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1. Introduction  
 

Section 14 of the Continuing Authorities Program (CAP) provides the U.S Army Corps of Engineers 

(USACE) the authority to implement projects to protect public facilities and facilities in imminent 

threat of damage or failure by natural erosion processes in streambanks and shorelines.  The 

Pennsylvania Department of Transportation (PennDOT) under the provisions of the CAP Section 14 

authority, requested that USACE, Baltimore District, complete a formal study to investigate 

emergency streambank stabilization of erosion affecting State Route (SR) 1005 along Starrucca Creek 

in Thompson Township, Susquehanna County, Pennsylvania.   

1.1. Study Area and Study Purpose 
 

The project site is located in Thompson Township, Susquehanna County, Pennsylvania, along State 

Route 1005 between the townships of Thompson and Starrucca, northeast of Scranton. Currently, 

Starrucca Creek has shifted from its historical channel, toward SR 1005, causing the erosion of the 

road’s foundation.   The study area is within the Starrucca Creek watershed (Figure 1.1).  The Starrucca 

Creek watershed to the project site is 9.1 square miles in size.  The watershed is 83-percent forested, 

with minimal impervious area. The studied reach is approximately 1,200 feet, straddling the project 

site (Figure 1.2).  The channel in this location is heavily wooded with downed trees causing a braided 

channel and the relocation of the historical channel location.   

The purpose of this study is to determine the existing-condition 1%-annual chance flood depth, 

velocity in the channel, and water surface elevation using hydrologic and hydraulic modeling.  In 

addition, the study was completed to determine the changes in the hydraulic outputs referenced 

above between the existing-conditions and “with-project” conditions. This document outlines the 

hydrologic and hydraulic analysis to support this investigation.  

1.2. Previous Studies 
 

There are no detailed previous studies that can be leveraged for this investigation.  The Federal 

Emergency Management Agency (FEMA) has a Flood Insurance Study (FIS) published for Susquehanna 

County on 4/2/2013.  Starrucca Creek is shown as a Zone A on the FEMA Flood Insurance Rate Maps 

(FIRMS), which means the 1%-annual chance floodplain was delineated using approximate methods 

(Figure 1.3).  Thus, no detailed analyses are available. 

2. Hydrologic Analysis 
 

Peak flows were determined for Starrucca Creek in the studied reach using regression equations from 

the United States Geological Survey (USGS) Scientific Investigations Report (SIR) 2019-5094.  The 

studied reach of Starrucca Creek in located in Flood Flow Region 1, where the computation variables 

used in the regression equations are drainage area (in square miles) and maximum basin elevation (in 

feet). These variables were determined using the USGS StreamStats program (Version 4), and the 
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Figure 1.1: Starrucca Creek Watershed to the Project Site 

 

Figure 1.2: Starrucca Creek Studied Reach 

Studied Reach 

Studied Reach 
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Figure 1.3: FEMA 1%-Annual Chance Floodplain at Project Site 

 

regression equations were used to calculate the existing-conditions 1%-percent annual chance flood 

peak flow. The drainage area to the project site is 9.1 square miles, the maximum basin elevation is 

2,135 feet. The estimated existing-conditions 1%-percent annual chance peak flow is 2,600 cubic feet 

per second (cfs). 

The hydraulic analysis in this study utilized a two-dimensional (2D) model using the USACE program 

Hydrologic Engineering Center-Riverine Analysis System (HEC-RAS) (version 6.6) to simulate the flows 

through the floodplain (discussed in Section 3).  The 2D model requires a flow hydrograph at inflow 

points.   Therefore, the flow from the regression equations were used to produce a hypothetical flow 

hydrograph for the 1%-annual chance flood that peaks at the regression equations estimated peak 

flow. The hydrograph shape was created assuming a normal time distribution as the watershed is 

highly forested.  The storm was assumed to be approximately 96 hours in duration to assess the 

watershed’s response to the 24-hour storm. The date was set randomly between 14May2025 to 

18May2025. The existing-conditions 1%-annual chance flood hydrograph is shown in Figure 2.1.

