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Watersheds



Watershed Definitions

� A watershed is the area of land where all of the water that is 
under it, or drains off of it, goes to the same place.

� The region or area drained by a river or stream (AKA, the 
drainage area).

� Areas that are divided from each other by higher land areas 
(ridges).

� Watershed shapes are sometimes described as valley types



Project Stream Valley Type

• Watts Branch and the UWB 

park are both located in  a type 

VIII valley: wide, gentle valley 

slope with well developed flood 

plain and historical terraces.



Stream Networks and Watersheds

� The stream network within UWB 

park has several 1st order 

streams, some 2nd order streams 

and one third order stream

T1

T2



Comparison of Stream Orders

� Swale at Princeton Place (1st order)

� Tributaries 1 and 2 in UWB Park (2nd order)

� Main stem of UWB (where tributaries 1 and 2 meet) (3rd

order)

� UWB mainstem at confluence with Watts Branch (4th order)

� Watts Branch at confluence with Potomac River (5th order)

� Potomac River at Chesapeake Bay (7th or 8th order)

� The Mississippi River (10th order)

� The Amazon (12th order, world’s largest)



Drainage Area

Map



Stormwater



The Water Cycle

Image Source: Federal Interagency Stream Restoration Working Group 1998.





Influences of Development

Image Source: dagnygromer.wordpress.com



Stormwater Management

� Quantity

� Quality



Increased Runoff

Image Source: NC State BAE Dept



Stormwater Regulations

Image Source: Center for Watershed Protection



TR-20



Existing Facilities within UWB Park



Existing Facilities within Watts Branch 

Watershed



Storm Water Management

UWB

� Retrofit SM18 & SM20



Streams



Stream Types

� Perennial

� Intermittent

� Ephemeral

� Spring-fed

� Subterranean

� Tidal



Stream Characteristics

� Dimension, Plan and Profile

� Bed Material

� Vegetation

� Channel Evolution

� Sediment Transport

� Stability



Dimension
� Dimension: The cross sectional shape of a stream



Dimension Cont.



Plan

Image Source: Rosgen, 2006



Profile



Stream Bed Material

� Can vary from fine clay to bedrock

� Usually classified as clay, sand, gravel, cobble, boulders or 

bedrock

� A stream may have more than one type of material

Image Source: http://water.me.vccs.edu



Bed Material

� Silt/Clay (6) <0.063 mm

� Sand (5) <2 mm

� Gravel (4) <64 mm (2.5 inches)

� Cobble (3) < 256 mm (10 inches)

� Boulder (2) > 256 mm 

� Bedrock (1)

Numbers 1-6 Refer to Rosgen Classification



Silt-Clay Bed Streams (<0.062 mm)

Gaithersburg, MD Colesville, MD



Sand Bed Streams (< 2 mm)

Huntersville, NC (restored)Ashton, MD



Gravel Bed Streams (<64 mm)

Winston-Salem, NC Brookville, MD (restored)



Cobble Bed Streams (<256 mm)

Red Feather Lake, CO Ashton, MD (restored)



Boulder Streams

Boundary Waters, MN Glen Echo, MD (restored)



Bedrock Streams

Garrett County, MD Winston-Salem, NC



Stream Vegetation



Vegetation (in water)

Lower Potomac River, MD



Vegetation on Banks

Lack of bank vegetation in Charlotte, NC Lush bank vegetation Calverton, MD 

(restored)



Vegetation (flood plain)

Mature flood plain forest, 

Shepherdstown, WV

Newly established flood plain , 

Huntersville, NC



Stream Channels



Channel Evolution (simple)

Image Source: http://www.scienceclarified.com



Channel Evolution Continued

� A more descriptive model was developed by Simon in 1986 

and has 6 stages or classes

Image Source: http://gfscd.org



Class I: Sinuous, Premodified (h<hc)

h

hc  = critical bank height

= direction of bank/bed movement



Class II: Channelized (h<hc)

floodplain

hc  = critical bank height

= direction of bank/bed movement

h



Class III: Degradation (h<hc)

hc  = critical bank height

= direction of bank/

bed movement

h



h

terrace

hh

terrace

Class IV: Degradation and Widening 

(h<hc)
hc  = critical bank height

= direction of bank/
bed movement

Slump



hh

slumped 

material

aggraded material

terrace

Class V: Aggradation and Widening 

(h>hc)

hc  = critical bank height

= direction of bank/bed movement



aggraded 

material

hh

terrace

bankfull

bank

hc = critical bank height

= direction of bank/bed movement

hc = critical bank height

= direction of bank/bed movement

aggraded 
material

h

Class VI: Quasi Equilibrium (h<hc)

hc  = critical bank height

= direction of bank/bed movement



Channel Evolution (Rosgen, 1999)



Natural Streams vs. Urban Streams

Image Source: Eco-check.org (2008)



Sediment



Sediment Transport



Image Source: University of Idaho



Image Source: USDA 1995

Sediment Transport Cont.

