Stormwater Utilities Best Management Practices (BMP  s)
Descriptions and O&M Requirements

Bare Soil Cover: Revegetation

All seeded areas should be inspected for failures. Reapply seed, fertilizer, mulch, and water as needed to
maintain coverage and encourage plant establishment. After grasses are established, mowing may be
required maintain visibility along roadways and to reduce fire hazard.
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http://yosemite.ep.ov/R 10/CLEANUP.NSF/

Reference:
http://www.dot.ca.gov/hg/construc/stormwater/BMP_Field Master FullSize Final-Jan03.pdf

Bare Soil Cover: Mulch

Mulch, like other soil stabilization measures, is typically not used as a as a permanent stormwater BMP but
rather as a temporary measure to stabilize soil and reduce erosion while vegetation becomes established.
However, in areas where vegetation is not established and the mulch has degenerated or is lacking,
additional mulch must be applied.

http://www.mulchnet.com/image/Mulch.jpg )

Reference:
http://www.dot.ca.gov/hg/construc/stormwater/BMP_Field Master FullSize Final-Jan03.pdf

Bare Soil Cover: Fabric

This BMP involves the placement of geotextiles, plastic covers, and erosion control blankets and mats to
stabilize and protect soil from erosion by wind or water. Typically these measures are used on slopes as a
quick stopgap measure rather than a permanent BMP.
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Inspect blanket and mat installations periodically and after significant rainstorms for signs of erosion or
undermining. Repair or replace any failures immediately. If washout or breakage of material occurs, re-install
material after repairing damage to slope or channel. Maintain areas treated with temporary soil stabilization
to provide adequate erosion control. Reapply or replace temporary erosion controls on exposed soils when
visibly eroded 0r When there is a 10 percent or greater exposure of the rewously treated area.
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http://www. greenarmorsystem com/ docs/q_ 1_up.pdf and coir-india.com/prods/geotx.htm

Reference:
http://www.dot.ca.gov/hg/construc/stormwater/BMP_Field Master FullSize Final-Jan03.pdf

Catch Basins

Catch Basins function as “entrance chambers” to a storm sewer with a low area called a sump designed to
retain all but very fine sediment. By trapping the sediment, the catch basin prevents solids from clogging the
storm sewer or being washed into receiving waters. However, the sump must be cleaned out periodically to
maintain their sediment-trapping ability. A sump should be cleaned when it is 40-60% full otherwise a
significant storm event could have a flushing effect and the basin could act as a source of sediment. Pitt
(1985) reported that monthly cleaning of sumps collects up to six times more sediment than less frequent
cleaning. In addition to reducing coarse sediment loads, catch basin cleaning also reduces the load of leaf
debris that reaches the receiving water. Catch basins in the Tahoe basin are typically installed with weep
holes in the bottom of the holding chamber to allow accumulated water to infiltrate into the surrounding
substrate. An assessment should be made of the functioning condition of the exfiltration features.

The rate at which catch basins fill and the total amount of material collected during different cleaning
frequencies is highly variable. In general, if the contributing watershed has active construction or other land
uses that create high sediment loads, the catch basin should be cleaned more often than in stabilized areas.
However, as noted above, over a year’s time, monthly cleaning removes about six times more sediment than
cleaning annually albeit with added cost. Preventative measures, such as street sweeping and reducing
winter road sanding, may reduce sediment accumulation significantly and make annual cleanouts adequate.
Cleaning can be accomplished either manually or with a vacuum truck.
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www.ci.farmington.mi.us/basincare.htm

Reference:
http://www.metrocouncil.org/environment/Watershed/BMP/CH3 RPPHousBMPMaint.pdf

Pitt, R. 1985. Characterizing and Controlling Urban Runoff Through Street and Sewage Cleaning. Report No. 600-42-85-038. Prepared for US EPA, Washington, D.C.

Conveyance Piping

Inspect periodically with a camera/laser system for buildup of sediment, ponding, cracking, deformation, and
wear. When conducting inspections, examine for erosion and downstream scour near the outlet. Install
additional energy dissipation measures, and/or reduce discharge flows if needed. Remove build-up of debris
from either entrances and outlets as required. Flush sediment and debris from within the conveyance.
Cracking and deformation may indicate the need for replacement.

