l lb II /‘ 7 | UNIVERSITY
LIBRARIES

Civil & Environmental Engineering and Civil & Environmental Engineering and
Construction Faculty Publications Construction Engineering
5-21-2017

Ice-Cover and Jamming Effects on Inline Structures and Upstream
Water Levels

Addison Jobe
Southern Illinois University

Swastik Bhandari
Southern Illinois University

Ajay Kalra
Southern lllinois University, kalraa@siu.edu

Sajjad Ahmad
University of Nevada, Las Vegas, sajjad.ahmad@unlv.edu

Follow this and additional works at: https://digitalscholarship.unlv.edu/fac_articles

6‘ Part of the Civil and Environmental Engineering Commons, and the Water Resource Management

Commons

Repository Citation

Jobe, A, Bhandari, S., Kalra, A., Ahmad, S. (2017). Ice-Cover and Jamming Effects on Inline Structures and
Upstream Water Levels. 270-279. Sacramento, California: World Environmental and Water Resources
Congress 2017.

https://digitalscholarship.unlv.edu/fac_articles/443

This Conference Proceeding is protected by copyright and/or related rights. It has been brought to you by Digital
Scholarship@UNLV with permission from the rights-holder(s). You are free to use this Conference Proceeding in
any way that is permitted by the copyright and related rights legislation that applies to your use. For other uses you
need to obtain permission from the rights-holder(s) directly, unless additional rights are indicated by a Creative
Commons license in the record and/or on the work itself.

This Conference Proceeding has been accepted for inclusion in Civil & Environmental Engineering and Construction
Faculty Publications by an authorized administrator of Digital Scholarship@UNLV. For more information, please
contact digitalscholarship@unlv.edu.


http://library.unlv.edu/
http://library.unlv.edu/
https://digitalscholarship.unlv.edu/fac_articles
https://digitalscholarship.unlv.edu/fac_articles
https://digitalscholarship.unlv.edu/cee
https://digitalscholarship.unlv.edu/cee
https://digitalscholarship.unlv.edu/fac_articles?utm_source=digitalscholarship.unlv.edu%2Ffac_articles%2F443&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/251?utm_source=digitalscholarship.unlv.edu%2Ffac_articles%2F443&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1057?utm_source=digitalscholarship.unlv.edu%2Ffac_articles%2F443&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1057?utm_source=digitalscholarship.unlv.edu%2Ffac_articles%2F443&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalscholarship.unlv.edu/fac_articles/443
mailto:digitalscholarship@unlv.edu

Ice-Cover and Jamming Effects on Inline Structures and Upstream Water Levels
Addison Jobe!, Swastik Bhandari!, Ajay Kalra'& Sajjad Ahmad?

!Department of Civil and Environmental Engineering, Southern Illinois University Carbondale,
1230 Lincoln Drive, Carbondale, IL 62901-6603.

2Department of Civil and Environmental Engineering and Construction, University of Nevada
Las Vegas, 4505 S. Maryland Parkway, Las Vegas, NV 89154-4015

Abstract

River ice cover is a reoccurring phenomenon in the Northern United States every year.
Sheets and layers of ice result in a rise of water surface elevation and may lead to ice jams in a
river. This research explains the modeling of a river reach through Northern Illinois containing a
structural weir and how the water profile is effected during ice cover and ice jam events. The
Hydraulic Engineering Center’s River Analysis System was used in conjunction with Esri ArcMap
software to model a portion of the river for analysis. The study area of the Rock River flowing
through Oregon, IL is known to freeze and ice over during the winter months in Northern Illinois.
Data from the United States Geological Survey and National Oceanic and Atmospheric
Administration were utilized to obtain cross-section and discharge measurements. The impacts of
an ice jam occurring upstream of the weir and downstream of the weir were studied. The effects
of the ice jam on the upstream water levels were also evaluated to observe if any flooding may
occur inside the town or even farther upstream. Results of the ice cover and ice jam data were then
compared to those of the Rock River under normal open flow conditions thus observing the change
in water level, Froude number, and flow velocity. Results from this study help to point out the
significance of ice jam occurrences and their effects on inline structures and future flooding
concerns in the surrounding area.

