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Executive Summary     
 
This Hydraulic Analysis report has been prepared to evaluate the impacts of long term 
shoaling on the Flood Risk Management project located at Cayuga Inlet, Ithaca, New 
York.  Due to the lack of periodic maintenance dredging by the local sponsor, the New 
York State Department of Environmental Conservation (NYSDEC), significant shoaling 
has occurred within the three-mile long Flood Risk Management channel over the years 
since the project was originally constructed.  Evaluations within the report present the 
effects of sedimentation on the flow within the Cayuga Inlet channel and resultant 
impacts on the Cayuga Inlet floodplain.   
 
Multiple data sources were used as input to develop a GIS terrain model utilized within 
the hydraulic analysis including digital orthophotography, channel bottom soundings, 
light detection and ranging (LIDAR) ground elevation data, and “as-constructed” 
drawings.  The Hydrologic Engineering Center’s software program “River Analysis 
System” (HEC-RAS) was used to compute estimates of the water surface elevation along 
the Cayuga Inlet floodplain resulting from the 1% chance flood event (100-year flood) as 
determined from the Corps Project Design Flow and, from the FEMA Flood Insurance 
Study (FIS).  Illustrations are presented of the resulting floodplain using both the Project 
Design Flow and the FIS 100-year event, assuming existing conditions are maintained.  
 
In addition to analysis of flooding under existing conditions, analyses are presented to 
evaluate the effect of three dredging alternatives on the floodplain.  The alternatives 
evaluated include dredging only the lower channel, dredging of the lower and middle 
channel, and complete channel dredging including Old Cayuga Inlet and Sixmile Creek.  
Utilizing original channel geometry in comparison to current channel bottom terrain, 
rough order of magnitude quantity estimates for dredged materials were developed and 
are presented for each dredging alternative.   
 
The estimated quantity of sediment to be removed for the entire Flood Risk Management 
channel system is approximately 663,000 CY (610,000 CY of shoaling to be removed 
from the Cayuga Inlet “main” channel, 51,000 CY from the Old Cayuga Inlet/Sixmile 
Creek “side” channel, and 2,000 CY from the Cayuga Inlet drop structure stilling basin 
and sediment trap.  The quantities and cross-sections provided in this report are 
approximate (rough order of magnitude) and should not be used for design and 
construction purposes.  This information, however, may be useful for planning purposes.  
The dredging quantities indicated in this report are for the Flood Risk Management 
channel only.  The navigation channel may extend wider and deeper than the Flood Risk 
Management channel, particularly in Old Cayuga Inlet and, therefore, additional dredging 
quantity may be required.  For example, in Old Cayuga Inlet the Flood Risk Management 
channel is 50 feet wide while the navigation channel is approximately 100 feet wide. 
 
The report presents conclusions and recommendations from the context of bringing the 
project back into compliance with the original project design, and maintaining active 
status within the Corps of Engineers’ Rehabilitation and Inspection Program (RIP).  
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1. Introduction  
 
The purpose of this report is to conduct a hydraulic analysis that evaluates the impacts of 
long term shoaling on the Flood Risk Management project located at Cayuga Inlet, 
Ithaca, New York.  Due to the lack of periodic maintenance dredging by the local 
sponsor, New York State Department of Environmental Conservation (NYSDEC), 
significant shoaling has occurred within the three-mile long Flood Risk Management 
channel over the years since the project was originally constructed.  Evaluations within 
this report present the effects of sedimentation on the flow capacity within the Cayuga 
Inlet channel and resultant impacts on the Cayuga Inlet floodplain.   
 
Multiple data sources were input to develop the GIS terrain model utilized for the 
hydraulic analysis.  These sources include digital orthophotography, channel bottom 
soundings provided by the New York State Department of Transportation (NYSDOT), 
light detection and ranging (LIDAR) ground elevation data, and USACE “as-
constructed” drawings.  The Hydrologic Engineering Center’s software program “River 
Analysis System” (HEC-RAS) was used to compute estimates of the water surface 
elevation along Cayuga Inlet floodplain resulting from the 1% chance flood event (100-
year flood) as determined from the Corps Project Design Flood and from the FEMA 
Flood Insurance Study (FIS).  Illustrations are presented of the resulting floodplain using 
both the Project Design Flow and the FIS 100-year event, assuming existing conditions 
are maintained.  
 
Analyses are presented to evaluate flooding under existing conditions (no dredging) as 
well as the flooding effects resulting from three dredging alternatives.  The three 
alternatives evaluated include dredging only the lower channel, dredging of the lower and 
middle channel, and complete channel dredging including a portion of Old Cayuga Inlet 
and Sixmile Creek.  Utilizing original channel geometry in comparison to current channel 
bottom terrain, rough order of magnitude quantity estimates for dredged materials were 
developed and presented for each dredging alternative.   
 
The local sponsor, in conjunction with the City of Ithaca and the New York State Canal 
Corporation, is planning to perform navigation dredging along Cayuga Inlet and Old 
Cayuga Inlet (from Cayuga Lake to the Buffalo Street bridge).  The local sponsor is 
including dredging requirements for the Flood Risk Management project in their planning 
process.   
    
This report presents conclusions and recommendations from the context of bringing the 
Flood Risk Management project back into compliance with original project design and, 
maintaining active status within the Corps of Engineers’ Rehabilitation and Inspection 
Program (RIP).  It does not address navigation dredging requirements.   
 
