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 PROJECT MASTER: XXXX 
 REVIEW ID: XXXX 

The purpose of this memorandum of design is to summarize and confirm compliance with 

previously submitted reports for an update to the design of the storm infrastructure as a result of a 

roadway and bridge realignment at the Bettie Cram Drive Bridge within the National Western Center 

(NWC).  

The National Western Center Preliminary Drainage Report by Merrick & Company, revised March 

1, 2019, details the proposed ultimate drainage concepts for the National Western Center campus. 

The report was submitted to the City and County of Denver for review and was reviewed and 

approved with conditions in spring 2019.  

NWC Package 3.13 Bettie Cram Drive Bridge submitted with this package completed by Merrick & 

Company references the 48th Avenue Outfall 60% Design Report completed by Wilson & Company, 

dated April 2023 and the NWC Package 3.08 – Bettie Cram Drive Corridor Final Drainage Report 

completed by Merrick & Company, dated October 15, 2019 and revised March 24, 2020. These 

reports include the drainage design per the associated construction phasing packages and the 

ultimate design and drainage concepts addressed in the National Western Center Preliminary 

Drainage Report. This updated design is in compliance with these referenced documents. 

Package 3.13 -  Bettie Cram Drive Bridge Drainage – The Bettie Cram Drive Bridge updated 

drainage consists of approximately 1.55 acres (0.72 acres west of Bettie Cram Drive Bridge 

highpoint and 0.83 acres east of Bettie Cram Drive Bridge highpoint). The bridge design includes 

shifting the location and alignment of the bridge slightly to the north, which affects the subbasins 

adjacent to the bridge.  



National Western Center  May 30, 2025 
Memorandum – Package 3.13 Bettie Cram Bridge Drainage Page 2 of 4 
 

        

Drainage Design 

The applicable design standards are the City and County of Denver Storm Drainage Design and 
Technical Criteria (Revised April, 2024) the Mile High Flood District’s (MHFD) (formerly the Urban 
Drainage and Flood Control District) Urban Storm Drainage Criteria Manual (Criteria) (Updated: Vol. 
1 – Mar. 2024; Vol. 2 – Jan. 2016; Vol. 3 – Mar. 2024); and the City and County of Denver Ultra-
Urban Green Infrastructure Guidelines (2016).   
 
Drainage west of the Bettie Cram Drive Bridge is evaluated in the 48th Avenue Outfall 60% Design 
Report completed by Wilson & Company, dated April 2023. The drainage basins affected by the 
realignment and analyzed in this report are Basin B-B10 and B-C10. Total 5-year storm peak flow 
for basin B-B10 is 1.1 cfs and total 5-year storm peak flow for Basin B-C10 is 1.8 cfs. Total 100-
year storm peak flow for Basin B-B10 is 2.6 cfs and total 100-year storm peak flow for basin B-C10 
is 4.3 cfs. The proposed impervious area for Basin B-B10 will be reduced by 0.01 acres, resulting in 
a slightly lower peak flow during final design, and B-C10 will be reduced by 0.01 acres, resulting in 
a slightly lower peak flow during final design. The revised bridge design should be incorporated in 
the final design report for 48th Avenue Outfall.  
 
Drainage east of the Bettie Cram Drive Bridge is evaluated in the NWC Package 3.08 – Bettie Cram 
Drive Corridor Final Drainage Report completed by Merrick & Company, dated October 15, 2019 
and revised March 24. Detention and water quality volumes are captured and treated within Pond 
H. 
 

Subbasin Analysis 

Basins R.5b and 6b are tributary basins to Pond H. Runoff is collected in curb inlets along Bettie 

Cram Drive and conveyed via storm pipe to Detention Pond H constructed with Package 3.08. 

Runoff from Basin R.5b Mod and Basin R.6b Mod follow the same drainage patterns as Basin R.5b 

and R.6b (see Appendix for Modified Drainage Plan). 

 

Existing Basin R.5b 

Existing Basin R.5b has a total acreage of 0.14 acres with an imperviousness of 90.1%. Peak flows 

will be collected by a proposed Type 16 Inlet, conveyed to Pond H, and ultimately to the South 

Platte River. The 100-year and 5-year storm event peak flows are 0.9 cfs and 0.4 cfs, respectively. 

 

Existing Basin R.6b 

Existing Basin R.6b has a total acreage of 0.64 acres with an imperviousness of 87.2%. Peak flows 

will be collected by a proposed Type 16 Inlet, conveyed to Pond H, and ultimately to the South 

Platte River. The 100-year and 5-year storm event peak flows are 4.3 cfs and 1.8 cfs, respectively. 

