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SESSION 1
Site Planning, Conditioning & 
Annual Maintenance Tracking
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Background
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Federal Water Pollution Control Act
“Clean Water Act” - 1972

Federal Program to Regulate the Discharge of Pollutants 
into Waters of the United States



Common Acronyms & Definitions

Slide 5

SQUIMP  Stormwater Quality Urban Impact Mitigation Plan
• Post-construction requirements of 2000 Permit

TGM  Technical Guidance Manual
• Detailed supplement to Permit outlining post-construction design

TMDL  Total Maximum Daily Load
• The defined maximum pollutant concentration in run-off discharging to a 

Water of the United States as to not adversely impact beneficial uses  

PCSMP  Post-Construction Stormwater Management Plan
• Post-construction requirements of 2010 Permit

MS4  Municipal Separate Storm Sewer System
• Municipal-owned conveyance for surface run-off (ie. storm drain pipes, 

streets, catch basins, curbs, gutters, ditches, channels, etc.)



Ventura County MS4 Permitting History
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1994  1st Term Ventura County MS4 Permit
• Program development permit

2000  2nd Term Ventura County MS4 Permit
• Program implementation permit

• SQUIMP incorporated to address water pollution from 
new and redevelopment (Mirrored LA County’s req’s)

2010  3rd Term Ventura County MS4 Permit
• Current program implementation permit

• Includes TMDLs and stricter PCSMP requirements
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http://pwaportal.ventura.org/WPD/onestop/
stormwater/docs/2011%20TGM.pdf

http://pwaportal.ventura.org/WPD/onestop/
stormwater/docs/2010%20Permit.pdf

http://pwaportal.ventura.org/WPD/onestop/stormwater/docs/2011%20TGM.pdf
http://pwaportal.ventura.org/WPD/onestop/stormwater/docs/2010%20Permit.pdf


2010 MS4 Permit
Made up of 7 Parts and 9 Attachments
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https://www.waterboards.ca.gov/losangeles/water_issues/programs/303d/index.html
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2010 MS4 Permit - TMDLs

https://www.waterboards.ca.gov/losangeles/water_issues/programs/303d/index.html


New Development Triggers
1. Projects disturbing > 1 acre & adding > 10,000 SF impervious area

2. Industrial parks > 10,000 SF total altered surface area 
3. Commercial strip mall > 10,000 SF impervious surface area

4. Retail gasoline outlets > 5,000 SF total altered surface area
5. Restaurants (SIC 5812) > 5,000 SF total altered surface area
6. Parking lots adding > 5,000 SF impervious area or 25 or more parking spaces

7. Streets/roads/highways adding > 10,000 SF impervious area

8. Automotive service facilities (SIC 5013, 5014, 5511, 5541, 7532-7534 & 
7536-7539) > 5,000 SF total altered surface area

9. Projects in or directly adjacent to, or discharging directly to an ESA, where;
 Discharge runoff is likely to impact sensitive biological species or habit; and

 Creation of > 2,500  SF of impervious surface area

10. Single-family hillside homes



New Development Triggers
Single-family hillside homes

1. Includes grading of a natural slope > 20%

2. Doesn’t meet thresholds of new development trigger #1:

 ie. 0.8 acre lot developed with 20,000 SF (house, garage, driveway)

3. Must implement the following measures:

i. Conserve natural areas

ii. Protect slopes and channels

iii. Provide storm drain system stenciling and signage

iv. Direct roof runoff and surface flow to vegetated areas (unless results 
in slope instability)





New Development Triggers
Streets/roads/highways adding > 10,000 SF impervious area

 Section 4.E.II of the Permit requires these projects to incorporate 
USEPA guidance regarding Managing Wet Weather with Green 
Infrastructure: Green Streets to the maximum extent practicable.

http://pwaportal.ventura.org/WPD/onestop/
stormwater/docs/EPA%20Green.pdf

http://pwaportal.ventura.org/WPD/onestop/stormwater/docs/EPA%20Green.pdf


Redevelopment Triggers
Projects in the same 10 new development categories that have:

 Land-disturbing activities resulting in creation, addition or replacement of 
5,000 SF or more of impervious surface area on an already developed site.

Additionally:

 Project alters > 50% of impervious surfaces of an existing development 
that was not subject to post-construction requirements of the 2000 MS4 
Permit shall mitigate the entire project area.

 Project alters > 50% of impervious surfaces of an existing development 
that was subject to post-construction requirements of the 2000 MS4 Permit 
only need to mitigate the altered portion of the redevelopment project 
area.

