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This document has been prepared to provide clarifications to the Hydrology and Hydraulics Technical 

Report Addendum (Attachment M of the I-70 East Final Environmental Impact Statement [EIS]). The 

following list provides clarifications and updates to various content sections of the addendum. The 

strikethrough text represents deletion of a word or a phrase from the original text while the underlined 

text shows the new text. 

Section 3, Changes to Applicable Laws, Regulations, and Guidance (page 3), now reads: 

There have not been any changes to the applicable laws, regulations, or guidance since the 2014 Hydrology 

and Hydraulics Technical Report. 

Executive Order (EO) 13960, “Establishing a Federal Flood Risk Management Standard and a Process for 

Further Soliciting and Considering Stakeholder Input,” (Obama, 2015) provides several amendments to EO 

11988 to further improve the existing floodplain management strategy in accordance with the federal 

Climate Action Plan. The Federal Flood Risk Management Standard (FFRMS) acts as a flexible framework 

involving stakeholder input and assessments. New requirements include: 

 Increase resilience against flooding and help preserve the natural values of floodplains 

 Expand management from the current base flood level to a higher vertical elevation and 

corresponding horizontal floodplain to address current and future flood risk 

 Be consistent with the Federal Flood Risk Management Standard 

Colorado Senate Bill 15-212 determines that water detention facilities designed to mitigate the adverse 

effects of stormwater runoff do not materially injure water rights. It was signed into law on May 29, 2015. 

Section 4, Changes to Existing Conditions (page 4) – the following paragraph has been added: 

Construction of the Globeville Landing Outfall will create changes to the design of the I-70 East Project’s 

offsite drainage system, which were incorporated into the calculations for hydrology and hydraulics. While 

this is not the actual existing condition, the conditions that will be created by the GLO were used as the 

existing condition for the design of this project.  

Section 6.2.3, Section 3—York Street to South Platte River (page 6) now reads: 

The flow impacting I-70 between York Street and the South Platte River is referenced from the 

Memorandum for I-70 PCL Montclair Drainage Basin Hydrologic Analysis (Enginuity, 2014). The Montclair 

study analyzed this stretch of I-70 with a two-dimensional model and determined the a 100-year flow of 

4,655 cfs, of which 2,332 2,852 cfs would reach this section of I-70, between Brighton Boulevard and the 

Union Pacific Railroad. 

To capture the offsite flow before it would enter the I-70 lowered section, Pond 7, Pond 7A, and a storm 

drain sized to convey the discharge are proposed. The purpose of Pond 7 and Pond 7A is to capture the 

large surface flows draining to this area. The outlet storm drain from Pond 7A is routed to the south of the 

Denver Coliseum building underneath the parking lot and through Globeville Landing Park to discharge into 

the South Platte River. 

A new outfall, the Globeville Landing Outfall, will be constructed for the High Street line, which will divert 

the outfall from an existing 120 inch brick storm sewer that already outlets to Globeville Landing Park. This 

new outfall will confluence the flows from these two storm sewer systems. This combined flow will then 
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travel under a park trail through three 11 foot by 4 foot culverts. These culverts then outlet to the South 

Platte River. 

The redesigned I-70 East Project’s offsite drainage system will flow through the Globeville Landing Outfall.  

Figure 1 and Figure 2 have been replaced with the following figures: 

Figure 1. Detention ponds in the vicinity of Colorado Boulevard 
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Figure 2. Detention ponds in the vicinity of UPRR 

 

Section 8, Hydrology and Hydraulics Technical Report Errata, 4.2 Applicable Guidance—Section (page 10) 

now reads: 

All drainage design work associated with the I-70 East Project would be performed in compliance with the 

most current version of the following technical guidance: 

 CDOT Drainage Design Manual (2004) 

 CDOT Municipal Separate Storm Sewer Permit (2008) 

 FHWA Roadside Design Guidelines (2003), based upon the American Association of State and 

Highway Transportation Official’s Roadside Design Guide (2002) 

 Denver Storm Drainage Design and Technical Criteria Manual (Denver Wastewater Management 

Division [WMD], 2006, Amended 2013) 

 Urban Drainage and Flood Control District (UDFCD) Urban Storm Drainage Criteria Manual (2001, 

Revised 2008, 2013) 

 City of Aurora Storm Drainage & Technical Criteria (2005) 

 City of Commerce City Drainage Criteria Manual (n.d.) 

 Adams County Storm Drainage Design and Stormwater Quality Regulations (2001) 

 Arapahoe County Draft Stormwater Management Manual (2012) 
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 Union Pacific Railroad Hydraulic Design Criteria (2003) 

In addition, stormwater requirements for the following agencies would be incorporated, as appropriate: 

 Denver Water Board 

 Colorado Water Conservation Board 

 Colorado Department of Public Health and Environment 

In locations subject to the design criteria of two or more entities, the most stringent criteria would be 

applied to the project design, unless otherwise noted. 

Section 8, Hydrology and Hydraulics Technical Report Errata, 5.2.1. Regulated Floodplains and Major 

Drainageways—Second paragraph (page 11) now reads: 

Improvements to the drainageways and structures within the SFHA are subject to FEMA policy and 

regulations. The SFHAs require rigorous hydraulic modeling to accurately determine the effects of the new 

construction on the existing regulatory base flood elevation (BFE) and the floodplain and/or floodway. 