2. Project Description 
 
The Cayuga Inlet Flood Risk Management project was constructed in three stages 
between 1965 and 1970 and rectified in 1977 along Coy Glen.  The project provides, 
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after rectification, approximately three miles of improved channel at the downstream end 
of Cayuga Inlet, including auxiliary diversion levees, bank protection, a fixed railroad 
bridge, drop structures, stilling basins, a fishway, and a diversionary stoplog closure.  The 
project on Cayuga Inlet was designed to protect the City of Ithaca against damages from 
floods equal to a one-percent (100-year) exceedence flood and reduce damages from a 
recurrence of the flood of record (1935).  The rectification work on Coy Glen was done 
to correct problems associated with high discharges and was based on protection against 
floods equal to a two-percent (50-year) exceedence flood.       
 
The features of the original project constructed in three stages between 1965 and 1970 are 
described in more detail as follows: 
 

a. Enlargement of the channel in Cayuga Inlet from its confluence with Cayuga 
Lake to a point 5,000 ft. upstream of the lake, with a bottom width varying 
from 320 ft. to 310 ft. 

 
b. A by-pass channel on a new alignment from the upstream end of the enlarged 

channel described above to a junction with the existing channel for a length of 
about 2,000 ft. and having a bottom width of 200 ft., then continuing upstream 
for about 2,750 ft. to a junction with the existing inlet having a bottom with of 
92 ft. (see photos 8 & 9). 

 
c. Realignment and enlargement of the existing channel from the junction 

described above for a distance of about 4,300 ft. and having a bottom width of 
105 ft., then narrowing to an 80 ft. bottom width at the Cayuga Inlet drop 
structure approximately 300 ft. upstream.  The drop structure acts a sediment 
trap (upstream side) and includes a 50-foot long stilling basin on the 
downstream side.    

 
d. The above channels were constructed using 2.5H: 1V side slopes. 
 
e. Inclusion of a 50-foot wide “side” channel extending along Sixmile Creek and 

Old Cayuga Inlet.  The upstream end of this channel is at the confluence with 
Cayuga Inlet at Sta 112+50, and the downstream end at the confluence with 
Cayuga Inlet at Sta 80+00.  See plan view of Old Cayuga Inlet & Sixmile 
Creek “side” channel on Figure 3 in Appendix A.  A portion of the Project 
Design Flow (4,500 CFS) is diverted through this “side channel” because the 
“main” Cayuga Inlet channel has a reduced cross-sectional area downstream 
of Sixmile Creek.  See plan view of Cayuga Inlet “main” channel on Figure 4 
in Appendix A.  

 
f.   Other project features include auxiliary diversion levees, bank protection, a 

fixed railroad bridge, a fishway (fish ladder), and a diversionary stoplog 
closure across railroad tracks.   
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The rectification work completed in 1977 along Coy Glen consisted of construction of 
two drop structures with stilling basins and, the improvement of about 540 feet of 
channel where the glen meets the inlet. 
 
In addition to the original and rectification work, emergency repairs were performed 
twice at this project due to storm events.  In 1973, a project was completed to remove 
sediments and debris from Cayuga Inlet which were deposited during floods 
accompanying Tropical Storm “Agnes” in 1972.  In 1997, an emergency rehabilitation 
project was completed, as a result of a January 1996 storm, to remove shoaling due to the 
storm from Cayuga Inlet, between State Street and the Cayuga Inlet drop structure, and at 
Coy Glen.  Eroded portions of both the left and right banks of Cayuga Inlet within this 
reach were also repaired. 
 
In accordance with the project Operations and Maintenance (O&M) Manual, NYSDEC 
Region 7 has assumed responsibility for the maintenance of the project.  In turn, 
NYSDEC has entered into a separate agreement with the City and Town of Ithaca to 
assist in operations and maintenance.  An important maintenance requirement of the 
O&M Manual is that the local sponsor must remove shoals, snags, and debris from the 
Cayuga Inlet “main” channel and the Old Cayuga Inlet/Sixmile Creek “side” channel on 
an annual basis, preferably during the later part of fall so that the channels can be utilized 
to their fullest capacity during high spring flows.  The Corps is unaware of any 
maintenance dredging performed by the local sponsor since the project was constructed.    
 
A general project map is included as Figure 1 in Appendix A. 
 
3. Data Sources 
 
Data used in this analysis was compiled from multiple sources.  Digital orthophotography 
dating from 2007 was downloaded from the New York State GIS clearinghouse.   
 
Channel bottom soundings were provided by the NYSDOT from soundings taken in July 
2006 and the period August to October 2008. Figure 2 in Appendix A shows the extent of 
the sounding data obtained from the NYSDOT. 
 
LIDAR ground elevation data was obtained from the City of Ithaca, Department of Public 
Works, Water & Sewer Division.  The data was collected in the spring of 2008 and was 
provided to the Buffalo District in the form of ascii “xyzi” files. 
 
USACE “as-constructed” drawings dated May 1967 were used to reference construction 
details such as channel bottom widths, excavation limits, and design channel slopes.  
 
4. Projection and Datum 
 
All data were projected to the New York State Plane Central Projection, FIPS Zone 3102, 
US Foot.  The vertical datum for the sounding data provided by NYSDOT was Barge 
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Canal Datum (BCD), therefore all elevation data used for this analysis was converted to 
BCD. 
 