 Project alters < 50% of impervious surfaces of an existing development 
must mitigate only the altered portion of the redevelopment project area



Redevelopment
Triggers

Parcel is 8.3 acres and 50% impervious

Built prior to 2000 MS4 Permit

Proposed redevelopment of north half

> 5,000 SF impervious altered
> 50% of existing impervious
* No existing post-construction controls



Redevelopment
Triggers

Parcel is 8.3 acres and 50% impervious
Built in 2004  was subject to 2000 MS4 
Permit (chose pervious pavement)

Proposed redevelopment of north half

> 5,000 SF impervious altered
> 50% of existing impervious
* Existing pervious pavement post-
construction BMP per 2000 MS4 Permit



Redevelopment
Triggers

Parcel is 8.3 acres and 50% impervious

Proposed redevelopment of south half

> 5,000 SF impervious altered
< 50% of existing impervious



Redevelopment Exemptions
Single Family Dwellings

Existing single-family dwelling and accessory structure projects are exempt 
from the redevelopment requirements unless the project creates, adds, or 
replaces 10,000 SF of impervious surface area.

Maintenance

Redevelopment does not include routine maintenance activities that are 
conducted to maintain the original line and grade, hydraulic capacity, or 
original purpose of the facility, such as the reconstruction of parking lots and 
roadways, that does not disturb additional area and maintains the original 
grade and alignment.

Emergency

Redevelopment does not include emergency activities required to protect 
public health and safety.



Grandfathering

Projects that don’t qualify for grandfathering
An project, or phase of a project, or individual lot within a larger 
previously approved project, where the application for such project 
has been “deemed complete,” that does not have a final or 
substantially final drainage concept or a site layout that includes 
water quality treatment, as determined by the local permitting 
agency, must comply with PCSMP requirements of the 2010 Permit. 

2010 Permit (PCSMP)

Development & Redevelopment Projects

2000 Permit (SQUIMP)



Grandfathering Clauses
1. Projects or phases where the applications have been “deemed complete,” 

including projects with ministerial approval, by the applicable local permitting 
agency prior to 10/11/2011; or

2. Projects the subject of, or an application for, an approved Development 
Agreement and/or an adopted Specific Plan that have been “deemed complete” 
prior to 10/11/2011 and thereafter during the term of the agreement/plan unless 
earlier cancelled or terminated; or

3. All private projects which, prior to 10/11/2011, completed public improvements; 
commenced design, obtained financing, and/or participated in the financing of the 
public improvements; or which requires the private party to reimburse the local 
agency for public improvements upon the development of such private project; or

4. Local agency projects for which the governing body or their designee has 
approved initiation of the project design prior to 10/11/2011; or

5. A Tentative Map or Vesting Tentative Map was “deemed complete” or approved by 
the local permitting agency prior to 10/11/2011, and subsequent submittals of a 
Revised Map would be exempt from PCSMP as long the revisions substantially 
conform to original map design, consistent with Subdivision Map Act requirements



Key Definitions
Retention

Runoff volume reduction through designed infiltration, on-site reuse or 
evaporation. Less volume leaves a retention facility than entered.  

Detention

Temporary storage of runoff where full volume is released at a slower rate. 
Same volume enters and leaves a detention facility.

Biofiltration

The process of filtration, adsorption, and biological uptake of pollutants in 
stormwater that takes place when runoff flows through vegetated areas.     
(ie. horizontal flow via swale or vertical flow via rain garden with underdrain)



BMP Hierarchy – 2010 MS4 Permit

Must provide proof
of technical infeasibility
before bottom 3 BMP
categories can be used



Post-Construction BMPs
Retention BMPs

Infiltration BMPs

 INF-1: Infiltration Basin

 INF-2: Infiltration Trench

 INF-3: Bioretention

 INF-4: Drywell

 INF-5: Permeable Pavement

 INF-6: Proprietary Infiltration

 INF-7: Bioinfiltration
Bioretention in Parkway and parking lots

Photo Credit: Geosyntec Consultants

Permeable pavement 
application
Photo Credit: 
Geosyntec Consultants



Retention BMPs
Rainwater Harvesting BMPs

 RWH-1: Rainwater Harvesting

Evapotranspiration BMPs

 ET-1: Green Roof

 ET-2: Hydrologic Source Control BMPs

Green Roof Example

Photo Credit: Geosyntec
Consultants

Post-Construction BMPs



Biofiltration BMPs
Only selectable for primary treatment if 
technical infeasibility established

 BIO-1: Bioretention with Underdrain

 BIO-2: Planter Box

 BIO-3: Vegetated Swale

 BIO-4: Vegetated Filter Strip

 BIO-5: Proprietary Biotreatment

Vegetated swale captures flow 
from a residential street

Photo Credit: Geosyntec Consultants

Proprietary 
Biotreatment Example

Photo Credit: Filterra®

Post-Construction BMPs



Treatment Control Measures
 TCM-1: Dry Extended Detention Basin 

 TCM-2: Wet Detention Basin

 TCM-3: Constructed Wetland

 TCM-4: Sand Filter

 TCM-5: Cartridge Media Filter

Wet Detention Basin

Photo Credit: Geosyntec
Consultants

Post-Construction BMPs



Project Conditioning
Legal Authority requirement of MS4 Permit



Project Conditioning
Goal  To ensure consistent and complete assessment of project 
related impacts to surface water quality. The surface water quality must be 
suitable to meet all surface water quality standards derived through the 
application of principles as outline Chapters 2 and 3 of the Basin Plans.

