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EXHIBIT 6.68
POROUS LANDSCAPE DETENTION IN DENVER

EXHIBIT 6.67
POROUS LANDSCAPE DETENTION IN DENVER

Porous landscape detention adjacent to the roadway
is planted with a variety of water-loving plants in a
sandy loam soil matrix that filters runoff from the
adjacent roadway.

EXHIBIT 6.66
POROUS LANDSCAPE DETENTION IN

PORTLAND, OR

Porous landscape detention can be
employed in the small spaces between
buildings like the central planters in this
residential courtyard.
Source: Murase Associates

This porous landscape detention area takes the form of a
public garden in a townhouse development.  The overflow
inlet (not visible) prevents flooding of the courtyard. Rock
mulch might require less maintenance than the wood
chips seen here.
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Detention Basins

Function: Site WQCV and Flood Control

Detention basins for stormwater quality include the following four types, each capturing the
WQCV and slowly releasing it to provide long-term settling.

1. Extended detention basin
2. Sand filter extended detention basin
3. Constructed wetland basin
4. Retention pond

These basins are generally intended to serve watershed areas greater than one acre, with areas
less than one acre served by WQCV facilities such as porous landscape detention and porous
pavement detention.  Constructed wetland basins and retention ponds are only suitable if the
local hydrology will support viable wetlands or a permanent pool, and if water rights issues are
considered and addressed.  Flood control detention may be designed in a surcharge zone above
any of the water quality detention basins identified above.

4 Typical Applications: Watershed areas typically greater than one acre, generally located
in landscape areas.

4 Operation and Maintenance Considerations: Access to the basin by sediment cleanout
equipment is required.  Provide an all-weather driving surface designed in accordance
with Volume 3 to the bottom of the basin near the pre-sedimentation forebay and outlet
works. See Maintenance Guidelines at end of chapter.

4 Landscape Considerations: Locate basins along major roads when consistent with
zoning and urban design requirements, and when basin can be designed as a site amenity;
otherwise, locate in an unobtrusive part of the site. Exclude recreation facilities,
bluegrass, and cobble from the bottom of the facility subject to frequent prolonged
inundation. The shaping of the detention basin should focus on creating a subtle,
attractive facility. Constructed wetland detention basins can create habitat and wildlife
amenities while providing additional stormwater quality benefits.

4 Retaining Walls: Attempt to design without the use of retaining walls, but if walls are
unavoidable, plan at least one side of the basin perimeter without retaining walls to allow
access. Walls over 30 inches in height require handrails designed in accordance with the
Uniform Building Code. Locate walls away from main view points to and from the site.

4 Outlets. Outlets must control the design release rates and be provided with micro-pools,
oversized trash racks, and emergency spillways in accordance with Volume 3.  Outlets
that are flush with the vegetated side slope are less visually obtrusive.

4 Governing Documents: See Volume 3, pages S-35, S-47, S-53, and S-64.
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EXHIBIT 6.70
PLANTING CONCEPT FOR AN EXTENDED DETENTION BASIN

One planting concept for an extended detention basin includes wetlands adjacent to the micropool, trees and
shrubs planted on the side slopes, the outlet structure flush with the slope on the more public side of the basin,
and masses of shrubs screening the basin.

1: Inlet: Dissipate energy at inlets to prevent erosion and sediment re-suspension.
2: Sediment Trap: Provide forebay in accordance with Volume 3.
3: Slopes: Sideslopes are generally 4:1 or flatter for safety and maintenance. (Not shown on sketch)
4: Vegetation: Should consist of turfgrass supplemented by selected shrubs and trees. When high groundwater
is present, include riparian vegetation.
5: Outlet/Overflow: Construct an outlet into the bank closest to most public areas to minimize visibility.  Provide
micro-pool, trash rack, and emergency spillway in accordance with Volume 3.
6: Infiltration Matrix: Native soils in all but sand filter basins, which are to be designed with a sand layer and
underdrain system in accordance with Volume 3.

EXHIBIT 6.69
EXTENDED DETENTION BASIN SKETCH



Denver Water Quality Management Plan

Chapter 6
Page 6-55

EXHIBIT 6.71
EXTENDED DETENTION BASIN AT STAPLETON

REDEVELOPMENT IN DENVER

While attractive, the density of shrubs in the bottom of
this basin may complicate maintenance. Native grasses
that can easily be mowed would be a better choice.

Gravel in the frequently flooded portions of this new grass detention
basin is difficult to maintain once vegetation moves in with deposited
sediment. Use of riparian or wetland grasses would be a better long-
term solution. Trees on the banks of the basin might help it to blend
with the surrounding neighborhood landscape. The outlet structure
would be less conspicuous if placed into the slope on the far end of
the basin.

EXHIBIT 6.74
EXTENDED DETENTION BASIN IN DENVER

This is an excellent example of including a wide
range of plant materials that screen and
enhance the basin.

EXHIBIT 6.72
EXTENDED DETENTION BASIN IN LOWER

DOWNTOWN DENVER

EXHIBIT 6.73
EXTENDED DETETION BASIN AT SPORTS

ARENA IN DENVER

The fence along this basin prevents
pedestrians from shortcutting
across it, which is an important
detail on high-use sites. Shrubs
could provide a similar function, and
a flush curb and rock mulch strip
could create a cleaner edge.
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Treatment Wetlands

For sites with sufficient water to support
wetlands, detention facilities can be developed as
a constructed wetland basin, as described in
Volume 3. The treatment wetland in the bottom of
the basin utilizes physical, chemical, and
biological processes in the water, soil, root zones,
and vegetation to provide additional treatment of
stormwater.  Design guidance for treatment
wetlands, which have been shown to reduce
suspended solids, nutrients, and metals in
stormwater runoff, is provided in Volume 3 for
constructed wetland basins and in a variety of
other references for other applications of
treatment wetlands (Kadlek and Knight 1996;
Hammer 1989).

Subsurface Treatment Devices

Over the last decade, many proprietary stormwater BMPs have been developed, many of these
are subsurface, vault-type treatment devices.  Examples of these devices include StormcepterÔ,
VortechnicsÔ, Bay SaverÔ, and Storm FilterÔ.  As a class of treatment technologies, these
devices have proven to be controversial for the following reasons:

4 Unsubstantiated performance claims in some cases.

4 In cases where the manufacturer does provide performance data,  such data were often
not obtained using independent third parties and lacked appropriate quality
assurance/quality control procedures.

4 Because such facilities are normally located below the ground surface, they tend to be
out-of-sight, out-of-mind .  Therefore, they do not receive regular maintenance, nor is

their performance periodically monitored.

4 Maintenance access is often poor, which can be a real deterrent to maintenance.

4 To the extent that such devices work, their effectiveness is typically limited to the
removal of larger-sized settleable pollutants.  Dissolved pollutant removal and the
removal of very small solids is typically very low, if at all.

4 Few of these devices provide volume control, consequently, they fail to address perhaps
the leading cause of receiving stream degradation from urban stormwater discharges
increased frequency, magnitude, and duration of runoff.

EXHIBIT 6.75
TREATMENT WETLANDS AT COTTONWOOD CREEK

Created wetlands adjacent to the creek provide
areas for filtration of stormwater as well as habitat.
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4 Anaerobic (absence of dissolved oxygen) conditions in bottom sediments are more likely
to develop in underground devices.  This condition can release pollutants that were bound
to the sediment and cause bad odors.

For all of these reasons, Denver strongly supports managing stormwater quality on the ground
surface using the many kinds of BMPs described in this document and in Volume 3 of the Urban
Storm Drainage Criteria Manual (UDFCD 2001).  Under most circumstances, it should be
feasible to manage the modest water quality capture volume (WQCV) on the surface, without
having to utilize subsurface, proprietary devices.  Nevertheless, Denver recognizes that there are
some cases where the use of such facilities is necessary due to extreme space constraints in
smaller redevelopment sites, such as ones located in the downtown area.  Denver will consider
the use of subsurface treatment techniques under certain circumstances; however, the applicant
must comply with the following restrictions prior to receiving authorization for the use of such
devices:

4 Clear evidence must be provided on why the WQCV cannot be managed on the ground
surface through capture, extended detention, filtration and/or infiltration and why the use
of a subsurface proprietary device is the best choice for the site, considering factors such
as initial installation, maintenance, and ability to assure long-term function.

4 The proprietary device must provide volume control and be sized for the WQCV based
on a drain time of no less than six hours.

4 Independent, unbiased test data for the device must be provided to Denver for review.
These data must demonstrate that the device is effective.  Performance data should be
gathered in general accordance with the recommendations of the International
Stormwater BMP Database (www.bmpdatabase.org).

4 A binding, long-term maintenance plan, including demonstration of adequate funding for
such maintenance, must be provided.

4 Because the performance of such devices has been shown to deteriorate over time
without proper maintenance, the applicant must either annually submit proof of
maintenance or must gather monitoring data to demonstrate that pollutant removals are
not declining over an extended period of time (i.e., no less than five years).  It is the
responsibility of the applicant to submit a monitoring plan to Denver for review and
approval.  Again, Denver recommends that applicants utilize monitoring
recommendations of the International Stormwater BMP Database
(www.bmpdatabase.org).

Given that this field is rapidly changing, those considering alternative stormwater treatment
technologies should periodically refer to Denver s website
(http://www.denvergov.org/PublicWorks/) for updates and revisions to this policy.
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Other Alternative Technologies

In keeping with the above policy statement on subsurface stormwater treatment, new alternative
technology can be proposed for consideration with the following information submitted for
reference:

4 Description of technology including size, capital costs, design life, installation process
and costs, and operating and maintenance requirements and costs.

4 Data on effectiveness including lab testing and prior testing, pollutant removal rates,
operational details on any existing installations, and monitoring information.

4 Additional information including articles from peer-review, scientific or engineering
journals, approvals or permits from other authorities, and references from other
installations.

4 General acceptance by UDFCD and DRCOG municipalities.

See Denver s website (http://www.denvergov.org/PublicWorks/) for updates and revisions to this
policy and information on acceptable new technologies for implementation in Denver.

Industrial Source Controls

An important component of any stormwater management strategy involves BMPs to prevent
pollution prevention by controlling it at its source.  Examples include covering of
storage/handling facilities and spill containment and control for sites that handle potential
industrial or commercial contaminants, as described in Volume 3.  These topics are discussed in
more detail in Chapter 7.

Drainageway Stabilization

Sites that encompass or are adjacent to major drainageways will need to preserve and enhance
natural stream functions, provide adequate flood capacity, and protect the channel from
degradation.  The Urban Storm Drainage Criteria Manual, Volume 1 (UDFCD 2001) provides
design criteria for major drainage improvements, and Volume 3 describes constructed wetland
channels. Soft  stream restoration techniques utilizing channel shaping and riparian vegetation,
as well as natural-appearing grade control structures, are favored over more structural
approaches to help enhance water quality and aesthetics.

Healthy streams and drainageways, if managed well, provide a number of important functions
and values, including the following:

4 Conveyance of baseflow and storm runoff
4 Moderation of flood velocities and associated erosion
4 Attenuation of peak flows though channel storage
4 Support of riparian and wetland vegetation
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4 Creation of habitat for wildlife and aquatic species
4 Promotion of infiltration and groundwater recharge
4 Enhancement of water quality
4 Reduction of ongoing maintenance requirements
4 Provision of corridors for trails and open space
4 Provision of favorable aesthetics
4 Enhancement of property values and quality of life

Degradation of drainageways from increased urban runoff creates adverse water quality impacts
by mobilizing significant quantities of sediment and associated pollutants and conveying them to
downstream receiving waters. Stream degradation must be protected against, or, if significant
erosion has already taken place, mitigated and repaired through appropriate stabilization
improvements.  These improvements, besides providing for adequate flood conveyance and a
stable channel, should endeavor to provide all of the benefits listed above that are associated with
healthy stream systems.

EXHIBIT 6.76
DRAINAGEWAY STABILIZATION AT WILLOW CREEK IN ARAPAHOE COUNTY

New channel section was stabilized using a combination of bioengineering and rip-rap
reinforcement. Low-flow channel edges employed coir fiber rolls. The toe of an unstable slope
(distant right on left photo) was stabilized using wrapped soil lifts.  The photo on right shows
revegetation after two years.
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Urbanization had caused severe erosion on Grange Hall Creek in Northglenn. The stabilization plan called
for creating a more stable channel through grade control and a raised channel invert. The new channel
utilized a wider, more active flood plain, which allowed frequent flood flows to spread out over channel
overbanks, creating a wider, more stable riparian zone and lower flow velocities. Drop structures were
designed to fit the prairie context and be accessible and inviting places for public use.

EXHIBIT 6.77
DRAINAGEWAY STABILIZATION AT GRANGE HALL CREEK IN NORTHGLENN
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MAINTENANCE POLICIES AND GUIDELINES

In order for stormwater BMPs to be effective, proper
maintenance is essential.  Maintenance includes both
routinely scheduled activities, as well as non-routine
repairs that may be required after heavy storm events or
as a result of other unforeseen problems.  Arrangements
for BMP maintenance are the responsibility of the entity
owning the BMP.  More specifically, if Denver owns
the BMP, then Denver maintains the BMP.  If a private
party owns the BMP, then the private party is
responsible for arranging for maintenance of the BMP.
BMPs should be designed with maintenance as one of
the key design considerations, as discussed in the BMP
Fact Sheets section of this chapter.

This section provides recommendations for Denver to
ensure proper maintenance of BMPs, as well as specific
guidelines for BMP maintenance.  For BMPs currently
widely used in the Denver Area, the maintenance
guidelines build directly upon Volume 3 of the Urban
Storm Drainage Criteria Manual. For BMPs that have
been used less frequently in the Denver area, such as
green roofs, recommendations for maintenance are
provided based on experiences in other parts of the
United States.

Defining Maintenance Responsibility for Public and Private Facilities

Defining who is responsible for maintenance of BMPs and ensuring that adequate budget is
allocated for maintenance is critical to the long-term success of BMPs.  In Denver, maintenance
responsibility may be assigned in four different ways:

1. Municipally owned BMPs are maintained by Denver, typically through the Wastewater
Management Division, but occasionally by Parks and Recreation.  Denver personnel
responsible for maintenance are trained by Denver s Department of Environmental
Health.

2. Regional drainage facilities located outside of Denver parks are maintained by UDFCD
when specific criteria are met.

3. Privately owned BMPs are maintained by the property owner, Homeowner s Association
or property manager.

4. Privately owned BMPs are maintained by Denver under a written agreement with the
owner, with appropriate fees assessed for maintenance services.

EXHIBIT 6.78 BMP
MAINTENANCE POLICIES

PROPER LONG-TERM MAINTENANCE
OF BMPS IS ESSENTIAL TO BMP
EFFECTIVENESS

BMPS MUST BE DESIGNED WITH
MAINTENANCE IN MIND

PRIVATELY-OWNED BMPS MUST BE
PROPERLY MAINTAINED BY THEIR
OWNER

DENVER-OWNED BMPS MUST BE
PROPERLY MAINTAINED BY DENVER

BMP MAINTENANCE WILL BE
ENFORCED UNDER DENVER S CDPS
STORMWATER PERMIT
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EXHIBIT 6.79
SEDIMENT REMOVAL FROM A FOREBAY AT
THE REGIONAL SHOP CREEK BMP SYSTEM

Source:  Urban Drainage and Flood Control District.

Enforcement of BMP maintenance is required under Denver s Colorado Discharge Permit
System (CDPS) stormwater permit and is accomplished through several full-time staff that
conduct inspections of permanent BMPs.  Additional legal enforcement may be accomplished by
a variety of other mechanisms including:  1) agreements establishing legally binding BMP
maintenance requirements and responsibilities; 2) permit obligations specifying BMP
requirements; or 3) municipal legislative action or rulemaking authority.  Examples of
maintenance agreements from several communities throughout the country are provided in
Appendix D.  Examples of some of the specific requirements suggested for legal agreements by
the Watershed Management Institute (1997) include:

4 General Assurances:  Identify requirements for proper operation and maintenance,
conditions for modification of facilities, dedicated easements, binding covenants,
operation and maintenance plans, and inspection requirements.

4 Warranty Period:  Require the original developer to be responsible for maintenance and
operation during a defined short-term period, and identify the entity responsible for long-
term operation.  The party responsible for long-term maintenance must have appropriate
legal authority to own, operate, maintain, and raise funds to complete needed
maintenance.

4 Proof of Legal Authority:  Require that the entity meet certain conditions verifying its
legal authority to ensure maintenance.

4 Conditions for Phased Projects:  Clearly specify how maintenance responsibilities are
allocated over the long-term for a project that is phased in over time.

4 Remedies:  Clearly define remedies in the event that inspections determine that the
facility is not being properly maintained.

For public facilities, one of the key issues for
Denver is ensuring that adequate staff and
budget are provided to the department
responsible for maintenance.  Ponds, lakes or
wetland BMPs constructed in Denver Parks
must be built with assurances that additional
maintenance staff and resources are identified
in advance. This is a particularly significant
issue for multi-purpose pond or wetland
BMPs located in Denver parks.  These
features require more trash, debris and
sediment removal and surface maintenance to
control erosion than is typically allocated in
Parks and Recreation budgets (Murayama
2004).
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EXHIBIT 6.80
DIFFICULT BMP MAINTENANCE ACCESS

For private facilities, such as those owned and maintained by homeowner s associations, there is
often a lack of understanding of maintenance required for BMPs.  Both Denver s internal staff
and outside reviewers of this Plan identified maintenance of private facilities as a top priority.
One proposed solution was to require a maintenance plan to be submitted as part of the
development review/approval process.  Recommendations for such maintenance plans are
provided below.  In addition to maintenance plans, another important step is educating the
general public on the purpose and function of stormwater BMPs. This is critical in cases where
Low Impact Development (LID) or landscape-based BMPs are implemented on multiple parcels
in developments.  In addition to legally binding maintenance agreements, it would also be
helpful to have easy-to-understand informational brochures that describe the functions and
maintenance requirements for these facilities.

Developing a Maintenance Plan

At the time that this Plan was completed, the Denver Public Works Rules and Regulations and
Stormwater Quality Control Plans, An
Information Guide (Denver 2000) did not
contain explicit requirements for maintenance
of stormwater BMPs.  Based on the input of
Denver staff and the importance of maintenance
to the long-term success of BMPs, it is
recommended that a simple maintenance plan
be required as part of Stormwater Quality
Control Plans.  Such a plan (which need not
exceed five pages) should include the following
key components:

1. A simple sketch of the site showing the
locations of all stormwater quality
BMPs at the development site and key
components such as forebays, inlets,
outlets, low-flow channels or other components that require inspection or maintenance.
The sketches should be in a form appropriate for easy use by inspectors (e.g., 8.5  x 11
or 11  x 17  paper if possible) and should be kept on site at the property or the property
management office. Any changes to the facility over time should be noted on the sketch.

2. A brief description of the maintenance requirements and expected frequency of actions
(which can be obtained from the Maintenance Requirements discussion below).  It is
important to not only identify maintenance requirements related directly to the water
quality functions of the BMP, but also to identify public safety aspects of the BMP design
and ensure that they are functioning as intended and in good repair (e.g., fences and guard
rails, signage, lighting, safety racks, and submerged perimeter benches for BMPs with a
permanent pool.).

3. An inspection form or checklist appropriate for the facilities in place at the site.  An
example inspection form used by the City of Portland, Oregon is provided in Exhibit
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EXHIBIT 6.81
PROPER MAINTENANCE IS ESSENTIAL TO

PREVENT NUISANCE CONDITIONS

6.82. A log of inspection forms should be kept on-site or at the property management
office to demonstrate that routine inspections and maintenance are occurring.

4. Identification of and contact information for the entity responsible for maintenance of the
facility.  For example, this could be a Homeowner s Association, Denver Public Works,
Denver Parks and Recreation, UDFCD, or another entity.

5. Copies of legally binding agreements associated with the facility which show that the
facility owner is aware of and will abide by its maintenance responsibilities.  Denver s
Storm Sewer Easement and Indemnity Agreement, as contained in Appendix D, is a good
starting point.  Alternative agreements used in other parts of the country are also provided
in Appendix D.

Maintenance Requirements

Specific maintenance guidelines for the
BMPs included in this document are
provided below building directly upon the
Urban Storm Drainage Criteria Manual,
Volume 3 (UDFCD 1999) for BMPs
commonly used in Denver.   Additional
guidelines for new  BMPs included in
this Plan, such as green roofs, are also
provided based on experiences elsewhere.
Although subsurface treatment devices are
not preferred by Denver for reasons
mentioned earlier in this chapter, basic
maintenance guidelines for these facilities
are also provided, in the event that they are approved on a limited basis under site-specific
circumstances. BMP maintenance requirements should be posted on the Denver Public Works
website for ready access by the public and be incorporated into updates to Denver s Storm
Drainage Design and Technical Criteria Manual.  Since some of the BMPs included in this Plan
are relatively new to Denver, practical experience will likely provide more insight into
maintenance needs.  As a result, the Denver (www.denvergov.org) and UDFCD
(www.udfcd.org) websites should be periodically checked for updates to maintenance
recommendations.   It is also important to note that the guidelines included in this Plan should
always be combined with common sense and good judgment based on field observations and
practical experiences of staff.
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EXHIBIT 6.82
EXAMPLE BMP MAINTENANCE INSPECTION FORM FROM MAINTAINING YOUR STORMWATER

MANAGEMENT FACILITY:  A HANDBOOK FOR PRIVATE PROPERTY OWNERS.  (CITY OF
PORTLAND, OR 2002)
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 In addition to the guidelines included in this Plan, other excellent supplemental references
providing information on stormwater BMP maintenance include:

4 Urban Drainage and Flood Control District.  1999. Urban Storm Drainage Criteria
Manual, Volume 3, Stormwater Best Management Practices.  Denver, CO:  Urban
Drainage and Flood Control District.  Also see the UDFCD website for updates to
Volume 3 BMP maintenance recommendations (www.udfcd.org).

4 Watershed Management Institute. 1997. Operation, Maintenance and Management
of Stormwater Management Systems.  Ingleside, MD:  Watershed Management
Institute.

4 Low Impact Development Center.  2003.  Low Impact Development Urban Design
Tools. http://www.lid-stormwater.net/.

4 City of Portland, Oregon. 2002. Maintaining Your Stormwater Management Facility:
A Handbook for Private Property Owners.  Portland, OR:  Bureau of Environmental
Services.

On a general note with regard to BMPs that have a vegetation component or involve weed and
pest control, the Mayor s Executive Order 121 establishes specific requirements for pesticide use
in Denver (Denver 1997).  UDFCD and Chapter 7 of this Plan strongly advocate use of
Integrated Pest Management (IPM) practices that help to reduce the level of pesticide and
herbicide use through a variety of practices.

Although water quality monitoring is not typically required as part of maintenance agreements, it
is highly encouraged as an effective tool for determining if the BMP is functioning effectively.
Stormwater quality monitoring guidelines can be downloaded from the International Stormwater
BMP Database website (www.bmpdatabase.org).

Grass Buffers and Grass Swales

Grass buffers and swales require general maintenance of the turf grass cover and repair of any
rill or gully development. Healthy vegetation can generally be maintained without using
fertilizers because runoff from lawns and other areas contains the needed nutrients. Occasionally
inspecting the vegetation over the first few years will help to determine if any problems are
developing and to plan for long-term restorative maintenance needs. Exhibit 6.83 presents a
summary of specific maintenance requirements and a suggested frequency of action.
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EXHIBIT 6.83.  GRASS BUFFER STRIP AND SWALE MAINTENANCE CONSIDERATIONS
(ADAPTED FROM UDFCD 1999)

Required Action Maintenance Objective Frequency of Action

Mowing Maintain irrigated turfgrass at a recommended height of 2 to 4
inches tall. Non-irrigated native grass should be maintained at 6
to 8 inches tall.

Routine  As needed to maintain
grass height or based on inspection.
Will vary from as frequently as weekly
during the summer, to no mowing
during the winter.

Fertilizer,
Herbicide and
Pesticide
Application

Use the minimum amount of biodegradable, nontoxic fertilizers
and herbicides needed to maintain dense vegetation cover that is
reasonably free of weeds.  Hand pulling of weeds is preferred in
areas with limited weed problems.  Comply with Executive Order
121 (Denver 1997) regarding pesticide use and use integrated
pest management (IPM) strategies.

Routine  On an as-needed basis
only.

Irrigation 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. Check for broken
sprinkler heads and repair them, as needed. Do not overwater.
Signs of overwatering and/or broken sprinkler heads may include
soggy areas and unevenly distributed areas of lush growth.

Routine Adjust and maintain
throughout growing season.

Reseeding/
Vegetation
Replacement

Reseed and/or patch damaged areas in buffer, sideslopes and/or
channel to maintain healthy vegetative cover.

Routine  As needed by inspection.
Expect turf replacement for buffer
strips once every 5 to 15 years.

Litter and
Debris Removal

Remove litter and debris to prevent gully development, enhance
aesthetics, and prevent floatables from being washed offsite.

Routine  As needed by inspection,
but no less than two times per year.

Sediment
Removal

For Grass Swales:  Remove accumulated sediment near culverts
and in channels to maintain flow capacity. Replace the grass
areas damaged in the process.

Routine  As needed by inspection.
Remove sediment from roughly 3 to
10 percent of the total length of the
swale per year, as determined by
annual inspection.

Inspections Inspect vegetation for uniform cover and heavy traffic impacts,
check for sediment accumulation and gully development.

Annually and after each major storm
(more than 0.75 inches in
precipitation).  Repair as needed.
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Porous Pavement and Porous Pavement Detention

The key maintenance objective for porous pavement and porous pavement detention is to know
when runoff is no longer rapidly infiltrating into the surface, which is typically due to void
spaces becoming clogged and requiring sediment removal.  Exhibit 6.84 identifies key
maintenance considerations for various types of porous pavement BMPs.

EXHIBIT 6.84.  POROUS PAVEMENT MAINTENANCE CONSIDERATIONS
(ADAPTED FROM UDFCD 1999, AS AMENDED BY UDFCD S DRAFT POROUS PAVEMENT

GUIDANCE, OCTOBER 2004)
Required Action Maintenance Objective Frequency of Action

Debris and Litter
Removal

For All Types:  Accumulated material should be removed as a
source control measure.

Routine  As needed.

Sod Maintenance For Modular Block Pavement:  If sandy loam turf is used,
provide lawn care, the irrigation system, and inlay depth
maintenance as needed.

Routine  As dictated by
inspection.

Vacuuming
Pavement

For Porous Concrete Pavement:  Vacuum the porous concrete
pavement using high energy purging street vacuuming
equipment to remove accumulating sediment from pavement
pores.

Routine  Every year, but may be
extended to every two or more
years if routine inspections show
the infiltration rates continue to
be high. Very important to
maintain infiltration flow through
the full section of the concrete to
extend it life during freeze-thaw
cycles in colder climates.

Inspection For All Types:  Inspect representative surface areas for
accumulation of sediment or poor infiltration.

For Reinforced Grass Pavement: Inspect representative areas
of surface for healthy grass growth, surface erosion,
accumulation of sediment and poor infiltration.

Routine and during a storm event
to ensure that water is not
frequently bypassing these
surfaces by not infiltrating into
the pavement.

Replace Surface
Filter Layer

For Modular Block Pavement:  Remove, dispose, and replace
surface filter media by pulling out turf plugs and by
vacuuming out sand media from within the annular spaces of
the blocks. Replace with fresh ASTM C-33 sand and, if
appropriate, sandy loam turf plugs.

For Cobblestone Block Pavement: Remove, dispose, and
replace surface filter media by vacuuming out sand media
from within the annular spaces of the blocks using scarifying
high energy vacuum equipment. Replace with fresh ASTM C-
33 sand.

Non-routine  when it becomes
evident that runoff does not
rapidly infiltrate into the surface.
May be as often as every year or
as little as every 5 to 10 years for
modular block pavement or 2 to 5
years for Cobblestone Block
Pavement.

Repair and
Replacement of
Sod Layer

For Reinforced Grass Pavement: Repair damaged sod. Remove
and replace, as needed, the sod cover to maintain a healthy
vegetative cover or when sod layer accumulates significant
amount of silt (i.e., >1.5 inches) from atmospheric fallout and

Non-routine  when it becomes
evident that runoff does not
rapidly infiltrate into the surface.
Repairs may be as often as every



Denver Water Quality Management Plan

Chapter 6
Page 6-69

EXHIBIT 6.84.  POROUS PAVEMENT MAINTENANCE CONSIDERATIONS
(ADAPTED FROM UDFCD 1999, AS AMENDED BY UDFCD S DRAFT POROUS PAVEMENT

GUIDANCE, OCTOBER 2004)
stormwater runoff. year. Replacement of sod may be

as little as every 10 to 25 years.

Replace
Pavement

For Modular Block Pavement:  Remove and replace the
modular pavement blocks, the sand leveling course under the
blocks, and the infill media when the pavement surface shows
significant deterioration.

For Cobblestone Block Pavement: Remove and replace the
cobble pavement blocks, the sand leveling course under the
blocks, and the infill media when the pavement s surface
shows significant deterioration.

For Porous Concrete Pavement:  Remove, dispose, and
replace porous concrete when it shows excessive surface
deterioration and when it no longer infiltrates stormwater
quickly. Inspect the full section of the pavement when the
concrete layer is removed for accumulation of sediment in the
base course and on top of the sand filter layer or sub-base.
Remove and dispose accumulated sediment and replace base
course, sand filter layer, and geotextile fabrics.

For Porous Gravel Pavement: Remove, dispose, and replace
surface gravel layer when it shows excessive surface
deterioration and when it no longer infiltrates stormwater
quickly. Inspect the full section of the pavement when
replacing the surface gravel layer for accumulation of
sediment in the base course and on top of the sand filter
layer or sub-base. Remove and dispose accumulated
sediment and replace base course, sand filter layer and
geotextile fabrics.

Non-routine  when it becomes
evident that the modular blocks
have deteriorated significantly.
Expect replacement every 10 to 25
years, dependent on use and
traffic.

Repair of
Structural
Damage

For All Types:  Structural damage due to improper
construction, faulty materials or accidents should be repaired
as needed.

Non-routine Upon awareness
that structural damage such as
pavement unraveling has
occurred.
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Porous Landscape Detention

The primary maintenance objective for porous landscape detention is to keep vegetation healthy,
remove sediment and trash, and ensure that the facility is draining properly.  The growing
medium for these BMPs will need to be replaced periodically to maintain performance. Exhibit
6.85 summarizes key maintenance considerations for porous landscape detention.  Porous
landscape detention is comparable to bioretention cell and rain garden practices used as part of
Low Impact Development strategies.

EXHIBIT 6.85. POROUS LANDSCAPE DETENTION MAINTENANCE CONSIDERATIONS
(Adapted from UDFCD 1999 and supplemented by Prince George s County Bioretention Manual

and the City of Portland Environmental Services Homeowner Handbook)
Required Action Maintenance Objectives Frequency

Lawn mowing
and turf  care

Occasional mowing of grasses and weed
removal to limit unwanted vegetation.
Maintain irrigated turf grass at 2 to 4 inches
tall and un-irrigated native grasses at 4 to
6 inches.

Routine Depending on aesthetic requirements.

Debris and litter
removal

Remove debris and litter from detention area
to minimize clogging of the sand media;
remove debris and litter from any overflow
inlets.

Routine depending on aesthetic requirements.

Sediment
Removal

Remove sediment to maintain infiltration. Routine particularly in the inlet area.

Soil Prevent erosion and provide healthy growing
medium for plants.

Routine Visually inspect and repair erosion
following major storm events. Use small stones to
stabilize erosion along drainage paths. Check the
pH once or twice a year. Apply an alkaline product,
such as limestone, if needed. Soil replacement may
be required every 5 to 10 years, depending on
pollutant loads.

Mulch Conserve soil moisture and promote plant
health.

Routine Re-mulch any void areas by hand as
needed. Every 6 months, in the spring and fall, add
a fresh mulch layer. Once every 2 to 3 years, in the
spring, remove old mulch layer before applying new
one.

Plant Care Maintain attractive, healthy vegetation. Routine Once a month (more frequently in the
summer), visually inspect vegetation for disease or
pest problems.  If treatment is warranted, use
Integrated Pest Management (IPM) approaches. In
the early spring and late fall, remove and replace all
dead and diseased vegetation.

Provide adequate irrigation to promote healthy
plant growth. During times of extended drought,
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EXHIBIT 6.85. POROUS LANDSCAPE DETENTION MAINTENANCE CONSIDERATIONS
(Adapted from UDFCD 1999 and supplemented by Prince George s County Bioretention Manual

and the City of Portland Environmental Services Homeowner Handbook)
look for physical features of stress (unrevived
wilting, yellow, spotted or brown leaves, loss of
leaves, etc.).

Weed on an as-needed basis. Prune excess growth
annually or more often, if desired. Trimmed
materials may be recycled back in with replenished
mulch or land filled if there is a concern of heavy
metals accumulation.

Drainage Prevent extended ponding and mosquito
reproduction.

Non-routine After rainstorms, inspect the area and
make sure that drainage paths are clear and that
ponding water dissipates over 4-6 hours. (Water
may pond for longer times during the winter and
early spring.) It is important to note that these
features are not ponds and should drain in a
manner that does not promote mosquito breeding.

Chemical Spill
Response

Remove soil and plants and replace with new
material.

Non-routine in the event of a chemical spill, the
soils and plant material should be replaced.

Inspections Inspect detention area to determine if the
sandy loam media is allowing acceptable
infiltration.

Routine biannual inspection of hydraulic
performance.
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Source:  Urban Drainage and Flood Control District.

EXHIBIT 6.86
MUCKING OUT  A MICROPOOL AT AN

EXTENDED DETENTION BASIN

Extended Detention and Retention Basins

Extended detention basins and retention ponds have
low to moderate maintenance requirements on a
routine basis, but require significant maintenance
about once every 10 to 20 years for sediment
removal.  Sediment removal frequency depends on
the amount of construction activity within a basin,
the erosion control measures implemented, the size
of the basin and the design of the facility. When
aggressive erosion control is practiced in the
tributary watershed, it is estimated that accumulated
sediment will need to be removed at 5- to 20-year
intervals. Routine and non-routine maintenance is
necessary to assure performance, enhance
aesthetics, and protect structural integrity. Extended
detention (dry) basins can result in nuisance
complaints if not properly designed or maintained.
If a shallow wetland or marshy area develops,
mosquito breeding and nuisance odors could occur
if the water becomes stagnant. Biodegradable
pesticides may be required to limit insect problems.
Frequent debris removal and mowing can reduce
aesthetic complaints. Access to critical elements of
both dry and wet ponds (inlet, outlet, spillway,
and sediment collection areas) must be provided.
The basic elements of the maintenance requirements are presented in Exhibit 6.87.