Proposed Basin R.5b Mod 

Proposed Basin R.5b has a total acreage of 0.15 acres with an imperviousness of 90.8%. Peak 

flows will be collected by a proposed Type 16 Inlet, conveyed to Pond H, and ultimately to the 

South Platte River. The 100-year and 5-year storm event peak flows are 1.0 cfs and 0.4 cfs, 

respectively. The total increase in runoff at peak 100-year flows as a result of the bridge 

realignment is 0.1cfs. 
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Proposed Basin R.6b Mod 

Proposed Basin R.6b has a total acreage of 0.68 acres with an imperviousness of 87.8%. Peak 

flows will be collected by a proposed Type 16 Inlet, conveyed to Pond H, and ultimately to the 

South Platte River. The 100-year and 5-year storm event peak flows are 4.6 cfs and 1.9 cfs, 

respectively. The total increase in runoff at peak 100-year flows as a result of the bridge 

realignment is 0.3 cfs.  

The total contributing flows for all basins for the 100-year storm event peak flow as determined in 

the NWC Package 3.08 – Bettie Cram Drive Corridor Final Drainage Report completed by Merrick & 

Company, dated October 15, 2019 and revised March 24, 2020 is 82.5 cfs. The additional flows 

from the bridge realignment would increase the 100-year storm event peak flow to 82.9 cfs, or a 

0.5% increase in flow conveyed to Pond H. 

A summary of the flows evaluated are shown in Table 1 below. 

 

 

 

 

 

 

 

 

 

 

Detention Analysis 

Per the NWC Package 3.08 – Bettie Cram Drive Corridor Final Drainage Report completed by 

Merrick & Company, dated October 15, 2019 and revised March 24, 2020, the detention volume 

required for Pond H was determined to be 2.262 acre-feet for all contributing basins. A total volume 

of 2.47 acre-feet was provided in the as-constructed design of Pond H (see Appendix for As-Built 

for Pond H). The slight increase in the tributary impervious area requires an additional 0.004 acre-

feet of storage. The total volume required with the anticipated increase in volume is 2.266 acre-feet, 

or a 0.18% increase in required volume. The storage provided is adequate to accommodate the 

increased runoff. 

Inlet Analysis 

Three inlets are affected by the realignment of the Bettie Cram Bridge. Inlet R.5b is a Type 16 Inlet 

on grade and Inlet R.6b is a Type 16 Inlet in the sump condition. As evaluated in the NWC Package 

3.08 – Bettie Cram Drive Corridor Final Drainage Report completed by Merrick & Company, dated 

October 15, 2019 and revised March 24, 2020, and the total inlet interception capacity for the Type 

16 Inlet (R.6b) is 4.6 cfs. Inlet R.5b is being updated from a Type 14 Inlet in sump to a Type 16 Inlet 

Table 1 - 3.13 – ROW RUNOFF SUMMARY TABLE - INLETS 

DESIGN 

POINT 

Contributing 

Basin(s) 

Contributing 

Area (ac) 

*5 YR 

PEAK 

FLOW 

(CFS) 

*100 YR 

PEAK 

FLOW 

(CFS) 

R.5b R.5b 0.14 0.4 0.9 

R.5b R.5b Mod 0.15 0.4 1.0 

R.6b R.6b 0.64 1.8 4.3 

R.6b R.6b Mod 0.68 1.9 4.6 

*Peak Flows from R-Basins are derived using the Rational Method. 
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on grade. The total inlet interception capacity for Inlet R.5b is 0.7 cfs. 0.3 cfs of flow will carry-over 

to existing Type 14 Inlet R.5a. As evaluated in the NWC Package 3.08 – Bettie Cram Drive Corridor 

Final Drainage Report completed by Merrick & Company, dated October 15, 2019 and revised 

March 24, 2020, the major storm runoff is 7.4 cfs. Inlet R.5a has a total inlet interception capacity of 

8.0 cfs. Inlet R.5a has been evaluated for the additional 0.3 cfs of carry-over flow from Inlet R.5b 

and will have capacity for the total, major storm runoff of 7.7 cfs (see Appendix for Inlet 

Calculations). Inlets R.5a, R.5b and R.6b have sufficient capacity for the slight increase in flows for 

the 100-year storm event.  

Conclusion 

The drainage design for the Site is in conformance with the City and County of Denver Storm 

Drainage Design and Technical Criteria and the Mile High Flood District’s (previously Urban 

Drainage and Flood Control District) Urban Storm Drainage Criteria. The modification to the 

alignment of the Bettie Cram Drive Bridge is in general compliance with the drainage design 

previously completed for Bettie Cram Drive and 48th Street Outfall.   


