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EXECUTIVE SUMMARY 
Hydrologic assessments performed by Lotic Hydrological were estimated using available data of the July 2nd, 2021 flood 
event. Total rainfall depth for the storm was noted at ~1.8 inches approximately one hour after the storm began. This 
storm total suggests that the event roughly corresponds to a 1 hour rainstorm with a 25-year or 50-year recurrance 
interval. Hydraulic modeling was performed using the datasets discussed in the recent report (Idlewild Creek Post-Flood 
Sediment Issues) as well as surveyed flood debris lines. Using HEC-RAS with recent elevations and these debris lines, River 
Science used conservative approaches to estimate the flood event discharge under various scenarios. Application of 
several different approaches for estimating stream flows at the Idlewild watershed outlet indicate that flows during the 
July 2nd event likely peaked between 550 and 1000 cfs. Bulking was difficult to pinpoint, but using a relative bulking factor 
to the outlet’s discharge (described in this report), certain sections of the Idlewild Creek could have had as high as a relative 
factor of 2.9, with the southern side drainages between 8 to 12 times. These figures suggest that the side drainages 
experienced landslides.  
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1. INTRODUCTION 
The 2018 Spring Creek Fire burned approximately 108,000 acres near La Veta, Colorado. It became the 3rd largest fire in 
Colorado history and one of the hottest fires on record with 64.6% of the burned acreage exhibiting a moderate or greater 
burn severity. Such burn severities can cause the burned soil to develop a nonporous layer that repels the surface water 
(i.e. hydrophobic). These soil conditions and lack of vegetation result in larger volumes of water reaching creeks within a 
short amount of time after a precipitation event, causing significant flood events. Several floods in the Middle Creek 
watershed occurred in the interval between 2018 and 2021 and large amounts of channel sediment loading and transport 
were observed in each. This report examines one such flood event in the Idlewild Creek drainage. The peak streamflow 
magnitude and sediment loading estimated for this flood event provides an illustrative case for the importance of post-
fire flood mitigation work in headwater systems.  
 
The flood event that occurred on Idlewild Creek on July 2nd, 2021 produced significant erosion and sedimentation in the 
stream channel. Initial work was focused on using pre- and post-flood elevation models to determine the elevation 
changes and associated erosion and deposition levels. That initial work was expanded with hydrologic and hydraulic 
assessments that estimated flood magnitude and hydraulic bulking factors. The sections below present i) the hydrological 
assessment performed by Lotic Hydrological, ii) the hydraulic assessment performed by River Science, and iii) an 
assessment and discussion on the hydraulic bulking factors required when attempting to match hydraulic modeling 
outputs to flood water surface indicators observed at the site.  

 

2. HYDROLOGICAL ASSESSMENT 
This assessment employed a semi-distributed hydrological modeling tool and an analytical model developed by the United 

States Geological Survey (USGS) (Moody, 2012) in order to predict peak streamflows associated with the July 2, 2021 

rainfall event in the Idlewild Creek drainage.  

 

2.1. Rainfall Characterization 
Assessment of the flood event that occurred on July 2nd, 2021 in the Idlewild Creek drainage began with a characterization 

of the precipitation event. No subhourly records of the rainfall event on the burn scar are available from local rain gauges 

or weather radar. Fortunately, some notes were providedd by local residents indicating the intensity and duration of 

rainfall in the Middle Creek watershed. Total rainfall depth for the storm was noted at ~1.8 inches approximately one hour 

after the storm began. This storm total suggests that the event on the 2nd roughly corresponds to a 1 hour rainstorm with 

a 25-year or 50-year recurrance interval (Table 1, Table 2, Table 3). Visual rain gauge observations made over a single 5 

minute period suggest the maximum rainfall intensity may have exceeded 3 in/hr for a short time [1]. Thus, it is quite 

possible that the majority of the rainfall occurred over a period shorter than 1 hour and that the event itself corresponded 

to a less frequent return interval. 

 

Table 1. NOAA Atlas 14 precipitation depths with varying return intervals for a point centered on the Idlewild Creek drainage. All values 
are reported in inches. 

Event Duration 

Return Interval (years) 

1 2 5 10 25 50 100 200 500 1000 

5-min: 0.198 0.264 0.37 0.454 0.565 0.646 0.723 0.798 0.892 0.958 

10-min: 0.289 0.387 0.542 0.665 0.827 0.946 1.06 1.17 1.31 1.4 

15-min: 0.353 0.472 0.661 0.811 1.01 1.15 1.29 1.43 1.59 1.71 

30-min: 0.549 0.7 0.948 1.16 1.44 1.66 1.89 2.11 2.42 2.65 

60-min: 0.726 0.897 1.19 1.43 1.79 2.08 2.37 2.68 3.1 3.44 
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Table 2. NOAA Atlas 14 precipitation depths at upper bound of the 90% confidence interval for a point centered on the Idlewild Creek 
drainage. All values are reported in inches. 

