
Water Quality Management Plan  
For: 

Rialto Industrial Building Project
TRACT MAP NO. 16146; MB281/51; APN 260‐021‐39 

Prepared for: 

Cornerstone Development Partners, Inc. 

48 Tesla 

Irvine, CA 92618 

949‐367‐1426 

Prepared by: 

Armstrong & Brooks Consulting Engineers, Inc. 

1350 E. Chase Drive. 

Corona, CA 92881 

951‐372‐8400 

Submittal Date:  September 28, 2022 

Revision Date:   

Approval Date:_____________________ 



Water Quality Management Plan (WQMP) 
  

 

 Owner’s Certification  

Project Owner’s Certification 

 
This Water Quality Management Plan (WQMP) has been prepared for Cornerstone Development Partners, 
Inc. by Armstrong and Brooks Consulting Engineers, Inc. The WQMP is intended to comply with the 
requirements of San Bernardino County and the NPDES Areawide Stormwater Program requiring the 
preparation of a WQMP. The undersigned, while it owns the subject property, is responsible for the 
implementation of the provisions of this plan and will ensure that this plan is amended as appropriate to 
reflect up-to-date conditions on the site consistent with San Bernardino County’s Municipal Storm Water 
Management Program and the intent of the NPDES Permit for San Bernardino County and the incorporated 
cities of San Bernardino County within the Santa Ana Region. Once the undersigned transfers its interest in 
the property, its successors in interest and the city/county shall be notified of the transfer. The new owner 
will be informed of its responsibility under this WQMP. A copy of the approved WQMP shall be available 
on the subject site in perpetuity. 

 

“I certify under a penalty of law that the provisions (implementation, operation, maintenance, and funding) 
of the WQMP have been accepted and that the plan will be transferred to future successors.” 

Project Data 

Permit/Application 
Number(s): 

      Grading Permit Number(s):  

Tract/Parcel Map 
Number(s): 

Tract Map 16146 
MB 281/51 

Building Permit Number(s):  

CUP, SUP, and/or APN (Specify Lot Numbers if Portions of Tract): APN: 260-021-39 

Owner’s Signature 

Owner Name:  Daniel Adams 

Title President 

Company Cornerstone Development Partners, Inc. 

Address 48 Tesla Irvine, CA 92618 

Email DAdams@cornerstonedev.net 

Telephone # (949) 367-1426 Ext. 103 

Signature  Date       
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“The selection, sizing and design of stormwater treatment and other stormwater quality and quantity control 
measures in this plan were prepared under my oversight and meet the requirements of Regional Water Quality 
Control Board Order No. R8-2010-0036.” 

 
Engineer: William Brooks PE Stamp Below 

Title Principal  

Company Armstrong & Brooks Consulting Engineers 

Address P.O. Box 78088 Corona, CA 92877 
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951-372-8400 Ex. 114 
 

Signature  
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Section 1 Discretionary Permit(s) 
Form 1-1 Project Information 

Project Name    Cornerstone Development Partners: Rialto Industrial Building Project 

Project Owner Contact Name: Daniel Adams 

Mailing 
Address:   

48 Tesla 
Irvine, CA 92618 

E-mail 
Address:   

DAdams@cornerstonedev.
net 

Telephone:   
949-367-1426 
Ex. 103 
 

Permit/Application Number(s):         
Tract/Parcel Map 
Number(s):   

Tract Map No. 16146 

Additional Information/ 
Comments: 

      

Description of Project: 

A proposed 40,490 +/- square feet industrial building located at the NW intersection of 
Resource Drive and Riverside Avenue in the City of Rialto, State of California. Property is 
1.9+/- acres in area. The site is currently composed of barren land. The development will 
include standard parking and landscaped areas in addition to a loading dock zone.  

Provide summary of Conceptual 
WQMP conditions (if previously 
submitted and approved). Attach 
complete copy. 

N/A 
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Section 2 Project Description 
2.1 Project Information 
This section of the WQMP should provide the information listed below. The information provided for 
Conceptual/ Preliminary WQMP should give sufficient detail to identify the major proposed site design and LID 
BMPs and other anticipated water quality features that impact site planning. Final Project WQMP must 
specifically identify all BMP incorporated into the final site design and provide other detailed information as 
described herein.   

The purpose of this information is to help determine the applicable development category, pollutants of 
concern, watershed description, and long term maintenance responsibilities for the project, and any applicable 
water quality credits. This information will be used in conjunction with the information in Section 3, Site 
Description, to establish the performance criteria and to select the LID BMP or other BMP for the project or 
other alternative programs that the project will participate in, which are described in Section 4.  

Form 2.1-1  Description of Proposed Project 
1 Development Category (Select all that apply): 

 Significant re-development 
involving the addition or 
replacement of 5,000 ft2 or 
more of impervious surface on 
an already developed site 

New development involving 
the creation of 10,000 ft2 or 
more of impervious surface 
collectively over entire site 

 Automotive repair 
shops with standard 
industrial classification (SIC) 
codes 5013, 5014, 5541, 
7532- 7534, 7536-7539 

Restaurants (with SIC 
code 5812) where the land 
area of development is 
5,000 ft2 or more 

  Hillside developments of 
5,000 ft2 or more which are 
located on areas with known 
erosive soil conditions or 
where the natural slope is 
25 percent or more 

  Developments of 2,500 ft2 

of impervious surface or more 
adjacent to (within 200 ft) or 
discharging directly into 
environmentally sensitive areas 
or waterbodies listed on the 
CWA Section 303(d) list of 
impaired waters. 

  Parking lots of 5,000 ft2 

or more exposed to storm 
water 

  Retail gasoline outlets 
that are either 5,000 ft2 or 
more, or have a projected 
average daily traffic of 100 
or more vehicles per day 

  Non-Priority / Non-Category Project   May require source control LID BMPs and other LIP requirements. Please consult with local 
jurisdiction on specific requirements. 

2 Project Area (ft2):   81,022 3 Number of Dwelling Units: 0 4 SIC Code:   TBD 

5 Is Project going to be phased?  Yes    No    If yes, ensure that the WQMP evaluates each phase as a distinct DA, requiring LID 

BMPs to address runoff at time of completion.   

6 Does Project include roads?  Yes  No   If yes, ensure that applicable requirements for transportation projects are addressed (see 

Appendix A of TGD for WQMP)   
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2.2 Property Ownership/Management 
Describe the ownership/management of all portions of the project and site.  State whether any infrastructure 
will transfer to public agencies (City, County, Caltrans, etc.) after project completion. State if a homeowners or 
property owners association will be formed and be responsible for the long-term maintenance of project 
stormwater facilities. Describe any lot-level stormwater features that will be the responsibility of individual 
property owners. 

Form 2.2-1 Property Ownership/Management 

Describe property ownership/management responsible for long-term maintenance of WQMP stormwater facilities: 

The property owner will be responsible for all BMP maintenance.  
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2.3 Potential Stormwater Pollutants 
Determine and describe expected stormwater pollutants of concern based on land uses and site activities (refer 
to Table 3-3 in the TGD for WQMP). 

 

Form 2.3-1 Pollutants of Concern 

Pollutant 
Please check:   

E=Expected, N=Not 
Expected 

Additional Information and Comments 

Pathogens (Bacterial / Virus) E  N        

Nutrients - Phosphorous E  N        

Nutrients - Nitrogen E  N        

Noxious Aquatic Plants E  N        

Sediment E  N        

Metals E  N        

Oil and Grease E  N        

Trash/Debris E  N        

Pesticides / Herbicides E  N        

Organic Compounds E  N        

Other:       E  N        

Other:       E  N        

Other:       E  N        

Other:       E  N        

Other:       E  N        
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2.4 Water Quality Credits 
A water quality credit program is applicable for certain types of development projects if it is not feasible to meet 
the requirements for on-site LID. Proponents for eligible projects, as described below, can apply for water 
quality credits that would reduce project obligations for selecting and sizing other treatment BMP or 
participating in other alternative compliance programs. Refer to Section 6.2 in the TGD for WQMP to 
determine if water quality credits are applicable for the project. 

Form 2.4-1 Water Quality Credits 
1 Project Types that Qualify for Water Quality Credits: Select all that apply 

 Redevelopment projects that 
reduce the overall impervious 
footprint of the project site. 
[Credit = % impervious reduced] 

Higher density 
development projects  

Vertical density [20%] 
7 units/ acre [5%] 

 Mixed use development, 
(combination of residential, 
commercial, industrial, office, 
institutional, or other land uses 
which incorporate design principles 
that demonstrate environmental 
benefits not realized through single 
use projects) [20%] 

Brownfield 
redevelopment 
(redevelop real property 
complicated by presence 
or potential of hazardous 
contaminants) [25%] 

  Redevelopment projects in 
established historic district, 
historic preservation area, or 
similar significant core city center 
areas [10%] 

  Transit-oriented 
developments (mixed use 
residential or commercial 
area designed to maximize 
access to public 
transportation) [20%] 

 In-fill projects (conversion of 
empty lots & other underused 
spaces < 5 acres, substantially 
surrounded by urban land uses, into 
more beneficially used spaces, such 
as residential or commercial areas) 
[10%] 

  Live-Work 
developments (variety of 
developments designed 
to support residential and 
vocational needs) [20%] 

2 Total Credit %       (Total all credit percentages up to a maximum allowable credit of 50 percent) 

Description of Water Quality 
Credit Eligibility (if applicable) 

 
N/A 
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Section 3 Site and Watershed Description 
Describe the project site conditions that will facilitate the selection of BMP through an analysis of the physical 
conditions and limitations of the site and its receiving waters. Identify distinct drainage areas (DA) that collect 
flow from a portion of the site and describe how runoff from each DA (and sub-watershed DMAs) is conveyed 
to the site outlet(s). Refer to Section 3.2 in the TGD for WQMP. The form below is provided as an example. 
Then complete Forms 3.2 and 3.3 for each DA on the project site. If the project has more than one 
drainage area for stormwater management, then complete additional versions of 
these forms for each DA / outlet. 

 

Form 3-1  Site Location and Hydrologic Features 
Site coordinates take GPS 
measurement at approximate center 
of site 

Latitude 34.042590  Longitude -117.369053 
Thomas Bros Map  
Page 645 

1 San Bernardino County climatic region:      Valley    Mountain 

2 Does the site have more than one drainage area (DA):  Yes     No  If no, proceed to Form 3-2. If yes, then use this form to show a 

conceptual schematic describing DMAs and hydrologic feature connecting DMAs to the site outlet(s). An example is provided below that can be 
modified for proposed project or a drawing clearly showing DMA and flow routing may be attached 

 
 

 

 

 

                    

Conveyance Briefly describe on-site drainage features to convey runoff that is not retained within a DMA 

DA1 DMA A to Outlet 1 
Overflow from underground infiltration chambers will travel via pipe to a proposed under parkway 
drain at the southwestern corner of the site. 

DA1 DMA B to Outlet 1 
Overflow from infiltration trench will discharge to a proposed under parkway drain at the southwestern 
corner of the site. 

DA2 DMA C to Outlet 2 
Overflow from Filterra Facility will discharge to a proposed under parkway drain at the southeastern 
corner of the site. 

  

OUTLET 1 OUTLET 2 

DA1 DMA A DA1 DMA B DA2 DMA C 
DA2 DMA D 
(Self-Retaining) 

  



Water Quality Management Plan (WQMP) 
  

 

  3-6 

Form 3-2 Existing Hydrologic Characteristics for DA 1 
For Drainage Area 1’s sub-watershed DMA, 
provide the following characteristics DMA A DMA B   

1 DMA drainage area (ft2) 26,656 26,069   

2 Existing site impervious area (ft2) 0 0   

3 Antecedent moisture condition For desert 

areas, use 
http://www.sbcounty.gov/dpw/floodcontrol/pdf/2
0100412_map.pdf 

2 2   

4 Hydrologic soil group  Refer to Watershed 

Mapping Tool –  
http://permitrack.sbcounty.gov/wap/ 

A A   

5 Longest flowpath length (ft) 117 216   

6 Longest flowpath slope (ft/ft) 0.21 0.03   

7 Current land cover type(s)  Select from Fig C-3 

of Hydrology Manual 
Barren - 

Curve Number: 78 
Barren - 

Curve Number: 
78 

  

8 Pre-developed pervious area condition: 
Based on the extent of wet season vegetated cover 
good >75%; Fair 50-75%; Poor  <50% Attach photos 
of site to support rating 

Poor Poor   

 

  

http://permitrack.sbcounty.gov/wap/
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Form 3-2 Existing Hydrologic Characteristics for DA 2 
For Drainage Area 2’s sub-watershed DMA, 
provide the following characteristics DMA C DMA D   

1 DMA drainage area (ft2) 24,466 4,177   

2 Existing site impervious area (ft2) 0 0   

3 Antecedent moisture condition For desert 

areas, use 
http://www.sbcounty.gov/dpw/floodcontrol/pdf/2
0100412_map.pdf 

2 2   

4 Hydrologic soil group  Refer to Watershed 

Mapping Tool –  
http://permitrack.sbcounty.gov/wap/ 

A A   

5 Longest flowpath length (ft) 140 65   

6 Longest flowpath slope (ft/ft) 0.08 0.06   

7 Current land cover type(s)  Select from Fig C-3 

of Hydrology Manual 

Barren - 
Curve Number: 

78 

Barren - 
Curve Number: 

78 
  

8 Pre-developed pervious area condition: 
Based on the extent of wet season vegetated cover 
good >75%; Fair 50-75%; Poor  <50% Attach photos 
of site to support rating 

Poor Poor   

 

 

 

http://permitrack.sbcounty.gov/wap/
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Form 3-3 Watershed Description for DA 1 

Receiving waters 
Refer to Watershed Mapping Tool - 
http://permitrack.sbcounty.gov/wap/ 
See ‘Drainage Facilities” link at this website 

Santa Ana River Reach 4,3,2,1 

Applicable TMDLs 
Refer to Local Implementation Plan 

Santa Ana River Reach 3 - Pathogens: Bacterial Indicator TMDLs for the 
Middle Santa Ana River Watershed Waterbodies 

 Santa Ana River Reach 3: Nitrate TMDL 

303(d) listed impairments  
Refer to Local Implementation Plan and Watershed 
Mapping Tool –  
http://permitrack.sbcounty.gov/wap/ and State 
Water Resources Control Board website – 
http://www.waterboards.ca.gov/santaana/water_iss
ues/programs/tmdl/index.shtml  

Santa Ana River Reach 4: Indicator Bacteria  

 Santa Ana River Reach 3: Copper, Indicator Bacteria, Lead 

Santa Ana River Reach 2: None 

Santa Ana River Reach 1: None 

Environmentally Sensitive Areas (ESA) 
Refer to Watershed Mapping Tool –  
http://permitrack.sbcounty.gov/wap/ 

Yes; Delhi Sands. 

Unlined Downstream Water Bodies 
Refer to Watershed Mapping Tool –  
http://permitrack.sbcounty.gov/wap/ 

None 

Hydrologic Conditions of Concern 
  Yes Complete Hydrologic Conditions of Concern (HCOC) Assessment. Include Forms 

4.2-2 through Form 4.2-5 and Hydromodification BMP Form 4.3-10 in submittal  
  No 

Watershed–based BMP included in a RWQCB 
approved WAP 

  Yes Attach verification of regional BMP evaluation criteria in WAP  
•  More Effective than On-site LID 
•  Remaining Capacity for Project DCV  
•  Upstream of any Water of the US 
•  Operational at Project Completion 
•  Long-Term Maintenance Plan  

 No 

 
  

http://www.waterboards.ca.gov/santaana/water_issues/programs/tmdl/index.shtml
http://www.waterboards.ca.gov/santaana/water_issues/programs/tmdl/index.shtml
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Form 3-3 Watershed Description for DA 2 

Receiving waters 
Refer to Watershed Mapping Tool - 
http://permitrack.sbcounty.gov/wap/ 
See ‘Drainage Facilities” link at this website 

Santa Ana River Reach 4,3,2,1 

Applicable TMDLs 
Refer to Local Implementation Plan 

Santa Ana River Reach 3 - Pathogens: Bacterial Indicator TMDLs for the 
Middle Santa Ana River Watershed Waterbodies 

 Santa Ana River Reach 3: Nitrate TMDL 

303(d) listed impairments  
Refer to Local Implementation Plan and Watershed 
Mapping Tool –  
http://permitrack.sbcounty.gov/wap/ and State 
Water Resources Control Board website – 
http://www.waterboards.ca.gov/santaana/water_iss
ues/programs/tmdl/index.shtml  

Santa Ana River Reach 4: Indicator Bacteria  

 Santa Ana River Reach 3: Copper, Indicator Bacteria, Lead 

Santa Ana River Reach 2: None 

Santa Ana River Reach 1: None 

Environmentally Sensitive Areas (ESA) 
Refer to Watershed Mapping Tool –  
http://permitrack.sbcounty.gov/wap/ 

Yes; Delhi Sands. 

Unlined Downstream Water Bodies 
Refer to Watershed Mapping Tool –  
http://permitrack.sbcounty.gov/wap/ 

None 

Hydrologic Conditions of Concern 
  Yes Complete Hydrologic Conditions of Concern (HCOC) Assessment. Include Forms 

4.2-2 through Form 4.2-5 and Hydromodification BMP Form 4.3-10 in submittal  
  No 

Watershed–based BMP included in a RWQCB 
approved WAP 

  Yes Attach verification of regional BMP evaluation criteria in WAP  
•  More Effective than On-site LID 
•  Remaining Capacity for Project DCV  
•  Upstream of any Water of the US 
•  Operational at Project Completion 
•  Long-Term Maintenance Plan  

 No 

  

http://www.waterboards.ca.gov/santaana/water_issues/programs/tmdl/index.shtml
http://www.waterboards.ca.gov/santaana/water_issues/programs/tmdl/index.shtml
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Section 4 Best Management Practices (BMP) 

4.1 Source Control BMP 

4.1.1 Pollution Prevention  
Non-structural and structural source control BMP are required to be incorporated into all new development 
and significant redevelopment projects. Form 4.1-1 and 4.1-2 are used to describe specific source control BMPs 
used in the WQMP or to explain why a certain BMP is not applicable. Table 7-3 of the TGD for WQMP provides 
a list of applicable source control BMP for projects with specific types of potential pollutant sources or activities. 
The source control BMP in this table must be implemented for projects with these specific types of potential 
pollutant sources or activities. 

The preparers of this WQMP have reviewed the source control BMP requirements for new development and 
significant redevelopment projects. The preparers have also reviewed the specific BMP required for project as 
specified in Forms 4.1-1 and 4.1-2. All applicable non-structural and structural source control BMP shall be 
implemented in the project.
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Form 4.1-1 Non-Structural Source Control BMPs 

Identifier Name 
Check One 

Describe BMP Implementation OR, 
if not applicable, state reason Included 

Not 
Applicable 

N1 
Education of Property Owners, Tenants 
and Occupants on Stormwater BMPs 

        

N2 Activity Restrictions         

N3 Landscape Management BMPs         

N4 BMP Maintenance         

N5 
Title 22 CCR Compliance  
(How development will comply) 

        

N6 Local Water Quality Ordinances         

N7 Spill Contingency Plan         

N8 Underground Storage Tank Compliance         

N9 
Hazardous Materials Disclosure 
Compliance 
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Form 4.1-1 Non-Structural Source Control BMPs 

Identifier Name 
Check One 

Describe BMP Implementation OR, 
if not applicable, state reason Included Not 

Applicable 

N10 Uniform Fire Code Implementation         

N11 Litter/Debris Control Program         

N12 Employee Training         

N13 Housekeeping of Loading Docks         

N14 Catch Basin Inspection Program         

N15 
Vacuum Sweeping of Private Streets and 
Parking Lots 

        

N16 Other Non-structural Measures for Public 
Agency Projects 

        

N17 Comply with all other applicable NPDES 
permits 
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Form 4.1-2 Structural Source Control BMPs 

Identifier Name 
Check One 

Describe BMP Implementation OR, 
If not applicable, state reason Included 

Not 
Applicable 

S1 Provide storm drain system stencilling and signage 
(CASQA New Development BMP Handbook SD-13) 

  All catch basins will be stenciled with appropriate signage “Only Rain in the Drain.” 

See SC-44: Drainage System Maintenance Fact Sheet provided 

S2 
Design and construct outdoor material storage 
areas to reduce pollution introduction (CASQA 
New Development BMP Handbook SD-34) 

  Proposed site does not anticipate the storage of materials outside. 

S3 
Design and construct trash and waste storage 
areas to reduce pollution introduction (CASQA 
New Development BMP Handbook SD-32) 

  Enclosed Trash Storage Areas are proposed for the project.  
 

