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TimelineTimeline

•Completed
» Oklahoma DEQ issues permit in 2005
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─Recommended activities
─Cost estimate

•Planned
» Permit renewal required in 2009
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Early & frequent involvement: 

shortens implementation schedules & broaden public support

Provides additional expertise & a conduit to other programs & governments



Volunteers may assist in implementation of programs
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Presentation Notes
[40 CFR 122.34(b)(3)]   FR p 68756

Sewer mapping - - city records, drainage maps, storm drain maps, field surveys of stream banks and shorelines,  Coding system to mark and identify each outfall, map scale such that outfalls can be accurately located

What are Illicit Discharges?

Direct Connections - wastewater piping mistakenly/deliberately connected to storm drains/sewers/ditches

Indirect Connections  

Infiltration into the storm drain system 

Spills collected by ditches or storm drain inlets

Paints and used oil dumped into drain 

Recommended Plan to Detect Illicit Discharges:

Locate priority areas (concentration of businesses, older sewer system or results of ambient monitoring) 

Trace the source (following flow, by observation or chemical tests, smoke and dye tests, infrared and thermal photography, televising the sewer) 

Remove the source (notification, schedule to respond, legal action Notify the adjoining MS4 )

Evaluate and assess program (# of outfalls screened, complaints received and corrected, feet of sewers televised, etc - for Annual Reports)
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NEW:
» Construction stakeholder group
» Erosion control manual
» Erosion control demonstration

•
 

REQUIREMENTS:
» Control pollutant runoff from active 

construction sites larger than 1 acre.

•
 

EXISTING:
» Ordinance, earth change permit, plan 

reviews, building permit erosion controls
» Site inspections and enforcement

•
 

NEW:
» Construction stakeholder group
» Erosion control manual
» Erosion control demonstration



New Development and RedevelopmentNew Development and Redevelopment
•

 
REQUIREMENTS:
» Impose permanent controls on runoff from newly developed land
» Determine controls to be used and long term O&M policies during five 

year start up implementation 
•

 
EXISTING:
» Zoning, voluntary developer actions, open space requirements

•
 

NEW:
» Adopt ordinance to address post-construction runoff
» Determine O&M policies (private – public)
» Adopt criteria manual for controls
» Developers stakeholders group
» Inspect permanent controls
» Long-term operation & 

maintenance 

•
 

REQUIREMENTS:
» Impose permanent controls on runoff from newly developed land
» Determine controls to be used and long term O&M policies during five 

year start up implementation
•

 
EXISTING:
» Zoning, voluntary developer actions, open space requirements

•
 

NEW:
» Adopt ordinance to address post-construction runoff
» Determine O&M policies (private – public)
» Adopt criteria manual for controls
» Developers stakeholders group
» Inspect permanent controls
» Long-term operation & 

maintenance

Presenter
Presentation Notes
minimization of impervious areas

maintenance or restoration of natural infiltration

wetlands protection

vegetative drainageways

riparian buffers

FR p 68760  [40 CFR 122.34(b)(5)]:

Redevelopment refers to alterations of a property that change the “footprint”  of a site or building in such a way that results in the disturbance of equal to or greater than 1 acre of land.  The term is not intended to include such activities as exterior remodeling, which would not be expected to cause adverse SW quality impacts and offer no new opportunity for storm water controls

Structural - Storage (wet ponds & extended-detention structures) and Filtration (grassed swales, sand filters & filter strips)

By:        Pre-construction review of BMP designs

Inspection during construction to verify BMPs are built as designed

Post-construction inspection & maintenance of BMPs

Sanctions to ensure compliance with design, construction & operation & maintenance (O&M) requirements
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Such as park & open space maintenance, fleet and building maintenance, new construction & land disturbances, & storm water system maintenance 
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QUESTIONS AND COMMENTS

Storm Water Quality 
Compliance Program

Lake Thunderbird Sunset



Storm Water Financing 

John German, P.E. 
PBS&J



Storm Water Funding Options
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» Storm water utility
» General obligation bonds
» Revenue bonds
» Land development fees
» General Fund revenues
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Storm Water Funding – Drainage Utility
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Concept
» A user pays for a benefit
» User is any piece of developed property
» Benefit: 
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Connection to the storm water management system
─

 

Various storm water management services
─

 

Improved water quality in streams and lakes

•
 

Concept
» A user pays for a benefit
» User is any piece of developed property
» Benefit: 

─

 

Connection to the storm water management system
─

 

Various storm water management services
─

 

Improved water quality in streams and lakes



Storm Water Funding
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Conduct needs assessment: 
What is desired level of service? 

