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Wildfire Trends — Southwest Ecoregions _
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USACE Post-Wildfire Research and Development

Devastating floods following wildfires have been observed in many occasions, especially in
Southwestern U.S. Research and Development is focused on improving prediction capabilities for

operation H&H numerical modeling.
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Post-Wildfire Physical Mechanisms

Physical mechanisms have

been investigated for years and

have been largely understood
st sy qualitatively

Antecedent soil-

By Wildfire alters vegetation, soil,

s and microtopography, which can
affect the physical processes of
infiltration, runoff, erosion
during heavy rainfalls.

oeatiles Moody, J.A., Shakesby, R.A., Robichaud, P.K., Cannon, S.H., Martin, D.A., 2013. Current research issues ’?
HYDRAULICS ’ ) ’ ) ’ ) ’ ) ) )
HABORATORY ralated to post-wildfire runoff and erosion processes. Earth-Science Reviews 122, p. 10-37. A?"‘ POST-WILDFIRE
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Wildfire Effect on Vegetation and Hydrology

Less vegetation coverage, less litter and
duff layer

Less rainfall interception
More effective rainfall
Shorter time to runoff
Larger runoff

Less surface friction (reduced in
roughness)

Increase surface connectivity
Reduce runoff routing time

Less Evapotranspiration
Possibly more soil moisture
Higher ground water level
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Wildfire Effects on Soil and Sediments

Soil structure changes
Soil aggregates break down and fracturing
Surface sealing (layering)

Reduction in soil permeability

Runoff increases (peak flow increases by up to 2-3
orders of magnitude)

Difficult to quantify

Hydrophobic layer (soil water repellency)
Formed under appropriate burn conditions

Generation of Ash layer
Heterogeneity of land surface
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Background — Las Conchas
Wildfire and Cochiti Reservoir

Started: 26 June 2011

Contained: 03 August 2011

Burn Area: 631 km?

First Day: 162 km?

First 2 Days: 243 km? : Aoy . _ K S T
Burn Rate (peak est.): ~4047 m3/s o € - ¥ S T
Effected ~16 Major Watersheds that drain into Rio E x o Al July 14, 2011
Grande above Cochiti Reservoir : N

Bland Canyon
August 7, 2011
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Cochiti Canyon Flood
Dixon's Apple Orchard

August 22, 2011
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Post-Wildfire and USACE Missions
Post Wildfire Effects to USACE Mission

Significant hazard to life and infrastructure

Increase wildfire intensity, duration and occurrence across
western US

Peak discharge measured following wildfire have been
shown to increase by ~1.5 to 1000 times (plus) over pre-fire
rates (Moody and Martin, 2001; Cannon and Gartner, 2005)

Continuum of post-wildfire flood response (e.g. none, floods,
ash flows, mudflow, and debris flows)

Increased sediment erosion and transport resulting in
decreased flood capacity in downstream channels

Uncertainty in debris-flow frequency-magnitude relationships
Recovery and climate change uncertainty — Ecotone Shifts
Significant ecosystem and environmental impacts

Impacts across multiple business lines and districts
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Post-Wildfire Hydrology R&D

USACE Hydrology Model Development
HEC-HMS
Gridded Surface and Subsurface Hydrologic Analysis
(GSSHA)
Includes evaluation of non-USACE hydrology-based
models (i.e., KINEROS, AGWA, WELP)
Empirically-derived Sediment Yield Approaches
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Post-Wildfire Hydrology R&D

HEC-HMS 4.5 Beta: GUI for Three Debris Yield Prediction Methods

14 Subbasin Loss Transform  Baseflow

Basin Name: LADF si
Element Name: Subbasin-2

Description:
Downstream: -lone-—-
“Area (KkMZ) 2.67
Latitude Degrees:
Latitude Minutes:
Latitude Seconds:
Longitude Degrees:
Longitude Minutes:
Longitude Seconds:
Canopy Method: | ~-MNone—
Surface Method: | —None--
Loss Method: | Initial and Constant
Transform Method: | Clark Unit Hydrograph

