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Performance of Grassed Swales
Along East Coast Highways

ighwaysareauniqueform of developmentin
H that their impervious lanes span over many
miles, frequently crossing both large and
small drainage divides. For many highway engineers,
the preferred option for runoff treatment involves the
use of long grassed swales, located in a narrow
right-of-way parallel to the highway or withinthe me-
dian strip. Grassed swales are cheap to construct, easy
to maintain, and are often needed anyway to convey
excessstormwater runoff off theroad. How effectiveare
they inremovingthemany pollutantsthat wash off road
surfaces?

To address this question, Dorman and his col-
leagues(1989) eval uated the performanceof threehigh-
way swale systemsin Florida, Maryland and Virginia.
They measured flows and pollutant concentrations
throughthreedifferent swal esthat wereeach about 200
feet in length. The three swales that were selected
spanned awide range of conditionsencountered along
highways: slopes (one to 5%), soil types (sandy to silt
loam), vegetative cover (good to poor) and age (fiveto
20 years-see Table 1). In addition, they monitored the
concentration of metal sand nutrientswithin swalesoils
todetermineif pollutantswereaccumul ating over time.
Inanother related study, aresearch team lead by Shaw
Y u (1993) has been monitoring the pollutant removal
capability of a300- foot-long highway swaleinVirginia.

Despitethefact that theswal eswereof equal length,
their reported removal rateswerequitedifferent (Table
2). Asmight beexpected, theFloridaswal eexhibitedthe
best overall removal capability. Highremoval ratesfor
sediment (98%) organic carbon (64%) and nitrogen (45
t048%) areoften expected at siteswithlow s ope, sandy
soils, and dense grass cover. Monitored phosphorus
removal (18%) wasonthel ow rangereportedfor grassed
swalesand biofilter systems, but metal removal usually
exceeded 50to 70%.

The Maryland swal e occupied the other end of the
performancespectrum. Theswa ehadamoderates ope
(3.2%), but had poor grass cover and was prone to
erosion. Althoughthesamplingwaslimited (four storm
events), the swale was found to export sediment and
nitrate and demonstrated little capability to remove
organic nitrogen, organic carbon, or total phosphorus.
Metal removal ratesweremixed, withhighratesreported
for cadmium, and low ratesfor copper, lead and zinc.

While the Virginia swale had the highest average
sope(4.7%), it had better vegetative cover and experi-
enced only minor erosion. Consequently, it exhibited
moderateperformanceinremoving highway pollutants.
Removal of sediment and organic carbon exceeded
65%, and total phosphorus was reduced by 41% (the
highest total phosphorus removal of any swale moni-
tored by Dorman). On the other hand, removals of
organicnitrogen, nitrateand metal swereonthelow end
of the range reported for other swale systems.

Dormanand colleaguesa sofoundthat tracemetals
accumulated over timein each of thethree swale soils,
which corroborates that these pollutants are being
removed. Nutrients, ontheother hand, showedamixed
pattern, with roughly half of the samples showing
evidenceof nutrient accumulationin swale sediments,
and the remainder showing either no change or a de-
crease in sediment concentration. The analysis could
not determine if the lack of nutrient accumulation in
some of the test sites was due to re-suspension and
“spiralling” out of the swale. Another interesting find-
ing relatestothelongevity of highway swales. Twoout
of the three swale systemswere eventually eliminated
asaresult of construction to add more highway lanes.

Y u' smonitoring of another Virginiahighway swale
isnot yet complete, but apreliminary assessment after
four storms showed that the swale removed 68% of
sediment and 60% of total phosphorus. The higher
removal rate could be due to the greater length of the
swale, and the presence of a checkdam. Y u indicates
that many swales tend to exhibit a curious hydraulic
behavior. During small storm events, much less flow
was recorded at the bottom of the swalethan at the top
of the swale (presumably reflecting the infiltration of
runoff asit passesalong theswalesoils). Insomesmall
storms, no measurable flow was detected at the swale
outlet.

In contrast, during large and intense storms, more
runoff was measured at the bottom of the swalethan at
the top (probably because of additional runoff inputs
that come down the side-slopes of the swale). This
finding suggests that swale removal rates may be un-
derestimated during smaller stormsbecausesomefrac-
tion of theincoming runoff infiltratesinto swale soils.

Each of thefour monitored swal esystemsdescribed
herewere originally intended merely to convey storm-
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