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Appel, P. L. and Hudak, P. F., 2001. Automated sampling of stormwater runoff in an urban watershed, north-central Texas. Journal of Environmental Science and Health. Vol. A36, No. 6: 897-907.

This paper is a description of the automated sampling of runoff from a 63.5 km2urban watershed in Texas. This was achieved using four sampling stations along the drainage network. Samples from four storm events were analyzed for several constituents. Most of the constituent levels were below the maximum contaminant levels (MCL) for drinking water, the only exceptions being pesticides, calcium and arsenic. Different concentrations of the constituents were observed at each of the stations. This was due to the different land use patterns above each station. Different storm characteristics also played a role in shaping the concentrations.

This was a clear-cut paper – introduction, methods, results and discussion. The automated samplers look like they would be useful tools for runoff analysis in other urban areas (Burlington, VT?). The authors do a fine job of explaining which land use activities are probably contributing the different pollutants. However, since the land use patterns in the area are not described fully in the ‘study area’ section, it is difficult to grasp the full meaning of the differences in the concentrations sampled at the different stations. This was generally a good description of the study.

Booth, D. B., 1991. Urbanization and the natural drainage system – impacts, solutions, and prognoses. The Northwest Environmental Journal. Vol. 7: 93-118.

Booth reviews the process of storm runoff generation and the effects of urbanization on runoff. He describes the consequences of these changes in runoff on stream channels and corridors and mitigation measures. Storm runoff is produced by overland flow and sub-surface flow, depending on the rate at which soil can absorb rainfall. The magnitude of storm runoff is controlled mainly by the basin size and land-use factors. Urbanization increases the magnitude of the maximum discharge, creates new flow peaks and disturbs the stream corridor (defined as the zone surrounding the channel that influences the hydrology and biology of the stream). These runoff changes and stream corridor alterations lead to expansion of the stream channel, channel incision and disruptive high flows which degrade aquatic habitat. Prescribed mitigation strategies include controlling water quantity with the use of detention storage and creating buffer zones to protect stream corridors. Booth also endorses continuous hydrologic modeling (as against event-based modeling) as a tool for addressing the impacts of urban development.

This was a well-written paper. It’s the best I’ve read so far about the effects of urbanization on streams. The hydrologic background at the beginning of the paper provides a useful description of storm runoff and the way it’s produced. The figures and pictures were clear and they helped to understand the points he was making. I have some doubts about the effectiveness of the solutions which were presented. Larger detention ponds have not proved to be the best way to reduce the impact of increased runoff. It would be a better idea to reduce the amount of runoff through low impact development. Also, building bypass pipelines for storm flows may result in potential damage to a downstream reach. On-site management may be a better option. It is useful to note that the paper was published in 1991 and thus some of the proposed mitigation measures have been tried and known to fail in the 1990s.

Djokic, D. and Maidment, D. R., 1991. Terrain analysis for urban stormwater modeling. Hydrological Processes. Vol. 5: 115-124.

The authors describe the modeling of an urban hydrologic environment using a GIS (ARC/INFO) support. The land surface terrain is represented as a polygon and triangular network (TIN) representation, the drainage pipes and channels as lines, and the intakes as points. Each of these has a database, and the three databases are connected by an inlet identifier. This is a unique name assigned to each inlet and is common to the three databases. GIS ARC/INFO is used to extract variables for the hydrologic calculations. These include lengths, elevations, areas and time of concentration. An ‘intelligent network builder’ was used to check whether the drainage network was complete and to enable the user to fill in missing links. The system was tested in Asheville, NC to assess the adequacy of the drainage system.

I thought this was an interesting study. The GIS has been utilized effectively for the analysis. It was a great idea to link the three databases together using the inlet identifier. It was not very clear how the rule-based reasoning system is operated. It seems to me that in the connectivity analysis allowing the user to specify links will lead to a creation of an arbitrary drainage system that does not properly reflect the true nature of the urban drainage system. It will be interesting to see what improvements can be made to this modeling system using the improvements in GIS technology since the paper was published.

