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NOTICE: The project that is the subject of this report was approved
by the Governing Board of the National Research Council, whose members
are drawn from the councils of the National Academy of Sciences, the
National Academy of Engineering, and the Institute of Medicine. The
members of the panel responsible for the report were chosen for their
special competences and with regard for appropriate balance.

This report has been reviewed by a group other than the authors,
according to procedures approved by a Report Review Committee
consisting of members of the National Academy of Sciences, the
National Academy of Engineering, and the Institute of Medicine.

The National Research Council was established by the National Academy
of Sciences in 1916 to associate the broad community of science and
technology with the Academy's purposes of furthering knowledge and of
advising the federal government. The Council operates in accordance
with general policies determined by the Academy under the authority of
its congressional charter of 1863, which establishes the Academy as a
private, nonprofit, self-governing membership corporation. The
Council has become the principal operating agency of both the National
Academy of Sciences and the National Academy of Engineering in the
conduct of their services to the government, the public, and the
scientific and engineering communities. It is administered jointly by
both Academies and the Institute of Medicine. The National Academy of
Engineering and the Institute of Medicine were established in 1964 and
1970, respectively, under the charter of the National Academy of
Sciences.

This report represents work sponsored by a Memorandum of Understanding

between the International Joint Commission (United States and Canada)
and the National Academy of Sciences.
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PREFACE

This report is the result of a request from the International Joint
Commission-United States and Canada (IJC) to the National Research
Council (NRC) to assist in resolving issues associated with the ice
boom located at the entrance to the Niagara River, New York and
Ontario.

The Lake Erie-Niagara River Ice Boom has been operated during the
past 18 years to prevent the formation of ice jams that would reduce
power production at hydroelectric plants using waters of the Niagara
River. The boom appears to have reduced substantially the number and
severity of ice jams in the river, but some people have contended that
an inadvertent result of the boom has been to produce detrimental
climatic effects in the Buffalo, New York, and Fort Erie, Ontario,
area by retaining ice on Lake Erie later into the spring than would
otherwise occur. Past scientific examinations of this issue have
concluded the boom's weather impact to be insignificant. Yet, some of
the public has rejected this general conclusion and, instead,
attributed additional impacts (e.g., negative effects on fisheries,
boating, and shoreline stability) to the boom. Thus, despite the
great number of studies that have been performed, the IJC's ability to
carry out its functions with respect to the ice boom has become
complicated. This report represents the IJC's attempt to resolve the
issues on well-founded principles of science and technology.

The Panel on Niagara River Ice Boom Investigations of the Water
Science and Technology Board was appointed by the Commission on
Physical Sciences, Mathematics, and Resources of the NRC. The NRC is
the operating and advisory arm of the National Academy of Sciences and
the National Academy of Engineering. Panelists were chosen for their
special expertise and experience in meteorology, ice mechanics,
geography, fisheries biology, and other disciplines necessary to the
panel's charge as delineated in the Introduction (Chapter 1). The
persons selected to be members of this panel were scientists who not
only had expertise relative to the issues involved but also had no
real or perceived biases concerning the operation of the ice boom. In
addition to the panelists, other experts were consulted. These
"resource persons' were able to provide historical facts and
information relevant to the issues that could not have been obtained
elsewhere, and the panel is grateful for their contributions.

vii
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The panel's findings and recommendations are summarized in the
first section of the report (pp. 1-3), and supporting discussions are
contained throughout the body of the report. Briefly, the panel finds
that the negative impacts of the boom are not nearly as great as a
large portion of the public perceives them to be, but at the same
time, the ice control capabilities of the boom and associated benefits
are sometimes overestimated by those persons desiring the boom.
Further, the panel recognizes the enormous value to the public of
Niagara River hydroelectric resources. Partial or total interruption
of generation at these facilities would be extremely costly and has
the potential (in the case of a serious mid-winter interruption) of
causing a near disaster in New York power generation. There is no
feasible alternative to the present structure. However, the IJC and
the power entities should give careful consideration to modifying
espringtime boom removal practices as recommended by the panel.

The chairmanship of this panel has been a gratifying and enriching
experience. The panelists and resource persons willingly volunteered
much time and counsel and deserve credit for the substance and
recommendations found in this report; all devoted expertise and
enthusiasm to their tasks. Their reward will be measured by the level
of acceptance of the conclusions and recommendations of this report.
The panel is grateful to the staffs of the NRC and the IJC for the
support that enabled the panel to focus quickly on the assigned task
and to complete it on time.

Special mention is made of the outstanding support and assistance
provided by Steve Parker, Sheila David, and Jeanne Aquilino, of the
Water Science and Technology Board staff, without whose work the panel
would not have been able to complete its assigned tasks.

