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CHAPTER I. HIGHWAY RUNOFF CONTAMINANTS AND IMPACTS

Introduction

In recent years, much attention has been focused on non-point

source pollution as a significant contributor to the degradation

of water quality in this country. Non-point source pollution is
simply stormwater runoff from urban or developed land which carries
surface contaminants into a receiving water body - a stream, river,
reservoir, lake, bay or ocean. Under federal water pollution con-
trol legislation, point sources such as industrial and municipal
wastewater discharges have been regulated (i.e. limited) through

a permit system and requirements for certain levels of treatment
and treatment technology. With this system of regulation estab-
lished, concern has shifted to control of non-point pollution,
which is at least equally important, but considerably more diffi-

cult to achieve.

Aside from the amount of precipitation and the size of its
drainage area, the quality and quantity of runoff entering a water
body is a function of land use. More developed land, which has a
higher percentage of impervious surface, will generate a greater
volume of runoff per area for a given storm event. The more popu-
lated or densely developed land will show higher concentrations of
contaminants. In general, pollution loadings (mass of pollutant
per unit of land area) in an urban area will be highest for indus-

trial and lowest for residential land.
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This report focuses on runoff emanating from a particular land
use that is often not studied as a separate category - roadways.
More specifically, the report will address the problems and solutions
in terms of our major thoroughfares, highways.

Roadways constitute a significant percentage of the land in
urban areas, and their surface is generally impervious pavement.
In quantity alone, roadways would seem to be major sources of
urban runoff. However, highway runoff is also a special concern
because it contains a variety of pollutants associated with the
automobile and road maintenance. Among others these include
solids, oil and grease, heavy metals, salts, and sometimes pesti-
cides. Duriné storm conditions these pollutants, and others
collected on the roadway from atmospheric fallout, are generally
transported directly into the nearest water via conventional
methods of highway drainage. While the extent of the impact of
highway runoff on natural water bodies is not well defined, it
can cause loss in biological productivity and a general lowering

of the quality of potable water supplies.

Highway Drainage Systems

The design goal of roadway drainage systems is to provide
travel safety and rideability under conditions of rainfall and
snowmelt by preventing the pooling of water on the pavement.
Drainage structures and channels are designed to accommodate
the volume of runoff from a certain area of pavement under hydro-

logic conditions resulting from a particular storm intensity.
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The typical drainage design for an at-grade (ground level) roadway
is a system of drainage inlets connected to storm sewers. An above-
grade roadway is typically drained by means of channels or overland.
flow to side ditches which then drain either into natural channels
or inlets connected to storm sewers. On elevated roadways, storm-
water inlets are connected to downspouts in the structure itself,
which then drain into storm sewers. Below grade roadwavs are
drained by means of side ditches or gutters with inlets connected

to storm sewers or natural drainage channels. In all cases, water
is drained from the pavement by crowning along the centerline or
sloping the pavement in one direction,

A storm sewer or natural drainage channel must eventually
discharge to a water body. It isnot uncommon for a storm sewer to be
tied with a sanitary line, but it is not an accepted practice
in new construction and is not often the case with major highway
drainage. Roadway runoff, as with urban runoff in general, is
typically directed towards the nearest water body with a suffi-
cient capacity to receive it. However, the constituents of highway
runoff are such that harm can be done to the receiving lake or

stream, and to the area groundwater as well.

Contaminants in Highway Runoff

The following is a description of pollutants commonly

found in roadway runoff.



Heavy Metals:

Metals which collect on the pavement surface include lead,
zinc, iron, copper, nickel, chromium and mercury. Except for
mercury, these toxic metals originate from various aspects of
motor vehicle operations.

Lead, the metal found in the highest concentrations in highway
runoff is primarily deposited through the emissions of motor
vehicles using leaded fuels. It is also deposited through the
wear of tires with lead oxide used as a filler. Most of the
lead emitted from gasoline combustion is released into the atmos-
phere, although some is deposited in the engine, manifold and
exhaust system. Lead in the exhaust system can be released
under conditions of rapid acceleration. Based upon relatively
high emission percentages and assumed average driving conditions
and car maintenance, it was calculated that an automobile may
release up to 130 mg. of lead per mile(l).