https://www.waterboards.ca.gov/losangeles/water_issues/
programs/basin_plan/basin_plan_documentation.html

https://www.waterboards.ca.gov/losangeles/water_issues/programs/basin_plan/basin_plan_documentation.html


Project
Conditioning



Condition Requirement

Compliance with PCSMP
(or SQUIMP if “deemed 
complete” prior to 
10/11/2011)

Must show compliance with MS4 Permit post-construction 
requirements:
- Geotechnical Report
- Drainage Study
- Post-Construction BMP Worksheet
- Design Plans and Details

PCSMP O&M Plan
(or SQUIMP …)

Must provide acceptable O&M Plan for long-term maintenance of 
post-construction BMPs:
- Covenant/Deed Restriction (if Private Parcel)
- O&M Plan included in CC&Rs (if HOA proposed)
- O&M Plan (if County Project)
- Flowage Easement (if multiple parcels drain to single lot 

containing post-construction device(s))  

Compliance with MS4 
Construction Program
“Local SWPPP”

Projects disturbing < 1 acre  SW-1 (13 BMPs to consider)
Projects disturbing > 1 acre  SW-2 (28 BMPs to consider)
Projects on High Risk Sites  SW-HR (33 BMPs to consider)
County Projects  SWPCP (13 BMPs to consider + details)

State Construction 
Permit Requirements

Projects disturbing > 1 acre or “Common Plan of Development or 
Sale” clause  SWPPP (WDID# - Risk Level Calculations)
https://www.waterboards.ca.gov/water_issues/programs/stormwater/construction.html

State Industrial
Permit Requirements

Proposed industrial activities on-site per Attachment A of Permit
https://www.waterboards.ca.gov/water_issues/programs/stormwater/industrial.html
Standard Industrial Classification (SIC)  https://www.osha.gov/pls/imis/sicsearch.html

https://www.waterboards.ca.gov/water_issues/programs/stormwater/construction.html
https://www.waterboards.ca.gov/water_issues/programs/stormwater/industrial.html
https://www.osha.gov/pls/imis/sicsearch.html


Project Conditioning
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Project Conditioning

3.22 Ac Parcel
13,000 SF impervious

Conditions Applied
1) SW-HR
2) < 1 ac Hillside Home
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Project Conditioning
Pepsi Plant Parking Lot Resurfacing

- Inquiry thru SW hotline

Asphalt in horrible shape at back of plant    
(~ 0.5 ac) due to loading/unloading traffic

Thinking of full section replacement from 
asphalt to concrete including base materials

Potential Condition
1) SW-1 (ONLY)



Slide 36

Project Conditioning
Thomas Aquinas College

1) Campus Master Plan Approved thru
CUP prior to 10/11/2011 (SQUIMP)

2015 Grading & Building Permit 
Application for 1 building

< 1 acre disturbed
> 5,000 SF impervious area

Conditions Applied
1) SW-1
2) GCP (“Common Plan”)
3) SQUIMP
4) SQUIMP Covenant
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Ways of Attempted SW Req Avoidance 

Stop Work Order (Grading Inspection)
- No BMPs implemented
- Disturbed area > approved grading
- < 10,000 SF impervious proposed



Ways of Attempted SW Req Avoidance 
2 Separate Lots – 1.25 acres each

Each lots development < 1 acre 
disturbed and < 10,000 SF impervious  

Same owner for both parcels with same 
civil engineer, and construction planned at 

same time for both lots

1 lot applied for individual Grading Permit 

Within a week, 2nd lot applied for individual 
Grading Permit

Grading Ordinance allowed County to justify the two 
lots as a single contiguous project

SW-2, SW-HR, CGP, PCSMP & Covenant
were conditioned accordingly



Ways of Attempted SW Req Avoidance 

Applicant submitted “Façade Improvement” 



Ways of Attempted SW Req Avoidance 



Some Applicants are Proactive



Example    Bioswale



Example – Bioswale

Constructed Bioswale Lighting Project









THOUSAND OAKS

Covenants  Recorded by Owner
Name Only

Deeds  Recorded by Owner
Name and APN

Exhibit “A”  Legal Description

Having all three is recommended to
maximize Title Report accuracy.



