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  Owner’s Certification   

Project Owner’s Certification 

 

This Mojave River Watershed Water Quality Management Plan  (WQMP) has been prepared  for BEAR 

VALLEY 60, LLC by MADOLE & ASSOCIATES, INC. The WQMP is intended to comply with the requirements 

of  the THE CITY OF VICTORVILLE AND THE COUNTY OF SAN BERNARDINO and  the Phase  II Small MS4 

General Permit for the Mojave River Watershed. 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 the Phase II Small MS4 Permit 

and the intent of San Bernardino County (unincorporated areas of Phelan, Oak Hills, Spring Valley Lake 

and Victorville) and the incorporated cities of Hesperia and Victorville and the Town of Apple Valley. Once 

the undersigned transfers its interest in the property, its successors in interest and the city/county/town 

shall be notified of the transfer. The new owner will be informed of its responsibility under this WQMP. A 

copy of the approved WQMP shall be available on the subject site in perpetuity. 

“I  certify  under  a  penalty  of  law  that  the  provisions  (implementation,  operation,  maintenance,  and 

funding) of the WQMP have been accepted and that the plan will be transferred to future successors.” 

 

Project Data 

Permit/Application 

Number(s): 
            Grading Permit Number(s):             

Tract/Parcel Map 

Number(s): 

TENTATIVE TRACT 

20544 
Building Permit Number(s):             

CUP, SUP, and/or APN (Specify Lot Numbers if Portions of Tract):  APN: 3071‐111‐01 

Owner’s Signature 

Owner Name: BEAR VALLEY 60, LLC                                             NAME: JACK HERRON 

Title  AUTHORIZED REPRESENTATIVE 

Company  BEAR VALLEY 60, LLC 

Address  2630 WALNUT AVENUE, SUITE A, TUSTIN, CA 92780 

Email             

Telephone #  (949) 633‐7103 

Signature    Date             
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Preparer’s Certification 

 

Project Data 
Permit/Application 

Number(s): 
            Grading Permit Number(s):             

Tract/Parcel Map 

Number(s): 

TENTATIVE TRACT 

20544 
Building Permit Number(s):             

CUP, SUP, and/or APN (Specify Lot Numbers if Portions of Tract):  APN: 3073‐111‐01 

 
“The selection, sizing and design of stormwater treatment and other stormwater quality and quantity 
control measures in this plan were prepared under my oversight and meet the requirements of the 
California State Water Resources Control Board Order No. 2013‐0001‐DWQ.  

 
Engineer:  JEFFREY K RUPP  PE Stamp Below 

Title  CIVIL ENGINEER 

Company  MADOLE & ASSOCIATES, INC 

Address 
9302 PITTSBURGH AVE, #230, RANCHO CUCAMONGA, 

CA 91730 

Email  JRUPP@MADOLEINC.COM 

Telephone #  909‐481‐6322 

Signature   

Date   
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Section I – Introduction  
 

This WQMP template has been prepared specifically for the Phase II Small MS4 General Permit in the Mojave 

River Watershed.  This location is within the jurisdiction of the Lahontan Regional Water Quality Control Board 

(LRWQCB). This document should not be confused with the WQMP template for the Santa Ana Phase I area 

of San Bernardino County.   

WQMP preparers must refer to the  MS4 Permit for the Mojave Watershed WQMP template and Technical 

Guidance (TGD) document found at: http://cms.sbcounty.gov/dpw/Land/NPDES.aspx   to find pertinent arid 

region and Mojave River Watershed specific references and requirements.  
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Section 1  Discretionary Permit(s) 

Form 1‐1 Project Information 

Project Name     TENTATIVE TRACT 20544 ‐ VICTORVILLE, CA 

Project Owner Contact Name:  JACK HERRON 

Mailing 

Address:   

2630 WALNUT AVENUE, SUITE A, TUSTIN, 

CA 92780 

E‐mail 

Address:   
            Telephone:   

  (949) 633‐

7103 

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

Number(s):   
TENTATIVE TRACT 20544 

Additional Information/ 

Comments: 
66 SINGLE FAMILY DWELLING UNITS LOCATED IN THE CITY OF VICTORVILLE, CA.   

Description of Project: 

LOCATED ON THE SOUTHEAST CORNER OF BEAR VALLEY ROAD AND VERBANA ROAD, 

APPROXIMATELY 1 MILE WEST OF INTERSTATE 395 IN THE CITY OF VICTORVILLE CALIFORNIA. 

A MAJORITY OF THE SURROUNDING AREA IS UNDEVELOPED, WITH PARTIAL STREET 

IMPROVEMENTS ON BEAR VALLEY ROAD. THERE IS A HANDFUL OF LARGE SINGLE FAMILY 

LOTS TO THE SOUTHWEST OF THE SITE.  

Provide summary of Conceptual 

WQMP conditions (if previously 

submitted and approved). Attach 

complete copy. 

THE PROJECT SITE IS CURRENTLY UNDEVELOPED WITH ZERO IMPERVIOUS AREA. BEAR 

VALLEY ROAD TO THE NORTH IS PARTIALLY PAVED, AND STREET IMPROVEMENTS WILL BE 

MADE DURING THE DEVELOPMENT OF THE PROJECT. THE SITE IS CURRENLTY OPEN BRUSH, 

WITH POOR COVER. THERE ARE EXISTING NATURAL DRAINAGE PATHS RUNNING FROM 

SOUTH SOUTHWEST TO NORTH NORTHEAST, AT AN AVERAGE GRADIENT OF 2%, THAT WILL 

BE DISTURBED DURING THE DEVELOPMENT OF THE PROJECT SITE. THE EXISTING SITE 

DRAINAGE IS PART OF EXISTING MASTER PLAN DRAINAGE FACILITIES A‐03. UPON 

DEVELOPMENT OF THE PROJECT SITE, FLOWS REACHING THE SOUTHERN BOUNDARY OF THE 

PROJECT SITE WILL BE ROUTED AROUND THE PROJECT SITE IN VERBANA ROAD OR ALONG 

NATURAL DRAINAGE COURSES TO THE EAST OF THE PROJECT SITE. ALL STORMWATER 

FLOWS FROM THE SITE WILL REACH THE PROPOSED DETENTION AND INFILTRATION BASIN 

IN THE NORTHEAST CORNER OF THE PROJECT SITE VIA UNDERGROUND STORM DRAIN. THE 

DETENTION/INFILTRATION BASIN WILL BE SIZED TO FULLY RETAIN WATER QUALITY FLOWS 

AND REDUCING THE PEAK FLOW FROM THE DEVELOPED SITE TO THE ALLOWABLE PRE‐

DEVELOPED OUTFLOW. A METERED OUTFLOW LINE WILL DIRECT ALLOWABLE OUTFLOWS 

VIA PARKWAY DRAIN TO BEAR VALLEY ROAD.    

 

WATER QUALITY RUNOFF AND NUISANCE FLOWS WILL BE CAPTURED IN THE BASIN FOR 

RETENTION AND INFILTRATION.  THE Q100 OUTLET WILL BE PLACED ABOVE THE WATER 

QUALITY POOL ELEVATION TO ENSURE FULL CAPTURE.  

 

DEVELOPMENT AREA = 854,475 SF (19.6 ACRES) 

PRE‐DEVELOPED IMPERVIOUS AREA = 0 SF (0%) 

POST‐DEVELOPED IMPERVIOUS AREA = 341,790 SQ. FT. (40%; 3‐4 DU/ACRE) 
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Section 2  Project Description 
2.1  Project Information 
The WQMP shall 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.  

2.1.1 Project Sizing Categorization  
If the Project is greater than 5,000 square feet, and not on the excluded list as found on Section 1.4 of the 

TGD, the Project is a Regulated Development Project.   

If the Project is creating and/or replacing greater than 2,500 square feet but less than 5,000 square feet of 

impervious surface area, then it  is considered a Site Design Only project.   This criterion is applicable to all 

development  types  including detached single  family homes  that create and/or  replace greater  than 2,500 

square feet of impervious area and are not part of a larger plan of development.   

Form 2.1‐1  Description of Proposed Project 

1 Regulated Development Project Category (Select all that apply): 

  #1 New development 

involving the creation of 5,000 

ft2 or more of impervious 

surface collectively over entire 

site 

 #2 Significant re‐

development involving the 

addition or replacement of 

5,000 ft2 or more of impervious 

surface on an already 

developed site 

  #3 Road Project – any 

road, sidewalk, or bicycle 

lane project that creates 

greater than 5,000 square 

feet of contiguous 

impervious surface 

  #4 LUPs – linear 

underground/overhead 

projects that has a 

discrete location with 

5,000 sq. ft. or more 

new constructed 

impervious surface 

  Site Design Only   (Project Total Square Feet > 2,500 but < 5,000 sq.ft.)  Will require source control Site Design Measures.  Use 

the “PCMP” Template. Do not use this WQMP Template.   

2 
Project Area (ft2):    854,475  3 

Number of Dwelling Units:  66  4
 SIC Code:    N/A 

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.   

~ □ □ □ 

□ 

I I I I I 

□ ~ 
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2.2  Property Ownership/Management 
Describe the ownership/management of all portions of the project and site.  State whether any infrastructure 

will transfer to public agencies (City, County, Caltrans, etc.) after project completion. State if a homeowners 

or property owners association will be formed and be responsible for the long‐term maintenance of project 

stormwater facilities. Describe any lot‐level stormwater features that will be the responsibility of individual 

property owners. 

Form 2.2‐1 Property Ownership/Management 

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

THE MAINTENANCE AND INSPECTION OF THE WATER QUALITY RETENTION/INFILTRATION BASIN WILL BE THE RESPONSIBILITY OF 

THE OWNER/DEVELOPER DURING CONSTRUCTION AND UNTIL THE CITY OF VICTORVILLE PUBLIC WORKS DEPARTMENT TAKES 

RESPONSIBILITY.   

 

 

THE MAINTENANCE OF ALL ON‐LOT BMPS WILL BE THE RESPONSIBILITY OF THE OWNER/DEVELOPER UNTIL THE HOMEOWNER 

PURCHASES THE PROPERTY AND TAKES RESPONSIBILITY OF ANY ON‐LOT BMPS. 

 

THE MAINTENANCE AND INSPECTION OF ALL PUBLIC DRAINAGE INFRASTRUCTURE WILL BE THE RESPONSIBILITY OF THE CITY OF 

VICTORVILLE. 
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2.3  Potential Stormwater Pollutants 
Best Management Practices (BMP) measures for pollutant generating activities and sources shall be designed 

consistent with recommendations from the CASQA Stormwater BMP Handbook for New Development and 

Redevelopment  (or  an  equivalent  manual).    Pollutant  generating  activities  must  be  considered  when 

determining the overall pollutants of concern for the Project as presented in Form 2.3‐1.   

Determine and describe expected stormwater pollutants of concern based on land uses and site activities 

(refer to Table 3‐2 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    LANDSCAPED AREAS, TRASH CONTAINERS 

Nutrients ‐ Phosphorous  E    N    LANDSCAPED AREAS 

Nutrients ‐ Nitrogen  E    N    LANDSCAPED AREAS 

Noxious Aquatic Plants  E    N    LANDSCAPED AREAS 

Sediment  E    N    LANDSCAPED AREAS, SLOPES 

Metals  E    N    DRIVEWAYS, GARAGES 

Oil and Grease  E    N    DRIVEWAYS, GARAGES 

Trash/Debris  E    N    TRASH CANS, PUBLIC AREAS 

Pesticides / Herbicides  E    N    LANSCAPED AREAS 

Organic Compounds  E    N    TRASH CONTAINERS, LANDSCAPED AREAS 

Other:             E    N               

Other:             E    N               

Other:             E    N               

~ □ 

~ □ 

~ □ 

~ □ 

~ □ 

□ ~ 

~ □ 

~ □ 

~ □ 

~ □ 

□ □ 

□ □ 

□ □ 
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Section 3  Site and Watershed Description 
Describe the project site conditions that will facilitate the selection of BMPs 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  Drainage 

Management Areas (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.  A map presenting the DMAs must be included as an appendix 

to the WQMP document.  

Form 3‐1  Site Location and Hydrologic Features 

Site coordinates take GPS 
measurement at  approximate 

center of site 
Latitude  34.469073  Longitude  ‐117.424798 

Thomas Bros Map page  

           

1 
San Bernardino County climatic region:       Desert    

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

conceptual schematic describing DMAs and hydrologic feature connecting DMAs to the site outlet(s). An example is provided below that can be 

modified for proposed project or a drawing clearly showing DMA and flow routing may be attached
 

 

 

 

 

 

 

 

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

DA1 DMA C flows to 

DA1 DMA A 

Ex. Bioretention overflow to vegetated bioswale with 4’ bottom width, 5:1 side slopes and bed slope of 0.01. Conveys 

runoff for 1000’ through DMA 1 to existing catch basin on SE corner of property  

DA1 DMA A to Outlet 1 
ALL WATER QUALITY RUNOFF AND NUISANCE FLOWS FROM WITHIN DA1 WILL BE RETAINED AND 

TREATED WITHIN THE PROPOSED INFILTRATION BASIN. 

DA1 DMA B to Outlet 1             

DA2 to Outlet 2             

 

~ 

□ ~ 



MOJAVE RIVER WATERSHED Water Quality Management Plan (WQMP) 
   

 

    3‐1 

 

 

Form 3‐2 Existing Hydrologic Characteristics for Drainage Area 1  

For Drainage Area 1’s sub‐watershed DMA, 

provide the following characteristics
  DMA A  DMA B  DMA C  DMA D 

1 
DMA drainage area (ft2)  854,475                                     

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
 

ll
 

         
 

         
 

         
 

4
 Hydrologic soil group  Refer to  County 

Hydrology Manual Addendum for Arid Regions –

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

0100412_addendum.pdf 

B
 

         
 

         
 

         
 

5 Longest flowpath length (ft)
  1,427

 
         

 
         

 
         

 

6
 Longest flowpath slope (ft/ft)

  0.0163
                                     

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

of Hydrology Manual
  OPEN BRUSH

                                     

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 

FAIR 
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Form 3‐2 Existing Hydrologic Characteristics for Drainage Area 1 

(use only as needed for additional DMA w/in DA 1) 
For Drainage Area 1’s sub‐watershed DMA, 

provide the following characteristics
  DMA E  DMA F  DMA G  DMA H 

1 
DMA drainage area (ft2)                                                 

2 
Existing site impervious area (ft2)

           
 

         
 

         
 

         
 

3
 Antecedent moisture condition For desert 

areas, use 

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

0100412_map.pdf
 

         
 

         
 

         
 

         
 

4
 Hydrologic soil group County Hydrology 

Manual Addendum for Arid Regions –

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

0100412_addendum.pdf  

         
 

         
 

         
 

         
 

5 Longest flowpath length (ft)
           

 
         

 
         

 
         

 

6
 Longest flowpath slope (ft/ft)

           
                                     

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

of Hydrology Manual
           

                                     

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 
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Form 3‐3 Watershed Description for Drainage Area        

Receiving waters 

Refer to SWRCB site: 

http://www.waterboards.ca.gov/water_issues/

programs/tmdl/integrated2010.shtml 

 

MASTER PLAN DRAINAGE FACILITYA‐03 TO A‐01 TO MOJAVE RIVER  

Applicable TMDLs 
http://www.waterboards.ca.gov/water_issues/progr

ams/tmdl/integrated2010.shtml 

 

NONE 

303(d) listed impairments  
http://www.waterboards.ca.gov/water_issues/progr

ams/tmdl/integrated2010.shtml 

 

NONE 

Environmentally Sensitive Areas (ESA) 
Refer to Watershed Mapping Tool –  

http://sbcounty.permitrack.com/WAP 
DESERT TORTOISE HABITAT CATEGORY 2 

Hydromodification Assessment  

  Yes Complete Hydromodification Assessment. Include Forms 4.2‐2 through Form 

4.2‐5 and Hydromodification BMP Form 4.3‐9 in submittal  

  No  

~ 

□ 
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Section 4  Best Management Practices (BMP) 

4.1  Source Control BMPs and Site Design BMP Measures 

The information and data in this section are required for both Regulated Development and Site Design Only 

Projects.  Source  Control  BMPs  and  Site  Design  BMP  Measures  are  the  basis  of  site‐specific  pollution 

management.  

4.1.1  Source Control BMPs 

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. 

The identified list of source control BMPs correspond to the CASQA Stormwater BMP Handbook for New Development 

and Redevelopment. 
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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 
   

Provide to Each Resident education materials to promote environmental awareness as 

to the use of chemicals (including household type) that should be limited to the 

immediate household, with no discharge of specific wastes via hosing or direct discharge 

to gutters, area drains, catch basins, and storm drains.  In addition, guidelines will be 

provided as to general good housekeeping practices and proper methods of waste 

disposal that contribute to protection of storm water quality. 

N2  Activity Restrictions 
   

Define activity restrictions regarding the protection of surface water quality.  In 

particular, waste disposal of materials and pesticide application in common areas must 

be performed by an applicator certified by the California Department of Pesticide 

Regulation 

N3  Landscape Management BMPs 
   

Maintenance and Landscape Employees shall be provided with education materials to 

promote environmental awareness as to the use of chemicals (including household 

type) that should be limited to the immediate household, with no discharge of specific 

wastes via hosing or direct discharge to gutters, area drains, catch basins, and storm 

drains.  In addition, guidelines will be provided as to general good housekeeping 

practices and proper methods of waste disposal that contribute to protection of storm 

water quality 

N4  BMP Maintenance 
   

The owner of each lot shall arrange for the inspection, cleaning, and maintenance of 

NPDES BMPs on the respective lot.   

The City will provide inspection, maintenance and street sweeping for the public areas 

and streets. 

N5 
Title 22 CCR Compliance  

(How development will comply) 
   

The Developer/Builder shall provide each resident with the restrictions on hazardous 

materials.  Information on the City of Victorville's recycle and hazardous waste disposal 

facility shall be provided to each home owner and resident. 

N6  Local Water Quality Ordinances 
   

The Developer shall comply with all Water Quality Ordinances of the City of Victorville 

and the County of San Bernardino 

~ □ 

~ □ 

~ □ 

~ □ 

~ □ 

~ □ 
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Form 4.1‐1 Non‐Structural Source Control BMPs 

N7  Spill Contingency Plan 
   

The Developer/Builder shall comply with NPDES BMP “spill” contingency plans and 

provide site specific contingency plan.   

The Developer shall provide literature to each of the Residents for spill contingency 

plans. 

N8  Underground Storage Tank Compliance 
    No underground gas storage tanks on this site. 

N9 
Hazardous Materials Disclosure 

Compliance 
   

The Developer/Builder shall provide each resident with the restrictions on hazardous 

materials.  Information on the City of Victoville's recycle and hazardous waste disposal 

facility shall be provided to each home owner and resident. 

  

~ □ 

□ ~ 

~ □ 
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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 
    Uniform Fire Code, Article 80 (Hazardous Materials) 

N11  Litter/Debris Control Program 
   

Each resident shall be made aware of the use and the restrictions of the trash 

containers.  Litter control and trash management for the common areas will be provided 

by the contracted landscape maintenance company. 

N12  Employee Training 
   

Maintenance and Landscape Employees shall be provided with education materials to 

promote environmental awareness as to the use of chemicals (including household 

type) that should be limited to the immediate household, with no discharge of specific 

wastes via hosing or direct discharge to gutters, area drains, catch basins, and storm 

drains.  In addition, guidelines will be provided as to general good housekeeping 

practices and proper methods of waste disposal that contribute to protection of storm 

water quality 

N13  Housekeeping of Loading Docks 
    No Loading Docks on this site. 

N14  Catch Basin Inspection Program 
   

The Owner/Developer shall arrange for the inspection and cleaning of all drainage 

facilities, including common area drains, inlets, clarifiers and catch basins including any 

inserts until the City of Victorville accepts responsibility.  The private on‐lot home 

owners shall provide for and/or arrange for the maintenance of all private on‐lot 

drainage facilities to ensure the proper functioning of the facilities. 

N15 
Vacuum Sweeping of Private Streets and 

Parking Lots 
   

The Owner/Developer shall arrange for the inspection, cleaning, and street sweeping of 

all streets and pedestrian accessible areas on a monthly basis, at minimum, or more 

frequently as needed until the City of Victorville Public Works accepts responsibiliity.  

The City will provide inspection and street sweeping of the public streets. 

N16 
Other Non‐structural Measures for Public 
Agency Projects 

    n/a 

~ □ 

~ □ 

~ □ 

□ ~ 

~ □ 

~ □ 

□ ~ 
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N17 
Comply with all other applicable NPDES 
permits 

   

The Developer/Contractor shall comply with all NPDES regulations as set forth by the 

City of Victorville and the County of San Bernardino.  

The Developer/Contractor shall comply with all NPDES SWPPP requirements 

~ □ 
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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) 

   

Storm drain signage shall be employed along with previously mentioned home 

owner environmental awareness education prohibiting dumping, littering, or 

discharges into storm drain inlets.  The phrasing “NO DUMPING WE LIVE 

DOWNSTREAM” or City approved equal shall be stenciled on every catch basin.   

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

    There will not be a material storage area on the post developed site. 

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

   

Each resident shall be made aware of the use and the restrictions of the trash 

containers.  Litter control and trash management for any common areas will be 

provided by the contracted landscape maintenance company. 

 Design requirements for waste handling areas are governed by the Building and 

Fire Codes, and by current local agency ordinances and zoning requirements 

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 techniques have been employed to maximize infiltration and to 

minimize water loss, runoff, and evaporation.  The following are aspects of the 

irrigation system: 

a. Turf demanding more water shall be valved separately from shrubs requiring 

less water. 

b .Sprinkler heads have shall low precipitation rates and trajectories 

keeping overspray onto sidewalks and pavement at a minimum. 

c. Run time for valves is dependent on changes in sunlight, slope, and seasons. 

d. Flow sensors will be used to measure sudden pressure drops and control water 

loss due to broken sprinkler heads or water supply lines. 

e. Rain sensors will be used to eliminate or reduce irrigation during times of 

precipitation. 

~ □ 

□ ~ 

~ □ 

~ □ 
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S5 

Finish grade of landscaped areas at a minimum of 

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

pavement 

   

 

Finished surfaces for landscape areas will be per the landscape artichects plans 

 

S6 

Protect slopes and channels and provide energy 

dissipation (CASQA New Development BMP 

Handbook SD‐10) 

   

 

The development site design shall provide protection for the existing perimeter 

slopes and channel from erosion that may be caused by the development. 

 The drainage facilities shall be constructed with appropriate protection to prevent 

unnecessary erosion. 

S7 
Covered dock areas (CASQA New Development 

BMP Handbook SD‐31) 
   

 

There will not be a dock area on this site. 

S8 

Covered maintenance bays with spill containment 

plans (CASQA New Development BMP Handbook 

SD‐31) 

   

 

There will not be a vehicle maintenance on the post developed site. 

 

S9 
Vehicle wash areas with spill containment plans 

(CASQA New Development BMP Handbook SD‐33) 
   

 

There will not be a car wash on post developed site. 

 

S10 
Covered outdoor processing areas (CASQA New 

Development BMP Handbook SD‐36) 
   

 

There will not be a processing area on the post developed site. 

Form 4.1‐2 Structural Source Control BMPs 

□ ~ 

~ □ 

□ ~ 

□ ~ 

□ ~ 

□ ~ 
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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) 

   
There will not be a vehicle maintenance on the post developed site. 

 

S12 
Fueling areas (CASQA New Development BMP 

Handbook SD‐30) 
    There will not be a fueling area on the post developed site. 

S13 
Hillside landscaping (CASQA New Development 

BMP Handbook SD‐10) 
    This project site is not considered hillside.    

S14  Wash water control for food preparation areas 
    There will not be food processing areas on this site. 

S15 
Community car wash racks (CASQA New 

Development BMP Handbook SD‐33) 
    There will not be car wash racks located on this site. 

□ ~ 

□ ~ 

□ ~ 

□ ~ 

□ ~ 
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4.1.2  Site Design BMPs 

As part of the planning phase of a project, the site design practices associated with new LID requirements in the 

Phase II Small MS4 Permit must be considered.  Site design BMP measures can result in smaller Design Capture 

Volume (DCV) to be managed by both LID and hydromodification control BMPs by reducing runoff generation.  

As is stated in the Permit, it is necessary to evaluate site conditions such as soil type(s), existing vegetation and 

flow paths will influence the overall site design.   

Describe site design and drainage plan including: 

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

Form 4.1‐3 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: THE PROJECT SITE WILL BE DESIGNED WITH MINIMUM WIDTH STREETS AND SIDEWALKS; AND TWO STORY 
BUILDINGS TO INCREASE THE AREA FOR LANDSCAPING 

Maximize natural infiltration capacity; Including improvement and maintenance of soil: Yes   No   

Explanation: THE BOTTOM OF THE INFILTRATION BASIN WILL NEED TO BE SCARIFIED TO INCREASE THE NATURAL 
INFILTRATION CAPABILITIES OF THE SOILS 

Preserve existing drainage patterns and time of concentration: Yes   No   

Explanation: CATCH BASINS AND STORM DRAINS, AS WELL AS A DETENTION BASIN WILL CHANGE THE NATURAL DRAINAGE 
PATTERN AND TIME OF CONCENTRATION 

Disconnect impervious areas. Including rerouting of rooftop drainage pipes to drain stormwater to storage or infiltration BMPs 
instead of to storm drain : Yes   No   

Explanation: FLOWS LEAVING LOTS WILL GUTTERFLOW TO CATCH BASINS AND STORM DRAINS  

Use of Porous Pavement.:  Yes   No   
Explanation: THERE WILL BE NO POROUS PAVEMENT ON SITE 

Protect existing vegetation and sensitive areas: Yes   No   

Explanation: EXISTING VEGETATION WILL NOT BE PROTECTED, BUT PARKWAY AND LOT LANDSCAPING WILL BE IMPLEMENTED 
THROUGHOUT THE SITE.  

Re‐vegetate disturbed areas. Including planting and preservation of drought tolerant vegetation. : Yes   No   

Explanation: THE SITE WILL BE REVEGITATED WITH DROUGHT TOLERANT LANDSCAPING WITHIN PARKWAYS AND ON‐LOT. 

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

Explanation: THE BASIN BOTTOM WILL NEED TO BE SCARIFIED TO MAXIMIZE INFILTRATION CAPACITY. 

 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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Utilize naturalized/rock‐lined drainage swales in place of underground piping or imperviously lined swales: Yes   No   
Explanation: THERE WILL BE NO DRAINAGE SWALES ON SITE 

Stake off areas that will be used for landscaping to minimize compaction during construction : Yes   No   
Explanation: AREAS USED FOR LANDSCAPING WILL BE STAKED OFF TO MINIMIZE COMPACTION 

Use of Rain Barrels and Cisterns, Including the use of on‐site water collection systems.:   Yes   No   
Explanation: THERE WILL BE NO RAIN BARRELS OR CISTERNS ON SITE 

Stream Setbacks.  Includes  a specified distance from an adjacent steam: : Yes   No   
Explanation: THE PROPERTY LINE IS APPROXIMATELY +/‐250 FT FROM THE ORO GRANDE WASH. 

 
It is noted that, in the Phase II Small MS4 Permit, site design elements for green roofs and vegetative swales are 

required.  Due to the local climatology in the Mojave River Watershed, proactive measures are taken to maximize 

the amount of drought  tolerant vegetation.  It  is not practical  in  this  region  to have green  roofs or vegetative 

swales.     As part of site design the project proponent should utilize locally recommended vegetation types for 

landscaping.  Typical landscaping recommendations are found in following local references:  

San Bernardino County Special Districts: 

Guide to High Desert Landscaping ‐ 

http://www.specialdistricts.org/Modules/ShowDocument.aspx?documentid=795 

Recommended High‐Desert Plants ‐ 

http://www.specialdistricts.org/modules/showdocument.aspx?documentid=553 

Mojave Water Agency: 

Desert Ranch: http://www.mojavewater.org/files/desertranchgardenprototype.pdf 

Summertree: http://www.mojavewater.org/files/Summertree‐Native‐Plant‐Brochure.pdf 

Thornless Garden: http://www.mojavewater.org/files/thornlessgardenprototype.pdf 

Mediterranean Garden: http://www.mojavewater.org/files/mediterraneangardenprototype.pdf 

Lush and Efficient Garden: http://www.mojavewater.org/files/lushandefficientgardenprototype.pdf 

Alliance for Water Awareness and Conservation (AWAC) outdoor tips –   http://hdawac.org/save‐outdoors.html 

 

□ ~ 

~ □ 

□ ~ 

~ □ 
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4.2  Treatment BMPs 
After  implementation and design of both Source Control BMPs and Site Design BMP measures, any remaining 

runoff from impervious DMAs must be directed to one or more on‐site, treatment BMPs (LID or biotreatment) 

designed to infiltrate, evaportranspire, and/or bioretain the amount of runoff specified in Permit Section E.12.e 

(ii)(c) Numeric Sizing Criteria for Storm Water Retention and Treatment.   

4.2.1 Project Specific Hydrology Characterization 

The purpose of this section of the Project WQMP is to establish targets for post‐development hydrology based on 

performance criteria specified  in Section E.12.e.ii.c and Section E.12.f of the Phase II Small 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 from hydromodification.  

If the project has more than one outlet for stormwater runoff, then complete additional versions of these forms 

for each DA / outlet. 

It is noted that in the Phase II Small MS4 Permit jurisdictions, the LID BMP Design Capture Volume criteria is 

based on the 2‐year rain event.  The hydromodification performance criterion is based on the 10‐year rain event.  

Methods applied in the following forms include: 

 For LID BMP Design Capture Volume (DCV), San Bernardino County requires use of the P6 method (Form 4.2‐1) 

For pre‐ and post‐development hydrologic calculation, San Bernardino County 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 hydromodification performance criteria. 

Refer to Section 4 in the TGD for WQMP for detailed guidance and instructions. 
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Form 4.2‐1  LID BMP Performance Criteria for Design Capture Volume 

(DA 1) 

1 Project area DA 1 

(ft2): 

854,475 

2 Imperviousness after applying preventative 

site design practices (Imp%): 40 

3 
Runoff Coefficient (Rc):  _0.28 

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

5 
Compute P6, Mean 6‐hr Precipitation (inches):  0.516 

P6 = Item 4 *C1, where C1 is a function of site climatic region specified in Form 3‐1 Item 1 ( 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):  20,190  

DCV = 1/12 * [Item 1* Item 3 *Item 5 * C2], where C2 is a function of drawdown rate (24‐hr  = 1.582; 48‐hr = 1.963)  

Compute separate DCV for each outlet from the project site per schematic drawn in Form 3‐1 Item 2 

 

 

 

Form 4.2‐2  Summary of Hydromodification Assessment (DA 1) 

Is the change in post‐ and pre‐ condition flows captured on‐site? :  Yes      No   

If “Yes”, then complete Hydromodification assessment of site hydrology for 10yr 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‐ Addendum 1) 

If “No,” then proceed to Section 4.3 BMP Selection and Sizing 

Condition  Runoff Volume (ft3) 
Time of Concentration 

(min) 
Peak Runoff (cfs) 

Pre‐developed 
1 74,488 

Form 4.2‐3 Item 12 

2 24 

Form 4.2‐4 Item 13 

3 11.2 

Form 4.2‐5 Item 10 

Post‐developed 
4 90,169 

Form 4.2‐3 Item 13 

5 16 

Form 4.2‐4 Item 14 

6 16 

Form 4.2‐5 Item 14 

Difference 
7  15,682 

Item 4 – Item 1 

8  8 

Item 2 – Item 5 

9  4.8 

Item 6 – Item 3 

Difference  

(as % of pre‐developed) 

10 21% 

Item 7 / Item 1 

11 33% 

Item 8 / Item 2 

12 43% 

Item 9 / Item 3 

□ 
~ 

~ □ 
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Form 4.2‐3  Hydromodification 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  BRUSH                                                                                     

2a Hydrologic Soil Group (HSG)  A                                                                                     

3a DMA Area, ft2 sum of areas of 

DMA should equal area of DA 
758,584                                                                                     

4a Curve Number (CN) use Items 

1 and 2 to select the appropriate CN 

from Appendix C‐2 of the TGD for 

WQMP 

46                                                                                     

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  RESIDENT.  STREET                                                                         

2b Hydrologic Soil Group (HSG)  A  A                                                                         

3b DMA Area, ft2 sum of areas of 

DMA should equal area of DA 
640,332  118,252                                                                         

4b Curve Number (CN) use Items 

5 and 6 to select the appropriate CN 

from Appendix C‐2 of the TGD for 

WQMP 

32  98                                                                         

5 Pre‐Developed area‐weighted CN:  46 
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:  42 
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 10 yr, 24 hr storm (in):  3.19 
   Go to: http://hdsc.nws.noaa.gov/hdsc/pfds/sa/sca_pfds.html 

12 Pre‐developed Volume (ft3):  74,488  >> SEE UNIT HYDROGRAPH AND RATIONAL METHOD IN SECTION A 
   Vpre =(1 / 12) * (Item sum of Item 3) * [(Item 11 – Item 9)^2 / ((Item 11 – Item 9 + Item 7) 

13 Post‐developed Volume (ft3):  90,169 
   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 hydromodification requirement, (ft3):  15,682 
   Vhydro = (Item 13 * 0.95) – Item 12 
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Form 4.2‐4 Hydromodification Assessment for Time of Concentration (DA 1) 

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):  N/A     Minimum of Item 12 pre‐developed DMA  

14 
Post‐developed time of concentration (min):  N/A    Minimum of Item 12 post‐developed DMA

 

15 
Additional time of concentration needed to meet hydromodification  requirement (min): 8   TC‐Hydro = (Item 13 * 0.95) – Item 14 
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Form 4.2‐5 Hydromodification Assessment for Peak Runoff (DA 1) 

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 ‐ 0.7 LOG Form 4.2‐4 Item 5 /60) 

                                                                       

2 
Drainage Area of each DMA (Acres)  

For DMA with outlet at project site outlet, include upstream DMA (Using example 

schematic in Form 3‐1, DMA A will include drainage from DMA C)
 

                                                                       

3 
Ratio of pervious area to total area 

For DMA with outlet at project site outlet, include upstream DMA (Using example 

schematic in Form 3‐1, DMA A will include drainage from DMA C) 

                                                                       

4 
Pervious area infiltration rate (in/hr)  

Use pervious area CN and antecedent moisture condition with Appendix C‐3 of the TGD 

for WQMP 

                                                                       

5 
Maximum loss rate (in/hr)    

Fm = Item 3 * Item 4  
Use area‐weighted Fm from DMA with outlet at project site outlet, include upstream 

DMA (Using example schematic in Form 3‐1, DMA A will include drainage from DMA C) 

                                                                       

6 
Peak Flow from DMA (cfs)   

Qp =Item 2 * 0.9 * (Item 1 ‐ Item 5) 

                                                                       

7 
Time of concentration adjustment factor for other DMA to 

site discharge point  
Form 4.2‐4 Item 12 DMA / Other DMA upstream of site discharge 

point (If ratio is greater than 1.0, then use maximum value of 1.0) 

DMA A
 

n/a                          n/a                         

DMA B              n/a                          n/a             

DMA C
 

                        n/a                          n/a 

8 
Pre‐developed Qp at Tc for DMA A:              

Qp = Item 6DMAA + [Item 6DMAB * (Item 1DMAA ‐ Item 

5DMAB)/(Item 1DMAB ‐ Item 5DMAB)* Item 7DMAA/2] + 

[Item 6DMAC * (Item 1DMAA ‐ Item 5DMAC)/(Item 1DMAC ‐ 

Item 5DMAC)* Item 7DMAA/3] 

9 
Pre‐developed Qp at Tc for DMA B:              

Qp = Item 6DMAB + [Item 6DMAA * (Item 1DMAB ‐ Item 

5DMAA)/(Item 1DMAA ‐ Item 5DMAA)* Item 7DMAB/1] + 

[Item 6DMAC * (Item 1DMAB ‐ Item 5DMAC)/(Item 1DMAC ‐ 

Item 5DMAC)* Item 7DMAB/3] 

10 
Pre‐developed Qp at Tc for DMA C:              

Qp = Item 6DMAC + [Item 6DMAA * (Item 1DMAC ‐ Item 

5DMAA)/(Item 1DMAA ‐ Item 5DMAA)* Item 7DMAC/1] + 

[Item 6DMAB * (Item 1DMAC ‐ Item 5DMAB)/(Item 1DMAB 

‐ Item 5DMAB)* Item 7DMAC/2] 

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

11 
 Post‐developed Qp at Tc for DMA A: 

            Same as Item 8 for post‐developed values 

12 
 Post‐developed Qp at Tc for DMA B: 

           Same as Item 9 for post‐developed values 

13 
Post‐developed Qp at Tc for DMA C: 

            Same as Item 10 for post‐developed 

values 

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

needed) 

15 
Peak runoff reduction needed to meet Hydromodification Requirement (cfs):  4.8   Qp‐hydro = (Item 14 * 0.95) – Item 10 
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4.3  BMP Selection and Sizing 
Complete  the  following  forms  for  each  project  site  DA  to  document  that  the  proposed  treatment 

(LID/Bioretention) BMPs conform to the project DCV developed to meet performance criteria specified in the 

Phase II Small 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 Phase II Small MS4 Permit (see Section 5.3 in the TGD for 

WQMP). The forms compute the following for on‐site LID BMP:  

 Site Design Measures (Form 4.3‐2) 

 Retention and Infiltration BMPs (Form 4.3‐3) or 

 Biotreatment BMPs (Form 4.3‐4).  

 

 

 

 

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 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  Form  4.3‐2  to  determine  the  feasibility  of  applicable  Site  Design  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 Site Design 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 site design, retention and/or infiltration BMPs is unable to mitigate the entire DCV, then 

the remainder of the volume‐based performance criteria that cannot be achieved with site design, retention 

and/or infiltration BMPs must be managed through biotreatment BMPs. If biotreatment BMPs are used, then 

they must be sized to provide equivalent effectiveness based on Template Section 4.3.4.  