Generally, these regulations allow for increases in the BFEs of 0 to 1 foot, depending on the type of flood 

zone. In cases where the BFE is increased, a CLOMR—followed by a LOMR—may have to be obtained from 

FEMA. The State's Rules & Regulations for Regulatory Floodplains in Colorado (Nov. 17, 2010), specifically 

Rule 12.J. that requires a LOMR where there are BFE increases or decreases in excess of 0.3', regardless of 

whether a CLOMR (CLOMR is required by NFIP regulations for any BFE increase) has been applied for, 

would be in effect. In cases where the base flood elevation (BFE) is increased, a Conditional Letter of Map 

Revision (CLOMR)—followed by a Letter of Map Revision (LOMR)—must be obtained from the Federal 

Emergency Management Agency (FEMA). 

Section 8, Hydrology and Hydraulics Technical Report Errata, 5.2.1. Regulated Floodplains and Major 

Drainageways—Third paragraph (page 11) now reads: 

The CLOMR/LOMR process is a regulatory procedure that allows FEMA to review and examine the 

hydraulic models and proposed improvements. FEMA then determines if the floodplain changes are 

acceptable (e.g., increased flooding does not result in increased property damage or result in structures 

being placed in the regulated floodplain). If there is no increase in the BFE, then the hydraulic analysis 

should shall be submitted to the governing agencies to verify that for floodplain permit and to determine if 

the CLOMR and/or LOMR process is not necessary 

Section 8, Hydrology and Hydraulics Technical Report Errata, 12. References (pages 12 through 15) now 

includes: 

Obama, Barack. (Jan. 2015). Establishing a federal flood risk management standard and a process for 

further soliciting and considering stakeholder input. Exec. Order No. 13960. 

Urban Drainage and Flood Control District. (Jan. 2016). Urban Storm Drainage Criteria Manual. (Vol. 1 & 2). 

Denver: Author. 

Urban Drainage and Flood Control District. (Nov 2010, updated Nov 2015). Urban Storm Drainage Criteria 

Manual. (Vol. 3). Denver: Author. 
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Section 8, Hydrology and Hydraulics Technical Report Errata, 12. References (page 12 through 15) now 

reads: 

Urban Drainage and Flood Control District. (2013). Urban Storm Drainage Criteria Manual. (Vol. 3 1 & 2). 

Denver: Author. 

Appendix A, Drainage Design Criteria Memorandum has been revised. The updated memorandum is 

included in Appendix A of this document. 

Appendix D, Onsite and Offsite Drainage Plan and Profile Sheets has been revised. The updated 

memorandum is included in Appendix D of this document. 
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MEMORANDUM 
 

TO:  R.A. Plummer 

FROM: Dane Dasent 

CC:    

DATE: April 27, 2005 (Revised May 24 2016) 

SUBJECT: Drainage Design Criteria 
 

1.0 PROJECT BACKGROUND AND DESCRIPTION 

The I-70 East Corridor Environmental Impact Statement (EIS) is a joint effort by the Federal 

Highway Administration (FHWA) and Federal Transit Administration (FTA) in cooperation with 

the Colorado Department of Transportation (CDOT), Regional Transportation District (RTD), and 

the City and County of Denver (Denver).  The intent of the EIS is to identify multi-modal 

transportation improvements along the I-70 East Corridor including rapid transit service between 

downtown Denver and Denver International Airport (DIA). 

 
2.0 APPLICABLE CRITERIA 

This document provides a summary of drainage criteria for the project, and is not intended to be a 

comprehensive list of all current and future criteria which may be applicable. The I-70 East 

Corridor is a large, complex project that traverses multiple cities, counties, and governmental 

agency jurisdictions, and omission of any design criteria published by any such entity does not 

imply that those criteria are not applicable to the project. 

   

It is assumed that all drainage design work associated with the I-70 East EIS will be performed in 

compliance with the following: 

 

1. CDOT - Drainage Design Manual (2004) 

2. RTD Light Rail Design Criteria (2005) 

3. RTD Guidelines and Criteria for Bus Transit Facilities (2005) 

4. CDOT MS4 Guidelines 

5. AASHTO - Roadside Design Guide 

6. City and County of Denver - Storm Drainage Design and Technical Criteria Manual  

7. Urban Drainage and Flood Control District – Urban Storm Drainage Criteria Manual 

Vol. 1-3 

8. City of Aurora- Storm Drainage Design & Technical Criteria 

9. City of Commerce City – Drainage Criteria Manual 

10. Adams County – Storm Drainage Design and Technical Criteria Manual 

11. Arapahoe County – Storm Drainage Design and Technical Criteria Manual 

12. Union Pacific (UP) Railroad– Guidelines for Design of Highway Separation Structures 

Over Railroad (Overhead Grade Separation) 

13. UP – Guidelines for Design and Construction of Grade Separation Underpass 

Structures 

14. AREMA Manual for Railway Engineering (2016) 
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  In addition, stormwater requirements for the following will be incorporated as necessary: 

1. Colorado Water Conservation Board (CWCB)  

2. Colorado Department of Public Health and Environment (CDPHE).  

 

As a rule, unless otherwise noted, in locations subject to the design criteria of two or more 

entities, the most stringent criteria will be applied to the project design. 

 
3.0 PERMITS AND APPROVALS 

Various permits may be necessary for construction and operation of this project. The listing herein 

is not all-inclusive, and all permits required in order to perform the work shall be determined during 

the design phase of the project.  