See SC-34: Waste Handling and Disposal Fact Sheet provided 

S4 

Use efficient irrigation systems & landscape 
design, water conservation, smart controllers, and 
source control (Statewide Model Landscape 
Ordinance; CASQA New Development BMP 
Handbook SD-12) 

  Efficient Irrigation measures will be adopted for the project.  
 

See SC-41: Building and Ground Maintenance Fact Sheet provided 

S5 
Finish grade of landscaped areas at a minimum of 
1-2 inches below top of curb, sidewalk, or 
pavement 

  Proposed landscape areas will be at a minimum of 1-2 inches below the proposed 
curbs, sidewalks, and/or pavement. 

S6 
Protect slopes and channels and provide energy 
dissipation (CASQA New Development BMP 
Handbook SD-10) 

  

Rip-raps will be installed at all proposed LID BMP locations to protect soil from 
erosion and damage. Stormwater V-ditches and U-channels will be constructed 

using Portland Cement Concrete to protect from erosion and wear. 

See SC-44: Drainage System Maintenance Fact Sheet provided  

S7 
Covered dock areas (CASQA New Development 
BMP Handbook SD-31) 

  Dock areas will be constructed and operated in a manner such that pollutants will 
be minimized. 

See  SC-30: Outdoor Loading/Unloading Fact Sheet provided 

S8 
Covered maintenance bays with spill containment 
plans (CASQA New Development BMP Handbook 
SD-31) 

  No maintenance bays are proposed. 

S9 
Vehicle wash areas with spill containment plans 
(CASQA New Development BMP Handbook SD-33) 

  No vehicle wash areas are proposed. 
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S10 
Covered outdoor processing areas (CASQA New 
Development BMP Handbook SD-36) 

  No outdoor processing areas are proposed. 

Form 4.1-2 Structural Source Control BMPs 

Identifier Name 
Check One 

Describe BMP Implementation OR, 
If not applicable, state reason 

Included 
Not 

Applicable 

S11 
Equipment wash areas with spill containment 
plans (CASQA New Development BMP Handbook 
SD-33) 

  No equipment wash areas are proposed. 

S12 
Fueling areas (CASQA New Development BMP 
Handbook SD-30) 

  No fueling areas are proposed 

S13 
Hillside landscaping (CASQA New Development 
BMP Handbook SD-10) 

  No hillside landscaping is proposed. 

S14 Wash water control for food preparation areas   No food preparation areas are proposed, 

S15 
Community car wash racks (CASQA New 
Development BMP Handbook SD-33) 

  No community car wash racks are proposed. 
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4.1.2 Preventative LID Site Design Practices 
Site design practices associated with new LID requirements in the MS4 Permit should be considered in the earliest 
phases of a project. Preventative site design practices can result in smaller DCV for LID BMP and hydromodification 
control BMP by reducing runoff generation. Describe site design and drainage plan including: 

Refer to Section 5.2 of the TGD for WQMP for more details. 

Form 4.1-3 Preventative LID Site Design Practices Checklist 
Site Design Practices 
If yes, explain how preventative site design practice is addressed in project site plan. If no, other LID BMPs must be selected to meet targets 

Minimize impervious areas: Yes     No  
Explanation: Impervious area has been minimized to the feasible extent while meeting parking lot and building standards. 

Maximize natural infiltration capacity: Yes  No  
Explanation: Proposed BMPs will take advantage of the naturally well-draining soil on site through the use of infiltration-based 
BMPs where possible. 

Preserve existing drainage patterns and time of concentration: Yes  No  
Explanation: The site will continue to drain southerly. Proposed grading will facilitate this drainage pattern. 

Disconnect impervious areas: Yes  No  
Explanation: Where practical, landscaped areas are included to separate impervious areas. 

Protect existing vegetation and sensitive areas: Yes  No  
Explanation: There is no vegetation currently on site to be protected. 

Re-vegetate disturbed areas: Yes  No  
Explanation: All pervious area, after construction is complete, will be landscaped. 

Minimize unnecessary compaction in stormwater retention/infiltration basin/trench areas: Yes  No  
Explanation: Construction entrances and staging areas will not be on proposed BMP areas. 

Utilize vegetated drainage swales in place of underground piping or imperviously lined swales: Yes  No  
Explanation: Portland cement concrete will be used to construct v-ditches and u-channels. Proposed Infiltration BMPs and self-
retaining DMAs seek to maximize site drainage capabilities.  

Stake off areas that will be used for landscaping to minimize compaction during construction: Yes  No  
Explanation: Construction entrances and staging areas will not be on proposed landscaping areas. 

 

 A narrative of site design practices utilized or rationale for not using practices 

 A narrative of how site plan incorporates preventive site design practices 

 Include an attached Site Plan layout which shows how preventative site design practices are included in 
WQMP 
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4.2 Project Performance Criteria 
The purpose of this section of the Project WQMP is to establish targets for post-development hydrology based on 
performance criteria specified in the MS4 Permit. These targets include runoff volume for water quality control 
(referred to as LID design capture volume), and runoff volume, time of concentration, and peak runoff for 
protection of any downstream waterbody segments with a HCOC. If the project has more than one 
outlet for stormwater runoff, then complete additional versions of these forms for each 
DA / outlet. 

Methods applied in the following forms include: 

 For LID BMP Design Capture Volume (DCV), the San Bernardino County Stormwater Program requires use of 
the P6 method (MS4 Permit Section XI.D.6a.ii) – Form 4.2-1 

 For HCOC pre- and post-development hydrologic calculation, the San Bernardino County Stormwater Program 
requires the use of the Rational Method (San Bernardino County Hydrology Manual Section D). Forms 4.2-2 
through Form 4.2-5 calculate hydrologic variables including runoff volume, time of concentration, and peak 
runoff from the project site pre- and post-development using the Hydrology Manual Rational Method approach. 
For projects greater than 640 acres (1.0 mi2), the Rational Method and these forms should not be used. For such 
projects, the Unit Hydrograph Method (San Bernardino County Hydrology Manual Section E) shall be applied 
for hydrologic calculations for HCOC performance criteria. 

Refer to Section 4 in the TGD for WQMP for detailed guidance and instructions. 

Form 4.2-1  LID BMP Performance Criteria for Design Capture Volume 
(DA1 DMA A) 

1 Project area (ft2): 
26,656 

2 Imperviousness after applying preventative 
site design practices (Imp%): 100% 

3 Runoff Coefficient (Rc):  0.89 
Rc = 0.858(Imp%)^3-0.78(Imp%)^2+0.774(Imp%)+0.04 

4 Determine 1-hour rainfall depth for a 2-year return period P2yr-1hr (in):  0.491   http://hdsc.nws.noaa.gov/hdsc/pfds/sa/sca_pfds.html 
5 Compute P6, Mean 6-hr Precipitation (inches):  0.73 
P6 = Item 4 *C1, where C1 is a function of site climatic region specified in Form 3-1 Item 1 (Valley = 1.4807; Mountain = 1.909; Desert = 1.2371)   

6 Drawdown Rate  
Use 48 hours as the default condition. Selection and use of the 24 hour drawdown time condition is subject to approval 
by the local jurisdiction. The necessary BMP footprint is a function of drawdown time. While shorter drawdown times 
reduce the performance criteria for LID BMP design capture volume, the depth of water that can be stored is also 
reduced.  

24-hrs             
48-hrs  

7 Compute design capture volume, DCV (ft3):  2,833 
DCV = 1/12 * [Item 1* Item 3 *Item 5 * C2], where C2 is a function of drawdown rate (24-hr  = 1.582; 48-hr = 1.963)  
Compute separate DCV for each outlet from the project site per schematic drawn in Form 3-1 Item 2 

 
 

http://hdsc.nws.noaa.gov/hdsc/pfds/sa/sca_pfds.html
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Form 4.2-1  LID BMP Performance Criteria for Design Capture Volume 
(DA1 DMA B) 

1 Project area (ft2): 
26,069 

2 Imperviousness after applying preventative 
site design practices (Imp%): 83% 

3 Runoff Coefficient (Rc):  0.64 
Rc = 0.858(Imp%)^3-0.78(Imp%)^2+0.774(Imp%)+0.04 

4 Determine 1-hour rainfall depth for a 2-year return period P2yr-1hr (in):  0.491   http://hdsc.nws.noaa.gov/hdsc/pfds/sa/sca_pfds.html 
5 Compute P6, Mean 6-hr Precipitation (inches):  0.73 
P6 = Item 4 *C1, where C1 is a function of site climatic region specified in Form 3-1 Item 1 (Valley = 1.4807; Mountain = 1.909; Desert = 1.2371)   

6 Drawdown Rate  
Use 48 hours as the default condition. Selection and use of the 24 hour drawdown time condition is subject to approval 
by the local jurisdiction. The necessary BMP footprint is a function of drawdown time. While shorter drawdown times 
reduce the performance criteria for LID BMP design capture volume, the depth of water that can be stored is also 
reduced.  

24-hrs             
48-hrs  

7 Compute design capture volume, DCV (ft3):  1,992 
DCV = 1/12 * [Item 1* Item 3 *Item 5 * C2], where C2 is a function of drawdown rate (24-hr  = 1.582; 48-hr = 1.963)  
Compute separate DCV for each outlet from the project site per schematic drawn in Form 3-1 Item 2 

 

Form 4.2-1  LID BMP Performance Criteria for Design Capture Volume 
(DA2 DMA C) 

1 Project area (ft2): 
24,466 

2 Imperviousness after applying preventative 
site design practices (Imp%): 98% 

3 Runoff Coefficient (Rc):  0.86 
Rc = 0.858(Imp%)^3-0.78(Imp%)^2+0.774(Imp%)+0.04 

4 Determine 1-hour rainfall depth for a 2-year return period P2yr-1hr (in):  0.491   http://hdsc.nws.noaa.gov/hdsc/pfds/sa/sca_pfds.html 
5 Compute P6, Mean 6-hr Precipitation (inches):  0.73 
P6 = Item 4 *C1, where C1 is a function of site climatic region specified in Form 3-1 Item 1 (Valley = 1.4807; Mountain = 1.909; Desert = 1.2371)   

6 Drawdown Rate  
Use 48 hours as the default condition. Selection and use of the 24 hour drawdown time condition is subject to approval 
by the local jurisdiction. The necessary BMP footprint is a function of drawdown time. While shorter drawdown times 
reduce the performance criteria for LID BMP design capture volume, the depth of water that can be stored is also 
reduced.  

24-hrs             
48-hrs  

7 Compute design capture volume, DCV (ft3):  2,513 
DCV = 1/12 * [Item 1* Item 3 *Item 5 * C2], where C2 is a function of drawdown rate (24-hr  = 1.582; 48-hr = 1.963)  
Compute separate DCV for each outlet from the project site per schematic drawn in Form 3-1 Item 2 

 
 
 
 

http://hdsc.nws.noaa.gov/hdsc/pfds/sa/sca_pfds.html
http://hdsc.nws.noaa.gov/hdsc/pfds/sa/sca_pfds.html
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Form 4.2-1  LID BMP Performance Criteria for Design Capture Volume 
(DA2 DMA D) 

1 Project area (ft2): 
4,177 

2 Imperviousness after applying preventative 
site design practices (Imp%): 37% 

3 Runoff Coefficient (Rc):  0.26 
Rc = 0.858(Imp%)^3-0.78(Imp%)^2+0.774(Imp%)+0.04 

4 Determine 1-hour rainfall depth for a 2-year return period P2yr-1hr (in):  0.491   http://hdsc.nws.noaa.gov/hdsc/pfds/sa/sca_pfds.html 
5 Compute P6, Mean 6-hr Precipitation (inches):  0.73 
P6 = Item 4 *C1, where C1 is a function of site climatic region specified in Form 3-1 Item 1 (Valley = 1.4807; Mountain = 1.909; Desert = 1.2371)   

6 Drawdown Rate  
Use 48 hours as the default condition. Selection and use of the 24 hour drawdown time condition is subject to approval 
by the local jurisdiction. The necessary BMP footprint is a function of drawdown time. While shorter drawdown times 
reduce the performance criteria for LID BMP design capture volume, the depth of water that can be stored is also 
reduced.  

24-hrs             
48-hrs  

7 Compute design capture volume, DCV (ft3):  130 
DCV = 1/12 * [Item 1* Item 3 *Item 5 * C2], where C2 is a function of drawdown rate (24-hr  = 1.582; 48-hr = 1.963)  
Compute separate DCV for each outlet from the project site per schematic drawn in Form 3-1 Item 2 

 

 

Form 4.2-2  Summary of HCOC Assessment 

Does project have the potential to cause or contribute to an HCOC in a downstream channel:  Yes     No  
Go to:  http://permitrack.sbcounty.gov/wap/  

If “Yes”, then complete HCOC assessment of site hydrology for 2yr storm event using Forms 4.2-3 through 4.2-5 and insert results below 
(Forms 4.2-3 through 4.2-5 may be replaced by computer software analysis based on the San Bernardino County Hydrology Manual) 
If “No,” then proceed to Section 4.3 Project Conformance Analysis 

Condition Runoff Volume (ft3) Time of Concentration (min) Peak Runoff (cfs) 

Pre-developed 
1       
Form 4.2-3 Item 12 

2       
Form 4.2-4 Item 13 

3       
Form 4.2-5 Item 10 

Post-developed 
4       
Form 4.2-3 Item 13 

5       
Form 4.2-4 Item 14 

6       
Form 4.2-5 Item 14 

Difference 
7        
Item 4 – Item 1 

8        
Item 2 – Item 5 

9        
Item 6 – Item 3 

Difference  
(as % of pre-developed) 

10      % 
Item 7 / Item 1 

11      % 
Item 8 / Item 2 

12      % 
Item 9 / Item 3 

http://hdsc.nws.noaa.gov/hdsc/pfds/sa/sca_pfds.html
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Form 4.2-3  HCOC Assessment for Runoff Volume  
Weighted Curve Number 
Determination for: 
Pre-developed DA 

DMA A DMA B DMA C DMA D DMA E DMA F DMA G DMA H 

1a Land Cover type                                                 

2a Hydrologic Soil Group (HSG)                                                 

3a DMA Area, ft2 sum of areas of 
DMA should equal area of DA 

                                                

4a Curve Number (CN) use Items 
1 and 2 to select the appropriate CN 
from Appendix C-2 of the TGD for 
WQMP 

                                                

Weighted Curve Number 
Determination for: 
Post-developed DA 

DMA A DMA B DMA C DMA D DMA E DMA F DMA G DMA H 

1b Land Cover type                                                 

2b Hydrologic Soil Group (HSG)                                                 

3b DMA Area, ft2 sum of areas of 
DMA should equal area of DA 

                                                

4b Curve Number (CN) use Items 
5 and 6 to select the appropriate CN 
from Appendix C-2 of the TGD for 
WQMP 

                                                

5 Pre-Developed area-weighted CN:        7 Pre-developed soil storage capacity, S (in):        
   S = (1000 / Item 5) - 10 

9 Initial abstraction, Ia (in):       
   Ia = 0.2 * Item 7 

6 Post-Developed area-weighted CN:        8 Post-developed soil storage capacity, S (in):       
   S = (1000 / Item 6) - 10 

10 Initial abstraction, Ia (in):       
   Ia = 0.2 * Item 8 

11 Precipitation for 2 yr, 24 hr storm (in):        
   Go to: http://hdsc.nws.noaa.gov/hdsc/pfds/sa/sca_pfds.html 

12 Pre-developed Volume (ft3):        
   Vpre =(1 / 12) * (Item sum of Item 3) * [(Item 11 – Item 9)^2 / ((Item 11 – Item 9 + Item 7) 

13 Post-developed Volume (ft3):        
   Vpre =(1 / 12) * (Item sum of Item 3) * [(Item 11 – Item 10)^2 / ((Item 11 – Item 10 + Item 8) 

14 Volume Reduction needed to meet HCOC Requirement, (ft3):        
   VHCOC = (Item 13 * 0.95) – Item 12 

 

http://hdsc.nws.noaa.gov/hdsc/pfds/sa/sca_pfds.html
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Form 4.2-4 HCOC Assessment for Time of Concentration  

Compute time of concentration for pre and post developed conditions for each DA (For projects using the Hydrology Manual complete the 
form below) 

Variables 

Pre-developed DA1  
Use additional forms if there are more than 4 DMA 

Post-developed DA1  
Use additional forms if there are more than 4 DMA 

DMA A DMA B DMA C DMA D DMA A DMA B DMA C DMA D 

1 Length of flowpath (ft)  Use Form 3-2 

Item 5 for pre-developed condition 

                                                

2 Change in elevation (ft) 
                                                

3 Slope (ft/ft), So = Item 2 / Item 1                                                 

4 Land cover 
                                                

5 Initial DMA Time of Concentration 
(min) Appendix C-1 of the TGD for WQMP 

                                                

6 Length of conveyance from DMA 
outlet to project site outlet (ft)   
May be zero if DMA outlet is at project 
site outlet 

                                                

7 Cross-sectional area of channel (ft2) 
                                                

8 Wetted perimeter of channel (ft) 
                                                

9 Manning’s roughness of channel (n) 
                                                

10 Channel flow velocity (ft/sec)   
Vfps = (1.49 / Item 9) * (Item 7/Item 8)^0.67 

* (Item 3)^0.5 

                                                

11 Travel time to outlet (min)  
Tt = Item 6 / (Item 10 * 60) 

                                                

12 Total time of concentration (min) 
Tc = Item 5 + Item 11 

                                                

13 Pre-developed time of concentration (min):            Minimum of Item 12 pre-developed DMA  

14 Post-developed time of concentration (min):           Minimum of Item 12 post-developed DMA 

15 Additional time of concentration needed to meet HCOC requirement (min):         TC-HCOC = (Item 13 * 0.95) – Item 14 
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Form 4.2-5 HCOC Assessment for Peak Runoff  

Compute peak runoff for pre- and post-developed conditions 

Variables 

Pre-developed DA to Project 
Outlet (Use additional forms if 

more than 3 DMA) 

Post-developed DA to Project 
Outlet (Use additional forms if 

more than 3 DMA) 

DMA A DMA B DMA C DMA A DMA B DMA C 

1 Rainfall Intensity for storm duration equal to time of concentration   
Ipeak = 10^(LOG Form 4.2-1 Item 4 - 0.6 LOG Form 4.2-4 Item 5 /60) 

                                    

2 Drainage Area of each DMA (Acres)  
For DMA with outlet at project site outlet, include upstream DMA (Using example 
schematic in Form 3-1, DMA A will include drainage from DMA C) 

                                    

3 Ratio of pervious area to total area 

For DMA with outlet at project site outlet, include upstream DMA (Using example 
schematic in Form 3-1, DMA A will include drainage from DMA C) 

                                    

4 Pervious area infiltration rate (in/hr)  
Use pervious area CN and antecedent moisture condition with Appendix C-3 of the TGD 
for WQMP 

                                    

5 Maximum loss rate (in/hr)    
Fm = Item 3 * Item 4  
Use area-weighted Fm from DMA with outlet at project site outlet, include upstream 
DMA (Using example schematic in Form 3-1, DMA A will include drainage from DMA C) 

                                    

6 Peak Flow from DMA (cfs)   
Qp =Item 2 * 0.9 * (Item 1 - Item 5) 

                                    

7 Time of concentration adjustment factor for other DMA to 
site discharge point  
Form 4.2-4 Item 12 DMA / Other DMA upstream of site discharge 
point (If ratio is greater than 1.0, then use maximum value of 1.0) 

DMA A n/a             n/a             

DMA B       n/a             n/a       

DMA C             n/a             n/a 

8 Pre-developed Qp at Tc for DMA A:         
Qp = Item 6DMAA + [Item 6DMAB * (Item 1DMAA - Item 
5DMAB)/(Item 1DMAB - Item 5DMAB)* Item 7DMAA/2] + 
[Item 6DMAC * (Item 1DMAA - Item 5DMAC)/(Item 1DMAC - 
Item 5DMAC)* Item 7DMAA/3] 

9 Pre-developed Qp at Tc for DMA B:         
Qp = Item 6DMAB + [Item 6DMAA * (Item 1DMAB - Item 
5DMAA)/(Item 1DMAA - Item 5DMAA)* Item 7DMAB/1] + 
[Item 6DMAC * (Item 1DMAB - Item 5DMAC)/(Item 1DMAC - 
Item 5DMAC)* Item 7DMAB/3] 

10 Pre-developed Qp at Tc for DMA C:         
Qp = Item 6DMAC + [Item 6DMAA * (Item 1DMAC - Item 
5DMAA)/(Item 1DMAA - Item 5DMAA)* Item 7DMAC/1] + 
[Item 6DMAB * (Item 1DMAC - Item 5DMAB)/(Item 1DMAB 
- Item 5DMAB)* Item 7DMAC/2] 

10 Peak runoff from pre-developed condition confluence analysis (cfs):         Maximum of Item 8, 9, and 10 (including additional forms as needed) 

11  Post-developed Qp at Tc for DMA A: 
       Same as Item 8 for post-developed values 

12  Post-developed Qp at Tc for DMA B: 
      Same as Item 9 for post-developed values 

13 Post-developed Qp at Tc for DMA C: 
       Same as Item 10 for post-developed 
values 

14 Peak runoff from post-developed condition confluence analysis (cfs):         Maximum of Item 11, 12, and 13 (including additional forms as 

needed) 

15 Peak runoff reduction needed to meet HCOC Requirement (cfs):          Qp-HCOC = (Item 14 * 0.95) – Item 10 
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4.3 Project Conformance Analysis 
Complete the following forms for each project site DA to document that the proposed LID BMPs conform to the 
project DCV developed to meet performance criteria specified in the MS4 Permit (WQMP Template Section 
4.2). For the LID DCV, the forms are ordered according to hierarchy of BMP selection as required by the MS4 
Permit (see Section 5.3.1 in the TGD for WQMP). The forms compute the following for on-site LID BMP:  

 Site Design and Hydrologic Source Controls (Form 4.3-2) 

 Retention and Infiltration (Form 4.3-3)  

 Harvested and Use (Form 4.3-4) or  

 Biotreatment (Form 4.3-5).  

