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ST. LAWRENCE-EASTERN ONTARIO COMMISSION

317 WASHINGTON ST., WATERTOWN, N. Y. 13601

PHONE (315) 782-0100
EXTENSION 2634

JOSEPH A. ROMOQLA, Chairman WILLIAM E. TYSON, Executive Secretary
COASTAL ZONE
i F
To the Governor and the Legislature: ORMATION CENTER

I am pleased to submit the report of the St. Lawrence-
Eastern Ontario Commission analyzing the problem of controlling
the water levels of Lake Ontario and the St. Lawrence River.
This report has been prepared in compliance with Chapter 701
of the Laws of 1974. :

Our investigation indicates that the problems--associated
with changing lake levels and storm surges--have been occasioned
by a series of institutional constraints and governmental inertia
which has failed to keep pace with changing riparian land uses,

a growing public awareness of the value of the natural environ-
ment, and recent hydrological events within the Great Lakes Basin.

Major findings indicate:

--that criteria established by the International Joint
Commission in their Orders of Approval dated October 29,
1952, as amended, should be re-examined in light of the
passage of time and changes in Great Lakes Basin preci-
pitation rates experienced in the past twenty-one years.

--that lack of implementation of flood plain management
techniques has allowed development in areas considered
hazardous with or without lake level regulation.

--that riparian developments and productive natural re-
sources on the New York portion of the Lake Ontario Shore-
line do not lend themselves to protection by structural
measures alone.

In summary, to maximize beneficial use of the lands bordering
and the waters of Lake Ontario, a combination of improved lake
level regulation, expanded flood plain management programs, and
construction of selected structural measures must be developed.

Within the limits of time and staff resources, this is the
Commission's perception of the problem and of the directions in
which solutions must be sought.
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This report seeks objectivity, yet recognizes that just as
judgment and biases are credited to various interest groups,
our findings, too, may be biased, based on our belief that an.
additional effort will provide greater benefits for the people
of the State of New York.

The Commission recommends that the New York State
Legislature transmit these findings to the Congress of the
United States, requesting renewed efforts to maximize the
benefits yet to be realized from our Fourth Sea Coast.

Respectfully submitted,

Chairman

JAR:ab



7
Q?g&[\rm) DAW@@ b -

"’

ST. LAWRENCE-EASTERN ONTARIO COMMISSION

LAKE ONTARIO AND THE ST. LAWRENCE RIVER: .~
ANALYSIS OF AND RECOMMENDATIONS CONCERNING
HIGH WATER LEVELS

MARCH 1975 U.S. DEPARTMENT OF COMMERCE NOAA
COASTAL SERVICES CENTER
2234 SOUTH HOBSON AVENUE
CHARLESTON, SC 29405-2413

Joseph A. Romola William E. Tyson
Chairman Executive Director

Report's Principal Author:
Daniel J. Palm, Ph.D

317 Washington Street
Watertown, New York 13601

r
Property of cgc Librazry

Orbusa L. o6 1351935
1
SEB 76 0%%



Acknowledgments

The Commission and author would like to express their
graditude to those agencies and individuals who provided
information requested in the development of the draft of
this report. In addition, those who expended considerable
effort in reviewing the technical aspects of the draft
report and in doing so provided comments that ajded in the
improvement and clarification of the text, as evidenced by
the final report, deserve recognition for the professional
manner in which they dealt with the issues raised in the
report.



ANALYSIS OF AND RECOMMENDATIONS FOR CONTROL OF THE WATER
LEVEL OF LAKE ONTARIO AND THE ST. LAWRENCE RIVER

Page
Acknowledgments . . . . .« . ¢ . . 4+ e e 4 e v e e ii
Table of Contents . . + + v v « v ¢ + « « + & « o o o iii
List of Tables., « ¢« v v ¢ v v v o o « o o o o » « « « yiii
List of Figures . . . ¢« ¢« v v v o v o o o o o o o o x
I. Introduction. . . .+ +« & & v v v o v « o o o o 1
A, The Problem . . . . . « + +« ¢ « v « « o « 1
B. The Objectives. . + « + ¢ v & &« & o « o o . 2
C. St. Lawrence-Eastern Ontario Commission -
Role and Responsibility . . . . . +« .« . . . 2
D. Study Approach. . . . . . . . .+ .+« . . . . 3
E. Findings and Recommendations. . . . . . . . 3
1. Institutions. . . +« « « « « « « & & + . 4
2. Physical Works. . . . . « « + + + o« « . 8
3. Data/Research . . « « « « « + o« « o o & 9
II. The Great Lakes System. . « ¢ « « « « o =« o« « . 13
A. Description . . . .+ + + . v .o e e e e 13
B. Hydrology . « « « « « « o« v o« v o o o« o o 16
1. Lake Levels . . . . . . ¢ « « « « « < . 19
2. Seasonal Lake Level Variations. . . . . 21
3. TFactors Affecting Great Lakes Levels. . 21
a. Natural . . . . . . ¢ < .+ « + « . . 21
b. Artificial or Man-made. . . . . . . 22

iii



ITI.

Iv.

V.

4. Background of Current High Water Levels
5. Hydrologic Data Collection Systems.
C. Great Lakes Levels forecasting,
1. Methodology
2. Appraisal .« +« v v 4 e e e e e e e e e

Uses of Lake Ontario - St. Lawrence River
Water and Adjacent Lands.

A. Water Use
1. Navigation. . . + + v « v o « 4« « e
2. Power Production.
B. Land.
1. Use « ¢ v o o v s v s s 0 e
2. Hazardous Zones
3. Environmental Values.
Impact of Water Levels During the Cufrent
Period of High Water (January 1973 through
August 197&) . . . .
A. Interest Groups Affected. . . . . . . .
1. 'Power Production. .« + « « « 4 4 . .
2. Navigation. .
3. Riparian Property Owners.
a. Above Moses-Saunders Dam. . . .
b. Below Moses-Saunders Dam.
c. Natural Environment
B. Evaluation of Impact. . . « . « ¢« « « « .
Damage Reduction Tgchniques .o

A. Types of Damage Reduction Techniques.

iv

Page

26
33
33
37

4?2

46
46
46
52
55
56
56

65

66
66
66
74
82
83
88
89
9y
96

96

A |

A E N N N EE AN En B B G B BE BE EE R EE e



B.

1. 'Regulation of the Water Level. . . . .
2. Shore Protection Measures.
3. Flood Plain Management

a. Land Use Planning. . . .

b. Zoning Ordinance . . . .

c. Subdivision Regulation .

d. Public Utility Policy. .

e. Building and Health Codes. . .

f. O0fficial Map Technique

g. Land Purchase. . . . . . . . .

h. Development Rights Purchase.

i. Easement Purchase.

j. Information. . . ‘

k. Tlood Insurance. . . . . « « « « &
Applicability. e e e e e e
1. Man-Made Faéilities. e e e .
2. Natural Environment. . . . . .

VI. Damage Reduction Measures Implemented in Great
Lakes Basin. . . ¢ v v ¢« v v v o o v 4w e .

A.

Water Level Regulation .

1. Plans of Control Within the Great Lakes.

a. Lake Superior Regulation . . . .
b. Lake Ontario Regulation.
2. Organization for Regulation.

3. Existing Regulatory Works.

Page
96
97

100

100

100

101

101

101

101

102

102

102

102

102

103

103

103

105
105
105
105
106
106

108



B.

C.

Selected
Appendix

Appendix

Appendix

Appendix

Appendix

Evaluation of the Implementation of
the Plan of Control During the Current
Period of High Water. . . . . . . . .
a. Conformity with Control Plan 1958-D
1. Water Levels in Montreal Harbor
2. Winter Operation.
3. TFlow for Power.
4., Navigation Channel. .
5. Lake Levels . . . . . « « .+ .

6. Special Conditions.

b. Effectiveness of Plan 1958-D in
Minimizing Adverse Impacts. . . . .

Structural Measures . . . . . .
Description
Evaluation. . . . . . .
Flood Plain Management. . . « +« + + & + + .
Description . . . . . .
Evaluation. « + « + « « « .
References
A - Related Studies. . . . . .
B List of References - Shore Protection
Measures
c Flood Insurance Program Summary.
D Office Consolidation of Order of
Approval . . « v ¢ 4 4 e .
E Description of Plan of Control 1958-D.

vi

Page

112
113
113
113
114
114
115

116

116
123
123
125
131
131

131

139

143

151

154

159

170



Page
Appendix F - Treaty Between the United States and
Great Britain Relating to Boundary
Waters, And Questions Arising Between
the United States and Canada. . . . . . 188
Appendix 6 - Organizations and Members . . . . . . . 185
ADDENDUM 1 - Discussion of Reviewers' Comments . . . A-1

vii



List of Tables

Table Page
1. Level of Government Holding Primary Respon-
sibility for Carrying Out Recommendations. . . 12
2. Great Lakes Physical and Hydrological Data . . 1lu4-15
3. Lake Ontario - Physical and lake Level Data. . 16
4. Effects of Ice Retardation on Winter Flow. . . 24
5. Inflow to Lake Ontario from Lake Erie. . . . . 28

6. Monthly and Average Rainfall - Lake Ontario

Drainage Basin . . . . + + ¢« ¢ v ¢ « + 4 o e . 29
7. Monthly and Average Rainfall - Great Lakes

Drainage Basin « « « « o « o + o« o o+ o e 30
‘8. Qutflows from Lake Ontario Measured at

Ogdensburg, New York . . . . . . . . . . . . . 31-32
g. Hydrologic Publications - Great Lakes Data . . 34
10. Difference Between Recorded and Predicted

Lake Ontario Levels 1972-1974. . . . « « « « . 43
11. Ten-Year Selected Traffic Summary - Montreal

to Lake Ontario. « « ¢ +« « v o « o ¢ v e e e 48
12. 1973 Final Selected Tonnage Totals . . . . . . 49
13. Eisenhower-Snell Locks - Lockages and

Transits 1973. ¢« v v v v 4 ¢ e 4 e 4 e e e e . 50
14. Electric Power Production - Moses Power Dam. . 53
15. Electric Power Production - Saunders Power Dam Sh
16. Shoreland Uses - Lake Ontario and St. Lawrence

RIVEr.: v v v v o vt v e e e e e e e e e e e 57
17. Hazardous Zones -~ Lake Ontario and St.

Lawrence RIVEr v v v v v v v o o o o« « o o o« BY
18. Hazardous Zones - Cornwall to Montreal . . . . 65
19. Summary of Lake Ontario Water Data énd Impacts 67-71

viii



Table

20.

21.

22.

23.

24,

250

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

List of Tables (cont.)

Relationship Between Time, Production and
Lake Ontario Levels - Moses Power Dam.

Table of Normal and Restricted Speeds.

Periods of Speed Restrictions - St. Lawrence
Seaway

Number of Ships by Class Transitting St.
Lawrence Seaway During Restricted Periods
and Operating Costs Per Hour . . « + « +

Operating Costs - Normal and Restricted
Speeds

Ships Incidents Attributable to Current
Velocity or Water Conditions . . . . .

Numbers and Amounts of Loans Resulting From
March 1973 Storms.

Applicants for Federal Financial Assistance
for Publiec Property Damage

Magnitude and Incidence of Impacts of High
Water Levels e e e e . e e e e

Beach Erosion Control Surveys on Lake
Ontario. v v v v ¢ v 4 e e e 4 e e e e

U.S. Army Corps of Engineers Deferred Beach
Erosion Projects e e e .

Cperation Foresight PrOjeCtS - U.S. Army
Corps of Engineers . .

Projects Not Feasible Under Operation Fore-
sight Criteria - Jefferson County, New York

Damage Reduction Management Techniques
Implemented.

Federal Flood Insurance Program
Participation.

Utilization of Damage Reduction Management
Techniques

ix

Page

72

76=77

78

79

80

81

84

86-87

95

125

126

127-128

129

132-134

135-136

137



Figure

10.
11.
12.

13.

14,

15.

16.

List of Figures

Great Lakes - St. Lawrence River Drainage
Basin.

Profile of the Great lakes - St. Lawrence
River Drainage System. . . . . . '

Lake Ontario - St. Lawrence River Drainage
Basin. e . .

Differential Crustal Movements Within the
Great lLakes Basin. . . .

Mean Monthly Water Levels - Lake Ontario

Factors Affecting the Level of Lake Ontario.

Great Lakes Basin Water Level Gauge -
Locations and Records.

Location of Climatological Stations -
Canadian Portion of Great Lakes Basin. . .

Recorded and Probable Lake Ontaric Water
Levels . .

Ten-Year Selected Traffic Summary - Montreal

to Lake Ontario.

Relationship Between Release Rates and
Navigational Channel Depths. . .

Effects of Various Lake Ontario Outflows
on the Level of Lake St. Lawrence. .

Shoreland Uses, Hazardous Areas and
Environmental Values: Niagara, Orleans
and Monroe Counties. e e .

Shoreland Uses, Hazardous Areas and
Environmental Values: Wayne, Cayuga and
Oswego Counties. e e e e e

Shoreland Uses, Hazardous Areas and
Environmental Values: Jefferson County.

Shoreland Uses, Hazardous Areas and
Environmental Values: St. Lawrence and
Franklin Counties. . . . . . . . . .

18

20

23

25

35-386

38-39

Ly

47

51

sl

58

59

60

81



Figure

17.

18.

19.

20.
21.

22.

23.

24,

25.

26,

27,

28.

29.

30.

List of FTigures (cont.)

Hazardous Zones and Shoreland Uses - Canadian
Section of Lake Ontario.
Hazardous Zones and Shoreland Uses - Canadian

Section of the St. Lawrence River. . . . .

Degsignated Zones of the Montreal - Lake
Ontario Section of the St. Lawrence Seaway

Erosive Forces at Work on Lake Ontario's Shore
The Impact is Varied

Destruction of the Natural Environment -
Lake Ontario . « + v v « o o « o .

Accelerated Erosion.

North Sandy Pond: Barrier Beach Configuration
Sequenceg 1938"'19730 . . . . . . . »

North Sandy Pond: Barrier Beach Configuration,
June 1974. e e e e e

Schematic of Shore Protective Devices. . . . .

