Chapter 8. Structural Projects 
Structural projects are usually funded by public agencies and constructed to protect people and infrastructure for damage due to natural hazards. Floodwater management is the primary focus of structural projects. 

Structural projects have traditionally been used by communities to control or manage floodwaters. Structural projects keep flood waters away from an area. They are usually designed by engineers and managed or maintained by public works staff. Six approaches are reviewed in this chapter:

· Reservoirs and detention

· Levees and floodwalls

· Channel improvements

· Crossings and roadways 

· Drainage and storm sewer improvements

· Drainage system maintenance
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Structural projects offer advantages not provided by other measures, but as shown below,  they also have shortcomings. The appropriateness of using structural flood control depends on individual project area circumstances. 

Since structural flood control is generally the most expensive type of mitigation measure in terms of installation costs, maintenance requirements and environmental impacts, a thorough alternative assessment should be conducted before choosing a structural project. In some circumstances smaller flood control measures may be included in a package of several recommended measures for a project area where non-structural measures would not be practical or effective. 

Larger structural flood control projects have regional or watershed-wide implications and can be very expensive. Because of this, they are often planned, funded and implemented at a regional level by agencies, such as the Kane County Environmental Management Department, the Illinois Department of Natural Resources, Office of Water Resources, the U.S. Army Corps of Engineers, and the USDA Natural Resources Conservation Service. Much of these agencies’ work has been coordinated over the past 25 years by the Resource Coordination Policy Committee, an informal organization of watershed steering committees and government agencies. 

Over the years, flood control studies have been conducted for the Fox River, Indian Creek and Blackberry Creek. Other Kane County watersheds have been studied by the agencies listed above, but the purpose of those studies has been to map the 100-year floodplain, not determine how to control floodwaters. The following flood control studies have been published:

· Floodplain Management Study, Indian Creek and Tributaries, USDA Natural Resources Conservation Service, February 1986.

· Floodplain Management Study, Blackberry Creek and Tributaries, USDA Natural Resources Conservation Service, June 1989.

· Blackberry Creek Watershed Management Plan, Blackberry Creek Watershed Resource Planning Committee, September 1999.

· Our Community and Flooding, A Report on the Status of Floodwater Management in the Chicago Metropolitan Area, Resource Coordination Policy Committee, 1998. This covers activities on the Fox River and two small areas of watersheds on the County’s eastern boundary, Poplar Creek and the DuPage River.

· Chain of Lakes Tributary (of Blackberry Creek) Floodplain Evaluation for the City of Aurora, Consoer Townsend Envirodyne Engineers, Inc., January 1998. 

· Village of South Elgin, Illinois, 2001 Eastside Stormwater Master Plan, Baxter & Woodman Consulting Engineers, October 2001.

These reports form the basis of the findings and recommendations in this chapter. 
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CRS criteria:  The Community Rating System provides flood insurance discounts to those communities that implement various floodplain management activities that meet certain criteria. Comparing local activities to those national criteria helps determine if local activities should be improved. Structural flood control projects that provide 100-year flood protection and result in revisions to the Flood Insurance Rate Map are not credited by the CRS in order to not duplicate the larger premium reduction provided by removing properties from the mapped floodplain.

In 2002, the CRS began crediting structural flood control projects that meet the following criteria:

· They must provide protection to at least the 25-year flood

· The design and construction must be certified by a licensed professional engineer

· They must meet certain environmental protection criteria

· They must meet Federal, State and local regulations, such as Corps of Engineers’ 404 permit and State dam safety rules requirements

· They must meet certain maintenance requirements

These criteria ensure that credited projects are well-planned and permitted. Any of the first five measures reviewed in this chapter would be recognized under Section 531 of the CRS Coordinator's Manual. Credit points are based on the type of project, how many buildings are protected, and to what flood protection level. 
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Reservoirs and Detention

Reservoirs reduce flooding by temporarily storing flood waters behind dams or in storage or detention basins. Reservoirs lower the flood height by holding back, or detaining, runoff before it can flow downstream. Flood waters are detained until the flood has subsided, then the water in the reservoir or detention basin is released or pumped out slowly at a rate that the river can accommodate downstream. 

