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After the release of 2004 updated to the Urban Storm Drainage Criteria Manual (Manual) update that 
focused on porous pavement, much input was received from the users of the Manual and from the local 
governments trying to use it.  In addition, we collaborated with Douglas County, Arapahoe County, City of 
Centennial, City of Lone Tree, Castle Rock and the City and County of Denver to update their local 
criteria manuals.  As a result, much was learned and pointed out to us on how the recommendation in 
this manual could be made more practical and easier to adhere to.  For example, Douglas County did 
considerable research on the availability of geotextile fabrics and found that the AOS opening we were 
recommending were hard to find and suggested we use ones more readily available.  had an opportunity 
to observe some of the practices being implements. 

The table that follows give a brief summary of the history of Volume 3.  As you can see it is an evolving 
document and the Urban Drainage and Flood Control District is committed to keep it current and to 
update it form the lessons learned by those using it.

HISTORY OF Volume 3 of the USDCM

Year or 
Date Items/changes/corrections Published
1992 First version of Volume 3 of this Manual published in advance of Phase 1 municipalities in 

the Denver Metropolitan Area submitting their stormwater discharge permit applications. 
Some chapters were not yet fully developed.

1999 Second version of Volume 3 released.  
Complete update and rewrite of the first version and completed the development of missing 
and partially completed chapters.  An Excel Workbook was developed to accompany this 
release to assisted the users with design recommendation in the Manual. 

2002-06 Updated recommendations on the design of many structural BMPs, especially ones for 
infiltration and filtration of stormwater.  The Excel Workbook was updated accordingly. 

2004-12 Added a number of porous pavement designs and sample specification for porous concrete 
and aggregate turf type of pavements.  The Excel Workbook was updated accordingly.

2005-10 Modified many of the earlier recommendations for the design of porous pavements, porous 
pavement detention, porous landscape detention, sand filter basins, and extended detention 
basins. The changes were made to provide more economical cross-sections and sizing of 
various components of these facilities and were influenced by field observations of facilities 
in operation and the feedback received from cities and counties using this Manual.  The 
Excel Workbook was updated accordingly.
Changes were also made to improve guidance on the selection of structural BMPs and to 
provide a table showing BMP effluent quality one can expect form a number of BMPs.  This 
table resulted from the analysis of data from approximately 200 BMP sites in USA and 
Canada as reported in the International BMP Database.

Volume 3 of the Manual has evolved with the help and participation of many cities and counties within 
the District and some that were not within the District.  We have always viewed it as a collaborative 
guidance document, that can be used by all communities choosing to do so.  To date, it has been 
adopted in whole or in modified form in most front range and many western slope cities and counties of 
Colorado.  In addition, it has also been adopted in whole or in modified form in Sioux Fall and Rapid City, 
South Dakota; Casper, Laramie and Cheyenne, Wyoming; Reno, Nevada; Columbia, Missouri and other 
places that we failed to track.  In other words, it has gained considerable acceptance in the western parts 
of the United States, probably because it provides pragmatic guidance in how to address stormwater 



management as areas urbanize and helps these communities to achieve consistency in their practices 
and requirements they pass on to their development community.  

Of note, some of the changes, especially those that help the user select the most suitable BMPs for their 
site came about from our observations in the field of how earlier recommendation were being 
implemented.  The updated guidance for the selection of structural BMPs needs to be viewed as 
guidance and not as a set of hard and fast rules.  Clearly, site conditions and local needs will influence 
what is put into the ground.  However, the intent is to show that there are other BMPs that are often 
overlooked in the selection process that may serve some sites much better than, let say, Extended 
Detention Basins (EDBs).  While the recommendations for the sizing forebays and micro-pools have 
been changed to make them smaller, we still consider  the use of a micro-pools to be critical for 
successful operation and maintenance of all EDBs.  

Also of note is the replacement of the table showing percent removals of various constituents by different 
BMPs with a table showing the statistical probable median Event Mean Concentration (EMC) one can 
now expect from a number of properly designed structural BMPs.  This change came about from the 
analysis of performance data form around 200 BMPs in Uneted States and Canada.  This analysis was 
contributed to the District  by GeoSyntec, one member of the International BMP Database team. We 
encourage you to go to their web site: http://www.bmpdatabase.org/ and take advantage a number of 
free-of-charge download it offers, including BMP Monitoring guidance document and a number of 
interpretive reports.   

