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13.2.4 Maintenance 

All detention facilities shall be designed with adequate maintenance access provisions and in a manner 

that facilitates ease of maintenance.  For larger regional facilities to be eligible for UDFCD maintenance, 

the most current version of UDFCD’s maintenance eligibility requirements (downloadable from 

www.udfcd.org) must be met. 

13.3 Detention Methods 

There are two basic approaches to designing storage facilities.  When runoff storage facilities are planned 

on an individual site basis, they are referred to as “on-site.”  Larger facilities that have been identified and 

sized as a part of some overall regional plan are categorized as “regional” facilities.  In addition, the 

regional definition can also be applied to storage facilities that address moderately sized watersheds to 

encompass multiple land development projects.  This chapter focuses primarily on on-site detention 

facilities.  In order for Denver to consider regional facilities, the following criteria must be met: 

1. A Denver-approved master plan recommends the regional detention facility. 

2. The regional detention facility is designed to accommodate the fully developed flows from 

the upstream watershed. 

3. The regional detention facility is constructed, or will be constructed in phases with the 

development; otherwise, temporary detention must be provided. 

4. Legally-binding ownership and maintenance responsibilities by a public entity are clearly 

defined to ensure the proper function of the facility in perpetuity. 

5. There is adequate conveyance of the fully developed flows from the site to the regional 

detention basin. 

6. Design is  completed in accordance with the DISTRICT MANUAL, considering these criteria: 

a. Multi-use (e.g., recreation) shall be considered in the design of detention basins. 

b. The creation of jurisdictional dams shall be strongly discouraged. 

c. Basins shall be located on existing publicly-owned lands whenever possible. 

d. If regional flood control detention facilities incorporate regional extended detention 

basins for stormwater quality, developments upstream of the regional facility shall 

provide the minimum level of onsite stormwater quality enhancement identified in 

Chapter 14, Stormwater Quality. 

Criteria for several approaches to on-site detention are provided in the remainder of this chapter based on 

the facility being located in open space, parking lots or underground.  Underground detention is only 
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joseph_roerkohl
Rectangle

joseph_roerkohl
Callout
SBM



DRAINAGE CRITERIA MANUAL (V. 2) STORAGE 

12/2011 SO-31 
Urban Drainage and Flood Control District 

Alternatively, there are situations where the designer may seek to encourage infiltration of stormwater into 

the ground.  In this situation, a layer of permeable material may be warranted. 

4.6 Inlets 

Inlets to the detention facility should incorporate energy dissipation to limit erosion.  They should be 

designed in accordance with drop structure or impact stilling basin criteria in the HYDRAULIC 

STRUCTURES chapter of this Manual, or using other approved energy dissipation structures.  In 

addition, incorporate forebays or sediment traps at all inflow points to detention facilities to deposit coarse 

sediment being delivered by stormwater to the facility.  These forebays will need regular maintenance to 

lessen the sediment being transported and deposited on the storage basin’s bottom. 

4.7 Outlet Works 

Outlet works should be sized and structurally designed to release at the specified flow rates without 

structural or hydraulic failure.  The design guidance for outlet works used for water quality purposes is 

included in Volume 3 of the Manual and for full-spectrum detention earlier in this chapter.  

4.8 Trash Racks 

Provide trash racks of sufficient size that do not interfere with the hydraulic capacity of the outlet.  See 

Figure SO-7 for minimum trash rack sizes. 

4.9 Vegetation 

The type of grass used in vegetating a newly constructed storage facility is a function of the frequency 

and duration of inundation of the area, soil types, whether native or non-native grasses are desired, and 

the other potential uses (park, open space, etc.) of the area.  A planting plan should be developed for new 

facilities to meet their intended use and setting in the urban landscape.  Generally, trees and shrubs are 

not recommended on dams or fill embankments (see the REVEGETATION chapter).  However, use of 

trees on the sides of detention basins will not interfere with their flood control operation of increase 

maintenance need significantly.  Also, sparse planting of tree on bottoms of larger regional detention 

basins may also be acceptable as long as they are not located near inlets and outlet or on the emergency 

spillway(s) and will not interfere significantly with maintenance.  At the same time use of shrubs on the 

banks and bottom, while not affecting the flood routing, can increase maintenance significantly by 

providing traps for debris that are difficult to clean and obstructions for the mowing of grasses.    