 
3.1 NATIONAL POLLUTION DISCHARGE ELIMINATION SYSTEM STORMWATER 
DISCHARGE PERMIT  

A Stormwater Discharges Associated with Construction Activity Permit from the CDPHE and the 

local jurisdictional entity (e.g., Denver, Aurora, and Adams County) shall be obtained at the time of 

construction of the project per Section 402 of the Clean Water Act. Construction documents shall 

include a stormwater management plan detailing Best Management Practices (BMP’s) to control:  

(i) Erosion and sedimentation, and; 

(ii) The discharge of any pollutants that may enter stormwater and be transported to receiving 

waters.  

 

Any new stormwater system in the project shall meet or exceed goals for discharge of runoff 

constituents (where these goals have been established) through the use of nonstructural and 

structural BMP’s.  

 
3.2 GROUNDWATER DISCHARGE PERMIT  

Any dewatering of groundwater during construction shall be in accordance with the Water Quality 

Control Division (WQCD), Colorado Discharge Permit System (CDPS) Application for 

Construction Wastewater Discharge, to be obtained from the CDPHE.  

 

Any permanent groundwater diversion shall be permitted, in accordance with WQCD, CDPS 

Application.  The water quality standard that governs this discharge is that of the receiving water as 

evaluated by the WQCD. All information needed to assist WQCD in their evaluation and setting of 

a water quality standard for this permit shall be provided as and when required.  

 
3.3 SECTION 404 PERMIT  

A Section 404 Permit may have to be obtained for this project for construction that discharges 

dredged and fill materials in jurisdictional wetlands or Waters of the United States.   The location of 

wetlands within the project area shall be delineated in accordance with U.S. Army Corps of 

Engineers (COE) approved procedures. Stipulations of this permit shall be incorporated into the 

construction documents. A Section 401 water quality certification may also be required from the 

State in order to obtain the Section 404 permit.   

 
3.4 FLOODPLAIN USE PERMIT  

The location of floodplain areas shall be delineated from the most current Flood Insurance Rate 

Maps (FIRM) published by Federal Emergency Management Agency (FEMA). A permit shall be 

obtained from the Floodplain Administrator of the affected jurisdiction for any construction within 

areas delineated as Zone A, AE, AH, AO, or A99 on FIRM. A Conditional Letter of Map 
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Revision/Letter of Map Revision (CLOMR/LOMR) process may have to be undertaken with FEMA 

if the proposed construction raises the regulatory base flood elevation of any floodplain.  

 
3.5 SEWER USE AND DRAINAGE PERMITS  

Sewer Use and Drainage Permits (SU&DP’s) shall be obtained for all connections, including 

temporary, into any sanitary sewer and storm sewer systems that are owned by Denver, Wastewater 

Management Division, or that discharge into storm or sanitary sewer systems owned by Denver, 

Wastewater Management Division, outside the CDOT right-of-way (ROW). Denver, Wastewater 

Management Division, also requires that SU&DP’s shall be obtained for all:  

1. cutoffs of services lines 

2. abandonment of sewers (sanitary or storm) 

3. minor modification (manholes and inlets only) 

4. new or relocated service connections 

 

SU&DP’s shall be obtained from other affected local jurisdictions, as required.  

 
3.6 MUNICIPAL SEPARATE STORM SEWER (MS4) PERMIT  

Implementation of certain Municipal Separate Storm Sewer (MS4) Program elements within the 

Project limits shall be undertaken as necessary, these include, but shall not be limited to:  

1. Illicit discharges into the storm sewer system 

2. Maintenance of structural controls  

 
3.7 RAILROAD AND/OR IRRIGATION COMPANY APPROVALS 

Approvals may be required for any work that affects existing railroad tracks and/or facilities, and 

should be obtained through discussions with the affected railroads. In cases where the proposed 

construction requires modifications to, or replacement of existing irrigation ditches, canals or other 

structures, approval shall be obtained from the irrigation company that owns the ditch or property. 

 
4.0 WATER RIGHTS 

The Colorado State Engineer’s Office (CSEO) has stated that any permanent or temporary diversion 

of groundwater occurring within a project for the purpose of dewatering structures has the potential 

for material injury to a water right. No activities shall be performed that could be cause for material 

injury to a water right. The CSEO will determine the extent that material injury from a water right 

does or does not occur from such activities.  Further, as part of the groundwater discharge 

permitting requirements as required by the CSEO, review documentation demonstrating that the 

requirements of Colorado Water Law have been met shall be provided to the CSEO. 

 
5.0 HYDROLOGY 

The rational method for shall be used to determine the runoff from small basins (under 90 acres) 

and peak runoff for basins greater than 90 acres shall be determined using the Colorado Urban 

Hydrograph Procedure (CUHP).  In addition, hydrology from recent CDOT, Denver and UDFCD 

projects may be used, if applicable.  Tables 1.a and 1.b summarize the design frequencies to be used 

on this project. 
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 Table 1.a 

 

Summary of Design Criteria for Highway Hydrology 

Drainage Type  
Design 

Frequency 
Jurisdiction Comment 

     

C
ro

s
s
 D

ra
in

a
g

e
 &

 

B
ri

d
g

e
s

 

Multi-lane Roads (Including 
Interstates) 

100-year CDOT  

Culvert Outlet Scour 
Protection 

10-year CDOT   

Bridge Opening Size 100-year CDOT   

Bridge Foundation Scour 
Protection 

 500-year CDOT   

        

     

P
a
ra

ll
e

l 
D

ra
in

a
g

e
 

Roadway Overtopping and 
Revetment 

50-year   Same as cross drainage 

Roadway Overtopping and 
Revetment 

50-year   Same as cross drainage 

Side Drains 10-year   

Water shall not flow onto the 
highway at a greater 
probability than applies to 
cross drainage. 