EXHIBIT 6.87.  EXTENDED DETENTION AND RETENTION BASIN MAINTENANCE
CONSIDERATIONS (ADAPTED FROM UDFCD 1999)

Required Action Maintenance Objective Frequency of Action

Lawn Mowing
and Lawn Care

Occasional mowing to limit unwanted
vegetation. Maintain irrigated turf grass at
2 to 4 inches tall and un-irrigated native
turf grasses at 4 to 6 inches.

Routine  Depending on aesthetic requirements.

Debris and Litter
Removal

Remove debris and litter from the entire
pond to minimize outlet clogging and
improve aesthetics.

Routine  Including just before annual storm
seasons (that is, April and May) and following
significant rainfall events.

Erosion and
Sediment Control

Repair and revegetate eroded areas in the
basin and channels.

Non-routine  Periodic repair as necessary based on
inspection.

Structural Repair pond inlets, outlets, forebays, low-
flow channel liners, and energy dissipaters
whenever damage is discovered. Also
stabilize banks and berms.

Non-routine  Repair as needed based on regular
inspections.
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EXHIBIT 6.87.  EXTENDED DETENTION AND RETENTION BASIN MAINTENANCE
CONSIDERATIONS (ADAPTED FROM UDFCD 1999)

Inspections Inspect basins to insure that the basin
continues to function as initially intended.
Examine the outlet for clogging, erosion,
slumping, excessive sedimentation levels,
overgrowth, embankment and spillway
integrity, and damage to any structural
element.

Routine  Annual inspection of hydraulic and
structural facilities. Also check for obvious
problems during routine maintenance visits,
especially for plugging of outlets. Biannual
performance and maintenance inspections.

Nuisance Control Address odor, insects, and overgrowth
issues.  For dry ponds, check for stagnant
or standing water in the bottom zone that
may cause these problems.

Non-routine  Handle as necessary per inspection
or local complaints.

Sediment
Removal (for Dry
Ponds)

Remove accumulated sediment from the
forebay, micro-pool, and the bottom of
the basin.

Non-routine  Performed when sediment
accumulation occupies 20 percent of the WQCV.
This may vary considerably, but expect to do this
every 10 to 20 years, as necessary per inspection if
no construction activities take place in the tributary
watershed, but more often if construction is
occurring. The forebay and the micropool will
require more frequent cleanout than other areas of
the basin, roughly every 1 or 2 years.

Sediment
Removal (for Wet
Ponds)

Empty the pond, divert the base flow, and
dry out bottom sediment in fall and winter
months to allow access with backhoe.
Remove accumulated sediment along with
overlying aquatic growth. Re-establish
original design grades and volumes and
replant aquatic vegetation.

Non-routine  As indicated per inspections and
sediment accumulation. Expect to do this every 10
to 20 years if no construction activities take place in
the tributary watershed. More often if they do.
Expect to clean out the forebay every 1 to 5 years.

Aquatic Growth
Harvesting
(Primarily for Wet
Ponds)

Remove aquatic plants such as cattails or
reeds, thereby also permanently removes
nutrients. Use an aquatic harvester and
dispose of the material offsite.

Non-routine  Perform every 5 to 15 years or as
needed to control accumulation.

Forebays Ensure that measures described above
(e.g., debris and sediment removal and
aquatic harvesting) are also conducted for
forebays to the ponds.

Routine and Non-routine  on an as needed basis,
consistent with the practices described above.

Trash Racks Regularly remove debris and ensure that
trash rack is in good condition.  This is
important for proper function of the BMP,
aesthetics and public safety.

Routine Should be checked when mowing is
conducted and after major storms.
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Sand Filter Extended Detention Basin

Key maintenance considerations for sand filter extended detention basins involve ensuring that
infiltration into the sand filter occurs as designed.  Key maintenance practices are described in
Exhibit 6.88.

Exhibit 6.88.  Sand Filter Detention Basin Maintenance Considerations
(Adapted from UDFCD 1999)

Required Action Maintenance Objectives Frequency

Debris and Litter
Removal

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

Routine  depending on aesthetic
requirements.

Landscaping
Removal and
Replacement

If the sand filter is covered with rock mulch,
bluegrass, or other landscaping covers, the cover must
be removed to allow access to the sand media.
Replace landscaping cover after maintenance of sand
media is complete.

Every 2 to 5 years.

Scarify Filter
Surface

Scarify top 3 to 5 inches by raking the filter s surface. Once per year or when needed to
promote drainage.

Sand Filter
Removal

Remove the top 3 inches of sand from the sand filter.
After a third removal, backfill with 9 inches of new
sand to return the sand depth to 18 inches. Minimum
sand depth is 12 inches.

If no construction activities take place in
the tributary watershed, every 2 to 5
years depending on observed drain times
(e.g., when it takes more than 24 hours
to empty 3-foot-deep pool). Expect to
clean out forebay every 1 to 5 years.

Flush-out
Perforated Pipe
Gallery

If a clean-out  has been provided for the perforated
pipe gallery, it can be used to flush out the pipes.

Routine  Once per year or when needed
to promote drainage.

Inspections Inspect detention area to determine if the sand media
is allowing acceptable infiltration.

Routine  biannual inspection of hydraulic
performance, with one after a significant
rainfall.
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Constructed Wetland Basins and Channels

To achieve and maintain a healthy wetland for water quality enhancement, the proper depth and
spatial distribution of growth zones must be maintained. Exhibit 6.89 summarizes suggested
activities and their frequencies to maintain an operational wetland.

EXHIBIT 6.89. CONSTRUCTED WETLAND CHANNEL AND BASIN MAINTENANCE CONSIDERATIONS
(ADAPTED FROM UDFCD 1999)

Required Action Maintenance Objective Frequency of Action

Lawn Mowing
and Lawn Care

Mow occasionally to limit unwanted vegetation. Maintain
irrigated turf grass at 2 to 4 inches tall and non-irrigated
native turf grasses at 4 to 6 inches.

Routine  Depending on aesthetic
requirements.

Debris and Litter
Removal

Remove debris and litter from entire pond and/or channel
to minimize outlet clogging and aesthetics. Include removal
of floatable material from the pond's surface.

Routine  Including just before annual
storm seasons (that is, in April and May)
and following significant rainfall events.

Sediment
Removal

Remove accumulated sediment and muck along with much
of the wetland growth. Re-establish growth zone depths
and spatial distribution. Revegetate with original wetland
species.

Non-routine  Every 10 to 20 years as
needed by inspection if no construction
activities take place in the tributary
watershed. More often if they do. Expect
to clean out forebay every 1 to 5 years.

Aquatic Plant
Harvesting

Cut and remove plants growing in wetland (such as cattails
and reeds) to permanently remove nutrients with manual
work or specialized machinery.

Non-routine until further evidence
indicates such action would provide
significant nutrient removal. In the
meantime, perform this task once every 5
years or less frequently as needed to
clean the wetland zone out.

Inspections Observe inlet and outlet works for operability. Verify the
structural integrity of all structural elements, slopes, and
embankments.

Routine  At least once a year, preferably
once during one rainfall event resulting in
runoff.
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Green Roofs/Treatment Roofs

As discussed in the BMP Fact Sheets portion of this chapter, green roofs/treatment roofs have
not been used extensively in the Denver area, but have been successfully used in other parts of
the country and in Europe.  If these roofs are selected for use in Denver, proper maintenance is
critical for their success, as is the case with all BMPs.  The Low Impact Development Center
provides guidance on the maintenance requirements for green roofs (http://www.lid-
stormwater.net/greenroofs/greenroofs_maintain.htm) and is reproduced below.  The Low Impact
Development Center states that once a properly installed green roof is well established, its
maintenance requirements are usually minimal, with the extent of maintenance dependent on the
type of green roof.  Green roofing systems can vary in thickness from two to seven inches (5 to
18 centimeters). The term extensive  is used to describe the lighter roofing systems, while the
term intensive  is used to describe the heavier roofing systems.  While a roof s effectiveness in
managing runoff generally increases with the thickness and weight of the roofing system, so do
the maintenance requirements (www.lid-stormwater.net).  Critical maintenance requirements
include inspection of the roof membrane (the most crucial element of a green roof), routine
inspection and maintenance of the drainage layer flow paths, and maintenance of the vegetation
on the roof (www.lid-stormwater.net).  Maintenance requirements for green roofs are reported to
be the greatest during the first two years when plants are becoming established (Stormtech et al.
2003).  Key maintenance activities are summarized in Exhibit 6.90 below and described in more
detail in the remainder of this section.

EXHIBIT 6.90.  GREEN ROOFS/TREATMENT ROOFS
(ADAPTED FROM THE LOW IMPACT DEVELOPMENT CENTER 2004)

Required
Action

Maintenance Objectives Frequency

Irrigation and
Fertilizing

Maintain healthy plant growth.  Use of native plants with a drip
irrigation system will reduce maintenance efforts in arid
environments.  The irrigation system should be checked to ensure it
is functioning properly.

Irrigation and fertilizer
requirements are dependent
on the plant species selected
and the type of irrigation
system installed.

Drip irrigation system should
be inspected monthly.

Trimming and
Weeding

Maintain healthy plant growth. If properly designed and established,
a typical green roof does not need to be mowed.  A thin soil layer
does not support tall vertical growth; therefore, the vegetation mat
will tend to spread horizontally (Scholz-Barth 2001).  Occasional
weeding of the rooftop, especially in the establishment phase, will
remain necessary.

As needed through growing
season.

Inspection for
Drainage

Ensure roof drainage is not blocked to prevent roof leakage and
perpetually saturated soils. Because of the severe consequences of
drainage backups, inspection of the drainage flow paths (or
channels) is crucial, especially on extensive roofs.  If drainage routes
become blocked, green roofs can cause some flat roofs to leak due
to continuous contact with water or wet soil.  With insufficient
drainage, the plants will also be susceptible to the impact of wide

Following major storm
events.
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EXHIBIT 6.90.  GREEN ROOFS/TREATMENT ROOFS
(ADAPTED FROM THE LOW IMPACT DEVELOPMENT CENTER 2004)

degrees of variability in the moisture content of the soil.  If too much
water is present, the soil will be adversely affected and the plants
will drown or rot (Peck and Callaghan 1999; (www.lid-
stormwater.net).

Inspection for
Leaks

Ensure roof is not leaking. Roofs can leak from drainage backups or
root puncture, or if the correct waterproofing membrane system,
root barrier, and/or drainage layer are not selected.  Areas where
occasional inspection for leaks is advisable include possible problem
areas such as abutting vertical walls, roof vent pipes, outlets, air
conditioning units, perimeter areas, etc. (www.greenroofs.com).
Most roofing companies, including those that install green roofs, will
provide a warranty for the waterproofing integrity of the roof
membrane(s) they have installed, including green roof membranes
(www.lid-stormwater.net).

Following major storm
events.

Roof
Replacement

Continue function of green roof. Green roofs are generally more
effective than conventional roofing systems in protecting the roof
membrane.  This reduces regular maintenance costs and extends the
life of the membrane itself. According to a study in Germany, a
vegetated roof on average can be expected to prolong the service
life of a conventional roof by at least 20 years (ZVG 1996; www.lid-
stormwater.net).   In some cases, green roof maintenance may
involve re-waterproofing of the roof membrane.  However, if
designed and installed properly, the waterproof characteristic of a
green roof will be maintained for at least as long as a conventional
roof.

Variable, typically 20+ years.
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Low Impact Development Designs

Low Impact Development (LID) and other BMPs based on minimizing directly connected
impervious area present unique technical and administrative challenges in tracking the status and
upkeep of these BMPs over time.  The greatest challenge to the success of these practices is
proper education on how these BMPs function and ensuring that they are properly maintained
over the long-term.  It is also critically important that these BMPs are understood by property
owners as being permanent, legally required stormwater treatment facilities for the site and are
not removed or regraded due to an owner s aesthetic preferences or site remodeling.  Due to the
localized, integrated nature of these BMPs, there is less likelihood of maintenance by a
maintenance contractor or other professional entity.  For this reason, very clear guidelines must
be provided to homeowners, homeowners  associations, and others implementing LID
techniques.  The Low Impact Development Center website (www.lid-stormwater.net) provides
maintenance guidelines for a variety of LID techniques.  The key component of most LID
designs is the bioretention cell, or rain garden.  This technique is similar to porous landscape
detention, as described in Volume 3 of the Urban Storm Drainage Criteria Manual. For this
reason, the guidelines developed by UDFCD for porous landscape detention, as summarized in
Exhibit 6.85, are recommended to be followed for landscape-based treatment approaches that
have been termed bioretention cells or rain gardens in other parts of the country.  Similarly, LID
techniques that emphasize runoff reduction by disconnecting impervious area and grassy swales
instead of pipes correspond to UDFCD s grass buffers and swales.  Maintenance requirements
for grass buffers and swales are summarized in Exhibit 6.83.

Subsurface Treatment Devices

Because subsurface treatment devices are normally located below the ground surface, they tend
to be out-of-site, out-of-mind.   Therefore, they often do not receive regular maintenance, nor is
their performance periodically monitored.  This is one of the reasons that Denver strongly prefers
above-ground treatment approaches.  In the event that subsurface treatment is approved for a site,
Exhibit 6.91 outlines maintenance requirements.

EXHIBIT 6.91.  SUBSURFACE TREATMENT DEVICES
Required Action Maintenance Objectives Frequency

Accumulated
Sediment and
Debris Removal

Remove the accumulated sediment as
recommended by the manufacturer, or
when it has reached a depth of  roughly
half a foot, if not specified.

Frequency will vary based on device size and
geometry.  The approximate required removal
frequencies should be calculated based on tributary
watershed area, average annual precipitation,
representative total suspended solids event mean
concentration in runoff and the vault/device surface
area.  Manufacturer should be able to provide this
information.

Inspections Inspect device to determine whether it
appears to be functioning as designed
based on manufacturer s guidelines.

At least twice per year following major storm events.
Water quality monitoring can help to determine if the
device is functioning as intended.
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Conclusions and Recommendations for Maintenance

1. A BMP maintenance plan requirement should become a part of Denver s Stormwater
Quality Control Plans, as referenced in Denver s Rules and Regulations.  The contents of
these maintenance plans should be clearly outlined in Stormwater Quality Control Plans,
An Information Guide.

2. A legally binding agreement describing BMP maintenance requirements and
arrangements should be necessary for final approval of a development.  Denver s existing
Sanitary and Storm Sewer Easement and Indemnity Agreement is a good starting point
for such an agreement.  Examples of agreements used in other parts of the country, as
contained in Appendix D, can be used to further develop this agreement with regard to
BMP maintenance requirements.

3. Clearly defined maintenance requirements for BMPs should be included in updates to
Denver s Storm Drainage Criteria Manual.

4. Clearly defined maintenance requirements for BMPs that represent new technologies or
practices are essential.  This is particularly relevant for low impact development or
landscape-based practices that may be spread throughout multiple parcels in
developments and that could be confused with ordinary landscaping.  Though these
techniques have many natural  features, they still require intentional maintenance like
any stormwater BMP.

5. A simple BMP maintenance brochure or handbook (that can stand-alone from this Plan)
that explains the importance of BMP maintenance for stormwater quality management
and directs relevant parties to the Denver website for detailed guidance should be
developed.  This could be jointly developed with the Joint Task Force (with Aurora,
Lakewood and UDFCD) as a fourth brochure in the Clear Choices for Clean Water
series that is currently posted on Denver s website.
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Chapter 7
POLLUTION SOURCE CONTROLS
(NON-STRUCTURAL BMPS)

OVERVIEW OF POLLUTION SOURCE CONTROLS (NON-
STRUCTURAL APPROACHES)

Pollution source controls, also commonly referred to as non-structural best management
practices (BMPs), are a key component of any effective stormwater management strategy and
should be integrated into plans for all development types.  This set of BMPs can generally be
described as a variety of practices intended to prevent or limit the entry of pollutants into
stormwater runoff.  In contrast to structural BMPs, which involve the construction of facilities
such as ponds, wetlands, infiltration basins, etc., source controls or non-structural BMPs do not
normally involve construction, but instead focus on measures to minimize pollution at its source,
thereby reducing the amount of pollutants to be removed in downstream structural BMPs.  Most
source controls are dependent on behavioral change, which is in turn dependent on good
education.  Denver staff have a real opportunity to set the example for the public with regard to
source controls.  Non-structural approaches are particularly important in areas that have already
been developed and are a key strategy in reducing pollution when new structural controls are not
an option due to cost or space constraints.  Many non-structural and structural practices are
interrelated, but for purposes of this discussion, non-structural/source control BMPs have been
grouped into the following general categories:

4 Public Outreach and Education Examples include educating citizens and business
owners about topics such as automotive product disposal; good housekeeping practices at
commercial, restaurant and retail sites; construction site training; industrial good
housekeeping practices; inlet stenciling activities; proper pesticide/herbicide use; and
educational programs at schools.

4 Illicit Discharge and Detection Programs This involves identification, detection and
prevention of illicit discharges to storm sewers.  This BMP relies on other non-structural
BMPs such as public education and proper waste disposal programs.  Examples of illicit
discharges include illegal dumping, accidental chemical spills and illicit connections of
sanitary sewers to storm sewers.

4 Source Controls Examples include minimizing exposure of pollutants to stormwater at
facilities such as automobile maintenance sites, salvage facilities and service stations;
commercial, restaurant and retail sites; construction sites; farming and agricultural sites;
and industrial sites.  Activities at such sites requiring particular attention include outside
materials storage, above ground storage tanks, loading and unloading areas, vehicle
washing, fueling, outside manufacturing, etc.  It is also important to note that as
stormwater management strategies evolve, the line between structural and non-structural
controls is increasingly blurred.  For example, soft, decentralized natural  stormwater
systems can also serve as source controls.
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4 Recycling/Waste Disposal Programs Examples include household toxics collection
and recycling programs and leaf and landscaping waste collection.

4 Good Housekeeping Practices/Spill Prevention and Response Examples include
developing spill prevention measures, identifying spill areas, implementing material
handling procedures, and spill plan development.

4 Municipal Maintenance Practices Examples include catch basin cleaning;
maintenance of structural BMPs; parking lot and street sweeping; road and street
pavement repair, sealing, overlay, etc.; road salting and sanding; roadside ditch cleaning
and restoring.

4 Land Use Planning and Management (Programmatic) Strategies Examples include
new development planning procedures; procedures for site planning at construction sites;
protective covenants; riparian buffer zone setbacks; Low Impact Development, green
development, and Smart Growth development strategies.

For more information on non-structural BMPs, including advantages/disadvantages, costs, and
experiences, the following documents are particularly helpful and should be referenced for more
detail:

4 Urban Storm Drainage Criteria Manual, Volume 3 (UDFCD 1999)

4 Urban Runoff Quality Management, Water Environment Federation Manual of Practice
No. 23 and American Society of Civil Engineers Manual and Report on Engineering
Practice No. 87 (WEF and ASCE 1998)

4 Low Impact Development web site (http://www.lid-stormwater.net/)

4 California Stormwater Quality Association Stormwater Best Management Practice
Handbook (CASQA 2003)

4 EPA Stormwater Web site (http://www.epa/gov/npdes/stormwater)

4 Green Industry Best Management Practices for the Conservation and Protection of
Water Resources in Colorado (GreenCO and Wright Water Engineers, Inc. 2004)

Denver s Stormwater Management Program, required under its Colorado Discharge Permit
System (CDPS) permit, includes five major program components with specific structural and
non-structural BMP requirements, as described in Chapter 3 and summarized in Exhibit 7.1.  The
vast majority of these practices are non-structural, and many of them are education-based.
Denver completes an annual report itemizing how each of these BMPs has been implemented.
Structural BMPs and site-planning type issues have already been discussed throughout this Plan.
Construction-related BMPs are not included in this Plan since this Plan s scope focuses on post-
construction, permanent development.  Thus, the remainder of this section describes some of
Denver s recent and on-going efforts to implement various non-structural BMPs according to the
general categories of public education, illicit discharge and detection, source controls,
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recycling/waste disposal, and maintenance/good housekeeping and highlights some opportunities
for better non-structural BMP implementation.  For a detailed description of Denver s practices,
see the annual reports completed by Denver and submitted to the Colorado Water Quality
Control Division (CWQCD).  (These reports can be obtained from Denver s Wastewater
Management Division or the CWQCD.)

EXHIBIT 7.1
PRACTICES REQUIRED IN DENVER S CDPS STORMWATER PERMIT

Category Required Practice/Program
Commercial/
Residential
Management
Program

4 Maintenance of Structural Controls
4 New Development Planning Procedures
4 Public Street Maintenance
4 Assessment of Impacts of Flood Management Projects
4 Pesticide, Herbicide, and Fertilizer Application

Illicit Discharge
Detection Program

4 Prevention of Illicit Discharges and Improper Disposal
4 Ongoing Field Screening
4 Investigation of Suspected Illicit Discharges
4 Procedures to Prevent, Contain, and Respond to Spills
4 Educational Activities to Promote Public Reporting of Illicit Discharges and

Improper Disposal
4 Public Educational Activities to Promote Proper Management and Disposal

of Potential Pollutants
4 Used Motor Vehicle Fluid and Household Chemical Waste Collection

Programs
4 Control of Sanitary Sewer Seepage into the Municipal Storm Sewer System

Industrial Facilities
Program

4 Education and Outreach on Industrial Pollutant Source Control

Construction Sites
Program

4 Procedures for Site Planning
4 Structural and Non-Structural BMPs
4 Procedures for Site Inspection and Enforcement
4 Training and Education for Construction Site Operators

Municipal Facility
Runoff Control
Program

Facilities addressed:
4 Vehicle maintenance facilities
4 Asphalt and concrete batch plants which are not already individually

permitted
4 Solid-waste transfer stations
4 Exposed stockpiles of materials, including stockpiles of road deicing salt,

salt and sand, sand, rotomill material
4 Sites used for snow dumps, and/or for temporary storage of sweeper

tailings or other waste piles
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Applicability of Non-structural Approaches to Development Types

In keeping with the discussion of structural approaches to water quality, Exhibit 7.2 summarizes
the applicability of various non-structural approaches to the development types discussed in
Chapter 6 of this Plan.  As a general principle, non-structural strategies should be broadly
applied whenever possible to control sources of pollutants.  Non-structural BMPs focus on
routine day-to-day activities; therefore, public education and employee training regarding the
importance of these activities must be on-going in order for many of these practices to be
effective.  Although it is much more difficult to quantify the effectiveness of non-structural
BMPs relative to structural BMPs, common sense suggests that controlling pollution at its source
is a sound approach to minimizing pollution and the costs of mitigating its impacts.

EXHIBIT 7.2
APPLICABILITY OF NON-STRUCTURAL APPROACHES TO DEVELOPMENT TYPES

Development Type
Non-Structural BMP Ultra-

Urban
High

Density
Mixed

Industrial Low
Density
Mixed

Campus Resi-
dential

Park

Public Outreach/
Education

X X X X X X X

Source Controls X X X X X X X
Industrial/
Commercial
Hotspots

X X X X X

Household Waste X X X X X
Pesticide/
Herbicide/
Fertilizer
Management

X X X X X X

Efficient
Irrigation

X X X X X X

Materials
Storage Practices

X X X X X X

Recycling/ Waste
Disposal Programs

X X X X X X

Good Housekeeping X X X X X X
Spill Prevention/
Response

X X X X X X X

Municipal
Maintenance
Practices

X X X X X X X

Land Use
Planning/Mgmt.

X X X X X X X
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EXHIBIT 7.3
DENVER PROACTIVELY WORKS TO ELIMINATE ILLEGAL

DUMPING AND ILLICIT DISCHARGES

Source:  Colorado Nonpoint Source Council 2001.

Public Outreach and Education and Illicit Discharge Controls

Public education addresses a multitude of pollutant sources by raising the general level of
understanding of how individual actions can contaminate surface runoff and downstream
waterbodies.  Public education includes both educating the general public and Denver
employees.  Topics often addressed in public education programs include proper disposal of
household and toxic waste; proper use of pesticides, herbicides, and fertilizers; and responsible
disposal of spent materials.  Representative mechanisms for public education may include
brochures, posters, signs, and educational videos; utility bill inserts, flyers and handbills;
newspaper articles and/or advertisements; public workshops, including field demonstrations; or
developing school curricula.  Another approach used in many municipalities is storm drain
stenciling or signs on storm drains alerting the public that the drain leads to a downstream river
or creek and that dumping to the drain is prohibited.  Portland, Oregon (see Chapter 5) and
Boulder, Colorado are examples of cities that have undertaken in-depth public education and
training programs that target specific industry segments.  For example, the City of Boulder has
developed the Partners for a Clean Environment (PACE) program (see
http://www.ci.boulder.co.us/environmentalaffairs/PACE/index.htm), which targets and provides
educational information to specific industry segments including auto repair, auto body, green
building, dental offices, dry cleaning, landscaping, manufacturing, printing, restaurant, and retail
sectors.

Exhibit 7.4 summarizes the activities that Denver has implemented to promote public education
regarding stormwater pollution.  Public education is critical to all of Denver s stormwater
program components (e.g., commercial/residential management program, illicit discharge
detection program, etc.).  Denver has recognized the importance of providing education and
outreach at multiple levels:  1) public and elected officials, 2) schools, and 3) industrial and
commercial facilities.  In
addition to the many educational
activities involving schools listed
in Exhibit 7.4, one of the
important activities Denver has
focused on is hands-on
experience for public and elected
officials.  For example, Denver s
municipal separate storm sewer
system (MS4) compliance group
and the Cherry Creek
Stewardship Partners conducted
two water quality bus tours to
promote awareness and
understanding of regional
impacts to the Cherry Creek
watershed.
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EXHIBIT 7.4
REPRESENTATIVE PUBLIC EDUCATION ACTIVITIES COMPLETED BY DENVER

Activity/Program Element Completion Date

Establishment of a water quality web page (www.denvergov.org)
featuring the stormwater hotline phone number and three
educational brochures.

February 1999

Operation of a central phone number for the public reporting of
illicit discharges.

On-going

Response to reports of illicit discharges from the public and other
public agencies.

On-going

Placement of Stormwater Hotline phone number in the Metro Denver
White Pages.

2000/2001

Updated Stormwater Hotline in the Metro Denver White Pages. 2003

Development of Pollution Prevention pamphlet. May 1998

Posting of household waste and lawn and garden brochures on
Denver s web pages (www.denvergov.org) under both the
Wastewater Management and Denver Recycles sections.

February 1999

Distribution of brochures via Wastewater Management Division
storm drainage fee billing to approximately 140,000 customers.

Began in May 1999, completed
in April 2001

Placement of brochures at City Recreation Centers, Public Libraries,
and City Permit Centers.

Began in February 1999,
continued throughout 2003

Provided assistance to Denver Recycles on development of brochure
promoting alternatives to household chemical use.

Fall 1999

Co-managed the program and provided funding for the collection
operations of Denver s Household Hazardous Waste (HHW)
Collection Program.  Supplemented public education/marketing
funding provided by Denver Recycles.

Began in November 1999,
continued throughout 2003

Inclusion of flyer developed by Denver Recycles promoting the HHW
collection program via Wastewater Management storm drainage fee
billing to approximately 140,000 households.

Began in November 2000,
completed in November 2001

Provided assistance to Denver s Department of Environmental
Health in the development of a pet waste brochure and garden
brochure for Denver residents.

Pet brochure completed in
December 2000, distributed in
2001; landscape brochure
issues to be discussed in next
report

Assisted River Watch program for high school students.  Provided
Hach testing equipment, laboratory analysis, and program review.

March-April 2001

Purchased Enviroscape® NonPoint Source model for elementary and
middle school education program.

December 2001
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EXHIBIT 7.4
REPRESENTATIVE PUBLIC EDUCATION ACTIVITIES COMPLETED BY DENVER

Activity/Program Element Completion Date

Implemented Enviroscape® NonPoint Source outreach presentations
as part of elementary and middle school education program.

2002, 2003

Assisted UDFCD in conducting a series of educational training
modules to assist Phase II municipalities in preparation of CDPS
applications.

July through December 2003,
on a monthly meeting
schedule

Presented nonpoint source model to Denver Public Schools 5th

graders during Water Festival at Fishback Park, Denver.
September 2003

Provided personnel and fiscal support to the Cherry Creek
Stewardship Partners to conduct a Project WET Teach the Teacher
workshop.  The workshop will continue to be supported by Denver
in 2004.

October 2003

Provided personnel and fiscal support to the Cherry Creek
Stewardship Partners to conduct the 5th Annual Partners
Conference.  The Conference will continue to be supported by
Denver in 2004.

November 2003

Provided support to Front Range Earthforce middle school
environmental steward groups for stenciling projects in the Cole,
Highlands, and Park Hill Neighborhoods.  53 middle school age
children participated in the three events.

Sept. 09 and 12, 2003

Stenciling support for 7th and 8th grade Cole Middle School
teachers.  Approximately 104 children participated in four separate
activities.

Sept. 17, 2003

Nonpoint source presentations for 7th and 8th grade Cole Middle
School teachers.  Approximately 102 children participated in four
separate activities.

Sept. 17, 2003

Development of a plan to support and encourage attendance at an
education and training program for construction site operators.

January 1, 1999 July 1999
(full implementation), on-
going program

In addition to educating the general public, Denver also works to educate and train Denver staff
through a variety of mechanisms, with relevant examples summarized in Exhibit 7.5.
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EXHIBIT 7.5
REPRESENTATIVE DENVER STAFF EDUCATION ACTIVITIES

Course/Training Date Description Atten-
dance

Audience

Colorado Contractors
Association Workshop Titled
"Construction Site Erosion
Control"

February-03 NPDES compliance including
construction activities and erosion
control

2 Inspectors and
program managers

System Maintenance and
Response for Structural
Controls

Throughout
2003

Spill response procedures, to
minimize overall environmental
impact during emergency conditions

170 Denver facility
managers and
personnel

Pollution Prevention Throughout
2003

Pollution prevention practices and
their relationship to protecting
human health and the environment

209 Denver facility
managers and
personnel

Hazardous Material
Management

Throughout
2003

Handling and managing hazardous
materials, comprehension of
Material Safety Data Sheets, and
managing hazardous waste

443 Denver facility
managers and
personnel

GIS Workshop "GIS and
Water Quality"

November-
03

Incorporating of GIS technology and
water quality data management

1 Engineer, program
manager

Watershed Water Quality
Tour

June-03 Awareness of the connection of
water quality, planning, engineering,
and non-point source pollution

10 Elected officials,
regional planners,
and Denver
engineers and
scientists

Open Space Water Quality
Tour

October-03 Awareness of the connection of
open space, water quality, planning,
engineering, and non-point source
pollution

8 Elected officials,
regional planners,
and Denver
engineers and
scientists

Colorado Water Congress
"Water Quality Workshop"

October-03 Intensive one-day program on all
aspects of water quality subjects

2 Engineer, program
manager

Cherry Creek Stewardship
Partners 5th Annual
Conference

November-
03

Awareness of the connection of
open space, water quality, planning,
engineering, and non-point source
pollution in a single watershed

6 Elected officials,
regional planners,
and Denver
engineers and
scientists

Number of Training Efforts 9 Denver Employees Trained 851
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Source Controls

Source controls help prevent the disposal of or limit the application of constituents that may be
potential pollutants in the urban landscape.  Source controls also help to minimize the migration
of constituents offsite from the point where they are being used, stored, or otherwise being
exposed to stormwater.  General categories of source controls discussed in more detail in this
Plan include:

4 Industrial and Commercial Hot Spots  (Fueling Areas, Vehicle Washing, etc.)
4 Household Waste (Litter, Pet Waste, Yard Waste, Used Oil and Automotive Fluids, etc.)
4 Pesticide, Herbicide and Fertilizer Management (Including Integrated Pest Management)
4 Efficient Irrigation
4 Materials Storage Practices

Industrial and Commercial Hot Spots

The Urban Storm Drainage Criteria Manual, Volume 3 (UDFCD 1999) provides a succinct
description of industrial and commercial pollutant hot spots  that should be considered and
addressed throughout Denver in terms of both structural and non-structural BMPs.  Design
considerations for these hot spots include practices such as: providing overhead covering or roof;
providing smooth impervious surfaces such as concrete beneath the activity; grading and
contouring the site to prevent run-on of stormwater and run-off of pollutants; directing drainage
to a structural BMP; strategically locating storm drains away from hot spot activities; and spill
response procedures (CSQA 2003).  Other practices may include zoning to keep these hot spots
out of particularly sensitive areas.  The Urban Storm Drainage Criteria Manual, Volume 3
(UDFCD 1999) provides descriptions of these key hot spots:

4 Fueling Areas.  When stormwater mixes with fuel spilled or leaked onto the ground, it
becomes polluted by petroleum-based materials that are harmful to humans, fish, and
wildlife.  Fuel overflows during storage tank filling can be a major source of
contamination.  This could occur at large industrial sites or at small commercial sites
such as gas stations, convenience stores, strip malls, or garages.  Sources of contaminants
typically include:  spills and leaks during fueling or oil delivery; spills caused by
topping off  fuel tanks; allowing rainfall to run onto the fuel area; hosing or washing

down of the fuel area; or mobile fueling operations.

4 Vehicle and Equipment Maintenance and Storage.  Vehicle and equipment
maintenance operations use materials and create wastes that can be harmful to humans
and the environment if not property handled. Stormwater runoff from these areas can
become polluted with a variety of contaminants including solvents and degreasing
products, waste automotive fluids, oils and greases, acids, and caustic wastes. Sources of
contaminants typically include: parts cleaning; shop cleanup; spilled fuel, oil, or other
materials such as battery acid; replacement of fluids, such as oil, oil filters, hydraulic
fluids, transmission fluid, and radiator fluids; dripping fluids from vehicles and
equipment; and disposal of greasy rags, oil filters, air filters, batteries, battery fluids,
spent coolant, degreasers, oils, etc.
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4 Painting.  Many painting operations use materials or create wastes that are harmful to
humans and the environment. Paint solvents used to remove or thin paint and dusts from
sanding and grinding operations contain toxic metals like cadmium and mercury. These
can pollute stormwater and create significant water quality impacts. Sources of
contamination typically include:  painting and chemical paint removal; sanding or paint
stripping; spills of paint or paint thinner; sand blasting residue; or equipment painting.

