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Introduction 
This report describes the permanent water quality approach for the proposed US-6 over BNSF 
Railway bridge replacement.  The project is located in Region 6 of the Colorado Department of 
Transportation (CDOT) and the City and County of Denver (CCD).  The project encompasses the 
US-6 bridge replacement and minor roadway work on US-6.  The project disturbs approximately 
2.57 acres.  This report follows the outline described in the Region 6 Permanent Water Quality 
Documentation, dated April 19, 2011.  The replacement of this bridge and any associated 
improvements discussed in this report will be included with a larger Design-Build project.  As 
such, the Design-Build Contractor/Engineer may elect to change the recommendations within this 
report. 
 

Discussion of CDOT MS4 / NDRD Requirements 
Design Objectives 
The objective is to treat all stormwater flows generated within the proposed improvements or 
areas disturbed by the project.  Impervious areas within the disturbed area will require treatment 
which removes 80% of the Total Suspended Solids (TSS) or captures 100% of the Water Quality 
Capture Volume (WQCV).  Areas within the project limits with no impervious surfaces (roadway 
embankments) will follow the current drainage patterns without additional treatment.  Stormwater 
generated within the proposed impervious areas reconstructed by the project will be captured and 
treated prior to release to the existing storm drain.   
 
Treatment Options 
Several treatment options were explored during the preliminary design process.  The options were 
reviewed by CDOT.  Rain Gardens, extended detention basins, and underground stormwater 
quality vaults were all considered.   The extended detention basin and rain garden options are 
generally the preferred options due to the ease of maintenance and the proven pollutant removal 
rates.  However, the extended detention basin (EDB) and rain garden BMP’s occupy a larger area, 
and are not always feasible in urban settings.  To the east of the proposed bridge the existing site 
topography and the limited space available for BMP locations prevented the practical use of an 
extended detention basin or rain garden.  Given these physical restraints, an underground 
stormwater quality vault was the only feasible remaining option.  The vault will be maintained by 
CDOT.  Maintenance requirements include a maximum vault depth of 16’ and a BMP utilizing 
hydrodynamic separation is preferred.  In order to best meet the removal requirement, a system 
certified by the New Jersey Corporation for Advanced Technology (NJCAT) is recommended for 
the project.  The High Efficiency Continuous Deflective Separator (CDS) by Contech was 
recently certified by the NJCAT and is recommended for this project.  An extended detention 
basin will be used to treat the project stormwater generated to the west of the proposed bridge.  
The extended detention basin will treat 100% of the WQCV. 
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Expected Pollutant Removal Rates 
Approximately 2.6 acres of the project disturbance will require treatment.  The area treated by the 
CDS vault is approximately .83 acres.  The area treated by the EDB is approximately 1.74 acres.  
 
The CDS systems are designed by the manufacturer to achieve an 80% annual solids load 
reduction based on lab generated performance curves for a specific particle size distribution.  The 
vaults are designed to treat the “first flush” of runoff generated  from the  impervious surfaces 

within  the project.   The  “first  flush”  is generally defined as  the  first 0.5  inch of  runoff and  is 

considered to contain the highest concentration of pollutants.  A 0.5 inch one‐hour point rainfall 

depth was used to determine the water quality treatment flow rate used.   A 0.5inch one‐hour 

point  rainfall  is  approximately  one  half  of  the  2‐year  point  rainfall  depth  and  corresponding 

rainfall  intensity.   The Rational Method was used with  this  rainfall  intensity  to determine  the 

Permanent Water  Quality  flow  rate  using  the  City  and  County  of  Denver  Rainfall  Intensity‐

Duration  Curve  from  the  City  and  County  of  Denver  Storm  Drainage  Design  and  Technical 

Criteria Manual. 

 

The EDB is a sedimentation basin designed to detain stormwater for many hours after a storm.  

A  small outlet  is used  to extend  the emptying  time of  the  smaller, more  frequent  storms,  to 

facilitate  pollutant  removal.    The  basins  are  sometimes  called  “dry  ponds”  because  they  are 

designed not  to have a  significant permanent pool of water  remaining between  storm  runoff 

events. 

 

Existing Water Quality Features 
There are no existing water quality features that will be abandoned, reconfigured, or incorporated 
into the proposed design.   
 