        

     

S
to

rm
 D

ra
in

s
 Major System 100-year     

Minor System 5-year     

        

        

        

 

In general, local streets and minor arterials are allowed to overtop to a maximum depth at the crown 

of the street of 6-inches.  New culverts and replacement culverts will be sized for the 100-year 

event.  
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 Table 1.b 

 

Summary of Design Criteria for Transit Hydrology 

Drainage Type  
Design 

Frequency Jurisdiction Comment 
     

C
ro

s
s
 D

ra
in

a
g

e
, 

B
ri

d
g

e
s
 &

 S
ta

ti
o

n
s

 

LRT Trackway  100-year RTD   

CR Trackway  100-year RTD   

Bridge Deck Drainage  100-year RTD   

Bridge Opening Size  100-year RTD   

Station Platforms 50-year RTD   

        

 

    

P
a
rk

-n
-R

id
e
 &

  
B

u
s
 T

ra
n

s
it

 

F
a
c
il
it

ie
s

 

Parking Areas & Roadways 
Major Storm 

100-year  Local Agency if more restrictive 

Parking Areas & Roadways 
Minor Storm 

5-year  Local Agency if more restrictive 

Detention Storage Minor 
Storm 

10-year RTD Local Agency if more restrictive 

Detention Storage Major 
Storm 

100-year RTD Local Agency if more restrictive 

Culverts 5-year RTD Local Agency if more restrictive 

    

     

S
to

rm
 D

ra
in

s
 

Major System 100-year   

Minor System 5-year   

    

    

 

 

RTD bridge deck drainage shall be designed in accordance with CDOT Bridge Design Criteria and 

FHWA publication HEC-21, “Design of Bridge Deck Drainage”. On bridges where the track is 

fixed directly to the bridge deck surface, surface flow on the deck shall not be above the bottom of 

the rail at any location on the deck, and all flows will be intercepted during the 100-year storm so 

that no gutter flows cross the approach slabs. In cases where the track is not is fixed directly to the 

bridge deck surface, flows crossing the approach slabs will be limited to 0.2 cfs during the 5-year 

event.  

 
6.0 MAJOR DRAINAGEWAYS 

The I-70 East Corridor crosses or parallels several major drainageways.  The major drainageways 

include the South Platte River, Sand Creek, First Creek, Second Creek, Third Creek, Irondale Gulch 

and Westerly Creek.   

 

FEMA regulated Zone A and Zone AE floodplains (floodplains with base flood elevations), have 

been established for the major drainageways along the I-70 East Corridor.  Zone A floodplains are 

floodplains which have been determined by approximate methods and for which no base flood 
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elevations have been determined. Zone AE floodplains have been determined by accurate methods 

and have associated base flood elevations and floodways. 

 

In addition to the channel criteria listed in Section 8 of this memorandum, the following floodplain 

criteria shall also apply: 

1. Embankment encroachment in any stream channel or floodplain should be avoided. 

2. If encroachment into a floodplain cannot be avoided, the hydraulic effects of floodplain 

encroachments shall be evaluated over a full range of frequency based peak discharges 

for the 2-year design flood and the 100-year recurrence intervals on any major highway 

facility. 

3. If relocation of the stream channel is unavoidable, the cross-sectional shape, meander, 

pattern, roughness, sediment transport, and slope shall conform to the existing conditions 

insofar as practicable.  Some means of energy dissipation or grade control may be 

necessary when existing conditions cannot be duplicated. 

4. Streambank stabilization shall be provided, when appropriate, as a result of any stream 

disturbance such as encroachment and shall include both upstream and downstream 

banks as well as the local site. 

5. FEMA approvals may be required for work in major drainageways. 

 
7.0 BRIDGES 

Final design selections for bridges on the I-70 East Corridor should consider the maximum 

backwater allowed by the National Flood Insurance Program (NFIP), unless exceedance of the limit 

can be justified by special hydraulic conditions.  New structures will conform to FEMA regulations 

for sites covered by the NFIP.  An increase in backwater greater than one foot may be allowed for 

non NFIP crossings only if adequate justification is provided to document that the design is the only 

practicable alternative, and that the design will cause minimal impacts. 

 

The following criteria and guidelines will be used for the design of bridges on this project: 

1. The final design should not significantly alter the existing flow distribution in the 

floodplain.  Backwater will not cause increased flood damage to property upstream of the 

crossing. 

2. The “crest-vertical curve profile” is the preferred highway and transit, bridge crossing 

profile when allowing for embankment overtopping at a lower discharge and for adequate 

deck drainage. 

3. Sag vertical curves can cause deck drainage to pond and ice up on the bridges and should 

be avoided. 

4. Horizontal curve transitions on highway bridges cause water to flow across lanes and 

should not be located on a highway bridge because of icing and hydroplaning problems. 

5. Clearance or freeboard should be provided between the low girder and the design water 

surface to allow for the passage of ice and debris. 

6. The design capacity of any bridge will be the flow that will pass through the bridge with 

adequate freeboard and without track or roadway overtopping. 

7. Degradation or aggradation of the river as well as contraction and local scour should be 

estimated, and appropriate positioning of the foundation, below the total scour depth if 

practicable, shall be included as part of the final design. 

8. Velocities through the structure(s) will not damage either the highway or transit facilities 

or increase damages to adjacent property. 