At the end of each form, additional fields facilitate the determination of the extent of mitigation provided by 
the specific BMP category, allowing for use of the next category of BMP in the hierarchy, if necessary. 

The first step in the analysis, using Section 5.3.2.1 of the TGD for WQMP, is to complete Forms 4.3-1 and 4.3-3) 
to determine if retention and infiltration BMPs are infeasible for the project. For each feasibility criterion in 
Form 4.3-1, if the answer is “Yes,” provide all study findings that includes relevant calculations, maps, data 
sources, etc. used to make the determination of infeasibility. 

Next, complete Forms 4.3-2 and 4.3-4 to determine the feasibility of applicable HSC and harvest and use BMPs, 
and, if their implementation is feasible, the extent of mitigation of the DCV. 

If no site constraints exist that would limit the type of BMP to be implemented in a DA, evaluate the use of 
combinations of LID BMPs, including all applicable HSC BMPs to maximize on-site retention of the DCV. If no 
combination of BMP can mitigate the entire DCV, implement the single BMP type, or combination of BMP 
types, that maximizes on-site retention of the DCV within the minimum effective area.  

If the combination of LID HSC, retention and infiltration, and harvest and use BMPs are unable to mitigate the 
entire DCV, then biotreatment BMPs may be implemented by the project proponent. If biotreatment BMPs are 
used, then they must be sized to provide sufficient capacity for effective treatment of the remainder of the 
volume-based performance criteria that cannot be achieved with LID BMPs (TGD for WQMP Section 5.4.4.2). 
Under no circumstances shall any portion of the DCV be released from the site without effective 
mitigation and/or treatment. 
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Form 4.3-1 Infiltration BMP Feasibility (DA 1) 
Feasibility Criterion – Complete evaluation for each DA on the Project Site 

1 Would infiltration BMP pose significant risk for groundwater related concerns?                                                           Yes    No  
Refer to Section 5.3.2.1 of the TGD for WQMP  

If Yes, Provide basis: (attach) 

2 Would installation of infiltration BMP significantly increase the risk of geotechnical hazards?                                   Yes  No  
(Yes, if the answer to any of the following questions is yes, as established by a geotechnical expert):  
• The location is less than 50 feet away from slopes steeper than 15 percent 
• The location is less than eight feet from building foundations or an alternative setback. 
• A study certified by a geotechnical professional or an available watershed study determines that stormwater infiltration 

would result in significantly increased risks of geotechnical hazards. 

If Yes, Provide basis: (attach) 

3 Would infiltration of runoff on a Project site violate downstream water rights?                                                             Yes  No  

If Yes, Provide basis: (attach) 

4 Is proposed infiltration facility located on hydrologic soil group (HSG) D soils or does the site geotechnical investigation indicate 
presence of soil characteristics, which support categorization as D soils?                                                                            Yes  No  

If Yes, Provide basis: (attach) 

5 Is the design infiltration rate, after accounting for safety factor of 2.0, below proposed facility less than 0.3 in/hr (accounting for 
soil amendments)?                                                                                                                                                                            Yes  No  

If Yes, Provide basis: (attach) 

6 Would on-site infiltration or reduction of runoff over pre-developed conditions be partially or fully inconsistent with watershed 
management strategies as defined in the WAP, or impair beneficial uses?                                                                           Yes  No  
See Section 3.5 of the TGD for WQMP and WAP 

If Yes, Provide basis: (attach) 

7 Any answer from Item 1 through Item 3 is “Yes”:                                                                                                                     Yes  No    
If yes, infiltration of any volume is not feasible onsite. Proceed to Form 4.3-4, Harvest and Use BMP. If no, then proceed to Item 8 
below. 
8 Any answer from Item 4 through Item 6 is “Yes”:                                                                                                                      Yes  No    
If yes, infiltration is permissible but is not required to be considered. Proceed to Form 4.3-2, Hydrologic Source Control BMP.  
If no, then proceed to Item 9, below. 

9 All answers to Item 1 through Item 6 are “No”:   
Infiltration of the full DCV is potentially feasible, LID infiltration BMP must be designed to infiltrate the full DCV to the MEP. 
Proceed to Form 4.3-2, Hydrologic Source Control BMP. 
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Form 4.3-1 Infiltration BMP Feasibility (DA 2) 
Feasibility Criterion – Complete evaluation for each DA on the Project Site 

1 Would infiltration BMP pose significant risk for groundwater related concerns?                                                           Yes    No  
Refer to Section 5.3.2.1 of the TGD for WQMP  

If Yes, Provide basis: (attach) 

2 Would installation of infiltration BMP significantly increase the risk of geotechnical hazards?                                   Yes  No  
(Yes, if the answer to any of the following questions is yes, as established by a geotechnical expert):  
• The location is less than 50 feet away from slopes steeper than 15 percent 
• The location is less than eight feet from building foundations or an alternative setback. 
• A study certified by a geotechnical professional or an available watershed study determines that stormwater infiltration 

would result in significantly increased risks of geotechnical hazards. 

If Yes, Provide basis: (attach) 

3 Would infiltration of runoff on a Project site violate downstream water rights?                                                             Yes  No  

If Yes, Provide basis: (attach) 

4 Is proposed infiltration facility located on hydrologic soil group (HSG) D soils or does the site geotechnical investigation indicate 
presence of soil characteristics, which support categorization as D soils?                                                                            Yes  No  

If Yes, Provide basis: (attach) 

5 Is the design infiltration rate, after accounting for safety factor of 2.0, below proposed facility less than 0.3 in/hr (accounting for 
soil amendments)?                                                                                                                                                                            Yes  No  

If Yes, Provide basis: (attach) 

6 Would on-site infiltration or reduction of runoff over pre-developed conditions be partially or fully inconsistent with watershed 
management strategies as defined in the WAP, or impair beneficial uses?                                                                           Yes  No  
See Section 3.5 of the TGD for WQMP and WAP 

If Yes, Provide basis: (attach) 

7 Any answer from Item 1 through Item 3 is “Yes”:                                                                                                                     Yes  No    
If yes, infiltration of any volume is not feasible onsite. Proceed to Form 4.3-4, Harvest and Use BMP. If no, then proceed to Item 8 
below. 
8 Any answer from Item 4 through Item 6 is “Yes”:                                                                                                                      Yes  No    
If yes, infiltration is permissible but is not required to be considered. Proceed to Form 4.3-2, Hydrologic Source Control BMP.  
If no, then proceed to Item 9, below. 

9 All answers to Item 1 through Item 6 are “No”:   
Infiltration of the full DCV is potentially feasible, LID infiltration BMP must be designed to infiltrate the full DCV to the MEP. 
Proceed to Form 4.3-2, Hydrologic Source Control BMP. 
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4.3.1 Site Design Hydrologic Source Control BMP 
Section XI.E. of the Permit emphasizes the use of LID preventative measures; and the use of LID HSC BMPs 
reduces the portion of the DCV that must be addressed in downstream BMPs. Therefore, all applicable HSC 
shall be provided except where they are mutually exclusive with each other, or with other BMPs. Mutual 
exclusivity may result from overlapping BMP footprints such that either would be potentially feasible by itself, 
but both could not be implemented. Please note that while there are no numeric standards regarding the use of 
HSC, if a project cannot feasibly meet BMP sizing requirements or cannot fully address HCOCs, feasibility of all 
applicable HSC must be part of demonstrating that the BMP system has been designed to retain the maximum 
feasible portion of the DCV. Complete Form 4.3-2 to identify and calculate estimated retention volume from 
implementing site design HSC BMP. Refer to Section 5.4.1 in the TGD for more detailed guidance. 

Form 4.3-2 Site Design Hydrologic Source Control BMP 
(DA 1 DMA D) 

1 Implementation of Impervious Area Dispersion BMP (i.e. 
routing runoff from impervious to pervious areas), excluding 
impervious areas planned for routing to on-lot infiltration 
BMP:  Yes    No    If yes, complete Items 2-5; If no, 
proceed to Item 6 

       DA 1 DMA D 
BMP Type: Self-

Retaining 

DA      DMA 
    

BMP Type 
      

DA      DMA     
BMP Type        

(Use additional forms 
for more BMPs) 

2 Total impervious area draining to pervious area (ft2) 1,547             

3 Ratio of pervious area receiving runoff to impervious area 1.70             

4 Retention volume achieved from impervious area 
dispersion (ft3)   V = Item2 * Item 3 * (0.73/12), assuming 
retention of 0.73 inches of runoff,  

160 ft3             

5 Sum of retention volume achieved from impervious area dispersion (ft3):  160      Vretention =Sum of Item 4 for all BMPs 

6 Implementation of Localized On-lot Infiltration BMPs (e.g. 
on-lot rain gardens):  Yes    No    If yes, complete Items 7-
13 for aggregate of all on-lot infiltration BMP in each DA; If no, 
proceed to Item 14 

DA      DMA     
BMP Type       

DA      DMA 
    

BMP Type       

DA      DMA     
BMP Type        

(Use additional forms 
for more BMPs) 

7 Ponding surface area (ft2)                   

8 Ponding depth (ft)                   

9 Surface area of amended soil/gravel (ft2)                   

10 Average depth of amended soil/gravel (ft)                   

11 Average porosity of amended soil/gravel                   

12 Retention volume achieved from on-lot infiltration (ft3) 
Vretention = (Item 7 *Item 8) + (Item 9 * Item 10 * Item 11) 
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13 Runoff volume retention from on-lot infiltration (ft3):             Vretention =Sum of Item 12 for all BMPs 

Form 4.3-2 cont. Site Design Hydrologic Source Control BMPs (DMA D) 

14 Implementation of evapotranspiration BMP (green, 

brown, or blue roofs):   Yes     No     
If yes, complete Items 15-20.  If no, proceed to Item 21 

DA      DMA     
BMP Type       

DA      DMA     
BMP Type       

DA      DMA     
BMP Type        

(Use additional forms 
for more BMPs) 

15 Rooftop area planned for ET BMP (ft2)   
                  

16 Average wet season ET demand (in/day)   
Use local values, typical ~ 0.1 

                  

17 Daily ET demand (ft3/day)   
Item 15 * (Item 16 / 12) 

                  

18 Drawdown time (hrs)   
Copy Item 6 in Form 4.2-1 

                  

19 Retention Volume (ft3)   
Vretention = Item 17 * (Item 18 / 24) 

                  

20 Runoff volume retention from evapotranspiration BMPs (ft3):               Vretention =Sum of Item 19 for all BMPs 

21 Implementation of Street Trees:   Yes       No     
If yes, complete Items 22-25.  If no, proceed to Item 26 

DA      DMA     
BMP Type       

DA      DMA     
BMP Type       

DA      DMA     
BMP Type        

(Use additional forms 
for more BMPs) 

22 Number of Street Trees                   

23 Average canopy cover over impervious area (ft2) 
                  

24 Runoff volume retention from street trees (ft3)  
Vretention = Item 22 * Item 23 * (0.05/12) assume runoff retention of 
0.05 inches 

                  

25 Runoff volume retention from street tree BMPs (ft3):              Vretention = Sum of Item 24 for all BMPs 

26 Implementation of residential rain barrel/cisterns: Yes    
No   If yes, complete Items 27-29; If no, proceed to Item 30 

DA      DMA     
BMP Type       

DA      DMA     
BMP Type       

DA      DMA     
BMP Type        

(Use additional forms 
for more BMPs) 

27 Number of rain barrels/cisterns                   

28 Runoff volume retention from rain barrels/cisterns  (ft3)  
Vretention = Item 27 * 3 

                  

29 Runoff volume retention from residential rain barrels/Cisterns  (ft3):              Vretention =Sum of Item 28 for all BMPs 
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4.3.2 Infiltration BMPs 
Use Form 4.3-3 to compute on-site retention of runoff from proposed retention and infiltration BMPs. Volume 
retention estimates are sensitive to the percolation rate used, which determines the amount of runoff that can 
be infiltrated within the specified drawdown time. The infiltration safety factor reduces field measured 
percolation to account for potential inaccuracy associated with field measurements, declining BMP 
performance over time, and compaction during construction. Appendix D of the TGD for WQMP provides 
guidance on estimating an appropriate safety factor to use in Form 4.3-3.  

If site constraints limit the use of BMPs to a single type and implementation of retention and infiltration BMPs 
mitigate no more than 40% of the DCV, then they are considered infeasible and the Project Proponent may 
evaluate the effectiveness of BMPs lower in the LID hierarchy of use (Section 5.5.1 of the TGD for WQMP) 

If implementation of infiltrations BMPs is feasible as determined using Form 4.3-1, then LID infiltration BMPs 
shall be implemented to the MEP (section 4.1 of the TGD for WQMP).  

 

30 Total Retention Volume from Site Design Hydrologic Source Control BMPs:  160  Sum of Items 5, 13, 20, 25 and 29 
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Form 4.3-3  Infiltration LID BMP - including underground BMPs (DA 1) 
1 Remaining LID DCV not met by site design HSC BMP (ft3):     Vunmet = Form 4.2-1 Item 7 - Form 4.3-2 Item 30 

BMP Type  Use columns to the right to compute runoff volume 
retention from proposed infiltration BMP (select BMP from Table 
5-4 in TGD for WQMP) -  Use additional forms for more BMPs 

DA 1 DMA A 
BMP Type: 

ChamberMaxx 
Infiltration 

Chamber System 

DA 1 DMA B 
BMP Type: 
Infiltration 

Trench 

 

2 Infiltration rate of underlying soils (in/hr) See Section 5.4.2 and 
Appendix D of the TGD for WQMP for minimum requirements for 
assessment methods 

1.6 1.6  

3 Infiltration safety factor See TGD Section 5.4.2 and Appendix D 2 2  

4 Design percolation rate (in/hr)  Pdesign = Item 2 / Item 3 0.8 0.8  

5 Ponded water drawdown time (hr) Copy Item 6 in Form 4.2-1 48 48  

6 Maximum ponding depth (ft)  BMP specific, see Table 5-4 of the 
TGD for WQMP for BMP design details 

N/A 1.6  

7 Ponding Depth (ft)  dBMP = Minimum of (1/12*Item 4*Item 5) or 
Item 6 

N/A 1.6  

8 Infiltrating surface area, SABMP (ft2) the lesser of the area needed 
for infiltration of full DCV or minimum space requirements from 
Table 5.7 of the TGD for WQMP 

1,470 1,366  

9 Amended soil depth, dmedia (ft)  Only included in certain BMP 
types, see  Table 5-4 in the TGD for WQMP for reference to BMP 
design details 

N/A N/A  

10 Amended soil porosity N/A N/A  

11 Gravel depth, dmedia (ft) Only included in certain BMP types,  see 
Table 5-4 of the TGD for WQMP for BMP design details 

See Specs. 4 Feet  

12 Gravel porosity See Specs. 0.4  

13 Duration of storm as basin is filling (hrs)  Typical ~ 3hrs 3 3  

14 Above Ground Retention Volume (ft3)  Vretention = Item 8 * [Item7 
+ (Item 9 * Item 10) + (Item 11 * Item 12) + (Item 13 * (Item 4 / 
12))] 

 2,186  

15 Underground Retention Volume (ft3)  Volume determined using 
manufacturer’s specifications and calculations 

10,059   

16 Total Retention Volume from LID Infiltration BMPs:  12,245   (Sum of Items 14 and 15 for all infiltration BMP included in plan) 

17  Fraction of DCV achieved with infiltration BMP: 254%   Retention% = Item 16 / Form 4.2-1 Item 7 

18 Is full LID DCV retained onsite with combination of hydrologic source control and LID retention/infiltration BMPs? Yes   No   
 If yes, demonstrate conformance using Form 4.3-10; If no, then reduce Item 3, Factor of Safety to 2.0 and increase Item 8, 
Infiltrating Surface Area, such that the portion of the site area used for retention and infiltration BMPs equals or exceeds the 
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4.3.3 Harvest and Use BMP 
Harvest and use BMP may be considered if the full LID DCV cannot be met by maximizing infiltration BMPs. 
Use Form 4.3-4 to compute on-site retention of runoff from proposed harvest and use BMPs.  

Volume retention estimates for harvest and use BMPs are sensitive to the on-site demand for captured 
stormwater. Since irrigation water demand is low in the wet season, when most rainfall events occur in San 
Bernardino County, the volume of water that can be used within a specified drawdown period is relatively low. 
The bottom portion of Form 4.3-4 facilitates the necessary computations to show infeasibility if a minimum 
incremental benefit of 40 percent of the LID DCV would not be achievable with MEP implementation of on-site 
harvest and use of stormwater (Section 5.5.4 of the TGD for WQMP). 

minimum effective area thresholds (Table 5-7 of the TGD for WQMP) for the applicable category of development and repeat all 
above calculations. 

Form 4.3-4  Harvest and Use BMPs 
1 Remaining LID DCV not met by site design HSC or infiltration BMP (ft3):   
Vunmet = Form 4.2-1 Item 7 - Form 4.3-2 Item 30 – Form 4.3-3 Item 16 

BMP Type(s)  Compute runoff volume retention from proposed 
harvest and use BMP (Select BMPs from Table 5-4 of the TGD for 
WQMP) -  Use additional forms for more BMPs 

DA      DMA     
BMP Type       

DA      DMA     
BMP Type       

DA      DMA     
BMP Type         

(Use additional forms 
for more BMPs) 

2 Describe cistern or runoff detention facility 
                  

3 Storage volume for proposed detention type (ft3) Volume of 

cistern 
                  

4 Landscaped area planned for use of harvested stormwater 
(ft2)  

                  

5 Average wet season daily irrigation demand (in/day)  
Use local values, typical ~ 0.1 in/day 

                  

6 Daily water demand (ft3/day) Item 4 * (Item 5 / 12) 
                  

7 Drawdown time (hrs)  Copy Item 6 from Form 4.2-1 
                  

8Retention Volume (ft3) 
Vretention = Minimum of (Item 3) or (Item 6 * (Item 7 / 24))  

                  

9 Total Retention Volume (ft3) from Harvest and Use BMP      Sum of Item 8 for all harvest and use BMP included in plan 

10 Is the full DCV retained with a combination of LID HSC, retention and infiltration, and harvest & use BMPs? Yes  No    
If yes, demonstrate conformance using Form 4.3-10.  If no, then re-evaluate combinations of all LID BMP and optimize their implementation 
such that the maximum portion of the DCV is retained on-site (using a single BMP type or combination of BMP types). If the full DCV cannot 
be mitigated after this optimization process, proceed to Section 4.3.4. 
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4.3.4 Biotreatment BMP 
Biotreatment BMPs may be considered if the full LID DCV cannot be met by maximizing retention and 
infiltration, and harvest and use BMPs. A key consideration when using biotreatment BMP is the effectiveness 
of the proposed BMP in addressing the pollutants of concern for the project (see Table 5-5 of the TGD for 
WQMP). 