4 Vehicle/Equipment Washing.  Washing vehicles and equipment outdoors or in areas
where wash water flows onto the ground can pollute stormwater.  Vehicle wash water is
considered process water, not stormwater.  Operators must have a CDPS permit to
discharge vehicle wash water.  Wash waters can contain high concentrations of oil and
grease, solvents, phosphates, and high suspended solids loads. Sources of washing
contamination typically include:  outside equipment or vehicle cleaning (washing,
degreasing, or steam cleaning); wash water discharges to the ground or directly to storm
drain; mobile fleet washing, or pressure washing of buildings.  Other types of washing
include spraying down concrete and asphalt surfaces such as those outside of commercial
sites where sales of products may have occurred, areas where dirt and mud have
accumulated, loading dock areas, or parking and sidewalk areas that have accumulated
wastes.  These activities must have a CDPS permit.  In some cases, these types of
discharges are incorporated into the municipal stormwater permit.  These areas also need
to be taken into consideration with the possibility of potentially polluting stormwater.

4 Loading and Unloading.  Loading and unloading operations usually take place outside
on docks, trucks, terminals, or outside storage or staging areas at both industrial and
commercial sites.  Materials spilled, leaked, or lost during loading and unloading may
collect in the soil or other surfaces and be carried away by runoff, or when the area is
cleaned. Rainfall may wash pollutants off machinery used to unload and load materials.
Typically sources of contamination include:  pumping of liquids or gases to or from a
truck or rail car into a storage facility; pneumatic transfer of dry chemicals to or from the
vehicles; transfer by mechanical conveyor systems; or transfer of bags, boxes, drums, or
other containers by forklift, trucks, or other material handling equipment.

4 Above Ground Tanks Liquid Storage.  Accidental releases of chemicals from above
ground liquid storage tanks can contaminate stormwater with many different pollutants.
Materials spilled, leaked, or lost from storage tanks may accumulate in soils or on other
surfaces and be carried away by runoff.  Typical causes of contamination from accidental
releases include: external corrosion and structural failure; installation problems; spills and
overfills due to operator error; failure of piping systems, including pipes, pumps, flanges,
couplings, hoses, and valves; or leaks or spills during pumping of liquids or gases from
trucks or rail cars to a storage facility or vice versa.

4 Outside Manufacturing.  Outside manufacturing activities can also contaminate
stormwater runoff.  Activities such as parts assembly, rock grinding or crushing, metals
painting or coating, grinding or sanding, degreasing, parts cleaning or operations that use
hazardous materials are of concern.  Metal and wood shavings, excess lubricants, and
other residuals resulting from outside manufacturing that are left on the ground can also
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be washed into the drainage system.  Typical contaminant sources include: processes or
equipment that generate dust, vapors or other emissions; outside storage of hazardous
materials and raw materials; dripping or leaking fluids from equipment or processes;
liquid wastes discharged directly onto the ground or into the storm sewer, or concrete
manufacturing (pipes, inlets, etc.).

4 Industrial Site Waste Management.  Areas where industrial or chemical waste is
stored, treated or disposed of can cause stormwater pollution.  Wastes spilled, leached, or
lost from management areas or outside manufacturing activities may build up in soils or
on other surfaces and be carried away by rainfall runoff.  There is also the potential for
liquid wastes from lagoons or surface impoundments to overflow to surface waters or
soak the soil where they can be picked up by runoff.  Possible stormwater contaminants
include toxic compounds, oil and grease, oxygen-demanding organics, paints and
solvents, heavy metals, and high levels of suspended solids.

4 Commercial Site Waste Management.  Improper disposal of liquid wastes in a solid
waste dumpster can result in the liquids draining out of the container and into the
stormwater system.  Lack of coverage of waste receptacles can result in rainwater seeping
through the material and collecting contaminants or the material being blown around the
site and into the stormwater collection system.  Typical contaminant sources include:
landfills; waste piles; wastewater and solid waste treatment and disposal sites; land
application sites; dumpsters; or unlabeled 55-gallon drums.

4 Outside Storage of Materials.  Raw materials, by-products, finished products,
containers, and materials storage areas exposed to rain and/or runoff can pollute
stormwater.  Stormwater can become contaminated by a wide range of contaminants (e.g.
metals, oils and grease, sediment) when solid materials wash off or dissolve into water, or
by spills or leaks.  Typical contaminant sources include: fuels, raw materials, by-
products, intermediates, final products, process residuals, or wind-blown debris.

4 Salt Storage.  Salt left exposed to rain or snow may migrate to the storm sewer or
contaminate soils. Salt spilled or blown onto the ground during loading or unloading will
dissolve in stormwater runoff.  Stormwater contaminated with salt in high concentrations
can be harmful to vegetation and aquatic life.  Salty stormwater runoff soaking into the
ground may contaminate groundwater, thus making the groundwater unsuitable as a
drinking water supply.  Typical contaminant sources include:  salt stored outside in piles
or bags that are exposed to rain or snow; salt loading and unloading areas located outside
or in areas where spilled salt can contaminate stormwater; or salt/sand storage piles used
for deicing operations.

4 Parking.  Customer parking areas can also be a source of contamination.  Typical
sources of contamination can include improper disposal of trash and leaky vehicles that
can result in oils and other contaminants being deposited in the parking lot and then
washed to the stream during a storm event.
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4 Bare Soil.  Bare soil may be located on unpaved areas or areas under development at
commercial and industrial sites.  Trash and other contaminants such as vehicle leaks onto
the soil can be washed away in stormwater runoff.

4 Landscaping Practices.  Chemicals used to maintain landscaping areas can have a
significant impact on the water quality of stormwater runoff.  Herbicides, pesticides, and
fertilizers can create impacts if they are not applied correctly.  Contaminant sources
include:  improper storage of chemicals, improper storage of cleaning equipment used to
apply these chemicals, or improper application.

These hot spots can be addressed through a combination of non-structural practices that include
public and employee education, materials storage practices, and thoughtful site designs (e.g.,
overhead cover and impervious underlying surfaces, etc.).  In most cases, structural BMPs are
also needed to treat runoff from these hot spots.  See the Spill Prevention and Response
discussion for additional supplemental information.  As shown in Exhibit 7.1, Denver s vehicle
maintenance facilities, asphalt and concrete batch plants, solid-waste transfer stations, exposed
stockpile areas and snow dump sites, and other facilities require specific attention under
Denver s CDPS permit.

Household Waste (Litter, Pet Waste, Yard Waste, Used Oil and Automotive
Fluids, and Other Hazardous Waste)

Improperly disposed household waste materials can include household chemicals, pet waste,
yard waste, litter, automotive maintenance waste, and others. These materials can enter storm
runoff and pollute downstream water bodies when these wastes are placed on impervious
surfaces such as streets, alleys, parking lots and sidewalks, and pervious structures such as
ditches, drainageways, gulches, or discharged directly into the storm drainage system.  The
development of education programs and dissemination of information that promotes proper
disposal of these materials is important.  The passage of laws, rules, or ordinances prohibiting
improper disposal of these materials, and their enforcement, is another step in this management
practice.

The Urban Storm Drainage Criteria Manual, Volume 3 (UDFCD 1999) provides this description
of household waste that should be managed to minimize stormwater pollution:

4 Litter.  Most litter is biodegradable and can create an oxygen demand in water as it
decomposes. Examples of litter are paper products, used diapers, etc.  Reduction of litter
through proper disposal can reduce its accumulation on the urban landscape and its
eventual entry into the stormwater system.

4 Pet Waste.  Pet waste deposited on impervious surfaces can be transported by the
stormwater drainage system to receiving waters.  Fecal matter potentially contains
pathogenic viruses and bacteria and also creates an oxygen demand in water.  The
majority of improperly disposed pet waste occurs in public areas, such as streets and
parks.  Pet waste ordinances are common in municipalities; however, these are difficult to
enforce, especially with limited municipal resources.  Public education can help bring this
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EXHIBIT 7.6
DISPOSAL OF USED AUTOMOTIVE PRODUCTS
DOWN STORM DRAINS IS PROHIBITED UNDER

DENVER S CDPS PERMIT

Source:  Colorado Nonpoint Source Council 2001.

problem to the public's attention and can thereby reduce deposition of pet waste on urban
surfaces.

4 Yard Waste.  Yard waste is also a category of household waste.  Examples of yard waste
include leaves and grass clippings.  It is distinguished from other categories of household
waste in that it can be disposed of by composting. Fallen tree leaves, grass clippings, and
garden debris can become water pollutants when they are disposed of in alleys,
driveways, parking lots, streets, street gutters, irrigation ditches, and drainage channels.
Public education efforts on the benefits of composting and on proper disposal of yard
waste can help to reduce the volume of yard waste entering the stormwater system and
receiving waters.

4 Used Oil and Automotive Fluids.  Used oil and automotive fluids including antifreeze,
brake fluid, transmission fluid, grease, other lubricants, and petroleum-based cleaning
solvents are wastes generated during automobile maintenance by residential households
and commercial businesses.  These
can enter the storm drainage system
if poured directly into storm inlets or
from residue on concrete or asphalt
exposed to precipitation.  Improper
disposal of used oil and automotive
fluids causes receiving waters to
become contaminated with
hydrocarbons and residual metals that
can be toxic to stream organisms.
Used oil and other petroleum
products can be recycled.  A number
of different recycling centers
presently exist in the metropolitan
area.  Public education on the
location of these centers, the benefits
of recycling, prevention of fluid
leaks, and the importance of proper
disposal for improving stormwater
quality can reduce the amounts of oil
and used automotive fluids reaching

receiving waters.

4 Toxic Wastes.  Toxic wastes are generated by residential households and commercial
businesses.  These primarily consist of certain types of used and unused consumer
products.  Included among these are paint, solvents, putties, cleaners, waxes, polishes, oil
products, aerosols, acids, caustics, pesticides, herbicides, and certain medicines or
cosmetics.  These products and their containers should always be disposed of properly.
Some of these unused toxic materials can also be recycled.  Improper disposal of toxic
substances causes stormwater to become contaminated by these wastes.  This occurs
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when toxic substances are dumped into street gutters or storm inlets.  This also happens
when stormwater comes in contact with toxic substances where they have been
improperly disposed on land surfaces.  There is no need for improper disposal of toxic
substances because small amounts of toxic materials can legally be disposed of in
landfills.  Educational efforts to heighten public awareness of the environmental damage
due to improper disposal and to encourage proper disposal and recycling, can reduce the
amounts of these pollutants entering stormwater, provided the public as a whole actively
participates.

Pesticide, Herbicide, and Fertilizer Management (Including Integrated Pest
Management)

Pesticides, herbicides, and fertilizers are used by commercial applicators, Denver staff and the
general public to maintain landscaping in residential, commercial and industrial areas.  As stated
in the Urban Storm Drainage Criteria Manual, Volume 3 (UDFCD 1999), these substances are
usually toxic and can contaminate surface runoff if not properly used.  While pesticides and
herbicides are toxic to aquatic life at low concentrations, fertilizers are usually only toxic at high
concentrations.  Fertilizers, however, are more commonly a problem because of their nutrient-
enrichment effect on receiving waterbodies.  An oversupply of phosphorus and nitrogen will
promote unsightly algal growth that can lead to a depletion of dissolved oxygen needed for fish
and other aquatic organisms.  These chemicals are applied on urban landscape areas and, when
improperly applied or used, can be transported to receiving waters in surface runoff.

The rate and timing of application of pesticides, herbicides, and fertilizer are important to
minimize transport by surface runoff, as well as to optimize their intended purpose in landscape
maintenance.  Over-application and over-spraying of pesticides, herbicides, and fertilizers onto
impervious areas, such as streets and sidewalks, needs to be avoided, as well as excessive use of
these chemicals.  Use of these chemicals in accordance with manufacturer's recommendations
can prevent most of the surface water contamination being attributed to their use.

In 1997, Mayor Webb issued Executive Order 121 on the topic of pesticide usage, identifying
specific requirements for pesticide application, spill reporting, disposal practices, public
notification, and other related issues.  The Order emphasizes following label directions and using
pesticides in a manner that does cause injury to humans, non-pest animals and non-pest
vegetation, and in a manner that does not contaminate groundwater.  Disposal of pesticides and
tank rinse in sanitary sewers, storm sewers, ditches, streams, lakes, or in other illegal manners is
prohibited (Denver 1997).
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EXHIBIT 7.7
PROPER USE OF FERTILZER IS AN IMPORTANT

SOURCE CONTROL

Source:  Colorado Nonpoint Source Council 2001.

Public and landscaping industry education are particularly important to promoting proper
landscaping chemical usage.  Denver has already undertaken and continues to undertake public
education efforts regarding usage of these chemicals, as described in Exhibit 7.4 under the public
education discussion.  In addition to these efforts, opportunities exist for Denver to target
pollutants associated with the landscaping industry.  As previously noted, the City of Boulder has
developed the Partners for a Clean Environment (PACE) program (see
http://www.ci.boulder.co.us/environmentalaffairs/PACE/index.htm) to provide training and
recognition to landscaping professionals who undergo the city s landscaping program.  Those
completing the program are listed on the city s web site.  Another existing opportunity with
regard to landscaping BMPs is the recently developed Green Industries of Colorado (GreenCO)
Water Conservation and Water Quality Protection Best Management Practices (BMP) training
and certificate program, which has been completed under 319 grant funding to improve industry
practices. Rather than develop a city-based training program, Denver could partner with
GreenCO to support its on-going
industry training efforts.  (See
www.greenco.org for more
information.)

In addition to proper handling of
pesticides, it is important to
recognize a body of practices termed
Integrated Pest Management (IPM).
It uses biological, chemical, and
genetic information to determine the
best type of control, the timing and
extent of chemical applications, and
whether non-chemical means can
attain an acceptable level of pest
control.

IPM is a preventive measure aimed
at knowing the exact pest(s) being
targeted for control, the locations
and times when pests will pose problems, the level of pest-induced damage that can be tolerated
without taking action, the most vulnerable life stage, and control actions that are least damaging
to the environment.  The major components of IPM are as follows: monitoring and inventory of
pest populations, determination of pest-induced injury and action levels, identification of priority
pest problems, selection and timing of least toxic management tools, site-specific treatment with
minimized chemical use, and evaluation and adjustment of pesticide applications.  Monitoring of
pest populations is key to successful IPM implementation.  Pest problems are universally easier
to control if the problem can be discovered early.  With IPM, pesticides are used only as a last
resort; maximization of natural controls, including biological controls and removal of pests by
hand, is a guiding rule.

IPM encourages the use of less toxic or substitute methods of pest and weed control that, if
followed, further reduce the amount of pesticides and herbicides in contact with surface runoff.
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However, it is difficult to reach and influence all commercial and residential users of these
chemicals and to present technical information in simplified form to all users.

Efficient Irrigation

In addition to providing water-conservation benefits, designing, installing and maintaining
efficient irrigation systems helps to minimize excess irrigation water being conveyed into
stormwater drainage systems (CSQA 2003).  This helps to minimize pollutant loading associated
with commonly used lawn chemicals and to keep dry weather flows out of the storm sewer.
Detailed guidance and public education materials on efficient irrigation systems are available
from GreenCO (www.greenco.org), Denver Water (www.denverwater.org), the Irrigation
Association (www.irrigationassociation.org), EPA (www.epa.gov) and others.  Efficient
irrigation is an important topic for both public education and landscaping industry education.
Given recent drought conditions in Colorado, opportunities exist to partner with water supply
providers to encourage efficient irrigation.

Materials Storage Practices

Improper material storage on site can lead to the release of materials and chemicals that can
cause stormwater runoff pollution.  Having good materials storage and inventory practices is
necessary for all commercial and industrial facilities.

Materials storage areas, including bulk solid materials, should be covered and should have
adequate aisle space to facilitate material transfer and ease of access for inspection.  Containers,
drums, and bags should be stored away from direct traffic routes to prevent accidental spills.
Manufacturer s instructions should be followed when stacking containers, and containers should
be stored on pallets over a paved surface or similar surfaces to prevent corrosion of containers
that results from containers coming in contact with moisture on the ground.  Container labels
should include the name and type of substance, stock number, expiration date, health hazards,
handling suggestions, and first aid information.  All storage areas should be designed to contain
any spills, and procedures should be adopted to reduce the chance of spills or leaks during filling
or transfer of materials.

An up-to-date inventory for all materials (both hazardous and non-hazardous) will help keep
material costs down by reducing overstocking, track how materials are stored and handled onsite,
and identify which materials and activities pose the most risk to the environment.  Inventory of
the site should include a site walk-through, review of purchase orders, listing of all chemical
substances used, and obtaining Material Safety Data Sheets (MSDS) for all chemicals.

Hazardous materials must be stored according to federal, state, and local HazMat requirements.
The responsibility of hazardous material inventory should be assigned to a limited number of
people who are trained to handle such materials.  Decisions on the amounts of hazardous
materials that are stored on site should include an evaluation of any emergency control systems
that are in place.  Toxic or hazardous liquids should be stored within curbed areas or secondary
containers, and the hazardous materials inventory should identify special handling, storage, use,
and disposal considerations.
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Recycling/Waste Disposal Programs

The purpose of recycling programs in the context of stormwater management is to keep toxic
pollutants out of the storm sewer.  As part of the public education efforts listed in Exhibit 7.4,
several aspects of Denver s recycling program were noted, particularly with regard to Denver s
used motor vehicle fluid and household chemical waste collection programs.  Denver Recycles
has developed numerous educational brochures to promote the proper management of household
chemical waste.  These brochures promote reduced use of toxic household products, substitution
of acceptable alternatives, and proper storage, recycling or disposal of such chemicals.  Denver
Recycles also maintains a listing of privately operated drop-off facilities for items such as used
motor oil, automotive batteries, antifreeze, and other household chemicals and materials.  The
list is updated regularly and made available to Denver residents to help them recycle or properly
dispose of household hazardous waste (HHW) locally, whenever possible.

In certain instances, Denver Recycles refers citizens to Denver s Department of Environmental
Health and/or the Fire Department.  These agencies are equipped to assist residents with items
that cannot be disposed of in Denver s HHW program.  These items include flammable
materials, medical waste, ammunition, radioactive sensors in smoke detectors, and other unusual
wastes.  Furthermore, Denver s Solid Waste Management Division works with these Denver
agencies to manage abandoned or illegally dumped waste on residential and Denver property.

Since 1999, Denver Recycles and the Wastewater Management Division have managed and
implemented a door-to-door HHW collection program for Denver residents.  To operate the
program, Denver contracted a private company, with services being provided by Curbside, Inc.
The initial 13-month HHW pilot program was completed in December 2000.  Denver is now into
the fourth year of providing direct residential collection of HHW from Denver residents.  This
turn-key  HHW program approach was chosen after careful evaluation of HHW collection

options and the diverse service needs of the nearly 160,000 eligible Denver households.

Basic service (items collected at no charge) for this collection program includes residential
pickup of lubricants, oil-based paint, latex paint (up to 10 gallons), cleaners and polishes, wood
finishes, gasoline and other fuels, oil filters, solvents, thinners and removers, pesticides,
insecticides, herbicides, swimming pool chemicals, hobby supplies, photography chemicals,
household batteries, thermometers and thermostats, florescent tubes, and aerosol cans containing
fluids.  For a nominal fee, the contractor will also pick up additional quantities of latex paint over
10 gallons.

The Wastewater Management Division provides the funding for this collection program.  In
2003, the Wastewater Management Division and Denver Recycles initiated a new contract for
this service.  The Wastewater Management Division will continue funding for this program as
long as funds are available.  However, the implementation of co-pays may also be evaluated.

It is believed that the HHW collection program has had a positive impact on Denver s
stormwater quality as a source-control measure.  Many residents have participated and have
provided positive responses in written consumer surveys.
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Good Housekeeping/Spill Prevention and Response/Preventative Maintenance

Good housekeeping, spill prevention and response, and preventative maintenance practices go
hand-in-hand.  Each of these groups of practices is described below based directly on the
guidance provided in the Urban Storm Drainage Criteria Manual, Volume 3 (UDFCD 1999).

Good Housekeeping

Good housekeeping practices are designed to maintain a clean and orderly work environment
and can be applied to homeowners as well as commercial and industrial facilities.  The most
effective first steps towards preventing pollution in stormwater from work sites simply involves
using good common sense to improve the facility s basic housekeeping methods.  Poor
housekeeping practices result in more waste being generated than necessary and an increased
potential for stormwater contamination.  A clean and orderly work site reduces the possibility of
accidental spills caused by mishandling of chemicals and equipment and should reduce safety
hazards to personnel.  A well-maintained material and chemical storage area will reduce the
possibility of stormwater mixing with pollutants.

Many aspects of good housekeeping are part of a strong pollution prevention plan, such as
preventative maintenance of equipment, proper materials storage and inventory, and a spill
prevention and response plan.  Some additional simple procedures to promote good
housekeeping are routine and regular clean-up schedules, maintaining well organized work areas,
signage, and educational programs for employees and the general public about good
housekeeping practices.

Examples of other practices include: maintaining dry and clean floors and ground surfaces by
using brooms, shovels, vacuum cleaners or cleaning machines rather than wet clean-up methods;
regular pickup and disposal of garbage and waste material; routine equipment maintenance and
inspections; ensuring employees understand all spill cleanup procedures and that they receive
appropriate training; designation of separate areas of the site for auto parking, vehicle refueling
and routine maintenance; cleaning up leaks, drips and other spills immediately; and covering and
maintaining dumpsters and waste receptacles.

Spill Prevention and Response

Spills and leaks are a large source of stormwater pollutants, and in most cases are avoidable. The
storage, transport, and disposal of hazardous and toxic substances are regulated activities under
state and federal laws, and many local police, fire, or other departments are equipped to respond
to such spills.  Nevertheless, most spills have the potential to contaminate receiving waters via
transport by the storm sewer system.  A good spill prevention and response plan will incorporate
good housekeeping and preventative maintenance BMPs.  Exhibit 7.8 provides examples of
various BMPs to be considered in such a plan.  A spill prevention and response plan identifies
areas where spills can occur onsite, specifies materials handling procedures, storage
requirements, and identifies spill cleanup procedures.  Stormwater contamination assessment,
flow diversion, record keeping, internal reporting, employee training, preventative maintenance,
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covering pollutants, and providing adequate security are associated BMPs that should be
incorporated into a comprehensive plan.

Preparation of a spill prevention and response plan may include mapping of storm sewers.  Such
maps can then be used by the emergency response crews to help identify which inlets, areas, or
sewers to protect or block off in the event of a spill.  Training, updating of procedures, field
exercises, proper equipment, and documentation are all part of a spill response program.  Once a
spill occurs, it should be monitored to determine when the area of the spill has been adequately
cleaned up.  Proper clean up procedures include:

4 Wipe up small spills with a shop rag, store shop rags in covered rag containers, and
dispose of properly (or take to professional cleaning service and inform them of the
materials on the rag).

4 Contain medium-sized spills with absorbents (kitty litter, sawdust, etc.) and use inflatable
berms or absorbent snakes  as temporary booms for the spill.  Store and dispose of
absorbents properly.  Wet/dry vacuums may also be used, but not for volatile fluids.

4 For large spills, first contain the spill and plug storm drain inlets where the liquid may
migrate off-site, then clean up the spill.

A summary of the plan should be written and posted at appropriate points in the building (i.e.,
lunch rooms, cafeteria, and areas with a high spill potential), identifying the spill cleanup
coordinators, location of cleanup kits, and phone numbers of regulatory agencies to be contacted
in the event of a spill.  Emergency spill containment and cleanup kits should also be located at
the facility site.  The contents of the kit should be appropriate to the type and quantities of
chemicals or goods stored at the facility.  Key personnel should receive formal training in plan
execution for emergency spill cleanup and the appropriate agencies should be notified.
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EXHIBIT 7.8
ADVANTAGES AND DISADVANTAGES OF BMPS FOR SPILL PREVENTION AND RESPONSE

(Source: Urban Storm Drainage Criteria Manual, Volume 3 (UDFCD 1999)
Best Management Practice Advantages Disadvantages

Drip pans pans used to contain small
volumes of leaks

Inexpensive; simple installation
and operation; possible
reuse/recycle of material;
empty/discarded containers can be
used as drip pans

Small volumes; inspected and cleaned
frequently; must be secured during
poor weather conditions; personnel
must be trained in proper disposal
methods

Covering enclosure of outdoor
materials, equipment, containers, or
processes

Simple and effective; usually
inexpensive

Frequent inspection; possible health/
safety problems if built over certain
activities; large structures can be
expensive

Vehicle positioning locating trucks or
rail cars to prevent spills during
transfer of materials

Inexpensive; easy; effective May require redesign of loading and
unloading areas; requires signage to
designated areas

Loading/unloading by air pressure or
vacuum for transfer of dry chemicals
or solids

Quick and simple; economical if
materials can be recovered;
minimize exposure of pollutants to
stormwater

Costly to install and maintain; may be
inappropriate for denser materials;
site-specific design; dust collectors
may need permit under Clean Air Act

Sweeping with brooms to remove
small quantities of dry chemicals/solids
exposed to precipitation

Inexpensive; no special training;
recycling opportunities

Labor-intensive; limited to small
releases of dry materials; requires
disposal to solid waste container

Shoveling for removal of large
quantities of dry materials, wet solids
and sludge

Inexpensive; recycling
opportunities; remediates larger
releases

Labor-intensive; not appropriate for
large spills; requires backfill of
excavated areas to maintain grade

Excavation by plow or backhoe for
large releases of dry material and
contaminated areas

Cost effective for cleaning up dry
materials release; common and
simple

Less precise; less recycling and reuse
opportunities; may require imported
material for backfill

Dust control (industrial) water
spraying, negative pressure systems,
collector systems, filter systems, street
sweeping

May reduce respiratory problems
in employees around the site; may
cause less loss of material and
save money; efficient collection of
larger dust particles

More expensive than manual systems;
difficult to maintain by plant
personnel; labor and equipment
intensive; street sweepers may not be
effective for all pollutants

Signs and labels Inexpensive and easily used Must be updated/maintained so they
are legible, subject to vandalism and
loss

Security to prevent accidental or
intentional release of materials

Preventative safeguard; easier
detection of vandals, thieves,
spills, leaks, releases; prevents
spills with better lighting; no
unauthorized access to facility

May not be feasible for smaller
facilities; may be costly; may increase
energy costs due to increased lighting;
dispersed locations require individual
enclosures; requires maintenance

Area control measures good
housekeeping measures, brushing off
clothing before leaving area, etc.

Easy to implement; results in
cleaner facility and improved work
environment

May be seen as tedious by employees
and may not be followed
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EXHIBIT 7.8
ADVANTAGES AND DISADVANTAGES OF BMPS FOR SPILL PREVENTION AND RESPONSE

(Source: Urban Storm Drainage Criteria Manual, Volume 3 (UDFCD 1999)
Best Management Practice Advantages Disadvantages

Preservation of natural vegetation Can handle more stormwater
runoff than newly seeded areas;
effective immediately; increases
filter capacity; enhances
aesthetics; provides areas for
infiltration; wildlife can remain
undisturbed; provides noise
buffers; less maintenance than
new vegetation

Planning required to preserve and
maintain existing vegetation; may not
be cost effective with high land costs;
may constrict area available for
construction activities; may require
signage or fencing; subject to
disturbance

Temporary seeding short-term
vegetative cover on disturbed areas

Inexpensive and easy to do;
establishes plant cover quickly in
good conditions; stabilizes soils
well; aesthetic; sedimentation
controls for other site areas; helps
reduce maintenance costs of other
controls

Requires soil preparation; may require
mulching or reseeding of failed areas;
seasonally limited; may require
signage or fencing; subject to
disturbance

Preventative Maintenance

Preventative maintenance involves the regular inspection and testing of plant equipment and
operational systems.  The purpose of the preventative maintenance program should be to prevent
breakdowns and failures by adjustment, repair, or replacement of equipment before a major
breakdown or failure can occur.  Preventative maintenance should be used selectively to
eliminate or minimize the spill of contaminants to receiving waters. Maintenance activities will
involve the use of chemicals and fluids, so spill response information and spill cleanup materials
should be kept on the site and readily available.

For many industrial facilities, a preventative maintenance BMP would simply be an extension of
the current plant preventative maintenance program to include items to prevent stormwater
runoff contamination such as upkeep and maintenance of storage tanks, valves, pumps, pipes,
and other process-water or chemical feed devices.  Routine inspections and testing of equipment
are required to identify maintenance needs.  Typical equipment to inspect and test includes pipes,
pumps, storage tanks and bins, pressure vessels, pressure release valves, process and material
handling equipment, and stormwater management devices.  Defective or severely worn
equipment should be replaced or repaired promptly. Inspections, testing, and follow-up actions
should be documented.

Similar to preventative maintenance for plants, a plan for vehicles and equipment maintenance
includes routine inspections and testing.  All equipment should be kept clean with no excessive
amounts of oil and grease buildup, and equipment and parts should be stored under cover.
Storage of solvents, greases, oils, hydraulic fluids, paints, thinners and hazardous materials
should be consistent with the materials storage and inventory BMP, and used oil for recycling
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should be stored in self-contained labeled tanks.  Used oil tanks and drums should be located
away from the nearest inlet to the storm drainage system or flowing streams and preferably
indoors, if possible.

Care must be taken during maintenance procedures to prevent pollutant releases by
implementing measures such as drip pans; proper cleanup, disposal, and recycling; and removal
of fluids and batteries from salvage vehicles and equipment.  Cleanup from maintenance
activities includes proper disposal or recycling of used oil, lubricants, and other fluids, and
cleaning any catch basins that receive runoff from a maintenance area.  Use of a mop or dry
sweeping compound is preferable to hosing down work areas or using concrete cleaning
products.

Proper maintenance activities associated with building and grounds include sweeping of paved
surfaces rather than washing; routine cleaning of stormwater drainage systems; and proper
disposal of wash water, sweepings and sediments.

Maintenance Practices

Denver implements a variety of municipal maintenance practices on a regular basis that provides
opportunities for reduction of pollutant loading in stormwater.  The Water Environment
Federation and American Society of Civil Engineers (WEF and ASCE 1998) provide several
examples of these practices:

4 Street Cleaning.  This involves regularly sweeping streets to physically remove
pollutants from surfaces that drain to storm sewers.  In Denver, streets are typically swept
twice per year if debris has accumulated:  once in the spring to remove deicing residuals
and once in the fall to remove fallen leaves.  Effectiveness of street sweeping has been
shown to be highly variable in several national databases (see www.bmpdatabase.org).
Studies suggest that vacuum-type sweepers are far more effective than rotary-brush type
sweepers.

4 Catch Basin Cleaning.  This involves cleaning catch basins and stormwater inlets to
remove pollutants, reduce high pollutant concentrations during the first-flush of storms,
prevent clogging of the downstream conveyance systems and restore the catch basin s
sediment-trapping capacity.

4 Storm Drain Flushing.  Storm drains can be flushed with water to suspend and remove
deposited material.  This helps to ensure that pipes convey design flows and removes
pollutants from the storm drain systems.  This practice is most effective when the storm
drain daylights in a structural BMP area where sediment is trapped or otherwise able to
be cost-effectively collected.

4 Roadway and Bridge Maintenance.  Methods to prevent or reduce the discharge of
pollutants from roadway and bridge maintenance include paving as little area as possible
(i.e., minimize urban sprawl), design bridges to collect and convey stormwater, using
measures to prevent run-on and runoff, properly disposing of maintenance wastes, and
training employees and subcontractors.
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EXHIBIT 7.9
WELL VEGETATED RIPARIAN BANK ALONG

THE SOUTH PLATTE RIVER IN DENVER

4 Structural BMP Maintenance.  Implementing routine maintenance for structural
stormwater BMPs is critical to their proper functioning, as described in Chapter 6.

4 Storm Channel and Creek Maintenance.  Reduction in pollutant levels can be achieved
by regularly removing dumped items and material from storm drainage channels and
creeks.  This can include identifying illegal dumping spots, posting no littering  signs
and providing significant penalties for doing so, etc.  Stabilizing streambanks to enable
them to withstand typical storm flows is also important in urbanized areas.

Under Denver s CDPS permit, Denver addresses six public street maintenance elements
including snow and ice management; dry and liquid deicer storage; herbicide usage along
roadways; sweeping litter and debris; sweeping streets following snow control (e.g.,
sanding/deicing); and disposal of sweeper waste (Denver 2002).  Examples of the types of non-
structural BMPs implemented include covered storage areas for stockpile areas, applying
herbicides during fair weather  conditions, and street sweeping in the spring and fall.

Land-Use Planning and Management Practices

Development of ordinances and land planning practices that protect streams and rivers are a key
non-structural BMP.  Site designs that maximize infiltration, provide on-site retention, slow
runoff and minimize impervious land coverage provide a variety of stormwater management
benefits.  A variety of mechanisms exist, and only a few are discussed herein. The challenges to
land-use planning practices are often political and require significant cooperation among
multiple departments and agencies.  Examples of land-use controls and practices that can provide
significant water quality benefits, many of which are based on WEF and ASCE (1998) guidance,
include:

4 Protective Covenants provide
restrictions on a variety of pollutant
sources such as pesticide/fertilizer
application, stream setbacks,
vegetative cover requirements, etc.

4 Stream buffer requirement/riparian
zone protection limit development
directly adjacent to streams.

4 Floodplain restrictions limit
development in the floodplain.

4 Steep slope restrictions limit
clearing/grading on steep slopes.

4 Wetland protection limits development in wetland areas (also required under Section
404 of Clean Water Act).
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4 Specific protection for environmentally sensitive areas limits development in certain
habitat areas.

4 Upland and riparian tree cover requirements promote certain percentage of tree canopy,
which helps to intercept rainfall and provide other benefits.

4 Waterway disturbance permits require roadways and utilities to cross streams in a
manner to minimize their impact.

4 Community open space requirements provide additional open space and natural areas to
infiltrate runoff and buffer the stream area.

4 Cluster development strategies reduce impervious area at developments by clustering
development into centralized areas where stormwater can be effectively treated.

4 Green Development and Smart Growth strategies encourage developments with holistic
design concepts that consider factors such as land-use issues, resource conservation,
natural area and open space preservation, and community/cultural issues.

