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Agenda

• Introductions

• Introduction to HEC-HMS

• Tech Transfer Materials and 
Documentation

• Purposes of HEC-HMS

• Software Demonstration
• Generating a Flow Forecast for Magat 

River, Philippines

• Break

• Sediment and Reservoir Siltation

• Upcoming Enhancements

• Q&A
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https://www.hec.usace.army.mil/confluence/display/HMSGUIDES/Generating+a+Flow+Forecast+for+Magat+River%2C+Philippines
https://www.hec.usace.army.mil/confluence/display/HMSGUIDES/Generating+a+Flow+Forecast+for+Magat+River%2C+Philippines
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• USACE – Hydrologic Engineering 
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• Watershed Scale Sediment and Post-Fire 
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HEC-HMS Overview

• Free!

• ~75,000 downloads per year

• Latest Release
• Version 4.10

• Beta Release
• Version 4.11-beta.16

• MacOS and Linux versions 
available
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Link to Downloads

https://www.hec.usace.army.mil/software/hec-hms/downloads.aspx


Tech Transfer Materials and Documentation

• Training Materials
• Tutorials and Guides

• Hydrologic Modeling with HEC-
HMS

• Advanced Applications of HEC-
HMS

• Hydrology and Hydraulics for 
Dam Safety

• Webinars

• Conference Materials
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• Documentation
• Release Notes

• User’s Manual

• Technical Reference Manual

• Applications Guide

• Validation Guide

https://www.hec.usace.army.mil/confluence/hmsdocs/hmsguides
https://www.hec.usace.army.mil/confluence/hmsdocs/hmstr/hydrologic-modeling-with-hec-hms-2022-86907777.html
https://www.hec.usace.army.mil/confluence/hmsdocs/hmstr/hydrologic-modeling-with-hec-hms-2022-86907777.html
https://www.hec.usace.army.mil/confluence/hmsdocs/hmstr/advanced-applications-of-hec-hms-2023-133996386.html
https://www.hec.usace.army.mil/confluence/hmsdocs/hmstr/advanced-applications-of-hec-hms-2023-133996386.html
https://www.hec.usace.army.mil/confluence/hmsdocs/hmstr/hydrology-hydraulics-for-dam-safety-2022-111838933.html
https://www.hec.usace.army.mil/confluence/hmsdocs/hmstr/hydrology-hydraulics-for-dam-safety-2022-111838933.html
https://www.hec.usace.army.mil/confluence/hmsdocs/hmstr/hec-hms-usace-hh-c-cop-webinar-series-51479129.html
https://www.hec.usace.army.mil/confluence/hmsdocs/hmstr/conference-materials-76908661.html
https://www.hec.usace.army.mil/confluence/hmsdocs/hmsum/4.11/release-notes/v4-11-0-release-notes
https://www.hec.usace.army.mil/confluence/hmsdocs/hmsum/latest
https://www.hec.usace.army.mil/confluence/hmsdocs/hmstrm
https://www.hec.usace.army.mil/confluence/hmsdocs/hmsag
https://www.hec.usace.army.mil/confluence/hmsdocs/hmsvg/latest


Tech Transfer Materials and Documentation

8
Link to Tutorials and Guides

https://www.hec.usace.army.mil/confluence/hmsdocs/hmsguides


Tech Transfer Materials and Documentation
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Basic HEC-HMS Class Materials

https://www.hec.usace.army.mil/confluence/hmsdocs/hmstr/hydrologic-modeling-with-hec-hms-2022-86907777.html


Tech Transfer Materials and Documentation
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HEC-HMS Webinars

https://www.hec.usace.army.mil/confluence/hmsdocs/hmstr/hec-hms-usace-hh-c-cop-webinar-series-51479129.html


Purpose of HEC-HMS

• Simulate the hydrologic processes of dendritic 
watersheds

• Estimate runoff for short (hours to days) and long (months to years) time 
windows

• Analyze water availability, urban drainage, flow forecasting, future 
urbanization impacts, reservoir spillway design, flood damage reduction, 
floodplain regulation, systems operation, and sediment transport

• Generate output(s) for use in other applications
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Purpose of HEC-HMS
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Purpose of HEC-HMS
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Major

Moderate

Minor

Uncertain Snow Melt Uncertain Runoff



Other Common Use Cases

• Feasibility Studies

• Dam and Levee Safety Risk 
Assessments

• Flow- and Stage-Frequency 
Analyses

• Flood Forecasting

• Quantitative Climate Change 
Assessments
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Software Demonstration
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“The views, opinions and findings contained in this report are those of the authors(s) and should not be 
construed as an official Department of the Army position, policy or decision, unless so designated by other 

official documentation.”

