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The U.S. Army Corps of Engineers, New York District, in partnership with the
NY State Department of Environmental Conservation, is conducting Section 205
studies on three small tributaries to the Mohawk River near Herkimer, NY. These
three creeks have experienced severe ice jams and flooding over many years.
Initial reconnaissance studies indicated that a strategically placed Ice Control
Structure (ICS) could significantly reduce the damages due to ice jam flooding.
The U.S. Army Cold Regions Research and Engineering Laboratory (CRREL) is
working with the consulting engineering firm DuBois & King, Inc. to model the
open water and ice jammed conditions and to design the ICS for each creek.
Several unique conditions have made the HEC-RAS modeling both interesting
and difficult. The histories of the three creeks have definitely been influenced by
the actions of man. Moyer Creek is confined to one side of a wide valley
floodplain as it enters the Mohawk River. It is evident that the creek was
confined in this manner to provide a water supply for the Erie Canal system, the
remnants of which are crossed about ¼ mile above its mouth. As a result, the
creek is perched above the rest of the valley, resulting in difficulties with
overbank flow modeling. Steele Creek was once a water source for mechanical
power for a large industrial plant. Its very straight alignment and uniform slope
are signs of previous manipulation. Residential and industrial development
occurred during the period when water was removed from the creek. When the
plant changed over to electrical power, the city found its bridges and river channel
barely large enough to carry a 10-year open water flow. The unique modeling
and design issues are presented followed by the model results and construction
plans for ice jam flooding mitigation.

1. Background of the Three Creeks Project
The New York District of the U.S. Army Corps of Engineers is currently conducting three
Section 205 Studies for Ice Jam Flooding Reduction in central New York State. DuBois & King,
Inc. and the U.S. Army Cold Regions Research and Engineering Laboratory (CRREL) are
conducting the open water and ice jam flooding analysis as well as designing the flood
mitigation alternatives. The three small watersheds all flow into the Mohawk River between
Utica and Herkimer, NY. Moyer Creek drains 57 km2 as it flows north to the Mohawk River
through Frankfort, NY, a village with a population of 4500. Steele Creek, also flowing north
into the Mohawk River, lies about 3 km to the east of Moyer Creek and drains 88 km2 as it flows
through Ilion, NY, a small city of 9000 people. Fulmer Creek lies another 3 km east of Steele
Creek and drains 65 km2 as it flows through Mohawk, NY, a small village of 3000 people. Due
to their similarity in size, basin shape, and proximity, several generalizations can be made
concerning the ice jamming in these creeks. Freeze-up and breakup generally occur at the same
time of the year (within a week) in each of the creeks and the thickness of ice generated over a
winter season is similar. What is surprising is that the dates of ice jamming and flooding are not
necessarily correlated between the creeks. Table 1 shows the historic dates of ice jam flooding
for each of the creeks.
Table 1. Dates of historic flooding events in Moyer, Steele, and Fulmer Creeks
Date
March 2004
March 2003
January 2003
January 1997
February 1996
January 1996
March 1995
February 1994
March 1989
February 1983
February 1981
February 1977
February 1971
January 1962
March 1953
February 1952
February 1948
March 1936
Winter 1920’s

Moyer Creek

Steele Creek

Fulmer Creek
X

X
X
X
X
X
X

X
X
X
X

X
X
X
X
X
X
X
X
X
X
X

Ice jams and the resulting water levels for this study were modeled using the U.S. Army Corps of
Engineers’ River Analysis System (HEC-RAS). HEC-RAS performs one-dimensional steady
and unsteady hydraulics calculations (Brunner, 2002). A key element is the use of a common
geometric data representation and hydraulic computation routines. The program also allows

export and import functions to and from graphical information systems (GIS) models of the
watershed through the add-on GeoRAS. A powerful addition to the HEC-RAS program is its
ability to compute ice jam-affected water levels by an iterative procedure of water level
calculations followed by an analysis of ice forces. This procedure balances the downstream
acting forces of water shear on the underside of the ice jam and the downstream-acting
component of the weight of the jam with the resisting shear at the banks and the internal strength
of the ice jam accumulation. In order to properly model an ice jam, however, several variables
must be predetermined. These include the discharges associated with the jamming event, total
volume of ice available to contribute to the jam, and the jamming locations.

