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THE PERFORMANCE OF AN
UNDERGROUND STORAGE STRUCTURE FOR URBAN
STORMWATER QUALITY MANAGEMENT

(Abstract)

This study investigated the peak shaving and pollutant removal performance of an
underground stormwater detention facility. The facility was located beneath the parking
lot of a retail shopping mall in Prince William County, Virginia. The study methodology
incorporated automatic inflow and outflow monitoring stations containing flow metering
and automatic sampling equipment. The flow metering equipment continuously
monitored flow rates, thereby making it possible to describe the inflow and outflow
hydrographs. The automatic sampling equipment collected equal volume - variable time
composite samples of runoff, making it possible to determine the inflow and outflow

event mean concentrations of various pollutant constituents.

Twenty runoff events were monitored between April, 1993 and January, 1994. The
inflow and outflow hydrographs were compared to determine peak shaving performance.
Due to the large volume of groundwater infiltration into the facility, which altered the
inflow and outflow behavior, only 15 events were used in the peak shaving analysis. The
inflow peak discharges for the 15 events were substantially less than the two year design
storm used for the facility. To determine peak shaving performance at higher flow rates,

design storms with greater peak flow rates were routed though the facility using the



inventory method. The resultant peak shaving performance was similar to performance
estimates in the facility design specifications. In fact, the facility actually reduced peak
flows somewhat more than anticipated due to an outlet orifice that was constructed

smaller than the design specified.

To determine pollutant removal performance at the facility, inflow and outflow event
mean concentrations for the various pollutant constituents were compared. A subset of
10 events was used in this analysis because of sampling equipment failures that resulted
in insufficient distribution of sample aliquats over a runoff event. Seven different
methods of quantification were used to estimate pollutant removal performance. Results
indicated that, generally, the facility design and operational protocol provided little or no
pollutant removal for most constituents monitored. The trace metals lead and copper
were removed more consistently than any other constituents. Zinc was removed
somewhat less than either lead or copper, probably because the storage pipe, being made

of galvanized steel, was a source of zinc.
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Introduction

Background

Surface water quality in many areas of the United States has improved dramatically in
the last 10 to 20 years. The Clean Water Act (CWA), Public Law 92-500, has succeeded
in reducing the quantity of point source pollutant discharges and has been largely
responsible for the improvements in surface water quality that have been achieved. The
CWA established the National Pollution Discharge Elimination System (NPDES), which
required that permits be obtained to discharge pollution to the waters of the United
States. The permits set numeric limits for specific contaminants with which each polluter
had to comply. To date, over 60,00C permits have been issued under the NPDES
program. The CWA has also provided funding for the construction or upgrading of
hundreds of wastewater treatment plants, thereby reducing a large and important source

of point source pollutant emissions.

The Clean Water Act was amended in 1977. At that time, uncertainties about the impact
of urban runoff on receiving water quality led the Congress to make treatment of separate
stormwater discharges ineligible for federal funding. However, in an effort to resolve
the uncertainties, the U.S. Environmental Protection Agency (USEPA) established the

Nationwide Urban Runoff Program (NURP) in 1978. The five year program investigated



the characteristics of urban runoff quality; its variation with different locations; how
much urban runoff contributed to water quality problems nationally; and the performance

of various best management practices (BMPs) for the reduction of pollutant loads.

The Nationwide Urban Runoff Program concluded that urban runoff is a major cause of
pollution in the nation’s surface waters. The impacts of urban runoff include an increase
in flooding and a concomitant increase in‘erosion and pollutant export. It has been
‘estimated that the increase in nonpoint source pollutants exported downstream by urban
runoff from a moderately developed watershed is at least an order of magnitude over pre-
development levels (Schueler, 1987). Today, the largest contributor to surface water
pollution in some areas is urban runoff. In fact, on an annual basis, nonpoint source
pollution loadings from urban runoff can contribute more suspended solids, nutrients, and

lead to nearby bodies of water than any other pollution source.

Given such conclusive evidence of the adverse impacts of urban runoff, the Congress
amended the CWA in 1987, and section 319 this Act provided fundihg for states to
develop and implement management programs for controlling nonpoint source pollution,
including urban runoff. The EPA published the NPDES permit application regulations
for stormwater in the November 16, 1990 Federal Register. These guidelines required
that operators of separate stormwater drainage systems serving populations of over
100,000 collect stormwater samples to characterize runoff from residential, commercial,

and industrial sites (Strecker, 1994).