SURFACE EROSION & SEDIMENT TRANSPORT MODELING 

CAPABILITIES IN HEC-HMS

Jay Pak, Ph.D., P.E.
Watershed Scale Sediment and Post-Fire Hydrology/Debris Flow 

Analysis Specialist, USACE IWR-HEC
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OVERVIEW

1. Surface Erosion and Sediment Transport Process

2. Surface Erosion Method (Watershed/Subbasin)

3. Transport Potential Functions (Channel/Reach)

4. Dynamic Volume Reduction/Siltation Method (Reservoir)

5. Case Studies:

▪ Large Reservoir Volume Reduction Studies (Long-Term Simulation)

▪ Sediment Analysis Study with Upper North Bosque River Watershed (UNBRW), TX 
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SUBBASIN: MUSLE EQUATION

• Modified Universal Soil Loss Equation (MUSLE).
• Developed by Williams, 1975.

• Rainfall energy factor replaced by Runoff factor

• Incorporates detachment and transport

• Applicable to individual storms

– Sed = Sediment Yield per Event (metric tons)
– Qsurf =  Surface Runoff Volume (m3)
– qpeak =  Peak Runoff Rate (m3/s)
– K = Soil Erodibility Factor
– LS = Topographic Factor
– C = Cover and Management Factor
– P = Support Practice Factor

PCLSK)q11.8(QSed 0.56

peaksurf =
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•Ackers-White (1973)

•Englund-Hansen (1967)

•Laursen (1968)-Copeland (1989)

•Myer-Peter-Müller (1948)

•Toffaleti (1968)

•Yang (1973/1984)

•Wilcock (2001)

•Sediment Delivery Ratio (SDR)
Sources: HEC-RAS 1D Sediment Transport User’s Manual (https://www.hec.usace.army.mil/confluence/rasdocs/rassed1d/1d-sediment-transport-technical-reference-manual/computing-transport-capacity)

REACH: TRANSPORT POTENTIAL FUNCTIONS
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REACH: TRANSPORT CAPACITY

Bed Material and Inflowing Load divided into separate grain classes 
(up to 20)

Transport Potential is calculated for each grain size

Transport Capacity (Existing 7-transport Potential Functions) = 
(Transport Potential for each grain size) X (fraction of that material 
in active layer of bed)

SDR is not function of fraction of each grain size material in active 
layer of bed)

Transport Potential = Transport Capacity

𝑇𝑐 =

𝑗=1

𝑛

𝛽𝑗𝑇𝑗

Where:

Tc = Total transport capacity

N = number of grain size classes

bj = % of active layer composed of 

material in grain size class “j”

Tj = Transport potential computed for 

100% of the material grain class “j”
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•Fisher’s

•Linear Reservoir

•Uniform Equilibrium

•Volume Ratio

•Muskingum

REACH: SEDIMENT CHANNEL ROUTING

channel

channel

out
out Sed

Volume

Volume
Sed =
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RESERVOIR: CHEN’S SEDIMENT TRAP 

EFFICIENCY METHOD (CHEN 1975)
• Critical settling velocity

• Trapping Efficiency
• Stratified (quiescent) reservoir (upper bound)

• Mixed (turbulent) reservoir (lower bound)

– The settling velocity is computed using the method selected for the Basin Model. 
– The critical settling velocity is computed as the discharge rate (Q) from the reservoir divided by the surface area (A). The computations are 

performed separately for each grain size class or subclass.
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RESERVOIR: BRUNE’S SEDIMENT TRAP 

EFFICIENCY METHOD (BRUNE 1953)
• Capacity/Annual Inflow Ratio

• Vres = Reservoir Capacity

• Vinflow = Annual Inflow (A user specified initial value is required)