Reservoirs can be dry and remain idle until a large rain event occurs. Or they may be designed so that a lake or pond is created. The lake may provide recreational benefits or water supply (which could help mitigate a drought). 
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Reservoirs are most commonly built for one of two purposes. Large reservoirs are constructed to protect property from existing flood problems. Smaller reservoirs, or detention basins are built to protect property form the impacts of new development (i.e., more runoff). 

Regardless of size, reservoirs protect the development that is downstream from the reservoir site. Unlike levees and channel modifications, they do not have be built close to or disrupt the area to be protected. Reservoirs are most efficient in deeper valleys where there is more room to store water, or on smaller rivers where there is less water to store. 

In urban areas, some reservoirs are simply manmade holes, excavated to store floodwaters (see photo, previous page). In some areas, costs have been reduced by using abandoned quarries as reservoirs. Reservoirs in urban areas are typically constructed adjacent to streams (though usually outside of the floodplain). When built in the ground, there is no dam for these retention and detention basins and no dam failure hazard. Wet or dry basins can also serve multiple uses by doubling as parks or other open space uses.

There are several considerations when evaluating use of reservoirs and detention:

· There is the threat of flooding the protected area should the reservoir’s dam fail.

· There is a constant expense for management and maintenance of the facility.

· They may fail to prevent floods that exceed their design levels.

· Sediment deposition may occur and reduce the storage capacity over time.

· They can impact water quality as they are known to affect temperature, dissolved oxygen and nitrogen, and nutrients.

· If not designed correctly, they may cause backwater flooding problems upstream.
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Local implementation:  Several reservoirs have been built or are being planned. The larger ones are discussed here.

Fox River Watershed. The McHenry Lock and Dam in McHenry County controls the flows of the Fox River as it enters Kane County. The Lock and Dam is owned and operated by the Illinois Department of Natural Resources, Office of Water Resources. The Lock and Dam’s function is twofold. The McHenry Dam controls the water level of the Fox Chain-of-Lakes in Lake and McHenry Counties, which allows for boating and other recreation in the lakes. The McHenry Dam also allows the Chain-of-Lakes to act as a reservoir which controls the flows of the Fox River into Kane County to alleviate flooding. This dual purpose means that the upstream needs and the downstream needs have to be balanced with one another in severe flood conditions. 
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Blackberry Creek Watershed. In 2001, Aurora completed a reservoir and channel improvement project on Blackberry Creek from Galena Road to Jericho Road. The project protects over 150 homes in the Cherry Hills and San Souci Subdivi​sions. A series of lakes were constructed along the course of Blackberry Creek which provide 100-year flood storage (see photo). The project was enhanced by new pedestrian bridges for the Illinois Prairie Path and by the develop​ment of wetland areas. The total project cost including bridge replacements and storm sewer improvement was $2.5 million.

Currently, a Class I dam is proposed along Blackberry Creek Tributary D in Elburn as part of a development. If constructed as currently designed, the dam and the impound​ment will provide regional flood control benefits.

Indian Creek Watershed. A flood control reservoir, located adjacent to Indian Creek and east of Farnsworth Road (south of Molitor Road), was completed in 1992 in the northeast portion of Aurora,. This 100-year capacity  reservoir (310 acre-feet), protects 130 homes in Aurora and Aurora Township. It has performed well since its construction, though in the July 1996 flood it was completely inundated. The project was funded by the IDNR Office of Water Resources and sponsored by the City of Aurora. The estimated project cost was $5.4 million.

Mill Creek Watershed. A wetland-detention project was constructed in 2002 along the McKee Tributary of Mill Creek in Batavia. This project served a dual purpose of protecting 50 to 75 existing homes from floodwaters and also served as the required detention for new development in the area. As development occurs around the area, developers reimburse Batavia for their share of the project. The design of the detention and wetlands allowed for the consolidation of 60 acres of greenspace and wetlands.