The LIDAR data was provided in NYS State Plane Central Projection for its horizontal 
projection and NAVD88 for the vertical datum.  These data were converted to BCD by 
the addition of a conversion factor to all elevation points as follows: 
 

BCD = NAVD88 + 2.05' 
 

5. GIS Methodology 
 
The Environmental Systems Research Institute (ESRI) software product, ArcMap, 
version 9.3.1 was used to process GIS datasets for use in the analysis.   
 
The LIDAR data was first processed into an ESRI terrain dataset.  From this terrain 
dataset, ESRI GRID and TIN products were created.  
 
The sounding points were converted to a grid and then inserted into the elevation model 
to replace the elevation values within the underwater portion of the channel.  This 
resulted in a final grid that was used to create the hydraulic model. 
 
The Corps of Engineers Hydrologic Engineering Center’s application, HEC-GeoRAS, 
was used to preprocess GIS data to create a geometry file that was imported into the 
hydraulic model.  This application required a stream centerline, cross sections, and 
stream flowpaths. Flowpaths were drawn along the estimated path of flow and were used 
to determine reach lengths between cross sections. Flowpaths were required along the 
stream centerline and along the left and right overbank. 
 
Hand digitizing of the channel centerline, bank locations, and flowpaths was performed 
to create shapefiles that were used by GeoRAS for processing.  Cross sections were cut at 
a spacing of 200 feet along the entire length of the inlet.  Additionally, a section cut along 
the Cayuga Inlet drop structure was added to set its location as the study analysis’ point 
of reference for stationing. 
 
6. Stream Stationing 
 
In order to be consistent with the “as-constructed” drawings, stream stationing for the 
H&H model was set to reflect the conditions shown on the drawings.  The location of the 
Cayuga Inlet drop structure was set to be Sta. 161+35 and stream stations were calculated 
from that point both in the upstream and downstream directions. The downstream limit 
for the model is at the mouth of Cayuga Inlet at Cayuga Lake (Sta. 25+00). 
 
7. Hydraulic Model 
 
The Hydrologic Engineering Center’s software program “River Analysis System” (HEC-
RAS) version 4.1 was used to compute estimates of the water surface elevations along 
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Cayuga Inlet. This model solves the one-dimensional energy equation to compute water 
surface elevations at cross sections along a stream.  For this analysis, the model was run 
in a steady state mode where discharge values do not vary with respect to time. 
 
8. Boundary Conditions 
 
HEC-RAS is a one-dimensional model which requires a starting water surface elevation 
to begin its calculations.  For this model, the normal depth method was used to set the 
starting water surface elevation.  This method requires an estimate of the energy slope to 
determine the starting elevation.  Typically, the energy slope is unknown when first 
developing a model.  This energy slope can be approximated by entering the slope of the 
channel bottom.  For this model, a generalized slope of the channel from its mouth at the 
lake to just downstream of the drop structure was determined and used to start the model.  
This slope was determined to be 0.0005 ft/ft. 
 
9. Channel Roughness   
 
The roughness coefficient is used to express the degree of retardation of flow in a stream. 
Typically, HEC-RAS uses the Manning’s “n” value to estimate the roughness coefficient 
in a stream.  The “n” value is affected by factors such as: surface irregularity, variation in 
cross section, obstructions, vegetation, suspended sediment, and meandering. Manning’s 
“n” values for dredged channels can vary from 0.02 to 0.06 while floodplain values can 
vary from 0.03 to 0.2 (Chow, 1959, Open-Channel Hydraulics). 
 
The Cayuga Inlet channel consists of natural vegetated banks with some man-made 
obstructions between approximate Sta. 90+00 and Cayuga Lake, and a geometric channel 
with riprapped sideslopes and little or no vegetation and few man-made obstructions 
between approximate Sta. 90+00 and the Cayuga Inlet drop structure. 
 
The Cayuga Inlet channel has also been severely impacted by sediment deposition along 
its length.  This has resulted in a channel bed that is irregular in slope and has variable 
cross sectional areas.  The channel also contains suspended sediment.  An analysis of the 
sediment yield entering the flood control channel was beyond the scope of this analysis, 
therefore this value was not quantified. Based on these channel conditions and to provide 
a measure of conservatism to the estimate, the channel “n” value was set at 0.035.  
 
Floodplain “n” values are affected by vegetation, obstructions (both natural and man-
made), and irregularities in surface elevation.  The floodplain along the inlet is a 
combination of high development, vegetated areas, obstructions due to road 
embankments, and the rise and fall of the landscape.  For these reasons, the “n” value of 
the floodplain was set between 0.08 and 0.09.  These values are high enough to allow 
water to inundate the area, but not necessarily result in a significant velocity component 
of flow to travel in the downstream direction.   
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10. Hydraulic Structures 
 
There are several hydraulic structures crossing Cayuga Inlet within the study area of the 
project, including three highway bridges (Taughannock Blvd., Buffalo St. and State St.) 
and one railroad bridge (Conrail).  There is also a fish ladder located upstream of the 
railroad bridge.  These structures were not modeled in this analysis. The exclusion of 
these structures does not impact the results of the analysis as they were designed so as to 
not obstruct the flow in the channel.   
 