4.10 Operation and Maintenance 

Maintenance considerations during design include the following (ASCE and WEF 1992). 

1. Use of flat side slopes along the banks and the installation of landscaping that will discourage 
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entry (thick, thorny shrubs) along the periphery near the outlets and steeper embankment 

sections are advisable.  Also, use of safety railings at vertical or very steep structural faces is 

needed to public safety.  If the impoundment is situated at a lower grade than and adjacent to a 

highway, installation of a guardrail is in order.  Providing features to discourage public access to 

the inlet and outlet areas of the facility should be considered. 

2. The facility should be accessible to maintenance equipment for removal of silt and debris and for 

repair of damages that may occur over time.  Easements and/or rights-of-way are required to 

allow access to the impoundment by the owner or agency responsible for maintenance. 

3. Bank slopes, bank protection needs, and vegetation types are important design considerations for 

site aesthetics and maintainability. 

4. Permanent ponds should have provisions for complete drainage for sediment removal or other 

maintenance.  The frequency of sediment removal will vary among facilities, depending on the 

original volume set aside for sediment, the rate of accumulation, rate of growth of vegetation, 

drainage area erosion control measures, and the desired aesthetic appearance of the pond. 

5. For facilities designed for multipurpose use, especially those intended for active recreation, the 

play area might need special consideration during design to minimize the frequency and periods 

of inundation and wet conditions.  It may be advisable to provide an underground tile drainage 

system if active recreation is contemplated. 

6. Adequate dissolved oxygen supply in ponds (to minimize odors and other nuisances) can be 

maintained by artificial aeration.  Use of fertilizer and EPA approved pesticides and herbicides 

adjacent to the permanent pool pond and within the detention basin should be controlled. 

7. Secondary uses that would be incompatible with sediment deposits should not be planned unless 

a high level of maintenance will be provided. 

8. French drains or the equivalent are almost impossible to maintain, and should be used with 

discretion where sediment loads are apt to be high. 

9. Underground tanks or conduits designed for detention should be sized and designed to permit 

pumping or multiple entrance points to remove accumulated sediment and trash. 

10. All detention facilities should be designed with sufficient depth to allow accumulation of sediment 

for several years prior to its removal. 

11. Permanent pools should be of sufficient depth to discourage excessive aquatic vegetation on the 

bottom of the basin, unless specifically provided for water quality purposes. 
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12. Often designers use trash racks and/or fences to minimize hazards.  These may become trap 

debris, impede flows, hinder maintenance, and, ironically, fail to prevent access to the outlet.  On 

the other hand, desirable conditions can be achieved through careful design and positioning of 

the structure, as well as through landscaping that will discourage access (e.g., positioning the 

outlet away from the embankment when the permanent pool is present, etc.).  Creative designs, 

integrated with innovative landscaping, can be safe and can also enhance the appearance of the 

outlet and pond.  Such designs often are less expensive initially. 

13. To reduce maintenance and avoid operational problems, outlet structures should be designed 

with no moving parts (i.e., use only pipes, orifices, and weirs).  Manually and/or electrically 

operated gates should be avoided.  To reduce maintenance, outlets should be designed with 

openings as large as possible, compatible with the depth-discharge relationships desired and with 

water quality, safety, and aesthetic objectives in mind.  One way of doing this is to use a larger 

outlet pipe and to construct orifice(s) in the headwall to reduce outflow rates.  Outlets should be 

robustly designed to lessen the chances of damage from debris or vandalism.  The use of thin 

steel plates as sharp-crested weirs is best avoided because of potential accidents, especially with 

children.  Trash/safety racks must protect all outlets. 

14. Clean out all forebays and sediment traps on a regular basis or when routine inspection shows 

them to be ¼ to ½ full. 

