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EXECUTIVE SUMMARY
A Local Flood Hazard Analysis (LFHA) was completed to analyze the factors affecting flooding risk in the
City of Ithaca, NY, and to develop a quantitative tool for evaluating the effectiveness of various
mitigation strategies. Four major tributaries to southern Cayuga Lake—Cayuga Inlet, Fall Creek,
Cascadilla Creek, and Six Mile Creek—flow through the City and are prone to periodic flooding.
The project team applied the US Army Corps of Engineers (USACE) hydraulic model HEC-RAS (Hydraulic
Engineering Center’s River Analysis System) to project water surface elevations along the four streams
as a function of discharge and the level of Cayuga Lake. Detailed surveys of the streams’ bathymetry and
elevation of streambanks and floodwalls were conducted to refine model accuracy. The simulations of
water surface elevation were combined with a digital elevation model to delineate areas and depths of
inundation (Nystrom et al. 2018).
Once the HEC-RAS model was calibrated and verified, the project team applied the model to determine
how various interventions would reduce the extent of inundation. Both upstream measures and
measures within the City were evaluated for their effectiveness in reducing flood risk. The modeling and
analysis demonstrate that efforts to increase off-channel storage capacity within upland areas of the
tributary watersheds, while important, are not sufficient to mitigate downstream flood risks. Measures
to increase stream channel capacity within the City are essential. The priority actions considered include
dredging Cayuga Inlet, raising floodwalls along certain critical stream reaches, and installing backflow
preventers at storm sewer outlets. Maintenance dredging will continue to be necessary to maintain
channel capacity. In addition to these projects, institutional controls such as modifications to planning
and zoning regulations are needed to improve resilience to changing climate and to manage risks.
Strategic staff additions to resource management agencies are recommended to ensure that the City
and upstream communities can continue to pursue opportunities to mitigate flooding and sediment loss
along the tributary streams.
A benefit-cost analysis (BCA) was completed to compare the costs of implementing the
recommendations with the benefit of avoided damages. This analysis uses standard procedures and
algorithms developed by the Federal Emergency Management Agency (FEMA) to calculate damages. In
Ithaca, there are many developed parcels at risk of flooding during extreme conditions; all these parcels
were included in the FEMA calculations. The recommended alternative, dredging combined with
floodwalls and backflow prevention devices along critical reaches, has a benefit-cost ratio (BCR) of 1.25;
a ratio greater than one signifies that the investment in mitigation is justified by the avoided losses. The
costs of recommended protective measures is less than the calculated flood damages.
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STATEMENT OF PURPOSE AND SCOPE

Areas within the City of Ithaca NY are at risk from damaging floods. This Local Flood Hazard Analysis
(LFHA) was completed to analyze the factors that affect flooding risk and develop a quantitative tool for
evaluating the effectiveness of various mitigation strategies. The overall purpose of the LFHA is to
position the City to make informed land use decisions and capital investments that will reduce the risk of
property damage as well as the risk to public safety and health posed by flooding.
Funding to support this engineering study was provided by the NY State Department of State, through
the Local Waterfront Revitalization Program, and the City of Ithaca. Project partners included the US
Geological Survey (USGS), Cornell University, Tompkins County Water Resources Council, Tompkins
County Soil and Water Conservation District, and Tompkins County Planning Department.
The hydraulic model HEC-RAS is the central quantitative tool developed for the LFHA by the project
team. The Army Corps of Engineers developed HEC-RAS to perform one and two-dimensional hydraulic
calculations for a full network of natural and constructed channels. The HEC-RAS model predicts water
surface elevation in response to streamflow and lake level conditions. As part of this project, the USGS
incorporated recent detailed data for stream channel geometry, bank elevation, and infrastructure into the
HEC-RAS model. The study area encompassed the four major streams that flow through the City toward
Cayuga Lake: Fall Creek, Cascadilla Creek, Six Mile Creek, and the Cayuga Inlet. There was strong
agreement between model simulations and actual measurements of water surface elevation in the streams,
demonstrating that the calibrated HEC-RAS is a reliable predictive tool of conditions in the study area.
Once calibrated and tested, the HEC-RAS model was applied to simulate the impacts of future streamflow
and lake level conditions on flooding. The USGS published a series of flood inundation maps detailing
areas of the City that would be flooded during high streamflow conditions with calculated recurrence
intervals of 2, 10, 50, 100, and 500 years. The inundation maps display the simulated impact of these
high flow events at three distinct Cayuga Lake levels (Nystrom et al. 2018). The project team used the
calibrated HEC-RAS model to map how various interventions would reduce the extent of inundation. The
reduction in flood damages was calculated as the benefit and compared to the cost of the intervention
to help guide policy decisions.

Prior hydrologic and hydraulic analyses utilized simpler models to map floodplains; this LFHA uses
current data and the more complex model developed by USGS as a foundation for predicting flooding
extent and frequency. With this important tool, the City can identify public and private infrastructure at
greatest risk and evaluate where mitigation is most cost-effective. Specific projects to reduce flooding
risk are identified for future engineering design and construction. The project team also surveyed
upstream regions of the four major streams and conferred with community stakeholders to identify
opportunities to retain peak flows and prevent bank and channel erosion that result in sediment
deposition and diminished channel capacity downstream. However, upland retention was found to be
not as practical or effective for downstream flood mitigation as originally hoped.
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SITE DESCRIPTION
2.1.

Overview

The City of Ithaca is situated at the southern end of Cayuga Lake, one of the larger New York
Finger Lakes (Figure 2-1). Its geographic location and regional history of glaciation, combined
with modern development, contribute significantly to the issue of flooding risk within the City.
Key elements of the landscape that affect flooding risk include:
·
·
·
·

2.2.

topography and surficial geology, which affect the degree of runoff and erosion in the
watershed
erodible upstream sub watersheds, from which sediment is transported downstream,
filling in stream channels and reducing channel capacity for containing floodwaters
development and impervious surfaces, which increase surface runoff and reduce
groundwater recharge
geographic location of the city, which is at a low elevation point at the southern end of
the lake, where multiple tributaries converge before discharging into Cayuga Lake.
Environmental Setting

The glacial history of the Finger Lakes region has a profound effect on its landscape and
streamflow conditions and directly affects the risk of flooding conditions within the City of
Ithaca. The Finger Lakes occupy deep, narrow, glacially carved valleys oriented in a north-south
direction. Cayuga Lake is in a glacial valley, 381 feet above mean sea level (AMSL), with a
watershed encompassing about 785 square miles. The watershed is characterized by low relief
in its northern portion and higher elevations and steeper slopes in the southern portion. The
upland plateau is at an elevation more than 300 feet above the lake, with hills extending up to
1,969 feet AMSL. A network of more than 140 streams flow into the lake; most streams entering
the western and eastern shores are small and intermittent (Genesee Finger Lakes Regional
Planning Council 2001). The southern portion of the watershed is unique. The major streams
entering Cayuga Lake from the south drain larger watershed areas and regions of steeper
topography (Figure 2-2).
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Figure 2-1. Site Location Map

Barton & Loguidice, D.P.C.

-4-

1307.006/02.2020

City of Ithaca

Local Flood Hazard Analysis

Figure 2-2. Site Topographic Map
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Figure 2-3. Tributary Watershed Map
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Four watersheds produce runoff to the four main creeks that flow through the City of Ithaca
(Figure 2-3). These are Fall Creek, Cascadilla Creek, Six Mile Creek, and the Cayuga Inlet. Six Mile
Creek and Cascadilla Creek combine with the Cayuga Inlet prior to discharge into Cayuga Lake.
The watersheds of the four creeks drain over one-third of the 785 square-mile watershed of
Cayuga Lake (Figure 2-4). Based on USGS gaging station data, the three largest creeks directed
over 65 billion gallons of water through the City of Ithaca and into the lake in the 2018 water
year (Oct. 1, 2017 through Sep. 30, 2018) (Figure 2-5).