Event Duration 

Return Interval (years) 

1 2 5 10 25 50 100 200 500 1000 

5-min: 0.256 0.343 0.482 0.595 0.765 0.893 1.03 1.18 1.37 1.51 

10-min: 0.375 0.503 0.706 0.871 1.12 1.31 1.51 1.73 2 2.21 

15-min: 0.458 0.613 0.861 1.06 1.37 1.59 1.84 2.11 2.44 2.7 

30-min: 0.712 0.908 1.24 1.51 1.97 2.32 2.71 3.15 3.73 4.17 

60-min: 0.942 1.16 1.54 1.88 2.46 2.91 3.43 4.01 4.81 5.42 

 

Table 3. NOAA Atlas 14 precipitation depths at lower bound of the 90% confidence interval for a point centered on the Idlewild Creek 
drainage. All values are reported in inches. 

Event Duration 

Return Interval (years) 

1 2 5 10 25 50 100 200 500 1000 

5-min: 0.155 0.208 0.29 0.354 0.42 0.47 0.509 0.537 0.577 0.607 

10-min: 0.228 0.304 0.424 0.518 0.615 0.689 0.745 0.787 0.845 0.888 

15-min: 0.278 0.371 0.518 0.632 0.75 0.84 0.908 0.96 1.03 1.08 

30-min: 0.432 0.55 0.743 0.899 1.08 1.22 1.33 1.43 1.57 1.68 

60-min: 0.572 0.705 0.928 1.12 1.35 1.52 1.68 1.82 2.02 2.18 

 

 

Local rainfall observations were used to develop data inputs for the semi-distributed hydrological model and the USGS 

analytical model. A conservative appraoch was adopted for estimating the distributional characteristics of the rain event. 

In the semi-distributed model, the total rainfall depth was accumulated over a 30-minute period instead of an hour. The 

timing of maximum storm intensity was set to occur 15 minutes after the beginning of the event and the maximum rainfall 

intensity was set to 4 inches per hour. These characteristics may somewhat exaggerate the severity of the rainfall event 

on July 2 but are intended to provide a reasonable upper bound for what may have occurred. The USGS analytical model 

requires only a single rainfall characteristic, the 30-minute rainfall intensity of the event. We set this value to 1.8 in/hr—

again taking a conservative approach that intends to provide an upper bound to what likely occurred on the ground.  

2.1.1. Semi-Distributed Hydrological Modeling 

Hillslope runoff and streamflow generation produced by the rainfall event on July 2nd were modeled using the Disturbed 

Watershed Erosion Prediction Project (Disturbed WEPP), a simulation tool developed by U.S. Forest Service for predicting 

the impact of land disturbance and fire on rates of hillslope erosion following precipitation events [2]. Inputs to the 

Disturbed WEPP model included soil burn severity (SBS) mapping (Figure 1), terrain characteristics, drainage area mapping, 

soil characteristics, landcover, and a time series of precipitation and temperature. Terrain characteristics and drainage 

areas were generated from 30-meter Digital Elevation Models (DEMs). Soil characteristics were retrieved from the 

STATSGO [3] or SSURGO [4] databases. Landcover was retrieved from the National Landcover Database (NLCD). The rainfall 

time series discussed above was used to drive the model simulation of runoff and hillslope erosion. Initial soil saturation 

for the entire drainage was set to 0.7.  

 

The WEPP model models runoff using an infiltration excess mechanism. Routing of flows is performed using the 

Muskingum-Cunge method. The watershed was discretized into 26 hillslope units and 10 channel units in order to perform 

all simulations. Specific locations in the channel network were selected for flood peak output generation. These locations 

generally bracketed all tributary confluences in the watershed. In addition to estimation of peak flows, the model also 
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produced estimates of average hillslope runoff depth during the storm event and estimates of total hillslope and channel 

sediment erosion and deposition. The latter are expected to help inform how patterns of erosion may have impacted 

bulking of flood flows along channels between the watershed divide and outlet. 

 

 

Figure 1. Soil burn severity mapping for the Idlewild Creek drainage. 

 

Figure 2. Delineation and IDs for channel segments included in the WEPP model. 
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Figure 3. Delineation and IDs for hillslope units included in the WEPP model. 

 

2.1.2. Empirical Flood Modeling 

Even though the  WEPP model calibrated to the July 2nd  rainfall event likely provides relatively realistic representations of 

peak flow hydrology in the Idlewild Creek drainage, the lack of reliable downstream streamflow data to calibrate across a 

range of rainfall event types means it can only deliver relatively crude approximations. A USGS analytical method for 

predicting peak flow magnitudes in burn areas in the western United States [5] provides a simpler, empirically-based 

appraoch for estimating ‘natural pairs’ of rainfall intensities and the resulting flood flows. The ‘level 1’ application of this 

method is relatively simple, requiring only total burned area and rainfall intensity generated by storms with various return 

intervals as an input.  

 

Rainfall intensity data for the Idlewild drainage was retreived from NOAA Atlas 14, Volume 8, Version 2. Calculations for 

total drainage area and burned area fraction for the Idlewild Creek drainage were performed in a GIS using the SBS layer 

for the Spring Creek Fire. Both the ‘first year’ and ‘second year’ equations were utilized for computing flood flows. The 

‘first year’ equation is presented by USGS as the most reasonable approximation of peak flow behavior in the period 

immediately following wildfire. The ‘year 2’ model intends to represent the buffering effect that vegetative regrowth has 

on hillslope runoff and peak flow magnitudes. WEPP modeling results were compared to both sets of predictions from the 

Moody (2012) approach. 