Decision Makers in Regulation of Lake
Ontario Outflows

Existing Regulatory Works - Lake Ontario and
the St. Lawrence River . . . . .

Lake Ontario - Comparison of Regulated and
Preproject Levels, 1968-1974

Man's Efforts in Action.

xi

Page
62
63

75
83
85

90

91
92

93

99
108
110

119

130

NS BN N G SN SN BN B BN N N BN e I B B BN am



CHAPTER I
INTRODUCTION

The Great Lakes Basin system is one of the largest
fresh water lake systems in the world. It is a complex
hydrologic system located in the heavily populated and
industrialized portions of both Canada and the United
States. Accordingly, man has encroached upon the flood
hazard zone in order to increase the benefits he can
derive from usage of them.

Under normal conditions this encroachment resulted
in relatively minor problems. However, under conditions
of above average precipitation as has been experienced
over the past couple of years, it has led to substantial
damage. The limits of man's ability to control the lake
levels, to provide the required structural protection and
to restrain his own activities, to the extent required,
in the hazardous zocnes in an effort to limit the extent
of these damages have been evidenced. This evidence is in
the form of unprecedented damage to both property and
natural resources along and on the flood plain areas of
the lakes and rivers of the system.

A. The Problem

Man's efforts to date have not prevented large amounts
of damage from being inflicted on the users of the waters
of and the lands surrounding Lake Ontario and the St.
Lawrence River. Acceptable, effective methods to reduce
these damages are required.

Regulation of Lake Ontario's water level is undertaken
in consideration of demands placed by navigational interest,
power producers and riparian land owners within the criteria
set forth in the Orders of Approval and implemented
through the Plan of Control 1958-D. Serious questions
have been raised relative to the equity of the current
method of implementing the control plan, the representation
on the board setting control policy and the technical
soundness of the control plan itself.

Flood plain management implementation is primarily
the responsibility of local levels of government while
relief in times of disaster has primarily been undertaken
by the federal government. Has this division of responsibility



reduced the incentive for developing and implementing
limitations to man's activities in the flood hazard
zone?

Examination of current flood damage reduction
methods will provide answers to these and other questions
regarding the effectiveness during periods of high water
of efforts implemented by man. From this, recommendations
relating to the various flood damage reduction techniques
and to the interest groups can be developed.

B. The Objectives

The objectives of this study were:

1. to develop an understanding of the Great Lakes
Systemn.

2. to determine who has been bearing the costs
incurred by and the benefits derived from the high water in
the period January, 1973 through August, 1974.

3. to evaluate methods of flood damage reduction
to determine if total damages were minimized during the
period January, 1973 through August, 1974.

4. +to make recommendations relating to flood
damage reduction methods and the impacted interest groups.

C. St. Lawrence-Eastern Ontario Commission-Role
and Responsibility

The St. Lawrence-FEastern Ontario Commission was created
within the Executive Department of New York State effective
July 1, 1974, Prior to this the Commission had been
operating under the auspices of the 0ffice of Planning
Services.

The Commission's interest in the problem associated
with high water levels has been extensive. Numerous public
statements relating to this problem have been released
which discussed the situation, the problems that might arise

and the actions that could be taken to alleviate the problems.

Prior to the storm of March 18 and 19, 1973, which led to

a declaration of a disaster by the federal government, the
Commission hosted two public forums in an attempt to provide
information to the residents and property owners within the
area serviced by the Commission.

Due to the Commission's attempts to address the problem
of high water levels,the New York State Legislature, in 1973,

directed the Commission in addition to its primary mandate

N
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to "study the problem of controlling the water level

of Lake Ontario and the St. Lawrence River and to make
recommendations to federal, state, municipal and private
agencies."”

The primary mandate of the Commission is to "insure
optimum conservation, protection, preservation, develop-
ment and use of the unique, scenic, esthetic, historic,
ecological, recreation, economic and natural resourees
of the St. Lawrence Eastern Ontario Area."

A further purpose of the legislation forming the
Commission is "to focus the responsibility for developing:
a long-range area policy in an area wide forum reflecting
statewide concern as well. This policy shall recognize
the major area wide and state interest in the conservation,
use and development of the area's resources, and at the
gsame time, provide a continuing role for local government."

D. Study Approach '

The approach taken in achieving the objectives set
forth will be to develop an understanding of the Great
Lakes drainage system as it influences Lake Ontario and
the St. Lawrence River. In addition, analysis of current
uses of the lands and waters of the basin will be under-
taken. Trom this an evaluation of the impact of the
water levels during the period of January 1973 through
August 1974 will be made.

A general review of damage reduction techniques will
be undertaken. This will include a discussion of which
technique(s) is applicable under varying conditions.

With an understanding of their applicability, currently
utilized damage reduction techniques will be examined

to determine the degree to which they are being implemented
within the study area.

Throughout each step of the study important findings
will be extracted. Each finding will be supplemented
with a series of recommendations indicating not only
what ought to be done but also indicating which level of
government has the responsibility for carrying through
with implementation.

E. FPinding and Recommendations

The analyses described in the following chapters
yielded a series of findings that relate to existing
water resource management in the Lake Ontario and St.
Lawrence River basins. These findings were classified



as relating to either institutions, phy31ca1 works or
data/research needs.

From each finding a set of recommendations was
developed. Some of the recommendations entail signifi-
cant changes in the established heirarchy of institutional
entities responsible for water resource management in
the basin. Others merely call for additional data and/or
study. However, in total they call for a re-evaluation
of current philosophies and instituticnal arrangements
for water resource management. This is required due, in
part, to the limited flexibility allowed existing entities.
These limits to flexibility are primarily institutionally
imposed restraints.

Following are the major recommendations and findings.
They are not listed in any order of priority since none
taken singularly can solve the problems. But taken
together as a comprehensive program, improvements in the
water resource management of the Lake Ontario-St. Lawrence
River System would result.

Table 1 reflects the recommendations set forth with
the level(s) of government - international, federal, state,
regional and local - that heold the primary responsibility
for implementing the recommendation. This responsibility
falls primarily on the international, federal and state
levels of government as is expected due to the size and
location of Lake Ontario and the St. Lawrence River and the
many governmental entities encompassed within their drainage
basins.

1. Institutions

Finding 1: Flood plain management has not been effectively
implemented by minor civil divisions in the past. This is
evidenced by the damages incurred by recent storms (over
25 million dollars alone reported on the United States
portion of Lake Ontarlo during the storm of March 18-19, 1973).
(IV-A-3,4,, VI-C).

Recommendations:

1-1. Implementation of the federal flood insurance
program be accelerated in order that all persons in the
flood hazard zone are eligible for insurance.

lThese numbers refer to the Sections and Subsections of this
report which provide the background from which the finding
was developed.

BN



This acceleration could be accomplished primarily
by increasing the rate at which technical data relative
to flood hazards are made available to local communities;
by providing technical assistance, through a state or
regional agency, in the development of ordinances re-
quired by the Flood Insurance Program; and through strict
enforcement of the provisions of the 1974 Disaster Relief -
Act and the 1973 Flood Disaster Protection Act.

1-2, Efforts should be made to ensure that the
flood damage reduction techniques - zoning, building
regulations, flood proofing, etc. - are implemented
and enforced as required by the federal flood insurance
regulations and the New York State flood plain management
bill.

Finding 2: Current institutional arrangements do
not provide for full representation of the many interests
in the Lake Ontario - St. Lawrence River basin. (VI-A-2)

Recommendation:

2-1. Representation of riparian owners should be
added to The International St. Lawrence River Board of
Control. This representation could be in the form of
individuals with expertise in water resources management
from Canada and the United States provided by their
respective governments to represent riparian owners and
their interests.

In addition broader representation should be provided
in the planning process through which plans of regulation
are developed. This could be accomplished through repre-
sentation of environmental groups, states, riparian
interest and others on committees of planning or investi-
gative boards.

Finding 3: TFlooding occurs in the Laks St. Louis -
Montreal section of the St. Lawrence River when the
combined flow of the St. Lawrence River and the Ottawa
River exceeds approximately 500,000 cfs. The current
burden of preventing this flooding is control of the
approximately 300,000 cfs flow of the St. Lawrence River.
(IV-A-3Db)

Recommendations:

3-1. Joint efforts between the United States and
Canada should be undertaken to determine more satisfactory
ways to manage the combined flow of the St. Lawrence and
Ottawa Rivers to afford protection to the Montreal area.



This may require additional Canadian development of

the Ottawa River. Such action however should be part

of an overall management program for the Lake Ontario -
St. Lawrence River basin. This is critical because

flood conditions along the Ottawa River typically coincide
with seasonal high water levels on Lake Ontario, and the
restriction of flows from Lake Ontario, to prevent damages
in the Montreal area, increases the probability of damages
cccurring on Lake Ontario.

3-2. New York State should strongly urge the federal
government to promote and develop an amended international
institution that is capable of dealing effectively with the
problem of lake level regulation. At the least this will
require a revamping of the International Joint Commission's
boundary water management functions, at the most it may
require develcpment of a new institution and the dissoclution
of existing ones.

The revamping suggested should include, as outlined
in recommendation 2-1, methods of providing broader repre-
sentation in the planning process. This is preferred to
development of a totally new institution. However, if the
problems of lake level regulation cannot be effectively
accomplished through this arrangement then the stronger
measure of development of new institutional arrangement
should be considered.

Finding 4: Of the $22 million loaned by the Small
Business Administration as a result of the March 18-19,
1973 storm approximately 90 percent or $20 million was
"forgiven" and not subject to repayment. (IV-3-a)

Recommendations:

4-1. Current government policies relative to disaster
loans must be re-evaluated due to the magnitude of losses
being incurred and to the potential for additional losses.
People who build in hazardous areas in order to enjoy certain

amenities - the beach, a view of the lake, etc. - should be
willing to assume the risk, i.e. no subsidized flood insur-
ance, involved with such locations. TForgiveness loans

reduce this risk, as do tax breaks for damages, and in effect
says "build here in the hazard area zone and enjoy the
amenities, others will bear the risk or a portion of it for
you."

4-2. Emphasis on this program should be further reduced
as the federal flood insurance program is implemented to its
fullest extent. Therefore, the provisions of the 1974
Federal Relief Act and the 1973 Flood Disaster Prevention Act



should be rigorously enforced. 1In addition the policy
of relief in the form of tax breaks should be re-examined
and be applied judiciously.

Finding 5: An adequate institutional framework has
not been developed for data gathering and analysis.
(II-C, IV-A-B)

Recommendation:

5-1. The International Joint Commission should
promote a program of data collection and analyses. Funding
to permit this should be provided.

Finding 6: Full use of the latitude allowed in the
operation of Plan 1958-D has not been adequate in the
prevention of substantial damage to the natural environment
and man made facilities on the shoreland of Lake Ontario
and the St. Lawrence River. (V-B)

Recommendation:

6-1. Plan 1858-D and the criteria underlying it be
continuously re-evaluated in terms of providing additional
flexibility to the Plan's operation in order that damages
sustained may be reduced.

Finding 7: The current regulation philosophy of the
International Joint Commission is to change lake level
regulation plans only if: 1) no economic loss to any
major interest (shore property, navigation, power) on any
lake or its outflow river occurs and 2) the existing Lake
Superior and Lake Ontario regulation criteria are satisfied.
(VI-A)

Recommendations:

7-1. This philosophy should be re-examined. An
alternative may be that lake level regulation should be
analyzed with the objective of maximizing net benefits of
the plan of regulation. TFor equity purposes this would
require a compensation machanism whereby those who receive
benefits from the change in regulation compensate those
who suffer damages due to the change.

7-2. Analysis should be undertaken to determine the
net impact that criteria differing from the existing would
have on lake level regulation.

Finding 8: Public funds are restricted in their use
for providing structural protection to private property.
(VI-B)



Recommendation:

8-1. Restrictions on expenditure of public funds
should remain. Additional study should be undertaken
to evaluate the social costs and benefits of alternatives
to structural protection. These alternatives should
include, but not be limited to, purchase of hazardous
areas and/or development easements on such areas by
governmental agencies, relocation of existing development
and flood insurance. From this analysis recommendations
should be made relative to New York State's and the
federal government's policy of expenditure of public
funds for the protection of private property versus
alternative flood plain management measures.

Finding 9: Criterion (k) of the Plan of Control
requires that all possible relief be given to both upstream
and downstream riparian owners during periods of high water.
Due to the conflicting goals of these two groups this is
not possible. (VI-A-4)

Recommendation:

9-1. The criteria underlying Plan of Control 1958-D
be re-examined with particular emphasis on Criterion k to
determine if the Plan, as designed, can be given greater
capability to effectively manage high water levels.

2. Physical Works

Finding 1: Developed areas are dependent upon structural
protective devices to reduce damages caused by high water
levels. However many areas throughout the New York State
portion of Lake Ontario do not lend themselves to such pro-
tection as was evidenced by the economic evaluation of
Operation Foresight projects. (VI-B)

Recommendation:

1-1. Efforts should be continued to provide protection
through the construction of structural devices in those areas
currently developed if they qualify for such protection under
existing criteria. Use of this technique in the future should
be de-emphasized as greater emphasis is placed on flood plain
management techniques.

Finding 2: Riparian protection utilizing structural
devices influences the quality of the environment, and may
result in unanticipated negative impacts on the natural
resource base of Lake Ontario and the St. Lawrence River.
Individual efforts to protect small sections of shoreline



from damages caused by high water levels are generally
not effective, and may cause additional damages to
contiguous property. (V-A-2 + B, VI-B)

Recommendation:

2-1. Analysis of construction of shoreland pro-
tective structures must be undertaken to determine if
these structures singularly or cumulatively affect the
natural environment by stabilizing material that other-
wise would aid replenishment of beaches; by draining
marshes, disrupting wildlife habitats and breaking the
food chain of valued species; and blocking river mouths
with sediments from shoreline currents altered by shore-
line protection structures.

2-2. Efforts should be made to ensure a coordinated
approach to construction of shore protection devices in
order to minimize the damages incurred on contingent
properties and to ensure that maximum benefits are derived
from such construction expenditures.