Lead deposited on the roadway is in particulate form, between
5 and 50 ym in diameter, and is relatively insoluble (undissolvable).
While smaller lead particulates, <1 pym, become airborne, these larger
particles remain within 30 to 50 meters from the paved surface(z).
Lead deposited near the roadway remains within the top few centi-
meters of soil, and while the lead content here can be several
times normal concentrations, it does not contribute significantly
to water pollution. However, the runoff from the highway surface
can contain lead concentrations 1,000 to 10,000 times higher than back-

ground concentrations in receiving surface water(3),
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Zinc, is also used as filler material in tires, and as a sta-
bilizing additive in motor oil. While zinc is typically deposited
at levels several times lower than lead, the levels of soluble
zinc are higher than soluble lead in nxxffmz Because the zinc
deposited on roadways is much more soluble than lead, the smaller
levels of zinc have a greater polluting effect.

Iron, is deposited on roadways as a result of corrosion of
motor vehicle bodies, engines and exhaust systems, and the rusting
of guard rails.

Copper, nickel and chromium are present in much smaller gquanti-

ties in highway runoff. They are deposited through the wear of
metal platings, bearings, bushings, and other moving parts in the
engine. These metals are also present in highway de-icing salts
applied to the road surface(s). Copper is also deposited as a
result of the wear of copper impregnated brake linings.

Mercu.y, present on the road surface originates from atmos-

pheric fallout.

Inorganic Salts:

The common use of de-icing chemicals along our roadways for
snow and ice control has led to high seasonal concentrations of
sodium and calcium chlorides in highway runoff. Frequent and
liberal applications of sodium chloride (NaCl) and calcium chlor-
ide (CaClz) is the primary means of keeping ice off the road
surface. While the quantity of salt used by a roadway maintenance

official is dependent upon a number of factors including temperature,



storm conditions, amount of ice and traffic volumes, the rate for
one application usually ranges from 400 to 1200 lbs. of salt per
two-lane mile(6). Over a winter season, a typical roadway may
receive more than 20 tons of salt per lane mile. Salt usage in
the United Stated ranges between 9 and 10 million tons per winter
season(7).

It is not surprising that chloride concentrations in winter
highway runoff can be in the thousands and tens of thousands mil-
ligrams per liter. This runoff enters a receiving water course
or percolates into the groundwater. While there has been some ex-
perimentation with substitute materials, use of road salts remains

the most practical method of preventing hazardous winter driving

conditions.

0il and Grease:

0il and grease is deposited on the roadway surface from spills
or leaks of motor vehicle lubricants, antifreeze and hydraulic
fluids. It can also leach from roads with asphalt paved surfaces.
0il and grease are the major organic constituents of roadway par-

ticulates.

Particulates:

Tiny particles that break down from larger solids are also
carried in highway runoff. The sources, typical of runoff in gen-
eral, include dirt, sand, stones, glass and plastics. This mater-
ial is deposited from dirt accumulated on vehicle bodies, sanding
and salting, pavement wear, erosion adjoining the road surface and

litter.


















Chloride levels were related to highway salting practices.
However, discrepancies between the volumes of applied salt and the
monitored levels in the runoff revealed that much of it is reach-
ing the groundwater, or is removed, even after allowing for un-
measured melts.

Concentrations of nutrients were lowest for the rural highway
and both concentrations and loadings of nutrients were highest for
the highway with the greatest traffic volumes. 1In general, the
concentrations of nutrients were lower than those levels normally
present in secondary treatment effluent.

Little or no measurable guantites of asbestos were found,
and PCB's were found in very low concentrations. Average oil and
grease concentrations were 1 mg/l for the highway with the grassy
drainage area, and 14 mg/l for the highway with the greatest traf-
fic volumes.

While multiple correlations were also made between pollutant
loadings and various highway characteristics, two significant fac-
tors affecting pollutant loading emerged from this study - traffic
1 .lumes and the degree of imperviousness of the drainage area.
This serves to point out that concern should be focused on major

roadways with heavy volumes and/or large impervious drainage areas.
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CHAPTER II. METHODS OF MITIGATING IMPACTS OF HIGHWAY RUNOFF

Introduction

Reducing the polluting impacts of highway runoff on receiv-
ing water bodies is most efficiently done at the roadway or at
some point between the roadway and the water body. At the road-
way, it would involve changing pavement characteristics, or regu-
lating traffic or motor vehicle characteristics in order to reduce
the amount of pollutants deposited on the road surface. Between
the roadway and point of discharge, it would involve a system of
controlling runoff by detaining it until its level of contamina-
tion is reduced. Treating the water, whether by dredging accumu-
lated sediments, aeration, or filtration and chemical treatment
for recreational, ecological, or water supply purposes, is the
most costly and least efficient means of countering highway runoff
pollution.