9. Pier spacing and orientation, and abutment location shall be designed to minimize flow 

disruption and potential scour.  Bridge piers should not be placed in the main channel 
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area.  Foundation design and/or scour countermeasures shall be made to avoid failure by 

scour. 

10. The final design should produce minimal disruption of ecosystems and values unique to 

the floodplain and stream. 

11. For highway bridges, provide a level of traffic service compatible with that commonly 

expected for the class of highway and compatible with projected traffic volumes. 

12. For transit bridges, provide a level of protection to ensure that rail operations can continue 

without interruption.   

13. Design choices should support costs for construction, maintenance, and operation 

including probable repair and reconstruction and potential liability that are affordable. 

 

Freeboard for all bridges (transit and highway) will be three (3) feet from the low chord to the 100-

year WSEL. The maximum velocity is 16 ft/s. 
 
8.0 CHANNELS 

All channel improvements will be designed per Section 8 of the CDOT Drainage Design Manual 

and the Urban Drainage and Flood Control District’s Drainage Criteria Manual (2016).   

Table 2 summarizes the design criteria as outlined in the CDOT Drainage Design Manual and the 

Urban Drainage and Flood Control District’s Storm Drainage Criteria Manual (2016). 
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Table 2 
Summary of Design Criteria for Channels 

Design Item Criteria Jurisdiction 

Ditch Lining Design 
Discharge 

10-Year Frequency (permanent) 

2-Year Frequency (temporary) 

CDOT 

Side slopes 2:1 or flatter with riprap lining 

4:1 or flatter for vegetated 

CDOT 

Bend Radius 2 x top width or 100 ft min. UDFCD 

Freeboard As specified in CDOT criteria, or 1 foot 
minimum 

CDOT 

Flow velocity  

(max.) 

5.0 fps for erosive soils 

7.0 fps for non-erosive soils 

12.0 fps for riprap lined channels 

Min. velocity must be greater than 
2.0 fps. 

Froude Number 

(max.) 

< 0.6 for erosive soils 

< 0.8 for non-erosive soils 

UDFCD 

Max. Channel Slope 0.6% (grass lined) 

1.0% (riprap lined) 

UDFCD 

Trickle Channel Design Shall be based on UDFCD criteria CDOT 

 

 
9.0 CULVERTS 

Culvert sizes will adhere to the minimum culvert diameters presented in the local municipality’s 

storm drainage design and technical criteria.  Transit facility culverts will adhere to the criteria 

specified by RTD for LRT, AREMA for CR, or the UP for heavy rail lines as applicable. 

 

The minimum size for cross-culverts under the interstate will be 36-inch diameter (or equivalent).  

Minimum sizes for culverts under other streets will be per local jurisdiction criteria. Culvert skew will not 

be less than 45 degrees and culvert end treatments will be used as recommended in the Drainage Criteria 

Manual.  Flared end sections will be used for smaller culverts.  Culverts 42 inches or larger will include 

type “S” headwalls. Full headwalls and wingwalls will be installed on any culvert 96 inches or larger.  

Table 3 summarizes the design criteria as outlined in the Drainage Design Manual.   

The minimum size for culverts under track beds and within transit facilities shall be 18-inch diameter, 

unless larger sizes are specified in the drainage criteria of the jurisdiction in which the facilities are to be 

constructed. 

Design criteria for culverts are summarized in the following Table 3. 
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Table 3 

Summary of Design Criteria for Culverts 

OWNER Culvert Type Minimum Pipe Size Comments 

        

RTD All Culverts 15"   

      

CDOT 

Cross Culverts 36" (or equivalent)   

Side Drain 18"   

Median Drain 18"   

Median Drain to cross culvert 15"   

      

OWNER Culvert Size Maximum Headwater to 
Diameter Ratio (Hw/D) 

  

RTD All Sizes (50-year) 1.5 
Hw/D greater than 1.5 may be 
allowed if energy dissipation is 
provided. 

       

CDOT 

< 36" 2.0   

36" - 60" 1.7   

> 60" to < 84" 1.5   

84" to 120" 1.2   

≥ 120" 1.0   

       

RTD         
&           

CDOT 

Allowable Velocities 

Minimum Flow Velocity   

3.0 feet/sec   

Maximum Flow Velocity   

16.0 feet/sec   

      

Culvert Size End Treatments   

Culvert diameter  42” Use flared end section No plastic end sections 

42”  Culvert diameter  96” Use Type ‘S’ headwall   

96”  Culvert diameter Use full headwall and 
wingwalls 

  

 

 
10. INLETS AND STORM DRAINS 
 

HIGHWAY 

The minimum size for storm drains range from 15 inches for median and curb inlet drains 

connecting to cross culverts and trunk lines, to 18-inches for side drains, median drains, storm drain 

trunk lines, and irrigation crossings, to 36-inch pipes for cross culverts. The following criteria 

shown in Table 4.a shall apply to roadway spread widths, inlet design and storm drain design for the 

highway facilities.  It should be noted that per the City of Aurora drainage criteria, only Type R 

modified curb-opening inlets are accepted within the public ROW or for public ownership. 
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 Table 4.a 

 

Summary of Design Criteria for Roadway, Inlets and Storm Drains 

 Design Item / Size Criteria Jurisdiction Comments 

        

S
p

re
a
d

 W
id

th
 –

 M
in

o
r 

S
to

rm
 

     Interstate Shoulder   
5-Year Design 
Frequency 

     Arterials (< 45 mph) 
Shoulder + 4 ft with at 
least two 10 foot 
lanes free of water 