A key land-planning concept that has already been discussed in Chapter 5 is Low Impact
Development (LID).  As previously noted, the goal of LID is to mimic a site's predevelopment
hydrology by using design techniques that infiltrate, filter, store, evaporate, and detain runoff
close to its source.  Instead of conveying and treating stormwater in facilities located at the
bottom of drainage areas, LID addresses stormwater through small, landscape features located at
the lot level.  With regard to application and acceptance of LID in Denver, it is important to note
that LID concepts can be integrated into the first step of the UDFCD BMP selection process,
which is employing runoff reduction techniques.  In Denver, structural BMPs are then required
to treat the remaining Water Quality Capture Volume (UDFCD 1999).

Another key concept that has already been implemented in parts of Denver (e.g., Cherry Creek
Basin, as discussed in Chapter 4) includes Green Development or Smart Growth strategies.
These approaches are important in that they consider factors beyond the immediate development
and redevelopment area, helping to minimize urban sprawl and its impacts, while recognizing the
interconnectedness of the natural environment to development.  Communities throughout the
country have also moved toward these types of developments, including cities in Oregon,
Maryland, Florida, California, Texas and others (See http://www.sustainable.doe.gov/greendev/).
Zoning ordinances and municipal planning strategies are key components of Smart Growth and
Green Development strategies and require cooperation across city departments and agencies.
Denver should continue to pursue integration of these concepts due to their many benefits to both
the community and the environment.

Protective covenants are also a particularly noteworthy example of an effective land management
strategy to minimize pollution.  As an example, in the Grant Ranch and Trailmark subdivisions
in Littleton upstream of Bow Mar Lake, specific guidance and restrictions were detailed in
protective covenants to minimize adverse impacts to the water quality of the lake.  Water quality
monitoring upstream of the lake has shown that these covenants have helped to minimize the
concentrations of nutrients and pesticides in runoff tributary to the lake (WWE 2004).
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SUMMARY AND CONCLUSIONS

Non-structural (pollutant source control) BMPs are critical to effective stormwater management
in Denver and are foundational to many of Denver s CDPS permit requirements.  Non-structural
BMPs help to minimize the quantity of pollutants entering the storm drainage system, thereby
reducing the treatment required at downstream structural BMPs.  Non-structural BMPs are
particularly important in areas that have already been developed.  Denver has implemented many
public education activities, which are necessary to the success of most non-structural BMPs.
Specific opportunities for Denver that could be further developed in the future include:

1. Provide additional educational brochures and water pollution prevention resources on the
Denver web site.  For example, as discussed in Chapter 5, many of the national case
studies provide extensive web-based resources.

2. Develop pollution prevention programs for specific industries that require further
attention and/or partner with entities providing existing programs.  For example, the City
of Boulder s PACE program targets and provides educational information to specific
industry segments including auto repair, auto body, green building, dental offices, dry
cleaning, landscaping, manufacturing, printing, restaurant, and retail sectors.  The City of
Portland has a similar program the Eco-Logical Business Program.  As an alternative
to independently developing such programs, Denver can partner with professional
organizations and industry groups to support their efforts in this type of training.  For
example, GreenCO is providing landscape BMP training for those in the landscaping
industry in Colorado.  Denver should support this effort and other similar efforts for other
hot spot  industry segments.

3. Educate developers and Denver staff on the benefits of land management strategies such
as open space/natural areas preservation, riparian buffer zone protection, Smart Growth,
Green Development, and Low Impact Development strategies.  Many of these strategies
are already practiced in the Denver area through stormwater management approaches that
Minimize Directly Connected Impervious Area  such as porous landscape detention,

grassy swales and porous pavement.

4. Continue educational campaigns, both to the public and to Denver staff and elected
officials.
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Chapter 8
Potential Regional Facilities

Stormwater management can be handled on-site, at regional facilities, or through a combination
of both.  A variety of factors determine which approach is most effective. Some factors include:
4 Capital and operations/maintenance costs
4 Right-of-way availability
4 Property ownership
4 Extent of existing development
4 Extent of redevelopment
4 Extent of on-site BMPs already in place
4 Zoning
4 Land development review practices
4 Existing master drainage plans and their recommendations
4 Local drainage criteria
4 Special goals and objectives related to quantity and quality management
4 Other factors

There are many benefits of larger, regional facilities such as their potential to serve as attractive,
multi-purpose facilities that become true community assets.  The following discussion identifies
potential regional facility locations throughout Denver, especially in redevelopment areas
identified in Blueprint Denver: An Integrated Land Use and Transportation Plan (Denver 2000),
that could play a valuable role in protecting water quality, as well as fulfilling other objectives.
All of the following discussion is provided at a conceptual level only.  Considerable additional
analysis will be necessary to determine if the following ideas are feasible.

The Storm Drainage Master Plan  Phase I Final (Matrix 2003) found the capacity of the
drainage system within a majority of Denver correlates to between a 1- and 5-year system.
Although this limited capacity results in periodic flooding, the current systems offer
opportunities for regional water quality treatment.  The extensive existing drainage networks
discharging through only a few outfalls provide opportunities to treat the entire basin runoff at
the end-of-pipe, rather than (or in addition to) attempting to treat the runoff in a myriad of small
in-tract ponds within the basin.  The existing drainage systems provide adequate capacity to treat
the first flush,  or a storm of magnitude of ½-inch or less of runoff.

In keeping with the major drainageways information included in the Storm Drainage Master
Plan, Exhibit 8.1 identifies the major Denver drainage basins. Exhibit 8.2 identifies potential
opportunities for regional water quality facilities in these basins.  Exhibit 2.3 in Chapter 2 should
be referenced for more detailed basin locations by numeric code.  A basin-by-basin discussion
identifying the key drainage basin characteristics and regional water quality opportunities and
constraints follows.  These conceptual-level discussions will require additional follow-up work,
as identified in Chapter 9, in order to make decisions regarding regional treatment.
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Hold for Exhibit 8.1
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Hold for Exhibit 8.2
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SOUTH PLATTE RIVER

Fourteen drainage basins tributary to the South Platter River are evaluated for regional
stormwater treatment opportunities in this discussion, including:

4 Prairie Gateway
4 I-70 & Colorado Boulevard
4 I-70 & York
4 Lower Platte Valley
4 Central Platte Valley
4 1st & Federal
4 Valverde
4 Ruby Hill
4 Dartmouth
4 College View
4 West Belleview
4 Sloan s Lake
4 I-25
4 West Harvard Gulch

Prairie Gateway (Basin 0058)

EXHIBIT 8.3
BACKGROUND DATA FOR PRAIRIE GATEWAY (BASIN 0058)

Location Description: 56th and Quebec
Receiving Waterway: South Platte River
General Land Use: Commercial and Industrial (includes Denver

Water Pump Station and Bulk Mail Facility)
Drainage Basin Area: 1.59 square miles
Basin Composite Imperviousness: 25%
Outfalls: 100-year retention  no outfall
Capacity of Outfalls: 100-year pipes and detention pond

Prairie Gateway is land along Quebec Street north of 56th Avenue that was previously part of the
Rocky Mountain Arsenal. The Prairie Gateway Outfall Systems Planning Preliminary Design
Report (UDFCD 2003) explored options to manage stormwater runoff and determined 100-year
retention systems to be the most feasible option.

Opportunities

All development in the drainage basin must retain and treat water quality on-site or in regional
ponds. The basin is being newly developed and must adhere to the current guidelines of the
Urban Drainage and Flood Control District (UDFCD) for drainage criteria.
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Constraints

Commerce City s storm outfalls do not have the capacity to handle additional runoff; therefore,
development must incorporate stormwater ponds into the site planning.

I-70 & Colorado Boulevard (Basin 0060-01)

Exhibit 8.4 summarizes key background data for the I-70 & Colorado Boulevard basin (Basin
0060-01).

EXHIBIT 8.4
BACKGROUND DATA FOR I-70 & COLORADO BOULEVARD (BASIN 0060-01)

Location Description: North Denver and Commerce City
35th to 64th Avenues, and York to Dahlia
Streets

Receiving Waterway: South Platte River
General Land Use: Mix of industrial and residential
Drainage Basin Area: 1,745 acres (2.73 square miles)
Basin Composite Imperviousness: 68.7%
Number of Outfalls and 2-Year Hydrology: 2 within Denver:

84  at 54th & Steele  581 cfs
38  at 58th & York  130 cfs

Capacity of Outfalls: Generally less than 2-year

Opportunities

Basin 0060-01 is fully built-out with older neighborhood residential use in the upper reaches and
commercial use in the lower reaches. Blueprint Denver shows the region downstream
(northwest) of Vasquez Boulevard as an Area of Change, meaning that redevelopment is
expected to occur in the area of the storm drain outfalls.  This is an opportunity for installation of
regional water quality treatment, especially since basin runoff is confined to only two outfalls
within Denver.

A gravel pit between 54th and 56th Avenues and Brighton Boulevard and the Railroad is an
opportunity for an on-line regional water quality pond at the discharge of the 84-inch outfall.
However, this site is located within Commerce City, but would primarily treat runoff from
Denver.

Vacant land is located northeast of Riverside Cemetery and would be an opportunity for off-line
regional water quality treatment.  Likewise, this site is located within Commerce City, but would
primarily treat runoff from Denver.

Another location for regional water quality treatment within this basin is Swansea Park.  This
Denver Parks land may provide an opportunity for off-line regional water quality ponds.
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An alternatives analysis for combined capital improvements for Basins 0060-01 & 4400-02
found the least-cost solution included regional detention in this basin.  Areas identified for
regional detention exist at the Park Hill Golf Course, 48th & Colorado, 38th and Grape Street,
and the former Dahlia Square.  These detention ponds could also be configured for regional
water quality treatment.

Constraints

The main constraint to regional water quality treatment is the fact that the outfalls occur outside
of Denver in Commerce City.  Either land areas must be identified within Denver for regional
treatment, or an agreement must be structured with Commerce City for operation and
maintenance of regional facilities.

I-70 & York (Basin 0060-02)

Exhibit 8.5 summarizes key background data for the I-70 & York basin (Basin 0060-02).

EXHIBIT 8.5
BACKGROUND DATA FOR I-70 & YORK (BASIN 0060-02)

Location Description: North Denver and Commerce City
42nd to 52nd Avenues, and Brighton to
Colorado Boulevards

Receiving Waterway: South Platte River
General Land Use: Mix of industrial and residential (includes

National Western Stock Show Complex)
Drainage Basin Area: 936 acres (1.46 square miles)
Basin Composite Imperviousness: 71.8%
Number of Outfalls and 2-Year Hydrology: 12 within Denver

Only large outfalls:
   78  & parallel 42  at Race Court  381 cfs

Capacity of Outfalls: 2-year

The only major (larger than 48 inch) outfall exists at Race Court just upstream of the Burlington
Ditch headgate.  This outfall drains 580 tributary acres discharging via a 78-inch pipe and
parallel 42-inch pipe that have a total capacity of about 410 cfs.  The existing system has about a
2-year level of service.
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Opportunities

Basin 0060-02 is fully built-out with older neighborhood residential use in the upper reaches and
commercial use in the lower reaches. Blueprint Denver shows the industrial sites as Areas of
Change, meaning that redevelopment is expected to occur in the area of the storm drain outfalls.
This is an opportunity for installation of regional water quality treatment, especially since most
of the basin runoff is primarily confined to the one outfall north of the National Western Stock
Show complex at Race Court.

Constraints

If the expected redevelopment does not occur, then land acquisition would be necessary for a
regional facility.  No Denver Parks or Open Space land is available in this basin for regional
water quality treatment.

Lower Platte Valley (Basin 0062-01/4500-02)

Exhibit 8.6 summarizes key background data for the Lower Platte Valley basin (Basin 0062-
01/4500-02).

EXHIBIT 8.6
BACKGROUND DATA FOR LOWER PLATTE VALLEY (BASIN 0062-01/4500-02)

Location Description: North of Downtown Denver
8th to 38th Avenues, and Grant to Williams
Streets, Includes Coors Field

Receiving Waterway: South Platte River
General Land Use: Mix of industrial, commercial and residential
Drainage Basin Area: 2,858 acres (4.47 square miles)
Basin Composite Imperviousness: 77.5%
Number of Outfalls and 2-Year Hydrology: 16 outfalls

1 primary outfall captures 81% of the basin:
   81  at 36th  1,215 cfs

Capacity of Outfalls: Less than 1-year

Basin 0062-01 is fully built-out with older neighborhood residential use in the upper reaches and
commercial use in the lower reaches.  This basin includes Lower Downtown, Coors Field, rail
yards, and a number of existing residential neighborhoods.  It is characterized by terrace
topography in the upper portions of the basin and nearly flat outfalls near the South Platte River.
This condition results in inadvertent detention near the basin headwaters and surcharge of storm
sewers in lower reaches.
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Opportunities

There are opportunities for regional end-of-pipe water quality treatment along the South Platte
River.  An off-line water quality pond could be constructed near the outfall of the existing 81-
inch pipe in 36th Avenue.  The existing pipe has capacity to convey a ½-inch rainfall event (i.e.,
water quality capture volume) and would capture runoff from 2,260 acres of a developed basin.

Another opportunity for regional end-of-pipe water quality treatment is at 29th and Broadway at
an outfall to the South Platte River.  An off-line water quality pond could be constructed off the
existing 108-inch pipe through Coors Field.  The pipe was recently constructed and receives
runoff from 81 acres of the Coors Field parking lot. However, proposed improvements will
extend the storm drain up 27th Avenue and will expand the tributary area.

Constraints

If the expected redevelopment does not occur, then land acquisition would be necessary for a
regional facility.  No Denver Parks or Open Space land is currently available in this basin for
regional water quality treatment.

Central Platte Valley (Basin 0063-01)

Exhibit 8.7 summarizes key background data for the Central Platte Valley (Basin 0063-01).

EXHIBIT 8.7
BACKGROUND DATA FOR CENTRAL PLATTE VALLEY (BASIN 0063-01)

Location Description: Southwest of Downtown Denver
Alameda to Cherry Creek, along the
South Platte River, Includes Elitch Gardens

Receiving Waterway: South Platte River
General Land Use: Mix of industrial, commercial and residential
Drainage Basin Area: 1,342 acres (2.10 square miles)
Basin Composite Imperviousness: 83.2%
Number of Outfalls and 2-Year Hydrology: 32+ outfalls in total

6 primary outfalls
Capacity of Outfalls: 1-year to 5-year

This basin includes older neighborhood residential use in the upper reaches east of the railroad
tracks and Santa Fe, and commercial use in the majority of the basin for the lower reaches.
Blueprint Denver shows the majority of the basin (commercial areas) subject to change.

Intercepted stormwater is discharged via at least 32 storm drainage outfalls, which are comprised
mainly of local storm drains from I-25 and adjacent properties.  Some of the existing larger
outfalls include:
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4 Bayaud Avenue outfall is 36-inch (54-inch upstream) with 351 tributary acres
4 3rd Avenue outfall is 54-inch with 104 tributary acres
4 6th Avenue outfall is 72-inch with 273 tributary acres
4 13th Avenue outfall is 42-inch with 119 tributary acres
4 Colfax Avenue outfall is 36-inch with 53 tributary acres
4 Elitch s outfall is 48-inch with 44 tributary acres

Opportunities

Redevelopment of the lower industrial areas will provide an opportunity for construction of
regional water quality systems. In particular, end-of-pipe water quality ponds on the larger
outfalls may be possible.  The 72-inch storm drain in 6th and 7th Avenues could be constructed
with a low-flow diverter to treat runoff from 273 acres.

Constraints

If the expected redevelopment does not occur, then land acquisition would be necessary for a
regional facility.  No Denver Parks or Open Space land is currently available in this basin for
regional water quality treatment.

1st & Federal (Basin 0064-01)

Exhibit 8.8 summarizes key background data for the 1st & Federal basin (Basin 0064-01).

EXHIBIT 8.8
BACKGROUND DATA FOR 1ST AND FEDERAL BASIN (BASIN 0064-01)

Location Description: West of Downtown Denver
Between Alameda and 8th Avenue, and
Between Perry Street and Bryant Street

Receiving Waterway: Weir Gulch and South Platte River
General Land Use: Mix of industrial, commercial and residential
Drainage Basin Area: 610 acres (0.95 square mile)
Basin Composite Imperviousness: 66.6%
Number of Outfalls: 8 outfalls
Capacity of Outfalls: 1-year to 5-year

Blueprint Denver shows Federal Boulevard subject to change, along with some of the
commercial/industrial area adjacent to the South Platte River.

Intercepted stormwater is discharged in eight storm drainage outfalls that include two to Weir
Gulch and six directly to the South Platte River.
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Opportunities

Redevelopment of the lower industrial areas may provide an opportunity for construction of
regional water quality systems.  An on-line water quality pond has been constructed and
maintained on Weir Gulch at Barnum Park near 6th and Federal.

Constraints

Much of the industrial land is within the current South Platte River floodplain.  No Denver parks
or open space land is currently available in this basin for regional water quality treatment;
therefore, land acquisition would be necessary to construct a regional facility.

Valverde (Basin 0064-02)

Exhibit 8.9 summarizes key background data for the Valverde basin (Basin 0064-02).

EXHIBIT 8.9
BACKGROUND DATA FOR VALVERDE (BASIN 0064-02)

Location Description: West of Downtown Denver
Between Louisiana and 4th Avenue, and
Between Wolffe Street and the South Platte
River

Receiving Waterway: South Platte River
General Land Use: Mix of industrial and residential
Drainage Basin Area: 1,701 acres (2.66 square miles)
Basin Composite Imperviousness: 69.2%
Number of Outfalls and 2-Year Hydrology: 15 outfalls

1 outfall captures 55% of the basin:
   54 x108  at Vallejo Street  309 cfs

Capacity of Outfalls: Generally 2-year

Basin 0064-02 is fully built-out with older neighborhood residential use in the upper reaches and
commercial use in the lower reaches. Blueprint Denver shows Federal Boulevard, Alameda
Avenue, and Morrison Road subject to change, along with some of the commercial/industrial
areas adjacent to the South Platte River.

Intercepted stormwater is discharged in fifteen storm drainage outfalls.

Opportunities

A regional detention facility is located at West-Bar-Val-Wood Park, which serves the largest
stormwater outfall system in the basin (Vallejo Street).  The detention facility provides an
opportunity for water quality treatment.
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Blueprint Denver shows an area of expected redevelopment along the South Platte River.  This
area could provide an additional opportunity for regional water quality near the outfall of the
Vallejo Street system.

An existing pond in Vanderbilt Park could provide water quality treatment for the storm drain
system in the southern portion of the basin along Mississippi Avenue.

Constraints

This basin is fully built-out with dense development, and the high cost of real estate prohibits
land acquisition for regional facilities.

Ruby Hill (Basin 0065-01)

Exhibit 8.10 summarizes key background data for the Ruby Hill basin (Basin 0065-01).

EXHIBIT 8.10
BACKGROUND DATA FOR SOUTH PLATTE  RUBY HILL (BASIN 0065-01)

Location Description: South Platte River Drive and West Evans
Avenue in West Denver

Receiving Waterway: South Platte River
General Land Use: Mix of industrial and residential
Drainage Basin Area: 832 acres (1.3 square miles)
Basin Composite Imperviousness: 70.1%
Number of Outfalls: 5 existing to South Platte River
Capacity of Outfalls: 2-year to 5-year capacity for existing

Currently, there are only five known outfalls into the South Platte River within this basin:

4 48-inch from West Evans outfalls at Jewell Avenue
4 36-inch by 58-inch from West Evans outfalls at Jewell Avenue
4 Direct flow from the southern basin
4 Two 36-inch outfalls

This basin is fully built-out with neighborhood residential use in the upper reaches and
commercial/light industrial in the lower reaches. Blueprint Denver shows the region along both
sides of Federal Boulevard as an Area of Change.  This is an opportunity for installation of
regional water quality treatment.  Two existing off-line detention and water quality ponds are
located at Pacific Place and South Tejon Street.

Opportunities

A small portion of this basin will be redeveloped.  The redevelopment area along Federal
Boulevard at West Warren Avenue would be an excellent opportunity to provide water quality
and detention.
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Constraints

Redevelopment of the site must occur before regional water quality treatment could be
constructed.  Coordination with private property owners must occur.

Dartmouth (Basin 0065-02)

Exhibit 8.11 summarizes key background data for the Dartmouth basin (Basin 0065-02).

EXHIBIT 8.11
BACKGROUND DATA FOR SOUTH PLATTE-DARTMOUTH (BASIN 0065-02)

Location Description: South Platte River Drive and West Dartmouth
Avenue in West Denver

Receiving Waterway: South Platte River
General Land Use: Mix of industrial and residential
Drainage Basin Area: 512 acres (0.8 square mile)
Basin Composite Imperviousness: 86.8%
Number of Outfalls: 1 existing to South Platte River
Capacity of Outfalls: 2-year to 5-year capacity for existing

Currently, there is only one known outfall into the South Platte River within this basin:

4 73-inch by 55-inch from West Dartmouth Avenue

This basin is fully built-out with light neighborhood residential and commercial/light industrial.
Only a very small portion of this basin is within Denver.

Opportunities

No opportunities for regional water quality have been identified for this basin.

Constraints

The majority of the basin is outside of Denver city limits.
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College View (Basin 0067-01)

Exhibit 8.12 summarizes key background data for the College View basin (Basin 0067-01).

EXHIBIT 8.12
BACKGROUND DATA FOR COLLEGE VIEW (BASIN 0067-01)

Location Description: South Platte River Drive and West Union
Avenue

Receiving Waterway: South Platte River through Arapahoe County
General Land Use: Mix of industrial, commercial and residential
Drainage Basin Area: 960 acres (1.5 square miles)
Basin Composite Imperviousness: 45.5%
Number of Outfalls and 2-Year Hydrology: 2 existing to Park at Lowell and Quincy

Avenue and South Federal and West Layton,
45 cfs and 166 cfs

Capacity of Outfalls: 2-year to 5-year capacity for existing

Outfalls include:

4 30-inch from West Quincy Avenue
4 42-inch from South Federal Boulevard

This basin is fully built-out with neighborhood residential and commercial/light industrial use.
Only a very small portion of this basin is within Denver.

Opportunities

The park at South Irving and West Quincy Street is an excellent opportunity for water quality
and on-line detention.  It is located directly at the outfall across Lowell Boulevard and would
benefit the upstream portion of the basin.

Constraints

The majority of the basin is outside of Denver.  Discharge agreements with the City of Sheridan
would need to be in place before constructing the facility.
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West Belleview Avenue (Basin 0067-02)

Exhibit 8.13 summarizes key background data for the West Belleview Avenue basin (Basin
0067-02).

EXHIBIT 8.13
BACKGROUND DATA FOR WEST BELLEVIEW AVENUE (BASIN 0067-02)

Location Description: South Sheridan Boulevard, West Denver
Receiving Waterway: South Platte River through Jefferson County
General Land Use: Mix of industrial, commercial and residential
Drainage Basin Area: 3,520 acres (5.5 square miles)
Basin Composite Imperviousness: 52.0%
Number of Outfalls and 2-Year Hydrology: 4 existing to existing storm sewers within

Jefferson County: 110 cfs, 30 cfs, 16 cfs (from
Grant Ranch) and 191 cfs (from South Meade
Street)

Capacity of Outfalls: 2-year to 5-year capacity for existing

Outfalls include:

4 Future 48-inch from South Meade Street
4 Existing 24-inch to 36-inch from Grant Ranch

This basin is fully developed with neighborhood residential and commercial/light industrial use.
Only a very small portion of this basin is within Denver.

Opportunities

No new regional water quality facilities in Denver are needed for this basin because Grant Ranch
has newly constructed water quality and detention facilities.

Constraints

The majority of the basin is outside of Denver.  Existing discharge agreements with surrounding
municipalities would need to be considered before any improvements could be constructed.
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Sloan s Lake (Basin 4700-01)

Exhibit 8.14 summarizes key background data for Sloan s Lake basin (Basin 4700-01).

EXHIBIT 8.14
BACKGROUND DATA FOR SLOAN S LAKE (BASIN 4700-01)

Location Description: West of Downtown Denver
Between 33rd and Colfax Avenues, and
Sheridan Boulevard and the South Platte River

Receiving Waterway: South Platte River
General Land Use: Mix of industrial and residential
Drainage Basin Area: 1,017 acres (1.59 square miles) within Denver
Basin Composite Imperviousness: 65.0%
Number of Outfalls: 1 outfall

54  along Colfax Avenue
Capacity of Outfalls: Less than 2-year

Basin 4700-01 is fully built-out (within Denver) with older neighborhood residential use in the
upper reaches and commercial use in the lower reaches and Colfax Avenue.  This basin includes
Sloan s Lake, which provides significant stormwater detention for a 3.7-square-mile tributary
area from Lakewood, Edgewater, and Wheatridge.

Opportunities

Sloan s Lake could provide water quality opportunities for a large, urbanized drainage basin.
The lake occupies 176.5 acres.

Redevelopment of the commercial areas along Colfax Avenue could provide an opportunity for
construction of more localized water quality systems below Sloan s Lake.

Constraints

This basin is fully built-out with dense development, and real estate acquisition would be a
constraint for regional facilities.
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I-25 (Basin 5000-01)

Exhibit 8.15 summarizes key background data for the I-25 basin (Basin 5000-01).

EXHIBIT 8.15
BACKGROUND DATA FOR I-25 (BASIN 5000-01)

Location Description: Mississippi to Alameda Avenues, and I-25 to
Downing Street

Receiving Waterway: South Platte River across I-25
General Land Use: Mix of commercial and residential
Drainage Basin Area: 802.6 acres (1.25 square miles)
Basin Composite Imperviousness: 71.9%
Number of Outfalls and 2-Year Hydrology: 13+ outfalls, primary outfall is a 54  at Center

Street  387 cfs
Capacity of Outfalls: Approximately 1-year

Intercepted stormwater is discharged into the South Platte River.  The outfalls include:

4 54-inch with 602 tributary acres, or 75% of Basin 5000-01
4 36-inch for the I-25 & Santa Fe intersection
4 30-inch for the Santa Fe & Alameda intersection
4 30-inch for the Alameda & I-25 intersection
4 2-24-inch for local I-25 drainage
4 2-18-inch for local I-25 drainage
4 5-15-inch for local I-25 drainage

Opportunities

Basin 5000-01 is fully built-out with older neighborhood residential use in the upper reaches and
commercial use in the lower reaches. Blueprint Denver shows the commercial sites as Areas of
Change,  meaning that redevelopment is expected to occur in the area of the storm drain outfalls.
This is an opportunity for installation of regional water quality treatment, especially since most
of the basin runoff is primarily confined to the one outfall in Center Avenue.  The regional pond
could be located near the Home Depot at Santa Fe and Alameda.

Smaller drain outfalls from the highway and adjacent industrial/commercial land along the Platte
River Valley could be treated using ultra-urban retrofits. This may include mechanical treatment
systems or other BMPs, and would require a regular maintenance program. The lack of existing
BMPs on outfalls in this area may warrant these additional measures.

Constraints

If the expected redevelopment does not occur, then land acquisition would be necessary for a
regional facility.  No Denver Parks or Open Space land is currently available in this basin for
regional water quality treatment.
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West Harvard Gulch (Basin 5300-01)

Exhibit 8.16 summarizes key background data for the West Harvard Gulch basin (Basin 5300-
01).

EXHIBIT 8.16
BACKGROUND DATA FOR WEST HARVARD GULCH (BASIN 5300-01)

Location Description: South Platte River Drive and West Yale Avenue
Denver and Englewood

Receiving Waterway: South Platte River
General Land Use: Mix of industrial, commercial and residential
Drainage Basin Area: 896 acres (1.4 square miles)
Basin Composite Imperviousness: 57.1%
Number of Outfalls: 1 existing directly to South Platte River
Capacity of Outfalls: 2-year to 5-year capacity for existing

This basin is fully built-out with neighborhood residential and commercial/light industrial.  A
large portion of this basin is within Englewood and is an open channel.

Opportunities

The open parcel at Federal Boulevard and West Vassar Avenue provides an excellent
opportunity for water quality and on-line detention.  It is located directly at the 54-inch outfall
that serves the entire upper portion of the highly developed upstream residential area.

The lower portion of the West Harvard Gulch provides a unique opportunity for water quality
and detention.  The gulch passes through a commercial gravel operation and is an excellent
location for water quality.

Constraints

Discharge agreements with Englewood would need to be reviewed before constructing regional
facilities.  Land would have to be acquiredfor regional facilities.
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FIRST CREEK

First Creek (Basin 3700)

Exhibit 8.17 summarizes key background data for the First Creek basin (Basin 3700).

EXHIBIT 8.17
BACKGROUND DATA FOR FIRST CREEK (BASIN 3700)

Location Description: Near DIA at Pena & 56th Avenue
Flows through Aurora, Adams County, Denver,
Rocky Mountain Arsenal and Commerce City

Receiving Waterway: Outfalls to the South Platte River at
approximately East 128th Avenue

General Land Use: Commercial and residential in headwaters
Open space through Rocky Mountain Arsenal
Cultivated land in Commerce City

Drainage Basin Area: 47.2 square miles
(About 9.62 square miles in Denver)

Basin Composite Imperviousness: About 48% in upper reaches
Number of Outfalls: Tributary T

Blue Grama tributary
Dogwood West tributary

Capacity of Outfalls: 100-year wetland channels, pipes and
detention ponds

First Creek crosses Pena Boulevard just north of 56th Avenue and then flows through the
northeastern portion of the Rocky Mountain Arsenal.  The upper reaches of First Creek are being
developed with regional detention and water quality ponds.  Toward the center of the basin, First
Creek bisects Green Valley Ranch, which consists of medium-density, single-family residences.
First Creek then enters Rocky Mountain Arsenal with a more incised, low-flow channel and
wider floodplain areas. The lower First Creek basin consists of irrigated farmland with pockets
of light industrial and residential properties.  In the lower reaches, First Creek flows across the
O Brian Canal and the Burlington Ditch, which intercept low flow runoff.

Opportunities

All development in the First Creek drainage basin must detain and treat water quality on-site or
in regional ponds. The Rocky Mountain Arsenal has strict agreements for the quantity and
quality of stormwater runoff into the federal property.

The main regional pond in the upper reaches is the Green Valley Ranch Golf Course pond, also
known as the Himalaya Pond.  There are also regional detention ponds adjacent to Pena
Boulevard.
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Constraints

Since this basin is recently developed, drainage master plans have required incorporation of
regional water quality and detention into land planning. Developers must adhere to the current
UDFCD drainage criteria guidelines.

IRONDALE GULCH

Irondale Gulch (Basins 3900 & 3901)

Exhibit 8.18 summarizes key background data for Irondale Gulch basins (Basins 3900 and
3901).

EXHIBIT 8.18
BACKGROUND DATA FOR IRONDALE GULCHES (BASINS 3900 & 3901)

Location Description: North of I-70 and east of Quebec
Flows through Aurora, Adams County, Denver,
Rocky Mountain Arsenal, and Commerce City

Receiving Waterway: Outfalls to the South Platte River at
approximately East 96th Avenue

General Land Use: Commercial/Industrial in headwaters
Residential in upper reaches
Open space through Rocky Mountain Arsenal
Cultivated land in Commerce City

Drainage Basin Area: 26.7 square miles
(about 12.48 square miles in Denver)

Basin Composite Imperviousness: 50% in upper reaches
Number of Outfalls: Southern tributary to Havana Lateral at Havana

& 56th Avenue
Center tributary to Derby Lake in Rocky
Mountain Arsenal
Northern tributary to Highline Lateral for
outfall to Parkfield II detention at Chambers
and 56th Avenue

Capacity of Outfalls: 100-year pipes and detention ponds
10-year concrete open channels
100-year natural channels

Irondale Gulch drains through the areas of Aurora s Majestic Commerce Center, Green Valley
Ranch residential area, Gateway commercial and multi-family area, Silverado Subdivision,
Parkfield Subdivision, Montbello Subdivision, the Rocky Mountain Arsenal and Commerce City
with an eventual outfall to the South Platte River at approximately East 96th Avenue.  The
drainageway throughout the basin and the Arsenal contains several lakes, ponds and detention
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areas.  The drainage below the Arsenal is primarily storm sewer or roadside ditches, with
capacity for only minor floods.

Opportunities

All development along Irondale Gulch must either detain or treat water quality on-site or in
regional ponds.  The Rocky Mountain Arsenal has strict agreements for the quantity and quality
of stormwater runoff into the federal property.

Constraints

Since this basin is recently developed, drainage master plans have required incorporation of
water quality and detention into land planning.

CLEAR CREEK

Clear Creek (Basins 4300-03 & 4309-01)

Exhibit 8.19 summarizes key background data for the Clear Creek basins (Basin 4300-03 and
4309-01).

EXHIBIT 8.19
BACKGROUND DATA FOR CLEAR CREEK (BASINS 4300-03 & 4309-01)

Location Description: Northwest Denver and Arvada
Between I-76 and 32nd Avenue
Between Harlan Street and Alcott Street

Receiving Waterway: Clear Creek
General Land Use: Mostly residential with some commercial

including golf course and Regis University
Drainage Basin Area: 2,316 acres (3.62 square miles)
Basin Composite Imperviousness: 56.6%
Number of Outfalls: 4 (from Denver drainage systems)

66  outfall drains Berkeley Lake
Capacity of Outfalls: 2-year

The only major (larger than 48 inch) outfall exists at Sheridan Boulevard in Arvada.  This outfall
drains 1,343 tributary acres which includes the Berkeley Lake basin to the South.  The outfall is
a 66-inch pipe with a capacity of about 184 cfs (0.15% slope).  The existing system further up in
the basin and within Denver has a capacity of about 350 cfs (60  at 1.8%), which is
approximately a 2-year capacity.

Opportunities

Berkeley Lake and Rocky Mountain Lake provide water quality treatment for the majority of
tributary drainage area within Denver.
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Constraints

With the exception of small outfalls at 52nd Avenue and 50th Avenue, the major outfalls occur
outside of Denver in Arvada.

SAND CREEK

Four drainage basins tributary to Sand Creek are evaluated for regional stormwater treatment
opportunities in this discussion, including:

4 North Stapleton (Basin 4400-01)
4 Quebec Corridor (Basin 4400-02)
4 South Stapleton (Basin 4400-03)
4 East Stapleton (Basin 4400-04)

North Stapleton (Basin 4400-01)

Exhibit 8.20 summarizes key background data for the North Stapleton basin (Basin 4400-01).