In addition to the frequency and type of storms, there are
a number of highway characteristics which determine the level of
pollutants in the runoff. These features, except those based upon
travel demand, can all be modified to some degree to reduce pol-

lutant loading. They are described as follows:

Roadway Characteristics

Area and Type of Pavement:
The larger the paved area, the greater the volume of runoff.

Although any roadway will have a minimum of two travel lanes, the
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of the retained volume is consumed by plants, evaporation or in-
filtration to the ground, but the basin maintains a permanent water
pool between storms. This design allows for the retention of pollu-
tants, which in a dry basin could be resuspended and washed out

by a following storm. The construction of detention ponds nor-
mally involves the modification of natural drainage channels or
land features, such as depressions or swales. Vegetation in the
basin not only provides nutrient and metals removal, but keeps

the soil layer on the basin floor loose and permeable, thereby

aiding infiltration.

Detention Basin Design Concepts:

The effectiveness of a detention basin in reducing the lev-
els of runoff pollution entering downstream waters is dependent
upon a number of factors, involving both the characteristics of
the basin and the specific pollutants. For flood control, the
purpose of a detention facility is to redistribute the rate of
runoff by providing temporary storage, thereby reducing downstream
flooding. The kev design factor is the discharge rate from the
basin. For pollution control, the purpose of detention is to
allow the settlement of suspended particles of sediment, heavy
metals, petroleum hydrocarbons and other pollutants. The key de-
sign factor is the storage time in the basin - the time between
when water enters the basin and when it leaves. Storage time is

a function of three factors: the rate of flow entering the basin
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same manner. In either case, the lowest outlet structure can be
set at an elevation to allow a maximum depth of standing water.

A staged outlet is necessary because of the detention time
requirement for pollution settlability. Appendix B contains a
more complete discussion on research regarding the settling rates
of suspended pollutants, but in general it will take several hours
(one to two days) to achieve a significant percentage reduction in
the levels of various pollutants in the runoff. Because the re-
quired detention time is so long, it would extend beyond the dura-
tion of the storm in the case of normal rainfall events. This
means that the inflow and outflow hydrographs would not overlap,
as they do in Figure 3; storage for the entire volume of the storm's
runoff would be required. The resulting basin would not only be
large, but would require a mechanism to allow release of the
water only after a specified time period. A staged outlet, how-
ever, would provide storage for only the most polluted first-flush,
or that flow equal to a small storm event, referred to previously
as the settlability design storm. The remainder of the stormwater
would pass through the detention basin much faster, contained only
long enough to prevent an outflow rate having downstream flooding
potential.

Further limitation on basin size can be accomplished by the
placement of baffles, which retard the flow. Baffles, a series of
dividers or weirs, prolong residency time by increasing the length

of channel flow, or by creating a number of smaller basins which
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must be successively filled (see Figure 5). Typical detention

basins also have a long narrow configuration with the inlet and

outlet structures at opposite ends. This serves to maximize

residency time for a basin of given volume.
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CHAPTER III. CONTAINMENT STRUCTURES FOR HIGHWAY RUN

Parking Lot Runoff Detention

Detention of runoff from highways is less common th
from large land developments or parking lots. In Rhode 1siana,
an example of parking lot runoff detention is at the site of the
recently constructed Showcase Cinemas at the intersection of
Route 2 and Route 401 (Division Street) in Warwick.

Approval from the State Department of Environmental Manage-
ment for construction of the theater complex was required because
of the presence of a nearby stream, a tributary of the Maskerchugg
River, and its adjoining wetlands. Aside from concerns over noise,
traffic, litter and loss of quality of life (factors which the
DEM was not authorized to consider), nearby residents opposed
the project primarily on the grounds that it would greatly ag-
gravate the looding problem associated with the Maskerchugg River.
They were also concerned with protection of the groundwater and
water gquality in general.

Consultants for the cinema company responded with a proposal
to excavate a 750 foot long detention pond from the stream bed
for the purpose of mitigating flow during storm conditions. De-
signed to detain flow from a 100-year storm, the 400,000 cubic
feet of storage receives runoff from the parking lot while reduc-
ing flooding from pre-existing conditions(23). Drainage from the
28 acre parking lot travels by three culverts to the roughly

graded earthen basin which has a rounded concrete weir outlet
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(see Figure 6). Flow travels under the weir through a one-foot
diameter pipe to a small pool with a riprap wall at the opposite
end; it discharges into the stream from the pool through a two-
foot diameter outlet pipe under the riprap. The pipes carry
normal stream flow through the detention pond. The volume of
water contained at the elevation of the top of the weir is the
storage volume. The larger diameter outlet pipe allows water to
be discharged faster if the weir is crested, an event which occurs
after normal heavy rainfall. The riprap wall, which is flattened

on top to create a weir, serves as an emergency spillway.