Figure 2-4. Cayuga Lake Drainage Areas

Figure 2-5. Annual Discharge
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Precipitation is a source for the volume of water carried by the southern tributaries to Cayuga
Lake. The annual precipitation for Ithaca, New York, averages 37.3 inches, evenly distributed
throughout the year (National Centers for Environmental Information 2019). The average annual
snowfall is 64.4 inches, most of which falls during the month of January (Figure 2-6).

Figure 2-6. Monthly Precipitation

The surficial geology of most of the Cayuga Lake watershed is classified as glacial till in deposits
of varying texture and thickness. This glacial till is the most common source of parent material
for soils in the watershed. Other parent materials are less extensive in the watershed, including
glaciolacustrine (glacial lake) sediments and glaciofluvial (outwash) deposits. These glacially
formed deposits are inherently unstable and susceptible to erosion.
The southern tributaries flow through extensive deposits of glaciolacustrine sediments; these
deposits are significant contributors to elevated rates of streambank erosion as documented by
Nagle et al. (2007). For example, the lower section of Six Mile Creek has extensive deep
glaciolacustrine deposits and many stretches of the lower stream are characterized by slumping
hillslopes and large eroding banks along the channel. Even forested slopes with minimal human
impact exhibit this instability.
One measure of soil instability is the soil erodibility factor. This factor quantifies soil detachment
by runoff and raindrop impact and is used as an index to predict long-term average soil loss from
sheet and rill erosion under crop systems and conservation techniques (USDA Natural Resources
Conservation Service). K-factor is used in the RUSLE2 soil loss prediction equation, and values
range from 0.02 for the least erodible soils to 0.64 for the most erodible (USDA NRCS).
The soil erodibility K-factor is included with the SSURGO soils spatial dataset, available from the
USDA NRCS by county (Figure 2-7). Sediment deposition within the four stream channels –
Cayuga Inlet, Cascadilla, Six Mile and Fall Creeks – has reduced their capacity to transport flows
within their banks. By examining the soil erodibility factors in the watersheds, priority areas for
mitigation may be identified.

Barton & Loguidice, D.P.C.
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Figure 2-7. Soil Erodibility
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Two other important features, land use and land cover, affect the movement of water across
the landscape. Land cover indexes how much of a region is covered by forests, wetlands,
cultivated fields, developed areas, open water, etc. Land use demonstrates how the landscape is
utilized by the public, such as for farming, conservation, residential, or commercial purposes.
Land cover data indicate the amount and nature of the vegetation and its potential to infiltrate
rainfall and slow runoff and stabilize steep slopes. Land use data can help inform an analysis of
potential sources of pollutants and how the built environment affects hydrology. Impervious
surfaces directly affect flood risk by preventing infiltration and directing water into the nearest
surface water channel which may be a swale, roadside ditch, or storm drain. These channels, in
turn, move the water quickly to the nearest surface water body.
The National Landcover Dataset (NLCD) was updated in 2019 using data collected in 2016
(Figure 2-9). The land cover in the southern tributary subwatersheds is principally forest,
shrub/scrub and hay/pasture/cropland (Figure 2-8). The land cover data for the four study
watersheds is displayed in Figures 2-10 and 2-11. Finally, the extent of impervious surfaces
within the target subwatersheds is displayed in Figure 2-12.

Figure 2-8. Landcover Pie Chart
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Figure 2-9. Land Cover Map
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Figure 2-10. Land Use in 2004
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Figure 2-11. Percent Land Use
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Figure 2-12. Impervious Area Map
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Related Studies

Various investigations and analyses of flooding within the City have been completed and have
informed this study. The FEMA published flood risk maps for the City of Ithaca in 1981; the maps
provide an avenue for property owners to participate in the federal Flood Insurance Program.
Since 1983, the Tompkins County Legislature has periodically directed resources toward
reducing the risk of property damage associated with flood events as part of a program
managed by the County’s Department of Planning & Sustainability (TCDP&S). In 2002, the
Department retained Milone & MacBroom, Inc. of Cheshire, CT, to complete a Flood Mitigation
Needs Assessment for upland segments of four tributaries to southern Cayuga Lake including
three (Fall Creek, Six Mile Creek, and Cayuga Inlet) that are part of this LFHA. The objectives of
the Flood Mitigation Needs Assessment were to understand the factors affecting flooding and
erosion in the tributary sub watersheds and develop a list of priority flood-related projects
including those related to erosion and sedimentation. Other County streams were included in
subsequent phases of the program.
The final report (Milone and MacBroom Inc. 2005) described the root causes of streambank
instability and used an integrated watershed approach to identify specific stream segments and
recommend priority actions. In 2011, the TCDP&S formalized a program to implement the
priority actions in collaboration with Tompkins County Soil and Water Conservation District.
Three types of projects are eligible for funding: stream corridor revegetation and protection;
stream bank stabilization, which may include minor instream structures; and stream corridor
assessments/feasibility studies for larger scale projects where implementation will be funded
through outside revenue sources. Multiple projects, including land acquisition, have been
completed with various partners and funding sources in upland watersheds over the past
decade. By 2012, an estimated 12,000 linear feet of streambank had been planted as part of
stabilization efforts.
A May 2011 evaluation by the U.S. Army Corps of Engineers focused on the effects of
accumulated sediment deposition in the federal Flood Control Works along Cayuga Inlet. The
study used an earlier one-dimensional HEC-RAS model to predict the response to a 100-year
streamflow event, with Cayuga Lake modeled at a single elevation. The evaluation documented
the need for maintenance dredging of the channel to restore flood protection.
In 2017, the USGS completed a bathymetric survey to document current channel depth and
degree of shoaling in Cayuga Inlet and downstream segments of Fall Creek, Cascadilla Creek, and
Six Mile Creek (Wernly et al. 2017). Data from this survey support design of dredging programs
on lower Cascadilla Creek and Cayuga Inlet. The bathymetric survey data were used to define
channel geometry in the HEC-RAS model, as discussed in detail in this report. Projections of the
HEC-RAS model were published by USGS; these maps display areas and depth of flooding in for
2-, 10-, 50-, 100-, and 500-year events under three different lake level scenarios (Nystrom et al.
2018).
1307.006/02.2020
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In 2019, TCDP&S announced their plan to develop a Tompkins County Resiliency and Recovery
Plan, which will incorporate the findings of this engineering study to develop a list of flood
vulnerabilities of critical infrastructure and define priority actions. The 2013 Tompkins County
Hazard Mitigation Plan will be updated as the Resiliency and Recovery Plan is developed.
Climate change and the role of extreme weather events will be a prominent component.
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EXISTING CONDITIONS MODELING AND ANALYSIS
3.1.

Approach

Evaluation of flooding risk within the City of Ithaca required use of a detailed model capable of
accurately projecting water surface elevation as a function of stream discharge and lake level.
The first step was to complete a bathymetric survey of the Cayuga Inlet in order to determine
the current geometry of the channel after years of sedimentation. The next step involved using
current modeling methods to develop a HEC-RAS model that incorporates the interaction
between the multiple streams entering the City and the influence of varying lake levels. A range
of stream flows (2, 10-, 50-, 100-, and 500-year recurrence intervals) were modeled within the
project area under three different lake levels.
For each scenario, the model projected flood profiles, water surface (flood) elevations and
lateral flood extents (inundation widths) within the project area. Using Geographic Information
Systems (GIS), topographic mapping (supported by LiDAR-derived contour data) and aerial
imagery overlays to depict inundation zones, at-risk structural elements (including residential
properties, infrastructure elements, etc.) were identified for each flood stage modeled. Defining
the inundation limits and affected infrastructure elements corresponding to each modeled flood
stage provided the fundamental basis for identifying mitigation alternatives based upon
prioritized assessment of the severity and extent of impacts.
3.2.