2. Hydrology
An extensive GIS was developed of this watershed prior to modeling. The GIS model provided
not only a means to develop a snowmelt hydrology analysis used to determine flows associated
with ice breakup and jamming but also to develop a detailed hydraulic model using GeoRAS and
HEC-RAS. The GIS was invaluable in determining where floodwaters would leave the river
channel and the extents and depths of flooding expected.
Flooding analysis was conducted by simulating water levels produced by flows of various return
interval frequency. The frequencies for open water discharge were developed using regional
regression equations for New York State (Lumia, 1991). As a check of these equations and to
determine the snowmelt season discharges, a hydrologic model (HEC-1) was developed for each
of the three small basins (Zufelt et al., 2001). For open water discharges, various frequencies of
24-hour rainfall events were applied to the model and predicted stream discharges were
calculated after accounting for abstractions of detention storage, infiltration, evapotranspiration,
and antecedent soil moisture conditions. For the ice jam discharges, the total water delivered to
the ground surface from rainfall and snowmelt in a 24-hour period was applied to the model
(similar to a rainfall) to calculate discharge. The daily total water delivered to the ground surface
was calculated by a snow accumulation and ablation model as described by Zufelt et al., 2001.
This model was calibrated using National Weather Service (NWS) First Order Station data for
temperature, precipitation, and snow water equivalent (SWE). The period of record for 16 NWS
coop stations that provided daily maximum and minimum temperatures and precipitation were
then fed into the calibrated snow accumulation and ablation model to produce frequencies for
daily water delivered to the ground surface vs. station elevation.
The hydrologic model produced open water discharges that were very similar to those predicted
by the regression equations for all frequencies. The ice jam or snowmelt discharges were found
to be lower than the open water discharges for more common events (less than 5-year return
interval) but could be significantly higher for the more rare events (above 100-year return
interval). These discharge frequencies were then used with HEC-RAS to develop stage
frequencies for two independent populations; open water conditions and ice jamming conditions
(based on snowmelt discharges). The stage frequencies for these two populations were
combined using:
Pc = Popen + Pice − ( Popen Pice )

[1]

where Pc is the probability that a selected elevation is equaled or exceeded by either an open
water or ice jam stage, Popen and Pice are the probabilities of that elevation being equaled or
exceeded by an open water or ice jam event, respectively (USACE, 2002). The combined stage
frequency was used with damage-elevation curves for the flooded structures to determine the
average annual damages under existing and improved conditions.

3. Freeze-up Flow and Potential Ice Thickness
In a typical year, as air temperatures decrease, discharge in Moyer, Steele, and Fulmer Creeks
also decrease to a low flow level. This low flow value was used to determine the area of open
water that could be expected to freeze, which when multiplied by the thickness of ice generated,
gives the total ice volume available for jamming. From inspection of similarly-sized gaged
watersheds in the region and meteorological data, freeze-up was estimated to occur at an average
flow of 5.7 m3/s for the creeks. In some years, late fall or early winter storm events increase the
discharge considerably above this level. During these higher flow events, however, any ice that
had previously formed in the creek is simply washed downstream. As flows recede following
the storm events, the creeks then re-freeze at a flow level of approximately 5.7 m3/s.
The average ice cover thickness expected on the creeks in a typical winter was determined by
using the Stefan equation (USACE, 2002). This approach assumes that the ice growth rate is
controlled by the heat transfer rate through the ice cover. It assumes a steady-state temperature
profile through the ice with the bottom of the ice at the ice/water interface to be at a temperature
of 0 °C and the surface of the ice to be at the average daily air temperature (as long as the
average daily air temperature is below 0 °C). The ice thickness in centimeters, ηj, on any day j
can be estimated as:

η j = α (U j )

1

2

[2]

where α is an empirical coefficient that expresses the effects of other variables on the heat
transfer rate and typically varies from 1.7 for heavy snow areas to 2.7 for light snow areas. The
effects of other heat inputs (groundwater flow, industrial processes, etc.) can be included in α if
thickness vs. air temperature data exists. Uj is the Accumulated Freezing Degree Days (AFDD)
recorded between the onset of freeze-up (day 1) and day j. The number of freezing degree days
(FDD) for any day is found by subtracting the average daily air temperature from 0 °C.
By inspecting the air temperature and snowfall records for Utica, NY, it was calculated that the
average ice thickness that would grow on a stationary body of water in the vicinity of the Three
Creeks was approximately 0.45 meters. There would, of course, be some reaches of the creek
where the ice thickness would be greater or less due to other factors, such as the accumulation of
frazil ice. In conducting the analysis to determine the breakup discharge, this value of 0.45
meters for ice thickness was used.