Harry L. Hamilton, Jr., Chairman
Panel on Niagara River Ice Boom
Investigations

November 1983

viii
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SUMMARY OF FINDINGS AND RECOMMENDATIONS

FINDINGS

The panel considered that its mission basically was to address whether
the Lake Erie-Niagara River Ice Boom has a climatic effect in the
Buffalo/Fort Erie region, and if so, to determine the magnitude of
that effect and what alternative ice control strategy could be
implemented that would have less of a climatic effect.

We summarize our findings in relation to our five tasks
(underlined). Persons with significant interest in the ice boom are
urged to read the full report, which includes extensive background
material and is presented in a style that should be comprehensible to
the general public. Appendix F defines technical terms used in the
context of the report.

1. Review and comment on the scientific basis for the conclusions
reached in previous studies relating to possible climatic effects of
the ice boom. Previous studies, taken individually, are inconclusive
in demonstrating whether the ice boom has a local climatic effect,
mostly because of insufficient data. The studies do, however,
correctly conclude that a climatic effect, if present, does not extend
as far as the Buffalo airport. These studies also show that there has
been a general cooling in the Buffalo area since before boom
installation, but this is part of a regional cooling trend and is not
caused by the ice boom.

The panel sought evidence of a temperature effect beyond the well
known significant cooling on Lake Erie shoreside (up to 3 mi or 5 km
inland) produced by the lake itself. The additional cooling
attributable to the ice retained by the boom, even if kept in place

. until ice out, is considered minute. Based on previous studies and
analyses of additional climatological data, the panel finds that the
ice boom will cause no cooling to local climates if it is removed when
there is 250 mi2 (650 km2) of ice remaining on Lake Erie.

2. Recommend a monitoring program designed to resolve the
gquestions as to the amount and extent of modification to the local
climate, if any, by the ice boom. The extent, duration, and magnitude
of the climatological effect that might occur is very small in
relation to natural weather variability in time and space. The panel
finds that a monitoring program is not required, because any

-1-
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long-term monitoring program would be elaborate and expensive and
would be unable to detect any boom-related effects.

3. DUtilizing existing data and expert judgment, assess the
relative monetary and nonmonetary effects of a flexible versus a fixed
date for ice boom removal. All information available leads the panel
to conclude that during the colder part of the year, the ice boom has
demonstrable, significantly beneficial effects in that it reduces
power generation interruptions along the Niagara River and has no
apparent negative impacts on other interests.

During early spring, due to the increased solar heating and
reduced strength of the ice, the ice-restraining benefits of the boom
are reduced while the probability of a local, small-scale cooling
effect increases. The panel finds that except in the presence of
extensive spring ice cover, net benefits of the boom after the
beginning of April have not been demonstrated.

4. Assess the ice boom's impact on local and downstream
interests. The ice boom's impacts on local and downstream interests
include a significant benefit to both the hydropower producers and the
consumers, particularly during ice formation and mature ice stages
(December to March). The boom's effectiveness in retaining ice during
the ice dissipation stage in April is much smaller, and the resultant
benefits are diminished. There is also a flood control benefit to
local and downstream interests in that ice-jam-related flooding is
reduced somewhat. No negative impacts of the ice boom on navigation,
erosion, and fisheries could be demonstrated with the available data.

5. Assess alternative concepts to the current ice boom that would
eliminate or reduce potential for local climate modification, should
modification in fact exist. The panel concluded that there is no
feasible alternative that would produce effectiveness comparable to
that of the present ice boom. Alternative concepts considered by the
panel and described in Chapter 5 would be either more costly or less
effective or would have significantly greater negative impacts than
the present ice boom.

RECOMMENDATIONS
The panel makes the following recommendations:

l. The boom should be opened by April 1 and removed for the
summer as soon as practical;

2. If on Agril 1 ice cover surveys show that there is more than
250 mi2 (650 km?) of ice east of Long Point, the boom opening may

be delayed until the amount of ice remainin§ in the eastern portion of
Lake Erie has diminished to 250 mi2 (650 km?).

The panel's recommendations are based on the following
considerations:

Copyright © National Academy of Sciences. All rights reserved.
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e After about April 1, the probability of new ice formation in
Lake Erie is small because of the amount of solar radiation available
during the daytime and the diminished length of the nighttime cooling
period.

e After about April 1, the internal strength of Lake Erie ice is
considerably less than that of new winter ice and is decreasing
rapidly.

e After April 1, the flow of water over Niagara Falls during the
daylight hours increases from 50,000 cubic feet per second (1415 cubic
meters per second) to 100,000 cfs (2830 cms), thereby increasing the
amount of water available for ice transport.

e After the winter lake ice cover has diminished to about 250
miZ (650 km2), the movement of ice into the Niagara River can
become of equal significance to in-lake melting in reducing the amount
of ice remaining in the lake.