• Trapping Efficiency

• a = Coefficient (Low=95, Medium=97, High=100)

• b = Coefficient (Low=5.37, 6.42, High=7.71)

𝑉∗ =
𝑉𝑟𝑒𝑠

𝑉𝑖𝑛𝑓𝑙𝑜𝑤

𝑇𝐸 = 𝑎 1 − 2𝑒−𝑏𝑉∗
0.35
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RESERVOIR: SEDIMENT ROUTING METHODOLOGY

• Sediment deposition

• Suspended sediment

• Outflow sediment
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RESERVOIR: VOLUME REDUCTION PROCESS

Clay & Slit: Only 1-Option (V-Shape)

Sand & Gravel: 2-Optopn (V-Shape or Elongated Taper)
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RESERVOIR: HEC-HMS GUI FOR TWO SEDIMENT 

TRAP EFFICIENCY METHODS
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Basin Model
– Inflow element

– Reservoir element 

– Outflow element

Inflow Element
– Daily sediment loads taken from the Kansas Watershed Study

– Incoming gradation from USGS measurements 

Reservoir Element
- Initial elevation-storage and elevation-area tables

- Trapping Efficiency: both the Brune and Chen methods tested

- Deposition Shape: both the V-shape and Elongated tested

- Outflow: specified release

Control Specifications
- Timestep: 12 hours

- Simulation period 

• Tuttle Creek: 1972-2020 

• Kanopolis: 1960-2017

• Perry: 1979-2009

CASE STUDIES: LARGE RESERVOIR VOLUME 

REDUCTION
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TUTTLE CREEK RESULTS

Calibration Method
• Shifted majority of fine and silt fraction 

to sand

• Maintained volume balance by 

lowering sand and clay specific 

weights

• Final gradation was 5% clay and 95% 

sand

• Models further calibrated by adjusting 

sand specific weight

• Measured data may have errors
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KANOPOLIS RESULTS (OLDER SURVEYS)

Calibration

• Applied same methodology as 

for Tuttle Creek

• Kanopolis showed more 

deposition at lower elevations

• Final gradation was 10% clay 

and 90% sand.

• Errors in the observed data.
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POOL ELEVATION

Modeled pool elevation matched well with observed

Without sediment, the model underpredicts stage by as much as 9 feet
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HEC-RAS Model
• 1D quasi-unsteady sediment

• Same inputs for incoming 

sediment load

• Calibrated to the 2009-2020 

period

Comparison
• Both model agreed relatively well

• HEC-RAS deposits more 

sediment at higher elevations

HEC-RAS COMPARISON
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CASE STUDY: UNBRW

2-D Model

• 2D Area: 3.3 mi2 (8.5 km2)

• Elevation: 1457 ft – 1624 ft (444 m – 495 m)

• Terrain Model: 10 m DEM

• Grid Cell Number: 4035

• Grid Cell Size: 150 ft X 150 ft

Outlet

2-D STM Results
• Water Depth
• Flow Velocity
• Concentration
• Bed Change

1-D Results 2-D Results

Source: https://ascelibrary.org/doi/full/10.1061/%28ASCE%29HE.1943-5584.0001205

1-D Model

• Precipitation: 750 mm/year

• Soil Type: fine sandy loams
• 1D Area: 355.6 mi2 (921 km2)
• Elevation: 299 m - 495 m
• Subbasin: 68
• Reservoir: 40



Upcoming Enhancements

• Ensemble analysis 
enhancements

• Time-varying parameters

• Temporal disaggregation of daily 
gridded inputs

• Gridded data modeling 
enhancements

• Stochastic Storm Transposition

• Sediment transport and debris 
flow enhancements
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Stochastic Storm Transposition



Interface Translation

• HEC-HMS was designed to 
operate independent of 
regional and language 
settings on a user’s 
computer

• 95+ language, countries, 
and/or locales are 
supported
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Interface Translation Guide

https://www.hec.usace.army.mil/software/hec-hms/documentation/HEC-HMS_Interface_Translation_Guide.pdf


Thank You!
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https://www.hec.usace.army.mil/software/hec-hms/

https://www.hec.usace.army.mil/software/hec-hms/
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