See Volume 3 of this Manual for additional recommendations regarding operation and maintenance of 

water quality related facilities, some of which also apply to detention facilities designed to meet other 

objectives. 

Photograph SO-8—Maintenance considerations must be carefully accounted for during 
design, with sediment accumulation a particular concern. 
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root systems are recommended.  Plant selection is crucial on roofs with intense wind and light such as 
roofs of skyscrapers or roofs that receive reflected solar radiation from other structures.  Additionally, 
certain portions of the roof may experience more intense sunlight and or reflected heat, requiring 
additional care or irrigation system adjustments.    

Care of the plants on a green roof will require the most attention during the critical establishment phase.  
A horticultural professional should work with individuals caring for the new roof to organize schedules 
and routines for hand weeding, thinning, pruning, fertilizing, irrigation system scheduling and 
adjustments, and plant replacement.  Watering and weeding are particularly important for the first two 
years of the green roof.  For overall health of the green roof, weeds should be identified and removed 
early and often.   

If the growing medium needs to be replaced, it should be replaced in accordance with the original design 
specifications, unless these specifications have been identified as a cause of poor plant growth or green 
roof performance.  Any substitutions or adjustments to the original green roof media must be balanced 
carefully to meet loading limits, drainage requirements, and characteristics conducive to healthy plant 
growth.   

When caring for plants or adjusting growing media, care should be taken to avoid use of materials likely 
to result in nutrient export from the green roof.  For example, growing media and compost should have a 
low phosphorus index (P index).  Appropriate plants with low fertilization requirements should be 
chosen.  If used, fertilizer application should be minimized to levels necessary only for plant health.   

6.3 Irrigation Scheduling and Maintenance  

Green roofs in Colorado should be equipped with irrigation systems, even if the ultimate goal is for the 
plants to rely primarily on natural precipitation.  Irrigation schedules should be based on the 
evapotranspiration (ET) requirements of the plants, the type of irrigation system used (e.g., drip or spray), 
and changing ET over the growing season.  Irrigation systems equipped with advanced irrigation 
controllers based on soil moisture can help facilitate watering according to the changing water needs of 
the plants.  If advanced systems are not used, irrigation should be manually adjusted during the growing 
season to replace water lost through ET.  During the first two years of plant establishment, regular 
irrigation will likely be needed.  After plant establishment, it may be possible to reduce supplemental 
irrigation during non-drought conditions. 

Completely drain the irrigation system before the first winter freeze each year.  Upon reactivation of the 
irrigation system in the spring, inspect all components and replace damaged parts, as needed. 

7.0 Extended Detention Basins (EDBs) 
EDBs have low to moderate maintenance requirements on a routine basis, but may require significant 
maintenance once every 15 to 25 years.  Maintenance frequency depends on the amount of construction 
activity within the tributary watershed, the erosion control measures implemented, the size of the 
watershed, and the design of the facility.   

7.1 Inspection 

Inspect the EDB at least twice annually, observing the amount of sediment in the forebay and checking 
for debris at the outlet structure.  
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Facts on Mosquito Breeding  

Although mosquitoes prefer shallow, 
stagnant water, they can breed within the 
top 6 to 8 inches of deeper pools. 

Mosquitoes need nutrients and prefer 
shelter from direct sunlight.  

Mosquitoes can go from egg to adult 
within 72 hours. 

The most common mosquitoes in 
Colorado include the Aedes Vexans and 
the Culex Tarsalis.  Both have similar 
needs for breeding and development.  

7.2 Debris and Litter Removal 

Remove debris and litter from the detention area as required to minimize clogging of the outlet.   

7.3 Mowing and Plant Care 

When starting from seed, mow native/drought tolerant grasses only when required to deter weeds during 
the first three years.  Following this period, mowing of native/drought tolerant grass may stop or be 
reduced to maintain a height of no less than 6 inches (higher mowing heights are associated with deeper 
roots and greater drought tolerance).  In general, mowing should be done as needed to maintain 
appropriate height and control weeds.  Mowing of manicured grasses may vary from as frequently as 
weekly during the summer, to no mowing during the winter.  See Section 4 of this chapter for additional 
recommendations from the CSU Extension. 