1. Introduction

The effect of climate change on hydrologic cycles over a basin has become a growing
concern for researchers (Carrier et al., 2013, 2016; Sagarika et al., 2015a,b; Ghimire et al., 2016).
The extreme hydrologic events such as floods and droughts are connected to global climate change
and understanding the relationship between climate change and hydrology may assist in more
efficient water management (Kalra et al., 2013a,b; Sagarika et al., 2014; Tamaddun et al., 2016a,b;
Thakali et al., 2016; Pathak et al., 2016a,b). Presence of ice in northern US rivers during winter
months is common (Kalra and Ahmad, 2011) and availability of ice is fluctuating each year based
on climate change. Ice jams may form on rivers, lakes, and streams in cold regions during winter
season The Initial ice cover formation triggers accumulation of ice which then restricts water
flow ultimately giving rise to ice jam formation (Sui et al., 2002). Ice jamming and ice induced
scouring are some of the major issues that arise from ice interference in a river. The ice jams
complicate normal flow processes causing impact on navigation system that depend on water
levels (Derecki et al., 1986). Ice jam when continue to advance may cause severe bank and bed
scouring in a river (Smith, 1979). There are several ways an ice jam can create complexities with
the normal river flow causing serious economic and ecological effects (Prowse et al., 1994; Beltaos
etal., 2001). Most scientific literatures (e.g., Bolsenga, 1968; Henoch, 1973; Smith 1980; Beltaos,
1983; Lu et al., 1999; She et al., 2006; Kalra and Ahmad, 2012; Paz et al., 2013; Carson et al.,
2011) have depicted the ice jam-induced flooding and other effects on ecosystem. Growth of ice
cover may initiate swift increase in river water level instigating inundation and destruction to



property and infrastructures such as bridges, roads, and buildings. . Ice movement can also affect
the ecosystem through scouring and erosion of riverbeds and riverbanks, nearby vegetation,
aquatic habitat, and wildlife. The rapidity of an ice event gives officials little time for evacuating
and mitigating purpose that can prevent costly damage. Ice jam damage have been estimated to
cost over $100 million annually in the United States (White, 2004).

It is crucial to anticipate the probable river stage resulting from ice jamming so that
minimization of hazard and effective floodplain management can be achieved (Healy et al., 2006).
Forecasting of ice jam at particular location is a challenging job but ice modeling can help in
predicting the water levels caused by ice jam, extent of jam, channel bathymetry and flow
condition of river (Beltaos et al., 2013). Analysis of river ice conditions for planning, design and
operations of water resources can be done using computer models to simulate complex
relationships of ice mechanisms (Shen, 2002). Modeling a river for ice jam effects can be helpful
in studies related with the flood mitigation and other ice related studies (White, 2004). Ice
modeling has broad usage in designs purpose to find normal and extreme flow conditions. Several
computer models are available to account river ice jam like ICEJAM, JTT, RIVICE , RIVIAM
and HEC-RAS.

In this current study, simulation of ice in a river is carried out using The Hydrologic
Engineering Centers River Analysis System (HEC-RAS). Some of the salient features of HEC-
RAS are easy to operate, convenient, suitable to apply in different open water, ice covered, and ice
jam conditions within a given computational reach (Beltaos et al., 2013). HEC-RAS has capability
to simulate ice-covered channels with existing ice parameters, or to simulate wide river jams by
using the jam force balance equation, composite ice roughness formula and the standard step
backwater equation (Daly et al., 2003). Based on cross section data of the river, ice cover thickness
and roughness and streamflow data, ice jam analysis can be done. Location of the ice jam must be
specified before the analysis. The study focuses on how the water profile changes under ice jam
conditions. Comparison of water profile under different conditions such as open channel condition,
ice covered condition and ice jam condition showed the effect of ice cover in a river. The
accumulation of ice jam and the associated hydraulic parameters, such as water level, flow velocity
and Froude number have been simulated and compared using the HEC-RAS model in this study.