The Cayuga Inlet drop structure, located at the upstream end of the constructed channel 
(just upstream of the railroad bridge), is modeled in the analysis. Upstream of the drop 
structure, the stream is bounded on its left and right banks by levees.  The evaluation of 
levee performance was not included in this model as the scope of this analysis focused on 
the sediment deposition downstream of the Cayuga Inlet drop structure. However, it is 
unlikely that there will be any significant impacts to the performance of the levees due to 
an increase in the water surface elevation in the Flood Risk Management channel.  The 
Cayuga Inlet drop structure was designed to have its crest elevation 3 feet above the 
upstream improved channel, consequently the drop structure acts as a sediment trap 
allowing some of the stream sediments to fall out and deposit in this area. Immediately 
downstream of the drop structure is a stilling basin 50 feet in length.  The bottom of the 
basin was designed to be 3 feet below the downstream improved channel bed.  Over the 
years both the sediment trap and stilling basin at the Cayuga Inlet drop structure have 
become filled with sediment and no longer function as originally designed (see photos 6 
& 7). 
 
11. Hydrology 
 
The 1% chance flood event from the FEMA Flood Insurance Study (FIS) and the Corps 
Project Design Flow were analyzed in this model to determine their affect on the 
floodplain. The HEC-RAS discharge values for the FIS and Corps analyses both depict 
the estimated 100-year flow through the project.  The difference in values is due to the 
methodology used in calculating the flow.  The Flood Insurance Study uses a log-pearson 
Type III distribution of annual peak flows, whereas the Corps computes the expected 
probability of that discharge occurring.  The FIS 1% flood event model is included in this 
report for comparison purposes with the Corps’ Project Design Flow and to show the 
effect of potential flooding from this event on the community.  Although the 1% chance 
discharge from the FIS is lower than the Project Design flow, flood insurance 
requirements and rates are based on the FIS values.  The primary focus in this report, 
however, is on the Corps Project Design Flow.   
 
Table 1 in Appendix F shows the discharges used in the model and stations where they 
are applied. The discharges for the FIS 100-year flow came from the published Flood 
Insurance Study for the City of Ithaca report dated March, 1981, and the Project Design 
Flows came from the Design Memorandum on Local Flood Protection for Cayuga Inlet at 
Ithaca, NY, dated March 1964. 
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12. Method of Analysis 
 
The purpose of this analysis is to show the effects of sedimentation on the Cayuga Inlet 
channel flow, and hence the impacts on the Cayuga Inlet floodplain.  The analysis will 
illustrate the resulting floodplain using both the Project Design Flow and the FIS 100-
year event assuming no dredging is performed (i.e. existing conditions are maintained).  
 
The analysis will also show the effect of three dredging alternatives on the floodplain.  
These alternatives are: 
 
 Alt. 1. Lower channel dredging (Sta. 25+00 to Sta. 71+00) 
 Alt. 2. Lower and middle channel dredging (Sta. 25+00 to Sta. 103+00) 

Alt. 3. Complete channel dredging, including Old Cayuga Inlet and Sixmile Creek 
(Sta. 25+00 to Sta. 161+35 and Sta. 0+00a to Sta. 43+07a) 

 
The analysis of the alternatives will be described in terms of the Project Design Flow 
only. The details of these alternatives will be discussed in the following paragraphs. For 
existing conditions and each alternative, maps illustrating the resulting floodplain and a 
plot of the water surface profiles are included as Appendices B and C, respectively. 
 
It is noted that hydraulic modeling of the Old Cayuga Inlet and Sixmile Creek “side” 
channel was not part of this analysis.  However, the Project Design Flow modeled within 
the main Cayuga Inlet channel was adjusted to account for flows entering and exiting the 
side channel.  Flow in the main channel was reduced by 4,500 CFS at Sixmile Creek and 
increased by 9,500 CFS where Old Cayuga Inlet exits into the main channel.  The FIS 
model only included additional flow of 4,800 CFS from Old Cayuga Inlet into the main 
channel (no deduction was made for flow entering into Sixmile Creek).  The overall 
results of the hydraulic analysis are not expected to be significantly impacted by using 
these approaches.   
 
13. No Dredging (Existing Conditions Maintained)  
 
Based on hydraulic analyses of existing conditions, sediment deposition has severely 
reduced the capacity of the Cayuga Inlet to a point where it no longer is sufficient to 
contain either the FIS 100-year event or the Project Design Flow. Upstream of Sixmile 
Creek, floodwaters overtop the right bank up to about 2.5 feet at the FIS 100-year event 
and up to about 4 feet at the Project Design Flow.  The railroad embankment provides 
some protection at the upper end of the channel, but at approximately Sta. 140+00 the rail 
line is overtopped and flooding of most of the commercial area to the east and south 
occurs. At the FIS 100-year event, both the Wal-Mart and Home Depot are not flooded, 
however at the Project Design Flow, the Home Depot becomes inundated. 
 
Downstream of Sixmile Creek, between State St. and Cascadilla Creek, major flooding 
occurs.  Using both floodplain methodologies, flood waters cross Meadow Dr. and 
inundate sections of the city, including portions of Adams, Fourth, and Fifth Streets.  
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Additionally, at the Project Design Flow, water backs up Cascadilla Creek and floods 
parts of Lincoln St. and Dey St. 
 
Downstream of Cascadilla Creek, extensive flooding occurs to the low-lying land 
surrounding the inlet.  However, since most of this area contains the golf course, damage 
may be minimal. 
 
