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This Water Quality Management Plan (WQMP) has been prepared for Lytle Development Company by 

Encompass Associates, Inc. The WQMP is intended to comply with the requirements of the City of Rialto 

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.” 
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Section 1 Discretionary Permit(s) 

Form 1-1 Project Information 

Project Name         Tract 20793 

Project Owner Contact Name:      Kevin Lynch 

Mailing 

Address:   
285 W. Rialto Ave 
Rialto, CA 92376 

E-mail 

Address:   
  klynch@lytledc.com    Telephone:     909-937-4058  

Permit/Application Number(s):    PPD 2025-____ Tract/Parcel Map Number(s):   Tract 20793 

Additional Information/ 

Comments: 
      

Description of Project: 

The proposed project is for a Subdivision of 65 condominium residences on a currently vacant 

7 acre site.  The project is located along the east side of Linden Avenue, southwest from 

Riverside Drive.  

Existing runoff drains sheet flows southeasterly onto vacant property to the south. 

All runoff will be collected by inlets which will drain to a proposed infiltration basin located at 

the southwest corner of the project.  Overflows will be conveyed onto Linden Avenue via 

parkway drains.  The system is sized to reduce runoff to a level below the existing condition 

(see separate drainage study). 

Provide summary of Conceptual 

WQMP conditions (if previously 

submitted and approved). Attach 

complete copy. 
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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):        301,728 3 

Number of Dwelling Units: 65 4
 SIC Code:        6513 

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: 

Maintenance of all on-site BMPs is the responsibility of the Homeowner’s Association, with the owner responsible until the HOA is 

established. 
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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 ☐       

Phosphorous E ☒ N ☐       

Nitrogen 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 ☐       

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] 

50% 

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 %   0%    (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      34.1532°N   Longitude 117.4006°W      Thomas Bros Map page 605      

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 
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Form 3-2 Existing Hydrologic Characteristics for Drainage Area 1  

For Drainage Area 1’s sub-watershed DMA, 

provide the following characteristics 
DMA A    

1 
DMA drainage area (ft2) 301,728         

2 
Existing site impervious area (ft2) 0         

3
 Antecedent moisture condition For desert 

areas, use 

http://www.sbcounty.gov/dpw/floodcontrol/pdf/2

0100412_map.pdf 

1              

4
 Hydrologic soil group  Refer to Watershed 

Mapping Tool – 

http://sbcounty.permitrack.com/WAP 

A              

5 Longest flowpath length (ft) 1000              

6
 Longest flowpath slope (ft/ft) 0.02              

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

of Hydrology Manual 

Barren         

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         
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Form 3-3 Watershed Description for Drainage Area     

Receiving waters 

Refer to Watershed Mapping Tool - 

http://sbcounty.permitrack.com/WAP 

See ‘Drainage Facilities” link at this website 

Linden Avenue (street/surface flow) 
Cactus Channel 
Rialto Channel 

Santa Ana River Reach 4, Santa Ana Reach 3, Prado Control Basin, Santa Ana 
Reaches 1 and 2, Pacific Ocean 

Applicable TMDLs 

Refer to Local Implementation Plan 

Santa Ana River Reach 1 and 2 – None 
Santa Ana River Reach 3 – Nitrate, pathogens 
Santa Ana River Reach 4 – Indicator Bacteria      

303(d) listed impairments  

Refer to Local Implementation Plan and Watershed 

Mapping Tool –  

http://sbcounty.permitrack.com/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 1 – Indicator Bacteria 
Santa Ana River Reach 2 – None 

Santa Ana River Reach 3 is listed for bacteria and metals 
Santa Ana River Reach 4 – Indicator Bacteria 

      

Environmentally Sensitive Areas (ESA) 

Refer to Watershed Mapping Tool –  

http://sbcounty.permitrack.com/WAP 

No 

Unlined Downstream Water Bodies 

Refer to Watershed Mapping Tool –  

http://sbcounty.permitrack.com/WAP 

Yes – Santa Ana River      

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 
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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 
☒ ☐ HOA & Homeowners to be provided with household BMP brochure 

N2 Activity Restrictions ☒ ☐ HOA / CC&Rs 

N3 Landscape Management BMPs ☒ ☐ HOA & Homeowners to be provided with household BMP brochure 

N4 BMP Maintenance ☒ ☐ HOA & Homeowners to be provided with household BMP brochure.   

N5 
Title 22 CCR Compliance  

(How development will comply) 
☐ ☒ Not applicable 

N6 Local Water Quality Ordinances ☒ ☐  

N7 Spill Contingency Plan ☒ ☐ 

Maintenance personnel shall be directed to properly clean up any non-potable liquid 
spill, and shall be informed that only rain runoff can be discharged off their lots and any 
non-potable liquid spill shall be properly cleaned up and disposed.  A draft/template is 
included in Appendix A.  Spill absorbent materials shall be kept on-site.  All employees 
will be trained in spill contingency planning, spill prevention, notification, and cleanup. 

N8 Underground Storage Tank Compliance ☐ ☒ No proposed USTs 

N9 
Hazardous Materials Disclosure 

Compliance 
☐ ☒ No proposed Hazardous Materials 
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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 ☐ ☒ n/a 

N11 Litter/Debris Control Program ☒ ☐ Regular HOA Maintenance 

N12 Employee Training ☐ ☒ No Employees 

N13 Housekeeping of Loading Docks ☐ ☒ No Loading Docks 

N14 Catch Basin Inspection Program ☒ ☐ Catch Basins to be inspected as part of routine maintenance 

N15 
Vacuum Sweeping of Private Streets and 

Parking Lots 
☒ ☐ HOA responsible for regular sweeping of Private Streets and Parking Lots 

N16 
Other Non-structural Measures for Public 
Agency Projects 

☐ ☒ n/a 

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) 

☒ ☐ Inspect stencil and have re-applied when necessarily      

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

☐ ☒ No outdoor storage areas      

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

☒ ☐ Trash enclosures to be designed according to SD-32 and city standards 

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 will be installed on lots and in public areas      

S5 

Finish grade of landscaped areas at a minimum of 

1-2 inches below top of curb, sidewalk, or 

pavement 

☐ ☒ Basin will have retention      

S6 

Protect slopes and channels and provide energy 

dissipation (CASQA New Development BMP 

Handbook SD-10) 

☒ ☐       

S7 
Covered dock areas (CASQA New Development 

BMP Handbook SD-31) 
☐ ☒ No covered dock areas      

S8 

Covered maintenance bays with spill containment 

plans (CASQA New Development BMP Handbook 

SD-31) 

☐ ☒   No covered maintenance bays    

S9 
Vehicle wash areas with spill containment plans 

(CASQA New Development BMP Handbook SD-33) 
☐ ☒ No vehicle wash areas      

S10 
Covered outdoor processing areas (CASQA New 

Development BMP Handbook SD-36) 
☐ ☒ No covered outdoor processing areas      
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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 

S11 

Equipment wash areas with spill containment 

plans (CASQA New Development BMP Handbook 

SD-33) 

☐ ☒ No equipment wash areas      

S12 
Fueling areas (CASQA New Development BMP 

Handbook SD-30) 
☐ ☒      No fueling areas 

S13 
Hillside landscaping (CASQA New Development 

BMP Handbook SD-10) 
☐ ☒      No Hillside areas 

S14 Wash water control for food preparation areas ☐ ☒      No food preparation areas 

S15 
Community car wash racks (CASQA New 

Development BMP Handbook SD-33) 
☐ ☒      No community car wash racks 



Water Quality Management Plan (WQMP) 
  

 

   4-6 

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:      On-site hardscape is limited to the extent possible with the various amenities, access and code 
requirements. 

Maximize natural infiltration capacity: Yes ☒     No ☐ 

Explanation:      Infiltration will be maximized at bioretention basin 

Preserve existing drainage patterns and time of concentration: Yes ☐     No ☒ 

Explanation:      Surface flow length is longer and flatter than original, natural flow path in order to limit the increase in 
developed flows. 

Disconnect impervious areas: Yes ☒     No ☐  

Explanation:      Lot runoff drains to infiltration BMP prior to discharge into the street 

Protect existing vegetation and sensitive areas: Yes ☐     No ☒ 

Explanation:      Optimized site layout and grading does not provide for protection of existing vegetation. 

Re-vegetate disturbed areas: Yes ☒     No ☐ 

Explanation:      Landscaping will be installed on lots and in parkways 

Minimize unnecessary compaction in stormwater retention/infiltration basin/trench areas: Yes ☒     No ☐ 

Explanation:      Infiltration BMPs are outside of the building pad, therefore compaction will be less 

Utilize vegetated drainage swales in place of underground piping or imperviously lined swales: Yes ☐     No ☒  

Explanation:      Swales in landscaped areas would limit usability due to relatively steep slope requirements.  Utilizing 
infiltration BMPs in lieu of swales. 