2. Study area and data




Figure 1: An overview of Oregon, IL along the Rock River in Northern Illinois

The study area in this research includes a river reach in the Rock River near Oregon, Illinois
(Figure 1). The Rock River, approximately 300 miles in length, originates in Wisconsin flows
through Illinois, ultimately joins the Mississippi River near Rock Island. Frequent ice jams and
subsequent flooding during winter season have been reported in the past. This provided motivation
to select this region for the current study. The reach length for HEC-RAS modeling is nearly 7000
ft flowing through the town of Oregon and lies in between Byron and Dixon that are upstream and
downstream, respectively.

The datasets used comprise of cross section data, streamflow data, and ice cover data for
the analysis. A brief description of the data and their sources is provided below.

2.1 Cross Section Data

Digital Elevation Model (DEM) data were obtained from United States Geological Survey
(USGS) online database (https://viewer.nationalmap.gov/basic/). In this study 1 meter DEM for
the Oregon region was downloaded.

2.2 lce Cover Data

Unlike discharge measurements, inspection of ice cover thickness can be difficult in a river
reach. Lack of existing data and complex physical process involved in the ice formation further
complicate the estimation of ice thickness. Therefore, ice thickness is estimated based on
meteorological data as suggested by US Army Corps of Engineers Cold Regions Research &
Engineering Laboratory. The daily air temperature data of Dixon, Illinois is collected from
National Oceanic and Atmospheric Administration (NOAA) website
(https://www.ncdc.noaa.gov/data-access). Climate data from 1996 to 2008 is used to estimate the
river ice thickness by freezing degree-days method.

2.3 Streamflow Data

Streamflow data of the Rock River is derived from USGS online database. Average long-term
minimum and maximum value of the flow were obtained along with average streamflow from the
gage stations at Byron and Dixon. To address the disparity in discharge values from tributaries of
Rock river, upstream and downstream gage stations are chosen.

3. Methods

The following describes the methods used to obtain cross-sectional data for the Rock River
reach. Equations and data used adopted in the study for ice sheet thickness and ice jam location
determination are also explained below.

3.1 GIS and HEC-GeoRAS

The data input obtained for use in ArcMap 10.2.2 included a 1-meter digital elevation
model (DEM). From the DEM river parameters were extracted into hydraulic modeling tool HEC-
RAS. Extraction of cross-sections into HEC-RAS require river digitization with HEC-GeoRAS
and the DEM be converted into a Triangulated Irregular Network (TIN) model. Cross-sections
containing river channel depths and lengths were then imported into HEC-RAS. Flowrate data
from the United States Geological Survey (USGS) was obtained from upstream and downstream
stations of our study area. Maximum, minimum, and an average flowrate from the months of
December, January, and February were used to set three profiles. Upstream and downstream



slopes for HEC-RAS boundary conditions were calculated in GIS with DEM elevation values
extended beyond the extent of our modeled reach lengths.
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Figure 2: (left) GIS TIN of study area with HEC-GeoRAS river digitization (right) imported cross-
section xyz plot of HEC-RAS model

3.2 Ice Calculations

Inputs for ice cover into HEC-RAS only require ice thickness measurement for the channel
and banks, and the Manning’s roughness coefficient for the ice cover. Historical temperature data
from USGS in conjunction with Army Corps of Engineers river ice equation supplied the data and
tools necessary to calculate the ice thickness value. The US Army Corp of Engineers has
recommended to estimate ice cover based on ice formation due to heat transfer mechanism. The
developed ice cover can expand further by heat transfer between atmosphere and ice. The ice
thickness (tice) can be determined from accumulated freezing degree-days (AFDD). Freezing
degree-days are measured for each day of winter as follows:

FDD= 32'Tavg (1)

Where Tayg is the mean value of daily air temperature in degrees Fahrenheit and thickness of ice is
in inches. The AFDD value is obtained by summing the values of FDD for each day of a winter
starting from October 1 to March 30. Maximum AFDD value for each winter year is selected.
USACE (2002) recommends modified Stefan’s equation to calculate the ice cover thickness:

tice=C (AFDD)O'5 (2)
where C is a coefficient depending on water condition and AFDD is in °F days. Based on the table

of given C coefficients, 0.13 was used for the case of an average river with snow (White, 2004).
The climate data from 2000 to 2010 are taken with the exclusion of years missing complete



readings, into MATLAB with the inclusion of the modified Stefan equation produced the
normalized ice thickness value of 7.26 inches or 0.605 feet.

Manning’s roughness coefficient was determined based on Army Corps of Engineers
tables; this study area classifies as an average river with the assumption of the ice being a loose
formed single layer with the recommended Manning’s value of 0.02. Projected ice jam locations
were selected for two separate cross-section margins. Selection was based on recommendations
by Sui et al., (2005). The model was computed under open flow conditions and the cross-section
stations with the lowest velocity and the stations occurring directly after the hydraulic jump non-
uniform flow were selected as probable locations ice-jam formation.

4. Results

Results are described in separate sections as the methodology is broken down into multiple
sections. GIS and HEC-GeoRAS analysis are outlined followed by HEC-RAS results. Finally, ice
cover and ice jam profiles and tables are generated through HEC-RAS hydraulic modeling.

4.1 GIS and HEC-GeoRAS

Errors in earlier iterations of 1/9 arc-second DEM terrain files led to the search of more
precise terrain maps of a 1-meter DEM. Converting DEM to TIN, HEC-GeoRAS was used to
assign bank lines, streamline flow, and cut cross-sections of the study reach as shown in Figure 2.
A total of 29 cross-sections were manually drawn with 53 more interpolated inside HEC-RAS, as
shown in Figure 2. The final reach length of the channel of the study area starting North of Oregon,
IL and continuing south all the way through the town is 1.26 miles. Using GIS, measuring upstream
and downstream from the ends of the reach provided normal depth boundary condition slopes of
0.0000875 and 0.000222, respectively. All river parameters were then exported using GIS and
HEC-GeoRAS.

4.2 HEC-RAS Analysis

Analysis of the Rock River model was completed in HEC-RAS. First, three different
flowrate profiles were created with the same normal depth slope boundary conditions configured
in GIS. 4620, 6500, and 8940 cubic feet per second were the three profiles entered as steady flow
analysis. These values were observed from USGS archives for the lowest, median, and highest
discharge values from river gauge station located upstream of the study area. The discharges for
the winter months of December, January, and February were the only months considered and data
archives were averaged from the previous 16 and 6 years from the upstream and downstream gauge
stations, respectively.

As seen in Figure 3a, approximately 3000ft downstream in our reach, the weir across the
river creates non-uniform flow with an increase in slope. This change in the flow regime produces
a hydraulic jJump under open flow conditions. When modeling the river with ice cover the layer of
0.605 feet thick ice restricts the flow and eliminates the occurrence of any hydraulic jump. This is
reinforced by the data outputs of the ice cover computing run not having a Froude’s number greater
than 0.71 for any discharge value.

Ice cover on the Rock River increases flooding in lower elevation regions next to the river
at stations 5310 and 730. As seen in Table 1 the added roughness factor associated with the ice
cover on the river causes the water surface elevation to rise an average of 1.75 feet between
upstream and downstream cross-sections. Flow under ice cover conditions is quite different than
open flow conditions because of the additional shear stresses involved between the water and ice



sheet. Ice cover sheets on a river increases wetted perimeter of the river and consequently increases
friction due to contact of water with ice at top.

