
 
 
 
 
 
 
 

HYDROLOGY VERIFICATION REPORT 
FOR 

BOULDER CREEK 
 
 
 
 
 

Prepared for: 
 
 

City of Boulder 
Public Works, Utility Division 

1739 Broadway 
Boulder, CO  80302 

 
 
 
 
 

Prepared by: 
 

Anderson Consulting Engineers, Inc. 
375 E. Horsetooth Road, Bldg. 5 

Fort Collins, CO  80525 
(ACE Project No. COBLDR02) 

 
 
 
 
 
 
 
 
 
 

October 2, 2009



COBLDR02_HYDROLOGY REPORT_REVISED.DOCX i Anderson Consulting Engineers, Inc. 

TABLE OF CONTENTS 
 
 

I. INTRODUCTION  ............................................................................................................................... 1 
 
 1.1 Background ......................................................................................................................... 1 
 1.2 Purpose of Study ................................................................................................................. 1 
  
II. U.S. ARMY CORPS OF ENGINEERS HYDROLOGIC MODELS .............................................................. 2 
 
 2.1 General Model Information ................................................................................................ 2 
 2.2 USACE Modeling Methodology ........................................................................................... 4 
 2.3 Available Rainfall Hyetographs ........................................................................................... 5 
 2.4 Effective Discharge Profiles ................................................................................................ 5 
 
III. HYDROLOGIC MODELING ................................................................................................................. 8 
 
 3.1 Initial Hydrologic Modeling Effort ....................................................................................... 8 
 3.2 Refinement of the Hydrologic Models ................................................................................ 8 
  
IV. CONVEYANCE ROUTING THROUGH THE LOWER BOULDER CREEK BASIN .................................... 13 
 
V. CORRELATION OF MODELING RESULTS TO STREAM GAGE DATA AND  
 REGRESSION EQUATIONS .............................................................................................................. 15 
 
VI. SUMMARY AND CONCLUSIONS ..................................................................................................... 17 
 
VII. REFERENCES ................................................................................................................................... 18 
 
 

LIST OF TABLES 
 

Table 2.1 Effective Discharge Profiles for Boulder Creek ................................................................... 7 
Table 3.1 Boulder Creek 1-Percent Annual Chance (100-Year) Discharges,  
  Without Flood Routing Along Lower Boulder Creek. .......................................................... 9 
Table 3.2 Summary of Rainfall Depths and Hyetographs Used in the 
  Scenario No. 13 Hydrologic Model ................................................................................... 11 
Table 4.1 Boulder Creek 1-Percent Annual Chance Discharges,  
  With Flood Routing Along Lower Boulder Creek .............................................................. 14 
Table 5.1 Summary of Regional Regression Equation Result and  
  Comparison With Effective Discharges ............................................................................. 16 
 
 

LIST OF FIGURES 
 

Figure 2.1 Boulder Creek Watershed, USACE Hydrologic Models ....................................................... 3 
Figure 2.2 Boulder Creek Watershed, USACE Rainfall Zone Delineation ............................................ 6 
 



COBLDR02_HYDROLOGY REPORT_REVISED.DOCX ii Anderson Consulting Engineers, Inc. 

TABLE OF CONTENTS (Continued) 
 

LIST OF APPENDICES 
 

Appendix A: USACE Review Report, Boulder Creek 
Appendix B: USACE Hydrologic Model Information and Rainfall Hyetographs 
Appendix C: Effective Discharge Information 
Appendix D: Hydrologic Modeling Sensitivity Analysis and Calibration 
Appendix E: Lower Basin Conveyance Routing Along Boulder Creek 
Appendix F: Stream Gage and Regression Equation Evaluation 

 

 

 

  



COBLDR02_HYDROLOGY REPORT_REVISED.DOCX 1 Anderson Consulting Engineers, Inc. 

I. INTRODUCTION 

 

1.1 Background 

 

In 2008, the City of Boulder contracted with Anderson Consulting Engineers, Inc. (ACE) to 

conduct a floodplain study for Boulder Creek from east of the city to the mouth of Boulder Canyon.  

Current regulatory flood hazard information for Boulder Creek was originally defined in 1977 by a U.S. 

Army Corps of Engineers (USACE) study.  The reach between 6th Street and 17th Street was revised 

pursuant to a Letter of Map Revision (LOMR) completed for the City in 1994.  The current floodplain 

study is intended to revise the regulatory flood hazard information along Boulder Creek, through the 

City of Boulder, in order to reflect existing conditions along the stream corridor and within the adjacent 

floodplain, including the flood mitigation benefits of a number of projects completed by the City along 

Boulder Creek.  The floodplain study also seeks to update the hydraulic model for the creek using state-

of-the-art tools and techniques. 

The original intent of the City was to continue to utilize the 1977 USACE hydrology as the basis 

for the current hydraulic modeling effort.  However, prior to finalizing this decision, the City requested 

an evaluation of the USACE hydrology in order to determine whether or not using the 1977 hydrology 

was appropriate given current modeling techniques and currently available data. 

 

 

1.2  Purpose of Study 

 

The purpose of the current hydrologic study is to evaluate the 1977 USACE hydrologic model 

and resulting discharges, in an effort to determine whether or not a revised hydrologic modeling effort 

would be justified prior to conducting the new floodplain study.  Accordingly, the current hydrologic 

study included the preparation of a duplicate hydrologic model, review and evaluation of physical 

modeling parameters and rainfall hyetographs, and correlation of the 1977 hydrologic modeling results 

to stream gage data and regional regression equations. 

All available hydrologic models pertaining the 1977 Boulder Creek study were obtained from the 

USACE Omaha District.  The hydrologic models that are currently available constitute only a portion of 

the total number of models originally developed by the USACE for Boulder Creek.  Consequently, this 

evaluation included special treatment of the models, as discussed in the following sections. 

Additional sources were investigated for the Boulder Creek hydrologic models.  Neither the City 

of Boulder nor the Urban Drainage and Flood Control District had copies of the Boulder Creek hydrologic 

models in their archives.  A data request was made to the FEMA library to obtain all available hydrologic 

and hydraulic models and documentation.  FEMA did not have copies of any of the Boulder Creek 

hydrologic models. 
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II. U.S. ARMY CORPS OF ENGINEERS HYDROLOGIC MODELS 

 

2.1  General Model Information 

 

Detailed documentation of the 1977 U.S. Army Corps of Engineers (USACE) hydrologic model of 

the Boulder Creek watershed is relatively limited.  General modeling information and modeling results 

are summarized in “Water and Related Land Resources Management Study,” [USACE, 1977].  An 

apparently unpublished report by the USACE entitled, “Review Report, Boulder Creek” [undated] 

includes some detailed information associated with the hydrologic modeling effort.  As provided by the 

USACE Omaha District, this report is included in its entirety in Appendix A. 

Numerous hydrologic models were provided by the USACE, but only three of the models 

represent detailed modeling of the Boulder Creek watershed; these models encompass the portion of 

the watershed upstream of the confluence with South Boulder Creek.  A model was provided for South 

Boulder Creek; however, the downstream terminus of that model is located approximately 5 miles 

upstream of Eldorado Springs, leaving a gap in the model that corresponds to roughly 13 river miles 

down to the confluence with Boulder Creek.  A listing of all models provided by the USACE is included in 

Appendix B. 

With respect to the Boulder Creek models provided by the USACE, the 4-percent annual chance 

(25-year) event is analyzed in two models, one each for the lower basin and upper basin.  The lower 

basin model extends from upstream of South Boulder Creek into the lower portion of Boulder Canyon, 

while the upper basin model covers the portion of the watershed from below the Fourmile Creek 

confluence upstream to the basin divide.  A 0.2-percent annual chance (500-year) model for the upper 

portion of the basin was also provided by the USACE.   

Subbasin maps provided by the USACE showing the upper and lower portions of the watershed 

are provided in Appendix B as Figures B1 through B4.  Close review of these maps indicated that an area 

in the lower portion of the upper basin is not covered by the version of the subbasin maps provided by 

the USACE.  Correlation of the maps to the hydrologic model revealed that the subbasins missing from 

the maps are included in the model.  This was confirmed by verifying that the area of the subbasins in 

the model that are otherwise not shown on the maps is equal to the subbasin area that is missing on the 

maps. 