2.1.3. Model Validation 

No reliable streamflow observations are available on Idlewild Creek or on nearby sections of Middle Creek to perform any 

variety of model validation. One stream gauge is located downstream of the Idlewild Creek drainage on Middle Creek. A 

rating curve developed at that location prior to the July 2 event indicated that flows on Middle Creek peaked at near 5800 

cfs during the storm. However, significant sediment deposition at the gauge location during the flood event likely 
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invalidates the use of the rating curve1. Any flow measurements made at this location during or immediately following 

the event should be treated with caution and are given little weight here. Other gauges located near La Veta are located 

too far downstream to be useful without significantly expanding the storm runoff modeling event. This makes it difficult 

to characterize the reliability of modeling results for the Idlewild Creek drainage produced by either of the methods 

discussed above. 

2.2. Results 

Flood predictions for the Idlewild Creek drainage produced by the ‘year 1’ model roughly approximated the predictions 

made by the WEPP model (Table 4, Table 5). Predictions produced by both methods were significantly lower than 

observations made at the downstream stream gage on Middle Creek that was impacted by the flood event. Both the WEPP 

model outputs and the predictions made by the USGS model were found to be highly sensitive to rainfall event 

characteristics. Selection of a shorter rainfall duration associated with the total rainfall depth resulted in larger peak 

streamflow volumes in all cases. The WEPP model was also found to be sensitive to initial soil saturation conditions. 

Simulating rainfall on fully saturated soils produced much higher runoff magnitudes. However, without better local 

observations from July 2, 2021, no justification could be made for presenting results associated with such modified inputs.  

 

 

Table 4. Peak streamflow simulation outputs produced by the WEPP model at different locations in the Idlewild Creek drainage. 

  Drainage Area WEPP Model 

Location (acres) Peak Q (cms) Peak Q (cfs) Time to Peak (min) 

Upper Idlewild 380 16.6 586 30 

Upper Tributary Mouth 85 5.2 185 20 

Below Upper Tributary 480 21.6 763 30 

Middle Tributary Mouth 120 7.3 256 20 

Below Middle Tributary 620 29.4 1038 30 

Lower Tributary Mouth 180 11.5 406 20 

Watershed Outlet 910 28.5 1006 40 

 

 

Table 5. Peak streamflow simulation estimates produced by the USGS analytical method at different locations in the Idlewild Creek 
drainage. 

  Drainage Area Year 1 Calculation Year 2 Calculation 

Location (acres) Peak Q (cms) Peak Q (cfs) Peak Q (cms) Peak Q (cfs) 

Upper Idlewild 380 12.4 439 6.4 226 

Upper Tributary Mouth 85 2.8 98 1.4 50 

Below Upper Tributary 480 15.7 555 8.1 285 

Middle Tributary Mouth 120 3.9 139 2.0 71 

Below Middle Tributary 620 20.3 717 10.4 368 

Lower Tributary Mouth 180 5.9 208 3.0 107 

Watershed Outlet 910 29.8 1052 15.3 540 
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Table 6. Runoff event characteristics for different channel segments included in the WEPP model. 

Channel ID Channel Length (m) 
Contributing 

Area (ha) 
Average Slope 

Event Discharge 

Volume (m^3) 
Sediment Yield (tn/h) 

1 285 43 21% 2513 12.8 

2 1344 181 14% 8645 2.4 

3 115 31 37% 3554 132.1 

4 869 367 15% 25620 83.3 

5 525 82 32% 9229 85.3 

6 247 469 13% 40024 506.2 

7 959 115 29% 13198 60.9 

8 422 615 12% 60086 483.3 

9 1336 170 25% 19851 75.1 

10 1199 870 8% 95658 279.4 

 

 
Figure 4. Runoff depths and volumes simulated by the WEPP model. 
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Figure 5. Sediment yields simulated by the WEPP model. 

 

 

Table 7. Runoff event characteristics for hillslopes included in the WEPP model. 

WEPP 
ID 

Area 
(acres) Slope Burn Characteristic Soil Type 

Runoff 
Depth (mm) 

Deposition/Loss 
(kg) 

Soil Loss 
(kg/ha) 

Sediment 
Yield (kg/ha) 

1 41 25% High Severity Fire 

Leadville fine sandy loam, 
25 to 55 percent slopes 

(FSL) - forest high severity 
fire 

34 1885 1885 1885 

2 44 33% 
Shrub Moderate 

Severity Fire 

Tolman-Rock outcrop 
complex, 25 to 65 percent 
slopes (ST-SL) - shrub low 

severity fire 

15 645 645 645 

3 26 32% High Severity Fire 

Leadville fine sandy loam, 
25 to 55 percent slopes 

(FSL) - forest high severity 
fire 

35 7600 7600 7600 

4 62 45% High Severity Fire 

Leadville fine sandy loam, 
25 to 55 percent slopes 

(FSL) - forest high severity 
fire 

34 4535 4535 4535 

5 82 48% High Severity Fire 

Leadville fine sandy loam, 
25 to 55 percent slopes 

(FSL) - forest high severity 
fire 

34 5572 5572 5572 

6 14 46% High Severity Fire 

Leadville fine sandy loam, 
25 to 55 percent slopes 

(FSL) - forest high severity 
fire 

34 3323 3323 3323 
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7 16 50% 
Shrub High Severity 