Please  note  that  the  selected  BMPs  may  also  be  used  as  dual  purpose  for  on‐site, 

hydromodification mitigation and management. 
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4.3.1 Exceptions to Requirements for Bioretention Facilities 

Contingent on a demonstration that use of bioretention or a facility of equivalent effectiveness is infeasible, 

other types of biotreatment or media filters (such as tree‐box‐type biofilters or in‐vault media filters) may be 

used for the following categories of Regulated Projects:  

1) Projects creating or replacing an acre or less of impervious area, and located in a designated pedestrian‐

oriented commercial district (i.e., smart growth projects), and having at least 85% of the entire project site 

covered by permanent structures;  

2) Facilities receiving runoff solely from existing (pre‐project) impervious areas; and  

3) Historic sites, structures or landscapes that cannot alter their original configuration in order to maintain 

their historic integrity.  
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Form 4.3‐1 Infiltration BMP Feasibility (DA 1) 

Feasibility Criterion – Complete evaluation for each DA on the Project Site 

1 Would infiltration BMP pose significant risk for groundwater related concerns?                                                           Yes     No   

Refer to Section 5.3.2.1 of the TGD for WQMP  

If Yes, Provide basis: (attach) 

2 Would installation of infiltration BMP significantly increase the risk of geotechnical hazards?                                   Yes   No   

(Yes, if the answer to any of the following questions is yes, as established by a geotechnical expert):  

 The location is less than 50 feet away from slopes steeper than 15 percent 

 The location is less than ten feet from building foundations or an alternative setback. 

 A study certified by a geotechnical professional or an available watershed study determines that stormwater infiltration 

would result in significantly increased risks of geotechnical hazards. 

If Yes, Provide basis: (attach) 

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

If Yes, Provide basis: (attach) 

4 Is proposed infiltration facility located on hydrologic soil group (HSG) D soils or does the site geotechnical investigation indicate 

presence of soil characteristics, which support categorization as D soils?                                                                            Yes   No   

If Yes, Provide basis: (attach) 

5 Is the design infiltration rate, after accounting for safety factor of 2.0, below proposed facility less than 0.3 in/hr (accounting for 

soil amendments)?                                                                                                                                                                            Yes   No   

If Yes, Provide basis: (attach) 

6 Would on‐site infiltration or reduction of runoff over pre‐developed conditions be partially or fully inconsistent with watershed 

management strategies as defined in the WAP, or impair beneficial uses?                                                                           Yes   No   

See Section 3.5 of the TGD for WQMP and WAP 

If Yes, Provide basis: (attach) 

7 Any answer from Item 1 through Item 3 is “Yes”:                                                                                                                     Yes   No     

If yes, infiltration of any volume is not feasible onsite. Proceed to Form 4.3‐4, Selection and Evaluation of Biotreatment BMP.          

If no, then proceed to Item 8 below. 

8 Any answer from Item 4 through Item 6 is “Yes”:                                                                                                                      Yes   No     

If yes, infiltration is permissible but is not required to be considered. Proceed to Form 4.3‐2, Site Design 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, Site Design BMPs. 

 

4.3.2  Site Design  BMP 

Section E.12.e. of the Small Phase II MS4 Permit emphasizes the use of LID preventative measures; and the 

use of Site Design Measures reduces the portion of the DCV that must be addressed in downstream BMPs. 

Therefore, all applicable Site Design Measures 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 

□ igJ 

□ igJ 

□ igJ 

□ igJ 

□ igJ 

□ igJ 

□ igJ 

□ igJ 
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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 Site Design BMPs. If a project cannot feasibly meet BMP sizing 

requirements or cannot fully address hydromodification, feasibility of all applicable Site Design BMPs 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 BMP. Refer to Section 5.4 in the TGD for more detailed guidance. 

Form 4.3‐2  Site Design 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         DMA        

BMP Type            

DA         DMA        

BMP Type            

DA         DMA        

BMP Type             
(Use additional forms 

for more BMPs) 

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         DMA        

BMP Type            

DA         DMA        

BMP Type            

DA         DMA        

BMP Type             
(Use additional forms 

for more BMPs) 

7 
Ponding surface area (ft2)                                     

8 
Ponding depth (ft) (min. 0.5 ft.)                                     

9 
Surface area of amended soil/gravel (ft2)                                     

10 
Average depth of amended soil/gravel (ft) (min. 1 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 BMPs (DA 1) 

 

14 
Implementation of Street Trees:   Yes        No      

If yes, complete Items 14‐18.  If no, proceed to Item 19  

DA         DMA        

BMP Type            

DA         DMA        

BMP Type            

DA         DMA        

BMP Type             
(Use additional forms 

for more BMPs) 

15 
Number of Street Trees

                                     

16 
Average canopy cover over impervious area (ft2) 

                                   

17 
Runoff volume retention from street trees (ft3)  

Vretention = Item 15 * Item 16 * (0.05/12) assume runoff retention of 

0.05 inches
 

                                   

18 
Runoff volume retention from street tree BMPs (ft3):  0       Vretention = Sum of Item 17 for all BMPs

 

19 
Total Retention Volume from Site Design BMPs:  0  Sum of Items 5, 13 and  18  

□ [81 
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4.3.3   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 C 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 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).  

4.3.3.1 Allowed Variations for Special Site Conditions  

The bioretention  system design parameters of  this  Section may be adjusted  for  the  following  special  site 

conditions:  

1) Facilities located within 10 feet of structures or other potential geotechnical hazards established by the 

geotechnical  expert  for  the  project may  incorporate  an  impervious  cutoff wall  between  the  bioretention 

facility and the structure or other geotechnical hazard.  

2) Facilities with documented high concentrations of pollutants in underlying soil or groundwater, facilities 

located where infiltration could contribute to a geotechnical hazard, and facilities located on elevated plazas 

or  other  structures may  incorporate  an  impervious  liner  and may  locate  the underdrain  discharge  at  the 

bottom of the subsurface drainage/storage layer (this configuration is commonly known as a “flow‐through 

planter”).  

3) Facilities located in areas of high groundwater, highly infiltrative soils or where connection of underdrain 

to a surface drain or to a subsurface storm drain are infeasible, may omit the underdrain.  

4) Facilities serving high‐risk areas such as fueling stations, truck stops, auto repairs, and heavy industrial sites 

may be required to provide adequate pretreatment to address pollutants of concern unless these high‐risk 

areas are isolated from storm water runoff or bioretention areas with no chance of spill migration.  

 

.
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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 BMP (ft3):  20,190 + 15,682 = 35,872   Vunmet = Form 4.2‐1 Item 7 ‐ Form 4.3‐2 Item19 

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        

BMP Type 

INFILTRATION 

BASIN  

DA         DMA        

BMP Type            

DA         DMA        

BMP Type              

(Use additional forms 

for more BMPs) 

2 
Infiltration rate of underlying soils (in/hr) See Section 5.4.2 and 

Appendix C of the TGD for WQMP for minimum requirements for 

assessment methods 

13.0                         

3 
Infiltration safety factor  See TGD Section 5.4.2 and Appendix D  2.0                         

4 
Design percolation rate (in/hr)  Pdesign = Item 2 / Item 3  6.5                         

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 

4.2                         

7 
Ponding Depth (ft)  dBMP = Minimum of (1/12*Item 4*Item 5) or Item 6  4.2                         

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 

8,334 
=bottom of basin 

EL: 3355 
           

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 

                                   

12 
Gravel porosity                                     

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

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

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

48,546                         

15 
Underground Retention Volume (ft3)  Volume determined using 

manufacturer’s specifications and calculations 

                                   

16 
Total Retention Volume from LID Infiltration BMPs:  48,546   (Sum of Items 14 and 15 for all infiltration BMP included in plan) 

17  Fraction of DCV achieved with infiltration BMP: 240%   Retention% = Item 16 / Form 4.2‐1 Item 7 
18 

Is full LID DCV retained onsite with combination of hydrologic source control and LID retention/infiltration BMPs? Yes    No    

 If yes, demonstrate conformance using Form 4.3‐10; If no, then reduce Item 3, Factor of Safety to 2.0 and increase Item 8, Infiltrating Surface Area, such that 

the portion of the site area used for retention and infiltration BMPs equals or exceeds the 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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4.3.4  Biotreatment BMP 

Biotreatment  BMPs  may  be  considered  if  the  full  LID  DCV  cannot  be  met  by  maximizing  retention  and 

infiltration. 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 4.3‐4  to  summarize  the potential  for volume based and/or  flow based biotreatment options  to 

biotreat the remaining unmet LID DCV.  Biotreatment computations are included as follows: 

 Use Form 4.3‐5 to compute biotreatment in small volume based biotreatment BMP (e.g. bioretention 
w/underdrains);  

 Use Form 4.3‐6 to compute biotreatment in large volume based biotreatment BMP (e.g. constructed 
wetlands); 

 Use Form 4.3‐7 to compute sizing criteria for flow‐based biotreatment BMP (e.g. bioswales) 

 

  

Form 4.3‐4 Selection and Evaluation of Biotreatment BMP (DA 1) 
1 
Remaining LID DCV not met by site design , or 

infiltration, BMP for potential biotreatment (ft3):  0    
Form 4.2‐1 Item 7 ‐ Form 4.3‐2 Item 19 – Form 4.3‐3 Item 16  

List pollutants of concern   Copy from Form 2.3‐1. 

           

 

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 4.3‐5 and 4.3‐6 to compute treated volume 

Flow‐based biotreatment   
Use Form 4.3‐7 to compute treated flow  

 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):             Form 4.3‐

5 Item 15 + Form 4.3‐6 Item 13 

4 
Compute remaining LID DCV with 

implementation of volume based biotreatment 

BMP (ft3):               Item 1 – Item 3 

5 
Remaining fraction of LID DCV for 

sizing flow based biotreatment BMP: 

          %  Item 4  / Item 1 

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

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

7 
Metrics for MEP determination:  

 Provided a WQMP with the portion of site area used for suite of LID BMP equal to minimum thresholds in Table 5‐7 of the 

TGD for WQMP for the proposed category of development:     If maximized on‐site retention BMPs is feasible for partial capture, 

then LID BMP implementation must be optimized to retain and infiltrate the maximum portion of the DCV possible within the prescribed 

minimum effective area. The remaining portion of the DCV shall then be mitigated using biotreatment BMP. 
 

□ 
□ 
□ 
□ 
□ 

□ 

□ 
□ 
□ 
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Form 4.3‐5 Volume Based Biotreatment (DA 1) –  

Bioretention and Planter Boxes with Underdrains 

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

comparable BMP) 

DA         DMA        

BMP Type            

DA         DMA        

BMP Type            

DA         DMA        

BMP Type              

(Use additional forms 

for more BMPs) 

1 
Pollutants addressed with BMP    List all pollutant of concern that 

will be effectively reduced through specific Unit Operations and 

Processes described in Table 5‐5 of the TGD for WQMP  

                                   

2 
Amended soil infiltration rate Typical ~ 5.0

                                     

3 
Amended soil infiltration safety factor Typical ~ 2.0 

                                   

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

Item 3 

                                   

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

                                   

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

for reference to BMP design details 

                                   

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

Item 6 

                                   

8 
Amended soil surface area (ft2) 

                                   

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

reference to BMP design details 

                                   

10 
Amended soil porosity, n 

                                   

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

to BMP design details 

                                   

12 
Gravel porosity, n 

                                   

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

                                   

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

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

                                   

15 
Total biotreated  volume from bioretention and/or planter box  with underdrains BMP:  0   

Sum of Item 14 for all volume‐based BMPs included in this form 
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Form 4.3‐6 Volume Based Biotreatment (DA 1) –  

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 :  0   

 (Sum of Item 12 for all BMP included in plan) 
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Form 4.3‐7 Flow Based Biotreatment (DA 1) 

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

BMP 

DA         DMA        

BMP Type            

DA         DMA        

BMP Type            

DA         DMA        

BMP Type              

(Use additional forms 

for more BMPs) 

1 
Pollutants addressed with BMP 

List all pollutant of concern that will be effectively reduced through 

specific Unit Operations and Processes described in TGD Table 5‐5 

                                   

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 

                                   

3 
Bed slope (ft/ft)  

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

design details 

                                   

4 
Manning's roughness coefficient 

                                   

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 

                                   

7 
Cross sectional area (ft2)  

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

                                   

8 
Water quality flow velocity (ft/sec) 

V =  Form 4.3‐5 Item 6 / Item 7 

                                   

9 
Hydraulic residence time (min)  

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

BMP design details 

                                   

10 
Length of flow based BMP (ft) 

L = Item 8 * Item 9 * 60 

                                   

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

SAtop = (Item 5 + (2 * Item 2 * Item 6)) * Item 10
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4.3.5  Conformance Summary 

Complete  Form  4.3‐8  to  demonstrate  how on‐site  LID DCV  is met with  proposed  site  design,  infiltration, 

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 4.3‐8 Conformance Summary and Alternative  

Compliance Volume Estimate (DA 1) 
1 
Total LID DCV for the Project DA‐1 (ft3): 35,872   Copy Item 7 in Form 4.2‐1 

2 
On‐site retention with site design BMP (ft3): 0   Copy Item18 in Form 4.3‐2 

3 
On‐site retention with LID infiltration BMP (ft3): 48,546    Copy Item 16 in Form 4.3‐3 

4 
On‐site biotreatment with volume based biotreatment BMP (ft3): 0     Copy Item 3 in Form 4.3‐4 

5 
Flow capacity provided by flow based biotreatment BMP (cfs): 0    Copy Item 6 in Form 4.3‐4 

6 
LID BMP performance criteria are achieved if answer to any of the following is “Yes”: 

 Full retention of LID DCV with site design  or infiltration 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; therefore biotreatment BMP provides 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 

7 
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 Site Design, retention and infiltration, , and biotreatment BMPs provide less than full LID DCV capture:  

 

Checked yes if Form 4.3‐4 Item 7is checked yes, Form 4.3‐4 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)% 

 

 Facilities, or a combination of facilities, of a different design than in Section E.12.e.(ii)(f) may be permitted if all of the 

following Phase II Small MS4 General Permit 2013‐0001‐DWQ 55 February 5, 2013 measures of equivalent 

effectiveness are demonstrated: 

1) Equal or greater amount of runoff infiltrated or evapotranspired;      

2) Equal or lower pollutant concentrations in runoff that is discharged after biotreatment;      

3) Equal or greater protection against shock loadings and spills;      

4) Equal or greater accessibility and ease of inspection and maintenance.       

~ □ 

□ 

□ 
□ 

□ 
□ 
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4.3.6  Hydromodification Control BMP 

Use Form 4.3‐9 to compute the remaining runoff volume retention, after Site Design BMPs are implemented, 

needed to address hydromodification, and the increase in time of concentration and decrease in peak runoff 

necessary  to meet  targets  for protection of waterbodies with a potential hydromodification. Describe  the 

proposed hydromodification treatment control BMP.   Section 5.6 of the TGD for WQMP provides additional 

details on selection and evaluation of hydromodification control BMP. 

 

 

   

Form 4.3‐9 Hydromodification Control BMPs (DA 1) 

1 
Volume reduction needed for 

hydromodification performance criteria (ft3):  0    
(Form 4.2‐2 Item 4 * 0.95) – Form 4.2‐2 Item 1

 

2 
On‐site retention with site design and infiltration, BMP (ft3):              Sum of 

Form 4.3‐8 Items 2, 3, and 4.  Evaluate option to increase implementation of on‐site 

retention in Forms 4.3‐2, 4.3‐3, and 4.3‐4 in excess of LID DCV toward achieving 

hydromodification  volume reduction
 

3 
Remaining volume for 

hydromodification volume capture 

(ft3):             Item 1 – Item 2 

4 
Volume capture provided by incorporating additional on‐site BMPs (ft3):               

5 
Is Form 4.2‐2 Item 11 less than or equal to 5%:   Yes    No   

If yes, hydromodification performance criteria is achieved. If no, select one or more mitigation options below: 

 Demonstrate increase in time of concentration achieved by proposed LID site design, LID BMP, and additional on‐site 

BMP    

 Increase time of concentration by preserving pre‐developed flow path and/or increase travel time by reducing slope and 

increasing cross‐sectional area and roughness for proposed on‐site conveyance facilities    

6 
Form 4.2‐2 Item 12 less than or equal to 5%:   Yes    No   

If yes, hydromodification performance criteria is achieved. If no, select one or more mitigation options below: 

 Demonstrate reduction in peak runoff achieved by proposed LID site design, LID BMPs, and additional on‐site 

retention BMPs    

□ □ 

□ 

□ c□J----- □□ 

□ 
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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, 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 Designs —  Facilities,  or  a  combination  of  facilities,  of  a different design  than  in Permit  Section 

E.12.e.(ii)(f) may be permitted if all of the following measures of equivalent effectiveness are demonstrated:  

1) Equal or greater amount of runoff infiltrated or evapotranspired;  

2) Equal or lower pollutant concentrations in runoff that is discharged after biotreatment;  

3) Equal or greater protection against shock loadings and spills;  

4) Equal or greater accessibility and ease of inspection and maintenance.  

The Project Proponent will need to obtain written approval for an alternative design from the Lahontan Regional 

Water Board Executive Officer (see Section 6 of the TGD for WQMP). 
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Section 5  Inspection and Maintenance Responsibility  
for Post Construction BMP 

 

All BMPs  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  a  Maintenance 

Agreement. The Maintenance Agreement must also be attached to the WQMP.   

 

 

Form 5‐1 BMP Inspection and Maintenance 

(use additional forms as necessary) 

BMP  Reponsible Party(s) 
Inspection/ Maintenance 

Activities Required 

Minimum Frequency 

of Activities 

INFILTRA

TION 

BASIN 

CITY OF 

VICTORVILLE 

PUBLIC WORKS 

DEPARTMENT 

REMOVAL OF TRASH AND DEBRIS FROM 

BASIN BOTTOM TO MAINTAIN 

INFILTRATION 

2X/YEAR 

48 HOURS AFTER 

MAJOR STORM 

EVENTS 

                                               

                                               

                                               

                                               

                                               

                                               

Note that at time of Project construction completion, the Maintenance Agreement must 

be completed, signed, notarized and submitted to the County Stormwater Department  
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MEMORANDUM OF AGREEMENT



RECORDING REQUESTED BY: 

City of Victorville
Engineering Department

AND WHEN RECORDED MAIL TO: 

City of Victorville
Engineering Department
14343 Civic Drive
Victorville, CA 92392 

SPACE ABOVE THIS LINE FOR RECORDER’S USE________________

AGREEMENT 

THIS PAGE ADDED TO PROVIDE ADEQUATE SPACE FOR RECORDING INFORMATION 



Water Quality Management Plan and Stormwater Best Management Practices 
Transfer, Access and Maintenance Agreement 

OWNER NAME:      _____________________________________________________

PROPERTY ADDRESS:     _______________________________________________

APN:     _______________________________________________________________

THIS AGREEMENT is made and entered into in 

________________________________, California, this    ______ day of

________________________________, by and between

________________________________, hereinafter

referred to as Owner, and the CITY OF VICTORVILLE, a municipal corporation, located 
in the County of San Bernardino, State of California, hereinafter referred to as CITY; 

WHEREAS, the Owner owns real property (“Property”) in the City of Victorville, State of 
California, more specifically described in Exhibit “A” and depicted in Exhibit “B”, each of 
which exhibits is attached hereto and incorporated herein by this reference; 

WHEREAS, at the time of initial approval of development project known as 

_______________________________________ within the Property described herein,
the CITY required the project to employ Best Management Practices, hereinafter 
referred to as “BMPs,” to minimize pollutants in urban runoff; 

WHEREAS, the Owner has chosen to install and/or implement BMPs as described in 
the Water Quality Management Plan, on file with the CITY, hereinafter referred to as 
“WQMP”, to minimize pollutants in urban runoff and to minimize other adverse impacts 
of urban runoff; 

WHEREAS, said WQMP has been certified by the Owner and reviewed and approved 
by the City; 

WHEREAS, the Owner is aware that periodic and continuous maintenance, including, 
but not necessarily limited to, filter material replacement and sediment removal, is 
required to assure peak performance of all BMPs in the WQMP and that, furthermore, 
such maintenance activity will require compliance with all Local, State, or Federal laws 
and regulations, including those pertaining to confined space and waste disposal 
methods, in effect at the time such maintenance occurs; 



NOW THEREFORE, it is mutually stipulated and agreed as follows: 

1. All maintenance or replacement of BMPs proposed as part of the WQMP are the 
sole responsibility of the Owner in accordance with the terms of this Agreement.

 
2. Owner hereby provides the City of Victorville’s designee complete access, of any 

duration, to the BMPs and their immediate vicinity at any time, upon reasonable 
notice, or in the event of emergency, as determined by the City’s Director of Public 
Works, no advance notice, for the purpose of inspection, sampling, testing of the 
Device, and in case of emergency, to undertake all necessary repairs or other 
preventative measures at owner’s expense as provided in paragraph 3 below. The 
City shall make every effort at all times to minimize or avoid interference with 
Owner’s use of the Property. Denial of access to any premises or facility that 
contains WQMP features is a violation of the City Stormwater Ordinance. If there is 
reasonable cause to believe that an illicit discharge or breach of the WQMP 
operation and maintenance commitments is occurring on the premises then the 
authorized enforcement agency may seek issuance of a search warrant from any 
court of competent jurisdiction in addition to other enforcement actions. 

3.  Owner shall use its best efforts diligently to maintain all BMPs in a manner 
assuring peak performance at all times. All reasonable precautions shall be 
exercised by Owner and Owner’s representative or contractor in the removal and 
extraction of any material(s) from the BMPs and the ultimate disposal of the 
material(s) in a manner consistent with all relevant laws and regulations in effect at 
the time. As may be requested from time to time by the City, the Owner shall 
provide the City with documentation identifying the material(s) removed, the 
quantity, and disposal destination. 

4. In the event Owner, or its successors or assigns, fails to accomplish the necessary 
maintenance contemplated by this Agreement, within five (5) days of being given 
written notice by the City , the City is hereby authorized to cause any maintenance 
necessary to be done and charge the entire cost and expense against the property 
and/or to the Owner or Owner’s successors or assigns, including administrative 
costs, attorneys fees and interest thereon at the maximum rate authorized by the 
City Code from the date of the notice of expense until paid in full. 

5. The City may require the owner to post security in form and for a time period 
satisfactory to the City to guarantee the performance of the obligations stated 
herein. Should the Owner fail to perform the obligations under the Agreement, the 
City may, in the case of a cash bond, act for the Owner using the proceeds from it, 
or in the case of a surety bond, require the sureties to perform the obligations of 
the Agreement. As an additional remedy, the Director of Public Works may 
withdraw any previous stormwater-related approval with respect to the property on 
which BMPs have been installed and/or implemented until such time as Owner 
repays to City its reasonable costs incurred in accordance with paragraph 3 
above. 



 
6. This agreement shall be recorded in the Office of the Recorder of San Bernardino 

County, California, at the expense of the Owner and shall constitute notice to all 
successors and assigns of the title to said Property of the obligation herein set 
forth, and also a lien in such amount as will fully reimburse the City, including 
interest as herein above set forth, subject to foreclosure in event of default in 
payment. 

7. In event of legal action occasioned by any default or action of the Owner, or its 
successors or assigns, then the Owner and its successors or assigns agree(s) to 
hold the City harmless and pay all costs incurred by the City in enforcing the terms 
of this Agreement, including reasonable attorney’s fees and costs, and that the 
same shall become a part of the lien against said Property. 

8. It is the intent of the parties hereto that burdens and benefits herein undertaken 
shall constitute covenants that run with said Property and constitute a lien there 
against. 

9. The obligations herein undertaken shall be binding upon the heirs, successors, 
executors, administrators and assigns of the parties hereto. The term “Owner” shall 
include not only the present Owner, but also its heirs, successors, executors, 
administrators, and assigns. Owner shall notify any successor to title of all or part 
of the Property about the existence of this Agreement. Owner shall provide such 
notice prior to such successor obtaining an interest in all or part of the Property. 
Owner shall provide a copy of such notice to the City at the same time such notice 
is provided to the successor. 

10. Time is of the essence in the performance of this Agreement. 

11. Any notice to a party required or called for in this Agreement shall be served in 
person, or by deposit in the U.S. Mail, first class postage prepaid, to the address 
set forth below. Notice(s) shall be deemed effective upon receipt, or seventy-two 
(72) hours after deposit in the U.S. Mail, whichever is earlier. A party may change 
a notice address only by providing written notice thereof to the other party. 

12. The Owner its successors and assigns, hereby agrees to save and hold harmless 
the City, any of its departments, agencies, officers or employees, all of whom while 
working within their respective authority, from all cost, injury and damage incurred 
by any of the above, and from any other injury or damage to any person or property 
whatsoever, any of which is caused by an activity, condition or event arising out of 
the performance, preparation for performance or nonperformance of any provision 
of this agreement by the Owner, its agents, or any of its independent contractors. 



IF TO CITY: IF TO OWNER:
City of Victorville – Engineering Department ________________________________

14343 Civic Drive,____________________ ________________________________

Victorville, CA 92392__________________ ________________________________

IN WITNESS THEREOF, the parties hereto have affixed their signatures as of the date 
first written above. 

OWNER:

Signature: ____________________________

Name: _______________________________

Title:_________________________________

OWNER:

Signature: ____________________________

Name: _______________________________

Title:_________________________________

 

NOTARIES ON FOLLOWING PAGE 

A notary acknowledgement is required for recordation (attach appropriate acknowledgement). 

ACCEPTED BY: 

__________________________________________________________________________________
Brian W. Gengler., City Engineer for City of Victorville

Date: ___________________________________ 

Attachment: Standard Notary Acknowledgement 



EXHIBIT A 
(Legal Description) 

TO BE PROVIDED IN FINAL WATER QUALITY MANAGEMENT PLAN



EXHIBIT B 
(Map/illustration) 

TO BE PROVIDED IN FINAL WATER QUALITY MANAGEMENT PLAN



          

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

SECTION 6 
 

PROJECT DETAILS



 

    6‐1 
 

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  Implementation  Plan),  this  section  will  describe  the  contents  (e.g.,  layering, 

nomenclature,  geo‐referencing,  etc.)  of  these  documents  so  that  they  may  be  interpreted  efficiently  and 

accurately. 

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

6.4  Other Supporting Documentation 
 BMP Educational Materials 

 Activity Restriction – C,C&R’s & Lease Agreements 
 

 Project location 

 Site boundary 

 Land uses and land covers, as applicable 

 Suitability/feasibility constraints 

 Structural Source Control BMP locations 

 Site Design Hydrologic Source Control BMP locations 

 LID BMP details 

 Drainage delineations and flow information 

 Drainage connections 
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CITY OF VICTORVILLE

CONCEPTUAL GRADING PLAN
TENTATIVE TRACT MAP No. 20544
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BEAR VALLEY 60, LLC 
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FORM 5-1 WATER QUALITY BMP INSPECTION AND MAINTENANCE SCHEDULE 

BMP MAINTENANCE FREQUENCY 
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INFILTRATION BASIN SEDIMENT AND 48 HOURS AFTER 
DEBRIS FROM BASIN MAJOR STORM EVENTS 
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2. IMPERVIOUSNESS = 40% (FIGURE C-4: 3.-4 DU/ACRE; SAN BERNARDINO COUNTY 
HYDROLOGY MANUAL) 

3. ALL SOILS GROUP A 
4. HCOC REQUIRED, VHCOC = 15,682 CU. FT. (0.36 AC-FT) 
5. DESIGN CAPTURE VOLUME = 20,190 CU. FT. (0.46 AC-FT) 
6. REQUIRED RETENTION VOLUME = 35,872 CU. FT. 
7. BASIN STORAGE VOLUME= 48,546 CU. FT. 

WATER QUALITY MITIGATION SUMMARY 
STORMWATER RUNOFF AND NUISANCE FLOWS FROM THE PROJECT SITE WILL 
SHEET FLOW AND GUTTERFLOW TO VARIOUS CURB OPENING CATCH BASINS 
THROUGHOUT THE PROJECT SITE. UNDERGROUND STORM DRAIN WILL DIRECT 
ALL FLOWS TO A PROPOSED DETENTION/INFILTRATION BASIN IN THE 
NORTHEAST CORNER OF THE PROJECT SITE. THE DETENTION/INFILTRATION 
BASIN WILL RETAIN AND INFILTRATE THE ENTIRE WATER QUALITY DESIGN 

CAPTURE VOLUME WHILE METERING OUT PEAK STORM FLOWS TO THE NORTH 
SIDE OFBEAR VALLEY ROAD. 
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STORMWATER RUNOFF AND NUISANCE FLOWS FROM THE PROJECT SITE WILL 
SHEET FLOW AND GUTTERFLOW TO VARIOUS CURB OPENING CATCH BASINS 
THROUGHOUT THE PROJECT SITE. UNDERGROUND STORM DRAIN WILL DIRECT 
ALL FLOWS TO A PROPOSED DETENTION/INFILTRATION BASIN IN THE 

NORTHEAST CORNER OF THE PROJECT SITE. THE DETENTION/INFILTRATION 
BASIN WILL RETAIN AND INFILTRATE THE ENTIRE WATER QUALITY DESIGN 
CAPTURE VOLUME WHILE METERING OUT PEAK STORM FLOWS TO THE NORTH 
SIDE OFBEAR VALLEY ROAD. 
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HEADWALLS, INLET STRUCTURES, OUTLET 
STRUCTURES, STORM DRAIN, RIP AND SWALE DETAILS 
WILL BE PROVIDED IN FINAL SITE SPECIFIC WATER 
QUALITY MANAGEMENT PLAN. 
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ATTACHMENT A 
WATER QUALITY MITIGATION AND 

CALCULATIONS (DA1) 



          

PROJECT WATER QUALITY TREATMENT (DA1) 
 
 
DESIGN CAPTURE VOLUME 
 
WATER QUALITY RUNOFF AND NUISANCE FLOWS FROM THE PROJECT SITE WILL 
ENTER THE PLANNED Q100 DRAINAGE SYSTEM AND FLOW NORTH TO A 
PROPOSED DETENTION/INFILTRATION BASIN LOCATED AT THE NORTH EAST 
PROJECT BOUNDARY.   
 
THE BASIN FUNCTIONS AS BOTH A DETENTION BASIN FOR Q100 STORMFLOWS AS 
WELL AS A RETENTION/INFILTRATION BASIN FOR WATER QUALITY RUNOFF.  THE 
Q100 OUTLET STRUCTURE WILL BE PLACED AT A HEIGHT OF 4.2 FEET ABOVE THE 
BASIN BOTTOM TO ENSURE THE WATER QUALITY VOLUME STAYS WITHIN THE 
BASIN FOR INFILTRATION. 
 
Design Capture Volume = 20,190 ft3 

VHCOC = 15,682 ft3 

TOTAL VOLUME = 35,872 ft3 

 
Infiltration Basin Retention Volume = 48,546 ft3 

 
 



Job TTM 20544
Job No. 1028-2913

Calculated by: TGS
Date: 3/29/2022

DEVELOPMENT AREA = 854,475 ft2 19.6 ACRES
DU/ACRE = 3.4
IMPERVIOUSNESS = 0.4 *FIGURE C-4: 3-4 DWELLING UNITS/ACRE

RC= 0.28

P2YR-1HR= 0.417 in

http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?bkmrk=ca

P6 = P2YR-1HR *1.2371 = 0.516 in

DRAWDOWN RATE = 1.963 *48 HOUR

Design Capture Volume (DCV) = (1/12)(AREA)(RC)(P6)(DRAWDOWN RATE)

DCV = 20,190 ft3
0.46 AC-FT

VHCOC = 15,682 ft3
0.36 AC-FT

TOTAL DCV = 35,872 ft3
0.82 AC-FT

DESIGN CAPTURE VOLUME - POST DEVELOPED

, , MADOLE 
R\{i•N tJ h-iikt• 
Engineering Communities for Life 



HYDROMODIFICATION ASSESSMENT - POST DEVELOPED

COVER TYPE CN
AREA 
(SF)

WEIGHTED
CN

POST-DEVELOPED
RUNOFF VOLUME

(FT3)

DMA A 3-4 DU/ACRE 32 640,332

DMA B STREETS 98 118,252

*BASED ON RESIDENTIAL 3-4 DU/ACRE, Ap=0.60

HYDROMODIFICATION ASSESSMENT - PRE DEVELOPED

COVER TYPE
WEIGHTED

CN

PRE-DEVELOPED
RUNOFF VOLUME

(FT3)

74,488

DA1 42 90,169

DA1 DMA A OPEN BRUSH (FAIR) 46

CN

46I I 



 ____________________________________________________________________________ 
 **************************************************************************** 

RATIONAL METHOD HYDROLOGY COMPUTER PROGRAM PACKAGE 
(Reference: 1986 SAN BERNARDINO CO. HYDROLOGY CRITERION) 

(c) Copyright 1983-2016 Advanced Engineering Software (aes)
Ver. 23.0  Release Date: 07/01/2016  License ID 1251

Analysis prepared by: 

MADOLE & ASSOCIATES, INC. 
9302 PITTSBURGH AVENUE, SUITE 230 

RANCHO CUCAMONGA, CA 91730 

  ************************** DESCRIPTION OF STUDY ************************** 
* Tentative Tract 20544, Victorville, CA                                   * 

 * 10-YEAR OPREDEVELOPED RATIONAL METHOD ANALYSIS                           * 
 * 1028-2913        TGS        03/23/2022                                   * 
  ************************************************************************** 

   FILE NAME: 20544PRE.DAT
   TIME/DATE OF STUDY: 09:53 04/04/2022 
 ============================================================================ 
   USER SPECIFIED HYDROLOGY AND HYDRAULIC MODEL INFORMATION: 
 ============================================================================ 

--*TIME-OF-CONCENTRATION MODEL*-- 

   USER SPECIFIED STORM EVENT(YEAR) =   10.00 
   SPECIFIED MINIMUM PIPE SIZE(INCH) =  18.00 
   SPECIFIED PERCENT OF GRADIENTS(DECIMAL) TO USE FOR FRICTION SLOPE = 0.95 

*USER-DEFINED LOGARITHMIC INTERPOLATION USED FOR RAINFALL*

   SLOPE OF INTENSITY DURATION CURVE(LOG(I;IN/HR) vs. LOG(Tc;MIN)) = 0.7000 
   USER SPECIFIED 1-HOUR INTENSITY(INCH/HOUR) = 0.7200 

*ANTECEDENT MOISTURE CONDITION (AMC) II ASSUMED FOR RATIONAL METHOD*

*USER-DEFINED STREET-SECTIONS FOR COUPLED PIPEFLOW AND STREETFLOW MODEL*
HALF-  CROWN TO   STREET-CROSSFALL:   CURB  GUTTER-GEOMETRIES:  MANNING 
WIDTH  CROSSFALL  IN-  / OUT-/PARK-  HEIGHT  WIDTH  LIP   HIKE  FACTOR 

 NO.   (FT)     (FT)    SIDE / SIDE/ WAY    (FT)    (FT)  (FT)  (FT)    (n) 
 ===  =====  =========  =================  ======  ===== ====== ===== ======= 
   1   30.0     20.0    0.018/0.018/0.020   0.67    2.00 0.0313 0.167 0.0150 

   GLOBAL STREET FLOW-DEPTH CONSTRAINTS: 
1. Relative Flow-Depth =  0.00 FEET

as (Maximum Allowable Street Flow Depth) - (Top-of-Curb)
2. (Depth)*(Velocity) Constraint =  6.0 (FT*FT/S)

*SIZE PIPE WITH A FLOW CAPACITY GREATER THAN
OR EQUAL TO THE UPSTREAM TRIBUTARY PIPE.*

*USER-SPECIFIED MINIMUM TOPOGRAPHIC SLOPE ADJUSTMENT NOT SELECTED

 **************************************************************************** 
   FLOW PROCESS FROM NODE      1.00 TO NODE      1.10 IS CODE =  21 



 ---------------------------------------------------------------------------- 
   >>>>>RATIONAL METHOD INITIAL SUBAREA ANALYSIS<<<<< 
   >>USE TIME-OF-CONCENTRATION NOMOGRAPH FOR INITIAL SUBAREA<< 
 ============================================================================ 
   INITIAL SUBAREA FLOW-LENGTH(FEET) =   275.00 
   ELEVATION DATA: UPSTREAM(FEET) =   3400.00  DOWNSTREAM(FEET) =   3382.00 
 