Map 1 in Appendix B shows a comparison of the areal extent of the FIS 100-year and 
Project Design Flow flood boundaries under existing conditions (no dredging performed).  
Map 5 in Appendix B shows the depth of flooding that can be expected to occur due to 
the Project Design Flow.  Plate 1 in Appendix C shows a comparison of water surface 
profiles between the 100-year FIS flow and the Project Design Flow. 
 
14. Alternative Scenarios 
 
14.1. Alternative 1 - Lower Channel Dredging  
 
The first alternative examined to reduce the potential for flood damage along Cayuga 
Inlet is dredging only the lower portion of the channel to original design specifications. 
This alternative removes accumulated channel sediment from Cayuga Lake (Sta. 25+00) 
to Sta. 71+00.  It restores the channel to the original plan and profile design dimensions 
shown in Figure 3 of Appendix A, between Sta.’s 25+00 and 71+00, and having 2.5:1 
side slopes.  
 
This alternative would remove an estimated 419,000 CY of material from the inlet and 
would restore the channel capacity of the Lower Channel to contain the Project Design 
Flow.  This effect would carry upstream to about Sta. 80+00, where the flood waters 
would again overtop the banks and inundate the landscape.  Between this point upstream 
to State St, floodwaters would be slightly less than existing conditions, but would still 
inundate areas such as Washington St. and Fifth St. 
 
Map 2 in Appendix B shows a comparison of the areal extent of the flood boundaries for 
existing (no dredging) and improved conditions (Lower Channel Dredging only) using 
the Project Design Flow.  Plate 2 in Appendix C shows the comparison of water surface 
profiles for existing and improved conditions using the Project Design Flow. 
 
Appendix D contains plots of selected project channel cross-sections showing the 
comparison of the existing channel bottom and the excavation geometry for the design 
bottom and sideslopes (plots D-1 thru D-10 apply to the Lower Channel Dredging 
alternative). 
 
14.2. Alternative 2 - Lower and Middle Channel Dredging 
 
The second alternative examined to reduce the potential for flood damage along Cayuga 
Inlet is dredging only the lower and middle portions of the channel to original design 
specifications.  This alternative removes accumulated channel sediment from Cayuga 
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Lake (Sta. 25+00) to Sta. 103+00, which is just downstream of Buffalo St.  It restores the 
channel to the original plan and profile design dimensions shown in Figure 3 of Appendix 
A, between Sta.’s 25+00 and 103+00, and having 2.5:1 side slopes.  
 
This alternative would remove an estimated 520,000 CY of sediment from the inlet and 
would restore the capacity of the inlet to carry the Project Design Flow up to 
approximately Sixmile Creek at about Sta. 113+00, where it would then overtop the 
banks.  Flood waters would inundate the area south of the creek and east of the inlet 
channel as in the existing conditions. 
 
Map 3 in Appendix B shows a comparison of the areal extent of the flood boundaries for 
existing (no dredging) and improved conditions (Lower and Middle Channel Dredging 
only) using the Project Design Flow.  Plate 3 in Appendix C shows the comparison of 
water surface profiles for existing and improved conditions using the Project Design 
Flow. 
 
Appendix D contains plots of selected project channel cross-sections showing the 
comparison of the existing channel bottom and the excavation geometry for the design 
bottom and sideslopes (plots D-1 thru D-16 apply to the Lower and Middle Channel 
Dredging alternative). 
 
14.3. Alternative 3 - Entire Channel Dredging  
 
The third alternative to reduce the potential for flood damage along Cayuga Inlet is 
dredging the entire channel to original design specifications.  This alternative removes 
accumulated channel sediment from Cayuga Lake (Sta. 25+00) to the Cayuga Inlet drop 
structure at Sta. 161+35.  It includes all of Cayuga Inlet between Sta.’s 25+00 and 
161+35 as well as Old Cayuga Inlet and Sixmile Creek between Sta.’s 0+00a and 
43+07a.  It also includes removing sediments from the stilling basin and sediment trap 
located downstream and upstream of the Cayuga Inlet drop structure, respectively. This 
alternative restores the channel to the original plan and profile design dimensions shown 
in Figures 3 and 4 of Appendix A, and having 2.5:1 side slopes. 
 
This alternative would remove an estimated total of 663,000 CY of sediment from the 
Flood Risk Management project (610,000 CY from Cayuga Inlet, 51,000 CY from Old 
Cayuga Inlet and Sixmile Creek, and roughly 2,000 CY from the Cayuga Inlet drop 
structure stilling basin and sediment trap). Table 2 in Appendix F shows the breakdown 
of excavation quantities by section for the Cayuga Inlet “main” channel. Table 3 in 
Appendix F shows the breakdown of excavation quantities by section for the Old Cayuga 
Inlet/Sixmile Creek “side” channel.  Table 4 in Appendix F shows the computations for 
excavation quantities at the stilling basin and sediment trap.     
 
This alternative restores the entire original design channel geometry to adequately carry 
the Project Design Flow.  A small area on the right bank between the railroad bridge and 
approximate Sta. 140+00 would have minor overtopping of the bank, but would be 
contained by the railroad embankment. 



 

10 
 

 
Map 4 in Appendix B shows a comparison of the areal extent of the flood boundaries for 
existing (no dredging) and improved conditions (Entire Channel Dredging) using the 
Project Design Flow.  Plate 4 in Appendix C shows the comparison of water surface 
profiles for existing and improved conditions using the Project Design Flow. 
 