The USACE subbasin maps were geo-rectified to real-world coordinates by correlating features 

on the subbasin maps to those shown on rectified USGS quadrangle maps of the area.  Figure 2.1 is the 

resulting map, using the USGS quad maps as a base, showing the location of the Boulder Creek 

watershed and the area covered by the lower and upper hydrologic models.  Using the subbasin maps 

and the USACE hydrologic model of the lower basin for the 4-percent annual chance event, a hydrologic 

model schematic was developed for the lower basin; this model schematic is included in Appendix B as 

Figure B5. 

 



 



COBLDR02_HYDROLOGY REPORT_REVISED.DOCX 4 Anderson Consulting Engineers, Inc. 

2.2 USACE Modeling Methodology 

 

Information provided in the USACE report provides insight into the 1977 modeling effort, but in 

some cases data in the report conflict with the parameters used in the hydrologic models.  Based on a 

combination of information contained in the report and the parameters indicated in the models, a 

number of scenarios were investigated (as documented in Chapter III) in an effort to produce a duplicate 

effective hydrologic model for Boulder Creek. 

Hydrologic modeling by the USACE was conducted using an early version of the Runoff Block of 

the EPA Storm Water Management Model.  Consequently, the rainfall-runoff transformation is 

accomplished using kinematic wave routing theory.  Both the source code and executable version of the 

SWMM model utilized by the USACE in 1977 was provided by the USACE Omaha District.  The files 

representing the 4-percent annual chance hydrologic models provided by the USACE were executed 

using the older SWMM model, as well as a newer version of the Runoff Block from the EPA Storm Water 

Management Model (UDSWM2-PC).  The results of the analyses conducting using the two models were 

virtually identical (agreeing to within approximately 1 percent), confirming that the model utilized in 

1977 is compatible with a nearly identical hydrologic model that is approved by FEMA for use within the 

Urban Drainage and Flood Control District (UDFCD). 

Lacking documentation of the SWMM model used by the USACE, in many instances UDSWM2-

PC or another surrogate SWMM model was used for the current analyses.  This occurred particularly 

when an analysis required the addition of non-routing nodes, as the older SWMM model handles non-

routing nodes somewhat differently than the newer UDSWM2-PC model.  A third model (MODSWMM) 

was often used in place of UDSWM2-PC due its ease of use.  MODSWMM was developed by Mr. Ted 

Combs of Longmont.  This model simply uses the UDSWM2-PC computational algorithm but includes a 

data preprocessor with a Windows™ interface, allows the insertion of comment cards in the data input 

file, provides computational error flags and messages when necessary, and organizes the model output 

to facilitate review and evaluation.  Modeling results from MODSWMM have been demonstrated on 

many occasions to be virtually identical to those produced by UDSWM2-PC. 

With respect to conveyance routing along Boulder Creek, in the upper portion of the basin the 

USACE applied the kinematic wave method by utilizing conveyance routing within the older SWMM 

model.  However, for conveyance routing along Boulder Creek in the lower portion of the basin, the 

USACE used an “unsteady flow routing program developed by the Missouri River Division.”  The USACE 

provided source code and an executable version of a model called “Harders Hydraulic Flood Routing 

Model” which presumably performed dispersion wave flood routing along lower Boulder Creek.  An 

input data file was also provided by the USACE for the Harders model, but documentation and user 

instructions were not included.  As concluded in Chapter IV, it was determined that it was not necessary 

to apply the Harders routing model as part of the current study. 
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2.3 Available Rainfall Hyetographs 

 

The USACE SWMM files for the lower and upper portions of the Boulder Creek watershed 

utilized a total of five rainfall hyetographs, apparently in order to accommodate the variation in rainfall 

potential along the east-west axis of the watershed.  The subbasins located within each of the five 

rainfall zones were identified on the USACE subbasin maps.  A watershed map showing the five rainfall 

zones defined by the USACE is provided as Figure 2.2.  Also shown on this map are the 1-percent annual 

chance (100-year), 6-hour isohyets digitized from NOAA Atlas 2, “Precipitation-Frequency Atlas of the 

Western United States, Volume III – Colorado,” [1973], excerpts of which are provided in Appendix B.  

Rainfall depths from this NOAA atlas were utilized by the USACE to define rainfall hyetographs for the 

hydrologic models. 

For the current study, an average point rainfall depth associated with the 1-percent annual 

chance, 6-hour event was defined for each of the five rainfall zones.  This was accomplished using an 

area-weighted averaging procedure available within ESRI’s GIS-based Spatial Analyst software.  The 

point rainfall values for each of the five rainfall zones are provided in Appendix B.  Also shown in the 

appendix are rainfall depths that have been area reduced by 13 percent; corresponding to an area 

reduction factor of 0.87 specified in NOAA Atlas 2 for a watershed area of 158 square-miles.  This is the 

area encompassed by the Boulder Creek watershed, as indicated in the USACE hydrologic models, 

upstream of the confluence with South Boulder Creek. 

The 1-percent annual chance rainfall hyetographs utilized by the USACE are no longer available, 

making it incumbent on the current project to develop these hyetographs for use in the SWMM models.  

The only complete hydrologic models provided by the USACE for both upper and lower basins 

correspond to the 4-percent annual chance event.  These hyetographs utilize 1-hour time increments 

following the pattern of a modified version of the USACE 6-hour Standard Project Storm, having been 

adapted by using what is termed by the USACE as the Southwestern Division Criteria.  Interestingly, the 

USACE hydrologic model for the 0.2-percent annual chance, which covers all or part of the upper basin, 

used a variation of the 6-hour Southwestern Division Criteria Standard Project Storm which consists of 

twelve 30-minute time increments.  This hyetograph pattern is documented in the USACE document, 

“Review Report, Boulder Creek.” 

 

 

2.4 Effective Discharge Profiles 

 

Effective discharges along Boulder Creek were defined based on data contained in the original 

effective HEC-2 model documented in the “Boulder Creek Flood Hazard Area Delineation Report,” 

[Muller Engineering, 1983].  A discharge profile was defined for each of the 10-percent, 2-percent, 1-

percent and 0.2-percent annual chance of occurrence events (10-year, 50-year, 100-year and 500-year 

events).  In addition, the discharge profile associated with the 4-percent annual chance of occurrence 

event (25-year event) was defined based on a log-probability interpolation of the discharges defined in 

the HEC-2 model.  The resulting discharge profiles are provided in Table 2.1.  Backup information 

associated with defining the effective discharge profiles is included in Appendix C. 



Figure 2.2    Boulder Creek Watershed,

    USACE Rainfall Zone Delineation                

6            
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Table 2.1  Effective Discharge Profiles for Boulder Creek. 
 

Cross 
Section ID 

(1983 FHAD) 

Peak Discharge (cfs)

Approximate 
Location 

10-Percent 
Annual 
Chance 

(10-Year) 

4-Percent 
Annual 
Chance 

(25-Year) 

2-Percent 
Annual 
Chance 

(50-Year) 

1-Percent 
Annual 
Chance 

(100-Year) 

0.2-Percent 
Annual 
Chance 

(500-Year) 

77 2,000 5,580 7,950 11,650 21,200 U/S Study Limit 

73.1 2,000 5,690 8,100 11,950 21,600  

64.1 2,200 5,830 8,100 12,150 22,100 6th Street 

58 2,200 5,810 8,100 12,100 22,100 9th Street 

55 2,200 5,800 8,100 12,000 21,400 Broadway 

47 2,200 5,790 8,100 11,950 21,400  

43 2,200 5,780 8,100 11,900 21,400 17th Street 

38 2,200 5,670 7,800 11,750 20,600 24th Street 

33 2,200 5,620 7,800 11,500 20,600  

26 2,200 5,560 7,800 11,200 19,800  

21 2,200 5,550 7,800 11,150 19,800  

14 3,000 6,200 8,200 11,800 21,200 Bear Creek Confl. 

11 3,000 6,200 8,200 11,800 20,700 BN Railroad 

7 3,600 7,070 9,300 13,050 23,000  

9180 3,450 6,760 8,400 13,050 18,600 55th Street 

128 3,450 7,040 9,400 13,300 27,200 Valmont (new) 

118 3,500 7,070 9,400 13,300 27,200  

116 3,400 7,010 9,400 13,300 27,200  
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III. HYDROLOGIC MODELING 

 

3.1 Initial Hydrologic Modeling Effort 

 

Rainfall hyetographs for the 1-percent annual chance event were initially prepared using the 

hyetograph pattern defined for the 4-percent annual chance event, coupled with the area reduced 1-

percent annual chance rainfall depths identified in Appendix B.  Inserting these rainfall hyetographs into 

the hydrologic models for the upper and lower basins, 1-percent annual chance discharges were 

estimated along Boulder Creek.  However, the resulting discharges near the canyon mouth were 

significantly lower than the 1-percent annual chance discharges utilized in the regulatory hydraulic 

model.   

