
INTRODUCTION

It is widely accepted that urbanization can alter
the geometry and stability of stream channels.
Both anecdotal evidence and field research sup-
port the notion that the larger and more frequent
discharges that accompany watershed develop-
ment cause downstream channels to enlarge,
whether by widening, downcutting, or a combina-
tion of both (Figure 1). Channel enlargement se-
verely degrades the quality of instream habitat
structure and sharply increases the annual sedi-
ment yield from the watershed. These two factors,
in turn, are often correlated with the sharp drop in
aquatic diversity frequently observed in urban
streams (U.S. EPA, 1997).

Despite the large body of research available,
many questions about the channel enlargement
process in urban and suburban streams remain to
be answered. For example, how much develop-
ment can occur before a stream response is ob-
served? Exactly how much will a channel enlarge,
and how many years will it take to do so? Finally,
what stormwater management strategies can engi-
neers use to mitigate the amount of future chan-
nel enlargement? 

While it is not easy to predict the absolute de-
gree of channel enlargement caused by watershed
development, it is clear that enlargement will
occur in the absence of stormwater controls (Fig-
ure 2). Therefore, the challenge facing the engi-
neering community is to develop and adopt
stormwater management criteria that will provide
adequate channel protection to minimize the ex-
tent of future channel enlargement.

OPTIONS FOR CHANNEL
PROTECTION CRITERIA

Historically, efforts to control channel erosion
through stormwater management have been large-
ly unsuccessful.  The failure has, in part, been the
result of an oversimplification of geomorphological
processes. In the past, engineers rea-
soned that if natural channels are large-
ly formed by “bankfull” storm events that
occur on average once every one or two
years (Leopold et al., 1964), then
stormwater ponds should detain the
post-development peak discharge for the
two-year storm to the predevelopment
level (i.e., two-year storm control). There
are two problems with this approach.
First, while the magnitude of the peak
discharge may not change from pre- to 

post-development with two-year control, the
duration of erosive flows increases (Figure
3). This may actually exacerbate channel
erosion since banks are exposed to a longer
duration of erosive bankfull and subbank-
full events (MacRae, 1993, 1996; McCuen
and Moglen, 1988). Second, with increased
development and associated increased
runoff, the bankfull event often shifts to
rainfall events smaller than the two-year
return frequency. Consequently, the total 
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Figure 1. Examples of Channel Enlargement
as a Consequence of Urbanization.
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energy available to transport bed materials can actually
increase when two-year peak discharge control is used.

The choice of two-year storm control neglects the in-
creased frequency of bankfull and sub-bankfull flows in
urban watersheds. For example, Leopold (1994) observed
that the average number of bankfull flow events in an ur-
banizing watershed near Washington, D.C., increased
from two to seven times per year between 1958 and 1987. 

Over time, practitioners have developed a better under-
standing of the key parameters to provide adequate
downstream channel protection. With the advent of more
sophisticated computer software, much of the analysis of
channel geomorphology and protection criteria has been

based on hydrologic and hy-
draulic modeling of streams. In
addition, the limited field data
that have been collected for
some of the methodologies are
favorable and support the use
of these methodologies to
protect channels from acceler-
ated channel erosion. Generally
speaking, the newer methodolo-
gies require more control (i.e., a
larger required storage volume)
than traditionally has been allo-
cated to channel protection.
One of the challenges of the
more advanced channel protec-
tion approaches is to develop
design methodologies that are
relatively easy to apply. Three of
the more promising approaches
are described below briefly.

Two-Year Over-Control

This method (initially proposed by McCuen,
1979) is based on controlling the post-develop-
ment peak flow rate to 50 percent or less of the
predevelopment level. Another common numeri-
cal approach is to control the two-year post-
development discharge rate to the one-year pre-
development rate, using the 24-hour storm event.
Subsequent analysis by MacRae (1993), however,
indicates that this design criterion is still not fully
capable of protecting the stream channel from
erosion. Modeling suggests that, depending on
the bed and bank material, the channel may ei-
ther degrade (downcut where soft boundary ma-
terial is present) or aggrade (build up where firm
boundary material is present) with over control.

Distributed Runoff Control (DRC)

This method was developed by MacRae (1993)
and is proposed for adoption in Ontario, Canada
(Aquafor Beech, 1999) and on a limited basis in
the State of Vermont (VTANR, 2001). The DRC
method involves detailed field assessments and
hydraulic and hydrologic modeling to determine

the hydraulic stress and erosion potential of bank mate-
rials. The methodology is based on the premise that
channel erosion is minimized if the erosion potential of
the channel bank materials remains the same as in pre-
development conditions over the range of flows at which
sediment transport of bed or bank material begins (i.e.,
mid-bankfull to bankfull flow events). While the method
holds great promise and has been applied and tested re-
cently in Ontario, it requires some detailed field work at
each site. The DRC hydrograph attempts to mimic the
predevelopment hydrograph for the area above Qcrt (flow
at which sediment transport is initiated) shown in Figure
4.
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Figure 2. Illustration of Channel Cross Section Over Time
(Brown and Claytor, 2001).

Figure 3. No. Control vs. Two-Year Control
(MacRae and Rowney, 1992).