Fire 

Tolman-Rock outcrop 
complex, 25 to 65 percent 
slopes (ST-SL) - shrub high 

severity fire 

21 3099 3099 3099 

8 25 21% High Severity Fire 

Leadville fine sandy loam, 
25 to 55 percent slopes 

(FSL) - forest high severity 
fire 

32 8972 8972 8972 

9 59 29% High Severity Fire 

Leadville fine sandy loam, 
25 to 55 percent slopes 

(FSL) - forest high severity 
fire 

35 4769 4769 4769 

10 31 31% High Severity Fire 

Leadville fine sandy loam, 
25 to 55 percent slopes 

(FSL) - forest high severity 
fire 

35 3044 3044 3044 

11 10 50% High Severity Fire 

Leadville fine sandy loam, 
25 to 55 percent slopes 

(FSL) - forest high severity 
fire 

35 3997 3997 3997 

12 10 57% 
Shrub Moderate 

Severity Fire 

Tolman-Rock outcrop 
complex, 25 to 65 percent 
slopes (ST-SL) - shrub low 

severity fire 

15 1178 1178 1178 

13 25 23% High Severity Fire 

Leadville fine sandy loam, 
25 to 55 percent slopes 

(FSL) - forest high severity 
fire 

33 6770 6770 6770 

14 48 28% High Severity Fire 

Leadville fine sandy loam, 
25 to 55 percent slopes 

(FSL) - forest high severity 
fire 

34 5885 5884 5885 

15 9 42% Moderate Severity Fire 

Leadville fine sandy loam, 
25 to 55 percent slopes 

(FSL) - forest low severity 
fire 

34 1078 1078 1078 

16 40 30% High Severity Fire 

Leadville fine sandy loam, 
25 to 55 percent slopes 

(FSL) - forest high severity 
fire 

34 3854 3854 3854 

17 72 42% 
Shrub High Severity 

Fire 

Tolman-Rock outcrop 
complex, 25 to 65 percent 
slopes (ST-SL) - shrub high 

severity fire 

22 5068 5068 5068 

18 25 24% High Severity Fire 

Leadville fine sandy loam, 
25 to 55 percent slopes 

(FSL) - forest high severity 
fire 

34 5938 5938 5938 

19 5 27% High Severity Fire 

Leadville fine sandy loam, 
25 to 55 percent slopes 

(FSL) - forest high severity 
fire 

34 2683 2683 2683 

20 1 36% High Severity Fire 

Leadville fine sandy loam, 
25 to 55 percent slopes 

(FSL) - forest high severity 
fire 

31 736 736 736 

21 29 12% Grass Low Severity Fire 

Woodhall-Rock outcrop 
complex, 5 to 20 percent 

slopes (L) - grass low 
severity fire 

18 329 329 329 
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22 105 23% Grass Low Severity Fire 

Woodhall-Rock outcrop 
complex, 5 to 20 percent 

slopes (L) - grass low 
severity fire 

27 879 879 879 

23 46 22% Grass Low Severity Fire 

Woodhall-Rock outcrop 
complex, 5 to 20 percent 

slopes (L) - grass low 
severity fire 

26 371 371 371 

24 27 34% Moderate Severity Fire 

Tolman-Rock outcrop 
complex, 25 to 65 percent 
slopes (ST-SL) - forest low 

severity fire 

15 1425 1425 1425 

25 6 32% High Severity Fire 

Tolman-Rock outcrop 
complex, 25 to 65 percent 
slopes (ST-SL) - forest high 

severity fire 

22 1083 1083 1083 

26 9 47% Moderate Severity Fire 

Tolman-Rock outcrop 
complex, 25 to 65 percent 
slopes (ST-SL) - forest low 

severity fire 

15 772 772 772 

 

3. HYDRAULIC ASSESSMENT 
The following hydraulic assessment combines recent elevation datasets, field collected flood evidence, and physically 

based numerical modeling to estimate the flood discharges of the July 2nd, 2021 flood event. The sections below describe 

the data required, the methods, and the results. 

 

3.1. Data Collection 
The key element to constructing an accurate 2D hydraulic model is an accurate representation of channel and floodplain 

topography. Misrepresentation of the topography will impact the 2D flow model’s local predictions and errors can 

propagate downstream. Such issues can negatively impact the predictions of depth, velocity, and shear stress [6]. In 

creating the hydraulic model, River Science used the digital elevation models (DEMs) that were generated in 2021. Full 

details of these DEMs data collection, generation, accuracy, and elevation change detection can be found in the recent 

River Science report (Idlewild Creek Post-Fire Sediment Issues and Treatment Evaluation, #2021-05). These include the 

pre-flood DEM whose data was collected on July 1st, 2021, and a post-flood DEM whose data was collected on July 20th, 

2021.  

 

While having a pre-flood DEM, post-flood DEM, and the elevation changes detected (aka, DEM of Difference, or DoD) is a 

unique opportunity and of great value to assess the geomorphological impacts of a flood event, these datasets represent 

only snapshots in time while providing little understanding of the flood’s peak. To understand and estimate the peak 

discharge, River Science surveyed flood debris lines on July 20th. Full details are provided in the River Science Report #2021-

05. It is noted here that debris lines are not perfect indicators of flooding extent, but are the best evidence available. 

