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Introduction 

Stormwater is a major stressor of urban aquatic systems because of changes in water quality and 
quantity in comparison to predevelopment conditions. Fluctuation character-istically is created 
by increased impervious surfaces and the filling of depressions within the urban landscape 
during development (Shenot. 1993). Water that previously infiltrated into the soil and served to 
recharge subsurface water resources becomes run off. This run off increases the volume and rate 
of water leaving the site due to the smoother impervious surfaces in comparison to 
predevelopment conditions. Altered water quality can be caused by a change in nutrient levels 
and sediment load carried by water flow. A change attributed primarily to greater velocity of 
flow which ultimately aids in the suspension of pollutants within the urban aquatic system. 

In an effort to limit environmental degradation and downstream flooding, ordinances are 
implemented in most jurisdictions within the USA to control the peak discharge of stormwater as 
it exits each developed urban site. Peak discharge is established by calculating the area the site 
(in acres) and then taking the predevelopment vegetation characteristics, slope and soils into 
consideration. Once these factors are determined, a specific design storm is applied to the 
planned site configuration (i.e. 10 year - 2 hour rainfall event). Once these calculations are 
completed, the predevelopment peak discharge or greatest amount of stormwater flow during a 
specific design rainfall event is determined. The engineer or landscape architect is then enabled 
to design a stormwater treatment pond that will ultimately discharge water at a rate that is less 
than or equal to the predevelopment peak discharge. In an effort to control the amount of water 
discharged, storage becomes the function that is manipulated by the designer to make the low 
discharge rate a reality.  

Design Strategies 

Traditionally designers have compromised design strategies that promote water quality and plant 
diversity in exchange for more "useable space" on the site for the developer or land owner. By 
creating deep dry basins which have very steep slopes (4 to 1 or greater), these basins have a 
capacity to hold a large volume of water while using a small portion of the site. An example of a 
dry detention basin is shown in Figure 1 (as adapted from Watershed Protection Techniques, 
1995). The configuration shown depicts a single family residential neighborhood where the 
stormwater is transported via pipe to the stormwater treatment pond. The water is then 
discharged from the pipe via rip rap in a low flow channel into the dry detention basin which has 
been sized for a capacity of a two year design storm-rainfall event. The water is then held within 
the detention basin until it is discharged from the principle spillway which is sized to be less than 
or equal to the pre-develpment peak discharge rate. This design uses a break in the embankment 
to create an emergency spillway as the secondary outflow that can handle storms greater than the 
two year design storm-rainfall event.  
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Unfortunately dry detention basins are designed to achieve one goal: contain as much water as 
possible in the least amount of site area. The creation of this type of stormwater treatment pond 
with a very deep one-cell basin and steep bench slopes works well for retaining large volumes of 
water to maintain the predevelopment peak discharge flow. This system does not work very well 
for remediation of altered water chemistry (total suspended solids and nutrients ) since it is a self 
cleaning system (moves sediment with water flow). It also has been shown that this type of 
stormwater pond has high fluctuations (more than six inches in a rain storm event) of water depth 
(Sykes, 1997). Factors inherent to this design ultimately lead to minimal vegetative diversity and 
compromised water quality. 

An alternative to the dry detention pond that is beginning to gain popularity in the USA is the 
multiple pond system (Center for Watershed Protection, 1996). An example of the multiple pond 
system as a stormwater treatment wetland is shown below (as adapted from Watershed 
Protection Techniques, 1995). This design is cited within the same single family neighborhood to 
show contrast to the previously discussed design method. Again the water is transported via pipe 
to the stormwater treatment wetland. In some cases the pipe could be substituted with a grassed 
swale if the site conditions are favorable to allow adequate topographic change and space for this 
land based technique. Once reaching the pond system, stormwater enters the forebay. The 
function of the forebay is to remove suspended solids through creating a deep mini-pond that has 
storage capacity that slows down water velocity thus forcing sediment to fall out of the water 
flow. By creating a peninsula , the path the water most flow is lengthened as it is directed 
through the permanent pool through a shallow marsh emergent wetland. The shallow marsh 
emergent wetland with gently sloping bench slopes (6 to 1 or less) is where further remediation 
of altered water chemistry takes place. By further removing fine sediment and nutrients such as 
nitrogen and phosphorus, the permanent pool further polishes the water and moves it to the final 
micro-pool for final cleaning and discharge. By using a hooded low-flow intake, this type of 
structure allows for ponding of water within the micro-pool the multiple-pond system. The 
ponding limits discharge, thus groundwater recharge functions are accomplished as well. Once 
water enters the hooded intake, it is discharged through the principle spillway to the shaded 
outlet channel. The multiple pond system includes a raised emergency spillway as secondary 
outflow for storms exceeding the two year design storm-rainfall event. A safety and maintenance 
access bench is also incorporated to allow for sediment clean out of the forebay and micro-pool 
if needed depending on how heavily degraded the storm water is as it enters the wetland system.  