4. Breakup Criteria
Breakup occurs in a river when the discharge increases to a point such that the ice cover cannot
resist the forces trying to push it downstream. The cover experiences the downstream-acting

forces of shear on the underside of the cover, due to the water flow beneath it, and the
component of its weight in the downstream direction. The cover resists downstream movement
by its internal strength (which is very high for an ice sheet) and its attachment to the banks. As
discharge and the resulting water surface level increase, attachment to the banks is lost and the
cover floats free. The intact cover experiences some cracking and breakage as it begins to move
downstream, free from the banks. This process of breakup continues as the cover moves
downstream, breaking into smaller-sized ice pieces that may eventually jam. The breakup
discharge is that which generally results in an increased water level and width, such that the
attachment to the banks is lost and the cover begins to move and break up. There are many
“rules of thumb” for determining the discharge level which results in breakup. For this study,
two conditions were deemed necessary for the initiation of breakup of the ice cover; when the
water level increased (above freeze-up levels) by approximately 2 times the ice thickness and
when the water surface width increased (above that at freeze-up) by 10 – 20%. These conditions
resulted in both the loss of attachment of the cover to the banks as well as increased flow
velocities to move the cover downstream.
A HEC-RAS analysis was completed to determine when breakup would occur. The freeze-up
water levels and width were compared to those for increasing levels of discharge for each of the
creeks. A freeze-up discharge of 5.7 m3/s was used as previously stated. Breakup, by the
general rules above, occurred between 17.0 and 22.6 m3/s. In general, the upper reaches of the
creeks would meet the criteria for breakup first. The calculated breakup flow (of 17.0 - 22.6
m3/s) was very close to the 2-yr frequency snowmelt/ice jam discharge of 18.4 m3/s for Moyer
Creek, 25.5 m3/s for Steele Creek, and 21.2 m3/s for Fulmer Creek. It was therefore assumed
that breakup and jamming would occur for the 2-yr frequency and above events analyzed in the
flooding mitigation study (2-yr through 500-yr).
In theory, as discharge continues to increase, an ice jam will continue to thicken. In reality,
however, some discharge is reached such that the jam cannot resist the downstream forces acting
on it and jam failure occurs. Usually this occurs as water levels increase to the point that the jam
no longer has adequate connection (or force transference) to the banks of the river. This can
happen at locations where the top of bank is relatively low and the floodplain is wide.
Fortunately, in these locations the channel carries a small percentage of the total flow in the river
and thus a jam in the channel would have a smaller effect on the water level of the entire cross
section. For this reason, jams were assumed to form and hold for all frequencies analyzed.

5. Ice Transport and Losses
The breakup analysis also provided the maximum ice volume that would be expected to be
formed in a typical winter by combining the average ice cover thickness of 0.45 meters with the
surface area of the river covered at a freeze-up discharge of 5.7 m3/s. Not all the ice that forms
over a winter, however, will contribute to a jam. Several losses occur as the ice moves
downstream; these include ice stranded on the banks or in shear walls, melting due to air and
water temperatures above 0 °C, and incomplete breakup of the cover. Early or mid-winter events
may have a considerably smaller ice cover thickness and thus smaller potential ice supply.
Various estimates of ice loss have been made over the course of many ice jam studies. Some
studies indicate a bulk loss of 30% of the total available ice volume as it travels downstream to

the jam location. Other studies indicate a loss of 5 - 10% ice volume per kilometer of river that
the ice travels.
Figure 1 below shows the effects of shear wall development during an ice run. As the ice moves
downstream, it contacts the shallower areas along the shore and is slowed and packed together.
A vertical shear wall eventually develops with its inside edge (closest to the water flow) equal in
thickness to the thickness of the moving ice. Similar formations occur when a jam fails, leaving
a shear wall along the banks whose height is very close to the jam thickness. For Steele, Fulmer,
and Moyer Creeks, side slopes averaged 1:4 to 1:5 in the natural river channel. If a side slope of
1:4 is used with an average ice run thickness of 0.90 meters (two layers of parent ice cover) and a
shear wall porosity of approximately 0.2, there is about 2.6 m3 of ice stranded on the banks for
each meter of river reach length. If a side slope of 1:5 is used, the loss is 3.2 m3 of ice stranded
on the banks for each meter of river reach length.