2-3. The Department of Environmental Conservation
and the U. S. Army, Corps of Engineers should assess their
project review procedures to determine if damages to con-
tiguous property and possible cumulative effect of many
small projects in an area are given adequate consideration
in project review.

3. Data/Research

Finding 1: Protection of the natural environment
(sand dunes, beaches, bluffs, etc.) of Lake Ontario and
the St. Lawrence River is dependent upon regulation of the
level of Lake Ontario. (V-A-1 + B-2)

Recommendation:

1-1. Additional efforts must be undertaken to derive
a plan of regulation that will provide adequate protection
for the natural environment of Lake Ontario and the St.
Lawrence River. Such an effort should include, but not be
limited to, the following:

a. Continued re-evaluation of Plan 1958-D in light
of the high supplies of water experienced in the 1970's
and low supplies of the mid 1960's.

b. Continued examination of the criteria upon which
Plan 1958-D is based to determine 1f they should be re-
formulated in light of man's activities or natural events



during the time since they were developed.

c. Development of a plan of regulation that incor-
porates lake level forecasts as an intregal part of the
regulatory procedure.

Finding 2: Current procedures for regulation of Lake
Ontario do not require forecasts of lake levels based on
meterologic and hydrologic data. (II-C)

Recommendation:

2-1. Regulation procedures be revised to incorporate
lake level forecasts as an input to the lake level regulation
decision model. These forecasts should be derived utilizing
available hydrologic and meteorologic data.

Finding 3: With present techniques of meteorologic
and hence hydrologic forecasting the ability to accurately
predict long range water supplies to the lakes is limited.
However, improved procedures for the collection of hydrologic
and meteorologic data which define water supplies to the
Great Lakes would contribute significantly to improved
regulation decisions. (II-B + C)

Recommendation:

3-1. Efforts should be made to improve the collection,
transmittal and analysis of meteorologic and hydrologic
data in order to improve the forecast of long range water
supplies to the lake.

3-2. The conversion of the United States portion of
the lake level gauge system to a semi-automatic system
should be accelerated and, if required for improved fore-
casting, expanded to include additional gauges. Efforts
should be made through the International Joint Commission
to persuade our Canadian partners similarly to expand their
gauge system as required for improved forecasting.

Finding 4: Evaluation of benefits and costs of tradeoffs

among varied groups impacted by changes in water levels of
Lake Ontario and the St. Lawrence River ig not possible due
to the lack of adequate data and due to limitations of
existing institutional arrangements. (IV-B, VI-A-U4)

Recommendations:

4-1., Stage-damage relationships for Lake Ontaric and
the St. Lawrence River should be developed and kept current.
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4-2. Studies should be undertaken to determine
the economic consequences of both changes in navigation
channel depth and length of navigation season. This
should include not only costs to shipping but also the
economic affects to those sectors of the economy depen-
dent on shipping.

4-3. Additional studies should be undertaken to
determine the impact on fish and wildlife, recreation,
environmental factors and wetlands due to water level
changes.

Y-4 ., Studiles should be undertaken to determine the
economic consequences of flow changes for power gener-
ation. This would include a determination of costs of
providing comparable power by alternative fuels.

Finding 5: The U. S. Army, Corps of Engineers was
restricted by its budget in publishing data gathered in
their recently completed National Shoreline Inventory
Study. (III-B)

Recommendation:

5-1. Adequate funding should be made available to
allow publication of this data.

11



Table 1. Level of Government Holding Primary Responsibility
for Carrying Out Recommendations

Recommendations®
Institutions
Level of
Government

1-1 1-2 2-1 3-1 3-2 4-1 4-2 5-1 6-1 7-1 7-2 8-1 9-1

Federal x x x X X X X X X
State X X X X
Regional x x X
Local X X
Interna-
tional X X X X X X X
Physical Works Data/Research
1-1 2-1 2-2 2-3 1-1 2-1 3-1 3-2 4-1 4-2 4-3 4-4 5-1
Federal x x x x X X X X X X X X X
State X X X X X x
Regional X
Local X
Interna-
tional X X X X X

4The recommendation numbers refer to those listed in I, Findings and
Recommendations, of this report.
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CHAPTER II

Great Lakes System

A. Description

The Great Lakes System consists of five conneeted
drainage basins. The outflow from each lake is discharged
into the next lake downstream with the outflow of Lake
Ontario, the last lake in the chain, discharged into the
St. Lawrence River. In general the drainage of the basin
is from west toward the east. The maximum dimensions of
the Great Lakes Basin are approximately 740 miles, measured
from north to south, and 940 miles, measured from east to
west (see Figure 1).

The area of specific concern in this report is the
drainage basins of Lake Ontario and the St. Lawrence River.
Following is a brief description of this portion of the
Great Lakes System.

Lake Ontario's surface is about 245 feet higher than
Father Point, Quebec, which marks the point of the river's
transition into the Gulf of St. Lawrence and is considered
to be essentially at sea level. From Lake Ontario down-
stream 68 miles through the Thousand Islands section to &
miles east of Ogdensburg, New York, the drop in the St.
Lawrence River is about 1 foot (see Figures 2 and 3). In
the next 47 miles through the International Rapids section
the drop is about 92 feet. The International Rapids section
extends to the International Border at the entrance of Lake
Saint Francis from the South Cornwall Channel. Beyond this
point the St. Lawrence River flows entirely within the
border of Canada. In the next 72 miles to Montreal Harbour
the River falls another 132 feet. In the 340 miles from
Montreal Harbour to Father Point the fall is about 20 feet.

Lake Ontario is the smallest of the five Great Lakes
(see Table 2). It is approximately 7,600 square miles in
surface area and drains a watershed of approximately 27,200
square miles. Lake Ontario surface water is about 245 feet
above sea level. It is approximately 804 feet deep at its
deepest point. This places the Lake bottom at this point
561 feet below sea level which is lower than the bottom of
any other lake except Lake Superior. The Lake has a long
east-west axis which is approximately 200 miles, North to
south the Lake is approximately 53 miles. Table 3 provides
data on Lake Ontario.

13
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Table 3. Lake Ontario--Physical and Lake Level Data

Low water datum (LWD): 74.0 m 242.8 ft
Length: 311 km 193 mi
Breadth: 85 km 53 mi
Shoreline length: 1,168 km 726 mi
Total surface area: 19,000 km2 7,340 mi2
Surface area in U.S. 8,960 km? 3,460 mi2
Volume at LWD: 1,637 xm® 393 mi?d
Average depth below LWD: 86 m 283 ft
Maximum depth below LWD: 245 m 802 ft
Average surface elevation (IGLD): 74 .65 m 2u4,77 ft
Maximum surface elevation (IGLD): 75.66 m 248,06 ft
Minimum surface elevation (IGLD): 73.64 m 241,45 ft
Source: Great Lakes Basin Framework Study, Great Lakes Basin

Commission (draft report).

The Lake Ontaric Basin is a lowland bordered on the
north by an escarpment -of the Canadian Shield, on the east
by the Adirondack Mountains, on the south by the Appalachian
Plateau and on the west by the Niagran Escarpment. The
lake bottom slopes generally southwardly from the north
shore, across more than two thirds of the lake. Then the
bottom formation rises abruptly to the south shore.

B. Hydrology

Changes in the level of each lake depend upon the
difference between their inflow and their outflow. Although
inflows change constantly in the shortrun and through
seasonal cycles due to changes in supplies resulting from
precipitation, the Great Lakes - St. Lawrence system has
a remarkably .steady outflow in comparison with the range
of flows observed in other large drainage basins of the
world. This is due to the vast water surface area of the
Great Lakes and their inherent ability to account for
enormous changes in the quantity of water in storage with
little effect on surface elevations., Table 2 reflects the

16
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nofmai and the extreme range in monthly mean water levels for

the lakes. The recorded range for Lake Ontario exceeds that
for any of the other Lakes. : S

Maximum flows of the outlet rivers of the Great Lakes is
only about 2 to 3 times their minimum over the perlod of
record. For the St. Lawrence River the extremes in flow are
351,000 cubic feet per second (cfs) and 154,000 cfs. The
maximum outflow was established in 1973. Prior to construc-
tion of the St. Lawrence Seaway control structures the maxi-
mum recorded outflow was 318,000 efs.

1. Lake Levels

Reliable U.S. records of the water levels of all the
Great Lakes date from 1860. The Lake Survey Center, National
Ocean Survey, National Oceanographic and Atmospheric Admin-
istration (prior to 1970, the U.S. Corps of Engineers District
Lake Survey) maintains 50 permanent water level gauges on Ehe
the Great Lakes and along their outflow rivers. Canadian
agencies also maintain 33 water level gauges. on their portion
of the Great Lakes system.

- Data from both the Canadian and U.S. gauges aré ‘in many
instances required for an adequate consideration of Great
Lakes problems and the two countries exchange data freely.

“The water level records indicate that.the entire
surface of any one of the Great Lakes is seldom, -if ‘ever,
completely at rest. From beginning to the end of any period
such. as- a month there may be an appreciable change in the
average level of the whole surface of a lake that corresponds
to a change in the volume of the water in the lake durlng the
1nterval .

B DUring4anY'particular short period of time such as a
few hours the level at one point in the lake may be consid-
erably above-or below the level at another point some
distance away. This differential would be caused by an ex-
ternal‘force; such as wind, actlng -upon the lake surface.
There are usually wind- generated waves .of 'some magnltude at
any- p01nt on the lakes. Water temperature differentials do
not: disturb the lake surfaces to a measurable extent. 'The
lake-levels recorded at a partlcular gauge station reflect
the combined effect of the various level variations at that
station excepting the level fluctuation due.to wind-generated
waves.which have periods of only a fraction of a minute.

:t,hTﬁe:Great'Lakes are considered essentially non-tidai
becaduse' 6f the fluctuation of their levels due to the gravi-
tational effect of the moon and the sun are relatively quite
small ‘
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The lake levels most frequently referred to are in
terms of the International Great Lakes Datum (IGLD) which
gives elevation in feet above the mean water level.at
Father Point, Quebec. This point is considered mean sea
level or.zero feet above sea level. :

2. Seasonai‘hake”Level Variations _‘

An annual pattern of seasonal fluctuations in monthly .
mean lake levels between a high in the summer and.-a low in
the winter occurs on each of the Great Lakes every year ’
almost without exception. The dlfference between highs and
lows as well as the months in which they might occur may
differ considerably from year tc year. The average and
maximum seasonal. differences for Lake Ontario exceed those
of any of the other. Lakes.

The seasonal pattern of natural hydrologic factors is
a major cause of these fluctuations. In the spring, runoff
incredses because of snow melt and low losses of moisture
from the land surface by evapotranspiration. Evaporation
from lake surface is also slight during the spring. As a
result, the lake begins to rise.. In the summer, runoff is
less because snow melt does not occur and evapotranspiration
losses are large.. Evaporation from lake surfaces also
begins to increase, and as a result lake levels begln to
decline.

In the fall evapotran8p1ratlon is less and runoff is
low, but evaporation from the lake surface is at a maximum.
The onset of freezing temperature keeps, runoff low. The )
lake gernierally reaches its lowest annual elevation level
during the winter.

3. Factors Affectlng Great Lakes Levels

The factors that affect seasonal and yearly fluctua— .
tions of the Great Lakes levels can be separated into two
categories: naturdl and artificial. Changes in the level
result from an imbalance between the quantities of water
received by the lake and the quantities of watér removed
from it.

a. Natural - The natural. factors causing seasonal and =
yearly fluctuations of. the Great Lakes include pre01p1tatlon,
runoff, evaporation, ice retardatlon, aquatlc growth and
crustal disturbances.

The supplies of water to the lakes are changing
continually due to the natural variations in the hydrologic
factors. Water supplies to the Great Lakes system consist
principally of precipitation falling on the lake and runoff
from the land areas of the basin. TFor each of the lower
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lakes in the system ocutflow from the lake above augments the
supply to the lake's own basin. Evaporation reduces the
total supply reaching any of the lakes (Table 2).

Another factor which affects the level of the Great
Lakes is what geologists term crustal movement. For
thousands of years there has been a more or less continuous
differential uplifting of the earth's crust in the Great
Lakes Basin (see Figure 4). Geologists have determined that
an uplift of several hundred feet has occurred in some
places on the Great Lakes shores since the glacial age.
From the lake level records available it appears that the
land along the northern and eastern shores of the Great
Lakes is rising with respect to the land along the southern
and western shore, and also that the crustal movement is
such that the land along most of the shores of each of the
lakes is subsiding relative to the land at the lake's out-
lets. This factor becomes especially significant when
discussing the St. Lawrence River outflow of Lake Ontario
since a rise in the east end will restrict outflow causing
inundation of a larger land area with the passage of time.
This factor is taken into account in the planning process
for the regulation of Lake Ontario.

One other natural factor which affects the lake levels
is the retardation of the outflow of outlet rivers by weeds
and other aquatic growth. Currently little seems to be
known about the effect of the aquatic growth retardation
upon the Great Lakes Basin as a whole. However, it is
thought that in some cases the effect of weed growth is
appreciable, Supportive data relative to this contention
is limited.

The flows in the outlet rivers of the lakes during the
winter seasons are often retarded materially by ice forma-
tion and by ice jamming. These conditions are not predict-
able for any specific winter, either as to their severity
or the exact timing of their occcurrence. Average reductions
in the outflow rates, for the period January through March,
are indicated in Table 4.

b. Artificial or Man Made - The various artificial
factors which modify supplies, outflows, and lake levels
have existed for many years. These artificial factors are:
the diversions of waters to and from the lakes, and changes
and outflows through the natural outlet by channel changes
and by regulatory works.

Significant artificial factors affecting lake levels
are:

1. Long Lake and Ogoki diversions into the Lake
Superior Basing
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Table 4. Effects of Ice Retardation on Winter Flows (Jan. through
Mar., Incl.) in the Great Lakes Connecting Channels and
St. Lawrence River

Average Annual . Estimated Average

' Flow (efs) =~ Ice Retardation Percent
- Outlet River (1860~1967) . (cfe) Retardation
St. Marys 74,500 , 3,000% Yk
St. Clair | 187,000 19,000 - 10
Detroit 190,000 ' 4,000 2
‘Niagara 202,000 | | 4,000 2
St. Léwrence é39 ,000 | 7,000% 3%

*Prior to regulaticn.