Stake off areas that will be used for landscaping to minimize compaction during construction : Yes ☐     No ☒  

Explanation:       

 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 

(DA 1) 

1 Project area DA 1 (ft2): 

 301,728 sf     

2 
Imperviousness after applying preventative 

site design practices (Imp%):   65% 

3 
Runoff Coefficient (Rc):  _0.45      

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):   0.721       

http://hdsc.nws.noaa.gov/hdsc/pfds/sa/sca_pfds.html 

5 
Compute P6, Mean 6-hr Precipitation (inches):   1.07     

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):    23,766     

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 
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Form 4.2-2  Summary of HCOC Assessment (DA 1) 

Does project have the potential to cause or contribute to an HCOC in a downstream channel:  Yes   ☐  No ☒ 

Go to:   http://sbcounty.permitrack.com/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 
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( 

Form 4.2-3  HCOC Assessment for Runoff Volume (DA 1) 

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 

 

  



Water Quality Management Plan (WQMP) 
  

 

  4-10 

 

Form 4.2-4 HCOC Assessment for Time of Concentration (DA 1 & 2) 

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 14 * 0.95) – Item 13 
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Form 4.2-5 HCOC Assessment for Peak Runoff (DA 1 & 2) 

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 (ft2)  

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 & 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:  

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 9 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 BMPs (DA 1)  

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  A  

BMP Type 

      

DA   1   DMA B  

BMP Type 

       

DA   1   DMA C   

BMP Type  

  

2 
Total impervious area draining to pervious area (ft2) - - -      

3 
Ratio of pervious area receiving runoff to impervious area         

4 
Retention volume achieved from impervious area 

dispersion (ft3)   V = Item2 * Item 3 * (0.5/12), assuming 

retention of 0.5 inches of runoff 

             

5 
Sum of retention volume achieved from impervious area dispersion (ft3):    0         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  1    DMA  A  

BMP Type 

      

DA   1   DMA B  

BMP Type 

       

DA   1   DMA C   

BMP Type  

  

7 
Ponding surface area (ft2)     

8 
Ponding depth (ft) (for paver voids: 10% of 4” depth)    

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) 
   

13 
Runoff volume retention from on-lot infiltration (ft3):   0          Vretention =Sum of Item 12 for all BMPs 
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Form 4.3-2 cont.  Site Design Hydrologic Source Control BMPs (DA 1) 

 

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  1    DMA  A  

BMP Type 

      

DA   1   DMA B  

BMP Type 

       

DA   1   DMA C   

BMP Type  

  

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):      0         Vretention =Sum of Item 19 for all BMPs  

21 
Implementation of Street Trees:   Yes  ☐  No ☒  

If yes, complete Items 20-2.  If no, proceed to Item 24 

DA  1    DMA  A  

BMP Type 

      

DA   1   DMA B  

BMP Type 

       

DA   1   DMA C   

BMP Type  

  

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):    0          Vretention = Sum of Item 24 for all BMPs 

 

26 
Implementation of residential rain barrels/cisterns:  

Yes☐  No ☒ If yes, complete Items 27-28; If no, proceed to Item 

29 

DA  1    DMA  A  

BMP Type 

      

DA   1   DMA B  

BMP Type 

       

DA   1   DMA C   

BMP Type  

  

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):     0       Vretention =Sum of Item 28 for all BMPs 

 

30 
Total Retention Volume from Site Design Hydrologic Source Control BMPs:     0    Sum of Items 5, 13, 20, 25 and 29 
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Form 4.3-2  Site Design Hydrologic Source Control BMPs (DA 2) 
 

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  2    DMA  A  

BMP Type 

      

DA   2   DMA B  

BMP Type 

       

DA   2   DMA C   

BMP Type  

        

2 
Total impervious area draining to pervious area (ft2) - - -      

3 
Ratio of pervious area receiving runoff to impervious area         

4 
Retention volume achieved from impervious area 

dispersion (ft3)   V = Item2 * Item 3 * (0.5/12), assuming 

retention of 0.5 inches of runoff 

             

5 
Sum of retention volume achieved from impervious area dispersion (ft3):    0         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  2    DMA  A  

BMP Type 

      

DA   2   DMA B  

BMP Type 

       

DA   2   DMA C   

BMP Type  

        

7 
Ponding surface area (ft2)     

8 
Ponding depth (ft) (for paver voids: 10% of 4” depth)    

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) 
   

13 
Runoff volume retention from on-lot infiltration (ft3):   n/a      Vretention =Sum of Item 12 for all BMPs 
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Form 4.3-2 cont.  Site Design Hydrologic Source Control BMPs (DA 2) 

 

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  2    DMA  A  

BMP Type 

      

DA   2   DMA B  

BMP Type 

       

DA   2   DMA C   

BMP Type  

        

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 20-2.  If no, proceed to Item 24 

DA  2    DMA  A  

BMP Type 

      

DA   2   DMA B  

BMP Type 

       

DA   2   DMA C   

BMP Type  

        

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 barrels/cisterns:  

Yes☐  No ☒ If yes, complete Items 27-28; If no, proceed to Item 

29 

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 

 

30 
Total Retention Volume from Site Design Hydrologic Source Control BMPs:     n/a    Sum of Items 5, 13, 20, 25 and 29 
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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).  

 

.
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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):       23,766.   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 

Underground 

Infiltration     

DA   1   DMA B   

BMP Type 

       

DA   1   DMA C     

BMP Type  

  

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 

2.54        

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

4 
Design percolation rate (in/hr)  Pdesign = Item 2 / Item 3 1.27        

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

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

for WQMP for BMP design details 

4        

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

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 

2450        

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 

-        

10 
Amended soil porosity -             

11 
Gravel depth, dmedia (ft) Only included in certain BMP types,  see 

Table 5-4 of the TGD for WQMP for BMP design details 

6.0        

12 
Gravel porosity 0.40        

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

14 
Above Ground Retention Volume (ft3)  Vretention = Item 8 * [Item7 + 

(Item 9 * Item 10) + (Item 11 * Item 12) + (Item 13 * (Item 4 / 12))] 

             

15 
Underground Retention Volume (ft3)  Volume determined using 

manufacturer’s specifications and calculations 
23,982        

16 
Total Retention Volume from LID Infiltration BMPs:  23,982 (Sum of Items 14 and 15 for all infiltration BMP included in plan) 

17  Fraction of DCV achieved with infiltration BMP:    >100%  % (over)  Retention% = Item 16 / Form 4.2-1 Item 7 

18 
Is full LID DCV retained on-site with combination of hydrologic source control and LID retention and 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 minimum effective area thresholds (Table 5-7 of the TGD for WQMP) for the 

applicable category of development and repeat all above calculations. 
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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). 

Form 4.3-4  Harvest and Use BMPs (DA 1&2) 
1 

Remaining LID DCV not met by site design HSC or infiltration BMP (ft3):       0 sf   

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  1    DMA  A  

BMP Type 

      

DA   1   DMA B   

BMP Type 

       

DA   1   DMA C    

BMP Type  

        

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 

                  

8
Retention Volume (ft3) 

Vretention = Minimum of (Item 3) or (Item 6 * (Item 7 / 24))  

                  

9 
Total Retention Volume (ft3) from Harvest and Use BMP    n/a  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 and 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); 

Form 4.3-5 Selection and Evaluation of Biotreatment BMP (DA 1&2) 

1 
Remaining LID DCV not met by site design HSC, 

infiltration, or harvest and use BMP for potential 

biotreatment (ft3):     0      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, Nitrogen, Sediment, Oil & Grease, Trash/Debris, 

Pesticides/Herbicides 

 

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):     0     Item 1 – Item 3 

5 
Remaining fraction of LID DCV for 

sizing flow based biotreatment BMP:  

0%  Item 4  / Item 1 

6 
Flow-based biotreatment BMP capacity provided (cfs):   n/a      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.  

 Use Form 4.3-8 to compute sizing criteria for flow-based biotreatment BMP (e.g. bioswales) 
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Form 4.3-6 Volume Based Biotreatment (DA 1 & 2) –  

Bioretention and Planter Boxes with Underdrains 

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

comparable BMP) 

DA  1    DMA  A  

BMP Type 

      

DA   1   DMA B  

BMP Type 

       

DA   1   DMA C    

BMP Type  

  

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:  0 cf      Sum of Item 14 for all volume-

based BMPs included in this form 
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Form 4.3-7 Volume Based Biotreatment (DA 1 & 2) –  

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 1) 

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

BMP 

DA  1    DMA  A  

BMP Type 

      

DA   1   DMA B  

BMP Type 

       

DA   1   DMA C    

BMP Type  

        

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 

n/a n/a n/a 

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 

 n/a      n/a      n/a     

3 
Bed slope (ft/ft)  

BMP specific, see Table 5-6 of the TGD for WQMP for reference to BMP 

design details 

 n/a      n/a      n/a     

4 
Manning's roughness coefficient 

 n/a      n/a      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 
Side Slope (ft/ft)  