PROJECT SITE 
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Figure 2.1: 1%-Annual Chance Flood Flow Hydrograph for Starrucca Creek Studied Reach 

 

3. Existing-Conditions Hydraulic Analysis 
 

A 2D hydraulic model was developed for the studied reach of Starrucca Creek. The USACE HEC‐RAS 

(Version 6.6), was used to develop a geo‐referenced, two-dimensional model to calculate existing-

conditions 1%-annual chance flood elevation, flood depth, and flood velocity. 

3.1. Topographic Data 
 

An accurate terrain model is essential when creating a HEC-RAS model with two-dimensional flow 

areas.   A digital elevation model (DEM) was developed using two sources.  The first source, within the 

channel and immediate overbank areas, was developed using a survey completed by PennDOT in April 

2025.  A DEM was created using the points surveyed by PennDOT.  The second source was a DEM 

obtained from USGS, collected in 2019, and was used for the overbank areas further from the channel. 

These two terrain sources were merged to create a project DEM (Figure 3.1).  All elevations are in 

North American Vertical Datum of 1988 (NAVD) vertical datum and Pennsylvania State Plane North 

horizontal datum. 

Two-dimensional hydraulic modeling with HEC-RAS is based on a computational grid (mesh) that 

preprocesses hydraulic property tables from the underlying terrain. This retains the detail of the 

terrain instead of averaging the terrain into one data point per cell. Selecting the grid size for a 2D 

flow area is an iterative process that depends on the underlying terrain, velocity of flow,  

2,600 cfs 
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Figure 3.1: Existing-Conditions DEM and Mesh for Studied Reach 

 

and the overall size of the model. For the 2D HEC-RAS model for the studied reach of Starrucca Creek, 

multiple computational grid sizes were initially tested. A 3 feet grid cell size was chosen for the overall 

two-dimensional studied reach. This cell size allows the area of erosion at the project site to be 

captured by the mesh.   

3.2. Manning’s Roughness Values 
 

Roughness values for the studied reach were estimated based upon field reconnaissance.  Based upon 

values and guidance in the HEC-RAS Hydraulic Reference Manual, the roughness value of 0.08 was 

used for both the channel and overbank areas.  This value is recommended in the reference manual 

for the existing condition of the channel and overbank areas, with a heavy stand of timber, a few 

down trees, little undergrowth, and flow below the branches (Figure 3.2). In addition, the channel is 

braided which would lead to higher roughness values. 

3.3. Reach Boundary Conditions 
 

The 2D HEC-RAS model requires boundary conditions.  For the upstream inflow to the studied reach, 

the hydrograph shown in Figure 2.1 was used.  For downstream of the studied reach, a normal depth 

slope of 0.0050 was used. 

PROJECT SITE 
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Figure 3.2: Assigning Roughness Values Based upon Field Conditions 

 

3.4. Model Calibration 
 

Calibration is the adjustment of hydraulic variables to match high water marks or other data such as 

video, photographs, or eye-witness accounts.  For this study, there were no data available to calibrate 

the model. 

4. Existing-Conditions Results 
 

The HEC-RAS model for the existing-conditions 1%-annual chance flood was run with a 1-minute time 

step.  The results are listed on Table 4.1 with existing-conditions flood mapping and profile outputs 

(pink line) at the project site shown on Figures 4.1-4.3. 