Hydrology

The USGS determined peak flows for the model simulations utilizing information from their gaging
stations located on three of the four study streams. By utilizing gage station information, the
analysis focused on stream flow rather than precipitation. Relying on measured streamflow data
eliminates the need to specify a suite of environmental conditions, such as soil moisture, snow
cover, storm intensity, storm duration, etc. The project team completed statistical evaluations of
data from the gaging stations to determine the flow associated with the exceedance probability.
These peak flows, along with observed storm events used for model calibration, were used to
help generate time series hydrographs to model the various events.
Another variable influencing flooding in the City of Ithaca is Cayuga Lake’s water surface
elevation. USGS incorporated three different lake levels into their model to facilitate the
evaluation of lake level on flood risk. The lake levels in the model were chosen to represent the
early spring lake elevation (when a heavy spring rain on snowpack could create flooding
conditions), a 2-year summer/fall high lake elevation (when a hurricane or tropical storm could
occur), and a 100-year high water elevation. These were determined based on observed values
at the lake gage and datum corrected to match the NAVD 88 datum of the model and
bathymetric survey.

1307.006/02.2020
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USGS Model

The USGS, in cooperation with the City of Ithaca and the NYS Department of State, created
digital flood-inundation maps for a 2.9 square mile area within the City of Ithaca. The floodinundation maps depict estimates of the maximum areal extent and depth of flooding
corresponding to selected flood frequencies for Cayuga Inlet, Six Mile Creek, Cascadilla Creek,
and Fall Creek, and selected water-surface elevations of Cayuga Lake. These maps are shown, in
Appendix A.
Flood profiles for the stream reaches were computed by combining a one-dimensional stepbackwater model for the stream channels and a two-dimensional model for the overbank areas.
The resulting hydraulic model was calibrated by using water surface profiles from five observed
storm events. The model was then used to compute 15 water surface profiles for five flood
frequencies (2, 10, 50, 100, and 500-year recurrence intervals) and three lake levels
(representing early spring conditions, a 2-year high condition, and a 100-year high condition).
The simulated water-surface profiles were then combined with a digital elevation model to
delineate the maximum area flooded at each water level (Nystrom et al. 2018). These
inundation maps reveal that flooding along Six Mile Creek and Cascadilla Creek is largely
independent of lake elevation; lake level has the most impact on flooding along the banks of the
Cayuga Inlet, with a lesser impact on Fall Creek.
Two inundation maps are included as illustration. In Figure 3-1, the modeled flood risks from a
2-year high streamflow event (annual recurrence probability of 50%) are displayed at three
Cayuga Lake water surface elevation levels. Note that Six Mile Creek and Cascadilla Creek are
predicted to remain within their channels even at the highest lake level, while downstream
segments of Cayuga Inlet and Fall Creek are projected to overtop their banks. In Figure 3-2, the
modeled flood boundaries from a 100-year high streamflow event (annual recurrence
probability of 1%) reveal widespread inundation along both Six Mile Creek and Cascadilla Creek.
Only along the most downstream segments of Cayuga Inlet and Fall Creek is predicted flooding
exacerbated by high lake level, as depicted in the deep blue shaded areas.
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Duplicate Effective Model

During their initial evaluation of the USGS model, the project team determined that a significant
amount of flooding was the result of storm flows exceeding the banks of the three tributaries to
Cayuga Inlet. To improve accuracy of the model projections, the team completed field surveys of
the elevation of top of streambanks and berms. These detailed streambank elevation data were
incorporated into the USGS model in a version referred to as the Duplicate Effective Model
(DEM). The effectiveness of each proposed remedial measure was evaluated using this model.
The project team also compared flood projections using the DEM to the 1981 FEMA flood maps,
which were based on prior bathymetric data and bank elevations, simpler modeling tools, and a
single elevation of Cayuga Lake (Figure 3-3). In addition, the 1981 FEMA model projections used
a lower peak discharge of Six Mile Creek than the current gaging data indicate. The DEM
simulations predict an increased area of flooding, especially along the tributaries to Cayuga
Inlet. The DEM represents a level of accuracy and modeling that was not available to FEMA in
1981.

1307.006/02.2020

- 21 -

Barton & Loguidice, D.P.C.

Legend
Duplicate Effective
Model 100-Yr
Boundary
Tax Parcels

Path: K:\Projects\1300\1307006\Projects\Updated Final Figures\FEMA 1982 100-Yr Flood Boundary.mxd

FEMA 1981 100-Yr
Flood Boundary

Sources: Basemap- ESRI World Imagery, 2018; 1981 Flood Boundary- FEMA; Existing 100-Yr Boundary- B&L, 2019; Tax Parcels- Tompkins County;

µ
1 inch = 2,500 feet

Ithaca Local Flood Hazard Analysis

FEMA 1981 100-Year Flood Boundary
Tompkins County

February 2020

New York

Figure
3-3
Project No.
1307.006

City of Ithaca
4.0

Local Flood Hazard Analysis

MITIGATION MODELING AND ANALYSIS
4.1.

Overview

As demonstrated by the model projections and confirmed by history, the City of Ithaca is
susceptible to flooding during high streamflow events. The project team defined recurrence
interval using streamflow, which is not always equivalent to the recurrence interval of storm
events (that is, a 100-year storm event may not result in a 100-year streamflow event).
Antecedent conditions such as soil moisture and snow cover coupled with spatial variability in
rainfall intensity, location, and duration makes predicting flooding as a function of storm events
extremely complicated. It is far more reliable to evaluate flooding risk based on the exceedance
probability of streamflow, as FEMA does through their Flood Insurance Studies (see, for example
FEMA 1981 and FEMA 1984). In Ithaca, the presence of long-established USGS gages on three of
the four streams greatly increases the statistical accuracy of predicted streamflow recurrence
intervals and exceedance probabilities.
Each potential mitigation scenario was evaluated using the 2-year high lake level and the 100year streamflow in the four tributary streams. As discussed earlier, the influence of lake level is
most pronounced along the Cayuga Inlet. Therefore, the most reasonable scenario for
widespread flooding in Ithaca is when Cayuga Lake is slightly elevated and peak streamflow is
entering the City from the subwatersheds. The categories of mitigation alternatives evaluated
for the LFHA are characterized in Table 4-1.
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Table 4-1. Mitigation Alternatives
Category
Alteration of Channel
Cross Section

Description
Actions that provide additional cross sectional area to
carry floodwater, including dredging, channel
widening, and vertical height increase.

Alternatives Assessed

Alteration of Existing
Structures

Actions that use or modify structures to mitigate flood
hazard such as retrofit of bridge abutments and
culverts, or use of check valves at storm sewer
outfalls.
Actions that minimize loss of, or preserve/restore the
function of natural systems and associated ecosystem
services (such as streambank protection and
stabilization, redesign of roadside ditches,
attenuation of peak flows through regional detention)
Actions that modify the operation of existing dams
and reservoirs in the watersheds for flood control
purposes.
Actions that would decrease sediment loads at their
sources in the watershed, impede the downstream
transport of sediment loads, and/or reduce the rate
of deposition of sediment in the study area

· Alteration of Bridge Structures
· Use of check valves at storm
sewer outfalls

Natural Resource
Protection

Reservoir Routing

Sediment Control

· Cayuga Inlet Dredging (2
scenarios)
· Cascadilla Creek Dredging
· Floodwalls

Peak flow detention in
watersheds.

Reduce reservoir levels behind 30
foot and 60 foot dams prior to
major storm event
Qualitative review of existing
programs

Some of the alternatives were initially screened and eliminated from detailed evaluation early in
the study, either because the mitigation effects were minimal (alteration of bridge structures),
or the land requirements were so extensive as to be considered impractical (upstream
detention). Other alternatives, such as sediment control, were only reviewed qualitatively due
to the extent and complexity of sediment transport analysis.
4.2.

