MEMORANDUM

To: Michael A. Thomas, P.E.
County Engineer, Boulder County Transportation Department
Via Hand Delivery
From: Wright Water Engineers, Inc.
lan Paton, P.E., CPESC, CFM
T. Andrews Earles, Ph. D., P.E., D. WRE, CPESC
Date: January 20, 2011
Re: Summary of Findings — Fourmile Canyon Post-Fire Hydrology and Discussion of
Conceptual Mitigation Measures
INTRODUCTION

This memorandum was prepared by Wright Water Engineers, Inc. (WWE) to summarize the results
of our analysis regarding the projected post-fire hydrology in the area burned during the Fourmile
Canyon wildfire in September 2010. The Fourmile Canyon fire burned approximately 6,200 acres
in the foothills west of Boulder (Smeins and Chambers, 2010) (see Figure 1).

In accordance with our scope of work, tasks completed to date and discussed in this memorandum
include the following:

WWE reviewed key documents and studies prepared by different federal agencies on the
post-fire hydrology and potential for debris flows;

WWE conducted field visits on November 17 and 28, and December 10, 2010 to inspect the
burned areas of the watershed and areas that are prone to impacts from debris flow;

WWE performed calculations and developed computer models to estimate the peak flow
rates for a selected number of drainage basins that were identified as being most susceptible
to debris flow in their current post-fire condition. WWE calculated clear water peak flow
rates for storm events with recurrence intervals ranging from 2- to 100-years. Based on the
clear water runoff calculations, estimates were also developed for the projected volumes of
debris flows from the same basins for the 2-year event. The debris flow volume estimates
were calculated for the purpose of comparison with debris flow volume estimates published
in the United States Geological Survey (USGS) open file report (USGS, 2010). The USGS
and WWE results, calculated using independent methods, were similar;

Wright Water Engineers, Inc., 2490 W. 26™ Avenue, Ste. 100A, Denver, CO 80211
Tel. 303/480-1700; Fax. 303/480-1020, e-mail: ipaton@wrightwater.com



Memorandum to Michael A. Thomas, P.E.
January 20, 2011

Page 2

WWE made calculations to assess the probabilities of different storm events occurring.
These calculations were conducted in conjunction with an assessment of the projected
hydrologic recovery of the watershed in the years after the fire. Together, the storm event
probabilities and the hydrologic recovery of the watersheds can be used to assess the
probability of specific flood events or debris flows;

Locations were identified for conceptual measures to mitigate the anticipated debris flows
of debris; and

WWE participated in multiple meetings with personnel from Boulder County, USFS,
USGS, and the City of Boulder to discuss the findings of this analysis.

BACKGROUND INFORMATION

The following documents provider background information on prior studies conducted regarding
the post-fire hydrology of the watershed.

The Four Mile Emergency Stabilization Team (FEST) Four Mile Emergency Stabilization
Burned Area Report (FEST, 2010).

The BLM and USFS Hydrology and Soil Specialist Report, Fourmile Canyon Fire, FULO
(Smeins and Chambers, 2010)

The United States Geological Survey (USGS) open file report on the Probability and
Volume of Potential Post-Wildfire Debris Flows in the 2010 Four Mile Burn Area, Boulder
County, Colorado (USGS, 2010).

In addition, post-fire peak flow rate data from other Colorado Front Range burn areas were also
reviewed (Jarrett, 2010), as were precipitation data for the Fourmile Canyon area collected by the
Urban Drainage and Flood Control District (UDFCD), and Geographic Information Systems (GIS)
data of the burn area compiled by the USFS and provided to WWE by Boulder County.

The burn severity and slopes within the burned area are both important characteristics that affect the
post-fire hydrology. Values for these parameters, as reported in Smeins and Chambers, 2010, are
presented in Tables 1 and 2, respectively.