Covenants  Recorded by Owner
Name Only

Deeds  Recorded by Owner
Name and APN

Exhibit “A”  Legal Description

COUNTY



CAMARILLO THOUSAND OAKS

COUNTY



http://vcpublicworks.org/stormwater-resources/county-stormwater-program

Abbreviated O&M Plans

http://vcpublicworks.org/stormwater-resources/county-stormwater-program


TGM O&M Guidelines
TGM Section 6 – General O&M

(Permeable Pavements)
TGM Appendix I – O&M Checklists

(Permeable Pavements)

TGM Section 7
Maintenance Plan Outline



O&M Tracking



SESSION 2
Engineering BMP Design

(PART 1)
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References
SWRCB 303(d) Info & GIS/Excel Data Download
https://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2014_2016.shtml

https://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2014_2016.shtml


References
State SMARTS System
https://smarts.waterboards.ca.gov/smarts/faces/SwSmartsLogin.xhtml

https://smarts.waterboards.ca.gov/smarts/faces/SwSmartsLogin.xhtml


References
Ventura County Real-Time Rainfall & Historical Data Interface 
http://www.vcwatershed.net/fws/gmap.html

http://www.vcwatershed.net/fws/gmap.html


References
LARWQCB TMDL Listings 
https://www.waterboards.ca.gov/losangeles/water_issues/programs/tmdl/

https://www.waterboards.ca.gov/losangeles/water_issues/programs/tmdl/


References
International BMP Database 
http://www.bmpdatabase.org/

http://www.bmpdatabase.org/


References
VCSQMP TGM Page 
http://www.vcstormwater.org/index.php/publications/manuals/tech-guide-manual

http://www.vcstormwater.org/index.php/publications/manuals/tech-guide-manual


References
VCSQMP Countywide Mapping Data
http://www.vcstormwater.org/index.php/publications/maps/ventura-countywide-unified-storm-drain-map

http://www.vcstormwater.org/index.php/publications/maps/ventura-countywide-unified-storm-drain-map




References
Ventura County 2005 LiDAR Contours
http://kasraieconsulting.com/products#lidar

http://kasraieconsulting.com/products#lidar


References
Geotracker Groundwater Data & Spill/Cleanup Sites
http://geotracker.waterboards.ca.gov/

http://geotracker.waterboards.ca.gov/


References
United Water Conservation District – Groundwater Reports
https://www.unitedwater.org/reports-5/groundwater-conditions

VCWPD - Groundwater Reports & Info
http://vcpublicworks.org/pwa/groundwater-resources

https://www.unitedwater.org/reports-5/groundwater-conditions
http://vcpublicworks.org/pwa/groundwater-resources




References
2017 Ventura County Hydrology Manual (SOILS GIS Data & More)
http://vcpublicworks.org/watershed-resources-and-technology/hydrology-manual-2

http://vcpublicworks.org/watershed-resources-and-technology/hydrology-manual-2


References



References
Web Soil Survey
https://websoilsurvey.nrcs.usda.gov/app/HomePage.htm

https://websoilsurvey.nrcs.usda.gov/app/HomePage.htm


Technical Infeasibility
 Seasonal high groundwater (< 5 FT below BMP bottom surface)

 Ventura Hydrology Manual Soil Numbers 1 or 2

 Site specific infiltration testing showing < 0.5 in/hr

 Various Setbacks:

i. 100 FT of groundwater well used for drinking water, non-potable 
wells, drain fields, and springs

ii. 50 FT from slopes > 15% or alternate setback established by 
Geotech

iii. 8 FT from building foundations or alternate setback established 
by Geotech

 Sites with documented potential for groundwater pollutant mobilization 
(landfills, mines, brownfield development sites, etc.) 

 Cannot provide sufficient demand for harvested stormwater

16 different conditions that could potentially demonstrate technical 
infeasibility of retention for a project site (TGM Section 3.2)



Table 3-4 of TGM



Proprietary BMP Selection
Proprietary BMPs must meet or exceed the performance standards 
listed in TGM Appendix D  4 Step process for comparison

BIO-5: Proprietary Biofiltration (allowed if retention infeasibility shown)

 Fact Sheet (pg 6-164 of TGM) has list of potential options             
(List was created in 2011, there are a lot more options available now)



BMPs - Planning

Table 4-1: Rule of Thumb Space Requirements



BMPs - Planning

Table 3-1: Space Requirements per Land Use



BMPs – Planning
http://www.vcstormwater.org/index.php/publications/manuals/tech-guide-manual

TGM Tool
Spreadsheet

http://www.vcstormwater.org/index.php/publications/manuals/tech-guide-manual


TGM Tool (7 Step Process)
Step 1 - Applicability Step 2 – Assess Site Conditions



Appendix E

BMP Sizing Worksheets
 Sizing Criteria

 Step by Step sizing 
instructions for BMPs

 Blank Worksheet 
Form

 Worksheet Form 
Example



Step by step flowchart
for site specific post-
construction BMP design
TGM Figure 2-1



Apply BMPs to reduce 
EIA to < 5% flowchart
TGM Figure 2-2



Effective Impervious Area (EIA)

 Portion of the surface area that is hydrologically connected via 
sheet flow over a hardened conveyance or impervious surface 
without any intervening medium to mitigate volume.

 Impervious surfaces are rendered “ineffective” if the design 
storm volume is fully retained onsite using retention BMPs.