Baseflow Method: | Recession

Erosion Options

Erasion Method: |LA Debris Method EQ1
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184 Subbasin  Loss Transform Baseflow Erosion  Options

Basin Name: LADF+ Pak_FF si
Element Name: Subbasin-21

*A-T Factor: | 1.0
*Relief Ratio: (MfKM) 280
*Fire Factor Method: |Pak & Lee Fire Factor ~

“Date({DDMMMYYYY): [Jser-Specified Fire Factor
“Percent:

*Exponent: |1

Gradation Curve: |Debris Flow Mixture

(%4 Subbasin Loss Transform Baseflon  Erosion  Options

Basin Name: MSDPM si
Element Name: Subbasin-3

*A-T Factor: |1.0

“Relief Ratio: (M/KM) | 280
*Max. 1-HR Rainfall Intensity: (MM/HR) |0.75
*Total Min. Rainfall Amount (MM) |4.96

*Fire Factor Method: |Pak & Lee Fire Factor
*Date(DOMMMYYYY): |095ep2002
“Percent: |90

“Exponent: |1

Gradation Curve: |Debris Flow Mixture

(8 Subbasin  Loss Transform Baseflow Erosion  Options

Basin Name: USGS si
Element Name: Subbasin-4

“Relief: (M) 2096
*Date(DDMMMYYYY): |095ep2002
“Burn Area: (KM2) |2.403
*Exponent: |1

Gradation Curve: |Debris Flow Mixture
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Graph Results
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Graph Results
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Post-Wildfire Hydrology R&D — Case Studies

LAD
EQ.1 +
Pak FF

Brand  267/1.0 280 81385 85422 5% 107184 32% 100697 24% 166109

3

Childs  81/0.31 314 22249 22956 3% 28083 26% 23879 7% 67434

California
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Post-Wildfire Hydrology R&D — Case Study

Brand Debris Basin with Mountain Fire (20 Sep 2002) Childs Debris Basin with Mountain Fire (20 Sep 2002)
Simulation Period: 8 Nov 2002 - 2 April 2003, 90% Burn Simulation Period: 8 Nov 2002 - 2 April 2003

USGS LT, 104%
USGS LT, 203%

LAD_eql, 32%
LAD_eq1 + Pak FF, 24%

MSDPM Calibration, 5% LAD_eql, 26%

| ]
MSDPM Calibration, 3% _ LAD_eq1 + Pak FF, 7%

MSDPM default, -44%

MSDPM Default, -43%
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Post-Wildfire Hydraulics and Sediment Transport R&D

1D FHECDR?S Adaptive Hydraulics
inite Difference 2D Finite Area

2D Finite Volume
++
Fortran Code i e

/

DebrisLib 7 S
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Selecting a Non-Newtonian Method in HEC-RAS

Non-Newtonian Parameters are Unsteady Flow Variables

A Unsteady Flow Data - Expl1a 2D (NN-Bing)
File Options Help
Delete Boundary Condition(s) ... X =

DS5 Pathname Summary Table ...

itial Conditions | Meteorological Data |
Boundary Condition MNames ... PR b e
Internal RS Initial Stages ...

Flow Minimum and Flow Ratic Table ...

Obzerved (Measured) Data

Water Temperature (for Unsteady Sediment] ...

Mon Newtonian Parameters... Add Boundary Condition Location

Old River Diversion Adjustrment ... Add SA/20 Flow Area ...

e e

Mon-Mewtonian Optiens and Parameters

Non-Newtonizn Method Eingham d

Yeild Strength: | Obrian - 2 11 b

Sediment Laden Viscociy: User Defined K il S

Generalized Herschel-Bulk ey Parameters:

Clastic Methods:

Select Location in table then select Boundary Condition Type

Storage /2D Flow Areas Boundary Condition
1|Parson 1a 5 low Hydrograph
2|Parson 1a 3C 5 Normal Depth

COASTAL &
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Hindered Settling Method:

No Hindered Settiing hd |

Hydraulics Cnly
Representative Grain Size - ds (mim):

Veolumetric Concentration (Cv) (%)

IF
| Do Mot Bulk -
OK Cancel |

Selact Bulking Method:

1D, Unsteady, FD (Working)

2D, Unsteady, FV (Working)

1D, Unsteady, FV (coming soon)

1D/2D Mobile Bed (coming later)
-Not in Steady or Quasi-Unsteady
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Presenter
Presentation Notes
Non-Newtonian analysis is available in unsteady, 1D, Finite Difference, and unsteady, 2D, Finite volume, and will be available in unsteady, 1D, Finite Volume shortly.  But it is not available in steady flow or quasi-unsteady, and there are no plans to implement it in these.