Table 1. Burn Severity

Burn Severity Acres Percent of Burned Area
High 684 11 %
Moderate 3001 49 %
Low and Unburned 2492 40 %
Total 6177 100%

Source: Smeins and Chambers, 2010
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Table 2. Slopes Within the Burned Area
Slope Percent of
Burned Area
0-10% 6 %
11 - 30% 40 %
31% + 54 %
Source: Smeins and Chambers, 2010
METHODOLOGY

Peak Flow Rate Estimates

Nine basins, as delineated by the USFS, were selected by WWE to be analyzed for peak flow rates
and debris flows (see Figure 2). The basins analyzed were chosen based on their burn severity and
increased susceptibility to debris flows and/or their potential for producing substantial volumes of
debris flow. Burn severity, as determined by the FEST team, is shown on the figure from the FEST
report (see Appendix A, Figure A-1). The probability of debris flow occurrence, as calculated by
the USGS, is shown in Appendix B (Figure B-1) and the estimated debris flows volumes, for the 2-
year, 1-hour storm event, are shown on Figure B-2. A list of the basins evaluated for this WWE

analysis is provided in Table 3:

Table 3. Drainage Basins Evaluated

Basin Basin Name Basin Size Basin Size
Number (acres) (square miles)
0 4-mile Canyon Creek East 290 0.45
3 Sweet Home Gulch 174 0.27
7 Ingram Gulch 286 0.45
10 Emerson Gulch 287 0.45
11 Schoolhouse Guich 144 0.23
12 Melvina Gulch 129 0.20
Unnamed Tributary 1 to Fourmile Creek
16 West of Emerson 109 0.17
18 Nancy Mine Gulch 85 0.13
23 Short Cut & Sand Gulch 483 0.75

Source: USFS and Boulder County
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Estimates of peak flow rates and debris flows were calculated for drainage basins in their post-burn
condition for the storm events listed in Table 4:

Table 4. Storm Events Analyzed

Event Precipitation Depth (inches)
2-Year, 1-Hour 0.9
10-Year, 1-Hour 15
25-Year, 1-Hour 1.7
100-Year, 1-Hour 2.4

The precipitation depths in Table 4 are based on data published in the Urban Drainage and Flood
Control District (UDFCD) Urban Drainage Criteria Manual, Volume 1, which are based on data
published in NOAA Atlas, Volume IlI-Colorado. An exception is the 2-year, 1-hour event, for
which the precipitation depth was derived from the value used in the USGS debris flow study.*

Storm events with a duration of one hour were selected for analysis because of the high intensity of
these events and their potential for generating large peak flow rates, coupled with the relatively
small size of the basins evaluated, which all have areas less than 1 square mile.

Predicted peak flow rates were calculated for the basins analyzed using a Curve Number loss
method with the Hydrologic Engineering Center-Hydrologic Modeling System (HEC-HMS)
computer model. HEC-HMS is a public domain model developed by the United States Army
Corps of Engineers Hydrologic Engineering Center.

Selection of Curve Numbers for model input was based in part on values published by the Burned
Area Emergency Response Team (BAER) for a range of burn conditions, taking into consideration
the steepness of the slopes in the burn area (BAER, 2010), the soil type (primarily Hydrologic Soil
Group D), and consultation with Dr. Robert Jarrett of the USGS. Curve Numbers used for the
model are presented in Table 5:

Table 5. Curve Numbers Used for HEC-HMS Model

Watershed Condition

Curve Number

Moderate Burn Severity 89
High Burn Severity 96
Moderate/High Burn Severity 92

! The USGS open file report on the Probability and Volume of Potential Post-Wildfire Debris Flows in the 2010 Four
Mile Burn Area, Boulder County, Colorado (Open-File Report 2010-1244 ) was originally published indicating that the
one-hour event depth of 0.9 inches is for a 25-year event. This was later corrected to indicate that 0.9 inch, one hour

storm is for a 2-year event.
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The Curve Number of 92 for the combination of moderate and high burn severity is based on the
general post-fire condition in the basins analyzed, with more area having moderate burn severity
compared to high burn severity, as reflected in Table 1. Initial losses were estimated to be 0.2 times
the watershed maximum retention after runoff begins, which is a standard adjustment in the model.

For pre-fire conditions, which are used to determine pre-fire baseline hydrologic conditions, the
Curve Numbers for were estimated by determining the respective Curve Number values which
were just below the value necessary to generate runoff from the 2-year, 1-hour rainfall event.
Estimates of peak runoff rates from pre-fire conditions were used to determine the relative increases
in runoff from pre-fire to post-fire.