Appendix D contains plots of selected project channel cross-sections showing the 
comparison of the existing channel bottom and the excavation geometry for the design 
bottom and sideslopes (plots D-1 thru D-29 apply to the Entire Channel Dredging 
alternative, including the entire Cayuga Inlet, within the analysis limits, plus Old Cayuga 
Inlet/Sixmile Creek).  The water surface elevations are also shown for the Project Design 
Flow for the existing (no dredging) and Entire Channel Dredged (Alternative 3) 
conditions.   
 
15. Conclusions  
 

1. This report has been prepared to evaluate the impacts of long term shoaling on the 
Flood Risk Management project located at Cayuga Inlet, Ithaca, New York.  
Evaluations within the report present the effects of sedimentation on the flow 
capacity within the Cayuga Inlet channel and resultant impacts on the Cayuga 
Inlet floodplain. 
 

2. Lack of periodic maintenance dredging over a long period of time by the local 
sponsor has led to significant shoaling within the three-mile long Flood Risk 
Management channel.  Periodic removal of shoaling in the project channels is 
required by the project Operations and Maintenance Manual.  To date, the local 
sponsor has not provided any documentation to the Corps which supports periodic 
maintenance dredging being performed since the project was constructed.   

 
3. Four scenarios were examined in terms of dredging the Flood Risk Management 

channel and which have varying flooding consequences with respect to the 
floodplain. 
 

o The base case considered the no-dredging scenario in which existing 
conditions were maintained.  This will result in the worst case flooding for 
the Project design Flow conditions.  It is noted that even greater flooding 
could occur for a storm event exceeding the Project Design Flow. 

 
o Under the scenario where only the lower portion of the channel is dredged,            

Cayuga Lake to Sta. 71+00 (Alternative 1), flooding is significantly 
reduced in the lower region of the project (from Cayuga Lake to about Sta. 
80+00). 

 
o Under the scenario where only the lower and middle portions of the 

channel are dredged, Cayuga Lake to Sta. 103+00 (Alternative 2), 
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flooding is significantly reduced in the lower and middle regions of the 
project (from Cayuga Lake to about Sta. 113+00).  

 
o For the scenario where the entire channel is dredged, Cayuga Lake to the 

Cayuga Inlet drop structure and along the Old Cayuga Inlet/Sixmile Creek 
“side” channel (Alternative 3), flooding is significantly reduced within the 
entire project area, essentially bringing the project back to original 
conditions. 

 
4. Based on the analysis in this report, it is estimated that a total of 663,000 CY of 

sediments need to be removed from the Flood Risk Management channels to 
bring the project back to original conditions.  Shoaling has occurred within the 
project in the following locations: 

 
o Cayuga Inlet between the drop structure and Cayuga Lake (610,000 CY) 
o Old Cayuga Inlet and Sixmile Creek (51,000 CY) 
o Fifty-foot long sedimentation basin immediately downstream of Cayuga 

Inlet drop structure (600 CY) 
o Sediment trap immediately upstream of the Cayuga Inlet drop structure 

(1,400 CY)  
o Approximately two thirds of the shoaling has occurred in the lower one 

third of the Cayuga Inlet channel (approximately between stations 25+00 
and 67+00) 

o The Old Cayuga Inlet/Sixmile Creek “side” channel is an integral part of 
the Flood Risk Management project and, in accordance with the project 
O&M Manual, is required to be dredged to a width of 50 feet over its 
length.  The plan and profile of this channel are illustrated in Appendix A 
of this report.  

 
5. The quantities and cross-sections provided in this report are approximate (rough 

order of magnitude) and should not be used for design and construction purposes.  
This information, however, may be useful for planning purposes.    
 

6. Dredging quantities indicated in this report are for the Flood Risk Management 
channel only. The navigation channel may extend wider and deeper than the flood 
risk management channel, particularly in Old Cayuga Inlet, and therefore 
additional dredging quantity may be required.  For example, in Old Cayuga Inlet 
the Flood Risk Management channel is 50 feet wide and the navigation channel is 
approximately 100 feet wide.   

 
7. As a result of the Flood Risk Management channel sedimentation, capacity to 

carry the Design Project Flow (or 1% chance FIS flood event) has been severely 
reduced and will likely result in significant flooding within portions of the City of 
Ithaca adjacent to the project, as illustrated in the flood boundary maps included 
in Appendix B.  Additionally, flooding can be expected for flood events lower 
than the 1% chance flood if the required maintenance is not performed.   
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Although the 1% chance discharge from the FIS is lower than the Project Design 
flow, flood insurance requirements and rates are based on the FIS values.   
 
Increased flooding from the 1% chance event could result in an increase in the 
number of properties required to purchase flood insurance. This could negatively 
impact the value of both residential and commercial properties due to increased 
flood insurance costs and reduced market values, hampering economic 
development.   
 

8. The consequences of not completely removing the channel shoaling include: a.) 
the project entering into inactive status in the Corps of Engineers Rehabilitation 
and Inspection Program (RIP), b.) the project not being eligible for Federal 
assistance under PL 84-99 if it were to be damaged by a flood or storm event, and 
c.) increased flood risk to the general public in the City of Ithaca. It is noted that 
the project has been damaged by two previous storm events in the past, in 1972 
and again in 1996, which were covered by Federal assistance under PL84-99 in 
1973 and 1997, respectively.  
 