Specifically, debris deposits occur in several areas of the floodplain, not just the greatest extents; deposits can be pushed 

up to higher elevations by other debris or due to debris jams/temporary deflections; larger debris is often deposited in 

lower channel areas due to weight; and/or debris deposits of the smallest and most prominent material is often in areas 

where water was great enough to move the debris, but not the furthest flood extents. In all of these situations, debris can 

be deposited in areas higher or lower than the maximum water surface elevation of a flood. Therefore, River Science 

surveyed multiple areas throughout the reach. Focus is given to the surveyed elevation of each debris line rather than its 

location relative to the channel.   
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3.2. Hydraulic Modeling 
The U.S. Army Corps of Engineer's HEC-RAS (Hydrologic Engineering Center – River Analysis System) software (v6.1.0) was 

used for all simulations. This recent updated software includes the ability to simulate bulked flows and non-Newtonian 

affects. River Science used the two-dimensional (2D) mode instead of a 1D mode due to the complex topography and 

confluences, overtopping of culverts and roadways, and complex velocity directions and magnitudes. 

 

3.2.1. Data Input 

3.2.1.1. Elevation Data  

The DEM of Difference (available in the Appendix A, or in Report #2021-05) shows that the flood event caused considerable 

areas of deposition and channel erosion. Significant consideration was given to the selection of the most appropriate DEM 

for flood modeling. For example, the pre-flood DEM might be the best choice if a flood event resulted in widespread 

erosion as the pre-eroded channel elevations will cause greater flow extent. Conversely, a flood result dominated by 

deposition might warrant the use of the post-flood DEM as it’s higher elevations will again cause the greatest flood 

inundation extent. As this flood had large areas dominated by deposition and other large areas dominated by erosion, a 

hybrid elevation model was generated where the maximum elevations were extracted from each of the pre- and post-

flood DEMs. This hybrid DEM thus represents the potential maximum elevation of all channel and floodplain surfaces. Use 

of the hybrid DEM for flood modeling creates the greatest inundation extent possible. This hybrid DEM was used for all 

simulations discussed below. The original DEM was of a 1 ft resolution. The hydraulic model’s mesh was generated with 7 

ft grid spacing in the channels (following channel breaklines), 10 foot grid spacing in the floodplains, and 15 feet in the 

furthest extents.   

 

3.2.1.2. Roughness 

Hydraulic calculations require the user to input roughness coefficients that represent the frictional resistance of various 

land and channel features (i.e. smooth areas (i.e. roadways) have low values versus rough areas (i.e. thick vegetation) have 

higher values). Creating a spatially varying roughness map is often best as the local roughness will affect the local 

hydraulics (e.g. higher roughness values cause slower velocities and increased depth). However, due to the very steep 

topography and post-fire thick vegetation regrowth (i.e. Mexican locust, aspen, and willows), roughness would be 

considerably high. Choosing roughness coefficients for these simulations was complicated because roughness values of 

high-gradient channels (e.g. >2%, like those found in Idlewild Creek) are less well-documented. As channel gradients 

increase, creeks transition from plane-bed to step-pools to cascades [7] and cause an increase in roughness. However, 

roughness has been shown to decreases with increasing flood stage [8, 9, 10, 11, 12]. Further, post-fire conditions typically 

result in channels lined with finer than typical sediment, which also reduces the roughness. However, these flood events 

showed evidence of transporting large boulders (up to 3 feet, b-axis). Considering all of these factors, River Science opted 

to use a uniform roughness value of Manning’s n=0.1, which has been reported for steep drainages as well as moderate 

to thick vegetation.  

 

3.2.1.2. Hydrograph 

Unsteady flow simulations were run with the hydrologic outputs of the USGS year 2 data (for the smallest estimate) and 

the WEPP data (for the largest estimate) provided in Tables 4 and 5. Hydrographs were built using simple, steadily 

increasing discharge to the reach the peak flow rates (in cubic feet per second). Using these values, three scenarios were 

conducted.  

1. Clear water approach using only the estimated discharges from Tables 4 and 5 

2. Bulked discharges using a value of 50% volumetric concentration – otherwise known as a bulking factor of 2, 

which doubles the simulated clear-water flow rate 

3. Bulked discharges as stated above, but with non-Newtonian conditions. Appendix B, Figure B1 shows the non-

Newtonian parameters used.  
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These scenarios were used to let the hydrology inform the hydraulics. The performance was evaluated by comparing the 

simulated water surface elevations of each scenario against the debris line elevations at seven locations (shown in Figure 

6-8).   

 

The final simulated hydrograph was conducted with steadily raising flow rates up 2,000 cfs, bulked, with non-Newtonian 

conditions. This simulation’s approach was to let the hydraulics inform the hydrology. Here, the simulated flood discharges 

were calculated at seven locations once the simulated water surface elevation matched the debris line elevation.  

 

3.3. Results 
Simulated peak water surface elevations were compared to the debris line data at the seven locations. No debris data was 

collected in the Upper Tributary Mouth, therefore this location was excluded. An additional location Below Lower 

Tributary was added. These seven areas are shown in Figures 6-8.  

 

 

 

 
Figure 6. Upper reach of Idlewild Creek with debris line locations (white points) and labeled elevations, and representative locations of 
various watershed discharges.   