BMP specific, see Table 5-6 of the TGD for WQMP for reference to BMP 

design details 

n/a      n/a      n/a      

7 
Cross sectional area (ft2)  

A = (Item 5 * Item 2) + (Item 6 * Item 2^2) 

  n/a      n/a      n/a    

8 
Water quality flow velocity (ft/sec) 

V =  Form 4.3-5 Item 6 / Item 7 

n/a      n/a      n/a      

9 
Hydraulic residence time (min)  

Pollutant specific, see Table 5-6 of the TGD for WQMP for reference to 

BMP design details 

 n/a      n/a      n/a     

10 
Length of flow based BMP (ft) 

L = Item 8 * Item 9 * 60 

n/a      n/a      n/a      

11 
Water surface area at water quality flow depth (ft2)  

SAtop = (Item 5 + (2 * Item 2 * Item 6)) * Item 10 

n/a      n/a      n/a      
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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):    23,766     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):   23,982      Copy Item 16 in Form 4.3-3 

4 
On-site retention with LID harvest and use BMP (ft3):   0       Copy Item 9 in Form 4.3-4 

5 
On-site biotreatment with volume based biotreatment BMP (ft3):     0      Copy Item 3 in Form 4.3-5 

6 
Flow capacity provided by flow based biotreatment BMP (cfs):    0.0      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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4.3.5 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):    23,766     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):   23,982      Copy Item 16 in Form 4.3-3 

4 
On-site retention with LID harvest and use BMP (ft3):   0       Copy Item 9 in Form 4.3-4 

5 
On-site biotreatment with volume based biotreatment BMP (ft3):     0      Copy Item 3 in Form 4.3-5 

6 
Flow capacity provided by flow based biotreatment BMP (cfs):    0.0      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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4.4 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 
Responsib

le Party(s) 

Inspection/ Maintenance 

Activities Required 

Minimum 

Frequency of 

Activities 

Education 
of 

Property 
Owners, 
Tenants, 

and 
Occupants 

on 
Stormwater 

BMP's 

Owner 

The Education of Property Owners and Occupants BMP will 

begin upon occupancy. Practical informational materials are 

provided in this document in Attachment B. These include 
County of San Bernardino's pamphlets on BMPs and 

stormwater quality which include general good housekeeping 

practices that contribute to protection of stormwater quality, 
and BMPs that eliminate or reduce pollution during property 

improvements (concrete work, etc). These materials will be 

made available to new occupants with annual updates 

thereafter. 

Annually 

Landscape 

Management 

BMPs 

Owner 

Implementation of Landscape Management is the responsibility 
of the owner, beginning at occupancy and generally including 
routine maintenance on a weekly and as needed basis: 
1) Proper maintenance and education is critical to ensure storm runoff 

does not contain excessive pollutants. 
2) Inspect all inlets and remove any accumulated debris and sediment 

at least once per quarter, and prior to the start of the wet season 
each year (by October 1). 

3) Do not wash debris, sediment or trash into the storm drains. All 
landscaping clippings, sediment and trash shall be collected and 
disposed of properly. 

4) Do not dump anything into the storm drains. 
Eliminate standing water to prevent vector breeding 

Weekly 

   Litter / Debris 

Control Program 
Owner     

Implementation of the litter/Debris Control Program is the 

responsibility of the owner, beginning at occupancy and 

generally including frequent collection of all trash and debris 

Weekly 
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Catch Basin 

Inspection 
Owner 

Implementation of Catch Basin Inspection is the responsibility 

of the Owner, beginning at occupancy and generally including 

inspection of inlets before the wet season and after each storm, 

with cleanup on an as-needed basis.  Note that filter inserts for 

trash, sediment and fossil fuels are required and will be 

installed in each Catch Basin. 

Monthly 

Provide Storm 

Drain System 

Stenciling and 

Signage 

Owner 

Implementation of Storm Drain System Stenciling and 

Signage is the responsibility of the Owner, beginning at 

occupancy, and generally including refreshing of signs on an 

as-needed basis. 

Quarterly 

Protect Slopes and 

Channels and 

Provide Energy 

Dissipation 

Owner 

Implementation of Slopes and Channels Protection and 

Energy Dissipation is the responsibility of the Owner, 

beginning at occupancy. 

Quarterly 

Parking Lot 

Sweeping 
Owner 

Owner shall ensure parking lot is vacuum swept quarterly, 

as needed to ensure debris and sediment does not build up 

in infiltration systems, and once prior to the wet season 

Quarterly 

Infiltration Basins Owner Inspection, cleaning Quarterly 

Area Drains Owner Inspection, cleaning Quarterly 

Loading Docks Owner Inspection, cleaning On-going 

Parking Lot 

Sweeping      
Owner Inspection, cleaning Quarterly 

 Irrigation 

System     
Owner 

a) Limit overspray of landscaping from draining into the storm 
drain inlets. Excess periodic drainage will result in a shorter 
useful life for the infiltration system. 

b) Fix broken sprinkler system components immediately. 
Ensure proper watering levels are maintained to ensure 

overspray and runoff is limited.      

Monthly     
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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 
 S.B. County Stormwater Facilities Map Tool – Site Map – Shows site in HCOC Exempt Area (shaded) 

 USGS Web Soil Survey – Shows site soil capable of infiltration rates exceeding 5.1in/hr.  Acceptable 

rates for infiltration BMPs. 

 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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Project Site Parcel Numbers

ParcelNumber# Acreage Area(ft2)

1 026401258 1.78 55,159.91

2 026401248 5.90 180,445.10

HCOC Exempt Area

# Type Status Area(ft2)

1 HCOC Exempt Areas Yes 235,604.97

Drainage Segment Details

Closest channel
segment’s

susceptibility to
Hydromodification

Is this drainage
segment subject to

TMDLs?

Highest downstream
hydromodification

susceptibility
Facility Name# System Number

1 2-205-5E Riverside Groin #5, COE EHM High No

Are there downstream
drainage segments subject to

TMDLs?

Is this drainage segment a
303d listed stream?

Are there 303d listed streams
downstream?

# Area(ft2)

1 No No Yes 235,604.97

Onsite Soil Groups

Onsite Soils Group Soil Type Abbreviation Areafft2)# Soil Type

TvC TUJUNGA GRAVELLY
LOAMY SAND, 0 TO 9
PERCENTS*

TUJUNGA GRAVELLY LOAMY
SAND

1 Soils - Hydro Group A 235,604.97

Known Groundwater Contamination Plumes Within 1,000'

# Name Contaminant Major Contaminant Area(ft2)

1 North Rialto Perchlorate Perchlorate 235,283.27

Ground Water Contour

# GW_Contour Length(ft)

1 -450 315.08

Studies and Reports Related to Project Site



# Report Link Source Date Area(ft2)

SBVMWD High Groundwater
/ Pressure Zone Area

USGS & San Bern Valley
Municipal Water District

1 2005 235,604.97

CSDP 3 CALC SHEET FOR San Bernardino County Flood
Control District

2 April 1973 235,604.97
HYDRO

CSDP 3-
3 Rialto Channel Drainage Ar
ea Volume I

April 19883 James M. Montgomery 235,604.97

CSDP 3-
3 Rialto Channel Drainage Ar
ea Volume II

April 19884 James M. Montgomery 235,604.97

CSDP 3-
3 Rialto Channel Drainage Ar
ea Volume III

April 19885 James M. Montgomery 235,604.97

CSDP 3-
3 Rialto Channel Drainage Ar
ea Volume I

6 James M. Montgomery April 1988 235,604.97

CSDP 3-
3 Rialto Channel Drainage Ar
ea Volume IV

7 James M. Montgomery April 1988 235,604.97

CSDP 3-
3 Rialto Channel Drainage Ar
ea Volume V

8 James M. Montgomery April 1988 235,604.97

Preliminary Report on Propos San Bernardino County Flood
Control District

9 December 1954 235,604.97
ed North SBFCP

10 Rialto MPD Vol1 Hall & Foreman, Inc February 2009 235,604.97

11 Rialto MPD Vol II Hall & Foreman, Inc February 2009 235,604.97

RS-Rialto Map Book-
Hall & Foreman, Inc12 February 2009 235,604.97

FINAL Lavout2

CSDP 3-
3 Rialto Channel Drain Area13 James M. Montgomery January 1987 235,604.97

Draft

Revised CSDP 3-
14 3 Rialto Channel Drainage Ar Associated Engineers July 1988 235,604.97

ea

San Bernardino County Flood
Control District

Rialto Channel SD Plan July 198815 235,604.97

San Bernardino County Flood
Control District

Cactus Basin October 198516 235,604.97

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, without independent verification.