A second set of rainfall hyetographs was prepared for the 1-percent annual chance event 

utilizing the alternate rainfall pattern, represented in the 0.2-percent annual chance model, using a 30-

minute time increment.  The rainfall hyetographs for the five rainfall zones are provided in Appendix B.  

The discharges near the canyon mouth resulting from application of the hydrologic models were still 

lower than the 1-percent annual chance discharges used in the regulatory hydraulic model.  However, 

rather than being less than half of the regulatory discharges (as was the case when the 60-minute 

rainfall increments were used), the computed discharges were within approximately 14 percent of the 

regulatory values. 

The discharges resulting from these two hydrologic modeling efforts are summarized in Table 

3.1, as Scenario No. 1 and Scenario No. 2, respectively.  Discharges shown in the first row of the table 

are the effective 1-percent annual chance flows taken from the effective hydraulic (HEC-2) model.  Since 

the USACE SWMM model for the lower basin did not include conveyance routing along Boulder Creek, 

for this phase of the analysis the hydrographs arising from the lower basin tributaries were simply 

combined on a time step-by-time step basis, analogous to using non-routing nodes.  Consequently, the 

discharges provided in the table for locations downstream of 9th Street are over estimates due to the 

lack of accounting for attenuation of the flood peak along lower Boulder Creek.  For the purposes of the 

hydrologic modeling documented in this chapter, comparison of modeling discharges to effective 

discharges is limited to the locations both near the canyon mouth and near the upstream crossing of 

Arapahoe Avenue. 

 

 

3.2 Refinement of the Hydrologic Models 

 

In an effort to create duplicate effective hydrologic models for the upper and lower basins, and 

recognizing that the 1-percent annual chance discharges arising from the analysis of the first two 

scenarios under-estimated the effective discharges, further efforts were made to refine the hydrologic 

models.  This effort was conducted with the recognition that parameters in the hydrologic models 
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Table 3.1.  Boulder Creek 1-Percent Annual Chance (100-Year) Discharges, Without Flood Routing Along Lower Boulder Creek. 

 
Sc

en
ar

io
 

Filenames 

1-Percent Annual Chance Discharge (cfs) at the Location Indicated 

Orodell Gage 
102.1 sq. mi. 

(CE 253) 

Canyon Mouth 
131.3 sq. mi. 

(CE 23, 93 & 94) 

U/S Crossing of 
Arapahoe Ave 
133.4 sq. mi. 

(CE 23 & 93-95)

9th Street 
135.6 sq. mi. 

(CE 23 & 93-96) 

U/S of BNRR 
145.8 sq. mi. 

(CE 23 & 93-97) 

U/S of Valmont 
157.4 sq. mi. 

(CE 23 & 93-98) 

U/S of S. Boulder Cr. 
158.1 sq. mi. 

(CE 23 & 93-99) 

Effec. 
Original Effective 

HEC-2 Model 
N/A 11,650 11,950 12,100 11,800 13,300 13,300 

1 
Upper Basin:  UPBDR100 
Lower Basin:  LWBDR100 

5,230 5,260 5,410 5,540 8,980 11,850 12,060 

2 
Upper Basin:  UBDR100H 
Lower Basin:  LBDR100H 

5,910 9,980 10,230 10,430 13,700 16,650 16,850 

3 
Upper Basin:  UBDR10HA 
Lower Basin:  LBDR10HA 

5,970 10,130 10,410 10,630 14,220 17,240 17,450 

4 
Upper Basin:  UBDR10HA 
Lower Basin:  LBDR10HB 

5,970 10,130 10,410 10,630 14,450 17,680 17,900 

5 
Upper Basin:  UBDR10HC 
Lower Basin:  LBDR10HC 

8,830 16,570 17,140 17,690 22,380 25,760 25,980 

6 
Upper Basin:  UBDR10HD 
Lower Basin:  LBDR10HD 

5,980 10,120 10,390 10,600 13,980 17,010 17,210 

7 
Upper Basin:  UBDR10HZ 
Lower Basin:  LBDR10HZ 

6,550 11,410 11,740 12,000 16,060 19,360 19,580 

8 
Upper Basin:  UBDR10HY 
Lower Basin:  LBDR10HY 

5,890 10,070 10,380 10,650 15,230 18,600 18,830 

9 
Upper Basin:  UBDR10HX 
Lower Basin:  LBDR10HX 

5,920 10,160 10,490 10,780 15,490 18,850 19,080 

10 
Upper Basin:  UBDR10HW 
Lower Basin:  LBDR10HW 

5,930 10,260 10,620 11,000 15,810 19,180 19,410 

11 
Upper Basin:  UBDR10HV 
Lower Basin:  LBDR10HV 

6,050 10,430 10,750 11,010 15,240 18,380 18,590 

12 
Upper Basin:  UBDR10HT 
Lower Basin:  LBDR10HT 

6,270 10,910 11,260 11,540 15,870 19,080 19,300 
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provided by the USACE did not consistently correspond to information included in the USACE report and 

that these models may not represent the final work product produced by the USACE in 1977. 

The first phase of the effort to refine the hydrologic models focused on parameters other than 

the rainfall hyetographs.  For these initial analyses, the rainfall hyetographs based on 30-minute time 

increments (as described in the previous section) were utilized. 

Reviewing the USACE subbasin maps, it appears that the 1977 modeling effort was conducted 

with a high level of detail that would likely not be exceeded using modern modeling techniques.  The 

typical size of the subbasins defined in the USACE study appears to be reasonable for the size of the 

watershed and the terrain.  However, the current model refinement effort did include perturbing 

numerous modeling parameters in both the upper and lower basin models; this including the surface 

storage on both pervious and impervious surfaces, infiltration rates, and the computational time 

interval.  Details associated with the parameters and values used in these analyses are provided in 

Appendix D.  The discharges resulting from these analyses are summarized in Table 3.1, as Scenario Nos. 

3, 4, 5 and 6. 

At the conclusion of this phase of the analysis, it was judged that the modeling parameters 

associated with Scenario No. 3 best represented the original intent of the USACE hydrologic models 

while also being compatible with expected physical conditions in the watershed.  For Scenario No. 3, the 

following changes were made to the 25-year models provided by the USACE: 

(a) 30-minute increment rainfall hyetographs associated with the 1-percent annual chance 

event replaced the 60-minute increment, 4-percent annual chance rainfall hyetographs; 

(b) surface storage depths of 0.2 inches for the impervious portions of both the upper basin 

and the upper portion of the lower basin were modified to 0.05 inches, commensurate 

with the surface storage values documented in the USACE report for “ the mountain 

portion of the basin;” and 

(c) lacking direction with respect to the following parameters in the USACE report, surface 

storage depths of 0.2 inches and 0.18 inches for the impervious and pervious areas within 

the lower portion of the lower basin, respectively, were changed to 0.062 inches and 0.184 

inches, in accordance with current default surface storage parameters in UDSWM2-PC. 

Even with utilizing the revised physical parameters in the hydrologic models, resulting 

discharges near the mouth of the canyon were 12 to 13 percent lower than the effective discharges at 

that location. 

The second phase of this effort focused on the rainfall depths utilized to generate the rainfall 

hyetographs used in the models.  Scenario No. 7 simply considered increasing the rainfall depth in each 

of the five rainfall zones by 5 percent.  As indicated in Table 3.1, this brought the computed 1-percent 

annual chance discharges near the mouth of the canyon into close agreement (within approximately 2 

percent) of the effective discharges.  While these results were encouraging, an across-the-board 

increase in rainfall depth of 5 percent could not readily be justified. 
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It was recognized that the USACE would have relied on manual methods for defining the 

average rainfall depths for each of the five rainfall zones, rather than the GIS tools utilized initially for 

the current study.  Consequently, 100-year rainfall depths were recalculated by manually computing 

area-weighted averages using the isohyetal map provided in Figure 2.2.  These rainfall depths, along 

with the recalculated 1-percent annual chance rainfall hyetographs are provided in Appendix D.  The 

discharges resulting from the hydrologic modeling conducted using the manually estimated rainfall 

depths are shown in Table 3.1, as Scenario No. 8.  Near the canyon mouth, the computed discharges 

were approximately 13 to 14 percent lower than the effective values. 

