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User’s Manual

How to

• Develop the watershed with a win-win mental model
• Convey rainfall through the watershed to reduce runoff 
• Convey runoff through streams to reduce risk and costs



Why

Get more benefits from what we build 
and 

Spend less building
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Biology

Physiochemical

Geomorphology

Hydraulics

Hydrology1

How
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Hydrology
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1937
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1993
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2015
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Picture of watersheds and streams
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Traditional Layout
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Dendritic Layout
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Traditional Layout

1,040,000 CY CUT

1,240,000 CY FILL

200,000CY IMPORT
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Dendritic Layout

560,000 CY CUT

760,000 CY FILL

200,000CY IMPORT
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Summary of Development Metrics

Traditional Layout Dendritic Layout

797Lots

320(AC) Total Boundary

5.6(AC) Park

11.9(AC) School

20.4(AC) Mixed Use

2.5Gross Density (Units/Acre)

878 Lots

320 (AC) Total Boundary

5.6(AC) Park

11.9(AC) School

20.3(AC) Mixed Use

2.7Gross Density (Units/Acre)
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TRADITIONAL LAYOUT

ENGINEERS OPINION OF CONSTRUCTION COSTS

EARTHWORK / EROSION CONTROL $               13,228,725 

PUBLIC ROADWAY IMPROVEMENTS $               23,141,006 

PARKS, TRAILS, AND RECREATION $                 1,271,334 

SIGNAGE & STRIPING $                    512,039 

DRAINAGE AND STORMWATER $                 1,011,200 

SANITARY IMPROVEMENTS $                 3,092,015 

WATER SYSTEM IMPROVEMENTS $                 9,381,008 

Public Improvements Total $               67,128,524 

Cost Per Lot $                       76,456 

DENDRITIC LAYOUT

ENGINEERS OPINION OF CONSTRUCTION COSTS

EARTHWORK / EROSION CONTROL $           8,237,200 

PUBLIC ROADWAY IMPROVEMENTS $         21,556,033 

PARKS, TRAILS, AND RECREATION $           1,271,334 

SIGNAGE & STRIPING $               503,706 

DRAINAGE AND STORMWATER IMPROVEMENTS $           1,005,200 

SANITARY IMPROVEMENTS $           3,779,383 

WATER SYSTEM IMPROVEMENTS $           8,325,552 

Public Improvements Total $         58,081,931 

Cost Per Lot $                 72,876 

Mental Models
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TRADITIONAL LAYOUT

Lot Type Number of Lots Lot Premium Total

Standard 837 $                  - $                    -

Walk Out 23 $         8,000 $       184,000

Garden 18 $         3,000 $        54,000 

Total 878

$       238,000 

DENDRITIC LAYOUT

Lot Type Number of Lots Lot Premium Total

Standard 649 $                  - $                    -

Walk Out 112 $         8,000 $       896,000 

Garden 36 $         3,000 $       108,000 

Total 797 Potential

$    1,004,000 76% Increase

Revenue



TRADITIONAL LAYOUT

Lot Type Number of Lots Lot Premium Total

Standard 837 $                  - $                    -

Walk Out 23 $         8,000 $       184,000

Garden 18 $         3,000 $        54,000 

Total 878

$       238,000 

DENDRITIC LAYOUT

Lot Type Number of Lots Lot Premium Total

Standard 649 $                  - $                    -

Walk Out 112 $         8,000 $       896,000 

Garden 36 $         3,000 $       108,000 

Total 797 Potential

$    1,004,000 76% Increase

Revenue

Premium Lots 
Increase by 70%



Disconnected Impervious 
Area (No ET)

Directly Connected 
Impervious Area (No ET)

Receiving Pervious Area Separate Pervious Area

Site Level BMP
WQCV/EURV

Distributed FSD
Constructed Permeable 

Conveyance Channels

Shallow Groundwater

Percolation to Deep Groundwater

DEVELOPED

Irrigation

Evapotranspiration

Surface flow

Shallow 
groundwater 
interflow & 

baseflowSeepage from channel

Infiltration

Infiltration

Infiltration

Infiltration

Surface runoff (RPA)
Surface runoff (SPA)

Evaporation & 
Evapotranspiration

Surface runoff (DCIA)

Continuous and Design Rainfall Modeling

Credit:  Wright Water Engineers
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P2

Network of Vegetated Swales

Tributary Areas

Storm Pipe Areas
P1

S2

S1
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Maintain a dendritic open channel system



31Protecting People, Property, & the Environment

Biology

Physiochemical

Geomorphology

Hydraulics

Hydrology1

2

Stream Works



April 7,2015 2015 UDFCD Annual Seminar
Lakewood Gulch at Tennyson Street, July 2013
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Bluegrass Park 
34%

Disturbed Upland 
4%

Herbaceous 
Wetland 

3%

Riparian 
8%

Upland 
Herbaceous 

Mixed 
9%

Upland 
herbaceous 
nonnative 

26%

Urban Park 
16%

Vegetation Communities, 
All Streams in Denver

Lack Floodplain 
Connection
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Floodplain 
Connection
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Are we reducing risk?
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Are we reducing risk?
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Are we reducing risk?
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Are we reducing costs?
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Flirt with the Floodplain

Existing 
Floodplain

New
Floodplain



Reconnect with an old Floodplain
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Existing Floodplain
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Reconnect with an old Floodplain

Reconnect 
Floodplain
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Existing Ground

Excavation 

New Floodplain 

Reconnect with an old Floodplain
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Engage a New Floodplain

Existing Floodplain
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Existing Floodplain
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Engage the floodplain

Existing Floodplain

New Floodplain
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Depth in Floodplain = 3 feet

Shear Stress < 1 lbs/ ft2 , vegetation for armoring sufficient

Engage the floodplain

Excavation
Existing 
Floodplain



Existing
100-Yr Floodplain

Floodplain Banking



Reduce Floodplain

Floodplain Banking
Increase Floodplain
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Take Aways

• Partner with Development with a win-win mental 
model

• Maintain a network of open channels

• Engage the floodplain using a three stage channel
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How will this be useful to YOU
• Criteria

• Masterplan

• Maintenance Eligibility

• Stream Management

• On-Line Community Resource Center
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