Source: Regulation of Great Lakes Water LeVel Report to the
International Joint Commission by the Internatlonal Great
Lakes levels Board, December, 1973.

Regulatory works on the St. Mary's River;

Diversions out of Lake Michigan Basin via the

‘Sanitary Canal at Chicagos; -

4. Channel changes in the St. Claire/Detroit River
system; ‘

5. Diversion of Lake Erie via the Welland Canal;

6. Channel changes in the St. Lawrence River; and

7 Regulatory works on the St. Lawrence River.

w N

A detailed discussion of the current artificial factors
affecting water levels in the Great Lakes Basin as a whole
is not pertinent to this report and therefore only a list-
ing of these factors is provided. For additional information
on the total diversion program for the Great lakes Basin
consult Appendix 11, Levels and TFlows., of the Great Lakes
Ba51n Framework Study -

The combined effect of all the factors-both artificial
and natural-that influence Lake Ontario water levels is
shown in Figure 5 which reflects the water levels of Lake
Ontario for the past three years. The ten year average
monthly mean level and the period of record average monthly
mean level is depicted also.
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Figure 5. Mean Monthly Water Levels - Lake Ontario (Source:
Great Lakes and Connecting Channels Levels and Depths, Dept. of
Army, monthly),
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Figure 6. Factors. Affecting the Level of Lake Ontario.

b, . Background of Current High Water Levels

Asg dlscussed in the preceedlng section, the water
levels :of the Great Lakes are influenced by sedsonal varia-
tions. When the natural factors affecting the lake levels.
deviate from the norm for a period of time, the Lakes may
“experlence what. appears to be a cyclical change in levels.

It can be evidenced by either a period of high or low water.

In the period 1964-1966 low water levels were exper-
ienced.. Over the past three years high water levels have
occurred. What were the causes of these high levels?

In a_51mple analy51s of:Lake Ontario's level, an
examination of the inflow to .Lake Ontario from Lake Erie,
the amount of precipitation as an indicator of the amount
of inflow due to runoff, and the outflow from Lake Ontario
measured by the discharge at the control ‘structures at-
Massena, New York, will be made.. An understanding of these
figures will partially explain why Lake Ontario reached
record or near record levels during the 1972-1974 period.
Figure 6 shows in schematic form the various factors
influencing lake levels.
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Table 5 reflects the amount of inflow received by Lake
Ontario from Lake Erie. In 1972 the inflow from Lake Erie
was 1lb percent above the recorded average (1900-Aug. 1974)
and it was 23 percent above average during 1973. During the
first eight months of 1974, inflow was 24 percent above the
average. At present, Lake Erie as well as Lake Huron and
Michigan outflow is uncontrolled. Thus, man has no in-
fluence over this factor and its effect on the level of
Lake Ontario.

The other major source of inflow to Lake Ontario is
runoff from the 27,000 square miles that form the Lake
Ontario drainage basin. Data on rainfall yields insight
into the relative influence this factor has had on Lake
levels. Table 6 provides the average monthly rainfall for
the period of record (1900-1973) for the Lake Ontario basin
along with the monthly rainfall for the period 1970 to
present. The rainfall for 1972 was 27 percent above the
yearly average for the period of record 1973 rainfall was
11 percent above the average and through July, 1974 rainfall
was 4 percent below the average.

The rainfall data for the entire Great Lakes Basin -
reflected in Table 7 provides insight into why the inflow
from Lake Erie has been and currently is above average. It
also suggests that high water levels are not simply a Lake
Ontario problem, but are being experienced throughout the
entire Great Lakes Basin. Basin precipitation was 14 per-
cent and 7 percent above average during 1972 and 1973,
respectively.

The following rule of thumb provides additional insight
into why the problem is long term in nature and to the
effect that occurrences on the upper Lakes have on Lake
Ontario. The rule states that it takes about three and one
half years for 80 percent of an effect of a change in out-
flow from Lake Superior to reach Lake Ontario. In other
words, the Great Lakes system }s very slow in reacting to
major changes in water levels.

Outflows from Lake Ontario are the third major compon-
ent influencing the lake level. Table 8 provides data on
the flow of the St. Lawrence River at Massena, New York.

As can be seen, ocutflows have been above average. It should
be noted that since completion of the St. Lawrence Seaway
in 1959, these outflows have been controlled.

lThe recently released International Great Lakes Levels
Board Study states that it takes two and one half years
for 50 ‘percent of the total effect of a supply change to
Lakes Michigan-Huron to reach Lake Ontario.
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Table 5. Inflow to Lake-Ontario From Lake Erie
Average Inflows (1,000 cfs)

(1900~Aug. 197u4) 1972 - 1973 1974
Jan. 190.5. 215 ’ 24y 233
% of Aver. 11348 : 128 122
Feb. _ -.186.1 205 , 236 237
% of Aver. 110 127 127
March 191.0 217 250 - 250
% of Aver. 11y 131 131
April 201.2 222 263 264
% of Aver. 110 131 131
May 212.0 234 262 265
% of Aver. 110 12y 125
June 213.8 236 265 259
% of Aver. 110 i24 121
July 210.2 236 259 250
% of Aver. 112 - 123 119
August 206.3 232 249 240
% of Aver. 112 ‘ 121 116
September 201.5 228 , 240
% of Aver. 113 119
October - 198.1 230 232
% of Aver. 116 _ 117
November 198.1 236 234
% of Aver. 119 118
December 19%7.4 246 233
% of Aver. 125 118
Average . o '
for Year 200.5 228.1 : 47,3 749.8
% of Aver. 11y - 123 124

a . . .
(_ )Indicates inflow in excess of average.

Source: Adapted from data provided by Cdrps of Engineers,
Buffalo District.
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Table 6. Monthly and Average Rainfall - Lake.Ontario Drainage Basin.

- Average = : YEAR ,
(1900-1873) -~ 1970 1971 1972 © . 1973 51974

January 2.66 1.69 2.11 2.23 2.03 2 30
% of Aver, - b4 79 84 76 " 86
Febraury 2.42 2.29 4,17 3.36°  2.07 1.71
% of Aver. .95 172% 139 86 7
March 2.63 2.06 2.53 3.29 "3.62 2.93
% of Aver. : 78 96 125 138 ‘111
April 2.80 " 2.79 1.54 2.55 "3.98 2.48
% of Aver. 99 55 91 2 - -89
May 3.03° 3.06 3.16 6.05 3.23 2.97
% of Aver. 101 63 125 127 133
June 3.02 3.03 3.16 6.05 3.23 2.97
% of Aver. 100 105 200 107 98
July - 3.15 - 4,18 3.62 3.19 2.43 2.69
% of Aver, 133 115 101 77 85
August 2.97 . 2.97 3.43 3.88 1.78

% of Aver. 10 oms 1 6o

Septenber 2,97 + 3.61 2.77 3.21. 3.00

% of Aver. ) 122 93 108 101

October ‘ 2.95 3.57 1.90 3.u8 3.73

% of Aver. o121 64 118 126

Novenber 2.95 . 3.52 1.89 u.15 3.75

% of Aver. 118 Bl 14l 127

Decerber 2.80 © 3.65 3.62. L.50 4,69

% of Aver. 130 129 161 168

Annual 34.35  36.42 32.66  43.67  38.16  (Jan-July)
% of Aver. ' 106 95 127 111

96

4( ) Indicates rainfall in excess of average.

Source: Adapted from data provn.ded by Corps of Englneers Buffalo

-District.
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Table 7. Monthly and Average Rainfall-Great Lakes Drainage Basin

Average

108

114

107

(1900-1973) 1970 1971 1972 1973 1974
January 211 1.74 2.2 231 1.70 1.90
% of Aver. 82 105° 109 81 90.
February 1.79° . 1.16 2.90 1.89 ©  1.36 S 1.26
% of Aver. 65 162 106 76 70
March 2.13 1.76 2.01 2.82 2.97 1.93
% of ‘Aver. 83 132 ° 7138 -9
April 2.48 2.53 1.26 2.35 2.68 2,41
% of Aver., - 102 51 95 108 97
May 2.96 3.96 2.74 2.61  4.26 3.03
% of Aver. 134 93 88 1ul 102
June- 3.17 2.73 2.84 3.27 3,79 -3.15
% of Aver. 86 90 103 120 99
July 3.07 4,31 3.22 . 3.75 3.11 2.20
% of Aver. wo 105 122 101 71
August 3.00 1.86 2.72 4,56 2.99
% of' Aver, 62 91 152 .99
September 3.28  5.07  2.94  3.93  2.55
% of Aver. 155 30 120 78
October 2.73  3.75 2.36 2.50 . 2.98
% of Aver, « 137 © 86 92 109
Noverber 2.63  2.87  2.63 - 2.51 . 2.69
% of Aver, S - 109 100 g5 102
Decenber 2.26 2,51 3.59 347 2.79
% of Aver. . 1m0 19 1w 123
Annual 31.61 34,25  31.45  35.98  33.87 (Jan-July)
% of Aver. 99 :

89

4 () Tndicates rainfall in excess of average

Source: Adapted from data p

District.

rovided by Corps of Engineers, Buffalo



¢ I'nm "N TE TN AN TE N N D aE T E A Em e

80¢ 0Te L0¢ OHN WHN | 9T¢ hL¢ - TT¢ ~ S6T 06T f0¢ L0Z 0T¢ 96T
g€ed niz 9T¢ Tee )4 FASTZ 99¢ BLC 61 8T¢ 802 [ARS 0T¢ T96T
hES QTe 402 €0¢ £ed T9¢ file 64C 292 e Tee T2 L0z 096T
hie 80¢ f10¢ €0¢ €T §¢e ehe . 09¢ 0§¢ hEe 6T 08T | Hmwﬂ 656T
= = e e e e e o= o= ——[3TTTOR] JBMOJ SJISPUNES-SOSC A PeleTNnSoy MOTIIN)—= —— —= == —= —= —= —= —= —=
8¢ S0¢C t0¢ IAYA LTC Tz¢ 9Z¢¢ (51394 622 0E¢ £1¢ ¢1e 612 3561
tee HTe 812 hee hee he 8he Lhe ghe ™he hee 62¢ 0€2 LS6T
T 9¢€2 0hi¢ Lhe 09¢ §9¢ fLe 8¢ 9Le LSC 8E¢C hee 8€¢C 9561
L97 Bhe 85S¢ fS¢ 99¢ 53¢ 9L L8¢C ulsYa 68¢ LS¢ ,9he - 09¢ SS6T
89¢ 9s¢ hS¢ €92 hse T19¢ oL 4:12 882 192 hse 4¥4 L22 hS6T o
192 6EC LEC She 6S¢C L9¢ 8LC 98¢ Z8¢ eLe 6S¢ LSC - hse €561
6L¢ hszZ T15¢ §9¢ SLe 98¢ 662 wom S0€E L8 LL 99¢ 86¢ ¢S6T
mwm hSe €G6¢ LS¢ 0L¢C 6LC hee h6¢l Lb¢ LBZ £9¢ HWN end TS6T
whe ohe hed GEC one Bhc LS¢ €9¢ ¢9¢ 6G¢ T1€¢ §ze 0¢¢ 0561

§30 000T UT MOT3an0

‘JoAy 09 AON 3100 adag any Anp aunp Aeyy TTady  yoaep aaj uep Jes)
Tenuuy

mvvﬁow M3 ‘8uanqsusp8( 3B peuanses)] OTJPIU) oME] WOX] SMOTIINQ '8 oTqE]



S . - . "30TaSTQ oTerIng ‘sassursug Jo sdaop Awly *St AQ PoPTACU] BIR(d WOL peadepy :souamog
. HIOK 3mz nmzmmmmz ov paBueyo co.DmooH 23ne8 su3 u.ommoam hmzom syl Jo zo.B.oPEmzoo Y} JBIIV

o _ - _ \ . _ - (£L6T
N U C : : S : . "0s6D)
Tng | nEC  Sez g€ | 8w NS S 6L S 9WC  hEC 8L SCC  ueaY
- " " 7% tee- 0% 0% Les Sk &6t Bl 8¢ eLsT
2 6Lz ,mmw ~zoe  oTe 0T . OTE  ooe T8 £LZ nsz  oez 22z TL6T
85 587 w the - 6sz . 89 6ST - 19 €2 S8 L2 - €9 8he 98 TLET
05z - sz . S8 €9z 837 99z . 9%z~ ehz  ohe i€z sez  Sez 82z - OL6T
99z m:w - 8he Clesz. Lz h s67 6T 162 9Lz h9T L s €92 . 962 696T
; Nmm4_‘ 5 nst BRZ AN V¥ et ese e e 29 Led . ew The 8961
P :mw B ¢:1/ .4.MFFN | _ m:N NM ZeT w ,.mmm o owm . 8uL ,.v 6T I ST 822 61¢ L96T o
S 7R o4 T S9Te . Tz o0zz. 612 L2 Z1z - hez  hez 22l 22 qu@mﬂ
‘6T Lzz . 0¢ g0z g0z - 90z Toz 68T . LLT - hT 08T 28T €8T 96T
n.mmﬂ mmﬁ..._ mowh_ 90z Lz Loz q.A Toz 96T h8T ..m 6,7 5T 90z, Tz g6l
114 paw - 0z - ele  elz LTz o WlE 907 88T 68T 96T L0 80  €96T
.,.,.,H,w>..< omm - >oz ; 00 Mam,m - 8ny . ATnpe asunp %mz . Ttady URIER asi | uep .wmmw

(PoNUTIUOCY) MJIOX sz ¢ 3anqsusp3p u.vmﬂ. paanses)| OTJRIU) oE] WOJI SMCTIINQ '8 STdel,



Prior to development of the Seaway the record discharge
at Ogdensburg was 318,000 cfs. A flow of 351,000 cfs was

recorded on July 11, 21 and August 3, 1974. This is currently

the discharge of record at Cornwall-Massena.