Other efforts to manage the impact of urban runoff on receiving waters exist at the state
level. In Virginia, for example, the Erosion and Sediment Control Law and the
Chesapeake Bay Preservation Act are laws that regulate stormwater runoff. The Erosion
and Sediment Control Law, Title 21, Chapter 1, Article 6.1 of the Code of Virginia,
regulates the rate of runoff by mandating that the peak post-development runoff rate not
exceed the peak pre-development runoff rate (Code of Virginia, 1980). This law, and
others like it around the country, have resulted in the proliferation of detention facilities
for peak flow reduction, which are commonly called peak shaving facilities. More than
3,000 peak shaving detention basins were constructed in the Washington, DC area
between 1967 and 1987 (Schueler, 1987). These facilities function by storing a volume
of stormwater and releasing it slowly to reduce flood volumes and stream bank erosion
downstream. Detention basins may also reduce pollution because the reduction in flow
velocity naturally aids in the separation of suspended solids and their associated

pollutants. This is the basic mechanism of pollutant removal in sedimentation basins.

The Chesapeake Bay Preservation Act, Title 10.1, Chapter 21, of the Code of Virginia,
regulates the quality of runoff by minimizing the imperviousness of development in the
tidewater counties of Virginia (Code of Virginia, 1990). The law assumes that nonpoint
source pollution increases as the amount of impervious surface increases. Thus by
minimizing imperviousness, the law regulates the quality of the runoff from these
counties. This law was passed in 1988 and is implemented at the local level. The Act

also created the Chesapeake Bay Local Assistance District (CBLAD) and the Chesapeake



Bay Local Area Board (CBLAB). The CBLAD provides assistance to local jurisdictions
in their efforts to meet the requirements of the Act. The CBLAB reviews and approves

the local regulations that are passed to meet the requirements of the Act.

Purpose

The purpose of this research was to evaluate both the peak shaving and pollutant removal
performance of an underground peak shaving facility located in Prince William County,
Virginia. This research was primarily intended to investigate whether the facility had
any pollutant removal capability, and if so, to quantify it. The research was funded by
the United States Environmental Protection Agency and the Northern Virginia Planning
District Commission (NVPDC), with additional funding from Occoquan Watershed

Monitoring Program.

Objective

The primary objectivé of this study was to investigate and quantify the pollutant removal
performance amd to make recommendations for improving the facility in this regard.
The facility was originally designed to function as a peak shaving facility to satisfy the
requirements of the Erosion and Sediment Control Law and an additional objective was

to quantify its peak flow reduction performance.



Review of the Literature

The Nationwide Urban Runoff Program

The U.S. Environmental Protection Agency (USEPA) established the Nationwide Urban
Runoff Program (NURP) in 1978. To determine the characteristics of urban runoff
quality and its variation with different locations, specific constituents were selected and
studied. The constituents selected were those considered to be common stormwater
pollutants, and included representatives of important catagories of pollutants, including
solids, oxygen consuming constituents, nutrients, and trace metals. The occurrence and
distribution of pollutants was principally analyzed on the basis of event mean
concentration (EMC). The EMC was defined as the total mass of a pollutant discharged
during a runoff event divided by the total volume of water discharged during the event.
In other words, it would be the concentration of a flow-weighted continuously composited
sample collected during the runoff event. Table 2.1 lists the pollutants selected for study
by NURP, typical observed concentrations (EMCs) in urban runoff, and the coefficients

of variation as reported by the EPA (USEPA, 1983).

The results of the NURP study demonstrated that variability existed in urban runoff
EMC’s on both inter- and intra-site bases. Substantial variations were found to occur

within each event, and from one event to another at a particular site. In fact, event-



TABLE 2.1

Water Quality Characteristics of Urban Runoff (USEPA, 1983)

Event to Event

Site Median EMC

Constituent Variability in
EMC
(Coef. of Var.) For Median For 90th
Urban Site Percentile
Urban Site
TSS (mg/l) 1-2 100 300
BOD (mg/1) 0.5-1.0 9 15
COD (mg/1) 0.5-1.0 65 140
Tot. P (mg/1) 0.5-1.0 0.33 0.70
Sol. P (mg/l) 0.5-1.0 0.12 0.21
TKN (mg/1) 0.5-1.0 1.50 3.30
OXN (mg/l) 0.5-1.0 0.68 1.75
Tot. Cu (ug/D) 0.5-1.0 34 93
Tot. Pb (ug/]) 0.5-1.0 144 350
Tot. Zn (ug/l) 0.5-1.0 160 500




to-event variability at most sites was actually greater than site to-site variability. This
was not entirely unexpected due to the wide range of event sizes studied. Given such
high variability, the data from all the sites and storms were analyzed together using
nonparametric statistical methods. The important NURP findings from the NURP Final

Report, Volume I, (USEPA, 1983) are listed below:

® Trace metals, especially copper, lead, and zinc, were, by far, the most prevalent

priority pollutants found in urban runoff.
® The EMCs at each test site were found to exhibit log-normal statistical distributions.
® Land use type did not provide a statistically significant basis for predicting
differences in EMCs. However, there was a significant correlation between land use

type and pollutant loads.