Photo: Scott Brown, NTCD

Reference:
http://www.mcstoppp.org/FloodControlBMPs/WD2.pdf

Curb & Gutter/AC Swale/Berm/AC Dike
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A concrete or asphalt concrete form of surface water conveyance. Maintenance requires sweeping sand,
needles, and debris frequently throughout the year. Effective maintenance should be considered a form of
source control.

http://www.albemarle.org/upload/images/Pictures/Departments/General _Services/Pictures/DSC00463.JPG and Photo: Scott Brown

Reference:
http://www.swrcb.ca.gov/rwgch6/BMP/Chapter07.pdf

Detention or Retention Basin

Detention basins are landscape depressions designed to temporarily impound stormwater runoff and
attenuate peak flows. Pollutant removal is due to aggradation of sediment and reduced erosion downstream
due to attenuated peak flow.

Maintenance consists of ensuring establishment of sustainable vegetation. Basins should be inspected after
significant storm events and high spring runoff to ensure inlets and outlets are not clogged by debris. Check
to see if basins are draining between storms. Trash should be removed from the basin on a regular basis
and if the storage area of the basin is 50% full, sediment must be manually removed. In areas where road
sand is used, the basin should be designed with a forebay and the forebay should be inspected periodically
to determine if dredging is necessary.

http://www.vaw.ethz.ch/applied_research/protection/flood_ptinte/fb_kelchbach_sedimant_retention_basidhttp://www.al.nrcs.usda.gov/technical/photo/urb_r.html

Reference:
http://www.dcr.virginia.gov/sw/docs/swm/Chapter 3-06.pdf
http://www.swrcb.ca.gov/rwgch6/BMP/Chapter10.pdf
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Drainage Inlets
Drainage inlets take several forms but all allow surface stormwater to reach an underground conveyance.

Although they are not intended to provide treatment of stormwater, debris can accumulate on the surface of
the grate and should be removed before and after significant runoff events.

Photo: Scott Brown

Edge Drain

The edge drain or its larger cousin, the trench drain, may be installed parallel or perpendicular to the
roadway to collect all water that crosses the drain. This type of drain is particularly useful in areas were
snow melt will cross a road and refreeze at night. Trench drains are often found across a driveway apron to
collect stormwater from the driveway before it enters the road.

Maintenance includes periodic inspection and at least annual flushing of debris and sediment from the drain.
These drains can quickly fill with sand along heavily traveled roads and subsequently fail to function.

www.acousa.com/drain/chemdrain.htm and Photo: Scott Brown

Infiltration Gallery
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Infiltration structures designed to deliver captured runoff to the subsoil through subsurface reservoirs usually
composed of rock or gravel. Since infiltration galleries are below grade, they are extremely difficult to
maintain. Inlets should be inspected regularly for pine needles and other debris that may clog the system. If
infiltration rates have visibly diminished, the system must be rehabilitated or replaced. When runoff
containing salt-based deicers is directed to an infiltration basin, soil may become less fertile and less capable
of supporting vegetation. Incorporating mulch into the soil can help to mitigate this problem.

http://www.invisiblestructures.com/RS3/RS3render.htm

References:
http://iwww.swrcb.ca.gov/rwach6/BMP/Chapter09.pdf
http://www.stormwatercenter.net/Cold%20Climates/ CHAPT1%20-%20INTRODUCTION.pdf

Percolation Trench

Percolation or infiltration trenches are trenches or excavations filled with porous media designed to
encourage rapid percolation of runoff to the groundwater. The main goal of an infiltration trench is to remove
suspended solids, particulate pollutants, organics, and some soluble forms of metals and nutrients from
stormwater runoff. Infiltration trenches are often used in place of other BMPs where limited space is
available or in conjunction with another BMP, such as a detention pond, to provide both water quality control
and peak flow control.