In summary, the current situation has been caused by
prolonged, above average precipitation within the entire
Great Lakes Basin. Man has responded to a degree in an
attempt to reduce the levels of Lake Ontario by discharging
water at a rate well above the average. However, because of
physical and institutional constraints, it has not been
possible to prewvent the lake from rising, at times, to levels
which have resulted in substantial damage to both man-made
facilities and the natural environment.

5. Hydrologic Data Collection Systems

Both the United States and Canada operate extensive
hydrologic data collection systems. These systems consist
of water level gauges on both the streams and lakes of the
basin along with rain and snow gauges strategically located
throughout the Great Lakes RBasin.

Within the United States this monitoring program is
carried out by the Lake Survey Center, National Oceanic and
Atmospheric Administration. Within Canada the Marine '
Sciences Directorate, Department of Environment, maintains
the hydrologic data collection system. Figure 7 and its
accompanying table provide data on Great Lakes water level
gauge locations and recorded elevations of each gauge.
Figure 8 reflects the locations of climatological stations
within the Great Lakes drainage basin while its accompanying
table provides data relative to each station.

Currently the Lake Survey and the Army Corps of
Engineers are converting the United States portion of the
Lake level gauge system to a semi-automatic system. A ,
telemetering system has been established for six key Lake
Survey Center water level gauges around Lakes Superior,
Huron and Ontario. Plans are underway to install the system
for gauges on Lake St. Clair and Lake Erie. Currently the
system is operational for gauges at Rochester and Oswego, -
New York, on Lake Ontario. The Canadian portiocn of the lake
level gauge system has been automated since 1972.

Hydrologic data gathered is disseminated by both
governments through several publications. Table 9 lists
the major publications, frequency of issue and the type of
data available within each.

C. Great Lakes Levels Forecasting

In response to the interest created by the high water
experienced in 1951 and 1952, the U.S. Lake Survey began
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‘Table 9. Hydrplogic Publications - Great Lakes Data

Name Publisher

Frequency
of Issue

Data Included

Lake Ontario U.S. Army
Data Corps of
: Engineers

Monthly Water- Dept. of the
Level Bulletin Environment,
Canada

Monthly U.S. Dept.
Bulletin of -of Commerce
Lakes Levels

34

Weekly

‘Monthly

Monthly

Daily Mean Elevation,
Daily Outflow and
Average Inflow for
Week of Lake Ontario;
Daily Mean Elevation
at Oswego and
Kingston.

Mean for Month,

Last Year's Mean

for Month, Maximum
and Minimum Mean for
Month, Mean for
Month, Last 10
Years, Mean for
Month, all years

and Probable Mean
for Next Month for
Lakes Superior,
Huron, Erie and
Ontario and Montreal
Harbor.

Recorded Levels for
previous years and
current year to date
and probable levels

“for next six months

compared with long
term average, last
10~year -average, and
extreme levels for
Lakes Superior, Mich-
igan-Huron, St. Clair,
Erie and Ontario;
Water Levels of the
Breat Lakes in

inches above or

below the plans of
reference of the
navigation charts;
connecting channels
water levels and
depths.
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Extremes of Instantaneous
Gauge Name Location Established Water Level Elevations, IGLD (1955)
and Location Number Date Maximum Date Minimum Date

LAKE SUPERIOR
Canada

Gros Cap 1 1926 603.53 10/16/72 598.00 1/25/68
Michipicoten 2 1915 604.28 6/16/39 598.05 4/13/26
Rossport k] 1967 602.96 6/30/68 598.70 4/23/70
Sault Ste. Marie
Lock (Above} . 4 1908 604.09 11/12/42 596.48 5/23/25
Sault Ste. Marie
Lock (Below) 5 1908 584.83 12/17/51 575.78 11/23/63
Thunder Bay 6 1907 603.17 7/21/52 597.93 3/17/26
United States
Duluth 7 1901 602.89 8/31/51 598.59 1/10/58
Grand Marais 8 1966 602.59 10/28/68 598.96 3/31/67
Marquette o - 1902 604 .06 6/16/39 597.47 7/17/26
Ontonagon 10 1959 603.66 4/17/65 598.69 4/13/64
Point Iroquois 11 1930 604.23 10/31/51 598.48 4/21/64
Two Harbors 12 1904 603.53 - 5/5/50 598.61 4/11/48
LAKE MICHIGAN
United States
Calumet Harbor 13 1903 583.33 7/23/71 573.33 11/11/40
Green Bay 14 1953 583.62 4/9/73 573.17 11/21/64
Holland 15 1959 581.59 6/17/73 574.80 12/19/64
Ludington 16 1950 581.76 4/16/73 574.76 1/17/65
Milwaukee 17 1903 581.89 7/22/52 574.15 1/23/26
Port Inland ©18 1963 581.29 9/16/72 574.19 1/18/65
Sturgeon Bay Canal 19 1945 582.33 5/25/53 574.10 4/14/64
LAKE HURONM
Canada
Collingwood 20 1906 582.12 6/25/52— 573.48 6/26/64
Goderich 21 1910 582.02 5/5/52 574.26 11/28/64
Little Current 22 - 1959 581.17 11/2/71 573.91 3/5/64
Parry Sound 23 1960 581.07 12/18/72 573.63 3/26/64
Point Edward 24 1927 581.41 5/5/52 573.06 11/28/64
Port Lambton 25 1927 577.51 1/29/52 571.55 11/27/64
Thessalon 26 1926 581.68 7/23/52 574.37 2/12/65
Tobermory 27 1962 581.04 10/16/72 574.30 1/24/65
United States
De Tour 28 1954 581.28 7/3/73 574.26 3/5/64
Essexville 29 1952 583.57 3/17/73 571.54 3/18/65
Harbor Beach 30 1901 582.0L 5/6/52 574.17 1/25/64
Harrisville 31 1963 581.19 8/21/73 574.36 1/9/64
Lakeport 32 1956 582.25 3/17/73 573.82 11/28/64
Mackinaw City 33 1899 582.01 7/22/52 574.45 3/5/65
LAKE ST. CLAIR
United States
Grosse Pte. Shores 34 1955 575.51 7/8/69 569.58 1/26/64
LAKE ERIE
Canada :
Amherstburg 35 1960 575.25 11/14/72 566.21 1/27/65
Bar Point 36 1966 574.87 11/14/72 565.87 1/26/71
Erieau 37 1957 573.49 11/14/72 566.85 11/21/64
Kingsville 38 1962 574.50 11/14/72 564.13 11/21/64
Port Colborne 39 1911 577.69 4/1729 564.22 3/10/64
Port Dover 40 1958 575.80 10/27/67 565.02 3/10/64
Port Stanley 41 1908 574.17 3/22/55 566.58 3/17/35
United States
Barcelena 42 1960 574,82 10/27/67 565.08 3/10/64
Buffalo 43 1889 579.0% 11/3/55 564.17 3/10/64
Cleveland 44 1903 574.48 6/16/73 565.71 2/4/36
Erie 45 1957 574.85 12/16/72 566.00 3/10/64
Fermi 46 1962 575.85 6/17/73 563.03 2/16/67
Marblehead 47 1959 575.18 11/24/72 564.54 11/21/64
Sturgeon Point 48 1968 576.47 11/1/73 568.70 12/31/69
Toledo 49 1940 576.67 4/9/73 561.47 1/2/42
LAKE ONTARLO
Canada
Burlington 50 1970 247.19 7/23/72 242.85 1/25/72
Cobourg 51 1956 247.66 7/2/56 241.26 12/25/64
Hamilton 52 1960 246.45 6/3/69 241.04 2/3/65
Kingston
(Portsmouth) 53 1909 248.55 6/6/52 241.01 1/2/65
Point Petre 54 1969 247.21 8/9/72 243.31 1/28/70
Port Weller 55 1929 247.85 5/30/30 241.19 2/3/65
Toronto 56 1906 248.34 6/8/52 240.64 12/26/34
United States
Cape Vincent 57 1914 248.19 5/11/73 240.93 1/2/65
Olcott 58 1967 248.87 6/22/73 243,26 11/19/69
Oswego 59 1933 248.96 6/6/52 240.94 12/23/34
Rochester 60 1952 248.40 5/28/73 241,38 12/23/64

Source: Great Lakes Basin Framework Study, Appendix No. 11, Levels and Flows, Sept., 1972; Canadian
data updated through 1972 from Water Levels, Volume 1 - Inland, Dept. of Eanvironment, Canada,
1972; United States data updated through 1973 by Corps of Engineers, Buffalo District.
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Table 9. Hydrologic Publications - Great Lakes Data (Cont.)

Frequency
Name Publisher of Issue Data Included
Water Levels NOAA, Lake Weekly Projected Water Level
of the Great Survey Center, for Week; Difference
lLakes, Weekly Water Levels from Stage Recorded
Data Summary Branch Prior Week, Prior

Month and Pricr Year;
Difference from Long-
Term, Highest and
Lowest Monthly Aver-
age of Record.

publishing the Monthly Bulletin of Lake Levels. The first
bulletin included a forecast of lake levels that was based
upon judgmental consideration of the factors that affect lake
levels. Since then, numerous studies have been conducted by
the Lake Survey to determine mathematical relationships
between these factors and water supplies in order to improve
the over-all forecasts.

1. Methodologies

The method now employed by the Detroit District, U.S.
Army Corps of Engineers was developed from an analysis of the
elements affecting the net basin supply to each of the lakes.?
The net basin supply 1s a conceptual hydrological event that
can best be described by referring to the classical change of
storage equation, which is

(1)s =P+R+U-E+I-0+D

Where: S = Change in lake storage;
P = Precipitation on the lake's surface;
R = Runoff from the lake's land drainage area;
U = Groundwater contribution;
E = Evaporation from the lake's surface;
I = Inflow from the lake above:
0 = OQutflow from the lake through its natural
outlet;
D = Diversion; plus (+) if into lake; minus (-)

if out of lake.

IThis section is adopted from: Forecasting the Levels of the

Great Lakes, U.S. Lakes Survey, Misc. Paper 67-2, B. G. DeCooke
and E. Megerian, Sept. 1967.
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Figure 8 and Accompanying Table: Location of Climatological
Stations - Canadian Portion of Great Lakes Basin. (Source:
Climatological Station Catalogue - Ontario, 1970)

38



N

6E

Location?

Number
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

Station Name

Blue Springs Creek IHD
Borden A

Bowmanville Mostert IHD
Burketon McLaughlin IHD
Cornwall Ont Hydro
Delhi CDA

Douglas Point

Elora Research Station
Fergus Shand Dam
Goderich A

Gore Bay A

Guelph 0AC

Hamilton RBG

Harrow CDA

Hartington IHD

Hornby IKD

Kingston A

Langton IHD

London A

Morven IHD

Mount Forest

Muskoka A

North Bay A

Ridgetown

Sarnla Polymer

Sault Ste Marie A
Simcoe

Smithfield CDA

South Bay Mouth
Sudbury A

Thunder Bay A

Toronto

Toronto Downsview A
Toronto Int A Malton

Toronto MET Research Stn Ont

Toronto Scarborouth
Trenton A

Vineland Station
White River
Windsor A

" - o
b = [0} o}
& & § % o ®
$ R r Uy oPyog 3
U o g & o] a <] 5
3] = IS] [ - g 5] i) 0 ¥
PR B S A
Date Station g rL:: é' ?)’ b E 2 % é E %
Was Established %‘ % £ E § E a 5 3 Q 5
Canada
7-66 X X X X
9-66 X X X X X X
6~66 X X X X
2-69 X X X X X
12-5¢4 X X X X X
6-34 ¥ X X X X
10-65 ¥ X X X
3-69 X X X X X X
10-39 X ¥ X X
11-69 Pb X X X X X
7-47 X X X X
5-1881 ¥ ¥ X ¥ X X X X
4-50 X X X X X X
4-17 ¥ X X X X X
12-67 X ¥ X X
7-67 X X X X
10-30 X X X X X X
12-67 X X X X
7-40 X ¥ X X X X
12-67 ¥ X X X X
1-1876 X X X X X X X
7-34 X X X X
1-39 X X X X X X X
4-1883 X X X X
9-59 X X X X
8-a1 ¥ X ¥ X X
8-61 X ¥ X X X X X
8-49 ¥ X X X
7-54 X X X X
1-54 ¥ X x X X
1-70 X X X X X X X
1-1840 X X X X X X
9-59 X b x X X
1-61 X X¥ X X X
5-65 X X X X X X X X
5=59 ¥ X X
4-1883 X X ¥ X X X
1-15 X X X X X
8-1886 X X X X X X
7-40 X X X X X X

3Location numbers refer to accompanying Figure.
bIndicates that less than 24 hourly observations were taken each day.
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The changes in storage, inflow, outflow, and diversion
values are determinable directly from reliable records,
whereas the lake precipitation, runoff, groundwater contri-
bution, and evaporation cannot be determined directly from
presently available data.

The first four terms of the right-hand side cf the
equation can be combined in a single term called net basin
supply (NBS) to the lake. The equation is then written:

(2) NBS = S +0 - T1 +0D

The net basin supply represents the volume of water the lake
receives from precipitation on its surface and its own land
drainage basin, minus the evaporation from the lake surface.
The estimation of net basin supply is in fact a complex and
uncertain business for many reasons, such as the apparent
non-stationary nature of the precipitation process; the non-
linear response of the lake basin; and the inadequate
knowledge of runoff, underground flow conditions, and evap-
oration rates.

The Lake Survey develops forecasts for a six month
period. The forecast for the first month's NBS of the period
is determined using a multiple-linear regression model in
which precipitation-and temperature of current and ante-
cedent months are used as independent variables, with net
basin supply as the dependent varlable, i.e.

(3) NBS = aP + bPA + cT + dTA + K

Where

NBS = Estimate of average monthly supply to the lake
from its own drainage basin (dependent variable)
in thousands of cubic feet per second;

P, P, = Current and antecedent precipitation (independ-

A ent variables) in inches;
T, TA = Current and antecedent temperature (independent
variables) 1in degree Fahrenheit,
a, b, ¢, d = Coefficients of regre581ons, and
K = Constant of equation.