The pages that follow contain excerpts from the October 2005 update of Volume 3 that contain the most 
significant updates.  For complete details, go to the District’s web site 
http://udfcd.org/downloads/down_critmanual.htm, where you will find undated chapters that contain these 
sections, as well as the figures and text that support them fully.  In addition, the District’s web site 
http://udfcd.org/downloads/down_technical.htm contains the spreadsheets and AutoCAD™ files of the 
figures in the Structural BMP Chapter of this Manual.  These were all designed and updated to help the 
users with calculations, sizing and design of the practices they chose to implant.   
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BMP PLANNING FOR NEW DEVELOPMENT AND 
SIGNIFICANT REDEVELOPMENT 

1.4.4 Calculating Effective Imperviousness 
The first step in estimating the magnitude of runoff from a site is to first estimate the site’s 

imperviousness. The total imperviousness of a site is the weighted average of individual areas of like 

imperviousness. For instance, according to Table RO-3 in the RUNOFF chapter of Volume 1 of the 

Manual, paved streets (and parking lots) have an imperviousness of 100-percent; drives, walks and 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.  

Structural BMPs for minimizing imperviousness impact this calculation in two ways. First, the use of 

porous pavement reduces the imperviousness associated with parking areas and driveways built using 

porous pavement from 100- and 96-percent, to a much lower value that can be estimated using Figure 

PP-1 of the STRUCTURAL BEST MANAGEMENT PRACTICES chapter. Second, the use of grass 

buffers and grass swales provides a reduction in imperviousness according to Figure ND-1. This figure 

represents the reduction in imperviousness associated with Level 1 and Level 2 MDCIA as discussed 

above. Grass buffers and/or grass swales are to be configured according to the design procedure 

documented in the STRUCTURAL BEST MANAGEMENT PRACTICES chapter.  

 
1.5.4 Guidance for Selecting and Locating WQCV Facilities 

Figure ND-8 depicts a decision tree for screening potential BMPs for a site based on drainage catchment 

area and whether water is available to satisfy evapotranspiration requirements. Porous pavements and 

porous landscape detention facilities are generally suited for small drainage areas (i.e. typically less than 

1.0 acres); however, larger subwatersheds can be subdivided into individual drainage sub-catchment 

areas meeting this limitation.  There are three general types of BMPs on this figure.  One group provides 

for surface runoff volume reduction, the second for WQCC and the third provides the benefits of both. 

Laying out WQCV facilities within a development site and watershed requires thought and planning. 

Often, this decision-making occurs during a master planning process undertaken by local jurisdictions and 

the District. Outfall system plans and other reports may depict a recommended approach for 

implementing WQCV on a watershed basis. Such reports may call for a few large regional WQCV 

facilities, smaller sub-regional facilities, or alternatively an on-site approach. It is always a good idea to 

find out if a master planning study has been completed that addresses water quality and to attempt to 

follow the plan’s recommendations. 
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The following guidance is for areas where a master plan addressing water quality has not been 

completed. One of the questions involved in laying out WQCV facilities on a site is whether to locate a 

BMP onstream or offstream. Onstream refers to locating a BMP on a waterway that traverses a site such 

that all of the runoff from the upstream watershed flows through the facility. A single onstream BMP can 

treat both site runoff and runoff generated in any upstream offsite catchment areas that are part of that 

watershed. Locating BMPs offstream requires that all onsite catchment areas flow though a BMP prior to 

entering the waterway. Offstream BMPs do not provide treatment of runoff from any upstream drainage 

catchment areas. 

Onstream WQCV facilities are only recommended if the offsite drainage catchment area tributary to the 

drainageway has less impervious area than the onsite drainage catchment’s impervious area tributary to 

the same drainageway. Nevertheless, onstream WQCV facilities must be designed to serve the 
entire upstream watershed, including any catchment areas upstream of the development, based 
on future development conditions. This recommendation is true even if upstream developments have 

installed their own WQCV facilities. 

Figure ND-9 provides an illustration of selection and location options for WQCV facilities based on the 

principles discussed above. Table ND-1 indicates the BMP options for the four watershed areas shown in 

Figure ND-9. 
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NO

DEPTH TO BEDROCK  
(OR CLAY LAYER),  
OR SEASONAL HIGH 
WATER TABLE  > 5 FEET, 
AND NRCS TYPE A, B, OR 
C SOILS BELOW BMP’S 
BOTTOM? 

 
 
 
   NO  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

     GREEN ROOF WITH IRRIGATION 

     GRASS BUFFER (GB)  

     GRASS SWALE (GS)  

     POROUS PAVEMENT (PP) WITH INFILTRATION 

     POROUS PAVEMENT (PP) WITH UNDERDRAINS 

     POROUS PAVEMENT DETENTION (PPD) WITH INFILTRATION  

     POROUS PAVEMENT DETENTION (PPD) WITH UNDERDRAINS 

     POROUS LANDSCAPE DETENTION (PLD) WITH INFILTRATION 

     POROUS LANDSCAPE DETENTION (PLD) WITH UNDERDRAINS 

     EXTENDED DETENTION BASIN (EDB) *** 

     SAND FILTER DETENTION BASIN (EDB) 

     CONSTRUCTED WETLAND BASIN (CWB) 

     RETENTION POND (RP) 

     CONSTRUCTED WETLAND CHANNEL (CWC) 

Legend:  Provides for reductions in runoff volume, along with some reduction in pollutant EMCs 

  Provides for reductions in runoff volume and the recommended WQCV 

    Provides recommended WQCV  

  *** EDBs are not very suitable for catchments with less than 5 acres of impervious tributary area.  
The International BMP Database reports EDBs provide as much as 30% reductions 
in annual runoff volume.  