For model input of rainfall data, a distribution of the one hour storm depths presented in Table 4
was derived from the peak one hour distribution used for the Colorado Urban Hydrograph
Procedure (CUHP). For model input of lag time, the lag time value was calculated from slope data
derived from topographic and basin geometry information for the basins.

Debris Flow Estimates

For estimating debris flow volumes, since the model-generated projections for runoff are for clear
water flow (i.e., no debris entrained), a bulking factor of 35 percent was added to the clear water
flow values to estimate debris flow volumes. The bulking factor is based on typical values from
the literature and past experiences with mud and debris flows in Colorado and New Mexico.

Debris flow volume estimates were calculated for the 2-year storm event only, for comparison
purposes with the USGS study. The USGS study was also based on a 2-year, 1-hour event. The
comparison is discussed in the Results section.

Probability Calculations

For the storm events analyzed, the probability of each event occurring over the next ten years was
calculated using the Binomial Theorem. The probability of occurrence over a ten year period was
assessed since that is estimated to be roughly the time period necessary for the watershed to recover
substantially, though not fully, in terms of hydrologic conditions.

RESULTS

Results are presented below for projected post-fire peak flow rates, debris flow volumes, and
probability of occurrence.

Peak Flow Rates

Peak flow rate model estimates for the events analyzed are presented on Figures 3.1 through 3.4.
For each storm event and for each basin analyzed, results are presented for both a moderate burn
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intensity condition and a high burn intensity condition to provide a range for bracketing the model
results. In addition, the anticipated condition of the watershed (i.e., a combination of moderate and
high burn intensity within each basin) is also presented.

WWE performed multiple reasonableness checks on peak flow rate predicted by the HEC-HMS
model. These checks included simple Rational Formula calculations as well as comparison of peak
runoff rates from actual runoff events where we were able to assign a frequency to the rainfall (one
storm from Pajarito Canyon at Los Alamos and a second from Buffalo Creek). All reasonableness
checks supported the numbers generated by the HEC-HMS model.

Debris Flow Volumes

Estimates of debris flow volumes for the 2-year, 1-hour event are presented on Figure 5.1. Results
from the USGS study area also presented on Figure 5.1 for comparison. Although the estimated
volumes of debris flow were calculated using two independent methods, the results of the USGS
study and WWE study compare favorably. The USGS debris flow estimates are based on an
empirical formula derived from data collected from recently burned basins throughout the western
United States as described in the USGS report (USGS, 2010). In contrast, as described above, the
WWE debris flow estimates were calculated using a Curve Number-based model to calculate runoff
volume with a bulking factor used to estimate the volume of debris flow.

For emergency management purposes, Figure 5.2 presents the quantity of sediment from the debris
flow volumes shown in Figure 5.1, with horizontal lines across the graph that indicate the number
of dump volume equivalents. The dump truck size used for Figure 5.2 is 13 cubic yards, which is
the average size tandem dump truck that Boulder County Transportation Department officials have
indicated would be used to remove sediment and debris from the burn area. It is noted that the
entire volume of a debris flow will not necessarily need to be removed following a debris flow
event. The fraction that needs to be removed will be site-specific.

Probability of Occurrence

The probability of occurrence for a 2-year event within 10 years (the estimated period for
hydrologic recovery of the watershed [WWE, 2003 and Earles e al. 2004]) is presented on Figure
6.1. A key point to note from Figure 6.1 is that a 2-year storm event is a virtual certainty to occur at
least once within the next 10 years. There is roughly a 75 percent probability of a 2-year event
occurring at least once in the next 2 years and roughly a 90 percent probability of a 2-year event
occurring at least once in the next 4 years.

For the 10-year, 25-year and 100-year events, the probability of occurrence for each storm event is
shown as a blue line on Figures 6.2 through 6.4, respectively.