@ No correlation was found between EMCs and runoff volumes, indicating that EMCs

and runoff volume are largely independent of one another.

@ Runoff volume exhibited a logarithmic correlation to total basin imperviousness.



Urban Stormwater Runoff

The major problems associated with urban stormwater runoff have to do with both the
quantity and quality of the stormwater. Development changes the hydrology of urban
watersheds, increasing both the volume and the rate of stormwater runoff. Increased
volumes and rates of runoff cause a variety of problems, including increased flooding,
stream bank erosion and pollutant export. The increased pollutant loads may impact the
water quality of receiving streams by causing reduced species diversity, the prQ]jferation

of less desirable species, and other problems (Schueler, 1987).

Runoff Quantity

For any given watershed, the runoff coefficient represents the fraction of rainfall volume
that will become runoff. As a watershed is urbanized, its ability to absorb rainfall is
reduced, and thus the quantity of runoff is increased. Permeable natural surfaces such
as top soil are replaced by impermeable man-made surfaces like buildings and roads.
Griffin et al. found that imperviousness was the most important characteristic influencing
runoff yield from a watershed (Griffin er al., 1978). In a moderately developed
watershed, the quantity of runoff is increased by a factor of two by development

(Schueler, 1987).

The time of concentration is the time it takes for runoff from the most hydraulically
remote point in the watershed to reach the watershed outlet. As a watershed is

urbanized, natural features that once provided temporary stormwater storage or slowed



the rate of stormwater movement are filled and paved over with rooftops or paving,
further increasing the imperviousness of the urban environment. The impervious surfaces
associated with urbanization not only increase the volume of runoff, but also result in
greater rates of stormwater runoff. The greater runoff rates reduce the time it takes to
completely drain the watershed. In a typical moderately developed watershed, the time

of concentration is reduced by half (Schueler, 1987).

Reduction in the time of concentration is important, because the discharge rate from a
watershed is directly related to how long it takes to drain the watershed. All other
factors being equal, a watershed that drains quickly will have a higher peak discharge
rate than a watershed that drains more slowly. This is because the peak runoff from any
storm event occurs when the entire watershed contributes runoff from the most intense
part of the rainfall event. However, rainfall intensity varies with time, and the most
intense part of the rainfall event s generally of a short duration, with the intensity then
subsiding to lower intensity levels. The more quickly the watershed drains, the more of
this intense rainfall that can make it to the basin outlet at the same time, thereby
contributing to producing the peak discharge. Therefore, urban development increases
not only the quantity and the rate of stormwater runoff, but also the peak discharge from
the watershed. In a typical, moderately developed watershed, the peak discharge can be

two to five times greater than pre-development rates (Schueler, 1987).



The intensity and duration of rainfall events are related by their return period. Rainfall
intensity varies within storms and from storm to storm, with the intense rainfall period
generally representing a small part of the entire rainfall event. In general, the higher the
rainfall intensity, the shorter the duration, with very high intensity rainfalls returning
only periodically. An historical compilation of this relationship for a given area results
in a family of curves called intensity-duration- frequency (IDF).curves. These curves
relate the duration of a given intensity rainfall to the return period for the particular
location (Barfield, 1981). Figure 2.1 presents the IDF curves in current use in Fairfax

County, Virginia (Reynolds, 1983).

The Rational Method

The rational method is the most commonly used method for calculating peak runoff rates
(Barfield, 1981). Touse the rational method, one must select a desired return period and
estimate the time of concentration for the watershed. The rational method presupposes
that the rainfall intensity remains constant over the time of concentration. The rainfall
intensity corresponding to the time of concentration and the desired return period is then
obtained from an IDF curve. Additionally, the rational method presupposes that the
runoff coefficient also remains constant over the time of concentration. A mass per unit
time balance of inputs and outputs to and from the watershed then shows that the rate of

precipitation onto the watershed must be equal to the rate of runoff from the watershed
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Figure 2.1 Intensity-Duration-Frequency Curves for Fairfax County, Virginia
(Reynolds, 1983)
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