 

Upper Idlewild 

Below Upper Tributary 

 

Lower Tributary 

Mouth 
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Figure 7. Middle reach of Idlewild Creek with debris line locations (white points) and labeled elevations, and representative locations of 
various watershed discharges.   

 

 

 
Figure 8. Lower reach of Idlewild Creek with debris line locations (white points) and labeled elevations, and representative locations of 
various watershed discharges.   

 

Watershed Outlet 
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Simulated water surface elevations (WSE) were compared to observed debris line elevations and are shown in Table 8. As 

anticipated, the USGS 2-yr lower discharges produced lower water surface elevations than the WEPP, and the bulked 

results produced greater elevations than the clear water. The non-Newtonian results only increased the water surface 

elevations of the bulked scenarios by ≤ 0.1 feet. The WEPP results with clear water simulations produced low elevations 

at the confluences, but representative elevations of drainages. The bulked and bulked non-Newtonian results show mixed 

results. As shown with the color coordination, no one hydrologic estimated discharge had reasonable fit at all seven 

locations.  

 

Table 8. Hydraulic simulation results comparing the observed debris line elevations against predicted water surface elevations of the 
USGS 2yr and WEPP hydrologic discharges and three simulation scenarios of: i) clear water, ii) bulk flow with a factor of 2, iii) bulked flow 
with a factor of 2 and non-Newtonian.  

 
 

 

An alternative approach matched simulated discharges to the seven observed debris line elevations. Simulated results 

(Table 9) show significant variation in modeled peak discharges between locations. Peak flows at the Idlewild Creek outlet 

were estimated at only 750 cfs, which is considerably lower than estimated flows at the nearest upstream Idlewild Creek 

discharge: 2,140 cfs below lower tributary. Idlewild Creek Below Middle Tributary had an estimated discharge of 585 cfs. 

The nearest upstream discharge was estimated at 1,100 cfs. As reference, Table 9 lists the USGS 2-year discharge estimates 

from Table 5. The peak flows estimated by the USGS approach are considerably lower at all locations, and steadily increase 

in the downstream direction.  

 

Table 9. Hydraulic simulation results to estimate the discharges required to reach the debris line elevations at the various locations as 
well as the USGS 2-year estimates (Table 5). 

 
 

 

Location Debris Elevation (ft) USGS 2yr WEPP USGS 2yr WEPP USGS 2yr WEPP

Upper Idlewild 8636.7 8634.8 8636.0 8635.7 8637.4 8635.7 8637.4

Upper Tributary Mouth NA

Below Upper Tributary 8535.5 8534.2 8535.3 8534.9 8536.0 8534.9 8536.1

Middle Tributary Mouth 8550.0 8545.2 8548.1 8545.4 8548.6 8545.5 8548.7

Below Middle Tributary 8477.4 8476.8 8478.1 8477.5 8479.3 8477.6 8479.3

Lower Tributary Mouth 8394.5 8392.0 8392.9 8392.4 8393.6 8392.4 8393.6

Below Lower Tributary 8240.9 8240.1 8240.6 8240.3 8240.9 8240.3 8240.9

Watershed Outlet 8043.2 8042.3 8044.2 8043.9 8045.8 8043.9 8045.8

Mannings n = 0.1

Lower WSE Prediction Resonable WSE Prediction High WSE Prediction

Difference greater than 0.6 feet Difference within ± 0.5 feet Difference greater than 0.6 feet

WSE (ft): Clear Water Simulations WSE (ft): Bulking Factor (BF) of 2 WSE (ft): BF= 2 with non-newtonian

Location Debris Elevation (ft)
Estimated Discharge (cfs) 

based on Hydraulics

USGS 2 year 

Discharge (cfs)

Upper Idlewild 8636.73 886 226

Upper Tributary Mouth NA 50

Below Upper Tributary 8535.48 1100 285

Middle Tributary Mouth 8549.99 1425 71

Below Middle Tributary 8477.44 585 368

Lower Tributary Mouth 8394.49 1410 107

Below Lower Tributary 8240.88 2140 540

Watershed Outlet 8043.16 750 540
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4. BULKING EVALUATIONS 
Bulking factors are used to adjust hydraulic modeling outputs so that they better match flood conditions where the water 

column is transporting high concentrations of sediment. It is important to distinguish water flow, debris flows, and 

landslides when discussing bulked flows in post-fire settings. According to USGS [12], and listed in order of increasing 

sediment suspension (Table 10):  

 

• Water flows hold fine sediments in suspension, but the greatest sediment is transported near the channel bed. 

As a result, water flow looks like very muddy water, but still flows like water and preserves Newtonian fluid 

properties.  

• Hyper concentrated flow has enough suspended sediment that it changes the fluid properties. Large amounts of 

sediment are transported within the water column but it requires high velocities to keep sediment loads 

maintained. 

• Debris flow is a mixture of sediment and water that becomes a slurry. Like wet concrete, it holds particles in 

suspension while slowly flowing, but can flow in high velocities in steep canyons and transport large boulders and 

trees. These flows can have sediment concentrations (% of volume) between 40-65%. 