NOAA Atlas 14, Volume 6, Version 2
Location name: Rialto, California, USA*

Latitude: 34.1532°, Longitude: -117.4006°
Elevation: 1596 ft**

* source: ESRI Maps
** source: USGS
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POINT PRECIPITATION FREQUENCY ESTIMATES

Sanja Perica, Sarah Dietz, Sarah Heim, Lillian Hiner. Kazungu Maitaria, Deborah Martin, Sandra
Pavlovic, Ishani Roy, Carl Trypaluk, Dale Unruh, Fenglin Yan, Michael Yekta, Tan Zhao, Geoffrey

Bonnin, Daniel Brewer, Li-Chuan Chen, Tye Parzybok, John Yarchoan

NOAA, National Weather Service, Silver Spring, Maryland

PF tabular | PF graphical | Maps & aerials

PF tabular

PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches)1
Average recurrence interval (years)

Duration
1 2 5 10 25 50 100 200 500 1000

0.137
(0.114-0.166)

0.182
(0.151-0.221)

0.241
(0.200-0.294)

0.289
(0.237-0.355)

0.354
(0.281-0.451)

0.405
(0.315-0.527)

0.457
(0.346-0.609)

0.511
(0.376-0.701)

0.584
(0.412-0.837)

0.643
(0.438-0.953)

5-min

0.196
(0.163-0.238)

0.261
(0.217-0.317)

0.345
(0.286-0.421)

0.414
(0.340-0.509)

0.508
(0.403-0.646)

0.580
(0.451-0.755)

0.655
(0.496-0.873)

0.732
(0.539-1.00)

0.838
(0.591-1.20)

0.921
(0.627-1.37)

10-min

0.237
(0.197-0.288)

0.316
(0.262-0.384)

0.418
(0.346-0.509)

0.501
(0.412-0.616)

0.614
(0.488-0.782)

0.702
(0.545-0.913)

0.792
(0.600-1.06)

0.885
(0.6_52-1.21)

1.01 1.1115-min
(0.715-1.45) jO.759-1.65)

0.358
(0.298-0.434)

0.475
(0.395-0.578)

0.629
(0.521-0.767)

0.755
(0.620-0.928)

0.925
(0.735-1.18)ÿ

1.06 1.19 1.33 1.53 1.68
30-min

(0.822-1.38) (0.904-1.59) (0.982-1,83j (1.08-2.18) j1_.14-24_9)

0.543
(0452-0.659)

0.721
(0.599-0.877)

0.955
-1.16)

1.14 1.40 1.60 1.81 2.02 2.32 2.55
60-min

(0.941-1.41) (142-1.79) (1.25-2.09) (1.37-2.41) (1.49-2.78) (1.63-3.32) (1.73-3.78)

0.820
(0.682-0.996)

1.07 1.40 1.66 2.57 2.85
(2.10-3.91)

3.24 3.542.02 2.29
2-hr

(0.891-1.30) (1.16-1.70) j1_.37-2.04) (1.60-2.57) (1.78-2.98) (1.94-3.42) (2.28-4.63) j2.41-5.24)

1.05 1.36 1.76 2.09 2.52 2.85 3.19 3.53 3.99 4.35
3-hr

(0.870447) (143-1.65) (1.46-2.15) j1_.71-2.56) (2.00-3.21) (2.22-3.71) (2.42-4.25) (2.60-4.85) (2.82-5.72) (2.96-6.45)

1.55 2.00 2.58 3.04 3.66 4.12 4.59 5.06 5.69 6.17
6-hr

(244-3.14)(1.29-1.88) (1.66-2.43) (2.50-3.74) (2.90-4.65) (3.20-5.36) j3.48-6.11) j3.72-6.94) (4.01-844) (4.20-945)

2.11 2.74 3.53 4.16 4.98 5.60 6.21 6.83 7.64 8.2512-hr
(1.76-2.56)_ (2.27-3.32) (2.92-4.30) (341-541) (3.96-6.34) (4.35-7,28j (4.71-8.28) (5.03-9.37) (5.39-10.9) (5.62-12.2)

2.88 3.77 4.39 5.78 6.94 7.80 8.65 9.51 10.6 11.5
24-hr

(2.55-3.32) (3.33-4.35j (4.32-5.66) j5.06-6.74) j5.88-8.36j (6.47-9.60) (7.01-10.9) (7.49-12.3) (8.04-14.3)_ (8.38-16.0)

3.54 4.73 6.26 7.48 9.12 10.4 11.6 12.9 14.6 15.9
2-day

(343-4.07) (4.18-5.45) (5.52-7.24) (6.55-8.73) (7.73-11.0) (8.60-12.7) (9.40-14.6) (10.1-16.7) (11.0-19.6) (11.6-224)

3.78 5.15 6.95 8.42 10.4 12.0 13.6 15.3 17.5 19.3
3-day

(3.35-4.36)_ (4.56-5.94) (6.13-8.04) (7.37-9.82) (8.84-12.6) (9.96-14.8) (11.0-17.1) (12.0-1941) (13.3-23.6) (14.1-26.9)

4.04 11.6 13.4 15.3 17.3 20.0 22.25.56 7.58 9.26
4-day

(3.57-4.65) (4.92-6.41) (6.69-8.77) (840-10.8) j£.81-14.0) (114-16.5) (12.4-19.3) (13.6-22.4) (154-27.0) (16.2-31.0)

4.61 6.42 8.84 10.9 13.7 15.9 18.2 20.7 24.1 26.8
7-day

(4.08-5.3_1) (5.67-7.40) (7.80-10.2j (9.50-127) (11.6-16.5) (13.2-19.6) (14.8-23.0) (16.3-28_8) (18.2-32.5) j1_9.6-37.4)

4.97 6.97 9.66 11.9 15.1 17.6 20.2 23.0 26.9 30.0
10-day

j4.40-5.73) (6.17-8.04) (8.52-11.2) j1_0.4-13.9) (12.8-18.2j (14.6-21.6) (16.4-25.5) (18.1-29.8) (20.3-36.3) (22.0479)

5.96 8.44 11.8 14.7 18.8 22.0 25.5 29.2 34.4 38.6
20-day

(5.28-6.87) (7.46-9.73) (10.4-13.7) j12.9-17.1) (15.9-22.6) (18.3-27.1) (20.6-324 ) (23.0-37.8) (26.0-46.4) (28.3-53.9)

6.96 9.87 13.9 17.3 22.2 26.2 30.4 34.9 41.4 46.7
30-day

(6.16-8.02) (8.73-114) (12.2-164) j1_5.1-20.2) (18.8-26.7) (21.7-32.2) (24.6-38.2) (27.5-45.2) (373-55.8) (344-654)

8.32 11.7 16.5 20.6 26.4 31.2 36.4 41.9 49.9 56.5
45-day

(7.37-9.59) (10.4-13.5) (14.5-194) j1_8.0-2441) (22.4-31.9) j25.9-38.4) (29.545.8) (3341-54.3)_ j37.8-67.4) (41.348.9)

9.68 13.5 18.9 23.6 30.3 35.8 41.8 48.2 57.6 65.3
60-day

(8.58-11.2j (12.0-15.6) (16.7-21.9) (20.647.5) j25.7-36.5) (29.7-44.1) (33.8-52.6) (38.0-62.5) (43.6-77.7) (47.8-91.2)

1 Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).

Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates (for
a given duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds are not
checked against probable maximum precipitation (PMP) estimates and may be higher than currently valid PMP values.

Please refer to NOAA Atlas 14 document for more information.

Back to TOD

PF graphical



PDS-based depth-duration-frequency (DDF) curves
Latitude: 34.1532°, Longitude: -117.4006°
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Percolation Rate to Infiltration Rate Conversion

* ∆H Br2 
 60 ∆H 60 r

∆t(Br
2
 + 2BrHavg) ∆t(r+2Havg)

Where: It   = tested infiltration rate, inches/hour

∆H = change in head over the time interval, inches

∆t = time interval, minutes

r = effective radius of test hole

Havg = average head over the time interval, inches

∆t Init Level Fnl Level ∆H Havg It

TP-9/P-1 @ 9 ft. 10 15 11 3/4 3 1/4 13 3/8 2.54

TP-10/P-2 @ 9 ft. 10 15 0 15 7 1/2 18.95

Low = 2.54

Average = 10.74

**DIR  = 1.27

* Conversion per the "Porchet Method" (RCFWCD, 2011)

FOS = 2.0 = 2.54/2 = 1.27 = DIR** **DIR = Design Infiltration Rate (Inches/Hour)

W.O. 8972-A-SC

       Figure 3

Infiltration 

Test 

Numbers

=Infiltration Rate (It) = 
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To report illegal dumping or for more information
on stormwater pollution prevention, call:

1 (800) CLEANUP

P A I N T I N G
Paints, solvents, adhesives and other toxic chemicals used in painting often make their way into the
San Bernardino County storm drain system and do not get treated before reaching the Santa Ana
River. This pollutes our drinking water and contaminates waterways, making them unsafe for people
and wildlife. Follow these simple tips to prevent pollution and protect our health.

Recycling Paint
Recycle leftover paint at a household hazardous
waste collection facility, save it for touch ups or
give it to someone who can use it, like a theatre
group, school, city or community organization.

Painting Cleanup
Never clean brushes or rinse paint containers in
the street, gutter or near a storm drain. Clean water-
based paints in the sink. Clean oil-based paints with
thinner, which can be reused by putting it in a jar
to settle out the paint particles and then pouring
off the clear liquid for future use. Wrap dried paint
residue in newspaper and dispose of it in the trash.

Exterior Paint
Removal
When stripping or cleaning
building exteriors with high-
pressure water, block nearby
storm drains and divert
washwater onto a designated
dirt area. Ask your local
wastewater treatment
authority if you can collect
building cleaning water and

discharge it to the sewer.