Tsihrintzis, V. A. and Hamid, R., 1997. Modeling and management of urban stormwater runoff quality: a review. Water Resources Management. Vol. 11: 137-164.

This was a review paper which focused on the effect of urbanization on the quality of storm runoff. Nonpoint source (NPS) pollution from urban areas depends on several factors including rainfall patterns, geology, land use, the pattern of the drainage system and number of dry days preceding the storm event. The processes which lead to pollution are atmospheric scrubbing, scour and erosion, surface washoff, deposition and transport and transformation. The authors also review the types and sources of pollutants, namely suspended solids (which increase turbidity), heavy metals from vehicles, chlorides from deicing salts and oils, grease and hydrocarbons. The impacts on water bodies are varied. Lead may retard fish growth, excess nutrients cause algal blooms and oils may be toxic to fish. The authors summarize results of three studies on NPS pollution. They also describe several of the existing stormwater quality models. Components of Best Management Practice (BMP) systems are described, along with various types of BMPs.

For a review paper, this was very detailed. I found the description of pollutant-affecting processes very useful, as well as the types of pollutants and the functions and types of BMPs. The review of existing models was rather long and winding, and the figures could have been more helpful if there had been some more explanation. This article will serve as a good reference for research on stormwater runoff quality.

Coffman, L. S., 2001. Low impact development creating a storm of controversy. Water Resources IMPACT. Vol. 3, No. 6: 7-9.

Coffman writes this in response to criticisms of the Low Impact Development (LID) approach to stormwater management which was developed about ten years ago. Coffman claims that LID has indeed provided more tools for analyzing a site to preserve the natural rainfall/runoff relationship. To prove this, he reports that monitoring of a paired watershed (one conventional design, the other LID) showed a third less flow from the LID site. Coffman also responds to suggestions that LID will fail in the long term, when property owners fail to maintain rain gardens and other LID systems. He asserts that LID systems are redundant and cannot therefore fail completely. Finally, Coffman says that the LID Design Manual provides for additional storage volume to account for the losses that may occur over time.

Low Impact Development (LID) is an important concept and it was refreshing to read this article which highlighted the current issues. One of the strong points of LID is the emphasis on public engagement to protect receiving waters. Coffman did a good job of making this point. The two things which I think are missing from this paper are a good definition of LID and examples of successful LID. I find it strange that in defending LID, Coffman does not make even one reference to a study on LID. Even where he mentions the paired watershed study, he fails to provide a reference.

Strecker, E. W., 2001. LOW IMPACT DEVELOPMENT (LID) How low impact is it? Water Resources IMPACT. Vol. 3, No. 6: 10-15.

This paper highlights the shortcomings of LID and calls for more evaluation of the extent to which LID reduces runoff and impacts. Strecker reviews the impacts of development on hydrology and water quality. He then describes LID techniques and the methodology. He writes that peak rate control using LID results in a longer duration of previous peak flows which causes damage to streams. Strecker says that the current methods of reducing imperviousness could result in more sprawl. This would lead to a spreading of the impacts of development over wider areas and an increase in overall imperviousness from construction of roadways to link different clusters. He calls for a more careful consideration of watershed characteristics when planning LID proposes a new labeling for these techniques since the term ‘low impact’ can be misleading.

Strecker raises some very important questions about LID. Does moving to a technique where larger lots are used to reduce imperviousness really mean that more open spaces are encroached upon? Does it also create more roadways and lead to increased imperviousness on the watershed scale? I think Strecker’s use of hydrographs to illustrate his points is very appropriate. I am not sure whether the change in terminology which he advocates will be meaningful. More evaluation of LID effects using models and monitoring would be a better approach, but he does not stress this enough.

Leith, R. M. and Whitfield P. H., 1996. Intervention modeling of effects of urbanization on a small watershed. Canadian Water Resources Journal. Vol 21, No. 4: 387-392.

