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PURPOSE OF REPORT 
 
The purpose of this report is to summarize the pre and post project runoff from the 915 E. 
Anapamu Street project site.  
 
 
LOCATION OF SITE 
 

 
 
METHODOLOGY 
 
The property is approximately 0.92 acres in size, and is currently developed as a single family 
dwelling.  Currently, there is approximately 1,700 SF of impervious area on the property.  The 
property is bisected by a small drainage course with a tributary watershed of approximately 15 
acres, which drains to an existing 24” diameter City storm drain.  This small drainage course 
hydraulically separates the project into an eastern project site and a western project site.  During 
a 100-year storm event this watershed will produce flows of approximately 43 cfs with flow 
depths between 1.4 feet and 1.7 feet through the drainage course.  This small watershed typically 
flows a few inches deep a few days each year for a very short time.   These intermittent flows are 
considered inadequate to cause significant erosion through this drainage course.  Site inspection 
indicates that no significant erosion is occurring in the drainage course through the project site. 
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The project proposes to demolish the existing house and redevelop the property with 13 
residential rental units.  For post-development runoff calculations, this report will conservatively 
assume the proposed project will result in approximately 19,500 SF of impervious area.   
 
Water quality measures include bioswales, rain gardens, permeable pavers, and the subsurface 
Stormtech chamber system.  The primary source of water quality impacts for a multi-unit 
residential project is typically considered to be from vehicles.  This project proposes 28 parking 
stalls, with 24 of those parking stalls being located within parking garages and not being subject 
to rainfall.  The remaining 4 exterior parking stalls will be subject to rainfall, however it is 
proposed to use a permeable pavement material for these stalls.  Roof water will be drained 
through bio-swales and rain gardens before discharging to the Stormtech system and on-site 
drainage course. 
 
A preliminary drainage plan has been prepared, and is attached.  Runoff from the eastern project 
site impervious areas will be routed to rain gardens and a subsurface Stormtech chamber system.  
The Stormtech system will provide for both filtration and retention of runoff.  Post-development 
runoff rates will not exceed calculated pre-development rates for the BMP storm event through 
the 100-year storm event.  The BMP storm event was assumed to be a 1 inch – 24 hour storm.  
The BMP storm event will be treated through the permeable pavers and rain gardens before 
entering the Stormtech system.  A minimum of 6” of gravel will be placed below the Stormtech 
chamber and will provide additional treatment for the BMP storm event. The lag time for the 
BMP storm outflow hydrograph from the Stormtech system is approximately 86 minutes, as 
shown in the calculations provided below.  Outflow from the Stormtech system will be routed to 
the on-site drainage course in a non-erosive manner.   
 
Runoff from the western project site impervious areas will be routed to bio-swales and then to 
the on-site drainage course.  Increased runoff from the western project site will be accounted and 
mitigated for by providing additional retention in the Stormtech system on the eastern project 
site. 
 
The anticipated storm water runoff was calculated using HydroCad software, with the Santa 
Barbara Urban Hydrograph (SBUH) method.  All input parameters are in accordance the Santa 
Barbara County Flood Control District (SBCFD) standards. 
 
The time of concentration was established using Santa Barbara County nomograph.  Due to the 
small size of the site, the pre-project time of concentration was at the minimum of 12 minutes.  
Therefore, the post-project time of concentration was also at the minimum of 12 minutes.  
Hydrologic Soil Group for the project site is Group D (highest runoff potential) per the Natural 
Resources Conservation Service (NRCS) Web Soil Survey, as attached. 
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CONCLUSIONS 
 
The project has been designed with the following Low Impact Design measures: 
 

• Bio-Swales 
• Rain Gardens 
• Permeable Pavements 
• Garaged parking 
• Stormtech subsurface system 

 
Through the use of these LID measures, no water quality or flood control impacts are anticipated 
from this project.  Runoff calculations are included below, and indicate that no increase in runoff 
will occur due to the project. 
 
OVERALL CHANGE IN RUNOFF – ALL STORM EVENTS 
 
Storm 
Event 

Overall Project 
increase (cfs) 
 

Reduction from 
Stormtech (cfs) 

Overall change in 
runoff (cfs) 

BMP +0.17 -0.13 +0.04 
2year +0.30 -0.25 +0.05 
5year +0.31 -0.41 -0.10 
10year +0.31 -0.51 -0.20 
25year +0.31 -0.57 -0.26 
50year +0.29 -0.52 -0.23 
100year +0.29 -0.54  -0.25 
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CALCULATIONS 
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PRE PROJECT 25-YEAR STORM EVENT 
 

Summary for Subcatchment 1S: Existing Condition

Runoff = 3.29 cfs @ 9.99 hrs,  Volume= 0.491 af,  Depth= 6.30"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type I 24-hr 100year  Rainfall=8.38"