   Tc = K*[(LENGTH** 3.00)/(ELEVATION CHANGE)]**0.20 
   SUBAREA ANALYSIS USED MINIMUM Tc(MIN.) =   11.517 
   *  10 YEAR RAINFALL INTENSITY(INCH/HR) =  2.286 
   SUBAREA Tc AND LOSS RATE DATA(AMC  II): 
    DEVELOPMENT TYPE/      SCS SOIL   AREA      Fp         Ap     SCS   Tc 
        LAND USE            GROUP   (ACRES)  (INCH/HR)  (DECIMAL)  CN  (MIN.) 
   NATURAL DESERT COVER 
   "DESERT BRUSH"   (50.0%)   C        2.10      0.29     1.000    85   11.52 
   SUBAREA AVERAGE PERVIOUS LOSS RATE, Fp(INCH/HR) =  0.29 
   SUBAREA AVERAGE PERVIOUS AREA FRACTION, Ap =  1.000 
   SUBAREA RUNOFF(CFS) =      3.77 
   TOTAL AREA(ACRES) =      2.10   PEAK FLOW RATE(CFS) =      3.77 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      1.10 TO NODE      1.20 IS CODE =  52 
 ---------------------------------------------------------------------------- 
   >>>>>COMPUTE NATURAL VALLEY CHANNEL FLOW<<<<< 
   >>>>>TRAVELTIME THRU SUBAREA<<<<< 
 ============================================================================ 
   ELEVATION DATA: UPSTREAM(FEET) =   3382.00  DOWNSTREAM(FEET) =   3377.00 
   CHANNEL LENGTH THRU SUBAREA(FEET) =   302.00   CHANNEL SLOPE =  0.0166 
   CHANNEL FLOW THRU SUBAREA(CFS) =       3.77 
   FLOW VELOCITY(FEET/SEC) =   2.54 (PER LACFCD/RCFC&WCD HYDROLOGY MANUAL) 
   TRAVEL TIME(MIN.) =   1.98   Tc(MIN.) =   13.50 
   LONGEST FLOWPATH FROM NODE      1.00 TO NODE      1.20 =     577.00 FEET. 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      1.20 TO NODE      1.20 IS CODE =  81 
 ---------------------------------------------------------------------------- 
   >>>>>ADDITION OF SUBAREA TO MAINLINE PEAK FLOW<<<<< 
 ============================================================================ 
   MAINLINE Tc(MIN.) =   13.50 
   *  10 YEAR RAINFALL INTENSITY(INCH/HR) =  2.046 
   SUBAREA LOSS RATE DATA(AMC  II): 
    DEVELOPMENT TYPE/      SCS SOIL   AREA      Fp         Ap     SCS 
        LAND USE            GROUP   (ACRES)  (INCH/HR)  (DECIMAL)  CN 
   NATURAL DESERT COVER 
   "DESERT BRUSH"   (50.0%)   C        1.20      0.29     1.000    85 
   SUBAREA AVERAGE PERVIOUS LOSS RATE, Fp(INCH/HR) =  0.29 
   SUBAREA AVERAGE PERVIOUS AREA FRACTION, Ap =  1.000 
   SUBAREA AREA(ACRES) =    1.20      SUBAREA RUNOFF(CFS) =    1.90 
   EFFECTIVE AREA(ACRES) =      3.30   AREA-AVERAGED Fm(INCH/HR) =  0.29 
   AREA-AVERAGED Fp(INCH/HR) =  0.29  AREA-AVERAGED Ap =  1.00 
   TOTAL AREA(ACRES) =        3.3       PEAK FLOW RATE(CFS) =       5.22 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      1.25 TO NODE      1.20 IS CODE =  82 



 ---------------------------------------------------------------------------- 
   >>>>>ADD SUBAREA RUNOFF TO MAINLINE, AT MAINLINE Tc,<<<<< 
   >>>>>(AND COMPUTE INITIAL SUBAREA RUNOFF)<<<<< 
 ============================================================================ 
   INITIAL SUBAREA FLOW-LENGTH(FEET) =   690.00 
   ELEVATION DATA: UPSTREAM(FEET) =   3390.00  DOWNSTREAM(FEET) =   3382.00 
 
   Tc = K*[(LENGTH** 3.00)/(ELEVATION CHANGE)]**0.20 
   SUBAREA ANALYSIS USED MINIMUM Tc(MIN.) =   23.523 
   *  10 YEAR RAINFALL INTENSITY(INCH/HR) =  1.387 
   SUBAREA Tc AND LOSS RATE DATA(AMC  II): 
    DEVELOPMENT TYPE/      SCS SOIL   AREA      Fp         Ap     SCS   Tc 
        LAND USE            GROUP   (ACRES)  (INCH/HR)  (DECIMAL)  CN  (MIN.) 
   NATURAL DESERT COVER 
   "DESERT BRUSH"   (50.0%)   C        1.50      0.29     1.000    85   23.52 
   SUBAREA AVERAGE PERVIOUS LOSS RATE, Fp(INCH/HR) =  0.29 
   SUBAREA AVERAGE PERVIOUS AREA FRACTION, Ap =  1.000 
   SUBAREA AREA(ACRES) =    1.50   INITIAL SUBAREA RUNOFF(CFS) =    1.48 
 
   ** ADD SUBAREA RUNOFF TO MAINLINE AT MAINLINE Tc: 
   MAINLINE Tc(MIN.) =   13.50 
   *  10 YEAR RAINFALL INTENSITY(INCH/HR) =  2.046 
   SUBAREA AREA(ACRES) =    1.50      SUBAREA RUNOFF(CFS) =    2.37 
   EFFECTIVE AREA(ACRES) =      4.80   AREA-AVERAGED Fm(INCH/HR) =  0.29 
   AREA-AVERAGED Fp(INCH/HR) =  0.29  AREA-AVERAGED Ap =  1.00 
   TOTAL AREA(ACRES) =        4.8       PEAK FLOW RATE(CFS) =       7.59 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      1.20 TO NODE      1.30 IS CODE =  52 
 ---------------------------------------------------------------------------- 
   >>>>>COMPUTE NATURAL VALLEY CHANNEL FLOW<<<<< 
   >>>>>TRAVELTIME THRU SUBAREA<<<<< 
 ============================================================================ 
   ELEVATION DATA: UPSTREAM(FEET) =   3377.00  DOWNSTREAM(FEET) =   3367.00 
   CHANNEL LENGTH THRU SUBAREA(FEET) =   634.00   CHANNEL SLOPE =  0.0158 
   CHANNEL FLOW THRU SUBAREA(CFS) =       7.59 
   FLOW VELOCITY(FEET/SEC) =   2.93 (PER LACFCD/RCFC&WCD HYDROLOGY MANUAL) 
   TRAVEL TIME(MIN.) =   3.61   Tc(MIN.) =   17.10 
   LONGEST FLOWPATH FROM NODE      1.00 TO NODE      1.30 =    1211.00 FEET. 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      1.30 TO NODE      1.30 IS CODE =  81 
 ---------------------------------------------------------------------------- 
   >>>>>ADDITION OF SUBAREA TO MAINLINE PEAK FLOW<<<<< 
 ============================================================================ 
   MAINLINE Tc(MIN.) =   17.10 
   *  10 YEAR RAINFALL INTENSITY(INCH/HR) =  1.733 
   SUBAREA LOSS RATE DATA(AMC  II): 
    DEVELOPMENT TYPE/      SCS SOIL   AREA      Fp         Ap     SCS 
        LAND USE            GROUP   (ACRES)  (INCH/HR)  (DECIMAL)  CN 
   NATURAL DESERT COVER 
   "DESERT BRUSH"   (50.0%)   C        0.92      0.29     1.000    85 
   SUBAREA AVERAGE PERVIOUS LOSS RATE, Fp(INCH/HR) =  0.29 
   SUBAREA AVERAGE PERVIOUS AREA FRACTION, Ap =  1.000 



   SUBAREA AREA(ACRES) =    0.92      SUBAREA RUNOFF(CFS) =    1.20 
   EFFECTIVE AREA(ACRES) =      5.72   AREA-AVERAGED Fm(INCH/HR) =  0.29 
   AREA-AVERAGED Fp(INCH/HR) =  0.29  AREA-AVERAGED Ap =  1.00 
   TOTAL AREA(ACRES) =        5.7       PEAK FLOW RATE(CFS) =       7.59 
   NOTE: PEAK FLOW RATE DEFAULTED TO UPSTREAM VALUE 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      1.35 TO NODE      1.30 IS CODE =  82 
 ---------------------------------------------------------------------------- 
   >>>>>ADD SUBAREA RUNOFF TO MAINLINE, AT MAINLINE Tc,<<<<< 
   >>>>>(AND COMPUTE INITIAL SUBAREA RUNOFF)<<<<< 
 ============================================================================ 
   INITIAL SUBAREA FLOW-LENGTH(FEET) =   858.00 
   ELEVATION DATA: UPSTREAM(FEET) =   3382.00  DOWNSTREAM(FEET) =   3367.00 
 
   Tc = K*[(LENGTH** 3.00)/(ELEVATION CHANGE)]**0.20 
   SUBAREA ANALYSIS USED MINIMUM Tc(MIN.) =   23.642 
   *  10 YEAR RAINFALL INTENSITY(INCH/HR) =  1.382 
   SUBAREA Tc AND LOSS RATE DATA(AMC  II): 
    DEVELOPMENT TYPE/      SCS SOIL   AREA      Fp         Ap     SCS   Tc 
        LAND USE            GROUP   (ACRES)  (INCH/HR)  (DECIMAL)  CN  (MIN.) 
   NATURAL DESERT COVER 
   "DESERT BRUSH"   (50.0%)   C        2.90      0.29     1.000    85   23.64 
   SUBAREA AVERAGE PERVIOUS LOSS RATE, Fp(INCH/HR) =  0.29 
   SUBAREA AVERAGE PERVIOUS AREA FRACTION, Ap =  1.000 
   SUBAREA AREA(ACRES) =    2.90   INITIAL SUBAREA RUNOFF(CFS) =    2.85 
 
   ** ADD SUBAREA RUNOFF TO MAINLINE AT MAINLINE Tc: 
   MAINLINE Tc(MIN.) =   17.10 
   *  10 YEAR RAINFALL INTENSITY(INCH/HR) =  1.733 
   SUBAREA AREA(ACRES) =    2.90      SUBAREA RUNOFF(CFS) =    3.77 
   EFFECTIVE AREA(ACRES) =      8.62   AREA-AVERAGED Fm(INCH/HR) =  0.29 
   AREA-AVERAGED Fp(INCH/HR) =  0.29  AREA-AVERAGED Ap =  1.00 
   TOTAL AREA(ACRES) =        8.6       PEAK FLOW RATE(CFS) =      11.20 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      1.30 TO NODE      1.40 IS CODE =  52 
 ---------------------------------------------------------------------------- 
   >>>>>COMPUTE NATURAL VALLEY CHANNEL FLOW<<<<< 
   >>>>>TRAVELTIME THRU SUBAREA<<<<< 
 ============================================================================ 
   ELEVATION DATA: UPSTREAM(FEET) =   3367.00  DOWNSTREAM(FEET) =   3361.00 
   CHANNEL LENGTH THRU SUBAREA(FEET) =   488.00   CHANNEL SLOPE =  0.0123 
   CHANNEL FLOW THRU SUBAREA(CFS) =      11.20 
   FLOW VELOCITY(FEET/SEC) =   2.85 (PER LACFCD/RCFC&WCD HYDROLOGY MANUAL) 
   TRAVEL TIME(MIN.) =   2.85   Tc(MIN.) =   19.95 
   LONGEST FLOWPATH FROM NODE      1.00 TO NODE      1.40 =    1699.00 FEET. 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      1.40 TO NODE      1.40 IS CODE =  81 
 ---------------------------------------------------------------------------- 
   >>>>>ADDITION OF SUBAREA TO MAINLINE PEAK FLOW<<<<< 
 ============================================================================ 
   MAINLINE Tc(MIN.) =   19.95 



   *  10 YEAR RAINFALL INTENSITY(INCH/HR) =  1.556 
   SUBAREA LOSS RATE DATA(AMC  II): 
    DEVELOPMENT TYPE/      SCS SOIL   AREA      Fp         Ap     SCS 
        LAND USE            GROUP   (ACRES)  (INCH/HR)  (DECIMAL)  CN 
   NATURAL DESERT COVER 
   "DESERT BRUSH"   (50.0%)   C        0.37      0.29     1.000    85 
   SUBAREA AVERAGE PERVIOUS LOSS RATE, Fp(INCH/HR) =  0.29 
   SUBAREA AVERAGE PERVIOUS AREA FRACTION, Ap =  1.000 
   SUBAREA AREA(ACRES) =    0.37      SUBAREA RUNOFF(CFS) =    0.42 
   EFFECTIVE AREA(ACRES) =      8.99   AREA-AVERAGED Fm(INCH/HR) =  0.29 
   AREA-AVERAGED Fp(INCH/HR) =  0.29  AREA-AVERAGED Ap =  1.00 
   TOTAL AREA(ACRES) =        9.0       PEAK FLOW RATE(CFS) =      11.20 
   NOTE: PEAK FLOW RATE DEFAULTED TO UPSTREAM VALUE 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      1.40 TO NODE      1.40 IS CODE =   1 
 ---------------------------------------------------------------------------- 
   >>>>>DESIGNATE INDEPENDENT STREAM FOR CONFLUENCE<<<<< 
 ============================================================================ 
   TOTAL NUMBER OF STREAMS =  2 
   CONFLUENCE VALUES USED FOR INDEPENDENT STREAM  1 ARE: 
   TIME OF CONCENTRATION(MIN.) =   19.95 
   RAINFALL INTENSITY(INCH/HR) =   1.56 
   AREA-AVERAGED Fm(INCH/HR) =  0.29 
   AREA-AVERAGED Fp(INCH/HR) =  0.29 
   AREA-AVERAGED Ap =  1.00 
   EFFECTIVE STREAM AREA(ACRES) =       8.99 
   TOTAL STREAM AREA(ACRES) =       8.99 
   PEAK FLOW RATE(CFS) AT CONFLUENCE =      11.20 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      2.00 TO NODE      2.10 IS CODE =  21 
 ---------------------------------------------------------------------------- 
   >>>>>RATIONAL METHOD INITIAL SUBAREA ANALYSIS<<<<< 
   >>USE TIME-OF-CONCENTRATION NOMOGRAPH FOR INITIAL SUBAREA<< 
 ============================================================================ 
   INITIAL SUBAREA FLOW-LENGTH(FEET) =   285.00 
   ELEVATION DATA: UPSTREAM(FEET) =   3390.00  DOWNSTREAM(FEET) =   3385.40 
 
   Tc = K*[(LENGTH** 3.00)/(ELEVATION CHANGE)]**0.20 
   SUBAREA ANALYSIS USED MINIMUM Tc(MIN.) =   15.458 
   *  10 YEAR RAINFALL INTENSITY(INCH/HR) =  1.860 
   SUBAREA Tc AND LOSS RATE DATA(AMC  II): 
    DEVELOPMENT TYPE/      SCS SOIL   AREA      Fp         Ap     SCS   Tc 
        LAND USE            GROUP   (ACRES)  (INCH/HR)  (DECIMAL)  CN  (MIN.) 
   NATURAL DESERT COVER 
   "DESERT BRUSH"   (50.0%)   C        0.48      0.29     1.000    85   15.46 
   SUBAREA AVERAGE PERVIOUS LOSS RATE, Fp(INCH/HR) =  0.29 
   SUBAREA AVERAGE PERVIOUS AREA FRACTION, Ap =  1.000 
   SUBAREA RUNOFF(CFS) =      0.68 
   TOTAL AREA(ACRES) =      0.48   PEAK FLOW RATE(CFS) =      0.68 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      2.10 TO NODE      2.20 IS CODE =  52 



 ---------------------------------------------------------------------------- 
   >>>>>COMPUTE NATURAL VALLEY CHANNEL FLOW<<<<< 
   >>>>>TRAVELTIME THRU SUBAREA<<<<< 
 ============================================================================ 
   ELEVATION DATA: UPSTREAM(FEET) =   3385.40  DOWNSTREAM(FEET) =   3372.00 
   CHANNEL LENGTH THRU SUBAREA(FEET) =   846.00   CHANNEL SLOPE =  0.0158 
   NOTE: CHANNEL FLOW OF 1. CFS WAS ASSUMED IN VELOCITY ESTIMATION 
   CHANNEL FLOW THRU SUBAREA(CFS) =       0.68 
   FLOW VELOCITY(FEET/SEC) =   1.89 (PER LACFCD/RCFC&WCD HYDROLOGY MANUAL) 
   TRAVEL TIME(MIN.) =   7.47   Tc(MIN.) =   22.93 
   LONGEST FLOWPATH FROM NODE      2.00 TO NODE      2.20 =    1131.00 FEET. 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      2.20 TO NODE      2.20 IS CODE =  81 
 ---------------------------------------------------------------------------- 
   >>>>>ADDITION OF SUBAREA TO MAINLINE PEAK FLOW<<<<< 
 ============================================================================ 
   MAINLINE Tc(MIN.) =   22.93 
   *  10 YEAR RAINFALL INTENSITY(INCH/HR) =  1.412 
   SUBAREA LOSS RATE DATA(AMC  II): 
    DEVELOPMENT TYPE/      SCS SOIL   AREA      Fp         Ap     SCS 
        LAND USE            GROUP   (ACRES)  (INCH/HR)  (DECIMAL)  CN 
   NATURAL DESERT COVER 
   "DESERT BRUSH"   (50.0%)   C        2.90      0.29     1.000    85 
   SUBAREA AVERAGE PERVIOUS LOSS RATE, Fp(INCH/HR) =  0.29 
   SUBAREA AVERAGE PERVIOUS AREA FRACTION, Ap =  1.000 
   SUBAREA AREA(ACRES) =    2.90      SUBAREA RUNOFF(CFS) =    2.93 
   EFFECTIVE AREA(ACRES) =      3.38   AREA-AVERAGED Fm(INCH/HR) =  0.29 
   AREA-AVERAGED Fp(INCH/HR) =  0.29  AREA-AVERAGED Ap =  1.00 
   TOTAL AREA(ACRES) =        3.4       PEAK FLOW RATE(CFS) =       3.41 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      2.20 TO NODE      1.40 IS CODE =  52 
 ---------------------------------------------------------------------------- 
   >>>>>COMPUTE NATURAL VALLEY CHANNEL FLOW<<<<< 
   >>>>>TRAVELTIME THRU SUBAREA<<<<< 
 ============================================================================ 
   ELEVATION DATA: UPSTREAM(FEET) =   3372.00  DOWNSTREAM(FEET) =   3361.00 
   CHANNEL LENGTH THRU SUBAREA(FEET) =   777.00   CHANNEL SLOPE =  0.0142 
   CHANNEL FLOW THRU SUBAREA(CFS) =       3.41 
   FLOW VELOCITY(FEET/SEC) =   2.30 (PER LACFCD/RCFC&WCD HYDROLOGY MANUAL) 
   TRAVEL TIME(MIN.) =   5.63   Tc(MIN.) =   28.56 
   LONGEST FLOWPATH FROM NODE      2.00 TO NODE      1.40 =    1908.00 FEET. 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      1.40 TO NODE      1.40 IS CODE =  81 
 ---------------------------------------------------------------------------- 
   >>>>>ADDITION OF SUBAREA TO MAINLINE PEAK FLOW<<<<< 
 ============================================================================ 
   MAINLINE Tc(MIN.) =   28.56 
   *  10 YEAR RAINFALL INTENSITY(INCH/HR) =  1.211 
   SUBAREA LOSS RATE DATA(AMC  II): 
    DEVELOPMENT TYPE/      SCS SOIL   AREA      Fp         Ap     SCS 
        LAND USE            GROUP   (ACRES)  (INCH/HR)  (DECIMAL)  CN 



   NATURAL DESERT COVER 
   "DESERT BRUSH"   (50.0%)   C        3.30      0.29     1.000    85 
   SUBAREA AVERAGE PERVIOUS LOSS RATE, Fp(INCH/HR) =  0.29 
   SUBAREA AVERAGE PERVIOUS AREA FRACTION, Ap =  1.000 
   SUBAREA AREA(ACRES) =    3.30      SUBAREA RUNOFF(CFS) =    2.73 
   EFFECTIVE AREA(ACRES) =      6.68   AREA-AVERAGED Fm(INCH/HR) =  0.29 
   AREA-AVERAGED Fp(INCH/HR) =  0.29  AREA-AVERAGED Ap =  1.00 
   TOTAL AREA(ACRES) =        6.7       PEAK FLOW RATE(CFS) =       5.53 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      1.40 TO NODE      1.40 IS CODE =   1 
 ---------------------------------------------------------------------------- 
   >>>>>DESIGNATE INDEPENDENT STREAM FOR CONFLUENCE<<<<< 
   >>>>>AND COMPUTE VARIOUS CONFLUENCED STREAM VALUES<<<<< 
 ============================================================================ 
   TOTAL NUMBER OF STREAMS =  2 
   CONFLUENCE VALUES USED FOR INDEPENDENT STREAM  2 ARE: 
   TIME OF CONCENTRATION(MIN.) =   28.56 
   RAINFALL INTENSITY(INCH/HR) =   1.21 
   AREA-AVERAGED Fm(INCH/HR) =  0.29 
   AREA-AVERAGED Fp(INCH/HR) =  0.29 
   AREA-AVERAGED Ap =  1.00 
   EFFECTIVE STREAM AREA(ACRES) =       6.68 
   TOTAL STREAM AREA(ACRES) =       6.68 
   PEAK FLOW RATE(CFS) AT CONFLUENCE =       5.53 
 
   ** CONFLUENCE DATA ** 
    STREAM       Q      Tc   Intensity   Fp(Fm)     Ap     Ae     HEADWATER 
    NUMBER     (CFS)  (MIN.) (INCH/HR) (INCH/HR)         (ACRES)    NODE 
       1       11.20   19.95    1.556  0.29( 0.29) 1.00       9.0       1.00 
       2        5.53   28.56    1.211  0.29( 0.29) 1.00       6.7       2.00 
 
   RAINFALL INTENSITY AND TIME OF CONCENTRATION RATIO 
   CONFLUENCE FORMULA USED FOR  2 STREAMS. 
 
   ** PEAK FLOW RATE TABLE ** 
    STREAM       Q      Tc   Intensity   Fp(Fm)     Ap     Ae     HEADWATER 
    NUMBER     (CFS)  (MIN.) (INCH/HR) (INCH/HR)         (ACRES)    NODE 
       1       16.52   19.95    1.556  0.29( 0.29) 1.00      13.7       1.00 
       2       13.68   28.56    1.211  0.29( 0.29) 1.00      15.7       2.00 
 
   COMPUTED CONFLUENCE ESTIMATES ARE AS FOLLOWS: 
   PEAK FLOW RATE(CFS) =      16.52    Tc(MIN.) =    19.95 
   EFFECTIVE AREA(ACRES) =      13.66   AREA-AVERAGED Fm(INCH/HR) =  0.29 
   AREA-AVERAGED Fp(INCH/HR) =  0.29  AREA-AVERAGED Ap =  1.00 
   TOTAL AREA(ACRES) =       15.7 
   LONGEST FLOWPATH FROM NODE      2.00 TO NODE      1.40 =    1908.00 FEET. 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      1.40 TO NODE      1.40 IS CODE =  10 
 ---------------------------------------------------------------------------- 
   >>>>>MAIN-STREAM MEMORY COPIED ONTO MEMORY BANK # 1 <<<<< 
 ============================================================================ 
 



 **************************************************************************** 
   FLOW PROCESS FROM NODE      3.00 TO NODE      3.10 IS CODE =  21 
 ---------------------------------------------------------------------------- 
   >>>>>RATIONAL METHOD INITIAL SUBAREA ANALYSIS<<<<< 
   >>USE TIME-OF-CONCENTRATION NOMOGRAPH FOR INITIAL SUBAREA<< 
 ============================================================================ 
   INITIAL SUBAREA FLOW-LENGTH(FEET) =   262.00 
   ELEVATION DATA: UPSTREAM(FEET) =   3390.00  DOWNSTREAM(FEET) =   3385.00 
 
   Tc = K*[(LENGTH** 3.00)/(ELEVATION CHANGE)]**0.20 
   SUBAREA ANALYSIS USED MINIMUM Tc(MIN.) =   14.454 
   *  10 YEAR RAINFALL INTENSITY(INCH/HR) =  1.950 
   SUBAREA Tc AND LOSS RATE DATA(AMC  II): 
    DEVELOPMENT TYPE/      SCS SOIL   AREA      Fp         Ap     SCS   Tc 
        LAND USE            GROUP   (ACRES)  (INCH/HR)  (DECIMAL)  CN  (MIN.) 
   NATURAL DESERT COVER 
   "DESERT BRUSH"   (50.0%)   C        1.20      0.29     1.000    85   14.45 
   SUBAREA AVERAGE PERVIOUS LOSS RATE, Fp(INCH/HR) =  0.29 
   SUBAREA AVERAGE PERVIOUS AREA FRACTION, Ap =  1.000 
   SUBAREA RUNOFF(CFS) =      1.79 
   TOTAL AREA(ACRES) =      1.20   PEAK FLOW RATE(CFS) =      1.79 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      3.10 TO NODE      3.20 IS CODE =  52 
 ---------------------------------------------------------------------------- 
   >>>>>COMPUTE NATURAL VALLEY CHANNEL FLOW<<<<< 
   >>>>>TRAVELTIME THRU SUBAREA<<<<< 
 ============================================================================ 
   ELEVATION DATA: UPSTREAM(FEET) =   3385.00  DOWNSTREAM(FEET) =   3373.00 
   CHANNEL LENGTH THRU SUBAREA(FEET) =   614.00   CHANNEL SLOPE =  0.0195 
   CHANNEL FLOW THRU SUBAREA(CFS) =       1.79 
   FLOW VELOCITY(FEET/SEC) =   2.35 (PER LACFCD/RCFC&WCD HYDROLOGY MANUAL) 
   TRAVEL TIME(MIN.) =   4.35   Tc(MIN.) =   18.80 
   LONGEST FLOWPATH FROM NODE      3.00 TO NODE      3.20 =     876.00 FEET. 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      3.20 TO NODE      3.20 IS CODE =  81 
 ---------------------------------------------------------------------------- 
   >>>>>ADDITION OF SUBAREA TO MAINLINE PEAK FLOW<<<<< 
 ============================================================================ 
   MAINLINE Tc(MIN.) =   18.80 
   *  10 YEAR RAINFALL INTENSITY(INCH/HR) =  1.622 
   SUBAREA LOSS RATE DATA(AMC  II): 
    DEVELOPMENT TYPE/      SCS SOIL   AREA      Fp         Ap     SCS 
        LAND USE            GROUP   (ACRES)  (INCH/HR)  (DECIMAL)  CN 
   NATURAL DESERT COVER 
   "DESERT BRUSH"   (50.0%)   C        4.00      0.29     1.000    85 
   SUBAREA AVERAGE PERVIOUS LOSS RATE, Fp(INCH/HR) =  0.29 
   SUBAREA AVERAGE PERVIOUS AREA FRACTION, Ap =  1.000 
   SUBAREA AREA(ACRES) =    4.00      SUBAREA RUNOFF(CFS) =    4.80 
   EFFECTIVE AREA(ACRES) =      5.20   AREA-AVERAGED Fm(INCH/HR) =  0.29 
   AREA-AVERAGED Fp(INCH/HR) =  0.29  AREA-AVERAGED Ap =  1.00 
   TOTAL AREA(ACRES) =        5.2       PEAK FLOW RATE(CFS) =       6.23 
 



 **************************************************************************** 
   FLOW PROCESS FROM NODE      3.20 TO NODE      3.20 IS CODE =  82 
 ---------------------------------------------------------------------------- 
   >>>>>ADD SUBAREA RUNOFF TO MAINLINE, AT MAINLINE Tc,<<<<< 
   >>>>>(AND COMPUTE INITIAL SUBAREA RUNOFF)<<<<< 
 ============================================================================ 
   INITIAL SUBAREA FLOW-LENGTH(FEET) =   812.00 
   ELEVATION DATA: UPSTREAM(FEET) =   3387.00  DOWNSTREAM(FEET) =   3373.00 
 
   Tc = K*[(LENGTH** 3.00)/(ELEVATION CHANGE)]**0.20 
   SUBAREA ANALYSIS USED MINIMUM Tc(MIN.) =   23.191 
   *  10 YEAR RAINFALL INTENSITY(INCH/HR) =  1.401 
   SUBAREA Tc AND LOSS RATE DATA(AMC  II): 
    DEVELOPMENT TYPE/      SCS SOIL   AREA      Fp         Ap     SCS   Tc 
        LAND USE            GROUP   (ACRES)  (INCH/HR)  (DECIMAL)  CN  (MIN.) 
   NATURAL DESERT COVER 
   "DESERT BRUSH"   (50.0%)   C        1.90      0.29     1.000    85   23.19 
   SUBAREA AVERAGE PERVIOUS LOSS RATE, Fp(INCH/HR) =  0.29 
   SUBAREA AVERAGE PERVIOUS AREA FRACTION, Ap =  1.000 
   SUBAREA AREA(ACRES) =    1.90   INITIAL SUBAREA RUNOFF(CFS) =    1.90 
 
   ** ADD SUBAREA RUNOFF TO MAINLINE AT MAINLINE Tc: 
   MAINLINE Tc(MIN.) =   18.80 
   *  10 YEAR RAINFALL INTENSITY(INCH/HR) =  1.622 
   SUBAREA AREA(ACRES) =    1.90      SUBAREA RUNOFF(CFS) =    2.28 
   EFFECTIVE AREA(ACRES) =      7.10   AREA-AVERAGED Fm(INCH/HR) =  0.29 
   AREA-AVERAGED Fp(INCH/HR) =  0.29  AREA-AVERAGED Ap =  1.00 
   TOTAL AREA(ACRES) =        7.1       PEAK FLOW RATE(CFS) =       8.51 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      3.20 TO NODE      3.30 IS CODE =  52 
 ---------------------------------------------------------------------------- 
   >>>>>COMPUTE NATURAL VALLEY CHANNEL FLOW<<<<< 
   >>>>>TRAVELTIME THRU SUBAREA<<<<< 
 ============================================================================ 
   ELEVATION DATA: UPSTREAM(FEET) =   3373.00  DOWNSTREAM(FEET) =   3362.00 
   CHANNEL LENGTH THRU SUBAREA(FEET) =   764.00   CHANNEL SLOPE =  0.0144 
   CHANNEL FLOW THRU SUBAREA(CFS) =       8.51 
   FLOW VELOCITY(FEET/SEC) =   2.88 (PER LACFCD/RCFC&WCD HYDROLOGY MANUAL) 
   TRAVEL TIME(MIN.) =   4.42   Tc(MIN.) =   23.23 
   LONGEST FLOWPATH FROM NODE      3.00 TO NODE      3.30 =    1640.00 FEET. 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      3.30 TO NODE      3.30 IS CODE =  81 
 ---------------------------------------------------------------------------- 
   >>>>>ADDITION OF SUBAREA TO MAINLINE PEAK FLOW<<<<< 
 ============================================================================ 
   MAINLINE Tc(MIN.) =   23.23 
   *  10 YEAR RAINFALL INTENSITY(INCH/HR) =  1.399 
   SUBAREA LOSS RATE DATA(AMC  II): 
    DEVELOPMENT TYPE/      SCS SOIL   AREA      Fp         Ap     SCS 
        LAND USE            GROUP   (ACRES)  (INCH/HR)  (DECIMAL)  CN 
   NATURAL DESERT COVER 
   "DESERT BRUSH"   (50.0%)   C        1.30      0.29     1.000    85 



   SUBAREA AVERAGE PERVIOUS LOSS RATE, Fp(INCH/HR) =  0.29 
   SUBAREA AVERAGE PERVIOUS AREA FRACTION, Ap =  1.000 
   SUBAREA AREA(ACRES) =    1.30      SUBAREA RUNOFF(CFS) =    1.30 
   EFFECTIVE AREA(ACRES) =      8.40   AREA-AVERAGED Fm(INCH/HR) =  0.29 
   AREA-AVERAGED Fp(INCH/HR) =  0.29  AREA-AVERAGED Ap =  1.00 
   TOTAL AREA(ACRES) =        8.4       PEAK FLOW RATE(CFS) =       8.51 
   NOTE: PEAK FLOW RATE DEFAULTED TO UPSTREAM VALUE 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      3.35 TO NODE      3.30 IS CODE =  82 
 ---------------------------------------------------------------------------- 
   >>>>>ADD SUBAREA RUNOFF TO MAINLINE, AT MAINLINE Tc,<<<<< 
   >>>>>(AND COMPUTE INITIAL SUBAREA RUNOFF)<<<<< 
 ============================================================================ 
   INITIAL SUBAREA FLOW-LENGTH(FEET) =   849.00 
   ELEVATION DATA: UPSTREAM(FEET) =   3377.50  DOWNSTREAM(FEET) =   3362.00 
 
   Tc = K*[(LENGTH** 3.00)/(ELEVATION CHANGE)]**0.20 
   SUBAREA ANALYSIS USED MINIMUM Tc(MIN.) =   23.339 
   *  10 YEAR RAINFALL INTENSITY(INCH/HR) =  1.394 
   SUBAREA Tc AND LOSS RATE DATA(AMC  II): 
    DEVELOPMENT TYPE/      SCS SOIL   AREA      Fp         Ap     SCS   Tc 
        LAND USE            GROUP   (ACRES)  (INCH/HR)  (DECIMAL)  CN  (MIN.) 
   NATURAL DESERT COVER 
   "DESERT BRUSH"   (50.0%)   C        3.30      0.29     1.000    85   23.34 
   SUBAREA AVERAGE PERVIOUS LOSS RATE, Fp(INCH/HR) =  0.29 
   SUBAREA AVERAGE PERVIOUS AREA FRACTION, Ap =  1.000 
   SUBAREA AREA(ACRES) =    3.30   INITIAL SUBAREA RUNOFF(CFS) =    3.28 
 
   ** ADD SUBAREA RUNOFF TO MAINLINE AT MAINLINE Tc: 
   MAINLINE Tc(MIN.) =   23.23 
   *  10 YEAR RAINFALL INTENSITY(INCH/HR) =  1.399 
   SUBAREA AREA(ACRES) =    3.30      SUBAREA RUNOFF(CFS) =    3.29 
   EFFECTIVE AREA(ACRES) =     11.70   AREA-AVERAGED Fm(INCH/HR) =  0.29 
   AREA-AVERAGED Fp(INCH/HR) =  0.29  AREA-AVERAGED Ap =  1.00 
   TOTAL AREA(ACRES) =       11.7       PEAK FLOW RATE(CFS) =      11.68 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      3.30 TO NODE      3.40 IS CODE =  52 
 ---------------------------------------------------------------------------- 
   >>>>>COMPUTE NATURAL VALLEY CHANNEL FLOW<<<<< 
   >>>>>TRAVELTIME THRU SUBAREA<<<<< 
 ============================================================================ 
   ELEVATION DATA: UPSTREAM(FEET) =   3362.00  DOWNSTREAM(FEET) =   3359.60 
   CHANNEL LENGTH THRU SUBAREA(FEET) =   150.00   CHANNEL SLOPE =  0.0160 
   CHANNEL FLOW THRU SUBAREA(CFS) =      11.68 
   FLOW VELOCITY(FEET/SEC) =   3.29 (PER LACFCD/RCFC&WCD HYDROLOGY MANUAL) 
   TRAVEL TIME(MIN.) =   0.76   Tc(MIN.) =   23.99 
   LONGEST FLOWPATH FROM NODE      3.00 TO NODE      3.40 =    1790.00 FEET. 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      3.40 TO NODE      3.40 IS CODE =  81 
 ---------------------------------------------------------------------------- 
   >>>>>ADDITION OF SUBAREA TO MAINLINE PEAK FLOW<<<<< 



 ============================================================================ 
   MAINLINE Tc(MIN.) =   23.99 
   *  10 YEAR RAINFALL INTENSITY(INCH/HR) =  1.368 
   SUBAREA LOSS RATE DATA(AMC  II): 
    DEVELOPMENT TYPE/      SCS SOIL   AREA      Fp         Ap     SCS 
        LAND USE            GROUP   (ACRES)  (INCH/HR)  (DECIMAL)  CN 
   NATURAL DESERT COVER 
   "DESERT BRUSH"   (50.0%)   C        1.00      0.29     1.000    85 
   SUBAREA AVERAGE PERVIOUS LOSS RATE, Fp(INCH/HR) =  0.29 
   SUBAREA AVERAGE PERVIOUS AREA FRACTION, Ap =  1.000 
   SUBAREA AREA(ACRES) =    1.00      SUBAREA RUNOFF(CFS) =    0.97 
   EFFECTIVE AREA(ACRES) =     12.70   AREA-AVERAGED Fm(INCH/HR) =  0.29 
   AREA-AVERAGED Fp(INCH/HR) =  0.29  AREA-AVERAGED Ap =  1.00 
   TOTAL AREA(ACRES) =       12.7       PEAK FLOW RATE(CFS) =      12.32 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      3.40 TO NODE      3.40 IS CODE =  10 
 ---------------------------------------------------------------------------- 
   >>>>>MAIN-STREAM MEMORY COPIED ONTO MEMORY BANK # 2 <<<<< 
 ============================================================================ 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      4.00 TO NODE      4.10 IS CODE =  21 
 ---------------------------------------------------------------------------- 
   >>>>>RATIONAL METHOD INITIAL SUBAREA ANALYSIS<<<<< 
   >>USE TIME-OF-CONCENTRATION NOMOGRAPH FOR INITIAL SUBAREA<< 
 ============================================================================ 
   INITIAL SUBAREA FLOW-LENGTH(FEET) =   491.00 
   ELEVATION DATA: UPSTREAM(FEET) =   3371.00  DOWNSTREAM(FEET) =   3362.60 
 
   Tc = K*[(LENGTH** 3.00)/(ELEVATION CHANGE)]**0.20 
   SUBAREA ANALYSIS USED MINIMUM Tc(MIN.) =   18.993 
   *  10 YEAR RAINFALL INTENSITY(INCH/HR) =  1.611 
   SUBAREA Tc AND LOSS RATE DATA(AMC  II): 
    DEVELOPMENT TYPE/      SCS SOIL   AREA      Fp         Ap     SCS   Tc 
        LAND USE            GROUP   (ACRES)  (INCH/HR)  (DECIMAL)  CN  (MIN.) 
   NATURAL DESERT COVER 
   "DESERT BRUSH"   (50.0%)   C        1.20      0.29     1.000    85   18.99 
   SUBAREA AVERAGE PERVIOUS LOSS RATE, Fp(INCH/HR) =  0.29 
   SUBAREA AVERAGE PERVIOUS AREA FRACTION, Ap =  1.000 
   SUBAREA RUNOFF(CFS) =      1.43 
   TOTAL AREA(ACRES) =      1.20   PEAK FLOW RATE(CFS) =      1.43 
 ============================================================================ 
   END OF STUDY SUMMARY: 
   TOTAL AREA(ACRES)     =        1.2  TC(MIN.) =     18.99 
   EFFECTIVE AREA(ACRES) =      1.20  AREA-AVERAGED Fm(INCH/HR)=  0.29 
   AREA-AVERAGED Fp(INCH/HR) =  0.29  AREA-AVERAGED Ap = 1.000 
   PEAK FLOW RATE(CFS)   =       1.43 
 ============================================================================ 
 ============================================================================ 
   END OF RATIONAL METHOD ANALYSIS 
 
  



Project: TTM 20544 Date: 3/29/2022 1028-2913

Engineer: TAYLOR SKAHILL

Notes: 10 PREDEVELOPED Set #1
1st-24hr 2nd-24hr

1 Design Storm yr 10

2 Catchment Lag time hrs 0.32 24.0 MIN.

3 Catchment Area acres 17.4

4 Base flow cfs/sq mi 0

5 S-graph

6 Maximum loss rate, Fm in/hr 0.44

7 Low loss fraction, Y-bar 0.62

8 Watershed area-averaged 5 -minute point rainfall inches 0.20 0.07

Watershed area-averaged 30 -minute point rainfall inches 0.52 0.19

Watershed area-averaged 1 -hour point rainfall inches 0.72 0.26

Watershed area-averaged 3 -hour point rainfall inches 1.14 0.41

Watershed area-averaged 6 -hour point rainfall inches 1.57 0.57

Watershed area-averaged 24 -hour point rainfall inches 3.19 1.15

9 24-hour storm unit interval minutes 5

Point rainfall unadjusted by depth-area factors

10 Depth-area adjustment factors 5-min 0.980
(Fig E-4) 30-min 0.980

1-hr 0.990
3-hr 0.990
6-hr 1.000
24-hr 1.000

UH Input Q100 = PRE DEVELOPED 4/11/2022



____________________________________________________________________________ 
 **************************************************************************** 
                       SMALL AREA UNIT HYDROGRAPH MODEL 
 ============================================================================ 
          (C) Copyright 1989-2016 Advanced Engineering Software (aes) 
              Ver. 23.0  Release Date: 07/01/2016  License ID 1251 
 

Analysis prepared by: 
 

MADOLE & ASSOCIATES, INC. 
9302 PITTSBURGH AVENUE, SUITE 230 

RANCHO CUCAMONGA, CA 91730 
 

 
 **************************************************************************** 
 ---------------------------------------------------------------------------- 
 
  Problem Descriptions: 
   TENTATIVE TRACT 20544, VICTORVILLE, CA  
   PRE-DEVELOPED 10-YEAR UNIT HYDROGRAPH (ONSITE 17.4 NET ACRES) 
    
 ---------------------------------------------------------------------------- 
 
 
     RATIONAL METHOD CALIBRATION COEFFICIENT = 0.90 
     TOTAL CATCHMENT AREA(ACRES) =   17.40 
     SOIL-LOSS RATE, Fm,(INCH/HR) =  0.440 
     LOW LOSS FRACTION = 0.620 
     TIME OF CONCENTRATION(MIN.) = 24.00 
     SMALL AREA PEAK Q COMPUTED USING PEAK FLOW RATE FORMULA 
     USER SPECIFIED RAINFALL VALUES ARE USED 
     RETURN FREQUENCY(YEARS) =  10 
        5-MINUTE POINT RAINFALL VALUE(INCHES) =  0.20 
       30-MINUTE POINT RAINFALL VALUE(INCHES) =  0.52 
        1-HOUR   POINT RAINFALL VALUE(INCHES) =  0.72 
        3-HOUR   POINT RAINFALL VALUE(INCHES) =  1.14 
        6-HOUR   POINT RAINFALL VALUE(INCHES) =  1.57 
       24-HOUR   POINT RAINFALL VALUE(INCHES) =  3.19 
 
 ---------------------------------------------------------------------------- 
 
     TOTAL CATCHMENT   RUNOFF  VOLUME(ACRE-FEET) =     1.71 
     TOTAL CATCHMENT SOIL-LOSS VOLUME(ACRE-FEET) =     2.91 
 
 **************************************************************************** 
   TIME     VOLUME       Q    0.        5.0      10.0      15.0      20.0 
  (HOURS)    (AF)      (CFS) 
 ---------------------------------------------------------------------------- 
   0.40      0.0067      0.41  Q         .         .         .         . 
   0.80      0.0202      0.41  Q         .         .         .         . 
   1.20      0.0339      0.42  Q         .         .         .         . 
   1.60      0.0477      0.42  Q         .         .         .         . 
   2.00      0.0617      0.43  Q         .         .         .         . 
   2.40      0.0759      0.43  Q         .         .         .         . 
   2.80      0.0903      0.44  Q         .         .         .         . 
   3.20      0.1049      0.44  Q         .         .         .         . 
   3.60      0.1198      0.45  Q         .         .         .         . 