24-Hour Extended Detention of the One-Year Storm

This design method calls for holding the runoff volume
generated by the one-year, 24-hour rainfall to be gradu-
ally released over a 24-hour period (MDE, 2000). The
rainfall depth will vary depending on location and can be
determined from intensity-duration-frequency [IDF]
curves or other regional rainfall frequency analyses (e.g.,
NOAA Atlas 2 or TP 40). The premise of this approach is
that runoff will be stored and released so gradually that
critical erosive velocities will seldom be exceeded in
downstream channels. Modeling based on a Maryland
development site demonstrated that 24-hour extended
detention approximated DRC well for storms less than
the two-inch rainfall (Capuccitti and Page, 2000). The re-
quired storage volume needed for 24-hour detention of
the one-year storm is not trivial; it is roughly comparable
to the storage volume for ten-year peak discharge control. 

It is of note that the 24-hour extended detention of the
one-year storm event has been adopted in Maryland as
the base channel protection criteria and is proposed for
adoption in the states of New York, Vermont, and Geor-
gia. The advantages of this approach over the DRC are
that it is relatively easy to apply (in terms of computing
the runoff volume and storage requirements), it is con-
ducive to regional or statewide application, and it does
not require extensive field measurements.

LIMITATIONS TO CHANNEL
PROTECTION REQUIREMENT

From a programmatic and design standpoint, there are
practical limitations on how broadly a channel protection
criterion can be applied. Namely, there is a minimum site
size at which the required orifice or weir sizes become too
small to effectively operate and maintain. In addition,
channel protection is generally not needed where sites
discharge directly to a river (e.g., fourth order or greater),
lake, reservoir, or estuary.

In addition, in streams where channel erosion is al-
ready occurring, it may be necessary to supplement the
upstream channel protection storage with some form of
in-stream channel protection controls. Representative
practices range from robust bank protection measures
such as imbricated riprap, boulder revetments, and root
wads to grade control practices such as vortex weirs,
cross veins, and step pools to “softer” bioengineering
practices such as live fascines and coir fiber logs. A study
by Brown (2000) indicates that most stream restoration
practices work reasonably well in urban stream systems
when sized, located, and installed correctly.  The efficacy
and longevity of these in-stream controls tends to im-
prove when they are used in combination with upstream
storage controls.

CONCLUSION

Channel enlargement in urbanizing streams can have
significant economic and ecologic implications, from im-
pacts to infrastructure such as culverts, sewers, bridges
or pipelines to impacts on water quality and biology such
as increased sediment loads, habitat loss and fish barri-
er creation. Consequently, there is a heightened need for
stormwater engineers and managers to develop and as-
sess stormwater design criteria that directly address the
channel enlargement problem. While there are some
promising approaches that are being applied in different
regions of the country, more research is needed to deter-
mine how well these new criteria prevent or minimize the
channel enlargement process.
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Figure 4. Distributed Runoff Control (DRC) vs.
Predevelopment Hydrograph
(MacRae and Rowney, 1992).
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RUTGERS UNIVERSITY

WATER QUALITY FACULTY POSITION

The Department of Extension Specialists, Cook Col-
lege, Rutgers University invites applications for an As-
sistant Extension Specialist (equivalent to Assistant
Professor) in the area of water quality and water de-
mand.

The candidate is expected to conduct a research
and extension program in water resources focusing on
water management issues such as watershed man-
agement, non-point source pollution, groundwater
protection and water supply. An ability to effectively
foster and engage in interactive, collaborative re-
search, and education is essential. Other responsibil-
ities include: (1) serving as a liaison and coordinator
among Rutgers Cooperative Extension County Agents
and other national, state and local agencies and orga-
nizations involved in water management issues; and
(2) assuming leadership for developing educational
materials that interpret research findings, reviewing
curricula, and preparing and disseminating informa-
tion related to water management. The successful
candidate is expected to generate grant support and to
participate in professional scientific meetings and
other scholarly activities, including publishing in ap-
propriate peer-reviewed journals and other outlets.
Teaching responsibilities include participation in the
undergraduate/graduate curricula in Environmental
Engineering, Environmental Sciences and/or Ecology,
Evolution and Natural Resources. Ph.D. in the area of
water management with broad training in water re-
sources required that may include the chemical, bio-
logical, physical, and social aspects of water manage-
ment; experience in water and watershed manage-
ment highly desired; excellent leadership and commu-
nication skills required.

Qualified applicants are strongly encouraged to
send curriculum vitae, concise statement of research
and extension objectives, and the names and address-
es of five professional references to:

Dr. Thomas J. Orton
Department of Extension Specialists
88 Lipman Drive
Rutgers University
New Brunswick, NJ 08901-8525

Review of applicants will begin December 10, 2001,
and will continue until the position is filled. Individu-
als covered by Section 503 of the Vocational Rehabili-
tation Act of 1973 or Section 402 of the Veteran's
Readjustment Assistance Act of 1974 may self identi-
fy. If you wish to self identify, please do so in the cover
letter transmitting your curriculum vitae. Rutgers
University is an equal opportunity employer. Women
and minorities are strongly encouraged to apply.