Alternatives and Projected Mitigation

4.2.1. Cayuga Inlet Dredge
The recent bathymetric survey by the USGS confirms that Cayuga Inlet has accumulated
sediment, reducing its cross-sectional area and capacity to convey streamflow. In 2011, the
USACE evaluated the Inlet to assess the need for and extent of sediment removal by dredging.
The extent of the USACE recommended dredge prism, which removed an average six feet of
sediment, was evaluated by the refined model developed for this LFHA. The model projections
confirm that the USACE recommended dredge prism would reduce flooding, but the reduction
was largely confined to the area directly adjacent to Cayuga Inlet. The red areas in Figure 4-1
illustrate the areas that would be removed from the projected 100-year flood boundaries.
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NYSDEC is responsible for maintenance of the federal Flood Control Works along Cayuga Inlet.
Currently, the City of Ithaca is working with NYSDEC to complete a hydraulic dredging project
within Cayuga Inlet. The current plan is to pump a slurry of sediment and water into geotubes
placed within lined sediment dewatering areas located on City-owned property along the Inlet.
Photos of a barge with hydraulic dredging equipment and a dewatering system using geotubes
are included for illustration. After dewatering, sediment will be moved from the City’s sediment
management facility to a suitable location offsite for ultimate disposal.
NYSDEC anticipates removing an average of 2 feet of deposited sediment from the Inlet, which
is far less than the USACE 2011 recommendation. However, the updated HEC-RAS model
projects that a 2-foot dredge prism would result in a flood risk reduction comparable to that
achieved by a 6-foot dredge prism, as depicted in Figure 4-2. This finding appears to be a
function of the impact of Cayuga Lake level on flood risk. The “DEC dredge” project is referred to
as Alternative 1 in subsequent sections of the report.

Barge with Hydraulic Dredging Equipment

Hydraulically Dredged Sediment Dewatering using Geotubes
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4.2.2. Cascadilla Creek Dredge
The downstream channel of Cascadilla Creek has sediment deposits that restrict navigation and
exacerbate the risk of flooding from winter ice jams. The City is planning to remove this
sediment to improve navigation and help prevent ice jams. The updated HEC-RAS model
projects that sediment removal from the mouth of Cascadilla Creek will have minimal impact on
flood risk from high streamflow conditions. However, the dredging provides significant
community benefits for navigation and ice jam mitigation. This dredge will be performed using
mechanical methods, such as an excavator on a floating barge or from the shore as illustrated
below.

Mechanical Dredging Equipment
4.2.3. Increased Channel Height
Application of the HEC-RAS model to the City streams revealed that a substantial portion of the
flooding is a result of peak flows overtopping the banks or adjacent berms along Six Mile Creek,
Cascadilla Creek, and Fall Creek. The project team evaluated the effectiveness of raising the
vertical top of banks using low floodwalls or berms to retain peak discharges within the stream
channel. The floodwall improvements would consist of a combination of small embankments (13 ft.), short concrete or precast block walls (2-6 ft.), or similar means to contain the flow. Stream
reaches where raising floodwalls or berms would reduce the risk of damaging floods, and the
approximate magnitude of the increase in height, are illustrated in Figure 4-3. Photos of
floodwalls installed in other communities are included for illustration. Other options that should
be evaluated during the engineering design phase are to lower areas of the bank to create
floodplain benches, or to dredge portions of the creeks. These measures might enable an
increase in channel capacity without raising the banks or using floodwalls.
The projected effectiveness of raising berms or using floodwalls (referred to as Alternative 2) is
illustrated in Figure 4-4.
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Examples of floodwall systems
Another important consideration is potential backflow from the storm drainage system. Higher
floodwalls and berms would create higher capacity for Six Mile Creek and Cascadilla Creek to
convey storm flows and reduce flooding along these tributaries. However, backflow prevention
devices would be required where storm sewers enter the creeks throughout the City. Without
these devices, higher water levels in the creeks would backflow into neighborhoods and
commercial areas through the storm sewerage system. This technology depends on capacity of
the local storm sewer system to drain precipitation from the City’s surface streets prior to
engagement of the backflow prevention devices.
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Examples of backflow prevention devices
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4.2.4. Flood Attenuation
The project team evaluated various options for detaining flow in the upland watersheds and
thus reducing peak discharges of stream segments within the City. Examples of flood
attenuation include wetland creation, adjacent floodplain storage, detention ponds, and
modifications to existing dams. As an initial step, the project team estimated the magnitude of
peak flow reduction necessary to provide meaningful reduction in flood risk. The difference
between a 100-year event and a 50-year event is approximately 17%, so a value of 20%
reduction in peak was selected as a basis for estimating how much storage would be required.
For screening purposes, the team developed a 100-year, 24-hour storm hydrograph to estimate
required storage volumes for a 20% peak flow reduction. The approximate volume of additional
watershed storage required to achieve this reduction is very large:
§
§
§
§

Fall Creek
Cascadilla Creek
Cayuga Inlet
Six Mile Creek

11,500 acre-feet (20 ft. deep, 575 acres)
620 acre-feet (20 ft. deep, 31 acres)
8,500 acre-feet (20 ft. deep, 425 acres)
10,000 acre-feet (20 ft. deep, 500 acres)

For context, the reservoirs contained by the 60 foot dam and 30 foot dam along Six Mile Creek
contain 362 acre-feet and 90 acre-feet respectively, at the spillway crest. Given the existing land
use and topography in the upland subwatersheds, it is not feasible to create this magnitude of
impoundment by improving wetlands, modifying floodplains, and constructing detention ponds.
Further development of this alternative was therefore not pursued. While these measures will
not significantly reduce risks of flooding within the City of Ithaca, opportunities to enhance offstream storage by modifying floodplains and creating wetlands should still be pursued as
described in previous studies (Milone and MacBroom, 2005). Such projects can provide positive
benefits during smaller higher frequency design storms as well as reduce erosion and sediment
transport and thus provide water quality benefits.
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Attenuation Hydrographs of Reservoirs - Existing Conditions
In addition to the alternatives for creating new off-line storage, the project team investigated
the potential benefits of utilizing the existing reservoirs along Six Mile Creek to reduce peak
discharge. Data from C.T. Male Associates (2012 and 2014) were evaluated to determine
whether the reservoirs could be retrofitted to act as flood control structures or be drawn down
in advance of an imminent storm to increase the flood storage. Benefits were observed at the
smaller, higher frequency storms. However, during larger events (i.e., greater than the 5-year
storm), capacity of the reservoir system was overwhelmed. Reductions in peak streamflow was
less than 5% for the 5-year event and less than 1% for the 100-year event, and this alternative
was not pursued any further
4.2.5. Combined Flood Mitigation
This alternative, which is referred to as Alternative 3 and analyzed in detail, is a more
comprehensive approach to achieve flood resiliency in the City of Ithaca. This alternative
combines the NYSDEC dredge discussed in 4.2.1 (Alternative 1) and the floodwall improvements
discussed in 4.2.3 (Alternative 2). Since the two alternatives address the flood threat from a
different source, this combination provides the greatest reduction in risk of damaging floods. As
displayed in Figure 4-5, large portions of the City that are currently at risk of flooding will be
protected once the actions outlined in Alternatives 1 and 2 are completed.
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Sediment and Nutrient Loading