Twenty-eight years of data were utilized in obtaining
these multiple linear regression equations. The recorded
net basin supply data, the dependent variable used in the
above~mentioned relationship, were computed using the
equation (2) relationship.

The method being employed for forecasting the supply
used in the determination of the levels for the second
through sixth month is based on a time series analysis of
the recorded net basin supply.
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In the development of the system, it was assumed that
net basin supply over a given period is the result of two
components: the persistence component and the random com-
ponent.

The persistent component consists of antecedent net
basin supply levels. There are in turn three sub-components

of this component. They are the trend, seasonal and cyclical

sub-components.

The second component of the net basin supply is the
random component. It is dependent on many seemingly chance
factors and cannot be reduced to definite rules. At times
this component is largely responsible for extreme supply
conditions. :

In summary, the Detroit District, Corps of Engineers
forecast of lake levels for each month of the 6-month fore-
cast for each of the Great Lakes is accomplished by routing
through the Great Lakes system the forecasted net basin
supplies, as determined by multiple linear regression for
the first month (modified by trend), and by trend analysis
extension for the second through the six month. The rout-
ing employs the current methods of regulation on Lakes
Superior and Ontario and the current equations of outflow
from Lakes Michigan-Huron and Erie, with adjustments made
for average ice retardation during the winter months. - By
employing the routing system, the effects of the total
supplies to each of the lakes of the system of the current
lake level and outflow conditions of the lakes.upstream are
embodied in the forecast.

The forecast employs the services of the U.S. Weather
Bureau, which supplies antecedent temperature and precipi-
tation and advance information on its 30-day outlook of
temperature and precipitation, and of the Meteorological
Service of Canada, which also supplies antecedent precipi-
tation and temperature.

About two years ago the Great Lakes Environmental
Research Laboratory, National Oceanic and Atmospheric
Administration began to develop lake level forecasts utili-
zing a climatological approach.2 Long term monthly net
basin supplies are the basic input of this forecast method-
ology. These supplies are then routed through the Great

2This description was provided by Dr. Frank Quinn, Head,

Lake Hydrology Group, GLERL, NOAA in letters dated January 21,

1975 and February 5, 1975.
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Lakes hydraulic response model to determine beginning-of-
month lake levels for the following six months.

Differences between the two independently derived
forecasts described above are then discussed and analyzed by
personnel from the two agencies making the forecasts. From
these efforts a coordinated six-month lake level forecast is
developed. This is published in the Monthly Bulletin of
Lake Levels.

2. Appraisal

The predicted lake levels are not a direct input into
the Plan of Control for the determination of release rates.
They are used, however, to provide guildance and to aid in
determining when deviance from the Plan is merited. They are
also important in providing information to those individuals
who are impacted by the level of the Lake. Since many of
these people's decisions are based upon the predicted levels,
a reliable estimate is desired.

Table 10 shows the actual level of Lake Ontario by month
from January, 1972 to August, 1974. In addition, the levels
predicted one and six months prior to the date of the actual
redding of the Lake level are shown. These are reflected as
plus (+) or minus (-) differences between the predicted and
the actual levels. '

As can be seen, the predicted levels for the period
examined were generally less than the actual. In some cases
these differences were significant. For example, the one
month predicted level for December, 1972 was .65 feet less
than the actual. The six month predicted level for March,
1973, was 2.15 feet less than the actual.

This underprediction is evidenced in Table 10 by the
preponderance of minus (-) signs preceeding the differences
between actual and predicted levels. Figure 9 depicts the
recorded and the predicted levels. " Again, the fact that
during the period of high water, peaks and troughs were under-
estimated is reflected. Similarly during periods of low
rainfall the methodology utilized will consistently predict
levels above those that actually occur.

In summary it appears that the levels predictions are
limited in their usefulness because of the limitation of the
methodology utilized in deriving them. This methodology
appears to provide predictions that consistently deviates
from the average less than the actual levels do. This results
as the methodology underestimates levels in time of above
average rainfall and overestimates them in time of below
average rainfall. It appears that efforts to improve this
methodology are required in order to provide more reliable
forecasts of future lake levels.
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The following paragraph summarizes the situation

relative to forecasting in the Great Lakes Basin.

". . . benefits can be obtained from regulatlon
de0181ons based on a forecast if the forecast is
accurate for at least four months into the future.
Present knowledge of the future climate over the
basin prevents the preparation of such a forecast.
However, present knowledge of hydrology permits the
assessment of the hydrologic potential of flcod or
drought on the basin. The principal deterrent to
such an assessment is the lack of near real-time
data. To provide such data for a basin the size of
the Great Lakes' is expensive, and tangible benefit
is difficult to demonstrate. However, regulation
decisions are made at present with only knowledge
of current water level and little knowledge of the
potential hydrologic response of the basin. There-
fore, in order to bring all available information
to bear on regulation decision, the study and
development of a real-time hydrometerorological
network for the Great lLakes basin should be under-
taken. Most of the data required are presently
collected by existing hydrologic and meterorological
networks. Further study of these networks is
required to determine their adequacy. The princi-
pal items which require development are the colla-
tion of data and interchange between countries
within a few days of data collection. Such a
collection in real time would provide those who
must make regulation decisions on the Great Lakes
with the response of the basin to various current
hydrologic condltﬁons and would improve regulation
decision making.'

3Regulation of Great Lakes Water Levels, Appendix A,
Hydrology and Hydraulics, International Great Lakes Level
Board, December 7, 1973, pp. A-55 to A-56.
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CHAPTER III

USES OF LAKE ONTARIO - ST. LAWRENCE RIVER
‘ WATER AND ADJACENT LANDS

Uses of Lake Ontario - St. Lawrence. River water and
adjacent lands are fairly compatible under normal conditions.
However, when conditions differ from the norm, conflicts
arise, the magnitude of which depends upon the degree to
which the normal and experienced conditions differ.

Discussed below are the primary uses of these waters and
lands along with descriptions of the water level conditions
each user would prefer to have maintained.

A. Water Use

Two primary uses of the waters of Lake Ontario and
the St. Lawrence River are discussed in detail. These are
navigation and power production. The St. Lawrence River
has been intensively developed for both uses through
efforts resulting from international agreements and coopera-
tion. - : ,

1. Navigation

Discussion of navigation is limited to the time
frame from the opening of the St. Lawrence Seaway on April
25, 1959 to present. The Seaway was built as a joint venture
by the St. Lawrence Seaway Development Corporation of the
United States and the St. Lawrence Seaway Authority of
Canada. The former was authorized by Public Law 358 passed
in 1954 and was charged with the responsibility of developing
and managing the United States portion of the Seaway.

Construction took about five years and cost approximately
470 million dollars. These costs were shared by the United
States and Canada with the former paying about 25 percent or
130 million dollars and the latter 75 percent or 340 million
dollars.

The Seaway provides a channel of a minimum depth of 27
feet from the Gulf of St. Lawrence to Lake Ontario, thus
opening the Great Lakes to ocean traffic. Ship size is
limited to vessels up to 75 feet in beam and 730 feet in
length with drafts 25 feet or less. This limit is due to
the size of the locks in the system.
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Figure 10 and Tables 11 through 13 portray the amounts
and types of cargo and vessels that have passed through the
Seaway over the past 10 years. Although subject to fluctua-
tion, the general trend has been upward as far as total tonn-
age is concerned with an increase occurring in the percentage
of total tonnage made up by bulk shipment of cargo.

Millions
of Tons
60 -

- 50

40

30

20 —

's4  '65 '66 ‘67 'es '69 ‘70 't 2 '73

.-GENERAL_. AR BULK

Figure 10. Ten-year Selected Traffic Summary ~' Montreal to
' Lake Ontario. (Source: St. Lawrence Seaway
Development Corporation, Massena, New York -
1973 Annual Report.)

Shipping interests, in general, are more concerned with.
the rate of release of waters from Lake Ontario than with its
level. However, . under occurrences of extreme low water levels,

the Lake level becomes of greater concern due to the fact that

outflow from the Lake and channel depths in harbors are
reduced.
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Table 11. Ten-Year .Selected Trafflc Summary-Montreal to
. Lake Ontario : ‘

Cargo (in millions of tons)

General Bulk Total
1964 3.7 35.6 39.3
1965 5.6 . 37.8 43.4
1966 5.5 43,7 49.2
1967 6.0 38.0 k8,0
1968 - ~ 8.0 40.0 - 48.0
1969 7.0 34.0 o h1.0
1970 6.5 HL.6 51.1
1971 8.6 44,3 S, - ..52.9
1972 7.9 45.8 53.7

5.8

1973 + 51.8 -57,6-

Source: St. Lawrence Seaway Development Corporatlon, Massena
New York - 1973 Annual Report

~In general, -a high rate of release at the control
structure tends to draw down Lake St. Lawrence until -such
times as a sufficient steep gradient is established between
the water level at the control structure and Lake Ontario as
to maintain the outflow from Lake Ontario equal to ‘the Power
Dam release rate (see Figures 11 and 12). This reduces the
water depths and thus may deny deeper draft vessels adequate
water depths to allow transit of this area. The converse is
that a low rate of release at the control structure tends to
raise Lake St. Lawrence and reduce the gradient between
Lake Ontaric and the Power Dam. Thus, vessels with deeper
drafts are able to transit this area. This decrease in
gradient occurs as Lake St. Lawrence fills to capacity when
inflows from Lake Ontario exceed outflows through the
control structurels). It should be noted that this is one
of the critical areas for nauigation since the area covered
by Lake: St. Lawrence wag, prior to the construction of the
control structures, a series of rapids known as the Interna-
tional Rapids.

Outflows from the control structures can create problems

for navigation under two sets of conditions.” In the case of
an extreme. low level of Lake Ontario, the required minimum
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Table 12. 1973 FINAL SELECTED TONNAGE TOTALS

Special Commodities-Montreal-Lake Ontario Section
Percent
1972 1973 (+)or(-)
Bulk Cargo
Grain
Wheat 10,681,500 11,417,199 + 6.9%
Corn 3,642,624 3,922,792 + 7.7%
Soybean 1,614,608 1,656,316 + 2.6%
Barley 4,438,979 3,536,135 - 20.3%
Other 1,127,863 2,217,294 + 96.5%
Grain-Total 21,505,574 22,749,736 + 5.8%
Iron Ore 12,533,408 15,691,569 + 25.2%
Coal 269,164 277,667 + 3.2%
Fuel 0il 3,229,062 3,783,946 + 17.2%
Other Bulk 8,273,279 9,305,889 + 12.5%
All Bulk-Total 45,810,487 51,808,807 + 13.1%
General Cargo
Iron and Steel 5,333,432 3,723,202 - 30.2%
Automobiles and
Trucks 84,471 81,699 - 3.3%
Containers 427,604 299,797 - 29.9%
Other General 2,000,587 1,720,632 - 13.9%
General-Total 7,846,094 5,825,330 - 25.8%
Grand Total 53,656,581 57,634,137 7.4%

Source:

New York - 1973 Annual Report.

St. Lawrence Seaway Development Corporation, Massena

discharge may_be greater than the outflow possible from

Lake Ontario.

This minimum is specified in the IJC's

Orders of Approval which are implemented through the -Plan

of Operation 19858-D.

In cases of high water levels in Lake

lwhen this condition exists the minimum discharge may be met
for only a short period of time.

required to draw down Lake St.

The time is the amount:
Lawrence and is determined

by the difference in releases at the control structure and
the discharge from Lake Ontario divided into the storage

of Lake St. Lawrence.
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Table 13. EISENHOWER-SNELL LOCKS
Lockages and Transits 1973

Lockages Ships Small Craft
March 28 33 0
April 43y ' U466 2
May 733 801 27
June 740 791 100
July 845 802 61y
August 809 745 411
September 671 692 108
October ‘ 702 759 25
November 693 777 3
December 382 426 1
TOTAL 6,037 6,292 1,289

Source: St. Lawrence Seaway Development Corporation, Massena,
New York - 1973 Annual Report. '

Ontario, such as the 1973-1974 period, large volume flows
were released in order to reduce the levels of Lake Ontario.
This effort resulted in what may be termed a "flow through"
condition, i.e., the outflow from Lake Ontario equalled

the discharge at the control structure but at a very high
volume. This volume approached or was the maximum that
could be discharged given the current capacity of the St.
Lawrence River channel. As this condition was reached,

Lake St. Lawrence became drawn down.

The results of these two cases are the same - shallow
depths in the area of Lake St. Lawrence.

Thus, as stated earlier, navigational interests are not
as interested in the level of Lake Ontario as they are in
the relationship between the Lake's outflows and releases
through the control structures, along with theilr respective
magnitudes.

In addition to the gradient changes caused by varying
the release rates, higher velocity currents are assoclated
with increased release rates. These can become a hazard to
navigation, since in many stretches of the River the nav-
igation channel does not follow the river channel and
currents arise that flow at various angles to the navigation
channel. These currents tend to increase the difficulties
of ship handling and thus reduce the safety of navigation.
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Cape Vincent

LAKE
ONTARIO

"stow release' ~ release from Moses- Saunders Dam less than infiow from Lake Ontario

" fast release’'- release from Moses- Saunders Dam greater than inflow from

- Moses - Saunders
Power Dam

LAKE =
ST. LAWRENCE

Loke Ontario

Figure 11.

~

Relationship between release rates and navigational
channel depths. S e :
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Figure 12.

Lffect of various Lake Ontario cutflows on the level
of Lake St. Lawrence (Source: Corps of Engineers,
Buffalo District)
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During periods of high water, in conjunction with high _.
rates-of- dlscharge, damage is-inflicted on.shoreline - LR
property, in- addition to accelerated erosion, by ships" wakes;
To prevent or minimize this, the St. Lawrence Seaway
Corporation has at various. times 1issued speed- restrlctlons .
on ships. tran51t1ng the Seaway. .. Reduced speeds have- .
increased transit time-and therefore the cost per: unlt of.
shipping... Chapter IV discusses these costs in detail.