Figure ND-8—Decision Tree for Identifying Potential Individual Site BMPs 
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STORMWATER QUALITY MANAGEMENT 

MAJOR REVISIONS TO THIS CHAPTER FOLLOW: 

1.2.2 Phase II Stormwater Regulations 
When the amendment to CWA was passed in 1987, the intent under the stormwater program was to 

require MS4s that were under 100,000 in population to apply for an NPDES permit no later than October 

1992.  This date was later changed to October 1, 1994.  On January 9, 1998, EPA published draft rules 

for the Phase II program.  These regulations became final on November 1, 1999 and caused three major 

changes: 

1. Reduction in the size of construction sites required to obtain an NPDES stormwater permit from 

5 acres to one acre. 

2. A expansion of the exemption from permitting for industrial facilities which have all pollutant 

sources covered (“No Exposure Exemption”). 

3. Expansion of the MS4 permits to include communities with populations under 100,000. 

The final Phase II regulations extended the municipal stormwater program to small municipalities that are 

within urbanized areas (as defined by the Census Bureau) or others designated via criteria developed by 

the State or EPA.  For Colorado, this means that approximately 118 additional permits were issued (as of 

March 31, 2005) under this program.  The Phase II MS4s include one City and County, ten counties, 34 

cities, eight towns, 28 special districts, 21 school districts, twelve college and university campuses, three 

hospitals, and one state park.  Some of the cities and counties also have co-permittees authorized under 

their general permit. 

The regulation covers these Phase II communities under a general permit rather than individual permits.  

The programs required in the general permit include: 

a. Public Education and Outreach on Stormwater Impacts–This requires the distribution of 

educational materials to the public or other equivalent outreach efforts. 

b. Public Involvement/Participation–This involves public notification and inclusion of the public in the 

development and implementation of the municipalities’ stormwater management program. 

c. Illicit Discharge Detection and Elimination–This involves identification of pollutant sources, and 

the control and detection of illicit discharges. 

d. Construction Sites–This requires the development, implementation, and enforcement of a 

program for controlling runoff from construction sites that are equal to or greater than one acre. 
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e. Post-Construction Stormwater Management in New Development and Redevelopment–This 

requires the development and implementation of a program to address stormwater runoff from 

development and redevelopment sites equal to or greater than one acre. 

f. Pollution Prevention/Good Housekeeping for Municipal Operations–This involves the 

development and implementation of an operations and maintenance program to reduce the 

pollutant runoff from municipal sites such as parks and open spaces, fleet maintenance facilities, 

building oversight, and stormwater system maintenance facilities. 

Guidelines were published in October 2001 to assist Phase II MS4s to develop their management 

programs submitted for state review and approval by March 10, 2003.  As stated previously, the Manual 

will also assist these municipalities with their program development. 

3.3 Structural BMP Effectiveness 

The issue of BMP effectiveness is one that the stormwater management professionals continue to 

debate.  The one suggested in this Manual is to look at BMPs holistically and seek ones that help mitigate 

the effects of urbanization on the receiving water, its geomorphology, aquatic habitat, aquatic toxicity and 

public health. 

For these reasons, this Manual recommends the four-step process that begins with practices to minimize 

stormwater runoff and then addresses the need for capturing runoff from frequently occurring events and 

releasing this volume slowly to further mitigate the hydrologic effects of urbanization.  In the process, 

water quality is improved and pollutant loads reaching the receiving water are reduced. 

In the past, BMP effectiveness was judged by the percent removal of specific constituents.  Investigations 

and research in recent years have demonstrated that percent removal is not a good metric for judging 

effectiveness because it depends mostly on the concentrations of pollutants in the runoff.  Namely, higher 

percent removals are often recorded for very poor quality runoff treated by the structural BMP while low 

removal rates were reported when the stormwater runoff quality was excellent to begin with.  As a result, 

the International BMP Database (www.bmpdatabase.org) team has suggested that when water quality is 

of concern, BMP performance and selection be judged on the basis of effluent quality (ASCE & EPA 