Right of Way 
There are no additional right of way needs resulting from the proposed water quality approach for 
the project.  The underground water quality vaults will be located within existing CDOT right of 
way. 
 
Recommended Design 
A CDS Model CDS2025 (manufactured by Contech Construction Products, Inc.) is recommended 
to treat the 4.2 cfs design flow (east system) and a EDB with a volume of 0.087 ac-ft is 
recommended to treat the WQCV (west system).   
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Maintenance and Operation 
Description of Facility 
The CDS Model CDS2025vault is a prefabricated underground water quality vault.  The vault 
consists of multiple chambers designed to remove suspended solids and floatables.  The 
hydrodynamic separator removes sediment, oil and grease, and floating and sinking debris.   
The EDB is a surface BMP.  The area is graded and seeded as described in the construction 
documents.  A small outlet and debris screen allow the area to drain in the required time. 
Facility Access and Maintenance 
While entry to the vaults is through manhole covers, typical maintenance activities can be made 
without entering the vault.  A Vac truck is typically used to remove the collected sediment and 
oils without requiring entrance into the vault.  As requested by CDOT, the bottom of the vault 
shall not be more than 16 feet below grade.  The vaults are located in areas that will allow access 
without lane closures. 
 
Maintenance of the CDS water quality vault will be performed by CDOT.  Maintenance 
requirements will include periodic removal of the accumulated sediment and floatables.  Cleaning 
of the CDS system should be done during dry weather conditions when no flow is entering the 
system. Cleanout of the CDS system with a vacuum truck is generally the most effective and 
convenient method of excavating pollutants from the system and does not require entrance into 
the vault.  Cleaning of a CDS system is typically done by inserting a vacuum hose into the 
chamber and evacuating the water and pollutants.  
 
The EDB is graded with 4:1 slopes to allow maintenance access.  EDBs have low to moderate 
maintenance requirements on a routine basis, but may require significant maintenance once every 
15 to 25 years. Maintenance frequency depends on the amount of construction activity within the 
tributary watershed, the erosion control measures implemented, the size of the watershed, and the 
design of the facility.  Inspection should occur at least twice a year, observing the sediment in the 
facility and checking for debris at the outlet structure. When starting from seed, mow 
native/drought tolerant grasses only when required to deter weeds during the first three years.  
 
Following this period, mowing of native/drought tolerant grass may stop or be reduced to 
maintain a height of no less than 6 inches (higher mowing heights are associated with deeper 
roots and greater drought tolerance). In general, mowing should be done as needed to maintain 
appropriate height and control weeds. Mowing of manicured grasses may vary from as frequently 
as weekly during the summer, to no mowing during the winter.  
 
Conclusion 
The proposed CDS water quality vault and EDB will treat all stormwater generated from 
proposed impervious surfaces reconstructed within the project limits 
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2. The SWTD shall be designed to capture and retain Total Petroleum 
Hydrocarbons generated by wet-weather flow and dry-weather gross spills.  
The minimum storage capacity provided by the SWTD shall be in 
accordance with the volume listed in Table 1 below. 

 
TABLE 1 
 

CDS Model 

Treatment 
Capacity 
(cfs)/(L/s) 

Minimum Sump 
Storage 
Capacity 
(yd3)/(m3) 

Minimum Oil 
Storage Capacity 

(gal)/(L) 
CDS2015-G 0.7 (19.8) 0.5 (0.4) 70 (265) 
CDS2015-4 0.7 (19.8) 0.5 (1.4) 70 (265) 
CDS2015 0.7(19.8) 1.3 (1.0) 92 (348) 
CDS2020 1.1 (31.2) 1.3 (1.0) 131 (496) 
CDS2025 1.6 (45.3) 1.3 (1.0) 143 (541) 
CDS3020 2.0 (56.6) 2.1 (1.6) 146 (552) 
CDS3030 3.0 (85.0) 2.1 (1.6) 205 (776) 
CDS3035 3.8 (106.2) 2.1 (1.6) 234 (885) 
CDS4030 4.5 (127.4) 5.6 (4.3) 407 (1540) 
CDS4040 6.0 (169.9) 5.6 (4.3) 492 (1862) 
CDS4045 7.5 (212.4) 5.6 (4.3) 534 (2012) 