  
5-Year Design 
Frequency 

     Arterials (> 45 mph) 
Shoulder with at least 
two 10 foot lanes free 
of water 

  
5-Year Design 
Frequency 

     Collectors (< 45 mph) 
½ Driving Lane with 
at least one 10 foot 
lane free of water 

  
5-Year Design 
Frequency 

     Collectors (> 45 mph) 
Shoulder + 4 ft with at 
least one 10 foot lane 
free of water 

  
5-Year Design 
Frequency 

     Local Streets No curb overtopping   
5-Year Design 
Frequency 

        

D
it

c
h

 E
n

c
ro

a
c
h

m
e
n

t 
–
 M

in
o

r 

S
to

rm
 

     Interstate 
No encroachment on 
street shoulder   

5-Year Design 
Frequency 

     Arterials (< 45 mph) 
No encroachment on 
street shoulder   

5-Year Design 
Frequency 

     Arterials (> 45 mph) 
No encroachment on 
street shoulder   

5-Year Design 
Frequency 

     Collectors (< 45 mph) 
No encroachment on 
street shoulder 

  5-Year Design 
Frequency 

     Collectors (> 45 mph) 
No encroachment on 
street shoulder 

  5-Year Design 
Frequency 

     Local 
No encroachment on 
shoulder area 

  5-Year Design 
Frequency 

        

S
tr

e
e
t 

C
a
p

a
c
it

y
 –

 M
a
jo

r 

S
to

rm
 

     Buildings No building 
inundation 

    

     Depth of Water at Crown < 6 inches     

     Interstate Highways Spread shall not go 
beyond 4 feet into 
travel lane 

    

     At Sump No road closure 
allowed unless 
alternate route 
available. 

    

        

S
tr

e
e
t 

G
ra

d
e

s
 

Minimum Grade 0.3 percent     

Maximum Grade N/A    

        

        

        

In
le t 

C
a

p
a
c

it
y
 

R
e

d
u

c

ti
o n
       Less than 20 sq. in. opening 30-60  percent   Grated Inlets 
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     20-50 sq. in opening 20-50 percent   Grated Inlets 

     60 sq. in. and greater 10-30 percent   Grated Inlets 

     5’ Type R 88 percent Adams County    

     10’ Type R 92 percent Adams County    

     15’ Type R 95 percent Adams County    

     Grated Type 13 50 percent Adams County    

     Grated Type C (sump) 50 percent Adams County    

     Combination Type 13 66 percent Adams County    

        

        

M
in

im
u

m
 P

ip
e
 

S
iz

e
s

 

Laterals to trunk lines or culverts 18”     

Trunk lines 18”     

Cross culverts 36”     

        

        

S
to

rm
 D

ra
in

 

V
e
lo

c
it

ie
s

 

     Min. Velocity 3 fps     

     Max. Velocity 22 fps     

        

        

        

S
to

rm
 D

ra
in

 

M
a
n

h
o

le
 

S
p

a
c
in

g
 

15"  to  24” 400 ft    

All pipes sizes 500 ft City and 
County of 
Denver 

  

        

        

M
a
n

h
o

le
 S

iz
in

g
 

     30” pipe or less 4’ diameter City and 
County of 
Denver 

  

     33” to 36” pipe 5’ diameter City and 
County of 
Denver 

  

     42” pipe and larger Type B or P Manhole City and 
County of 
Denver 
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TRANSIT 

The minimum sizes for storm drains and culverts are 15 inches and 18 inches respectively. All 

storm drains and culverts crossing under trackbeds shall be at minimum Class V RCP. Storm drains 

and culverts in park-n-ride facilities and in other RTD facilities that are not under tracks shall be at 

minimum Class III RCP. Per RTD’s LRT design criteria, the tops of all storm drain and culvert 

pipes crossing under trackbeds shall be a minimum of 60 inches from to of rail to top of pipe.  For 

CR see AREMA for the required clearance.  For CR follow AREMA standards for culverts crossing 

under trackbeds, this includes encasement of the culvert. 

 

Inlets on or adjacent to LRT and CR tracks (including grates and inlet boxes) shall be grate inlets 

designed for H-20 loading. Ballast screens should be used to prevent ballast rock from entering the 

storm drain system.  Inlets within RTD facilities that are not on or adjacent to LRT and CR tracks 

shall be bicycle safe, and inlets in pedestrian areas shall be heel-proof and non-slip. Inlets in curbed 

areas within bus transit facilities shall be Type R inlets, as modified by RTD standard drawings, and 

shall be designed in accordance with local jurisdictional requirements. Underdrains shall be used on 

or adjacent to trackbeds where standard ditch sections are not practicable. Underdrains shall be 

perforated concrete pipe or perforated plastic pipe only. For lengths of underdrain less than 500 feet, 

the minimum underdrain size shall be 6 inches, and for lengths equal to or greater than 500 feet, the 

minimum size shall be 8 inches.  The following criteria, shown in Table 4.b shall apply to inlet 

design and storm drain design for the transit facilities. 
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 Table 4.b 

 

Summary of Design Criteria for Transit Inlets and Storm Drains 

 
Design Item / Size Criteria Jurisdictio

n 
Comments 

        

In
le

t 
O

p
e
ra

ti
o

n
 

a
n

d
 P

o
n

d
in

g
 

D
e
p

th
s

 