EXHIBIT 8.20
BACKGROUND DATA FOR NORTH STAPLETON (BASIN 4400-01)

Location Description: North Stapleton
Quebec to Havana, and I-70 to 56th Avenue

Receiving Waterway: Sand Creek
General Land Use: Redevelopment of Stapleton Airport
Drainage Basin Area: 3,183 acres (4.97 square miles)
Basin Composite Imperviousness: 42.4%
Number of Outfalls: 1 existing to Sand Creek

3 new outfalls proposed
Capacity of Outfalls: 100-year capacity

Currently, drainage for areas north of I-70 flows to the north into the Rocky Mountain Arsenal.
Only one formal major outfall currently exists to Sand Creek:  the Colorado Department of
Transportation (CDOT) storm pipe for the I-70 corridor, which flows in a storm pipe system
parallel to I-70 into Sand Creek.

In the future, all drainage from the basin will discharge through only three outfall locations into
Sand Creek.  Regional water quality treatment is proposed at these three outfalls.

The Sand Creek floodplain significantly encumbers the site between Sand Creek and I-70 and
will eventually become more confined via implementation of the Sand Creek Master Plan
channel improvements.

Little drainage infrastructure currently exists in this undeveloped basin, except for the Catellus
site, west of and adjacent to Havana.  Since no major outfall exists today for the area, 100-year
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retention has been constructed.  Water is metered-out through small storm drains to allow the
ponds to dry between storms.

Opportunities

The East Stapleton Development Plan: The Green Book (Green Book) (Denver 1995) and
Outfall Systems Plan-Stapleton Area (OSP) (Denver and UDFCD 1995) set the plan for future
drainage.  The current master planning document is the Infrastructure Master Plan (BRW 2000),
which was approved by Denver Wastewater in April 2001 and generally adheres to the concepts
in the OSP.  One exception is that the OSP did not include a water quality component in the
North Area regional detention basin.  The OSP was predicated upon on-site MDCIA (Level 2),
gross pollutant removal and water quality facilities (extended detention basins).  The Urban
Storm Drainage Criteria Manual, Volume 3 (UDFCD 1999) included guidelines for water
quality treatment within the detention basin, and this concept has been adopted in the new Storm
Drainage Master Plan updates.

The land plan retains the Green Book concept of establishing a major drainageway called the
North Stapleton Outfall Channel.   This major drainageway receives almost all runoff generated

on the North Stapleton site.  The conveyance is a large channel, where multiple uses are
envisioned within the proposed drainage corridor.  The proposed pond at the outfall is sized to
store the 100-year hydrograph without overtopping, and includes a multi-stage outlet for water
quality treatment.

Constraints

None were identified because regional water quality treatment of this basin is already planned for
when the site is redeveloped.

Quebec Corridor (Basin 4400-02)

Exhibit 8.21 summarizes key background data for the Quebec Corridor (Basin 4400-02).

EXHIBIT 8.21
BACKGROUND DATA FOR QUEBEC CORRIDOR (BASIN 4400-02)

Location Description: North Denver and Commerce City
12th to 52nd Avenues, and Quebec to Dahlia
Streets

Receiving Waterway: Sand Creek
General Land Use: Mix of industrial and residential
Drainage Basin Area: 3,206 acres (4.61 square miles)
Basin Composite Imperviousness: 65.0%
Number of Outfalls and 2-Year Hydrology: 1 primary within Denver:

   90  & parallel 60  in Dahlia  1,161 cfs
Capacity of Outfalls: Less than 5-year
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This basin is fully built-out with older neighborhood residential use in the upper reaches and
commercial use in the lower reaches. Blueprint Denver shows the entire basin as an Area of
Stability, inferring that Basin 4400-02 is not an area of future land use change.  However,
corridor studies are now being initiated for this segment of I-70 that will evaluate the need for
highway and commuter rail improvements and identify related transit-oriented development
(TOD) opportunities.

Opportunities

Redevelopment of land within these basins would generally require a 100-year drainage system
and improvement of highway and rail drainage facilities for a 50-year conveyance system.  It is
assumed that additional locations for stormwater detention or related conveyance improvements
would be planned and constructed as part of the improvement programs associated with any
enhanced use within the area.

An alternatives analysis for combined capital improvements for Basins 0060-01 and 4400-02
found the least-cost solution included regional detention in this basin.  Areas identified for
regional detention exist at the Park Hill Golf Course, 48th and Colorado, future Denver Police
Department site at 38th and Grape Street, and Dahlia Square.  These detention ponds could also
be configured for water quality treatment as well.

Since most of the basin is discharged though one outfall in Dahlia Street, there is an opportunity
for an off-line regional water quality facility near the outfall.  The pond could treat collected
runoff regionally at the end of pipe before discharging into Sand Creek.  However, end-of-pipe
treatment would locate the pond in Commerce City.

Constraints

The main constraint to regional water quality treatment is the fact that the outfalls occur outside
of Denver in Commerce City.  Either land areas must be identified within Denver for regional
treatment, or an agreement must be structured with Commerce City for operation and
maintenance of regional facilities.
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South Stapleton (Basin 4400-03)

Exhibit 8.22 summarizes key background data for the South Stapleton basin (Basin 4400-03).

EXHIBIT 8.22
BACKGROUND DATA FOR SOUTH STAPLETON (BASIN 4400-03)

Location Description: South Stapleton
Quebec to Havana, and Montview to I-70

Receiving Waterway: Sand Creek
General Land Use: Redevelopment of Stapleton Airport
Drainage Basin Area: 1,016 acres (1.59 square miles)
Basin Composite Imperviousness: 70.8%
Number of Outfalls: 5 existing to Sand Creek
Capacity of Outfalls: 5-year capacity for existing

100-Year capacity for new systems

This basin will be almost completely redeveloped.  South of I-70, only water quality detention is
required, provided that the full 100-year storm is conveyed directly to the receiving major
drainageway without impact to downstream properties.  Therefore, all new Stapleton drainage
systems are designed for 100-year capacity.

Opportunities

The Green Book and OSP (Denver and UDFCD 1995) set the plan for future drainage.  The
current document is the Infrastructure Master Plan (BRW 2000), which was approved by
Denver Wastewater in April 2001 and which adheres to the concepts in the OSP.

Stapleton Filing No. 1 was recently developed to include in-tract water quality treatment.  East of
Filing 1 at Stapleton, stormwater will be directed easterly to the proposed regional outfall system
discharging at Smith Road and Sand Creek (near RK Mechanical).  Several proposed outfalls
will be combined into one large regional water quality pond near Smith Road and Sand Creek.
Approximately 285 tributary acres will be conveyed to this proposed regional water quality pond
via three new storm drains.

Constraints

Redevelopment of the site must occur before regional water quality treatment can be constructed.
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East Stapleton (Basin 4400-04)

Exhibit 8.23 summarizes key background data for the East Stapleton basin (Basin 4400-04).

EXHIBIT 8.23
BACKGROUND DATA FOR EAST STAPLETON (BASIN 4400-04)

Location Description: East Stapleton
Havana to Peoria, and Montview to I-70

Receiving Waterway: Sand Creek
General Land Use: Redevelopment of Stapleton Airport
Drainage Basin Area: 1,806 acres (2.82 square miles)
Basin Composite Imperviousness: 73.3%
Number of Outfalls and 2-Year Hydrology: 4 existing to Sand Creek
Capacity of Outfalls: 2-year to 5-year capacity for existing

100-year capacity for new systems

Currently, there are only four known outfalls into Sand Creek within this basin:

4 72-inch from Aurora from the south through the Stapleton site
4 84-inch in Havana from the north, collecting drainage along Smith Road and Havana
4 Open channel in Aurora from the north
4 I-70 corridor in a parallel storm pipe system to Sand Creek

Drainage on the Stapleton site is currently informal with few storm drains, relying upon
infiltration, evaporation and sheet flow to drain the site to Sand Creek.  A 72-inch storm drain
from Aurora currently flows north though the Stapleton site and discharges to Bluff Lake.  This
72-inch pipe can convey runoff only up to the 5-year event.  Drainage from the jail and other
properties between Smith Road and I-70 is conveyed to Sand Creek in the 84-inch pipe.  This
pipe has approximate capacity for the 2-year discharge.  The area south of Smith Road drains to
open channels in Aurora and directly to Sand Creek.

Opportunities

This basin will be almost completely redeveloped.  South of I-70, only water quality detention is
required, provided that the full 100-year storm is conveyed directly to the receiving major
drainageway without impact to downstream properties.  Therefore, all new Stapleton drainage
systems are designed for 100-year capacity.

Discussions with Denver Parks Department suggest interest in the development of Bluff Lake (in
the southeastern portion of the Stapleton site) for limited use as a water quality pond.  This lake
was formerly fed by Sand Creek via an irrigation-style channel, but this water supply is no
longer active.  Management plans for Bluff Lake propose to enhance its use as a public amenity
and to encourage wetlands restoration.  Therefore, additional water supply is desired for the site.
Proposed grading plans for the Stapleton site direct stormwater flows to Bluff Lake to enhance
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its water volume.  A new 7-foot x 5-foot box culvert is proposed to discharge into Bluff Lake for
regional water quality treatment.  Storm drainage pipes in this area will be constructed
commensurate with development.

Constraints

A portion of this basin is within Aurora.  Redevelopment of the site must occur before regional
water quality treatment could be constructed.

WESTERLY CREEK

Four drainage basins tributary to Westerly Creek are evaluated for regional stormwater treatment
opportunities in this discussion, including:

4 South Stapleton (Basin 4401-01)
4 11th Avenue to Montview (Basin 4401-02)
4 Lowry (Basin 4401-03)
4 Upper Westerly Creek (Basin 4401-04)

South Stapleton (Basin 4401-01)

Exhibit 8.24 summarizes key background data for the South Stapleton basin (Basin 4401-01).

EXHIBIT 8.24
BACKGROUND DATA FOR SOUTH STAPLETON (BASIN 4401-01)

Location Description: South Stapleton
MLK to Montview, and Quebec to Peoria

Receiving Waterway: Westerly Creek
General Land Use: Redevelopment of Stapleton Airport

Residential use in Aurora
Drainage Basin Area: 1,939 acres (3.03 square miles)
Basin Composite Imperviousness: 50.6%
Number of Outfalls: 8
Capacity of Outfalls: 100-year Capacity

The majority of this basin has been recently constructed or will be constructed soon as part of the
Stapleton Redevelopment project. The portion south of 26th Avenue and east of Westerly Creek
that lies within the City of Aurora is primarily residential.

Opportunities

Regional water quality has been recommended in the Stapleton Infrastructure Master Plan.
Water quality ponds along Westerly Creek are to be installed as development progresses.  No
additional water quality is proposed for this basin.
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Constraints

There are no constraints for implementation of the water quality ponds shown in the Stapleton
Infrastructure Master Plan.

11th Avenue to Montview (Basin 4401-02)

Exhibit 8.25 summarizes key background data for Basin 4401-02.

EXHIBIT 8.25
BACKGROUND DATA FOR 11TH AVENUE TO MONTVIEW (BASIN 4401-02)

Location Description: South of Stapleton, north of Lowry
Quebec to Peoria

Receiving Waterway: Westerly Creek
General Land Use: Residential with commercial along roadway

corridors
Drainage Basin Area: 1,811 acres (2.83 square miles)
Basin Composite Imperviousness: 62.6%
Number of Outfalls: 3 existing to Westerly Creek, 1 additional

proposed
Capacity of Outfalls: 2-year and 5-year capacity

This basin is fully built-out with older neighborhood residential and commercial uses throughout
and is not an area of future land use change.

Opportunities

No opportunities have been identified for regional water quality treatment.  Water quality will be
treated in-tract commensurate with new development.

Constraints

This basin is fully built out with dense development, and acquisition of real estate is a constraint
for regional facilities.
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Lowry (Basin 4401-03)

Exhibit 8.26 summarizes key background data for the Lowry basin (Basin 4401-03).

EXHIBIT 8.26
BACKGROUND DATA FOR LOWRY (BASIN 4401-03)

Location Description: Lowry
11th Avenue to Alameda, Quebec to Havana

Receiving Waterway: Westerly Creek
General Land Use: Redevelopment of Lowry Air Force Base

Mixed use of residential, commercial
Drainage Basin Area: 2,246 acres (3.51 square miles)
Basin Composite Imperviousness: 40.6%
Number of Outfalls: 5
Capacity of Outfalls: 100-year capacity

The majority of this basin has been recently constructed as part of the Lowry Redevelopment
project.

Opportunities

Water quality has been provided as master planned in the Lowry Master Drainage Plan (BRW
1998) at two locations: Westerly Creek Pond Dam and Kelly Road Dam.  All water flowing into
Westerly Creek within the Lowry Redevelopment area is treated at Kelly Road Dam.  No
additional water quality is proposed for this basin.

Constraints

There are no constraints for implementation of the regional water quality ponds shown in the
Lowry Master Drainage Plan.
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Upper Westerly Creek (Basin 4401-04)

Exhibit 8.27 summarizes key background data for the Upper Westerly Creek basin (Basin 4401-
04).

EXHIBIT 8.27
BACKGROUND DATA FOR UPPER WESTERLY CREEK (BASIN 4401-04)

Location Description: South of Lowry
Alameda to Jewell, west of Havana

Receiving Waterway: Westerly Creek
General Land Use: Residential and commercial mix
Drainage Basin Area: 1,824 acres (2.85 square miles)
Basin Composite Imperviousness: 55.6%
Number of Outfalls: 5 existing
Capacity of Outfalls: 2-year and 5-year capacity

This basin is mostly built-out with neighborhood residential and commercial uses throughout,
and major redevelopment within the basin is not anticipated.

Opportunities

All runoff flows north to the Westerly Creek Pond Dam where it is treated for water quality.

No additional water quality facilities have been proposed within the basin.

Constraints

This basin is fully built out with dense development, and acquisition of land is required for
regional facilities.
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CHERRY CREEK

Four drainage basins tributary to Cherry Creek are evaluated for regional stormwater treatment
opportunities in this discussion, including:

4 Central Business District (Basin 4600-01)
4 Cherry Creek Mall (Basin 4600-02)
4 Upper Cherry Creek (Basin 4600-03)
4 Upper Cherry Creek (Basin 4600-04)

Central Business District (Basin 4600-01)

Exhibit 8.28 summarizes key background data for the Central Business District basin (Basin
4600-01).

EXHIBIT 8.28
BACKGROUND DATA FOR CENTRAL BUSINESS DISTRICT (BASIN 4600-01)

Location Description: Downtown Denver
6th Avenue to the South Platte River along the
lower Cherry Creek corridor

Receiving Waterway: Cherry Creek
General Land Use: Commercial
Drainage Basin Area: 1,392 acres (2.17 square miles)
Basin Composite Imperviousness: 83.2%
Number of Outfalls: 42 outfalls
Capacity of Outfalls: 2-year to 5-year

Intercepted stormwater is discharged into Cherry Creek.  Some of the major outfalls include:

4 16-foot x 4-foot box culvert from the Pepsi Center
4 10-foot x 5-foot box culvert recently constructed for the Convention Center up to 14th

and Stout Street
4 96-inch pipe outfalling at 14th and Market Street draining large pipe in Larimer Street
4 54-inch pipe from Delgany Street

Opportunities

No opportunities have been identified for regional water quality treatment.  Water quality will be
treated in-tract commensurate with new development.

Constraints

This basin is fully built out with dense development, and the high cost of downtown real estate is
a constraint for acquisition for regional stormwater facilities.
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Cherry Creek Mall (Basin 4600-02)

Exhibit 8.29 summarizes key background data for the Cherry Creek Mall basin (Basin 4600-02).

EXHIBIT 8.29
BACKGROUND DATA FOR CHERRY CREEK MALL (BASIN 4600-02)

Location Description: 6th Avenue to Colorado Boulevard
Along the Cherry Creek corridor
Includes the Denver Country Club and Cherry
Creek Mall

Receiving Waterway: Cherry Creek
General Land Use: Commercial and residential
Drainage Basin Area: 2,952 acres (4.61 square miles)
Basin Composite Imperviousness: 57.7%
Number of Outfalls: 24 outfalls
Capacity of Outfalls: 2-year to 5-year

Intercepted stormwater is discharged into Cherry Creek.  Some of the major outfalls include:

4 56-inch pipe at 1st and Marion Street
4 66-inch pipe from Cherry Creek Mall at University Boulevard and Cherry Creek
4 60-inch pipe from the east side of the Cherry Creek Mall near Steele Street
4 3-foot x 8-foot box culvert in Steele Street
4 48-inch x 76-inch elliptical pipe in Colorado Boulevard north of Cherry Creek
4 66-inch pipe at Garfield Street and Cherry Creek
4 42-inch pipe from University Boulevard south of Cherry Creek
4 72-inch pipe from Washington Street south of Cherry Creek draining 618 acres

Opportunities

No easy opportunities have been identified for regional water quality treatment.  Water quality
will generally be treated in-tract commensurate with new development.  However, there may be
an opportunity on the existing 66-inch pipe at University Boulevard that captures runoff from 44
acres of dense commercial development and parking at the mall.  This storm sewer could be
daylighted and detention constructed if some peripheral parking area were sacrificed.

Constraints

This basin is fully built-out with dense development, and the high cost of real estate prohibits
acquisition for regional facilities.  The many outfalls preclude construction of a few regional
facilities.  There are no opportunities for on-line water quality treatment within Cherry Creek.
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Upper Cherry Creek (Basin 4600-03)

Exhibit 8.30 summarizes key background data for the Upper Cherry Creek basin (Basin 4600-
03).

EXHIBIT 8.30
BACKGROUND DATA FOR UPPER CHERRY CREEK (BASIN 4600-03)

Location Description: Denver, Glendale, and Aurora
Colorado Boulevard to Quebec
Along the Cherry Creek corridor

Receiving Waterway: Cherry Creek
General Land Use: Commercial and residential
Drainage Basin Area: 3,597 acres (5.62 square miles)
Basin Composite Imperviousness: 68.9%
Number of Outfalls: 19 Outfalls
Capacity of Outfalls: 2-year to 5-year

The lower reach of this basin is outside Denver limits in the City of Glendale.  The upper reaches
of the basin are in Aurora.  Most of this basin has been developed into neighborhood residential
use and parks. Blueprint Denver shows the entire basin as an Area of Stability.  No areas have
been identified as Areas of Change.

This basin is characterized by smaller tributaries to Cherry Creek with travel paths generally less
than one mile to each outfall.  This reach of the Cherry Creek basin includes the Goldsmith
Gulch outfall.

Opportunities

No opportunities have been identified for regional water quality treatment.  Water quality will be
treated in-tract commensurate with new development.

Constraints

This basin is fully built-out with dense development, and land acquisition is necessary for
regional facilities.  No opportunities for regional detention were identified in this basin.  The
many outfalls preclude construction of only a few regional facilities.  There are no opportunities
for on-line water quality treatment within Cherry Creek.
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Upper Cherry Creek (Basin 4600-04)

Exhibit 8.31 summarizes key background data for the Upper Cherry Creek basin (Basin 4600-
04).

EXHIBIT 8.31
BACKGROUND DATA FOR UPPER CHERRY CREEK (BASIN 4600-04)

Location Description: Denver and Aurora
Parker Road, I-225, Yosemite Street
Along the Cherry Creek corridor

Receiving Waterway: Cherry Creek
General Land Use: Commercial and residential
Drainage Basin Area: 3,693 acres (5.77 square miles)
Basin Composite Imperviousness: 51.3%
Number of Outfalls: 14 outfalls
Capacity of Outfalls: 2-year to 5-year

The lower reach of this basin is outside Denver limits in the City of Aurora.  Most of this basin
has been developed into neighborhood residential use and parks, with commercial use along
major roadway corridors.

This basin is characterized by smaller tributaries to Cherry Creek with travel paths generally less
than 1 mile to each outfall.  There are three major outfalls in the basin, all located near the point
where Cherry Creek passes under Hampden Avenue.

Opportunities

A new stormwater detention pond is proposed in the undeveloped parcel of land owned by
Denver Parks west of the intersection of Parker Road and Dartmouth Avenue, just north of the
baseball fields.  The parcel of land is approximately 4.6 acres in area. Incorporating water quality
into a detention pond in this location would treat runoff from approximately 478 acres of land
east of Parker Road prior to discharging into Cherry Creek.

Two major storm sewer outfalls discharge into Cherry Creek within 1,200 feet of each other on
the west side of Cherry Creek near Hampden Avenue and Dartmouth Avenue.  An undeveloped
parcel of land approximately 300 ft x 1,100 ft (7.6 acres) in area stretches between the two
outfalls.  A water quality feature in this location would treat runoff from approximately 728 acres
of land to the west before it enters Cherry Creek.

Constraints

It is unclear if Denver Parks has plans for developing either parcels of land or if a water quality
feature could be incorporated into whatever development plans they may have.  Discussions with
Denver Parks need to take place before either of these potential water quality treatment locations
could be seriously considered.
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GOLDSMITH GULCH

Goldsmith Gulch (Basin 4601-01)

Exhibit 8.32 summarizes key background data for the Goldsmith Gulch basin (Basin 4601-01).

EXHIBIT 8.32
BACKGROUND DATA FOR GOLDSMITH GULCH (BASIN 4601-01)

Location Description: I-225 and I-25 Interchange
Receiving Waterway: Cherry Creek
General Land Use: Mix of commercial and residential
Drainage Basin Area: 4,992 acres (7.8 square miles)
Basin Composite Imperviousness: 56.6%
Number of Outfalls: 2 existing to Cherry Creek
Capacity of Outfalls: 2-year to 5-year capacity for existing

Outfalls include:

4 Open channel to Cherry Creek
4 72-inch by 120-inch from South Monaco Parkway

This basin is fully built-out with neighborhood residential and commercial/light industrial.  Only
a very small portion of this basin is within Denver.  The newly constructed I-25 and I-225
interchange includes off-line detention and water quality ponds as part of the storm sewer
system.

Opportunities

Several existing parks and detention facilities located along Goldsmith Gulch provide an
opportunity for water quality.  Each park s detention facility could potentially be modified to
meet the requirements for water quality.  The locations of these facilities are Wallace Park,
Rosamond Park, Bible Park, Iliff and Monaco, and Cherry Creek and Monaco.

Constraints

Each detention facility will have to be analyzed to determine the effect of modifying the facility
with respect to flood attenuation.  Agreements between Denver, Greenwood Village, and
UDFCD would need to be in place before constructing any facilities.
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DRY GULCH AND LAKEWOOD GULCH

The Dry Gulch and Lakewood Gulch basins are evaluated for regional stormwater treatment
opportunities together in the following discussion.  Dry Gulch is tributary to Lakewood Gulch,
which is tributary to the South Platte River.

Lakewood & Dry Gulches (Basins 4800-01 & 4801-01)

Exhibit 8.33 summarizes key background data for the Lakewood Gulch and Dry Gulch basins
(Basins 4800-01 & 4801-01).

EXHIBIT 8.33
BACKGROUND DATA FOR LAKEWOOD & DRY GULCHES (BASINS 4800-01 & 4801-01)

Location Description: 6th to Colfax Avenues, and Sheridan to Federal
Receiving Waterway: Lakewood Gulch and Dry Gulch, a tributary of

Lakewood Gulch
All tributary to the South Platte River

General Land Use: Primarily residential
Drainage Basin Area: Lakewood Gulch:  750 acres (1.17 square

miles)
Dry Gulch:  248 acres (0.39 square mile)

Basin Composite Imperviousness: Lakewood Gulch:  59.6%
Dry Gulch:  62.0%

Number of Outfalls and 2-Year Hydrology: 1 pipe outfall larger than 24 :
   39  at Lowell Boulevard  106 cfs

Capacity of Outfalls: About 2-year

Lakewood Gulch is a major drainageway with a 16-square-mile watershed, and Dry Gulch is a
north bank tributary to Lakewood Gulch.  Lakewood and Dry Gulch both discharge to the South
Platte River.  The gulches begin in Lakewood and terminate into the South Platte River at 14th

Avenue.  Only about 10 percent of the total tributary area is within Denver.  The basins are long
and narrow, running west to east.

The basins within Denver are fully built-out primarily with neighborhood residential use, except
for commercial use along arterial transportation corridors. Blueprint Denver shows linear
corridors along Dry Gulch and Colfax subject to change.  There are proposed light rail and other
transit-oriented improvements that may occur in these basins in the future.

Runoff generally flows down the relatively steep roadways into these major drainageways.
Relatively little storm pipe is necessary in these basins due to the capacity of the streets to
convey stormwater.  Intercepted stormwater in the pipes is discharged in small, local storm
drainage outfalls to the drainageways.
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Opportunities

An on-line water quality pond could be constructed on Dry Gulch or Lakewood Gulch.
However, due to the high peak flows, configuring a water quality pond to retain trapped
sediment and trash would be a design challenge.

Constraints

There are no opportunities to construct a regional water quality pond at the end-of-pipe.  No land
has been identified within the gulches for on-line water quality ponds.

WEIR GULCH

Weir Gulch (Basin 4900-01)

Exhibit 8.34 summarizes key background data for the Weir Gulch basin (Basin 4900-01).

EXHIBIT 8.34
BACKGROUND DATA FOR WEIR GULCH (BASIN 4900-01)

Location Description: West of Downtown Denver
Between 9th and Kentucky Avenues, and
Sheridan Boulevard and the South Platte River

Receiving Waterway: Weir Gulch
General Land Use: Mix of residential, commercial, and industrial
Drainage Basin Area: 1,473 acres (2.30 square miles) within Denver
Basin Composite Imperviousness: 58.3%
Number of Outfalls and 2-Year Hydrology: 16 outfalls
Capacity of Outfalls: 2-year

Basin 4900-01 tributary to Weir Gulch is fully built-out (within Denver) with older
neighborhood residential use in the upper reaches and commercial use in the lower reaches.  Two
major tributaries outfall into Weir Gulch:  1st Avenue and Dakota Avenue Tributaries.

Opportunities

An existing on-line water quality facility exists on Weir Gulch at Barnum South Park.  Strip
parks have been developed by the Denver Parks and Recreation Department from 1st Avenue to
Alameda Avenue along the gulch, which could be reconfigured to be utilized for regional
stormwater management.

Constraints

This basin is fully built-out with dense development, and land acquisition is necessary for
regional facilities.
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SANDERSON GULCH

Sanderson Gulch (Basin 5100-01)

Exhibit 8.35 summarizes key background data for the Sanderson Gulch basin (Basin 5100-01).

EXHIBIT 8.35
BACKGROUND DATA FOR SANDERSON GULCH (BASIN 5100-01)

Location Description: West Denver and Jefferson County
South Platte River to South Pierce Street

Receiving Waterway: South Platte River
General Land Use: Mix of industrial and residential
Drainage Basin Area: 4,864 acres (7.6 square miles)
Basin Composite Imperviousness: 54.6%
Number of Outfalls and 2-Year Hydrology: 1 within Denver:

Open Channel at Platte River Drive  See FHAD
Capacity of Outfalls: 100-Year
4 Much of the Sanderson Gulch basin is tributary to Mississippi Avenue and the associated

outfall.

Opportunities

Basin 5100-01 is fully built-out with older neighborhood residential use in the upper reaches and
commercial use in the lower reaches. Blueprint Denver shows the region along both sides of
Federal Boulevard as an Area of Change, meaning that redevelopment is expected to occur in the
area of the storm drain outfalls.  This is an opportunity for installation of regional water quality
treatment, especially since basin runoff is confined to one major outfall.

An undeveloped open channel section along Mississippi Avenue at Quivas Street is an
opportunity for an on-line regional water quality pond at the discharge of the 4 ft x 8 ft CBC.
This site is an ideal location for water quality treatment.

Other locations for regional water quality treatment within this basin are Huston Lake, Garfield
Lake, Ward Reservoir No. 5, and Harvey Park.  These Denver Parks lands may provide an
opportunity for off-line regional water quality ponds.

Constraints

The main constraint to regional water quality treatment is the fact that the outfall at Mississippi
Gulch requires coordination with Public Service Company and private landowners.  Either land
areas must be identified within Denver for regional treatment, or an agreement must be
structured with Public Service Company for operation and maintenance of regional facilities.
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GREENWOOD GULCH

Greenwood Gulch (Basin 5401-01)

Exhibit 8.36 summarizes key background data for the Greenwood Gulch basin (Basin 5401-01).

EXHIBIT 8.36
BACKGROUND DATA FOR GREENWOOD GULCH (BASIN 5401-01)

Location Description: East Belleview Avenue and South Monaco
Street, Southeast Denver

Receiving Waterway: Greenwood Gulch
General Land Use: Mix of industrial, commercial, and residential
Drainage Basin Area: 93 acres (0.15 square mile)
Basin Composite Imperviousness: 84.0%
Number of Outfalls: 3 existing leaves Denver and discharge to

Greenwood Gulch
Capacity of Outfalls: 2-year to 5-year capacity for existing

Outfalls include:

4 30-inch from West Quincy Avenue
4 42-inch from South Federal Boulevard

This basin has several future developments planned.  The majority of the basin is composed of
residential, commercial and light industrial.  The entire basin is within Denver.

Opportunities

Existing detention and water quality facilities are servicing this basin.  No new facilities are
required at this time.

Constraints

Any modifications to existing facilities must conform to the existing developer agreements.
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BEAR CREEK

Six drainage basins tributary to Bear Creek are evaluated for regional stormwater treatment
opportunities in this discussion, including:

4 Fort Logan (Basin 5500-01)
4 Upper Bear Creek (Basin 5500-02)
4 Academy Park Tributary (Basin 5500-03)
4 Marston Lake North (Basin 5500-04)
4 Pinehurst Tributary (Basin 5500-05)
4 Henry s Lake Tributary (Basin 5501-01)

Fort Logan (Basin 5500-01)

Exhibit 8.37 summarizes key background data for the Fort Logan basin (Basin 5500-01).

EXHIBIT 8.37
BACKGROUND DATA FOR FORT LOGAN (BASIN 5500-01)

Location Description: Southwest of Downtown Denver
Between Yale and Union Avenues, and
Between Sheridan and Federal Boulevards

Receiving Waterway: Bear Creek
General Land Use: Mix of residential and commercial
Drainage Basin Area: 1,997 acres (3.12 square miles)
Basin Composite Imperviousness: 52.8%
Number of Outfalls: 9 outfalls
Capacity of Outfalls: 1- to 2-year

Basin 5500-01 is primarily residential use on the north side of Bear Creek and a mixture of
residential with Fort Logan National Cemetery and Mullen High School on the south side.
Wolcott Lake, located on the northern end of the basin, does not receive enough stormwater
runoff to be effective for water quality purposes.

Opportunities

The 2003 Fort Logan Cemetery development plan proposes two detention ponds which would
provide water quality benefits for the south side of the basin.

No opportunities have been identified for regional water quality treatment on the north side of
Bear Creek.  Water quality will be treated in-tract commensurate with new development.

Constraints

No Denver Parks or Open Space land is available in this basin on the north side of Bear Creek.
Land acquisition would be necessary to provide regional water quality systems to this area.
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Upper Bear Creek (Basin 5500-02)

Exhibit 8.38 summarizes key background data for the Upper Bear Creek basin (Basin 5500-02).

EXHIBIT 8.38
BACKGROUND DATA FOR UPPER BEAR CREEK (BASIN 5500-02)

Location Description: Southwest of Downtown Denver
Between Lakeridge Road and Lehigh Avenue,
and Between Wadsworth and Sheridan
Boulevards

Receiving Waterway: Bear Creek
General Land Use: Mix of residential, commercial, and industrial
Drainage Basin Area: 1,178 acres (1.84 square miles)
Basin Composite Imperviousness: 45.5%
Number of Outfalls: 15 outfalls
Capacity of Outfalls: 2-year

Intercepted stormwater is discharged into Bear Creek.  Some of the major outfalls include:

4 30-inch to an open channel at Webster Street
4 30-inch at Reed Street
4 30-inch at Newland Street
4 42-inch at Lamar Street
4 42-inch at Joslin Court
4 48-inch at Golden Way
4 30-inch at the north side of Sheridan Boulevard
4 48-inch at the south side of Sheridan Boulevard

Opportunities

No opportunities have been identified for regional water quality treatment.  Water quality will be
treated in-tract commensurate with new development.

Constraints

This basin is fully built-out with dense development, and acquisition of real estate is a constraint
for regional facilities.  The many outfalls preclude construction of only a few isolated regional
facilities.
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Academy Park Tributary (Basin 5500-03)

Exhibit 8.39 summarizes key background data for the Academy Park Tributary basin (Basin
5500-03).

EXHIBIT 8.39
BACKGROUND DATA FOR ACADEMY PARK TRIBUTARY (BASIN 5500-03)

Location Description: Southwest of Downtown Denver
Between Bear Creek and Quincy Avenue, and
Between Wadsworth Boulevard and Ingall Street

Receiving Waterway: Bear Creek
General Land Use: Mostly commercial with some residential
Drainage Basin Area: 384 acres (0.60 square mile)
Basin Composite Imperviousness: 67.2%
Number of Outfalls: 3 outfalls

Including 54  at Marshall Street
Capacity of Outfalls: 2-year

The majority of this basin (88%) is located within Jefferson County.  Only the downstream
outfall portion of the basin is located in Denver.

Opportunities

No opportunities have been identified for regional water quality treatment within Denver.
Several small facilities associated with individual development have been constructed in the
upstream (Jefferson County) portion of the basin.

Constraints

The basin is almost entirely located within Jefferson County.
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Marston Lake North (Basin 5500-04)

Exhibit 8.40 summarizes key background data for the Marston Lake North basin (Basin 5500-
04).

EXHIBIT 8.40
BACKGROUND DATA FOR MARSTON LAKE NORTH (BASIN 5500-04)

Location Description: Quincy to Belleview, Kipling to Wadsworth
Wadsworth to Sheridan north of Quincy

Receiving Waterway: Bear Creek
General Land Use: Residential and commercial mix
Drainage Basin Area: 1,894 acres (2.96 square miles)
Basin Composite Imperviousness: 45.0%
Number of Outfalls: 1 existing to Bear Creek
Capacity of Outfalls: 5-year capacity

There are over 15 minor storm sewer outfalls to the Marston Lake North channel from its
beginning at Lakes Lake to the channel s outfall into Bear Creek. The channel drains
approximately 2.96 square miles. There is an existing detention pond called Lakes Lake located
between Stanford Avenue and Balsam Way, north of Union Avenue

Opportunities

It is assumed that Lakes Lake was constructed with the intention of providing water quality. If
that is not the case, incorporating water quality into the pond would provide treatment for the
453 acres flowing to it.

