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atershed scientists use various methods to

quantify urban impacts on stream channels.

These methods, when focused specifically on

the physical changes that occur in channels,

include the following measurements: cross-
section geometry change over time, bedload movement and sedi-
ment deposition at the reach scale, and shear stress and tractive
force. One of the most remarkable changes in the urban stream
environment, quantifiable with various equations used by hydrolo-
gists and engineers, is stream power. Stream power calculations
are critical in understanding many of the scientific measurements
listed above, as the available water power in the stream channel is
the principal driver of physical change (Booth 1990).

Although traditional calculations of stream power are sci-
entifically sound and
adequate for discussion
within the scientific
community, they fall
short of capturing, in
layman’s terms, the
raw and dramatic
changes that occur in
urban streams because
of human impacts. In
this article we propose

Sp = stream power per unit measure of bed (kg/m/s)
y = unit weight of water (kg/m?)

v = streamflow velocity (m/s)

d = depth of streamflow (m)

S = slope (dimensionless)

output. FDCs are used throughout the watershed science com-
munity to predict retwn intervals for different streamflow events,
often those large-magnitude events associated with flooding.
FDCs provide one of the important pieces of data needed to
calculate stream power: streamflow values. FDC data are also
convenient for stream power calculations, because the time com-
ponent allows for a quantification of stream power for specific
flow durations (e.g., one-day return flow). The comparison of
FDC data for a watershed under both forested and urbanized
conditions provides the data needed to quantify stream power
increases due to the effects of urbanization. When the effects of
urbanization on stream power are considered for the infrequent
streamflow events characterized by the upper end of a flow du-
ration cwrve, being those high-flow events most effective in chan-
nel formation, increases
are significantly large
(Wissmar, Timm, and
Logsdon 2004). Fur-
thermore, when quanti-
fied increases in stream
power and energy for
these infrequent events
are displayed in units
commonly understood
outside the scientific

an alternative, scientifi-
cally defensible method
of interpreting stream power increases, albeit outside the realm
of traditional scientific analysis of stream power, to help other
watershed professionals convey the message of stream power
increases to their nontechnical audiences.

Flow duration curves (FDCs) are a graphical depiction of
streamflow values arranged from highest to lowest (y axis) and
percent exceedence (x axis) at each interval. The source of the
data can be actual gauged data or simulated data from a model
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community (e.g., kilo-
watt-hours of energy,
horsepower of machinery), results are impressive and have the
potential to change the public’s perception about the magmtude
of stormwater impacts in their own backyards.

Methods

Flow Duration Curves

FDCs were developed by Tetra Tech Inc. for the Vermont Agen-
cy of Natural Resources as a means of identifying hydrologic
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targets for total maximum daily load

Figure 1. Location of the Potash Brook watershed

implementation in stormwater-impacted
watersheds in Vermont. FDC data have
been developed and calibrated for cur-
rent conditions using gauged stream-
flow data and simulated for forested
(pre-development) conditions using the
P8 model (Saravanapavan and Parker
2004). Potash Brook, which has been
the focal point in the discussion on
stormwater in Vermont, was chosen

as the study watershed because of the
overall familiarity with the basin by

the scientific and regulatory communi-
ties and the public alike. Potash Brook,
which drains directly to Lake Champ-
lain, has a watershed area of 7.5 square
miles and is located predominately in
the city of South Burlington (Figure 1).
There is a mix of residential, commer-
cial, and agricultural land uses within
the watershed, with approximately 22%

Champlain

total impervious cover. Potash Brook is

a low-gradient riffle-pool stream (average

channel slope approximately 1.0%) with a width of 35 feet at
its outlet.

The P8 model was configured to produce unitized stream
flow (cubic feet per second per square mile) values at the outlet
to Lake Champlain with an individual time step of 0.07 day, or
approximately 1.8 hours (Figure 2). Model results used in FDC
development include current watershed conditions and forested
conditions with no impervious cover. Using the FDC data for
analysis of annual return frequency of streamflow discharges

Figure 2. Flow duration curves for Potash Brook for current and forested
watershed conditions
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and durations, we find that the 0.27% exceedence flow values
represent the one-day flow for any given year (100% divided
by 365 days), and the 0.55% exceedence flow values repre-
sent the one- and two-day flows combined for any given year.
Bankfull flow events have return intervals of one-and-a-half to
two days per year and are known to have the greatest impact
on the formation of the stream channel (Leopold, Wolman, and
Miller 1964). Thus, flow durations using the one- and two-day
values were considered most important in quantifying increases
in stream power and its ability to do work and actively form the

channel.
Stream Power
Two equations are commonly
used in the fields of hydrology
and engineering for calculat-
ing stream power, yet their
applications and resulting
units are slightly different. Hy-
drologists typically calculate
stream power using Equation
1 (Bagnold 1966; Ward and
Trimble 2004).
In this equation the

units, kilograms per meter
per second, are describing
the force exerted by a mass
of water moving over and
across a single cross-section
per unit time. This equation
is typically applied to stud-
ies of bedload movement to
determine whether a stream
reach is aggrading (sediment
accumulation) or degrading
(incision). On the other hand,
general physics equations
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