Also shown on Figures 6.2 through 6.4 is a red line that indicates the estimated hydrologic recovery
of the watershed, represented as the ratio of the peak flow rate in the post-fire condition by the peak
flow rate in the pre-fire condition. The starting point for the hydrologic recovery line for each storm
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event is based on the ratio of post-fire versus pre-fire peak average unit flow rates calculated with
the Curve Number loss method, as described previously. (Note: A similar hydrologic recovery line
was not generated for the 2-year event because no pre-fire flow was predicted to occur, hence the
ratio of post-fire to pre-fire flow would be essentially infinite.)

For Figures 6.2 through 6.4, the probability of a storm event occurring can be determined in
conjunction with the hydrologic recovery of the watershed to assess the probability within the next
10 years of the occurrence of a particular post-fire peak flow rate multiplier.

POTENTIAL MITIGATION MEASURES

Potential recommended locations of mitigation measures to collect or divert debris flows from the
burn area were initially evaluated using model results and mapping of the basin topography.
Locations were preliminarily identified, and then field verified where practical. Potential locations
for both debris racks and debris barriers are shown on Figures 2.1 through 2.8. Further field analysis
may indicate locations other than those shown in the report, or may reveal that what is shown in the
report may not be feasible. This document is intended as an aid for further, more site-specific
analysis and recommendations. Although WWE has identified potential locations for mitigation
measures, this should not be construed to be a commitment from the County to construct these
measures.

Suggested debris rack locations are sited to capture debris before it blocks culverts or covers
roadways. Suggested debris flow barriers are sited to divert debris flow away from structures.

In all cases, the locations of debris racks or debris barriers shown on Figures 2.1 through 2.8 are
schematic representations only and are not to scale. Debris racks should consist of heavy steel
mesh or welded pipe that has been engineered for the site-specific conditions. Debris barriers
should consist of anchored concrete blocks, compacted earthen berms or similar material that,
again, has been engineered for the site-specific conditions. Other potential measures or structures
may be considered as individual site conditions warrant.

SUMMARY AND CONCLUSIONS

Regarding the probability of different storm events occurring, it is a virtual certainty that a 2-year
event will occur at least once within the next 10 years. There is roughly a 75 percent probability of
a 2-year event occurring at least once in the next 2 years and a 90 percent probability of a 2-year
event occurring at least once in the next 4 years.

In the current post-fire condition, in those basins with moderate to high burn severity, peak flow
rates are expected to increase substantially, particularly within the next two to three years. Post-fire
peak flow rates are estimated to fall in the following ranges:
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e For the 2-year, 1-hour event, in the pre-fire condition, negligible runoff is expected to have
occurred. In the post-fire condition, the predicted unit rate of runoff for clear water flows
ranges from approximately 0.5 to 0.8 cfs/acre.

e For the 10-year, 1-hour event, the predicted post-fire unit rate of runoff for clear water flows
is estimated to range from approximately 1.25 to 2 cfs/acre. For the 100-year, 1-hour event,
the estimated unit rate of runoff increases to as high as approximately 3.75 cfs/acre. (For
reference, the basins evaluated and discussed in this memorandum range in size from 83
acres [Nancy Mine Gulch basin] to 483 acres [Short Cut and Sand Guich basin], as shown
in Table 3). For comparative purposes, the mean of the annual peak flow rates in Boulder
Creek at USGS gage 06727000, located upstream from the confluence with Fourmile Creek
(based on data collected from 1907 to 1995), is approximately 645 cfs.

Mitigation measures such as debris racks and debris barriers can be placed to protect culverts, roads
and structures from debris flows during smaller events (i.e., potentially up to a 2-year event).
However, it is important to recognize that larger events (e.g., larger than a 2-year event) will most
likely overwhelm any measures intended to capture or divert debris flows. Therefore, a
comprehensive warning and emergency preparedness system is essential.