 Biofiltration BMPs may be used to achieve the 5% EIA standard 
if Retention BMPs are technically infeasible. But, 150% of the 
volume not retained onsite must be treated.



Effective Impervious Area (EIA)

Total Project Area: Atotal = 10 acres  
Maximum allowed EIA = Atotal * 0.05 = 0.5 acres
Aimpervious = 5.5 acres (building, parking lot, driveway)
Apervious = 4.5 acres (surrounding landscaping)
Aretained = 5.5 – 0.5 = 5 acres retained onsite (minimum)
Atreated = 0.5 + 2.5 = 5 acres treated

TGM Section 2.8  5% EIA and Developed Pervious
Areas must be treated



Site Design Example

Project Information: 
 Redevelopment of a 

commercial center

 Highly urbanized area

 Site is covered by building 
roof and parking lot, with 
some vegetation (curbed off 
trees) within the main 
parking lot. 

 12.2 Acres 

 95% Impervious Buildings
Asphalt



Step 1: Project
Applicability 

 Project is Subject to 
Requirements

 Project not located within 
approved RPAMP

 Project does not require 
specifications indicated for 
Step 1b & 1c



Step 2: Assess Site Conditions

Collect Site Information (Section 3.1): 

 Topography

 Slopes < 15%

 No Geological/Geotechnical Hazards

 Ventura Soil Type 4 from

(Fig B-15, App B)

 Seasonal High Groundwater is greater 
than 10 feet below ground surface (BGS)

 No nearby groundwater wells



Step 3: Apply Site Design 
Principles and Techniques

Design Principle Yes N/A Notes

Site Planning (4.2) X Redevelopment Site

Conservation of 
Natural Areas (4.3) X Redevelopment Site

Minimizing Land 
Disturbance (4.4) X Redevelopment Site

Minimizing 
Impervious Cover 
(4.5)

X

Pervious areas and
BMPs provide 
minimization of 
impervious areas

Applying LID at 
Various Scales (4.6) X Redevelopment Site

Implementing IWRMP 
(4.7) X Use of LID BMPs 

promotes IWRM 



Step 4: Apply Source Controls
Source Control Yes N/A Notes

S-1: Storm Drain 
Message/Signage X Storm drains expected on-

site

S-2: Outdoor Material 
Storage Area Design X No outdoor material 

storage

S-3: Outdoor Trash 
Storage Area Design X

Outdoor trash area on-site 
should be properly 
contained

S-4: Outdoor 
Loading/ Unloading 
Dock Area

X Outdoor loading dock on-
site

S-5: Outdoor Repair/ 
Maintenance Bay 
Design X No outdoor repair/ 

maintenance bay on-site

S-6: Outdoor Vehicle
Washing Area Design X No outdoor vehicle 

washing allowed on-site

S-7: Fueling Area 
Design X No vehicle fueling area on-

site

S-8: Proof of Control 
Measure Maintenance X Required for all sites



Step 5: Apply BMPs to Reduce EIA to ≤ 5% 



Step 5: Apply BMPs to Reduce EIA to ≤ 5% 

Step 5a: Calculate Allowable Effective 
Impervious Area (Equation 2-1)

 EIAallowable = (12.2 ac)*(0.05) = 0.6 ac

Step 5b: Calculate Area to be retained
(Equation 2-2)

 Aretain = (12.2 ac* 0.95) – 0.6 ac = 11 ac



Step 5: Apply BMPs to Reduce EIA to ≤ 5% 

Step 5c: Calculate Volume to be Retained



Step 5: Apply BMPs to Reduce EIA to ≤ 5% 

Step 5c: Calculate Volume to be Retained
(Equation 2-3)
 Vretain = 0.95*11 ac* (0.75 in/12 in/ft) 

• Vretain= 0.65 ac-ft



Step 5: Apply BMPs to Reduce EIA to ≤ 5% 

Step 5d: Select and Size on-site
Infiltration BMPs

 Infiltration considered 1st



Step 5d: Selecting and Sizing BMPs
BMP Recommended Possible Not 

Recommended Notes

INF-1: Infiltration 
Basin X Infiltration basin generally not practical for 

parking lot site as takes useable area

INF-2: Infiltration 
Trench X Infiltration trench could be applied with 

biofiltration pretreatment

INF-3: Bioretention X
Bioretention can be applied to parking lot 
land uses and can treat smaller or larger 
tributary areas

INF-4: Drywell X Drywells could be installed with adequate 
pretreatment

INF-5: Permeable
Pavement X Permeable pavement is a good option for 

parking stalls and other low traffic areas

INF-6: Proprietary 
Infiltration X Underground vaults could be installed below 

grade to capture and infiltrate runoff



Step 5d: Selecting and Sizing BMPs

Proposed: Distributed Bioretention

Buildings
Asphalt
Bioretention Areas

Approx. 100 
ft
Approx. 100 
ft



Example – Must Treat all Developed Areas



TGM Goal - Retain/Treat 1st Part of All Storms

Southern California Coastal Research Project (SCCWRP) 
Technical Report 343 

“First flush” = higher pollutant concentrations at start of storms

Caltrans, First Flush Phenomenon Characterization, 
prepared by M.K. Stenstromand & M. Kayhanian