As discussed in Section 2, sediment loss from the landscape is the result of multiple factors;
some factors reflect natural background environmental conditions (e.g., surficial geology, soils,
and slopes) while others are strongly influenced by human activities (e.g. vegetative cover, land
use, and management practices). The four streams flowing through the City of Ithaca to Cayuga
Lake exhibit a range of both natural and cultural conditions that influence the magnitude of
sediment transport. Understanding the interplay between background and human-induced
factors helps managers identify realistic targets for sediment reduction and thus set priorities
for remedial actions.
Sediment is a focus of this Local Flood Hazard Assessment because of its direct role in reducing
channel capacity to convey storm flows. In addition, sediment deposition can degrade aquatic
habitat and transport nutrients (notably phosphorus) into downstream receiving waters. The
southern shelf of Cayuga Lake, where the study tributaries enter the lake, is on state and federal
lists of impaired waterbodies due to elevated silt/sediment levels and phosphorus
concentrations. Because of these significant interactions, Cayuga Lake has been the focus of
recent monitoring and modeling efforts to identify the sources, transport, and fate of sediment
and nutrients from point and nonpoint sources. Much of the detailed work was focused on the
southern tributaries to support NYSDEC’s Total Maximum Daily Load (TMDL) phosphorus
allocation to Cayuga Lake, due to the regulatory listing of the southern shelf as impaired.
Several modeling tools have been applied to estimate sediment and nutrient transport from the
southern tributaries. The primary tool NYSDEC will use for their TMDL allocation is the Soil &
Water Assessment Tool (SWAT) model of the Cayuga Lake watershed developed by Professor
Todd Walter and Dr. James Knighton of Cornell University. As of the date of this report (February
2020), NYSDEC has not released the draft TMDL for Cayuga Lake; consequently, SWAT model
projections of the relative contribution of the study tributaries to sediment and nutrient loading
are not yet available. However, the tributary monitoring data used to calibrate and test the
SWAT model are available (Upstate Freshwater Institute 2016) and provide information
regarding the magnitude of sediment and nutrient transport during an intensive stream
monitoring program conducted in 2013 (Table 4-2).
Note that while measured TSS load at the mouth of Fall Creek was slightly higher than the TSS
load measured in Cayuga Inlet, the mass of light-scattering particles (turbidity) was substantially
higher in Cayuga Inlet. This finding is consistent with observations and aerial images of the
southern lake region and is a result of the underlying geology of these adjacent subwatersheds.
The Inlet valley is underlain by glaciolacustrine deposits which are dominated by clay-sized
particles. High discharge streams such as Fall Creek have potential energy to entrain and
transport larger (and heavier) particles. Streams laden with smaller (and lighter) particles may
exhibit higher turbidity even as they have lower TSS concentrations.
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Table 4-2. Estimated Annual Flux of Phosphorus and Sediment Through Four Tributaries to southern
Cayuga Lake, based on detailed monitoring, April – October 2013 for the Cayuga Lake Modeling Project
Fall
Cayuga
Six Mile
Cascadilla
Creek
Inlet
Creek
Creek*
2
Drainage Area (mi )
127
86.7
48.9
13.3
Average Annual Discharge (cfs)
193
95
74
21
Percent Agriculture
48%
29%
21%
21%
Percent Forest/Brush/Rural
40%
56%
63%
61%
Percent Urban
11%
15%
15%
17%
Estimated TSS load (tons/yr)
18,900
17,600
4,620
2,040
Estimated TP Load (tons/yr)
16.5
16.1
4.2
1.8
Estimated mass of lightscattering particles (106 NTU/m3)
5,900
10,000
2,800
Unmonitored
April – Oct, 2013
*Cascadilla Creek’s discharge, TP load, and TSS load were estimated from Fall Creek monitoring data
In addition to the SWAT model, two widely used watershed models have also recently been
applied to Cayuga Lake. The Flood Hazard Assessment project team applied the Generalized
Watershed Loading Function model (GWLF) to the four study watersheds and NYSDEC used the
model LENS to help identify and assess nutrient sources as they developed the Cayuga Lake
Harmful Algal Blooms Action Plan (NYSDEC 2017). The LENS and GWLF frameworks use land use,
soils, and slopes as the primary drivers of export; they do not explicitly model streambank and
stream channel erosion. Estimates using these simpler models are associated with a higher level
of uncertainty especially in the Cayuga Inlet and Six Mile Creek subwatersheds. However,
general projections among SWAT, GWLF and LENS are consistent. Watershed (nonpoint) runoff
is the overwhelming source of sediment and nutrients that reach Cayuga Lake.
Reduction of sediment loading to the receiving creeks is critical to providing a sustainable flood
mitigation solution for the City. Currently, there are numerous exposed streambanks, eroding
ditches and other sources of sediment throughout the watersheds that represent large
sediment sources to the streams. The source for most of the sediment is in the upper
watersheds, outside of the City limits. This sediment is mobilized during storm events and is
moves through the City to Cayuga Lake. A large amount of the sediment is dropped from
suspension when the gradient declines and velocity decreases. This phenomenon causes
shoaling and lost capacity within Cayuga Inlet.
As part of the LFHA, the project team met with stakeholders in the surrounding Towns in the
upper watersheds. During these meetings, many areas of streambank erosion, agricultural
runoff and eroding roadside ditches were noted. Additional evaluation is recommended to
identify significant sources of sediment and develop a strategy for mitigation. Management of
sediment at the source is critical to maintaining any recommended improvements. By
identifying and addressing the major sources, the service life of the dredge alternatives would
be extended.
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FLOOD HAZARD MITIGATION STUDY
5.1.

Public Outreach

The LFHA project team and Technical Advisory Committee recognized the need to expand the
study area beyond the City boundaries to include the upstream watershed communities. This
decision reflected the complexity of factors contributing to flooding (e.g., sedimentation and
loss of channel capacity, increasing impervious surfaces) and the universe of potential mitigation
strategies (e.g., off-stream storage and retention to reduce peak flows). Local knowledge was
essential to confirm specific areas vulnerable to flooding and erosion and identify opportunities
for potential mitigation. To this end, representatives of the LFHA team engaged with
representatives of the Town and Village of Dryden and the Towns of Danby, Caroline, Newfield
and Enfield to describe the approach to the LFHA and examine detailed maps of watershed
areas within each municipality. Meetings and consultations with stakeholders took place in June
2018.
The project team used information gleaned through the consultations in several ways: (1)
identifying areas vulnerable to inundation and determining their value to the communities; (2)
focusing the summer 2018 field assessment program; and (3) identifying specific locations to
evaluate for mitigating measures, including green infrastructure and drainage repairs and
improvements.
A broader outreach effort was undertaken as well to inform the watershed community of the
project. In November 2018, a team member outlined the objectives and approach of the LFHA at
a meeting of the Cayuga Lake Watershed Network focused on the southern end of Cayuga Lake.
The meeting was well-attended by water resources advocates and local officials.
In December 2018, the project team briefed members of the Ithaca City Common Council on
progress and preliminary findings in an open meeting. The technical team displayed the USGS
inundation maps based on the updated HEC-RAS model and discussed with local leaders how
the maps differ from the City’s current FEMA flood maps. Prime alternatives for mitigation were
reviewed and their effectiveness in reducing the areal extent and depth of flooding was
displayed. The presentation included opportunities for extensive questions and discussion. The
following key points were discussed:
·

·

Upland improvements and storage to reduce peak flows are not sufficient to prevent
flooding within the City of Ithaca; actions to increase channel capacity within the City
are required.
Upland efforts to mitigate sediment loss are essential; sediment deposition is a key
factor in reducing channel capacity and increased flood risk.
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DEC proposed dredge volumes are almost as effective at reducing flood hazard as the
USACE directive to restore original channel capacity, representing a major cost saving.
Maintenance dredging is essential.
Institutional measures (e.g., planning and zoning) and structural measures to improve
flooding resiliency will be necessary to manage risk.
Increasing channel capacity can involve both dredging and raising levees; solutions can
vary along the stream.

An open public meeting was held in April 2019 at the Tompkins County Public Library. In
addition to the project team, representatives from City of Ithaca Common Council, Army Corps
of Engineers, FEMA, NYSDEC, USGS, Tompkins County Department of Planning & Sustainability,
Cornell Cooperative Extension, City of Ithaca Department of Public Works, Environmental
Management Council, and Cornell University were in attendance. More than 30 members of the
general public attended as well. The project team began by describing the scope and objectives
and the modeling approach, then paused for questions to ensure that the large audience had
the necessary background for the presentation of alternatives. A lengthy question and answer
session followed the presentation. The PowerPoint slides used in the presentation are included
in Appendix C.
5.2.

