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Return to Lake McCarrons

Does the performance of wetlands hold up over time?

ow well does the pollutant removal perfor-
H mance of ponds and wetlands hold up over

time? Some have speculated that it must de-
cline, whileothersassumethat it remainsconstant. Until
recently, however, therehasbeen no monitoring datato
answer the question. Almost al pond and wetland
monitoring studies have been one-time “snapshots”
taken over afew yearsat most, and usually right after
construction. Thus, any assumption about the future
performanceof astormwater pond or wetlandissimply
an assumption. A recent study by Gary Oberts (1997)
and hiscolleagues, however, shedsmorelight on what
we can expect about the long term performance of
stormwater ponds and wetlands.

Obertsreturned to a Minnesota pond/wetland sys-
tem that he had first investigated nearly a dozen years
before. The Lake McCarrons system consists of two
main stormwater treatment areas. a wet pond with a
surface area of about 2.5 acres, and a six-acre linear
wetland composed of five cells (Figure 1). The entire
system provided about 0.32 inches of treatment stor-
age, with about 40% allocated to the pond and 60% to
the wetland cells. The treatment system had a large
contributing drainage area (736 acres) whichwas 27%
impervious. Thepredominant land usewassinglefam-
ily residential homes, i nterspersed with somecommer-
cial development and highways.

Upstream wet pond

Figure 1: The McCarrons Pond Wetland System
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L ocated near thetwin citiesof Minneapolisand St.
Paul, theM cCarronssystem experiencescold and snowy
winter conditions. Whileannual preci pitationismodest
(about 26 inchesrainfall equivalent), much of it occurs
as snow—about 50 incheseach year. Cold winter tem-
peraturespresent amajor performancechallengefor the
system. A twofoot thick layer of iceusually formsover
the pond every winter, and ice also coversthe wetland
cells. The melt of the watershed snowpack creates a
major runoff eventinthespring, at atimewhen much of
the system is still frozen and outlet structures are
obstructed by ice.

Runoff and snowmelt events dominate the water
balance at the McCarrons system (72% of total flow).
Baseflow, which averagesabout 0.3 cfs, comprisesthe
remainder of thetotal annual flow. About ten percent of
thetotal flow waslost asit travel ed throughthe system,
presumably due to evaporation and infiltration.

The McCarrons system was constructed in 1985
and its performance was intensively sampled over the
nexttwoyears(Obertsand Osgood, 1988). Theoriginal
monitoring effort consisted of automated sampling of
21 rainfall and four snowmelt events, as well as four
baseflow samples. Thepond system exhibited remark-
ably high pollutant removal over this period, particu-
larly giventhat thewinter conditionsand thelossof 18
percent of the pond capacity due to sediment deposi-
tion from upstream construction (Table 1). Thereduc-
tioninsediment, phosphorusand nitrogen masswas 96,
70 and 58%, respectively. In each case, theremoval of
theMcCarronssystemwasabout 15t0 20% higher than
thenational averageperformancefor pond and wetland
systems (seearticle 64).

Nutrient removal was slightly greater in the pond
thaninthewetland cells, and during summer monthsas

Table 1: Total Mass Removal Efficiency of the McCarrons

Pond/Wetland System (Storm and Base Flow)

1985 - 1986 1995-1996
Parameter Study (%) Study (%)
Total suspended solids 96 66
Volatile suspended solids 95 56
Total phosphorus 70 4
Dissolved phosphorus 45 23
Chemical oxygen demand 80 32
TKN 55 19
Nitrate 63 68
Total nitrogen 58 33
Lead 93.2 not measured
Zinc not measured 38

compared to the winter months. The very high phos-
phorusremoval (70%) wasbelieved tobeduein partto
the sapric peat subsoils that were exposed during the
excavation of the system. These subsoils contained
high amounts of peat and organic matter which may
have been important binding sites for phosphorus, at
least until the soils were either saturated or buried.

Tenyearslater, Obertsand hiscolleaguesreturned
to Lake McCarrons, and sampled 35 storm and snow-
melt eventsover a22-month period, aswell asquarterly
baseflow quality samples. Heempl oyed essentially the
same sampling effort and monitoring methodsaswere
usedinthefirst study, and thereforecoul d compare how
pollutant removal rates had changed over time.

The pond/wetland system and its catchment had
changed in several waysin the 10 years sincethe first
monitoring study. In particular, about 100 acresof new
drainage area was connected to the system which fed
intothesystem downstream of theheadwater detention
pond. Another small inlet pipewasdirectly connected
tothelast wetland cell inthe system, which resulted in
short-circuiting of this runoff through the system. In
addition, several bermsthat formed theindividual wet-
land cellshad eroded, and flow acrosstheentirewetland
had begun to channelize. On the plus side, the main
pond cell had been dredged to its original dimensions
shortly before the second round of monitoring began
(at acost of $50,000).

The wetland community has also changed signifi-
cantly over the years. Wetland species that had been
originaly planted in the cellswere largely supplanted
by invasive species, such as cattail, reed canary grass,
purple loosestrife and duckweed. A recent wetland
plant inventory indicated that 17 plant species were
now colonizing the emergent zone, half of which were
invasive species. Relict populations of bulrush, water
lilies and water irises that were part of the original
wetland planting plan could still be found in a few
places. The characteristics of the wetland sediments
had al so changed substantially intheintervening years.
Both iron and aluminum concentrations in pond and
wetland sediments had declined sharply since 1985,
indicating that the bottom sediments had lost much of
their capacity to adsorb phosphorus.

