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Performance of Stormwater
Ponds and Wetlands in Winter

by Gary Oberts, Metropolitan Council, &. Paul, MN

practices for treating stormwater runoff in

northernregions. Until recently, however, very
littlewinter monitoring datawas avail able. Obertsand
his coll eagues sampled four stormwater pondsin Min-
nesota during both rainfall and snowmelt conditions.
They found that ponds were generally effective in
removing pollutants during non-winter conditions.
However, there was amarked reduction in the perfor-
manceof stormwater pondsintreating snowmelt runoff.
Most ponds did afair job of removing sediment and
organic matter in the winter, but were mediocre at
removing nutrientsand lead (Figure 1).

Thereareseveral reasonsfor the poor performance
of stormwater pondsinwinter. Oneprimary reasonisthe
thick icelayer that canform, sometimesreaching three
feetindepth. Thisicelayer can effectively eliminateas
much as half of the permanent storage volume needed
for effectivetreatment of incoming runoff. Inthiscase,
thefirstincrement of meltwater runoff enteringthepond
dove beneath the ice layer and created a turbulent,
pressurized condition that scoured and resuspended
bottom sediments in the pond.

Once the available pool volume under the ice was
filled, meltwater runoff wasforcedtoflow over thetop

Stormwater ponds and wetlands are common

Figure 1: Average Effectiveness of Four Stormwater Ponds (Oberts et al., 1989)

of theice. Thisfurther reduced performance, sincethe
settling depth above the effectively impermeable ice
layer wasminimal. Pollutantsthat settled ontheicewere
easily resuspended during thenext melt or runoff event.
In addition to the physical limitations of settling, bio-
logical activity in the pond was also greatly reduced
during the winter.

The same forces working against wet ponds in
winter also work against wetland systems. In fact,
wetland efficiency may drop evenfurther becausewet-
lands are shallower, have larger amounts of detritus
available for re-suspension, and are biologically dor-
mant during winter.

Research on a wetland in Minnesota shows how
pollutants can pass through a stormwater wetland
system, even when it appears as though the system
might beworking. Thepollutant removal performance
during snowmelt and for the first two rainfall events
after snowmelt in asix-acre, six-chambered, lowhead
wetland treatment systemispresentedin Figure2. The
wetland outlet wasfrozen for theentirewinter and was
thus effectively closed. Thisresulted in the formation
of a thick ice layer and subsequent deposition and
accumulation of al small midwinter events and base-
flow in the final wetland chamber (approximately 2.5
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Figure 2: Effectiveness of a MN Wetland Treatment System (Oberts and Osgood, 1988)

acres). When the end-of-season melt began, runoff
entering the final wetland cell ponded and dropped a
portion of itsload on top of theicelayer. Water began
to movedowngrade only when an openingintheoutlet
culvert formed. The material that settled was subse-
guently washed away by the next rain occurring after
the snowpack had entirely melted from the catchment.

Are there design methods that can improve the
performanceof stormwater pondsduringsnowmelt
conditions?

Meltwater Treatment

Thefirst meltwater from asnowpack will likely be
acidicand highly concentrated with solublepollutants,
particularly ions (Na*, Ca*, SO, Mg*, H*, NO,).
Adverseimpacts of meltwater on aquatic life are typi-
cally related to elevated level s of metals, organic toxi-
cants, and salt. Thus, meltwater treatment should occur
beforeit reachesareceiving waterbody. One optionis
todetainitsothatit caninfiltrateintothesoil wheresoil
adsorptionandmacrobioticactivity canoccur (Zapf-Gilje
etal.,1986).

Hartsoe (1993) found that PAHs were essentially
non-detectableingroundwater infiltrating through sand
and gravel at a highway drainage infiltration pond in
Minnesota. However, the most soluble meltwater pol-
lutants, suchaschloride, will likely passthroughthesoil
relatively intact. Thisphenomenon should betakeninto
account when designing such a facility.

Twoalternativesfor meltwater trestment areshown
in Figures 3 and 4. The first option is a nonstructural
approachwherein meltwater isrouted through aninfil-

trationswale(e.g., grass, sand/gravel) toaflow diffuser
that spreadsthemeltwater over anaturally vegetated or
wetland surface (Figure 3). Eventhoughthevegetation
isdormant, somebenefitwill occur becausetheareawill
likely beabletoinfiltrate somewater. Caution must be
exercised, however, since chloridesand other ionscan
adversely impact thegrassor wetland areasand induce
a shift to less desirable plant species.

Meltwater infiltration can also be accomplished
using a gravel level spreader that acts as a diversion
channel. This simple feature can be incorporated into
many different kinds of meltwater handling systems.
The diversion channel can be used to route highly
concentrated water around a particularly sensitive re-
ceiving water or into abest management practice.

The second option for meltwater treatment is an
infiltration-detention basin that incorporates two de-
signfeaturestoenhancemeltwater treatment (Figure4).
Thefirst featureisavariable outflow control structure
that allowsfor drawdown of thewater level toincrease
runoff storage. The second feature is an underdrain
with a control valve to drain the porous bottom sub-
strate in the fall. The goal isto decrease the moisture
levelsthat |ead to animpermeablelayer of frozen soil.

