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CONVERSION FACTORS AND VERTICAL DATUM

Multiply

inch (in.)
foot (ft)
mile (mi)

acre
square foot (ft?)
square mile (mi?)

cubic foot per second (ft*/s)
inch per year (in/yr)
inch per hour (in/h)

acre-foot (acre-ft)

pound (1b)

degree Fahrenheit (°F)

milligrams per liter (mg/L)
micrograms per liter (ug/L)
milligrams per kilogram (mg/kg)
micrograms per kilogram (ug/kg)

By

Length

254
0.3048
1.609

Area

0.4047
0.09294
2.590

Flow

0.02832
254
25.4

Volume
1233.619

Weight
0.4536

Temperature
5/9 (°F-32)

Other Abbreviations

To obtain

millimeter
meter
kilometer

hector
square meter
square kilometer

cubic meter per second
millimeter per year
millimeter per hour

cubic meter

kilogram

degree Celsius ("C)

parts per million
parts per billion
parts per million
parts per billion

Sea level: In this report “sea level” refers to the National Geodetic Vertical Datum of
1929 (NGVD of 1929)--a geodetic datum derived from a general adjustment of the first-order
level nets of the United States and Canada, formerly called Sea Level Datum of 1929.
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Simulated Effects of a Stormwater-Detention
Basin on Peak Flows and Water Quality of
East Branch Allen Creek, Monroe County,

New York

By Phillip J. Zarriello

Abstract

A storm-runoff model of the East Branch
Allen Creek watershed near Rochester, N.Y., was
developed to assess the effects of a stormwater-
detention basin on runoff quantity and quality.
The model was calibrated with data collected at
the East Branch Allen Creek monitoring site
during seven storms in 1992 that had a recurrence
intervals of 2 years or less. Historical precipita-
tion records from the National Weather Service at
Rochester Airport and discharge records from
Allen Creek were used to generate storms with a
2-, 10-, 25-, 50-, and 100-year recurrence interval.
Peak flows at the outlet of the detention basin for
storms with 10- to 100-year recurrence intervals
decreased by 93 to 83 percent for a basin with no
permanent pool and by 68 to 75 percent for a
basin with a permanent pool. The peak flow for
the storm with a 2-year recurrence interval
decreased by 70 percent for a basin without a
permanent pool and by only 55 percent for a basin
with a permanent pool because much of the
storage capacity of the basin was unused in a
storm of this magnitude. The effects of peak-flow
attenuation by the basin diminished downstream
as a result of uncontrolled inflow from other
areas. The peak flow at the gage for a 10 -year and
100-year storm decreased by 27 and 30 percent,
respectively, and the decrease for a basin with a
permanent pool was only 1 percent less than that
for one without.

Suspended-sediment-trap efficiency of a
detention basin, estimated from a reservoir-

sedimentation model and averaged from simula-
tions of flow with a high clay content and flow
with a high sand content, was 55 and 68 percent,
respectively, for a basin without a permanent
pool; the corresponding trap efficiency for a
basin with a permanent pool was 45 and 62,
respectively, when dead storage was bypassed,
and was 66 and 77 percent, respectively, when
dead storage was displaced. The average trap
efficiency for storms with a recurrence interval of
2 years or less was 62 percent, 16, dependir g on
the magnitude of the storm and sediment-
particle-size distribution. The total phosphorus
retention is estimated to be 41 percent. The
4.5-acre wetland area at the upstream end of the
detention basin is expected to cause further
decreases in the sediment and nutrient load, but
the rate of nutrient retention and uptake by plants
is uncertain because the plant species and storm-
flows are highly variable. The estimated annual
nutrient uptake ranged from a maximum of 2.9
tons of nitrogen and 0.5 tons of phosphorus in a
Typha (cattail)-dominated wetland to a minimum
of 0.4 tons of nitrogen and 0.04 tons of phospho-
rus in a mature Phragmites (reed)-dominated
wetland.