    
CDS2020-D 1.1 (31.2) 1.3 (1.0) 131 (495) 
CDS3020-D 2.0 (56.6) 2.1 (1.6) 146 (552) 
CDS3030-D 3.0 (85.0) 2.1 (1.6) 205 (776) 
CDS3035-D 3.8 (106.2) 2.1 (1.6) 234 (885) 
CDS4030-D 4.5 (127.4) 4.3 (3.3) 328 (1241) 
CDS4040-D 6.0 (169.9) 4.3 (3.3) 396 (1499) 
CDS4045-D 7.5 (212.4) 4.3 (3.3) 430 (1627) 
CDS5640-D 9.0 (254.9) 5.6 (4.3) 490 (1854) 
CDS5653-D 14.0 (396.5) 5.6 (4.3) 599 (2267) 
CDS5668-D 19.0 (538.1) 5.6 (4.3) 733 (2774) 
CDS5678-D 25.0 (708.0) 5.6 (4.3) 814 (3081) 

    
CDS3030-DV 3.0 (85.0) 2.1 (1.6) 205 (776) 
CDS5042-DV 9.0 (254.9) 1.9 (1.5) 294 (1112) 
CDS5050-DV 11.0 (311.5) 1.9 (1.5) 367 (1389) 
CDS7070-DV 26.0 (736.3) 3.3 (2.5) 914 (3459) 

CDS10060-DV 30.0 (849.6) 5.0 (3.8) 792 (2997) 
CDS10080-DV 50.0 (1416.0) 5.0 (3.8) 1057 (4000) 

CDS100100-DV 64.0 (1812.5) 5.0 (3.8) 1320 (4996) 
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Designer:

Company:

Date:

Project:

Location:

1. Basin Storage Volume

A) Effective Imperviousness of Tributary Area, Ia Ia = 100.0 %

B) Tributary Area's Imperviousness Ratio (i = Ia / 100 ) i = 1.000

C)  Contributing Watershed Area Area = 1.740  ac

D)  For Watersheds Outside of the Denver Region, Depth of Average d6 =  in
      Runoff Producing Storm

E)  Design Concept
     (Select EURV when also designing for flood control)

F)  Design Volume (1.2 WQCV) Based on 40-hour Drain Time VDESIGN= 0.087  ac-ft
      (VDESIGN = (1.0 * (0.91 * i3 - 1.19 * i2 + 0.78 * i) / 12 * Area * 1.2)

G)  For Watersheds Outside of the Denver Region, VDESIGN OTHER=  ac-ft
      Water Quality Capture Volume (WQCV) Design Volume
      (VWQCV OTHER = (d6*(VDESIGN/0.43))

H)  User Input of Water Quality Capture Volume (WQCV) Design Volume VDESIGN USER=  ac-ft
      (Only if a different WQCV Design Volume is desired)

I)  Predominant Watershed NRCS Soil Group

J)  Excess Urban Runoff Volume (EURV) Design Volume
       For HSG A: EURVA = (0.1878i - 0.0104)*Area EURV =  ac-f t
       For HSG B: EURVB = (0.1178i - 0.0042)*Area
       For HSG C/D: EURVC/D = (0.1043i - 0.0031)*Area

Design Procedure Form:  Extended Detention Basin (EDB)

US-6 over BNSF

December 20, 2011

Choose One

Excess Urban Runoff Volume (EURV)

Choose One

A

B

C / D

Water Quality Capture Volume (WQCV)

2. Basin Shape: Length to Width Ratio L : W = : 1
(A basin length to width ratio of at least 2:1 will improve TSS reduction.)

3. Basin Side Slopes 

A)  Basin Maximum Side Slopes Z =  ft / ft
      (Horizontal distance per unit vertical, 4:1 or flatter preferred)

4. Inlet

A)  Describe means of providing energy dissipation at concentrated 
      inflow locations:

Choose One

Excess Urban Runoff Volume (EURV)

Choose One

A

B

C / D

Water Quality Capture Volume (WQCV)

UD-BMP_v3_0.xls, EDB 12/20/2011, 11:26 AM

TDSlocum
Highlight



US-6 over the BNSF Railway Bridge Replacement           Permanent WQ Report (FIR) 
 

 

Drainage Maps 

• Water Quality Basin Map 
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