Waubonsie Creek Watershed. In 1984, the Oakhurst Lake-Patterson Lake reservoir and wetland project was completed in the Oakhurst Forest Preserve in Aurora. The reservoir was a joint project between the City of Aurora, the Kane County Forest Preserve and the Fox Valley Park District and was constructed to allow for separation of storm and sanitary sewers in the neighborhoods to the west of the Forest Preserve.
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In 1979, a 50 acre-feet reservoir was completed along Waubonsie Creek in conjunction with a levee project to protect 60 – 100 homes in the Park View Estate and Marberry Manor subdivisions in the Village of Montgomery. The project was funded by IDNR’s Office of Water Resources and sponsored by the Village.

The reservoir capacity was exceeded during the July 1983 flood event and both the reservoir and the levee were over​topped by the July 1996 flood. Though designed to the 100-year event (using TP-40) in 1979, the reservoir and the levee are no longer considered to be providing 100-year protection. This is due to a increased 100-year rainfall standard being used today (ISWS Bulletin 70 rainfall) and the significant upstream development in the watershed. Following the 1996 flood about 30 homes in the Park View Estates subdivision were acquired by Montgomery through a mitigation grant from IEMA. 

Countywide. Since November 2000, detention has been required for all new development in Kane County. This means that small reservoirs are located throughout each watershed in conjunction with new residential and business development. 
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Levees and Floodwalls

Probably the best known flood control measure is a barrier of earth (levee) or concrete (floodwall) erected between the watercourse and the property to be protected. Levees and floodwalls confine water to the stream channel by raising its banks. They must be well designed to account for large floods, underground seepage, pumping of internal drainage, and erosion and scour. 

Key considerations when evaluating use of a levee include:

· Removal of fill to compensate for the floodwater storage that will be displaced by the levee

· Internal drainage of surface flows from the area inside the levee. 

· Cost of construction

· Cost of maintenance

· River access and views

· Creating a false sense of security (while levees may reduce flood damage for smaller more frequent rain events, they may also overtop or breach in extreme flood events and subsequently create more flood damage than would have occurred without the levee)

Levees placed along the river or stream edge degrade the aquatic habitat and water quality of the stream. They also are more likely to push floodwater onto other properties upstream or downstream. To reduce environmental impacts and provide multiple use benefits a setback levee (set back from the floodway) is the best project design. The area inside a setback levee can provide open space for recreational purposes and provide access sites to the river or stream. 

Floodwalls perform like levees except they are vertical-sided structures that require less surface area for construction. Floodwalls are constructed of reinforced concrete, which makes the expense of installation cost prohibitive in many circumstances. Floodwalls also degrade adjacent habitat and can displace erosive energy to unprotected areas of shoreline downstream.
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Local implementation:   In 1979, a 3,000 foot levee was constructed in conjunction with the reservoir project along Waubonsie Creek discussed on the previous page. The project was funded by the IDNR Office of Water Resources and sponsored by the Village of Montgomery. 
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Though having been designed to provide 100-year flood protection in 1979, the levee is now considered to provide a lower level of protection. It was overtopped during the July 1996 flood. Following the 1996 flood about 30 homes in the Park View Estates subdivision were acquired by Montgomery through a mitigation grant from IEMA.

To bring it up to current standards, it would have to be raised four feet and other improvements would have to be made. The entire project would cost over $1.8 million.
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Channel Improvements

By improving channel’s conveyance, more water is carried away at a faster rate. Three types of channel improvements are reviewed here:  dredging the channel bottom; projects that make the channel wider, straighter or smoother; and diversion of high flows to another channel or body of water. 

Dredging is often viewed as a form of conveyance improvement. However, it has the following problems:

· Given the large volume of water that comes downstream during a flood, removing a foot or two from the bottom of the channel will have little effect on flood heights. 
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Dredging is often cost prohibitive because the dredged material must be disposed of somewhere.

· Unless instream and/or tributary erosion are corrected upstream, the dredged areas usually fill back in within a few years, and the process and expense have to be repeated.

· If the channel has not been disturbed for many years, dredging will destroy the habitat that has developed.

· To protect the natural values of the stream, Federal law requires a Corps of Engineers permit before dredging can proceed. This can be a lengthy process that requires much advance planning and many safeguards to protect habitat.