Figure 1. Ice jam shear wall development.
A comparison of the three loss techniques was done to determine what ice loss should be used
for Steele Creek. For the modeled reach (6.6 kilometers of river), the total ice volume available
is 36,200 m3 of ice based on a freeze-up discharge of 5.7 m3/s and an ice cover thickness of 0.45
meters. The lower-most ice jam on Steele Creek usually develops at the Route 5S Bridge and
builds upstream so any ice below that bridge does not contribute to jamming. Since the Route 5S
Bridge is located at RK 0.03 (0.03 kilometers above the river mouth), this reduction in total ice
volume is minimal. Table 2 provides a comparison of the ice loss calculation methods and
provides a percent total loss for each method. The same analysis was done for the other two
creeks (Fulmer and Moyer Creeks) and the average loss was found to be a bulk 33%. With the
variations in contributing river length, ice thickness, and porosity of accumulations, it was
decided that the use of a bulk loss of 33% would be representative for all three creeks.
Table 2. Comparison of ice loss estimates for Steele Creek
Method
30% bulk loss
Stranding on 1:4 side slope
Stranding on 1:5 side slope
10% loss per kilometer travel
Average

Total ice volume for jam
25,340 m3
25,830 m3
23,240 m3
24,980 m3
24,850 m3

Percent total loss
30.0%
28.6%
35.8%
30.5%
31.4%

The final abstraction to be considered is that due to melting by the water flow in the creek during
the ice breakup, transport, and jamming. The snowmelt discharges were developed based on a
24-hour event. If we assume a very general runoff discharge hydrograph shape over the 24 hours
of the event, it may look like that depicted in Figure 2 below. If we assume a triangular shape
for the hydrograph, with its peak occurring at 12 hours, the volume of flow that could contribute
to melting prior to the peak would be ½(12hr)(Qpeak - Qbase). If we further consider that the
amount of ice, Vmelt, (at 0°C) that could be melted by 1°C water is approximately 1% of the flow
rate, then we can approximate the volume of ice melted by the water flow as:
Vmelt = ½(12 hr)(1%)(Q peak - Q base )(3600 sec/hr)

[3]

where Qpeak is the design flow rate and Qbase is the flow rate prior to breakup. If the Qbase is taken
to be the freeze-up flow of 5.7 m3/s, then we can easily calculate the volume of ice melted during
the jamming event and the total volume of ice left that can contribute to the ice jam in each
creek. Thus, it can be seen that for rarer (higher flow) events, the total volume of ice
contributing to the jam will actually be less. The thickness of the jam and resultant water levels
will be greater, however, for rarer events. The end result is that the rarer events will be
comprised of shorter, yet much more damaging ice jams and flooding.

Figure 2. Hypothetical 24-hour breakup hydrograph
Finally, the backwater of the Mohawk River has a slight effect on the thickness of the ice jam
near the mouths of the creeks. A higher backwater level results in slower velocity flow (and less
shear on the jam underside) in the backwater area. This equates to the jam volume being reduced
in this area and thus more ice is available to build the jam upstream. The effect of an increase in
backwater elevation is an increase in jam length of a few cross sections in the upstream direction.
The effect is less for the higher creek discharges.