• Mud flows, a subset of debris flows, have high sediment concentrations but where the sediment material is 

comprised of 50% fines (< 0.063 mm; fine sand, silt, and clay). This results in changes in the fluid properties with 

high yield strength and viscosity and the can suspend large material in the flow [13]. 

• Mixtures of sediment and water exceeding 55-65% (concentrations by volume) are classified as landslides. 

Above 65% and it is said there is no flow due to the large concentration of solids, instead these are typically 

characterized as ‘block slide failures’ [14]. 

 

Table 10. Classifications of Flows by Sediment Concentration (modified from O’Brien, 1986, 15), taken from Gusman [15].  

 
 

In perssonal communication with Stanford Gibson (Ph.D, Senior Hydraulic Engineer with U.S. Army Corps of Engineers, 

and a HEC-RAS developer), debris flows in post-fire flood scenarios rarely yield bulking factors in excess of 2-2.4. However, 

some limited evidence and laboratory experiments have seen debris flow behavior with sediment concentration volumes 

up to 80%, or a bulking factor of 5. Field evidence of such high bulked flows is lacking and subject to criticism.  

 

One could difference the hydraulic model’s predicted discharges from USGS 2-year to estimate bulking factors. However, 

both datasets have numerous sources of uncertainty. Rather than presenting an bulking number with such uncertainty, a 

different approach is suggested.  

 

To discuss the potential bulking that may have occurred during this flood event and how bulking may have changed 

longitudinally along the course of Idlewild Creek, we introduce a relative bulking factor. This simple approach takes the 

discharge estimates of the watershed outlet and below the middle tributary and computes a ratio of these discharges to 
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estimates of peak flow at other locations on Idlewild Creek and its tributary drainages. If we assume that flows during the 

actual event increased in the downstream direction or were constant along Idlewild Creek, then the ratio represents the 

amount of additional bulking required in each upstream channel segment or tributary mouth in order produce the 

observed debris lines.  This approach was conceived by looking at the varying discharge values of the reaches and the DEM 

of Difference (Appendix A). As shown, matching simulated water surface elevations to debris lines in some areas upstream 

of the outlet required significantly elevated flows. Therefore, a simple assumption was made that there were some 

segments of Idlewild Creek that suspended and transported significantly more sediment than other reaches. The DEM of 

Difference appears to confirm this assumption—some areas of the streambed showed significant deposition while others 

showed significant degradation following the July 2nd event.  

 

The clear water discharge at the drainage outlet that best matched the debris lines was 750 cfs. The same value below 

middle tributary was 585 cfs. These estimated flows were differenced to estimate the Lower Tributary’s peak discharge of 

165 cfs. The peak discharges in the upper reaches were determined using an area weighted approach. This assumes that 

no losses occurred between the reaches, and that the 750 cfs and 585 cfs are the best un-bulked representative discharges 

for the drainage.  

 

Relative bulking factors were produced via a simple ratio of the hydraulic estimated discharges and the area weighted 

discharges and results are shown in Table 11. Relative bulking factors computed in Idlewild Creek using this approach 

(starting at the outlet and moving upstream) were 1, 2.9, 1, 2.4, and 2.5. The lower and middle drainages exhibited relative 

bulking factors of 8.5 and 12.6, respectively.  

 

 

 

Table 11. Bulking factors relative to the outlet discharge based on the estimated discharges (based on hydaruilics, Table 9) and the area 
weighted discharges.   

 
 

5. DISCUSSION 
Quantifying bulked flows is a complicated task. Ideal datasets would include a spatial array of precipitation gauges to 

document the rain intensity and duration in great resolution and spatial accuracy, in-stream flow gages, soil and vegetation 

mapping, and peak flood imagery, and pre- and post-flood DEMs to name a few. Based on the datasets available, 

characterization of Idlewild’s July 2, 2021 flood event is constrained by several areas of uncertainty. The hydraulic 

modeling results presented in the above sections used a highly conservative approach that ensured that all simulated flow 

rates would have the wideset possible extent and highest water surface elevation. Matching water surface elevations to 

debris lines using the hybrid maximum elevation DEM and high roughness values of 0.1 in a clear water hydraulic model 

produced the smallest estimates of peak flow estimates (i.e. 750 cfs) at the drainage outlet. While not presented in the 

hydraulic results, it should be noted here that additional simulations were run using the pre- and post-flood DEMs. As a 

contrast to the hydraulic modeling results presented above, use of the post-flood DEM with a high roughness value of 

n=0.2 resulted in an estimate of peak discharge at the drainage outlet of 1,700 cfs. As shown, estimated discharges can 

Location Debris Elevation (ft)
Estimated Discharge (cfs) 

based on Hydraulics

Area Weighted Discharge (cfs) 

Based on Outlet as Clear Water

Bulking Factor Relative 

to Outlet

Upper Idlewild 8636.73 886 359 2.5

Upper Tributary Mouth NA 80 NA

Below Upper Tributary 8535.48 1100 453 2.4

Middle Tributary Mouth 8549.99 1425 113 12.6

Below Middle Tributary 8477.44 585 585 1.0

Lower Tributary Mouth 8394.49 1410 165 8.5

Below Lower Tributary 8240.88 2140 750 2.9

Watershed Outlet 8043.16 750 750 1.0
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be significantly different based on selected model parameters and data inputs. Estimates of rainfall event characteristics 

are similarly impacted by assumptions. Therefore, the determination of actual bulked flow rates is highly uncertain. 

