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Ditches or Biological Filters? Classifying

Pollutant Removal in Open Channels

rchaeol ogiststell usthat humans started dig-
A ging ditches several thousand years ago, be-

ginningwiththeextensiveditch networksdug
by early civilizationstoirrigatethe“fertilecrescent” of
the Middle East. Ditch digging hasn’t changed that
much since then, although stormwater engineers now
refer to them by fancier terms such as*“ open channels”
or“grassswales.” Inredlity, thesetermsarerather broad
and imprecise, and fail to distinguish the potential
differencesin pollutant removal potential that various
channel designs can have during small storms. In this
sense, open channels can be classified into one of four
possible categories, based on their hydrologic design.
They arethedrainagechannel, grasschannel, dry swale
andwet swale(Figurel).

The open channel design in most common use is
termed a drainage channel, and is designed to have
enough capacity to safely convey runoff during large
storm events without erosion. Typicaly, a drainage
channel has across-section with hydraulic capacity to
handle the peak discharge rate for the ten year storm
event, and channel dimensions (i.e., slope and bottom
width) that will not exceed a critical erosive velocity
duringthe peak dischargeassociated with thetwo-year
storm event. Consequently, most drainage channels
providevery limited pollutant removal, unlesssoilsare
extremely sandy or slopes are very gentle.

To achieve greater pollutant removal, stormwater
engineers have recently employed grass channels to
achieve greater pollutant removal. A grass channel is
designed to meet runoff velocity targets for two very
different stormconditions: awater quality designstorm
and the two-year design storm. During the “water
quality storm,” runoff velocity typically cannot exceed
1.5fpsduringthepeak dischargeassociated withthesix
monthrainfall event, andthetotal length of thechannel
must provideat |east 10 minutesresidencetime. Insome
regions of the country, grass channels are termed
“biofilters’ (SeattleMETRO, 1992). To meet thewater
quality criteria, grass channelsmust have broader bot-
toms, lower slopes and denser vegetation than most
drainage channels.

A third open channel istermed the dry swale. Ina
dry swal e, theentirewater quality volumeistemporarily
retai ned within the swale during each storm, allowing
timefor it to filter through 30 inches of prepared soil
beforeitiscollected by an underdrain pipe (see Figure

2). A dry swale is often the preferred open channel
option in residential settings since it is designed to
prevent standing water that makesmowing difficultand
generatescomplaints. Theswaleisdesignedto rapidly
dewater, thereby allowingfront yardsto bemoreeasily
mowed. Design methodsfor thedry swalecanbefound
inClaytor and Schuel er (1995).

Thelast open channel designistermed awet swale,
and occurs when the water tableis located very close
to surface. As aresult, swale soils often become fully
saturated, or have standing water all or part of the year
oncethechannel hasbeen excavated. This“wet swale”
essentially actsasavery long and linear shallow wet-
land treatment system. Like the dry swale, the entire
water quality treatment volume is stored and retained
withinaseriesof cellsinthe channel, formed by berms
or checkdams. In some cases, the cells may be planted
with emergent wetland plant species to improve re-
moval rates.

Few stormwater treatment practices exhibit sucha
great variability in pollutant removal performance as
openchannels. Inthisarticle, 16 historical performance
monitoring studies of “grass swales’” were reanalyzed
based on the open channel classification presented
earlier totry to explainthisvariability. Ten of theopen
channels could be classified as “drainage channels’
based on two criteria: they were designed only to be
non-erosivefor thetwo-year storm, and their particular
combination of soil and slopedid not allow significant
infiltration of runoff into the soil profile. Site dataand
pollutant removal dataare shownin Table 1(a).

Theremaining six openchannel swereeither explic-
itly designed asagrasschannel, dry swaleor wet swale,
or had acombination of soils, slope and water table so
that they effectively functioned as one of these three
systems(Tablel(b)). Giventhereatively small number
of open channels that met these criteria, they were
lumped together as a single group, and are hereafter
termed “water quality channels.”

Asagroup, drainage channel s provided negligible
removal of most pollutants. For example, only four of
nine drainage channels had apositiveremoval ratefor
suspended sediment, and all but two channels had
phosphorus removal rates lower than 15%. Removal
ratesfor all formsof nitrogen were consistently low or
nonexistent. Thethreestudiesthat examinedtheability
of drainage channelsto removefecal coliform bacteria
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