Considering the small scale of the isohyetal maps available in NOAA Atlas 2 (1 inch is 

approximately equal to 32 miles) relative to the size of the watershed (approximately 8 miles north-

south and 25 miles east-west), along with the density of the isohyets in the vicinity of the Boulder Creek 

watershed (as shown in the map excerpt from the NOAA atlas provided in Appendix D), it is possible that 

the USACE used less precise values than those computed for the current study.  Various rounding 

schemes were attempted, as described in detail in Appendix D.  The results of utilizing the various 

rainfall hyetographs in the hydrologic models are summarized Table 3.1, as Scenario Nos. 9, 10, 11 and 

12.  Reviewing the results of these analyses, it was determined that Scenario No. 12 provided the closest 

estimate of the effective 1-percent annual chance discharges.  It was also judged that the rainfall depths 

used to generate the rainfall hyetographs for this scenario were values that could have possibly been 

utilized by the USACE in the original study.  The rainfall depths and rainfall hyetographs used for 

Scenario No. 12 are provided in Table 3.2. 

Table 3.2  Summary of Rainfall Depths and Hyetographs Used in the Scenario No. 13 Hydrologic Model. 

Condition 
or 

Time (min)  /  % of Total Rainfall 

Rainfall Depth (inches) for the Given Rainfall Zone

Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 

Point Rainfall, 100-Yr, 6-Hr Storm 3.8 3.61 3.11 3.0 2.78

Area-Reduced Rainfall, Rounded up to 
Nearest 0.1 inches (Scenario #13) 3.4 3.2 2.8 2.7 2.5 

Rainfall Hyetographs, USACE Standard Project Storm, Southwestern Division Criteria 

   30 min.  /  2% 0.136 0.128 0.112 0.108 0.100

   60 min.  /  4% 0.272 0.256 0.224 0.216 0.200

   90 min.  /  4% 0.272 0.256 0.224 0.216 0.200

 120 min.  /  5% 0.340 0.320 0.280 0.270 0.250

 150 min.  /  9% 0.612 0.576 0.504 0.486 0.450

   180 min.  /  10% 0.680 0.640 0.560 0.540 0.500

   210 min.  /  40% 2.720 2.560 2.240 2.160 2.000

   240 min.  /  10% 0.680 0.640 0.560 0.540 0.500

270 min.  /  6% 0.408 0.384 0.336 0.324 0.300

300 min.  /  4% 0.272 0.256 0.224 0.216 0.200

330 min.  /  4% 0.272 0.256 0.224 0.216 0.200

360 min.  /  2% 0.136 0.128 0.112 0.108 0.100
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The 1-percent annual chance discharges estimated using the hydrologic models associated with 

Scenario No. 12 are within approximately 6 percent of the effective discharges near the mouth of the 

canyon.  Consequently, the Scenario No. 12 hydrologic models are considered to be reasonable 

representations of the duplicate effective hydrologic models for the Boulder Creek watershed, for the 

areas upstream of the canyon mouth.  All hydrologic models (input and output files) developed for 

Scenario Nos. 1 through 12 are provided on the CD-ROM included with this report, along with the three 

applicable USACE models (input files only). 
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IV. CONVEYANCE ROUTING THROUGH THE LOWER BOULDER CREEK BASIN 

 

As mentioned previously, the USACE hydrologic (SWMM) model of the lower Boulder Creek 

basin did not consider flood routing along the creek.  Rather, for lower Boulder Creek the USACE used a 

diffusion routing model apparently called the Harders model.  The current study attempted to closely 

replicate the results of the USACE diffusion routing effort by adding conveyance elements into the lower 

basin SWMM model, thereby accomplishing conveyance routing along lower Boulder Creek using the 

kinematic wave algorithm inherent in SWMM. 

Locations of the six tributary inflows along lower Boulder Creek were identified using the USACE 

subbasin maps; these are shown on the annotated map included in Appendix E as Figure E1.  Due to the 

relatively close proximity of the confluences of the two upstream tributaries with Boulder Creek, a 

stream conveyance element was not identified between those two tributaries.  In addition, the 

downstream-most tributary is defined in the USACE model as entering Boulder Creek at the downstream 

limit of the study.  Consequently, four stream routing conveyance elements were defined and 

incorporated into the final hydrologic model for the lower basin, as defined in the previous chapter; that 

is, the model associated with Scenario No. 12.  In addition, an inflow hydrograph to the lower basin was 

defined for the 1-percent annual chance event based on the upper basin hydrologic modeling results 

also associated with Scenario No. 12. 

The lower basin schematic previously presented in Figure B5 (Appendix B) shows the 

conveyance elements, inflow hydrograph, and non-routing nodes added to the lower basin model to 

support upper basin inflows and conveyance routing within the SWMM model along Boulder Creek.  

Using the hydraulic model being prepared by ACE for the current floodplain study for Boulder Creek, a 

cross section was selected within each routing reach that is representative of the typical channel and 

overbank condition for each reach.  Cross sectional geometry was defined based on the HEC-RAS model 

geometry for each of the four selected cross sections.  Roughness coefficients were defined as 

approximate averages for each reach, while the reach lengths and channel slopes were determined 

based on reach-wide data taken from the HEC-RAS model.  Detailed information concerning the 

definition of the conveyance routing elements is provided in Appendix E.  

Hydrologic modeling Scenario No. 13 is identical to Scenario No. 12 with the exception that the 

lower basin model includes the inflow hydrograph from the upper basin (from Scenario No. 12) and the 

four conveyance routing elements along Boulder Creek.  The conveyance routing elements span from 

nearly the canyon mouth downstream to near the confluence with South Boulder Creek.  The computed 

discharges resulting from Scenario No. 13 are summarized in Table 4.1.  As shown in the table, the 

discharges computed using the Scenario Nos. 12 and 13 hydrologic models agree with the 1-percent 

annual chance discharges from the effective hydraulic model to within ±6.5 percent.  Consequently, the 

Scenario No. 12 hydrologic model for the upper basin and the Scenario No. 13 hydrologic model for the 

lower basin are considered to be reasonable representations of duplicate effective hydrologic models 

for the Boulder Creek watershed, for the areas upstream of the confluence with South Boulder Creek.
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Table 4.1  Boulder Creek 1-Percent Annual Chance Discharges,  
With Flood Routing Along Lower Boulder Creek. 

 

Sc
en

ar
io

 

Filenames 

1-Percent Annual Chance Discharge (cfs) at the Location Indicated 
(Percent Difference Relative to Effective) 

Canyon Mouth 
131.3 sq. mi. 

(CE 23, 93 & 94)

U/S Crossing of 
Arapahoe Ave. 
133.4 sq. mi. 

(CE 23 & 93-95) 

9th Street 
135.6 sq. mi. 

(CE 23 & 93-96)

U/S of BNRR 
145.8 sq. mi. 

(CE 23 & 93-97) 

U/S of Valmont
157.4 sq. mi. 

(CE 23 & 93-98)

U/S of S. 
Boulder Cr. 

158.1 sq. mi. 
(CE 23 & 93-99)

Effec. Effective HEC-2 Model 11,650 11,950 12,100 11,800 13,300 13,300 

13 
Upper Basin:  UBDR10HT 
Lower Basin:  LBDR10HS 

10,910 
(-6.4%) 

11,170 
(-6.5%) 

11,430 
(-5.5%) 

11,550 
(-2.0%) 

13,400 
(+0.8%) 

13,470 
(+1.3%) 

 
 

Input and output files associated with the hydrologic model that represents Scenario No. 13 are 

provided on the CD-ROM included with this report. 
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V. CORRELATION OF MODELING RESULTS TO STREAM GAGE DATA AND REGRESSION EQUATIONS 

 

In an effort to assess the appropriateness of the discharges utilized in the effective hydraulic 

model for Boulder Creek, an evaluation was conducted to estimate 1-percent annual chance discharges 

along Boulder Creek based on U.S. Geological Survey (USGS) stream gage data, as well as regional 

regression equations. 