Paint Removal
Sweep up paint stripping residue, chips and dust
instead of hosing into the street and dispose of them
safely at a household hazardous waste collection

facility. Call (800) CLEANUP for
the facility in your area.

www.1800cleanup.org

Water-Based Paints
Use water-based paints whenever possible. They are
less toxic than oil-based paints and easier to clean
up. Look for products labeled “latex” or “cleans with
water.”

PollutionPrevention
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To report illegal dumping or for more information
on stormwater pollution prevention, call:

1 (800) CLEANUP

HOME REPAIR
& REMODELING

Recycle Household Hazardous Waste
Household cleaners, paint and other home improvement
products like wallpaper and tile adhesives are too toxic
to trash. Recycle them instead, at a convenient
household hazardous waste collection facility. Call
(800) CLEANUP for the facility in your area.

www.1800cleanup.org

Paints, solvents, adhesives and other toxic substances used in home repair and remodeling often make their
way into the San Bernardino County storm drain system and do not get treated before reaching the Santa
Ana River. This pollutes our drinking water and contaminates waterways, making them unsafe for people
and wildlife. Follow these simple tips to prevent pollution and protect your health.

Paint Removal
 Paint stripping residue, chips and dust from marine
paints and paints containing lead or tributyl tin
are hazardous wastes. Sweep them up instead of
hosing into the street and dispose of them safely
                        at a household hazardous waste
                             collection facility.

Painting Cleanup
Avoid cleaning brushes or rinsing paint containers
in the street, gutter or near a storm drain. Clean
water-based paints in the sink. Clean oil-based
paints with thinner, which you can filter and reuse.
Recycle leftover paint at a household hazardous
waste collection facility, save it for touch ups or
give it to someone who can use it, like a theatre
group, school, city or community organization.

Construction Projects
Keep construction debris away from the street,
gutter and storm drains. Schedule grading and
excavation projects for dry weather. Cover
excavated material and stockpiles of soil, sand or
gravel, protected from rain, wind and runoff. Prevent
erosion by planting fast-growing annual and
perennial grass, which can shield and bind soil.

Landscaping & Gardening
Avoid applying fertilizers or pesticide near curbs
and driveways, and store covered, protected from
rain, wind and runoff. Try using organic or non-
toxic alternatives. Reduce runoff and lower your
water bill by using drip irrigation, soaker hoses
or micro-spray systems. Recycle leaves instead
of blowing, sweeping or raking them into the
street, gutter or storm drain.

Concrete and Masonry
Store bags of cement and plaster away from gutters
and storm drains, and cover them to protect against
rain, wind and runoff. Sweep or scoop up cement
washout or concrete dust instead of hosing into
driveways, streets, gutters or storm drains.

PollutionPrevention
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To report illegal dumping or for more information
on stormwater pollution prevention, call:

1 (800) CLEANUP

HOME & GARDEN
Yard waste and household toxics like paints and pesticides often make their way into the San
Bernardino County storm drain system and do not get treated before reaching the Santa Ana River.
This pollutes our drinking water and contaminates waterways, making them unsafe for people and
wildlife. Follow these simple tips to prevent pollution and protect your health.FFFFFFF

www.1800cleanup.org

Disposing of Yard Waste
Recycle leaves, grass clippings and other yard waste,
instead of blowing, sweeping or hosing into the
street. Try grasscycling, leaving grass clippings on
your lawn instead of using a grass catcher. The
clippings act as a natural fertilizer, and because
grass is mostly water, it also irrigates your lawn,
conserving water.

Planting in the Yard
Produce less yard waste and save

water by planting low maintenance,
drought-tolerant trees and shrubs.
Using drip irrigation, soaker hoses
or micro-spray systems for flower
beds and vegetation can also help
reduce your water bill and prevent

runoff.

Use Fertilizers & Pesticides Safely
Fertilizers and pesticides are often carried into
the storm drain system by sprinkler runoff. Try
using organic or non-toxic alternatives. If you
use chemical fertilizers or pesticides, avoid
applying near curbs and driveways and never
apply before a rain.

Use Water Wisely
Cut your water costs and prevent runoff by controlling
the amount of water and direction of sprinklers. The
average lawn needs about an inch of water a week,
including rainfall, or 10 to 20 minutes of watering.
A half-inch per week is enough for fall and spring.
Sprinklers should be on long enough to allow water
to soak into the ground but not so long as to cause
runoff.

Recycle Household Hazardous Waste
Household products like paint, pesticides, solvents
and cleaners are too dangerous to dump and too
toxic to trash. Take them to be recycled at a

convenient household hazardous waste
collection facility. Call (800) CLEANUP

for the facility in your area.

PollutionPrevention
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Infiltration Basin TC-11

Design Considerations

Soil for Infiltration

Slope

Aesthetics’ I

3.—rr

%
(!!• ~

t MB

I v>\
-

Targeted Constituents

0 Sediment

0 Nutrients

0 Trash

0 Metals

0 Bacteria

0 Oil and Grease

0 Organics

Legend (RemovalEffectiveness,)

High

Description

Aninfiltrationbasinis a shallow impoundment that is designed
to infiltrate stormwater. Infiltrationbasins use the natural
filteringability of the soil to remove pollutants instormwater

runoff. Infiltration facilities store runoffuntilit gradually
exfiltrates throughthe soilandeventually into the water table.
This practice has highpollutant removalefficiency andcan also
help recharge groundwater, thus helpingtomaintainlow flows in
stream systems. Infiltrationbasins canbe challengingto apply
onmany sites, however, because of soils requirements. In
addition, some studies have shownrelatively high failure rates

compared withother management practices.

California Experience

Infiltrationbasins have a longhistory ofuse inCalifornia,
especially inthe CentralValley. Basins locatedinFresno were

amongthose initially evaluatedinthe NationalUrbanRunoff
Program andwere foundto be effective at reducing the volume of
runoff, while posinglittle long-termthreat to groundwater
quality (EPA, 1983; Schroeder, 1995). Proper sitingof these
devices is crucial as underscoredby the experience ofCaltrans in
sitingtwo basins inSouthernCalifornia. The basinwith
marginalseparation fromgroundwater and soilpermeability
failedimmediately and couldnever be rehabilitated.

Advantages

Provides 100% reductioninthe load discharged to surface
waters.

•Low

Medium

The principalbenefit of infiltrationbasins is the
approximationofpre-development hydrology duringwhicha
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significant portionof the average annualrainfall runoff is infiltrated and evaporatedrather
than flushed directly to creeks.

If the water quality volume is adequately sized, infiltrationbasins canbe useful for providing
controlof channel forming (erosion) andhigh frequency (generally less thanthe 2-year)
flood events.

Limitations

May not be appropriate for industrial sites or locations where spillsmay occur.

Infiltrationbasins require aminimumsoil infiltration rate of 0.5 inches/hour, not

appropriate at sites withHydrologic SoilTypes CandD.

If infiltrationrates exceed 2.4 inches/hour, thenthe runoff shouldbe fully treatedprior to

infiltration to protect groundwater quality.

Not suitable on fillsites or steep slopes.

Risk ofgroundwater contaminationinvery coarse soils.

Upstream drainage areamustbe completely stabilizedbefore construction.

Difficult to restore functioningof infiltrationbasins once clogged.

Design and Sizing Guidelines

Water quality volume determinedby localrequirements or sized so that 85% of the annual
mnoffvolume is captured.

Basin sized so that the entire water quality volume is infiltratedwithin48 hours.

Vegetation establishment onthe basin floor may help reduce the cloggingrate.

Construction/Inspection Considerations

Before constmctionbegins, stabilize the entire area drainingto the facility. If impossible,
place a diversionberm around the perimeter ofthe infiltrationsite to prevent sediment
entrance duringconstructionor remove the top 2 inches of soilafter the site is stabililized.
Stabilize the entire contributingdrainage area, includingthe side slopes, before allowing any
runoff to enter once constructionis complete.

Place excavatedmaterial such that it cannot be washedback into the basinif a storm occurs

duringconstructionof the facility.

Build the basinwithout drivingheavy equipment over the infiltrationsurface. Any
equipment drivenonthe surface should have extra-wide (“low pressure") tires. Prior to any

construction, rope off the infiltrationarea to stop entrance byunwanted equipment.

After finalgrading, tillthe infiltration surface deeply.

Use appropriate erosioncontrol seedmix for the specific project and location.
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Performance

As water migrates throughporous soiland rock, pollutant attenuationmechanisms include
precipitation, sorption, physical filtration, andbacterialdegradation. If functioningproperly,
this approachis presumed to have highremovalefficiencies for particulate pollutants and
moderate removalof soluble pollutants. Actualpollutant removalinthe subsurface wouldbe
expected to vary dependinguponsite-specific soil types. This technology eliminates discharge to

surface waters except for the very largest storms; consequently, complete removal of all
stormwater constituents canbe assumed.

There remainsome concerns about thepotential for groundwater contaminationdespite the
findings of the NURP andNightingale (1975; I987a,b,c;1989). For instance, a reportby Pitt et

al. (1994) highlighted the potential for groundwater contamination fromintentionaland
unintentionalstormwater infiltration. That report recommends that infiltration facilities not be
sited inareas where highconcentrations are present or where there is a potential for spills of
toxic material. Conversely, Schroeder (1995) reported that there was no evidence of
groundwater impacts from an infiltrationbasin serving a large industrial catchment inFresno,
CA.