Use Form 4.3-5 to summarize the potential for volume based and/or flow based biotreatment options to 
biotreat the remaining unmet LID DCV w. Biotreatment computations are included as follows: 

• Use Form 4.3-6 to compute biotreatment in small volume based biotreatment BMP (e.g. bioretention w/underdrains);  

• Use Form 4.3-7 to compute biotreatment in large volume based biotreatment BMP (e.g. constructed wetlands); 

• Use Form 4.3-8 to compute sizing criteria for flow-based biotreatment BMP (e.g. bioswales) 

  

Form 4.3-5 Selection and Evaluation of Biotreatment BMP 
1 Remaining LID DCV not met by site design HSC, 
infiltration, or harvest and use BMP for potential 
biotreatment (ft3):  2,513    Form 4.2-1 Item 7 - Form 4.3-2 
Item 30 – Form 4.3-3 Item 16- Form 4.3-4 Item 9 

List pollutants of concern   Copy from Form 2.3-1. 
Pathogens, Nutrients, Sediment, Metals, Oil and Grease, Trash, 
Pesticides, Organic Compounds 
 

2 Biotreatment BMP Selected  
(Select biotreatment BMP(s) 
necessary to ensure all pollutants of 
concern are addressed through Unit 
Operations and Processes, described 
in Table 5-5 of the TGD for WQMP) 

Volume-based biotreatment  
Use Forms 4.3-6 and 4.3-7 to compute treated volume 

Flow-based biotreatment   
Use Form 4.3-8 to compute treated volume 

 Bioretention with underdrain 
 Planter box with underdrain 
 Constructed wetlands 
Wet extended detention 
 Dry extended detention 

 Vegetated swale 
Vegetated filter strip 
 Proprietary biotreatment 

3 Volume biotreated in volume based 
biotreatment BMP (ft3):  0 Form 4.3-6 
Item 15 + Form 4.3-7 Item 13 

4 Compute remaining LID DCV with 
implementation of volume based biotreatment 
BMP (ft3):  2,513   Item 1 – Item 3 

5 Remaining fraction of LID DCV for 
sizing flow based biotreatment BMP: 
100%  Item 4  / Item 1 

6 Flow-based biotreatment BMP capacity provided (cfs):  0.1111  Use Figure 5-2 of the TGD for WQMP to determine flow capacity required 

to provide biotreatment of remaining percentage of unmet LID DCV (Item 5), for the project’s precipitation zone (Form 3-1 Item 1) 

7 Metrics for MEP determination:  
• Provided a WQMP with the portion of site area used for suite of LID BMP equal to minimum thresholds in Table 5-7 of the 

TGD for WQMP for the proposed category of development:    If maximized on-site retention BMPs is feasible for partial capture, 
then LID BMP implementation must be optimized to retain and infiltrate the maximum portion of the DCV possible within the prescribed 
minimum effective area. The remaining portion of the DCV shall then be mitigated using biotreatment BMP.  
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Form 4.3-6 Volume Based Biotreatment –  
Bioretention and Planter Boxes with Underdrains 

Biotreatment BMP Type  
(Bioretention w/underdrain, planter box w/underdrain, other 
comparable BMP) 

DA      DMA     
BMP Type       

DA      DMA     
BMP Type       

DA      DMA     
BMP Type         

(Use additional forms 
for more BMPs) 

1 Pollutants addressed with BMP    List all pollutant of concern that 

will be effectively reduced through specific Unit Operations and 
Processes described in Table 5-5 of the TGD for WQMP  

                  

2 Amended soil infiltration rate Typical ~ 5.0                   

3 Amended soil infiltration safety factor Typical ~ 2.0                   

4 Amended soil design percolation rate (in/hr) Pdesign = Item 2 / 

Item 3 

                  

5 Ponded water drawdown time (hr) Copy Item 6 from Form 4.2-1 
                  

6 Maximum ponding depth (ft)  see Table 5-6 of the TGD for WQMP 

for reference to BMP design details 

                  

7 Ponding Depth (ft)  dBMP = Minimum of (1/12 * Item 4 * Item 5) or 

Item 6 
                  

8 Amended soil surface area (ft2)                   

9 Amended soil depth (ft)  see Table 5-6 of the TGD for WQMP for 

reference to BMP design details 

                  

10 Amended soil porosity, n                   

11 Gravel depth (ft)  see Table 5-6 of the TGD for WQMP for reference 

to BMP design details 

                  

12 Gravel porosity, n                   

13  Duration of storm as basin is filling (hrs)  Typical ~ 3hrs                   

14 Biotreated Volume (ft3)     Vbiotreated = Item 8 * [(Item 7/2) + (Item 9 

* Item 10) +(Item 11 * Item 12) + (Item 13 * (Item 4 / 12))] 

                  

15 Total biotreated  volume from bioretention and/or planter box  with underdrains BMP:          
Sum of Item 14 for all volume-based BMPs included in this form 
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Form 4.3-7 Volume Based Biotreatment  –  
Constructed Wetlands and Extended Detention 

Biotreatment BMP Type  
Constructed wetlands, extended wet detention, extended dry detention, 
or other comparable proprietary BMP. If BMP includes multiple modules  
(e.g. forebay and main basin), provide separate estimates for storage 
and pollutants treated in each module. 

DA      DMA     
BMP Type       

DA      DMA     
BMP Type       

(Use additional forms 
 for more BMPs) 

Forebay Basin Forebay Basin 

1 Pollutants addressed with BMP forebay and basin 
List all pollutant of concern that will be effectively reduced through 
specific Unit Operations and Processes described in Table 5-5 of the TGD 
for WQMP 

                        

2 Bottom width (ft) 
                        

3 Bottom length (ft) 
                        

4 Bottom area (ft2) Abottom = Item 2 * Item 3 
                        

5 Side slope (ft/ft)   
                        

6 Depth of storage (ft)  
                        

7 Water surface area (ft2)  
Asurface =(Item 2 + (2 * Item 5 * Item 6)) * (Item 3 + (2 * Item 5 * Item 6)) 

                        

8 Storage volume (ft3) For BMP with a forebay, ensure fraction of 

total storage is within ranges specified in BMP specific fact sheets, see 
Table 5-6 of the TGD for WQMP for reference to BMP design details 
V =Item 6 / 3 * [Item 4 + Item 7 + (Item 4 * Item 7)^0.5]  

                        

9 Drawdown Time (hrs)  Copy Item 6 from Form 2.1 
            

10 Outflow rate (cfs) QBMP = (Item 8forebay + Item 8basin) / (Item 9 * 3600) 
            

11 Duration of design storm event (hrs) 
            

12 Biotreated Volume (ft3)  
Vbiotreated = (Item 8forebay + Item 8basin) +( Item 10 * Item 11 * 3600) 

            

13 Total biotreated volume from constructed wetlands, extended dry detention, or extended wet detention :          
 (Sum of Item 12 for all BMP included in plan) 
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Form 4.3-8 Flow Based Biotreatment (DA 2 DMA C) 

Biotreatment BMP Type 
Vegetated swale, vegetated filter strip, or other comparable proprietary 
BMP 

DA 2  DMA C 
BMP Type Filterra 

DA      DMA     
BMP Type       

DA      DMA     
BMP Type         

(Use additional forms 
for more BMPs) 

1 Pollutants addressed with BMP 
List all pollutant of concern that will be effectively reduced through 
specific Unit Operations and Processes described in TGD Table 5-5 

Suspended solids, 
Phosphorus, 

Nitrogen, Copper, 
Zinc, Petroleum 
Hydrocarbons 

 

            

2 Flow depth for water quality treatment (ft)  
BMP specific, see Table 5-6 of the TGD for WQMP for reference to BMP 
design details 

2.5              

3 Bed slope (ft/ft)  
BMP specific, see Table 5-6 of the TGD for WQMP for reference to BMP 
design details 

0             

4 Manning's roughness coefficient 
N/A             

5 Bottom width (ft)  
bw = (Form 4.3-5 Item 6 * Item 4) / (1.49 * Item 2^1.67 * Item 3^0.5) 

6             

6 Side Slope (ft/ft)  
BMP specific, see Table 5-6 of the TGD for WQMP for reference to BMP 
design details 

N/A             

7 Cross sectional area (ft2)  
A = (Item 5 * Item 2) + (Item 6 * Item 2^2) 

15              

8 Water quality flow velocity (ft/sec) 
V =  Form 4.3-5 Item 6 / Item 7 

N/A             

9 Hydraulic residence time (min)  
Pollutant specific, see Table 5-6 of the TGD for WQMP for reference to 
BMP design details 

See Manufacture 
Specs             

10 Length of flow based BMP (ft) 
L = Item 8 * Item 9 * 60 

8             

11 Water surface area at water quality flow depth (ft2)  
SAtop = (Item 5 + (2 * Item 2 * Item 6)) * Item 10 

48 Ft             
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4.3.5 Conformance Summary 
Complete Form 4.3-9 to demonstrate how on-site LID DCV is met with proposed site design hydrologic source 
control, infiltration, harvest and use, and/or biotreatment BMP. The bottom line of the form is used to describe 
the basis for infeasibility determination for on-site LID BMP to achieve full LID DCV, and provides methods for 
computing remaining volume to be addressed in an alternative compliance plan. If the project has more than 
one outlet, then complete additional versions of this form for each outlet.   

  

  

Form 4.3-9 Conformance Summary and Alternative  
Compliance Volume Estimate (DA 1) 

1 Total LID DCV for the Project DA-1 (ft3): 4,825   Copy Item 7 in Form 4.2-1 

2 On-site retention with site design hydrologic source control LID BMP (ft3): 0   Copy Item 30 in Form 4.3-2 

3 On-site retention with LID infiltration BMP (ft3): 12,245    Copy Item 16 in Form 4.3-3 

4 On-site retention with LID harvest and use BMP (ft3):  N/A       Copy Item 9 in Form 4.3-4 

5 On-site biotreatment with volume based biotreatment BMP (ft3):  N/A        Copy Item 3 in Form 4.3-5 

6 Flow capacity provided by flow based biotreatment BMP (cfs):  N/A       Copy Item 6 in Form 4.3-5 

7 LID BMP performance criteria are achieved if answer to any of the following is “Yes”: 

• Full retention of LID DCV with site design HSC, infiltration, or harvest and use BMP:   Yes   No   
If yes, sum of Items 2, 3, and 4 is greater than Item 1 

• Combination of on-site retention BMPs for a portion of the LID DCV and volume-based biotreatment BMP that 
address all pollutants of concern for the remaining LID DCV:  Yes  No  
If yes, a) sum of Items 2, 3, 4, and 5 is greater than Item 1, and Items 2, 3 and 4 are maximized; or b) Item 6 is greater than Form 
4.3--5 Item 6 and Items 2, 3 and 4 are maximized 

 On-site retention and infiltration is determined to be infeasible and biotreatment BMP provide biotreatment for all 
pollutants of concern for full LID DCV:  Yes   No   
If yes, Form 4.3-1 Items 7 and 8 were both checked yes 

8 If the LID DCV is not achieved by any of these means, then the project may be allowed to develop an alternative 
compliance plan. Check box that describes the scenario which caused the need for alternative compliance: 

• Combination of HSC, retention and infiltration, harvest and use, and biotreatment BMPs provide less than full LID DCV 
capture:    
Checked yes for Form 4.3-5 Item 7, Item 6 is zero, and sum of Items 2, 3, 4, and 5 is less than Item 1. If so, apply water quality credits 
and calculate volume for alternative compliance,  Valt = (Item 1 – Item 2 – Item 3 – Item 4 – Item 5) * (100 - Form 2.4-1 Item 2)% 

• An approved Watershed Action Plan (WAP) demonstrates that water quality and hydrologic impacts of urbanization 
are more effective when managed in at an off-site facility:    
Attach appropriate WAP section, including technical documentation, showing effectiveness comparisons for the project site and 
regional watershed 
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Form 4.3-9 Conformance Summary and Alternative  
Compliance Volume Estimate (DA-2) 

1 Total LID DCV for the Project DA-2 (ft3): 2,643 Copy Item 7 in Form 4.2-1 

2 On-site retention with site design hydrologic source control LID BMP (ft3):  160      Copy Item 30 in Form 4.3-2 

3 On-site retention with LID infiltration BMP (ft3): N/A      Copy Item 16 in Form 4.3-3 

4 On-site retention with LID harvest and use BMP (ft3):  N/A       Copy Item 9 in Form 4.3-4 

5 On-site biotreatment with volume based biotreatment BMP (ft3):  N/A        Copy Item 3 in Form 4.3-5 

6 Flow capacity provided by flow based biotreatment BMP (cfs):  0.1111      Copy Item 6 in Form 4.3-5 

7 LID BMP performance criteria are achieved if answer to any of the following is “Yes”: 

• Full retention of LID DCV with site design HSC, infiltration, or harvest and use BMP:   Yes   No   
If yes, sum of Items 2, 3, and 4 is greater than Item 1 

• Combination of on-site retention BMPs for a portion of the LID DCV and volume-based biotreatment BMP that 
address all pollutants of concern for the remaining LID DCV:  Yes  No  
If yes, a) sum of Items 2, 3, 4, and 5 is greater than Item 1, and Items 2, 3 and 4 are maximized; or b) Item 6 is greater than Form 
4.3--5 Item 6 and Items 2, 3 and 4 are maximized 

 On-site retention and infiltration is determined to be infeasible and biotreatment BMP provide biotreatment for all 
pollutants of concern for full LID DCV:  Yes   No   
If yes, Form 4.3-1 Items 7 and 8 were both checked yes 

8 If the LID DCV is not achieved by any of these means, then the project may be allowed to develop an alternative 
compliance plan. Check box that describes the scenario which caused the need for alternative compliance: 

• Combination of HSC, retention and infiltration, harvest and use, and biotreatment BMPs provide less than full LID DCV 
capture:    
Checked yes for Form 4.3-5 Item 7, Item 6 is zero, and sum of Items 2, 3, 4, and 5 is less than Item 1. If so, apply water quality credits 
and calculate volume for alternative compliance,  Valt = (Item 1 – Item 2 – Item 3 – Item 4 – Item 5) * (100 - Form 2.4-1 Item 2)% 

• An approved Watershed Action Plan (WAP) demonstrates that water quality and hydrologic impacts of urbanization 
are more effective when managed in at an off-site facility:    
Attach appropriate WAP section, including technical documentation, showing effectiveness comparisons for the project site and 
regional watershed 
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4.3.6 Hydromodification Control BMP 
Use Form 4.3-10 to compute the remaining runoff volume retention, after LID BMP are implemented, needed to 
address HCOC, and the increase in time of concentration and decrease in peak runoff necessary to meet targets 
for protection of waterbodies with a potential HCOC. Describe hydromodification control BMP that address 
HCOC, which may include off-site BMP and/or in-stream controls. Section 5.6 of the TGD for WQMP provides 
additional details on selection and evaluation of hydromodification control BMP. 

 
 

  

Form 4.3-10 Hydromodification Control BMPs  
1 Volume reduction needed for HCOC 
performance criteria (ft3):            
(Form 4.2-2 Item 4 * 0.95) – Form 4.2-2 Item 1 

2 On-site retention with site design hydrologic source control, infiltration, and 
harvest and use LID BMP (ft3):         Sum of Form 4.3-9 Items 2, 3, and 4 Evaluate 
option to increase implementation of on-site retention in Forms 4.3-2, 4.3-3, and 4.3-4 in 
excess of LID DCV toward achieving HCOC volume reduction 

3 Remaining volume for HCOC 
volume capture (ft3):        Item 1 – 
Item 2 

4 Volume capture provided by incorporating additional on-site or off-site retention BMPs 
(ft3):         Existing downstream BMP may be used to demonstrate additional volume capture (if 
so, attach to this WQMP a hydrologic analysis showing how the additional volume would be retained 
during a 2-yr storm event for the regional watershed) 

5 If Item 4 is less than Item 3, incorporate in-stream controls on downstream waterbody segment to prevent impacts due to 
hydromodification    Attach in-stream control BMP selection and evaluation to this WQMP 

6 Is Form 4.2-2 Item 11 less than or equal to 5%:   Yes   No  
If yes, HCOC performance criteria is achieved. If no, select one or more mitigation options below: 

• Demonstrate increase in time of concentration achieved by proposed LID site design, LID BMP, and additional on-site 
or off-site retention BMP   
BMP upstream of a waterbody segment with a potential HCOC may be used to demonstrate increased time of concentration through 
hydrograph attenuation (if so, show that the hydraulic residence time provided in BMP for a 2-year storm event is equal or greater 
than the addition time of concentration requirement in Form 4.2-4 Item 15) 

• Increase time of concentration by preserving pre-developed flow path and/or increase travel time by reducing slope 
and increasing cross-sectional area and roughness for proposed on-site conveyance facilities  

• Incorporate appropriate in-stream controls for downstream waterbody segment to prevent impacts due to 
hydromodification, in a plan approved and signed by a licensed engineer in the State of California   

7 Form 4.2-2 Item 12 less than or equal to 5%:   Yes   No  
If yes, HCOC performance criteria is achieved. If no, select one or more mitigation options below: 

• Demonstrate reduction in peak runoff achieved by proposed LID site design, LID BMPs, and additional on-site or off-
site retention BMPs   
BMPs upstream of a waterbody segment with a potential HCOC may be used to demonstrate additional peak runoff reduction 
through hydrograph attenuation (if so, attach to this WQMP, a hydrograph analysis showing how the peak runoff would be reduced 
during a 2-yr storm event) 

• Incorporate appropriate in-stream controls for downstream waterbody segment to prevent impacts due to 
hydromodification, in a plan approved and signed by a licensed engineer in the State of California   
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4.4 Alternative Compliance Plan (if applicable) 
Describe an alternative compliance plan (if applicable) for projects not fully able to infiltrate, harvest and use, 
or biotreat the DCV via on-site LID practices. A project proponent must develop an alternative compliance plan 
to address the remainder of the LID DCV. Depending on project type some projects may qualify for water 
quality credits that can be applied to reduce the DCV that must be treated prior to development of an 
alternative compliance plan (see Form 2.4-1, Water Quality Credits). Form 4.3-9 Item 8 includes instructions on 
how to apply water quality credits when computing the DCV that must be met through alternative compliance. 
Alternative compliance plans may include one or more of the following elements: 

• On-site structural treatment control BMP - All treatment control BMP should be located as close to 
possible to the pollutant sources and should not be located within receiving waters; 

• Off-site structural treatment control BMP - Pollutant removal should occur prior to discharge of runoff to 
receiving waters; 

• Urban runoff fund or In-lieu program, if available 

Depending upon the proposed alternative compliance plan, approval by the executive officer may or may not be 
required (see Section 6 of the TGD for WQMP).
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Section 5 Inspection and Maintenance Responsibility  
for Post Construction BMP 

 

All BMP included as part of the project WQMP are required to be maintained through regular scheduled 
inspection and maintenance (refer to Section 8, Post Construction BMP Requirements, in the TGD for WQMP). 
Fully complete Form 5-1 summarizing all BMP included in the WQMP. Attach additional forms as needed. The 
WQMP shall also include a detailed Operation and Maintenance Plan for all BMP and may require a 
Maintenance Agreement (consult the jurisdiction’s LIP). If a Maintenance Agreement is required, it must also 
be attached to the WQMP.  

Form 5-1 BMP Inspection and Maintenance 
(use additional forms as necessary) 

BMP Reponsible Party(s) 
Inspection/ Maintenance 

Activities Required 
Minimum Frequency 

of Activities 
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Section 6 WQMP Attachments 
 
6.1. Site Plan and Drainage Plan  
Include a site plan and drainage plan sheet set containing the following minimum information: 

6.2 Electronic Data Submittal 
Minimum requirements include submittal of PDF exhibits in addition to hard copies. Format must not require 
specialized software to open. If the local jurisdiction requires specialized electronic document formats (as 
described in their local Local Implementation Plan), this section will describe the contents (e.g., layering, 
nomenclature, geo-referencing, etc.) of these documents so that they may be interpreted efficiently and 
accurately. 

6.3 Post Construction  
Attach all O&M Plans and Maintenance Agreements for BMP to the WQMP. 

6.4 Other Supporting Documentation 
 BMP Educational Materials 
 Activity Restriction – C, C&R’s & Lease Agreements 

 

 Project location 

 Site boundary 

 Land uses and land covers, as applicable 

 Suitability/feasibility constraints 

 Structural Source Control BMP locations 

 Site Design Hydrologic Source Control BMP locations 

 LID BMP details 

 Drainage delineations and flow information 

 Drainage connections 
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County of San Bernardino Stormwater Program

Santa Ana River Watershed Geodatabase

Monday, January 31, 2022

Note: The information provided in this report and on the Stormwater Geodatabase for the County of San Bernardino Stormwater Program is intended to provide basic guidance in 
the preparation of the applicant’s Water Quality Management Plan (WQMP) and should not be relied upon without independent verification.

Project Site Parcel Number(s): 026002138, 026002139, 026002141
Project Site Acreage: 6.956
HCOC Exempt Area: Yes. Verify that the project is completely with the HCOC exemption area.
Closest Receiving Waters:
(Applicant to verify based on local drainage facilities and topography.)