 

Table 4.1: Existing-Conditions Hydraulic Results for Project Site 

Hydraulic Variable Value 

Water Surface Elevation (ft. NAVD88) 1405.7 

Depth (ft.) 5.0 

Velocity (ft/sec) 6.5 
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Figure 4.1: Existing-Conditions 1%-Annual Chance Maximum Flood Depth at Project Site 
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Figure 4.2: Existing-Conditions 1%-Annual Chance Maximum Velocity in Channel at Project Site 

´

Existing Channel 
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Figure 4.3: Existing-Conditions 1%-Annual Chance Maximum Water Surface Elevation at Project Site 
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Existing Channel 
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5. With-Project Hydraulic Analysis 
 

The Feasibility Report  for this project outlines the with-project conditions required to address the 

erosion issues along State Route 1005.  Alternative 2 was selected in the FID, and it consists of 

realigning Starrucca Creek. Alternative 2 consists of realigning Starrucca Creek to the historical 

floodplain and reinforcing the streambank with riprap to reduce erosion and restabilize State Route 

1005 (Figures 5.1 and 5.2). To realign Starrucca Creek to its historical channel, earth material will be 

removed from the existing sediment deposited areas. To protect the streambank from further 

erosion, R5 riprap would be placed along the bottom of the approximate 180 feet realigned stream 

segment. Following the reestablishment of the stream channel, ASHTO #57 and R7 riprap would be 

added to the right bank to stabilize the streambank and road foundation. Woody debris will also be 

used throughout the realignment banks to further improve stability and promote aquatic habitat. 

 

 

Figure 5.1: Realignment of Starrucca Creek-Plan View 



11 
 

 

Figure 5.2: Realignment of Starrucca Creek-Cross-Section View 

 

For the with-project conditions, the realigned channel and other hydraulic features were incorporated 

into the existing-conditions project DEM. Based upon the concept design for the project, the channel 

was set at 26 feet wide, and the channel elevations from the project DEM were lowered by 1.5 feet, 

and a 10-foot bench was included in the right bank.  The with-project mesh for the 2D model is shown 

in Figure 5.3. 

The roughness value (0.08) for the channel and the overbank areas was retained for the with-project 

conditions.  This was done so that a comparison between the existing-conditions and with-project 

conditions would not be dictated by channel roughness and would be from the project of realigning 

the stream and armoring the stream with riprap to prevent the undercutting of State Route 1005.  The 
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upstream boundary condition, mesh size, and time step were all retained from the existing-conditions 

model. 

 

 

 

 

PROJECT SITE 

REVISED 

CHANNEL 
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Figure 5.3: With-Project DEM and Mesh for Studied Reach 

6. With-Project Conditions Results 
 

The HEC-RAS model for the with-project conditions 1%-annual chance flood was run with a 1-minute 

time step, just as the existing-conditions model.  The results are listed on Table 6.1 with the with-

project conditions flood mapping and profile outputs (pink line) at the project site shown on Figures 

6.1-6.3. 

 

Table 6.1: With-Project Hydraulic Results for Project Site 

Hydraulic Variable Value 

Water Surface Elevation (ft. NAVD88) 1405.1 

Depth (ft.) 5.0 

Velocity in Channel  (ft/sec) 6.3 

 

The 2D hydraulic modeling results for the project site indicate that Alternative 2, realigning Starrucca 

Creek, does not increase 1%-annual chance flood depth, velocity in the channel, or water surface 

elevation.  A comparison is shown in Table 6.2. 
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Table 6.2: Comparison of Existing-Conditions and With-Project Results for Project Site 

Hydraulic Variable Existing-
Conditions 

With-Project 
Conditions Difference 

Water Surface Elevation 
(ft. NAVD88) 1405.7 1405.1 -0.6 

Depth (ft.) 5.0 5.0 0.0 

Velocity in Channel (ft/sec) 6.5 6.3 -0.2 

 

 

 

 

 

´
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Figure 6.1: With-Project 1%-Annual Chance Maximum Depth at Project Site 
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Figure 6.2: With-Project 1%-Annual Chance Maximum Velocity in the Channel at Project Site 
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Figure 6.3: With-Project 1%-Annual Chance Maximum Water Surface Elevation at Project Site 