» Master planning elements
» Phase II compliance and selected goals
» Floodplain management
» Source water protection (drinking water supply)
» Capital improvements
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Estimated costs and revenue 
requirements: 
How much will this cost? 

» Administrative, regulatory and planning activities
» Infrastructure design, construction, operation, and 

maintenance 
» Equipment and consumables
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Steps Taken
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Financial
» Met with City staff to begin stormwater budget
» Budget to include
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City O&M
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─

 

Capital Improvements 
─

 

Parks & trails
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Steps Taken
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Impervious surface data
» 39,851 parcels – 22% total impervious cover
» Extracted at highest data level

─ 25 zoning codes
─ 18 basins draining to:

– Lake Thunderbird
– South Canadian River in Norman
– South Canadian below Lake Thunderbird (Outside)
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Parcel Distribution by Drainage Area



Impervious Cover Distribution



Impervious Cover By Zoning Codes
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Next Steps
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Aggregate zoning codes into single family, 
multi-family, etc. 
» Isolate University of Oklahoma parcels
» Review unclassified parcels 
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Analyze impervious area by zoning and 
drainage basin 
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Finalize operations & MS4 budgets
•

 
Determine user rates and rate alternatives

•
 

Present rate alternatives at next meeting 
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Storm Water Financing

Lake Thunderbird Sunset



Watershed / Stream Assessment 
and 

Rainfall / Runoff Analyses 

Duke Altman, PE, CFM, BCEE 
PBS&J



Norman Priority 
Study Areas



Integrated Watershed & Stream Assessments
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Assess existing watershed 
conditions 

•
 

Stream corridor assessment
» Creek walks
» Individual reach characteristics
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future planning 

•
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Stream Corridor  Assessments

•
 

Creek walks for Level 1 & 2 
streams 

•
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Reach Level Assessment 
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Evaluate bed and bank 
stability, riparian habitat, 
vegetation, adjacent landuse, 
and watershed/floodplain 
connectivity 

•
 

Creek walk photos viewed on 
desktop (geo-referencing) 
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Rainfall / Runoff Analyses

•
 

Hydrology = how much
•

 
Hydraulics = how high, fast, wide

•
 

Level 1 & 2 streams – Detailed H&H
•

 
Level 3 & 4 streams – Stream 
Planning Corridors 

•
 

Existing and future (Norman 2025) 
development 

•
 

Goal: Identify storm water problem 
areas for solutions development 
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Hydrologic Analyses
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Determine peak flows at 
key locations 
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Existing and future 
(Norman 2025 + platting) 
development conditions 
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Hydraulic Analyses
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HEC-RAS and Geo-RAS programs
•

 

Hydraulic Data
» Channel Geometry – 1 ft. (urban) and 2 

ft. (rural) LiDAR topography 
» Roughness Coefficients – Field visits 

and high resolution aerials 
» Structure Survey – Road culvert and 

bridge structures 
» Peak Flows – 10-, 50-, 100-, and 500- 

year flows from detailed hydrologic 
models 
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Hydraulic Analyses
•

 
47 stream miles of detailed 
hydraulics 
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Channel cross section layout in 
ArcGIS 

•
 

ArcMap plot of floodplain 
boundaries 
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Goal:
» Determining storm water 

problems 
» Developing alternative integrated 

storm water solutions 
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Stream Planning Corridors

•
 

Level 3 & 4 streams - 277 miles of 
Stream Planning Corridors 

•
 

Corridor defined by the 100-year 
future condition floodplain plus a 
buffer strip 

•
 

Streams draining greater than 40 
acres 

•
 

Future development planning
•

 
Provides for:
» Storm water conveyance
» Water quality benefits
» Riparian habitat
» Greenbelt/trails opportunities

•
 

Level 3 & 4 streams - 277 miles of 
Stream Planning Corridors

•
 

Corridor defined by the 100-year 
future condition floodplain plus a 
buffer strip

•
 

Streams draining greater than 40 
acres

•
 

Future development planning
•

 
Provides for:
» Storm water conveyance
» Water quality benefits
» Riparian habitat
» Greenbelt/trails opportunities



Stream Planning Corridor

•
 

Rapid Floodplain Delineation 
(RFD) 

» Calculates peak discharges
» Generates channel cross sections
» Performs backwater calculations
» Delineates floodplain boundaries

•
 

Floodplain buffer strip
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Preliminary FEMA 100-year Floodplain



Stream Planning Corridors in Blue



Identify Watershed Problems and Opportunities
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Flooding
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Erosion / stream stability
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Storm water quality
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Water supply protection
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Recreation
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Integrated Solutions



FIGURE 4-1
LOSS OF CHANNEL BED AND BANK SOILS SINCE 1986 CHANNEL MODIFICATIONS
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QUESTIONS AND COMMENTS
Storm Water Master Plan

Lake Thunderbird Sunset



A Greenbelt Master Plan for Norman

Jim Carrillo, ASLA, AICP 
Halff Inc.