Copyright © National Academy of Sciences. All rights reserved.
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1

INTRODUCT ION

Following a treaty between the United States and Canada in 1950 that
authorized increased diversions of the Niagara River, the Power
Authority of the State of New York (since renamed and hereafter called
New York Power Authority or NYPA) and Ontario Hydro (jointly referred
to as the power entities) installed over a period of years additional
hydroelectric generating capacity that became fully operational by
1961. The Niagara River has always carried ice in the winter and
spring, and in the past the power entities used ice breaker boats and
built various structures in the river to control the ice. During the
winter of 1963-1964, particularly destructive ice jams occurred on the
Niagara River, causing severe flooding and very costly power
generation disruptions, and demonstrated the need for additional ice
control. In the winter of 1964-1965, with approval from the
International Joint Commission-United States and Canada (IJC), the
power entities began to operate the Lake Erie-Niagara River Ice Boom
on a seasonal basis at the head of the Niagara River.

The boom is intended to mitigate downstream ice jams by reducing
the flow of lake ice into the river. The functions of the boom are to
accelerate the formation of a stable upstream ice cover, reduce
movement in the cover while it is being formed, and provide additional
stability to the downstream edge of the natural arch, thus minimizing
arch erosion caused by the breaking off of ice pieces at the ice/water
interface. Figure 1 shows the Niagara River and the location of the
ice boom, which extends a distance of about 8800 ft (2680 m) from near
the Canadian shore almost to the Buffalo shore. The boom consists of
a line of flotation buoys and large timbers attached by chains to a
steel cable spanning the outlet and anchored to the bed of Lake Erie.
All responsibilities associated with the ice boom are jointly shared
by the power entities, and operation of the ice boom is regulated by
the IJC.

The ice boom has been effective in lessening (but not totally
eliminating) ice runs, and the power entities are satisfied that the
boom functions as intended. However, at various hearings and other
public forums, questions have been raised about possible negative
impacts of the ice boom and the criteria for boom removal in the
spring. The most commonly aired concern is that the boom retains ice
for significant periods in the spring each year, resulting in reduced

-4-

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=19501

The Lake Erie-Niagara River Ice Boom: Operations and Impact
http://lwww.nap.edu/catalog.php?record_id=19501

RNTRA
! : \\“? & ;_ i >
/1\ \\ l llllll \ : /

:-r' —_—J Qussapton

| |
A a
L _-\_\'w“ f K ) -—F—_
|
l

..........

Mases Plant
Ao Bacy
// win -‘ Lawizten Panl
\- ST, NEW
st Cu!hormes YORK
Lozhn
424
Grass [sland

Maid of the Paol

Mist Pool

Control
I Structurs

.
”'Huﬂd -?/

CHIPAANA

Scphon Culvert

ONTARIO

ROAD-RAIL TUNNEL

S N N Bridge
Niogare Rrvar
ice Boom
.3
{ E

g £ "R

" 7
SCALE | 150,000 Peace ..

Buffala

Yater
Intake

Z%%%

/]
N

FIGURE 1 Ice boom and vicinity.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=19501

The Lake Erie-Niagara River Ice Boom: Operations and Impact
http://lwww.nap.edu/catalog.php?record_id=19501

-6-

temperatures in the Buffalo vicinity. Studies of micrometeorology, -
climatic statistics, and the operation of the ice boom have been
conducted in response to these concerns. These studies concluded that
the presence of the boom has caused no significant alteration of the
Buffalo area weather.

Nevertheless the issue still persists, and because of the
significance of the issue the IJC requested the National Research
Council (NRC) to perform the following tasks:

1. Review and comment on the scientific basis for the conclusions
reached in previous studies relating to possible climatic effects of
the ice boom;

2. Recommend a monitoring program(s) designed to resolve the
questions as to the amount and extent of modification to the local
climate, if any, by the ice boom;

3. Utilizing existing data and expert judgment, assess the
relative monetary and nonmonetary effects of a flexible versus a fixed
date for ice boom removal;

4. Assess the ice boom's impact on local and downstream
interests; and

5. Assess alternative concepts to the current ice boom that would
eliminate or reduce potential for local climate modification, should
modification in fact exist.

In response, a Panel on Niagara River Ice Boom Investigations was
appointed under the NRC's Water Science and Technology Board. The
nine-member panel includes U.S. and Canadian experts in the fields of
ice physics and mechanics, meteorology, hydraulic engineering,
geography, fisheries biology, and remote sensing applications. The
1JC provided the panel with several reports of various types related
to the ice boom, and the panel also obtained additional pertinent
studies for consideration. This library of material served as the
panel's main information base for the study (see Appendix A -
Bibliography).