Siting Criteria

The key element insitinginfiltrationbasins is identifying sites withappropriate soiland
hydrogeologic properties, whichis critical for long termperformance. Inone study conducted in
Prince George’s County, Maiyland (Galli, 1992), allof the infiltrationbasins investigated clogged
within 2 years.It is believed that these failures were for the most part due to allowinginfiltration
at sites withrates of less than0.5 in/hr,basingsitingonsoil type rather than field infiltration

tests, andpoor constructionpractices that resultedinsoilcompactionof thebasininvert.

A study of 23 infiltrationbasins inthe Pacific Northwest showedbetter long-termperformance
inan area withhighly permeable soils (Hilding,1996). Inthis study, few of the infiltration
basins had failed after 10 years. Consequently, the followingguidelines for identifying
appropriate soiland subsurface conditions shouldbe rigorously adheredto.

Determine soil type (consider RCS soil type ‘A, B or C' only) frommappingand consult

USDA soil survey tables to review other parameters suchas the amount of silt andclay,
presence of arestrictive layer or seasonalhighwater table, andestimatedpermeability. The
soil shouldnot have more than30% clay or more than 40% of clay and silt combined.
Eliminate sites that are clearly unsuitable for infiltration.

Groundwater separationshouldbe at least 3m from the basin invert to the measured
ground water elevation. There is concern at the state and regional levels of the impact on

groundwater quality frominfiltratedrunoff, especially whenthe separationbetween
groundwater andthe surface is small.

Locationaway frombuildings, slopes andhighway pavement (greater than6 m) and wells
andbridge structures (greater than30m). Sites constructed of fill, having a base flow or

witha slope greater than15% shouldnot be considered.

Ensure that adequate head is available to operate flow splitter structures (to allow the basin
to be offline) without pondinginthe splitter structure or creatingbackwater upstream of the
splitter.
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Base flow shouldnotbe present inthe tributaiy watershed.

Secondary ScreeningBased onSite GeotechnicalInvestigation

At least three in-hole conductivity tests shallbe performedusingUSBR 7300-89 or Bouwer-
Rice procedures (the latter ifgroundwater is encountered withinthe boring), two tests at

different locations withinthe proposedbasin andthe third downgradientby no more than
approximately 10 m. The tests shallmeasure permeability inthe side slopes and the bed
withina depth of 3mof the invert.

The minimum acceptable hydraulic conductivity as measuredinany of the three required
test holes is13mm/hr. If any test hole shows less than the minimum value, the site should
be disqualified from further consideration.

Exclude from considerationsites constructed in fill or partially infillunless no silts or clays
are present in the soilboring. Fill tends to be compacted, withclays ina dispersed rather
than flocculated state, greatly reducing permeability.

The geotechnical investigationshouldbe suchthat agoodunderstanding is gained as to how
the stormwater runoffwillmove inthe soil(horizontally or vertically) andif there are any
geologicalconditions that could inhibit the movement ofwater.

Additional Design Guidelines

(1) Basin Sizing - The required water quality volume is determinedby local regulations
or sufficient to capture 85% of the annual runoff.

(2) Provide pretreatment if sediment loadingis amaintenance concern for thebasin.

(3) Include energy dissipationinthe inlet design for the basins. Avoiddesigns that
include apermanent poolto reduce opportunity for standingwater and associated
vector problems.

Basin invert area shouldbe determinedby the equation:(4)

A_WQV
kt

Basin invert area (m2)

WQV = water quality volume (m3)

where A =

k = 0.5 times the lowest field-measuredhydraulic conductivity
(m/hr)

t = drawdowntime ( 48 hr)

The use ofverticalpiping, either for distribution or infiltrationenhancement shall
notbe allowedto avoid device classificationas a Class V injectionwellper 40
CFR146.5(e)(4).

(5)
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Maintenance

Regular maintenance is criticalto the successfuloperationof infiltrationbasins. Recommended
operationandmaintenance guidelines include:

Inspections andmaintenance to ensure that water infiltrates into the subsurface completely
(recommended infiltrationrate of72 hours or less) andthat vegetationis carefully managed
to prevent creatingmosquito and other vector habitats.

Observe draintime for the designstorm after completionor modificationof the facility to

confirmthat the desireddraintime hasbeenobtained.

Schedule semiannual inspections for beginning and end of the wet seasonto identify
potentialproblems such as erosionof the basin side slopes andinvert, standingwater, trash
and debris, andsediment accumulation.

Remove accumulated trash and debris inthe basin at the start and end of the wet season.

Inspect for standing water at the end ofthe wet season.

Trim vegetation at thebeginningand endof the wet seasonto prevent establishment of
woody vegetationand for aesthetic andvector reasons.

Remove accumulatedsediment and regrade whenthe accumulated sediment volume
exceeds 10% of the basin.

If erosionis occurringwithinthe basin, revegetate immediately andstabilize withanerosion
controlmulchor matuntilvegetationcover is established.

To avoid reversingsoildevelopment, scarificationor other disturbance should only be
performed whenthere are actualsigns of clogging, rather thanonaroutine basis. Always
remove deposited sediments before scarification, anduse a hand-guided rotary tiller, if
possible, or a disc harrow pulledby a veiy light tractor.

Cost

Infiltrationbasins are relatively cost-effective practices because little infrastructure is needed
whenconstructingthem. One study estimated the totalconstructioncost at about $2 per ft
(adjusted for inflation) of storage for a 0.25-acre basin(SWRPC, 1991). As with other BMPs,
these published cost estimates may deviate greatly fromwhatmight be incurred at a specific
site. For instance, Caltrans spent about $l8/ft3 for the two infiltrationbasins constructed in
southernCalifornia, eachofwhichhad a water quality volume of about 0.34 ac.-ft. Much of the
higher cost canbe attributed to changes in the storm drainsystem necessary to route the runoff
to the basinlocations.

Infiltrationbasins typically consume about 2 to 3% of the site drainingto them, which is
relatively small. Additional space may be required for buffer, landscaping, access road, and
fencing. Maintenance costs are estimated at 5 to 10% ofconstmctioncosts.

One cost concernassociated withinfiltrationpractices is the maintenance burdenandlongevity.
If improperly maintained, infiltrationbasins have ahigh failure rate. Thus, itmaybe necessary
to replace the basinwitha different technology after a relatively short period of time.
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Description

Aninfiltrationbasinis a shallow impoundment that is designed
to infiltrate stormwater. Infiltrationbasins use the natural
filteringability of the soil to remove pollutants instormwater

runoff. Infiltration facilities store runoffuntilit gradually
exfiltrates throughthe soilandeventually into the water table.
This practice has highpollutant removalefficiency andcan also
help recharge groundwater, thus helpingtomaintainlow flows in
stream systems. Infiltrationbasins canbe challengingto apply
onmany sites, however, because of soils requirements. In
addition, some studies have shownrelatively high failure rates

compared withother management practices.

California Experience

Infiltrationbasins have a longhistory ofuse inCalifornia,
especially inthe CentralValley. Basins locatedinFresno were

amongthose initially evaluatedinthe NationalUrbanRunoff
Program andwere foundto be effective at reducing the volume of
runoff, while posinglittle long-termthreat to groundwater
quality (EPA, 1983; Schroeder, 1995). Proper sitingof these
devices is crucial as underscoredby the experience ofCaltrans in
sitingtwo basins inSouthernCalifornia. The basinwith
marginalseparation fromgroundwater and soilpermeability
failedimmediately and couldnever be rehabilitated.

Advantages

Provides 100% reductioninthe load discharged to surface
waters.

•Low

Medium

The principalbenefit of infiltrationbasins is the
approximationofpre-development hydrology duringwhicha
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significant portionof the average annualrainfall runoff is infiltrated and evaporatedrather
than flushed directly to creeks.

If the water quality volume is adequately sized, infiltrationbasins canbe useful for providing
controlof channel forming (erosion) andhigh frequency (generally less thanthe 2-year)
flood events.

Limitations

May not be appropriate for industrial sites or locations where spillsmay occur.

Infiltrationbasins require aminimumsoil infiltration rate of 0.5 inches/hour, not

appropriate at sites withHydrologic SoilTypes CandD.

If infiltrationrates exceed 2.4 inches/hour, thenthe runoff shouldbe fully treatedprior to

infiltration to protect groundwater quality.

Not suitable on fillsites or steep slopes.

Risk ofgroundwater contaminationinvery coarse soils.

Upstream drainage areamustbe completely stabilizedbefore construction.

Difficult to restore functioningof infiltrationbasins once clogged.

Design and Sizing Guidelines

Water quality volume determinedby localrequirements or sized so that 85% of the annual
mnoffvolume is captured.

Basin sized so that the entire water quality volume is infiltratedwithin48 hours.

Vegetation establishment onthe basin floor may help reduce the cloggingrate.