We
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Santa Barbara Mud-and-Debris Flow

= )
24 POST-WILDFIRE

- FLOOD RISK
% —TLUUU Nloh_
US Army Corps of Engineers ¢ Engineer Research and Development Center MANAGEMENT

UNCLASSIFIED




Captured with Snagit 2019.0.1.2448  

Webcam - Integrated Webcam  

Microphone - Microphone Array (Realtek Audio)
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Post-Wildfire Hydraulics and Sediment Transport R&DC
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HEC-RAS

1&2D Hydraulic and
Morphdynamic Software
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Post-Wildfire Model Library

Hydraulics and
Hydrology D —— Sediment
Transport

Geomorphology and
Ecology
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Post-Wildfire Model Library

Wildfire Effects on Hydrology

Hydrology
Rainfall/Precipitation
Infiltration and Evapotransporation
Soil Moisture/lnitial Conditions
Overland Erosion and Runoff
Sediment and Debris Yield

Hydraulics and Sediment Transport
Open Channel Flow Conditions
In channel Sediment Transport
Hazard Magnitude and Intensity
Fluid-Structure Interaction (Bridges, Culverts, etc.)

Geomorphology and Ecology
Blend of qualitative and quantitative
Critical for Improving Long Term Modeling
Understanding recovery for Better Management
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Less vegetation coverage, less litter and duff layer
Less rainfall interception
More effective rainfall
Shorter time to runoff
Larger runoff
Less surface friction
Increase surface connectivity
Reduce runoff routing time
Less ET
Possibly more soil moisture
Higher ground water level
Soil structure changes
Aggregates break down
Surface sealing (layering)
Reduction in soil permeability
Runoff increases (peak flow increases by up to 2-3 orders of magnitude)
Hard to quantify
Hydrophobic layer (soil water repellency)
Production of Ash layer
Heterogeneity of land surface
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Post-Wildfire Hydrology R&D — Wildfire Recovery

y =0.32Ln(x) - 1.19
R%=0.85

Optimal Mean
Hillslope Roughness
(Manning's n)

Optimal Mean Ks (mm/hr)

T T T
T T T T

800 1000 1200 1400
, . 600 800 1000 1200 1400
Days Since Fire Days Since Fire

Figure 5 — Optimal Hillslope Hydraulic Conductivity Following the Figure 4 — Optimal Hillslope Roughness for Events that Occurred after
Cerro Grande Fire at Starmer Canyon Plotted vs. Time the Cerro Grande Fire at Starmer Canyon Plotted vs Time

COASTAL & Source: Selection of Parameters Values to Model Post-fire Runoff and Sediment Transport at ;
P e the Watershed Scale in Southwestern Forests (Canfield, Goodrich, and Burns, 2005) A?b POST-WILDFIRE
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Recap and Next Steps

Post Wildfire Flood Risk Management and Uncertainty

Initial applications will focus on
Inundation from debris flows and other non-Newtonian phenomena

Updated debris basin design and mitigation methods
Understanding of long-term evolution of post-wildfire recovery

Future Goals and Gains

Our five (95) year goal:
Experience gained from model applications and additional field verification will allow us to address

progressively challenging flood risk management problems including

R&D is being conducted in partnership with USACE districts for continuous knowledge transfer and

training
Collaboration between researchers and practitioners of post-wildfire knowledge and technologies

within a

-~ CHL:: PN um

N
US Army Corps of Engineers ¢ Engineer Research and Development Center MANAGEMENT
File Name UNCLASSIFIED




UNCLASSIFIED

Contact Information

POC: lan E. Floyd

Email:
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