Image Source: http://www.geol.umd.edu/~piccoli/100/CH12.htm



Sediment Transport (Lane, 1955)



Floodplain Connectivity

Pre-Development

Post-Development

Flood

Flood

Ground Water

Ground Water



FEMA Floodplain Map



Stream Stability



Mid-Atlantic Land Use Summary

� 1700s - European settlement and agriculture; begin channelization 

� 1800s - peak sediment production from agriculture; more 
channelization (legacy sediments)

� Stream responses: increase water and sediment yields, degrading 
steep streams, aggrading low-slope streams

� 1900’s - decline in agriculture; conversion of cropland to pasture & 
forest; implementation of soil conservation; urbanization

� 2000’s – continued urbanization

� Stream response: decreasing water and sediment yield, channel 
incision



1800’s: peak sediment from agriculture, 

channelization continues



1900’s: begin decline in agriculture



Stream Stability

Ability of a stream, over time, in the present climate, to 

transport the sediment and flows produced by its watershed in 

such a manner that the stream maintains its dimension, pattern, 

and profile without either aggrading or degrading (Rosgen, 1996)



Causes of Instability

� Increased slope 

� Increased runoff 

� Change sediment load

� Loss of riparian buffer

� Instream modification



Change in Slope

Image Source: NC State BAE Dept



Hydrograph

Developed

Stormwater Peak Control

Undeveloped

Stormwater Extended Detention Control

F
lo

w

Time



Change in Sediment Load



Loss of Riparian Vegetation

Good Bank Vegetation Poor Bank Vegetation

No  Bank 

Vegetation



In-Stream Modification

�Dams/impoundments

�Channelization

�Straightening

�Levees

�Hardening

�Mining



Source: NC State BAE Dept

Attribute Stable Unstable

Dimension Uniform & 

Consistent

Irregular & 

inconsistent

Riffle/Pool 

Sequence

Appropriate Inappropriate

Bank Erosion Low High

Vegetation Dense Sparse

Floodplain Wide & 

Accessible

Narrow & 

Inaccessible

Stable vs. Unstable Streams



Forestry



Forestry
� Existing forest preserve

� Natural Resource Inventory-Forest Stand Delineation

� Forest Conservation Plan

� Tree Removal

� Planting Plan

� Invasive Species



Natural Resource Inventory/Forest Stand 

Delineation (NRI/FSD)



(NRI/FSD)
Surveyed Trees

Wine Berry
(Rubus phoenicolasius)

Bush Honeysuckle 
(Lonicera japonica)

Japanese Knotweed

(Polygonum cuspidatum)

Black Walnut
(Juglans nigra)

11” DBH

Roots Trunk Branch Twigs Leaves Total Condition %

Tree# Notes
Size 
(in)

CRZ 
(ft)

Street 
Tree?

Common 
Name Scientific Name S H S H S H H H 0 0%

1108 Vines 2 3.0 No
Black 
Walnut Juglans nigra 2 2 2 2 2 2 3 3 18 56%



Forest Conservation Plan (FCP)



Forest Conservation Plan (FCP)

� Typical FCP Details

Trees To Be Protected

ID Common Name Scientific Name DBH (in.) CRZ (Ft.) Condition RP DRF CA SP DRW

A Tulip Poplar Liriodendron tulipifera 20 30 81% X X X

10 Black oak Quercus velutina 30 45 72% X X X X X

34 Black Gum Nyssa sylvatica 24 36 75% X X X X X



Forest Conservation Plan (FCP)

Planting Plan



Project Status



Project Status

� Project overview

� Stream data 

collection to date



Completed Geomorphic Work

� 12 Cross sections surveyed

� 19 Pebble counts conducted

� 8 Toe pins installed (to measure erosion)

� 6,244LF of stream profile surveyed



Next Steps



Next Steps

� Existing data evaluation

� Geomorphic map

� Rank areas for possible restoration

� Community input



Data Evaluation Methods

� Comparison of 2011 & 1999 stream cross sections

� Stream erosion rate mapping

� Estimated tree loss

� Estimate of pollution abetment provide by 

current and/or possible stormwater management

� Geomorphic stability data

� Utility protection



Technical Data Sources

� Watts Branch Study

� CWP reports

� Existing SWM Facility Plans and Comps

� Utility Plans

� 1999 Topo and Tree survey

� College Garden Monitoring



Questions?