Approx. 100 
ft

Step 5d: Selecting and Sizing BMPs

Determine BMP drainage areas
 Sub-areas 1B – 6B: Treated 

by bioretention (INF-3)
 Sub-area 1T:

i. Difficult to find space 
for bioretention

ii. Treatment Control 
Measure will be used 
(Step 7)

iii. This area will count 
towards Project EIA

Buildings
Asphalt
Bioretention Areas
Roof Drain

1B

2B

3B

4B

5B

6B

1T



1B

2B

3B

4B

5B

6B

1T

Step 5d: Selecting and Sizing BMPs

Also consider drainage infrastructure 
and pretreatment needed 

 Conveyance system
 Include pretreatment BMPs 

i. Catch Basin Inserts 
Recommended (PT-2) 

ii. Could also use 
Hydrodynamic 
Separators (PT-1)

Next Step: Size BMPs for tributary 
area  3B

Buildings
Asphalt
Bioretention Areas
Roof Drain

Approx. 100 
ft



Area = 56,600 ft2

0.75 in

0.0625 ft

0.05

0.91

3,200 
ft3



Step 5d: Selecting and Sizing BMPs

Sub-Drainage 3B

 From Ventura County GIS Soils 
Soil #4: Typically Silty loams or 
Loams)

 Web Soil Survey Data: 

i. Hydraulic Conductivity 
ranges from 1.4 – 4.0 in/hr

Buildings
Asphalt
Bioretention Areas
Roof Drain



Step 5d: Selecting and Sizing BMPs

2
3

1

2

0.75

0.5

0.25
0.5

2
1

3

2

2

0.25

0.5

0.5

0.75

2

4
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Step 5d: Selecting and Sizing BMPs

1.4 in/hr

2

2

4

0.35 in/hr

Next Step:  Calculate required infiltrating area



3,200 ft3

0.35 in/hr

48 
hours

1.4 ft

1.3 ft

3 ft

0.25

N/A

N/A

2.05 ft



Step 5d: Selecting and Sizing BMPs

70 
hours

1,561 
ft2

Buildings
Asphalt
Bioretention Areas
Roof Drain



1B

2B

3B

4B

5B

6B
Approx. 100 
ft

1T

Step 5d: Selecting and Sizing BMPs

 Repeat sizing procedure for sub-
areas 1B, 2B, 4B, 5B, and 6B

 Ensure that (SQDV1B + SQDV2B+ 
SQDV3B + SQDV4B + SQDV5B + 
SQDV6B ) ≥ Vretain

Buildings
Asphalt
Bioretention Areas
Roof Drain



For projects that discharge to an impaired waterbody and whose discharges 
contain the pollutant causing impairment, the project shall select Treatment 
Control Measures from the top three performing BMP categories, or 
alternative BMPs that are designed to meet or exceed the performance of 
the highest performing BMP, for the pollutant causing impairment

i. See Table 3-2 of TGM  lists typical pollutants from land uses

ii. See Table 3-4 of TGM  lists most effective BMPs per pollutant

Step 7: Apply Treatment Control BMPs 
to Treat Remaining SQDV



Step 7: Apply Treatment Control BMPs 
to Treat Remaining SQDV

Continue to Step 7 to size treatment control 
measure for 1T – remaining tributary area 
runoff volume
 Selection of appropriate TCM (Section 3.3 

of TGM)
 Determine Primary POCs

i. Sediment, Oil & Grease, and Trash
 Discharge to an Impaired Waterbody?

i. SWRCB Mapper (303(d) listed 
receiving waters)

ii. GIS layers and impairment 
spreadsheets also available online

iii. SCR Reach 1 Impaired for Toxicity



Step 7: Apply Treatment Control 
BMPs to Treat Remaining SQDV

Select TCM that addresses pollutant 
causing impairment

 Table 3-4 of TGM (a portion is 
shown ->)

 Toxicity not listed 

 Surrogates: Metals, Pesticides

 Cartridge Media Filter (TCM-5) 
acceptable for these POCs



Example - BMPs for Phased Projects
1) BMPs to be constructed in PH 1 are sized for PH 1 & 2
2) Pretreatment filter inserts proposed in all drop inlets & catch basins
3) Single diversion structure for low flow retention and hi-flow bypass  

PH 1 PH 2



Example - Design Infiltration Testing

6 infiltration test areas
1 pilot boring for GW

Locations of
proposed BMPs



Example - BMPs Design



Plant Lists (2002 TGM) 



Plant Lists (City of Camarillo) 



Plant Lists (Others) 