6. Moyer Creek – Perched Channel
Moyer Creek flows through the Village of Frankfort, NY and onto the floodplain of the Mohawk
River. The upper reaches of the creek are highly confined within a narrow canyon. The
floodplain widens just upstream of the Brice Road Bridge at RK 2.88 where some minor
flooding occurs upstream and downstream of the bridge. Below the Brice Road Bridge, the
channel widens and is fairly low on the left overbank, especially upstream of the Route 5S
Bridge (RK 1.82). Downstream of the Route 5S Bridge, the channel is narrow and confined to

the left side of the valley. It is somewhat perched with a wide low floodplain on the right
overbank down to the Main Street Bridge (RK 0.42). It is believed that this reach of the creek
was confined and channelized to be used as a water supply for the original Erie Canal system, the
remnants of which cross the creek at RK 0.53. Confining the creek to the side of the valley wall
resulted in the perched condition above the floodplain in this reach. It also resulted in the creek’s
inability to convey large open water or ice jam flow events within the channel. Downstream of
the Main Street Bridge, the floodplains widen on both banks and water travels generally
unimpeded to either the Mohawk River or through the Marina to the east (an old river channel).
Two timber crib dams just upstream and downstream of the Main Street Bridge cause some
flooding problems. Figure 3 shows a general layout of Moyer Creek as it flows through
Frankfort, NY. Also identified in the figure are the locations of the bridges mentioned above.

Figure 3. General layout of Moyer Creek at Frankfort, NY.
Past ice jam events and local history indicates that ice jams primarily form at the Main Street
Bridge (RK 0.42). In recent times, ice jams have caused flooding in February 1981, February
1994, February 1996, and March 2003. In each of these cases, an ice jam formed in the vicinity

of the Main Street Bridge and built upstream, causing flooding of the downtown area. It was
decided to model the ice jam flooding by allowing a jam to form near an abandoned and
removed railroad bridge (approximately RK 0.14) and extend upstream. This jam would contain
the ice released from the channel for approximately 6.8 kilometers of river.
Several flooding mitigation alternatives were modeled using HEC-RAS to minimize the flooding
damages but also to find a solution with a positive benefit-to-cost ratio. The chosen alternative
was an Ice Control Structure (ICS) located upstream of the Route 5S bridge. This location
provided a suitable undeveloped area for forming an ice jam (with minimal ICS-induced
flooding) but also significantly reduced the volume of ice that would reach the Main Street area
of Frankfort, minimizing damages for the village.
As mentioned above, the reach from the Route 5S bridge to the Main Street Bridge is confined to
the left side of the valley and perched above the right bank floodplain. Figure 4 shows a cross
section as an example of the perched area about halfway along this reach. This plot is for a 2-yr
return interval ice jam and shows that ice fills the channel and water spills into the floodplain.
The figure shows that the channel has been confined to the left side of the valley and that it
historically was most likely in the lower elevation section to the right of the present channel (in
the right floodplain). Since HEC-RAS is a one-dimensional model, it is not able to distinguish
flow along the channel and flow out into the floodplain. As a result, all areas of the cross section
below the calculated water level are filled with water able to contribute to conveyance. Several
options are available to limit conveyance in HEC-RAS such as specifying ineffective flow areas,
blocked areas, and levees.
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A combination of methods was used to determine just how much water would leave the channel
and flow into the floodplain. This was done by blocking the area below the elevation of the
highpoint at the top of the right bank. The water elevation above the top of bank coupled with
the length of bankline that was being overtopped allowed a calculation of weir flow over the
bank and into the floodplain. This flow loss out of the channel was used to reduce the discharge
level as it passed downstream. As a result, a better estimate of the amount of water flowing in
the floodplain was obtained.
The next step was to determine where this water that left the channel would flow. This was done
by using the Moyer Creek GIS with the flowpath option. This option tracks a water particle’s
path as it moves along the ground surface according to the steepest flowpath. Figure 5 shows an
example of the flowpath results. The red lines show that particles “dropped” on the channel side
of the top of the right bank flowed down the channel while those “dropped” on the outside of the
bank moved into the floodplain. This assisted in the determination of the extent of the flooded
areas in the right floodplain. With a discharge (and thus water volume) into the floodplain and
the probable extent of flooding, the GIS was used to map depths of the flooded areas, taking into
account preferential flow routes such as the gutters along streets.

Figure 5. Flow paths used to determine the range of overbank flooding.

Flow into the floodplain was primarily the result of ice jams in the channel below the Route 5S
Bridge with flooding occurring even at the 2-yr ice jam frequency. Open water events caused
flooding only above the 50-yr frequency. The placement of an ICS just upstream of the Route
5S Bridge resulted in a significant reduction in the ice supply, such that jams would only extend
a short distance upstream of the Main Street Bridge. Some minor flooding will still occur in the
reach downstream of the Main Street Bridge but overall flooding damages are reduced
significantly.