Area (sf) CN Description
39,059 82 Woods/grass comb., Fair, HSG D
1,700 98 Paved parking & roofs

40,759 83 Weighted Average
39,059 82 Pervious Area
1,700 98 Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
12.0 Direct Entry, 

 

Runoff
Hydrograph

Time  (hours)
454035302520151050

Fl
ow

  (
cf

s)

3

2

1

0

Type I 24-hr 100year
Rainfall=8.38"

Runoff Area=40,759 sf
Runoff Volume=0.491 af

Runoff Depth=6.30"
Tc=12.0 min

CN=82/98

3.29 cfs

 
 
 
PRE-PROJECT RUNOFF – ALL EVENTS 
 
Events for Subcatchment 1S: Existing Conditio

Event Runoff
(cfs)

Volume
(acre-feet)

Depth
(inches)

2year 0.78 0.125 1.60
5year 1.44 0.218 2.80

10year 1.89 0.284 3.65
25year 2.46 0.368 4.72
50year 2.89 0.431 5.52

100year 3.29 0.491 6.30
BMP 0.01 0.001 0.01  
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POST PROJECT 25-YEAR STORM EVENT – W/O STORMTECH SYSTEM 
 

Summary for Subcatchment 5S: Proposed Condition

Runoff = 2.77 cfs @ 9.98 hrs,  Volume= 0.426 af,  Depth= 5.47"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type I 24-hr 25year  Rainfall=6.71"

Area (sf) CN Description
20,486 82 Woods/grass comb., Fair, HSG D
16,868 98 Paved parking & roofs

* 796 85 Rain Gardens
* 2,609 92 Courtyard

40,759 89 Weighted Average
23,891 83 Pervious Area
16,868 98 Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
12.0 Direct Entry, 

 

Runoff
Hydrograph

Time  (hours)
454035302520151050

Fl
ow

  (
cf

s)

3

2

1

0

Type I 24-hr 25year
Rainfall=6.71"

Runoff Area=40,759 sf
Runoff Volume=0.426 af

Runoff Depth=5.47"
Tc=12.0 min

CN=83/98

2.77 cfs

 
 
POST-PROJECT RUNOFF – ALL EVENTS 
 
Events for Subcatchment 5S: Proposed Condit

Event Runoff
(cfs)

Volume
(acre-feet)

Depth
(inches)

2year 1.08 0.169 2.17
5year 1.75 0.270 3.47

10year 2.20 0.339 4.35
25year 2.77 0.426 5.47
50year 3.18 0.490 6.29

100year 3.58 0.552 7.09
BMP 0.18 0.032 0.40  
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STORMTECH SYSTEM 
 
POST PROJECT INFLOW – STORMTECH SYSTEM – BMP STORM EVENT 
 

Summary for Subcatchment 7S: East Side to Stormtech

Runoff = 0.15 cfs @ 9.99 hrs,  Volume= 0.023 af,  Depth= 0.70"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type I 24-hr BMP  Rainfall=1.00"

Area (sf) CN Description
13,641 98 Paved parking & roofs

* 796 85 Rain Gardens
* 2,609 92 Courtyard

17,046 96 Weighted Average
3,405 90 Pervious Area

13,641 98 Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
12.0 Direct Entry, 

 

Runoff
Hydrograph

Time  (hours)
454035302520151050

Fl
ow

  (
cf

s)

0.16

0.14

0.12

0.1

0.08

0.06

0.04

0.02

0

Type I 24-hr BMP
Rainfall=1.00"

Runoff Area=17,046 sf
Runoff Volume=0.023 af

Runoff Depth=0.70"
Tc=12.0 min

CN=90/98

0.15 cfs
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POST PROJECT INFLOW/OUTFLOW –  STORMTECH SYSTEM – BMP STORM 
EVENT 
 

Summary for Pond 8P: Stormtech

Inflow Area = 0.391 ac, 80.02% Impervious,  Inflow Depth = 0.70"    for  BMP event
Inflow = 0.15 cfs @ 9.99 hrs,  Volume= 0.023 af
Outflow = 0.02 cfs @ 11.41 hrs,  Volume= 0.013 af,  Atten= 85%,  Lag= 85.7 min
Primary = 0.02 cfs @ 11.41 hrs,  Volume= 0.013 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Peak Elev= 82.60' @ 11.41 hrs   Surf.Area= 686 sf   Storage= 485 cf

Plug-Flow detention time= 401.7 min calculated for 0.013 af (57% of inflow)
Center-of-Mass det. time= 217.5 min ( 980.0 - 762.6 )

Volume Invert Avail.Storage Storage Description
#1 81.50' 868 cf 22.50'W x 30.50'L x 4.50'H Prismatoid