Although its original purpose was flood control, the deten-
tion pond is constructed as a dual purpose basin with staged out-
lets. Because it was designed to provide an average interior
flow velocity of only 0.05 feet per second, the basin also serves
to reduce <=adiment loading downstream by facilitating settling of
suspended particles. The pond and the sides of the basin were
seeded with reed canary grass. The pond also supports a healthy
stand of cattails and other wetland vegetation which enhances
peollutant removal. However, no testing has yet been done to de-
termine the effectiveness of the detention pond in removing

pollution in the parking lot runoff.

Highway Runoff Detention for Protection of Reservoir Water Quality

Not surprisingly, major examples of existing or proposed high-

way runoff detention structures are those whose purpose is
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to protect public drinking water. When highways cross
shed of a reservoir, they exist as a major source of p
particularly road salts, and as a potential source of

wastes from accidental truck spills. An obvious publi
need exists to prevent the degradation of reservoir wa
ity from highway drainage. The following examples of

and proposed highway runoff detention structures invol
Wachusett Reservoir in Massachusetts, and the Scituate

and proposed Big River Reservoir in Rhode Island.

Interstate Route 190:

The most significant local example of a structur.
response to potential reservoir water quality damage i
ten mile segment of Route 190, a recently constructed
way in central Massachusetts. The highway runs from W
north to Route 2, a major east-west route in the north
of the state. The area of concern was the central segment of
Route 190 which crosses the watershed of the Wachusetts Reser-
voir, a major drinking water supply for the metropolitan Boston
area. Before construction of this final segment of highway, a
series of large sedimentation basins were built as the major
means of erosion control. The primary purpose of the basins
was to remove suspended sediment in stormwater runoff from areas
under construction by intercepting and detaining the water prior

to its discharge to tributaries entering the reservoir.
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The thirty-five basins are divided into two sections, a re-
taining area and a filtration area separated by a concrete bar-
rier (see Figure 7). The larger retention area is lined with an
impervious material. It contained the runoff to allow settling of
suspended sediment before being discharged into the filtration
area through a weir manually controlled by flashboards. The fil-
tration area of the basin passed the water through a filter of
two feet of specially graded sand to meet a given turbidity level
(5 NTU). The sedimentation basins were designed to drain six
inches of runoff from the given construction area over 120 hours(24]

During the construction phase, turbidity readings in the
reservoir did not change from pre-construction levels; this was
attributed to the presence of the sedimentation basins. Construc-
tion of the highway was completed in 1982. The basins have re-
mained as permanent drainage structures whose purpose is also to
protect the reservoir by trapping hazardous material spills. 1In
addition, they have served as models for the design of basins pro-

posed for the protection of the two reservoirs in Rhode Island.

Roadways in the Scituate Reservoir Watershed:

An important precedence in controlling highway runoff was
recently made in Rhode Island as a result of an evaluation of
highway drainage in the Scituate Reservoir watershed. The study,
whose focus was the preservation of the water quality in the
reservoir, was completed in 1982 for the RI Department of Environ-

(25)

mental Management . Highways in the watershed with drainage
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structures discharging into the reservoir, or streams feeding the
reservoir, were classified according to proximity to the reser-
voir, and volume and type of traffic. At the eight most critical
drainage locations, where roadways cross or border directly on
the reservoir, the construction of diversion ditches leading to
sedimentation basins with emergency spillways was recommended.

At the six next most critical locations, where roadways run close
to the reservoir, planting of vegetation and construction of sedi-
ment traps at all culverts was recommended. Finally, at seven of
the twenty-three roadway crossings of major streams, planting of
vegetation, riprap installation on steep slopes and construction
of sediment traps where possible, was recommended. The purpose
of all recommendations is to reduce the introduction of sediment
and highway contaminants into the Scituate Reservoir. The study
is significant in that it focused on the impacts of the operation
of existing highways rather than the impacts of highway con-
struction, and for its recommendation to establish basins to
contain the runoff. No design details were specified. The re-
port was sent as a policy statement to the State Department of

Transportation.