Buildings No building 
inundation 

  Major and minor 
storms 

Maximum ponding depth at inlets 9 inches RTD Major Storm 

Maximum ponding depth in parking lots 9 inches RTD 100-year storm 

        

        

In
le

t 
C

a
p

a
c
it

y
 R

e
d

u
c
ti

o
n

  

     Less than 20 sq. in. opening 40  percent   per Local 
Jurisdictional 
Criteria 

     20-50 sq. in opening 50 percent   per Local 
Jurisdictional 
Criteria 

     60 sq. in. and greater 70 percent   per Local 
Jurisdictional 
Criteria 

     5’ Type R 88 percent   per Local 
Jurisdictional 
Criteria 

     10’ Type R 92 percent   per Local 
Jurisdictional 
Criteria 

     15’ Type R 95 percent   per Local 
Jurisdictional 
Criteria 

        

M
in

im
u

m
 P

ip
e
 S

iz
e
s

 

Laterals to trunk lines or culverts 15 inch RTD   

Trunk lines 18 inch RTD   

Cross culverts 18 inch RTD   

Underdrains shorter than 500 ft. 6 inch RTD Perforated 
concrete or plastic 
pipe only 

Underdrains longer than 500 ft. 8 inch RTD Perforated 
concrete or plastic 
pipe only 

        

        

S
to

rm
 D

ra
in

 V
e
lo

c
it

ie
s

 

Minimum Velocity 3 fps   per Local 
Jurisdictional 
Criteria 

     Maximum Velocity 22 fps   per Local 
Jurisdictional 
Criteria 
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S
to

rm
 D

ra
in

 

M
a
n

h
o
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p
a
c
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15"  to  36” 400 ft   per Local 
Jurisdictional 
Criteria 

24” and greater 500 ft   per Local 
Jurisdictional 
Criteria 

        

        

M
a
n

h
o

le
 S

iz
in

g
 

     18” pipe 4’ diameter   per Local 
Jurisdictional 
Criteria 

     21” to 36” pipe 5’ diameter   per Local 
Jurisdictional 
Criteria 

     36” pipe and larger 6’ diameter   per Local 
Jurisdictional 
Criteria 

 

 

In addition to the above criteria, the following guidelines shall also apply: 

 

10.1 Superelevation 
To prevent cross flow on highways, inlets are required ten feet before the point where roadway 

cross slopes begin to superelevate toward the opposite side. In addition, 100 percent of the 5-year 

storm runoff will be intercepted at superelevation transitions where flows could pond or cross 

roadway. 

 

10.2 Sump Locations  
Inlets located at the low points of sag vertical curves on highways shall be designed to limit spread 

width to four feet beyond the edge of shoulder for the 100-year storm. Inlets shall be designed for 

the 100-year storm for the light rail (LRT) or commuter rail (CR) tracks. Type R inlets on grade 

shall be avoided in curbed areas within bus facilities. Sump locations on highways require flanking 

inlets on each side of the sump to provide relief should the sump inlet clog. The flanking inlets shall 

be located so that the design criteria for ponding and spread width are met even if the sump inlet is 

completely clogged. Flanking inlets shall be located at sag vertical curves of I-70 per HEC-22.   

 

10.3 Intersections 
At intersections with side streets, inlets shall be located at tangent curb sections on the upstream 

sides of the intersection, to ensure that 100 percent of cross flows from the side streets is intercepted 

during the minor storm. No cross street flow will be allowed to enter a state highway. 

 

10.4 Edge Treatment at Fill Slopes  
In areas where in excess of 50-feet of pavement or track bed width contributes runoff to a fill slope, 

or where the fill slope is steeper than 4 H: 1 V for transit alignment embankments, and 3 H: 1 V for 

highway, a drainage barrier (Type 4 or 7 guardrail), shall be used to collect flow from the roadway 

or track bed and convey it to inlets or rundowns in an effort to prevent erosion of the embankment. 

Alternatively, the fill slopes may be covered with an approved erosion control blanket or bonded 

fiber material.  

 

10.5 Ditches 
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Roadside Ditches  

Roadside ditches, where used, shall be designed to capture and convey the 50-year design storm. 

The geometric layout shall be in accordance with the American Association of State Highway and 

Transportation Officials (AASHTO), Roadside Design Guide, and shall consider safety, 

maintenance, landscaping, and aesthetics. The capacity shall be determined using Manning’s 

equation and flexible channel linings shall be designed in accordance with HEC-15.  For roadside 

ditches along I-70, the design water surface elevation shall not exceed the edge of shoulder for the 

50-year event.  

 
Trackside Ditches  

Trackside ditches shall be constructed where possible to convey flows parallel to the CR or LRT 

tracks. Trackside ditches shall be constructed at a minimum grade of 0.3 percent and shall be 

designed to ensure that the water surface elevations in the ditches do not exceed the top of subgrade 

(bottom of ballast) of the tracks in the 100-year storm.  The geometric layout shall be in accordance 

with the American Association of State Highway and Transportation Officials (AASHTO), 

Roadside Design Guide, and shall consider safety, maintenance, landscaping, and aesthetics.  The 

capacities shall be determined using Manning’s Equation and flexible channel linings shall be 

designed in accordance with HEC-15.   

 

10.6 Bridge Deck Drainage  
Bridge deck drainage systems are required for highway bridges, and inlets shall be located to limit 

spread widths due to the major and minor design storms to allowable values. 

