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Photo from Washington County DPW 



Ice Jam Formation 

Figure from USACE-ERDC 



January 13-14th Ice Jam Event 

Conococheague River 
 
 3.5-mile ice jam 

 River stage approximately 4.5 feet 
higher than normal 

 Residents lost roadway access to 
homes due to flooding 

 Structural concerns at Kemps Mill 
Road Bridge 

 Concern of additional flooding 
 



Conococheague Creek January 14, 2018 

Video footage from Washington County DPW 



Ice Formation (2 week sub freezing temps) 

68 degrees 
1.1 inches rainfall 

Ice jam formation 

Thermal decay 

Mechanical breakup/ 
ice run 

Weather Summary and Ice Conditions 



Ice Jam 
formation 

Deliverables 
submitted 

Project Timeline 

RK&K site 
visit 



What I heard was something to the effect of: 
 
“Tell us what is going to happen based on anticipated 
weather forecast…as soon as possible” 

 
County Concerns: 
 
• Public Safety 

• Potential future ice build up 
• Potential future flooding 
 due to ice break up/ 
 additional rain 
• Emergency action plan 

• Bridge Structural Concerns 
 

Project Scope 



• Upstream USGS Stream Gage 
• Local weather gage information 
• Detailed HEC-RAS model of Conococheague Creek (mdfloodmaps.com) 
• Limited bridge as-built information 

Available Data 



How do we give the County something useful to help manage risk? 
 
 
 
 

• Use the Ice Jam routine in HEC-RAS to calibrate ice jam parameters 
to observed measurements 

• Run future scenarios in HEC-RAS using calibrated parameters, 
including “best-predicted” and “worse case” 

• Tie scenarios to gage discharge data (rating curves) 

• Provide County Emergency Management staff planning information 
correlating gage discharge to flood elevation 
 

 

Challenge 

Solution 



• Observe site conditions 

• Take measurements for 
model calibration 
 

 

Site Visit (Jan. 15, 2018)  



Field Measurements 
 

Used “measure down” and as-builts to 
determine ice elevation at Bridge (current 
and peak) 

Measured ice thickness  



Study Area Watershed 



Effective HEC-RAS Model Profile 
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HEC-RAS Ice Jam Basics 
 

Hydraulic capacity of the channel/floodplain decreases due to ice formation.  

 

Factors include: 

• Reduced hydraulic radius/flow area 

• Increased roughness/wetted perimeter 

 

HEC-RAS solution simultaneously solves: 

• Energy equation for the liquid section  

• Force balance equation for the ice 

 

Limitations: 

• HEC-RAS does not model melting/freezing conditions.  
 
 
 
 

 



HEC-RAS Ice Cover Parameters  



USGS Gage Correlation Assumptions 
 
• Due to large watershed (566 sq. mi.), difficult to correlate rainfall with runoff (and 

ice melt contribution).  
 

• Upstream gage was close enough to provide estimates of peak flows (within 10% 
drainage area), while being far enough away to give Emergency Management 
Services time to react to potential flooding (7-8 hours lag time from gage to site).  
 

• Used upstream USGS stream gage peak flow of 2,770 cfs to calibrate model to 
observed ice elevation. 
 

• Upstream gage became foundation for monitoring by local officials.  
 
 

 
 



HEC-RAS Model Parameter Calibration 

HEC-RAS calibration to within 0.4-feet 
of measured peak ice elevation 
 

Measured peak ice 
elev. = 357.5 

Calibrated peak ice 
elev. = 357.9 



Potential Future Flooding Scenarios 
 
 
Scenario 1 (Baseline with Ice Jam @ Kemps Mill Dam) – Flooding 
potential based on an ice jam formation downstream of Kemps Mill 
Road bridge using the calibrated parameters from the January 13-14 
event.  
  
Scenario 2 (Conservative with Ice Jam @ Kemps Mill Dam) – Flooding 
potential using conservative ice parameter assumptions (higher ice 
Manning’s n and thicker ice) with ice jam formation downstream of 
Kemps Mill Road bridge to create a worse-case flood scenario.  
  
Scenario 3 (Conservative with Ice Jam Downstream) – Flooding based 
on conservative ice parameter assumptions with ice jam formation just 
upstream of the confluence with the Potomac River based on an 
existing debris jam at MD-68 near the confluence with the Potomac 
River.   
 



HEC-RAS Flood Scenario Profiles 

Scenario 1 
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Scenario 2 

Scenario 3 



Deliverables for Onsite Emergency Management 



So….What Happened? 



Post Ice Jam Weather Conditions 

Ice jam formation 



Lessons Learned 
 

1.The rating table of potential flooding was difficult to 
conceptualize.  
 

2.Time was of the essence.  Needed to make 
assumptions for range of scenarios such as best-
predicted and worst-case scenarios.   
 

3.Ice jam flooding is highly weather dependent which 
cannot be accounted for with HEC-RAS.  Can only 
model flooding based on one ice condition. 
 

4.Availability of USGS gage data, FEMA detailed model, 
and as-built data was critical to calibrate the HEC-
RAS model ice jam parameters. 
 

  



Questions? 
 
 
 

Jason Coleman, PE 
jcoleman@rkk.com 
717-840-3637 
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