7.4 Aeration 

For EDBs with manicured grass, aeration will supply the soil and roots with air and increase infiltration.  
It reduces soil compaction and helps control thatch while helping water move into the root zone.  Aeration 
is done by punching holes in the ground using an aerator with hollow punches that pull the soil cores or 
"plugs" from the ground.  Holes should be at least 2 inches deep and no more than 4 inches apart.   

Aeration should be performed at least once per year when the ground is not frozen.  Water the turf 
thoroughly prior to aeration.  Mark sprinkler heads and shallow utilities such as irrigation lines and cable 
TV lines to ensure those lines will not be damaged.  Avoid aerating in extremely hot and dry conditions.  
Heavy traffic areas may require aeration more frequently. 

7.5 Mosquito Control 

Although the design provided in this manual implements 
practices specifically developed to deter mosquito 
breeding, some level of mosquito control may be 
necessary if the BMP is located in close proximity to 
outdoor amenities.  The most effective mosquito control 
programs include weekly inspection for signs of 
mosquito breeding with treatment provided when 
breeding is found.  These inspections can be performed 
by a mosquito control service and typically start in mid-
May and extend to mid-September.  Treatment should be 
targeted toward mosquito larvae.  Mosquitoes are more 
difficult to control when they are adults.  This typically 
requires neighborhood fogging with an insecticide. 

The use of larvicidal briquettes or "dunks" may be 
appropriate.  These are typically effective for about one 
month and perform best when the basin has a hard 
bottom (e.g., concrete lined micropool).   
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7.6 Irrigation Scheduling and Maintenance 

Adjust irrigation throughout the growing season to provide the proper irrigation application rate to 
maintain healthy vegetation.  Less irrigation is typically needed in early summer and fall, with more 
irrigation needed during July and August.  Native grass and other drought tolerant plantings should not 
require irrigation after establishment.   

Check for broken sprinkler heads and repair them, as needed.  Completely drain the irrigation system 
before the first winter freeze each year.  Upon reactivation of the irrigation system in the spring, inspect 
all components and replace damaged parts, as needed. 

7.7 Sediment Removal from the Forebay, Trickle Channel, and Micropool 

Remove sediment from the forebay and trickle channel annually.  If portions of the watershed are not 
developed or if roadway or landscaping projects are taking place in the watershed, the required frequency 
of sediment removal in the forebay may be as often as after each storm event.  The forebay should be 
maintained in such a way that it does not provide a significant source of resuspended sediment in the 
stormwater runoff.  

Sediment removal from the micropool is required about once every one to four years, and should occur 
when the depth of the pool has been reduced to approximately 18 inches.  Small micropools may be 
vacuumed and larger pools may need to be pumped in order to remove all sediment from the micropool 
bottom.  Removing sediment from the micropool will benefit mosquito control.  Ensure that the sediment 
is disposed of properly and not placed elsewhere in the basin.  

7.8 Sediment Removal from the Basin Bottom 

Remove sediment from the bottom of the basin when accumulated sediment occupies about 20% of the 
water quality design volume or when sediment accumulation results in poor drainage within the basin.  
The required frequency may be every 15 to 25 years or more frequently in basins where construction 
activities are occurring.  

7.9 Erosion and Structural Repairs 

Repair basin inlets, outlets, trickle channels, and all other structural components required for the basin to 
operate as intended.  Repair and vegetate eroded areas as needed following inspection.   

8.0 Sand Filters 
Sand filters have relatively low routine maintenance requirements.  Maintenance frequency depends on 
pollutant loads in runoff, the amount of construction activity within the tributary watershed, the erosion 
control measures implemented, the size of the watershed, and the design of the facility.   