Plant Establishment
2014

2017

2015 2016

2018



Plant Establishment
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Engineering BMP Design 
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Pretreatment
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Post Treatment
Infiltration
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Some Learning Experiences
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Ventura County NPDES MS4 Workshop 

June 12, 2018

Design of BMPs: Lessons Learned

Xiaoyu Zhang

Southern California – Stormwater Consultant



Overview and Agenda

Overview and Agenda

• BMP Selection

• LID Design

• Stormwater Quality Design

• Pretreatment

• Treatment

• Stormwater Quantity Storage



Items to consider before selecting 

BMP
 Calculations and Regulations

 Target Pollutants

 Available space and foot print

 Existing conditions and grading design

 Budget $

 Lifespan of the project

 Maintenance requirements

Design Considerations



Low Impact Design
• Mitigate impact to historical natural conditions of site.

• Should be considered early in the planning phase.

• Possible solutions are bio-filtration, infiltration, and hydro-modication by 

storing water.

Stormwater Quality Design

Modular Biofiltration Biofiltration Planter Precast Storage



Stormwater Quality Design - Pre-treatment 

• Typically used with infiltration and storage.

• Decreased maintenance for biofiltration or filtration system.

• California Waterboards Trash capture approval list – (2019).

Stormwater Quality Design

Baffle Box Hydrodynamic

Seperators
Inlet Filtration



Options for Quality Design - Treatment
• Biofiltration, infiltration (biological component that will meet the pollutant 

removal levels of their project).

• Based on calculations and regulations.

• Proprietary or non-proprietary solutions.

Stormwater Quality Design

Media Filtration Biofiltration Planter Engineered 

Biofiltration 



Stormwater – Storage and Hydromodification
• Is storage a requirement?

• How much needs to be stored?

• Do you need hydromodification and flow control?

• Space requirements?

• Where does your site allow storage to occur?

• Given these constraints, what type of storage is best for your project?

Storage and Hydromodification



Storage and Hydromodification

8

Stormwater – Storage and Hydromodification

• Storage should near the discharge site. 

• Located between treatment and discharge location.

• Consider LID.

• Storage and Infiltration. 

• Iterative design process involving input.



Cost Considerations
• Iterative process, multiple options and solutions.  

• Standard sizes and constraints when designing with manufactured products.

• Consider total install cost and maintenance rather than material costs alone.

• Life span of the BMP and Maintenance requirements.

Cost and Project Life



Space, Surroundings, and Existing 

Conditions

• Allowable footprint or space?

• Are there surrounding buildings or existing conditions that will affect the 

structural design of the BMP?

• Building Footings.

• Groundwater Table.

• Which codes you are designing to?

• Consider installation requirements during design process.



Considering “Common Sense Items” will help save money in the long Run

• Considerations for treatment and storage should be in the early planning 
phases

• Drainage pattern,  BMPs should be at low points, 
• Reworking sites can be avoided

• It is never too early to bring in manufacturers to get their insight when 
choosing solutions.

Other Items to Consider



Shelby Hull

Director – SW Region

(619) 599-6316

Oldcastle Precast Stormwater

Shelby.hull@oldcastle.com

Xiaoyu Zhang, EIT

Stormwater Consultant

(323) 430-3138

Oldcastle Precast Stormwater

Xiaoyu.Zhang@oldcastle.com

Tamara Mamon, EIT

Stormwater Consultant

Contech Engineered Solutions

Cell: 818-519-1781

TMamon@conteches.com

Mark R. Baker

Contech Engineered Solutions LLC

Area Director, Stormwater West

909-797-1367

MBaker@conteches.com

mailto:Shelby.hull@oldcastle.com
mailto:Ayn.DeSanti@oldcastle.com
mailto:TMamon@conteches.com
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Ventura County NPDES MS4 
Workshop – June 12, 2018

Installation and Maintenance: 
Lessons Learned



Precast structure style systems 

• Pick weights, points and rigging
• Called out in submittals
• Use of Spreader Bars
• Chains not typically recommended
• Know equipment's capabilities



• Outside dimensions versus inside 
dimensions. Make certain to look at 
plans not product nomenclature

• Overall Height as well

Precast structure style systems 



Site Specifc Details



• Bedding
• Settling problems can arise if proper bedding (typically 6”) is not 

used

Bioretention System



HDPE / Chambers / Corrugated Steel Pipe (CSP)

• Bedding, backfilling material and process
• Starting point
• Non-woven Geotextile

Detention/Infiltration Systems



Chambers

• Additional Materials
• Backfill;Sequence
• Top-loading Equip

Restrictions

Detention/Infiltration Systems



Detention/Infiltration Systems

Corrugated Metal Pipe (CMP) Detention

• $$ Considerations – Conveyor versus backhoe for backfilling
• All Other Points Previous Mentioned



www.ContechES.com

Detention/Infiltration Systems

Precast Concrete Detention
 Various manufacturers with 

various design 
configurations and 
efficiencies

 Some require foundations 
others do not

 If foundation is required it is 
extremely important that the 
keyway is poured correctly



www.ContechES.com

INSPECTION : 
 Frequency: Range from 1 - 4 times per year
 Process: 

o Should be able to be accomplished without entering system
o Typical tools are rod, measuring tape and inspection log
o Record sediment loading

Hydrodynamic Manufactured Devices - HDS

COMMENTS
 HDS systems are not considered maintenance-intensive products
 Site conditions influence maintenance: street/lot sweeping, catch 

basin cleaning, landscaping, site use, etc.