One major difference between the two cited examples is the larger area needed to support 
multiple pond system in comparison to the dry detention basin. Thus, due to the characteristics 
inherent in the design of the multiple pond system more area is needed on the site to control the 
peak discharge rate because of the shallow slopes. In most cases, the area needed for the 
alternative is between fifty to one-hundred percent more area in comparison to the deep one-cell 
detention basin (Center for Watershed Protection, 1996).  

Plant Diversity Response 

According to research compiled on a small stormwater wetland (0.3 acre) in suburban Northern 
Virginia, the multiple pond system has shown to be a good option for promoting plant diversity 
(OWML et. al., 1990). Plant diversity and growth was documented for three years (two full 
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growing seasons) following implementation of the wetland. The study showed that a moderately 
diverse wetland plant community (eighteen species ) could be established in a short period of 
time (a few years) if a wide range of shallow depth zones (0 to 30 inches) are provided. Table 
one from OWML et al. 1990. exemplifies plant diversity present in the suburban Northern 
Virginia setting by depth zone as well as dominant species in percent of random 1 meter square 
quadrats where the indicated species was present. 

Table one: Dominant plants recorded in the stormwater wetland by zone after two growing 
seasons 

(From OWML et. al., 1990.)  

Depth Zone in Created Wetland Dominant Species - % Cover 

 

0-6 inches above normal pool Juncus effusus (soft rush) - 70% 

0-6 inches below normal pool Leersia orzoides (rice cutgrass) - 61% 

Eleocharis obtusa (spikerush) - 29% 

  

6-12 inches below normal pool Typha latifolia/augustifolia (cattail) - 45% 

Eleocharis - 41% 

Leersia - 30% 

  

12-18 inches below normal pool Typha - 68% 

Ludwigia plustrus (water purslane) - 16% 

Eleocharis - 13% 

Lemna spp. (duckweed) - 13% 

  

18-30 inches below normal pool Lemna spp. - 100% 

Typha - 90% 
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Eleocharis - 50% 

Nuphar - 50% 

Nymphea odorata ( water lily) - 70%  

Another design consideration is to create stormwater treatment wetlands that improve water 
quality. It has been documented that there is a direct correlation between plant diversity and 
pollutant input in stormwater treatment wetlands. The monitoring of two stormwater wetland 
systems in the coastal plain of Maryland (Athanas and Stevenson, 1991.) has shown that greater 
plant diversity is expected with lower pollutant inputs when comparing these two specific sites. 
Two sites were studied in similar urban situations with one receiving higher amounts of sediment 
and nutrients (Washington Business Park site). The other site, the Queen Anne stormwater 
treatment wetland, had lower inputs. The result was more plant diversity (cattails, rushes, sedges 
and boneset) in the Queen Anne site in comparison to minimal diversity (cattails and common 
reeds) at the Washington Business Park site. The authors suggest the use of a forebay such as in 
the multiple-pond system to help remove sediment early in wetland system. They feel removal of 
this sediment would increase the potential for more plant diversity on both sites. 

Landscape Scale Solutions 

The key to successful plant diversity is rooted in two things: design of the stormwater treatment 
pond and what happens to the water before it enters the treatment system (the greater watershed). 
The components of the stormwater wetland that have the greatest effect on plant diversity are: 
gradual slopes (10 to 1 or less), multiple wet cells (2 or more) to foster sediment and nutrient 
removal functions, and a controlled outlet elevation that minimizes fluctuation during excessive 
rainfalls. Most importantly, the stormwater wetland must be appropriately sized for the amount 
of water that will be entering the system (if sized too small, excessive stress will be placed on 
system). The second key point is concerned with what happens in the "uplands" or greater 
watershed to the water before it enters the treatment system. The greater watershed is of pivotal 
concern since this is where the run off is initially created that flows into the system. If best 
management practices are implemented and impervious surfaces are limited in the upper part of 
the watershed then it is much easier to have a stormwater treatment wetland that functions 
properly. But, if the land is not properly managed excessive sediment, nutrients and water flow is 
created and sent to the stormwater treatment system where it is overloaded (MN Stormwater 
Advisory Group, 1997). If poor land management is the case it may be very difficult to establish 
plant diversity within a stromwater wetland even if the design in theory is appropriate for the 
situation. 
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