The only USGS stream gage on Boulder Creek near the current floodplain study reach (through 

the City of Boulder) is the Orodell gage which is located more than 2.5 river miles upstream of the 

canyon mouth.  This gage is located below Barker Reservoir, which can substantially impact flood peaks 

by offering significant detention storage of storm runoff depending on the water level in the reservoir at 

the time a storm event occurs.  A flood flow frequency analysis of stream gage data that is influenced by 

upstream controls is not strictly valid.  However, in an effort to evaluate general trends, just such an 

analysis was attempted using the USGS PEAKFQ computer program; this software automates Bulletin 

17B procedures for conducting flood flow frequency analyses.  This analysis is documented in Appendix 

F.  The results of this analysis indicate that the modeled 1-percent annual chance discharge near the 

Orodell gage is higher than the estimate by the statistical evaluation of the gaged stream flows, as 

would be expected given the upstream control imposed by the reservoir.  However, specific results of 

this analysis are not valid due to the influence of the reservoir of flood flow peaks. 

In an attempt to validate the effective 1-percent annual chance discharges along Boulder Creek, 

regression equations developed by the USGS were applied to the study area based on data extracted 

from the USACE hydrologic models.  Given that most of the watershed contributing runoff to the study 

reach is located in the foothills and mountains of the north-central Front Range of Colorado, the USGS 

regression equation for the Mountain Region was first applied.  However, the regression equation 

results indicated that this likely was not the appropriate relationship to be used in this case.  This 

analysis is provided in Appendix F. 

Reviewing the USGS map (included in Appendix F) that defines regional boundaries and shows 

the locations of the gaging stations used in developing the regression equations, it became clear that 

relative to the mountains along the Front Range, the spatial locations of several gaging stations used in 

developing the Plains Region regression equations are similar to the Boulder Creek study reach.  In fact, 

four of these gaging stations are located relatively close to Boulder Creek; these include:  (a) Clear Creek 

near Golden; (b) Bear Creek at Morrison; (c) Turkey Creek near Morrison; and (d) North Fork South 

Platte River at South Platte.  Consequently, the USGS regression equation for the Plains Region was used 

to the estimate 1-percent annual chance discharges at three locations along Boulder Creek.  This 

analysis is documented in Appendix F, with the results summarized in Table 5.1. 

With an average standard error of prediction of 96 percent, the Plains Region equations have 

generally resulted in unreliable estimates of 1-percent annual chance discharges in northeastern 

Colorado.  However, with many of the gages used in developing these equations being located in 

relatively close proximity to mountainous areas, in this case the Plains Region estimates agree well with 
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effective 1-percent annual chance discharges for Boulder Creek, particularly near the canyon mouth and 

upstream of the confluence with South Boulder Creek.  With the Orodell gage being located entirely in a 

mountainous area, correlation of the two flows at that location would not necessarily be expected. 

 
Table 5.1  Summary of Regional Regression Equation Result and Comparison With Effective Discharges. 

Location 
Area 

(sq. mi.) 

Effective 
Discharge 

(cfs) 

USGS Plains Region Equation CWCB SPL-3 Subregion Eqn

Q100 (cfs) 
% Error

Qeff. vs Q100
Q100 (cfs) 

% Error
 Qeff. vs Q100

Boulder Creek at 
Orodell Gage 

102.1 6,270a 9,870 –36.5 9,530 –34.2 

Boulder Creek near 
the Canyon Mouth 

131.3 11,650b 10,880 +7.1 10,930 +6.6 

Boulder Creek u/s 
of  S. Boulder Cr. 

158.1 13,300b 11,700 +13.7 12,100 +9.9 

a Discharge taken from the SWMM model for Scenario No. 12. 
b Discharge taken from the original effective HEC-2 model. 

 
Regional regression equations were not defined by the Colorado Water Conservation Board 

(CWCB) for streams within the UDFCD.  However, the CWCB Central Foothills Subregion (SPL-3), within 

the South Platte River Basin, encompasses the upper portion of the Boulder Creek watershed 

downstream nearly to the canyon mouth.  Reference is made to the CWCB subregion map included in 

Appendix F.  Therefore, the CWCB SPL-3 regression equation was used to estimate 1-percent annual 

chance discharges for Boulder Creek.  This analysis is documented in Appendix F, with the results 

summarized in Table 5.1. 

At the Orodell gage, the 1-percent annual chance discharge produced by the duplicate effective 

hydrologic model is 34 percent lower than the CWCB estimate.  This value does not fall within the 

regression equation’s standard error of estimate of 23 percent.  However, near the canyon mouth and 

upstream of South Boulder Creek (roughly bracketing the current floodplain study reach), the CWCB 

regression estimates agree relatively closely with the 1-percent annual chance discharges utilized in the 

effective hydraulic model. 
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VI. SUMMARY AND CONCLUSIONS 

 

This study included an evaluation of the effective hydrologic model, along with the preparation 

of a duplicate effective hydrologic model.  Through both of these processes it was concluded that the 

level of detail incorporated into the 1977 USACE hydrologic model appeared to at least meet, if not 

exceed, typical hydrologic modeling techniques currently employed in the industry.  Although a detailed 

evaluation was not conducted of each parameter used in the model, the hydrologic modeling 

parameters utilized in the duplicate effective hydrologic model appear to be in general agreement with 

typical modeling parameters currently used in this geographic area. 

It was determined that using technically-based rainfall depths for the watershed, along with 

standard rainfall hyetographs and physically-based conveyance routing elements through the lower 

basin, an accurate duplicate effective hydrologic model could be created.  It was demonstrated that this 

duplicate effective model will generate 1-percent annual chance discharges along Boulder Creek that 

agree reasonably closely with discharges used in the original effective hydraulic model.  These 

discharges agree to within 7 percent through the extreme upper portion of the floodplain study reach, 

and within 2 percent through the remaining portion of the study reach.  In addition, the effective 1-

percent annual chance discharges agree closely with discharge estimates produced by application of 

both USGS and CWCB regional regression equations for the area. 

Consequently, it appears that the 1-percent annual chance discharges produced by the 1977 

USACE study, and currently used as the effective discharges for purposes of flood regulation by the City 

of Boulder and FEMA, are reasonable and appropriate for conducting the current floodplain study. 
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SWMM INPUT FILES 

File Name Title Cards 

Boulder Creek: 

QEPABLDR BOULDER CREEK AT BOULDER, COLO.  1-HOUR RAINFALL INTERVALS 
 25-YEAR, 6-HOUR WITH EXPECTED PROBABILITY AND DEPTH-AREA FOR 924 SQ. MI. 

QEPALBT1 LOWER BOULDER CREEK TRIBUTARIES (EPALBT1) WITH 1-HOUR RAINFALL INTERVALS 
 25-YEAR, 6-HOUR WITH EXPECTED PROBABILITY AND DEPTH-AREA FOR 924 SQ. MI. 

QEPALBT2 LOWER BOULDER CREEK TRIBUTARIES (LBT2) WITH 1-HOUR RAINFALL INTERVALS 
 25-YEAR, 6-HOUR WITH EXPECTED PROBABILITY AND DEPTH-AREA FOR 924 SQ. MI. 

QEPAUBT UPPER BOULDER TRIBS WITH 1-HOUR RAINFALL INTERVALS 
 25-YEAR, 6-HOUR WITH EXPECTED PROBABILITY AND DEPTH-AREA FOR 924 SQ. MI. 

QEPAUPBC BOULDER CREEK ABOVE CONFLUENCE WITH SOUTH BOULDER CREEK  1-HR RF INTERVALS 
 25-YEAR, 6-HOUR WITH EXPECTED PROBABILITY AND DEPTH AREA FOR 924 SQ. MI. 

QUPAUBT UPPER BOULDER TRIBS  25%, 25% RAINFALL DISTRIBUTION 
 500 YEAR, 6 HOUR WITH EXPECTED PROBABILITY AND DEPTH-AREA FOR 440 SQ. MI. 

QUPBOULD BOULDER CREEK ABOVE FOURMILE CREEK  DEPTH-AREA FOR 101 SQ. MI. 
 500 YEAR, 6 HOUR RAIN WITH EXPECTED PROBABILITY 

Others: 

QPABHG BULLHEAD GULCH WITH 1-HOUR RAINFALL INTERVALS 
 25-YEAR 6-HOUR WITH EXPECTED PROBABILITY AND DEPTH-AREA FOR 924 SQ. MI. 

QEPACC COAL CREEK WITH 1-HOUR RAINFALL INTERVALS 
 25-YEAR, 6-HOUR WITH EXPECTED PROBABILITY AND DEPTH-AREA FOR 924 SQ. MI. 

QEPACC1 DRY CREEK 
 25 YEAR, 6 HOUR WITH EXPECTED PROBABILITY AND DEPTH-AREA FOR 127 SQ. MI. 