MAINTENANCE: 
 Use vacuum truck to remove floatables (trash, debris, oil), sediment and standing 

water
 Clean interior 

BMP Operation, Inspection & Maintenance



www.ContechES.com

INSPECTION : 
 Frequency: Typically range from 1 - 2 times per year
 Process: 

o Most systems can be inspected without entering system
o Typical tools are rod, measuring tape and inspection log
o Visual indicators determine condition of Filters

Filtering Manufactured Devices 
COMMENTS
 Filter systems capture finer materials thus requiring more 

intense maintenance procedures
 Membrane or media based filters

MAINTENANCE: 
 Confined Space is typically required to conduct maintenance 
 Use vacuum truck to remove floatables (trash, debris, oil), 

sediment and standing water
 Remove / Replace Filters
 Clean interior 

BMP Operation, Inspection & Maintenance



www.ContechES.com

INSPECTION : 
 Inspection every 1 – 4 times per year.

Biofiltration / Bioretention Manufactured Devices 

COMMENTS
 Media types: Low Flow and High Flow
 High flow media systems require more frequent / routine 

maintenance visits to maintain flow rates

MAINTENANCE: 
 Routine maintenance every 6 - 12 months (2 visits per year)
 Some site may require more frequent visits 
 Typically considered the easiest MTD systems to maintain 

BMP Operation, Inspection & Maintenance



www.ContechES.com

 Inspection and Maintenance 
Manuals should be included 
in submittals

 Maintenance log should be 
included in submittals

 It could be beneficial to have 
BMP maintenance as part of 
the property deed

 With appropriate pre-
treatment most underground 
storage/infiltration systems 
should require little 
maintenance themselves
◦ However the inspection and 

maintenance manuals should 
still be included

Other Considerations

BMP Operation, Inspection & Maintenance



www.ContechES.com

Questions

Shelby Hull
Director – SW Region | Oldcastle Precast, 

Inc. Tel: 619-599-6316 |

Xiaoyu Zhang
Stormwater Consultant – Los Angeles 
Region | Oldcastle Precast, Inc. Tel: 

323-430-3138

Mark R. Baker
Contech Engineered Solutions LLC

Area Director, Stormwater West
909-797-1367

Tamara Mamon, EIT
Stormwater Consultant

Contech Engineered Solutions
Cell: 818-519-1781



SESSION 4
Design, Construction, 

Operations and Maintenance
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Filter Strips Example
Proposed and Approved for Construction

As-Builts - Filter Strips Not Constructed



Infiltration Trench Example

What was Actually Constructed

Proposed and Approved for Construction



Infiltration Testing (TGM)



Insufficient infiltration rates

required redesign

Infiltration Testing



High Flow Bypass (TGM)



High Flow Bypass – Offline BMP Configs



Infiltration
Monitoring 



Slide 9

Inspection, Maintenance and Operability are 
Required by the Countywide MS4 Permit

Publicly-Owned BMPs – Inspections Every 2 years (min)

Privately-Owned BMPs – Annual O&M Verification





PCBMP Inspection Checklist (Good Example)

Slide 11



PCBMP Inspection Checklist (Bad Example)

Slide 12



Poor Maintenance

Slide 13

Routine Trash Collection
Not Occurring

Vegetation Overgrown 



Standing Water

Poor Maintenance

Slide 14

Weep Holes



Poor Maintenance

Slide 15



Initial Inspection vs Follow-up Inspection

Slide 16
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Construction vs O&M Costs

Comparisons:

- Estimated $1.4M cost avoidance due to partnerships

- Bioswale, Piru, & Pervious Concrete were grant funded  Additional 
$2.67M cost avoidance

- Int’l BMP Database  O&M is $400 - $3,000 annually per impervious acre. 
Our projects are at the bottom end of that range





https://www.epa.gov/green-infrastructure/green-infrastructure-cost-benefit-resources

https://www.epa.gov/green-infrastructure/green-infrastructure-cost-benefit-resources


Pervious Concrete Construction



Other Regs – BMPs as Class V Injection Wells
https://www.epa.gov/uic/underground-injection-control-region-9-az-ca-hi-nv-mp-gu

https://www.epa.gov/uic/underground-injection-control-region-9-az-ca-hi-nv-mp-gu


Other Regulations - Antimicrobials
Products claiming to KILL bacteria in stormwater are illegal unless certified by CalDPR



Questions?

Slide 24

Thank you for Participating!
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