   4.00      0.1348      0.46  Q         .         .         .         . 
   4.40      0.1501      0.47  Q         .         .         .         . 
   4.80      0.1657      0.47  Q         .         .         .         . 
   5.20      0.1815      0.48  Q         .         .         .         . 
   5.60      0.1976      0.49  Q         .         .         .         . 
   6.00      0.2141      0.50  .Q        .         .         .         . 
   6.40      0.2308      0.51  .Q        .         .         .         . 
   6.80      0.2478      0.52  .Q        .         .         .         . 
   7.20      0.2652      0.53  .Q        .         .         .         . 
   7.60      0.2830      0.55  .Q        .         .         .         . 
   8.00      0.3012      0.55  .Q        .         .         .         . 
   8.40      0.3198      0.57  .Q        .         .         .         . 
   8.80      0.3389      0.58  .Q        .         .         .         . 
   9.20      0.3585      0.60  .Q        .         .         .         . 
   9.60      0.3786      0.61  .Q        .         .         .         . 
  10.00      0.3993      0.64  .Q        .         .         .         . 
  10.40      0.4207      0.65  .Q        .         .         .         . 
  10.80      0.4428      0.68  .Q        .         .         .         . 
  11.20      0.4657      0.70  .Q        .         .         .         . 
  11.60      0.4895      0.74  .Q        .         .         .         . 
  12.00      0.5142      0.76  .Q        .         .         .         . 
  12.40      0.5389      0.73  .Q        .         .         .         . 
  12.80      0.5636      0.76  .Q        .         .         .         . 
  13.20      0.5899      0.83  .Q        .         .         .         . 
  13.60      0.6180      0.87  .Q        .         .         .         . 
  14.00      0.6485      0.98  .Q        .         .         .         . 
  14.40      0.6811      1.00  .Q        .         .         .         . 
  14.80      0.7163      1.13  . Q       .         .         .         . 
  15.20      0.7562      1.28  . Q       .         .         .         . 
  15.60      0.8089      1.91  .  Q      .         .         .         . 
  16.00      0.8864      2.78  .    Q    .         .         .         . 
  16.40      1.1172     11.18  .         .         . Q       .         . 
  16.80      1.3265      1.48  . Q       .         .         .         . 
  17.20      1.3679      1.03  . Q       .         .         .         . 
  17.60      1.4002      0.92  .Q        .         .         .         . 
  18.00      1.4285      0.79  .Q        .         .         .         . 
  18.40      1.4545      0.78  .Q        .         .         .         . 
  18.80      1.4794      0.72  .Q        .         .         .         . 
  19.20      1.5023      0.67  .Q        .         .         .         . 
  19.60      1.5237      0.63  .Q        .         .         .         . 
  20.00      1.5438      0.59  .Q        .         .         .         . 
  20.40      1.5629      0.56  .Q        .         .         .         . 
  20.80      1.5811      0.54  .Q        .         .         .         . 
  21.20      1.5985      0.52  .Q        .         .         .         . 
  21.60      1.6153      0.50  Q         .         .         .         . 
  22.00      1.6314      0.48  Q         .         .         .         . 
  22.40      1.6469      0.46  Q         .         .         .         . 
  22.80      1.6620      0.45  Q         .         .         .         . 
  23.20      1.6766      0.44  Q         .         .         .         . 
  23.60      1.6908      0.42  Q         .         .         .         . 
  24.00      1.7047      0.41  Q         .         .         .         . 
  24.40      1.7115      0.00  Q         .         .         .         . 
 ---------------------------------------------------------------------------- 
-------------------------------------------------------------------------------- 
    TIME DURATION(minutes) OF PERCENTILES OF ESTIMATED PEAK FLOW RATE: 
    (Note: 100% of Peak Flow Rate estimate assumed to have 
    an instantaneous time duration) 



 
    Percentile of Estimated                 Duration 
        Peak Flow Rate                      (minutes) 
    =======================                 ========= 
               0%                            1440.0 
              10%                             144.0 
              20%                              48.0 
              30%                              24.0 
              40%                              24.0 
              50%                              24.0 
              60%                              24.0 
              70%                              24.0 
              80%                              24.0 
              90%                              24.0 
 
 
 



 ____________________________________________________________________________ 
 **************************************************************************** 
              RATIONAL METHOD HYDROLOGY COMPUTER PROGRAM PACKAGE 
           (Reference: 1986 SAN BERNARDINO CO. HYDROLOGY CRITERION) 
          (c) Copyright 1983-2016 Advanced Engineering Software (aes) 
              Ver. 23.0  Release Date: 07/01/2016  License ID 1251 
 

Analysis prepared by: 
 

MADOLE & ASSOCIATES, INC. 
9302 PITTSBURGH AVENUE, SUITE 230 

RANCHO CUCAMONGA, CA 91730 
 

 
  ************************** DESCRIPTION OF STUDY ************************** 
 * TENTATIVE TRACT 20544; VICTORVILLE, CA                                   * 
 * 10-YEAR DEVELOPED CONDITION RATIONAL METHOD ANALYSIS                     * 
 * 20544DEV.DAT        2022-03-29        TGS                                * 
  ************************************************************************** 
 
   FILE NAME: 20544DEV.DAT                                       
   TIME/DATE OF STUDY: 09:56 04/04/2022 
 ============================================================================ 
   USER SPECIFIED HYDROLOGY AND HYDRAULIC MODEL INFORMATION: 
 ============================================================================ 
                     --*TIME-OF-CONCENTRATION MODEL*-- 
 
   USER SPECIFIED STORM EVENT(YEAR) =   10.00 
   SPECIFIED MINIMUM PIPE SIZE(INCH) =  18.00 
   SPECIFIED PERCENT OF GRADIENTS(DECIMAL) TO USE FOR FRICTION SLOPE = 0.95 
   *USER-DEFINED LOGARITHMIC INTERPOLATION USED FOR RAINFALL* 
 
   SLOPE OF INTENSITY DURATION CURVE(LOG(I;IN/HR) vs. LOG(Tc;MIN)) = 0.7000 
   USER SPECIFIED 1-HOUR INTENSITY(INCH/HOUR) = 0.7200 
 
   *ANTECEDENT MOISTURE CONDITION (AMC) II ASSUMED FOR RATIONAL METHOD* 
 
   *USER-DEFINED STREET-SECTIONS FOR COUPLED PIPEFLOW AND STREETFLOW MODEL* 
      HALF-  CROWN TO   STREET-CROSSFALL:   CURB  GUTTER-GEOMETRIES:  MANNING 
      WIDTH  CROSSFALL  IN-  / OUT-/PARK-  HEIGHT  WIDTH  LIP   HIKE  FACTOR 
 NO.   (FT)     (FT)    SIDE / SIDE/ WAY    (FT)    (FT)  (FT)  (FT)    (n) 
 ===  =====  =========  =================  ======  ===== ====== ===== ======= 
   1   40.0     18.5    0.020/0.020/0.017   0.67    1.50 0.0313 0.125 0.0150 
 
   GLOBAL STREET FLOW-DEPTH CONSTRAINTS: 
     1. Relative Flow-Depth =  0.80 FEET 
        as (Maximum Allowable Street Flow Depth) - (Top-of-Curb) 
     2. (Depth)*(Velocity) Constraint =  6.0 (FT*FT/S) 
   *SIZE PIPE WITH A FLOW CAPACITY GREATER THAN 
    OR EQUAL TO THE UPSTREAM TRIBUTARY PIPE.* 
   *USER-SPECIFIED MINIMUM TOPOGRAPHIC SLOPE ADJUSTMENT NOT SELECTED 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      1.00 TO NODE      1.10 IS CODE =  21 
 ---------------------------------------------------------------------------- 
   >>>>>RATIONAL METHOD INITIAL SUBAREA ANALYSIS<<<<< 
   >>USE TIME-OF-CONCENTRATION NOMOGRAPH FOR INITIAL SUBAREA<< 



 ============================================================================ 
   INITIAL SUBAREA FLOW-LENGTH(FEET) =   558.00 
   ELEVATION DATA: UPSTREAM(FEET) =   3384.80  DOWNSTREAM(FEET) =   3380.02 
 
   Tc = K*[(LENGTH** 3.00)/(ELEVATION CHANGE)]**0.20 
   SUBAREA ANALYSIS USED MINIMUM Tc(MIN.) =   13.397 
   *  10 YEAR RAINFALL INTENSITY(INCH/HR) =  2.057 
   SUBAREA Tc AND LOSS RATE DATA(AMC  II): 
    DEVELOPMENT TYPE/      SCS SOIL   AREA      Fp         Ap     SCS   Tc 
        LAND USE            GROUP   (ACRES)  (INCH/HR)  (DECIMAL)  CN  (MIN.) 
   RESIDENTIAL 
   "3-4 DWELLINGS/ACRE"       A        1.69      0.98     0.600    32   13.40 
   SUBAREA AVERAGE PERVIOUS LOSS RATE, Fp(INCH/HR) =  0.98 
   SUBAREA AVERAGE PERVIOUS AREA FRACTION, Ap =  0.600 
   SUBAREA RUNOFF(CFS) =      2.24 
   TOTAL AREA(ACRES) =      1.69   PEAK FLOW RATE(CFS) =      2.24 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      1.10 TO NODE      1.20 IS CODE =  62 
 ---------------------------------------------------------------------------- 
   >>>>>COMPUTE STREET FLOW TRAVEL TIME THRU SUBAREA<<<<< 
   >>>>>(STREET TABLE SECTION #  1 USED)<<<<< 
 ============================================================================ 
   UPSTREAM ELEVATION(FEET) = 3380.02  DOWNSTREAM ELEVATION(FEET) = 3363.36 
   STREET LENGTH(FEET) =   812.00   CURB HEIGHT(INCHES) =  8.0 
   STREET HALFWIDTH(FEET) = 40.00 
 
   DISTANCE FROM CROWN TO CROSSFALL GRADEBREAK(FEET) =  18.50 
   INSIDE STREET CROSSFALL(DECIMAL) =  0.020 
   OUTSIDE STREET CROSSFALL(DECIMAL)  =  0.020 
 
   SPECIFIED NUMBER OF HALFSTREETS CARRYING RUNOFF =  1 
   STREET PARKWAY CROSSFALL(DECIMAL)  =  0.017 
   Manning's FRICTION FACTOR for Streetflow Section(curb-to-curb) =   0.0150 
   Manning's FRICTION FACTOR for Back-of-Walk Flow Section =   0.0150 
 
     **TRAVEL TIME COMPUTED USING ESTIMATED FLOW(CFS) =       3.79 
     STREETFLOW MODEL RESULTS USING ESTIMATED FLOW: 
     STREET FLOW DEPTH(FEET) =  0.33 
     HALFSTREET FLOOD WIDTH(FEET) =   10.21 
     AVERAGE FLOW VELOCITY(FEET/SEC.) =    3.27 
     PRODUCT OF DEPTH&VELOCITY(FT*FT/SEC.) =    1.08 
   STREET FLOW TRAVEL TIME(MIN.) =   4.14   Tc(MIN.) =   17.54 
   *  10 YEAR RAINFALL INTENSITY(INCH/HR) =  1.703 
   SUBAREA LOSS RATE DATA(AMC  II): 
    DEVELOPMENT TYPE/      SCS SOIL   AREA      Fp         Ap     SCS 
        LAND USE            GROUP   (ACRES)  (INCH/HR)  (DECIMAL)  CN 
   RESIDENTIAL 
   "3-4 DWELLINGS/ACRE"       A        3.07      0.98     0.600    32 
   SUBAREA AVERAGE PERVIOUS LOSS RATE, Fp(INCH/HR) =  0.98 
   SUBAREA AVERAGE PERVIOUS AREA FRACTION, Ap =  0.600 
   SUBAREA AREA(ACRES) =    3.07      SUBAREA RUNOFF(CFS) =    3.09 
   EFFECTIVE AREA(ACRES) =      4.76    AREA-AVERAGED Fm(INCH/HR) =  0.59 
   AREA-AVERAGED Fp(INCH/HR) =  0.98  AREA-AVERAGED Ap =  0.60 
   TOTAL AREA(ACRES) =        4.8        PEAK FLOW RATE(CFS) =       4.79 
 
   END OF SUBAREA STREET FLOW HYDRAULICS: 



   DEPTH(FEET) = 0.35   HALFSTREET FLOOD WIDTH(FEET) =  11.30 
   FLOW VELOCITY(FEET/SEC.) =  3.43   DEPTH*VELOCITY(FT*FT/SEC.) =   1.21 
   LONGEST FLOWPATH FROM NODE      1.00 TO NODE      1.20 =    1370.00 FEET. 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      1.20 TO NODE      1.30 IS CODE =  31 
 ---------------------------------------------------------------------------- 
   >>>>>COMPUTE PIPE-FLOW TRAVEL TIME THRU SUBAREA<<<<< 
   >>>>>USING COMPUTER-ESTIMATED PIPESIZE (NON-PRESSURE FLOW)<<<<< 
 ============================================================================ 
   ELEVATION DATA: UPSTREAM(FEET) =  3356.36  DOWNSTREAM(FEET) =  3355.66 
   FLOW LENGTH(FEET) =    92.00   MANNING'S N =  0.013 
   ESTIMATED PIPE DIAMETER(INCH) INCREASED TO 18.000 
   DEPTH OF FLOW IN  18.0 INCH PIPE IS   9.4 INCHES 
   PIPE-FLOW VELOCITY(FEET/SEC.) =   5.14 
   ESTIMATED PIPE DIAMETER(INCH) =  18.00    NUMBER OF PIPES =   1 
   PIPE-FLOW(CFS) =       4.79 
   PIPE TRAVEL TIME(MIN.) =   0.30    Tc(MIN.) =   17.84 
   LONGEST FLOWPATH FROM NODE      1.00 TO NODE      1.30 =    1462.00 FEET. 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      1.30 TO NODE      1.30 IS CODE =   1 
 ---------------------------------------------------------------------------- 
   >>>>>DESIGNATE INDEPENDENT STREAM FOR CONFLUENCE<<<<< 
 ============================================================================ 
   TOTAL NUMBER OF STREAMS =  2 
   CONFLUENCE VALUES USED FOR INDEPENDENT STREAM  1 ARE: 
   TIME OF CONCENTRATION(MIN.) =   17.84 
   RAINFALL INTENSITY(INCH/HR) =   1.68 
   AREA-AVERAGED Fm(INCH/HR) =  0.59 
   AREA-AVERAGED Fp(INCH/HR) =  0.98 
   AREA-AVERAGED Ap =  0.60 
   EFFECTIVE STREAM AREA(ACRES) =       4.76 
   TOTAL STREAM AREA(ACRES) =       4.76 
   PEAK FLOW RATE(CFS) AT CONFLUENCE =       4.79 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      2.00 TO NODE      2.10 IS CODE =  21 
 ---------------------------------------------------------------------------- 
   >>>>>RATIONAL METHOD INITIAL SUBAREA ANALYSIS<<<<< 
   >>USE TIME-OF-CONCENTRATION NOMOGRAPH FOR INITIAL SUBAREA<< 
 ============================================================================ 
   INITIAL SUBAREA FLOW-LENGTH(FEET) =   768.00 
   ELEVATION DATA: UPSTREAM(FEET) =   3383.80  DOWNSTREAM(FEET) =   3370.30 
 
   Tc = K*[(LENGTH** 3.00)/(ELEVATION CHANGE)]**0.20 
   SUBAREA ANALYSIS USED MINIMUM Tc(MIN.) =   13.184 
   *  10 YEAR RAINFALL INTENSITY(INCH/HR) =  2.080 
   SUBAREA Tc AND LOSS RATE DATA(AMC  II): 
    DEVELOPMENT TYPE/      SCS SOIL   AREA      Fp         Ap     SCS   Tc 
        LAND USE            GROUP   (ACRES)  (INCH/HR)  (DECIMAL)  CN  (MIN.) 
   RESIDENTIAL 
   "3-4 DWELLINGS/ACRE"       A        2.39      0.98     0.600    32   13.18 
   SUBAREA AVERAGE PERVIOUS LOSS RATE, Fp(INCH/HR) =  0.98 
   SUBAREA AVERAGE PERVIOUS AREA FRACTION, Ap =  0.600 
   SUBAREA RUNOFF(CFS) =      3.22 
   TOTAL AREA(ACRES) =      2.39   PEAK FLOW RATE(CFS) =      3.22 



 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      2.10 TO NODE      2.20 IS CODE =  62 
 ---------------------------------------------------------------------------- 
   >>>>>COMPUTE STREET FLOW TRAVEL TIME THRU SUBAREA<<<<< 
   >>>>>(STREET TABLE SECTION #  1 USED)<<<<< 
 ============================================================================ 
   UPSTREAM ELEVATION(FEET) = 3370.30  DOWNSTREAM ELEVATION(FEET) = 3363.07 
   STREET LENGTH(FEET) =   447.00   CURB HEIGHT(INCHES) =  8.0 
   STREET HALFWIDTH(FEET) = 40.00 
 
   DISTANCE FROM CROWN TO CROSSFALL GRADEBREAK(FEET) =  18.50 
   INSIDE STREET CROSSFALL(DECIMAL) =  0.020 
   OUTSIDE STREET CROSSFALL(DECIMAL)  =  0.020 
 
   SPECIFIED NUMBER OF HALFSTREETS CARRYING RUNOFF =  1 
   STREET PARKWAY CROSSFALL(DECIMAL)  =  0.017 
   Manning's FRICTION FACTOR for Streetflow Section(curb-to-curb) =   0.0150 
   Manning's FRICTION FACTOR for Back-of-Walk Flow Section =   0.0150 
 
     **TRAVEL TIME COMPUTED USING ESTIMATED FLOW(CFS) =       3.73 
     STREETFLOW MODEL RESULTS USING ESTIMATED FLOW: 
     STREET FLOW DEPTH(FEET) =  0.34 
     HALFSTREET FLOOD WIDTH(FEET) =   10.68 
     AVERAGE FLOW VELOCITY(FEET/SEC.) =    2.96 
     PRODUCT OF DEPTH&VELOCITY(FT*FT/SEC.) =    1.01 
   STREET FLOW TRAVEL TIME(MIN.) =   2.51   Tc(MIN.) =   15.70 
   *  10 YEAR RAINFALL INTENSITY(INCH/HR) =  1.841 
   SUBAREA LOSS RATE DATA(AMC  II): 
    DEVELOPMENT TYPE/      SCS SOIL   AREA      Fp         Ap     SCS 
        LAND USE            GROUP   (ACRES)  (INCH/HR)  (DECIMAL)  CN 
   RESIDENTIAL 
   "3-4 DWELLINGS/ACRE"       A        0.91      0.98     0.600    32 
   SUBAREA AVERAGE PERVIOUS LOSS RATE, Fp(INCH/HR) =  0.98 
   SUBAREA AVERAGE PERVIOUS AREA FRACTION, Ap =  0.600 
   SUBAREA AREA(ACRES) =    0.91      SUBAREA RUNOFF(CFS) =    1.03 
   EFFECTIVE AREA(ACRES) =      3.30    AREA-AVERAGED Fm(INCH/HR) =  0.59 
   AREA-AVERAGED Fp(INCH/HR) =  0.98  AREA-AVERAGED Ap =  0.60 
   TOTAL AREA(ACRES) =        3.3        PEAK FLOW RATE(CFS) =       3.73 
 
   END OF SUBAREA STREET FLOW HYDRAULICS: 
   DEPTH(FEET) = 0.34   HALFSTREET FLOOD WIDTH(FEET) =  10.68 
   FLOW VELOCITY(FEET/SEC.) =  2.96   DEPTH*VELOCITY(FT*FT/SEC.) =   1.01 
   LONGEST FLOWPATH FROM NODE      2.00 TO NODE      2.20 =    1215.00 FEET. 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      2.20 TO NODE      1.30 IS CODE =  31 
 ---------------------------------------------------------------------------- 
   >>>>>COMPUTE PIPE-FLOW TRAVEL TIME THRU SUBAREA<<<<< 
   >>>>>USING COMPUTER-ESTIMATED PIPESIZE (NON-PRESSURE FLOW)<<<<< 
 ============================================================================ 
   ELEVATION DATA: UPSTREAM(FEET) =  3356.07  DOWNSTREAM(FEET) =  3355.66 
   FLOW LENGTH(FEET) =    83.00   MANNING'S N =  0.013 
   ESTIMATED PIPE DIAMETER(INCH) INCREASED TO 18.000 
   DEPTH OF FLOW IN  18.0 INCH PIPE IS   9.2 INCHES 
   PIPE-FLOW VELOCITY(FEET/SEC.) =   4.11 
   ESTIMATED PIPE DIAMETER(INCH) =  18.00    NUMBER OF PIPES =   1 



   PIPE-FLOW(CFS) =       3.73 
   PIPE TRAVEL TIME(MIN.) =   0.34    Tc(MIN.) =   16.04 
   LONGEST FLOWPATH FROM NODE      2.00 TO NODE      1.30 =    1298.00 FEET. 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      1.30 TO NODE      1.30 IS CODE =   1 
 ---------------------------------------------------------------------------- 
   >>>>>DESIGNATE INDEPENDENT STREAM FOR CONFLUENCE<<<<< 
   >>>>>AND COMPUTE VARIOUS CONFLUENCED STREAM VALUES<<<<< 
 ============================================================================ 
   TOTAL NUMBER OF STREAMS =  2 
   CONFLUENCE VALUES USED FOR INDEPENDENT STREAM  2 ARE: 
   TIME OF CONCENTRATION(MIN.) =   16.04 
   RAINFALL INTENSITY(INCH/HR) =   1.81 
   AREA-AVERAGED Fm(INCH/HR) =  0.59 
   AREA-AVERAGED Fp(INCH/HR) =  0.98 
   AREA-AVERAGED Ap =  0.60 
   EFFECTIVE STREAM AREA(ACRES) =       3.30 
   TOTAL STREAM AREA(ACRES) =       3.30 
   PEAK FLOW RATE(CFS) AT CONFLUENCE =       3.73 
 
   ** CONFLUENCE DATA ** 
    STREAM       Q      Tc   Intensity   Fp(Fm)     Ap     Ae     HEADWATER 
    NUMBER     (CFS)  (MIN.) (INCH/HR) (INCH/HR)         (ACRES)    NODE 
       1        4.79   17.84    1.683  0.98( 0.59) 0.60       4.8       1.00 
       2        3.73   16.04    1.813  0.98( 0.59) 0.60       3.3       2.00 
 
   RAINFALL INTENSITY AND TIME OF CONCENTRATION RATIO 
   CONFLUENCE FORMULA USED FOR  2 STREAMS. 
 
   ** PEAK FLOW RATE TABLE ** 
    STREAM       Q      Tc   Intensity   Fp(Fm)     Ap     Ae     HEADWATER 
    NUMBER     (CFS)  (MIN.) (INCH/HR) (INCH/HR)         (ACRES)    NODE 
       1        8.52   16.04    1.813  0.98( 0.59) 0.60       7.6       2.00 
       2        8.12   17.84    1.683  0.98( 0.59) 0.60       8.1       1.00 
 
   COMPUTED CONFLUENCE ESTIMATES ARE AS FOLLOWS: 
   PEAK FLOW RATE(CFS) =       8.52    Tc(MIN.) =    16.04 
   EFFECTIVE AREA(ACRES) =       7.58   AREA-AVERAGED Fm(INCH/HR) =  0.59 
   AREA-AVERAGED Fp(INCH/HR) =  0.98  AREA-AVERAGED Ap =  0.60 
   TOTAL AREA(ACRES) =        8.1 
   LONGEST FLOWPATH FROM NODE      1.00 TO NODE      1.30 =    1462.00 FEET. 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      1.30 TO NODE      1.40 IS CODE =  31 
 ---------------------------------------------------------------------------- 
   >>>>>COMPUTE PIPE-FLOW TRAVEL TIME THRU SUBAREA<<<<< 
   >>>>>USING COMPUTER-ESTIMATED PIPESIZE (NON-PRESSURE FLOW)<<<<< 
 ============================================================================ 
   ELEVATION DATA: UPSTREAM(FEET) =  3355.66  DOWNSTREAM(FEET) =  3355.27 
   FLOW LENGTH(FEET) =    73.00   MANNING'S N =  0.013 
   DEPTH OF FLOW IN  21.0 INCH PIPE IS  13.6 INCHES 
   PIPE-FLOW VELOCITY(FEET/SEC.) =   5.16 
   ESTIMATED PIPE DIAMETER(INCH) =  21.00    NUMBER OF PIPES =   1 
   PIPE-FLOW(CFS) =       8.52 
   PIPE TRAVEL TIME(MIN.) =   0.24    Tc(MIN.) =   16.27 
   LONGEST FLOWPATH FROM NODE      1.00 TO NODE      1.40 =    1535.00 FEET. 



 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      1.40 TO NODE      1.40 IS CODE =  10 
 ---------------------------------------------------------------------------- 
   >>>>>MAIN-STREAM MEMORY COPIED ONTO MEMORY BANK # 1 <<<<< 
 ============================================================================ 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      3.00 TO NODE      3.10 IS CODE =  21 
 ---------------------------------------------------------------------------- 
   >>>>>RATIONAL METHOD INITIAL SUBAREA ANALYSIS<<<<< 
   >>USE TIME-OF-CONCENTRATION NOMOGRAPH FOR INITIAL SUBAREA<< 
 ============================================================================ 
   INITIAL SUBAREA FLOW-LENGTH(FEET) =   742.00 
   ELEVATION DATA: UPSTREAM(FEET) =   3383.80  DOWNSTREAM(FEET) =   3370.57 
 
   Tc = K*[(LENGTH** 3.00)/(ELEVATION CHANGE)]**0.20 
   SUBAREA ANALYSIS USED MINIMUM Tc(MIN.) =   12.967 
   *  10 YEAR RAINFALL INTENSITY(INCH/HR) =  2.104 
   SUBAREA Tc AND LOSS RATE DATA(AMC  II): 
    DEVELOPMENT TYPE/      SCS SOIL   AREA      Fp         Ap     SCS   Tc 
        LAND USE            GROUP   (ACRES)  (INCH/HR)  (DECIMAL)  CN  (MIN.) 
   RESIDENTIAL 
   "3-4 DWELLINGS/ACRE"       A        2.28      0.98     0.600    32   12.97 
   SUBAREA AVERAGE PERVIOUS LOSS RATE, Fp(INCH/HR) =  0.98 
   SUBAREA AVERAGE PERVIOUS AREA FRACTION, Ap =  0.600 
   SUBAREA RUNOFF(CFS) =      3.12 
   TOTAL AREA(ACRES) =      2.28   PEAK FLOW RATE(CFS) =      3.12 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      3.10 TO NODE      3.20 IS CODE =  62 
 ---------------------------------------------------------------------------- 
   >>>>>COMPUTE STREET FLOW TRAVEL TIME THRU SUBAREA<<<<< 
   >>>>>(STREET TABLE SECTION #  1 USED)<<<<< 
 ============================================================================ 
   UPSTREAM ELEVATION(FEET) = 3370.57  DOWNSTREAM ELEVATION(FEET) = 3360.32 
   STREET LENGTH(FEET) =   699.00   CURB HEIGHT(INCHES) =  8.0 
   STREET HALFWIDTH(FEET) = 40.00 
 
   DISTANCE FROM CROWN TO CROSSFALL GRADEBREAK(FEET) =  18.50 
   INSIDE STREET CROSSFALL(DECIMAL) =  0.020 
   OUTSIDE STREET CROSSFALL(DECIMAL)  =  0.020 
 
   SPECIFIED NUMBER OF HALFSTREETS CARRYING RUNOFF =  1 
   STREET PARKWAY CROSSFALL(DECIMAL)  =  0.017 
   Manning's FRICTION FACTOR for Streetflow Section(curb-to-curb) =   0.0150 
   Manning's FRICTION FACTOR for Back-of-Walk Flow Section =   0.0150 
 
     **TRAVEL TIME COMPUTED USING ESTIMATED FLOW(CFS) =       4.41 
     STREETFLOW MODEL RESULTS USING ESTIMATED FLOW: 
     STREET FLOW DEPTH(FEET) =  0.36 
     HALFSTREET FLOOD WIDTH(FEET) =   11.70 
     AVERAGE FLOW VELOCITY(FEET/SEC.) =    2.97 
     PRODUCT OF DEPTH&VELOCITY(FT*FT/SEC.) =    1.07 
   STREET FLOW TRAVEL TIME(MIN.) =   3.93   Tc(MIN.) =   16.89 
   *  10 YEAR RAINFALL INTENSITY(INCH/HR) =  1.748 
   SUBAREA LOSS RATE DATA(AMC  II): 



    DEVELOPMENT TYPE/      SCS SOIL   AREA      Fp         Ap     SCS 
        LAND USE            GROUP   (ACRES)  (INCH/HR)  (DECIMAL)  CN 
   RESIDENTIAL 
   "3-4 DWELLINGS/ACRE"       A        2.45      0.98     0.600    32 
   SUBAREA AVERAGE PERVIOUS LOSS RATE, Fp(INCH/HR) =  0.98 
   SUBAREA AVERAGE PERVIOUS AREA FRACTION, Ap =  0.600 
   SUBAREA AREA(ACRES) =    2.45      SUBAREA RUNOFF(CFS) =    2.57 
   EFFECTIVE AREA(ACRES) =      4.73    AREA-AVERAGED Fm(INCH/HR) =  0.59 
   AREA-AVERAGED Fp(INCH/HR) =  0.98  AREA-AVERAGED Ap =  0.60 
   TOTAL AREA(ACRES) =        4.7        PEAK FLOW RATE(CFS) =       4.95 
 
   END OF SUBAREA STREET FLOW HYDRAULICS: 
   DEPTH(FEET) = 0.37   HALFSTREET FLOOD WIDTH(FEET) =  12.24 
   FLOW VELOCITY(FEET/SEC.) =  3.06   DEPTH*VELOCITY(FT*FT/SEC.) =   1.14 
   LONGEST FLOWPATH FROM NODE      3.00 TO NODE      3.20 =    1441.00 FEET. 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      3.20 TO NODE      3.20 IS CODE =  81 
 ---------------------------------------------------------------------------- 
   >>>>>ADDITION OF SUBAREA TO MAINLINE PEAK FLOW<<<<< 
 ============================================================================ 
   MAINLINE Tc(MIN.) =   16.89 
   *  10 YEAR RAINFALL INTENSITY(INCH/HR) =  1.748 
   SUBAREA LOSS RATE DATA(AMC  II): 
    DEVELOPMENT TYPE/      SCS SOIL   AREA      Fp         Ap     SCS 
        LAND USE            GROUP   (ACRES)  (INCH/HR)  (DECIMAL)  CN 
   COMMERCIAL                 A        0.38      0.98     0.100    32 
   SUBAREA AVERAGE PERVIOUS LOSS RATE, Fp(INCH/HR) =  0.98 
   SUBAREA AVERAGE PERVIOUS AREA FRACTION, Ap =  0.100 
   SUBAREA AREA(ACRES) =    0.38      SUBAREA RUNOFF(CFS) =    0.56 
   EFFECTIVE AREA(ACRES) =      5.11   AREA-AVERAGED Fm(INCH/HR) =  0.55 
   AREA-AVERAGED Fp(INCH/HR) =  0.98  AREA-AVERAGED Ap =  0.56 
   TOTAL AREA(ACRES) =        5.1       PEAK FLOW RATE(CFS) =       5.52 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      3.20 TO NODE      3.30 IS CODE =  31 
 ---------------------------------------------------------------------------- 
   >>>>>COMPUTE PIPE-FLOW TRAVEL TIME THRU SUBAREA<<<<< 
   >>>>>USING COMPUTER-ESTIMATED PIPESIZE (NON-PRESSURE FLOW)<<<<< 
 ============================================================================ 
   ELEVATION DATA: UPSTREAM(FEET) =  3356.32  DOWNSTREAM(FEET) =  3355.88 
   FLOW LENGTH(FEET) =    49.00   MANNING'S N =  0.013 
   ESTIMATED PIPE DIAMETER(INCH) INCREASED TO 18.000 
   DEPTH OF FLOW IN  18.0 INCH PIPE IS   9.7 INCHES 
   PIPE-FLOW VELOCITY(FEET/SEC.) =   5.67 
   ESTIMATED PIPE DIAMETER(INCH) =  18.00    NUMBER OF PIPES =   1 
   PIPE-FLOW(CFS) =       5.52 
   PIPE TRAVEL TIME(MIN.) =   0.14    Tc(MIN.) =   17.04 
   LONGEST FLOWPATH FROM NODE      3.00 TO NODE      3.30 =    1490.00 FEET. 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      3.30 TO NODE      3.30 IS CODE =   1 
 ---------------------------------------------------------------------------- 
   >>>>>DESIGNATE INDEPENDENT STREAM FOR CONFLUENCE<<<<< 
 ============================================================================ 
   TOTAL NUMBER OF STREAMS =  2 
   CONFLUENCE VALUES USED FOR INDEPENDENT STREAM  1 ARE: 



   TIME OF CONCENTRATION(MIN.) =   17.04 
   RAINFALL INTENSITY(INCH/HR) =   1.74 
   AREA-AVERAGED Fm(INCH/HR) =  0.55 
   AREA-AVERAGED Fp(INCH/HR) =  0.98 
   AREA-AVERAGED Ap =  0.56 
   EFFECTIVE STREAM AREA(ACRES) =       5.11 
   TOTAL STREAM AREA(ACRES) =       5.11 
   PEAK FLOW RATE(CFS) AT CONFLUENCE =       5.52 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      4.00 TO NODE      4.10 IS CODE =  21 
 ---------------------------------------------------------------------------- 
   >>>>>RATIONAL METHOD INITIAL SUBAREA ANALYSIS<<<<< 
   >>USE TIME-OF-CONCENTRATION NOMOGRAPH FOR INITIAL SUBAREA<< 
 ============================================================================ 
   INITIAL SUBAREA FLOW-LENGTH(FEET) =   789.00 
   ELEVATION DATA: UPSTREAM(FEET) =   3386.30  DOWNSTREAM(FEET) =   3370.96 
 