Straightening, deepening and/or widening a stream or river channel, commonly referred to as “channelization” has traditionally been the common remedy for local drainage or flooding problems. Here are the concerns with this approach that need to be kept in mind:
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Channelized streams can create or worsen flooding problems downstream as larger volumes of water are transported at a faster rate. 

· Channelized streams rise and fall faster. During dry periods the water level in the channel is lower than it should be, which creates water quality problems and degrades habitat. 

· Channelized waterways tend to be unstable and experience more streambank erosion. The need for periodic reconstruction and silt removal becomes cyclic, making channel maintenance very expensive. 

On the other hand, properly sloped and planted channel banks are more aesthetically and environ​mentally appealing, and can prove cheaper to maintain than concrete ditches. See also the example on page 8-11.
A diversion is a new channel that sends floodwaters to a different location, thereby reducing flooding along an existing watercourse. Diversions can be surface channels, overflow weirs, or tunnels. During normal flows, the water stays in the old channel. During flood flows, the floodwaters spill over to the diversion channel or tunnel, which carries the excess water to a receiving lake or river.

Diversions are limited by topography; they will not work in some areas. Unless the receiving water body is relatively close to the floodprone stream and the land in between is low and vacant, the cost of creating a diversion can be prohibitive. Where topography and land use are not favorable, a more expensive tunnel is needed.

Local implementation:  
Blackberry Creek Watershed. In the southwest area of the City of Aurora, channel improvements were made along Blackberry Creek from Manchester Road to Jericho Road. These improvements were made in conjunction with the reservoir and lakes project constructed south of the Cherry Hills Subdivision and west of Orchard Road (see page 8-4). The reservoir and channel improvement were completed in 2001. They were constructed to protect homes in the Cherry Hills and San Souci Subdivisions. 

In Montgomery, a rerouting of the Blackberry Creek overflow through Crescent Lake would relieve flooding in the area due to the undersized culverts at U.S. Route 30.  Residential flooding occurs as the Blackberry Creek overflow floodwaters make their way to the Fox River. This project is under consideration and is not yet included in Montgomery’s capital improvement plan.   

Indian Creek Watershed. In northeast part of Aurora, a channel improvement project was constructed along Indian Creek from the I-88 Toll Road to Molitor Road and Molitor Road to Farnsworth Road. Around 8,400 feet of channel were modified and this, in conjunction with the reservoir project, protects 130 homes in Aurora and Aurora Township. This project was completed in 2002 and was funded by the IDNR Office of Water Resources and sponsored by the City of Aurora.
Ferson-Otter Creek Watershed:  In 1982, a channel improvement project was completed along Otter Creek to protect properties in Elgin. Almost 5,300 feet of channel were modified. The project was funded by the IDNR Office of Water Resources and sponsored by the City of Elgin.

Tyler Creek Watershed. In unincorporated Kane County, the portion of the north branch of Tyler Creek from north of I-90 to west of the Union Pacific Railroad was dredged in 2001 to improve flow through the stream below the Windmill Meadow Subdivision. The $22,000 cost of this project was shared between the Kane County Water Resources Department and the Village of Gilbert. 

In 2003, a 1,500 feet channel dredging project is planned for the unincorporated section of the north branch of Tyler Creek from north of U.S. Route 20 to the Almora Heights Subdivision in Elgin to improve drainage. The cost estimate for the project is $20,000. 

Eakin Creek Watershed. In Rutland Township, the Kane County Water Resources Department dredged 3,700 feet of the South Branch of the Kishwaukee River near the Landing Subdivision in 2000. The cost of $20,000 was shared between the County, the homeowners and the Landings Airport.

8.4. Crossings and Roadways

In some cases buildings may be elevated above floodwaters but access to the building is lost when floodwaters overtop local roadways, driveways, and culverts or ditches. Several of these are listed in Chapter 2. Depending on the recurrence interval between floods, the availability of alternative access, and the level of need for access, it may be economically justifiable to elevate some roadways and improve crossing points.