212

210

Elevation (ft)

Elevation (fl)
8 % 3 3

Main Channel Distance (ft) Main Channel Distance (ft)

Elevation ()
ENEVATON (T}

REEEZE

y ' 2027 T T T T T
] 1000 2000 3000 4000 5000 6000 ] 1000 2000 3000 4000 5000 6000

Main Channel Distance (ft) Main Channel Distance (ft)

Figure 3: HEC-RAS simulation output water profiles for maximum discharge (8940 cfs), (a) open
flow (b) ice cover simulation (c) ice cover with ice jam at point of lowest velocity (d) ice cover
and ice jam at point of non-uniform flow occurring after weir

Forcing the model to create an ice jam in the upstream portion of the river where the lowest
velocity occurs under plain ice cover does not have a great impact in the model. However, the ice
jam thickness computed by HEC-RAS is larger in the upstream jam than compared to the ice jam
thickness created in the downstream portion of the reach corresponding to the location of the
highest velocity under plain ice cover conditions. Even with the smaller ice jam thickness
downstream the river hydraulics are impacted greater, Table 1 states an upstream disturbance of
increased water height of 2.5 feet.

Table 1: HEC-RAS simulation data of the four different geometric inputs. Upstream and
downstream water surface elevations are recorded from river stations 6461 and 408, respectivily



Maximum Discharge (8940 cfs) Minimum Discharge (4620cfs)
Water Surface | Water Surface . .. Water Surface | Water Surface . .
. . Maximum Minimum . . Maximum | Minimum
Elevation Elevation Veloci Velcoi Elevation Elevation Veloci Velcoi
Upstream Downstream fty fty Upstream Downstream fty fty
ft ft fi/s ft/s ft ft fi/s ftls
Open Flow 6.23 414 16.86 3.08 4.82 3.29 15.11 2.17
Ice Cover 8.05 6.19 6.69 2.59 6.43 4,52 5.30 1.84
Ice Jam 8.07 6.19 6.27 2.59 6.44 452 5.37 1.83
Upstream
Ice Jam 8.73 6.19 6.69 250 6.64 452 5.73 1.80
Downstream

5. Conclusions

The impacts of an ice jam occurring upstream of the weir and downstream of the weir were
studied. The effects of the ice jam on the upstream water levels were also evaluated to observe that
flooding may occur inside the town or even farther upstream. Comparison of ice cover and ice jam
results with those of the Rock River under normal open flow conditions shows a water surface
elevation rise between 1.8 and 2.5 feet. The velocity of the river lowers with the addition of ice
cover and jam by a magnitude of 0.5 ft/s in the calmer sections and drops by 10 ft/s at the location
of the hydraulic drop. Mainly our research helps to point out the significance of:

e The severity of ice cover on a river implementing a structural weir, by reducing the velocity
downstream of the weir such that water surface elevations rise above the weir eliminating
the designed hydraulic jump.

e The risk imposed of possible flooding due to an ice jam on certain rivers from the added
Manning’s friction due to ice cover and water surface elevation rise from the blocking of
channel flows from ice.

Future studies focusing on Oregon, IL should include structural measurements of the weir
that were not available to include it as an inline structure in HEC-RAS. The addition of the weir
in the model would enhance the accuracy of results and should be included in any future studies.
This study only used maximum and minimum observed discharge values over the previous 16
years; future research may be done for possible hydrologic events that might cause flooding
considering a possible 100-year storm or another event.

6. References
Beltaos, S. (1983). “River ice jams: theory, case studies, and applications.” Journal of Hydraulic
Engineering, 109(10), 1338-1359.

Beltaos, S., & Prowse, T. D. (2001). “Climate impacts on extreme ice-jam events in Canadian
rivers.” Hydrological Sciences Journal, 46(1), 157-181.

