Article 77

Technical Note #62 from Watershed Protection Techniques. 2(1): 294-295

Performance of a Dry
Extended Pond in North Carolina

dry extended detention (ED) pond relies on

settling as the primary mechanism to remove

pollutants from stormwater runoff. A dry ED
pondisnormally empty during dry weather, but rapidly
fills up with runoff during a storm event. The stored
runoff isgradually rel eased over aperiod of onetothree
days, allowing an opportunity for pollutants to settle
out to the floor of the pond. Settling can be a very
important pollutant removal mechanism, but it does
haveitslimits. Earlier performancemonitoringindicated
that dry ED pondshad |owtomoderateability toremove
most stormwater poll utants(seearticle64). Thisconclu-
sion, however, isconsidered provisional, asmany of the
dry ED pondsthat weremonitoredfailedtoachievetheir
target extended detention times due to design prob-
lems. A recent study by Stanley (1994) shedsnew light
onthepotential performance of well-designed dry ED
ponds.

Stanley and hiscoll eaguesmonitored ademonstra-
tiondry ED pond inasmall coastal plain watershed in
North Carolina, and also conducted experiments to
explorethe settling behavior of stormwater pollutants.
The dry ED pond served a 200 acre watershed, com-
posed of amix of singlefamily, multifamily and com-
mercia land uses (total imperviousness= 29%). Lo-
cated near Greenville, NC, thewatershed had thesandy
soilsand low relief characteristic of the coastal plain.

Thedry ED pond was designed to provide amaxi-
mum of 72 hours of detention for the first half-inch of
runoff through the use of avertical perforated pipe at
the pond’ soutlet. Any runoff in excessof thehalf-inch
wasbypassed through aconcrete spillway, and was not
treated. The pond ranged in depth from eight to 11 feet
deep when full, but was designed to fully drain after a
stormevent. Likemany other “dry” ED ponds, the1.75
acre grass bottom of the pond has gradually become
moresoggy sinceit wasconstructed in 1991, and some
portions near the outlet are reverting to a shallow
wetland.

The pond’'s performance was monitored during
eight storm eventsin 1992, that ranged from about a
half-inchtotwoinchesof rainfall. Onestorm, however,
wasareal whopper. Thisstorm dropped atotal of 9.28
inchesof rain over aperiodjust lessthan fivedays. As
a consequence, about 70% of the total runoff volume
bypassed thepondthroughthespillway duringthisrare

storm and was not treated. Thus, Stanley’s sampling
effort providesaglimpseof howwell ED pondsperform
during extremely large and rare storm events.

The overall results of the performance monitoring
weregenerally consistent with prior studies (Table 1).
Removal of particulate pollutant that are prone to
settlingwasmoderateto high, and removal of predomi-
nantly soluble pollutants (not subject to gravity) was
low or negligible. This behavior was particularly evi-
dent when nitrogen and phosphorus was considered.
Removal of the particulate fraction of nutrients was
moderate (33t043%) whileremoval of solublenutrient
fractionswas poor (+ 10% to -9%). Consequently, the
combined removal ratefor total phosphorus and nitro-
gen was a modest 14% and 24%, respectively. Re-
moval rates for trace metals predominantly found in

Table 1: Median Pollutant Removal Rate Observed in the

Greenville Dry ED Pond (N=8)

Water Quality Parameter All Storm Big Storm*

(%) (%)
Total Suspended Solids 71 25
Particulate Organic Carbon 45 19
Particulate Nitrogen 43 22
Particulate Phosphorus 33 17
Cadmium 54 12
Chromium 49 16
Copper 26 11
Lead 55 19
Nickel 43 27
Zinc 26 11
Ammonia (NH,-N) 9 20
Nitrate-N (-2) 6
Total Dissolved Phosphorus (-9) 6
Dissolved Organic Carbon (-6) (-5)
Total Phosphorus 14 —
Total Nitrogen 26 —
* Removal Rate includes pollutants that bypassed the pond through the

emergency spillway and were not subject to settling
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Table 2: Pollutants Settled After 72 Hours,

Average of Three Trials (Stanley, 1994)

Percent
Water Quality Parameter Settled
Total Suspended Solids 93
Lead 77
Cadmium 73
Chromium 72
Nickel 66
Total Nitrogen 50
Total Phosphorus 46
Copper 45
Zinc 35
Total Organic Carbon 35
Dissolved Organic Carbon 23

particulate forms ranged from 40 to 50% (cadmium,
chromium, nickel and lead) whereasremoval ratesfor
metal sthat arepartially in solubleform (such ascopper
andzinc) wereonly half asgreat. Limited samplingfecal
coliform indicated that bacteria levels were slightly
reduced as they passed through the dry ED pond.

Table 1 also shows the pollutant removal that oc-
curred in the pond during the rare 9.28 inch rainfall
event. Stanley cal culated theremoval ratebased onthe
total inflow and outflow fromthe pond, whichincludes
about two thirds of the total runoff volume that by-
passed the pond and was not subject to settling. As
might be expected, removal rates sharply declined
during the storm. Still, removal rates remained posi-
tive, whichissurprisinggiventhat only one-third of the
runoff volumewas ever subject to extended detention.
This suggests that the ED pond was still capable of
providing good removal for thefirst half inch of runoff,
even during a storm that delivered six times more
runoff volume (three inches) than was designed to be
treated.

The results of three settling column experiments
weregenerally consistent with prior researchon pollut-
ant settling in urban runoff, aswell asthe performance
monitoringresults(Table2). Moderateto highremoval
was observed for particulate pollutants after 72 hours,
such as suspended sediment, particulate forms of car-
bon and nutrients, and severa trace metals. In most
cases, the bulk of the settling occurred in thefirst 6 to
12 hours of the settling experiments.

Only minor increments of additional settling oc-
curred in the second or third day. Pollutants that are
present partly or mostly insolubleforms, suchasortho-
phosphorus, copper and zinc, did not settle out, even
after 72 hours of settling. A comparison of the settling
columndatawithactual pond performancedatareveals
that removal rates were consistently 20 to 30% higher
under the ideal settling conditions of the column ex-
periments. Thiswould seemto suggest that moreturbu-
lent conditions in the pond reduced settling rates.

Stanley’ sstudy providesfurther evidence astothe
benefits and limitations of dry extended detention.
Clearly, such ponds are capable of effectively remov-
ing particul ate pollutants, but havelittle or no capabil-
ity toremovesol ublepollutantsthat often havethemost
influence on downstream aquatic ecosystems. Pond
systems that utilize other pollutant removal mecha
nisms, such aswet pondsand stormwater wetlandsstill
offer morereliable removal for these pollutants.
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