For example, if there is sufficient downstream channel capacity, a small culvert that constricts flows and causes localized backwater flooding may be replaced with a larger culvert to eliminate flooding at the waterway crossing point. The potential for worsen​ing adjacent or downstream flooding needs to be considered before imple​menting any crossing or road​way drainage improvements.

Local implementa​tion:  The following bridge or culvert improvement projects have been identified: 

· Orchard Road in the Blackberry Creek watershed in Aurora. A widening of the bridge is being planned by Kane County Department of Transportation (KDOT).

· The replacement of the culvert under the Union Pacific Railroad at the Metra Station in Elburn at Blackberry Creek has been planned.

· The replacement of the culvert under the Union Pacific Railroad at Welch Creek in Elburn is being planned.

· Double 18-inch concrete culverts were replaced with double 36-inch concrete culverts on No Name Creek in East Dundee in 2002 . East Dundee has additional plans to replace double 18-inch CMP culverts about 100 feet upstream of this location. 

· The improvement of the McCornack Road bridge over Tyler Creek is being planned in Rutland Township.

· Scott Road bridge at Welch Creek was replaced by KDOT following the 1996 flood (cost of $268,000).

· The Eagle Road bridge at Tyler Creek could be elevated to prevent it from being overtopped during large flood events.

8.5. Drainage and Storm Sewer Improvements

Man-made ditches and storm sewers help drain areas where the surface drainage system is inadequate, or where underground drainageways may be safer or more practical. Storm sewer improvements include installing new sewers, enlarging small pipes, and preventing back flows. Particularly appropriate for depressions and low spots that will not drain naturally, drainage and storm sewer improvements usually are designed to carry the runoff from smaller, more frequent storms. 

Because drainage ditches and storm sewers convey water faster to other locations, improvements are only recommended for small local problems where the receiving stream or river has sufficient capacity to handle the additional volume and flow of water. To reduce the cumulative downstream flood impacts of numerous small drainage projects, additional detention or run-off reduction practices should be provided in conjunction with the drainage system improvements. 

A combination of restored wetland detention, vegetated swales, infiltration trenches and other best management practices that increase infiltration (reducing runoff), and improve water quality can be implemented in conjunction with stormwater system improvements. As shown in the photos below, these projects can have multiple benefits.

Local implementation:  Aurora and East Dundee have plans to do additional local drainage system improvements in the Blackberry Creek and Fox River watersheds, respectively. These efforts are to alleviate problems during heavy local rains.

The Kane County Water Resources Department addresses existing drainage problems in the unincorporated areas of the county. Drainage problems are evaluated and prioritized depending on the severity of the problem. The Water Resources Department can provide technical assistance and cost sharing on certain drainage improvement projects. 

CRS Criteria:  The Community Rating System credits capital improvement plans that fund drainage improvements that reduce the need for maintenance or that eliminate bottlenecks, logjams and other maintenance problems. Up to 50 points are provided.

Drainage System Maintenance 

The drainage system may include detention ponds, stream channels, swales, ditches and culverts. Drainage system mainten​ance is an ongoing program to clean out blockages caused by an accumulation of sediment or overgrowth of weedy, non-native vegetation or debris, and remediation of streambank erosion sites. 

“Debris” refers to a wide range of blockage materials that may include tree limbs and branches that accumulate naturally, or large items of trash or lawn waste accidentally or intentionally dumped into channels, drainage swales or detention basins. Maintenance of detention ponds may also require revegetation or repairs of the restrictor pipe, berm or overflow structure. 

Maintenance activities normally do not alter the shape of the channel or pond, but they do affect how well the drainage system can do its job. Sometimes it is a very fine line that separates debris that should be removed from natural material that helps form habitat. Therefore, written procedures that are consistent with state laws and environmental concerns are usually needed.

Government agencies usually accept responsibility for maintaining facilities on public property. However, in Illinois, the responsibility for drainage​way maintenance on private property, when no easements have been granted, is with the individual private property owner. This often results in very little maintenance being accomplished. 

Local implementation:  The Kane County Environmental Management Department inspects streams throughout the county and performs maintenance where necessary. This activity is done in conjunction with the municipalities that perform stream maintenance. 