There is a series of ponds in line with the Marston Lake North channel located east and west of
Sheridan near the Oxford Avenue intersection.  Any of these ponds could be used for water
quality treatment in the lower portion of the basin.

Constraints

Land acquisition may be necessary for the ponds in the lower reach of the basin.
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Pinehurst Tributary (Basin 5500-05)

Exhibit 8.41 summarizes key background data for the Pinehurst Tributary basin (Basin 5500-05).

EXHIBIT 8.41
BACKGROUND DATA FOR PINEHURST TRIBUTARY (BASIN 5500-05)

Location Description: Southwest of downtown Denver
Between Bear Creek and Quincy Avenue, and
Between Wadsworth and Sheridan Boulevards

Receiving Waterway: Bear Creek
General Land Use: Residential and commercial
Drainage Basin Area: 461 acres (0.72 square mile)
Basin Composite Imperviousness: 42.2%
Number of Outfalls: 2 outfalls

Primary outfall is 42
Capacity of Outfalls: 50-year

Basin 5500-05 is primarily residential use in the lower reaches, and golf course/residential in the
upper reaches.  Colorado Academy is located in the central portion of the basin.

Opportunities

There are several existing and proposed detention/water quality systems throughout the basin.
Newly constructed detention and water quality ponds exist on the Colorado Academy site.  There
is good opportunity for on-line water quality facilities to be constructed in the lower reaches of
the channel, just south of Hampden Avenue.

Constraints

Land acquisition costs could be prohibitive.
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Henry s Lake (Basin 5501-01)

Exhibit 8.42 summarizes key background data for the Henry s Lake basin (Basin 5501-01).

EXHIBIT 8.42
BACKGROUND DATA FOR HENRY S LAKE (BASIN 5501-01)

Location Description: Southwest of Downtown Denver
Between Bear Creek and Stanford Avenue
Between Kipling Avenue and Pierce Way

Receiving Waterway: Bear Creek
General Land Use: Residential, commercial, golf course,

undeveloped
Drainage Basin Area: 864 acres (1.35 square miles)
Basin Composite Imperviousness: 35.0%
Number of Outfalls: 1 outfall (located in Jefferson County)
Capacity of Outfalls: Not quantified

The majority of this basin (95%) and the outfall are located within Jefferson County.  Only 40
acres at the upstream end of the basin are located within Denver.  Little Henry s Lake is located
on Denver property.

Opportunities

A regional detention pond, Little Henry s Lake, is located just south of Henry s Lake and could
provide regional water quality for Denver s 40 tributary acres.  The pond is maintained by
Denver s Parks and Recreation Department.

RTD owns land adjacent to the existing Park N-Ride facility near Wadsworth Boulevard and
Hampden Avenue in Jefferson County.  RTD has expressed some interest in using the land for
stormwater detention/water quality purposes.

A series of on-line ponds are located in the lower portion of the drainageway (Jefferson County).

Constraints

The basin is almost entirely located within Jefferson County.  A maintenance agreement is
required for use of Little Henry s Lake as a regional water quality facility.
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DUTCH CREEK

Coon Creek (Basin 5901-01)

Exhibit 8.43 summarizes key background data for the Coon Creek basin (Basin 5901-01).

EXHIBIT 8.43
BACKGROUND DATA FOR COON CREEK (BASIN 5901-01)

Location Description: Belleview to Bowles, Kipling to Sheridan
Receiving Waterway: Coon Creek
General Land Use: Mixed use of residential, commercial
Drainage Basin Area: 1,984 acres (3.10 square miles)
Basin Composite Imperviousness: 53.2%
Number of Outfalls: 2 to Coon Creek within Denver
Capacity of Outfalls: 5-year capacity

The majority of this basin is relatively new construction and includes on-site detention and water
quality facilities.  Denver s jurisdiction consists of only a narrow strip of land cutting across
Coon Creek and a small tributary basin at the upstream end of the basin.  The majority of this
basin is located outside of Denver, including the outfall to Dutch Creek.

Opportunities

No opportunities have been identified within Denver for regional water quality treatment.

Constraints

This basin is located almost entirely within Jefferson County.

SUMMARY

Multiple opportunities exist for regional stormwater quality treatment facilities.  Chapter 9
identifies work that needs to be completed to further evaluate and plan for regional stormwater
treatment at these potential sites.
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Chapter 9
RECOMMENDATIONS AND IMPLEMENTATION PLAN

As is the case with cities throughout the country, Denver is faced with complex regulatory
requirements with regard to water quality.  Denver s Phase I CDPS permit specifies stringent
requirements with which it must comply or face significant penalties.  Fortunately, Denver
already has many sound water quality requirements in place in the form of policies and
regulations.  This chapter provides a summary of recommendations for future water quality
protection efforts, along with a proposed implementation plan for these recommendations.

RECOMMENDATIONS

1. All new and redevelopment projects must address water quality in their development plans,
complying with the stormwater policies and design criteria specified in the Urban Storm
Drainage Criteria Manual, Volumes 1-3 (UDFCD 1999, 2001) and in Denver s CDPS
permit.  Particularly critical is the four-step BMP planning process that requires:

4 Implementing stormwater runoff reduction practices.

4 Providing treatment of the Water Quality Capture Volume.

4 Implementing streambank and channel stabilization techniques for any
drainageways within or adjacent to a project site.

4 Providing additional treatment for pollution hot spots.

2. Under Denver s CDPS permit, adverse impacts to receiving waters posed by urban
stormwater discharges must be minimized to the maximum extent practicable. Examples
of these adverse impacts can include increased pollutant loading, increased runoff rates and
volumes, channel instability, modification of aquatic habitat and increased sediment
loading, both during and after construction.  It is essential to recognize that, despite the best
efforts to control stormwater runoff, there will be some change in receiving water
characteristics due to development; therefore, a zero impact  policy is not realistic or
attainable.  As a result, Denver advocates management of stormwater through the
implementation of BMPs designed in accordance with the guidelines established by
UDFCD (UDFCD 1999, 2001), as summarized in #1, above.

3. Denver will continue to advocate the use of multiple BMPs, including non-structural
measures, source controls, and structural BMPs, to reduce stormwater pollution.  Whenever
practicable, combining BMPs in series can be very effective in reducing stormwater
pollution.

4. The stormwater quality BMP implementation guidelines provided in Chapter 6 of this Plan
will be shared with developers and city staff alike to promote better integration of water
quality into site designs, including more substantial use of runoff reduction techniques.
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5. Denver will work to ensure that water quality is addressed in the very beginning of the site
development process so that stormwater quality BMPs are better and more cost effectively
integrated into site designs.  Various Denver departments (e.g., Public Works, Planning,
Parks, Environmental Health) must work together with a shared vision of stormwater
quality management to accomplish this goal.

6. Urban stormwater management must be an integral part of site design and take into
consideration multiple objectives.  As stated in the Urban Storm Drainage Criteria Manual,
Volume 1 (UDFCD 2001), the many competing demands placed on space and resources
require that stormwater management strategies take into account water quality
enhancement, groundwater recharge, recreation, wildlife habitat, wetland protection,
protection of landmarks/amenities, control of erosion and sediment deposition, and creation
of open space.  In addition, the appearance of BMPs is particularly important; Denver will
expect to receive site development plans that feature attractive BMPs that will be viewed as
assets by the community.  Denver will encourage multi-purpose usage of BMPs; however,
compatibility among uses must be demonstrated (e.g., compatibility between recreational
areas and detention areas).

7. Planning for water quality must proceed hand-in-hand with drainage planning for quantity
(rate and volume).  In urban areas, these two planning efforts are inseparable.  When these
issues are addressed together and early in the site planning process, more efficient,
economical and attractive land uses generally result.

8. Denver will continue to review BMP designs for pubic safety and maintenance
accessibility, maintainability, documentation of maintenance requirements and schedule,
and assured long-term funding for maintenance.  Proper maintenance is fundamental to
public safety and long-term effectiveness of stormwater BMPs; therefore, Denver will take
these steps to promote better long-term maintenance of BMPs:

4 Require inclusion of a simple BMP maintenance plan as part of Denver s
Stormwater Quality Control Plan submittal requirements.

4 Require a legally binding description of BMP maintenance requirements and
arrangements as part of development plan approval.

4 Clearly identify BMP maintenance requirements in forthcoming updates to
Denver s Storm Drainage Criteria Manual.

4 Prepare easy-to-understand maintenance guidance documents and brochures for
both pubic and private facility owners.  These documents will be based on
maintenance recommendations of UDFCD and the guidelines provided in Chapter
6 of this Plan.

9. The same stormwater quality management expectations and practices that apply to projects
in the private sector also apply to projects that are the responsibility of Denver, such as
buildings, parks, streets, utilities, etc.  When Denver is preparing plans for any such
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projects or managing, maintaining and/or upgrading existing facilities, potential adverse
stormwater quality effects must be evaluated and suitably mitigated.

10. Denver will continue to actively participate in regional water quality management efforts
such as those being conducted by South Platte Cooperative for Urban River Evaluation
(CURE), the Cherry Creek Basin Stewardship Partners, and the Barr Lake-Milton Reservoir
Watershed Group.  These on-going efforts emphasize the importance of Denver partnering
with neighboring communities to tackle difficult water quality issues.  Denver must also
stay abreast of forthcoming regulatory changes that affect management of the many lakes
and streams within its boundaries.

11. Denver s stormwater management strategies must be consistent with the principles, criteria,
and priorities in its multiple planning and technical criteria documents, as described in
Chapter 4.

12. Denver will work to remove obstacles to innovative stormwater management approaches by
reviewing regulations and codes and, where practical, modifying requirements that conflict
with the principles of this Plan.  For example, such conflicts may arise with regard to
parking lot and curb and gutter design requirements relative to some Low Impact
Development approaches.

13. Denver will continue to promote managing and treating stormwater quality using
aboveground facilities, rather than in subsurface, vault-type  treatment devices.
Nevertheless, Denver recognizes that there are some cases where the use of such facilities is
necessary due to extreme space constraints in smaller redevelopment sites, such as those
located in the downtown area.

14. Denver will evaluate the feasibility of collaborating with UDFCD, a university, other local
governments, and other organizations to pilot-test innovative BMPs.  Denver will continue
to actively partner with UDFCD to develop design guidance for new  BMPs for the
Denver area.

15. Denver will continue to educate the public on stormwater quality issues.  Additional
opportunities for Denver s existing public education program include:

4 Provide additional educational brochures and water pollution prevention resources
on the Denver web site.  For example, as discussed in Chapter 5, many of the
national case studies provide extensive web resources.

4 Develop pollution prevention programs for specific industries that require further
attention and/or partner with entities providing existing programs.  For example,
the City of Boulder s Partners for a Clean Environment (PACE) program targets
and provides educational information to specific industry segments including auto
repair, auto body, green building, dental offices, dry cleaning, landscaping,
manufacturing, printing, restaurant, and retail sectors.  The City of Portland has a
similar program. As an alternative to independently developing such programs,
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Denver can partner with professional organizations and industry groups to support
their efforts in this type of training.

4 Educate developers and Denver staff on the benefits of land management
strategies such as open space/natural areas preservation and/or restoration,
riparian buffer zone protection, Smart Growth, Green Development, and Low
Impact Development strategies.

4 Continue educational campaigns on specific measures to minimize pollution at its
source.  These efforts will include a multi-faceted approach directed to the public,
Denver staff and elected officials, and neighboring communities.

16. Based on an initial reconnaissance level evaluation (as described in Chapter 8), there are
promising opportunities for regional water quality BMPs, including large retention basins
and wetlands, that could reduce impacts to downstream receiving waters.  Methods to
finance the development and maintenance of these facilities are urgently needed.  In
addition, Denver will proceed with more detailed citywide planning to identify and
prioritize regional BMP alternatives.  As a part of any regional facility evaluation, it will be
important to clearly define under what circumstances a developer can have their
requirement for onsite water quality treatment waived (e.g., paying a fee-in-lieu-of
treatment) due to regional treatment facilities.

17. Closely related to regional water quality facilities is the need to conduct a watershed-by-
watershed evaluation of current stream and lake conditions, including steps that are
necessary to improve the status quo.  The purpose of such an evaluation is to identify
watershed-specific goals, priorities, data gaps and practicable mitigation measures that
could be developed to strategically improve conditions.  It is logical to focus initially on
303(d)-listed streams (i.e., those that are considered by to be impaired  for one or more
pollutants) and to work closely with existing efforts such as those of South Platte CURE,
the Barr-Milton Watershed Group, and Denver Public Works and Environmental Health.

18. Denver will continue to monitor approaches used throughout the country related to
stormwater and watershed management.  Lessons learned from case studies evaluated in
this Plan will be kept in mind during decision-making and planning for Denver.  Examples
of common themes from communities with advanced stormwater programs include:

4 Comprehensive approaches are being used to address drainage, flooding, erosion,
aquatic life, native habitat, and water quality in an integrated manner.

4 Watershed-based approaches are being used for planning and problem solving.

4 Geographic Information System (GIS) tools are being used effectively to
prioritize stormwater improvements and to more effectively communicate to
citizens, staff, and developers.

4 Storm runoff volume reduction practices are being used in many of these
communities.  These practices include a variety of runoff reduction techniques
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such as grass buffers and swales, green roofs, and other landscape-based
approaches.

4 The importance of sound long-term maintenance of BMPs is widely recognized,
as is the need to provide pubic safety at drainage facilities.

4 Strong public education and outreach campaigns in combination with extensive
web sites are substantive components of these programs.  Education is being
aggressively used as a key strategy to improve runoff quality.

4 Significant financial investments, often measured in millions of dollars, have been
required for many communities to conduct their stormwater quality planning
efforts.  These communities recognize that comparable future expenditures will be
required to implement their plans, and are implementing suitable methods of
financing.

19. Because the water quality challenges facing Denver will require significant funding, new
and potentially innovative financing strategies that capitalize on public/private partnerships
will be investigated.

Although this Plan provides a solid framework and foundation for effective stormwater quality
management in Denver, a follow-up implementation plan and schedule are needed to ensure that
the principles and practices set forth in this Plan are implemented throughout Denver.  An initial
Implementation Plan is outlined in the following section.

IMPLEMENTATION PLAN

As a result of extensive review of this Plan by both the Denver Advisory Committee and an
Outside Review Committee, the need for an implementation plan identifying how the
recommendations of this Plan would be implemented was identified as a top priority.  In Exhibit
9.1, recommendations from this Plan have been tabulated along with identification of responsible
party, timeframe, and level of financial investment by Denver.  This implementation plan can be
considered a road map  for Denver to manage stormwater quality in the future.  It is anticipated
that this initial framework will be revised periodically.
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EXHIBIT 9.1
IMPLEMENTATION PLAN FOR DENVER WATER QUALITY MANAGEMENT PLAN ACTION ITEMS

ACTION ITEM DESCRIPTION TIMEFRAME LEAD
DEPARTMENT

APPROXIMATE
FUNDING LEVEL

1.  Update Denver s Storm
Drainage Criteria Manual to
reflect the policies and
guidelines of this Plan.

Integrate the policies and strategies identified in this
Plan into the Denver Storm Drainage Criteria Manual.
Representative topics include integration of water
quality/quantity management, BMP maintenance,
consideration of regional facilities, and policies
regarding multiple use facilities and new BMPs.

2005
Public Works
Engineering
Division

$80-100,000
(Contract)

2.  Update Denver s
Stormwater Quality Control
Plans, An Information Guide
to reflect the policies of this
Plan with specific emphasis on
maintenance plans for BMPs.

Currently, the Information Guide has no requirements
for long-term maintenance plans for BMPs.  The guide
should be expanded to require the developer to clearly
outline maintenance requirements for the facility. 2005

Public Works:
Engineering and
Wastewater
Management

$15-30,000
(Contract)

3. Update or expand Denver s
Easement and Indemnity
Agreement to provide specific
language regarding
maintenance of BMPs.

Denver s current agreement should be revised to
provide specific legally binding provisions with regard
to BMP maintenance in accordance with the
recommendations of Chapter 6 and Appendix D.
Alternatively, a separate agreement can be developed
focusing solely on maintenance.

2005
Public Works and
City Attorney s
Office

To Be
Determined

4.  Update Denver s web site
to enable easier public access
to stormwater and water-
quality-related information.

Currently, Denver s web site provides only limited
information to the public on stormwater quality and
water quality management.  The web site could be
updated to contain more information already
developed by Denver and to consolidate drainage and
water-quality-related planning documents.

2005
Public Works and
Communications
Department

To Be
Determined
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EXHIBIT 9.1
IMPLEMENTATION PLAN FOR DENVER WATER QUALITY MANAGEMENT PLAN ACTION ITEMS

ACTION ITEM DESCRIPTION TIMEFRAME LEAD
DEPARTMENT

APPROXIMATE
FUNDING LEVEL

5.  Increase interdepartmental
awareness of the policies and
strategies in this Plan.

This can be accomplished by two avenues:  1)
presenting the information to related departments
such as Community Planning and Development and
Parks and Recreation through PowerPoint
presentations; and/or 2) developing a condensed, full-
color, graphically appealing version of the document
for broader distribution.  These presentations would
emphasize the importance of planning for stormwater
management early in the development review process
and the necessity of these policies applying to
Denver s internal projects.

2005

Public Works
Wastewater
Management
Division

To Be
Determined

6.1 Evaluate regional BMP
facility opportunities in more
detail with regard to cost and
practicality.

This Plan identifies multiple potential opportunities for
regional BMPs; however, it was beyond to the scope of
this document to systematically evaluate these in
detail.  Regional facilities have significant potential for
stormwater quality management, but require detailed
and thorough planning and financial arrangements to
be effective.

2005-2006

Public Works
Wastewater
Management
Division and
Community
Planning and
Development

$50-100,000
(Contract)

6.2 Evaluate and develop
acceptable funding strategies
for regional BMPs, including
the feasibility of public-
private partnerships.

In the event that regional facilities are deemed feasible
for various locations in Denver, Denver needs to have
a policy and financing strategy in place for these
facilities.  Basic research of how other communities
have financed these facilities would be beneficial,
followed by adaptation of these strategies to fit
Denver. An example is the fee-in-lieu-of  approach.

Public Works
Wastewater
Management
Division and
Community
Planning and
Development

To Be
Determined
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EXHIBIT 9.1
IMPLEMENTATION PLAN FOR DENVER WATER QUALITY MANAGEMENT PLAN ACTION ITEMS

ACTION ITEM DESCRIPTION TIMEFRAME LEAD
DEPARTMENT

APPROXIMATE
FUNDING LEVEL

7. Conduct watershed-by-
watershed assessments to
better characterize the water
quality issues facing Denver
for the purpose of tailoring
specific mitigation strategies
to actual watershed issues.

Building upon and integrating with efforts already
underway by regional watershed groups, Denver s
Department of Environmental Health, Public Works
Wastewater Management Division, the Joint
Stormwater Task Force, Urban Drainage and Flood
Control District and others, inventory available
instream biological, chemical and physical data to
better target watershed priorities and solutions.  A
considerable database already exists, but would
benefit from integration into a GIS-based system.
This type of assessment would form the basis of
developing specific watershed goals where none have
been developed, and promote better understanding in
areas where goals have already been developed. This
task should interface with Task 6.1 relating to
identification of regional facilities.  A three-phase
program is envisioned that 1) inventories available
information; 2) develops targeted strategies to address
specific watershed concerns and/or fills data gaps;
and 3) implements recommended strategies.

2005-Phase 1

2006-Phase 2

2007-Phase 3
(and into the
future)

Public Works
Wastewater
Management
Division and
Environmental
Health

Coordination with
existing
watershed groups
and Urban
Drainage and
Flood Control
District will be
essential.

To Be
Determined

8.  Continue to educate the
general public and specific
industry groups on
stormwater quality issues.

This is an on-going program under Denver s
stormwater permit and the Wastewater Management
Division.  It is important that these activities continue
and that Denver integrate with independent industry
training programs where appropriate (e.g., builders).

On-going

Public Works
Wastewater
Management
Division

On-going Denver
Program
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EXHIBIT 9.1
IMPLEMENTATION PLAN FOR DENVER WATER QUALITY MANAGEMENT PLAN ACTION ITEMS

ACTION ITEM DESCRIPTION TIMEFRAME LEAD
DEPARTMENT

APPROXIMATE
FUNDING LEVEL

9.  Pilot testing of innovative
BMPs.

This Plan describes several innovative stormwater
quality management strategies including green roofs,
porous landscape detention, Low Impact Development
strategies and others.  Denver should partner with
Urban Drainage and Flood Control District in pilot
tests of these BMPs, as the opportunity arises.

Public Works
Wastewater
Management
Division and
Urban Drainage
and Flood Control
District

Variable

10.  Provide additional
education on BMP
maintenance requirements to
private owners of stormwater
BMPs.

Given the many BMPs already in place in Denver,
owners of privately owned facilities would benefit from
easy-to-understand guidance regarding maintenance
of BMPs.  A brochure or short manual based on the
maintenance guidelines in the Plan could be
distributed to facilitate improved BMP maintenance.
For example, a brochure could be developed for the
Clear Choices for Clean Water series through the Joint
Task Force with the reader directed to Denver s web
site for more detailed guidance.

2005

Public Works
Wastewater
Management
Division and Joint
Stormwater Task
Force

To Be
Determined

11.  Implement
recommendations of
comprehensive utility review.

A URS-led team of consultants will complete a four-
report comprehensive utility review.  Report 1 will be a
utility assessment program and definition study.
Report 2 will be a utility management, administration
and organizational study.  Report 3 will be a cost of
service study, and Report 4 will be an integrated waste
management feasibility study.

2005

Public Works
Wastewater
Management
Division

To Be
Determined
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GLOSSARY1

Antidegradation Requirements:  Requirements that ensure protection of water quality for a
particular water body where the water quality exceeds levels necessary to protect fish and
wildlife propagation, and recreation on and in the water.  This also includes special protection of
waters designated as outstanding natural resource waters.  Antidegradation plans are adopted by
each state to minimize adverse effects on water.

Basin:  A hydrologic unit consisting of a part of the surface of the earth covered by a drainage
system consisting of a surface stream or body of impounded surface water plus all tributaries.

Best Available Technology Economically Achievable (BAT):  Technology-based standard
established by the Clean Water Act (CWA) as the most appropriate means available on a
national basis for controlling the direct discharge of toxic and non-conventional pollutants to
navigable waters.  BAT effluent limitation guidelines, in general, represent the best existing
performance of treatment technologies that are economically achievable within an industrial
point source category or subcategory.

Best Available Technology/Best Control Technology (BAT/BCT):  A level of technology
based on the very best (state-of-the-art) control and treatment measures that have been developed
or are capable of being developed and that are economically achievable within the appropriate
industrial category.

Best Conventional Pollutant Control Technology (BCT):  Technology-based standard for
discharges from existing industrial point sources of conventional pollutants including BOD, TSS,
fecal coliform, pH, oil and grease.  The BCT is established in light of a two-part "cost
reasonableness" test which compares the cost for an industry to reduce its pollutant discharge
with the cost to a POTW for similar levels of reduction of a pollutant loading.  The second test
examines the cost-effectiveness of additional industrial treatment beyond BPT.  EPA must find
limits which are reasonable under both tests before establishing them as BCT.

1 Definitions in this glossary have been compiled from several key references and websites including:  Denver
Wastewater Management Division Rules and Regulations
http://www.denvergov.org/admin/template3/forms/Sewer%20charges.PDF, Urban Drainage and Flood Control
District, Volume 3 http://www.udfcd.org/usdcm/vol3.htm, Blueprint Denver Glossary
http://www.denvergov.org/admin/template3/forms/BD_glossary.pdf, CWQCD http://www.cdphe.state.co.us/wq/,
Utah APWA http://www.ulct.org/apwa/Glossary.htm, USGS website, Stormwater Magazine Glossary:
http://www.forester.net/sw_glossary.html, EPA website glossaries http://www.epa.gov/ednnrmrl/main/gloss.htm
and http://cfpub.epa.gov/npdes/glossary.cfm?program_id=0,  the Low Impact Development website:
http://www.lowimpactdevelopment.org/school/glossary.html, the Maryland website
http://www.mde.state.md.us/assets/document/sedimentstormwater/Glossary.pdf, and the NRDC website
http://www.nrdc.org/water/pollution/storm/gloss.asp.
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Best Management Practices (BMPs):  Schedules of activities, prohibitions of practices,
maintenance procedures, and other management practices to prevent or reduce the pollution of
waters of the United States.  BMPs also include but are not limited to treatment requirements,
operating procedures, and practices to control plant site runoff, spillage or leaks, sludge or
wastewater disposal, or drainage from raw material storage.

Better Site Design:  A collection of site planning, design, and development strategies that help
reduce adverse impacts to the natural environment by recreating, to a certain extent, the original
hydrology and plant community of the predevelopment site.

Biofilter:  Dense vegetation designed to filter stormwater runoff as it passes through.  (Also see
definition of Grass Buffer and Grass Swale.)

Bioretention:  Also known as Rain Garden, Bio-Filter and a LID BMP.  On-lot retention of
stormwater through the use of vegetated depressions engineered to collect, store, and infiltrate
runoff.

BMP:  Best Management Practice.  (See definition above.)

Brownfield:  According to the Environmental Protection Agency, a brownfield is an abandoned,
idled, or under-used industrial or commercial facility where expansion or redevelopment is
complicated by real or perceived environmental contamination.

Buffer Strip:  Strips of grass or other erosion resistant vegetation located between a waterway
and an area of more intensive land use.  (Also see definition of Grass Buffer.)

Buffer Zone:  A designated transitional area around a stream, lake, or wetland left in a natural,
usually vegetated state so as to protect the waterbody from runoff pollution.  Development is
often restricted or prohibited in a buffer zone.

Catch Basin:  An entryway to the storm drain system, usually located at a street corner.

CDPS:  See Colorado Discharge Permit System.

Channel Stabilization:  Erosion prevention and stabilization of velocity distribution in channel
using jetties, drops, revetments, structural linings, vegetation, and other measures.

Clean Water Act:  Legislation that provides statutory authority for the NPDES program; Public
law 92-500; 33 U.S.C. 1251 et seq.  Also known as the Federal Water Pollution Control Act.

Cluster Development:  Buildings concentrated in specific areas to minimize infrastructure and
development costs while achieving the allowable density.  This approach allows the
preservation of natural open space for recreation, common open space, and preservation of
environmentally sensitive features.

Colorado Discharge Permit System:  The State of Colorado s system of permitting
discharges (e.g., stormwater, wastewater) to Waters of the State that corresponds to the federal
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National Pollutant Discharge Elimination System (NPDES) permits under the federal Clean
Water Law.

Combined Detention Basin:  A detention basin that performs both water quality and flood
control functions.

Constructed Wetland Basin: A constructed wetland basin is appropriate for large catchments
and is a shallow retention pond which requires a perennial supply of water to permit the growth
of rushes, willows, cattails, and reeds.  It treats runoff by slowing it down to allow time for
settling and biological uptake.

Cubic Feet Per Second (cfs):  A rate of flow that is equal to a volume of water one foot high
and one foot wide flowing a distance of one foot in one second.  One "cfs" is equal to 7.48
gallons of water flowing each second.  As an example, if a car's gas tank is 2 feet by 1 foot by 1
foot (2 cubic feet), then gas flowing at a rate of 1 cubic foot/second would fill the tank in two
seconds.

Culvert:  A short, closed (covered) conduit or pipe that passes stormwater runoff under an
embankment, usually a roadway.

Design Storm:  A rainfall event of specific size, intensity, and return frequency (e.g., the 1-
year storm) that is used to calculate runoff volume and peak discharge rate.

Detention:  The storage and slow release of stormwater from an excavated pond, enclosed
depression, or tank.  Detention is used for pollutant removal, stormwater storage, and peak flow
reduction.  Both wet and dry detention methods can be applied.

Effective Imperviousness:  The total imperviousness of a site is the weighted average of
individual areas of like imperviousness.  For instance, paved streets (and parking lots) have an
imperviousness of 100 percent; drives and walks have an imperviousness of 96 percent; roofs
have an imperviousness of 90 percent; and lawn areas have an imperviousness of 0 percent.
The total imperviousness of a site can be determined taking an area-weighted average of the
imperviousness of the street, walk, roof, and lawn areas.

End-of-Pipe System:  Any device and/or treatment system applied to stormwater, combined
wastewater, municipal wastewater and/or industrial wastewater at the outlet of a collection
system prior to a receiving water body.  The majority of wastewater treatment systems including
sanitary and combined wastewater treatment plants and many stormwater treatment schemes
such as detention basins are end-of-pipe systems.

Erosion:  When land is diminished or worn away due to wind, water, or glacial ice.  Often the
eroded debris (silt or sediment) becomes a pollutant via stormwater runoff.  Erosion occurs
naturally, but can be intensified by land clearing activities that remove established vegetation
such as farming, development, road building, and timber harvesting.
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Eutrophication:  Excessive levels of phosphorous, nitrogen, and nutrients in the water, which
leads to a decrease in oxygen levels.  Often characterized by excessive growth of algae and
aquatic vegetation, often resulting in deteriorated water quality and beach closings.

Event Mean Concentration (EMC):  A method for characterizing pollutant concentrations in a
receiving water from a runoff event often chosen for its practicality.  The value is determined by
compositing (in proportion to flow rate) a set of samples, taken at various points in time during a
runoff event, into a single sample for analysis.

Extended Detention Basin:  An extended detention basin is appropriate for larger sites and is
designed to totally empty out sometime after stormwater runoff ends.  The extended basin uses
a much smaller outlet than a flood control detention basin which extends the emptying time for
the more frequently occurring runoff events to facilitate pollutant removal.

Fecal Coliform:  Bacteria found only in the intestinal tracts of humans and animals.  The
major sources are animal waste, waste treatment plants, and failing septic systems.  The
presence of these bacteria typically indicates pollution that may pose a potential health risk.

Filter Strip:  Grassed strips situated along roads or parking areas that remove pollutants from
runoff as it passes through, allowing some infiltration and reduction of velocity.

First Flush:  The condition, often occurring in storm-sewer discharges, in which a
disproportionately high pollutant load is carried in the first portion of the discharge or overflow.

Flow Control Structure:  A structure, such as an outlet of a detention basin, that is designed to
produce a specific rate of runoff in the outflow of a stormwater management facility, generally
with the intent of reducing peak runoff rates from developed areas, and, for treatment BMPs, to
provide an extended drain time for settling of particulates.

Forebay:  Storage space located near a stormwater BMP inlet that serves to trap incoming
coarse sediments before they accumulate in the main treatment area.

Geographic Information System (GIS):  A database of digital information and data on land-
use, land cover, ecological characteristics, and other geographic attributes that can be overlaid,
statistically analyzed, mathematically manipulated, and graphically displayed using maps, charts,
and graphs.

Grading:  Stripping, excavating, filling and/or stockpiling soil to shape land area for
development or other purposes.

Grass Buffer:  Uniformly graded and densely vegetated area of turf grass.  This BMP requires
sheet flow to promote filtration, infiltration, and settling to reduce runoff pollutants.

Grass Swale:  Densely vegetated drainageway with low-pitched side slopes that collects and
slowly conveys runoff.  Design of longitudinal slope and cross-section size forces the flow to be
slow and shallow, thereby facilitating sedimentation while limiting erosion.
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Green Roof:  A vegetated roof that can be used to treat precipitation and/or provide detention.
Green roofs require an engineered structure that can support soils, vegetation and loads
associated with rainfall, snow, people and equipment.  Key components include a waterproof
membrane, root barrier, drainage layer, soil/growing medium, irrigation system and plants.

Greenway:  A linear open space or corridor composed of native vegetation.  Greenways can be
used to create connected networks of open space that include traditional parks and natural
areas.

Hot Spot:  Area where land use or activities generate highly contaminated runoff with
concentrations of pollutants in excess of those typically found in stormwater.

Household Hazardous Waste:  Common everyday products that people use in and around their
homes including paint, paint thinner and pesticides that, due to their chemical nature, can be
hazardous if not properly disposed.

Hydrodynamic Structure:  An engineered structure using gravitational separation and/or
hydraulic flow to separate sediments and oils from stormwater runoff.

Hydrology:  The science addressing the properties, distribution, and circulation of water across
the landscape, through the ground, and in the atmosphere.

Illicit Connection:  Any discharge to a municipal separate storm sewer that is not composed
entirely of stormwater and is not authorized by an NPDES permit, with some exceptions (e.g.,
discharges due to fire-fighting activities).

Integrated Management Practice (IMP):  A Low Impact Development (LID) practice or
combination of practices that are the most effective and practicable (including technological,
economic, and institutional considerations) means of controlling the predevelopment site
hydrology.

Impervious Area:  A hard surface area (e.g., parking lot or rooftop) that prevents or retards the
entry of water into the soil, thus causing water to run off the surface in greater quantities and at
an increased rate of flow.

Infill Development:  Development of vacant lots or enhancement of existing urban properties.

Infiltration:  The process or rate at which water percolates from the land surface into the
ground.  Infiltration is also a general category of BMP designed to collect runoff and allow it to
flow through the ground for treatment.

Inlet:  An entrance into a ditch, storm sewer, or other waterway.

In-Line Storage:  The use of a portion of the volume of a storm sewer or drain, combined sewer
and/or interceptor sewer system that is not being used to transport combined wastewater or
stormwater to accommodate the storage of additional stormwater runoff or combined
wastewater.  This term also applies to a storage facility, such as a tank, basin, or other reservoir,
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which is connected to a sewer system in such a way that all flow in the system passes through the
storage facility.  In the latter usage, inline storage is differentiated from offline storage which is
connected in such a way that excess flow can be diverted to the storage facility, but normal flows
bypass the facility.  (Also see Off-Line Storage.)

Integrated Pest Management (IPM):  The practice of using biological, chemical, cultural, and
physical measures to manage pests while minimizing or eliminating the use of chemical
pesticides.

Level Spreader:  An outlet designed to convert concentrated runoff to sheet flow and disperse
it uniformly across a slope, thereby preventing/minimizing erosion.

Low Impact Development:  The integration of a site s ecological and environmental goals
and requirements into all phases of urban planning and design from the individual residential
lot level to the entire watershed. Also see Smart Growth, Minimizing Directly Connected
Impervious Area, Sustainable Urban Drainage Systems.