7. Future Hydrologic Conditions 
 

This analysis is part of the Resilience Program resources, the Comprehensive Hydrology Assessment Tool 

(CHAT) which can be found at  https://resilience.sec.usace.army.mil/chat/ and is available to USACE to 

help estimate future hydrologic conditions.  CHAT includes  statistically-downscaled Localized Construction 

Analogs (LOCA), Coupled Model Intercomparison Project Phase 5 (CMIP5) model outputs that are analyzed 

annually for the period available for analysis (1951-2099). Model outputs included in the tool are also 

analyzed comparatively by describing monthly, simulated changes between different epochs (time 

periods). 

CHAT allows users to visualize annual streamflow, precipitation, and temperature time series model 

outputs and to perform simulated trend analysis for these annual time series. Annual model output is 

assessed for both a historic period (water years 1951-2005) and a future period (water years 2006-2099). 

The CHAT includes robustness metrics which gives users insight into the inter-model robustness of the 

modeled change for a selected variable. Robustness metrics provide an assessment of whether most 

CMIP5 models agree on the direction of the future trend and whether most models agree that the future 

trend is significant relative to the historical variability. 

Starrucca Creek is located in the Northeast corner of Pennsylvania within the HUC 4; 0205 – Susquehanna 

River, HUC 8; 02050101 – Upper Susquehanna is identified as Stream Segment number 02001307, See 

Figure 7.1. From the data shown in the figures below (Figures 7.2-7.4), future stream flows are predicted 

to decrease over time.  Overall streamflow will decrease slightly, with average daily air temperature 

increasing.  Warmer air can hold more moisture which is a contributing factor to the hydrologic changes.  

https://resilience.sec.usace.army.mil/chat/
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Figure 7.5 shows the anticipated future mean monthly stream flows based on historic trend data that goes 

back to 1950.  

 

 

Figure 7.1: Stream Segment Number 02001307 

 

Figure 7.2: Future Stream Flow 1 
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Figure 7.3: Future Stream Flow 2 
 

 

Figure 7.4: Future Stream Flow 3 
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Figure 7.2: Anticipated Future Mean Monthly Stream Flows 
 

Based on the historical data from 1950 to 2005 then data shows a trend of -0.215 utilizing a traditional 

slope and is predicted to trend at -0.2357 based on modeling methods.  Resulting in a reduction in stream 

flows utilizing linear regression. 

8. Conclusions 
The purpose of this study is to determine the existing-condition 1%-annual chance flood depth, 

velocity in the channel, and water surface elevations using hydrologic and hydraulic modeling at the 

project site along Starrucca Creek.  In addition, the study was completed to determine the changes in 

the hydraulic outputs referenced above between the existing-conditions and with-project conditions.  

The results of the study conclude that the with-project conditions do not cause an increase in depth, 

velocity in the channel, and water surface elevation at the project site for the 1-percent annual chance 

flood.   
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	3.4. Model Calibration 
	 
	Calibration is the adjustment of hydraulic variables to match high water marks or other data such as video, photographs, or eye-witness accounts.  For this study, there were no data available to calibrate the model. 
	4. Existing-Conditions Results 
	 
	The HEC-RAS model for the existing-conditions 1%-annual chance flood was run with a 1-minute time step.  The results are listed on Table 4.1 with existing-conditions flood mapping and profile outputs (pink line) at the project site shown on Figures 4.1-4.3. 
	 
	Table 4.1: Existing-Conditions Hydraulic Results for Project Site 
	Hydraulic Variable 
	Hydraulic Variable 
	Hydraulic Variable 
	Hydraulic Variable 
	Hydraulic Variable 

	Value 
	Value 



	Water Surface Elevation (ft. NAVD88) 
	Water Surface Elevation (ft. NAVD88) 
	Water Surface Elevation (ft. NAVD88) 
	Water Surface Elevation (ft. NAVD88) 

	1405.7 
	1405.7 


	Depth (ft.) 
	Depth (ft.) 
	Depth (ft.) 