System Number - 120
Facility Name - Rialto Channel
Owner - SBCFCD

Closest channel segment’s susceptibility to Hydromodification: EHM
Highest downstream hydromodification susceptibility: High
Is this drainage segment subject to TMDLs? No
Are there downstream drainage segments subject to TMDLs? No
Is this drainage segment a 303d listed stream? No
Are there 303d listed streams downstream? Yes
Are there unlined downstream waterbodies? No
Project Site Onsite Soil Group(s): A
Environmentally Sensitive Areas within 200': DELHI SANDS
Groundwater Depth (FT): -170
Parcels with potential septic tanks within 1000': No
Known Groundwater Contamination Plumes within 1000': Yes
Studies and Reports Related to Project Site: Cactus Basin

CSDP 3-3 Rialto Channel Drainage Area Volume I
CSDP 3-3 Rialto Channel Drainage Area Volume II
CSDP 3-3 Rialto Channel Drainage Area Volume III
CSDP 3-3 Rialto Channel Drainage Area Volume I
CSDP 3-3 Rialto Channel Drainage Area Volume IV
CSDP 3-3 Rialto Channel Drainage Area Volume V
CSDP 3 CALC SHEET FOR HYDRO
CSDP 3-3 Rialto Channel Drain Area Draft
Rialto MPD Vol1
Rialto MPD Vol II
RS-Rialto Map Book-FINAL Layout2
SBVMWD High Groundwater / Pressure Zone Area

Page 1 of 1San Bernardino - WAP Report

1/31/2022http://permitrack.sbcounty.gov/wap_report/report.asp?septic=No&SECAREA=DELHI SA...
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ChamberMaxx Project Details 

Description  

 The ChamberMaxx corrugated, open-bottom plastic infiltration chamber system allows you to 
meet stormwater runoff reduction requirements and maximize available land space by 
providing economic infiltration below grade. ChamberMaxx maximizes storage volume in a 
small footprint, and its low-profile shape is ideal for sites with shallow footprints. 
 
Project Information  

 

Project Name 2020 - ChamberMaxx Detention 
Location Rialto, CA 
Date September 01 2022 

Design Parameters 

Pretreatment Method Hydrodynamic 
Separator 

Storage Volume 10040ft³ 

Limiting Length 90ft 

Limiting Width 60ft 

Invert Depth 6ft 

Number of Headers 1 

Header Diameter 12in 

Spacing Between Chambers 5.6in 

Porous Stone  
Width at Sides 12in 

Porous Stone  
Width at Ends 12in 

Porous Stone  
Width at Above 12in 

Porous Stone  
Width at Below 12in 

Porosity 40% 

Include Porous Storage 
Between Chambers Yes 

 

Chamber Information 
Start Units 10 
Middle Units 83 
End Units 10 
Required Chambers 103 
Manifold Tees 9 
Manifold Elbows 1 
Number of Rows 10 
Chambers per Row 11 
Storage Calculations 
Chamber Storage 4881.6ft³ 
Header Storage 193.2ft³ 
Porous Stone Storage 5119.63ft³ 
Total Storage Provided 10059.32ft³ 
Percentage of  
Storage Provided 100.19% 

System Dimensions and Other Mat’l 
Rectangular Footprint 84.78x49.03ft 
Total Excavation 1077.69y³ 
Stone Backfill 474.04y³ 
Remaining Backfill  
to Pavement 381.04y³ 

Woven Geotextile Qty 0y² 
Non-Woven Geotextile 
Qty 461.87y² 

Scour Protection Fitting 49.03x7.5ft 
Approximate Truckloads 1 
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Detention System Design Tools 

Design Your Own Detention System (DYODS®)

Contech’s DYODS is an exclusive, online design tool that allows you to design your 

own detention or infiltration system. DYODS fully automates the layout process for 

stormwater detention and infiltration systems and produces CAD and PDF files that 

can be used for creating plans and specs, and for estimating total installed costs.

Features of the new tool include:

•	 Optimizes design and layout for cost efficiency

•	 “Drag and drop” feature allow users to customize layout

•	 Design multiple systems per project and save for future use

•	 Provides instant access to customized, project specific drawings

•	 CAD/PDF files provided for use in creating plans and specs 

The DYODS tool is available at www.conteches.com/DYO.

Online Product Design Worksheet (PDW)

Our in-house team of engineers can support you through the entire permitting 

process. Just enter your information into the online form, and one of our in-house engineers will contact 

you with specific recommendations for your project.

 

The Detention Product Design Worksheet 
is available at www.conteches.com/detentionpdw 

Engineering Services & Support

Contech has regional engineering offices and local stormwater consultants  

trained to provide the following services:   

•	 Regulatory guidance and permitting assistance

•	 Preliminary standard details and/or site specific final drawings and 

specifications

•	 Low Impact Development design assistance

•	 Engineering calculations for hydraulics/hydrology, buoyancy,  

and stage-storage 

•	 Review of preliminary site design, feasibility screening, and layout 

assistance

•	 Value Engineering - cost estimates and options analysis

•	 Pre-construction support, project scheduling, and contractor 

coordination

•	 Installation and construction support

•	 Maintenance support, including: guidance manuals, training/demonstrations, and certified contractor 

identification
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ChamberMaxx Overview
The ChamberMaxx corrugated, open-bottom chamber system 
allows you to meet runoff reduction requirements by providing 
economic infiltration. Design your low impact development (LID) 
site by incorporating this belowgrade system to maximize available 
land for development or green space. ChamberMaxx is most 
effective on sites where the depth from finished grade to storm 
sewer outlet is less than 54-inches (1.37-meters).

The ChamberMaxx polypropylene stormwater detention/infiltration 
chamber has undergone extensive development and structural 
qualification investigation meeting the performance requirements 
of the ASTM F2418 Standard Specification for Polypropylene 
Corrugated Wall Stormwater Collection Chambers. The following 
is a summary of the design qualification. 

The ChamberMaxx chamber is produced by an injection 
molding process with a high quality UV stabilized co-polymer 
polypropylene which meets the ASTM F2418 material classification 
requirement as PP0330B99945 per ASTM D4101. An extensive 
test program demonstrates that the ChamberMaxx chambers 
exceed the minimum material performance requirements set 
forth by the product specification for short term and both 50 
and 75 year strength, stiffness, and toughness, including material 
environmental stress crack resistance (ESCR) which exceeds 
industry requirements.

 The ChamberMaxx structural qualification to ASTM F2418 includes 
a CANDE FEA predicted installed structural performance which 
safely meets the AASHTO LRFD Section 12 Design Specification for 
Buried Structures. As required, performance verification through 
full scale installation and monitoring was conducted in successful 
support of the safety of the chamber design and installation. 

The ChamberMaxx chamber installation was evaluated for safety 
with AASHTO load factors for the vehicle and earth fill condition 
of 1.75 and 1.95 respectively. The general installation capabilities 
in accordance with AASHTO are: 

•	Live Load AASHTO Design Truck HS25 (HL93)

•	Minimum Cover (HS25): 18 in. 

•	Maximum Cover, 75 years: 8 ft.

Chamber Manufacturing 
The ChamberMaxx chamber and virtually all of its materials of 
construction are manufactured at ISO 9001 certified US facilities. 
The chambers are produced with state of the art structural web 
injection molding equipment resulting in a reliable, high quality 
product. Weighing approximately 80 pounds, the chamber has a 
minimum average wall thickness of .175 inches (4.45 mm) and 
measures approximately 51 x 30 x 91 inches (1.30 x .76 x 2.31 
meters)  in overall dimension. 

A ChamberMaxx system is comprised of start chambers, middle 
chambers, and end chambers.  The end cap of the chamber is 
integrated into the start and end chambers, thereby making 
chamber installation fast and efficient.

Application-System Configurations
The open-bottom plastic chamber allows infiltration into 
surrounding soil, effectively achieving runoff reduction objectives 
often required by an LID design. By utilizing subsurface infiltration, 
space is preserved for development, runoff is reduced or eliminated 
and groundwater recharge can occur. The ChamberMaxx is ideal 
when you need to maximize storage capacity in a shallow footprint.

Subsurface Infiltration
An open bottom plastic chamber the ChamberMaxx allows 
infiltration into surrounding soils, effectively achieving runoff 
reduction objectives often required by in an LID (low impact 
development) design.

Best practice designs for subsurface infiltration include pretreatment 
to reduce cost and frequency of maintenance while ensuring the 
infiltration capacity of the facility. Contech has multiple options 
for pretratment. 

98.4” 
(2500 MM)

ACTUAL LENGTH
(START CHAMBER)

96.2” 
(2443 MM)

LAY LENGTH

85.4” 
(2169 MM)

LAY LENGTH
91” 

(2311 MM)
ACTUAL LENGTH

(MIDDLE CHAMBER)

92” 
(2337 MM)

ACTUAL LENGTH
(END CHAMBER)

88.5” 
(2248 MM)

LAY LENGTH
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Bioretention
ChamberMaxx is designed with a minimum of 6” stone above and 
below the units. The ChamberMaxx can help make bioretention 
practical by storing 75.1 CF per unit, including storage in stone, 
before discharging back into the surrounding soil.

Detention
ChamberMaxx systems can also be used for detention applications 
where infiltraton of stored water is minimized.  Minimization of 
infiltration can be accomplished by wrapping the entire chamber 
system and stone backfill in an impermeable thermoplastic liner.

Inlet Congifurations
ChamberMaxx systems are compatible with various inlet 
configurations. The inlet configuration selected for a design 
should be based on the site requirements and local regulations. 
Pretreatment is recommended for all detention/retention systems 
regardless of type. The initial removal of sediment in a pretreatment 
device allows easy inspection and unobstructed maintenance. 
Contech offers standard inlet pretreatment configurations in the 
form of upstream pretreatment devices or the ChamberMaxx 
Containment Row.

Pretreatment Devices
In some jurisdictions, it is required to use devices for pretreatment 
of stormwater prior to entry to stormwater systems. By pretreating 
the stormwater prior to entry into the ChamberMaxx system, 
pollutants such as hydrocarbons and sediment may be captured, 
thereby extending the service life of the chamber system. 
Pretreatment devices vary in complexity and effectiveness. Several 
non-proprietary options exist in the form of deep sump manholes, 
oil grit separators, and bio-swales. Contech offers pretreatment 
devices such as the CDS and VortSentry HS for designs that require 
more stringent levels of pollutant removal. See Contech’s website 
to design your own pretreatment device: www.conteches.com/
dyohds.

Pretreatment 
System Header Pipe 

Standard Open 
Mid Chamber Integrated End 

Wall Chamber
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ChamberMaxx Containment Row
Hydrodynamic separators and filtration devices provide the most efficient sediment removal and extended maintenance interval, and are 
recommended as pretreatment for ChamberMaxx systems.  The ChamberMaxx Containment Row should be considered as basic, low cost 
treatment strategy and should only be considered where sediment loading to the ChamberMaxx system  is assumed to be minimal.

The Containment Row is designed to provide TSS removal by direct screening through 2 layers of AASHTO M288 Class 1 Woven Geotextile, 
located between the containment row chamber and the stone bedding. 

The ChamberMaxx Containment Row should be designed with a sumped diversion manhole at the inlet of the Containment Row. 
The diversion manhole should be designed to allow access for inspection and maintenance of the Containment Row in addition to 
diverting the required amount of stormwater into the Containment Row for treatment, and a sump for collection of sediment. Once the 
Containment Row has reached capacity, the overflow should then be distributed to the remainder of the chamber rows by a manifold. 

Containment Rows can be sized for water quality volume or water quality flow rate. Contact your local Contech representative at  
800-338-1122 for project specific sizing of a Containment Row.

(1346 mm)
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STANDARD MANIFOLD COMPONENTS
AVAILABLE DIAMETERS (IN)

TEE 12 15 18 24
ELBOW 12 15 18 24
DIM A 42 42 48 48

GENERAL NOTES:
1.	 FITTING MATERIAL TO BE MANUFACTURED FROM 

CORRUGATED HIGH DENSITY POLYETHYLENE, AASHTO 
M294 PIPE.

2.	 FITTINGS TO BE FABRICATED IN ACCORDANCE WITH 
THE REQUIREMENTS OF AASHTO M294.

3.	 FITTINGS DESIGNED TO PROTRUDE 8” INTO END OF 
THE INLET CHAMBERS.

4.	 MANIFOLD TEE AND ELBOW JOINTS TO BE 
CONNECTED UTILIZING MAR-MAC POLYSEAL 
COUPLERS. REFERENCE WWW.MARMAC.COM

Inlet Manifold Design
All ChamberMaxx systems require inlet manifolds to ensure that the incoming flow is distributed throughout all chamber rows. The 
integral end cap of the chamber system can accept up to a 24-inch diameter (0.61m) inlet pipe. 

The inlet manifold should be designed to provide ample conveyance of peak flows without creating an unacceptable backwater condition 
on the upstream structures and piping. To reduce the scour potential of the foundation stone under the chambers from the influent flow, 
Contech requires the installation of scour protection netting at the manifold entrance to any inlet chamber, extending 1’ (0.30 m) beyond 
the outside edge of the chamber.

When designing an inlet manifold for a ChamberMaxx system, the specifying engineer is responsible for confirmation that the manifold 
meets the hydraulic needs of the project. The manifold diameter should be equal to or larger than the upstream pipe leading from the 
site to the chamber system. Contech offers standard high density polyethylene (HDPE) manifold fittings in various sizes to accommodate 
most project needs. 

Contech provides Mar Mac Polyseal couplers to connect manifold fittings, please reference www.MarMac.com for additional information 
on the provided couplers.

ChamberMaxx cannot accept a pipe directly into the side of the chamber. To accommodate this configuration, the row should be broken 
up by use of one end chamber and one start chamber to create two separate rows. The inlet pipe should then be joined to a manifold 
tee that connects into the new start and end chambers. Otherwise, all pipe connections should be made at a manifold or directly stubbed 
into the end a chamber.
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Outlet Manifold Design
Some ChamberMaxx systems may require an outlet for volumes in excess of the chamber system capacity. An outlet manifold should be 
designed to ensure that excess volume or peak flows can be conveyed to downstream structures. 

In circumstances where infiltration into the surrounding soil is not an option, an underdrain may be used to completely drain the stone 
bed below the invert of the chamber. The underdrain should connect to the downstream drainage structure and should accommodate 
free drainage as required. 

Other outlet scenarios may include outlet pipes located higher than the invert of the chambers to allow a designed volume to infiltrate 
through the base stone before exiting the system, or an outlet control structure external to the chamber system to achieve the same effect. 
These are common scenarios used for recharging groundwater and replicating a site’s pre-construction runoff characteristics. 

Outlet manifolds should not directly connect to a Containment Row but should be connected to as many standard chamber rows as 
required to achieve the desired hydraulic conditions. The outlet manifold fittings provided by Contech are the same HDPE fittings used for 
inlet manifolds and should be installed and connected in the same way.

Foundation Requirements
ChamberMaxx systems require a bedding of at least 6 inches (152.4mm) of crushed stone below the chambers.  With a 6 inch (152.4mm) 
bedding depth a soil bearing capacity of 4 ksf (191.52 kPa) is required for  8 feet of cover over the top of the chambers and a soil bearing 
capacity of 2ksf (95.76 kPa)is needed for 18 inches (457.2mm) of cover over the top of the chambers.  If the soil bearing pressure does not 
meet the minimum requirements, a geotechnical engineer should evaluate the application and make the appropriate recommendations 
to improve the bearing capacity to suit the application.

System Sizing
ChamberMaxx systems store water in the chamber itself and also in the void space of the stone backfill.    The “Installed Storage Volume” 
in the table below shows the water storage capacity for the chamber and stone system assuming a 40% stone void ratio.

The ChamberMaxx DYODS (Design Your Own Detention System) is available for online sizing of ChamberMaxx systems. This tool can be 
found at www.ContechES.com. For assistance sizing a ChamberMaxx system, Contech Design Engineering services can be contacted at 
1-800-338-1122 or through your local Contech representative. Modeling for the ChamberMaxx system is also available in HydroCAD®. 

Sizing a ChamberMaxx System

The steps outlined below provide the necessary calculations to size a ChamberMaxx System.

1.	 Determine the Storage Volume (Vs). 
Required Storage Volume should be determined by the design engineer per project requirements.

2.	 Determine the number of chambers required (C ).

Chamber 
Part

Width Height Weight Actual Length Installed Length* Storage Volume Installed Storage 
Volume*

in (m) in (m) lbs (kg) in (m) in (m) cf (m3) cf (m3)
Start 51.4 (1.31) 30.3 (0.77) 83.0 (37.65) 98.4 (2.50) 96.2 (2.44) 50.2 (1.42) 78.1 (2.21)
Middle 51.4 (1.31) 30.3 (0.77) 73.0 (33.11) 91.0 (2.31) 85.4 (2.17) 47.2 (1.34) 75.1 (2.13)
End 51.4 (1.31) 30.3 (0.77) 76.0 (34.47) 92.0 (2.34) 88.5 (2.25) 46.2 (1.31) 74.1 (2.10)

* 6” (152 mm) of stone above and below chamber, 5.6” (142 mm) chamber spacing and 40% porosity.
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To calculate the number of chambers needed to store the required 
volume (Vs), divide the storage volume by the volume of the 
chamber. For systems with a predetermined number of rows (r), 
multiply the sum of the start and end chamber volumes by the row 
count to determine the remainder of middle chambers required.

	 C = Cstart + Cmid + Cend

	 Cstart & Cend = number of rows, r

	 Cmid = Vs / [(Vstart + Vend)*r + Vmid]

For systems with an undetermined number of rows, the chamber 
count can be estimated by using the volume of the middle 
chamber, ignoring the start and middle chambers.

	 C = Vs / Vmid 

3.	 Determine the system footprint. 
To determine the system length: Divide the number of 
middle chambers required (Cmid) by the number of 
rows (r), rounding up (n). This will be number of middle 
chambers required in the longest row. Add up the installed 
lengths of 1 start, 1 end, and the required count of middle 
chambers. After adding the length of perimeter stone 
around start and end chambers (minimum 12”or .3048 m), 
the total length is the system length.

	 n = Cmid/r

	 L = 12” + Lstart + n*Lmid + Lend + 12”    
	 (.3048m + Lstart + n*Lmid + Lend + .3048m)

To determine the system width: Multiply the chamber width 
(51.4” or 1.31 m) by the number of rows (r). Add the total 
chamber width plus chamber spacing multiplied by (r-1) and 
the perimeter stone (minimum 12” or 0.30 mm). Standard 
spacing between chambers is 5.6”(396.2 mm). The resulting 
sum is the system width.

	 W = 12”+ r*51.4” + (r-1)*5.6” + 12”  
	 (.3048m + r*1.306m + (r-1)*0.3962m + .3048m) 

4.	 	Determine the amount of stone (Vst). 
To determine the amount of clean, crushed, angular 
stone is required for the ChamberMaxx System, multiply 
the number of start, middle, and end chambers by their 
respective stone volumes in the table below.