Therefore, the authors feel the best demonstration of bulking is provided with the relative bulking factors, and the 

following discussion provides additional context to these findings.  

 

What is most clear from this analysis is that the July 2021 flood event was exacerbated by large amounts of transported 

sediment and debris. The relative bulking factors provide a valuable context to partition the various reaches and drainages 

sediment/debris contributions. With relative bulking values from 1 to 12, these data suggest that the side drainages could 

have experienced landslides and the main stem of Idlewild Creek had considerable debris flows.  

 

Combining the results of Table 11 and the DEM of Difference (Appendix A) provides an additional lens to consider the 

data. One observation is taken from the erosion and deposition patterns of the drainages. Following the Middle Drainage, 

deposition occurred ~700 feet downstream of its confluence with Idlewild and just above the confluence with the Lower 

Tributary confluence. This pattern of deposition is also shown just upstream of the Middle drainage, and in North Middle 

Creek at the confluence of Idlewild. These suggest that deposition was likely influenced by a backwater effect of the 

confluences. Following the lower tributary, patterns of erosion and deposition exist with erosion occurring on the pre-

flood floodplain, and deposition in the pre-flood channel. Approximately 650 feet downstream of this confluence, the 

channel widens and braids resulting in significant deposition. After this deposition zone, erosion becomes dominant in the 

remaining ~3,000 feet of channel down to the confluence of North Middle Creek. Examining the areas of erosion and 

deposition, the channel slope does not appear to be the cause of most deposition. Rather, areas of deposition all had an 

approximate slope of 10%, whereas the long stretch of erosion to the North Middle Creek had a slope of 7%. Deposition 

appears to be in areas of backwater effects and where the flow spreads out across a wider floodplain.   

 

Another important consideration is that the DEM of Difference results of Table 1A shows a net erosion of over 130,000 

ft3. However, this quantity is generated only with the lowest sections of the side drainages mapped. As stated in the recent 

#2021-05 report,  

“Field observations suggest that [the Middle and Lower Tributaries] drainages produced massive amounts 

of sediment as their drainages had upwards of 12 feet of incision and channels were shown to significantly 

widen at their narrowest cross sections (lower drainage widened from 17 ft to 56 ft, and upper drainage 

widened from 14 feet to 47 feet).” 

 

This suggests that most of this watershed’s total erosion was undocumented and that the erosion volume of Table 1A is 

probably low. Net erosion mapping indicates the vast majority of the eroded material was carried to the Idlewild Creek 

outlet where the material would have impacted Middle Creek’s flow.  

 

In consideration of the total potential amount of sediment mobilized in this system, Appendix C provides a short report 

issued to ARWC by the Colorado Geological Survey. In this report, the authors describe the geology of the area being 

comprised of limestone, sandstone, and shale with the soil of the slopes comprised of a friable (crumbly) soil that is 

granular and fine-grained. Both fine sediment and flat shale are easily mobilized with relatively low discharges. This soil 

context provides an additional lens to examine the DoD results of Table 1A, and consider how this watershed resulted in 

a net erosion.  

 

Combining the relative bulking factors, the DoD results, and context of soil composition, River Science theorizes that the 

flow at the outlet was likely bulked by some amount. This theory is primarily based on the amount of eroded material that 

likely left the watershed and that the final reach of Idlewild Creek outlet experienced significant erosion. If the outlet flow 

was in fact bulked, this would impact the relative bulking factors of Table 11 to higher values for bulking factors. Based on 

field evidence, hydraulic evidence, and the relative bulking factors of Table 11, the middle and lower drainages may have 
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experienced landslides. With much of the eroded, fine-grained material of these drainages unaccounted for yet 

transported through Idlewild, River Science suggests that Idlewild Creek likely experienced at least the typical bulking 

factors of 2-2.4 in reaches below the drainages.  

 

Irrespective of what a true bulking factor may have been, this flood event provides a demonstration as to how variable 

post-fire flood events can behave – even within a small watershed. Though relatively few properties and infrastructure 

exist in this watershed, making it a relatively low priority for post-fire recovery, proactive treatments here could prevent 

significant amounts of sediment that caused exacerbated flooding downstream in areas of higher priority.  
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APPENDIX A 
DEM of Difference. Full details available in the Idlewild Creek Post-Fire Sediment Issues and Treatment Evaluation, #2021-

05 

 
Figure A1: Upper and middle reaches of the Idlewild DEM of Difference (DoD) with level of detection (threshold) of 0.26 

feet.  
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Figure A2: Middle and lower reaches of the Idlewild DEM of Difference (DoD) with level of detection (threshold) of 0.26 

feet.  
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Table A1: Geomorphic Change Detection results of the pre- and post-flood DEMs with listed Raw area and volume 

differences (i.e. direct differencing of the elevations) and Threshold differences (i.e. differences that exceed the level of  

detection limit of 0.26 feet).   
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APPENDIX B 
HEC-RAS simulations’ non-Newtonian parameters. 

 

  
Figure B1: HEC-RAS bulked conditions and non-Newtonian parameter settings.  
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APPENDIX C 
Colorado Geological Survey Idlewild Creek Debris Flow 
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