Benefit-Cost Analysis

A Benefit-Cost Analysis (BCA) was completed on the proposed mitigation Alternatives 1, 2, and
3. Project costs are calculated, as are future benefits such as maintenance of emergency
facilities, reduction in flooding at residences, avoided property damage, and avoided loss of life.
The outcome of the BCA is a Benefit-Cost Ratio (BCR). The BCR is a numerical expression of the
cost effectiveness of a project; a project is considered cost-effective when the BCR is 1.0 or
greater.
The project team used the FEMA BCA Toolkit for calculating flood hazard BCA, as described in
Appendix B. Specific parcels were identified as “at risk” from a 100-year high streamflow event
under the various alternatives, including current conditions (Figure 5-1) , and compared with the
risk and costs of damages once Alternatives 1, 2, and 3 are implemented. The nature of the
affected parcels and structures were compiled from City Assessment files. Costs were calculated
assuming various levels of inundation projected by the model, data from NYS Department of
Transportation (NYSDOT), and the estimating tool RSMeans. A 20% contingency was added to
each cost estimate.
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5.2.1. Alternative 1: Dredge Cayuga Inlet
The planned NYSDEC dredge of Cayuga Inlet provides benefits from adding additional stream
channel capacity that prevents water from overtopping some of the banks. Reducing flood risk
benefits the properties and the community. The community benefits with additional access for
emergency services. The properties benefit from a reduced flood risk and lower potential for
flood damage. This alternative reduces the flood risk of some of the properties with critical
infrastructure such as the US Coast Guard Auxiliary Station, the sewer pump station at Cherry
Street and Cecil A. Malone Drive and Spectrum’s facilities on West State Street. This alternative
reduces some of the roadway impacts.
The total benefit is calculated based on the average structure within each classification
multiplied by the number of structures and summed to get an overall project benefit. The
benefits from Alternative 1 include removing residential, commercial and critical infrastructure
from the 100-year flood plain. This alternative is the only alternative that does not have a BCR
greater than 1. This is due to the need for periodic maintenance dredging; i.e., the alternative
has a short service life. The BCA analysis focuses on flooding benefits. It does not incorporate
benefits associated with navigation, ice jam mitigation, and other ancillary benefits.
Flooding affects the properties displayed in Figure 5-2. The reduction of flood risk for properties
removed from this list, as compared to the existing conditions, represents the benefit.
Summary
Total project Cost
Service Life
Total Benefits
Benefit-Cost Ratio
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5.2.2. Alternative 2: Increased Channel Height in Critical Reaches
This alternative encompasses raising the berms along critical segments of Six Mile Creek,
Cascadilla Creek, and Fall Creek to contain flow. The primary benefit is related to additional
capacity for conveyance that prevents water from overtopping some of the banks. Reducing
flood risk benefits the properties and the community. The community benefits with additional
access for emergency services. The properties benefit from a reduced flood risk and potential
for property damage. This alternative reduces the flood risk of some of the properties with
critical infrastructure such as the Ithaca Area Wastewater Treatment Plant, National Grid SubStation at 4th and Adams Street, the City of Ithaca Highway Department, and Spectrum’s
facilities on West State Street. This alternative lessens and removes some of the roadway
impacts.
The total benefit is calculated based on the average structure within each classification
multiplied by the number of structures and summed to estimate the overall project benefit. The
benefits of Alternative 2 include removing residential, commercial and critical infrastructure
from the 100-year flood plain.
Flooding impacts the properties shown in Figure 5-3.
Summary
Total project Cost
Service Life
Total Benefits
Benefit-Cost Ratio

1307.006/02.2020

$ 3,100,000
75 years
$ 16,549,429
5.34
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Height 100-Yr Flood Boundary
Area Mitigated by Alternative
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5.2.3. Alternative 3: Dredge Cayuga Inlet and Increase Channel Height
Alternative 3 is a combination of Alternatives 1 and 2. This alternative provides the largest
benefit by reducing flood risk for the properties and the community. The community benefits
with additional access for emergency services. The properties benefit from a reduced flood risk
and potential for property damage. This alternative has the greatest number of properties that
experience a benefit of reduced flood risk. This alternative reduces the flood risk of some of the
properties with critical infrastructure such as the US Coast Guard Auxiliary Station, the sewer
pump station at Cherry Street and Cecil A. Malone Drive, Ithaca Area Wastewater Treatment
Plant, National Grid Sub-Station at 4th and Adams Street, the Highway Department, and
Spectrum’s facilities on West State Street. This alternative removes most of the roadway
impacts.
The total benefit is calculated based on the average structure within each classification
multiplied by the number of structures and summed to get an overall project benefit. The
benefits from Alternative 3 include removing residential, commercial and critical infrastructure
from the 100-year flood plain.
Flooding impacts the properties shown in Figure 5-4.
Summary
Total project Cost
Service Life
Total Benefits
Benefit-Cost Ratio

$16,600,000
75 years
$20,739,806
1.25

The combined benefit of Alternative 3 has a lower BCR due to the high cost of the dredge and
the associated benefits from reducing flood risk. This alternative is still the preferred alternative
because it maximizes the reduction in flood risk. In addition, the dredging component provides
navigational, ice jam reduction, and other ancillary benefits not captured through the BCA.
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Municipal Regulations

In New York, the primary responsibility for regulating land use and development rests with the
local municipality. Municipalities (cities, towns, and villages) have the opportunity to consider
water quality and quantity issues as they guide appropriate development in watersheds and
flood plains using tools such as zoning laws, site plan review, and subdivision regulations. The
process begins with development of—or revision to—a comprehensive plan, followed by zoning
laws that reflect the goals and vision of the plan. An adopted comprehensive plan provides the
legally defensible blueprint on which zoning and other land use regulations are based.
In 2015, the City of Ithaca updated its comprehensive plan, which provides the foundation for
multiple zoning districts, including overlays. “Plan Ithaca” is being supplemented with
neighborhood-specific documents, including a waterfront plan, south side neighborhood plan,
parks and open space plan, etc.
However, there are some regulatory controls on properties within the FEMA-designated 100year floodplain. The National Flood Insurance Program (NFIP) enables property owners in
participating municipalities to purchase flood insurance; the City has participated in this
program since 1985. For property owners to be eligible for this program, the municipality must
adopt and enforce floodplain management regulations designed to reduce future flood
damages, including ordinances restricting development in the 100-year floodplain as delineated
by FEMA. The City may adopt floodplain regulations that exceed the NFIP requirements to
include a more accurate hazard area, the identification of a larger hazard area (such as the 500year floodplain), and limitations on certain types of construction within flood hazard areas. The
HEC-RAS model projections may provide a basis for reviewing whether additional local controls
are warranted.
There is also an incentive program that reduces the flood insurance premiums for communities
with floodplain management activities that exceed the NFIP minimum standards. The voluntary
program, called the Community Rating System (CRS), was established in 1990 and lists specific
criteria by which communities are scored with respect to preparedness and resiliency to
flooding. Activities considered enhancements to the NFIP minimum standards are grouped in
four main categories: Public Information, Mapping and Regulation, Flood Damage Reduction,
and Flood Preparedness. Once a community applies to join the CRS, FEMA will audit their
floodplain management programs and assign credits which determine the premium discount for
policyholders. Premium discounts range from 5% to 45% of eligible policies written in the
community. While Ithaca does not currently participate in the CRS, the potential benefit to
property owners warrants further exploration.
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Community planning for resiliency to climate change is a current focus across New York in
response to recent hurricanes, tropical storms, sea level rise, and high water levels in the Great
Lakes. A recent resource is the 2019 publication “Model Local Laws to Increase Resilience”
prepared by the NYS Department of State in accordance with the State’s Community Resilience
and Recovery Act
(https://www.dos.ny.gov/opd/programs/resilience/Model_Local_Laws_to_Increase_Resilience.pdf). This
document reviews the land use tools available to municipalities to enhance resilience, including
in flood-prone areas. Examples include zoning and overlay districts for waterfront and floodplain
areas, limiting coverage of impervious surfaces, prohibiting substantial improvements to
nonconforming uses or structures in flood-prone areas, requiring elevated buildings, etc. Other
example model laws address protection of forests, wetlands, and riparian (streamside) buffers,
and areas located behind levees or below high hazard dams. Publishing the model laws was
intended to facilitate discussion at the local level, not to replace legal counsel or public review
and comment.
Planning and zoning laws in the upstream watershed communities are also relevant to flood
protection within the City due to the challenges associated with sedimentation within the
stream channels. As part of this LFHA, the project team briefly reviewed the status of planning
and zoning laws related to water quality and quantity issues in upstream watershed
communities. As summarized in Table 5-1, each community has a distinct regulatory approach
to land use and resource protection measures; all have an adopted comprehensive plan, and
most are currently engaged in updating their plan to reflect current issues and priorities. The
Town of Ithaca has a range of regulatory tools related to erosion and stormwater management.
Table 5-1. Municipal Land Use Regulations
MUNICIPALITY

COMPREHENSIVE
PLAN STATUS

ZONING

SUBDIVISION
REGULATIONS

SITE PLAN
REVIEW

COMMENTS
Steep slope guidelines
Riparian setbacks
Impervious surface limits
Erosion and sedimentation
controls
FEMA- floodway code
Codes address density,
setbacks, siting of utilities

T. ITHACA

2014, update
underway

Yes

Yes

Yes

T. DRYDEN

2005, amended in
2012, 2019 RFP issued
for revision

Yes

Yes

Yes

T. ENFIELD

2001, update
underway

No

Yes

Yes

Stormwater control plan
required for disturbance
over 1 acre

T. NEWFIELD

2013

No

No

No

Stormwater control plan
required for disturbance
over 1 acre

T. CAROLINE

2006, update
underway

No

Local laws: flood damage
protection (2011) and
stormwater management
(2007)

Barton & Loguidice, D.P.C.
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Clearly, there are opportunities to work with upstream communities to support their efforts in
updating comprehensive plans and integrating water resource protections into local codes.
5.4.