8.1 Inspection 

Inspect the detention area once or twice annually following precipitation events to determine if the sand 
filter is providing acceptable infiltration.  Also check for erosion and repair as necessary.  
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8.2 Debris and Litter Removal 

Remove debris and litter from detention area to minimize clogging of the media.  Remove debris and 
litter from the overflow structure. 

8.3 Filter Surface Maintenance 

Scarify the top 2 inches of sand on the surface of the filter.  This may be required once every two to five 
years depending on observed drain times.  After this has been done two or three times, replenish the top 
few inches of the filter with clean coarse sand (AASHTO C-33 or CDOT Class C filter material) to the 
original elevation.  Maintain a minimum sand depth of 12 inches.  Eventually, the entire sand layer may 
require replacement. 

8.4 Erosion and Structural Repairs 

Repair basin inlets, outlets, and all other structural components required for the BMP to operate as 
intended.  Repair and vegetate any eroded side slopes as needed following inspection.   

9.0 Retention Ponds and Constructed Wetland Ponds 

9.1 Inspection 

Inspect the pond at least annually.  Note the amount of sediment in the forebay and look for debris at the 
outlet structure.  

9.2 Debris and Litter Removal 

Remove debris and litter from the pond as needed.  This includes floating debris that could clog the outlet 
or overflow structure.   

9.3 Aquatic Plant Harvesting 

Harvesting plants will permanently remove nutrients from the system, although removal of vegetation can 
also resuspend sediment and leave areas susceptible to erosion.  Additionally, the plants growing on the 
safety wetland bench of a retention pond help prevent drowning accidents by demarking the pond 
boundary and creating a visual barrier.  For this reason, UDFCD does not recommend harvesting 
vegetation completely as routine maintenance.  However, aquatic plant harvesting can be performed if 
desired to maintain volume or eliminate nuisances related to overgrowth of vegetation.  When this is the 
case, perform this activity during the dry season (November to February).  This can be performed 
manually or with specialized machinery.   

If a reduction in cattails is desired, harvest them annually, especially in areas of new growth.  Cut them at 
the base of the plant just below the waterline, or slowly pull the shoot out from the base.  Cattail removal 
should be done during late summer to deprive the roots of food and reduce their ability to survive winter.   
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Weekly mosquito 
inspections with targeted 
treatments are frequently 
less costly and more 
effective than regular 
widespread application of 
insecticide. 

9.4 Mosquito Control 

Mosquito control may be necessary if the BMP is located in 
proximity to outdoor amenities.  The most effective mosquito 
control programs include weekly inspection for signs of mosquito 
breeding with treatment provided when breeding is found.  These 
inspections and treatment can be performed by a mosquito control 
service and typically start in mid-May and extend to mid-September.  
The use of larvicidal briquettes or "dunks" is not recommended for 
ponds due to their size and configuration.  

9.5 Sediment Removal from the Forebay  

Remove sediment from the forebay before it becomes a significant source of pollutants for the remainder 
of the pond.  More frequent removal will benefit long-term maintenance practices.  For dry forebays, 
sediment removal should occur once a year.  Sediment removal in wet forebays should occur 
approximately once every four years or when build up of sediment results in excessive algae growth or 
mosquito production.  Ensure that the sediment is disposed of properly and not placed elsewhere in the 
pond. 

9.6 Sediment Removal from the Pond Bottom 

Removal of sediment from the bottom of the pond may be required every 10 to 20 years to maintain 
volume and deter algae growth.  This typically requires heavy equipment, designated corridors, and 
considerable expense.  Harvesting of vegetation may also be desirable for nutrient removal.  When 
removing vegetation from the pond, take care not to create or leave areas of disturbed soil susceptible to 
erosion.  If removal of vegetation results in disturbed soils, implement proper erosion and sediment 
control BMPs until vegetative cover is reestablished.   

For constructed wetland ponds, reestablish growth zone depths and replant if necessary.     

10.0 Constructed Wetland Channels 

10.1 Inspection 

Inspect the channel at least annually.  Look for signs of erosion. 

10.2 Debris and Litter Removal 

Remove debris and litter as needed.   
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