Chamber Type
Amount of stone 
needed per chamber 
(cubic feet)

Amount of stone 
needed per chamber 
(cubic meters)

Start Chamber 78.69 2.228

Middle Chamber 69.85 1.978

End Chamber 72.36 2.049
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Elevation Chamber Storage Volume Stone Storage Volume Cumulative Volume Increment Cumulative Storage Volume

(in) (m) (cf) (m3) (cf) (m3) (cf) (m3) (cf) (m3)

ST
O

N
E

42.30 1.07 47.20 1.34 27.94 0.79 1.13 0.03 75.14 2.13
41.30 1.05 47.20 1.34 26.82 0.76 1.13 0.03 74.02 2.09
40.30 1.02 47.20 1.34 25.69 0.73 1.13 0.03 72.89 2.06
39.30 1.00 47.20 1.34 24.56 0.70 1.13 0.03 71.76 2.03
38.30 0.97 47.20 1.34 23.44 0.66 1.13 0.03 70.64 2.00
37.30 0.95 47.20 1.34 22.31 0.63 1.13 0.03 69.51 1.97

C
H

A
M

BE
RM

A
XX

 C
H

A
M

BE
RS

36.30 0.92 47.20 1.34 21.18 0.60 0.62 0.02 68.38 1.94
35.00 0.89 47.20 1.34 20.56 0.58 1.13 0.03 67.76 1.92
34.00 0.86 47.20 1.34 19.43 0.55 1.13 0.03 66.63 1.89
33.00 0.84 47.20 1.34 18.30 0.52 1.13 0.03 65.50 1.85
32.00 0.81 47.20 1.34 17.18 0.49 1.56 0.04 64.38 1.82
31.00 0.79 46.48 1.32 16.34 0.46 1.76 0.05 62.82 1.78
30.00 0.76 45.43 1.29 15.63 0.44 1.83 0.05 61.06 1.73
29.00 0.74 44.26 1.25 14.98 0.42 1.90 0.05 59.23 1.68
28.00 0.71 42.97 1.22 14.36 0.41 1.96 0.06 57.33 1.62
27.00 0.69 41.58 1.18 13.79 0.39 2.02 0.06 55.37 1.57
26.00 0.66 40.09 1.13 13.26 0.38 2.07 0.06 53.35 1.51
25.00 0.64 38.53 1.09 12.76 0.36 2.11 0.06 51.29 1.45
24.00 0.61 36.89 1.04 12.29 0.35 2.15 0.06 49.18 1.39
23.00 0.58 35.18 1.00 11.84 0.34 2.18 0.06 47.03 1.33
22.00 0.56 33.42 0.95 11.42 0.32 2.22 0.06 44.84 1.27
21.00 0.53 31.60 0.89 11.02 0.31 2.24 0.06 42.63 1.21
20.00 0.51 29.74 0.84 10.64 0.30 2.27 0.06 40.38 1.14
19.00 0.48 27.84 0.79 10.27 0.29 2.29 0.06 38.11 1.08
18.00 0.46 25.90 0.73 9.92 0.28 2.31 0.07 35.82 1.01
17.00 0.43 23.93 0.68 9.59 0.27 2.33 0.07 33.51 0.95
16.00 0.41 21.92 0.62 9.26 0.26 2.35 0.07 31.18 0.88
15.00 0.38 19.88 0.56 8.95 0.25 2.37 0.07 28.83 0.82
14.00 0.36 17.82 0.50 8.65 0.24 2.39 0.07 26.46 0.75
13.00 0.33 15.72 0.44 8.36 0.24 2.40 0.07 24.08 0.68
12.00 0.30 13.59 0.38 8.09 0.23 2.42 0.07 21.68 0.61
11.00 0.28 11.43 0.32 7.82 0.22 2.45 0.07 19.25 0.54
10.00 0.25 9.23 0.26 7.58 0.21 2.47 0.07 16.81 0.48
9.00 0.23 6.99 0.20 7.34 0.21 2.50 0.07 14.34 0.41
8.00 0.20 4.71 0.13 7.13 0.20 2.52 0.07 11.84 0.34
7.00 0.18 2.38 0.07 6.93 0.20 2.56 0.07 9.32 0.26

ST
O

N
E

6.00 0.15 0.00 0.00 6.76 0.19 1.13 0.03 6.76 0.19
5.00 0.13 0.00 0.00 5.63 0.16 1.13 0.03 5.63 0.16
4.00 0.10 0.00 0.00 4.51 0.13 1.13 0.03 4.51 0.13
3.00 0.08 0.00 0.00 3.38 0.10 1.13 0.03 3.38 0.10
2.00 0.05 0.00 0.00 2.25 0.06 1.13 0.03 2.25 0.06
1.00 0.03 0.00 0.00 1.13 0.03 0.00 0.00 1.13 0.03

Stage Storage Table
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ChamberMaxx Flow Routing
Proper design of any detention system typically requires that flow routing be performed. Engineers at Contech can be a valuable resource 
when designing a ChamberMaxx retention system. Typically, stage- storage curves are utilized in the analysis. A Contech stage-storage 
calculator is available for download on www.ContechES.com. This information can simply be inserted into common hydrology/ hydraulic 
software such as HydroCAD, HydroFlow, PondPack or TR20. This makes a flow routing design with ChamberMaxx just as simple as an 
aboveground pond design.
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Inspection And Maintenance

ChamberMaxx Safety
Before entering into any storm sewer or underground retention/
detention system check to make sure all OSHA and local safety 
regulations and guidelines are observed during the maintenance 
process. Hard hats, safety glasses, steel-toed boots and any other 
appropriate personal protective equipment shall be worn at all 
times.

Inspection Frequency
Inspections are recommended at a minimum annually. The first year 
of operation may require more frequent inspections. Frequency of 
inspections will vary significantly on the local site conditions. An 
individual inspection schedule should be established for each site.

Inspections
Inspection is the key to effective maintenance and is easily 
performed. Inspections may need to be performed more often 
in the winter months in climates where sanding operations may 
lead to rapid sediment accumulations, or in equipment washdown 
areas. It is very useful to keep a record of each inspection. A sample 
inspection log is included for your use.

The entire treatment train should be inspected and maintained. 
The treatment train may consist of an upstream sump manhole, 
manifold system or pre-treatment HDS device. Inspections should 
start at the upstream device and continue downstream to the 
discharge orifice if incorporated into the chamber system.

Pre-Treatment Device Inspection
Inspection and maintenance procedures provided by the 
manufacturer should be followed for pre-treatment systems such 
as a CDS®, Vortechs®, VortSentry® or VortSentry® HS. Expected 
pollutants will be floatable trash, sediment and oil and grease. Pre-
treatement devices are recommended for all detention/ retention 
devices regardless of type.

Containment Row™ Inspection
The optional Containment Row consists of a diversion concrete 
manhole with a weir, and a row of chambers placed on woven 
geotextile. The diversion weir directs the first flush flows into the 
Containment Row of chambers. The majority of sediment will be 
captured in the Containment Row due to the extended detention 
time which allows the particles to settle out. Higher flows overtop 
(bypass) the weir into the manifold system.

The Containment Row will typically be located in the first row of 
chambers connected to the diversion manhole. Inspection can 
be done through accessing the diversion manhole and visually 
inspecting the Containment Row through the inlet pipe. Inspection 
ports throughout the system can be used for visual observation 
and measurement of sediment accumulation using a stadia rod. 
When the depth of sediment accumulates over 4-inch (102 mm), 
cleanout is recommended.

Manifold System Inspection
The main manifold pipe can be inspected from the diversion 
manhole upstream. When a quarter of the pipe volume has been 
filled with sediment the header system should be maintained.

Visual Inspection
Maintenance or further investigation may be required if any of the 
following conditions exist:

•	Evidence of an unusual amount of silt and soil build-up on the 
surface.

•	Clogged outlet drainpipe.

•	System does not drain to the elevation of the lowest pipe in 
dry conditions.

•	Evidence of potholes or sinkholes
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Maintenance
Underground stormwater retention/detention systems should be 
inspected at regular intervals and maintained when necessary 
to ensure optimum performance. The rate at which the system 
collects pollutants will depend more heavily on site activities rather 
than the size or configuration of the system. If accumulated silt 
is interfering with the operation of the detention system (i.e.: 
blocking outlet pipes or deposits significantly reduce the storage 
capacity of the system) it should be removed.

It is easiest to maintain a system when there is no flow entering. 
For this reason, cleanout should be scheduled during dry weather.

A vacuum truck or other similar devices can be used to remove 
sediment from the treatment train. Starting upstream, maintain 
manholes with sumps and any pre-treatment devices (following 
manufacturer recommended procedures). Once maintenance 
is complete, replace all caps, lids and covers. It is important to 
document maintenance events on the Inspection and Maintenance 
Log.

Header System Maintenance
If maintenance is required, use a high pressure nozzle with rear 
facing jets to wash the sediments and debris into the diversion 
manhole. Use the vacuum hose stinger nozzle to remove the 
washed sediments from the sump of the diversion manhole. It is 
important to not flush sediments into the chamber system during 
the maintenance process.

Containment Row™ Maintenance
If maintenance is required, a JetVac truck utilizing a high pressure 
nozzle (sledge dredging tool) with rear facing jets will be required. 
Insert the nozzle from the diversion manhole into the Containment 
Row through the inlet pipe. Turn the water feed hose on and 
feed the supply hose until the nozzle has reached the end of the 
Containment Row. Withdraw the nozzle slowly.

The tool will backflush the Containment Row forcing debris into 
the diversion manhole sump. Use the stringer vacuum hose to 
remove the sediments and debris from the sump of the diversion 
manhole. Multiple passes may be required to fully cleanout the 
Containment Row. Vacuum out the diversion manhole and remove 
all debris. See Figure 1.

Figure 1. Containment Row shown with high pressure cleaning 
nozzle.
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SPECIFICATION:

ChamberMaxx

Underground Detention and Infiltration Standard Specification 
with Pretreatment Device

1.0	 GENERAL

1.1	 This item shall govern the furnishing and installation 
of ChamberMaxx underground detention and infiltration 
chamber systems.

1.2	 Contractor shall furnish all labor, materials, equipment 
and incidentals necessary to install the ChamberMaxx system, 
appurtenances and incidentals in accordance with the 
Drawings and as specified herein.

1.3	 A stormwater treatment device upstream of the 
ChamberMaxx system is recommended as the appropriate 
means of pretreating for the purpose of extending the 
maintenance interval on the ChamberMaxx system and 
reducing the life cycle cost. Both engineered solutions shall 
be provided by a single supplier/manufacturer.  Filtration by 
wrapping a chamber row with geotextile is not an acceptable 
means of pretreatment.  

1.4	 Applicable provisions of any Division shall govern work in 
this section.

1.5	 Related Standards

1.5.1	 ASTM 2418 “Standard Specification for 
Polypropylene Corrugated Wall Stormwater Collection 
Chambers” 

1.5.2	 ASTM F-2787 “Standard Practice for Structural 
Design of Thermoplastic Corrugated Wall Stormwater 
Collection Chambers”

1.6	 Site layout drawings, product specifications, materials, 
hydraulic storage data and supported calculations of 
proposed alternatives shall be submitted to the Engineer of 
Record (EOR) for review at a minimum of 10 working days 
prior to bid closing.

1.7	 Shop drawings shall be annotated to indicate all 
materials to be furnished and installed under this section, 
and all applicable standards for materials, required tests of 
materials and design assumptions for structural analysis:

1.8	 Before installation of the ChamberMaxx system, 
Contractor shall obtain the written approval of the EOR for 
the stormwater system and the installation drawings.

1.9	 All proposed alternatives to the ChamberMaxx system 
shall conform to applicable above referenced ASTM 
specifications.     

2.0	 MATERIALS

2.1	 The chamber shall be constructed of injection molded 
polypropylene copolymer formulated for high impact 
and stress cracking resistance and sustained structural 
performance during high temperatures. The chamber shall be 
designed and manufactured in accordance to ASTM F-2418 
and F-2787. 

2.2	 The chamber shall be designed to AASHTO LRFD Bridge 
Design Specifications (Section 12), as applied to material and 
performance requirements for buried thermoplastic pipes.  
Design live load shall be the AASHTO HS-20 and HS-25 truck, 
including multiple lane presence factors, over a minimum 
cover of 18 inches and chamber row spacing of 5 inches or 
greater. 

2.3	 The chamber system shall be comprised of three chamber 
configurations: The MIDDLE chambers shall be open-ended 
to allow unobstructed hydraulic flow, inspection, and 
maintenance. The START and END chambers shall each have 
an integral end wall designed to resist loading at the start and 
end of the chamber rows. The chambers within a row shall be 
installed with overlapping end corrugations.

2.4	 The nominal dimensions of the START chamber shall be 
51.4 inches wide, 30.3 inches tall, and 98.4 inches long. The 
nominal dimensions of the MIDDLE chamber shall be 51.4 
inches wide, 30.3 inches tall, and 91.0 inches long. The 
nominal dimensions of the END chamber shall be 51.4 inches 
wide, 30.3 inches tall, and 92.0 inches long. The nominal 
storage volume inside the chamber shall be 77 cubic feet 
when utilizing 6” of stone above and below chamber with 
40% stone porosity per ChamberMaxx standard detail. 

2.5	 The chamber shall have a continuously-curved, arch-
shaped section profile.

2.6	 The START and END chamber integral end wall shall be 
structurally suitable for cutting and inserting inlet pipes and 
shall provide a range of pipe diameter indicants up to 24” 
diameter as cutting templates.

2.7	 The chamber shall be a corrugated, open-bottom design 
and top vent orifices for hydraulic pressure equalization. 
Corrugation valleys and crests shall be sub-corrugated to 
increase stiffness.

2.8	 The chamber shall have a circular cut line for an 
optional reinforced inspection port configured to accept a 4” 
Schedule 40 pipe. 

2.9	 The END chambers shall be capable of being cut to 
shorter lengths to accommodate site specific requirements.

2.10	The chamber shall be supported by integral structural 

APPENDIX A: ChamberMaxx Specification with Pretreatment
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footings comprised of load dispersing toe ribs and 
longitudinally aligned stiffening ribs.

2.11	The manufacturer of the ChamberMaxx system shall be 
one that has regularly been engaged in the engineering design 
and production of these systems for at least eight (8) years 
and which has a history of successful production, acceptable 
to the Engineer of Record (EOR).  In accordance with the 
Drawings, the ChamberMaxx  system shall be supplied by:

Contech Engineered Solutions 
9025 Centre Pointe Drive
West Chester, OH, 45069

Tel: 1 800 338 1122
3.0	 PERFORMANCE

3.1	 The ChamberMaxx system proposal shall be sized in 
accordance to the design provided and approved by the 
Engineer of Record (EOR).  Any Contractor deviating from the 
design shown on the plans, to include:  material, footprint, 
etc., shall provide to the EOR a summary report on stage-
storage curves, design calculations, HydroCAD modeling and 
engineering drawings. 

3.2	 ChamberMaxx row spacing and stone base thickness 
cannot be altered with consultation from Contech Engineered 
Solutions, LLC.  

3.3	 The ChamberMaxx system shall be designed so as the 
hydraulic grade line will increase evenly throughout whereas 
transverse movement from one storage compartment to 
another shall not be permitted.  All storage compartments 
shall be connected via manifold (or connecting pipe) versus 
by entirely transporting stormwater through stone.    

3.4	 A stormwater pretreatment device is recommended 
upstream of the ChamberMaxx system as follows:  

3.4.1	 Infiltration: Where feasible, the selected 
stormwater treatment device upstream of an infiltration 
system shall be a filter system and have General Use 
Level Designation (GULD) for Basic Treatment by the 
Washington State Department of Ecology or demonstrate 
equivalent performance in independently verified field 
testing following a peer reviewed testing protocol, and 
must be sized consistent with the system producing 
those results.  

3.4.2	 Detention: Where feasible, the selected 
Stormwater treatment device upstream of a detention 
system shall be a separator system and have GULD for 
Pretreatment by the WADOE or demonstrate equivalent 
performance in independently verified field testing 
following a peer reviewed testing protocol, and must be 
sized consistent with the system producing those results.   

3.4.3	 Selected pretreatment stormwater device shall 
incorporate a physical barrier capable of capturing and 
retaining trash and debris (i.e.: floatable and neutrally 
buoyant materials) for all flows up to the treatment 
capacity of the device.

3.4.4	 The application of wrapping a system with 
geotextile of any branding or material type, that allows 
the passage of stormwater, shall not be regarded as an 
acceptable treatment or pretreatment device.  

3.4.5	 The manufacturer of the selected Stormwater 
treatment device shall have been regularly engaged in 
the engineering design and production of systems for 
the physical treatment of Stormwater runoff for 15 years.  

3.4.6	 In order to not restrict the Owner’s ability 
to maintain the stormwater pretreatment device, the 
minimum dimension providing access from the ground 
surface to the sump chamber shall be 20 inches in 
diameter.

4.0	 EXECUTION

4.1	 The ChamberMaxx system shall be installed per the 
Contech “ChamberMaxx Stormwater Retention System 
Standard Installation Detail”, available from local Contech 
representative or from www.conteches.com. 

4.2	 For temporary construction vehicle loads, an extra 
amount of compacted cover may be required over the top of 
the chambers.  The Height-of-Cover shall meet the minimum 
requirements shown in the Contech “ChamberMaxx 
Stormwater Retention System Standard Installation Detail”.  
The use of heavy construction equipment necessitates greater 
protection for the chambers than finished grade cover 
minimums for normal highway traffic.  

4.3	 The contractor shall follow Occupational Safety and 
Health Association (OSHA) guidelines for safe practices in 
executing the installation process in accordance with the 
manufacturer/supplier installation recommendations.

4.4	 Contractor is required to participate in an on-site 
preconstruction meeting with the supplier prior to the 
scheduled delivery date of the ChamberMaxx system.
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APPENDIX B: ChamberMaxx Specification with Containment Row

ChamberMaxx
Underground Detention and Infiltration Standard Specification 
with Containment Row

5.0	 GENERAL

5.1	 This item shall govern the furnishing and installation 
of ChamberMaxx underground detention and infiltration 
chamber systems.

5.2	 Contractor shall furnish all labor, materials, equipment 
and incidentals necessary to install the ChamberMaxx system, 
appurtenances and incidentals in accordance with the 
Drawings and as specified herein.

5.3	 The containment row of the ChamberMaxx system is 
recommended as the appropriate means of pretreating for 
the purpose of extending the maintenance interval on the 
ChamberMaxx system and reducing the life cycle cost. 

5.4	 Applicable provisions of any Division shall govern work in 
this section.

5.5	 Related Standards

5.5.1	 ASTM 2418 “Standard Specification for 
Polypropylene Corrugated Wall Stormwater Collection 
Chambers” 

5.5.2	 ASTM F-2787 “Standard Practice for Structural 
Design of Thermoplastic Corrugated Wall Stormwater 
Collection Chambers”

5.6	 Site layout drawings, product specifications, 
materials, hydraulic storage data and supported 
calculations of proposed alternatives shall be submitted 
to the Engineer of Record (EOR) for review at a minimum 
of 10 working days prior to bid closing.

5.7	 Shop drawings shall be annotated to indicate 
all materials to be furnished and installed under this 
section, and all applicable standards for materials, 
required tests of materials and design assumptions for 
structural analysis:

5.8	 Before installation of the ChamberMaxx system, 
Contractor shall obtain the written approval of the EOR 
for the stormwater system and the installation drawings.

5.9	 All proposed alternatives to the ChamberMaxx 
system shall conform to applicable above referenced 
ASTM specifications.     

6.0	 MATERIALS

6.1	 The chamber shall be constructed of injection molded 
polypropylene copolymer formulated for high impact 
and stress cracking resistance and sustained structural 
performance during high temperatures. The chamber shall be 
designed and manufactured in accordance to ASTM F-2418 
and F-2787. 

6.2	 The chamber shall be designed to AASHTO LRFD Bridge 
Design Specifications (Section 12), as applied to material and 
performance requirements for buried thermoplastic pipes.  
Design live load shall be the AASHTO HS-20 and HS-25 truck, 
including multiple lane presence factors, over a minimum 
cover of 18 inches and chamber row spacing of 5 inches or 
greater. 

6.3	 The chamber system shall be comprised of three chamber 
configurations: The MIDDLE chambers shall be open-ended 
to allow unobstructed hydraulic flow, inspection, and 
maintenance. The START and END chambers shall each have 
an integral end wall designed to resist loading at the start and 
end of the chamber rows. The chambers within a row shall be 
installed with overlapping end corrugations.

6.4	 The nominal dimensions of the START chamber shall be 
51.4 inches wide, 30.3 inches tall, and 98.4 inches long. The 
nominal dimensions of the MIDDLE chamber shall be 51.4 
inches wide, 30.3 inches tall, and 91.0 inches long. The 
nominal dimensions of the END chamber shall be 51.4 inches 
wide, 30.3 inches tall, and 92.0 inches long. The nominal 
storage volume inside the chamber shall be 77 cubic feet 
when utilizing 6” of stone above and below chamber with 
40% stone porosity per ChamberMaxx standard detail. 

6.5	 The chamber shall have a continuously-curved, arch-
shaped section profile.

6.6	 The START and END chamber integral end wall shall be 
structurally suitable for cutting and inserting inlet pipes and 
shall provide a range of pipe diameter indicants up to 24” 
diameter as cutting templates.

6.7	 The chamber shall be a corrugated, open-bottom design 
and top vent orifices for hydraulic pressure equalization. 
Corrugation valleys and crests shall be sub-corrugated to 
increase stiffness.

6.8	 The chamber shall have a circular cut line for an optional 
reinforced inspection port configured to accept a 4” Schedule 
40 pipe.
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6.9	 The END chambers shall be capable of being cut to 
shorter lengths to accommodate site specific requirements.

6.10	The chamber shall be supported by integral structural 
footings comprised of load dispersing toe ribs and 
longitudinally aligned stiffening ribs.

6.11	The manufacturer of the ChamberMaxx system shall be 
one that has regularly been engaged in the engineering design 
and production of these systems for at least eight (8) years 
and which has a history of successful production, acceptable 
to the Engineer of Record (EOR).  In accordance with the 
Drawings, the ChamberMaxx  system shall be supplied by:

Contech Engineered Solutions 
9025 Centre Pointe Drive
West Chester, OH, 45069

Tel: 1 800 338 1122

7.0	 PERFORMANCE

7.1	 The ChamberMaxx system proposal shall be sized in 
accordance to the design provided and approved by the 
Engineer of Record (EOR).  Any Contractor deviating from the 
design shown on the plans, to include:  material, footprint, 
etc., shall provide to the EOR a summary report on stage-
storage curves, design calculations, HydroCAD modeling and 
engineering drawings. 

7.2	 ChamberMaxx row spacing and stone base thickness 
cannot be altered with consultation from Contech Engineered 
Solutions, LLC.  

7.3	 The ChamberMaxx system shall be designed so as the 
hydraulic grade line will increase evenly throughout whereas 
transverse movement from one storage compartment to 
another shall not be permitted.  All storage compartments 
shall be connected via manifold (or connecting pipe) versus 
by entirely transporting stormwater through stone.    