What do Greenbelts offer residents of Norman?

•
 

Offer something for all age users
•

 
Provide alternative ways to get to key city destinations 

•
 

Support economic development by revitalizing areas 
and enhancing neighborhoods 

•
 

Provide capacity for storm water conveyance
•

 
Promote a healthy lifestyle by providing opportunities to 
engage in exercise 

•
 

Help create a more attractive and unique city

•
 

Offer something for all age users
•

 
Provide alternative ways to get to key city destinations 

•
 

Support economic development by revitalizing areas 
and enhancing neighborhoods

•
 

Provide capacity for storm water conveyance
•

 
Promote a healthy lifestyle by providing opportunities to 
engage in exercise

•
 

Help create a more attractive and unique city



Purpose of Norman’s Greenbelt Master Plan

•
 

Works in concert with storm water and floodplain 
management 

•
 

Provides guidance for the preferred locations of 
trail corridors, and which corridors to preserve 

•
 

Provides a framework for the City of Norman to 
assist private development in creating meaningful 
and connected trail corridors 

•
 

Helps the city make informed decisions as to how 
to fund trail development 
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Key Guiding Principles for the Greenways Master Plan

•
 

Creates an interconnected system
•

 
Connects to multiple destinations - 
schools, parks, employment, and other 
destinations 

•
 

Provides easy access
•

 
Creates identity for Norman

•
 

Enhances learning
•

 
Promotes safety

•
 

Adds to the beauty of the City
•

 
Fosters partnerships
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Creek/Drainage Corridor Trails
• Located along creek and drainage corridors
• Could be used for recreation or transportation uses
• Trail width can vary due to the conditions of the trail 

corridor



Bishop Creek – Existing Creek Trail



Imhoff Creek at Brooks Street



Merkle Creek



Bishop Creek 



Parkway Trails
• Are usually adjacent to major arterial or collector roads
• Are typically wider than sidewalks, 8’ – 12’ path recommended
• Include amenities such as street trees, decorative lighting and 

crosswalk enhancements
• Help create attractive “boulevards” throughout Norman



OU Parkway Trail



24th Street – Legacy Trail



Berry Street



36th Street (South of Main)



Scenic / Nature Trails

• Located in lower populated naturalized areas
• Mainly used for recreational purposes
• Rural trails are typically 8’-12’ in width



Utility Corridor Trails

• Follow power line and utility corridors.
• Roadway crossings create opportunities to highlight the corridor



Castle Rock Utility Trail



Potential Extension of Castle Rock Utility Trail



Bicycle Facilities

Legacy Trail

Shared Lane Marking

• Minimum 4 feet in width from the street edge of the gutter pan.
• A 5 foot wide on-street bike lane usually preferred for the more 

inexperienced rider.
• Off-street trails intended to accommodate bicycles are referred 

to as shared use paths.

Off-Street Facility
On-Street Facility



Rock Creek



Brooks Street



Trail Access Points and Trailheads

Typical Trailhead
Includes:
•Parking for 10+/- cars
•Small Shade Pavilion
•Drinking Fountains
•Optional Safety Call Box
•Kiosk with Trail Map and                   
Information
•Bicycle Parking Area
•Optional Fitness Stations
•Landscaping and Amenities
•Trail Identification Signage
•Optional Restrooms 



Trail Features

Typical Trail Features
Includes:
•Benches
•Bicycle Parking
•Drinking Fountains
•Maps and Signage
•Interpretive Installations
•Lighting
•Art Installations
•Milepost Markers
•Trash Receptacles



Bridges and Underpasses

Bridges – should be one of a kind 
and create a significant statement 
about Norman.

Underpasses – typically will go 
under an existing bridge to create 
a safe crossing.  Connections to 
street level are required to allow 
access to and from the trail 
corridor.



Integration with the Storm Water Master Plan

Integrate Trails and Green Space into Drainage Corridors

Missed Opportunities for Trails and Green Space Corridors



Greenbelt Destinations
Key Destinations:
•OU
•Schools
•Downtown
•Parks

•Recreational Centers
•Retail
•Restaurants
•Canadian River
•Lake Thunderbird



Preliminary Master Plan



Imhoff Creek



Brookhaven Creek-Ruby Grant Park Connection

ROCK CREEKROCK CREEK

RUBY GRANT
PARK

RUBY GRANT
PARK

BROOKHAVE CREEKBROOKHAVE CREEK



Woodcrest Creek



QUESTIONS AND COMMENTS
Greenbelt  Master Plan



Master Plan Status
•

 
Elements substantially completed

» Data/Information Review
» MS4 storm water permitting compliance update (“Phase II”)
» Watershed/stream corridor assessments
» Defining existing and future floodplain conditions