7. Steele Creek – Confined Channel and Multiple Jams
Steele Creek causes the most monetary damages (of the three creeks) due to ice jams because of
the high density of housing within Ilion, NY. Figure 6 provides an aerial view of Steele Creek
and several prominent features.

Figure 6. Steele Creek through the City of Ilion, NY.

For most of the lower reach of the creek (from the Route 5S Bridge upstream to the Main Street
Bridge) the top of the channel banks are slightly higher than the overbank areas with trees lining
both banks. From the Main Street Bridge upstream to the Otsego Street Bridge, the channel is
highly confined with trees, concrete walls, and houses extending right up to the channel banks on
both sides. Immediately upstream of the Otsego Street Bridge, the channel takes a right angle
bend with an ogee crest weir just upstream. The channel slope is milder upstream of the weir
and slightly perched above the surrounding floodplain as it passes through three more small
bridges. Upstream of the extent of Figure 6, the creek enters a gorge with a very steep channel,
narrow floodplains, and almost no homes.
Past ice jam events and local history indicates that ice jams form at several locations. Two
primary locations are in the vicinity of the Main Street Bridge at RK 0.71 and at the Otsego
Street Bridge (RK 1.64). The small opening and tight bend immediately upstream of the Otsego
Street Bridge combine to make this location a very effective ice retention structure, although its
location with respect to the homes in the area results in this being a severe ice jam flooding
location. Ice jams have also been known to form downstream of the Main Street Bridge at an
abandoned railroad bridge. It was decided to model the jams by allowing a jam to form near the
abandoned railroad bridge and extend upstream. This jam would contain the ice which existed in
the channel from the Otsego Street Bridge downstream (plus what little ice would make it
through the Otsego Street Bridge). Another jam would almost certainly form at the Otsego
Street Bridge and extend upstream. This second jam would contain the ice from the channel
upstream from the Otsego Street Bridge or approximately 5 km of river ice cover. Figure 7
shows the effects of an ice jam event at approximately RK 2.0 on Steele Creek in February 1957.
In the figure, a police car sits on the bridge over Steele Creek in the background. Water and ice
overflowed the channel due to a jam forming at the Otsego Street Bridge.

Figure 7. Ice jam on Steele Creek, February 1957.
The theory behind an ICS is to relocate an ice jam to an area where ice jam flooding would not
adversely affect people or structures. This is done by designing a structure to catch and hold the

ice moving downstream but allowing passage of the water in the creek. In some designs, a flood
bypass channel is created to allow water to pass around the structure while the ice is held in the
channel (Lever and Gooch, 1999). Other designs use a strategically-placed structure to take
advantage of the natural floodplain, allowing storage of the excess ice in the floodplain (Tuthill,
1995). The effectiveness of an ICS depends on several factors, such as the volume of ice to be
retained, discharge level expected during ice jam events, capture efficiency of the structure, and
its location relative to the area to be protected. An ICS would ideally be placed just upstream of
a damage area to provide the most protection; preventing ice jam flooding in the damage reach
by keeping all the ice upstream of that location. Since there are really two ice jams occurring on
Steele Creek, a strategically placed ICS would provide protection for both damage reaches.
Another consideration when looking for appropriate ICS locations is to take advantage of local
geographic features, such as a wide floodplain or other ice storage area. The problem with Steele
Creek was that past development had occurred right up to the riverbank and for much of the
creek, there was no room to place an ICS. Figure 6 shows the one location that could hold an
ICS along the creek. It was upstream of the Otsego Street Bridge and therefore would prevent
ice jam flooding in that reach. It was a considerable distance upstream of the Main Street reach,
however, and its effect on that reach was uncertain.
HEC-RAS modeling provided water levels with an ICS in place and whether any effects would
be realized at the Main Street reach. It was determined that the ICS prevents a considerable
amount of ice from reaching the Otsego Street Bridge. Approximately one-third of the ice that
reaches the Otsego Street Bridge passes through it and contributes to the Main Street jam. With
the reduction in ice reaching the Otsego Street Bridge, a reduction of ice volume reaching the
Main Street jam was also realized. While not all of the jamming and flooding was relieved, the
Main Street jam was shorter and its damaging effects were less.
Figure 8a shows a profile plot of Steele Creek and the location of the two ice jams under existing
conditions and Figure 8b shows the resulting three jams under conditions with an ICS (an
additional jam is formed upstream of the ICS). In comparison of the two figures, it is apparent
that the ICS does reduce the volume of ice reaching the Main Street area with the jam only
reaching to RK 0.70 with the ICS (rather than RK 1.20). The ICS also reduces the jam at Otsego
Street considerably. There is a larger jam upstream of the ICS at RK 2.9, however.
The design of the ICS itself is based on several factors. It is designed as a concrete base with
several piers which act to catch the ice moving downstream and allowing it to build a jam
upstream of the structure. The piers rise 3 meters above the concrete base, are 3 meters long and
0.6 meters wide. The pier spacing is 3.7 meters (gap width). The top elevation of the piers was
chosen to coincide with the 100-year flooding elevation of the creek. The ICS location was
chosen because the right overbank is approximately 0.6 meters lower than the left overbank and
provides additional protection for structures on the left bank. As ice begins to build behind the
ICS and water levels rise, flooding will occur first on the right bank where there are no
structures. One of the four piers attached to the concrete base is actually in this overbank
floodplain area on the right bank. Additional large boulders placed in right overbank prevent ice
from moving around the structure. Figure 9 shows a schematic cross section of the ICS for
Steele Creek with flow passing right to left in the figure.
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Figure 8a. Steele Creek profile under existing conditions.
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Figure 8b. Steele Creek profile with ICS in place at RK 2.9.
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Figure 9. Cross section of ICS design for Steele Creek.