INTRODUCTION

Developed areas have been shown to underge
more severe flooding than undeveloped areas because
the impervious surface areas such as roads and parking
lots prevent infiltration of rain and increase the volume
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of storm runoff (Leopold, 1968; Sauer and others,
1983). Flooding in developed watersheds that lack
significant channel storage is more severe than in other
watersheds (Malcolm, 1980). One technique that has
proved effective in providing flood control is the use
of stormwater-detention basins, which also decrease
the concentrations of sediment and associated contam-
inants entrained in runoff through particulate settling
(U.S. Environmental Protection Agency, 1986;
Schueler, 1987). The use of detention basins to
decrease contaminant loads in urban runoft is promul-
gated by The Federal Clean Water Act (FCWA)
(Gallup and Weiss, 1988).

. Recent development in the Irondequoit Creek
watershed, which drains into Irondequoit Bay, on the
south shore of Lake Ontario near Rochester, N.Y.

(fig. 1), has resulted in increased flooding and
sedimentation. Detention basins have been identified
as a potential method of stormflow- and water-quality
control in the watershed to decrease sediment and
associated nutrient (phosphorus) loads, which have led
to eutrophication of Irondequoit Bay (O’Brien and
Gere, 1983).

In 1993, the U.S. Geological Survey (USGS), in
cooperation with the Monroe County Department of
Health, began a 1-year study to investigate the poten-
tial effects of a stormwater-detention basin in the East
Branch Allen Creek watershed (fig. 1) on runoff
quantity and quality. As a part of this study, a water-
shed model was developed to simulate storm runoff in
the watershed and assess the basin’s effectiveness in
attenuating peak stormflows, and a reservoir-sedimen-
tation model was developed to assess particulate
entrapment in the basin and the changes in stormwater
quality that occur between the basin inflow and the
outflow.

Purpose and Scope

This report describes the hydrology of the East
Branch Allen Creek watershed, the rainfall-runoff-
simulation model (DR3M), the sedimentation model,
and the effects of the detention basin on peak flow
and chemical quality of storm runoff from the water-
shed. It discusses the peak-discharge attenuation for
simulated storms with a 2-, 10-, 25-, 50-, and 100-
year recurrence interval and presents estimates of (1)

the detention basin’s trap efficiencies for suspended
sediment, and (2) decreases in nutrient concentra-
tions in the detention basin and wetlands, as calcu-
lated from the relation of nitrogen and phosphorus
concentration to (a) suspended-sediment concentra-
tions, and (b) plant uptake of nitrogen and phospho-
rus in the wetlands.

Previous Studies

The hydrology and water-quality characteristics
of the Irondequoit Creek Basin were s‘udied in
detail during the early 1980’s as part of the National
Urban Runoff Program (NURP). The I "TURP study
indicated that, of the six major Irondequoit Creek
subbasins, the Allen Creek watershed contributed
the largest load of most constituents per unit area
(Kappel and others, 1986; O’Brien and Gere, 1983).
As part of the NURP study, a Distributed Routing
Rainfall Runoff Routing Model of the Allen Creek
watershed was developed (Kappel and others, 1986)
and was used to provide initial soil-moisture and
runoff parameters as model input for the East
Branch watershed. Subsequent work in the Ironde-
quoit Creek basin evaluated the effectiveness of
detention basins as a storm-runoff quantity and
quality control (Zarriello and Surface, 1989; Zarri-
ello and Sherwood, 1993). Flood mapping was
conducted in the basin in 1978 for insurance investi-
gations under the Federal Emergency Management
Agency (FEMA) and the Comprehensive Drainage
Plan of the a Town of Pittsford (Lozier Engineers,
Inc., 1982).

Acknowledgments

Martin Brewster, Town of Pittsforc¢ Deputy
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hydrologic descriptions and maps of th= basin
needed for development of the runoff model. Peter
Nielsen and Derek Anderson of Lozier Architects/
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additional information on the watershed characteris-
tics and design of the outlet control st-ucture. The
Monroe County Environmental Health Laboratory
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Figure 1. Principal geographic features of Monroe County, N.Y. and location of East Branch Allen Creek

watershed and streamflow-gaging stations used in this study.
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WATERSHED CHARACTERISTICS

The watershed of the East Branch of Allen Creek
encompasses 10.2 mi? and lies mostly in the Town of
Pittsford, near Rochester in Monroe County, N.Y., but
extends into in the Towns of Mendon and Henrietta
(fig. 1). Allen Creek is a tributary to Irondequiot
Creek, which flows into Irondequoit Bay on Lake
Ontario. The north-central part of the watershed is
traversed along its east-west axis by the Erie-Barge
Canal, which is hydraulically separated from the
watershed except during periods of low flow, when
water is siphoned from the canal to augment flow in
the East Branch of Allen Creek.