In summary, it seems fair to say that navigational
interests desire. to have maintained a lake level condition
that will yield outflows to the St. Lawrence River that e
will minimize the problems associated with wake damage -and _ ..
channel depth while.- ensurlng adequate water levels to :
maintain uninterrupted navigation.. R ) I et

2. Power Production

As ‘the Seaway was . being developed for. navigation, . -

the Power Authority of the State of New York (PASNY) and
the Hydro Electric Power Commission of Ontario concurreéntly
developed the hydro power potential of the Internaticnal
Rapids section of the St. Lawrence River. The major

structure developed was the Robert Moses - Robert H.

Saunders Power Dam near Massena, New York. This semi-
outdoor type plant is 3,300 feet long. From lowest point
of foundation to the top of the intake deck it rises 167
feet. It is 184 feet from upstream to downstream face.
The dam was a joint venture with each power agency building
half. Tach half - contains 16 generators with a rated capacity
of 57,000 kilowatts. each. at 81 feet of head. Total rated
capacity at this head for the dam is 1,824,000 kilowatts.
Cost of the United States portion of the Power Dam with all
electrical and other equlpment was approx1mately $122,000,000.

Total cost of the power facilities connected with
the development of the Seaway was approximately $650,000,000.
The PASNY share of this total was about $350,000,000.

Other hydro electric power plants that preceeded the
development of the Seaway are the Beauharnois and Cedars. .
plants. .Both are operated by Hydro Quebec, a power
comm1331on under Canadlan jurlsdlctlon

Most of the dlSCUSSlOﬂ of lake water levels requlred
to be compatible with power production requirements will
centér around the Moses-Saunders Dam since it "is the
largest of those on the St. Lawrence River. Thus, its
requlrements are the most encompa531ng )

The Moses- Saunders Power Dam is de81gned to pass flows
up to 325,000 c¢fs. The power facility operates at maximum
efficiency with a flow of about 270,000 cfs. This is for
the production of its rated capacity under conditions when
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normal head 1s available. This water use is non-consumptive
in nature in that the water passes through the turbines with
negligible loss to the St. Lawrence River. In general terms
it can be said that any flow in excess of 270,000 cfs has
lesser value to the production of electric power than flows
under this amount. Flows in excess of 325,000 cfs have to
be passed through the Long Sault Dam since they exceed the
designed discharge capacity of the Moses-Saunders Dam and
are therefore of zero value to power interests.

Table 14 reflects total production of the Moses Dam or
United States portion by year. The years 1964 and 1965 were
years of drought and low lake levels. This is reflected
by lower total electric power production than during the
recent years when lake levels have been high.

Table 14. Electric Power Production-Moses Power Dam@

YE AR MWH
1958 1,298,075
1959 5,637,143
1960P 6,316,308
1961 6,260,641
1962 5,847,028
1963 5,834,029
1964 5,558,167
1965 5,402,602
1966 6,034,744
1967 6,384,455
1968 6,761,601
1969 5,982,254
1970 6,644,481
1971 6,774,906
1972 7,248,140
. . 1973 7,704,369
1960-1973 Average 6,410,981

8Excludes data for the Canadian (Saunders) generating facility.
See Table 17.

brirst full year with full capacity as St. Lawrence project.

Source: Provided by Power Authority of the State of New York.
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Table 15 provides data on power production from the
Saunders Power Dam cor Canadian portion. Although data
on average production per year is not shown in the Table
the actual production in 1973 and so far in 1874 was
considered above average. This is accredited to the high
water levels and subsequent high flows in the St. Lawrence
River.

Table 15. TElectric Power Production - Saunders Power Dam

YEAR/MONTH MWH

1973 January 765,000

February : 793,000

March 896,000

April 305,000

May 906,000

June : 891,000

July 868,000

August 870,000

September 852,000

October 843,000

November 837,000

December 763,000

10,189,000

1974 January 711,000

February 765,000

March 863,000

April 884,000

May 899,000

June 886,000

July 872,000

August 856,000
Source: Provided by Hydro-Electric Power Commission of Ontario

lCorrespondence dated September 22, 1974 from J. A. Keon,
Assistant Plant Superintendent, St. Lawrence Power
Development, Ontario Hydro.
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Another factor that influences the releases desired
by the electric companies, and therefore -the level of Lake
Ontario, is the fact that ice cover will not form in open
water in the area of the St. Lawrence River if the velocity
of flow exceeds approximately 2.5 feet per second with a
flow of 220,000 cfs.? Thus, during construction of the
Seaway and power facilities, the channels were widened and
deepened and since completion, the flow has been regulated
to maintain a maximum flow velocity of about 2.25 feet per
second during the ice forming periods to ensure the forma-
tion of an ice cover. This cover is desirable to ensure
that frazil ice does not form in open water and flow to
areas covered with ice. If this formation and flow did
occur, the frazil ice would be drawn under the existing ice
cover and would tend to freeze, forming in effect, an ice
dam. This in turn would reduce the flow and be detrlmental
to the production of power when and if the reduced flow

became less than 270,000 e¢fs. In addition, upstream flooding

could be caused.

In summary, powér interests desire to maintain a flow
of approximately 270,000 to 325,000 cfs throughout that

portion of the year when an ice cover is not present. During

the ice forming period, they would prefer to maximize the
flow within the constraint of not exceeding a flow velocity
of 2.25 feet per second at 220,000 cfs. (This is based on
the assumption that the minimum flow to meet this constraint
is less than 270,000 cfs.)

After a so0lid ice cover has formed, they would prefer
to increase the releases to the maximum consistent with
maintaining the ice cover and not exceeding 270,000 to
325,000 cfs. The rationale behind this last statement lies
in the fact that the winter months are the peak demand
months for electricity produced by thg PASNY system which
Moses~Saunders Dam is a component of. Therefore, for most
efficient production a flow of 270,000 cfs is desired.

B. Land

The following discussion of land is limited to the
properties which border directly on Lake Ontario or the St.

2Experience has shown that a satisfactory ice cover can be
formed with flows in the order of 235,000 cfs.

3peak demand for power produced by PASNY was in the month of
December in both 1972 and 1973. (1974 Report of Member
Electric Corporation of the New York Power Pool and the
Empire State Electric Energy Research Corporation) PASNY
personnel state that "the Authority's firm contracts for
firm power require that the Authority deliver fixed
quantities of energy throughout the year."
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Lawrence River. This area will be described relative to

- its current use, hazardous zones and environmental value.

1. Use

Three categories of shoreland use have been
defined. They are recreation which includes all designated
outdoor recreation landsj; commercial, residential, industrial
and public buildings; and agricultural lands and open space.

Table 16 reflects the percentage of each of these
categories for each county within the United States for the
entire United States shoreline of Lake Ontario and the St.
Lawrence River, for the Canadian shoreline of Lake Ontario
from the Niagara River to Cornwall and from Cornwall to
Montreal. As can be seen, the percentage in the agricultural
and open space category is slightly higher for the Canadian
portion than for the United States portion of their respective
shorelines. Tigures 13 through 18 depict the geographic
distribution of the shoreland use.

2. Hazardous Zones

The shoreline of Lake Ontaric and the St. Lawrence
River was examined and categorized as either erodable with
proteetion, erodable without protection or subject to
flooding. The areas not shown as falling .within one of
these categories on Figures 13 through 18 were considered

.not erodable or not subject to flooding.

Protection of erodable areas refers to protective
devices provided by a public entity such as the Corps of,
Engineers or Department of Environmental Conservation in
the United States and federal or provincial agencies in
Canada. Also included are substantial protective structures
provided in urban areas. Small scale private protection of
individual properties was not considered adequate to provide
long term protection from flooding or to prevent erosion.

Table 17 shows the entire United States portion and

the Lake Ontario to Cornwall on the St. Lawrence River ’
portion of the Canadian shoreline that falls within each of
the above categories. Approximately 50 percent of the
United States shoreline is classified as erodable. Of this ~
a small portion, 11.2% is protected. Table 18 reflects the
portlon of the Canddian shoreline from Cornwall to Montreal
that is erodable. -

YThe Corps of Engineers has gathered and analyzed detailed
data on land use, hazardous zones and environmental values.
However, due to budgetary limitations, this data has not
been published in detailed form to date.
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Figure 17. Hazardous Zones and Land Use - Canadian Section of

Lake Ontario (Source: Shore Ercosion on the Great Lakes-St.
Lawrence System, Government of Canada, 1973)
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Figure 18. Hazardous Zones and Shoreland Uses - Canadian Section

of the St. Lawrence River (Source:

Shore Erosion on the Great

Lakes-St. Lawrence System, Government of Canada, 1973)
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Table 18 - Hazardous Zones - Cornwall to Montreal

Land Use Protection Works Recorded Erosion
Miles % of Area Miles % of Area
Residential 42.6 4UB.4% 0 0%
Recreation 42.1 45.8% 1.0 16.4%
Agriculture 7.1 7.8% 5.3 83.6%
Total 91.8 100% ' 6.3 100%

Source: Shore Erosion On the Great Lakes - St. Lawrence
System, Part III, Government of Canada, 1973.

It should be noted that the definition of the word
"erodible" changes for the three areas - United States
portion, lake Ontario to Cornwall and Cornwall to Montreal -
and thus they are not comparable. An example of this is
that the entire Lake Ontario to Cornwall shoreline in
Canada is classified as erodable while only about 2% of the
Cornwall to Montreal section is so classified.

As the included series of Tables and Figures show, only
a small portion of the shoreline is subject to flooding in
the United States. Canadian sources did not provide data
relative to the flooding hazard on the Canadian shoreline.

3. Environmental Values

Two categories of environmental values were
established: wunique ecological or natural areas and
significant fish and wildlife areas. Comparable data for
the Canadian shoreline were not available.

Such areas provide desired amenities in terms of
recreation and aesthetics, and are important to the economy
of the region since a large portion of its employment is
based on the provision of services to tourists and visiting
recreationists. As can be seen in Figures 13 through 16,
about 50 percent of the United States shoreline falls within
one of these two classifications.

The composite Figures 13-16 depicting shoreland use,

hazardous zones and environmental values allow one to evaluate

shoreland use in relation to enviromnmental values. Although
these Figures are general, they provide an overview of man's

interaction with nature in the shoreland area. More detailed

data would be useful in planning for greater compatability
between developmental activities and natural environmental
conditions.
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CHAPTER IV

IMPACT OF WATER LEVELS DURING THE CURRENT PERIOD OF
HIGH WATER (JANUARY, 1973 THROUGH AUGUST, 1974)

A. Interest Groups Affected

During the period of January, 1973 through August,
1974, all interest groups utilizing the waters and adjacent
land of Lake Ontario and the St. Lawrence River have been
impacted by the high water. Both positive and negative
impacts have been sustained. The incidences and magnitudes
of these impacts are difficult to identify and quantify.

However, a general understanding of the nature of the
impact on the various interest groups can be derived
through examination and interpretation of data related
tc each group. Such efforts were undertaken and the
results are described below.

Table 19 summarizes Lake Ontario water level data
and the influence of these levels on each sector - power,
navigation and riparian owners. The data in this table
will aid in understanding the impacts described in the
following sections.

1. Power Production

The impact of the high water on the power producers
can be estimated by examining river flows and power output
and revenues of the hydro power plants operating on the
St. Lawrence River.

As described earlier there are four hydro plants
operating on the St. Lawrence River. The largest is the
Moses-Saunders Power Facility operated Jjointly by Canadian
and United States interest. The impact of water levels
on the production at the Moses Power Facility can be seen
in Table 20 by relating output (KWH) to the average level
of the Lake for the year in question.

As is preflected in Table 20, 1962 through 1965 were
years of less than average production. Lake Ontario was
classified as having low water levels throughout this
entire period. In the years 1972 and 1973, production
well in excess of the average was achieved by the Moses
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Table 20. Relationship Between Time, Production and Lake

Ontario Levels - Moses Power Dam

Production Production Lake
Year (KWH) Index a Levelb
1960 6,316,308 99 Average
1961 6,260,641 98 Average
1962 5,847,028 91 Low
1963 5,834,029 91 Low
1964 5,558,167 87 Low
1965 5,402,602 8l Low
1966 6,034,744 9L . Low
1967 6,384,455 99 High
1968 6,761,601 105 Average
1969 6,982,254 109 High
1970 6,644,491 104 Average
1971 ( 6,774,906 106 Average
1972 7,248,140 113 High
1973 7,704,369 120 High
1860-1973
Average 6,410,981 100

4The index is the ratio of production of a given year to
the average production for the 14 year period during which -
the facility has operated at full production times 100.

PThe lake level was classified by comparing a graph of
average levels for the period of record with a graph of the
recorded water levels for each year between 1960 and 1973.
From this a determination was made whether the lake level
was in general high, low or average.
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Power Dam. These two years were classified as years of
high water levels on Lake Ontario.

Examination of the recorded flow at the Ogdensburg
gauge provides data upon which to determine the percent
of time that the flow of the St. Lawrence River was above
the 270,000 cfs required for most efficient production of
the Moses-Saunders Power Dam. Over the past 24 years
(1950-~1973) the flow of the St. Lawrence River at this
point has exceeded 270,000 cfs 28 percent of the time.
This compares to 87 percent in 1973 and 74 percent in
197u4.1 In contrast, at no time in the 1962 through 1966
period did the mean daily flow exceed 270,000 cfs.

The fact that power production has been well above
average during the last two years, in conjunction with no
reports of physical damage to or operational difficulties
of the power producing facilities, leads one to conclude
that the impact on power interests - producers and consumers
has been positive and significant in magnitude. This latter
statement 1s based on the following revenue data. Revenue
from the sale of St. Lawrence Power averaged $29.3 million
for 1970 and 1971. Average production for those two years
was 5 percent above the long tegm average. Revenue for
1973 amounted to $32.2 million. Thus, about a 14 percent
increage above the long term average was achieved in 1973.

In addition there were considerable savings passed on
to the ultimate consumer of the electricity produced by
PASNY. Legislation authorizing PASNY requires the private
utility companies to pass on to their customers any savings
in production cost associated with purchasing power from
PASNY rather than generating it themselves. In fact, over
19 million dollars of such savings have been passed on by
the private utilities during the 1959-1973 period. During
1973 alone, the savings totalled 54,970,000. This amounted
to about 26% of the 15 year total.3

Llror the period January through August, 1974.