8. Fulmer Creek – Calibration Event
Fulmer Creek is generally characterized as a narrow valley stream that opens up onto the
floodplain of the Mohawk River. For most of the lower reach of the creek (in the area of the
town of Mohawk, NY) the left bank is higher than the right bank. Downstream of the Main
Street Bridge, the channel widens and meanders. Figure 10 shows an aerial view of Fulmer
Creek and several features.
Past ice jam events and local history indicates that ice jams typically form near the Route 5S
Bridge (RK 0.27) and progress upstream, usually combining with a jam that may initially form at
the Main Street Bridge (RK 0.63). Jams sometimes form at the Columbia Street Bridge (RK
1.66) and progress upstream, combining with a jam that forms at a small private bridge (RK
2.39) just downstream from a tight bend. While all of these jams may initially form
independently, they soon combine as the discharge increases during breakup. During larger
breakup flows (10 yr frequency and above), the upper jams will fail first, combining with the
downstream jams to form a long continuous jam through the town. The jam will persist until
failure occurs at the downstream end (Route 5S). For this reason, it was decided to model the ice
jamming on Fulmer Creek as one continuous jam with its downstream end at the Route 5S bridge
and filling upstream as far as the available ice volume would allow.
Fulmer Creek did not present as many difficulties in HEC-RAS modeling as Moyer and Steele
Creeks. While there are some low floodplain areas on the right bank downstream of the Main
Street Bridge, the channel was not perched and there was only one ice jam to model. There were
not very many options, however, for the location of an ICS. Two potential locations were
identified; one at RK 2.33 just downstream of the private bridge and the other at RK 2.74
upstream of a trailer park and two houses. The site at RK 2.33 did not have much space for ice
storage or a bypass channel and it would definitely cause flooding of the trailer park upstream of
the private bridge. As a result, the site at RK 2.74 was chosen and this site did have a relic
channel in the left floodplain that could be modified into a bypass channel. The question

remained if an ICS at this location would provide adequate protection to the populated areas near
Main Street which had historically flooded.