Route 6:

An additional study regarding protection of the Scituate
Reservoir focused on the upgrading of Route 6, the largest volume
road in the watershed(26). Completed in late 1983 for the De-

partment of Transportation, the study evaluated various drainage

-31-



alternatives to protect the reservoir from accident-r
hazardous spills. Present drainage conditions along R¢
not provide any safety measures. Among the alternati:
partial and full containment were evaluated. Both coi
alternatives would provide full interception of roadw:
by means of ditches leading to storage ponds or tanks
handle a spill occurring during the peak of a 100-yea

The partial containment option would require con:
of eleven permeable settlement ponds and four settlem
along the roadway. The outlets would be located to a.
land flow for a considerable distance before reaching
in the reservoir watershed. This system would allow 1
absorption into the ground, providing natural filtrat:
runoff. As such, it is ideally suited as a containmel
ment system for normal highway runoff rather than haz:

The size of the ponds and the general degree of j
provided would depend upon the classified zone of pol:
areas measured in terms of susceptibility to direct c«
of the open water. This risk zone categorization is v
to the critical drainage location system of the previc
cussed study. Zone I areas, those immediately adjacer
reservoir, would require a closed drainage system leac
of the four settlement tanks. Each tank would be equ:
pump connected to a force main to relocate the outlet

point where overland flow can take place. Zone II are
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in proximity to major stream systems, would require a
closed drainage system leading to the larger settlement
Zone I11I, areas with defined channels of overland flow,
streams leading to major streams or the reservoir, and
areas least susceptible to direct contamination, would
the same treatment. This would consist of double ditcl
side the roadway leading to smaller _ettlement ponds.
ditch would contain a series of small dams to create s¢
linear storage ponds, thereby slowing the flow rate, pe¢
absorption and controlling the contamination from a ha:
spill. Outlets from the inner ditches would discharge
tlement pond. The outer ditches would carry non-roadw:
water flow.

The settlement ponds would be constructed to permi
drainage through the berms which make up the sides of 1
as well as absorption to the groundwater. Each outlet
would have a valve for manual closure to retain hazardc
thereby preventing a concentrated release and allowing
gree of removal by clean-up. The settlement tanks in ¢
would provide a greater degree of security since the pu
be shut off after a spill occurred.

By contrast, the full containment option would cor
reduce the chances of contamination from a hazardous st
cause of the presence of large retention ponds with img

bottoms, based upon the design of the retention basins
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The selective containment alternative would involve con-
struction of eight impermeable holding basins for runoff from
Zones 1 and 2, along Route 95 and Route 3, and seventeen perme-
able basins for runoff from 2ones 3 and 4 along the two highways
and the highest volume secondary roads. Runoff would enter the
permeable basins through grass-lined open channels. The lower
volume secondary roads would have no special drainage structures.

The design of the holding basins would also be based upon
the design of the basins located along I-190. They would consist
of two compartments separated by an embankment section with re-
movable stop blocks. The large impervious holding compartment
would have a maximum volume of 150% of the runoff from a 100-year
storm, allowing the containment of a hazardous spill under those
conditions. The permeable second compartment would have an out-
let channel consisting of graded sand and small stone to gradu-
ally filter out insoluble materials. Water would pass into the
second compartment only by manually removing stop blocks after
allowing for settling. By contrast, the seventeen permeable
basins would consist of one compartment designed to contain the
volume of runoff from a 100-year storm.

Because of the concern over a hazardous waste spill, a total
containment alternative was also evaluted. This Qould involve
construction of thirty-seven holding basins to contain runoff
from all the roads in the study area. However, this alternative

would have an estimated construction cost of 7.4 million dollars,
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over twice the cost of the selective containment alterr
The interim report on control of roadway runoff in the

recommended selective containment.

Highway Runoff Detention for Flood Control

Aside from the protection of drinking water suppli
sediment and hazardous spills, containment basins for L
drainage are also used for flood control (like those as
with large land developments). An example of this is t
detention pond at the site of the Route 4 extension in
Kingstown, RI, built to negate the highway's impact on
River flood plain (see Figure 8). Similar to the Showc
ema parking lot detention pond, the basin will serve as
manent means of flood control by providing storage for
from a 165 ( re drainage area which includes the new ro
adjoining overland areas to the west(zs). The pond is
to contain runoff resulting from a 100-year storm and d
it through a culvert under the nearby Route 2 into the
River. The outlet structure will consist of an 18 inch
pipe installed 3 feet above the bottom of the basin. T
of the basin is also permeable. This design will provi
quality benefits, as well as flood protection, in that

allow some settling of sediment and other runoff pollut
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CHAPTER IV. PLANNING CONSIDERATIONS OF
HIGHWAY RUNOFF DETENTION PONDING

Introduction

The increased use of detention ponding as a means of storm-
water management, and the availability of evidence regarding its
pollution control potential, gives credibility to the concept of
using detention ponds as part of the drainage systems of major
roadways. They are already both being used and being planned for
the protection of the water of greatest concern -- public drink-
ing supplies. Although the emphasis in these cases is on pro-
tection from hazardous waste spills, it is evident that specially
designed basins can serve to reduce the amount of normal highway
runoff pollution that enters a reservoir. The broader policy
recommended in this paper is the establishment of basins for the
protection of water that is crucial for other purposes as well,
such as recreation and shellfishing.