QEPADC DRY CREEK WITH 1-HOUR RAINFALL INTERVALS 
 25-YEAR, 6-HOUR WITH EXPECTED PROBABILITY AND DEPTH-AREA FOR 924 SQ. MI. 

QEPAR4CC REVISED FOURMILE CANYON CREEK WITH 1-HOUR RAINFALL INTERVALS 
 25-YEAR, 6-HOUR WITH EXPECTED PROBABILITY AND DEPTH-AREA FOR 924 SQ. MI. 

QEPALHC LEFT-HAND CREEK, THE SLOUGH, AND STREAM 309 WITH 1-HOUR RF INTERVALS 
 100-YR 6-HR WITH EX. PROB. AND 211 SQ. MI. D-A  .15 DETN 7% IMP. .5 PL INFIL 

QEPALHCU LEFT-HAND CREEK, THE SLOUGH, AND STREAM 309 WITH 1-HR RF INTERVALS YR 2000 URBANIZATION 
 10-YR 6-HR WITH EX. PROB. 924 SQ. MI. D-A ONLY, .15 DETN 7% IMP. .5 PL INFIL 

QEPALHCX LEFT-HAND CREEK, THE SLOUGH, AND STREAM 309 WITH 1-HR RF INTERVALS YR 2000 URBANIZATION 
 10-YR 6-HR WITH EX. PROB. 924 SQ. MI. D-A ONLY, .15 DETN 7% IMP. .5 PL INFIL 

QUPLEFT LEFT-HAND CREEK ABOVE JAMES CREEK  .4 IN. PERV. DETN. 1 IN/HR INFILTRATION 
 10-YR 3-HR WITH EX. PROB. AND 21.65 SQ. MI. D-A  15-MIN RF INTERVALS 

QEPASOBC SOUTH BOULDER CREEK WITH 1-HOUR RAINFALL INTERVALS 
 25-YEAR, 6-HOUR WITH EXPECTED PROBABILITY AND DEPTH-AREA FOR 924 SQ. MI. 

QEPANSSV SO. ST. VRAIN AND NO. ST. VRAIN WITH BUTTONROCK DAM  1-HOUR RAINFALL INTERVALS 
 10-YR 6-HR WITH EX. PROB. AND 211 SQ. MI. D-A  .15 IN. DETN  7% IMPERVIOUS 

QEPAVR1 ST. VRAIN CREEK BELOW BOULDER CREEK WITH 1-HOUR RAINFALL INTERVALS 
500-YR 6-HR WITH EX. PROB., D-A FOR 924 SQ. MI., .5 INFIL, .1 DETN 

QEPAVR2U LOWER ST. VRAIN CRK ABOVE BOULDER CRK W/O LEFT-HAND CRK AND THE SLOUGH  1-HOUR RF INTERVALS 
 10-YR 6-HR EX. PROB., 924 SQ. MI. D-A, .5 INFIL., .1 DETN YR 2000 URBANIZATION 

 
 
HARDER ROUTING PROGRAM INPUT FILES 

File Name Title Card 

QBLDR1 BOULDER CREEK 100 YR 6 HR BOULDER AND SO BOULDER ONLY 440 SQ MI D-A .6K 1 MI REACHES 
QBLDR2 BOULDER CREEK 127 SQ MI D-A .3 DETENTION  .6 K 1 MI REACHES 
QBLDR3 BOULDER CREEK  LOWER AREA ONLY  DEPTH-AREA FOR 343 SQ MI  1-HOUR RAINFALL INTERVALS 
QBLDR4 BOUDLER CREEK ABOVE SOUTH BOULDER  10-YR 6-HR 150D-A .8 K .5 MI REACHES 
QBOULDER BOULDER CREEK (ENTIRE AREA) 100-YR 6-HR  440 SQ. MI. D-A .8K .5 MI REACHES 



                                                                                                                                       ± 
Figure B1.  Lower Boulder Creek Subbasin Map, 

North, USACE 1977 Hydrologic Study 



                                                                                                                                        ±  Figure B2.  Lower Boulder Creek Subbasin Map, 
South, USACE 1977 Hydrologic Study 



      

Figure B3.  Upper Boulder Creek Subbasin Map, 
West, USACE 1977 Hydrologic Study 

± 



 

Figure B4.  Upper Boulder Creek Subbasin Map, East, 
USACE 1977 Hydrologic Study 

± 
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Table D1.  Hydrologic Modeling Parameters for the Various Scenarios, Without Flood Routing Along Lower Boulder Creek. 
 

Scenario  Filenames 

Rainfall 
Hyetograph 

Time 
Increments 
(minutes) 

Computational 
Time Interval 
(minutes) 

Roughness Coefficient (Manning’s n value)  Surface Storage (inches)  Infiltration Rate (inches/hour) 

Upper Basin 
Upper Portion of 
Lower Basin 

Lower Portion of 
Lower Basin 

Upper Basin 
Upper Portion of 
Lower Basin 

Lower Portion of 
Lower Basin 

Upper Basin 
Upper Portion of 
Lower Basin 

Lower Portion of 
Lower Basin 

Imperv.  Perv.  Imperv.  Perv.  Imperv.  Perv.  Imperv.  Perv.  Imperv.  Perv.  Imperv.  Perv.  Initial  Final  Initial  Final  Initial  Final 

1 
Upper Basin:  UPBDR100a 
Lower Basin:  LWBDR100a 

60  5  0.013  0.12  0.013  0.12  0.013  0.12  0.2  0.05  0.20  0.18  0.20  0.18  1.0  1.0  1.0  1.0  0.5  0.5 

2 
Upper Basin:  UBDR100H 
Lower Basin:  LBDR100H 

30b  5  0.013  0.12  0.013  0.12  0.013  0.12  0.2  0.05  0.20  0.18  0.20  0.18  1.0  1.0  1.0  1.0  0.5  0.5 

3 
Upper Basin:  UBDR10HA 
Lower Basin:  LBDR10HA 

30  5  0.013  0.12  0.013  0.12  0.013  0.12  0.05c  0.05  0.05c  0.05c  0.062d  0.184d  1.0  1.0  1.0  1.0  0.5  0.5 

4 
Upper Basin:  UBDR10HA 
Lower Basin:  LBDR10HB 

30  5  0.013  0.12  0.013  0.12  0.013  0.12  0.05  0.05  0.05  0.05  0.05c  0.05c  1.0  1.0  1.0  1.0  0.5  0.5 

5 
Upper Basin:  UBDR10HC 
Lower Basin:  LBDR10HC 

30  5  0.013  0.12  0.013  0.12  0.013  0.12  0.05  0.05  0.05  0.05  0.05  0.05  0.5  0.5  0.5  0.5  0.5  0.5 

6 
Upper Basin:  UBDR10HD 
Lower Basin:  LBDR10HD 

30  1  0.013  0.12  0.013  0.12  0.013  0.12  0.05  0.05  0.05  0.05  0.062  0.184  1.0  1.0  1.0  1.0  0.5  0.5 

7 
Upper Basin:  UBDR10HZ 
Lower Basin:  LBDR10HZ 

30 
(intensities 

increased 5%) 
5  0.013  0.12  0.013  0.12  0.013  0.12  0.05  0.05  0.05  0.05  0.062  0.184  1.0  1.0  1.0  1.0  0.5  0.5 

8 
Upper Basin:  UBDR10HY 
Lower Basin:  LBDR10HY 

30 
(intensities by 

manual average) 
5  0.013  0.12  0.013  0.12  0.013  0.12  0.05  0.05  0.05  0.05  0.062  0.184  1.0  1.0  1.0  1.0  0.5  0.5 

9 
Upper Basin:  UBDR10HX 
Lower Basin:  LBDR10HX 

30 
(intensities by 
man. avg. round 
up 0.05 pre.)e 

5  0.013  0.12  0.013  0.12  0.013  0.12  0.05  0.05  0.05  0.05  0.062  0.184  1.0  1.0  1.0  1.0  0.5  0.5 

10 
Upper Basin:  UBDR10HW 
Lower Basin:  LBDR10HW 

30 
(intensities by 
man. avg. round 
up 0.10 pre.)f 

5  0.013  0.12  0.013  0.12  0.013  0.12  0.05  0.05  0.05  0.05  0.062  0.184  1.0  1.0  1.0  1.0  0.5  0.5 

11 
Upper Basin:  UBDR10HV 
Lower Basin:  LBDR10HV 

30 
(intensities by 
man. avg. round 
up 0.05 post.)g 

5  0.013  0.12  0.013  0.12  0.013  0.12  0.05  0.05  0.05  0.05  0.062  0.184  1.0  1.0  1.0  1.0  0.5  0.5 