Longevity can be increased by careful geotechnical evaluation prior to construction and by designing and
implementing an inspection and maintenance plan. Regular maintenance, including the replacement of
clogged aggregate, will also increase the effectiveness and life of the trench. Infiltration trenches and any
pretreatment BMPs should be inspected after long storm events and any accumulated debris or material
removed. A more thorough inspection of the trench should be conducted annually. Annual inspections
should include monitoring an observation well to confirm that the trench is draining within the specified time.
Trenches with filter fabric should be inspected for sediment deposits by removing a small section of the top
layer.
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http://www.tcd.ie/Civil_engineering/research/environmental _engineering/sub_soil/perculation.htm

References:
United States Environmental Protection Agency (USEPA), 1999. Stormwater Technology Fact Sheet, Infiltration Trench. EPA 832-F-99-019
http://www.epa.gov/owm/mtb/infltrenc.pdf

Southeastern Wisconsin Regional Planning Commissions (SEWRPC), 1991. Costs of Urban Nonpoint Source Water Pollution Control Measures. Technical Report No. 31.

Perforated Piping

Perforated pipe allows water to enter and exit through small openings along the length of the pipe. The
openings can be either circular or slots. The more open space per foot of pipe, the greater the capacity of
the pipe to collect or infiltrate water. Slotted pipes have an advantage over pipes with small holes because
they tend to reduce the amount of fine soil particles that get pulled into a drainage system and discharged
downstream. Overflows, leaks, wet areas, flow bypassing your system, and discharge interferences should
be repaired immediately by flushing or replacing the pipe.

http://www.nextube.co.za/images/wastex_img.jpg

Reference:
Access Washington Official State Government Web Site. Department of Ecology, Managing Drainage on Coastal Bluffs. Drainage System Components.
http://www.ecy.wa.gov/programs/sea/pubs/95-107/components01.html

Retaining Walls

Retaining walls are generally made of masonry, stone, brick, concrete, vinyl, steel or timber. Maintenance
requires making close observation of the retaining wall and backfill annually and after heavy rainfall,
particularly in areas with higher volumes of rainfall. Rain can soften or loosen the compacted backfill, and
any rain that seeps into the backfill can increase pressures on the wall panels. Check the temporary surface
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cover for cracks and quickly seal any cracks to prevent seepage into the backfill. Accumulation of
groundwater can also soften the soils and reduce the stability of the walls.

Periodically inspect walls for evidence of backfill loss, loss of joint seals, or movement. Reseal joints,
particularly those that may allow surface water to enter the wall backfill. If evidence of backfill loss is
observed, backfill the effected area with select fill if the area is accessible, or use flowable fill if access is
restricted. Water infiltration into voids in walls can cause excessive pressures within the wall and result in
displaced panels and wall failures. Treat voided areas when they are small and manageable, as they will
always increase in size with time.

Maintenance problems arising with facing elements should be repaired by conventional methods since the
facing elements play a secondary role and resist only small horizontal earth pressures. However, problems
with the reinforcements, such as corrosion of metallic reinforcements, would be difficult to repair. One
possible solution would be to use soil nailing to stabilize the structure. Another method would be to place a
stone buttress in front of the structure.

Photo: Scott Brown

Reference:
http://www.abe.msstate.edu/csd/p-dm/all-chapters/chapter 4/exfil.pdf
USACE EM 1110-2-2502, Section 10-12. http://www.dot.state.il.us/bridges/gbsp43.pdf

Riprap Slope Stabilization

Riprap is a layer of rock placed over erodible soil or surface disturbance. Rock riprap is used on steep,
difficult slopes where vegetation cannot be satisfactorily established. Vegetation, shrubs, and trees can be
incorporated with rock riprap by interplanting.

Little maintenance is required when rock riprap is installed properly. Periodic inspections should be made
and any dislodged rocks replaced as required. Inspect the slopes in the spring, in the fall, and after severe
storms for slumping, sliding, or seepage problems. Correct any problems immediately. Severe slumping or
sliding may indicate that the slope is failing. In addition, inspect the area to the side of the riprap. Near the
riprap edge, erosion may be accelerated. If this is the case, additional measures may be necessary to halt
the erosion.
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http://www.norfolk.gov/Utilities/resources/riprap.jpg

References:
http://ndep.nv.gov/bwap/bmp/chap_4.pdf
http://www.maine.gov/dep/blwg/docstand/escbmps/escsectiond2.pdf

Rock Lined Channel

A rock lined channel is an excavated channel that conveys surface runoff from other erosion control
structures to an off site drainage, stream, pond or lake. It can also be utilized between and in conjunction
with other erosion control structures conveying runoff down slope.