As an issue and as a policy effort, there is no better time
than now to focus on controlling pollution from highway runoff.
In late 1982, Congress passed the Surface Transportation Act
which levied a nickel per gallon tax on gasoline for the purpose
of financing road repair and construction across the nation.
Existing roadways are being widened and otherwise repaired, and
many new roads of major proportions, long planned, are now
being built. Although this highway program will not match the

scope of that occurring in the 1960's, this "rebuilding" of
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America's road system presents an opportunity to address the
secondary impacts of this major form of infrastructure.

In Rhode Island, the Department of Transportation has pro-
posed to spend about $700 million on a six-year highway improve-
ment program from 1984 through 1989, with only approximately

$120 million in state bond money required(zg)

. Nearly 300 proj-
ects, ranked according to priority for completion, are scheduled
for some phase of implementation over the six year period. Among
the prioritized projects are 105 included in the "RRR" program
(the restoration, rehabilitation, resurfacing of existing road-
ways), for which $12 million annually is budgeted. 1In addi-

tion to roadway and bridge repair and construction, the Rhode
Island transportation improvement program is to include refurbish-
ing of drainage systems. Recommendations regarding coordina-
tion of a policy of providing detention basins at crucial highway
drainage locations with the ongoing program of transportation

improvements are made following a discussion of issues regarding

the planning for and management of detention basins.

Stormwater Management

Achievement of the reduction in highway runoff pollution
can find a parallel in efforts to control urban runoff in general;
highway runoff is one part of a problem which requires total urban

water resource management. Comprehensive management in this area
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plans. While Section 208 required states to inventory industrial
and municipal sources of water pollution by designated regions
and develop a plan for regulation of these sources, it also re-
quired identification of non-point sources. Specifically, this
involved an assessment of stormwater systems and identification
of measures to control runoff. Control of runoff was to occur
through "best management practices" which must include regula-
tory programs as well as structural controls.

At the local level, one method of comprehensive water quality
control has been passage of stormwater runoff control ordinances
which regulate the location, design, construction and maintenance
of new urban development and associated drainage systems. A
typical such ordinance would require a water management plan for
a specific site to be approved at some point in the review process
before development occurs. Similar to an environmental impact
assessment, the plan would include a description of the existing
environment and the proposed project; the predicted impacts of
the development, specifically in terms of water quality and flood-
ing; and proposed methods of mitigating the impacts. The ordinance
would establish performance and design standards to be followed.
Performance standards usually include restoring runoff volume
and flow rates to predevelopment levels, maintaining water qual-
ity and otherwise minimizing environmental harm. Design standards
include prohibiting direct discharge of collected runoff into water-

bodies, prohibiting alteration of natural water courses, placement
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of erosion and sedimentation control devices, preservat
vegetated buffer strips, and use of retention and deten
Containment of stormwater runoff, particularly the most
first flush, is often a major feature of a stormwater r
trol ordinance.

To date, such ordinances have dealt with developme
not highway systems. However, they are characteristic
trend of legislating land-use controls to allow man-mad
to harmonize with the natural environment. The scope o
legislation can be expanded to control sources of highw
pollution as well. It is most important, however, that
controls be integrated into a comprehensive planning, m
and regulatory process. The most common problem of use
tion ponding for runoff management has been a piecemeal
involving construction at various sites within a waters
regard for cumulative impacts. With highway runoff det
ponding, this problem would be circumvented by establis
sponsibility at the state level. Coordination would ha
between the Department of Environmental Management, the
sponsible for the protection of the components of the n
drainage system -- wetlands, recharge areas and flood p
and the Department of Transportation, the agency respon
the construction and maintenance of roadways and associ

age systems.
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Maintenance Procedures for Detention Basins

While detention basins may serve as a low-cost structural
means of controlling water pollution, they also require monitoring
and maintenance. In addition to preserving the integrity of the
basin and the operation of the outlet structure, transportation
department personnel must see to the periodic removal of sediment
and debris, and if necessary, the harvesting of vegetation. Over
time, of course, the basin will silt-up, decreasing its volume
and subsequently its detention time, thereby decreasing its abil-
ity to allow pollutant settling. Maintaining the available vol-
ume by removing accumulated sediment is the most important main-
tenance activity. Since plants contribute to the effectiveness
of the basin by providing nutrient and metals uptake, their re-
moval should only be done when excessive growth occurs or in con-
junction w :h sediment removal.