3,088 cf Overall - 919 cf Embedded = 2,169 cf  x 40.0% Voids
#2 82.00' 919 cf 44.6"W x 30.0"H x 7.12'L StormTech SC-740  x 20  Inside #1

1,787 cf Total Available Storage

Device Routing     Invert Outlet Devices
#1 Primary 82.50' 4.0" Vert. Orifice/Grate   C= 0.600   
#2 Primary 85.00' 4.0" Vert. Orifice/Grate   C= 0.600   
#3 Primary 86.00' 2.0' long  x 0.5' breadth Broad-Crested Rectangular Weir   

Head (feet)  0.20  0.40  0.60  0.80  1.00   
Coef. (English)  2.80  2.92  3.08  3.30  3.32   

Primary OutFlow  Max=0.02 cfs @ 11.41 hrs  HW=82.60'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 0.02 cfs @ 1.05 fps)
2=Orifice/Grate  ( Controls 0.00 cfs)
3=Broad-Crested Rectangular Weir  ( Controls 0.00 cfs)

 

Inf low
Primary

Hydrograph

Time  (hours)
454035302520151050

Fl
ow

  (
cf

s)

0.16

0.14

0.12

0.1

0.08

0.06

0.04

0.02

0

Inflow Area=0.391 ac
Peak Elev=82.60'

Storage=485 cf

0.15 cfs

0.02 cfs
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POST PROJECT INFLOW –  STORMTECH SYSTEM – 25YEAR EVENT 
 

Summary for Subcatchment 7S: East Side to Stormtech

Runoff = 1.30 cfs @ 9.98 hrs,  Volume= 0.205 af,  Depth= 6.28"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type I 24-hr 25year  Rainfall=6.71"

Area (sf) CN Description
13,641 98 Paved parking & roofs

* 796 85 Rain Gardens
* 2,609 92 Courtyard

17,046 96 Weighted Average
3,405 90 Pervious Area

13,641 98 Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
12.0 Direct Entry, 

 

Runoff
Hydrograph

Time  (hours)
454035302520151050

Fl
ow

  (
cf

s)

1

0

Type I 24-hr 25year
Rainfall=6.71"

Runoff Area=17,046 sf
Runoff Volume=0.205 af

Runoff Depth=6.28"
Tc=12.0 min

CN=90/98

1.30 cfs
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POST PROJECT INFLOW/OUTFLOW –  STORMTECH SYSTEM – 25YEAR EVENT 
 

Summary for Pond 8P: Stormtech

Inflow Area = 0.391 ac, 80.02% Impervious,  Inflow Depth = 6.28"    for  25year event
Inflow = 1.30 cfs @ 9.98 hrs,  Volume= 0.205 af
Outflow = 0.73 cfs @ 10.22 hrs,  Volume= 0.195 af,  Atten= 43%,  Lag= 14.6 min
Primary = 0.73 cfs @ 10.22 hrs,  Volume= 0.195 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Peak Elev= 85.18' @ 10.22 hrs   Surf.Area= 686 sf   Storage= 1,561 cf

Plug-Flow detention time= 84.7 min calculated for 0.195 af (95% of inflow)
Center-of-Mass det. time= 50.9 min ( 755.8 - 704.9 )

Volume Invert Avail.Storage Storage Description
#1 81.50' 868 cf 22.50'W x 30.50'L x 4.50'H Prismatoid

3,088 cf Overall - 919 cf Embedded = 2,169 cf  x 40.0% Voids
#2 82.00' 919 cf 44.6"W x 30.0"H x 7.12'L StormTech SC-740  x 20  Inside #1

1,787 cf Total Available Storage

Device Routing     Invert Outlet Devices
#1 Primary 82.50' 4.0" Vert. Orifice/Grate   C= 0.600   
#2 Primary 85.00' 4.0" Vert. Orifice/Grate   C= 0.600   
#3 Primary 86.00' 2.0' long  x 0.5' breadth Broad-Crested Rectangular Weir   

Head (feet)  0.20  0.40  0.60  0.80  1.00   
Coef. (English)  2.80  2.92  3.08  3.30  3.32   

Primary OutFlow  Max=0.73 cfs @ 10.22 hrs  HW=85.17'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 0.66 cfs @ 7.62 fps)
2=Orifice/Grate  (Orifice Controls 0.06 cfs @ 1.40 fps)
3=Broad-Crested Rectangular Weir  ( Controls 0.00 cfs)

 

Inf low
Primary

Hydrograph

Time  (hours)
454035302520151050

Fl
ow

  (
cf

s)

1

0

Inflow Area=0.391 ac
Peak Elev=85.18'
Storage=1,561 cf

1.30 cfs

0.73 cfs
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POST PROJECT INFLOW/OUTFLOW FROM  STORMTECH SYSTEM – ALL 
STORM EVENTS 
 

Events for Pond 8P: Stormtech

Event Inflow
(cfs)