12 
Upper Basin:  UBDR10HT 
Lower Basin:  LBDR10HT 

30 
(intensities by 
man. avg. round 
up 0.10 post.)h 

5  0.013  0.12  0.013  0.12  0.013  0.12  0.05  0.05  0.05  0.05  0.062  0.184  1.0  1.0  1.0  1.0  0.5  0.5 

 
Notes:  Values shown in red indicate changes from the preceding scenario; except for Scenario #6 where the red values indicate changes from Scenario #3. 

a  Parameter values and hyetograph time increments were taken from USACE 25‐year model. 
b  Rainfall pattern documented in USACE report; rainfall depths determined from NOAA Atlas 2, Volume 3. 
c  Surface storage value for “the mountain portion of the basin” as documented in USACE report. 
d  Current default surface storage values in UD‐SWM2PC. 
e  Rainfall intensities determined by manual averaging techniques, rounded up to the nearest 0.05 inches, then area reduced to 87%. 
f  Rainfall intensities determined by manual averaging techniques, rounded up to the nearest 0.10 inches, then area reduced to 87%. 
g  Rainfall intensities determined by manual averaging techniques, area reduced to 87%, then rounded up to the nearest 0.05 inches. 
h  Rainfall intensities determined by manual averaging techniques, area reduced to 87%, then rounded up to the nearest 0.10 inches. 
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Figure E1.  Lower Boulder Creek  
Subbasin Map with Tributary Locations. 
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Table E1.  Hydrologic Modeling Parameters for the Various Scenarios, With Flood Routing Along Lower Boulder Creek for Scenario No. 13. 
 

Scenario  Filenames 

Rainfall 
Hyetograph 

Time 
Increments 
(minutes) 

Computational 
Time Interval 
(minutes) 

Roughness Coefficient (Manning’s n value)  Surface Storage (inches)  Infiltration Rate (inches/hour) 

Upper Basin 
Upper Portion of 
Lower Basin 

Lower Portion of 
Lower Basin 

Upper Basin 
Upper Portion of 
Lower Basin 

Lower Portion of 
Lower Basin 

Upper Basin 
Upper Portion of 
Lower Basin 

Lower Portion of 
Lower Basin 

Imperv.  Perv.  Imperv.  Perv.  Imperv.  Perv.  Imperv.  Perv.  Imperv.  Perv.  Imperv.  Perv.  Initial  Final  Initial  Final  Initial  Final 

1 
Upper Basin:  UPBDR100a 
Lower Basin:  LWBDR100a 

60  5  0.013  0.12  0.013  0.12  0.013  0.12  0.2  0.05  0.20  0.18  0.20  0.18  1.0  1.0  1.0  1.0  0.5  0.5 

2 
Upper Basin:  UBDR100H 
Lower Basin:  LBDR100H 

30b  5  0.013  0.12  0.013  0.12  0.013  0.12  0.2  0.05  0.20  0.18  0.20  0.18  1.0  1.0  1.0  1.0  0.5  0.5 

3 
Upper Basin:  UBDR10HA 
Lower Basin:  LBDR10HA 

30  5  0.013  0.12  0.013  0.12  0.013  0.12  0.05c  0.05  0.05c  0.05c  0.062d  0.184d  1.0  1.0  1.0  1.0  0.5  0.5 

4 
Upper Basin:  UBDR10HA 
Lower Basin:  LBDR10HB 

30  5  0.013  0.12  0.013  0.12  0.013  0.12  0.05  0.05  0.05  0.05  0.05c  0.05c  1.0  1.0  1.0  1.0  0.5  0.5 

5 
Upper Basin:  UBDR10HC 
Lower Basin:  LBDR10HC 

30  5  0.013  0.12  0.013  0.12  0.013  0.12  0.05  0.05  0.05  0.05  0.05  0.05  0.5  0.5  0.5  0.5  0.5  0.5 

6 
Upper Basin:  UBDR10HD 
Lower Basin:  LBDR10HD 

30  1  0.013  0.12  0.013  0.12  0.013  0.12  0.05  0.05  0.05  0.05  0.062  0.184  1.0  1.0  1.0  1.0  0.5  0.5 

7 
Upper Basin:  UBDR10HZ 
Lower Basin:  LBDR10HZ 

30 
(intensities 

increased 5%) 
5  0.013  0.12  0.013  0.12  0.013  0.12  0.05  0.05  0.05  0.05  0.062  0.184  1.0  1.0  1.0  1.0  0.5  0.5 

8 
Upper Basin:  UBDR10HY 
Lower Basin:  LBDR10HY 

30 
(intensities by 

manual average) 
5  0.013  0.12  0.013  0.12  0.013  0.12  0.05  0.05  0.05  0.05  0.062  0.184  1.0  1.0  1.0  1.0  0.5  0.5 

9 
Upper Basin:  UBDR10HX 
Lower Basin:  LBDR10HX 

30 
(intensities by 
man. avg. round 
up 0.05 pre.)e 

5  0.013  0.12  0.013  0.12  0.013  0.12  0.05  0.05  0.05  0.05  0.062  0.184  1.0  1.0  1.0  1.0  0.5  0.5 

10 
Upper Basin:  UBDR10HW 
Lower Basin:  LBDR10HW 

30 
(intensities by 
man. avg. round 
up 0.10 pre.)f 

5  0.013  0.12  0.013  0.12  0.013  0.12  0.05  0.05  0.05  0.05  0.062  0.184  1.0  1.0  1.0  1.0  0.5  0.5 

11 
Upper Basin:  UBDR10HV 
Lower Basin:  LBDR10HV 

30 
(intensities by 
man. avg. round 
up 0.05 post.)g 

5  0.013  0.12  0.013  0.12  0.013  0.12  0.05  0.05  0.05  0.05  0.062  0.184  1.0  1.0  1.0  1.0  0.5  0.5 

12 
Upper Basin:  UBDR10HT 
Lower Basin:  LBDR10HT 

30 
(intensities by 
man. avg. round 
up 0.10 post.)h 

5  0.013  0.12  0.013  0.12  0.013  0.12  0.05  0.05  0.05  0.05  0.062  0.184  1.0  1.0  1.0  1.0  0.5  0.5 

13 
Upper Basin:  UBDR10HT 
Lower Basin:  LBDR10HS 

30 
5 

(channel routing, 
lower basin) i 

0.013  0.12  0.013  0.12  0.013  0.12  0.05  0.05  0.05  0.05  0.062  0.184  1.0  1.0  1.0  1.0  0.5  0.5 

Notes:  Values shown in red indicate changes from the preceding scenario; except for Scenario #6 where the red values indicate changes from Scenario #3. 
a  Parameter values and hyetograph time increments were taken from USACE 25‐year model. 
b  Rainfall pattern documented in USACE report; rainfall depths determined from NOAA Atlas 2, Volume 3. 
c  Surface storage value for “the mountain portion of the basin” as documented in USACE report. 
d  Current default surface storage values in UD‐SWM2PC. 
e  Rainfall intensities determined by manual averaging techniques, rounded up to the nearest 0.05 inches, then area reduced to 87%. 
f  Rainfall intensities determined by manual averaging techniques, rounded up to the nearest 0.10 inches, then area reduced to 87%. 
g  Rainfall intensities determined by manual averaging techniques, area reduced to 87%, then rounded up to the nearest 0.05 inches. 
h  Rainfall intensities determined by manual averaging techniques, area reduced to 87%, then rounded up to the nearest 0.10 inches. 
i  Inflow hydrograph added from upper basin and channel flows routed through the lower basin using SWMM. 
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Table 1.  Regional flood-frequency equations, Colorado

[Q, discharge, in cubic feet per second; A, drainage area, in square miles; P, mean annual precipitation, in inches; S, mean drainage-basin slope, in foot per foot]