9. The project cannot be made active again until original channel dimensions are 
completely restored and all other serious deficiencies, as identified in the FY 10 
ARRA Periodic Inspection report, are corrected.   

 
16. Recommendations 
 

1. To re-establish active status in the Corps of Engineers Rehabilitation and 
Inspection Program and continue to be eligible for Federal assistance under PL 
84-99 if the project was damaged by a flood or storm event, the local sponsor 
needs to remove roughly 663,000 CY sediments which have shoaled in the 
Cayuga Inlet Flood Risk Management channels and return the project to the 
original channel dimensions.  This includes sediments which have deposited in 
the following locations: 

 
o Cayuga Inlet “main” channel, between Cayuga Lake and the Cayuga Inlet 

drop structure (610,000 CY) 
o Old Cayuga Inlet and Sixmile Creek “side” channel (51,000 CY) 
o Fifty-foot long sedimentation basin immediately downstream of the 

Cayuga Inlet drop structure (600 CY) 
o Sediment trap immediately upstream of the Cayuga Inlet drop structure 

(1,400 CY) 
 

All other serious deficiencies, as identified in the FY 10 ARRA Periodic 
Inspection report, also would need to be corrected. 

 
2. The local sponsor should communicate the flood risks posed to the general public 

and nearby local commercial businesses as a result of the current channel 
conditions. 
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3. If due to financial considerations it is necessary to conduct the dredging of the 
Flood Risk Management project in stages, it is recommended that work proceed 
from Cayuga Lake towards the upstream direction along Cayuga Inlet to the drop 
structure then proceed with dredging in Old Cayuga Inlet and Sixmile Creek. 

 
4. If possible, the navigation channel dredging should be performed at the same time 

as the Flood Risk Management channel dredging to minimize planning, design, 
and construction costs.  In particular, significant costs can be realized on 
mobilization, demobilization, and operation of dredging equipment. 
 

5. Local Sponsor should obtain more accurate channel bottom surveys for actual 
maintenance dredging contract requirements. 

 
 
 
17. Report Approval 
 
 
Prepared By:  
 
 
      
Paul E. Murawski  Date 
Hydraulic Engineer   
 
 
Reviewed By:  
 
 
      
Robert W. Remmers, P.E., PMP  Date 
Levee Safety Program Manager   
Chief, Operations and Technical Support Section 
 
 
Approved By:  
 
 
      
Thomas C. Switala, P.E., PMP  Date 
Levee Safety Officer  
Chief, Technical Services Division 
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Figure 2: Limits for Federal FRM Project Maintenance Dredging  

and NYSDOT Navigational Dredging
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Figure 3: Plan and Profile for Cayuga Inlet “Main” Channel 
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Figure 4: Plan and Profile for Old Cayuga Inlet and Sixmile Creek “Side” Channel
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Map 1: Flood Boundary for Design and FIS 100-Year Flows with no Dredging (Existing Condition Maintained) 
 
 
 
 

 



 

B-2 
 

 
 

Map 2: Alt. 1 – Flood Boundary for Design Flow with Lower Channel Dredging vs. No Dredging (Existing Condition Maintained)  
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Map 3: Alt. 2 – Flood Boundary for Design Flow with Lower & Middle Channel Dredging vs. No Dredging (Existing Condition Maintained) 
 
 
 
 
 
 



 

B-4 
 

 
 

Map 4: Alt. 3 – Flood Boundary for Design Flow with Entire Channel Dredging vs. No Dredging (Existing Condition Maintained) 
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Map 5: Flood Boundary and Depths for Design Flow with No Dredging (Existing Condition Maintained) 
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Appendix D: Cross-Section Plots 
 





































 

Cross-Section of Old Cayuga Inlet Channel              D-18 
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Cross-Section of Sixmile Creek               D-19 
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Appendix E: Photographs – Cayuga Inlet Flood Risk Management Project
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 Photo 1: Cayuga Inlet Channel looking downstream towards Cayuga Lake. 

 

 
Photo 2: Cayuga Inlet Channel looking upstream towards marina on Cascadilla Creek. 
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            Photo 3: Cayuga Inlet Channel looking downstream from right bank towards Taughannock Blvd. bridge. 
 
 

 
            Photo 4: Cayuga Inlet Channel looking upstream towards W. Buffalo St. bridge. 
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Photo 5: Cayuga Inlet Channel looking downstream from right bank at approximate Sta. 140+00. 

 
 

 
Photo 6: Weir and stilling basin at Cayuga Inlet Drop Structure; stilling basin should be cleaned out. 
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 Photo 7: Fishway, Cayuga Inlet Drop Structure and railroad bridge at upstream end of project. 
 