	5.0 
	5.0 


	Velocity (ft/sec) 
	Velocity (ft/sec) 
	Velocity (ft/sec) 

	6.5 
	6.5 
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	Figure
	Figure 4.1: Existing-Conditions 1%-Annual Chance Maximum Flood Depth at Project Site 
	 
	Artifact
	Artifact
	Artifact
	Artifact
	Artifact
	 
	 
	Artifact
	Existing Channel 
	Existing Channel 

	Artifact
	Artifact
	Figure
	Figure 4.2: Existing-Conditions 1%-Annual Chance Maximum Velocity in Channel at Project Site 
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	Figure
	Figure 4.3: Existing-Conditions 1%-Annual Chance Maximum Water Surface Elevation at Project Site 
	 
	 
	 
	5. With-Project Hydraulic Analysis 
	 
	The Feasibility Report  for this project outlines the with-project conditions required to address the erosion issues along State Route 1005.  Alternative 2 was selected in the FID, and it consists of realigning Starrucca Creek. Alternative 2 consists of realigning Starrucca Creek to the historical floodplain and reinforcing the streambank with riprap to reduce erosion and restabilize State Route 1005 (Figures 5.1 and 5.2). To realign Starrucca Creek to its historical channel, earth material will be removed 
	 
	 
	Figure
	Figure 5.1: Realignment of Starrucca Creek-Plan View 
	 
	Figure
	Figure 5.2: Realignment of Starrucca Creek-Cross-Section View 
	 
	For the with-project conditions, the realigned channel and other hydraulic features were incorporated into the existing-conditions project DEM. Based upon the concept design for the project, the channel was set at 26 feet wide, and the channel elevations from the project DEM were lowered by 1.5 feet, and a 10-foot bench was included in the right bank.  The with-project mesh for the 2D model is shown in Figure 5.3. 
	The roughness value (0.08) for the channel and the overbank areas was retained for the with-project conditions.  This was done so that a comparison between the existing-conditions and with-project conditions would not be dictated by channel roughness and would be from the project of realigning the stream and armoring the stream with riprap to prevent the undercutting of State Route 1005.  The 
	upstream boundary condition, mesh size, and time step were all retained from the existing-conditions model. 
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	Figure
	Figure 5.3: With-Project DEM and Mesh for Studied Reach 
	6. With-Project Conditions Results 
	 
	The HEC-RAS model for the with-project conditions 1%-annual chance flood was run with a 1-minute time step, just as the existing-conditions model.  The results are listed on Table 6.1 with the with-project conditions flood mapping and profile outputs (pink line) at the project site shown on Figures 6.1-6.3. 
	 
	Table 6.1: With-Project Hydraulic Results for Project Site 
	Hydraulic Variable 
	Hydraulic Variable 
	Hydraulic Variable 
	Hydraulic Variable 
	Hydraulic Variable 

	Value 
	Value 



	Water Surface Elevation (ft. NAVD88) 
	Water Surface Elevation (ft. NAVD88) 
	Water Surface Elevation (ft. NAVD88) 
	Water Surface Elevation (ft. NAVD88) 

	1405.1 
	1405.1 


	Depth (ft.) 
	Depth (ft.) 
	Depth (ft.) 

	5.0 
	5.0 


	Velocity in Channel  (ft/sec) 
	Velocity in Channel  (ft/sec) 
	Velocity in Channel  (ft/sec) 

	6.3 
	6.3 




	 
	The 2D hydraulic modeling results for the project site indicate that Alternative 2, realigning Starrucca Creek, does not increase 1%-annual chance flood depth, velocity in the channel, or water surface elevation.  A comparison is shown in Table 6.2. 
	 
