 15.00 15.00 1.70 0.83 0.45 5.14 5.14 8.76 Overland

2B 34.06 47.82 60 1000 0.06 1.67 16.67 1.61 0.83 0.45 12.72 17.86 28.79 Creek

2C 23.12 70.94 50 1100 0.05 1.83 18.50 1.53 0.83 0.45 8.64 26.50 40.43 Creek

2D 14.38 85.33 15.00 15.00 1.70 0.83 0.45 5.37 31.87 9.15 Overland

2E 9.71 95.04 15.00 15.00 1.70 0.83 0.45 3.63 35.50 6.18 Overland

2F 16.95 111.99 15.00 15.00 1.70 0.83 0.45 6.33 41.83 10.79 Creek

2G 28.59 140.58 60 1700 0.04 2.83 21.33 1.42 0.83 0.45 10.68 52.50 74.33 Creek

2H 44.43 185.01 50 1500 0.03 2.50 23.83 1.34 0.83 0.45 16.59 69.10 92.28 Creek

Total 185.01 23.83 1.34 69.10 92.28 Creek

 

Tributary 3 1.60 1.60 10.00 10.00 2.11 0.83 0.54 0.72 0.72 1.52

Tributary 4 7.11 7.11 15.00 15.00 1.70 0.83 0.47 2.78 2.78 4.74

* Travel time through the Basin is based on channel velocity of 10 feet per second

+ Base rainfall intensity for 30 inches annual rainfall.  Corrected by K for locations with different annual rainfall amounts.'ex 10 yr storm'!

Area TC

BKF Engineers

7/6/2018
\\Bkf-rc\data\MAIN\2002\020038\06 Design\C Storm Drain\Hydrology Report\18_0507 Hydrology Detention Calcs.xlspr 10 yr storm



Davidon Homes/UOP Property

Preliminry Storm Drain Analysis

Table 8:  Peak Runoff, 100 Year Storm, Proposed Condition

Basin Elevation Distance Slope i K C KAC Sum KAC Q Design

Sub-Basin Sum Difference Sub-Basin Travel* Total (base)+ Type

(ac) (ac) (ft) (ft) (ft/ft) (min) (min) (min) (in/hr) (cfs)

Tributary 1

1A 9.55 9.55 70 550 0.13 15.00 15.00 2.42 0.83 0.45 3.57 3.57 8.64 Overland

1B 14.14 23.69 70 800 0.09 1.33 16.33 2.32 0.83 0.45 5.28 8.85 20.49 Creek

1C 51.12 74.80 90 1300 0.07 2.17 18.50 2.17 0.83 0.45 19.09 27.94 60.58 Creek

1D 101.49 176.30 130 2800 0.05 4.67 23.17 1.93 0.83 0.47 39.30 67.24 129.44 Creek

Total 176.30 23.17 1.93 67.24 129.44 Creek

 

Tributary 2

2A 13.76 13.76 80 850 0.09 15.00 15.00 2.42 0.83 0.45 5.14 5.14 12.45 Overland

2B 34.06 47.82 60 1000 0.06 1.67 16.67 2.29 0.83 0.45 12.72 17.86 40.92 Creek

2C 23.12 70.94 50 1100 0.05 1.83 18.50 2.17 0.83 0.45 8.64 26.50 57.45 Creek

2D 14.38 85.33 15.00 15.00 2.42 0.83 0.45 5.37 31.87 13.02 Overland

2E 9.71 95.04 15.00 15.00 2.42 0.83 0.45 3.63 35.50 8.79 Overland

2F 16.95 111.99 15.00 15.00 2.42 0.83 0.45 6.33 41.83 15.34 Creek

2G 28.59 140.58 60 1700 0.04 2.83 21.33 2.01 0.83 0.45 10.68 52.50 105.58 Creek

2H 44.43 185.01 50 1500 0.03 2.50 23.83 1.90 0.83 0.45 16.59 69.10 131.04 Creek

Total 185.01 23.83 1.90 69.10 131.04 Creek

 

Tributary 3 1.60 1.60 10.00 10.00 2.42 0.83 0.54 0.72 0.72 1.75

Tributary 4 7.11 7.11 15.00 15.00 2.42 0.83 0.47 2.78 2.78 6.73

* Travel time through the Basin is based on channel velocity of 10 feet per second

+ Base rainfall intensity for 30 inches annual rainfall.  Corrected by K for locations with different annual rainfall amounts.'ex 10 yr storm'!

Area TC

BKF Engineers

7/6/2018
\\Bkf-rc\data\MAIN\2002\020038\06 Design\C Storm Drain\Hydrology Report\18_0507 Hydrology Detention Calcs.xlspr 100 yr storm



Table 9:  Storm Water Detention Calculation

Basin Storm Event Tc

Ex Peak 

Runoff

Pr Peak 

Runoff

Detention 

Required 

(min) (cfs) (cfs) (cf)

1 10 Year 23.17 87.44 91.14 7,730

1 100 Year 23.17 124.18 129.44 10,977

2 10 Year 23.83 92.28 92.28 N/A

2 100 Year 23.83 131.04 131.04 N/A

3 10 Year 15.00 2.61 1.52 N/A

3 100 Year 15.00 3.71 1.75 N/A

4 10 Year 15.00 5.23 4.74 N/A

4 100 Year 15.00 7.44 6.73 N/A

Note: Detention volumes for basin 3 are based on proposed peak runoff.











BUREAU OF PUBLIC ROADS JAN. 1963

7.5' X 7.5' Box
Q = 263 cfs
Q/B = 35 cfs/ft
HW/D = .77
HW = 5.8'

7.5' X 7.5' Box
Q = 267.21 cfs
Q/B = 35.63 cfs/ft
HW/D = .78
HW = 5.9'
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