   Tc = K*[(LENGTH** 3.00)/(ELEVATION CHANGE)]**0.20 
   SUBAREA ANALYSIS USED MINIMUM Tc(MIN.) =   13.061 
   *  10 YEAR RAINFALL INTENSITY(INCH/HR) =  2.093 
   SUBAREA Tc AND LOSS RATE DATA(AMC  II): 
    DEVELOPMENT TYPE/      SCS SOIL   AREA      Fp         Ap     SCS   Tc 
        LAND USE            GROUP   (ACRES)  (INCH/HR)  (DECIMAL)  CN  (MIN.) 
   RESIDENTIAL 
   "3-4 DWELLINGS/ACRE"       A        2.37      0.98     0.600    32   13.06 
   SUBAREA AVERAGE PERVIOUS LOSS RATE, Fp(INCH/HR) =  0.98 
   SUBAREA AVERAGE PERVIOUS AREA FRACTION, Ap =  0.600 
   SUBAREA RUNOFF(CFS) =      3.22 
   TOTAL AREA(ACRES) =      2.37   PEAK FLOW RATE(CFS) =      3.22 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      4.10 TO NODE      4.20 IS CODE =  62 
 ---------------------------------------------------------------------------- 
   >>>>>COMPUTE STREET FLOW TRAVEL TIME THRU SUBAREA<<<<< 
   >>>>>(STREET TABLE SECTION #  1 USED)<<<<< 
 ============================================================================ 
   UPSTREAM ELEVATION(FEET) = 3370.96  DOWNSTREAM ELEVATION(FEET) = 3360.32 
   STREET LENGTH(FEET) =   540.00   CURB HEIGHT(INCHES) =  8.0 
   STREET HALFWIDTH(FEET) = 40.00 
 
   DISTANCE FROM CROWN TO CROSSFALL GRADEBREAK(FEET) =  18.50 
   INSIDE STREET CROSSFALL(DECIMAL) =  0.020 
   OUTSIDE STREET CROSSFALL(DECIMAL)  =  0.020 
 
   SPECIFIED NUMBER OF HALFSTREETS CARRYING RUNOFF =  1 
   STREET PARKWAY CROSSFALL(DECIMAL)  =  0.017 
   Manning's FRICTION FACTOR for Streetflow Section(curb-to-curb) =   0.0150 
   Manning's FRICTION FACTOR for Back-of-Walk Flow Section =   0.0150 
 
     **TRAVEL TIME COMPUTED USING ESTIMATED FLOW(CFS) =       3.86 
     STREETFLOW MODEL RESULTS USING ESTIMATED FLOW: 
     STREET FLOW DEPTH(FEET) =  0.33 
     HALFSTREET FLOOD WIDTH(FEET) =   10.37 
     AVERAGE FLOW VELOCITY(FEET/SEC.) =    3.23 
     PRODUCT OF DEPTH&VELOCITY(FT*FT/SEC.) =    1.08 
   STREET FLOW TRAVEL TIME(MIN.) =   2.78   Tc(MIN.) =   15.85 



   *  10 YEAR RAINFALL INTENSITY(INCH/HR) =  1.829 
   SUBAREA LOSS RATE DATA(AMC  II): 
    DEVELOPMENT TYPE/      SCS SOIL   AREA      Fp         Ap     SCS 
        LAND USE            GROUP   (ACRES)  (INCH/HR)  (DECIMAL)  CN 
   RESIDENTIAL 
   "3-4 DWELLINGS/ACRE"       A        1.14      0.98     0.600    32 
   SUBAREA AVERAGE PERVIOUS LOSS RATE, Fp(INCH/HR) =  0.98 
   SUBAREA AVERAGE PERVIOUS AREA FRACTION, Ap =  0.600 
   SUBAREA AREA(ACRES) =    1.14      SUBAREA RUNOFF(CFS) =    1.28 
   EFFECTIVE AREA(ACRES) =      3.51    AREA-AVERAGED Fm(INCH/HR) =  0.59 
   AREA-AVERAGED Fp(INCH/HR) =  0.98  AREA-AVERAGED Ap =  0.60 
   TOTAL AREA(ACRES) =        3.5        PEAK FLOW RATE(CFS) =       3.93 
 
   END OF SUBAREA STREET FLOW HYDRAULICS: 
   DEPTH(FEET) = 0.34   HALFSTREET FLOOD WIDTH(FEET) =  10.45 
   FLOW VELOCITY(FEET/SEC.) =  3.25   DEPTH*VELOCITY(FT*FT/SEC.) =   1.09 
   LONGEST FLOWPATH FROM NODE      4.00 TO NODE      4.20 =    1329.00 FEET. 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      4.20 TO NODE      3.30 IS CODE =  31 
 ---------------------------------------------------------------------------- 
   >>>>>COMPUTE PIPE-FLOW TRAVEL TIME THRU SUBAREA<<<<< 
   >>>>>USING COMPUTER-ESTIMATED PIPESIZE (NON-PRESSURE FLOW)<<<<< 
 ============================================================================ 
   ELEVATION DATA: UPSTREAM(FEET) =  3356.32  DOWNSTREAM(FEET) =  3355.88 
   FLOW LENGTH(FEET) =    19.00   MANNING'S N =  0.013 
   ESTIMATED PIPE DIAMETER(INCH) INCREASED TO 18.000 
   DEPTH OF FLOW IN  18.0 INCH PIPE IS   6.2 INCHES 
   PIPE-FLOW VELOCITY(FEET/SEC.) =   7.35 
   ESTIMATED PIPE DIAMETER(INCH) =  18.00    NUMBER OF PIPES =   1 
   PIPE-FLOW(CFS) =       3.93 
   PIPE TRAVEL TIME(MIN.) =   0.04    Tc(MIN.) =   15.89 
   LONGEST FLOWPATH FROM NODE      4.00 TO NODE      3.30 =    1348.00 FEET. 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      3.30 TO NODE      3.30 IS CODE =   1 
 ---------------------------------------------------------------------------- 
   >>>>>DESIGNATE INDEPENDENT STREAM FOR CONFLUENCE<<<<< 
   >>>>>AND COMPUTE VARIOUS CONFLUENCED STREAM VALUES<<<<< 
 ============================================================================ 
   TOTAL NUMBER OF STREAMS =  2 
   CONFLUENCE VALUES USED FOR INDEPENDENT STREAM  2 ARE: 
   TIME OF CONCENTRATION(MIN.) =   15.89 
   RAINFALL INTENSITY(INCH/HR) =   1.83 
   AREA-AVERAGED Fm(INCH/HR) =  0.59 
   AREA-AVERAGED Fp(INCH/HR) =  0.98 
   AREA-AVERAGED Ap =  0.60 
   EFFECTIVE STREAM AREA(ACRES) =       3.51 
   TOTAL STREAM AREA(ACRES) =       3.51 
   PEAK FLOW RATE(CFS) AT CONFLUENCE =       3.93 
 
   ** CONFLUENCE DATA ** 
    STREAM       Q      Tc   Intensity   Fp(Fm)     Ap     Ae     HEADWATER 
    NUMBER     (CFS)  (MIN.) (INCH/HR) (INCH/HR)         (ACRES)    NODE 
       1        5.52   17.04    1.738  0.98( 0.55) 0.56       5.1       3.00 
       2        3.93   15.89    1.825  0.98( 0.59) 0.60       3.5       4.00 
 



   RAINFALL INTENSITY AND TIME OF CONCENTRATION RATIO 
   CONFLUENCE FORMULA USED FOR  2 STREAMS. 
 
   ** PEAK FLOW RATE TABLE ** 
    STREAM       Q      Tc   Intensity   Fp(Fm)     Ap     Ae     HEADWATER 
    NUMBER     (CFS)  (MIN.) (INCH/HR) (INCH/HR)         (ACRES)    NODE 
       1        9.45   15.89    1.825  0.98( 0.56) 0.58       8.3       4.00 
       2        9.17   17.04    1.738  0.98( 0.56) 0.58       8.6       3.00 
 
   COMPUTED CONFLUENCE ESTIMATES ARE AS FOLLOWS: 
   PEAK FLOW RATE(CFS) =       9.45    Tc(MIN.) =    15.89 
   EFFECTIVE AREA(ACRES) =       8.27   AREA-AVERAGED Fm(INCH/HR) =  0.56 
   AREA-AVERAGED Fp(INCH/HR) =  0.98  AREA-AVERAGED Ap =  0.58 
   TOTAL AREA(ACRES) =        8.6 
   LONGEST FLOWPATH FROM NODE      3.00 TO NODE      3.30 =    1490.00 FEET. 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      3.30 TO NODE      1.40 IS CODE =  31 
 ---------------------------------------------------------------------------- 
   >>>>>COMPUTE PIPE-FLOW TRAVEL TIME THRU SUBAREA<<<<< 
   >>>>>USING COMPUTER-ESTIMATED PIPESIZE (NON-PRESSURE FLOW)<<<<< 
 ============================================================================ 
   ELEVATION DATA: UPSTREAM(FEET) =  3355.88  DOWNSTREAM(FEET) =  3355.77 
   FLOW LENGTH(FEET) =    13.00   MANNING'S N =  0.013 
   DEPTH OF FLOW IN  21.0 INCH PIPE IS  12.5 INCHES 
   PIPE-FLOW VELOCITY(FEET/SEC.) =   6.31 
   ESTIMATED PIPE DIAMETER(INCH) =  21.00    NUMBER OF PIPES =   1 
   PIPE-FLOW(CFS) =       9.45 
   PIPE TRAVEL TIME(MIN.) =   0.03    Tc(MIN.) =   15.92 
   LONGEST FLOWPATH FROM NODE      3.00 TO NODE      1.40 =    1503.00 FEET. 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      1.40 TO NODE      1.40 IS CODE =  11 
 ---------------------------------------------------------------------------- 
   >>>>>CONFLUENCE MEMORY BANK # 1 WITH THE MAIN-STREAM MEMORY<<<<< 
 ============================================================================ 
 
   ** MAIN STREAM CONFLUENCE DATA ** 
    STREAM       Q      Tc   Intensity   Fp(Fm)     Ap     Ae     HEADWATER 
    NUMBER     (CFS)  (MIN.) (INCH/HR) (INCH/HR)         (ACRES)    NODE 
       1        9.45   15.92    1.822  0.98( 0.56) 0.58       8.3       4.00 
       2        9.17   17.07    1.735  0.98( 0.56) 0.58       8.6       3.00 
   LONGEST FLOWPATH FROM NODE      3.00 TO NODE      1.40 =    1503.00 FEET. 
 
   ** MEMORY BANK #  1 CONFLUENCE DATA ** 
    STREAM       Q      Tc   Intensity   Fp(Fm)     Ap     Ae     HEADWATER 
    NUMBER     (CFS)  (MIN.) (INCH/HR) (INCH/HR)         (ACRES)    NODE 
       1        8.52   16.27    1.795  0.98( 0.59) 0.60       7.6       2.00 
       2        8.12   18.08    1.668  0.98( 0.59) 0.60       8.1       1.00 
   LONGEST FLOWPATH FROM NODE      1.00 TO NODE      1.40 =    1535.00 FEET. 
 
   ** PEAK FLOW RATE TABLE ** 
    STREAM       Q      Tc   Intensity   Fp(Fm)     Ap     Ae     HEADWATER 
    NUMBER     (CFS)  (MIN.) (INCH/HR) (INCH/HR)         (ACRES)    NODE 
       1       17.96   15.92    1.822  0.98( 0.57) 0.59      15.7       4.00 
       2       17.88   16.27    1.795  0.98( 0.57) 0.59      16.0       2.00 
       3       17.51   17.07    1.735  0.98( 0.57) 0.59      16.4       3.00 



       4       16.76   18.08    1.668  0.98( 0.57) 0.59      16.7       1.00 
     TOTAL AREA(ACRES) =        16.7 
 
   COMPUTED CONFLUENCE ESTIMATES ARE AS FOLLOWS: 
   PEAK FLOW RATE(CFS) =       17.96  Tc(MIN.) =   15.923 
   EFFECTIVE AREA(ACRES) =     15.69  AREA-AVERAGED Fm(INCH/HR) =  0.57 
   AREA-AVERAGED Fp(INCH/HR) =  0.98  AREA-AVERAGED Ap =  0.59 
   TOTAL AREA(ACRES) =       16.7 
   LONGEST FLOWPATH FROM NODE      1.00 TO NODE      1.40 =    1535.00 FEET. 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      1.40 TO NODE      1.50 IS CODE =  31 
 ---------------------------------------------------------------------------- 
   >>>>>COMPUTE PIPE-FLOW TRAVEL TIME THRU SUBAREA<<<<< 
   >>>>>USING COMPUTER-ESTIMATED PIPESIZE (NON-PRESSURE FLOW)<<<<< 
 ============================================================================ 
   ELEVATION DATA: UPSTREAM(FEET) =  3355.27  DOWNSTREAM(FEET) =  3355.00 
   FLOW LENGTH(FEET) =    38.00   MANNING'S N =  0.013 
   DEPTH OF FLOW IN  24.0 INCH PIPE IS  19.0 INCHES 
   PIPE-FLOW VELOCITY(FEET/SEC.) =   6.74 
   ESTIMATED PIPE DIAMETER(INCH) =  24.00    NUMBER OF PIPES =   1 
   PIPE-FLOW(CFS) =      17.96 
   PIPE TRAVEL TIME(MIN.) =   0.09    Tc(MIN.) =   16.02 
   LONGEST FLOWPATH FROM NODE      1.00 TO NODE      1.50 =    1573.00 FEET. 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      1.50 TO NODE      1.50 IS CODE =  81 
 ---------------------------------------------------------------------------- 
   >>>>>ADDITION OF SUBAREA TO MAINLINE PEAK FLOW<<<<< 
 ============================================================================ 
   MAINLINE Tc(MIN.) =   16.02 
   *  10 YEAR RAINFALL INTENSITY(INCH/HR) =  1.815 
   SUBAREA LOSS RATE DATA(AMC  II): 
    DEVELOPMENT TYPE/      SCS SOIL   AREA      Fp         Ap     SCS 
        LAND USE            GROUP   (ACRES)  (INCH/HR)  (DECIMAL)  CN 
   PUBLIC PARK                A        0.69      0.98     0.850    32 
   SUBAREA AVERAGE PERVIOUS LOSS RATE, Fp(INCH/HR) =  0.98 
   SUBAREA AVERAGE PERVIOUS AREA FRACTION, Ap =  0.850 
   SUBAREA AREA(ACRES) =    0.69      SUBAREA RUNOFF(CFS) =    0.61 
   EFFECTIVE AREA(ACRES) =     16.38   AREA-AVERAGED Fm(INCH/HR) =  0.58 
   AREA-AVERAGED Fp(INCH/HR) =  0.98  AREA-AVERAGED Ap =  0.60 
   TOTAL AREA(ACRES) =       17.4       PEAK FLOW RATE(CFS) =      18.14 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      1.50 TO NODE      1.50 IS CODE =  10 
 ---------------------------------------------------------------------------- 
   >>>>>MAIN-STREAM MEMORY COPIED ONTO MEMORY BANK # 2 <<<<< 
 ============================================================================ 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      5.00 TO NODE      5.10 IS CODE =  21 
 ---------------------------------------------------------------------------- 
   >>>>>RATIONAL METHOD INITIAL SUBAREA ANALYSIS<<<<< 
   >>USE TIME-OF-CONCENTRATION NOMOGRAPH FOR INITIAL SUBAREA<< 
 ============================================================================ 
   INITIAL SUBAREA FLOW-LENGTH(FEET) =   390.00 
   ELEVATION DATA: UPSTREAM(FEET) =   3390.00  DOWNSTREAM(FEET) =   3382.40 



 
   Tc = K*[(LENGTH** 3.00)/(ELEVATION CHANGE)]**0.20 
   SUBAREA ANALYSIS USED MINIMUM Tc(MIN.) =   16.876 
   *  10 YEAR RAINFALL INTENSITY(INCH/HR) =  1.750 
   SUBAREA Tc AND LOSS RATE DATA(AMC  II): 
    DEVELOPMENT TYPE/      SCS SOIL   AREA      Fp         Ap     SCS   Tc 
        LAND USE            GROUP   (ACRES)  (INCH/HR)  (DECIMAL)  CN  (MIN.) 
   NATURAL DESERT COVER 
   "DESERT BRUSH"   (50.0%)   C        1.50      0.29     1.000    85   16.88 
   SUBAREA AVERAGE PERVIOUS LOSS RATE, Fp(INCH/HR) =  0.29 
   SUBAREA AVERAGE PERVIOUS AREA FRACTION, Ap =  1.000 
   SUBAREA RUNOFF(CFS) =      1.97 
   TOTAL AREA(ACRES) =      1.50   PEAK FLOW RATE(CFS) =      1.97 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      5.10 TO NODE      5.20 IS CODE =  61 
 ---------------------------------------------------------------------------- 
   >>>>>COMPUTE STREET FLOW TRAVEL TIME THRU SUBAREA<<<<< 
   >>>>>(STANDARD CURB SECTION USED)<<<<< 
 ============================================================================ 
   UPSTREAM ELEVATION(FEET) = 3382.40  DOWNSTREAM ELEVATION(FEET) = 3360.64 
   STREET LENGTH(FEET) =  1284.00   CURB HEIGHT(INCHES) =  8.0 
   STREET HALFWIDTH(FEET) = 30.00 
 
   DISTANCE FROM CROWN TO CROSSFALL GRADEBREAK(FEET) =  22.50 
   INSIDE STREET CROSSFALL(DECIMAL) =  0.020 
   OUTSIDE STREET CROSSFALL(DECIMAL)  =  0.020 
 
   SPECIFIED NUMBER OF HALFSTREETS CARRYING RUNOFF =  1 
   STREET PARKWAY CROSSFALL(DECIMAL)  =  0.017 
   Manning's FRICTION FACTOR for Streetflow Section(curb-to-curb) =   0.0150 
   Manning's FRICTION FACTOR for Back-of-Walk Flow Section =   0.0200 
 
     **TRAVEL TIME COMPUTED USING ESTIMATED FLOW(CFS) =       3.08 
     STREETFLOW MODEL RESULTS USING ESTIMATED FLOW: 
     STREET FLOW DEPTH(FEET) =  0.34 
     HALFSTREET FLOOD WIDTH(FEET) =    9.30 
     AVERAGE FLOW VELOCITY(FEET/SEC.) =    2.92 
     PRODUCT OF DEPTH&VELOCITY(FT*FT/SEC.) =    1.00 
   STREET FLOW TRAVEL TIME(MIN.) =   7.33   Tc(MIN.) =   24.21 
   *  10 YEAR RAINFALL INTENSITY(INCH/HR) =  1.359 
   SUBAREA LOSS RATE DATA(AMC  II): 
    DEVELOPMENT TYPE/      SCS SOIL   AREA      Fp         Ap     SCS 
        LAND USE            GROUP   (ACRES)  (INCH/HR)  (DECIMAL)  CN 
   COMMERCIAL                 A        1.94      0.98     0.100    32 
   SUBAREA AVERAGE PERVIOUS LOSS RATE, Fp(INCH/HR) =  0.98 
   SUBAREA AVERAGE PERVIOUS AREA FRACTION, Ap =  0.100 
   SUBAREA AREA(ACRES) =    1.94      SUBAREA RUNOFF(CFS) =    2.20 
   EFFECTIVE AREA(ACRES) =      3.44    AREA-AVERAGED Fm(INCH/HR) =  0.18 
   AREA-AVERAGED Fp(INCH/HR) =  0.37  AREA-AVERAGED Ap =  0.49 
   TOTAL AREA(ACRES) =        3.4        PEAK FLOW RATE(CFS) =       3.65 
 
   END OF SUBAREA STREET FLOW HYDRAULICS: 
   DEPTH(FEET) = 0.36   HALFSTREET FLOOD WIDTH(FEET) =  10.00 
   FLOW VELOCITY(FEET/SEC.) =  3.06   DEPTH*VELOCITY(FT*FT/SEC.) =   1.10 
   LONGEST FLOWPATH FROM NODE      5.00 TO NODE      5.20 =    1674.00 FEET. 
 



 **************************************************************************** 
   FLOW PROCESS FROM NODE      5.20 TO NODE      5.20 IS CODE =  81 
 ---------------------------------------------------------------------------- 
   >>>>>ADDITION OF SUBAREA TO MAINLINE PEAK FLOW<<<<< 
 ============================================================================ 
   MAINLINE Tc(MIN.) =   24.21 
   *  10 YEAR RAINFALL INTENSITY(INCH/HR) =  1.359 
   SUBAREA LOSS RATE DATA(AMC  II): 
    DEVELOPMENT TYPE/      SCS SOIL   AREA      Fp         Ap     SCS 
        LAND USE            GROUP   (ACRES)  (INCH/HR)  (DECIMAL)  CN 
   NATURAL DESERT COVER 
   "DESERT BRUSH"   (50.0%)   C        3.73      0.29     1.000    85 
   COMMERCIAL                 A        0.55      0.98     0.100    32 
   SUBAREA AVERAGE PERVIOUS LOSS RATE, Fp(INCH/HR) =  0.30 
   SUBAREA AVERAGE PERVIOUS AREA FRACTION, Ap =  0.884 
   SUBAREA AREA(ACRES) =    4.28      SUBAREA RUNOFF(CFS) =    4.21 
   EFFECTIVE AREA(ACRES) =      7.72   AREA-AVERAGED Fm(INCH/HR) =  0.23 
   AREA-AVERAGED Fp(INCH/HR) =  0.32  AREA-AVERAGED Ap =  0.71 
   TOTAL AREA(ACRES) =        7.7       PEAK FLOW RATE(CFS) =       7.86 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      5.20 TO NODE      5.20 IS CODE =  10 
 ---------------------------------------------------------------------------- 
   >>>>>MAIN-STREAM MEMORY COPIED ONTO MEMORY BANK # 3 <<<<< 
 ============================================================================ 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      6.00 TO NODE      6.10 IS CODE =  21 
 ---------------------------------------------------------------------------- 
   >>>>>RATIONAL METHOD INITIAL SUBAREA ANALYSIS<<<<< 
   >>USE TIME-OF-CONCENTRATION NOMOGRAPH FOR INITIAL SUBAREA<< 
 ============================================================================ 
   INITIAL SUBAREA FLOW-LENGTH(FEET) =   975.00 
   ELEVATION DATA: UPSTREAM(FEET) =   3390.00  DOWNSTREAM(FEET) =   3373.70 
 
   Tc = K*[(LENGTH** 3.00)/(ELEVATION CHANGE)]**0.20 
   SUBAREA ANALYSIS USED MINIMUM Tc(MIN.) =   25.106 
   *  10 YEAR RAINFALL INTENSITY(INCH/HR) =  1.325 
   SUBAREA Tc AND LOSS RATE DATA(AMC  II): 
    DEVELOPMENT TYPE/      SCS SOIL   AREA      Fp         Ap     SCS   Tc 
        LAND USE            GROUP   (ACRES)  (INCH/HR)  (DECIMAL)  CN  (MIN.) 
   NATURAL DESERT COVER 
   "DESERT BRUSH"   (50.0%)   C        3.60      0.29     1.000    85   25.11 
   SUBAREA AVERAGE PERVIOUS LOSS RATE, Fp(INCH/HR) =  0.29 
   SUBAREA AVERAGE PERVIOUS AREA FRACTION, Ap =  1.000 
   SUBAREA RUNOFF(CFS) =      3.35 
   TOTAL AREA(ACRES) =      3.60   PEAK FLOW RATE(CFS) =      3.35 
 
 **************************************************************************** 
   FLOW PROCESS FROM NODE      6.10 TO NODE      6.20 IS CODE =  52 
 ---------------------------------------------------------------------------- 
   >>>>>COMPUTE NATURAL VALLEY CHANNEL FLOW<<<<< 
   >>>>>TRAVELTIME THRU SUBAREA<<<<< 
 ============================================================================ 
   ELEVATION DATA: UPSTREAM(FEET) =   3373.70  DOWNSTREAM(FEET) =   3361.00 
   CHANNEL LENGTH THRU SUBAREA(FEET) =   750.00   CHANNEL SLOPE =  0.0169 
   CHANNEL FLOW THRU SUBAREA(CFS) =       3.35 



   FLOW VELOCITY(FEET/SEC) =   2.50 (PER LACFCD/RCFC&WCD HYDROLOGY MANUAL) 
   TRAVEL TIME(MIN.) =   4.99   Tc(MIN.) =   30.10 
   LONGEST FLOWPATH FROM NODE 6.00 TO NODE      6.20 =    1725.00 FEET. 

 **************************************************************************** 
   FLOW PROCESS FROM NODE      6.20 TO NODE      6.20 IS CODE =  81 
 ---------------------------------------------------------------------------- 
   >>>>>ADDITION OF SUBAREA TO MAINLINE PEAK FLOW<<<<< 
 ============================================================================ 
   MAINLINE Tc(MIN.) =   30.10 

* 10 YEAR RAINFALL INTENSITY(INCH/HR) =  1.167
SUBAREA LOSS RATE DATA(AMC  II):

    DEVELOPMENT TYPE/      SCS SOIL   AREA      Fp Ap     SCS 
LAND USE GROUP   (ACRES)  (INCH/HR)  (DECIMAL)  CN 

   NATURAL DESERT COVER 
   "DESERT BRUSH"   (50.0%)   C 1.36 0.29     1.000    85 
   SUBAREA AVERAGE PERVIOUS LOSS RATE, Fp(INCH/HR) =  0.29 
   SUBAREA AVERAGE PERVIOUS AREA FRACTION, Ap =  1.000 
   SUBAREA AREA(ACRES) =    1.36 SUBAREA RUNOFF(CFS) =    1.07 
   EFFECTIVE AREA(ACRES) = 4.96   AREA-AVERAGED Fm(INCH/HR) =  0.29 
   AREA-AVERAGED Fp(INCH/HR) =  0.29  AREA-AVERAGED Ap =  1.00 
   TOTAL AREA(ACRES) =        5.0       PEAK FLOW RATE(CFS) =       3.92 
 ============================================================================ 
   END OF STUDY SUMMARY: 
   TOTAL AREA(ACRES)     =        5.0  TC(MIN.) =     30.10 
   EFFECTIVE AREA(ACRES) = 4.96  AREA-AVERAGED Fm(INCH/HR)=  0.29 
   AREA-AVERAGED Fp(INCH/HR) =  0.29  AREA-AVERAGED Ap = 1.000 
   PEAK FLOW RATE(CFS)   = 3.92 
 ============================================================================ 
 ============================================================================ 
   END OF RATIONAL METHOD ANALYSIS 



Project: TTM 20544 Date: 3/29/2022 1028-2913

Engineer: TAYLOR SKAHILL

Notes: 10 DEVELOPED Set #1
1st-24hr 2nd-24hr

1 Design Storm yr 10

2 Catchment Lag time hrs 0.21 16.0 MIN.

3 Catchment Area acres 17.4

4 Base flow cfs/sq mi 0

5 S-graph

6 Maximum loss rate, Fm in/hr 0.37

7 Low loss fraction, Y-bar 0.53

8 Watershed area-averaged 5 -minute point rainfall inches 0.20 0.07

Watershed area-averaged 30 -minute point rainfall inches 0.52 0.19

Watershed area-averaged 1 -hour point rainfall inches 0.72 0.26

Watershed area-averaged 3 -hour point rainfall inches 1.14 0.41

Watershed area-averaged 6 -hour point rainfall inches 1.57 0.57

Watershed area-averaged 24 -hour point rainfall inches 3.19 1.15

9 24-hour storm unit interval minutes 5

Point rainfall unadjusted by depth-area factors

10 Depth-area adjustment factors 5-min 0.980
(Fig E-4) 30-min 0.980

1-hr 0.990
3-hr 0.990
6-hr 1.000
24-hr 1.000

UH Input Q100 = DEVELOPED OVERALL 4/11/2022
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 **************************************************************************** 

SMALL AREA UNIT HYDROGRAPH MODEL 
 ============================================================================ 

(C) Copyright 1989-2016 Advanced Engineering Software (aes)
Ver. 23.0  Release Date: 07/01/2016  License ID 1251

Analysis prepared by: 

MADOLE & ASSOCIATES, INC. 
9302 PITTSBURGH AVENUE, SUITE 230 

RANCHO CUCAMONGA, CA 91730 

 **************************************************************************** 
 ---------------------------------------------------------------------------- 

  Problem Descriptions: 
   TENTATIVE TRACT 20544 – VICTORVILLE, CA 
   DEVELOPED 10-YEAR UNIT HYDROGRAPH (ONSITE NET AREA 17.4 ACRES) 

 ---------------------------------------------------------------------------- 

     RATIONAL METHOD CALIBRATION COEFFICIENT = 0.90 
     TOTAL CATCHMENT AREA(ACRES) =   17.40 
     SOIL-LOSS RATE, Fm,(INCH/HR) =  0.370 
     LOW LOSS FRACTION = 0.530 
     TIME OF CONCENTRATION(MIN.) = 16.00 
     SMALL AREA PEAK Q COMPUTED USING PEAK FLOW RATE FORMULA 
     USER SPECIFIED RAINFALL VALUES ARE USED 
     RETURN FREQUENCY(YEARS) =  10 

5-MINUTE POINT RAINFALL VALUE(INCHES) =  0.20
30-MINUTE POINT RAINFALL VALUE(INCHES) =  0.52
1-HOUR   POINT RAINFALL VALUE(INCHES) =  0.72 
3-HOUR   POINT RAINFALL VALUE(INCHES) =  1.14 
6-HOUR   POINT RAINFALL VALUE(INCHES) =  1.57 
24-HOUR   POINT RAINFALL VALUE(INCHES) =  3.19 

 ---------------------------------------------------------------------------- 

     TOTAL CATCHMENT   RUNOFF  VOLUME(ACRE-FEET) =     2.07 
     TOTAL CATCHMENT SOIL-LOSS VOLUME(ACRE-FEET) =     2.56 

 **************************************************************************** 
   TIME     VOLUME       Q    0.        5.0      10.0      15.0      20.0 
  (HOURS)    (AF) (CFS) 
 ---------------------------------------------------------------------------- 
   0.27 0.0055 0.50  .Q . . . . 
   0.53 0.0166 0.50  .Q . . . . 
   0.80 0.0278 0.51  .Q . . . . 
   1.07 0.0391 0.51  .Q . . . . 
   1.33 0.0504 0.52  .Q . . . . 
   1.60 0.0619 0.52  .Q . . . . 
   1.87 0.0735 0.53  .Q . . . . 
   2.13 0.0852 0.53  .Q . . . . 
   2.40 0.0970 0.54  .Q . . . . 



   2.67      0.1089      0.54  .Q        .         .         .         . 
   2.93      0.1209      0.55  .Q        .         .         .         . 
   3.20      0.1330      0.55  .Q        .         .         .         . 
   3.47      0.1453      0.56  .Q        .         .         .         . 
   3.73      0.1576      0.56  .Q        .         .         .         . 
   4.00      0.1701      0.57  .Q        .         .         .         . 
   4.27      0.1828      0.58  .Q        .         .         .         . 
   4.53      0.1956      0.58  .Q        .         .         .         . 
   4.80      0.2085      0.59  .Q        .         .         .         . 
   5.07      0.2216      0.60  .Q        .         .         .         . 
   5.33      0.2348      0.60  .Q        .         .         .         . 
   5.60      0.2482      0.61  .Q        .         .         .         . 
   5.87      0.2617      0.62  .Q        .         .         .         . 
   6.13      0.2755      0.63  .Q        .         .         .         . 
   6.40      0.2894      0.63  .Q        .         .         .         . 
   6.67      0.3035      0.65  .Q        .         .         .         . 
   6.93      0.3177      0.65  .Q        .         .         .         . 
   7.20      0.3322      0.66  .Q        .         .         .         . 
   7.47      0.3469      0.67  .Q        .         .         .         . 
   7.73      0.3618      0.68  .Q        .         .         .         . 
   8.00      0.3770      0.69  .Q        .         .         .         . 
   8.27      0.3924      0.71  .Q        .         .         .         . 
   8.53      0.4080      0.71  .Q        .         .         .         . 
   8.80      0.4239      0.73  .Q        .         .         .         . 
   9.07      0.4401      0.74  .Q        .         .         .         . 
   9.33      0.4566      0.76  .Q        .         .         .         . 
   9.60      0.4734      0.77  .Q        .         .         .         . 
   9.87      0.4906      0.79  .Q        .         .         .         . 
  10.13      0.5081      0.80  .Q        .         .         .         . 
  10.40      0.5259      0.82  .Q        .         .         .         . 
  10.67      0.5442      0.84  .Q        .         .         .         . 
  10.93      0.5629      0.86  .Q        .         .         .         . 
  11.20      0.5821      0.88  .Q        .         .         .         . 
  11.47      0.6018      0.91  .Q        .         .         .         . 
  11.73      0.6220      0.93  .Q        .         .         .         . 
  12.00      0.6429      0.96  .Q        .         .         .         . 
  12.27      0.6638      0.94  .Q        .         .         .         . 
  12.53      0.6844      0.94  .Q        .         .         .         . 
  12.80      0.7053      0.96  .Q        .         .         .         . 
  13.07      0.7271      1.02  . Q       .         .         .         . 
  13.33      0.7499      1.05  . Q       .         .         .         . 
  13.60      0.7739      1.13  . Q       .         .         .         . 
  13.87      0.7992      1.17  . Q       .         .         .         . 
  14.13      0.8259      1.25  . Q       .         .         .         . 
  14.40      0.8530      1.22  . Q       .         .         .         . 
  14.67      0.8816      1.38  . Q       .         .         .         . 
  14.93      0.9131      1.48  . Q       .         .         .         . 
  15.20      0.9491      1.78  .  Q      .         .         .         . 
  15.47      0.9906      2.00  .  Q      .         .         .         . 
  15.73      1.0468      3.10  .     Q   .         .         .         . 
  16.00      1.1309      4.53  .        Q.         .         .         . 
  16.27      1.3576     16.05  .         .         .         . Q       . 
  16.53      1.5622      2.52  .    Q    .         .         .         . 
  16.80      1.6077      1.61  .  Q      .         .         .         . 
  17.07      1.6397      1.29  . Q       .         .         .         . 
  17.33      1.6674      1.22  . Q       .         .         .         . 
  17.60      1.6928      1.09  . Q       .         .         .         . 



  17.87 1.7157 0.99  .Q . . . . 
  18.13 1.7366 0.91  .Q . . . . 
  18.40 1.7571 0.94  .Q . . . . 
  18.67 1.7773 0.89  .Q . . . . 
  18.93 1.7965 0.85  .Q . . . . 
  19.20 1.8148 0.81  .Q . . . . 
  19.47 1.8323 0.78  .Q . . . . 
  19.73 1.8491 0.75  .Q . . . . 
  20.00 1.8653 0.72  .Q . . . . 
  20.27 1.8810 0.70  .Q . . . . 
  20.53 1.8961 0.68  .Q . . . . 
  20.80 1.9108 0.66  .Q . . . . 
  21.07 1.9251 0.64  .Q . . . . 
  21.33 1.9390 0.62  .Q . . . . 
  21.60 1.9526 0.61  .Q . . . . 
  21.87 1.9658 0.59  .Q . . . . 
  22.13 1.9787 0.58  .Q . . . . 
  22.40 1.9914 0.57  .Q . . . . 
  22.67 2.0038 0.56  .Q . . . . 
  22.93 2.0159 0.55  .Q . . . . 
  23.20 2.0278 0.53  .Q . . . . 
  23.47 2.0395 0.53  .Q . . . . 
  23.73 2.0509 0.52  .Q . . . . 
  24.00 2.0622 0.51  .Q . . . . 
  24.27 2.0678 0.00  Q . . . . 
 ---------------------------------------------------------------------------- 
-------------------------------------------------------------------------------- 
    TIME DURATION(minutes) OF PERCENTILES OF ESTIMATED PEAK FLOW RATE: 
    (Note: 100% of Peak Flow Rate estimate assumed to have 
    an instantaneous time duration) 

    Percentile of Estimated Duration 
Peak Flow Rate (minutes) 

    ======================= ========= 
0% 1440.0 
10% 112.0 
20% 32.0 
30% 16.0 
40% 16.0 
50% 16.0 
60% 16.0 
70% 16.0 
80% 16.0 
90% 16.0 
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Job TRACT 20544
Job No. 1028-2913

Calculated by: tgs
Date: 4/11/2022

DA1

20,190.0 ft3

15,682.0 ft
3

35,872 ft3

6.5 in/hr

8,334 ft2 (BASIN BOTTOM: EL 3355.0)

3 hrs

4.2 ft (Q100 OUTLET INVERT = 3359.2)

48,546 ft3

240%

Retention Volume = 

INFILTRATION BASIN RETENTION VOLUME

Site Design Capture Volume = 

Design infiltration rate = 

Infiltrating Surface Area = 

Tfill= 

Ponding Depth = 

VHCOC = 

REQUIRED RETENTION VOLUME = 

, , MADOLE 
Bii1,a MI i-i i@ti 
Engineering Communities for Life 



TTM 20544 3/29/2022
J.N 1028-2913

Contours 
Elevation

Area    
(Sf)

Depth   
(Ft)

Volume  
(Cu. Ft)

Volume  (Ac. 
Ft)

Total Volume 
(Ac-Ft)

3355 8,334 0 0
0.5 4,403 0.10

3355.5 9,277 0.10
0.5 4,884 0.11

3356 10,257 0.21
0.5 5,374 0.12

3356.5 11,237 0.34
0.5 5,873 0.13

3357 12,253 0.47
0.5 6,381 0.15

3357.5 13,269 0.62
0.5 6,897 0.16

3358 14,320 0.78
0.5 7,411 0.17

3358.5 15,323 0.95 WQ EL: 3358.2
0.5 7,946 0.18 VOLUME=0.86 AC.FT.