Construction/Inspection Considerations

Before constmctionbegins, stabilize the entire area drainingto the facility. If impossible,
place a diversionberm around the perimeter ofthe infiltrationsite to prevent sediment
entrance duringconstructionor remove the top 2 inches of soilafter the site is stabililized.
Stabilize the entire contributingdrainage area, includingthe side slopes, before allowing any
runoff to enter once constructionis complete.

Place excavatedmaterial such that it cannot be washedback into the basinif a storm occurs

duringconstructionof the facility.

Build the basinwithout drivingheavy equipment over the infiltrationsurface. Any
equipment drivenonthe surface should have extra-wide (“low pressure") tires. Prior to any

construction, rope off the infiltrationarea to stop entrance byunwanted equipment.

After finalgrading, tillthe infiltration surface deeply.

Use appropriate erosioncontrol seedmix for the specific project and location.
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Description

Aninfiltrationbasinis a shallow impoundment that is designed
to infiltrate stormwater. Infiltrationbasins use the natural
filteringability of the soil to remove pollutants instormwater

runoff. Infiltration facilities store runoffuntilit gradually
exfiltrates throughthe soilandeventually into the water table.
This practice has highpollutant removalefficiency andcan also
help recharge groundwater, thus helpingtomaintainlow flows in
stream systems. Infiltrationbasins canbe challengingto apply
onmany sites, however, because of soils requirements. In
addition, some studies have shownrelatively high failure rates

compared withother management practices.

California Experience

Infiltrationbasins have a longhistory ofuse inCalifornia,
especially inthe CentralValley. Basins locatedinFresno were

amongthose initially evaluatedinthe NationalUrbanRunoff
Program andwere foundto be effective at reducing the volume of
runoff, while posinglittle long-termthreat to groundwater
quality (EPA, 1983; Schroeder, 1995). Proper sitingof these
devices is crucial as underscoredby the experience ofCaltrans in
sitingtwo basins inSouthernCalifornia. The basinwith
marginalseparation fromgroundwater and soilpermeability
failedimmediately and couldnever be rehabilitated.

Advantages

Provides 100% reductioninthe load discharged to surface
waters.

•Low

Medium

The principalbenefit of infiltrationbasins is the
approximationofpre-development hydrology duringwhicha
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significant portionof the average annualrainfall runoff is infiltrated and evaporatedrather
than flushed directly to creeks.

If the water quality volume is adequately sized, infiltrationbasins canbe useful for providing
controlof channel forming (erosion) andhigh frequency (generally less thanthe 2-year)
flood events.

Limitations

May not be appropriate for industrial sites or locations where spillsmay occur.

Infiltrationbasins require aminimumsoil infiltration rate of 0.5 inches/hour, not

appropriate at sites withHydrologic SoilTypes CandD.

If infiltrationrates exceed 2.4 inches/hour, thenthe runoff shouldbe fully treatedprior to

infiltration to protect groundwater quality.

Not suitable on fillsites or steep slopes.

Risk ofgroundwater contaminationinvery coarse soils.

Upstream drainage areamustbe completely stabilizedbefore construction.

Difficult to restore functioningof infiltrationbasins once clogged.

Design and Sizing Guidelines

Water quality volume determinedby localrequirements or sized so that 85% of the annual
mnoffvolume is captured.

Basin sized so that the entire water quality volume is infiltratedwithin48 hours.

Vegetation establishment onthe basin floor may help reduce the cloggingrate.

Construction/Inspection Considerations

Before constmctionbegins, stabilize the entire area drainingto the facility. If impossible,
place a diversionberm around the perimeter ofthe infiltrationsite to prevent sediment
entrance duringconstructionor remove the top 2 inches of soilafter the site is stabililized.
Stabilize the entire contributingdrainage area, includingthe side slopes, before allowing any
runoff to enter once constructionis complete.

Place excavatedmaterial such that it cannot be washedback into the basinif a storm occurs

duringconstructionof the facility.

Build the basinwithout drivingheavy equipment over the infiltrationsurface. Any
equipment drivenonthe surface should have extra-wide (“low pressure") tires. Prior to any

construction, rope off the infiltrationarea to stop entrance byunwanted equipment.

After finalgrading, tillthe infiltration surface deeply.

Use appropriate erosioncontrol seedmix for the specific project and location.
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to infiltrate stormwater. Infiltrationbasins use the natural
filteringability of the soil to remove pollutants instormwater

runoff. Infiltration facilities store runoffuntilit gradually
exfiltrates throughthe soilandeventually into the water table.
This practice has highpollutant removalefficiency andcan also
help recharge groundwater, thus helpingtomaintainlow flows in
stream systems. Infiltrationbasins canbe challengingto apply
onmany sites, however, because of soils requirements. In
addition, some studies have shownrelatively high failure rates

compared withother management practices.

California Experience

Infiltrationbasins have a longhistory ofuse inCalifornia,
especially inthe CentralValley. Basins locatedinFresno were

amongthose initially evaluatedinthe NationalUrbanRunoff
Program andwere foundto be effective at reducing the volume of
runoff, while posinglittle long-termthreat to groundwater
quality (EPA, 1983; Schroeder, 1995). Proper sitingof these
devices is crucial as underscoredby the experience ofCaltrans in
sitingtwo basins inSouthernCalifornia. The basinwith
marginalseparation fromgroundwater and soilpermeability
failedimmediately and couldnever be rehabilitated.

Advantages

Provides 100% reductioninthe load discharged to surface
waters.

•Low

Medium

The principalbenefit of infiltrationbasins is the
approximationofpre-development hydrology duringwhicha
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significant portionof the average annualrainfall runoff is infiltrated and evaporatedrather
than flushed directly to creeks.

If the water quality volume is adequately sized, infiltrationbasins canbe useful for providing
controlof channel forming (erosion) andhigh frequency (generally less thanthe 2-year)
flood events.

Limitations

May not be appropriate for industrial sites or locations where spillsmay occur.

Infiltrationbasins require aminimumsoil infiltration rate of 0.5 inches/hour, not

appropriate at sites withHydrologic SoilTypes CandD.

If infiltrationrates exceed 2.4 inches/hour, thenthe runoff shouldbe fully treatedprior to

infiltration to protect groundwater quality.

Not suitable on fillsites or steep slopes.

Risk ofgroundwater contaminationinvery coarse soils.

Upstream drainage areamustbe completely stabilizedbefore construction.

Difficult to restore functioningof infiltrationbasins once clogged.

Design and Sizing Guidelines

Water quality volume determinedby localrequirements or sized so that 85% of the annual
mnoffvolume is captured.

Basin sized so that the entire water quality volume is infiltratedwithin48 hours.

Vegetation establishment onthe basin floor may help reduce the cloggingrate.

Construction/Inspection Considerations

Before constmctionbegins, stabilize the entire area drainingto the facility. If impossible,
place a diversionberm around the perimeter ofthe infiltrationsite to prevent sediment
entrance duringconstructionor remove the top 2 inches of soilafter the site is stabililized.
Stabilize the entire contributingdrainage area, includingthe side slopes, before allowing any
runoff to enter once constructionis complete.

Place excavatedmaterial such that it cannot be washedback into the basinif a storm occurs

duringconstructionof the facility.

Build the basinwithout drivingheavy equipment over the infiltrationsurface. Any
equipment drivenonthe surface should have extra-wide (“low pressure") tires. Prior to any

construction, rope off the infiltrationarea to stop entrance byunwanted equipment.

After finalgrading, tillthe infiltration surface deeply.

Use appropriate erosioncontrol seedmix for the specific project and location.
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Aninfiltrationbasinis a shallow impoundment that is designed
to infiltrate stormwater. Infiltrationbasins use the natural
filteringability of the soil to remove pollutants instormwater

runoff. Infiltration facilities store runoffuntilit gradually
exfiltrates throughthe soilandeventually into the water table.
This practice has highpollutant removalefficiency andcan also
help recharge groundwater, thus helpingtomaintainlow flows in
stream systems. Infiltrationbasins canbe challengingto apply
onmany sites, however, because of soils requirements. In
addition, some studies have shownrelatively high failure rates

compared withother management practices.

California Experience

Infiltrationbasins have a longhistory ofuse inCalifornia,
especially inthe CentralValley. Basins locatedinFresno were

amongthose initially evaluatedinthe NationalUrbanRunoff
Program andwere foundto be effective at reducing the volume of
runoff, while posinglittle long-termthreat to groundwater
quality (EPA, 1983; Schroeder, 1995). Proper sitingof these
devices is crucial as underscoredby the experience ofCaltrans in
sitingtwo basins inSouthernCalifornia. The basinwith
marginalseparation fromgroundwater and soilpermeability
failedimmediately and couldnever be rehabilitated.

Advantages

Provides 100% reductioninthe load discharged to surface
waters.

•Low

Medium

The principalbenefit of infiltrationbasins is the
approximationofpre-development hydrology duringwhicha
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significant portionof the average annualrainfall runoff is infiltrated and evaporatedrather
than flushed directly to creeks.

If the water quality volume is adequately sized, infiltrationbasins canbe useful for providing
controlof channel forming (erosion) andhigh frequency (generally less thanthe 2-year)
flood events.