Beltaos, S., & Tang, P. (2013). “Applying HEC-RAS to simulate river ice jams: snags and practical
hints.” Proceedings of the 17th Workshop on River Ice, Edmonton, 21-24.

Bolsenga, S. J. (1968). River Ice Jams-A Literature Review (No. Rr-5-5). United States Lake
Survey Detroit Mi.



Carrier, C., Kalra, A., & Ahmad, S. (2013). “Using Paleo Reconstructions to Improve Streamflow
Forecast Lead Time in the Western United States.” Journal of the American Water Resources
Association, 49(6), 1351-1366. doi:10.1111/jawr.12088.

Carrier, C., Kalra, A., Ahmad, S. (2016). “Long-range precipitation forecast using paleoclimate
reconstructions in the western United States.” Journal of Mountain Science 13 (4), 614-632.
doi:10.1007/s11629-014-3360-2.

Carson, R., Beltaos, S., Groeneveld, J., Healy, D., She, Y., Malenchak, J. & Shen, H. T. (2011).
“Comparative testing of numerical models of river ice jams.” Canadian journal of civil
engineering, 38(6), 669-678.

Daly, S. F., & Vuyovich, C. M. (2003). “Modeling river ice with HEC-RAS.” Proceedings of the
12th CGU-HS CRIPE Workshop on River Ice, Edmonton.

Derecki, J. A., & Quinn, F. H. (1986). “Record St. Clair River ice jam of 1984.” Journal of
Hydraulic Engineering, 112(12), 1182-1193.

Ghimire, G. R., Thakali, R., Kalra, A., & Ahmad, S. “Role of Low Impact Development in the
Attenuation of Flood Flows in Urban Areas.” In World Environmental and Water Resources
Congress 2016 (pp. 339-349). http://dx.doi.org/10.1061/9780784479858.035

Healy, D., & Hicks, F. E. (2006). “Experimental study of ice jam formation dynamics.” Journal
of Cold Regions Engineering, 20(4), 117-139.

Henoch, W. E. S. (1973). “Data on height, frequency of floods, ice jamming and climate from tree-
ring studies.” Hydrologic Aspects of Northern Pipeline Development. Information Canada,
Ottawa, ON, Canada, 157-177.

Kalra, A., & Ahmad, S. (2011). “Evaluating changes and estimating seasonal precipitation for
the Colorado River Basin using a stochastic nonparametric disaggregation technique.”
Water Resour. Res. 47, W05555. http://dx.doi.org/10.1029/ 2010WR009118.

Kalra, A., & Ahmad, S. (2012). “Estimating annual precipitation for the Colorado River Basin
using oceanic-atmospheric oscillations.” Water Resources Research, 48(6), W06527.
d0i:10.1029/2011WR010667.

Kalra, A., Li, L., Li, X., & Ahmad, S. (2013a). “Improving streamflow forecast lead time using
oceanic-atmospheric oscillations for Kaidu river basin, Xinjiang, china.” J. Hydrological
Eng. 18 (8), 1031-1040.

Kalra, A., Miller, W. P., Lamb, K. W., Ahmad, S., & Piechota, T. (2013b). “Using large-scale
climatic patterns for improving long lead time streamflow forecasts for Gunnison and San
Juan River Basins.” Hydrological Processes, 27(11), 1543-1559. doi:10.1002/hyp.9236.

Lu, S., Shen, H. T., & Crissman, R. D. (1999). “Numerical study of ice jam dynamics in upper
Niagara River.” Journal of cold regions engineering, 13(2), 78-102.