3359 16,460 1.13
0.5 8,502 0.20

3359.5 17,549 1.32
0.5 9,055 0.21

3360 18,671 1.53
0.5 9,565 0.22

3360.5 19,589 1.75
0.5 10,185 0.23

3361 21,149 1.99

Detention Basin Volume

P:\1028-2913\Drainage\UNIT HYDROGRAPH\BasinDepth - 36 OUTLET



          

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

ATTACHMENT B 
INSPECTION AND MAINTENANCE 

DETAILS 



BMP 

PARTY 
RESPONSIBLE FOR 
MAINTENANCE AND 

INSPECTION 

MAINTENANCE REQUIRED FREQUENCY 

RETENTION/ 
INFILTRATION 

BASIN  

CITY OF 
VICTORVILLE PUBLIC 

WORKS 
DEPARTMENT 

REMOVAL OF SEDIMENT AND DEBRIS FROM BASIN  

2X/YEAR 

48 HOUS AFTER 
MAJOR STORM 

EVENTS 

NOTE: OWNER/DEVELOPER IS REPSONSIBLE FOR THE MAINTENANCE AND INSPECTION OF ALL ONSITE LID WQMP BMPs DURING 

CONSTRUCTION, AND UP UNTIL THE HOMEOWNER PURCHASES THE PROPERTY, OR THE CITY OF VICTORVILLE PUBLIC WORKS DEPARTMENT 

TAKES RESPONSIBILITY FOR THE DETENTION/INFILTRATION BASIN.   

OWNER/DEVELOPER: 

BEAR VALLEY 60, LLC 

2630 WALNUT AVENUE, SUITE A 

TUSTIN, CA 92780 

(949) 633‐7103

CONTACT: JACK HERRON



INFILTRATION BASIN INSPECTION AND SERVICE PROCEDURES: 

1) ALL INSPECTIONS AND CORRECTIVE MAINTENANCE SHALL BE NOTED AND
LOGGED IN THE MAINTENANCE RECORD.

2) OWNER SHALL BE NOTIFIED OF ALL WORK PERFORMED.
3) CLEANING SHOULD BE PERFORMED DURING DRY WEATHER CONDITIONS.
4) PERFORM INSPECTION AND MAINTENANCE WITH CARE AS NOT TO DAMAGE

WORK AND STORAGE AREAS.
5) REMOVAL OF UNDESIRABLE MATERIALS AND DEBRIS.

a) INSPECT SURROUNDING AREAS FOR DEFECTS AND ILLEGAL DUMPING.
b) NOTIFY PROPER AUTHORITY AND OWNER IF ILLEGAL DUMPING

OCCURRED.
6) INSPECTION AND MAINTENANCE TO ENSURE THAT WATER INFILTRATES INTO

THE SUBSURFACE COMPLETELY (72 HOURS OR LESS) AND THAT VEGETATION
IS CAREFULLY MANAGED TO PREVENT CREATING MOSQUITO AND OTHER
VECTOR HABITATS.

7) DEBRIS MAY BE REMOVED BY THE USE OF A NET IF NECESSARY.
8) REMOVE ACCUMULATED TRASH AND DEBRIS IN THE BASIN AT THE START

AND END OF THE WET SEASON.
9) INSPECT FOR STANDING WATER AT THE END OF THE WET SEASON.
10) TRIM VEGETATION AT THE BEGINNING AND END OF THE WET SEASON TO

PREVENT ESTABLISHMENT OF WOODY VEGETATION AND FOR AESTHETIC
AND VECTOR REASONS.

11) REMOVE ACCUMULATED SEDIMENT AND REGRADE WHEN THE
ACCUMULATED SEDIMENT VOLUME EXCEEDS 10% OF THE BASIN.

12) IF EROSION IS OCCURING WITHIN THE BASIN, REVEGETATE IMMEDIATELY
AND STABILIZE WITH AN EROSION CONTROL MULCH OR MAT UNTIL
VEGETATION COVER IS ESTABLISHED.

13) TO AVOID REVERSING SOIL DEVELOPMENT, SCARIFICATION OR OTHER
DISTURBANCE SHOULD ONLY BE PERFORMED WHEN THERE ARE ACTUAL
SIGNS OF CLOGGING, RATHER THAN ON A ROUTINE BASIS. ALWAYS REMOVE
DEPOSITED SEDIMENTS BEFORE SCARIFICATION, AND USE A HAND‐GUIDED
ROTARY TILLER, IF POSSIBLE, OR A DISC HARROW PULLED BY A VERY LIGHT
TRACTOR.



OVERALL SITE AREAS SERVICE PROCEDURES: 

1) ALL INSPECTIONS AND CORRECTIVE MAINTENANCE SHALL BE NOTED AND
LOGGED IN THE MAINTENANCE RECORD.

2) OWNER SHALL BE NOTIFIED OF ALL WORK PERFORMED.
3) CLEANING SHOULD BE PERFORMED DURING DRY WEATHER CONDITIONS.
4) PERFORM INSPECTION AND MAINTENANCE WITH CARE AS NOT TO DAMAGE

WORK AND STORAGE AREAS.
5) REMOVAL OF UNDESIRABLE MATERIALS AND DEBRIS.

a) INSPECT SURROUNDING AREAS FOR DEFECTS AND ILLEGAL DUMPING.
b) NOTIFY PROPER AUTHORITY AND OWNER IF ILLEGAL DUMPING

OCCURRED.
6) REMOVE HYDROCARBONS.  (ADSORBENT PADS MAY BE USED).
7) DEBRIS MAY BE REMOVED BY THE USE OF A NET IF NECESSARY.
8) VACCUM IF NECESSARY / REMOVE COLLECTED MATERIALS AND FLUID FROM

THE AREAS.
a) SILT, SEDIMENT AND OTHER DEBRIS SHOULD NOT BE ALLOWED TO

ACCUMULATE.
b) IF DEBRIS OR APPRECIABLE AMOUNT OF THE SILT OR SEDIMENT IS

FOUND, DETERMINE THE SOURCE AND CORRECT.
9) INSPECT AREAS

a) INSPECT
i. UPSTREAM INFLOW AREAS AND DOWNSTREAM AREAS, ETC.
ii. INSPECT STORAGE STRUCTURES FOR DAMAGE AND/OR LEAKS.
iii. CORRECT MINOR DAMAGE / DEFECTS.
iv. CORRECT MORE EXTENSIVE DEFICIENCIES.

b) DEFECTS / SERVICEABILITY.
c) REPLACE, REMOVE, REPAIR AS NECESSARY.



INSPECTION AND MAINTENACE LOG FOR WATER QUALITY BMPs 
TRACT 20544

BMP UNIT:  Infiltration Basin LOCATION: 

DATE WATER 
SURFACE 

TO 
SEDIMENT 
DISTANCE 

FLOATABLE 
LAYER 

THICKNESS 

MAINTENANCE 
PERFORMED 

MAINTENANCE 
PERSONNEL / 

COMPANY 

COMMENTS 



          

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

ATTACHMENT C 
CALIFORNIA BMP FACTSHEETS



Site Design & Landscape Planning SD-10 

Description 

Design Objectives 

0 Maximize Infiltration 

0 Provide Retention 

0 Slow Runoff 

0 Minimize Impervious Land 
Coverage 

Prohibit Dumping of Improper 
Materials 

Contain Pollutants 

Collect and Convey 

Each project site possesses unique topographic, hydrologic, and vegetative features, some of 
which are more suitable for development than others. Integrating and incorporating 
appropriate landscape planning methodologies into the project design is the most effective 
action that can be done to minimize smface and groundwater contamination from stormwater. 

Approach 
Landscape planning should couple consideration of land suitability for urban uses with 
consideration of community goals and projected growth. Project plan designs should conserve 
natural areas to th e extent possible, maximize natural water storage and infiltration 
opportunities, and protect slopes and ch annels. 

Suitable Applications 
Appropriate applications include residential, commercial and industrial areas planned for 
development or redevelopment. 

Design Considerations 
Design requirements for site design and landscapes planning 
should conform to applicable standards and specifications of 
agencies with jurisdiction and be consistent with applicable 
General Plan and Local Area Plan policies. 

January 2003 California Stormwater BMP Handbook 
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SD-10 Site Design & Landscape Planning 

Designing New Installations 
Begin the development of a plan for the landscape unit with attention to the following general 
principles: 

■ Formulate the plan on the basis of clearly articulated community goals. Carefully identify 
conflicts and choices between retaining and protecting desired resources and community 
growth. 

■ Map and assess land suitability for urban uses. Include the following landscape features in 
the assessment: wooded land, open unwooded land, steep slopes, erosion-prone soils, 
foundation suitability, soil suitability for waste disposal, aquifers, aquifer recharge areas, 
wetlands, floodplains, surface waters, agricultural lands, and various categories of urban 
land use. When appropriate, the assessment can highlight outstanding local or regional 
resources that the community determines should be protected (e.g., a scenic area, 
recreational area, threatened species habitat, farmland, fish run). Mapping and assessment 
should recognize not only these resources but also additional areas needed for their 
sustenance. 

Project plan designs should conserve natural areas to the extent possible, maximize natural 
water storage and infiltration opportunities, and protect slopes and channels. 

Conserve Natural Areas during Landscape Planning 

If applicable, the following items are required and must be implemented in the site layout 
during the subdivision design and approval process, consistent with applicable General Plan and 
Local Area Plan policies: 

■ Cluster development on least-sensitive portions of a site while leaving the remaining land in 
a natural undisturbed condition. 

■ Limit clearing and grading of native vegetation at a site to the minimum amount needed to 
build lots, allow access, and provide fire protection. 

■ Maximize trees and other vegetation at each site by planting additional vegetation, clustering 
tree areas, and promoting the use of native and/ or drought tolerant plants. 

■ Promote natural vegetation by using parking lot islands and other landscaped areas. 

■ Preserve riparian areas and wetlands. 

Maximize Natural Water Storage and Infiltration Opportunities Within the Landscape Unit 

■ Promote the conservation of forest cover. Building on land that is already deforested affects 
basin hydrology to a lesser extent than converting forested land. Loss of forest cover reduces 
interception storage, detention in the organic forest floor layer, and water losses by 
evapotranspiration, resulting in large peak runoff increases and eith er their negative effects 
or the expense of countering them with structural solutions. 

■ Maintain natural storage reservoirs and drainage corridors, including depressions, areas of 
permeable soils, swales, and intermittent streams. Develop and implement policies and 
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Site Design & Landscape Planning SD-10 

regulations to discourage the clearing, filling, and channelization of these features. Utilize 
them in drainage networks in preference to pipes, culverts, and engineered ditches. 

■ Evaluating infiltration opportunities by referring to the stormwater management manual for 
the jurisdiction and pay particular attention to the selection criteria for avoiding 
groundwater contamination, poor soils, and hydrogeological conditions that cause these 
facilities to fail. If necessary, locate developments with large amounts of impervious 
surfaces or a potential to produce relatively contaminated runoff away from groundwater 
recharge areas. 

Protection of Slopes and Channels during Landscape Design 
■ Convey runoff safely from the tops of slopes. 

■ Avoid disturbing steep or unstable slopes. 

■ Avoid disturbing natural channels. 

■ Stabilize disturbed slopes as quickly as possible. 

■ Vegetate slopes with native or drought tolerant vegetation. 

■ Control and treat flows in landscaping and/ or other controls prior to reaching existing 
natural drainage systems. 

■ Stabilize temporary and permanent channel crossings as quickly as possible, and ensure that 
increases in run-off velocity and frequency caused by the project do not erode the channel. 

■ Install energy dissipaters, such as rip rap, at the outlets of new storm drains, culverts, 
conduits, or channels that enter unlined channels in accordance with applicable 
specifications to minimize erosion. Energy dissipaters shall be installed in such a way as to 
minimize impacts to receiving waters. 

■ Line on-site conveyance channels where approp1;ate, to reduce erosion caused by increased 
flow velocity due to increases in tributary impervious area. The first choice for linings 
should be grass or some other vegetative surface, since these materials not only reduce 
runoff velocities, but also provide water quality benefits from filtration and infiltration. If 
velocities in the channel are high enough to erode grass or other vegetative linings, riprap, 
concrete, soil cement, or geo-grid stabilization are other alternatives. 

■ Consider other design principles that are comparable and equally effective. 

Redeveloping Existing Installations 
Vai;ousjm;sdictional stormwater management and mitigation plans (SUSMP, WQMP, etc.) 
define "redevelopment" in terms of amounts of additional impervious area, increases in gross 
floor area and/or exterior construction, and land disturbing activities with structural or 
impervious surfaces. The definition of" redevelopment" must be consulted to determine 
whether or not the requirements for new development apply to ai·eas intended for 
redevelopment. If the definition applies, the steps outlined under "designing new installations" 
above should be followed. 
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SD-10 Site Design & Landscape Planning 

Redevelopment may present significant opp01tunity to add features which had not previously 
been implemented. Examples include incorporation of depressions, areas of permeable soils, 
and swales in newly redeveloped areas. While some site constraints may exist due to the status 
of already existing infrastructure, opportunities should not be missed to maximize infiltration, 
slow runoff, reduce impervious areas, disconnect directly connected impervious areas. 

Other Resources 
A Manual for the Standard Urban Stormwater Mitigation Plan (SUSMP), Los Angeles County 
Department of Public Works, May 2002. 

Stormwater Management Manual for Western Washington, Washington State Department of 
Ecology, August 2001. 

Model Standard Urban Storm Water Mitigation Plan (SUSMP) for San Diego County, Port of 
San Diego, and Cities in San Diego County, February 14, 2002. 

Model Water Quality Management Plan (WQMP) for County of Orange, Orange County Flood 
Control District, and the Incorporated Cities of Orange County, Draft February 2003. 

Ventura Countywide Technical Guidance Manual for Stormwater Quality Control Measures, 
July 2002. 
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Roof Runoff Controls 

Rain Garden 

Description 
Various roof runoff controls are available to address stonnwater 

SD-11 

Design Objectives 

0 Maximize Infiltration 

0 Provide Retention 

0 Slow Runoff 

Minimize Impervious Land 
Coverage 

Prohibit Dumping of Improper 
Materials 

0 Contain Pollutants 

Collect and Convey 

that drains off rooftops. The objective is to reduce the total volume and rate of runoff from 
individual lots, and retain the pollutants on site that may be picked up from roofing materials 
and atmospheric deposition. Roof runoff controls consist of directing the roof runoff away from 
paved areas and mitigating flow to the storm drain system through one of several general 
approaches: cisterns or rain barrels; diy wells or infiltration trenches; pop-up emitters, and 
foundation planting. The first three approaches require the roof runoff to be contained in a 
gutter and downspout system. Foundation planting provides a vegetated strip under the drip 
line of the roof. 

Approach 
Design of individual lots for single-family homes as well as lots for higher density residential and 
commercial structures should consider site design provisions for containing and infiltrating roof 
runoff or directing roof runoff to vegetative swales or buffer areas. Retained water can be reused 
for watering gardens, lawns, and trees. Benefits to the environment include reduced demand for 
potable water used for irrigation, improved stormwater quality, increased groundwater 
recharge, decreased runoff volume and peak flows, and decreased flooding potential. 

Suitable Applications 
Appropriate applications include residential, commercial and industrial areas planned for 
development or redevelopment. 

Design Considerations 
Designin g New Insta llations 
Cisterns or Rain Barrels 
One method of addressing roof runoff is to direct roof downspouts 
to cisterns or rain barrels. A cistern is an above ground storage 
vessel with either a manually operated valve or a permanently 
open outlet. Roof runoff is temporarily stored and then released 
for irrigation or infiltration between storms. The number of rain 
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SD-11 Roof Runoff Controls 

barrels needed is a function of the rooftop area. Some low impact developers recommend that 
eve1y house have at least 2 rain barrels, with a minimum storage capacity of 1000 liters. Roof 
barrels serve several purposes including mitigating the first flush from the roof which has a high 
volume, amount of contaminants, and thermal load. Several types of rain barrels are 
commercially available. Consideration must be given to selecting rain barrels that are vector 
proof and childproof. In addition, some barrels are designed with a bypass valve that filters out 
grit and other contaminants and routes overflow to a soak-away pit or rain garden. 

If the cistern has an operable valve, the valve can be closed to store stormwater for irrigation or 
infiltration between storms. This system requires continual monitoling by the resident or 
grounds crews, but provides greater flexibility in water storage and meteling. If a cistern is 
provided with an operable valve and water is stored inside for long peliods, the cistern must be 
covered to prevent mosquitoes from breeding. 

A cistern system with a permanently open outlet can also provide for meteling stormwater 
runoff. If the cistern outlet is significantly smaller than the size of the downspout inlet (say¼ to 
½ inch diameter), runoff will build up inside the cistern during storms, and will empty out 
slowly after peak intensities subside. This is a feasible way to mitigate the peak flow increases 
caused by rooftop impervious land coverage, especially for the frequent, small storms. 

Dry wells and Infiltration Trenches 

Roof downspouts can be directed to dry wells or infiltration trenches. A dry well is constructed 
by excavating a hole in the ground and filling it with an open graded aggregate, and allowing the 
water to fill the dry well and infiltrate after the storm event. An underground connection from 
the downspout conveys water into the dry well, allowing it to be stored in the voids. To 
minimize sedimentation from lateral soil movement, the sides and top of the stone storage 
matrix can be wrapped in a permeable filter fabric, though the bottom may remain open. A 
perforated observation pipe can be inserted ve1tically into the dry well to allow for inspection 
and maintenance. 

In practice, dry wells receiving runoff from single roof downspouts have been successful over 
long periods because they contain very little sediment. They must be sized according to the 
amount of rooftop runoff received, but are typically 4 to 5 feet square, and 2 to 3 feet deep, with 
a minimum of I-foot soil cover over the top (maximum depth of 10 feet). 

To protect the foundation, d1y wells must be set away from the building at least 10 feet. They 
must be installed in solids that accommodate infiltration. In poorly drained soils, d1y wells have 
very limited feasibility. 

Infiltration trenches function in a similar manner and would be particularly effective for larger 
roof areas. An infiltration trench is a long, narrow, rock-filled t rench with no outlet that receives 
stormwater runoff. These are described under Treatment Controls. 

Pop-up Drainage Emitter 

Roof downspouts can be directed to an underground pipe that daylights some distance from the 
building foundation, releasing the roof runoff through a pop-up emitter. Similar to a pop-up 
irligation head, the emitter only opens when there is flow from the roof. The emitter remains 
flush to the ground duling dry periods, for ease oflawn or landscape maintenance. 
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Roof Runoff Controls SD-11 

Foundation Planting 

Landscape planting can be provided around the base to allow increased opportunities for 
stormwater infiltration and protect the soil from erosion caused by concentrated sheet flow 
coming off the roof. Foundation plantings can reduce the physical impact of water on the soil 
and provide a subsurface matrix of roots that encourage infiltration. These plantings must be 
sturdy enough to tolerate the heavy runoff sheet flows, and periodic soil saturation. 

Redeveloping Existing Installations 
Various jurisdictional stormwater management and mitigation plans (SUSMP, WQMP, etc.) 
define "redevelopment" in terms of amounts of additional impervious area, increases in gross 
floor area and/ or exterior construction, and land disturbing activities with structural or 
impervious surfaces. The definition of" redevelopment" must be consulted to determine 
whether or not the requirements for new development apply to areas intended for 
redevelopment. If the definition applies, the steps outlined under "designing new installations" 
above should be followed. 

Supplemental Information 
Examples 
■ City of Ottawa's Water Links Smface - Water Quality Protection Program 

■ City of Toronto Downspout Disconnection Program 

■ City of Boston, MA, Rain Barrel Demonstration Program 

Other Resources 
Hager, Ma1ty Catherine, Stormwater, "Low-Impact Development", January/ February 2003. 
www.stormh2o.com 

Low Impact Urban Design Tools, Low Impact Development Design Center, Beltsville, MD. 
www.lid-stormwater.net 

Start at the Source, Bay Area Stormwater Management Agencies Association, 1999 Edition 
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Efficient Irrigation SD-12 
Design Objectives 

0 Maximize Infiltration 

0 Provide Retention 

0 Slow Runoff 

Minimize Impervious Land 
Coverage 

Prohibit Dumping of Improper 
Materials 

Description 

Contain Pollutants 

Collect and Convey 

Irrigation water provided to landscaped areas may result in excess irrigation water being 
conveyed into stormwater drainage systems. 

Approach 
Project plan designs for development and redevelopment should include application methods of 
irrigation water that minimize runoff of excess irrigation water into the stormwater conveyance 
system. 

Suitable Applications 
Appropriate applications include residential, commercial and industrial areas planned for 
development or redevelopment. (Detached residential single-family homes are typically 
excluded from this requirement.) 

Design Considerations 
Designing New Installations 
The following methods to reduce excessive irrigation runoff should be considered, and 
incorporated and implemented where determined applicable and feasible by the Permittee: 

■ Employ rain-triggered shutoff devices to prevent irrigation after precipitation. 

■ Design irrigation systems to each landscape area's specific water requirements. 

■ Include design featuring flow reducers or shutoff valves 
triggered by a pressure drop to control water loss in the event 
of broken sprinkler heads or lines. 

■ Implement landscape plans consistent with County or City 
water conservation resolutions, which may include provision 
of water sensors, programmable irrigation times (for short 
cycles), etc. 

CALIFOR!':IASfOR.\IWATER 
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SD-12 Efficient Irrigation 

■ Design timing and application methods of irrigation water to minimize the runoff of excess 
irrigation water into the storm water drainage system. 

■ Group plants with similar water requirements in order to reduce excess irrigation runoff and 
promote surface filtration. Choose plants with low irrigation requirements (for example, 
native or drought tolerant species). Consider design features such as: 

Using mulches (such as wood chips or bar) in planter areas without ground cover to 
minimize sediment in runoff 

Installing appropriate plant materials for the location, in accordance with amount of 
sunlight and climate, and use native plant materials where possible and/or as 
recommended by the landscape architect 

Leaving a vegetative barrier along the property boundary and interior watercourses, to 
act as a pollutant filter, where appropriate and feasible 

Choosing plants that minimize or eliminate the use of fertilizer or pesticides to sustain 
growth 

■ Employ other comparable, equally effective methods to reduce irrigation water runoff. 

R edeve loping Existing Installations 
Various jurisdictional stormwater management and mitigation plans (SUSMP, WQMP, etc.) 
define "redevelopment" in terms of amounts of additional impervious area, increases in gross 
floor area and/ or exterior construction, and land disturbing activities with structural or 
impervious surfaces. The definition of" redevelopment" must be consulted to determine 
whether or not the requirements for new development apply to areas intended for 
redevelopment. If the definition applies, the steps outlined under "designing new installations" 
above should be followed. 

Other Resources 
A Manual for the Standard Urban Stormwater Mitigation Plan (SUSMP), Los Angeles County 
Department of Public Works, May 2002. 

Model Standard Urban Storm Water Mitigation Plan (SUSMP) for San Diego County, Port of 
San Diego, and Cities in San Diego County, February 14 , 2002. 

Model Water Quality Management Plan (WQMP) for County of Orange, Orange County Flood 
Control District, and the Incorporated Cities of Orange County, Draft February 2003. 

Ventura Countywide Technical Guidance Manual for Stormwater Quality Control Measures, 
J uly 2002. 
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Storm Drain Signage 

Description 

SD-13 
Design Objectives 

Maximize Infiltration 

Provide Retention 

Slow Runoff 

Minimize Impervious Land 
Coverage 

0 Prohibit Dumping of Improper 
Materials 

Contain Pollutants 

Collect and Convey 

Waste materials dumped into storm drain inlets can have severe impacts on receiving and 
ground waters. Posting notices regarding discharge prohibitions at storm drain inlets can 
prevent waste dumping. Storm drain signs and stencils are highly visible source controls that 
are typically placed directly adjacent to storm drain inlets. 

Approach 
The stencil or affixed sign contains a brief statement that prohibits dumping of improper 
materials into the urban runoff conveyance system. Storm drain messages have become a 
popular method of alerting the public about the effects of and the prohibitions against waste 
disposal. 

Suitable Applications 
Stencils and signs alert the public to the destination of pollutants discharged to the storm drain. 
Signs are appropriate in residential, commercial, and industrial areas, as well as any other area 
where contributions or dumping to storm drains is likely. 

Design Considerations 
Storm drain message markers or placards are recommended at all storm drain inlets within the 
boundary of a development project. The marker should be placed in clear sight facing toward 
anyone approaching the inlet from eith er side. All storm drain inlet locations should be 
identified on the development site map. 

Designing New Insta lla tio ns 
The following methods should be considered for inclusion in the 
project design and show on project plans: 

■ Provide stenciling or labeling of all storm drain inlets and 
catch basins, constructed or modified, within the project area 
with prohibitive language. Examples include "NO DUMPING 

January 2003 California Stormwater BMP Handbook 
New Development and Redevelopment 

www.cabmphandbooks.com 

CALIFORl\1A STOR.\1WA TER 
L I 

1 of 2 



SD-13 Storm Drain Signage 

- DRAINS TO OCEAN" and/or other graphical icons to discourage illegal dumping. 

■ Post signs with prohibitive language and/or graphical icons, which prohibit illegal dumping 
at public access points along channels and creeks within the project area. 

Note - Some local agencies have approved specific signage and/or storm drain message placards 
for use. Consult local agency stormwater staff to determine specific requirements for placard 
types and methods of application. 

R ed ev eloping Existing Insta lla tions 
Various jurisdictional stormwater management and mitigation plans (SUSMP, WQMP, etc.) 
define "redevelopment" in terms of amounts of additional impervious area, increases in gross 
floor area and/ or exterior construction, and land disturbing activities with structural or 
impervious surfaces. If the project meets the definition of "redevelopment", then the 
requirements stated under " designing new installations" above should be included in all project 
design plans. 

Additional Information 
Mainten an ce Considerations 
■ Legibility of markers and signs should be maintained. If required by the agency with 

jurisdiction over the project, the owner/ operator or homeowner's association should enter 
into a maintenance agreement with the agency or record a deed restriction upon the 
property title to maintain the legibility of placards or signs. 

P lacement 
■ Signage on top of curbs tends to weather and fade. 

■ Signage on face of curbs tends to be worn by contact with vehicle tires and sweeper brooms. 

Supplemental Information 
Examples 
■ Most MS4 programs have storm drain signage programs. Some MS4 programs will provide 

stencils, or arrange for volunteers to stencil storm drains as part of their outreach program. 

Other Resources 
A Manual for the Standard Urban Stormwater Mitigation Plan (SUSMP), Los Angeles County 
Department of Public Works, May 2002. 

Model Standard Urban Storm Water Mitigation Plan (SUSMP) for San Diego County, Port of 
San Diego, and Cities in San Diego County, February 14, 2002. 

Model Water Quality Management Plan (WQMP) for County of Orange, Orange County Flood 
Control District, and the Incorporated Cities of Orange County, Draft February 2003. 

Ventura Countywide Technical Guidance Manual for Stormwater Quality Control Measures, 
July 2002. 
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Infiltration Basin 

Description 
An infiltration basin is a shallow impoundment that is designed 
to infiltrate stormwater. Infiltration basins use the natural 
filtering ability of the soil to remove pollutants in stormwater 
runoff. Infiltration facilities store runoff until it gradually 
exfiltrates through the soil and eventually into the water table. 
This pract ice has high pollutant removal efficiency and can also 
help recharge groundwater, thus helping to maintain low flows in 
stream systems. Infiltration basins can be ch allenging to apply 
on many sites, however, because of soils requirements. In 
addition, some studies have shown relatively high failure rates 
compared with other management practices. 

California Experience 
Infiltration basins have a long history of use in California, 
especially in the Central Valley. Basins located in Fresno were 
among those initially evaluated in the National Urban Runoff 
Program and were found to be effective at reducing the volume of 
runoff, while posing little long-term threat to groundwater 
quality (EPA, 1983; Schroeder, 1995). Proper siting of these 
devices is crucial as underscored by the experience of Caltrans in 
siting two basins in Southern California. The basin with 
marginal separation from groundwater and soil permeability 
failed immediately and could never be rehabilitated. 

Advantages 
■ Provides 100% reduction in the load discharged to surface 

waters. 

■ The principal benefit of infiltration basins is the 
approximation of pre-development hydrology during which a 
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TC-11 Infiltration Basin 

significant p01tion of the average annual rainfall runoff is infiltrated and evaporated rather 
than flushed directly to creeks. 

■ If the water quality volume is adequately sized, infiltration basins can be useful for providing 
control of channel forming (erosion) and high frequency (generally less than the 2-year) 
flood events. 

Limitations 
■ May not be appropriate for industrial sites or locations where spills may occur. 

■ Infiltration basins require a minimum soil infiltration rate of 0 .5 inches/hour, not 
appropriate at sites with Hydrologic Soil Types C and D. 

■ If infiltration rates exceed 2-4 inches/hour, then the runoff should be fully treated prior to 
infiltration to protect groundwater quality. 

■ Not suitable on fill sites or steep slopes. 

■ Risk of groundwater contamination in very coarse soils. 

■ Upstream drainage area must be completely stabilized before construction. 

■ Difficult to restore functioning of infiltration basins once clogged. 

Design and Sizing Guidelines 
■ Water quality volun1e determined by local requirements or sized so that 85% of the annual 

runoff volume is captured. 

■ Basin sized so that the entire water quality volume is infiltrated within 48 hours. 

■ Vegetation establishment on the basin floor may help reduce the clogging rate. 

Construction/ Inspection Considerations 
■ Before construction begins, stabilize the entire area draining to the facility. If impossible, 

place a diversion berm around the perimeter of the infiltration site to prevent sediment 
entrance during construction or remove the top 2 inches of soil after the site is stabililized. 
Stabilize the entire contributing drainage area, including the side slopes, before allowing any 
runoff to enter once construction is complete. 

■ Place excavated material such that it can not be washed back into the basin if a storm occurs 
during construction of the facility. 

■ Build the basin without driving heavy equipment over the infiltration surface. Any 
equipment driven on the surface sh ould have extra-wide ("low pressure") tires. Prior to any 
construction, rope off the infiltration area to stop entrance by unwanted equipment. 

■ After final grading, till th e infiltration surface deeply. 

■ Use appropriate erosion control seed mix for the specific project and location. 
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Performance 
As water migrates through porous soil and rock, pollutant attenuation mechanisms include 
precipitation, sorption, physical filtration, and bacterial degradation. If functioning properly, 
this approach is presumed to have high removal efficiencies for particulate pollutants and 
moderate removal of soluble pollutants. Actual pollutant removal in the subsurface would be 
expected to vary depending upon site-specific soil types. This technology eliminates discharge to 
surface waters except for the very largest storms; consequently, complete removal of all 
stormwater constituents can be assumed. 

There remain some concerns about the potential for groundwater contamination despite the 
findings of the NURP and Nightingale (1975; 1987a,b,c; 1989). For instance, a report by Pitt et 
al. (1994) highlighted the potential for groundwater contamination from intentional and 
unintentional stormwater infiltration. That report recommends that infiltration facilities not be 
sited in areas where high concentrations 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 infiltration basin serving a large industrial catchment in Fresno, 
CA 

Siting Criteria 
The key element in siting infiltration basins is identifying sites with appropriate soil and 
hydrogeologic properties, which is critical for long term performance. In one study conducted in 
Prince George's County, Maryland (Galli, 1992), all of the infiltration basins investigated clogged 
within 2 years. It is believed that these failures were for the most part due to allowing infiltration 
at sites with rates ofless than 0.5 in/ hr, basing siting on soil type rather than field infiltration 
tests, and poor construction practices that resulted in soil compaction of the basin invert. 

A study of 23 infilt ration basins in the Pacific Northwest showed better long-term performance 
in an area with highly permeable soils (Hilding, 1996). In this study, few of the infiltration 
basins had failed after 10 years. Consequently, the following guidelines for identifying 
appropriate soil and subsurface conditions should be rigorously adhered to. 

■ Determine soil type (consider RCS soil type 'A, B or C' only) from mapping and consult 
USDA soil survey tables to review other parameters such as the amount of silt and clay, 
presence of a restrictive layer or seasonal high water table, and estimated permeability. The 
soil should not have more than 30% clay or more than 40% of clay and silt combined. 
Eliminate sites that are clearly unsuitable for infiltration. 

■ Groundwater separation should be at least 3 m 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 from infiltrated runoff, especially when the separation between 
groundwater and the surface is small. 

■ Location away from buildings, slopes and highway pavement (greater than 6 m) and wells 
and bridge structures (greater than 30 m). Sites constructed of fill, having a base flow or 
with a slope greater than 15% should not be considered. 

■ Ensure that adequate head is available to operate flow splitter structures (to allow the basin 
to be offline) without ponding in the splitter structure or creating backwater upstream of the 
splitter. 
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TC-11 Infiltration Basin 

■ Base flow should not be present in the tributary watershed. 

Secondary Screening Based on Site Geotechnical Investigation 
■ At least three in-hole conductivity tests shall be performed using USBR 7300-89 or Bouwer­

Rice procedures (the latter if groundwater is encountered within the boring), two tests at 
different locations within the proposed basin and the third down gradient by no more than 
approximately 10 m. Tue tests shall measure permeability in the side slopes and the bed 
within a depth of 3 m of the invert. 

■ The minimum acceptable hydraulic conductivity as measured in any of the three required 
test holes is 13 mm/hr. If any test hole shows less than the minimum value, the site should 
be disqualified from fmther consideration. 

■ Exclude from consideration sites constructed in fill or partially in fill unless no silts or clays 
are present in the soil boring. Fill tends to be compacted, with clays in a dispersed rather 
than flocculated state, greatly reducing permeability. 

■ The geotechnical investigation should be such that a good understanding is gained as to how 
the stormwater runoff will move in the soil (horizontally or vertically) and if there are any 
geological conditions that could inhibit the movement of water. 

Additional Design Guidelines 
(1) Basin Sizing - The required water quality volume is determined by local regulations 

or sufficient to capture 85% of the annual runoff. 

(2) Provide pretreatment if sediment loading is a maintenance concern for the basin. 

(3) Include energy dissipation in the inlet design for the basins. Avoid designs that 
include a permanent pool to reduce oppmtunity for standing water and associated 
vector problems. 

(4) Basin invert area should be determined by the equation: 

where A= 

A = WQV 
kt 

Basin invert area (m2) 

WQV = water quality volume (m3) 

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

t = drawdown time ( 48 hr) 

(5) The use of vertical piping, either for distribution or infiltration enhancement sh all 
not be allowed to avoid device classification as a Class V injection well per 40 
CFR146.5(e)(4). 
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Maintenance 
Regular maintenance is critical to the successful operation of infiltration basins. Recommended 
operation and maintenance guidelines include: 

■ Inspections and maintenance to ensure that water infiltrates into the subsmface completely 
(recommended infiltration rate of 72 hours or less) and that vegetation is carefully managed 
to prevent creating mosquito and other vector habitats. 

■ Observe drain time for the design storm after completion or modification of the facility to 
confirm that the desired drain time has been obtained. 

■ Schedule semiannual inspections for beginning and end of the wet season to identify 
potential problems such as erosion of the basin side slopes and invert, standing water, trash 
and debris, and sediment accumulation. 

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

■ Inspect for standing water at the end of the wet season. 

■ Trim vegetation at the beginning and end of the wet season to prevent establishment of 
woody vegetation and for aesthetic and vector reasons. 

■ Remove accumulated sediment and regrade when the accumulated sediment volume 
exceeds 10% of the basin . 

■ If erosion is occurring within the basin, revegetate immediately and stabilize with an erosion 
control mulch or mat until vegetation cover is established. 

■ To avoid reversing soil development, scarification or other disturbance should only be 
performed when there are actual signs of clogging, rather than on a routine basis. Always 
remove deposited sediments before scarification, and use a hand-guided rotary tiller, if 
possible, or a disc harrow pulled by a very light tractor. 

Cost 
Infiltration basins are relatively cost-effective practices because little infrastructure is needed 
when constructing them. One study estimated the total construction cost 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 from what might be incurred at a specific 
site. For instance, Caltrans spent about $18 / ftJ for the two infiltration basins constructed in 
southern California, each of which h ad a water quality volume of about 0.34 ac.-ft. Much of the 
higher cost can be attributed to changes in the storm drain system necessary to route the runoff 
to the basin locations. 

Infiltration basins typically consume about 2 to 3% of the site draining to 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% of construction costs. 

One cost concern associated with infiltration practices is the maintenance burden and longevity. 
If improperly maintained, infiltration basins have a high failure rate. Thus, it may be necessary 
to replace the basin with a different technology after a relatively short period of time. 
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Retention/Irrigation 

Description 
Retention/irrigation refers to the capture of stormwater runoff in 
a holding pond and subsequent use of the captured volume for 
irrigation of landscape of natural pervious areas. lbis 
technology is very effective as a stormwater quality practice in 
that, for the captured water quality volume, it provides virtually 
no discharge to receiving waters and high stormwater 
constituent removal efficiencies. This technology mimics natural 
undeveloped watershed conditions wherein the vast majority of 
the rainfall volume during smaller rainfall events is infiltrated 
through the soil profile. Their main advantage over other 
infiltration technologies is the use of an irrigation system to 
spread the runoff over a larger area for infiltrat ion. This allows 
them to be used in areas with low permeability soils. 

Capture of stormwater can be accomplished in almost any kind 
of runoff storage facility, ranging from dry, concrete-lined ponds 
to those with vegetated basins and permanent pools. The pump 
and wet well should be automated with a rainfall sensor to 
provide irrigation only during periods when required infiltration 
rates can be realized. Generally, a spray irrigation system is 
required to provide an adequate flow rate for distributing the 
water quality volume (LCRA, 1998). Collection of roof runoff for 
subsequent use (rainwater harvesting) also qualifies as a 
retention/ irrigation practice. 

This technology is still in its infancy and there are no published 
rep01ts on its effectiveness, cost, or operational requirements. 
The guidelines presented below should be considered tentative 
until additional data are available. 

California Experience 
This BMP has never been implemented in California, only in the 
Austin, Texas area. The use there is limited to watersheds where 
no increase in pollutant load is allowed because of the sensitive 
nature of the watersh eds. 