Recurrence interval, 
in years

Regression equation
Standard error 
of the model, 

in percent

Average standard
 error of prediction,

 in percent

Mountain region

2 Q = 11.0 (A) 0.663 (S + 1.0) 3.465 58.5 59.6

5 Q = 17.9 (A) 0.677 (S + 1.0) 2.739 47.7 48.6

10 Q = 23.0 (A) 0.685 (S + 1.0) 2.364 43.7 44.6

25 Q = 29.4 (A) 0.695 (S + 1.0) 2.004 41.4 42.3

50 Q = 34.5 (A) 0.700 (S + 1.0) 1.768 41.4 42.3

100 Q = 39.5 (A) 0.706 (S + 1.0) 1.577 42.4 43.4

200 Q = 44.6 (A) 0.710 (S + 1.0) 1.408 44.2 45.2

500 Q = 51.5 (A) 0.715 (S + 1.0) 1.209 47.5 48.6

Rio Grande region

2 Q = 0.03 (A) 0.979 (P) 1.615 77.7 82.6

5 Q = 0.12 (A) 0.940 (P) 1.384 64.0 67.9

10 Q = 0.25 (A) 0.914 (P) 1.277 58.2 89.1

25 Q = 0.52 (A) 0.884 (P) 1.117 53.4 56.8

50 Q = 0.81 (A) 0.864 (P) 1.121 51.2 54.5

100 Q = 1.19 (A) 0.846 (P) 1.074 49.9 53.3

200 Q = 1.67 (A) 0.828 (P) 1.036 49.5 52.9

500 Q = 2.48 (A) 0.808 (P) 0.995 50.0 53.6

Southwest region

2 Q = 28.7 (A) 0.699 85.0 87.3

5 Q = 50.5 (A) 0.693 74.1 76.1

10 Q = 66.0 (A) 0.697 71.4 73.4

25 Q = 86.3 (A) 0.704 71.2 73.4

50 Q = 102.0 (A) 0.709 72.8 75.0

100 Q = 118.4 (A) 0.715 75.6 78.0

200 Q = 135.5 (A) 0.720 79.1 81.7

500 Q = 159.4 (A) 0.728 85.0 87.9

Northwest region

2 Q = 0.39 (A) 0.684 (P) 1.304 82.6 85.6

5 Q = 2.84 (A) 0.674 (P) 0.833 71.5 74.0

10 Q = 7.56 (A) 0.671 (P) 0.601 68.5 70.9

25 Q = 20.6 (A) 0.669 (P) 0.362 67.1 69.7

50 Q = 38.8 (A) 0.667 (P) 0.210 67.2 69.8

100 Q = 104.7 (A) 0.624 75.0 76.7

200 Q = 118.5 (A) 0.624 77.8 79.6

500 Q = 137.6 (A) 0.623 83.1 85.1

Plains region

2 Q = 39.0 (A) 0.486 233.7 258.5

5 Q = 195.8 (A) 0.399 204.2 223.8

10 Q = 364.6 (A) 0.400 212.4 233.7

25 Q = 725.3 (A) 0.395 231.8 256.2

50 Q = 1116 (A) 0.392 249.5 278.3

100 Q = 1640 (A) 0.388 267.3 300.0

200 Q = 2324 (A) 0.385 284.5 321.3

500 Q = 3534 (A) 0.380 305.8 347.9
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Figure 1.  Boundaries of
hydrologic regions and
location of streamflow-
gaging stations in Colorado
and adjacent States.
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 The equation for subregion SPL-1 is: 
 
  Q = 707.9(A).654 

 
 Where:  
  A = Drainage Area, square miles (2<A<1090) 
  Q = 100 year peak flow, cfs 

 
 
SPL-2:  SOUTHERN FOOTHILLS SUBREGION 
 
This subregion includes stream reaches in the southern foothills area of the South Platte River basin. 
 The streams in this subregion may have part of their drainage basins above an elevation of 7500’ 
MSL, but this subregion only includes stream reaches that are downstream of (below) the 7500’ 
elevation limit.  The subregion is bounded as follows: 
 
• On the south by the South Platte River-Arkansas River basin divide; 
• On the east by the Kiowa Creek-West Bijou Creek basin divide; 
• And on the east by the Kiowa Creek-Comanche Creek basin divide (to the south of Elbert); 
• And on the east by the Box Elder Creek-Kiowa Creek basin divide (to the north of Elbert); 
• On the north by the southern boundary of the Urban Drainage and Flood Control District; and 
• On the west by an elevation line that is generally 7500’ 
 
The regression equation for this subregion is only valid for natural tributary streams that have 
drainage areas between 1 mi2 and 170 mi2.  A detailed study or other hydrologic analysis must be 
performed for projects involving streams with drainage areas that fall outside of the applicable 
range.  
 
 The equation for subregion SPL-2 is: 
 
  Q = 1005.5(A).638 

 
 Where:  
  A = Drainage Area, square miles (1<A<170) 
  Q = 100 year peak flow, cfs 
 
 
SPL-3:  CENTRAL FOOTHILLS SUBREGION 
 
This subregion includes stream reaches in the central foothills area of the South Platte River basin 
that are located to the west of the western boundary of the Urban Drainage and Flood Control 
District.  The streams in this subregion may have part of their drainage basins above an elevation of 
7500’ MSL, but this subregion only includes stream reaches that are downstream of (below) the 
7500’ elevation limit.  The subregion is bounded as follows: 
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• On the south by an elevation line that is generally 7500’; 
• On the east by the western boundary of the Urban Drainage and Flood Control District; 
• On the north by the Lefthand Creek-St. Vrain Creek basin divide; 
• On the west by an elevation line that is generally 7500’ 
 
The regression equation for this subregion is only valid for natural tributary streams that have 
drainage areas between 1 mi2 and 175 mi2.  A detailed study or other hydrologic analysis must be 
performed for projects involving streams within the Urban Drainage and Flood Control District and 
streams with drainage areas that fall outside of the applicable range. 
 
 The equation for subregion SPL-3 is: 
 
  Q = 762.4(A).546 

 
 Where:  
  A = Drainage Area, square miles (1<A<175) 
  Q = 100 year peak flow, cfs 
 
 
SPL-4:  NORTHERN FOOTHILLS SUBREGION 
 
This subregion includes stream reaches in the northern foothills area of the South Platte River basin. 
 The streams in this subregion may have part of their drainage basins above an elevation of 7500’ 
MSL, but this subregion only includes stream reaches that are downstream of (below) the 7500’ 
elevation limit.  The subregion is bounded as follows: 
 
• On the south by the northern boundary of the Urban Drainage and Flood Control District; 
• On the southeast by the South Platte River mainstem between the northern boundary of the 

Urban Drainage and Flood Control District and the town of Dent; 
• On the east by an arc that passes through the following three locations: 

1. The town of Dent 
2. The town of Bracewell 
3. The confluence of Owl Creek and Lone Tree Creek 

• On the northeast by the Owl Creek-Lone Tree Creek basin divide; 
• On the north by the Colorado-Wyoming state line; 
• On the west by an elevation line that is generally 7500’ 
 
The regression equation for this subregion is only valid for natural tributary streams that have 
drainage areas between 1 mi2 and 445 mi2. The mainstems of the South Platte River, Cache La 
Poudre River below Poudre Park, Big Thompson River below Drake,, and St. Vrain Creek below 
Lyons are all exempt from this subregion.  The incorporated areas of Fort Collins are also exempt 
from this subregion.   A detailed study or other hydrologic analysis must be performed for projects 
involving those streams and streams with drainage areas that fall outside of the applicable range. 
 The equation for subregion SPL-4 is: 
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South Platte River Basin 
Regression Analysis Summary 

 
 
Sub- 
region 
Name 

Sub- 
region 
Description 

 
Regression 
Equation 

# of 
Data 

Points 

 
Min. 
D.A. 

 
Max. 
D.A. 

R Squared 
(Regression 

Correlation ) 

Std 
Error of 
Estimate 

SPL-1 Eastern 
Plains 

Q = 707.9(A).654 17 2 1090 .920 34% 

SPL-2 Southern 
Foothills 

Q = 1005.5(A).638 

 
29 1 170 .968 18% 

SPL-3 Central 
Foothills 

Q = 762.4(A).546 

 
67 1 175 .927 23% 

SPL-4 Northern 
Foothills 

Q = 800.8(A).478 

 
81 1 445 .756 48% 

SPL-5 Mountains Q = 39.4(A).776 

 
27 2 480 .938 29% 

 
 
The following stream reaches and geographic areas are exempt from the South Platte River 
Basin Guidelines: 
 
• South Platte River mainstem 
• St. Vrain Creek mainstem below Lyons 
• Big Thompson River mainstem below Drake 
• Cache La Poudre River mainstem below Poudre Park 
• South Park 
• Urban Drainage and Flood Control District 
• City of Fort Collins incorporated areas 
• Town of Wellington 
• Blackhawk and Central City incorporated areas 
• Other areas where the local government prefers to use their own drainage criteria in lieu of 

the Guidelines 
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