8.0	 EXECUTION

8.1	 The ChamberMaxx system shall be installed per the 
Contech “ChamberMaxx Stormwater Retention System 
Standard Installation Detail”, available from local Contech 
representative or from www.conteches.com. 

8.2	 For temporary construction vehicle loads, an extra 
amount of compacted cover may be required over the top of 
the chambers.  The Height-of-Cover shall meet the minimum 
requirements shown in the Contech “ChamberMaxx 
Stormwater Retention System Standard Installation Detail”.  
The use of heavy construction equipment necessitates greater 
protection for the chambers than finished grade cover 
minimums for normal highway traffic.  

8.3	 The contractor shall follow Occupational Safety and 
Health Association (OSHA) guidelines for safe practices in 
executing the installation process in accordance with the 
manufacturer/supplier installation recommendations.

8.4	 Contractor is required to participate in an on-site 
preconstruction meeting with the supplier prior to the 
scheduled delivery date of the ChamberMaxx system.

END SECTION
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ChamberMaxx Retention Installation Guide
The ChamberMaxx system requires adherence to the following installation procedure for the structural integrity of the 
system to be maintained.

All illustrations and photographs are examples of typical situations. Each individual site will vary, so it is important to 
follow the engineering project drawings as designed and sealed by a registered Professional Engineer.

Prior to installation of the ChamberMaxx system a pre-construction meeting shall be conducted. Those required to attend 
are the supplier of the system, the general contractor, sub-contractors and the project Engineer of record. 

Foundation
Construct a foundation that can support the design loading 
applied by the chambers and adjacent backfill weight as well 
as maintain its integrity during construction. A minimum of an 
extra foot of perimeter excavation is required for proper fit and 
adequate compaction. Excavation must be free of standing water. 
Dewater if present.

If soft or unsuitable soils are encountered, remove unsuitable 
material and bring back to grade with fill material as approved 
by the Engineer of record. See Detail A. The structural fill material 
gradation should not allow the migration of fines, which can 

cause settlement of the chamber system and possibly the above 
pavement, and occlusion of the void space in the bedding. If the 
structural fill material is not compatible with the underlying soils 
a Contech C-40, non-woven 4 oz separation geotextile, should 
be used as a separator. 

Grade the foundation subgrade to a uniform and stable grade. If 
the subgrade is clay or relatively non-porous and the construction 
sequence will last for an extended period of time, it is best to 
slope the grade to one end of the system. This will allow excess 
water to drain quickly, preventing saturation of the subgrade. 
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Bedding
A 6-inch (152 mm) minimum thickness, well-graded, free-draining angular washed stone 3/4 to 2-inch (19 
to 51 mm) particle size is the required chamber bedding. Refer to project engineering plans for subgrade 
soil preparation and required stone foundation thickness. If the construction equipment will operate for an 
extended period of time on the bedding, use an engineering fabric or a geogrid to ensure the base material 
maintains its integrity. Bedding material is to be compacted to 90% AASHTO T99 standard proctor density. 
Do not use heavy equipment on bedding material to avoid excessive soil compaction. See Detail B.

Grade the base to a smooth, uniform grade to allow for the proper placement of chambers.

In-Situ Trench Wall
The trench wall must be capable of supporting the load that the 
chamber sheds as the system is loaded. If soils are not capable 
of supporting these loads, the integrity of the system can be 
compromised. Perform a simple soil pressure check using the 
applied loads to determine the limits of excavation beyond 
the edge of the outer most row of chambers. Wrap the walls 
with Contech C-40 non-woven geotextile to help prevent soil 
migration.

In most cases the requirements for a safe work environment 
and proper backfill placement and compaction take care of this 
concern.

IN-SITU
TRENCHWALL

ChamberMaxx Units
All systems are comprised of the Start, Mid and End chambers. 
The Start and End chambers are marked accordingly with a label 
on each end.

The maximum weight of a single chamber is 83 lbs. (37.65 kg) 
which allows the chamber to be hand carried. See Detail C. 

98.4 in. (2499 mm) 91.0 in. (2311 mm) 92.0 in (2337 mm)

FREE DRAINING
ANGULAR WASHED STONE
3/4” TO 2” (19 TO 51 MM) PARTICLE SIZE
DEPTH 6” (152MM) MINIMUM
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Layout of the Manifold System
Temporarily layout the manifold system per the project engineering 
plans. Place the Start chamber of each row in your system. Standard 
spacing between rows is 5.6”, with a minimum of 5” required 
between each row.. Use a reciprocating saw to cut the inlet pipe 
diameter hole out from the Start chamber at the correct inlet 
height. Insert the inlet pipe from the assembled manifold system 
into each Start chamber. Cover any open void spaces greater than 
3/4-inch (19 mm) on the chambers with a non-woven geotextile to 
prevent infiltration of backfill material.

Layout of the Optional Containment Row 
For ease of access during a maintenance operation, ChamberMaxx 
retention systems may have an optional Containment Row to 
allow for containment and settlement of sediments and associated 
pollutants during the initial flows of storm events. This row of 
chambers is set on top of a 2 layers of AASHTO M288 Class 1 
woven geotextile a minimum of 53” wide with no overlaps. 

1.	Install diversion manhole per site plan. 

2.	Rollout the 12.5 ft (150 inch) wide woven geotextile and cut 
to the required length of the containment row while leaving 
3-ft (.19m) overlap at each end of the chamber row. Fold the 
geotextile lengthwise creating 2 layers of 75” wide woven 
geotextile. Center the 2 layers of geotextile on the location of 
the containment row. The 75” wide geotextile layers will overlap 
approximately 1 ft of width on each side of the containment row. 
It may be necessary to temporarily weigh down the edges of the 
geotextile material to prevent displacement from wind. 

3.	Lay chambers for the Containment Row on the 2 layers of woven 
geotextile per the plans starting at the Start chamber, see Setting 
Units for installation instructions. It may be necessary to mark 
position of chambers on geotextile to ensure proper location 
during placement of chambers.

4.	Install inlet connector pipe in Start chamber wall from the 
diversion manhole per plans. 

5.	Confirms the width of woven geotextile leaves a minimum of 6” 
around chamber along the sides. See Detail D.

6.	Wrap the sides of the woven geotextile around the sides of the 
containment row and pin it to ensure that it does not unwrap 
during backfill

7.	Fold overlapping ends of woven geotextile at the ends of the 
containment row so that they are flat against the end walls 
and fully wrapped around the inlet pipe of the containment 
row. Attach with construction tape as needed to keep the 
geotextile from moving during backfill. 

8.	Layout remaining chambers of retention system and header 
manifold per plans. See page 6. 

Laying Out Scour Protection Netting
To insure the bedding is not disrupted as flows enter the system, 
rollout the Scour Protection Netting material perpendicular to the 
inlet chambers. In the area of the inlet chambers, lay the material 
with a one foot overlap towards the manifold system and 
footprint area. Tension material as needed to provide intimate 
contact with the bedding stone. When the inlet chamber is 
installed, this will “pin” the netting material in place. Inspect to 
insure netting is flat with no wrinkles and has intimate contact 
with the bedding stone. See Detail D.

Setting Units
Overlap the Mid chamber corrugation over the end of the 
Start chamber. Standard spacing between rows is 5.6”, with a 
minimum of 5” required between each row. Always refer to the 
engineering plans for chamber arrangement. The End chamber 
will be the final chamber in each row. 

Inspection Viewports

Where identified on the engineering project plans cut a 4-inch 
(102 mm) diameter hole in the reinforced circular port on the 
top of the chamber. Build an inspection port from PVC Schedule 
40 pipe. Cut pipe to an oversized length, screw three small 
angle irons approximately 1-inch (25 mm) from the end of pipe. 
Anchor the riser in place on the chamber to keep secured during 
the backfill process. Install ring and cover on top of the riser 
pipe. After backfill, place an access casting in a concrete collar. 
To avoid crushing the inspection port riser, be sure concrete does 
not attach to riser pipe.
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(0.91 m) (0.91 m)

Approx. 1 ft with a 

minimum of 6 in . 

(minimum 152.4 mm)

2 Layers of Woven 
Geotextile

(0.30 m)

(0.30 m)

(0.30 m)

(2.29 m)

5.6 in.
(150 mm)

(150 mm)  
5.6 in.

DETAIL D
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Backfill Material
The chamber System incorporates two types of backfill material.

Free draining angular washed stone 3/4 to 2-inch (19 to 152 mm) 
particle size compacted to 90% AASHTO T99 is used around the 
chambers. This material is used around the chambers and within 

Backfill Placement
Place backfill material in 6 to 8-inch (152 to 203 mm) loose 
lifts and compact to 90% AASHTO T99. Use mechanical hand 
tampers or approved compacting equipment to compact all 
backfill and embankment immediately adjacent to each side of 
the installation and over top of the installation to a minimum 
depth of 18-inches (457 mm). Place backfill so there is no 
more than a two lift differential between any of the chambers 
at anytime during the backfilling process. Advance the backfill 
along the length of the chamber system at the same rate to avoid 
differential loading on the chambers. Backfilling at differential 
heights from one side of the chamber to the other in excess of 
16-inches (407 mm) can cause chamber distortion or potential 
collapse. Advance balanced lifts across the width of the system 
evenly along the length of the chambers as you backfill. See 
Detail F. 

DETAIL F - TYPICAL BACKFILL SEQUENCE

Use only lightweight tracked dozers (D-4 dozer or smaller) 
not exceeding 1,100 lbs/sf (0.54 kg/cm2) ground pressure to 
spread backfill lifts over top of the chamber system. Maintain a 
minimum of 6-inch (152 mm) cover on top of chambers for the 
initial lifts.

For large systems use conveyor systems, backhoes with long 
reaches or draglines with stone buckets may be used to place 
backfill. Once minimum cover for construction loading across the 
entire width of the system is reached, advance the equipment to 
the end of the recently placed fill, and begin the sequence again 
until the system is completely backfilled. This type of construction 
sequence provides room for stockpiled backfill directly behind 
the backhoe, as well as the movement of construction traffic. 
Material stockpiles on top of the backfilled chamber system 
should be limited to six feet in total high above the structure and 
must provide balanced loading across all chambers. To determine 
the proper cover over the chambers to allow the movement 
of construction equipment, contact your local Contech 
Representative.   

a minimum of 6-inches (152 mm) below and 6-inches (152 mm) 
above the chambers. The remaining space should be filled with 
an angular, well-graded granular fill meeting the requirements of 
AASHTO M145 A1, A2 or A3, compacted to 90% AASHTO T99. 

Contech C-40 Non-Woven Geotextile should be used between 
the two layers of backfill material. See Detail E.

DETAIL E

98.4” 
(2500 MM)

ACTUAL LENGTH
(START CHAMBER)

96.2” 
(2443 MM)

LAY LENGTH

85.4” 
(2169 MM)

LAY LENGTH
91” 

(2311 MM)
ACTUAL LENGTH

(MIDDLE CHAMBER)

92” 
(2337 MM)

ACTUAL LENGTH
(END CHAMBER)

88.5” 
(2248 MM)

LAY LENGTH
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Construction Loading
Typically, the minimum cover specified for a project assumes HS-20 or HS-25 
live load. Because construction loads often exceed design live loads, increased 
temporary minimum cover requirements are necessary. Since construction 
equipment varies from job to job, it is best to address equipment specification 
and minimum cover requirements with our local Contech representative during 
the pre-construction meeting. 

Material Checklist
Start, Mid and End ChamberMaxx chambers	 Supplied by Contech

Manifold System	 Supplied by Contech

Scour Protection Netting	 Supplied by Contech

Contech C-40 Non-woven geotextile	 Supplied by Contech

Containment Row Diversion Manhole if required)	 Supplied by Contech

Containment Row AASHTO M288 Class 1 Woven Geotextile	 Supplied by Contech

Free draining angular washed stone 3/4”-2” (.019 to .05 m) backfill material 	 Supplied by Contractor

Well graded granular backfill material 	 Supplied by Contractor

Construction Tape / Adhesive	 Supplied by Contractor

Inspection port materials	 Supplied by Contractor

Contractor Tool Checklist
•	Wire cutters

•	Stone bucket

•	Transit or laser level

•	Forklift or other type of equipment to 
unload chambers

•	Reciprocating saw or router (to custom 
cut the end walls and inspection ports)

•	Approved compaction equipment

•	Excavator to dig trench and place stone 
and soil backfill

•	Stone conveyor/light weight tracked dozer 
not exceeding 1,100 lbs/sf (0.54 kg/cm2) 
to grade backfill

Equipment Restriction
BACKFILL LEVEL* ALLOWABLE CONSTRUCTION EQUIPMENT**

4 – Bedding No restrictions.

4 – Back to Top of 
Chambers

No equipment js permitted on or nearby the chambers. 
conveyors or excavators located such that their loads do not 
influence the chambers should be used to place the backfill 
stone. Stone should be worked between the chambers by hand.

4 – Backfill Over the 
Top of the Chambers

no wheel loads should be applied over the system. once 6” 
of stone has been placed over the crown of the chambers, 
lightweight tracked dozers with a maximum ground pressure of 
1,100 psf are permitted over the structure. dozers must spread 
stone working in a direction parallel with the chamber rows; not 
working across the chamber rows. also, only small, walk behind 
compaction equipment can be used over the chambers until a 
minimum of 12” of cover is over the chambers. 

2 or 3 Select Fill Over 
the Chambers

once 18” of compacted material is over the chambers, highway 

vehicles with axle loads of 32,000 pounds or less can be 

operated over the structures. front end loaders can be operated 

over the structures as long as the maximum wheel load does not 

exceed 16,000 pounds. compaction equipment can be operated 

over the structures as long as the dynamic force from the drum 

does not exceed 20,000 pounds and the gross vehicle weight 

does not exceed 12,000 pounds. 

*  Please reference Detail E on page 7. 
** Contact your local Contech Representative for questions on the use of specific pieces of  
  construction equipment.



800.338.1122
www.ContechES.com

Support

•	Drawings and specifications are available at ContechES.com.

•	Site-specific design support is available from Contech Engineered Solutions.

© 2017 CONTECH ENGINEERED SOLUTIONS LLC, A QUIKRETE COMPANY

NOTHING IN THIS CATALOG SHOULD BE CONSTRUED AS A WARRANTY. APPLICATIONS SUGGESTED HEREIN ARE DESCRIBED ONLY TO HELP READERS MAKE THEIR 
OWN EVALUATIONS AND DECISIONS, AND ARE NEITHER GUARANTEES NOR WARRANTIES OF SUITABILITY FOR ANY APPLICATION. CONTECH MAKES NO WARRANTY 
WHATSOEVER, EXPRESS OR IMPLIED, RELATED TO THE APPLICATIONS, MATERIALS, COATINGS, OR PRODUCTS DISCUSSED HEREIN. ALL IMPLIED WARRANTIES OF 
MERCHANTABILITY AND ALL IMPLIED WARRANTIES OF FITNESS FOR ANY PARTICULAR PURPOSE ARE DISCLAIMED BY CONTECH. SEE CONTECH’S CONDITIONS OF SALE 
(AVAILABLE AT WWW.CONTECHES.COM/COS) FOR MORE INFORMATION.

The product(s) described may be protected by one or more of the following US patents: 5,322,629; 5,624,576; 5,707,527; 5,759,415; 5,788,848; 5,985,157; 6,027,639; 6,350,374; 6,406,218; 
6,641,720; 6,511,595; 6,649,048; 6,991,114; 6,998,038; 7,186,058; related foreign patents or other patents pending.

CHAMBERMAXX-INSTALL PDF 10/17

ChamberMaxx Pre-Construction Checklist

Contech Field Contact and Phone:— ——————————————————————————————————————————

Contech Plant Contact and Phone:———————————————————————————————————————————

Contractor Contact and Phone:— ———————————————————————————————————————————

Project Name:————————————————————————————————————————————————————

Site Address:— ———————————————————————————————————————————————————

Precon Attendees:——————————————————————————————————————————————————

Topics to Review:

	 Truck access and chamber storage availability/expectation

	 Chamber unloading and handling safety, equipment and procedures 

	 System layout and fabrication drawing review

	 Shipping schedule and installation sequence

	 Scour protection netting layout

	 Configuration and assembly

	 Backfill material selection and placement procedure

	 Backfill sequence, lift thickness and balanced loading

	 Compaction requirement (90%) and equipment

	 Additional Containment Row™ construction/liner material layout

	 Inspection port installation

Notes:— —————————————————————————————————————————————————————

—————————————————————————————————————————————————————————

—————————————————————————————————————————————————————————

—————————————————————————————————————————————————————————

ENGINEERED SOLUTIONS



Date: 4/13/2022

At = 0.60 Acres

VBMP= 1,992 CF

I = 1.60 IN/HR

FS= 2

n= 40 %
48 HOURS

D1= 8 FT

Depth to Historic High Groundwater= 70 FT
16 FT

59 FT
10 FT

8

4 FT

1.6 FT

1,245.0 SF

1,366 SF

Minimum Width (To avoid triggering Class V Injection Well Status) = 5 FT

Proposed Design Surface Area, AD

Dmax (the smaller value of D1 and D2 but must be less than or equal to 8) = 

Trench Sizing
Proposed Reservoir Layer Depth, DR

Calculated Design Depth of Water, DW

Minimum Surface Area, AS

Depth to Top of Bedrock/Impermeable Layer=

D2 is the smaller of: (Depth to groundwater) - 11 ft=
(Depth to impermeable layer) - 6 ft=

Calculate Maximum Depth of Reservoir Layer
Infiltration Rate:

Factor of Safety, FS

Calculate D1
Drawdown Time=

Calculate D2

VBMP:

Designed by:
Armstrong & Brooks Consulting Engineers

Joshua Groenheim

Design Volume

BMP ID
Infiltration Trench-B

Infiltration Trench - Design Procedure

Company Name:

Area Tributary to BMP:
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3.2 INFILTRATION TRENCH 
 

 
Description 
Infiltration trenches are shallow excavated areas that are filled with rock material to create a 
subsurface reservoir layer.  The trench is sized to store the design capture volume, VBMP, in the 
void space between the rocks.  Over a period of 72 hours, the stormwater infiltrates through 
the bottom of the trench into the surrounding soil. Infiltration basins are highly effective in 
removing all targeted pollutants from stormwater runoff.  
 
Figure 1 shows the components of an infiltration trench.  The section shows the reservoir layer 
and observation well, which is used to monitor water depth.  An overflow pipe that is used to 
bypass flows once the trench fills with stormwater is also shown.   
 
 
Site Considerations  

Location 
The use of infiltration trenches may be restricted by concerns over groundwater contamination, 
soil permeability, and clogging at the site. See the applicable WQMP for any specific feasibility 
considerations for using infiltration BMPs. Where this BMP is being used, the soil beneath the 
basin must be thoroughly evaluated in a geotechnical report since the underlying soils are 
critical to the basin’s long term performance. These basins may not be appropriate for the 
following site conditions:  

• Industrial sites or locations where spills of toxic materials may occur. 

• Sites with very low soil infiltration rates. 

• Sites with high groundwater tables or excessively high soil infiltration rates, where 
pollutants can affect groundwater quality. 

• Sites with unstabilized soil or construction activity upstream. 

• On steeply sloping terrain. 

• Infiltration trenches located in a fill condition should refer to Appendix A of this 
Handbook for details on special requirements/restrictions.   

This BMP has a flat surface area, so it may be challenging to incorporate into steeply sloping 
terrain.

Type of BMP LID - Infiltration

Treatment Mechanisms Infiltration, Evapotranspiration (when vegetated), Evaporation 

Maximum Drainage Area 10-acres

Other Names None 
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Setbacks 
Always consult your geotechnical engineer for site specific recommendations regarding setbacks for 
infiltration trenches.  Recommended setbacks are needed to protect buildings, walls, onsite or nearby 
wells, streams, and tanks.   Setbacks should be considered early in the design process as they 
affect where infiltration facilities may be placed and how deep they are allowed to be.  For 
instance, depth setbacks can dictate fairly shallow facilities that will have a larger footprint and, 
in some cases, may make an infiltration trench infeasible.  In that instance, another BMP must 
be selected.  
 
In addition to setbacks recommended by the geotechnical engineer, infiltration trenches must 
be set back: 

• 10 feet from the historic high groundwater mark (measured vertically from the bottom 
of the trench, as shown in Figure 1) 

• 5 feet from bedrock or impermeable surface layer (measured vertically from the bottom 
of the trench, as shown in Figure 1) 

• From all mature tree drip lines as indicated in Figure 1 

• 100 feet horizontally from wells, tanks or springs 

Setbacks to walls and foundations must be included as part of the Geotechnical Report. 

 
 
 
 

Figure 1 Section View of an Infiltration Trench 
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Sediment Control 
Infiltration BMPs have the risk of 
becoming plugged over time.  To 
prevent this, sediment must be 
removed before stormwater enters 
the trench.  Both sheet and 
concentrated flow types have 
requirements that should be 
considered in the design of an 
infiltration trench.   
 