Obertsfoundthat theperformanceof theMcCarrons
systemhad clearly declined during thesecond monitor-
ing study. The mass reduction of sediment, phospho-
rus and nitrogen dropped to 66, four and 33%, respec-
tively (Tablel). Most of thepollutant removal occurred
inthe pond rather than the wetland, with the exception
of nitrogen. Pollutant removal during storm events at
McCarronswasgenerally withintherange of pollutant
removal for other pond and wetland systems(Table 2).
Removal during snowmelt events was slightly lower.
Pollutant removal was greatest during the onset of
snowmelt, but declined sharply and even becamenega-
tive during the later stages of the melt.




Theprimary factor causing the declinein pollutant
removal rates from 1985 to 1995 was the fact that the
systembecame”|eakier” inbetween stormevents. This
behavior is best exemplified by the export of total
phosphorus under baseflow conditions (Figure 2). In
1985, total phosphorus removal was consistently high
during stormsbut wasessentially zero during baseflow
conditions. While storm removal remained fairly high
during the 1995 study, a substantial mass of total
phosphorus was exported during baseflow conditions
(total phosphorusremoval wasan astounding negative
344 percent). The baseflow total phosphorus concen-
trationout of thesystem doubled from 1985t0 1995, and
was actually higher than the average concentration
leaving the system during storms (Table 3).

Oberts also measured the delta-T or change in
stormwater and baseflow temperature as it flowed
through thesystem. Hefound that the systemincreased
the average flow temperature by nine degrees Fahren-
heit during the productive summer months. |nterest-
ingly, thewarmdischargefromthesystem had astrong
influence on the limnology of Lake McCarrons. The
warmer stormwater flowsdid not mix throughthewater
column, butinstead remainedintheepilimnion, or upper
part of the lake. Since the stormwater phosphorus
concentrationswerehigh, thisledtohigher algal growth
in the lake than would have otherwise occurred.

Table 2: Comparison of Pollutant Removal During Rainfall

and Snowmelt Events, Lake McCarrons 1996-1996

Storm event Snowmelt event
Parameter removal (%) removal (%)
Total suspended solids 78 76
Total phosphorus 38 35
Dissolved phosphorus 52 36
Chemical oxygen demand 48 42
TKN 39 26
Nitrate-N 60 48
Total nitrogen 42 29

Another stormwater practice that has been sampled
at two separate points in time was located in a much
warmer climate—a Florida pond/wetland system origi-
nally monitored by Martin and Smoot (1986) and subse-
guently monitored about sevenyearslater by Gain (1996).
This retrospective study also concluded that sediment
and nutrient removal declined sharply as the system
aged, and in many cases, became negative (Table 4). It
should be noted that Gain's retrospective analysis was
plagued by problemsthat makeit hard to make an exact
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Figure 2: Phosphorus Mass Balance in the McCarrons System: Baseflow and Stormflow




Table 3: Mean Outflow Concentrations (mg/l) From the

McCarrons Pond/Wetland System, 1995 and 1996

Parameter Stormflow Baseflow
Total suspended solids 22.6 14.0 (10.0)
Total phosphorus 0.25 0.32 (0.16)
Dissolved phosphorus 0.13 0.08 (0.06)
TKN 1.42 1.47  (1.23)
Nitrate 0.27 021  (0.31)
Total nitrogen 1.64 1.68 (1.54)
Zinc 0.009 < 0.009

Note: Numbers in

parentheses reflect baseflow means for the 1985-1986

monitoring study for comparison purposes

Table 4: Comparison of Storm Pollutant Removal at a Florida

Pond/ Wetland System Seven Years Apart (N=22)

(Gain, 1996)
1982 - 1984 1989 - 1990
Parameter % %
Total suspended solids 55 24
Total organic carbon 5 -31
Total phosphorus 22 -9
Dissolved phosphorus 34 5
Total nitrogen 15 -25
Total lead 74 23
Total zinc 39 45

comparison (e.g., therunoff coefficient increased over
time, thepond hadfilledwithat |east afoot of sediment,
incoming pollutant concentrations had declined and
often were near the irreducible levels, and storm fre-
guenciesweredifferent). Still, theperformancetrend at
the Florida pond was clear. The modest reduction in
nutrient loads was offset by amodest export from the
wetland. Someevidencewasfoundforinternal nutrient
recycling within the both the pond and wetland.

Summary

The return to Lake McCarrons suggests that the
pollutant removal performance of pond/wetlands may
not hold up over time, especialy for wetlands, and
particularly for phosphorus. Whiletheremoval ratesfor
the pond component also declined, the drop was not
nearly as great as the wetland. Many more carefully

controlled retrospective studies are needed at other
ponds and wetlands before this finding can be gen-
eralized. But in the meantime, prudent watershed
managersshould reeval uatetheir assumptionthat the
longterm pollutant removal of stormwater practicesis
constant, and possibly consider “discounting” re-
moval rates when formulating watershed plans or
TMDLs.

The study of the Lake McCarrons system is not
over. Inthenextfew years, thewetland will beexten-
sively “repaired,” possibly by reconfiguring thewet-
land berms, removal or burial of saturated soils, re-
grading of wetland swales to reduce channelization
andinstallation of anew inlet structurefromthepond
tothewetland. Oberts plansathird monitoring effort
to test whether the wetland repair will actually im-
prove pollutant removal rates for the system.

—TRS
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