Maintenance includes checking outlets and points where concentrated flow enters the channel. Check for
sediment accumulation, blockage, piping, breaks, bank instability, and scour holes; repair immediately.
Remove significant debris and sediment from the channel to maintain design cross section and grade and to
prevent spot erosion.

Photo: Scott Brown

References:
http://www.dnr.mo.gov/env/wpp/field-quide/fg05_04 runoffconveyance.pdf http://ndep.nv.gov/bwgp/bmp/chap 4.pdf

Sediment Trap: Single and Double Units

Configurations of sediment traps vary by region. Following is the configuration commonly employed in the
Tahoe basin.

Sediment traps are designed to collect and retain sediment from stormwater events especially the initial flush
of water. Large sediment particles fall to the bottom of the vertical corrugated metal pipe section(s) before
being discharged. Between stormwater events, water in the sediment can(s) infiltrate through the bottom
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into the underlying substrate. Sediment traps require the same maintenance as catch basins in that they
should be vacuumed at least annually and should be inspected seasonally and after major storm events.

Stream Environment Zones (SEZ) Restoration

An SEZs is a term fairly unique to the Lake Tahoe Basin, but is generally a stream corridor or riparian area.
An SEZ owes its biological and physical characteristics to the presence of surface and ground water. SEZs
denote perennial, intermittent and ephemeral streams, meadows, riparian areas and marshes, and other
areas near surface water influence within the Lake Tahoe Basin. SEZs are determined by the presence of
water, watercourses and water bodies, wetland and riparian vegetation, beach or wet alluvial soils, areas of
high groundwater, and designated floodplains. The protection and restoration of SEZs is essential for
improving and maintaining the environmental amenities of the Lake Tahoe Basin and for achieving
environmental thresholds for water quality, vegetation preservation, and soil conservation.

The keys to determining the proper functionality of restored SEZs are to assess: 1) the stability of stream
channels due to scouring or deposition, 2) stream bank erosion, under-cutting, and, stability, 3) stability of
stream grade structures, 4) impact of human alterations (e.g., trails or dams), 5) bank-full width
measurements, 6) flood impacts 7) encroachment of development, and 8) obstructions in the stream
channel. Routine maintenance include ensuring vegetation is established to ensure bank and flood plane
stability, and removing unintended obstructions and stabilize intended obstructions (i.e., rock-drop
structures). More involved maintenance, like the initial restoration, is often as much art as science. A
hydrologist or civil engineer with experience in stream restoration must determine corrective actions such as
stream grade changes, bank alterations, streambed changes. In addition, as assessment of the biological
functionality and integrity will help determine the relative success of a restoration/corrective action.
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Photo: unknown (NTCD file)

References:
Pathway 2007...A vision for Tahoe's Future, located at the following website:
http://www.pathway2007.org/assets/DECEMBER/12-0105/HANDOUT2SEZPRESENTATION.pdf

Treatment Vault: Baysaver

Baysaver Separation System offers unobstructed access for pollutant inspection and removal. By opening
either manhole cover, trapped pollutants can easily be seen from the surface, making confined space entry
unnecessary. Inspection of the system is recommended quarterly for the first year or more to determine the
appropriate cycle based on sit characteristics and can be performed through visual observation or by
measuring sediment levels. Normally when the accumulated sediment in either structure reach a height of
two feet from the manhole floor, maintenance should be performed on the system.

http://www.baysaver.com

References:
Baysaver Technologies, Inc. Engineering Stormwater Solutions. Located at the following website:
http://www.baysaver.com/sys details_inspection.cfm

Treatment Vault: Continuous Deflective Separation (  CDS)