Bridge deck drainage systems are required for CR and LRT bridges to limit ponding depths to the 

bottom of rails during the 100-year storm. Inlets shall be placed to limit the quantity of flow across 

expansion joints to less than 0.2 cfs for the 5-year event. Gutter flows at both ends of bridges shall 

be intercepted.  Storm water flowing toward the bridge shall be intercepted before the approach 

slab. Storm water leaving a bridge shall be intercepted before leaving the approach slab. The water 

intercepted shall be directed to an appropriate outfall.  

 

Bridge deck drainage for highway and transit bridges shall be designed in accordance with HEC-21.  

All deck drain inlets shall be grated, bicycle safe and shall be rated for H-20 loading. The drainage 

system shall be compatible with the structural reinforcement, components, and aesthetics of the 

bridge. Outfalls shall be positioned to avoid corrosion of structural members, erosion of 

embankments, and splash onto moving traffic (vehicular and train) and sidewalk areas below the 

bridge.  Downspouts shall be galvanized steel pipe 10-inch minimum diameter for bridge drains and 

shall meet the requirements of American Society for Testing Materials (ASTM) ASTM A53, and 

shall be standard weight (Sch. 40).  Downspout pipe shall be hot dipped galvanized after 

fabrication. Galvanizing shall meet the requirements of AASHTO M111. Metal used in the 

manufacture of castings shall meet the requirements of ASTM A48, Class 35B.  Cleanouts shall be 

provided for all downspout systems.  

 

10.7 Manholes, Vaults and Junction Structures  
Manholes and junction structures shall be incorporated into the storm drainage system design to 

provide access for inspection, cleaning, and maintenance. Manholes shall be required at all 

junctions, drops and grade changes. Manholes shall be provided at any change in direction greater 

than 2.5 degrees and at the beginnings and ends of curved alignments. Inlets shall be used in lieu of 

manholes where feasible. Rims shall be constructed from 1/4 inch to 1/2 inch below finished grade 

and level.  Manholes shall not be located in the I-70 mainline or ramp travel ways.  

 

10.8 Connections to Existing Systems  
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Plans and specifications for connections with existing storm systems shall be reviewed by the 

agency having jurisdiction over the existing facility being joined. Hydraulic calculations shall 

demonstrate that the receiving system is not adversely impacted by the proposed discharges.  

 

10.10 Pump Stations  
The use of pumping stations shall be permitted only where stormwater removal by other means is 

not feasible.  At a minimum, pump stations shall be designed for the 50-year, two hour event.  The 

FHWA publication, “Manual for Highway Storm Water Pumping Stations”, Volumes 1 and 2 shall 

be used for pump station design. The extent of the 100-year storm shall be determined, and 

safeguards against flooding shall be provided. A storage reservoir shall be incorporated within the 

pump station design. The maximum water level within this storage chamber shall be no higher than 

two feet below the lowest track or pavement elevation. The configuration shall provide for 

screening out debris and a minimum of three pumps.  Pump equipment and controls shall be 

explosion proof, corrosion resistant and appropriate for the application. Backup systems for power, 

control and pumping shall be provided. The design shall include access for ordinary maintenance, 

provisions for replacing pumps, and a minimum of two parking spaces. The pump house shall have 

locked doors, a fence and gate for security, and an adequate ventilation system.  The design shall 

eliminate the need for confined space entry as defined by Occupational Safety and Health 

Association (OSHA) and National Institute for Occupational Health and Safety (NIOSH) where 

possible. The site layout shall address mitigation of aesthetics and noise. The installed equipment 

shall be certified and tested prior to being placed in service. The design shall include operation and 

maintenance manuals for the facility.  Pump stations are not permitted without prior approval from 

RTD. 

 

10.11 Irrigation Facilities  
Stormwater shall not be discharged to irrigation ditches. Where construction affects existing 

irrigation facilities, approvals for modifications to existing irrigation facilities shall be obtained 

from the owner of such facilities. 

 
11. DETENTION AND WATER QUALITY FACILITIES 

 

Detention facilities for park-n-rides, station parking lots and bus transit facilities will be designed 

according to local jurisdictional criteria for detention. Generally detention sizing requirements are 

based on the 10-year and 100-year storms. Detention ponding may extend into parking areas to a 

depth of 9 inches during the 100-year storm however such ponding may not extend into areas 

designated for handicap use. 

 

Detention facilities for parking lots other than within transit facilities will be designed such that 

developed peak flows do not exceed existing (historic) peak flows.   

 

Sizing will be based on Chapter 12 of the CDOT Drainage Design Manual, the local municipality’s 

storm drainage design and technical criteria, and the UDFCD criteria.  If practical, all drainage from 

the interchanges will be routed through a water quality facility sized according to the local 

municipality’s storm drainage design and technical criteria 

The use of underground detention storage should be avoided unless all other detention options 

prove unfeasible.  
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Water quality storage will also be accounted for in the detention facilities for the parking lots.  

Existing cross drainage will be allowed to “pass through” and will not enter the water quality or 

detention systems. 
 
12. EROSION CONTROL 

 

Erosion control for I-70 shall be designed in accordance with the 2002 CDOT publication “Erosion 

Control and Stormwater Quality Guidelines”.  

 

Erosion control for transit facilities shall provide best management practices (BMP’s) during 

construction, and these shall be designed in accordance with the technical standards and 

requirements of the local jurisdiction in which the facilities are to be located.  

 

A Storm Water Management Plan (SWMP) shall be provided in accordance with the State of 

Colorado General Permit for Stormwater Discharges Associated with Construction Activities 
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