When sheet type flows approach the 
trench along its length (as illustrated 
in Figure 2), a vegetated filter strip 
should be placed between the trench 

and the upstream drainage area.  The 
filter strip must be a minimum of 5 
feet wide and planted with grasses (preferably native) or covered with mulch. 
 
Concentrated flows require a different approach.  A 2004 Caltrans BMP Retrofit Report found 
that flow spreaders recommended in many water quality manuals are ineffective in distributing 
concentrated flows.  As such, concentrated flows should either be directed toward a traditional 
vegetated swale (as shown on the right side of Figure 3) or to catch basin filters that can 
remove litter and sediment.  Catch basins must discharge runoff as surface flow above the 
trench; they cannot outlet directly into the reservoir layer of the infiltration trench.  If catch 
basins are used, the short and long term costs of the catch basin filters should be considered.   

Figure 3 Plan View, Concentrated Flows 

Figure 2  Plan View, Sheet Type Flows 
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Additional Considerations 

Class V Status 
In certain circumstances, for example, if an infiltration trench is “deeper than its widest surface 
dimension,” or includes an assemblage of perforated pipes, drain tiles, or other similar 
mechanisms intended to distribute fluids below the surface of the ground, it would probably be 
considered by the EPA to be a Class V injection well. Class V injection wells are subject to 
regulations and reporting requirements via the Underground Injection Control (UIC) Program.  
To ensure that infiltration trenches are not considered Class V wells, the design procedure in 
this manual requires that the trench not be deeper than it is wide.   

Geotechnical Report 
A geotechnical report must be included for all infiltration trenches. Appendix A of this 
Handbook entitled “Infiltration Testing Guidelines”, details which types of infiltration tests are 
acceptable and how many tests or boring logs must be performed.  A Geotechnical Report must 
be submitted in support of all infiltration trenches.  Setbacks to walls and foundations must be 
included in the Geotechnical Report. 

Observation Wells 
One or more observation wells should be provided.  The observation well consists of a vertical 
section of perforated pipe, 4 to 6 inches in diameter, installed flush with top of trench on a foot 
plate and have a locking, removable cap. 

Overflow 
An overflow route is needed to bypass storm flows larger than the VBMP or in the event of 
clogging. Overflow systems must connect to an acceptable discharge point such as a 
downstream conveyance system.  

Maintenance Access 
Normal maintenance of an infiltration trench includes maintenance of the filter strip as well as 
debris and trash removal from the surface of the trench and filter strip.  More substantial 
maintenance requiring vehicle access may be required every 5 to 10 years.  Vehicular access 
along the length of the swale should be provided to all infiltration trenches.  It is preferred that 
trenches be placed longitudinally along a street or adjacent to a parking lot area.  These 
conditions have high visibility which makes it more likely that the trench will be maintained on 
a regular basis.   
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Inspection and Maintenance 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Design and Sizing Criteria 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Schedule Inspection and Maintenance Activity 
Every two weeks, or as 
often as necessary to 
maintain a pleasant 

appearance 

- Maintain adjacent landscaped areas.  Remove clippings 
from landscape maintenance activities. 

- Remove trash & debris 

3 days after  
Major Storm Events 

- Check for surface ponding.  If ponding is only above the 
trench, remove, wash and replace pea gravel.  May be 
needed every 5-10 years. 

- Check observation well for ponding.  If the trench 
becomes plugged, remove rock materials.  Provide a 
fresh infiltration surface by excavating an additional 2-4 
inches of soil.  Replace the rock materials. 

Design Parameter Design Criteria

Design Volume VBMP 

Design Drawdown time 72 hrs

Maximum Tributary Drainage Area 10 acres

Maximum Trench Depth 8.0 ft

Width to Depth Ratio Width must be greater than depth 

Reservoir Rock Material AASHTO #3 or 57 material  or a clean, washed 
aggregate 1 to 3-in diameter equivalent 

Filter Strip Width Minimum of 5 feet in the direction of flow for all 
areas draining to trench 

Filter Strip Slope Max slope = 1%

Filter Strip Materials Mulch or grasses (non-mowed variety preferred) 

Historic High Groundwater Mark 10 ft or more below bottom of trench 

Bedrock/Impermeable Layer Setback 5 ft or more below bottom of trench 

Tree Setbacks Mature tree drip line must not overhang the 
trench 

Trench Lining Material As recommended in Geotechnical Report 
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Infiltration Trench Design Procedure 
 

1. Enter the area tributary to the trench, maximum drainage area is 10 acres. 
 

2. Enter the Design Volume, VBMP, determined from Section 2.1 of this Handbook. 
 

3. Enter the site infiltration rate, found in the geotechnical report. 
 

4. Enter the factor of safety from Table 1 of Appendix A, Infiltration Testing. 
 

5. Determine the maximum reservoir layer depth, DMAX.  The value is obtained by taking the 
smaller of two depth equations but may never exceed 8 feet.  The first depth, D1 is related 
to the infiltration rate of the soil.  The second depth, D2, is related to required setbacks to 
groundwater, bedrock/impermeable layer.  These parameters are shown in Figure 1. 

 
 
Calculate D1. ܦଵ = ቀ݅݊ܫ ℎݎൗ ቁ × 72	ሺℎݏݎሻ12 ቀ݅݊ ൗݐ݂ ቁ × ݊ 100ൗ ×  ܵܨ

 
Where: 

I     = site infiltration rate (in/hr), found in the geotechnical report 
FS  = factor of safety, refer to Appendix A - Infiltration Testing 
n    = porosity of the trench material, 40%  

  
 
Calculate D2.  Enter the depth to the seasonal high groundwater and 
bedrock/impermeable layer measured from the finished grade.  The spreadsheet checks 
the minimum setbacks shown in Figure 1 and selects the smallest value.  The equations 
are listed below for those doing hand calculations.   
 
Minimum Setbacks (includes 1 foot for pea gravel): 

= Depth to historic high groundwater mark - 11 feet 
= Depth to impermeable layer - 6 feet  

 
D2 is the smaller of the two values.   
 
DMAX is the smaller value of D1 and D2, and must be less than or equal to 8 feet. 
 

6. Enter the proposed reservoir layer depth, DR.  The value must be no greater than DMAX. 
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7. Find the required surface area of the trench, AS. Once DR is entered, the spreadsheet will 
calculate the corresponding depth of water and the minimum surface area of the trench.  

ௐ݀	݊݃݅ݏ݁ܦ = ோܦ × ൫݊ 100ൗ ൯																				ܣௌ = ஻ܸெ௉݊݃݅ݏ݁ܦ	݀ௐ 

Where:     
          AS     = minimum area required (ft2) 
       VBMP    = BMP storage volume (ft3) 
Design dW  = Depth of water in reservoir layer (ft) 

 
 

8. Enter the proposed design surface area; it must be greater than the minimum surface 
area. 
 

9. Calculate the minimum trench width.  This is to ensure that EPA’s Class V Injection well 
status is not triggered.  The total trench depth (shown in Figure 1) includes the upper foot 
where the overflow pipe is located.  The minimum surface dimension is DR + 1 foot. 

 
 
Additional Items 
The following items detailed in the preceding sections should also be addressed in the design. 
 
• Sediment Control 
 
• Geotechnical Report 
 
• Observation well(s) 

 
• Overflow 
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Reference Material 
 
California Stormwater Quality Association. California Stormwater BMP Handbook New 
Development and Redevelopment. 2003.  
 
County of Los Angeles Department of Public Works. Stormwater BMP Best Management 
Practice Design and Maintenance Manual for Publicly Maintained Storm Drain Systems. Los 
Angeles, CA, 2009.  
 
LandSaver Stormwater Management System. Tech Sheet - Porosity of Structural Backfill. 2006.  
 
United States Environmental Protection Agency. Office of Water, Washington D.C. Storm Water 
Technology Fact Sheet Vegetated Swales. 1999.  
 
United States Environmental Protection Agency. Office of Water. Memorandum on Clarification 
on Which Stormwater Infiltration Practices/technologies Have the Potential to Be Regulated as 
"Class V" Wells by Underground Injection Control Program. By Linda Boornazian and Steve 
Heare. Washington D.C., 2008.  
 
Ventura Countywide Stormwater Quality Management Program. Land Development Guidelines 
Biofilter Fact Sheet. Ventura, CA, 2001.  
 
Ventura Countywide Stormwater Quality Management Program. Technical Guidance Manual 
for Stormwater Quality Control Measures. Ventura, CA, 2002.  
 



Filterra Infiltration Rate = 100 (in/hr)
Filterra Flow per Square Foot = 0.0023 (ft3/sec/ft2)

Filterra Flow Rate, Q = 0.0023 ft3/sec x Filterra Surface Area
Rational Method, Q = C x I x A

Site Flowrate, Q = (C x DI x DA x 43560) / (12 x3600)
OR DA = (12 x 3600 x Q) / (C x 43560 x DI)

where Q = Flow (ft3/sec)
DA = Drainage Area (acres)
DI = Design Intensity (in/hr)
C = Runoff coefficient (dimensionless)

DI C C C
0.2 1.00 0.85 0.50

Filterra 100% Commercial Residential
L W Filterra Surface Area Flow Rate, Q Imperv. DA max DA max DA

(ft) (ft) (ft2) (ft3/sec) (acres) (acres) (acres)

4 4 16 0.0370 0.184 0.216 0.367
6 4 24 0.0556 0.275 0.324 0.551

6.5 4 26 0.0602 0.298 0.351 0.597
8 4 32 0.0741 0.367 0.432 0.735

10 4 40 0.0926 0.459 0.540 0.918
12 4 48 0.1111 0.551 0.648 1.102
6 6 36 0.0833 0.413 0.486 0.826
8 6 48 0.1111 0.551 0.648 1.102

10 6 60 0.1389 0.689 0.810 1.377
12 6 72 0.1667 0.826 0.972 1.653
13 7 91 0.2106 1.045 1.229 2.089

Available Filterra Box Sizes

Filterra Sizing Spreadsheet
Uniform Intensity Approach
Storm Intensity = 0.20 in/hr
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ENGINEERED SOLUTIONS

Filterra® 
High Performance Bioretention



Your Contech Team
Contech is the leader in stormwater solutions, 
helping engineers, contractors and owners with 
infrastructure and land development projects 
throughout North America.

With our responsive team of stormwater experts, 
local regulatory expertise and flexible solutions, 
Contech is the trusted partner you can count on for 
stormwater management solutions.

The experts you need to 
	 solve your stormwater challenges

STORMWATER  
CONSULTANT
It’s my job to recommend  
the best solution to meet  
permitting requirements.

STORMWATER  
DESIGN ENGINEER
I work with consultants to design 
the best approved solution to 
meet your project’s needs.

REGULATORY MANAGER
I understand the local stormwater  
regulations and what solutions  
will be approved.

SALES ENGINEER
I make sure our solutions  
meet the needs of the contractor 
during construction.

	 Contech is your partner in stormwater management solutions



Your Contech Team

	 Contech is your partner in stormwater management solutions

Filterra is an engineered high-performance bioretention 
system. While it operates similar to traditional bioretention, 
its high flow media allows for a reduction in footprint of 
up to 95% versus traditional bioretention practices. Filterra 
provides a Low Impact Development (LID) solution for tight, 
highly developed sites such as urban development projects, 
commercial parking lots, residential streets, and streetscapes. 
Its small footprint also reduces installation and life cycle costs 
versus traditional bioretention. Filterra can be configured 
in many different ways to enhance site aesthetics, integrate 
with other LID practices, or increase runoff reduction through 
infiltration below or downstream of the system.

At the Manchester Stormwater 
Park seen above, the Filterra 
systems surrounding the central 
courtyard allowed for the creation 
of a community space with parking, 
sidewalks, and benches in a quaint 
downtown area.  A traditional 
bioretention system treating the 
same drainage area would have 
occupied the entire park area leaving 
no room for these amenities.

Low Impact Development in a  
Small Footprint – Filterra®

ENGINEERED SOLUTIONS



Filterra® High Performance 
Bioretention

	 Using nature to facilitate Stormwater Management

Tested in the field and laboratory ...

1.	 Stormwater enters the Filterra through a pipe, curb inlet, or sheet flow and ponds over the pretreatment mulch layer, 
capturing heavy sediment and debris. Organics and microorganisms within the mulch trap and degrade metals and 
hydrocarbons. The mulch also provides water retention for the system’s vegetation.

2.	 Stormwater flows through engineered Filterra media which filters fine pollutants and nutrients. Organic material in the 
media removes dissolved metals and acts as a food source for root-zone microorganisms. Treated water exits through an 
underdrain pipe or infiltrates (if designed accordingly).

3.	 Rootzone microorganisms digest and transform pollutants into forms easily absorbed by plants.

4.	 Plant roots absorb stormwater and pollutants that were transformed by microorganisms, regenerating the media’s 
pollutant removal capacity. The roots grow, provide a hospitable environment for the rootzone microorganisms and 
penetrate the media, maintaining hydraulic conductivity.

5.	 The plant trunk and foliage utilize nutrients such as Nitrogen and Phosphorus for plant health, sequester heavy metals into 
the biomass, and provide evapotranspiration of residual water within the system.

How the Filterra® Works

Plants and organic material are 
vital to the long term performance 
of bioretention systems
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	 Using nature to facilitate Stormwater Management

FEATURE BENEFITS

High biofiltration media flow rate (up to 175”/hr+) Greatly reduced footprint versus traditional bioretention and LID 
solutions

Filterra system is packaged, including all components 
necessary for system performance Quality control for easy, fast and successful installation

Quick and easy maintenance Low lifecycle costs

Variety of configurations and aesthetic options Integrates easily into any site or landscape plan

Natural stormwater management processes featuring 
organics and vegetation

Meets Low Impact Development requirements and ensures 
long-term performance

Filterra is approved through numerous local, state and 
federal verification programs, including:

	� New Jersey Department of Environmental Protection (NJ DEP)

	� Washington Department of Ecology (GULD) – Basic, Enhanced, 

Phosphorus, and Oil

	� Maryland Department of the Environment - Environmental Site 

Design (ESD)

	� Texas Commission on Environmental Quality (TCEQ)

	� Virginia Department of Environmental Quality (VA DEQ)

	� Maine Department of Environmental Protection (ME DEP)

	� Atlanta, GA Regional Commission

	� Los Angeles County, CA - Alternate to Attachment H

	� City of Portland, Oregon Bureau of Environmental Services

	� North Carolina Department of Environmental Quality (NC DEQ)

Filterra® Features and Benefits

Select Filterra® Approvals

The Filterra system can 
be configured with many 
different aesthetic options

ENGINEERED SOLUTIONS



Filterra® Performance Testing Results

APPLICATION TIPS
•	 The Filterra system has 

been tested under industry 
standard protocols and has 
proven its pollutant removal 
performance and system 
longevity.

•	 Contech invests significant 
resources in media blending 
calibration and product 
testing to ensure our media 
meets our strict performance 
specifications every time.

•	 Keep regulators and owners 
happy by selecting a product 
with predictable and proven 
maintenance longevity.

POLLUTANT OF 
CONCERN

MEDIAN REMOVAL 
EFFICIENCY

MEDIAN EFFLUENT 
CONCENTRATION (MG/L)

Total Suspended Solids (TSS) 86% 3.3
Total Phosphorus - TAPE (TP) 70% 0.05
Total Nitrogen (TN) 34% 0.54
Total Copper (TCu) 55% 0.004
Total Dissolved Copper 43% 0.003
Total Zinc (TZn) 56% 0.04
Total Dissolved Zinc 54% 0.1
Total Zinc (TZn) 56% 0.04
Total Petroleum 
Hydrocarbons 87% 0.71

Sources: 
UVA (TARP) Field Study - 2006 

Herrera (TAPE) Study - 2009 
Herrera (TAPE) Study - 2014 

NC State Study - 2015

Each batch of Filterra® media has 
been extensively tested to ensure 
consistent performance every time.

Note: Some jurisdictions recognize higher removal rates. Contact your Contech Stormwater Consultant for 
performance expectations.

	 Field tested and performance verified



	 Field tested and performance verified

Filterra® Maintenance

Activation and first year of maintenance is 
included with every system.* 

With proper routine maintenance, the engineered 
media within the Filterra system should last as long as 
traditional bioretention media. Routine maintenance is 
included by the manufacturer on all Filterra systems for 
the first year after activation.* This includes a maximum 
of 2 visits to remove debris, replace pretreatment mulch, 
and prune the vegetation.

Maintenance is low-cost, low-tech and simple:

	� Remove trash, sediment, and mulch

	� Replace with a fresh 3” layer of mulch

	� No confined space entry or special tools

	� Easily performed by landscape contractor or facilities 
maintenance provider

Filterra offers high performance 
bioretention for advanced pollutant 
removal with easy maintenance.

Plant health evaluation and pruning 
is important to encourage growth.

All stormwater treatment systems require  
		  maintenance for effective operation.

* Some exclusions may apply.

ENGINEERED SOLUTIONS



	 Multiple configurations allow for easy site integration

Filterra® Configurations

Multiple system configurations integrate with  
site hydraulic design and layout ... 

The Filterra is available in a variety of precast configurations as 
well as Filterra Bioscape, which can be installed directly into an 
excavated basin.

 Bypass via downstream catch basin.

 Bypass via downstream catch basin.

*Additional configurations available, including offline - pipe, peak diversion - grate, and internal bypass curb-chamber.

Filterra Internal  
Bypass Curb

Filterra Peak  
Diversion

Filterra Sedimentation 
Chamber

Filterra Offline



Filterra® Bioscape® 
Configurations

	 Multiple configurations allow for easy site integration

Filterra Bioscape  
Vault Offline

*Additional configurations available, including bioscape vault offline pipe.

 Bypass via downstream catch basin.

ENGINEERED SOLUTIONS

Filterra Bioscape

 Bypass via upstream structure. 
Multiple inlet options.

Filterra Bioscape  
Vault Basin

 Bypass via upstream structure. 
Multiple inlet options.



Standard Tree Grate

Recessed Top Slab

Custom/Decorative Tree Grate

Open Top Planter - Filterra Bioscape

Full Grate with Grasses

Street Tree

	 An aesthetic solution to meet your bioretention needs 

Filterra® Aesthetic  
Options

Multiple aesthetic options to enhance the 
appearance and integrate with landscaping ... 



Filterra® Bioscape®

Large-scale Filterra that can be customized to your site ... 

	� Ideal for Filterra systems greater than 300 square feet

	� Design with or without containment structure

	� Incorporate infiltration directly below the system, where required

	� Combine with upstream storage or downstream infiltration

	� Use as an alternative to larger regional traditional bioretention systems

	� Easily add pretreatment Hydrodynamic Separator for large-scale or heavy 
pollutant loading applications

	 An aesthetic solution to meet your bioretention needs ENGINEERED SOLUTIONS



Few companies offer the wide range of high-
quality stormwater resources you can find with 
us — state-of-the-art products, decades of 
expertise, and all the maintenance support you 
need to operate your system cost-effectively. 

Get social with us:

800-338-1122 | www.ContechES.com

NOTHING IN THIS CATALOG SHOULD BE CONSTRUED AS A WARRANTY. APPLICATIONS 
SUGGESTED HEREIN ARE DESCRIBED ONLY TO HELP READERS MAKE THEIR OWN EVALUATIONS 
AND DECISIONS, AND ARE NEITHER GUARANTEES NOR WARRANTIES OF SUITABILITY FOR ANY 
APPLICATION. CONTECH MAKES NO WARRANTY WHATSOEVER, EXPRESS OR IMPLIED, RELATED 
TO THE APPLICATIONS, MATERIALS, COATINGS, OR PRODUCTS DISCUSSED HEREIN. ALL IMPLIED 
WARRANTIES OF MERCHANTABILITY AND ALL IMPLIED WARRANTIES OF FITNESS FOR ANY 
PARTICULAR PURPOSE ARE DISCLAIMED BY CONTECH. SEE CONTECH’S CONDITIONS OF SALE 
(AVAILABLE AT WWW.CONTECHES.COM/COS) FOR MORE INFORMATION.

© 2021 Contech Engineered Solutions LLC, a QUIKRETE Company	 All Rights Reserved. Printed in the USA.

ENGINEERED SOLUTIONS

A partner 
	 you can rely on

THE CONTECH WAY
Contech® Engineered Solutions provides innovative, cost-effective 

site solutions to engineers, contractors, and developers on projects 

across North America. Our portfolio includes bridges, drainage,  

erosion control, retaining wall, sanitary sewer and stormwater 

management products. 

TAKE THE NEXT STEP
For more information: www.ContechES.com

STORMWATER  
SOLUTIONS

PIPE 
SOLUTIONS

STRUCTURES 
SOLUTIONS
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