The Environmental Management Department also performs stream maintenance in coordination with the Kane County Division of Transportation and Kane County Forest Preserve District. The County does not have an annual inspection and maintenance program, instead work is done on an as needed basis. 

Municipalities have maintenance responsibility over drainageways under their jurisdiction. Most Kane County communities inspect drainage systems and provide maintenance on an  as needed  basis. South Elgin has an annual program for cleaning drainage systems located down​stream of detention basins. East Dundee is planning to formalize their stream maintenance program over the next year.

In the case of detention ponds, a property owners’ association or the owner is responsible for maintenance on residential developments or commercial properties. Detention ponds on public properties are maintained by the appropriate government jurisdiction.

CRS Criteria:  Community Rating System credit is provided for a formal drainage system inspection and maintenance program with published procedures that clearly identify what can be removed and what “debris” should be allowed to stay in natural channels. Up to 250 points are possible, but communities (like the County) that do not have formal written procedures and/or only respond on an as needed basis will not receive the credit.

8.6. Conclusions

1. Structural projects, especially reservoirs and channel improvements, have been used effectively to reduce flooding in urbanized areas of the county. They could be used further to address additional floodwater management areas of concern. However, it should be understood that they can have adverse impacts on downstream properties and on the environment. They can also be very expensive. 

2. There are many locations where bridge or culvert replacement or enlarging would reduce flood heights. However, as with structural projects, such work could increase flood problems downstream.

3. Local drainage and stormwater flooding (both in and outside the floodplain) would benefit from drainage system improvements and a formalized drainage maintenance program. 

8.7. Recommendations

1. Structural flood control projects, including farm drainage and bridge and culvert improvements, should be pursued, provided they meet the following criteria:

a. Each project’s study looks beyond the immediate project site to ensure that no other properties will be adversely impacted.

b. Each project should be based on a watershed master plan or, at a minimum, coordinated with other projects in the same watershed.

c. Each project’s study considers protecting the natural functions of the stream and floodplain, in addition to flood protection.

d. Each project’s study considers alternative non-structural approaches to protect the affected properties from flood damage.

e. The design and construction is certified by a licensed professional engineer.

f. Opportunities for stream and natural areas restoration are incorporated wherever feasible.

g. Communities and property owners that may be affected by the project are notified.

h. All relevant federal, state and local permits are obtained, including Corps of Engineer’s 404 permits and IDNR floodway permits.

2. Each municipality and the Kane County Environmental Management Department should implement a formal and regular drainage system maintenance program modeled on CRS program guidance.
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Because 30 homes were purchased after  the 1996 flood, the Park View Estates levee protects some empty lots.
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Drainage improvements do not have to be concrete channels. 


They can include measures to improve infiltration and water quality.
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The flood profile for Tyler Creek shows railroad and road bridges obstructing flood flows
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Channel work
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Dredging
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Waubonsie Creek Reservoir





Photo of Waubonsie Creek levee
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A regular inspection and maintenance program can remove debris before it becomes an  obstruction to stream flows.
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Reservoir and Prairie Path Improvement


Source: City of Aurora
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Periodic inspections and debris removal are needed to prevent dams in streams
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Regional detention basins are more common in          Northeastern Illinois than in-stream reservoirs





Pros and Cons of Structural Flood Control Projects�
�
Advantages�
Shortcomings�
�
May provide the greatest amount of protection for land area used.�
They disturb the land and disrupt natural water flows, often destroying wildlife habitat. �
�
Because of land limitations, may be the only practical solution in some circumstances.�
They require regular maintenance, which if neglected, can have disastrous conse�quences.�
�
Can incorporate other benefits into structural project design such as water supply and recreational uses.�
They are built to a certain flood protection level that can be exceeded by larger floods, causing extensive damage.�
�
Regional detention may be more cost-efficient and effective than requiring numerous small detention basins.�
They can create a false sense of security as people protected by a project often believe that no flood can ever reach them.�
�
�
Although it may be unintended, in many circumstances they promote more intensive land use and development in the floodplain.�
�
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