Macroinvertebrate:  An organism is visible without magnification and that lacks a backbone.
Examples include snails, worms, fly larvae, and crayfish.

Maximum Extent Practicable (MEP):  A standard for water quality that applies to all MS4
operators regulated under the NPDES program.  Since no precise definition of MEP exists, it
allows for maximum flexibility on the part of MS4 operators as they develop and implement
their programs.

Media Filter:  A filter containing sand, compost, sand peat, or perlite and zeolite designed to
filter constituents (particulates, oil, bacteria, or dissolved metals) out of stormwater runoff as it
passes through the filter.  (Also see Sand Filter Extended Detention Basin.)

Micropool:  A smaller permanent pool incorporated into the design of larger stormwater ponds
to avoid resuspension of particles and minimize impacts to adjacent natural features.

Milligrams Per Liter (mg/L):  A unit of concentration of a constituent in water or wastewater.
It represents 0.001 gram of a constituent in 1 liter of water and is approximately equal to one part
per million (PPM).

Minimizing Directly Connected Impervious Areas (MDCIA):  A variety of runoff reduction
strategies based on reducing impervious areas and routing runoff from impervious surfaces
over grassy areas to slow down runoff and promote infiltration.  The benefits are less runoff,
less stormwater pollution, and less cost for drainage infrastructure. Also see Smart Growth and
Low Impact Development.

Minimum Measures:  Stormwater management programs required under the CDPS MS4
permit.  They include public education and outreach, public participation/involvement, illicit
discharge detection and elimination, construction site stormwater runoff control, post-
construction stormwater management, and pollution prevention/good housekeeping for
municipal operations.
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Modular Block Porous Pavement:  Modular block porous pavement consists of open void
concrete slab units underlain with gravel.  The surface voids are filled with sand.  This BMP is
intended to be used in low traffic areas to accommodate vehicles while facilitating stormwater
infiltration near its source.  A variation of this BMP is termed stabilized-grass porous pavement,
consisting of plastic rings affixed to filter fabric underlain with gravel.  The surface voids are
filled with sand and grass sod or seed.

MS4:  Municipal Separate Storm Sewer System, see below.

Municipal Separate Storm Sewer System (MS4):  A publicly owned conveyance or system of
conveyances that discharges to waters of the United States and is designed or used for collecting
or conveying stormwater, is not a combined sewer, and is not part of a publicly owned treatment
works (POTW).

Municipal Stormwater Permit:  An NPDES permit issued to municipalities to regulate
discharges from municipal separate storm sewers for compliance with EPA regulations.

National Pollutant Discharge Elimination System (NPDES):  The national program under
Section 402 of the Clean Water Act for regulation of discharges of pollutants from point sources
to waters of the United States.  Discharges are illegal unless authorized by an NPDES permit.

NPDES:  National Pollutant Discharge Elimination System, as described above.

Non-Point Source (NPS) Pollution:  Pollution discharged over a wide land area, not from one
specific location.  These are forms of diffuse pollution caused by sediment, nutrients, organic
and toxic substances originating from land-use activities and carried to lakes and streams by
surface runoff.  Non-point source pollution is contamination that occurs when rainwater,
snowmelt, or irrigation washes off plowed fields, city streets, or suburban backyards.  As this
runoff moves across the land surface, it picks up soil particles and pollutants, such as nutrients
and pesticides.

Non-Structural BMPs:  Stormwater runoff treatment techniques which use natural measures to
reduce pollution levels, and do not require extensive construction efforts and/or promote
pollutant reduction by eliminating the pollutant source.

Off-Line:  A management system designed to control a storm event by diverting a percentage of
stormwater events from a stream or storm drainage system.

Oil/Water Separator:  A device installed (usually at the entrance to a drain) which removes oil
and grease from water entering the drain.

On-Line:  A management system designed to control stormwater in its original stream or
drainage channel.

Open Space:  Land set aside for public or private use within a development that is not built
upon.
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Open-Channel Flow:  Fluid flow where the bottom and sides of the flow are confined by solid
surfaces and the upper surface is in contact with the atmosphere and is at atmospheric pressure.
Open-channel flow occurs in rivers, streams, canals, channels, swales, and ditches, and in pipes,
sewers, and culverts that are less than completely full.

Outfall:  The point where wastewater or drainage discharges from a sewer pipe, ditch, or other
conveyance to a receiving body of water.

Peak Flow:  The maximum instantaneous discharge of a stream or river at a given location.  It
usually occurs at or near the time of maximum stage.

Peak Runoff Rate:  The highest actual or predicted flow rate (measured in cubic feet per
second) for runoff from a site.

Permeability:  The ability of a material to allow the passage of a liquid, such as water through
rocks or soil.  Permeable materials, such as gravel and sand, allow water to move quickly
through them, whereas impermeable material, such as clay, does not allow water to flow freely.

Point Source Pollutant:  Pollutants from a single, identifiable source such as a factory, refinery,
or place of business.

Pollutant (as defined by CDPS Regulation 6.3.0 [51]):  Dredged spoil, dirt, slurry, solid waste,
incinerator residue, sewage, sewage sludge, garbage, trash, chemical waste, biological nutrient,
biological material, radioactive material, heat, wrecked or discarded equipment, rock, sand, or
any industrial, municipal or agriculture waste.

Pollutant Load:  The quantity of pollutants carried in stormwater.

Porous Landscape Detention:  Porous landscape detention consists of a low lying vegetated
area underlain by a sand bed with an underdrain.  A shallow surcharge zone exists above the
porous landscape detention for temporary storage of the WQCV. This BMP allows small
amounts of WQCV to be provided on parking lots or adjacent to buildings without requiring the
set-aside of significant developable land areas. Also see Rain Garden.

Porous Pavement and Pavers:  Alternatives to conventional asphalt that utilize a variety of
porous media, often supported by a structural matrix, concrete grid, or modular pavement, which
allow water to percolate though to a sub-base for gradual infiltration.  See definition for Modular
Block Porous Pavement.

Porous Pavement Detention:  Porous pavement detention consists of modular block porous
pavement that is installed flat and is provided with a two-inch-deep detention zone above its
surface to temporarily store the WQCV from the tributary drainage area including its own
surface.  Runoff infiltrates the void spaces of the gravel base course through the sand filter and
slowly exits through an underdrain.

Rain Garden:  See bioretention and porous landscape detention.



Denver Water Quality Management Plan

Glossary
Page G-9

Receiving Waters:  Natural or man-made water systems into which materials are discharged.

Regional Transportation District (RTD):  The regional public transportation agency for the six
county Denver metropolitan area.

Restoration:  Human activity that results in the return of an ecosystem to a close approximation
of its condition prior to disturbance.

Retention Pond:  A BMP consisting of a permanent pool of water designed to treat runoff by
detaining water long enough for settling, filtering, and biological uptake.  Wet ponds may also
be designed to have an aesthetic and/or recreational value.  These BMPs have a permanent pool
of water that is replaced with stormwater, in part or in total, during storm runoff events.  In
addition, a temporary extended detention volume is provided above this permanent pool to
capture storm runoff and enhance sedimentation.  It requires a perennial supply of water to
maintain the pool.  A retention pond is appropriate for larger catchments.

Retrofit:  The creation or modification of a stormwater management practice, usually in a
developed area, that improves or combines treatment with existing stormwater infrastructure.

Riparian Area:  Vegetated ecosystems along a waterbody through which energy, materials,
and water pass.  Riparian areas characteristically have a high water table and are subject to
periodic flooding.

Riparian Zone:  The border or banks of a stream.  Although this term is sometimes used
interchangeably with flood plain, the riparian zone is generally regarded as relatively narrow
compared to a flood plain.  The duration of flooding is generally much shorter, and the timing
less predictable, in a riparian zone than in a river flood plain.

Runoff Reduction Practices:  Strategies to reduce runoff peaks and volumes from urbanizing
areas, employing a practice generally termed minimizing directly connected impervious areas
(MDCIA).

Runoff:  Water from rain, melted snow, or irrigation that flows over the land surface.

Sand Filter Extended Detention Basin:  A sand filter extended detention basin consists of a
sand bed and underdrain system.  Above the vegetated sand bed is an extended detention basin
sized to capture the WQCV.  A sand filter extended detention basin provides pollutant removal
through settling and filtering and is generally suited to off-line, on-site configurations where
there is no base flow and the sediment load is relatively low.

Sanitary Sewer:  A system of underground pipes that carries sanitary waste or process
wastewater to a treatment plant.

Scupper: An opening in a wall through which water can drain (i.e., from the roof of a building
or a landscape area)
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Sediment:  Soil, sand, and materials washed from land into water, usually after rain.  Sediment
can destroy fish-nesting areas, clog animal habitats, and cloud water so that sunlight does not
reach aquatic plants.

Sheet Flow:  The portion of precipitation that moves initially as overland flow in very shallow
depths before eventually reaching a stream channel.

Slope:  Angle of land measured in horizontal distance necessary for the land to fall or rise one
foot, expressed by horizontal distance in feet to one vertical foot.

Slotted Curbs:  Curbs with slots or cut-out areas that allow stormwater to flow away from the
curbed pavement into an adjacent landscape or turf area.  These can reduce excessive
concentration of flows and associated erosion problems.

Smart Growth:  Development that uses a variety of strategies to enhance existing communities
and protect community character in a way that is compatible with the natural environment, as
well as attracts economic development.  It encourages more town-oriented, transit-focused, and
pedestrian-friendly new development while restoring vitality to existing developed areas. Also
see Low Impact Development.

Source Control:  A method of abating storm-generated or CSO pollution at the upstream,
upland source where the pollutants originate and/or accumulate.

Spill Prevention Control and Countermeasure Plan (SPCC):  A plan prepared by a facility to
minimize the likelihood of a spill and to expedite control and cleanup activities should a spill
occur.

Storage Capacity:  The volume of fluid that can be stored in a system.  For storm drainage and
sewerage systems, storage capacity refers to the volume available for the temporary storage of
excess storm flow or wastewater flow in a pipe, channel, basin, tank, or other facility, or in the
system as a whole.

Storm Drain:  A slotted opening leading to an underground pipe or an open ditch from carrying
surface runoff.

Storm Sewer:  A sewer that carries intercepted surface runoff, street wash, and other wash
waters, or drainage, but excludes domestic sewage and industrial wastes except for unauthorized
cross-connections.

Stormwater Facilities:  Systems such as watercourses, constructed channels, storm drains,
culverts, and detention/retention facilities that are used for the conveyance and/or storage of
stormwater runoff.

Stormwater Management:  Functions associated with planning, designing, constructing,
maintaining, financing, and regulating the facilities (both constructed and natural) that collect,
store, control, and/or convey stormwater.
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Stormwater Ponds:  A land depression or impoundment created for the detention or retention of
stormwater runoff.  See definition for Retention Pond and Extended Detention Basin.

Stormwater Quality Control Plan (identified in Stormwater Quality Control Plan, An
Information Guide):  The Wastewater Management Division's guidebook which identifies the
submittal requirements relating to erosion, sedimentation, and water quality issues for all
development, redevelopment, and other construction projects.

Stormwater Quality Detention:  The temporary storage of stormwater to provide stormwater
quality treatment through the settlement of suspended solids.

Stormwater Quantity Detention:  The temporary storage of stormwater on a site to provide
downstream flood control through the reduction of the runoff rate to pre-development levels.

Stormwater:  Precipitation that accumulates in natural and/or constructed storage and
stormwater systems during and immediately following a storm event.

Streetscaping:  Physical amenities added to the roadway and intersections, including lighting,
trees, landscaping, art, surface textures and colors, and street furniture.

Structural BMPs:  Devices that are constructed to provide temporary storage and treatment of
stormwater runoff.

Sustainable Urban Drainage Systems (SUDS):  A series of techniques that are designed to
manage surface water runoff as close to the source as possible in a more sustainable manner
than traditional drainage systems.  Typical techniques include porous surfacing, permeable
paving systems, infiltration/attenuation trenches and swales.  Also see Low Impact
Development, Smart Growth, and Minimizing Directly Connected Impervious Area.

Surface Conveyance:  A means of conducting stormwater runoff aboveground rather than in
underground pipes, usually involving curb and gutter, concrete V-pan, or channel.

Surface Water:  Water that remains on the surface of the ground, including rivers, lakes,
reservoirs, streams, wetlands, impoundments, seas, estuaries, etc.

Suspended Sediment:  Very fine soil particles that remain in suspension in water for a
considerable period of time without contact with the solid fluid boundary at or near the bottom.
They are maintained in suspension by the upward components of turbulent currents.

Sustainable Development:  Development that meets the needs of the present without
compromising the ability of the future to meet its own needs.  Also:  Development that
maximizes efficiency and functionality of systems while minimizing the consumption of
precious resources.

Swale:  See definition of Grass Swale.

Technology-Based Effluent Limit:  Permit limit for a pollutant that is based on the capability of
a treatment method to reduce the pollutant to a certain concentration.
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Total Maximum Daily Load (TMDL):  The maximum allowable loading of a pollutant that a
designated water body can assimilate and still meet numeric and narrative water quality
standards.  TMDLs were established by the 1972 Clean Water Act.  Section 303(d) of the US
Water Quality Act requires states to identify water bodies that do not meet federal water quality
standards.  In 1996 the states developed (with EPA approval) a list of water bodies that failed to
meet section 303(d) standards.  These are the focus of TMDLs.  Allocation of named pollutants
is on percentage basis.

Transit-Oriented Development:  Form of development that maximizes investment in transit
infrastructure by concentrating the most intense types of development around transit stations to
promote increased transit use.

Trash Rack:  Grill, grate or other device installed at the intake of a channel, pipe, drain, or
spillway for the purpose of preventing oversized debris from entering the structure.

Treatment Roof:  A green roof that provides stormwater quality treatment.

Treatment Train:  Best Management Practices that work together in series to provide
stormwater quality treatment.

Treatment Volume:  The volume of stormwater runoff from a site requiring stormwater
quality treatment.

Underdrain:  A perforated pipe, typically 4-6" in diameter placed longitudinally at the invert
of a bioretention facility for the purposes of achieving a desired discharge rate.

Urban Design:  Involves the social, economic, functional, environmental, and aesthetic
objectives that result in the plan or structure of a city, in whole or in part.

Water Quality Capture Volume:  The quantity of stormwater runoff that must be treated in
stormwater quality BMPs in Denver.  This volume is equivalent to the runoff from an 80th
percentile storm, meaning that 80 percent of the most frequently occurring storms are fully
captured and treated and larger events are partially treated.  In simple terms, this quantity is
about half of the runoff from a 2-year storm.

Waters of the State:  Any and all surface and subsurface waters which are contained in or flow
in or through this State, but does not include waters in sewage systems, waters in treatment
works of disposal systems, and all water withdrawn for use until use and treatment have been
completed.

Waters of the United States:  All waters that are currently used, were used in the past, or may
be susceptible to use in interstate or foreign commerce, including all waters subject to the ebb
and flow of the tide.  Waters of the United States include all interstate waters and intrastate lakes,
rivers, streams (including intermittent streams), mudflats, sand flats, wetlands, sloughs, prairie
potholes, wet meadows, playa lakes, or natural ponds.  [See 40 CFR 122.2 for the complete
definition.]
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Watershed:  That geographical area which drains to a specified point on a water course, usually
a confluence of streams or rivers (also known as drainage area, catchment, or river basin).

Wet Pond:  See definition of Retention Pond.

Wet Weather Flows:  Water entering storm drains during rainstorms.

Wetlands:  Areas that are inundated or saturated by surface or groundwater at a frequency and
duration sufficient to support, and that under normal circumstances do support, a prevalence of
vegetation typically adapted for life in saturated soil conditions.  Wetlands generally include
swamps, marshes, bogs, and similar areas.

WQCV:  Water Quality Capture Volume (see definition above).

Zero-Lot-Line Development:  A development option in which side yard restrictions are
reduced and the building abuts a side lot line.  Overall unit-lot densities are therefore increased.
Zero-lot-line development can result in increased protection of natural resources, as well as
reduction in requirements for roads and sidewalks.
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 STREAM CLASSIFICATIONS and WATER QUALITY STANDARDS 
 

 
DESIG 

 
CLASSIFICATIONS

 
NUMERIC STANDARDS 

                                                                        
REGION: 2,3 & 4 
                
BASIN: UPPER SOUTH PLATTE RIVER 
 
Stream Segment Description 

  
 

 
PHYSICAL 

and 
BIOLOGICAL 

 
INORGANIC 

 
mg/l 

 
METALS 

 
ug/l 

 TEMPORARY 
 MODIFICATIONS 
 AND 
 QUALIFIERS 
 

10b. Mainstem of West Plum Creek including all tributaries, 
lakes, reservoirs, and wetlands from its source to Perry 
Park Pond. 

 Aq Life Cold 1 
Recreation 1a 
Water Supply 
Agriculture 

D.O.=6.0 mg/l 
D.O.(sp)=7.0 mg/l 
pH=6.5-9.0 
F.Coli=200/100ml 
E. Coli=126/100ml 

NH3(ac)=TVS 
NH3(ch)=0.02 
Cl2(ac)=0.019 
Cl2(ch)=0.011 

 CN=0.005 

S=0.002 
B=0.75 
NO2=0.05 
NO3=10 
Cl=250 
S04=WS 

As(ac)=50(Trec) 
Cd(ac)=TVS(tr) 
Cd(ch)=TVS 
CrIII(ac)=50(Trec) 
CrVI(ac/ch)=TVS 
Cu(ac/ch)=TVS 

Fe(ch)=WS(dis) 
Fe(ch)=1000(Trec) 
Pb(ac/ch)=TVS 
Mn(ac/ch)=TVS 
Mn(ch)=WS(dis) 
Hg(ch)=0.01(Tot) 

Ni(ac/ch)=TVS 
Se(ac/ch)=TVS 
Ag(ac)=TVS 
Ag(ch)=TVS(tr) 
Zn(ac/ch)=TVS 

 

11a. All tributaries to the East Plum Creek system, including 
all lakes, reservoirs and wetlands which are not on 
national forest lands. 

 
UP 

Aq Life Warm 2 
Recreation 1a 
Agriculture 

D.O.=5.0 mg/l 
pH=6.5-9.0 
F.Coli=200/100ml 
E. Coli=126/100ml 
 

NH3(ac)=TVS 
NH3(ch)=0.06 
Cl2(ac)=0.019 
Cl2(ch)=0.011 
CN=0.005 

S=0.002 
B=0.75 
NO2=0.5 

As(ch)=100(Trec) 
Cd(ac/ch)=TVS 
CrIII(ac/ch)=TVS 
CrVI(ac/ch)=TVS 
Cu(ac/ch)=TVS 

Fe(ch)=1000(Trec) 
Pb(ac/ch)=TVS 
Mn(ac/ch)=TVS 
Hg(ch)=0.01(Tot) 
Ni(ac/ch)=TVS 

Se(ac/ch)=TVS 
Ag(ac/ch)=TVS 
Zn(ac/ch)=TVS 

 

11b. All tributaries to the West Plum Creek system, including 
all lakes, reservoirs and wetlands, which are not on 
national forest lands, except for specific listings in 
Segments 9 and 12. 

 
UP 

Aq Life Warm 2 
Recreation 1a 
Agriculture 

D.O.=5.0 mg/l 
pH=6.5-9.0 
F.Coli=200/100ml 
E. Coli=126/100ml 
 

NH3(ac)=TVS 
NH3(ch)=0.06 
Cl2(ac)=0.019 
Cl2(ch)=0.011 
CN=0.005 

S=0.002 
B=0.75 
NO2=0.5 

As(ch)=100(Trec) 
Cd(ac/ch)=TVS 
CrIII(ac/ch)=TVS 
CrVI(ac/ch)=TVS 
Cu(ac/ch)=TVS 

Fe(ch)=1000(Trec) 
Pb(ac/ch)=TVS 
Mn(ac/ch)=TVS 
Hg(ch)=0.01(Tot) 
Ni(ac/ch)=TVS 

Se(ac/ch)=TVS 
Ag(ac/ch)=TVS 
Zn(ac/ch)=TVS 

 

12. Mainstem of Garber Creek and Jackson Creek from the 
boundary of National Forest lands to the confluence with 
West Plum Creek. 

 
 

Aq Life Cold 1 
Recreation 1a 
Water Supply 
Agriculture 

D.O.=6.0 mg/l 
D.O.(sp)=7.0 mg/l 
pH=6.5-9.0 
F.Coli=200/100ml 
E. Coli=126/100ml 
 

NH3(ac)=TVS 
NH3(ch)=0.02  
Cl2(ac)=0.019 
Cl2(ch)=0.011 
CN=0.005 

S=0.002 
B=0.75 
NO2=0.05 
NO3=10 
Cl=250 
S04=WS 

As(ac)=50(Trec) 
Cd(ac)=TVS(tr) 
Cd(ch)=TVS 
CrIII(ac)=50(Trec) 
CrVI(ac/ch)=TVS 
Cu(ac/ch)=TVS 

Fe(ch)=WS(dis) 
Fe(ch)=1000(Trec) 
Pb(ac/ch)=TVS 
Mn(ac/ch)=TVS 
Mn(ch)=WS(dis) 
Hg(ch)=0.01(Tot) 

Ni(ac/ch)=TVS 
Se(ac/ch)=TVS 
Ag(ac)=TVS 
Ag(ch)=TVS(tr) 
Zn(ac/ch)=TVS 

 

13. Mainstem of Deer Creek, including the North and South 
Forks, from the source to Chatfield Reservoir. 

 
 

Aq Life Cold 1 
Recreation 1a 
Water Supply 
Agriculture 

D.O.=6.0 mg/l 
D.O.(sp)=7.0 mg/l 
pH=6.5-9.0 
F.Coli=200/100ml 
E. Coli=126/100ml 
 

NH3(ac)=TVS 
NH3(ch)=0.02 
Cl2(ac)=0.019 
Cl2(ch)=0.011 
CN=0.005 

S=0.002 
B=0.75 
NO2=0.05 
NO3=10 
Cl=250 
S04=WS 

As(ac)=50(Trec) 
Cd(ac)=TVS(tr) 
Cd(ch)=TVS 
CrIII(ac)=50(Trec) 
CrVI(ac/ch)=TVS 
Cu(ac/ch)=TVS 

Fe(ch)=WS(dis) 
Fe(ch)=1000(Trec) 
Pb(ac/ch)=TVS 
Mn(ac/ch)=TVS 
Mn(ch)=WS(dis) 
Hg(ch)=0.01(Tot) 

Ni(ac/ch)=TVS 
Se(ac/ch)=TVS 
Ag(ac)=TVS 
Ag(ch)=TVS(tr) 
Zn(ac/ch)=TVS 

 

14. Mainstem  of the South Platte River from Bowles Avenue 
in Littleton, Colorado, to the Burlington Ditch diversion in 
Denver, Colorado. 

 
 

Aq Life Warm 1 
Recreation 1a 
Water Supply 
Agriculture 

D.O.=5.0 mg/l 
pH=6.5-9.0 
F.Coli=200/100ml 
E. Coli=126/100ml 

NH3(ac)=TVS 
NH3(ch)=0.06 
Cl2(ac)=0.019 
Cl2(ch)=0.011 
CN=0.005 

S=0.002 
B=0.75 
NO2=0.5 
NO3=10 
Cl=250 
S04=WS 

As(ac)=50(Trec) 
Cd(ac/ch)=TVS 
CrIII(ac)=50(Trec) 
CrVI(ac/ch)=TVS 
Cu(ac/ch)=TVS*2.8 
Fe(ch)=WS(dis) 

Fe(ch)=1000(Trec) 
Pb(ac/ch)=TVS 
Mn(ch)=190(dis) 
Mn(ac/ch)=TVS 
Hg(ch)=0.01(Tot) 
Ni(ac/ch)=TVS 

Se(ac/ch)=TVS 
Ag(ac/ch)=TVS 
Zn(ac/ch)=TVS 

 

15. Mainstem of the South Platte River from the Burlington 
Ditch diversion in Denver, Colorado, to a point 
immediately below the confluence with Big Dry Creek. 

 
UP 

Aq Life Warm 2  
Recreation 1a 
Water Supply 
Agriculture 

D.O.* 
pH = 6.5-9.0** 
F.Coli=200/100ml 
E. Coli=126/100ml 

NH3(ac)=TVS 
NH3(ch)=0.10 
Cl2(ac)=0.019 
Cl2(ch)=0.011 
CN=0.005 

S=0.002 
B=0.75 
NO2=1.0 
NO3=10 
Cl=250 
S04=WS 

As(ac)=50(Trec) 
Cd(ac/ch)=TVS 
CrIII(ac)=50(Trec) 
CrVI(ac/ch)=TVS 
Cu(ac/ch)=TVS*2.3 
Fe(ch)=WS(dis) 

Fe(ch)=1000(Trec) 
Pb(ac/ch)=TVS 
Mn(ch)=400(dis) 
Mn(ac/ch)=TVS 
Hg(ac)=2.4(dis) 
Hg(ch)=0.4(dis) 

Ni(ac/ch)=TVS 
Se(ac/ch)=TVS 
Ag(ac/ch)=TVS 
Zn(ac/ch)=TVS 

*See attached table for site-
specific Dissolved Oxygen 
standards. 
**pH=6.0-9.0 from 64th Ave. 
downstream 2 miles.  
Temporary modifications:  F. 
Coli=existing quality; 
E.Coli=existing quality.  
Expiration date of 2/28/10. 

16a. Mainstem of Sand Creek from the source to the 
confluence with the South Platte River. 

 
UP 

Aq Life Warm 2 
Recreation 1a 
Agriculture 

D.O.=5.0 mg/l 
pH=6.5-9.0 
F.Coli=200/100ml 
E. Coli=126/100ml 

NH3(ac)=TVS 
NH3(ch)=0.1 
Cl2(ac)=0.019 
Cl2(ch)=0.011 
CN=0.005 

S=0.002 
B=0.75 
NO2=0.5 

As(ch)=100(Trec) 
Cd(ac/ch)=TVS 
CrIII(ac/ch)=TVS 
CrVI(ac/ch)=TVS 
Cu(ac/ch)=TVS* 

Fe(ch)=1000(Trec) 
Pb(ac/ch)=TVS 
Mn(ac/ch)=TVS 
Hg(ch)=0.01(Tot) 
Ni(ac/ch)=TVS 

Se(ac)=TVS 
Se(ch)=TVS 
Ag(ac/ch)=TVS 
Zn(ac/ch)=TVS 

Temporary modifications:  
Se(ch)= 19.3 µg/l 
Se(ac)=no acute standard. 
Expiration date of 2/28/10. 
 
*Cu (ac/ch) = TVS *2.6 below 
the Sand Creek Water Reuse 
Facility outfall. 
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16b. Aurora Reservoir.  
 

Aq Life Warm 1 
Recreation 1a 
Water Supply 
Agriculture 

D.O.=6.0 mg/l 
D.O.(sp)=7.0 mg/l 
pH=6.5-9.0 
F.Coli=200/100m 
E. Coli=126l/100ml 

NH3(ac)=TVS 
NH3(ch)=0.06 
Cl2(ac)=0.019 
Cl2(ch)=0.011 
CN=0.005 

S=0.002 
B=0.75 
NO2=0.05 
NO3=10 
Cl=250 
SO4=WS 

As(ac)=50(Trec) 
Cd(ac)=TVS(tr) 
Cd(ch)=TVS 
CrIII(ac)=50(Trec) 
CrVI(ac/ch)=TVS 
Cu(ac/ch)=TVS 

Fe(ch)=WS(dis) 
Fe(ch)=1000(Trec) 
Pb(ac/ch)=TVS 
Mn(ac/ch)=TVS 
Mn(ch)=WS(dis) 
Hg(ch)=0.01(Tot) 

Ni(ac/ch)=TVS 
Se(ac/ch)=TVS 
Ag(ac)=TVS 
Ag(ch)=TVS(tr) 
Zn(ac/ch)=TVS 

 

16c. All tributaries to the South Platte River, including all 
lakes, reservoirs and wetlands, from the outlet of 
Chatfield Reservoir, to a point immediately below the 
confluence with Big Dry Creek, except for specific 
listings in the subbasins of the South Platte River, and 
in Segments 16a, 16b, 16d, 16e, 16f, 16g, 17a, 17b, 
and 17c. 

 
 UP 

Aq Life Warm 2 
Recreation 1a 
Agriculture 

D.O.=5.0 mg/l 
pH=6.5-9.0 
F.Coli=200/100ml 
E. Coli=126/100ml 
 

NH3(ac)=TVS 
NH3(ch)=0.06 
Cl2(ac)=0.019 
Cl2(ch)=0.011 
CN=0.005 

S=0.002 
B=0.75 
NO2=0.5 

As(ch)=100(Trec) 
Cd(ac/ch)=TVS 
CrIII(ac/ch)=TVS 
CrVI(ac/ch)=TVS 
Cu(ac/ch)=TVS 

Fe(ch)=1000(Trec) 
Pb(ac/ch)=TVS 
Mn(ac/ch)=TVS 
Hg(ch)=0.01(Tot) 
Ni(ac/ch)=TVS 

Se(ac/ch)=TVS 
Ag(ac/ch)=TVS 
Zn(ac/ch)=TVS 

Fish Ingestion Organics 
Temporary modifications:  
East & West Toll Gate 
Creeks, Toll Gate Creek 
Se(ch)=18µg/l(dis), 
Se(ac)=no acute standard.  
Expiration date of 2/28/10.   

16d. Second Creek from the source to the O’Brian Canal.  UP  Aq Life Warm 2  
Recreation 1a  
Agriculture  

D.O. (ch)=3.3 mg/l
1

pH=6.5-9.0  
F.Coli=200/100ml  
E. Coli=126/100ml  

NH
3
(ac)=TVS  

NH
3
(ch)=0.06  

Cl
2
(ac)=0.019  

Cl
2
(ch)=0.011  

CN=0.005  

S=0.002  
B=0.75  
NO

2
=0.5  

As(ch)=100(Trec)  
Cd(ac/ch)=TVS  
CrIII(ac/ch)=TVS  
CrVI(ac/ch)=TVS  
Cu(ac/ch)=TVS  

Fe(ch)=1000(Trec)  
Pb(ac/ch)=TVS  
Mn(ac/ch)=TVS  
Hg(ch)=0.01(Tot)  
Ni(ac/ch)=TVS  

Se(ac/ch)=TVS  
Ag(ac/ch)=TVS  
Zn(ac/ch)=TVS  

1 
15

th 
percentile of D.O. 

measurements collected 
between 6:30 a.m. and 6:30 
p.m.  

16e. Third Creek from the source to the O’Brian Canal.  UP  Aq Life Warm 2  
Recreation 1a  
Agriculture  

D.O. (ch)=4.0 mg/l
1

pH=6.5-9.0  
F.Coli=200/100ml  
E. Coli=126/100ml  

NH
3
(ac)=TVS  

NH
3
(ch)=0.06  

Cl
2
(ac)=0.019  

Cl
2
(ch)=0.011  

CN=0.005  

S=0.002  
B=0.75  
NO

2
=0.5  

As(ch)=100(Trec)  
Cd(ac/ch)=TVS  
CrIII(ac/ch)=TVS  
CrVI(ac/ch)=TVS  
Cu(ac/ch)=TVS  

Fe(ch)=1000(Trec)  
Pb(ac/ch)=TVS  
Mn(ac/ch)=TVS  
Hg(ch)=0.01(Tot)  
Ni(ac/ch)=TVS  

Se(ac/ch)=TVS  
Ag(ac/ch)=TVS  
Zn(ac/ch)=TVS  

1 
15

th 
percentile of D.O. 

measurements collected 
between 6:30 a.m. and 6:30 
p.m.  

16f. Barr Lake Tributary from the source to the Denver 
Hudson Canal.  

UP  Aq Life Warm 2  
Recreation 1a  
Agriculture  

D.O. (ch)= 
1

pH=6.5-9.0  
F.Coli=200/100ml  
E. Coli=126/100ml  

NH
3
(ac)=TVS  

NH
3
(ch)=0.06  

Cl
2
(ac)=0.019  

Cl
2
(ch)=0.011  

CN=0.005  

S=0.002  
B=0.75  
NO

2
=0.5  

As(ch)=100(Trec)  
Cd(ac/ch)=TVS  
CrIII(ac/ch)=TVS  
CrVI(ac/ch)=TVS  
Cu(ac/ch)=TVS  

Fe(ch)=1000(Trec)  
Pb(ac/ch)=TVS  
Mn(ac/ch)=TVS  
Hg(ch)=0.01(Tot)  
Ni(ac/ch)=TVS  

Se(ac/ch)=TVS  
Ag(ac/ch)=TVS  
Zn(ac/ch)=TVS  

1
When water is present, 

D.O. concentrations shall be 
maintained at levels that 
protect classified uses.  

16g. Marcy Gulch from, including all lakes, reservoirs, and 
wetlands from the source to the confluence with the 
South Platte. 

UP Aq Life Warm 2 
Recreation 1a 
Agriculture 

D.O.=5.0 mg/l 
pH=6.5-9.0 
F.Coli=200/100ml 
E. Coli=126/100ml 
 

NH3(ac)=TVS 
NH3(ch)=0.06 
Cl2(ac)=0.019 
Cl2(ch)=0.011 
CN=0.005 

S=0.002 
B=0.75 
NO2=0.5 

As(ch)=100(Trec) 
Cd(ac/ch)=TVS 
CrIII(ac/ch)=TVS 
CrVI(ac/ch)=TVS 
Cu(ac/ch)=TVS* 

Fe(ch)=1000(Trec) 
Pb(ac/ch)=TVS 
Mn(ac/ch)=TVS 
Hg(ch)=0.01(Tot) 
Ni(ac/ch)=TVS 

Se(ac/ch)=TVS 
Ag(ac/ch)=TVS 
Zn(ac/ch)=TVS 

*Cu (ac/ch) = TVS *2.4 below 
the Centennial Wastewater 
Treatment Facility outfall  

17a.  Washington Park Lakes, City Park Lake, Rocky 
Mountain Lake, Berkely Lake. 