Pathak, P., Kalra, A., & Ahmad, S. (2016a). “Temperature and precipitation changes in the
Midwestern United States: implications for water management.” International Journal of
Water Resources Development, 1-17, http://dx.doi.org/10.1080/07900627.2016.1238343



Pathak, P., Kalra, A., Ahmad, S., & Bernardez, M. (2016b). “Wavelet-Aided Analysis to Estimate
Seasonal Variability and Dominant Periodicities in Temperature, Precipitation, and
Streamflow in the Midwestern United States.” Water Resources Management, 30(13), 4649-
4665. http://doi.org/10.1007/s11269-016-1445-0.

Paz, A., P. Maheshwari, P. Kachroo, & S. Ahmad (2013). “Estimation of performance indices for
the planning of sustainable transportation systems.” Advances in Fuzzy Systems, 2.

Prowse, T. D. (1994). “Environmental significance of ice to streamflow in cold
regions.” Freshwater Biology, 32(2), 241-259.

Sagarika, S., Kalra, A., Ahmad, S. (2014). “Evaluating the effect of persistence on long-term trends

and analyzing step changes in streamflows of the continental United States.” Journal of
Hydrology 517,36-53. d0i:10.1016/j.jhydrol.2014.05.002.

Sagarika, S., Kalra, A., Ahmad, S. (2015a). “Interconnection between oceanic-atmospheric indices
and variability in the US streamflow.” Journal of Hydrology 525, 724-736. doi:10.
1016/j.jhydrol.2015.04.020.

Sagarika, S., Kalra, A., Ahmad, S. (2015b). “Pacific Ocean and SST and Z500 climate variability
and western U.S. seasonal streamflow.” International Journal of Climatology 36, 1515—
1533. doi:10.1002/joc.4442.

Shen, H. T. (2002). “Development of a comprehensive river ice simulation system.” Proceedings
of the 16th. IAHR International Symposium on Ice, Dunedin, 142-148.

Smith, D. G. (1979). “Effects of channel enlargement by river ice processes on bankfull discharge
in Alberta, Canada.” Water Resources Research, 15(2), 469-475.

Smith, D. G. (1980). “River ice processes: thresholds and geomorphologic effects in northern and
mountain rivers.” Thresholds in Geomorphology, 323-343.

She, Y., & Hicks, F. (2006). “Modeling ice jam release waves with consideration for ice
effects.” Cold Regions Science and Technology, 45(3), 137-147.

Sui, J., & KARNEY, B. (2002). “Effects of ice on the hydraulics of inner Mongolia Reach of the
Yellow River.” Proceedings of the IAHR International Symposiums on Ice Problems, Otago,
228-234.

Sui, J. Y., Karney, B. W., & FANG, D. X. (2005). “Ice jams in a small river and the HEC-RAS
modeling.” Journal of Hydrodynamics, Ser. B, 17(2), 127-133.

Tamaddun, K., Kalra, A., Ahmad, S. (2016a). “Identification of Streamflow Changes across the
Continental United States Using Variable Record Lengths.” Hydrology, 3(2), 24.
http://doi.org/10.3390/hydrology3020024.

Tamaddun, K. A., Kalra, A., Ahmad, S. (2016b). “Wavelet analysis of western U.S. streamflow
with  ENSO and PDO.” Journal of Water and Climate Change, 1-15.
http://doi.org/10.2166/wcc.2016.162

Thakali, R., P., Kalra, A., Ahmad, S. (2016). “Understanding the Effects of Climate Change on
Urban Stormwater Infrastructures in the Las Vegas Valley.” Hydrology, 3(4), 34,
D0i:10.3390/hydrology3040034

USACE (2002). Engineering and Design: Ice Engineering. United States Army Corps of
Engineers Engineer Manual 1110-2-1612


http://doi.org/10.1007/s11269-016-1445-0

White, K. (2004). Method to estimate river ice thickness based on meteorological data. United
States Army Corps of Engineer Research and Development Center: Cold Region Research
and Engineering Laboratory, Hanover.



	Ice-Cover and Jamming Effects on Inline Structures and Upstream Water Levels
	Repository Citation

	tmp.1518212370.pdf.VUF5U