The CDS unit is a non-mechanical self-operating system that will capture pollutants in flows up to the design
capacity. The CDS technology features a patented non-blocking, indirect screening technique to retain
suspended solids, sands, gross pollutants such as trash and debris. CDS units are equipped with
conventional oil baffles to capture and retain oil and grease. Laboratory evaluations show that the CDS units
are capable of capturing up to 70% of the free oil and grease from stormwater and up to 80% to 90% of the
free oil and grease with the addition of oil sorbents.
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The frequency of cleaning the CDS unit will depend upon the generation of trash and debris and sediments
in the stormwater, but should be inspected at least annually to determine the amount of accumulated
pollutants and to ensure that the cleanout frequency is adequate to handle the predicted pollutant load being
processed by the CDS unit. The recommended cleanout of solids within the CDS unit’s sump should occur at
75% of the sump capacity. Access to the CDS unit is typically achieved through two manhole access covers
— one allows inspection and cleanout of the separation chamber (screen/cylinder) & sump and another
allows inspection and cleanout of sediment captured and retained behind the screen.

http://www.cdstech.com/stormwater/inlineunit.htm

Reference:
Operations and Maintenance Guidelines for the CDS Technologies Models PMSU, PSW & PSWC Continuous Deflective Separation Unit, located on the following website:
http://www.cdstech.com/dnlds/docs/CDS O AND_M_MANUAL.pdf

Treatment Vault: Jenson

The Jensen Precast Stormvault is a stormwater mitigation system. The patented Stormvault is a capture and
hold design that effectively removes trash, debris, oil and grease and sediment from stormwater runoff and
slowly releases the treated effluent into the receiving bodies of water protecting the downstream environment
from post development flows.

Inspections are suggested bi-annually. Maintenance is approximately every four to five years; this is based
on the accumulation of sediment in the bottom of the vault with a sediment budget of six inches. The trigger
is the six-inch average sediment layer. If the sediment accumulation rises above the twelve inches there is
the possibility of re-suspension of captured sediment.
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http://www.jensenprecast.com/products/pdf/industrialwaste/stormwater%5Finterceptors/jphv1200%5Fsac%5Fc.pdf

Reference:

EPA New England's Center for Environmental Industry and Technology (CEIT)

“Stormwater Virtual Trade Show Jensen Precast Stormvault.” Located at the following website:
http://www.epa.gov/NE/assistance/ceitts/stormwater/techs/stormvault.html
http://www.contech-cpi.com/media/assets/asset/file_name/388/sv_insp_maint css.pdf

Treatment Vault: Stormceptor

Stormceptor is a patented water quality structure that takes the place of a conventional manhole within a
storm drain system. Stormceptor removes free oil and total suspended solids from stormwater preventing
spills and non-point source pollution from entering downstream lakes and rivers.

Costs to clean a Stormceptor® will vary based on the size of unit and transportation distances.

Generally, annual maintenance is recommended but the required maintenance frequency will vary with the
amount of pollution on your site (number of hydrocarbon spills, amount of sediment, etc.). It is recommended
that the frequency of maintenance be increased or reduced based on local conditions. If the sediment load is
high, maintenance may be required semi-annually. Conversely once the site has stabilized, maintenance
may be required less frequently. Maintenance of Stormceptor is performed using vacuum trucks. No entry
into the unit is required for maintenance of the spool insert, inlet insert or the smaller disc inserts.

http://www.stormceptor.com/downloads/pdf/Stormceptor_Sales_sheet.pdf

Reference:
Stromceptor Owner Manual, April 2000. Located at the following website:
http://www.stormceptor.com/downloads/pdf/OwnerAPR0O0.PDF
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Treatment Vault: Vortechnics

The Vortechs vault should be inspected at regular intervals and maintained when necessary to ensure
optimum performance. The rate at which the system collects pollutants will depend more heavily on site
activities than the size of the unit, e.g., unstable soils or heavy winter sanding will cause the grit chamber to
fill more quickly but regular sweeping will slow accumulation.

Inspection is the key to effective maintenance and is easily performed. Contech Stormwater Solutions
recommends inspecting the Vortechs system quarterly to determine the quantity of accumulated sediment.
Pollutant deposition and transport may vary from year to year and quarterly inspections will help insure that
systems are cleaned out at the appropriate time. Inspections should be performed more often in climates
where sanding operations may lead to rapid accumulations, or in equipment washdown areas.