The authors made use of gauging stations on the Nicomeki River and Salmon River in British Columbia to develop models for stream flows in the Nicomeki. A function model of monthly flows for the Nicomeki river was created from Salmon river monthly flows. A second model was developed which included an to intervention (urbanization). This model was used to assess the changes due to urbanization in the Nicomeki watershed. The values generated by the full intervention model were used to fill in missing data for the gauging station on Salmon River. The authors found that the intervention (urbanization) increased monthly stream flows for winter months on the Nicomeki River as compared to the Salmon.

The article provided a clear picture of the modeling process. The authors say that precipitation has not been a factor in the streamflow changes because no significant intervention model has been developed for it. I find this conclusion a bit hasty, because in the future some other correlation could be developed between the streamflow changes and precipitation using other statistical methods.

Rushton, B. T., 2001. Low-impact parking lot design reduces runoff and pollutant loads. Journal of Water Resources Planning and Management. Vol. 127, No. 3: 172-179.

Rushton reports on a parking lot in Florida which is being used as a demonstration project to study changes in runoff and pollutant loads when a low-impact design is implemented. Four designs were used in the study – asphalt without a swale, asphalt with a swale, cement with a swale and a pervious paving with a swale. The pervious paving with a swale reduced runoff by half and reduced the pollutant loading for most metals. Hydrocarbon pollution, which may result from the use of automobiles, was also higher in the asphalt-paved areas. In contrast, nutrient concentrations (such as nitrogen and phosphorous) were higher for runoff from the swales. Sediment cores at different depths were also tested for various metals. The results showed that most of the metal concentrations are in the surface soils and are not a threat to the water table. 

This was a detailed report with a lot of data. The study covered most of the aspects of runoff which will be relevant from a management perspective. The sampling of sediments for heavy metals was valuable contribution. Even though the metals were detected mostly in the upper layers, I would like to see results of the same tests carried out at some time in the future together with tests on the water table. This would determine whether further leaching of the metals has occurred over a long period of time. The other interesting point is the fact that the pervious paving and swales are more useful for smaller storms. This is a positive development, since most of the rainfall in urban areas comes from smaller storms.

Roesmer, L. A., Bledsoe, B. P. and Brashear, R. W., 2001. Are Best-Management-Practice criteria really environmentally friendly? Journal of Water Resources Planning and Management. Vol. 127, No. 3: 150-154.

This paper is about ways to improve the design of BMPs in order to protect the environment. Urbanization causes hydrologic changes, more specifically an increase in the magnitude and frequency of flow peaks. This results in erosion of stream channels and the deposition of eroded material downstream, causing harm to aquatic habitats and species. The authors suggest essentially that controlling runoff is the first step in controlling the pollutants in runoff. Detention basins are used to maintain this control of runoff. However, these detention basins are unable to prevent stream channel erosion because they only attenuate ‘high’ design flows. Thus, BMPs use infiltration basins and extended detention ponds to regulate small flow volumes, which are the initial part of runoff. They do not regulate the whole frequency curve. After the initial runoff the rest of the flow is uncontrolled until the point is reached where the drainage basins take over the control of runoff. This uncontrolled portion of runoff degrades downstream reaches and this is the main shortcoming of BMPs. In order to equip BMPs to provide the flood control required to protect the aquatic environment, the authors suggest that runoff control facilities should be designed to integrate flood control and the protection of the urban stream ecosystem. This can be done by linking biological indicators and watershed characteristics.

The paper raises important points about protecting urban water bodies and the use of BMPs. The cumulative frequency plots of daily rainfall amounts in Cincinnati and Orlando were a good illustration of the fact that a large proportion of rainfall comes from ‘small storms’ and these must be controlled. The writers’ argument that controlling runoff is necessary to protect stream channels and aquatic life is a good one. However, it seems unlikely that this alone will automatically lead to pollutant control and that flow management will adequately remove pollutants from runoff. The article did not provide enough evidence of this claim. The authors’ proposal of a holistic approach in the design of BMPs will certainly improve their effectiveness.