Advantages 
■ Pollutant removal effectiveness is high, accomplished 

primarily by: (1) sedimentation in the primary storage 
facility; (2) physical filtration of particulates through the soil 
profile; (3) dissolved constituents uptake in the vegetative 
root zone by the soil-resident microbial community. 
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TC-12 Retention/Irrigation 

The hydrologic characteristics of this technique are effective for simulating pre-developed 
watershed conditions through: (1) containment of higher frequency flood volumes (less than 
about a 2-year event); and (2) reduction of flow rates and velocities for erosive flow events. 

■ Pollutant removal rates are estimated to be nearly 100% for all pollutants in the captured 
and irrigated stormwater volume. However, relatively frequent inspection and maintenance 
is necessary to assure proper operation of these facilities. 

■ This technology is particularly appropriate for areas with infrequent rainfall because the 
system is not required to operate often and the ability to provide stormwater for irrigation 
can reduce demand on surface and groundwater supplies. 

Limitations 
■ Retention-irrigation is a relatively expensive technology due primarily to mechanical 

systems, power requirements, and high maintenance needs. 

■ Due to the relative complexity of irrigation systems, they must be inspected and maintained 
at regular intervals to ensure reliable system function. 

■ Retention-irrigation systems use pumps requiring elect rical energy inputs (which cost 
money, create pollution, and can be interrupted). Mechanical systems are also more 
complex, requiring skilled maintenance, and they are more vulnerable to vandalism than 
simpler, passive systems. 

■ Retention-irrigation systems require open space for irrigation and thus may be difficult to 
retrofit in urban areas. 

■ Effective use of retention irrigation requires some form of pre-treatment of runoff flows (i.e., 
sediment forebay or vegetated filter) to remove coarse sediment and to protect the long-term 
operating capacity of the irrigation equipment. 

■ Retention/ irrigation BMPs capture and store water that, depending on design may be 
accessible to mosquitoes and other vectors for breeding. 

Design and Sizing Guidelines 
■ Runoff Storage Facility Configuration and Sizing - Design of the runoff storage facility is 

flexible as long as the water quality volume and an appropriate pump and wet well system 
can be accommodated. 

■ Pump and Wet Well System -A reliable pump, wet well, and rainfall or soil moisture sensor 
system should be used to distribute the water quality volume. These systems should be 
similar to those used for wastewater effluent irrigation, which are commonly used in areas 
where "no discharge" wastewater treatment plant permits are issued. 

■ Detention Time - The irrigation schedule should allow for complete drawdown of the water 
quality volume within 72 hours. Irrigation should not begin within 12 hours of the end of 
rainfall so that direct storm runoff has ceased and soils are not saturated. Consequently, the 
length of the active irrigation period is 60 hours. The irrigation should include a cycling 
factor of½, so that each portion of the area will be irrigated for only 30 hours during the 
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Retention/Irrigation TC-12 

total of 60 hours allowed for disposal of the water quality volume. Irrigation also should not 
occur during subsequent rainfall events. 

■ Irrigation System - Generally a spray irrigation system is required to provide an adequate 
flow rate for timely distribution of the water quality volume. 

■ Designs that utilize covered water storage should be accessible to vector control personnel 
via access doors to facilitate vector surveillance and control if needed. 

■ Irrigation Site Criteria - The area selected for irrigation must be pervious, on slopes ofless 
than 10%. A geological assessment is required for proposed irrigation areas to assure that 
there is a minimum of 12 inches of soil cover. Rocky soils are acceptable for irrigation; 
however, the coarse material (diameter greater than 0.5 inches) should not account for more 
than 30% of the soil volume. Optimum sites for irrigation include recreational and greenbelt 
areas as well as landscaping in commercial developments. The stormwater irrigation area 
should be distinct and different from any areas used for wastewater effluent irrigation. 
Finally, th e area designated for irrigation should have at least a 100-foot buffer from wells, 
septic systems, and natural wetlands. 

■ Irrigation Area - The irrigation rate must be low enough so that the irrigation does not 
produce any surface runoff; consequently, the irrigation rate may not exceed the 
permeability of the soil. The minimum required irrigation area should be calculated using 
the following formula: 

where: 

A = l2 x V 
Txr 

A= area required for irrigation (ft2) 

V = water quality volume (ft3) 

T = period of active irrigation (30 hr) 

r = Permeability (in/hr) 

■ The permeability of the soils in the area proposed for irrigation should be determined using 
a double ring infiltrometer (ASTM D 3385-94) or from county soil surveys prepared by the 
Natural Resource Conservation Service. If a range of permeabilities is reported, the average 
value should be used in the calculation. If no permeability data is available, a value of 0.1 
inches/hour should be assumed. 

■ It should be noted that the minimum area requires intermittent irrigation over a period of 
60 hours at low rates to use the entire water quality volume. This intensive irrigation may be 
harmful to vegetation that is not adapted to long periods of wet conditions. In practice, a 
much larger irrigation area will provide better use of the retained water and promote a 
healthy landscape. 
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Performance 
This technology is still in its infancy and there are no published reports on its effectiveness, cost, 
or operational requirements. 

Siting Criteria 
Capture of stom1water can be accomplished in almost any kind of runoff storage facility, ranging 
from diy, concrete-lined ponds to those with vegetated basins and permanent pools. Siting is 
contingent upon the type of facility used. 

Additional Design Guidelines 
This technology is still in its infancy and there are no published reports on its effectiveness, cost, 
or operational requirements. 

Maintenance 
Relatively frequent inspection and maintenance is necessary to verify proper operation of these 
facilities. Some maintenance concerns are specific to the type or irrigation system practice used. 

BMPs that store water can become a nuisance due to mosquito and other vector breeding. 
Preventing mosquito access to standing water sources in BMPs (particularly below-ground) is 
the best prevention plan, but can prove challenging due to multiple entrances and the need to 
maintain the hydraulic integrity of the system. Reliance on electrical pumps is prone to failure 
and in some designs (e.g., sumps, vaults) may not provide complete dewatering, both which 
increase the chances of water standing for over 72 hours and becoming a breeding place for 
vectors. BMPs that hold water for over 72 hours and/ or rely on electrical or mechanical devices 
to dewater may require routine inspections and treatments by local mosquito and vector control 
agencies to suppress mosquito production. Open storage designs such as ponds and basins (see 
appropriate fact sheets) will require routine preventative maintenance plans and may also 
require routine inspections and treatments by local mosquito and vector control agencies. 

Cost 
This technology is still in its infancy and there are no published reports on its effectiveness, cost, 
or operational requirements. However, O&M costs for retention-irrigation systems are high 
compared to virtually all other stormwater quality control practices because of the need for: (1) 
frequent inspections; (2) the reliance on mechanical equipment; and (3) power costs. 

References and Sources of Additional Information 
Barrett, M., 1999, Complying with the Edwards Aquifer Rules: Technical Guidance on Best 
Management Practices, Texas Natural Resource Conservation Commission Report RG-348. 
http:/ /www. tnrcc.state. tx. us/admin/topdoc/rg(348 /index.html 

Lower-Colorado River Authority (LCRA), 1998, Nonpoint Source Pollution Control Technical 
Manual, Austin, TX. 

Metzger, M. E., D. F. Messer, C. L. Beitia, C. M. Myers, and V. L. Kramer. 2002. The dark side of 
stormwater runoff management: disease vectors associated with structural BMPs. Stormwater 
3(2): 24-39. 
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Extended Detention Basin 

Description 
Dry extended detention ponds (a.k.a. dry ponds, extended 
detention basins, detention ponds, extended detention ponds) 
are basins whose outlets have been designed to detain the 
storm water runoff from a water quality design storm for some 
minimum time (e.g., 48 hours) to allow particles and associated 
pollutants to settle. Unlike wet ponds, these facilities do not have 
a large permanent pool. They can also be used to provide flood 
control by including additional flood detention storage. 

California Experience 
Caltrans constructed and monitored 5 extended detention basins 
in southern California with design drain times of 72 hours. Four 
of the basins were earthen, less costly and had substantially 
better load reduction because of infiltration that occurred, than 
the concrete basin. The Caltrans study reaffirmed the flexibility 
and performance of this conventional technology. The small 
headloss and few siting constraints suggest that these devices are 
one of the most applicable technologies for storm water 
treatment. 

Advantages 
■ Due to the simplicity of design, extended detention basins are 

relatively easy and inexpensive to construct and operate. 

■ Extended detention basins can provide substantial capture of 
sediment and the toxics fraction associated with particulates. 

■ Widespread application with sufficient capture volume can 
provide significant control of channel erosion and 
enlargement caused by changes to flow frequency 
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TC-22 Extended Detention Basin 

relationships resulting from the increase of impervious cover in a watershed. 

Limitations 
■ Limitation of the diameter of the orifice may not allow use of extended detention in 

watersheds ofless than 5 acres (would require an orifice with a diameter ofless than 0.5 
inches that would be prone to clogging). 

■ Dry extended detention ponds have only moderate pollutant removal when compared to 
some other structural stormwater practices, and they are relatively ineffective at removing 
soluble pollutants. 

■ Although wet ponds can increase prope1ty values, dry ponds can actually detract from the 
value of a home due to the adverse aesthetics of dry, bare areas and inlet and outlet 
structures. 

Design and Sizing Guidelines 
■ Capture volume determined by local requirements or sized to t reat 85% of the annual runoff 

volume. 

■ Outlet designed to discharge the capture volume over a period of hours. 

■ Length to width ratio of at least 1.5:1 where feasible. 

■ Basin depths optimally range from 2 to 5 feet. 

■ Include energy dissipation in the inlet design to reduce resuspension of accumulated 
sediment. 

■ A maintenance ramp and perimeter access should be included in the design to facilitate 
access to the basin for maintenance activities and for vector surveillance and control. 

■ Use a draw down time of 48 hours in most areas of California. Draw down times in excess of 
48 hours may result in vector breeding, and should be used only after coordination with 
local vector control authorities. Draw down times ofless than 48 hours should be limited to 
BMP drainage areas with coarse soils that readily settle and to watersheds where warming 
may be determined to downstream fisheries. 

Construction/Inspection Considerations 
■ Inspect facility after first large to storm to determine whether the desired residence time has 

been achieved. 

■ When constructed with small tributary area, orifice sizing is critical and inspection should 
verify that flow through additional openings such as bolt holes does not occur. 

Performance 
One objective of stormwater management practices can be to reduce the flood hazard associated 
with large storm events by reducing the peak flow associated with these storms. Dry extended 
detention basins can easily be designed for flood control, and this is actually the primary 
purpose of most detention ponds. 
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Dry extended detention basins provide moderate pollutant removal, provided that the 
recommended design features are incorporated. Although they can be effective at removing 
some pollutants through settling, they are less effective at removing soluble pollutants because 
of the absence of a permanent pool. Several studies are available on the effectiveness of dry 
extended detention ponds including one recently concluded by Caltrans (2002). 

The load reduction is greater than the concentration reduction because of the substantial 
infiltration that occurs. Although the infiltration of stormwater is clearly beneficial to surface 
receiving waters, there is the potential for groundwater contamination. Previous research on the 
effects of incidental infilt ration on groundwater quality indicated that the risk of contamination 
is minimal. 

There were substantial differences in the amount of infiltration that were observed in the 
earthen basins during the Caltrans study. On average, approximately 40 percent of the runoff 
entering the unlined basins infiltrated and was not discharged. The percentage ranged from a 
high of about 60 percent to a low of only about 8 percent for the different facilities. Climatic 
conditions and local water table elevation are likely the principal causes of this difference. The 
least infiltration occurred at a site located on the coast where humidity is higher and th e basin 
inve1t is within a few meters of sea level. Conversely, the most infiltration occurred at a facility 
located well inland in Los Angeles County where the climate is much warmer and the humidity 
is less, resulting in lower soil moisture content in the basin floor at the beginning of storms. 

Vegetated detention basins appear to have greater pollutant removal than concrete basins. In 
the Caltrans study, the concrete basin exported sediment and associated pollutants during a 
number of storms. Export was not as common in the eaithen basins, where the vegetation 
appeared to help stabilize the retained sediment. 

Siting Criteria 
Dry extended detention ponds are among the most widely applicable stormwater management 
practices and are especially useful in retrofit situations where their low hydraulic head 
requirements allow them to be sited within the constraints of the existing storm drain system. In 
addition, many communities have detention basins designed for flood control. It is possible to 
modify these facilities to incorporate features that provide water quality treatment and/ or 
channel protection . Although dry extended detention ponds can be applied rather broadly, 
designers need to ensure that they are feasible at the site in question. This section provides 
basic guidelines for siting dry extended detention ponds. 

In general, d1y extended detention ponds should be used on sites with a minimum area of 5 
acres. With this size catchment area, the orifice size can be on the order of 0.5 inches. On 
smaller sites, it can be challenging to provide channel or water quality control because the 
orifice diameter at the outlet needed to control relatively small storms becomes ve1y small and 
thus prone to clogging. In addition, it is generally more cost-effective to control larger drainage 
areas due to the economies of scale. 

Extended detention basins can be used with almost all soils and geology, with minor design 
adjustments for regions of rapidly percolating soils such as sand. In these areas, extended 
detention ponds may need an impermeable liner to prevent ground water contamination. 
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The base of the extended detention facility should not intersect the water table. A permanently 
wet bottom may become a mosquito breeding ground. Research in Southwest Florida (Santana 
et al., 1994) demonstrated that intermittently flooded systems, such as dry extended detention 
ponds, produce more mosquitoes than other pond systems, pa1ticularly when the facilities 
remained wet for more than 3 days following heavy rainfall. 

A study in Prince George's County, Maryland, found that stormwater management practices can 
increase stream temperatures (Galli, 1990). Overall, dry extended detention ponds increased 
temperature by about 5°F. In cold water streams, dry ponds should be designed to detain 
stormwater for a relatively short time (i.e., 24 hours) to minimize the amount of warming that 
occurs in the basin . 

Additional Design Guidelines 
In order to enhance the effectiveness of extended detention basins, the dimensions of the basin 
must be sized appropriately. Merely providing the required storage volume will not ensure 
maximum constituent removal. By effectively configuring the basin, the designer will create a 
long flow path, promote the establishment of low velocities, and avoid having stagnant areas of 
the basin. To promote settling and to attain an appealing environment, the design of the basin 
should consider the length to width ratio, cross-sectional areas, basin slopes and pond 
configuration, and aesthetics (Young et al., 1996). 

Energy dissipation structures should be included for the basin inlet to prevent resuspension of 
accumulated sediment. The use of stilling basins for this purpose should be avoided because the 
standing water provides a breeding area for mosquitoes. 

Extended detention facilities should be sized to completely capture the water quality volume. A 
micropool is often recommended for inclusion in the design and one is shown in the schematic 
diagram. These small permanent pools greatly increase the potential for mosquito breeding and 
complicate maintenance activities; consequently, they are not recommended for use in 
California. 

A large aspect ratio may improve the pe1formance of detention basins; consequently, the outlets 
should be placed to maximize the flowpath through the facility. The ratio of flowpath length to 
width from the inlet to the outlet 
should be at least 1.5:1 (LW) 
where feasible. Basin depths 
optimally range from 2 to 5 feet. 

The facility's drawdown time 
should be regulated by an orifice 
or weir. In general, the outflow 
structure should h ave a t rash 
rack or other acceptable means 
of preventing clogging at the 
entrance to the outflow pipes. 
The outlet design implemented 
by Caltrans in the facilities 
constructed in San Diego County 
used an outlet riser with orifices Figure 1 

Example of Extended Detention Outlet Structure 
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sized to discharge the water quality volume, and the riser overflow height was set to the design 
storm elevation. A stainless steel screen was placed around the outlet riser to ensure that the 
orifices would not become clogged with debris. Sites either used a separate riser or broad crested 
weir for overflow of runoff for the 25 and greater year storms. A picture of a typical outlet is 
presented in Figure 1. 

The outflow structure should be sized to allow for complete drawdown of the water quality 
volume in 72 hours. No more than 50% of the water quality volume should drain from the 
facility within the first 24 hours. The outflow structure can be fitted with a valve so that 
discharge from the basin can be halted in case of an accidental spill in the watershed. 

Summary of D esig n R ecommendations 
(1) Facility Sizing - The required water quality volume is detem1ined by local regulations 

or the basin should be sized to capture and treat 85% of the annual runoff volume. 
See Section 5.5.1 of the handbook for a discussion of volume-based design. 

Basin Configuration - A high aspect ratio may improve the performance of detention 
basins; consequently, the outlets should be placed to maximize the flowpath through 
the facility. The ratio of flowpath length to width from the inlet to the outlet should 
be at least 1.5:1 (L:W). The flowpath length is defined as the distance from the inlet 
to the outlet as measured at the surface. The width is defined as the mean width of 
the basin. Basin depths optimally range from 2 to 5 feet. The basin may include a 
sediment forebay to provide the opportunity for larger particles to settle out. 

A micropool should not be incorporated in the design because of vector concerns. For 
online facilities, the principal and emergency spillways must be sized to provide 1.0 
foot of freeboard during the 25-year event and to safely pass the flow from 100-year 
storm. 

(2) Pond Side Slopes - Side slopes of the pond should be 3:1 (H:V) or flatter for grass 
stabilized slopes. Slopes steeper than 3:1 (H:V) must be stabilized with an 
appropriate slope stabilization practice. 

(3) Basin Lining - Basins must be constructed to prevent possible contamination of 
groundwater below the facility. 

(4) Basin Inlet - Energy dissipation is required at the basin inlet to reduce resuspension 
of accumulated sediment and to reduce the tendency for short-circuiting. 

(5) Outflow Structure - The facility's drawdown time should be regulated by a gate valve 
or orifice plate. In general, the outflow structure should have a t rash rack or other 
acceptable means of preventing clogging at the ent rance to the outflow pipes. 

The outflow structure should be sized to allow for complete drawdown of the water 
quality volume in 72 hours. No more than 50% of the water quality volume should 
drain from the facility within the first 24 hours. The outflow structure should be 
fitted with a valve so that discharge from the basin can be halted in case of an 
accidental spill in the watershed. This same valve also can be used to regulate the 
rate of discharge from the basin . 
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The discharge through a control orifice is calculated from: 

where: Q = discharge (ft3/s) 
C = orifice coefficient 
A = area of the orifice (ft2) 
g = gravitational constant (32.2) 
H = water smface elevation (ft) 
Ho= orifice elevation (ft) 

Recommended values for Care o.66 for thin materials and 0 .80 when the material is 
thicker than the orifice diameter. This equation can be implemented in spreadsheet 
form with the pond stage/volume relationship to calculate drain time. To do this, use 
the initial height of the water above the orifice for the water quality volume. Calculate 
the discharge and assume that it remains constant for approximately 10 minutes. 
Based on that discharge, estimate the total discharge during that interval and the 
new elevation based on the stage volume relationship. Continue to iterate until H is 
approximately equal to Ho. When using multiple orifices the discharge from each is 
summed. 

(6) Splitter Box - When the pond is designed as an offline facility, a splitter structure is 
used to isolate the water quality volume. The splitter box, or other flow diverting 
approach, should be designed to convey the 25-year storm event while providing at 
least 1.0 foot of freeboard along pond side slopes. 

(7) Erosion Protection at the Outfall - For online facilities, special consideration should 
be given to the facility's outfall location. Flared pipe end sections that discharge at or 
near the stream invert are preferred. The channel immediately below the pond 
outfall should be modified to conform to natural dimensions, and lined with large 
stone riprap placed over filter cloth. Energy dissipation may be required to reduce 
flow velocities from the primary spillway to non-erosive velocities. 

(8) Safety Considerations - Safety is provided either by fencing of the facility or by 
managing the contours of the pond to eliminate dropoffs and other hazards. Earthen 
side slopes should not exceed 3:1 (H:V) and should terminate on a flat safety bench 
area. Landscaping can be used to impede access to the facility. The primary spillway 
opening must not permit access by small children. Outfall pipes above 48 inches in 
diameter should be fenced. 

Maintenance 
Routine maintenance activity is often thought to consist mostly of sediment and trash and 
debris removal; however, these activities often constitute only a small fraction of the 
maintenance hours. During a recent study by Caltrans, 72 hours of maintenance was performed 
annually, but only a little over 7 hours was spent on sediment and trash removal. The largest 
recurring activity was vegetation management, routine mowing. The largest absolute number of 
hours was associated with vector control because of mosquito breeding that occurred in the 
stilling basins ( example of standing water to be avoided) installed as energy dissipaters. In most 
cases, basic housekeeping practices such as removal of debris accumulations and vegetation 
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management to ensure that the basin dewaters completely in 48-72 hours is sufficient to prevent 
creating mosquito and other vector habitats. 

Consequently, maintenance costs should be estimated based primarily on the mowing frequency 
and the time required. Mowing should be done at least annually to avoid establishment of 
woody vegetation, but may need to be performed much more frequently if aesthetics are an 
important consideration. 

Typical activities and frequencies include: 

■ Schedule semiannual inspection for the beginning and end of the wet season for standing 
water, slope stability, sediment accumulation, trash and debris, and presence of burrows. 

■ Remove accumulated trash and debris in the basin and around the riser pipe during the 
semiannual inspections. The frequency of this activity may be altered to meet specific site 
conditions. 

■ Trim vegetation at the beginning and end of the wet season and inspect monthly to prevent 
establishment of woody vegetation and for aesthetic and vector reasons. 

■ Remove accumulated sediment and regrade about every 10 years or when the accumulated 
sediment volume exceeds 10 percent of the basin volume. Inspect the basin each year for 
accumulated sediment volume. 

Cost 
Construction Cos t 
The construction costs associated with extended detention basins vary considerably. One recent 
study evaluated the cost of all pond systems (Brown and Schueler, 1997). Adjusting for 
inflation, the cost of dry extended detention ponds can be estimated with the equation: 

where: C = Const ruction, design, and permitting cost, and 
V = Volume (ft3). 

Using this equation, typical construction costs are: 

$ 4 1,600 for a 1 acre-foot pond 

$239,000 for a 10 acre-foot pond 

$ 1,380,000 for a 100 acre-foot pond 

Interestingly, these costs are generally slightly higher than the predicted cost of wet ponds 
(according to Brown and Schueler, 1997) on a cost per total volume basis, which highlights the 
difficulty of developing reasonably accurate construction estimates. In addition, a typical facility 
constructed by Caltrans cost about $ 160,000 with a capture volume of only 0.3 ac-ft. 

An economic concern associated with dry ponds is that they might detract slightly from the 
value of adjacent prope1ties. One study found that dry ponds can actually detract from the 
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perceived value of homes adjacent to achy pond by between 3 and 10 percent (Emmerling­
Dinovo, 1995). 

Maintenance Cost 
For ponds, the annual cost of routine maintenance is typically estimated at about 3 to 5 percent 
of the construction cost (EPA website). Alternatively, a community can estimate the cost of the 
maintenance activities outlined in the maintenance section. Table 1 presents the maintenance 
costs estimated by Caltrans based on their experience with five basins located in southern 
California. Again, it should be emphasized that the vast majority of hours are related to 
vegetation management (mowing). 

Table 1 Estimated Average Annual Maintenance Effort 

Activity Labo r Hou.rs 
Equipment & 

Cost Material ($) 

Inspections 4 7 183 

Maintenance 49 126 2282 

Vector Control 0 0 0 

Administration 3 0 132 

Materials 535 535 

Total 56 $668 $3,132 

References and Sources of Additional Information 
Brown, W., and T. Schueler. 1997. The Economics of Storm water BMPs in the Mid-Atlantic 
Region. Prepared for Chesapeake Research Cons01tium. Edgewater, MD. Center for Watershed 
Protection. Ellicott City, MD. 

Denver Urban Drainage and Flood Control District. 1992. Urban Storm Drainage Criteria 
Manual-Volume 3: Best Management Practices. Denver, CO. 

Emmerling-Dinovo, C. 1995. Stormwater Detention Basins and Residential Locational 
Decisions. Water Resources Bulletin 31(3): 515- 521 

Galli, J. 1990. 11zermal Impacts Associated with Urbanization and Stormwater Management 
Best Management Practices. Metropolitan Washington Council of Governments . Prepared for 
Ma1yland Department of the Environment, Baltimore, MD. 

GKY, 1989, Outlet Hydraulics of E:rtended Detention Facilities for the Northern Virginia 
Planning District Commission. 

MacRae, C. 1996. Experience from Morphological Research on Canadian Strean1s: Is Control of 
the Two-Year Frequency Runoff Event the Best Basis for Stream Channel Protection? In Effects 
of Watershed Development and Management on Aquatic Ecosystems. American Society of 
Civil Engineers. Edited by L. Roesner. Snowbird, UT. pp. 144- 162. 
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2, prepared by MDE and Center for Watershed Protection. 
http://www.mde.state.md.us/environment/wma/stormwatermanual/index.html 

Metzger, M. E., D. F. Messer, C. L. Beitia, C. M. Myers, and V. L. Kran1er. 2002. The Dark Side 
Of Stormwater Runoff Management: Disease Vectors Associated With Structural BMPs. 
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Brooksville, FL. 

Schueler, T. 1997. Influence of Ground Water on Performance of Stormwater Ponds in Florida. 
Watershed Protection Techniques 2(4):525-528. 

Watershed Management Institute (WMI). 1997- Operation, Maintenance, and Management of 
Stormwater Management Systems. Prepared for U.S. Environmental Protection Agency, Office 
of Water. Washington, DC. 

Young, G.K., et al., 1996, Evaluation and Management of Highway Runoff Water Quality, 
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In the event of a spill or discharge to a storm drain or waterway, contact San Bernadino County  
Stormwater immediately: (877) WASTE18  |  sbcountystormwater.org/report

sbcountystormwater.org
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COMMERCIAL TRASH ENCLOSURES

In San Bernardino County, stormwater pollution is caused by food waste, landscape waste, chemicals and other 
debris that are washed into storm drains and end up in our waterways -  untreated! You can be part of the 

solution by maintaining a water-friendly trash enclosure.

To report illegal dumping (877-WASTE18) or to find a household
hazardous waste facility (800-OILY CAT): sbcountystormwater.org

TO KEEP OUR WATERWAYS CLEAN
FOLLOW THESE REQUIREMENTS

Trash enclosures, such as those found in commercial and apartment complexes, typically 
contain materials that are intended to find their way to a landfill or a recycling facility. 

These materials are NOT meant to go into our local lakes and rivers. 

THANK YOU FOR HELPING TO KEEP SAN BERNARDINO COUNTY CLEAN AND HEALTHY!

PROTECT WATER QUALITY BY FOLLOWING THESE SIMPLE STEPS

• Paint
• Grease, fats and used oils
• Batteries, electronics

and fluorescent lights

KEEP TOXICS OUTCLOSE THE LID

Prevent rain from entering 
the bin in order to avoid 
leakage of polluted water 
runoff

PUT TRASH INSIDE

Place trash inside the bin 
(preferably in sealed bags)

COMMERCIAL TRASH ENCLOSURES

SOME ADDITIONAL GUIDELINES, INCLUDE
SWEEP FREQUENTLY 
Sweep trash enclosure areas 
frequently, instead of hosing 
them down, to prevent polluted 
water from flowing into the 
streets and storm drains. 

FIX LEAKS 
Address trash bin leaks 
immediately by using dry clean 
up methods and report to your 
waste hauler to receive a 
replacement.

CONSTRUCT ROOF 
Construct a solid cover roof over the 
existing trash enclosure structure to 
prevent rainwater from coming into 
contact with trash and garbage. 
Check with your local City/County 
for Building Codes.

Big Bear • Chino • Chino Hills • Colton • Fontana • Grand Terrace • Highland • Loma Linda • Montclair •  Ontario • Rancho Cucamonga 
Redlands • Rialto • San Bernardino • San Bernardino County • San Bernardino County Flood Control District • Upland • Yucaipa
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HAZARDOUS WASTE

Waste Type and Cost

There is a small handling fee involved in the 
collection of hazardous waste from your 
business. Disposal costs depend on the type 
of waste.

Aerosols $1.29/lb.
Automobile motor oil $.73/gal.
Anti-freeze $1.57/gal.
Contaminated oil $4.48/gal.
Car batteries $.62/ea.
Corrosive liquids, solids $2.80/lb.
Flammable solids, liquids $1.57/lb.
Latex Paint $.73/lb.
Mercury $10.08/lb.
NiCad/Alkaline Batteries $2.13/lb.
Oil Base Paints $1.00/lb.
Oil Filters  $.56/ea.
Oxidizers $9.63/lb.
PCB Ballasts $5.94/lb.
Pesticides (most) $2.91/lb.
Photo�xer, developer $4.31/gal.
Television & Monitors $11.20/ea.
Additional Handling $138.00/hr.

*Rates subject to change without notice*

WE CANNOT ACCEPT

Radioactives
Water reactives
Explosives
Compressed gas cylinders
Medical or biohazardous waste
Asbestos
Remediation wastes

CESQG PROGRAM
Conditionally Exempt Small Quantity Generator

WHAT IS A CESQG? 

Businesses that generate 27 gallons or 220 lbs. of 
hazardous waste, or 2.2 lbs. of extremely hazardous 
waste per month are called “Conditionally Exempt 
Small Quantity Generators,” or CESQGs. San Bernardino 
County Household Hazardous Program provides 
waste management services to CESQG businesses. 
The most common CESQGs in San Bernardino County 
are painters, print shops, auto shops, builders,  
agricultural operators and property managers, but 
there are many others. When you call, be ready to  
describe the types and amounts of waste your  
business generates in a typical month. If you generate 
hazardous waste on a regular basis, you must:

• Register with San Bernardino County Fire Department
(909) 386-8401 as a hazardous waste generator.

• To obtain an EPA ID# and application form from the
State visit www.dtsc.ca.gov.

• Manage hazardous waste in accordance with all
applicable local, state and federal laws and regulations.

HOW DO I GET SERVICE? 

To arrange an appointment for the CESQG Program, 
call 1-800-OILY CAT or 909-382-5401. Be ready to  
describe the type and amount of hazardous waste 
your business is ready to dispose of, and the types 
and size(s) of containers that the waste is in.

* * * * * * * 
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HAZARDOUS WASTE
WHY IS THE FIRE DEPARTMENT
COLLECTING HAZARDOUS WASTE?

Small Quantity Generators often have difficulty  
disposing of small quantities of hazardous waste. 
Hazardous waste companies usually have a  
minimum amount of waste that they will pick up, 
or charge a minimum fee for service. Typically, the 
minimum fee exceeds the cost of disposal for the 
hazardous waste. This leaves the small quantity  
generator in a difficult situation. Some respond  
by storing hazardous waste until it becomes  
economical for the hazardous waste transporter to 
pick it up, putting the business out of compliance  
by exceeding regulatory accumulation time  
limits. Other businesses simply store their  
hazardous wastes indefinitely, creating an unsafe 
work environment and exceeding accumulation 
time limits. Yet other businesses attempt to illegally 
dispose of their waste at household hazardous 
waste collection facilities. These facilities are not 
legally permitted to accept commercial wastes,  
nor are prepared to provide legal documentation  
for commercial hazardous waste disposal. In  
answer to the problems identified above, the San  
Bernardino County Fire Department Household  
Hazardous Program instituted the Conditionally 
Exempt Small Quantity Generator Program.

PAYMENT FOR SERVICES 

The CESQG Program will prepare an invoice  
for your business at the time of service. You can  
pay at the time of service with cash or a check, or 
you can mail your payment to the Fire Department 
within 30 days. Please note that we do not accept 
credit card payments. The preferred method of  
payment is to handle payment at time of service. 
Additional charges may apply for accounts not  
paid within 30 days.

ARE THERE ANY OTHER WAYS THAT I CAN SAVE 
MONEY ON HAZARDOUS WASTE DISPOSAL?

Yes! First, start by reducing the amount of waste 
that you produce by changing processes or process 
chemicals, at your business. Next, examine if there 
is a way that you can recycle your waste back into 
your processes. Network with similar businesses  
or trade associations for waste minimization and 
pollution prevention solutions.

WHAT IF YOUR BUSINESS DOES NOT QUALIFY? 

Call the San Bernardino County Fire Department 
Field Services Division for assistance with  
hazardous waste management at 909-386-8401.  
If you reduce the amount of waste you generate 
each month to 27 gallons or less, you may qualify 
in the future.

WHAT HAPPENS TO YOUR HAZARDOUS WASTE?

Hazardous waste collected by the CESQG  
Program is transported to a state permitted  
processing facility in San Bernardino. The  
waste is further processed at this point and  
packaged for off-site recycling (oil filters, oil,  
latex paint, antifreeze, and batteries) or destructive  
incineration (pesticides, corrosives, flammables,  
oil based paint).

San Bernardino County Fire Department
CESQG Program

2824 East “W” Street
San Bernardino, CA 92415-0799

Phone: 909-382-5401
Fax: 909-382-5413

www.sbcfire.org/hazmat/hhw.asp
Email: jschwab@sbcfire.org
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WORKING OUTDOORS & HANDLING SPILLS

Clean waterways and the health of your neighborhood is a team 
effort. Be part of the clean water team, find out more about how 

to protect water quality in your community at:

Las vías fluviales limpias y la salubridad de su barrio se logran 
gracias al trabajo en equipo. Sea parte del equipo de agua limpia y 
obtenga más información acerca de cómo proteger la calidad del 

agua en su comunidad en:

sbcountystormwater.org

CONTROL | CONTROL

Locate the nearest storm drain and ensure nothing 
can enter or be discharged into it.
Ubique el desagüe de aguas pluviales más cercano y 
asegúrese de que nada pueda ingresar a éste ni 
descargarse en él.

CONTAIN | CONTENER

Isolate your area to prevent material from potentially 
flowing or being blown away.
Aísle su área para evitar que el material pueda discurrirse 
o ser llevado por el viento.

CAPTURE | CAPTURAR

Sweep up debris and place it in the trash. Clean up 
spills with an absorbent material (e.g. kitty litter) or 
vacuum with a Wet-Vac and dispose of properly.
Recoja los restos y colóquelos en la basura. Limpie los 
derrames con un material absorbente (como la arena 
para gatos) o aspírelos con una Wet-Vac (aspiradora de 
humedad) y deséchelos correctamente.

WHEN WORKING OUTDOORS 

USE THE 3Cs 
CUANDO TRABAJE AL AIRE LIBRE UTILICE LAS 3Cs 
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COMMERCIAL LANDSCAPE

DISCHARGE TO THE STORM DRAIN, ACCIDENTAL OR NOT, COULD 

LEAD TO ENFORCEMENT ACTIONS, WHICH COULD INCLUDE FINES. 

Follow the best practices below to prevent water pollution from landscaping activities. 

0 

0 

0 

RECYCLE 
YARD WASTE 

Recycle leaves, grass clippings and other 
yard waste. 

Do not blow, sweep, rake or hose yard 
waste into the street or catch basin. 

Try grasscycling: the natural recycling of 
grass by leaving clippings on the lawn 
when mowing. 

For more information, please visit: 
www.calrecycle.ca.gov/ organics 
/grasscycling 

HOMEOWNERS 
KEEP THESE TIPS IN MIND WHEN 
HIRING PROFESSIONAL LANDSCAPERS 
AND REMIND AS NECESSARY. 

USE FERTILIZERS, HERBICIDES 
AND PESTICIDES SAFELY 

0 

0 

Fertilizers, herbicides and pesticides are 
often carried into the storm drain system 
by sprinkler runoff. Use natural and 
non-toxic alternatives as often as possible. 

If you must use chemical fertilizers, 
herbicides or pesticides: 
• Spot apply, rather than blanketing entire 
areas. 

• Avoid applying near curbs and 
driveways, and never before a rain. 

• Apply fertilizers as needed: when plants 
could best use it and when the potential 
runoff would be low. 

• Follow the manufacturer's instructions 
carefully-this will not only give the best 
results, but will save money. 

0 

0 

0 

USE WATER 
WISELY 

Control the amount of water and direction 
of sprinklers. Sprinklers should only be on 
long enough to allow water to soak into 
the ground, but not so long as to cause 
runoff. 

Periodically inspect, fix leaks and realign 
sprinkler heads. 

Plant native vegetation to reduce the need 
of water, fertilizers, herbicides and 
pesticides. 

(909) 382-5401 or 1-800-0ILY CAT. 

www.calrecycle.ca.gov/organics
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SIDEWALK, PLAZA, ENTRY MONUMENT & 
FOUNTAIN MAINTENANCE

Pollutants on sidewalks and other pedestrian traffic areas and plazas are typically due to littering  
and vehicle use. Fountain water containing chlorine and copperbased algaecides is toxic to aquatic life. 
Proper inspection, cleaning, and repair of pedestrian areas and HOA owned surfaces and structures  
can reduce pollutant runoff from these areas. Maintaining these areas may involve one or more of the 
following activities:

1. Surface Cleaning

2. Graffiti Cleaning

3. Sidewalk Repair

4. Controlling Litter

5. Fountain Maintenance

POLLUTION PREVENTION:

Pollution prevention measures have been considered and incorporated in the model procedures.  
Implementation of these measures may be more effective and reduce or eliminate the need to implement  
other more complicated or costly procedures. Possible pollution prevention measures for sidewalk, plaza,  
and fountain maintenance and cleaning include:

• Use dry cleaning methods whenever practical for surface cleaning activities.

• Use the least toxic materials available (e.g. water based paints, gels or sprays for graffiti removal).

• Once per year, educate HOA staff and tenants on pollution prevention measures.

MODEL PROCEDURES:

1. Surface Cleaning

Discharges of wash water to the storm water drainage system from cleaning or hosing  
of impervious surfaces is prohibited.

 Use dry methods (e.g. sweeping, backpack blowers, vacuuming) whenever
practical to clean sidewalks and plazas rather than hosing, pressure washing, or
steam cleaning. DO NOT sweep or blow material into curb; use devices
that contain the materials.

 If water must be used, block storm drain inlets and contain runoff.
Discharge wash water to landscaping or contain and dispose of properly.

Sidewalks, Plazas
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SIDEWALK, PLAZA, ENTRY MONUMENT & 
FOUNTAIN MAINTENANCE

 Parking facilities should be swept/vacuumed on a regular basis.
Establish frequency of public parking lot sweeping based on usage
and field observations of waste accumulation.