 
 UP 

Aq Life Warm 1 
Recreation 1a 
Agriculture 

D.O.=5.0 mg/l 
pH=6.5-9.0 
F.Coli=200/100ml 
E.Coli=126/100ml 
 

NH3(ac)=TVS 
NH3(ch)=0.06 
Cl2(ac)=0.019 
Cl2(ch)=0.011 
CN=0.005 

S=0.002 
B=0.75 
NO2=0.5 

As(ch)=100(Trec) 
Cd(ac/ch)=TVS 
CrIII(ac/ch)=TVS 
CrVI(ac/ch)=TVS 
Cu(ac/ch)=TVS 

Fe(ch)=1000(Trec) 
Pb(ac/ch)=TVS 
Mn(ac/ch)=TVS 
Hg(ch)=0.01(Tot) 
Ni(ac/ch)=TVS 

Se(ac/ch)=TVS 
Ag(ac/ch)=TVS 
Zn(ac/ch)=TVS 

   

17b. Sloan’s Lake.  
 

Aq Life Warm 1 
Recreation 1a 
Agriculture 

D.O.=5.0 mg/l 
pH=6.5-9.0 
F.Coli=200/100ml 
E.Coli=126/100ml 

NH3(ac)=TVS 
NH3(ch)=0.06 
Cl2(ac)=0.019 
Cl2(ch)=0.011 
CN=0.005 

S=0.002 
B=0.75 
NO2=0.5 

As(ch)=100(Trec) 
Cd(ac/ch)=TVS 
CrIII(ac/ch)=TVS 
CrVI(ac/ch)=TVS 
Cu(ac/ch)=TVS 

Fe(ch)=1000(Trec) 
Pb(ac/ch)=TVS 
Mn(ac/ch)=TVS 
Hg(ch)=0.01(Tot) 
Ni(ac/ch)=TVS 

Se(ac/ch)=TVS 
Ag(ac/ch)=TVS 
Zn(ac/ch)=TVS 
 

 

17c. Bowles Lake, a.k.a. Patrick Reservoir or Bow Mar 
Lake. 

 
 

Aq Life Warm 1 
Recreation 1a 
Agriculture 

D.O.=5.0 mg/l 
D.O.(sp)=7.0 mg/l 
pH=6.5-9.0 
F.Coli=200/100ml 
E.Coli=126/100ml 

NH3(ac)=TVS 
NH3(ch)=0.06 
Cl2(ac)=0.019 
Cl2(ch)=0.011 
CN=0.005 

S=0.002 
B=0.75 
NO2=0.5 

Al(ac/ch)=TVS 
As(ch)=100(Trec) 
Cd(ac/ch)=TVS 
CrIII(ac/ch)=TVS 
CrVI(ac/ch)=TVS 
Cu(ac/ch)=TVS 

Fe(ch)=1000(Trec) 
Pb(ac/ch)=TVS 
Mn(ac/ch)=TVS 
Hg(ch)=0.01(Tot) 
Ni(ac/ch)=TVS 

Se(ac/ch)=TVS 
Ag(ac/ch)=TVS 
Zn(ac/ch)=TVS 

 
 

   



 

 
 

UPPER SOUTH PLATTE RIVER SEGMENT 15 
Site-Specific Minimum Dissolved Oxygen Standards 

 
UNDERLYING STANDARDS 
  

Early Life Stage Protection Period (April 1 through July 31) 
1-Day1,5,6   3.0 mg/L (acute) 

 
7-Day Average 1.2.,4  5.0 mg/L 

 
Older Life Stage Protection Period (August 1 through March 31) 
1-Day 1,5   2.0 mg/L (acute) 
 
7-Day Mean of Minimums1,3 2.5 mg/L 

 
30-Day Average 1.2.  4.5 mg/L 

 
TEMPORARY MODIFICATION 
 

During the period until October 31, 2001, the Segment 15 dissolved oxygen standards from 88th 
Avenue north to the end of the Segment shall be the currently existing ambient conditions as 
monitored in 1992, 1993, and 1994 by the Division and by the Metro District.  Beginning November 1, 
2001, the standards shall apply to all sections of Segment 15 south of the Brighton Ditch diversion.  
The standards north of the Brighton Ditch diversion shall continue to be the ambient conditions 
existing in 1992, 1993, and 1994.  Beginning November 1, 2004, the standards shall apply to all 
sections of Segment 15. 

 
Footnotes 
 

1. For the purposes of determining compliance with the standards, dissolved oxygen measurements 
shall only be taken in the flowing portion of the stream at mid-depth, and at least six inches above 
the bottom of the channel.  All sampling protocols and test procedures shall be in accordance 
with procedures and protocols approved by the Division. 
 

 2. A minimum of four independent daily means must be used to calculate the average for the 7-Day 
Average standard.  A minimum of eight independent daily means must be used to calculate the 
average for the 30-Day Average standard.  The four days and the eight days must be 
representative of the 7-Day and the 30-Day periods respectively.  The daily means shall be the 
mean of the daily high and low values.  In calculating the mean values, the dissolved oxygen 
saturation value shall be used in place of any dissolved oxygen measurements which exceed 
saturation. 

 
 3. The 7-Day Mean minimum is the average of the daily minimums measured at the location on 

each day during any 7-Day period. 
 

 



 

4 North of the Lupton Bottoms Ditch diversion, the ELS 7-Day average standards for the period July 
1 – June 31 shall be 4.6 mg/L. 

 
5. During a 24 hour day dissolved oxygen levels are likely to be lower during the nighttime when 

there is no photosynthesis.  The dissolved oxygen levels should not drop below the acute 
standard (ELS acute standard of 3.0 mg/L or the  OLS standards of 2.0 mg/L).  However, if during 
the ELS period multiple measurements are below 3.0 mg/L during the same nighttime period, the 
multiple measurements shall be considered a single exceedance of the acute standard.  For 
measurements below 2.0 mg/L during either the ELS or the OLS periods, each hourly 
measurement below 2.0 mg/L shall be considered an exceedance of the acute standards. 
 

6. In July, the dissolved oxygen level in Segment 15 may be lower than the 3.0 mg/L acute standard 
for up to 14 exceedances in any one year and up to a total of 21 exceedances in three years 
before there is a determination that the acute dissolved oxygen standards is not being met.  
Exceedances shall be counted as described in Footnote 5.

 



 

 

 
STREAM CLASSIFICATIONS and WATER QUALITY STANDARDS 
 
DESIG 

 
CLASSIFICATIONS 

 
NUMERIC STANDARDS 

 
REGION: 3 AND 4 
                
BASIN: CHERRY CREEK 
 
Stream Segment Description 

 
 

 
 

 
PHYSICAL 

and 
BIOLOGICAL 

 
INORGANIC 

 
mg/l 

 
METALS 

 
ug/l 

 
TEMPORARY 

MODIFICATIONS 
AND 

QUALIFIERS 
 

1. Mainstem of Cherry Creek from the source of East and West 
Cherry Creek to the inlet of Cherry Creek Reservoir. 

 
UP 

Aq Life Warm 2 
Recreation 1a 
Water Supply 
Agriculture 

D.O.=5.0 mg/l 
pH=6.5-9.0 
F.Coli=200/100ml 
E.Coli=126/100ml 
 

NH3(ac)=TVS 
NH3(ch)=0.06 
Cl2(ac)=0.019 
Cl2(ch)=0.011 
CN=0.005 

S=0.002 
B=0.75 
NO2=0.5 
NO3=10 
Cl=250 
SO4=WS 

As(ac)=50(Trec) 
Cd(ac/ch)=TVS 
CrIII(ac)=50(Trec) 
CrVI(ac/ch)=TVS 
Cu(ac/ch)=TVS 
Fe(ch)=WS(dis) 

Fe(ch)=1000(Trec) 
Pb(ac/ch)=TVS 
Mn(ac/ch)=TVS 
Mn(ch)=WS(dis) 
Hg(ch)=0.01(Tot) 
Ni(ac/ch)=TVS 

Se(ac/ch)=TVS 
Ag(ac/ch)=TVS 
Zn(ac/ch)=TVS 

 

2. Cherry Creek Reservoir.  
 

Aq Life Warm 1 
Recreation 1a 
Water Supply 
Agriculture 

D.O.=5.0 mg/l 
pH=6.5-9.0 
F.Coli=200/100ml 
E.Coli=126/100ml 
Season mean 
chlorophyll a = 15 
µg/l measured in 
the upper three 
meters of the water 
column for the 
months of July 
through September 

NH3(ac)=TVS 
NH3(ch)=0.06 
Cl2(ac)=0.019 
Cl2(ch)=0.011 
CN=0.005 

S=0.002 
B=0.75 
NO2=0.5 
NO3=10 
Cl=250 
SO4=WS 

As(ac)=50(Trec) 
Cd(ac/ch)=TVS 
CrIII(ac)=50(Trec) 
CrVI(ac/ch)=TVS 
Cu(ac/ch)=TVS 

Fe(ch)=WS(dis) 
Fe(ch)=1000(Trec) 
Pb(ac/ch)=TVS 
Mn(ac/ch)=TVS 
Mn(ch)=WS(dis) 
Hg(ch)=0.01(Tot) 

Ni(ac/ch)=TVS 
Se(ac/ch)=TVS 
Ag(ac/ch)=TVS 
Zn(ac/ch)=TVS 

 

3. Mainstem of Cherry Creek from the outlet of Cherry Creek 
Reservoir to the confluence with the South Platte River. 

 
UP 

Aq Life Warm 2 
Recreation 1a 
Water Supply 
Agriculture 

D.O.=5.0 mg/l 
pH=6.5-9.0 
F.Coli=200/100ml 
E.Coli=126/100ml 
 

NH3(ac)=TVS 
NH3(ch)=0.10 
Cl2(ac)=0.019 
Cl2(ch)=0.011 
CN=0.005 

S=0.002 
B=0.75 
NO2=0.5 
NO3=10 
Cl=250 
SO4=WS 

As(ac)=50(Trec) 
Cd(ac/ch)=TVS 
CrIII(ac)=50(Trec) 
CrVI(ac/ch)=TVS 
Cu(ac/ch)=TVS 
Fe(ch)=WS(dis) 

Fe(ch)=1000(Trec) 
Pb(ac/ch)=TVS 
Mn(ac/ch)=TVS 
Mn(ch)=WS(dis) 
Hg(ch)=0.01(Tot) 
Ni(ac/ch)=TVS 

Se(ac/ch)=TVS 
Ag(ac/ch)=TVS 
Zn(ac/ch)=TVS 

 

4. All tributaries to Cherry Creek, including all lakes, reservoirs 
and wetlands, from the source of East and West Cherry 
Creeks to the confluence with the South Platte River, except 
for specific listings in Segment 2. 

 
UP 

Aq Life Warm 2 
Recreation 1a 
Agriculture 

D.O.=5.0 mg/l 
pH=6.5-9.0 
F.Coli=200/100ml 
E.Coli=126/100ml 
 

NH3(ac)=TVS 
NH3(ch)=0.10 
Cl2(ac)=0.019 
Cl2(ch)=0.011 
CN=0.005 

S=0.002 
B=0.75 
NO2=0.5 

As(ch)=100(Trec) 
Cd(ac/ch)=TVS 
CrIII(ac/ch)=TVS 
CrVI(ac/ch)=TVS 
Cu(ac/ch)=TVS 

Fe(ch)=1000(Trec) 
Pb(ac/ch)=TVS 
Mn(ac/ch)=TVS 
Hg(ch)=0.01(Tot) 
Ni(ac/ch)=TVS 

Se(ac/ch)=TVS 
Ag(ac/ch)=TVS 
Zn(ac/ch)=TVS 

 

 



 

 

 
STREAM CLASSIFICATIONS and WATER QUALITY STANDARDS 

 
 
DESIG 

 
CLASSIFICATIONS 

 
NUMERIC STANDARDS 

 
REGION: 3  
                
BASIN: CLEAR CREEK 
 
Stream Segment Description 

 
 

 
 

 
PHYSICAL 

and 
BIOLOGICAL 

 
INORGANIC 

 
mg/l 

 
METALS 

 
ug/l 

 
TEMPORARY 

MODIFICATIONS 
AND 

QUALIFIERS 
 

15. Mainstem of Clear Creek from Youngfield Street in 
Wheat Ridge, Colorado, to the confluence with the 
South Platte River. 

 
UP 

Aq Life Warm 1 
Recreation 1a 
Water Supply 
Agriculture 

D.O.=5.0 mg/l 
pH = 6.5-9.0 
F.Coli=200/100ml 
E.Coli=126/100ml 

NH3(ac)=TVS 
NH3(ch)=0.06 
Cl2(ac)=0.019 
Cl2(ch)=0.011 
CN=0.005 

S=0.002 
B=0.75 
NO2=0.5 
NO3=10 
Cl=250 
SO4=WS 

As(ac)=50(Trec) 
Cd(ac/ch)=TVS 
CrIII(ac)=50(Trec) 
CrVI(ac/ch)=TVS 
Cu(ac/ch)=TVSx3.
66* 

Fe(ch)=WS(dis) 
Fe(ch)=1000(Trec) 
Pb(ac/ch)=TVS 
Mn(ac/ch)=TVS 
Mn(ch)=WS(dis) 
Hg(ch)=0.01(Trec) 

Ni(ac/ch)=TVS 
Se(ac/ch)=TVS 
Ag(ac/ch)=TVS 
Zn(ac/ch)=TVSx1.
57* 

Aquatic life warm 1 
goal qualifier.   
 
Temporary 
modification: 
E.Coli=261/100 ml. 
Expiration date of 
2/28/10. 

16a. Mainstem of Lena Gulch including all tributaries, lakes, 
reservoirs and wetlands from its source to the outlet of 
Maple Grove Reservoir. 

 
 UP 

Aq Life Warm 2 
Recreation 1a 
Water Supply 
Agriculture 

D.O.=5.0 mg/l 
pH=6.5-9.0 
F.Coli=200/100ml 
E.Coli=126/100ml 
 

NH3(ac)=TVS 
NH3(ch)=0.10 
Cl2(ac)=0.019 
Cl2(ch)=0.011 
CN=0.005 

S=0.002 
B=0.75 
NO2=0.05 
NO3=10 
Cl=250 
SO4=WS 

As(ac)=50(Trec) 
Cd(ac)=TVS 
Cd(ch)=TVS 
CrIII(ac)=50(Trec) 
CrVI(ac/ch)=TVS 
Cu(ac/ch)=TVS 
 

Fe(ch)=WS(dis) 
Fe(ch)=1000(Trec) 
Pb(ac/ch)=TVS 
Mn(ac/ch)=TVS 
Mn(ch)=WS(dis) 
Hg(ch)=0.01(Tot) 

Ni(ac/ch)=TVS 
Se(ac/ch)=TVS 
Ag(ac/ch)=TVS 
Zn(ac/ch)=TVS 
 

 

16b.All tributaries to Clear Creek from the Farmers Highline 
Canal diversion in Golden, Colorado to the confluence 
with the South Platte River, except for specific listings 
in Segments 16a, 17a, 17b, 18a and 18b. 

 
UP 

Aq Life Warm 2 
Recreation 2 
Agriculture 

D.O.=5.0 mg/l 
pH=6.5-9.0 
F.Coli=2000/100ml  
E.Coli=630/100ml  

NH3(ac)=TVS 
NH3(ch)=0.10 
Cl2(ac)=0.019 
Cl2(ch)=0.011 
CN=0.005 

S=0.002 
B=0.75 
NO2=0.5 
 

As(ch)=100(Trec) 
Cd(ac/ch)=TVS 
CrIII(ac/ch)=TVS 
CrVI(ac/ch)=TVS 
Cu(ac/ch)=TVS 

Fe(ch)=1000(Trec) 
Pb(ac/ch)=TVS 
Mn(ac/ch)=TVS 
Hg(ch)=0.01(Tot) 

Ni(ac/ch)=TVS 
Se(ac/ch)=TVS 
Ag(ac/ch)=TVS 
Zn(ac/ch)=TVS 

 

17a. Arvada Reservoir.  
 UP 

Aq Life Cold 2 
Recreation 2 
Water Supply 
Agriculture 

D.O.=6.0 mg/l 
D.O.(sp)=7.0 mg/l 
pH=6.5-9.0 
F.Coli=200/100ml 
E.Coli=126/100ml 

NH3(ac)=TVS 
NH3(ch)=0.02 
Cl2(ac)=0.019 
Cl2(ch)=0.011 
CN=0.005 

S=0.002 
B=0.75 
NO2=0.05 
NO3=10 
Cl=250 
SO4=WS 

As(ac)=50(Trec) 
Cd(ac)=TVS(tr) 
Cd(ch)=TVS 
CrIII(ac)=50(Trec) 
CrVI(ac/ch)=TVS 
Cu(ac/ch)=TVS 
 

Fe(ch)=WS(dis) 
Fe(ch)=1000(Trec) 
Pb(ac/ch)=TVS 
Mn(ac/ch)=TVS 
Mn(ch)=WS(dis) 
Hg(ch)=0.01(Tot) 

Ni(ac/ch)=TVS 
Se(ac/ch)=TVS 
Ag(ac/ch)=TVS 
Zn(ac/ch)=TVS 
 

Water + Fish Organics 

17b. Mainstem of Ralston Creek from the source to the inlet 
of Arvada Reservoir, including Ralston Reservoir, and 
Upper Long Lake. 

 
 UP 

Aq Life Cold 2 
Recreation 1a 
Water Supply 
Agriculture 

D.O.=6.0 mg/l 
D.O.(sp)=7.0 mg/l 
pH=6.5-9.0 
F.Coli-200/100ml  
E.Coli=126/100ml 

NH3(ac)=TVS 
NH3(ch)=0.02 
Cl2(ac)=0.019 
Cl2(ch)=0.011 
CN=0.005 

S=0.002 
B=0.75 
NO2=0.05 
NO3=10 
Cl=250 
SO4=WS 

As(ac)=50(Trec) 
Cd(ac)=TVS(tr) 
Cd(ch)=TVS 
CrIII(ac)=50(Trec) 
CrVI(ac/ch)=TVS 
Cu(ac/ch)=TVS 
 

Fe(ch)=WS(dis) 
Fe(ch)=1000(Trec) 
Pb(ac/ch)=TVS 
Mn(ac/ch)=TVS 
Mn(ch)=WS(dis) 
Hg(ch)=0.01(Tot) 

Ni(ac/ch)=TVS 
Se(ac/ch)=TVS 
Ag(ac/ch)=TVS 
Zn(ac/ch)=TVS 
 

Water + Fish Organics 

18a. Mainstem of Ralston Creek, including all lakes and 
reservoirs, from the outlet of Arvada Reservoir to the 
confluence with Clear Creek. 

 
 UP 

Aq Life Warm 2 
Recreation 1a 
Water Supply 
Agriculture 

D.O. = 5.0 mg/l 
pH = 6.5-9.0 
F.Coli=200/100ml 
E.Coli=126/100ml 

NH3(ac)=TVS 
NH3(ch)=0.10 
Cl2(ac)=0.019 
Cl2(ch)=0.011 
CN=0.005 

S=0.002 
B=0.75 
NO2=0.5 
NO3=10 
Cl=250 
SO4=WS 

As(ac)=50(Trec) 
Cd(ac/ch)=TVS 
CrIII(ac)=50(Trec) 
CrVI(ac/ch)=TVS 
Cu(ac/ch)=TVS 

Fe(ch)=WS(dis) 
Fe(ch)=1000(Trec) 
Pb(ac/ch)=TVS 
Mn(ac/ch)=TVS 
Mn(ch)=WS(dis) 
Hg(ch)=0.01(Tot) 

Ni(ac/ch)=TVS 
Se(ac/ch)=TVS 
Ag(ac/ch)=TVS 
Zn(ac/ch)=TVS 

 

18b. Mainstem of Leyden Creek and Van Bibber Creek from 
their source to their confluence with Ralston Creek.  
Mainstem of Little Dry Creek from its source to its 
confluence with Clear Creek. 

 
 UP 

Aq Life Warm 2 
Recreation 2 
Water Supply 
Agriculture 

D.O.=5.0 mg/l 
pH=6.5-9.0 
F.Coli=2000/100ml 
E.Coli=630/100ml  

NH3(ac)=TVS 
NH3(ch)=0.10 
Cl2(ac)=0.019 
Cl2(ch)=0.011 
CN=0.005 

S=0.002 
B=0.75 
NO2=0.5 
NO3=10 
Cl=250 
SO4=WS 

As(ac)=50(Trec) 
Cd(ac/ch)=TVS 
CrIII(ac)=50(Trec) 
CrVI(ac/ch)=TVS 
Cu(ac/ch)=TVS 

Fe(ch)=WS(dis) 
Fe(ch)=1000(Trec) 
Pb(ac/ch)=TVS 
Mn(ac/ch)=TVS 
Mn(ch)=WS(dis) 
Hg(ch)=0.01(Tot) 

Ni(ac/ch)=TVS 
Se(ac/ch)=TVS 
Ag(ac/ch)=TVS 
Zn(ac/ch)=TVS 

 

19. All tributaries to Clear Creek, including lakes, reservoirs 
and wetlands, within the Mt. Evans Wilderness Area. 

 
 OW 

Aq Life Cold 1 
Recreation 1a 
Water Supply 
Agriculture 

D.O.=6.0 mg/l 
D.O.(sp)=7.0 mg/l 
pH=6.5-9.0 
F.Coli=200/100ml 
E.Coli=126/100ml 
 

NH3(ac)=TVS 
NH3(ch)=0.02 
Cl2(ac)=0.019 
Cl2(ch)=0.011 
CN=0.005 

S=0.002 
B=0.75 
NO2=0.05 
NO3=10 
Cl=250  
SO4=250 

As(ac)=50(Trec) 
Cd(ac)=TVS(tr) 
Cd(ch)=TVS 
CrIII(ac)=50(Trec) 
CrVI(ac/ch)=TVS 
Cu(ac/ch)=TVS 

Fe(ch)=WS(dis) 
Fe(ch)=1000(Trec) 
Pb(ac/ch)=TVS 
Mn(ac/ch)=TVS 
Mn(ch)=WS(dis) 
Hg(ch)=0.01(Tot) 

Ni(ac/ch)=TVS 
Se(ac/ch)=TVS 
Ag(ac)=TVS 
Ag(ch)=TVS(tr) 
Zn(ac/ch)=TVS 

 

      * TVS x (times) the FWER (final water effect ratio) = site-specific standard.



 

 

 
 

 
DESIG 

 
CLASSIFICATIONS 

 
NUMERIC STANDARDS 

 
REGION: 2 
                
BASIN: MIDDLE SOUTH PLATTE RIVER 
 

Stream Segment Description 

 
 

 
 

 
PHYSICAL 

and 
BIOLOGICAL 

 
INORGANIC 

 
mg/l 

 
METALS 

 
Ug/l 

 
TEMPORARY 

MODIFICATIONS 
AND 

QUALIFIERS 
 

1a. Mainstem of the South Platte River from a point 
immediately below the confluence with Big Dry Creek to 
the confluence with St. Vrain Creek. 

 
UP 

Aq Life Warm 2 
Recreation 1a 
Water Supply 
Agriculture 

D.O.* 
pH=6.5-9.0 
F.Coli=200/100ml 
E.Coli=126/100ml 
 

NH3(ac)=TVS 
NH3(ch)=0.10 
Cl2(ac)=0.019 
Cl2(ch)=0.011 
CN=0.005 

S=0.002 
B=0.75 
NO2=0.5 
NO3=10 
Cl=250 
SO4=WS 

As(ac)=50(Trec) 
Cd(ac/ch)=TVS 
CrIII(ac)=50(Trec) 
CrIII(ch)=TVS 
CrVI(ac/ch)=TVS 
Cu(ac/ch)=TVS*2.2

Fe(ch)=WS(dis) 
Fe(ch)=1000(Trec) 
Pb(ac/ch)=TVS 
Mn(ac/ch)=TVS 
Mn(ch)=WS(dis) 
Hg(ch)=0.01(Tot) 
Ni(ac/ch)=TVS 

Se(ac/ch)=TVS 
Ag(ac/ch)=TVS 
Zn(ac/ch)=TVS 

*See attached 
table for site-
specific Dissolved 
Oxygen standards. 
 
Fish Ingestion 
Organics 

1b.  Mainstem of the South Platte River from a point 
immediately below the confluence with St. Vrain Creek to 
the Weld/Morgan County Line. 

UP Aq Life Warm 2 
Recreation 1a 
Water Supply 
Agriculture 

D.O.=5.0 mg/l 
pH=6.5-9.0 
F.Coli=200/100ml 
E.Coli=126/100ml 
 

NH3(ac)=TVS 
NH3(ch)=0.10 
Cl2(ac)=0.019 
Cl2(ch)=0.011 
CN=0.005 

S=0.002 
B=0.75 
NO2=0.5 
NO3=10 
Cl=250 
SO4=WS 

As(ac)=50(Trec) 
Cd(ac/ch)=TVS 
CrIII(ac)=50(Trec) 
CrIII(ch)=TVS 
CrVI(ac/ch)=TVS 
Cu(ac/ch)=TVS 

Fe(ch)=WS(dis) 
Fe(ch)=1000(Trec) 
Pb(ac/ch)=TVS 
Mn(ac/ch)=TVS 
Mn(ch)=WS(dis) 
Hg(ch)=0.01(Tot) 
Ni(ac/ch)=TVS 

Se(ac/ch)=TVS 
Ag(ac/ch)=TVS 
Zn(ac/ch)=TVS 

Fish Ingestion 
Organics 
 
Temporary 
modification: 
NH3(ch)=0.12 mg/l 
below confluence 
with Cache La 
Poudre River. 
Expiration date of 
2/28/10. 

2. Deleted.          
 
3a. All tributaries to the South Platte River, including all lakes, 

reservoirs and wetlands, from a point immediately below 
the confluence with Big Dry Creek to the Weld/Morgan 
County line, except for specific listings in the subbasins of 
the South Platte River, and in Segments 3b, 4, 5a, 5b, 5c, 
and 6.  

UP  Aq Life Warm 2  
Recreation 1a  
Agriculture  

D.O.=5.0 mg/l  
pH=6.5-9.0  
F.Coli=200/100ml  
E.Coli=126/100ml  

NH
3
(ac)=TVS  

NH
3
(ch)=0.10  

Cl
2
(ac)=0.019  

Cl
2
(ch)=0.011  

CN=0.005  

S=0.002  
B=0.75  
NO

2
=0.5  

As(ch)=100(Trec)  
Cd(ac/ch)=TVS  
CrIII(ac/ch)=TVS  
CrVI(ac/ch)=TVS  
Cu(ac/ch)=TVS  

Fe(ch)=1000(Trec)  
Pb(ac/ch)=TVS  
Mn(ac/ch)=TVS  
Hg(ch)=0.01(Tot)  
Ni(ac/ch)=TVS  

Se(ac/ch)=TVS  
Ag(ac/ch)=TVS  
Zn(ac/ch)=TVS  

Fish Ingestion 
Organics  

3b.  Hayesmount Tributaries including the Upper Hayesmount 
Tributary from the source to the confluence with Box 
Elder Creek and the Lower Hayesmount Tributaries from 
the source to the Denver Hudson Canal.  

UP  Aq Life Warm 2  
Recreation 1a  
Agriculture  

D.O. (ch)=
1

pH=6.5-9.0  
F.Coli=200/100ml  
E.Coli=126/100ml  

NH
3
(ac)=TVS  

NH
3
(ch)=0.10  

Cl
2
(ac)=0.019  

Cl
2
(ch)=0.011  

CN=0.005  

S=0.002  
B=0.75  
NO

2
=0.5  

As(ch)=100(Trec)  
Cd(ac/ch)=TVS  
CrIII(ac/ch)=TVS  
CrVI(ac/ch)=TVS  
Cu(ac/ch)=TVS  

Fe(ch)=1000(Trec)  
Pb(ac/ch)=TVS  
Mn(ac/ch)=TVS  
Hg(ch)=0.01(Tot)  
Ni(ac/ch)=TVS  

Se(ac/ch)=TVS  
Ag(ac/ch)=TVS  
Zn(ac/ch)=TVS  

1
When water is 

present, D.O. 
concentrations 
shall be 
maintained at 
levels that protect 
classified uses.  

4. Barr Lake and Milton Reservoir.  
UP 

Aq Life Warm 2 
Recreation 1a 
Water Supply 
Agriculture 

D.O.=5.0 mg/l 
pH=6.5-9.0 
F.Coli=200/100ml 
E.Coli=126/100ml 
 

NH3(ac)=TVS 
NH3(ch)=0.10 
Cl2(ac)=0.019 
Cl2(ch)=0.011 
CN=0.005 

S=0.002 
B=0.75 
NO2=0.5 
NO3=10 
Cl=250 
SO4=WS 

As(ac)=50(Trec) 
Cd(ac/ch)=TVS 
CrIII(ac)=50(Trec) 
CrIII(ch)=TVS 
CrVI(ac/ch)=TVS 
Cu(ac/ch)=TVS 

Fe(ch)=WS(dis) 
Fe(ch)=1000(Trec) 
Pb(ac/ch)=TVS 
Mn(ac/ch)=TVS 
Mn(ch)=WS(dis) 
Hg(ch)=0.01(Tot) 
Ni(ac/ch)=TVS 

Se(ac/ch)=TVS 
Ag(ac/ch)=TVS 
Zn(ac/ch)=TVS 

Fish Ingestion 
Organics 

5a.  Mainstems of Lone Tree Creek, Crow Creek and 
Boxelder Creek from their sources to their confluences 
with the South Platte River, except for specific listings in 
Segment 5b.

. 

UP Aq Life Warm 2 
Recreation 2 
Agriculture 

D.O.=5.0 mg/l 
pH=6.5-9.0 
F.Coli=2000/100ml 
E.Coli=630/100ml 
 

NH3(ac)=TVS 
NH3(ch)=0.10 
Cl2(ac)=0.019 
Cl2(ch)=0.011 
CN=0.005 

S=0.002 
B=0.75 
NO2=0.5 

As(ch)=100(Trec) 
Cd(ac/ch)=TVS 
CrIII(ac/ch)=TVS 
CrVI(ac/ch)=TVS 
Cu(ac/ch)=TVS 

Fe(ch)=1000(Trec) 
Pb(ac/ch)=TVS 
Mn(ac/ch)=TVS 
Hg(ch)=0.01(Tot) 
Ni(ac/ch)=TVS 

Se(ac/ch)=TVS 
Ag(ac/ch)=TVS 
Zn(ac/ch)=TVS 

Temporary 
modification: Lone 
Tree Creek 
NH3(ch)=0.26 mg/l. 
Expiration date of 
2/28/10. 

5b. Mainstem of Boxelder Creek from the confluence with 
Coyote Run to the Denver Hudson Canal.  

UP  Aq Life Warm 2  
Recreation 2  
Agriculture  

D.O. (ch)=4.7 mg/l
1

pH=6.5-9.0  
F.Coli=2000/100ml  
E.Coli=630/100ml  

NH
3
(ac)=TVS  

NH
3
(ch)=0.10  

Cl
2
(ac)=0.019  

Cl
2
(ch)=0.011  

CN=0.005  

S=0.002  
B=0.75  
NO

2
=10 

NO3=100 

As(ch)=100(Trec)  
Cd(ac/ch)=TVS  
CrIII(ac/ch)=TVS  
CrVI(ac/ch)=TVS  
Cu(ac/ch)=TVS  

Fe(ch)=1000(Trec)  
Pb(ac/ch)=TVS  
Mn(ac/ch)=TVS  
Hg(ch)=0.01(Tot)  
Ni(ac/ch)=TVS  

Se(ac/ch)=TVS  
Ag(ac/ch)=TVS  
Zn(ac/ch)=TVS  

1
15

th 
percentile of 

D.O. 
measurements 
collected between 
6:30 a.m. and 6:30 
p.m. 
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6.  Lost Creek from Interstate 76 south, including all its 
tributaries, stock ponds and wetlands. 

UP Aq Life Warm 2  
Recreation 2  
Agriculture  

D.O.=5.0 mg/l  
pH=6.5-9.0  
F.Coli=2000/100ml 
E. Coli=630/100ml 

NO3=100  
N02=10  
CN=0.2  

S=0.002  
B=0.75  
 

As=100(Trec)  
Be(ch)=100(Trec) 
Cd=10(Trec)  
CrIII=100(Trec)  
CrVI=100(Trec)  
Cu=200(Trec)  

Pb=100(Trec)  
Mn=200(Trec)  
Ni=200(Trec)  
Se=20(Trec)  

Zn=2000(Trec)   

     



 

 

 
 
 

Site-Specific Minimum Dissolved Oxygen Standards for Middle South Platte segment 1a 
  

STANDARDS  
Early Life Stage Protection Period (April 1 through July 31)  
1-Day 

1.4,5 
3.0 mg/L (acute)  

7-Day Average 
1.2 

5.0 mg/L  
Older Life Stage Protection Period (August 1 through March 31)  
1-Day 

1.4 
2.0 mg/L (acute)  

7-Day Mean of Minimums 
1.3. 

2.5 mg/L  
30-Day Average 

1.2. 
4.5 mg/L  

 
Footnotes  

 
1. For the purpose of determining compliance with the standards, dissolved oxygen measurements shall 

only be taken in the flowing portion of the stream at mid-depth, and at least six inches above the bottom 
of the channel. All sampling protocols and test procedures shall be in accordance with procedures and 
protocols approved by the Division.  

 
2.  A minimum of four independent daily means must be used to calculate the average for the 7-Day 

Average standard. A minimum of eight independent daily means must be used to calculate the average 
for the 30-Day Average standard. The four days and the eight days must be representative of the 7-Day 
and the 30-Day periods respectively. The daily mean shall be the mean of the daily high and low 
values. In calculating the mean values, the dissolved oxygen saturation value shall be used in place of 
any dissolved oxygen measurements which exceed saturation.  

 
3.  The 7-Day Mean Minimum is the average of the daily minimums measured at a location on each day 

during any 7-Day period.  
 

4.  During a 24 hour day, dissolved oxygen levels are likely to be lower during the nighttime when there is no 
photosynthesis. The dissolved oxygen levels should not drop below the acute standard (ELS acute standard of 
3.0 mg/L or the OLS standard of 2.0 mg/L). However, if during the ELS period multiple measurements are below 
3.0 mg/L during the same nighttime period, the multiple measurements shall be considered a single exceedance 
of the acute standard. For measurements below 2.0 mg/L during either the ELS or the OLS periods, each hourly 
measurement below 2.0 mg/L shall be considered an exceedance of the acute standard.  

 
5.  In July, the dissolved oxygen level in Segment 1a may be lower than the 3.0 mg/L acute standard for up to 14 

exceedances in any one year and up to a total of 21 exceedances in three years before there is a determination 
that the acute dissolved oxygen standards is not being met. Exceedances shall be counted as described in 
Footnote 4.  
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DAHLIA ST
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