Available Funding Sources

The community will incur costs for planning, design, construction, permitting, and
implementation of the various recommended alternatives. Funding assistance from non-local
partners, including state and federal agencies, could improve the associated benefit-cost ratios.
This section provides a brief overview of programs and agencies that could potentially support
the City’s efforts in reducing the risk of flood damage.
Sediment dredging from Cayuga Inlet is a major component of the recommended alternatives.
NYSDEC is responsible for maintaining the capacity of Cayuga Inlet and the associated Flood
Control Works. Dredging to restore lost channel capacity is planned to begin in 2021 with costs
borne by the state. Removal of accumulated sediment will likely occur as a phased project
extending over several years. The City has been working in partnership with NYSDEC, and the
Army Corps of Engineers to coordinate this complex undertaking.
Funding assistance for implementation of other recommended actions may be available from
several NYS grant programs in place to assist communities with preparing for and mitigating the
impacts of climate change. Ithaca has previously received planning funds from the State’s
Climate Smart Community program and was designated a Climate Smart Community in January
2018, along with the Town of Ithaca and Tompkins County. The Climate Smart Community
Program offers matching grants (50% cost sharing) up to $2 million in state assistance payments
to a municipality toward the cost of any climate adaptation or mitigation projects. Flood risk
reduction is specifically referenced. This program is administered by NYSDEC with grant
applications submitted each July through the Consolidated Funding Application (CFA) cycle.
Another NYS program, the Green Innovation Grant Program helps underwrite installation of
“transformative green stormwater infrastructure” by funding 40-90% of eligible costs. This
program is administered by the Environmental Facilities Corporation, with applications
submitted through the CFA process.
NYS also provides matching funds for community-based planning projects through the
Department of State’s Local Waterfront Revitalization Program for designated coastal and
inland waterways. Cayuga Lake is a designated inland waterway and eligible for this program.
The focus is on tailoring planning tools including zoning and overlay districts that can reduce the
risk of impairments to water quality and flood protections. Like the programs described above,
applications for matching grant funds are submitted through the annual CFA cycle. This program
could be of value to upstream communities willing to explore expanding local land use controls.
Finally, the state Water Quality Improvement Program is a competitive, reimbursement grant
program that funds projects that address water quality impairments or protect a drinking water
source. Initiatives to reduce erosion and sedimentation in the Six Mile Creek sub watershed

1307.006/02.2020

- 49 -

Barton & Loguidice, D.P.C.

Local Flood Hazard Analysis

City of Ithaca

could be eligible for this program, which is also part of the CFA process of grant applications and
awards. For nonagricultural nonpoint source abatement and control projects (such as upland
erosion reduction initiatives), the state will reimburse a municipality or Soil and Water
Conservation District for 75% of eligible costs.
There are federal funding sources as well. Once the Local Flood Hazard Mitigation Plan is
adopted, the City is eligible to apply for Pre-Disaster Mitigation (PDM) funds from FEMA to
implement the plan’s recommendations. Because FEMA funds are distributed to the states, the
City must apply to the NYS Division of Homeland Security and Emergency Services as a
subapplicant for inclusion in the NYS request for PDM funds. Federal funding supports up to 75%
of eligible activity costs.
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IMPLEMENTATION STRATEGY SCHEDULE

Implementing the recommendations of the Local Flood Hazard Analysis will require focused leadership
and coordinated action by many stakeholders in the City and beyond. Structural and institutional
measures to reduce the risk of damaging floods are identified and discussed in previous sections. Table
6-1 captures the major recommendations of the LFHA and proposes an implementation schedule.
Table 6-1. Implementation Schedule
PROJECT
Structural Measures
Dredge Cascadilla Creek

Dredge Cayuga Inlet
Construct/improve floodwalls and
related infrastructure such as backflow
prevention devices
Upstream stabilization projects such as
road bank/streambank work in priority
areas
Tree planting initiative
Institutional Measures
Investigate Community Rating System
participation, audit existing practices,
add or modify to maximize score
Add planning staff position
Review local laws for best practices
related to water resources
management and resilience (using
NYSDOS guidelines) and recommend
changes
Identify and formalize a regulatory
process, operational parameters of the
sediment management facility, and
funding stream to enable routine
maintenance of the Flood Control
Works
Institutional Measures
Technology transfer—maintain the
HEC-RAS model as a working tool for
evaluating future initiatives

OBJECTIVES

LED BY

DATE

Increase channel capacity to
improve navigation and recreational
access, and alleviate ice jams
Increase channel capacity to reduce
flood risk
Increase channel capacity
to reduce flood risk

City

2020

NYSDEC

2021-22

City

2023

Reduce sedimentation and maintain
channel capacity

Municipalities, County,
SWCD

Ongoing

Build community awareness,
stabilize soils, decrease runoff

SWCD, Cornell
Cooperative Extension

Ongoing

Decrease cost of federal flood
insurance to property owners

City

2020-21

Increase capacity to identify and
manage grant opportunities
Improved infiltration and retention
of storm flows, reduced erosion

Tompkins County

2020

County and municipal
planning departments

Ongoing

Periodic dredging will be required
to maintain restored channel
capacity

NYSDEC, in
collaboration with
Canal Corp (NYSDOT),
City, and Army Corps of
Engineers

2021-23

Document and communicate best
practices

City, USGS, Tompkins
County Water
Resources Council,
Cornell University

Ongoing

The project team has also identified data and information gaps that can help refine these
recommendations. The 2005 report by Milone and MacBroom Inc. (MMI) identified priority areas within
tributary subwatersheds and recommended specific actions. Several projects arising from the MMI work
have been completed. Updating the MMI findings, reporting progress on recommended actions, and
benchmarking to current conditions would support a prioritization of next steps for the upstream
segments of the four study tributaries.
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SUMMARY OF FINDINGS

This Local Flood Hazard Analysis identifies and quantifies conditions that contribute to flood risk in the
City of Ithaca. The objective of this engineering study was to set up, calibrate, and apply a model (HECRAS) capable of predicting water levels and flood inundation under a range of stream discharge and lake
level conditions. The model was then applied to evaluate the effectiveness of alternative management
strategies in reducing the risk of damage to property, environmental quality, and public health posed by
extreme events.
Four major streams, Fall Creek, Cascadilla Creek, Six Mile Creek, and Cayuga Inlet, flow from higher
elevations through the City as they enter southern Cayuga Lake. Under current conditions, the stream
channels do not have adequate capacity to convey peak flows from a 100-year event, and multiple
properties are at risk of flood damage. The project team examined a range of management scenarios
encompassing structural and institutional approaches to flood risk mitigation. Both upstream measures
and measures within the City were evaluated for their effectiveness and costs.
Sediment erosion from upstream watershed areas and deposition within downstream segments is a
significant contributing factor in diminished channel capacity, most notably in Cayuga Inlet. The
modeling and analysis demonstrate that improvements to upland areas of the streams’ watersheds,
such as increased storage capacity, are desirable but not sufficient to mitigate flood risk. Dredging
Cayuga Inlet is an essential component of any flood hazard mitigation strategy. Reducing upstream
erosion will extend the effectiveness of maintenance dredging and protect channel capacity
downstream.
Structural measures to increase stream channel capacity within the City are needed. In addition to
dredging Cayuga Inlet, it is necessary to increase bank height along certain critical stream reaches and
install backflow prevention devices. A benefit cost analysis determined that investment in dredging
Cayuga Inlet coupled with raising floodwalls and levees has a benefit cost ratio greater than one,
meaning that the avoided costs and damages of flooding are above the cost of the recommended
mitigation.
In addition to these essential structural projects, institutional controls such as modifications to planning
and zoning regulations are needed to improve resilience to changing climate and manage risks. There
are various funding sources available to implement the recommendations of the LFHA. Additional staff
capacity within the Tompkins County Department of Planning and Sustainability would help the City and
its many partners identify and pursue state and federal support for the recommended structural and
institutional measures to reduce the risk of flood damages.
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APPENDIX B
BENEFIT-COST ANALYSIS SUMMARY