Land Use, Soils, and Topography

Land use is in transition from open and agricul-
tural to residential. The southern half of the watershed
contains mostly open and agricultural land, and the
northern half is mainly residential and commercial,
except for two golf courses, which together occupy
0.765 mi? (fig. 2). Land use in 1992 (Martin Brewster,
Town of Pittsford, oral commun., 1994) was as
follows: woods, 5.6 percent; agriculture, 24.8 percent;
open land, 34.4 percent, of which 7.5 percent is in golf
courses; residential, 24.8 percent; transitional from
undeveloped to developed, 0.9 percent; commercial,
6.0 percent; wetlands, 3.2 percent; stormwater-
detention basins, 0.3 percent (fig. 2). Two major four-
lane Interstate highways transverse the basin—the
New York State Thruway in the south, and Route 490
in the northeast—along with several State highways
(4.5 mi), many town roads (14.3 mi), and county roads
(47.3 mi).

Most soils in the watershed have low to moder-
ate permeability associated with till and lake-silt
and clay deposits from which they are formed
(Heffner and Goodman, 1973; Yager and others,
1985). These soils are predominantly loam, with a
potential infiltration rate ranging from less than 0.6
in/h to 2.0 in/h. The Soil Conservation Service
(SCS) classifies soils with this infiltration rate into
hydrologic group B, which has moderately low
runoff potential. Soils of high permeability overlie
lake silt and fine sand in a small area in the north-
eastern part of the watershed; these soils have a
potential infiltration rate of at least 6.0 in/h and are
classified by the SCS as Group A, which has the
lowest runoff potential (fig. 3).

The watershed is characterized by gently rolling
hills that range from about 715 ft above s=a level in the
south to 380 ft above sea level at the mouth to Allen
Creek in the north. Slopes between stream channels
and valley ridges range from 8 percent to less than 1
percent, with a mean of about 3.3 percent. Stream-
channel slopes range from less than 1 percent to about
2 percent and average slightly less than 1 percent.
Stream channels are generally steeper in the upper
(southern) part of the watershed than in the lower
(northern) part.

Streamflow and Rainfall

The return frequency and associated magnitude of
runoff and precipitation were calculated and used to
develop “design” storms to assess the eff=cts of the
detention basin on peak flows over a wic'e range of
discharges. This information provided mndel input for
selected storm flows that are expected to occur once
every 2, 10, 25, 50, and 100 years.

Peak-Flow Frequency

The relation of peak flow to probability of exceed-
ance (or recurrence interval) is referred to as the peak-
flow frequency relation. Probability of exceedance is
the probability that a peak flow will exceed a specific
magnitude in any one year. Recurrence interval is the
reciprocal of the probability of exceedarce and is the
interval, in years, in which a given peak flow is
expected to be exceeded. For example, a peak flow
having a probability of exceedance of 0.04 has a recur-
rence interval of 25 years. A peak flow having a recur-
rence interval of 25 years might not occur in a given
25-year period or might occur more thar once in a 25-
year period, but will occur every 25 years, on average,
over a long period of time.

Long-term discharge data (1960-92) measured at
the USGS streamflow-gaging station on the main
branch of Allen Creek (04232050) was used to
estimate the peak-flow frequency at the gaging station
on the East Branch Allen Creek (0423205010), 2.63 mi
upstream (fig. 1). A Log-Pearson Type III analysis of
peak flows, calculated by USGS flood-frequency
program J407 (Kirby, 1982) in accordance with guide-
lines recommended by the Interagency A dvisory
Committee on Water Data (U.S. Geologi~al Survey,
1982), is summarized in table 1. Peaks from the Allen
Creek gage for selected recurrence intervals were

4 Simuiated Effects of a Stormwater-Detention Basin on Peak Fiows and Water Quaiity, East Branch Ailen Creek, N.Y.





























































