Figure 10. Fulmer Creek and the Town of Mohawk, NY.
HEC-RAS modeling showed that an ICS at RK 2.74 could significantly reduce the amount of ice
reaching the Main Street area, with a 5-year ice jam extending from the initiation point at the
Route 5S bridge to approximately the Main Street bridge. While water levels would be increased
in this reach, no overbank flooding would occur near Main Street. For greater recurrence
interval events, the jam would shorten (due to melting and thickening), reducing its backwater

effect upstream but the increased discharge would also be accompanied by increased water
levels. Up to the 50-year recurrence interval, floodwaters would not spill over the banks
upstream of the Main Street Bridge.
Verification of the model results came fortuitously during an ice jam event on Fulmer Creek on
March 3, 2004. In this event, the ice cover broke up and traveled downstream, jamming at the
Route 5S Bridge as seen in Figure 11. This historic site of the jam toe had once again been
verified. Figure 12 shows the view of the jam looking downstream from the Main Street Bridge.
The upstream end of the jam extended slightly beyond the upstream side of the Main Street
Bridge. What was interesting was that upon inspection of the upper reaches of the creek, it was
found that the cover had generally remained in place upstream of the trailer park near RK 2.57.
This gave an indication of the length of expected jams with an ICS at RK 2.74. Comparing the
water levels from the photos to the model results put this ice jam event near the 5-year
recurrence interval.

Figure 11. The toe of the March 3, 2004 ice jam at the Route 5S Bridge.

Figure 12. Looking downstream from the Main Street Bridge near the upstream end of the jam.
9. Conclusions
HEC-RAS can be a valuable tool in analyzing ice jam situations and for designing ice control
measures. In any ice jam study, proper estimates of freeze-up and breakup discharges, volumes
of ice contributing to jamming, and the potential jamming locations must be made. For Moyer
Creek, the problems of a one-dimensional model were overcome by using some of the options
available in HEC-RAS, including ineffective flow areas, blocked flow areas, and levees. There
is an ideal location for an ICS upstream of the Route 5S Bridge that provides adequate flodding
protection for the village. For Steele Creek, the problem of multiple jam locations and their
effects on one another made modeling more difficult. The ICS location at RK 2.9 provided
significant flooding relief for the reach upstream of Otsego Street but also had an effect on the
Main Street reach as well. Fulmer Creek had only one potential site for an ICS which was
thought to be marginal. An ice jam event that occurred during the study provided verification
not only of the jamming location but also that the protection provided by the ICS at RK 2.74
would eliminate flooding in the Main Street reach for all except the greatest return interval
events. The use of a GIS along with HEC-RAS in the studies of these creeks were invaluable in
assessing where water traveled once it entered the floodplain, as well as the depths of water
within the floodplain. The add-on program GeoRAS allowed easy plotting of the HEC-RAS
results onto the GIS for visualization of the flooded areas and extents of the ice jams.

Acknowledgements
The author would like to acknowledge the efforts of Karl Ahlen, project manager for the New
York District Corps of Engineers. Charles J. Kissell and Matthew Murawski of DuBois & King,
Inc. have been very helpful during the modeling efforts and have provided the bulk of the ICS
design services as well. Tim Baldwin of CRREL provided many helpful suggestions and
assistance with GeoRAS and the GIS modeling.

References
Brunner, G.W. (2002) “HEC-RAS, River Analysis System User’s Manual” US Army Corps of
Engineers Hydrologic Engineering Center Report CPD-68, Davis, CA.
Lever, J.H., and G.E. Gooch (1999) “Low-cost Ice Control Structures for Small Rivers”
Proceedings of the ASCE 10th International Conference on Cold Regions Engineering,
Lincoln, NH, August, 1999.
Lumia, R. (1991) “Regionalization of flood discharges for rural, unregulated streams in New
York, excluding Long Island” US Geological Survey–Water Resources Investigations
Report 90-4197, 119 p.
Tuthill, A.M. (1995) “Structural Ice Control: Review of Existing Methods” Special Report 9518, US Army Cold Regions Research and Engineering Laboratory Hanover, NH.
USACE (2002) “Ice Engineering Manual” US Army Corps of Engineers Engineering Manual
EM 1110-2-1612, October 2002.
Zufelt, J.E. (2005a) “Flooding Analysis using HEC-RAS” Proceedings of the ASCE World
Water and Environmental Resources Congress, Anchorage, AK, May, 2005.
Zufelt, J.E. (2005b) “Ice Control Structure Design” Proceedings of the ASCE World Water and
Environmental Resources Congress, Anchorage, AK, May, 2005.
Zufelt, J.E., C.J. Reed, and J.L. Weed (2001) “Modeling Snowmelt Runoff and the Effects of
Climate Change in Central New York State,” in Proceedings of the 11th Workshop on
River Ice, Ottawa, Ontario, CANADA, May 2001.