 If water must be used, block storm drain inlets and contain runoff. Discharge
wash water to landscaping or contain and dispose of properly.

 Sweep all parking lots at least once before the onset of the wet season.

 Use absorbents to pick up oil; then dry sweep.

 Appropriately dispose of spilled materials and absorbents.

OPTIONAL:

• Consider increasing sweeping frequency based on factors such as traffic
volume, land use, field observations of sediment and trash accumulation,
proximity to water courses, etc.

 Use high-pressure water, no soap.

 If water must be used, block storm drain inlets and contain runoff. Discharge
wash water to landscaping or contain and dispose of properly.

 If water must be used, block storm drain inlets and contain runoff. Discharge
wash water to landscaping or contain and dispose of properly.

 Use biodegradable cleaning agents to remove deposits.

Make sure pH is between 6.5 and 8.5 THEN discharge to landscaping (if cold
water without a cleaning agent) otherwise dispose of properly.

2. Graffiti Cleaning

 Avoid graffiti abatement activities during rain events.

When graffiti is removed by painting over, implement the procedures under
Painting and Paint Removal in the Roads, Streets, and Highway Operation and
Maintenance procedure sheet.

 Protect nearby storm drain inlets prior to removing graffiti from walls,
signs, sidewalks, or other structures needing graffiti abatement. Clean up
afterwards by sweeping or vacuuming thoroughly, and/or by using absorbent
and properly disposing of the absorbent.

Parking Areas, Driveways, 
Drive-thru

Building Surfaces, Decks, 
etc., without loose paint

Unpainted Building  
Surfaces, Wood Decks, etc.

Graffiti Removal
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SIDEWALK, PLAZA, ENTRY MONUMENT & 
FOUNTAIN MAINTENANCE

 Note that care should be taken when disposing of waste since it may need to be
disposed of as hazardous waste.

OPTIONAL:

• Consider using a waterless and non-toxic chemical cleaning method for graffiti
removal (e.g. gels or spray compounds).

3. Sidewalk Repair

 Schedule surface removal activities for dry weather if possible.

 Avoid creating excess dust when breaking asphalt or concrete.

 Take measures to protect nearby storm drain inlets prior to breaking up asphalt
or concrete (e.g. place hay bales or sand bags around inlets). Clean afterwards
by sweeping up material.

 Designate an area for clean up and proper disposal of excess materials.

 Remove and recycle as much of the broken pavement as possible.

When making saw cuts in pavement, use as little water as possible. Cover each
storm drain inlet with filter fabric during the sawing operation and contain the
slurry by placing straw bales, sandbags, or gravel dams around the inlets. After
the liquid drains shovel or vacuum the slurry, remove from site and dispose of
properly.

 Always dry sweep first to clean up tracked dirt. Use a street sweeper
or vacuum truck. Do not dump vacuumed liquid in storm drains. Once dry
sweeping is complete, the area may be hosed down if needed. Discharge wash
water to landscaping, pump to the sanitary sewer if permitted to do
so or contain and dispose of properly.

 Avoid mixing excess amounts of fresh concrete or cement mortar on-site.
Only mix what is needed for the job.

Wash concrete trucks off-site or in designated areas on-site, such that there
is no discharge of concrete wash water into storm drain inlets, open ditches,
streets, or other storm water conveyance structures. (See Concrete Waste
Management BMP WM – 8)

Surface Removal  
and Repair

Concrete Installation  
and Repair

http://ocwatersheds.com/Documents/2009_CASQA_ConBMP_Handbook/WasteManagementBMPs/WM-8.pdf
http://ocwatersheds.com/Documents/2009_CASQA_ConBMP_Handbook/WasteManagementBMPs/WM-8.pdf
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SIDEWALK, PLAZA, ENTRY MONUMENT & 
FOUNTAIN MAINTENANCE

 Store dry and wet concrete materials under cover, protected from rainfall and
runoff and away from drainage areas. After job is complete remove temporary
stockpiles (asphalt materials, sand, etc.) and other materials as soon as possible.

 Return leftover materials to the transit mixer. Dispose of small amounts of
excess concrete, grout, and mortar in the trash.

When washing concrete to remove fine particles and expose the aggregate,
contain the wash water for proper disposal.

 Do not wash sweepings from exposed aggregate concrete into the street
or storm drain. Collect and return sweepings to aggregate base stock pile,
or dispose in the trash.

 Protect applications of fresh concrete from rainfall and runoff until the material
has hardened.

4. Litter Control

 Enforce anti-litter laws.

 Provide litter receptacles in busy, high pedestrian traffic areas of the
community, at recreational facilities, and at community events.

 Cover litter receptacles and clean out frequently to prevent leaking/spillage or
overflow.

OPTIONAL:

• Post “No Littering” signs.

5. Fountain Maintenance

 Do not use copper-based algaecides. Control algae with chlorine or other
alternatives, such as sodium bromide.

 Allow chlorine to dissipate for a few days and then recycle/reuse water by draining
it gradually onto a landscaped area. Water must be tested prior to discharge to
ensure that chlorine is not present (concentration must be less than 0.1 ppm).

 Contact local agency for approval to drain into sewer or storm drain.

 Avoid mixing excess amounts of fresh concrete or cement mortar on-site.
Only mix what is needed for the job.
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EQUIPMENT MAINTENANCE & REPAIR
Vehicle or equipment maintenance has the potential to be a significant source of stormwater pollution. 
Engine repair and service (parts cleaning, spilled fuel, oil, etc.), replacement of fluids, and outdoor equip-
ment storage and parking (dripping engines) can all contaminate stormwater. Conducting the following 
activities in a controlled manner will reduce the potential for stormwater contamination:

1. General Maintenance and Repair

2. Vehicle and Machine Repair

3. Waste Handling/Disposal

Related vehicle maintenance activities are covered under the following program headings in this  
manual: “Vehicle and Equipment Cleaning”, “Vehicle and Equipment Storage”, and “Vehicle Fueling”.

POLLUTION PREVENTION:

Pollution prevention measures have been considered and incorporated in the model procedures.  
Implementation of these measures may be more effective and reduce or eliminate the need to implement 
 other more complicated or costly procedures. Possible pollution prevention measures for equipment  
maintenance and repair include:

• Review maintenance activities to verify that they minimize the amount of pollutants discharged to
receiving waters. Keep accurate maintenance logs to evaluate materials removed and improvements
made.

• Switch to non-toxic chemicals for maintenance when possible.

• Choose cleaning agents that can be recycled.

• Minimize use of solvents. Clean parts without using solvents whenever possible. Recycle used motor
oil, diesel oil, and other vehicle fluids and parts whenever possible.

• Once per year, educate HOA staff and tenants on pollution prevention measures.
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EQUIPMENT MAINTENANCE & REPAIR
MODEL PROCEDURES:

1. General Maintenance and Repair

 Review maintenance activities to verify that they minimize the amount
of pollutants discharged to receiving waters. Keep accurate maintenance
logs to evaluate materials removed and improvements made.

 Regularly inspect vehicles and equipment for leaks.

Move activity indoors or cover repair area with a permanent roof if feasible.

Minimize contact of stormwater with outside operations through berming the
local sewering and drainage routing.

 Place curbs around the immediate boundaries of the process equipment.

 Clean yard storm drain inlets regularly and stencil them.

 Avoid hosing down work areas. If work areas are washed and if discharge to the
sanitary sewer is allowed, treat water with an appropriate treatment device (e.g.
clarifier) before discharging. If discharge to the sanitary sewer is not permitted,
pump water to a tank and dispose of properly.

 Collect leaking or dripping fluids in drip pans or container. Fluids are easier to
recycle or dispose of properly if kept separate.

 Keep a drip pan under the vehicle while you unclip hoses, unscrew filters, any
discharge of or remove other parts. Place a drip pan under any vehicle that
might leak while you work on it to keep splatters or drips off the shop floor.

 Educate employees on proper handling and disposal of engine fluids.

 Promptly transfer used fluids to the proper waste or recycling drums. Don’t
leave full drip pans or other open containers lying around.

 Do not pour liquid waste to floor drains, sinks, outdoor storm drain inlets, or
other storm drains or sewer connections.

 Post signs at sinks and stencil outdoor storm drain inlets.

2. Vehicle Repair

 Perform vehicle fluid removal or changing inside of a building or in a contained
covered area, where feasible, to prevent the run-on of stormwater and the
runoff of spills.

 Regularly inspect vehicles and equipment for leaks, and repair as needed.

General Guidelines

Good Housekeeping

General Guidelines

Note: Permission must 
be obtained for any 
discharge of wash 
water to the sanitary 
sewer from the local 
sewering agency.





In the event of a spill or discharge to a storm drain or waterway, contact San Bernadino County 
Stormwater immediately: (877) WASTE18  |  sbcountystormwater.org/report

sbcountystormwater.org

Big Bear • Chino • Chino Hills • Colton • Fontana • Grand Terrace • Highland • Loma Linda • Montclair • Ontario • Rancho Cucamonga 
Redlands • Rialto • San Bernadino • San Bernadino County • San Bernadino County Flood Control District • Upland • Yucaipa 12

EQUIPMENT MAINTENANCE & REPAIR
 Use secondary containment, such as a drain pan or drop cloth, to catch spills or

leaks when removing or changing fluids.

 Immediately drain all fluids from wrecked vehicles. Ensure that the drain pan or
drip pan is large enough to contain drained fluids (e.g. larger pans are needed
to contain antifreeze, which may gush from some vehicles).

 Promptly transfer used fluids to the proper waste or recycling drums. Don’t
leave full drip pans or other open containers lying around.

 Recycle used motor oil, diesel oil, and other vehicle fluids and parts
whenever possible.

 Oil filters disposed of in trash cans or dumpsters can leak oil. Place the oil
filter in a funnel over a waste oil recycling drum to drain excess oil before
disposal. Oil filters can also be recycled. Ask your oil supplier or recycler
about recycling oil filters.

 Store cracked batteries in a non-leaking secondary container and dispose of
properly at recycling facilities or at County hazardous waste disposal site.

 Use absorbent materials on small spills. Remove the absorbent materials
promptly and dispose of properly.

 Place a stockpile of spill cleanup materials where it will be readily accessible.

 Sweep floor using dry absorbent material.

3. Machine Repair

 Keep equipment clean; don’t allow excessive build-up of oil or grease.

Minimize use of solvents.

 Use secondary containment, such as a drain pan or drop cloth, to catch spills or
leaks when removing or changing fluids.

 Perform major equipment repairs at the corporation yard, when practical.

 Following good housekeeping measures in Vehicle Repair section.

4. Waste Handling/Disposal

 Prevent spills and drips of solvents and cleansers to the shop floor.

 Do liquid cleaning at a centralized station so the solvents and residues stay in
one area. Recycle liquid cleaners when feasible.

Vehicle Leak and  
Spill Control

Waste Reduction
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EQUIPMENT MAINTENANCE & REPAIR
 Locate drip pans, drain boards, and drying racks to direct drips back into

a solvent sink or fluid holding tank for reuse.

OPTIONAL:

• If possible, eliminate or reduce the amount of hazardous materials and waste by
substituting non-hazardous or less hazardous material:

-Use non-caustic detergents instead of caustic cleaning for parts 
cleaning.

-Use a water-based cleaning service and have tank cleaned. Use 
detergent-based or water-based cleaning systems in place of organic 
solvent degreasers.

-Replace chlorinated organic solvents with non-chlorinated solvents. 
Non-chlorinated solvents like kerosene or mineral spirits are less  
toxic and less expensive to dispose of properly. Check list of active 
ingredients to see whether it contains chlorinated solvents.

-Choose cleaning agents that can be recycled.

OPTIONAL:

• Separate wastes for easier recycling. Keep hazardous and non-hazardous
wastes separate, do not mix used oil and solvents, and keep chlorinated
solvents separate from non-chlorinated solvents.

• Label and track the recycling of waste material
(e.g. used oil, spent solvents, batteries).

• Purchase recycled products to support the market for recycled materials.

LIMITATIONS:

Space and time limitations may preclude all work being conducted indoors. It may not be possible to contain 
and clean up spills from vehicles/equipment brought on-site after working hours. Dry floor cleaning methods 
may not be sufficient for some spills – see spill prevention and control procedures sheet. Identification of engine 
leaks may require some use of solvents.

Recycling
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POOL MAINTENANCE
Pool chemicals and filter solids, when discharged to the City streets, gutters or storm drans, DO 
NOT GET TREATED before reaching the Santa Ana River. Chlorine, acid cleaning chemicals and 
metal-based algaecides used in pools can kill beneficial organisms in the food chain and pollute 
our drinking water.

When emptying your swimming pool, spa or fountain, please use one of the following best  
management practices to prevent water pollution:

• Reuse the water as landscape irrigation
• Empty the water into the sewer between midnight and 6:00 am
• Remove solids and floating debris and dispose of in the trash, de-chlorinate the water to

a chlorine residual = 0, wait 24 hours, then discharge the water to the street or storm drain
• Try not to use metal-based algaecides (i.e. copper sulfate) in your pool or spa. If you have, empty your pool

or spa into the sewer. Prior to discharging pool water into the sanitary sewer system, contact your local agency.
• If the pool contains algae and mosquito larvae, discharge the water to the sewer

When acid cleaning or other chemical cleaning:

• Neutralize the pool water to pH of 6.5 to 8.5, then discharge to the sewer

For swimming pool and spa filter backwash:

• Dispose of solids into trash bag, then wash filter into a landscape area
• Settle, dispose of solids in trash and discharge water to the sewer, never to the storm drain



For Residents

Household Hazardous Waste Center Locations

The following is a preview of the information we 
have available to residents. For more fact sheets, 
visit sbcountystormwater.org 

TOO TOXIC TO TRASH
Dispose of your HOUSEHOLD HAZARDOUS WASTE (HHW) at a FREE HHW Center near
you. Examples of items collected: pesticides, fertilizers, paints, cleaners, antifreeze,
batteries, motor oil, oil filters, and electronic waste.

To report illegal dumping, call (877) WASTE18 
or visit sbcountystormwater.org

SERVICE AREA LOCATION DAY S OPEN HOURS

Big Bear Lake 42040 Garstin Dr. (cross: Big Bear Blvd.) Saturdays 9 a.m. - 2 p.m.

Chino 5050 Schaefer Ave. (cross: 4th St.) 2nd & 4th Sat. 8 a.m. - 1 p.m.

Fontana (Fontana residents only) 16454 Orange Way (cross: Cypress Ave.) Saturdays 8 a.m. - 12 p.m.

Ontario 1430 S. Cucamonga Ave. (cross: Belmont St.) Fri. & Sat. 9 a.m. - 2 p.m.

Rancho Cucamonga 8794 Lion Street. (Off 9th St, between Vineyard and Hellman)                                    Saturdays     8 a.m. - 12 p.m.

Redlands 500 Kansas St. (cross: Park Ave.) Saturdays 9:30 a.m. - 12:30 p.m.

Rialto 246 Willow Ave. (cross: Rialto Ave.) 2nd &4th Fri. & Sat. 8 a.m. - 12 p.m.

San Bernardino 2824 East ‘W’ St., 302 (cross: Victoria Ave.) Mon. – Fri. 9 a.m. - 4 p.m.

Upland 1370 N. Benson Ave. (cross: 14th St.) Saturdays 9 a.m. - 2 p.m.

TAKE ONEArtwork Courtesy of the C ity of Los Angeles Stormwater Program. Printed on recycled paper.

Note: Provide a trash bill and a
driver’s license as proof of residency.

(does not 
accept E-
waste)

(does not accept E-waste)

>> 

http://www.sbcountystormwater.org
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PAINT

When painting your home,
protect your family and community.

• PAINTS that are water-based are less toxic and should
be used whenever possible.

• BRUSHES with water-based paint should be washed
in the sink. Those with oil-based paint should be
cleaned with paint thinner.

•

WE DID IT OURSELVES
AND WE DID IT RIGHT

SAFELY dispose of unwanted paint and paint thinner.
The County of San Bernardino offers 9 HHW Centers
that accept paint and other household hazardous waste
from residents FREE of charge.  For a list of acceptable
materials, location information, and hours of operation
call 1-800-OILY CAT.
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sbcountystormwater.org

Big Bear • Chino • Chino Hills • Colton • Fontana • Grand Terrace • Highland • Loma Linda • Montclair • Ontario • Rancho Cucamonga 
Redlands • Rialto • San Bernadino • San Bernadino County • San Bernadino County Flood Control District • Upland • Yucaipa 17

VEHICLE MAINTENANCE
Oil, grease, anti-freeze and other toxic automotive fluids 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 best management practices to prevent pollution and protect public health.

Cleaning Auto Parts
Scrape parts with a wire brush or use  
a bake oven rather than liquid cleaners. 
Arrange drip pans, drying racks and drain 
boards so that fluids are directed back into 
the parts washer or the fluid holding tank. 
Do not wash parts or equipment in a sink, 
parking lot, driveway or street.

Storing Hazardous Waste
Keep your liquid waste segregated. Many 
fluids can be recycled via hazardous waste 
disposal companies if they are not mixed. 
Store all materials under cover with  
spill containment or inside to prevent
contamination of rainwater runoff.

Preventing Leaks and Spills
Conduct all vehicle maintenance inside of  
a garage. Place drip pans underneath vehicle 
to capture fluids. Use absorbent materials 
instead of water to clean work areas.

Cleaning Spills
Use dry methods for spill cleanup  
(sweeping, absorbent materials). To report 
accidental spills into the street or storm drain 
call (877) WASTE18 or 911.

Proper Disposal of
Hazardous Waste
Dispose of household hazardous waste  
by taking it to your nearest household  
hazardous waste center. For more  
information, call 1-800-OILY CAT or check  
out sbcountystormwater.org/Disposal.html

http://sbcountystormwater.org/Disposal.html
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PET WASTE DISPOSAL

Remember to pick up after your pet every time 
to keep San Bernardino County clean and healthy!

FREE

To RECEIVE your

FREE CONTAINER
visit us online at

sbcountystormwater.org/dog

DOGGIE WASTE BAGS

PET WASTE DISPOSAL

Remember to pick up rafter your p,et 
t 10 keep S.an Bernard"no County clean and he,althy!, 

http://www.sbcountystormwater.org/dog.php


Get In Touch With Us Online!

» Website 

» eUpdates

» Facebook

» YouTube

» Report Pollution Violations

» Email 

sbcountystormwater.org

sbcountystormwater.org/newsletter

facebook.com/sbcountystormwater

youtube.com/sbcountystormwater

sbcountystormwater.org/report

info@sbcountystormwater.org

>> 

'''''' 
You 

http://www.sbcountystormwater.org/
http://visitor.constantcontact.com/manage/optin/ea?v=001Olbj1iTXQSXfPI6Rk1o6kA
http://www.facebook.com/sbcountystormwater
http://www.youtube.com/sbcountystormwater
http://sbcountystormwater.org/report
mailto:info@sbcountystormwater.org
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ACTUAL IMPERVIOUS COVER 

Recommended Value 
For Average 

Land Use (I) Range-Percent Conditions-Percent (2) 

Natural or Agriculture o - o o 

Public Park 10 - 25 15 

School 30 - 50 40 

Single Family Residential: (3) 

2.5 acre lots 5 - 15 10 
1 acre lots 10 - 25 20 
2 dwellings/acre 20 - 40 30 
3-4 dwellings/acre 30 - 50 40 
5-7 dwellings/acre 35 - 55 50 
8-10 dwellings/acre 50 - 70 60 
More than 10 dwellings/acre 65 - 90 80 

Multiple Family Residential: 

Condominiums 45 - 70 65 

Apartments 65 - 90 80 

Mobile Home Park 60 - 85 75 

Commercial, Downtown Business 
or Industrial 80 - 100 90 

Notes: 

I. Land use should be based on ultimate development of the watershed. Long 
range master plans for the County and incorporated cities should be reviewed 
to insure reasonable land use assumptions. 

2. Recommended values are based on average conditions which may not apply to 
a particular study area. The percentage impervious may vary greatly even on 
comparable sized lots due to differences in dwelling size, improvements, etc. 
Landscape practices should also be considered as it is common in some areas 
to use ornamental gravels underlain by impervious plastic materials in place of 
lawns and shrubs. A field investigation of a study area shall always be made, 
and a review of aerial photos, where available, may assist in estimating the 
percentage of impervious cover in developed areas. 

3. For typical equestrian subdivisions increase impervious area 5 percent over the 
values recommended in the table above. 

SAN BERNARDINO COUNTY 
HYDROLOGY MANUAL 

C-8 

ACTUAL IMPERVIOUS COVER 
FOR 

DEVELOPED AREAS 

Figure C-4 



Curve (I) Numbers of Hidrologic Soil-Cover Comelexes For Pervious Areas-AMC D 

Quality of Soil GrouD . 
Cover Type (3) Cover (2) A 8 C D 

NATURAL COVERS -

Barren 78 86 91 93 
(Rockland, eroded and graded land) 

Chaparral, Broadleaf Poor ,3 70 80 8' 
(Manzonita, ceanothus and scrub oak) Fair 40 63 7' 81 

Good 31 '7 71 78 

Chaparral, Narrowleaf Poor 71 82 88 91 
(Chamise and redshank) Fair " 72 81 86 

Grass, Annual or Perennial Poor 67 71 86 89 
Fair ,0 69 79 84 
Good 38 61 74 80 

Meadows or Cienegu Poor 63 77 8' 88 
(Areu with seasonally high water table, Fair ,1 70 80 84 
principal vegetation is sod forming grass) Good 30 ,8 71 78 

Open Brush Poor 62 76 14 88 
(Soft wood shrubs - buckwheat, sage, etc.) Fair 46 " 77 83 

Good 41 63 7' 81 

Woodland Poor . 4, " 77 83 
(Coniferous or broadleaf trees predominate. Fair 36 60 73 79 
Canopy density is at least ,o percent.) Good 2, " 70 77 

Woodland, Grass Poor '7 73 82 86 
(Coniferous or broadleaf trees with canopy Fair 44 6' 77 82 
density from 20 to ,o percent) Good 33 ,8 72 79 

URBAN COVERS -

Residential or Commercial Landscaping Good 32 '6 69 7' 
(Lawn, shrubs, etc.) 

Turf Poor ,8 74 83 87 
(Irrigated and mowed grass) Fair 44 6' 77 82 

Good 33 ,8 72 79 

AGRICULTURAL COVERS-

Fallow 77 
(Land plowed but not tilled or seeded) 

86 91 94 

SAN BERNARDINO COUNTY CURVE NUMBERS 
FOR 

HYDROLOGY MANUAL PERVIOUS AREAS 

C- 6 
Figure C-3 (I of 2) 



TABLE C.l. CURVE NUMBER RELATIONSHIPS 

CN for 
AMC 

Condition 11 

Corresponding CN for AMC Condition 

100 
95 
90 
85 
80 
75 
70 
65 
60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 

5 
0 

C.6. ESTIMATION OF LOSS RATES 

I 

100 
87 
78 
70 
63 
57 
51 
45 
40 
35 
31 
27 
23 
19 
15 
12 
9 
7 
4 
2 
0 

Ill 

100 
99 
98 
97 
94 
91 
87 
83 
79 
75 
70 
65 
60 
55 
50 
45 
39 
33 
26 
17 
0 

In estimating loss rates for design hydrology, a watershed curve number 

(CN) is determined for each soil-cover complex within the watershed using 

Figure C-3. The working range of CN values is between O and 98, where a 

low CN indicates low runoff potential (high infiltration), and a high CN 

indicates high runoff potential (low infiltration). Selection of a CN takes into 

account the major factors affecting loss rates on pervious surfaces including 

the hydrologic soil group, cover type and quality, and antecedent moisture 

condition (AMC). 

Also included in the CN selection are the effects of "initial abstraction" (la) 

which represents the combined effects of other effective rainfall losses 

including depression storage, vegetation interception, evaporation, and trans­

piration, among other factors. 

C-10 



WQMP Project Report

County of San Bernardino Stormwater Program

Santa Ana River Watershed Geodatabase

Friday, April 08, 2022

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

Project Site Parcel Number(s): 307111101
Project Site Acreage: 19.635
HCOC Exempt Area: No
Closest Receiving Waters:
(Applicant to verify based on local drainage facilities and topography.)

System Number - See Note
Facility Name - See Note
Owner - See Note

Closest channel segment’s susceptibility to Hydromodification: See Note
Highest downstream hydromodification susceptibility: See Note
Is this drainage segment subject to TMDLs? See Note
Are there downstream drainage segments subject to TMDLs? See Note
Is this drainage segment a 303d listed stream? See Note
Are there 303d listed streams downstream? See Note
Are there unlined downstream waterbodies? See Note
Project Site Onsite Soil Group(s): A
Environmentally Sensitive Areas within 200': DESERT TORTOISE HABITAT CAT 2
Groundwater Depth (FT): No data available
Parcels with potential septic tanks within 1000': Yes
Known Groundwater Contamination Plumes within 1000': No
Studies and Reports Related to Project Site:

Note: No drainage facilities located within 2 miles of site. 

Page 1 of 1San Bernardino - WAP Report

4/8/2022http://permitrack.sbcounty.gov/wap_report/report.asp?septic=Yes&SECAREA=DESERT T...



3/23/22, 1:45 PM Precipitation Frequency Data Server

https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_printpage.html?lat=34.4687&lon=-117.4249&data=depth&units=english&series=pds 1/4

NOAA Atlas 14, Volume 6, Version 2

Location name:
Victorville, California, USA*


Latitude:
34.4687°,
Longitude:
-117.4249°

Elevation:
3375.82 ft**

* source: ESRI Maps

** source: USGS

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

Duration
Average recurrence interval (years)

1 2 5 10 25 50 100 200 500 1000

5-min 0.080
(0.066‑0.097)

0.115
(0.095‑0.140)

0.161
(0.133‑0.197)

0.199
(0.162‑0.246)

0.250
(0.198‑0.320)

0.290
(0.225‑0.379)

0.331
(0.250‑0.443)

0.374
(0.274‑0.514)

0.431
(0.304‑0.619)

0.477
(0.324‑0.708)

10-min 0.114
(0.095‑0.140)

0.165
(0.136‑0.201)

0.231
(0.190‑0.283)

0.285
(0.233‑0.352)

0.359
(0.284‑0.459)

0.416
(0.322‑0.543)

0.475
(0.358‑0.635)

0.535
(0.393‑0.737)

0.618
(0.436‑0.887)

0.683
(0.465‑1.01)

15-min 0.138
(0.114‑0.169)

0.199
(0.164‑0.243)

0.279
(0.230‑0.342)

0.344
(0.281‑0.426)

0.434
(0.343‑0.555)

0.503
(0.389‑0.657)

0.574
(0.434‑0.768)

0.648
(0.475‑0.891)

0.748
(0.527‑1.07)

0.827
(0.562‑1.23)

30-min 0.210
(0.173‑0.256)

0.302
(0.249‑0.369)

0.423
(0.349‑0.519)

0.523
(0.427‑0.646)

0.658
(0.520‑0.842)

0.764
(0.591‑0.997)

0.871
(0.658‑1.17)

0.983
(0.721‑1.35)

1.14
(0.799‑1.63)

1.25
(0.853‑1.86)

60-min 0.290
(0.240‑0.354)

0.417
(0.345‑0.510)

0.585
(0.482‑0.717)

0.722
(0.590‑0.893)

0.910
(0.719‑1.16)

1.06
(0.816‑1.38)

1.20
(0.909‑1.61)

1.36
(0.997‑1.87)

1.57
(1.10‑2.25)

1.73
(1.18‑2.57)

2-hr 0.411
(0.340‑0.502)

0.560
(0.463‑0.685)

0.762
(0.628‑0.934)

0.932
(0.761‑1.15)

1.17
(0.925‑1.50)

1.36
(1.05‑1.78)

1.56
(1.18‑2.09)

1.77
(1.30‑2.44)

2.07
(1.46‑2.97)

2.31
(1.57‑3.43)

3-hr 0.519
(0.429‑0.634)

0.694
(0.573‑0.849)

0.936
(0.771‑1.15)

1.14
(0.933‑1.41)

1.44
(1.14‑1.84)

1.67
(1.30‑2.19)

1.93
(1.46‑2.58)

2.20
(1.61‑3.03)

2.59
(1.82‑3.71)

2.90
(1.98‑4.31)

6-hr 0.719
(0.595‑0.879)

0.954
(0.788‑1.17)

1.28
(1.06‑1.57)

1.57
(1.28‑1.94)

1.98
(1.57‑2.53)

2.32
(1.80‑3.03)

2.69
(2.03‑3.60)

3.09
(2.27‑4.26)

3.68
(2.59‑5.27)

4.16
(2.83‑6.18)

12-hr 0.912
(0.754‑1.11)

1.25
(1.03‑1.53)

1.73
(1.43‑2.12)

2.15
(1.75‑2.65)

2.75
(2.17‑3.52)

3.25
(2.51‑4.24)

3.79
(2.86‑5.06)

4.37
(3.21‑6.02)

5.23
(3.68‑7.50)

5.94
(4.04‑8.82)

24-hr 1.25
(1.11‑1.44)

1.79
(1.58‑2.06)

2.54
(2.24‑2.93)

3.19
(2.79‑3.71)

4.13
(3.50‑4.97)

4.91
(4.07‑6.04)

5.75
(4.65‑7.24)

6.66
(5.25‑8.63)

7.98
(6.04‑10.8)

9.09
(6.64‑12.7)

2-day 1.37
(1.22‑1.58)

1.95
(1.73‑2.25)

2.77
(2.44‑3.20)

3.48
(3.05‑4.05)

4.53
(3.84‑5.45)

5.40
(4.48‑6.63)

6.34
(5.13‑7.99)

7.38
(5.81‑9.55)

8.90
(6.72‑12.0)

10.2
(7.43‑14.2)

3-day 1.47
(1.30‑1.69)

2.07
(1.83‑2.39)

2.93
(2.59‑3.38)

3.68
(3.22‑4.29)

4.79
(4.06‑5.77)

5.71
(4.74‑7.02)

6.72
(5.44‑8.46)

7.83
(6.17‑10.1)

9.47
(7.16‑12.8)

10.8
(7.92‑15.2)

4-day 1.58
(1.40‑1.82)

2.23
(1.97‑2.56)

3.14
(2.77‑3.63)

3.94
(3.45‑4.59)

5.12
(4.34‑6.16)

6.10
(5.07‑7.50)

7.18
(5.81‑9.04)

8.36
(6.59‑10.8)

10.1
(7.64‑13.6)

11.6
(8.46‑16.2)

7-day 1.74
(1.54‑2.00)

2.42
(2.15‑2.79)

3.39
(2.99‑3.91)

4.23
(3.70‑4.93)

5.46
(4.63‑6.58)

6.49
(5.39‑7.98)

7.60
(6.16‑9.58)

8.83
(6.95‑11.4)

10.6
(8.03‑14.3)

12.1
(8.86‑16.9)

10-day 1.87
(1.66‑2.15)

2.58
(2.29‑2.98)

3.59
(3.17‑4.15)

4.47
(3.91‑5.20)

5.75
(4.87‑6.92)

6.81
(5.65‑8.37)

7.96
(6.44‑10.0)

9.22
(7.26‑11.9)

11.1
(8.35‑14.9)

12.6
(9.19‑17.6)

20-day 2.27
(2.01‑2.61)

3.12
(2.76‑3.59)

4.30
(3.79‑4.97)

5.32
(4.66‑6.20)

6.81
(5.77‑8.20)

8.04
(6.67‑9.88)

9.36
(7.58‑11.8)

10.8
(8.51‑14.0)

12.9
(9.76‑17.4)

14.7
(10.7‑20.5)

30-day 2.68
(2.37‑3.08)

3.64
(3.22‑4.19)

4.98
(4.40‑5.76)

6.15
(5.39‑7.16)

7.84
(6.64‑9.44)

9.23
(7.66‑11.4)

10.7
(8.69‑13.5)

12.4
(9.74‑16.0)

14.7
(11.1‑19.9)

16.7
(12.2‑23.4)

45-day 3.16
(2.80‑3.64)

4.24
(3.75‑4.89)

5.75
(5.07‑6.64)

7.05
(6.18‑8.21)

8.94
(7.58‑10.8)

10.5
(8.71‑12.9)

12.2
(9.86‑15.3)

14.0
(11.0‑18.1)

16.7
(12.6‑22.5)

18.9
(13.8‑26.4)

60-day 3.58
(3.17‑4.12)

4.73
(4.19‑5.45)

6.34
(5.60‑7.32)

7.73
(6.77‑9.00)

9.75
(8.26‑11.7)

11.4
(9.47‑14.0)

13.2
(10.7‑16.6)

15.2
(11.9‑19.6)

18.0
(13.6‑24.3)

20.4
(14.9‑28.5)

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 Top

PF graphical

------

□: 
C II 
C II 
C II 
C II 
C JI 
C II 
C II 
C II 
C II 
C II 
C II 
C II 
C II 
C II 
C II 
C II 
C JI 
C II 
D I 

https://www.commerce.gov/
http://www.noaa.gov/


3/23/22, 1:45 PM Precipitation Frequency Data Server

https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_printpage.html?lat=34.4687&lon=-117.4249&data=depth&units=english&series=pds 2/4

Back to Top

Maps & aerials

Small scale terrain

i:::: 

..c:. 
.µ 

20 

~ 15 
"O 

r:: 
0 ·.;:; 

19 10 'a. 
u 
~ 
ll.. 

5 

0 
r:: 
-~ 
U"l 

..c:. 
.µ 

25 

20 

g- 15 
"O 
r:: 
0 

·.;:; 
19 10 'a. 
u 
~ 
ll.. 

5 

0 
l 

C: .E 
I 

0 
.-1 

PDS-based depth-dura t ion-f requency {DDF) curves 
Latitude: 34.4687°, Longitude: -117 .4249° 

. . ~ - .. - - . - - . ·- . ., . . 
' I • ' 

C: C: C: '- '- '- '- '- >, >, >, >, >, .E .E .E .r;;;. .r;;;. .r;;;. .r;;;. .r;;;. rtl rtl rtl rtl rtl 
N m th I I 

"O "O "O "9 "O N r:!i I I I .-1 N r/"Jtj- I 
U"l 0 0 r-,. 0 
.-1 l'fl '-0 .-1 

Duration 

--- -·-·· ·· · · · · ·· .. · · · · - - -- · - -
' ' 

2 5 10 25 50 100 200 

Average recurrence interval {years) 

>, >, >, >, 
rtl rtl rtl rtl 

"O "O "O "O 
I I I I 

0 0 U"lO 
N l'fl ,:;t'-0 

500 1000 

NOAA Atlas 14, Vo lume 6, Version 2 Created (GMT): We,d Mar 23 20:45:18 2022 

Average recunenc-e 
inte,val 
(years) 

2 

5 

10 

25 

50 

1 00 

200 

500 

1000 

Duration 

5-mln 
10-,mln 

15--mln 

3-0-,mln 

60-rnln 

2-tl r 

3-hr 

6-tlr 

12-hr 

24-<hr 

2-d ay 

3-d ay 

4-<lay 

7-d ay 

10-day 

20-Clay 

30-Clay 

45-day 

60-day 



3/23/22, 1:45 PM Precipitation Frequency Data Server

https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_printpage.html?lat=34.4687&lon=-117.4249&data=depth&units=english&series=pds 3/4

Large scale terrain

Large scale map

Large scale aerial

+
–

3km

2mi

+
–

100km

60mi

+
–

100km

60mi

Palmd ale Rd 

I 
-■-I 

' ' 

ster 

I • · ·11 ■■■-'1 c torv1 e 

SAl\'e • 
:.fR,y •. 

• V,V]": , 
River side 1. "1J\'L>14--08 

8 h Anaheim ca-lhedr al Ci~ "'1Ns 
Long eac • •• J""• •,. -. • . 

Santa Ana p a1m D~s~ t , Indio 
_.;....,;,, _______ """'I Murriet11 • 

~eansid e • 
Safto11 

C.--

L,m cas ter 

anta Barbara 

0 
o- Palmd:i le 

1 
! J::c torvill e 

S:mtaClarit:i -i _ 
Oxn:ird 

0 

e~ rs ide 8 ahein\ o- Riv"e Cat heel ra 

Ci. --.:Ill 

urri eta 

L------...,.,,1 nside 



3/23/22, 1:45 PM Precipitation Frequency Data Server

https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_printpage.html?lat=34.4687&lon=-117.4249&data=depth&units=english&series=pds 4/4



Back to Top








US Department of Commerce

National Oceanic and Atmospheric Administration


National Weather Service

National Water Center


1325 East West Highway

Silver Spring, MD 20910


Questions?:
HDSC.Questions@noaa.gov




Disclaimer


+
–

100km

60mi

https://www.commerce.gov/
http://www.noaa.gov/
http://www.nws.noaa.gov/
https://www.weather.gov/owp/oh
mailto:HDSC.Questions@noaa.gov
http://www.nws.noaa.gov/disclaimer.html

	VICINITY MAP.pdf
	Sheets and Views
	FIGURE 1


	WQMP_Exhibit_2022-04-04-Layout1.pdf
	Sheets and Views
	Layout1


	BASIN EXHIBIT.pdf
	Sheets and Views
	FIGURE 6


	ExistingConditions-Layout2.pdf
	Sheets and Views
	Layout2


	BASIN EXHIBIT.pdf
	Sheets and Views
	FIGURE 6


	HydroProposed_2022-03-28.pdf
	Sheets and Views
	Plot


	HydroExisting_2022-03-22.pdf
	Sheets and Views
	Layout1


	WQMP_Exhibit_2022-04-04-Layout1.pdf
	Sheets and Views
	Layout1


	VicinityMap-FIGURE 6.pdf
	Sheets and Views
	FIGURE 6


	HydroProposed_2022-03-28-Plot.pdf
	Sheets and Views
	Plot



	OWNER NAME: 
	PROPERTY ADDRESS: 
	APN: 
	California this: 
	Number: 
	by and between: 
	hereinafter: 
	Name of Development Project & VV Case No: 
	Owner Name: 
	Owner City/State/Zip: 
	Name: 
	Title: 
	Name1: 
	Title1: 
	Date: 
	Owner Address: 