Limitations

May not be appropriate for industrial sites or locations where spillsmay occur.

Infiltrationbasins require aminimumsoil infiltration rate of 0.5 inches/hour, not

appropriate at sites withHydrologic SoilTypes CandD.

If infiltrationrates exceed 2.4 inches/hour, thenthe runoff shouldbe fully treatedprior to

infiltration to protect groundwater quality.

Not suitable on fillsites or steep slopes.

Risk ofgroundwater contaminationinvery coarse soils.

Upstream drainage areamustbe completely stabilizedbefore construction.

Difficult to restore functioningof infiltrationbasins once clogged.

Design and Sizing Guidelines

Water quality volume determinedby localrequirements or sized so that 85% of the annual
mnoffvolume is captured.

Basin sized so that the entire water quality volume is infiltratedwithin48 hours.

Vegetation establishment onthe basin floor may help reduce the cloggingrate.

Construction/Inspection Considerations

Before constmctionbegins, stabilize the entire area drainingto the facility. If impossible,
place a diversionberm around the perimeter ofthe infiltrationsite to prevent sediment
entrance duringconstructionor remove the top 2 inches of soilafter the site is stabililized.
Stabilize the entire contributingdrainage area, includingthe side slopes, before allowing any
runoff to enter once constructionis complete.

Place excavatedmaterial such that it cannot be washedback into the basinif a storm occurs

duringconstructionof the facility.

Build the basinwithout drivingheavy equipment over the infiltrationsurface. Any
equipment drivenonthe surface should have extra-wide (“low pressure") tires. Prior to any

construction, rope off the infiltrationarea to stop entrance byunwanted equipment.

After finalgrading, tillthe infiltration surface deeply.

Use appropriate erosioncontrol seedmix for the specific project and location.
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Performance

As water migrates throughporous soiland rock, pollutant attenuationmechanisms include
precipitation, sorption, physical filtration, andbacterialdegradation. If functioningproperly,
this approachis presumed to have highremovalefficiencies for particulate pollutants and
moderate removalof soluble pollutants. Actualpollutant removalinthe subsurface wouldbe
expected to vary dependinguponsite-specific soil types. This technology eliminates discharge to

surface waters except for the very largest storms; consequently, complete removal of all
stormwater constituents canbe assumed.

There remainsome concerns about thepotential for groundwater contaminationdespite the
findings of the NURP andNightingale (1975; I987a,b,c;1989). For instance, a reportby Pitt et

al. (1994) highlighted the potential for groundwater contamination fromintentionaland
unintentionalstormwater infiltration. That report recommends that infiltration facilities not be
sited inareas where highconcentrations are present or where there is a potential for spills of
toxic material. Conversely, Schroeder (1995) reported that there was no evidence of
groundwater impacts from an infiltrationbasin serving a large industrial catchment inFresno,
CA.

Siting Criteria

The key element insitinginfiltrationbasins is identifying sites withappropriate soiland
hydrogeologic properties, whichis critical for long termperformance. Inone study conducted in
Prince George’s County, Maiyland (Galli, 1992), allof the infiltrationbasins investigated clogged
within 2 years.It is believed that these failures were for the most part due to allowinginfiltration
at sites withrates of less than0.5 in/hr,basingsitingonsoil type rather than field infiltration

tests, andpoor constructionpractices that resultedinsoilcompactionof thebasininvert.

A study of 23 infiltrationbasins inthe Pacific Northwest showedbetter long-termperformance
inan area withhighly permeable soils (Hilding,1996). Inthis study, few of the infiltration
basins had failed after 10 years. Consequently, the followingguidelines for identifying
appropriate soiland subsurface conditions shouldbe rigorously adheredto.

Determine soil type (consider RCS soil type ‘A, B or C' only) frommappingand consult

USDA soil survey tables to review other parameters suchas the amount of silt andclay,
presence of arestrictive layer or seasonalhighwater table, andestimatedpermeability. The
soil shouldnot have more than30% clay or more than 40% of clay and silt combined.
Eliminate sites that are clearly unsuitable for infiltration.

Groundwater separationshouldbe at least 3m from the basin invert to the measured
ground water elevation. There is concern at the state and regional levels of the impact on

groundwater quality frominfiltratedrunoff, especially whenthe separationbetween
groundwater andthe surface is small.

Locationaway frombuildings, slopes andhighway pavement (greater than6 m) and wells
andbridge structures (greater than30m). Sites constructed of fill, having a base flow or

witha slope greater than15% shouldnot be considered.

Ensure that adequate head is available to operate flow splitter structures (to allow the basin
to be offline) without pondinginthe splitter structure or creatingbackwater upstream of the
splitter.
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Base flow shouldnotbe present inthe tributaiy watershed.

Secondary ScreeningBased onSite GeotechnicalInvestigation

At least three in-hole conductivity tests shallbe performedusingUSBR 7300-89 or Bouwer-
Rice procedures (the latter ifgroundwater is encountered withinthe boring), two tests at

different locations withinthe proposedbasin andthe third downgradientby no more than
approximately 10 m. The tests shallmeasure permeability inthe side slopes and the bed
withina depth of 3mof the invert.

The minimum acceptable hydraulic conductivity as measuredinany of the three required
test holes is13mm/hr. If any test hole shows less than the minimum value, the site should
be disqualified from further consideration.

Exclude from considerationsites constructed in fill or partially infillunless no silts or clays
are present in the soilboring. Fill tends to be compacted, withclays ina dispersed rather
than flocculated state, greatly reducing permeability.

The geotechnical investigationshouldbe suchthat agoodunderstanding is gained as to how
the stormwater runoffwillmove inthe soil(horizontally or vertically) andif there are any
geologicalconditions that could inhibit the movement ofwater.

Additional Design Guidelines

(1) Basin Sizing - The required water quality volume is determinedby local regulations
or sufficient to capture 85% of the annual runoff.

(2) Provide pretreatment if sediment loadingis amaintenance concern for thebasin.

(3) Include energy dissipationinthe inlet design for the basins. Avoiddesigns that
include apermanent poolto reduce opportunity for standingwater and associated
vector problems.

Basin invert area shouldbe determinedby the equation:(4)

A_WQV
kt

Basin invert area (m2)

WQV = water quality volume (m3)

where A =

k = 0.5 times the lowest field-measuredhydraulic conductivity
(m/hr)

t = drawdowntime ( 48 hr)

The use ofverticalpiping, either for distribution or infiltrationenhancement shall
notbe allowedto avoid device classificationas a Class V injectionwellper 40
CFR146.5(e)(4).

(5)
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Maintenance

Regular maintenance is criticalto the successfuloperationof infiltrationbasins. Recommended
operationandmaintenance guidelines include:

Inspections andmaintenance to ensure that water infiltrates into the subsurface completely
(recommended infiltrationrate of72 hours or less) andthat vegetationis carefully managed
to prevent creatingmosquito and other vector habitats.

Observe draintime for the designstorm after completionor modificationof the facility to

confirmthat the desireddraintime hasbeenobtained.

Schedule semiannual inspections for beginning and end of the wet seasonto identify
potentialproblems such as erosionof the basin side slopes andinvert, standingwater, trash
and debris, andsediment accumulation.

Remove accumulated trash and debris inthe basin at the start and end of the wet season.

Inspect for standing water at the end ofthe wet season.

Trim vegetation at thebeginningand endof the wet seasonto prevent establishment of
woody vegetationand for aesthetic andvector reasons.

Remove accumulatedsediment and regrade whenthe accumulated sediment volume
exceeds 10% of the basin.

If erosionis occurringwithinthe basin, revegetate immediately andstabilize withanerosion
controlmulchor matuntilvegetationcover is established.

To avoid reversingsoildevelopment, scarificationor other disturbance should only be
performed whenthere are actualsigns of clogging, rather thanonaroutine basis. Always
remove deposited sediments before scarification, anduse a hand-guided rotary tiller, if
possible, or a disc harrow pulledby a veiy light tractor.

Cost

Infiltrationbasins are relatively cost-effective practices because little infrastructure is needed
whenconstructingthem. One study estimated the totalconstructioncost at about $2 per ft
(adjusted for inflation) of storage for a 0.25-acre basin(SWRPC, 1991). As with other BMPs,
these published cost estimates may deviate greatly fromwhatmight be incurred at a specific
site. For instance, Caltrans spent about $l8/ft3 for the two infiltrationbasins constructed in
southernCalifornia, eachofwhichhad a water quality volume of about 0.34 ac.-ft. Much of the
higher cost canbe attributed to changes in the storm drainsystem necessary to route the runoff
to the basinlocations.

Infiltrationbasins typically consume about 2 to 3% of the site drainingto them, which is
relatively small. Additional space may be required for buffer, landscaping, access road, and
fencing. Maintenance costs are estimated at 5 to 10% ofconstmctioncosts.

One cost concernassociated withinfiltrationpractices is the maintenance burdenandlongevity.
If improperly maintained, infiltrationbasins have ahigh failure rate. Thus, itmaybe necessary
to replace the basinwitha different technology after a relatively short period of time.
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