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Musselshell Watershed Flood Study 

Rosebud 
 County 

Petroleum                       14  
County             Reach (RM) 

Musselshell/Rosebud    106  
Golden Valley                  51  
Wheatland                       54  
Total                              225  

Presentation 

PTS 
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Musselshell and Antelope Creek at Harlowton, MT 

Antelope Creek 

Musselshell River. 

Confluence 

Historic Railroad Grade 
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Musselshell Watershed 
N 

= 1,108 mi2 

= 8,651 mi2 

Watershed at Harlowton 
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Antelope Creek Watershed 

Watershed at Harlowton 

N 

= 90.9 mi2 
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Watershed Characteristics and Flood Frequency: 

Musselshell River & Antelope Creek Confluence Detailed Flood Study 
 

Antelope Creek** 

 USGS Gaging Station 

Drainage Area 

(square miles) 

Annual Chance Peak Flow Rates (cfs) 
Flood of 
Record 

(cfs/year) 

10% 

(10-year) 

2% 

(50-year) 

1% 

(100-year) 

0.2% 

(500-yr) 
Antelope Creek at 
Harlowton, MT 90.9 1,520 4,950 21,490 91,550 24,400/1950 

Musselshell River* 

 USGS Gaging Station 

Drainage Area 

 (square miles) 

Annual Chance Peak Flow Rates (cfs) 
Flood of 
Record 

(cfs/year) 

10% 

(10-year) 

2% 

(50-year) 

1% 

(100-year) 

0.2% 

(500-yr) 
Musselshell River at 
Harlowton, MT 1,108 2,610 4,756 5,848 8,816 5,520/2011 

** Montana Department of Natural Resources and Conservation (DNRC), Hydrology Design Report, 
Antelope Creek Detailed Floodplain Study Wheatland County, MT, January 2016. 

* Pioneer Technical Services, Inc. Musselshell River Floodplain Study - Phase 1, Musselshell River 
Hydrologic Analysis Report, May 1, 2015. 
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Hydraulic modeling of the detailed flood study: 
 

Musselshell River & Antelope Creek Confluence Detailed Flood Study 

• 1D modeling with HEC-RAS Version 4.1.0 within GeoHECRAS© computer 
program. 

• Cross section geometry developed from: 
a)   2015 LiDAR survey by Quantum Spatial, Inc. 
b)   2015 bathymetric survey by Morrison-Maierle. 

• LiDAR overbank cross sections placed at bathymetric survey and hydraulic 
structure locations. 

• Split flow and secondary flow path modeling at flow junctions and overbank 
overtopping locations. 

• Antelope Creek watershed is 1/12 the size of Musselshell watershed but the 
100-year flood peak is 367% larger! 

• Antelope Creek flood flows routed to the confluence with the Musselshell 
River floodplain east of Harlowton. 
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Antelope Creek Hydraulic/Floodplain Mapping Challenge 

1. Antelope Creek Hydrology 
• ≈ 24,400-cfs calculated by the USGS (Mel Johnson) as 1950 flood 

peak (indirect method). 
• Life and property loss during to flood event. 
• Flood peak attenuated to ≈3,000-cfs 30-miles downstream at 

Musselshell River USGS gage. 

2. Gutter Line Hydraulic Modeling & Floodplain Mapping Technique 
• Modeling/Mapping approach coordinated with DNRC, FEMA, and 

COMPASS (FEMA reviewer). 
• Differing flood profiles and associated Base Flood Elevations (BFEs) 

are modeled & mapped in the vicinity of the confluence. 
• Floodway and floodplain delineation separated by a physical boundary 

(e.g. Abandoned Railroad Embankment) and a Gutter Line. 
• Iterative flow calculations required to determine Antelope Creek flow 

splits and flows lost from the Antelope Creek system to the Musselshell 
River floodplain to determine BFEs. 
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Antelope Creek Bridge After 1950 Flood Event 

Antelope Creek 

N 

* Photo Courtesy of USGS 
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Antelope Creek Split Flow Hydraulic Model 

Railroad Split 

Antelope Creek 

Antelope Overflow Split 

N 
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Antelope Creek Split Flow Tracking 

Railroad Split 

Antelope Creek Antelope Creek 

Antelope Overflow 

Antelope Creek 

Musselshell River 
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Musselshell River Hydraulic Model 

Railroad Split 

Antelope Creek Antelope Creek 

Antelope Overflow 

Antelope Creek 

Musselshell River 

N 
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1% Annual Chance Floodway: 

Musselshell River & Antelope Creek Confluence Detailed Flood Study 

• Montana has a 0.5-foot maximum surcharge standard versus Federal one- 
foot maximum surcharge. 
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Antelope Creek Floodplain Work Map: 

Musselshell River & Antelope Creek Confluence Detailed Flood Study 
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Musselshell River Floodplain Work Map: 

Musselshell River & Antelope Creek Confluence Detailed Flood Study (Luke Carlson) 
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Musselshell Watershed Flood Study Phase II 

Musselshell River & Antelope Creek Confluence Detailed Flood Study 

• Project Status 
– Floodplain Mapping task under review by FEMA’s independent reviewer 

(COMPASS). 

– Hydraulic and Floodplain Mapping tasks under review by local agencies. 

• Next Steps 
– Presentation of Preliminary FIRM’s at community meetings in 2017. 
– 90-day public review and appeal period for Preliminary FIRMs. 
– Final acceptance of the study will occur after the 90-day appeal period. 
– Revised effective FIS and FIRMs then published by FEMA.  
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Morrison-Maierle Floodplain Study Team: 

Musselshell River & Antelope Creek Confluence Detailed Flood Study 

• Mark Franchi, PE, CFM: Assistant Manager, Hydraulic Modeling   
• Luke Carlson, PE, CFM: Assistant Manager, Hydraulic Modeling & GIS 
• Kristyn Mayernik, PE, CFM: Task Manager, Work Map Preparation 
• Matt Barnes, PE, CFM: QC Review 
• Zachariah Campbell: Work Maps and QC Review 
• Jeff Roe, PLS: Hydraulic Structure and Bathymetric Survey 
• Ken Salo, PE: Principal-In-Charge and QA/QC Manager 
• Russ Anderson PE, CFM, Project Manager 
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Questions? 
 

Thank you,  
 
 

Musselshell River & Antelope Creek Detailed Flood Study 

Luke D. Carlson, PE, CFM  Mark A. Franchi, PE, CFM 
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