Boththeunderdrain and outflow controlsshould be
closed prior tothe spring melt in preparation for runoff
treatment. Oncethe melt begins, theinitial function of
thebasinistopromotetheinfiltrationof the“first flush”
of meltwater. Asthe melt event proceeds and reaches
its peak end-of-season flow, the basin acts as a deten-
tion facility, since inflow to the pond will exceed the
infiltration capacity of thesail. Critical designfeatures
include the underdrain, the relatively flat slopes, soil
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type, and the predicted end-of-season snowmelt vol-
umes that will dischargeinto the basin.

L ocal groundwater quality must beconsidered since
thefirst meltwater entering thebasinmay containsoluble
pollutants that could migrate through the substrate.
Eventhoughavery largevolumeof meltwater entersthe
basin, the combination of added detention with en-
hanced infiltration may dampen the “shock” effect of
the highly concentrated first melt.

Additionally, the available storage helps to settle
some of the particulate pollutantsthat |eave the snow-
pack last. A basin of thistype requires active manage-
ment toassuredesiredinfiltration capabilitiesaremain-
tained and to regulate storage and substrate condi-
tions.

Seasonal Stormwater Ponds

A conceptual design for a “seasonal” pond that
might overcomeicelayer problemsisshownin Figure
5. Water is drawn down in the fall from the pond to
prevent the formation of alayer of ice at the normal
summer elevation.

A low-flow channel discourages the formation of
channel ice. The channel, which must have a high
velocity, helps move baseflow and small melt through
the pond during thewinter and prevent ice buildup. As
the melt progresses and meltwater flowsincrease, the
lower outletsare closed, allowing thepondto again act

as a normal detention pond, capable of impounding
water to summer design levels.

Other Pond Design Considerations

When drawdown isnot possible or desirable, there
are still some design options to improve the winter
performance of stormwater ponds. First, the pond bot-
tom should be sloped so that the deepest part isnear the
outlet. Thisconfiguration minimizesscouring of bottom
material aswater emergesfromunder theiceonitsway
out of the pond. Installation of a baffle weir, floatable
skimmer, or ariser hood aroundtheoutlet canasohelp
keep aconstant movement of water below theice, thus
preventing the buildup of ice at the outlet. These
measures assure that the outlet remains clear in the
winter and can partially reduce the upwelling pressure
of runoff from below theicelayer.

If anicelayerisunavoidable, theoutflow devicecan
betotally closed to allow for some detention capacity
betweentheicelayer and the spillway el evation. Over-
flow can occur via an emergency spillway, provided
adequate saf ety and erosion control measuresaretaken.
Another approachtodealingwithicecoveristoprevent
itsformationthroughaerationor circulation. Thisprac-
tice can beasafety problem, however, if thepublic has
access to the facility. Thus, aeration or circulation
should only be used if safety can be assured.
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Figure 3: Minimum Structural Approach to Meltwater Treatment
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Figure 4: Seasonal Operation of a Stormwater Pond
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Other problemsareoften encounteredinthewinter
months. |cecanformabarrier that i nterfereswith proper
flow through the conveyance system. Frozen culverts
areavery common occurrence, especially when water
velocity isnot sufficient tokeepwater moving, or when
splash accurs, which slowly buildsathick layer of ice.

Theuseof moving partsin stormwater pondsshould
be carefully scrutinized because of the potential for
freeze-up at the time when they are most expected to
function (plates/gates, flashboards, valves, or similar
controls). Orifice or weir outlet control may beused as
analternative. For example, if apondisscheduledtobe
drawn down in the fall, and there is concern that a
movablecontrol valvewill freezeinwinter, aninserted
flashboard or abolted metal plate over an orificecould
be used.

Warmweather methodsof treating stormwater need
to be adapted to more effectively handle pollutants
during snowmelt. Useful approachesinclude seasonal
detention facilities, specially designed outlet struc-
tures, meltwater infiltration, off-channel diversion, and
aeration/circulation. Seealso article 3.

References

Hartsoe, J.A. 1993. TheGroundwater Impact of Polycy-
clic Aromatic Hydrocarbons From Infiltrating
Highway Runoff. Met. Council, St. Paul, MN. Publ.
No.590-93-036.838pp.

Oberts, G.L.and R.A. Osgood. 1988. LakeMcCarrons
Wetland Treatment System: Final Report on the
Function of theWetland Treatment Systemandthe
Impacts on Lake McCarrons. Met. Council, St.
Paul, MN. Publ. No. 590-88-095. 227 pp.

Oberts, G.L., P.J. Wotzkaand J.A. Hartsoe. 1989. The
Water Quality Performance of Select Urban Run-
off Treatment Systems. Met. Council, St. Paul, MN.
Publ. No.590-89-062a. 170pp.

Zapf-Gilje, R., S.O. Russdll and D.S. Mavinic. 1986.
"Concentrationof |mpuritiesDuring Melting Snow
Made From Secondary Sewage Effluent.” Water
Scienceand Technology. 18:151-156.

15