Summary Table of Benefits
Property Classification Alternate 1 Dredge Alternate 2 Berms Alternate 3 Combined
>1 use sm bld
$
79,455.00 $
212,950.00 $
212,950.00
1 Family Res
$
2,584,816.00 $ 7,162,561.00 $
7,585,732.00
1 use sm bld
$
161,782.00 $
188,520.00 $
320,484.00
2 Family Res
$
1,096,070.00 $ 2,698,324.00 $
2,800,792.00
3 Family Res
$
49,074.00 $
131,520.00 $
142,480.00
Apartment
$
594,206.00 $ 1,005,792.00 $
1,173,424.00
Att row bldg
$
42,376.00 $
85,179.00 $
85,179.00
Auto Body
$
62,716.00 $
63,033.00 $
84,044.00
Branch bank
$
46,974.00 $
62,676.00 $
167,136.00
Cable tv
$
36,020.00 $
48,268.00 $
48,268.00
Converted Res
$
88,561.00 $
107,870.00 $
107,870.00
Dealer-prod.
$
$
15,758.00 $
47,274.00
Det row bldg
$
36,868.00 $
61,755.00 $
98,808.00
Elec-Substation
$
$ 1,953,973.00 $
1,953,973.00
Fast food
$
13,190.00 $
53,022.00 $
53,022.00
Government
$
239,172.00 $
400,620.00 $
801,240.00
Health bldg.
$
92,910.00 $
249,004.00 $
373,506.00
Highway gar
$
$
4,131.00 $
4,131.00
Inn/lodge
$
96,850.00 $
259,568.00 $
259,568.00
Large retail
$
103,292.00 $
276,830.00 $
692,075.00
Manufacture
$
54,028.00 $
36,200.00 $
72,400.00
Mini-mart
$
15,891.00 $
63,885.00 $
63,885.00
Motel
$
48,425.00 $
64,892.00 $
64,892.00
Multiple Res
$
44,495.00 $
107,325.00 $
119,250.00
Nbh shop ctr
$
115,210.00 $
463,155.00 $
1,080,695.00
$
163,026.00 $
168,655.00 $
404,772.00
Office bldg.
Other Storage
$
57,210.00 $
76,662.00 $
127,770.00
Prof. bldg.
$
$
88,756.00 $
88,756.00
Religious
$
20,532.00 $
27,513.00 $
27,513.00
Restaurant
$
63,564.00 $
106,475.00 $
212,950.00
Retail srvce
$
54,348.00 $
121,380.00 $
145,656.00
Supermarket
$
90,579.00 $
121,379.00 $
364,137.00
Water Pump Station
$
344,835.00 $
$
462,091.00
Sewer Pump Station
$
321,846.00 $
$
431,285.00
Roads and Bridges
$
21,029.00 $
28,180.00 $
28,180.00
Urgent Care
$
7,257.00 $
9,725.00 $
9,725.00
Ambulance
$
17,332.00 $
23,112.00 $
23,112.00
US Coast Guard
$
583.00 $
781.00 $
781.00
Total Benefits
$
6,864,522.00 $ 16,549,429.00 $
20,739,806.00
BCR
$
0.51 $
5.34 $
1.25

City of Ithaca
Conceptual Design
Alternative 1 - Dredge
PRELIMINARY ESTIMATE BREAKDOWN
ITEM NUMBER
DESCRIPTION
SITE CONSTRUCTION
Dredge
Equipment
Disposal
209.1501 Turbidity curtains

UNIT
CY
LS
CY
LF

CONTRACT ITEMS
619.01 BASIC WORK ZONE TRAFFIC CONTROL (ASSUME 1%)
625.01 SURVEY OPERATIONS (ASSUME 1%)
699.040001 MOBILIZATION (MAX OF 4%)
FIELD CHANGE (5%)
CONTINGENCY (20%)

QUANTITY COST / UNIT COST
100000
1
100000
5000

$30.00
$50,000.00
$55.00
$20.00

$3,000,000.00
$50,000.00
$5,500,000.00
$100,000.00
$8,650,000.00

LS
LS
LS
DC
LS

1
$86,500.00
1
$86,500.00
1 $346,000.00
1 $432,500.00
1 $1,730,000.00

$86,500.00
$86,500.00
$346,000.00
$432,500.00
$1,730,000.00
$11,331,500.00

LS
LS

1 $1,133,150.00
1 $1,019,835.00

$1,133,150.00
$1,019,835.00

ENGINEERING
DESIGN & CONSTRUCTION ADMIN/SUPPORT (10%)
CONSTRUCTION INSPECTION (9 %)

$13,484,485.00

City of Ithaca
Conceptual Design
Alternative 2 - Raise Berms
PRELIMINARY ESTIMATE BREAKDOWN
ITEM NUMBER
DESCRIPTION
SITE CONSTRUCTION
201.06 CLEARING AND GRUBBING
203.02 UNCLASSIFIED EXCAVATION AND DISPOSAL
BERM EMBANKMENT

UNIT

QUANTITY COST / UNIT COST

LS
CY
CY

1
3263
30351

$25,000.00
$35.00
$30.00

$25,000.00
$114,205.00
$910,530.00

209.190201 ROLLED EROSION CONTROL PRODUCT, CLASS II TYPE B,INTERMEDIATE SY

29191

$2.50

$72,977.50

610.1403
610.1602
209.13
209.1003
614.06XX04

CY
SY
LF
SY
EA

3244
29191
24042
29191
100

$65.00
$2.50
$2.00
$1.00
$1,000.00

$210,860.00
$72,977.50
$48,084.00
$29,191.00
$100,000.00

EA

100

$700.00

$70,000.00

LF

2405

$5.00

$12,025.00
$1,665,850.00

LS
LS
LS
DC
LS

1 $33,317.00
1 $33,317.00
1 $66,634.00
1 $83,293.00
1 $333,170.00

$33,317.00
$33,317.00
$66,634.00
$83,293.00
$333,170.00
$2,215,581.00

DESIGN & CONSTRUCTION ADMIN/SUPPORT (20%)
CONSTRUCTION INSPECTION (9 %)

LS
LS

1 $443,117.00
1 $199,403.00

$443,117.00
$199,403.00

Maps and Aquisistion

LS

1 $200,000.00

$200,000.00

TOPSOIL
TURF ESTABLISHMENT - LAWNS
SILT FENCE
SEED AND MULCH TEMPORARY
TREE REMOVAL - STUMPS GRUBBED
PLANTING - MAJOR DECIDUOUS TREES - 2 TO 3 INCH CALIPER BALL&
611.0171
BURLAP, FIELD POTTED OR FIELD BOXED
607.41010010 TEMPORARY PLASTIC BARRIER FENCE (FOR TREE PROTECTION)
CONTRACT ITEMS
619.01 BASIC WORK ZONE TRAFFIC CONTROL (ASSUME 2%)
625.01 SURVEY OPERATIONS (ASSUME 2%)
699.040001 MOBILIZATION (MAX OF 4%)
FIELD CHANGE (5%)
CONTINGENCY (20%)
ENGINEERING

RIGHT OF WAY

Say

$3,058,101.00
$3,100,000.00

APPENDIX C
PUBLIC OUTREACH

www.bartonandloguidice.com