The analysis described in this memorandum does not address potential impacts further downstream
from the burn area (e.g., impacts along Boulder Creek).
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Peak Flow Estimates - 10-Year, 1-Hour Storm Event
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Peak Flow Estimates - 25-Year, 1-Hour Storm Event
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Peak Flow Estimates - 100-Year, 1-Hour Storm Event
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Unit Rate of Runoff Estimates - 10-Year, 1-Hour Storm Event
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Unit Rate of Runoff Estimates - 25-Year Storm Event
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Unit Rate of Runoff Estimates - 100-Year Storm Event
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Figure 5.1
Estimated Volume of Debris Flow - 2-Year, 1-Hour Storm Event
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Figure 5.2
Estimated Volume of Sediment- 2-Year, 1-Hour Storm Event
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25-year Event Conceptual Hydrologic Recovery Following Wildfire--

Moderate to Severe Burn Intensity
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Appendix A
(FEST Report Burn Severity Figure)



Appendix A-1. FEST Burn Severity Map
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Appendix B
(USGS Report Figures)



- ” 44

Boulder County —__

D

@-¢BPULDER
0 .DENVER
1 2 A0 10STZ5W Location of the Fourmile Fire,
2 <1 Boulder County, Colorado, COLORADO SPRINGS
3 51 September 2010 °
4 1
5 18
6 43
7 64 ‘ COLORADO
8 13 |
9 6 ”~ 59
10 42 2
11 63 -
12 61 AL
14 28 \
15 2
16 70
17 32
ig ! Emaficipation Hi 178
20 3 Gold Run N pricipatl !
™ 177
19
23 9
24 2
25 9
27 <1
28 2 /
76 1{4
><Bald Mountain
Wood MouRntain |
X 175 l
11
LN
Explanation
Probability of a debris flow (percent)
in response to a 25-year, [Should read 2-year |
1-hour rainfall of 23 millimeters
BAER* basin pour point
@ o0t15
L © 161030
() 31to45
40°2N 105725 40°2'N 105°21'W ‘ 46 to 60
@ 61t075

Selected basins

The probabili

poi . 0to15

su

or 16 to 30
31to 45
46 to 60

|:| BAER* basin delineation
] Populated areas

X High elevation points
‘23 BAER* basin number

Selected basin number

*Burned Area Emergency Rehabilitation

il



ipaton
Cross-Out

ipaton
Text Box
Should read 2-year


. -

Boulder County —__

@-¢BPULDER
DENVER
®

11,800

Location of the Fourmile Fire,

6,600 L i Boulder County, Colorado, COLORADO SPRINGS
5,600 September 2010 o
161,400

COLORADO

afcipation Hi

Gold Run

™

/ 368,000
25 1,900
27 3,600

160

Explanation

Estimated volume of a debris flow (cubic
meters) in response to a 25-year,|Should read
1-hour rainfall of 23 millimeters |2-year

BAER* basin pour point
156 to 1,000

1,001 to 2,000

2,001 to 3,000

3,001 to 5,000

5,001 to 368,000

Selected basins

" 50101,000

1,001 to 2,000
2,001 to 3,000
3,001 to 5,000

" 5,001 t0 6,700

— Stream

|:| BAER* basin delineation
] Populated areas

X High elevation points
‘23 BAER* basin number

Selected basin number

*Burned Area Emergency Rehabilitation

-



ipaton
Cross-Out

ipaton
Text Box
Should read 
2-year


	Figures1-2.8_DebrisRackSeries_compress.pdf
	Figure1
	Figure2.0
	Figure2.1
	Figure2.2
	Figure2.3
	Figure2.4
	Figure2.5
	Figure2.6
	Figure2.7
	Figure2.8

	Figs 3, 4, 5 series.pdf
	Fig 3.1_Peak Flow 2-yr RM
	Fig. 3.2_Peak Flow 10-yr RM
	Fig. 3.3_Peak Flow 25-yr RM
	Fig. 3.4_Peak Flow 100-yr RM
	Fig. 4.1_Unit Rate 2-yr RM
	Fig 4.2_Unit Rate_10-yr RM
	Fig 4.3_Unit Rate_25-yr RM
	Fig.4.4_ Unit Rate_100-yr RM
	Fig. 5.1 Debris Vol_2-yr
	Fig. 5.2_Sediment Volume

	Fig 6 series.pdf
	Fig 6.1_2-yr
	Fig. 6.2_10-yr
	Fig. 6.3_25-yr
	Fig. 6.4_100-yr
	Fig 6.5_10-yr Emerson Q