In early May 1983, several members of the panel met in Washington,
D.C., with the Water Science and Technology Board staff to sort out
assignments and organize the study and to prepare for an intense
working meeting of the full panel and other experts with extensive
experience and knowledge of the history and operation of the ice
boom. The working meeting of the full panel, held in Washington,
D.C., on June 27-30, 1983, brought together the panel, other experts,
and the IJC and NRC staffs for discussions, reviews, debate, and
writing sessions. A draft report was developed from the deliberations
of the June working meeting, and the panel refined its findings at a
subsequent meeting, held in Hanover, New Hampshire, on September 1-2.
Throughout the study process, the panel and staff were acutely aware
of the importance of public input and its comprehension of findings.
Public input was obtained through the IJC public meeting process and
was also invited by the panel through local officials. The panel has
attempted to present its findings in a way that is meaningful and
convincing to both the public and scientific communities.

Copyright © National Academy of Sciences. All rights reserved.
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2

ICE IN LAKE ERIE AND THE NIAGARA RIVER

CHARACTERISTICS OF THE LAKE ERIE REGION
Geography

Lake Erie is the southernmost of the Great Lakes and with an average
depth of 62 ft (19 m) is also the shallowest. Its surface area is
almost 10,000 mi2 (25,900 km?2)--fourth among the Great Lakes. The
lake bottom slopes generally downward to the east, and the maximum
depth is about 212 ft (65 m). Oriented parallel to the prevailing
winds and storm motion patterns, its major axis, 240 mi (385 km) in
length, lies in a direction about north 70° east. The lake is
composed of three basins as depicted on Figure 2. The western basin,
lying west of a line from Point Pelee, Ontario, southwesterly through
the Lake Erie Islands to Sandusky, Ohio, is the smallest and
shallowest basin, being about 30 ft (9 m) deep. Most of the lake
volume is in the central basin, whose depth is about 60 ft (18 m) and
extends from the western basin to a line from about 20 mi (32 km) west
of Long Point to Presque Isle, Pennsylvania. The central basin
occupies almost two-thirds of the lake surface area. Excluding the
thin peninsula known as Long Point, the effective width of the eastern
basin is about 30 mi (48 km). The eastern end of the lake has a
funnel shape, the nose of which is squared off for about 8 mi (13

km). The Niagara River discharges from the northernmost corner of
Lake Erie into Lake Ontario.

N

FIGURE 2 The three basins of Lake Erie.

-7~
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The funnel-shaped entrance to the Niagara River from Lake Erie is
obstructed by a series of limestone shoals at shallow depth. The
river is 1800 ft (550 m) wide at the Peace Bridge, just downstream
from the entrance.

The long-term average level of Lake Erie is 570.4 ft (174 m),
International Great Lakes Datum (IGLD 1955). Extreme mean monthly
levels are 573.5 ft (174.8 m) IGLD (June 1973) and 567.5 ft (173.9 m)
IGLD (January 1964). The mean level of the lake in 1982 was about 2
ft (0.6 m) above the 1900-1982 average level. The level of the lake
is largely controlled by natural forces, there being no level control
devices at either the entrance or exit to the lake. Strong westerly
or easterly winds associated with storms can result in short-term, but
pronounced, variations in the lake level. For example, on April 6,
1979, southwest winds caused a rise of 7 ft (2 m) above the calm level
at Buffalo--and a corresponding 7 ft (2 m) drop near Toledo, Ohio.

The overall length of the Niagara River from Lake Erie to Lake
Ontario is about 35 mi (55 km), and the total fall is 325 ft (99 m).
The surrounding topography above Niagara Falls is relatively flat.
Downstream from the falls the topography is trough-like with steep
banks and few shallow embayments.

Glacial till covers sedimentary rocks which underlie the lake.
Shale and limestone exist in the northernmost portion of the lake, but
elsewhere these layers are interbedded with standstone. No large
faults are in evidence in this lake. Recent alluvial deposits occur
in the valley floodplains. Two cross-lake moraines divide Lake Erie
naturally into the three basins as described.

Economy

The Niagara River is one of the outstanding recreational and tourist
attractions in the world and also one of the most highly developed
sources of hydroelectric power. Because of its proximity to this
enormous water resource, the area is highly industrialized, resulting
in intensive industrial and residential use of the shorelines. The
river channels and lake carry a high intensity of shipping and
pleasure boating concentrated around the Port of Buffalo on the United
States shore and at Port Colborne in Canada.

Climate and Hydrology

The climate of the general region is temperate and humid, with the
large water bodies moderating the more extreme conditions
characteristic of nearby inland locations. The annual mean
temperature at the Greater Buffalo International Airport is about

46°F (8°C); annual precipitation averages about 36 in. (90 cm).
Normally, Lake Erie begins to freeze in late December, achieves
maximum ice cover in February, and remains partially ice-covered
through April; often some ice is present in the eastern basin until
mid-May. The orientation of Lake Erie is parallel with the prevailing
winds. Winds from the west cause an easterly ice transport, and
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