1999, EPA & ASCE 2002).  Table SQ-6 summarizes the finding on influent and effluent statistics for 

some 200 structural BMPs in the International BMP Database as of Fall 2005.  This table provides insight 

into which types of BMPs offer better water quality effluent for various constituents that may be of 

concern for specific projects.  All of the BMPs recommended in this Manual provide reasonable water 

quality enhancement for many of the constituents of concern. 
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Table SQ-6—BMP Stormwater Quality Influent and Effluent Event Mean Concentrations 

Based on Analysis of 200 BMP Sites in United States and Canada 

Constituents Point of 
Discharge 

Extended 
Detention  

Wet Pond Wetland Basin Biofilter Media Filter 

Suspended  Solids (mg/l Influent 87.7 (48.4-159) 88.8 (48.9-156) 82.1 (65.7-103) 52.0 (22-123) 61.1 (45.4-82.4) 
Effluent 41.4 (30.8-55.5) 19.0 (12.9-28.0) 19.7 (16.6-23.4) 24.6 (15.0-40.3) 25.5 (14.7-44.3) 

Total Copper (ug/l) Influent 32.3 (22.7-46) 18.0 (7.4-43) xx    21.8 (11.6-40.9) 15.3 (12.4-18.8) 
Effluent 18.9 (16.6-21.5) 6.92 (4.7-10.3) xx    10.0 (5.6-17.9) 9.81 (8.1-11.8) 

Dissolved Copper (ug/l) Influent 12.1 (8-18.3) 8.87 (5.4-14.6) xx    12.3 (6.5-23.4) 8.83 (6.7-11.6) 
Effluent 14.7 (10.4-20.9) 5.09 (3.1-8.3) xx    7.66 (4.7-12.5) 7.95 (6.6-9.7) 

Total Lead (ug/l) Influent 69.2 (33.6-143) 33.3 (10.2-109) 12.6 (3.8-42) 19.6 (7.4-51.6) 15.6 (9.3-26.1) 
Effluent 15.0 (9.5-23.8) 6.68 (2.9-15.6) 3.25 (1.9-5.6) 6.95 (4.2-11.7) 5.5 (3.5-8.6) 

Dissolved Lead (ug/l) Influent 3.4 (2-5.8) 9.48 (0.9-101.4) xx    2.5 (0.9-6.9) 2.18 (1.6-3.1) 
Effluent 2.33 (1.7-3.3) 4.16 (2.0-8.9) xx    1.35 (0.5-3.6) 1.42 (1.0-1.9) 

Total Zinc (ug/l) Influent 274 (178-422) 75.3 (44-128.9) 164 (54.6-494) 129 (57.3-291) 122 (72.6-204) 
Effluent 85.3 (50.6-143.7) 28.6 (21.4-38.3) 119 (32.8-429) 39.4 (28.2-55.2) 65.0 (45.3-93.2) 

Dissolved Zinc (ug/l) Influent xx    57.4 (20.1-163) xx    67.4 (33.8-134) 71.7 (41.3-124) 
Effluent xx    16.9 (2.6-109) xx    32.0 (26.7-38.3) 57.1 (37.7-86.6) 

Total Phosphorus (mg/l) Influent 0.4 (0.3-0.5) 0.53 (0.3-0.9) 2.91 (1.9-4.6) 0.19 (0.1-0.4) 0.25 (0.2-0.4) 
Effluent 0.3 (0.2-0.44) 0.16 (0.12-0.21) 0.15 (0.07-0.33) 0.32 (0.24-0.43) 0.14 (0.11-0.17) 

Total Nitrogen (mg/l) Influent xx 1.49 (0.6-3.6) 2.56 (1.6-4) 0.58 (0.3-1) xx 
Effluent xx 1.17 (0.77-1.78) 2.42 (1.46-4.0) 0.69 (0.37-1.29) xx 

TKN (mg/l) Influent 1.99 (1.6-2.5) 1.06 (0.8-1.4) 1.23 (1-1.6) 2.27 (1.8-2.9) 2.2 (1.7-2.9) 
Effluent 1.87 (1.46-2.39) 0.84 (0.68-1.04) 1.33 (0.84-2.11) 1.6 (1.42-1.8) 1.79 (1.45-2.2) 

   
 Does not meet 95% confidence test for change in the mean between inflow and outflow 
 Meets 95% confidence test for change in mean concentration between inflow and outflow 

Cautionary Note: This table presents statistics of site mean EMCs without weighting the sites for 
data density.  Each site has equal weight in the analysis. 

 Some sites had very little data, but have same weight as sites with much data.   
Legend:  mm.m - Mean of all site mean EMCs  

  (ll.ll - uu.uu) = (Lower – Upper) values of the 95% confidence test of the mean.   
 

The above table replaced the table in the earlier edition of the Manual, namely, 

one that showed percent removals for various BMPs based on literature review in 

late 1980s and on a much smaller population of BMP performance data than the 

table above.    
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