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Innovative Techniques 

• Agency partnership 

• Teaming effort 

• Rainfall runoff models of this size/scale 

• Systematic calibration approach 

• Regional DARF curves 

• Watershed wide discharge profiles 

 



Partnership & Teaming 



CDOT and CWCB Partnership 

• Partnership began in October/November of 2013 

during the response phase 

• The two organizations rarely  

worked together, but a 

new bond was formed 

during the flood 

• Recognized the value 

of working together 

and establishing a 

team mentality 



• Recognized an unmet need for design 

hydrology for the permanent repair projects 

• Identified seven flood affected watersheds 

that are critical to CDOT’s reconstruction 

efforts 

• Big Thompson River 

• Little Thompson River 

• St. Vrain Creek 

• Lefthand Creek 

 

• Boulder Creek 

• Coal Creek 

• South Platte River 

 

Hydrology Studies 



CDOT and CWCB Hydrology Analysis 



Rainfall Runoff Model - Size/Scale 

 829 sq mi Big Thompson 

 978 sq mi St. Vrain  

1807 sq mi modeled 

 



Calibration 
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Calibration 

1. Detailed rainfall data for 

2013 event 

2. 2013 peak discharges 

estimates 

3. Hydrographs at 

reservoirs  

4. Updated flood  

frequency analyses 

5. Comparison of unit 

discharges  

 
 



Model Development 

Calibrated Watershed Hydrology 

Routing Parameters 
• Kinematic wave 

• Muskingham Cunge 

• Reservoirs Curve Number 
• Subbasin parameters 

• Green-Ampt 

Rainfall 
• Storm duration 

• Spatially concentrated storms 

• Depth area reduction 

Flood Frequency 

Analysis 

Peak Flow 

Estimates 

• Tested Multiple Watersheds 

•  Peer Review 

• Experts Consulted 

Calibration 



Site-Specific DARF 

 

 CDOT Flood Hydrology Committee tasked Applied 

Weather Associates to: 

 Derive 24-hour ARFs for the Front Range of Colorado 

for area sizes of 1- to 1000-sqmi.   

 Derive basin specific ARFs for the September 2013 

rainfall event for four basins (Boulder Creek, St. Vrain 

Creek, Big Thompson River, and Thompson River 

basin)  

 The Phase II 24-hour ARF curve extends out to 

1,000-sqmi and are only applicable to Phase II of the 

CDOT September 2013 Flood Study 



Site-Specific DARF 

New Colorado 24-hr 

rainfall record: 11.85” 

USGS gauge near Fort 

Carson (prior record 11.08”) 

Total 10-day 

Precipitation From 

SPAS 

5 min x 1 km2 



Site-Specific DARF 

NOAA defines an ARF as the ratio between area-

averaged rainfall to the maximum depth at the 

storm center 
 

 The most common sources for generalized ARFs 

from the NOAA Atlas 2 and Technical Paper 29 

 



Site-Specific DARF 

AWA calculated ARFs using a storm centered depth-

area approach based on gridded hourly rainfall data 

from the Storm Precipitation Analysis System (SPAS) 

 Used SPAS hourly precipitation grids for 

calculation 

 



Site-Specific DARF 

 

 

 The hourly gridded rainfall data, based on gauge 

adjusted radar data, were used to derive basin specific 

ARFs 

 Four basins Were used to derive the 24-hour basin 

specific ARFs 
Boulder Creek, St Vrain, Big Thompson, Thompson River 

 Calculated the point maximum (1-mi2) 24-hour rainfall 

within each basin (storm center) 

The maximum average basin 24-hour rainfall depth for 

standard area sizes (1-, 10-, 25-, 50-, 100-, 200-, 300-, 

400-, and 500-mi2) up to the basin total area were 

calculated 



Site-Specific DARF 

2013 ARFs decrease much more quickly than NOAA Atlas 2 

 



Little Thompson River  
Peak Discharge Profile 



Big Thompson River  
Peak Discharge Profile 



Boulder Creek  
Peak Discharge Profile 



St. Vrain Creek  
Peak Discharge Profile 



South Platte River  
Peak Discharge Profile 



• Allows for and encourages 

the use of best available 

data 
• Which is defined as either 

the existing regulatory 

rates or the revised 

hydrology developed as 

part of this effort; 

whichever is more 

conservative 

• Approved memos for both 

Phase 1 and Phase 2  

FEMA Best Available Data Memo 



Floodplain Mapping 

• SB245 requires CWCB to create new floodplain 

mapping for mainstem and tributary rivers affected by 

2013 flood 

• This mapping must include updated hydrology where 

applicable 

• Erosion zones and debris flow zones also mapped, 

not regulatory 

• 3-Year Program, $6.8 million of state funds 

Floodplain Management 

• Local communities are strongly encouraged to use 

new maps for landuse decisions, mandatory after 

placement on FEMA maps 

• This is not mandatory for NFIP or State of Colorado 

rules 

• This will become mandatory when data is placed on 

FEMA maps 
 

Floodplain Mapping and Management 



Floodplain Mapping and Management 



Project Summary 

• Agency partnership 

• Teaming effort 

• Rainfall runoff models of this 

size/scale 

 

 

 

 

 

• Systematic calibration approach 

• Regional DARF curves 

• Watershed wide discharge 

profiles 

 

• Innovative Techniques 
 

 

 

 

 

 

• Great Partnership 

• Career Defining Project 

• Moving Colorado’s Flood Recovery Forward 
 