•
 

Elements progressing
» Meetings/Coordination
» Defining problems
» Greenbelt / Trails Master Plan
» Regulatory update needs
» Funding options

•
 

Elements getting underway
» Integrated solutions development
» Increased Public Outreach/Education
» Reporting

•
 

Elements substantially completed
» Data/Information Review
» MS4 storm water permitting compliance update (“Phase II”)
» Watershed/stream corridor assessments
» Defining existing and future floodplain conditions

•
 

Elements progressing
» Meetings/Coordination
» Defining problems
» Greenbelt / Trails Master Plan
» Regulatory update needs
» Funding options

•
 

Elements getting underway
» Integrated solutions development
» Increased Public Outreach/Education
» Reporting



QUESTIONS AND COMMENTS
Storm Water Master Plan

Lake Thunderbird Sunset



QUESTIONS AND COMMENTS
Storm Water Master Plan

Lake Thunderbird Sunset



Count of Parcel_ID
DRAINAGE_AREA Total
Bishop Creek 7,936
Brookhaven Creek 4,624
Clear Creek 376
Direct Lake Thunderbird Runoff 813
Elm Creek 4
Hog Creek 267
Hog Creek Arm 323
Hog Creek Tributary D 133
Imhoff Creek 5,543
Jim Blue Creek 301
Lower Dave Blue Creek 597
Lower Little River 425
Lower Mid Little River 199
Lower Rock Creek 273
Merkle Creek 3,244
Outside of Drainage Area 2,678
Ten Mile Flat Creek 1,903
Trib 1 to Lake Thunderbird 218
Trib 2 to Lake Thunderbird 205
Trib to Dave Blue Creek 496
Tributary G to Little River 1,062
Upper Dave Blue Creek 1,159
Upper Little River 938
Upper Mid Little River 519
Upper Rock Creek 2,637
Willow Branch 123
Woodcrest Creek 2,855
Grand Total 39,851

Number of Parcels by 
Drainage Area



Sum of IMPERVIOUS_AREA_FT2
DRAINAGE_AREA Total
Bishop Creek 64,657,416
Brookhaven Creek 26,629,604
Clear Creek 4,030,748
Direct Lake Thunderbird Runoff 12,205,044
Elm Creek 113,838
Hog Creek 2,323,487
Hog Creek Arm 2,506,863
Hog Creek Tributary D 1,266,211
Imhoff Creek 25,479,752
Jim Blue Creek 3,295,600
Lower Dave Blue Creek 6,509,665
Lower Little River 4,254,089
Lower Mid Little River 2,479,713
Lower Rock Creek 3,304,736
Merkle Creek 34,324,538
Outside of Drainage Area 19,894,102
Ten Mile Flat Creek 12,611,081
Trib 1 to Lake Thunderbird 2,385,787
Trib 2 to Lake Thunderbird 1,945,272
Trib to Dave Blue Creek 4,659,359
Tributary G to Little River 8,457,530
Upper Dave Blue Creek 6,852,051
Upper Little River 14,410,665
Upper Mid Little River 3,414,720
Upper Rock Creek 11,046,911
Willow Branch 1,233,259
Woodcrest Creek 11,523,780
Grand Total 291,815,821

Impervious Cover by 
Drainage Area



Sum of IMPERVIOUS_AREA_FT2
ZONING Total

0 1,219,501
A-1: General Agricultural 390,560
A-2: Rural Agricultural 72,296,670
C-1: Local Commercial 4,683,269
C-2: General Commercial 26,956,589
C-3: Intensive Commercial 2,594,847
C-O: Suburban Office Commercial 19,243
CR: Rural Commerical 89,274
I-1: Light Industrial 13,617,821
I-2: Heavy Industrial 6,062,508
M-1: Restricted Industrial 209,365
No Data Available 1,275,550
O-1: Office-Institutional 348,318
PL: Park Land 459,538
PUD: Planned Unit Development 9,659,575
R-1: Single Family Dwelling 83,479,541
R-1A: Single Family Attached Dwelling 685,438
R-2: Two-Family Dwelling 3,365,722
R-3: Multi-Family Dwelling 7,913,790
RE: Residential Estates 18,095,191
RM-2: Low Density Apartment 4,348,293
RM-4: Mobile Home Park 1,661,478
RM-6: Medium Density Apartment 16,609,576
RO: Residence-Office 410,955
TC: Tourist Commercial 297,302
UNC: Unclassified 15,065,905
Grand Total 291,815,821

Impervious Cover by
Zoning Codes
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