 

 
  Photo 8: Sixmile Creek looking upstream towards Cayuga Inlet Channel. 
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            Photo 9: Old Cayuga Inlet, looking upstream towards Seneca St. bridge from W. Buffalo St. bridge. 
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Table 1: Cayuga Inlet, Ithaca, NY - 
HEC-RAS Discharges 

 

STATION DESCRIPTION 
PROJECT DESIGN 

FLOW (CFS) 

FIS 
100YR 
FLOW 
(CFS) 

162+51 U/S Drop Structure 16,000 11,600 
158+00 D/S Coy Glen 17,000 11,600 
111+05 D/S Sixmile Ck. 12,500 11,600 
83+05 D/S Inlet confluence 22,000 16,400 
65+05 D/S Cascadilla Ck. 23,000 17,000 
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Table 2: Cayuga Inlet, Ithaca, NY - 
Excavation Quantities 

 
Section Range Channel Length (FT) Excavation Volume (CY) 
162+51 to 161+51 100 - 
161+51 to 161+30 21 - 
161+35 Cayuga Inlet Drop Structure 
161+30 to 161+05 25 455 
161+05 to 159+96 109 2,074 
159+96 to 158+00 196 3,781 
158+00 to 157+05 95 1,586 
157+05 to 155+05 200 2,898 
155+05 to 153+05 200 2,798 
153+05 to 151+05 200 2,870 
151+05 to 149+05 200 2,984 
149+05 to 147+05 200 2,937 
147+05 to 145+05 200 2,855 
145+05 to 143+05 200 2,987 
143+05 to 141+05 200 3,321 
141+05 to 139+05 200 3,549 
139+05 to 137+05 200 3,543 
137+05 to 135+05 200 3,453 
135+05 to 133+05 200 3,561 
133+05 to 131+05 200 3,668 
131+05 to 129+05 200 3,637 
129+05 to 127+05 200 3,424 
127+05 to 125+05 200 3,540 
125+05 to 123+05 200 3,759 
123+05 to 121+05 200 3,929 
121+05 to 119+05 200 4,004 
119+05 to 117+05 200 3,866 
117+05 to 115+05 200 3,764 
115+05 to 113+05 200 3,697 
113+05 to 111+05 200 2,224 
111+05 to 109+05 200 986 
109+05 to 107+05 200 1,250 
107+05 to 107+05 200 624 
107+05 to 105+05 200 620 
105+05 to 103+05 200 1,236 
103+05 to 101+05 200 1,557 
101+05 to 99+05 200 2,186 
99+05 to 97+05 200 1,951 

 
 
 
 



F-3 
 

Table 2: Cayuga Inlet, Ithaca, NY - 
Excavation Quantities (Cont.) 

 
Section Range Channel Length (FT) Excavation Volume (CY) 
97+05 to 95+05 200 1,687 
95+05 to 93+05 200 2,141 
93+05 to 91+05 200 2,460 
91+05 to 89+05 200 3,046 
89+05 to 87+05 200 4,628 
87+05 to 85+05 200 6,768 
85+05 to 83+05 200 9,173 
83+05 to 81+05 200 10,308 
81+05 to 79+05 200 10,001 
79+05 to 77+05 200 10,275 
77+05 to 75+05 200 11,234 
75+05 to 73+05 200 11,558 
73+05 to 71+05 200 12,021 
71+05 to 69+05 200 13,641 
69+05 to 67+05 200 15,530 
67+05 to 65+05 200 18,491 
65+05 to 63+05 200 20,338 
63+05 to 61+05 200 21,010 
61+05 to 60+31 75 8,176 
60+31 to 59+05 125 13,817 
59+05 to 57+05 200 21,935 
57+05 to 55+05 200 21,083 
55+05 to 53+05 200 20,853 
53+05 to 51+05 200 20,728 
51+05 to 49+05 200 19,659 
49+05 to 47+05 200 18,427 
47+05 to 45+05 200 17,689 
45+05 to 43+05 200 17,419 
43+05 to 41+05 200 16,664 
41+05 to 39+05 200 16,566 
39+05 to 37+05 200 17,351 
37+05 to 35+05 200 16,999 
35+05 to 33+05 200 16,843 
33+05 to 31+05 200 17,231 
31+05 to 29+05 200 17,342 
29+05 to 27+05 200 17,529 
27+05 to 25+46 159 13,742 
25+00 Cayuga Lake 
Total  609,937 Say 610,000 CY 
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Table 3: Old Cayuga Inlet & Sixmile Creek, Ithaca, NY - 
Excavation Quantities 

 
Section Range Channel Length (FT) Excavation Volume (CY) 
0+00a to 7+00a Downstream Convergence of Old Cayuga Inlet & Cayuga Inlet 
0+00a to 7+00a 700 11,667 
7+00a to 25+00a 1800 24,833 
25+00a to 35+00a 1000 8,611 
33+00a Confluence of Old Cayuga Inlet and Sixmile Creek 
35+00a to 43+07a 800 6,370 
43+07a Upstream Convergence of Sixmile Creek & Cayuga Inlet 
Total  51,481 Say 51,000 CY 

 
Note:  For Old Cayuga Inlet, the quantity is based on limited sounding data and is 
approximate.  For Sixmile Creek, the quantity is based on assumed shoaling 
conditions and is also approximate.
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Table 4: Computation of Estimated Excavation Quantities at Cayuga Inlet Drop 

Structure Stilling Basin and Sediment Trap 
 

Feature Excavation Volume (CY) 

Stilling Basin (50’ long x 3’ deep x 105’ wide)/27 = 583 CY  (Say 600CY) 

   

Sediment Trap (250’ length x 1.5’deep x 105’ wide)/27 = 1,458 CY  (Say 1,400 CY) 

Total  Say 2,000 CY 
 

Note:  For the stilling basin, the quantity reflects the shoaling below the channel 
bottom (3’ deep).  For the sediment trap, the length and depth of shoaling was 
assumed and is not based on soundings. 
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