	Table 6.2: Comparison of Existing-Conditions and With-Project Results for Project Site 
	Hydraulic Variable 
	Hydraulic Variable 
	Hydraulic Variable 
	Hydraulic Variable 
	Hydraulic Variable 

	Existing-Conditions 
	Existing-Conditions 

	With-Project Conditions 
	With-Project Conditions 

	Difference 
	Difference 



	Water Surface Elevation 
	Water Surface Elevation 
	Water Surface Elevation 
	Water Surface Elevation 
	(ft. NAVD88) 

	1405.7 
	1405.7 

	1405.1 
	1405.1 

	-0.6 
	-0.6 


	Depth (ft.) 
	Depth (ft.) 
	Depth (ft.) 

	5.0 
	5.0 

	5.0 
	5.0 

	0.0 
	0.0 


	Velocity in Channel (ft/sec) 
	Velocity in Channel (ft/sec) 
	Velocity in Channel (ft/sec) 

	6.5 
	6.5 

	6.3 
	6.3 

	-0.2 
	-0.2 
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	Figure 6.1: With-Project 1%-Annual Chance Maximum Depth at Project Site 
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	Velocity at roadway embankment reduced 
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	Figure 6.2: With-Project 1%-Annual Chance Maximum Velocity in the Channel at Project Site 
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	Figure 6.3: With-Project 1%-Annual Chance Maximum Water Surface Elevation at Project Site 
	7. Future Hydrologic Conditions 
	 
	This analysis is part of the Resilience Program resources, the Comprehensive Hydrology Assessment Tool (CHAT) which can be found at   and is available to USACE to help estimate future hydrologic conditions.  CHAT includes  statistically-downscaled Localized Construction Analogs (LOCA), Coupled Model Intercomparison Project Phase 5 (CMIP5) model outputs that are analyzed annually for the period available for analysis (1951-2099). Model outputs included in the tool are also analyzed comparatively by describin
	https://resilience.sec.usace.army.mil/chat/
	https://resilience.sec.usace.army.mil/chat/


	CHAT allows users to visualize annual streamflow, precipitation, and temperature time series model outputs and to perform simulated trend analysis for these annual time series. Annual model output is assessed for both a historic period (water years 1951-2005) and a future period (water years 2006-2099). The CHAT includes robustness metrics which gives users insight into the inter-model robustness of the modeled change for a selected variable. Robustness metrics provide an assessment of whether most CMIP5 mo
	Starrucca Creek is located in the Northeast corner of Pennsylvania within the HUC 4; 0205 – Susquehanna River, HUC 8; 02050101 – Upper Susquehanna is identified as Stream Segment number 02001307, See Figure 7.1. From the data shown in the figures below (Figures 7.2-7.4), future stream flows are predicted to decrease over time.  Overall streamflow will decrease slightly, with average daily air temperature increasing.  Warmer air can hold more moisture which is a contributing factor to the hydrologic changes.
	Figure 7.5 shows the anticipated future mean monthly stream flows based on historic trend data that goes back to 1950.  
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	Figure 7.1: Stream Segment Number 02001307 
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	Figure 7.2: Future Stream Flow 1 
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	Figure 7.3: Future Stream Flow 2 
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	Figure 7.4: Future Stream Flow 3 
	 
	Figure
	Figure 7.2: Anticipated Future Mean Monthly Stream Flows 
	 
	Based on the historical data from 1950 to 2005 then data shows a trend of -0.215 utilizing a traditional slope and is predicted to trend at -0.2357 based on modeling methods.  Resulting in a reduction in stream flows utilizing linear regression. 
	8. Conclusions 
	The purpose of this study is to determine the existing-condition 1%-annual chance flood depth, velocity in the channel, and water surface elevations using hydrologic and hydraulic modeling at the project site along Starrucca Creek.  In addition, the study was completed to determine the changes in the hydraulic outputs referenced above between the existing-conditions and with-project conditions.  The results of the study conclude that the with-project conditions do not cause an increase in depth, velocity in
	 
	 
	 