Removal of the sediment also presents an issue in terms of
its disposal. Depending upon its metals and petroleum content,
sediment from a detention basin receiving highway runoff could
be classified as hazardous waste. As such, its handling and dis-
posal would be subject to federal and state regulations. Al-
though the magnitude of the problem would be considerably smaller,
disposal of detention basin silt could be similar to that of dis-
posal of dredge spoils. This issue of disposal simply represents

the trade-off involved in protecting downstream water bodies.
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There are also issues related exclusively to the use of wet
ponds. One is the potential safety hazard; depending upon its
accessibility to the public, the basin may require placement of
warning signs or fencing. However, fencing would be more costly
and less aesthetically attractive than proper grading and land-
scaping. Flat slopes, secure shorelines, shallow water depths
close to the basin's edge and/or planting of dense thorny shrubs
could all serve to limit access. 1In general, however, significant
problems of public safety would not be expected for detention
ponds within highway right-of-ways.

Other potential problems associated with detention ponds
are algae growth and mosquitoe breeding. Control of aesthetic
problems are especially important from a public perception point
of view; while the benefits of improved water quality are not

highly visible, basins containing stagnant water or debris are.

Research Needs for Application of Detention Ponding

Use of detention ponding for stormwater management in terms
of pollution control is a relatively new practice, and its spe-
cific use as part of highway drainage systems is not at all wide-
spread. The more common use of detention ponds to mitigate im-
pacts of new developments have focused on flood control rather
than pollution control. Therefore, it is evident that more re-
search needs to be done on both the design and effectiveness of

detention ponds for trapping suspended pollutants. Specifically,
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relationships need to be established between basin geometry and
design features, and the degree of pollution removal efficiency.
Another area requiring research is increased knowledge o the
settlability of specific pollutants. Finally, of crucial impor-
tance is more information on the fate of pollutants in detention
basins -- whether they accumulate, transform or degrade.

While these are questions requiring the input of research
scientists and engineers, one means of gathering more information
on the effectiveness of detention ponding is evaluation of the
performance of existing facilities. The State of Rhode Island
has an excellent opportunity to undertake this at the Showcase
Cinemas detention pond in Warwick, and in the future, at the
Route 4 detention basin in North Kingstown. During storm events
samples could be taken from the inflow to the basins, and at
various intervals from the basins's outflow. This would allow
comparison of the pollutant levels of the inflow with those of
the outflow. Variables such as amount of rainfall and estimated
detention time could also be evaluated as factors impacting these
pollutant levels. In addition, settlability tests could be per-
formed on various pollutants from runoff at these sites and at

other highway sites in the State.
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pann~mmend=tjr== for Establishing Highway ™e*--+ion Ponding
an rnode 1slana )

An outline of several steps necessary to initiate possible
use of detention ponds along roadways in Rhode Island has been
developed as the conclusion to this paper. These recommendations
for implementation are directed to the State Department of Trans-
portation and the Department of Environmental Management. Legisla-

tive action may also be required to establish policy.

Establish Planning Areas:

Planning regions for water quality management have been de-
veloped by the Statewide Planning Program for the purpose of
basin planning under Section 303 of the Water Pollution Control
Act. These regions include the Blackstone, Pawtuxet, Pawcatuck
and Narragansett. Although they are divided along town bounda-
ries, these regions include the State's major river basins and
the Bay. The Blackstone region includes the Blackstone River
basin and most of the Mohassuck and Woonasquatucket drainage
areas; the Pawtuxet region includes the Pawtuxet River basin and
most of the Moosup River basin; the Pawcatuck region coincides
approximately with the Rhode Island portion of the Pawcatuck
River basin; and the Narragansett region consists of the Bay
and adjacent lands draining into it(30). These basins could
serve as planning regions for the implementation of highway de-
tention ponding as well as other means of water quality manage-

ment. Division of these areas into smaller watersheds would be

done as necessary.
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A policy for the protection of Rhode Island waters from high-
way runoff by detention already has legislative support. Water
bodies used for drinking water are protected under Chapter 46-14

of the General Laws of Rhode Island, which prohibits the discharge

of any polluting drainage into these waters. The Rhode Island
Fresh Water Wetlands Act prohibits the placement of highway run-
off into any wetlands without approval from the Department of
Environmental Management. Detention basins for highway runoff
could become, under a state policy by the Departments of Trans-
portation and Environmental Management, a required mitigating
measure for the water quality damages caused by operating road-

ways.
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APPENDIX A

METHODS FOR DETERMINING RATE AND VOLUME OF RUNOFF

There are numerous approaches for determing the rate of storm-
water runoff. One method is the rational formula which takes into
account the watershed drainage characteristics. The following

formula is used:

Q = CiA, where:

peak runoff rate, cfs

runoff coefficient, <1

average rainfall intensity, in./hr.

o 00
1l

drainage area, acres

The coefficient, C, is a factor which represents several
variables, including infiltration rate, ground cover and surface
storage. Average coefficients for various types of land use
range from a low of 0.10 for undeveloped land to a high of 0.95
for the most intensely developed type of land (a downtown com-
mercial district). Given that a typical drainage area will have
a variety of land uses, the area of each type should be measured
in order to develop a composite runoff coefficient.

Coefficients have also been developed for various surface
types for calculating runoff from small land areas. ~These range
from a low of 0.05 for lawns with sandy soil and flat slopes, to
a high of 0.95 for roofs and pavement. Pavement, asphaltic and
concrete, has a coefficient range of 0.70 to 0.95. These coef-
ficients are applicable for storms of 5 to 10 year frequencies,

and assume that the ground is not frozen.



Rainfall intensity is a function of the storm frequency (5
year, 10 year, etc.), intensity-duration characteristics of the
particular storm frequency, and time of concentration (the time
it takes rainwater falling on the most distant part of the water-
shed to reach the location of the drainage facility). This infor-
mation is obtained from local drainage manuals; rainfall-intensity
relationship is often shown in a series of curves for rainfall in-
tensities of given storm frequencies. Boundaries of the drainage
area are a function of topography. They are determined by field
surveys or topographic mapping.

The rational formula is limited in use to drainage areas of
less than five square miles because it does not account for stor-
age and subsurface drainage flows which are characteristic of
larger drainage areas. It also cannot be directly used for deter-
mining volume of runoff because it does not provide runoff rate
(inflow) wi . respect to time.

The hydrograph method, another common approach to the deter-
mination of runoff, allows for computation of volume. Runoff hydro-
graphs, the graphic representation of runoff rate over time, is
calculated from rainfall hyetographs (time-intensity patterns of
rainfall) and drainage basin data. Often involving the use of
computer models, hydrographs are developed by the input of data
such as infiltration, land-use, antecedent rainfall and depression
storage. The resulting hydrographs represent runoff rates at

specific drainage inlet points.



The unit hydrograph method involves the correlation of char-
acteristics of measured outflow hydrographs to develop a unit graph.
One of the most commonly used unit hydrograph methods is that de-
veloped by the US Soils Conservation Service, which has produced
58 unit hydrographs for use in various watersheds in the nation.
Use of the SCS method requires identification of hydrologic soil
groups, watershed area, percent impervious and overall slope.
Rainfall volumes for particular storm frequencies are selected
from given rainfall hyetographs, and runoff volume is selected
from a table with runoff curve numbers and rainfall volume. Run-
off volume can be converted to peak discharge by use of a multi-
plier.

This method can be used for watersheds of 1 to 2,000 acres.
Although it has little application for pavement inlet design, it
does have application where design for storage is necessary. It
also can be used for drainage areas which include areas outside

of highway pavement.















Route

Rou @

APPE! 'IX C

MINIMUM LIST OF ROADWAYS IN RHODE ISLAND FOR
EVALUATION ' DRAINAGE SYSTEl

100; Burrillville, Glocester
102; North Smithfield to North Kingstown

7; Burrillville to Providence

e 146; North Smithfield to Providence

F ate
ROl e
Route
Route
Route
Ri te
Rc te
Route
Route
Route
Route
Route
Route
Route
Route

Route

» 122 - Route 146A; Woonsocket, North Smithfield

121 - Route 114; Cumberland to Middletown
44; Glocester to Providence

295; Cumberland to Warwick

6; Foster to Johnston

195; Johnston to East Providence
95; Pawtucket to Hopkinton

10; Providence, Cranston

1; Providence to Westerly

136; wWarren, Bristol

4; Warwick to North Kingstown

2; North Kingstown to Charlestown
138; North Kingstown to Tiverton
24; Tiverton, Portsmouth

8l1; Tiverton, Little Compton

77; Tiverton, Little Compton

138; South Kingstown to Exeter
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