The Vortechs System should be cleaned when inspection reveals that the sediment depth has accumulated
to within six inches of the dry-weather water surface elevation. Cleanout of the Vortechs system with a
vacuum truck is generally the most effective and convenient method of excavating pollutants from the
system. An oil or gasoline spill should be cleaned out immediately.

http://www.contech-cpi.com/media/assets/asset/file_name/249/Hydrodynamic_Separation.pdf

Reference:
http://www.contech-cpi.com/media/assets/asset/file_name/329/maintenance _vx.pdf

Vegetated Swale

A vegetated swale is a constructed shallow channel in which grasses are well established. It is a common
aspect of Low Impact Development efforts. The maintenance objectives are to promote hydraulic and
removal efficiency while maintaining a healthy grass (or plant) cover. Visual inspections should be
conducted monthly, particularly after heavy runoff, to ensure normal functioning of swale (i.e. no pooling, or
blockage).

Routine or preventative maintenance includes debris removal, silt and sediment removal, and clearing of
vegetation around flow control devices to prevent clogging. Routine maintenance also includes the
maintenance of a healthy vegetative cover. Dead turf or other unhealthy vegetative areas will need to be
replaced after being discovered. The vegetation should be mowed as required to maintain at least a 4-6”
grass height or to suppress weeds and woody vegetation.
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http://www.cabmphandbooks.com/Documents/Development/TC-30.pdf

Reference:
http://www.ci.fremont.ca.us/NR/rdonlyres/eriv54gbkvgvrixmnhgf66yn55peb4zxxe5n6xwijisawumog4il6j6px4junutlc5dduoizh73wwz4owzisinmeuxec/Vegetated+Swale+Maintenance+P
lan.pdf

Wetlands: Constructed

A constructed wetland is an area constructed to function as a wetland as defined by the Army Corps of
Engineers. Wetlands allow inundation of flood waters, control nutrient loads through assimilation by
vegetation, and allow deposition of stream sediment. Maintenance is dependent on local hydrologic,
hydraulic, and loading conditions, local regulations, and vector control concerns. Routine harvesting of
vegetation may increase nutrient removal and prevent the export of these constituents from dead and dying
plants falling in the water. A previous study (Faulkner and Richardson, 1991) documented dramatic
reductions in nutrient removal after the first several years of operation and related it to the vegetation
achieving a maximum density. Typical maintenance activities and frequencies include:
- Schedule semiannual inspections for burrows, sediment accumulation, structural integrity of the

outlet, and litter accumulation.

Remove accumulated trash and debris in the basin at the middle and end of the wet season. The

frequency of this activity may be altered to meet specific site conditions and aesthetic considerations.

Maintain emergent and perimeter shoreline vegetation as well as site and road access to facilitate

vector surveillance and control activities.

Remove accumulated sediment in the forebay and re-grade about every 5-7 years or when the

accumulated sediment volume exceeds 10 percent of the basin volume. Sediment removal may not

be required in the main pool area for as long as 20 years.

For treatment ponds, the annual cost of routine maintenance has typically been estimated at about 3 to 5
percent of the construction cost; however, the published literature is almost totally devoid of actual
maintenance costs. Since ponds are long-lived facilities (typically longer than 20 years), major maintenance
activities are unlikely to occur during a relatively short study.
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http://www.constructedwetlands.org/cw/index.cfm?DSP=czechphotos

References:

Jones, William W., “Design Features of Constructed Wetlands for Nonpoint Source Treatment,” September 1995. Located at the following website:
http://www.spea.indiana.edu/clp/Const%20Wetland%20booklet.pdf

http://www.cabmphandbooks.com/Documents/Development/TC-21.pdf

http://www.cabmphandbooks.com/Documents/Development/MP-20.pdf

Water Bar
A ridge of compacted soil, loose rock, log, or gravel constructed acrosdis rights-of-way and similar

sloping areas. The structure helps breakup the flow path of water tatmgigsion.

Photo: Scott Brown

Reference:
http://www.abe.msstate.edu/csd/p-dm/all-chapters/chapter4/chapter4/waterbar.pdf
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