Primary
(cfs)

Elevation
(feet)

Storage
(cubic-feet)

2year 0.59 0.34 83.34 890
5year 0.88 0.47 83.90 1,160

10year 1.06 0.55 84.41 1,349
25year 1.30 0.73 85.18 1,561
50year 1.47 0.95 85.49 1,648

100year 1.63 1.09 85.83 1,741
BMP 0.15 0.02 82.60 485  

 
 
 
 
OVERALL CHANGE IN RUNOFF – ALL STORM EVENTS 
 
 
Storm 
Event 

Overall Project 
increase (cfs) 
 

Reduction from 
Stormtech (cfs) 

Overall change in 
runoff (cfs) 

BMP +0.17 -0.13 +0.04 
2year +0.30 -0.25 +0.05 
5year +0.31 -0.41 -0.10 
10year +0.31 -0.51 -0.20 
25year +0.31 -0.57 -0.26 
50year +0.29 -0.52 -0.23 
100year +0.29 -0.54  -0.25 
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WATERSHED TRIBUTARY TO DRAINAGE COURSE – 100 YEAR STORM EVENT 
 

Summary for Subcatchment 9S: Watershed

Runoff = 43.25 cfs @ 10.00 hrs,  Volume= 8.225 af,  Depth= 6.62"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type I 24-hr 100year  Rainfall=8.38"

Area (ac) CN Description
3.130 98 Paved parking & roofs

11.770 82 Woods/grass comb., Fair, HSG D
14.900 85 Weighted Average
11.770 82 Pervious Area
3.130 98 Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
20.0 Direct Entry, 

 
 

Runoff
Hydrograph

Time  (hours)
454035302520151050

Fl
ow

  (
cf

s)

45
40
35
30
25
20
15
10
5
0

Type I 24-hr 100year
Rainfall=8.38"

Runoff Area=14.900 ac
Runoff Volume=8.225 af

Runoff Depth=6.62"
Tc=20.0 min

CN=82/98

43.25 cfs
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DRAINAGE COURSE CROSS SECTIONS – 100YEAR WATER SURFACE 
CALCULATIONS 
 
  
 Irregular Section (Crail.fm8) Report 

 Label Solve For Friction Method Roughness Coefficient 

 Irregular Section - 2 Normal Depth Manning Formula 0.045 

 Irregular Section - 3 Normal Depth Manning Formula 0.045 

 Irregular Section - 4 Normal Depth Manning Formula 0.045 

 Irregular Section - 5 Normal Depth Manning Formula 0.045 

 Irregular Section - 6 Normal Depth Manning Formula 0.045 

 Irregular Section - 7 Normal Depth Manning Formula 0.045 

 Channel Slope Water Surface Elevation Elevation Range Discharge 
 (ft/ft) (ft) (ft³/s) 

 0.04970 75.77 74.12 to 76.00 ft 43.25 

 0.05100 77.29 75.68 to 78.00 ft 43.25 

 0.02030 78.39 76.66 to 80.00 ft 43.25 

 0.07460 78.59 77.18 to 80.00 ft 43.25 

 0.06450 79.81 78.37 to 82.00 ft 43.25 

 0.09270 81.69 79.99 to 84.00 ft 43.25 

 Flow Area Wetted Perimeter Top Width Normal Depth 
 (ft²) (ft) (ft) (ft) 

 7.00 9.11 8.47 1.65 

 7.00 9.29 8.71 1.61 

 10.24 12.05 11.48 1.73 

 6.10 8.76 8.19 1.41 

 6.62 9.62 9.18 1.44 

 5.25 7.08 6.19 1.70 
  
 
 

 Bentley Systems, Inc.  Haestad Methods Solution Center 
 Bentley FlowMaster  [08.01.071.00]  
 7/29/2009 4:06:50 PM 27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 Page 1 of 2 
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 Irregular Section (Crail.fm8) Report 

 Critical Depth Critical Slope Velocity Velocity Head 
 (ft) (ft/ft) (ft/s) (ft) 

 1.78 0.03384 6.18 0.59 

 1.74 0.03369 6.18 0.59 

 1.57 0.03378 4.22 0.28 

 1.65 0.03386 7.09 0.78 

 1.63 0.03364 6.54 0.66 

 2.04 0.03507 8.24 1.05 

 Specific Energy Froude Number Flow Type Notes 
 (ft) 

 2.25 1.20 Supercritical 

 2.20 1.21 Supercritical 

 2.01 0.79 Subcritical 

 2.19 1.45 Supercritical 

 2.11 1.36 Supercritical 

 2.75 1.58 Supercritical 

 Messages 

 Bentley FlowMaster  [08.01.071.00]  
 Bentley Systems, Inc.  Haestad Methods Solution Center 
 7/29/2009 4:06:50 PM 27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 Page 2 of 2 
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