2Data provided by Power Authority of the State of New York.

3This large percentage is due to two factors: the primary
one being the large amount of power produced in 1973 com-
pared to the average production, and secondarily the fact
that the unit price of electricity has increased approx-
imately 26 percent in the 15 year period ending in 1973.
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2. Navigation

The high water levels experienced in the last two
years have impacted upon navigation on the St. Lawrence
Seaway. This impact has been reflected through vessel
speed restrictions imposed throughout parts of the past
two navigational seasons and in increased hazards en-
countered in navigation. Both of these impacts will be
discussed.

Due to the potential of inflicting damage on shore
property and natural resources by wave action caused by
ships' wakes, vessel speed restrictions were imposed over
various portions of the St. Lawrence Seaway. Figure 189
depicts the division of the Seaway into navigational
zones while Table 21 reflects the normal and restricted
speeds for these various zones. Table 22 relates the
times during which speeds were restricted and the zones
within which these restrictions were imposed.

The economic impact of these speed restrictions was
approximated in the following manner. Increased transit
times due to the reduced speeds were determined. Ships
transiting the Seaway during the times that restrictions
were imposed were classified as indicated in Table 23
along with the operating costs per hour for each class.

Operating costs were multiplied by the increased
hours of transit required due to the reduced speeds.
This provided an estimate of the direct cost to naviga-
tion resulting from reduced Seaway speeds. Estimates of
indirect costs such as reduced number of trips over the
navigational season were not derived since it was felt
that the increased travel time resulting from the speed
restrictions was not significant when compared to the
overall normal total trip time of a vessel. Direct in-
creased costs derived by the above method amounted to
81,953,075 based on 32,386 hours of increased transit
time required.

A breakdown of the increased operating costs by year
and class of ship is shown in Table 24. Also reflected
is the percentage that this increase in cost was of total
operating costs of transiting the Montreal to Lake Ontario
section of the Seaway. As indicated, this increase is
approximately 12 percent of the normal operating cost.
This is a significant increase. However, the increase as

YThe St. Lawrence Seaway Development Corporation estimates
that the 2,025 commercial vessels transiting the Seaway
in 1873 incurred an increase in cost of 1.8 million dollars.
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Table 22. Period of Speed Restriction - St. Lawrence Seaway

Zone 1973 1974
I March 27 - August 15 May 28 - July 28
I1 April 10 - Augﬁst 15 May 28 - July 28
I11 April 10 - August 15 May 28 - July 28
Iv March 27 - August 15 May 28 - July 28
v April 10 - August 15 May 28 - July 28
VI April 10 - August 15 May 28 - July 28
VIL April 10 - August 15 May 28 - July 28
VIII a a
X ’ April 10 - August 15 May 28 - July 28
X a a
XI a a
XII a a
XIIT a a
XIv a | a
Xv a a

a - No restrictions imposed.

Source: Seaway‘Notice Affecting Navigation, St:. Lawrence
Seaway Development Corporation, 1973-1974..

a percent of total trip costs would normally be much less.
No estimate was made of this due to the diverge nature of
origins and destinations of the ships transiting the Sea-
way. .

Other costs dincurred are damages to ships and/or
navigation facilities due to grounding or colliszon.
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Table 23. Number of Ships By Class Transiting St. Lawrence
Seaway During Restricted Periods and Operating
Costs Per Hour

Class Le?%th 1973 1974 Cost/Hour
A Under 400 1334 408 1602
B 400-499 535 153 221
C 500-599 332 104 252
D 600-649 349 137 297
E 650-699 342 143 328
F 700-730 120 63 3u8
e 731-849 462 239 366
TOTALS 3474 1247

aExtrapolated from a graph reflecting the cost per hour
and the length of vessel for classes B through G.

Sources: Eisenhower Lock Transit Log, St. Lawrence Seaway
Development Corporation.

Regulation of Great Lakes Water Levels, Appendix
E, International Great Lakes Levels Board, 1973.

Estimates of these costs were provided by the St. Lawrence
Seaway Development Corporation. They total about $100,000
with $76,000 in damages to vessels and facilities and
$30,000 resulting from about 100 hours of lost time. The
incidents through which these costs were incurred are
listed in Table 25.

Additional costs are also incurred when the Seaway is
operated at minimum profile, as it did in the Fall of 1972,
1973 and 1974, Under this condition it i1s very sensitive
to meteorological effects and any shift in the wind to a
north, northeast or east direction can drop the water
levels below the minimum profile. For example, on the
first three days of December 1974 a total of 27 commercial
vessels were affected over .a period of about 46 hours.
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Table 24. Operating Costs - Normal and Restricted Speeds

‘ 1973 Cost Percent Cost
Class Normal Speed Restricted Speed Increase Increase
A $ 2,882,804.80 $ 3,241,083.20  §. 358,278.40 12.4
B $1,596,660.91 §$ 1,797,465.93 $ 200,805.02 12.6
C $ 1,128,209.04 l$ 1,271,030.04 $ 142,821.00 12.7
D $1,399,743.18 §$ 1,576,324.53 § 176,581.35 12.6
E $ 1,514,444.88 $ 1,701,234.32 § 186,789.44 12.3
F $ 563,443.,32 $§ 631,519.08 $ 68,075.76 12.1
G $ 2,282,811.54 § 2,550,324.60 § 267,513.06 11.8
TOTALS  $11,368,117.67 $12,768,981.70  $1,400,864.03 12.3
1974 Cost Percent Cost
Class Normal Speed Restricted Speed Increase Increase
A $ 882,651.20 $§ 995,200.03 $§ 112,548.83 12.8
B $ 445,279.89 $ 513,137.69 § 57,857.80 12.7
C $ 352,742.04 $ 397,560.24 §  44,818.20 12.7
D $ 547,501.68 $ 617,056.11 § 69,554.43 12.7
E $ 631,770.64 $ 712,071.60 $ 80,300.96 12.7
F $ 294,561.12 $ 331,953.72 § 37,392.60 12.7
G $1,178,121.,06 §$ 1,327,858.98 § 149,737.92 12.7
TOTALS § 4,342,627.63 §$ 4,894,838.37 § 552,210.74 12.7
GRAND
TOTALS  $15,710,745.30 $17,663,820.07 $1,953,074.77 12.43
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Table 25. Ship Incidents Attributable to Velocity or Water Conditions

Ship Date Incident - Location
Firini 5/11/73 Bumped lower wall at Smell
Frankcliffe Hall 5/20/73 Grounded-South Cornwall Channel
County Clare 6/4/73 Grounded-South Cornwall Channel
Lorina 7/6/73 Grounded-South Cornwall Channel
Sugar Producer 7/8/73 Grounded~Copeland's Cut
Dneproges 7/13/73 Grounded-Copeland's Cut
Salvage Monarch 9/12/73 Grounded-Copeland's Cut
Calgadoc 10/4/73 Bumped lower wall at Snell
John E. F., Misener 10/7/73 Bumped lower wall at Snell
M/V Bawn of Kuwait 9/9/73 Bumped lower wall at Snell
Zakarpatye 11/8/73 Grounded-Copeland's Cut
Montrealais 11/8/73 Grounded—-Copeland's Cut
Brunneck 11/8/73 Grounded-Copeland's Cut
Elianne 11/11/72 Grounded-Copeland's Cut
Janetta 11/11/72 Grounded-Copeland's Cut

Source: St. Lawrence Seaway Development Corporation, Massena, New York.

This resulted in 1165 hours of lost time or an equivalent
loss of $350,000.°

Additional actions taken by the St. lLawrence Seaway
Development Corporation to minimize the damages associated
with low water and high velocity currents were to: (1)
prohibit passing or meeting of vessels in the affected

SFigures provided by St. Lawrence Seaway Development Cor-
poration. Dollar loss derived by the Corporation using
Figures from Table 23.
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stre‘tch,6 (2) reduce speeds of vessels, in accordance with
the vessel's individual characteristics to reduce "squat"

so as not to strike bottom, (3) instruct Operation Per-
sonnel not to fill Eisenhower Lock when vessels in this
stretch of the Canal are at or approaching maximum draft,
(4) implement "sweeping" operations to determine present
river bottom conditions as compared to design grade, and

(5) program measures to determine actual velocity conditions
in this area.

There are certain additional costs associated with
concern, worry, anxiety and possible further reductions in
speeds attributed to caution. These costs are incurred as
a direct result of the increased hazard potential occasioned
by the shallower water and increased currents. These costs
were not quantified.

Increased siltation in the St. Lawrence Seaway was
not a problem caused by high water due to the fact that
the river bed consists primarily of glacial till. A
minor problem occurs when wake action erodes banks and
causes them to slough. This exposes boulders which, in
areas of cuts, have had to be removed. The cost of
picking these boulders is not broken out from the general
cost of Seaway maintenance. However, it is congidered by
Seaway personnel to be minor.

3. Riparian Property Owners

The impact of the recently experienced high water
levels on riparian property owners can be approximated.
Data available provides estimates of damage to man-made
facilities. Estimates of damages to the natural environ-
ment are not easily quantified. Therefore, these damages
will be discussed verbally.

a. Above Moses-Saunders Dam -~ Data on damages
incurred on the United States portion of Lake Ontario are
limited primarily to that incurred during the March 17-18,
1973, storm. Through Presidential Disaster Declaration
No. 965, seven counties were declared major disaster areas
based on Federal criteria. Riparian property owners then
became eligible for Federal relief programs. Funds dis-
tributed through these various relief programs were used
as proxies of damages incurred. TFigure 20 shows the
erosive forces of nature at work on the Lake Ontario
shoreline which inflicted severe damages.

6The stretch of canal referenced runs to about five miles
upstream from the Eisenhower Lock in the Wiley-Dondero
Canal. This includes the area known as Copeland's Cut.

7Phone conversation with William Spriggs, Director, Office
of Operations, St. Lawrence Seaway Development Corporation.
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Forces at Work on Lake Ontario's Shoreline
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The Small Business Administration was the primary agency
dealing with loans follewing the declaration of the disaster.
Their records reflect that 4,344 home loans amounting to-
$19,264,855 and 254 business loans amounting to $3,678,900 were
granted as of September 24, 1974. This totals to $22,942,755.
Table 26 shows the breakdown of these loans by county. Of the
amount loaned, approximately 90 percent was in the form of a
grant due to the $5,000 forgiveness clause written into the
Disaster Relief Act of 1972.8 '

The above data reflects two important points. First,
most loans were of relatively small amounts, i.e., less than
$5,000 since about 90 percent of the money loaned was covered
by the forgiveness clause. Second, the majority of the loans
were home loans. It is contended that a large percentage of
these home loans were probably for second homes. Figure 21
depicts some of the types of damage that may have been inflicted
during the storm period.

Table 26. Numbers and Amouht of Loans Resulting from March
1973 Storms

County No. of Loans Dollar Amount
Cayuga 114 $ 439,050
Genesee 15 31,700
Jefferson 877 4,287,953
Monroce 1,292 6,999,550
Niagara 702 3,942,950
Orleans 501 2,396,680
Oswego 509 2,163,425
Wayne 476 2,492,300
Others 114 467,300
TOTALS 4,600 $ 23,210,908

Source: Provided by Small Business Administration, Elmira, New
York.

Damage to public property is estimated by the claims made
by State agencies and political subdivisions for Federal finan-
cial assistance under Disaster OEP 367 DR, declared March 21,
1973 pursuant to Public Law 91-606 for flooding as a result of
storms during the period March 16-23, 1973. The amounts of
these claims are reflected in Table 27.

New York State, Office of Parks and Recreation, provided
data on damages to state parks. These data are in terms of
budget requests to repair facilities. One million dollars was

8This estimate was provided by William McDevitt, Branch Manéger,
SBA, Elmira, New York.
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Table 27. Appllcants for Federal Flnanclal As31stance
for Public Property Damage.2»

Public Entity ~~~ ~° ' -~ Assistance Requested ($)¢

State Agencies

Parks and Recreatlon 26,170
SUNY, Oswego ' ‘ 31,185
Oswego Port Authorlty . 127,152

184,507

Niagara County

Town of Newfane 6,301
Town of Porter . 4,662
Town of Wilson R 184,998
Village of Wilson 8,775

204,736

Monroe County

County ' - 173,459

Village of Brockport " 9,103
Town of Greece - 29,810 -
Town of Hamlin . 35,886
Town of Irondequoit ~ 55,200
Town of Parma _ 37,311
City of Rochester _ 14,400 -
Town of Webster - ‘ 10,453

: 365,622

Wayne County

County o 6,726

Town of Huron - SR - 15,863
Town of Sodus 8,268
Village of Sodus Point 13,266

, S : : FL,172%

Cayuga County

Village of Fair Haven 1,468
Town of Sterling _ 6,127
: LU TR . ‘ TE5E
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Table 27. Applicants .for Federal Financial Assistance
for Public Property Damage: (continued)

Public Entity o Assistance Requested ($F

Oswego County

Town of Mexico 1,975
City of Oswego : 92,465
Town of Oswego _ 7,305d
Town of Sandy Creek 4,732
County 9,000
115,477

Orleans County

Village of Lyndonville 12,830
o 12,630

Jefferson County

County 24,700
Town of Alexandria . 10,600
Village of Alexandria Bay 8,480
Town of Brownville - 2,030
Town of Cape Vincent 32,530
Village of Cape Vincent 1,640
Town of Clayton b,uu7
Village of Clayton 61,020
Town of Henderson - : 11,360
Town of Lyme oL 18,300
Village of Sackets Harbor 20,390
195,497

TOTAL 1,130,188

aAs of 20 December 1974

bpata based on project applications approved by Federal
Disaster Assistance Administration. Applicants in
Genesee County not included as this county does not
border Lake Ontario. oo

CData does not necessarily reflect what applicants will
receive, because final payment depends on work completed
and paid for by applicant, final inspection and audit.
Amounts may be decreased in this process.

dTown of Oswego will not receive Federal funds because
it does not plan tc undertake repair work.

Source: Division of Military and Naval Affairs, State of
New York, Albany, New York.

87

|



requested and $900,000 was budgeted. Of this amount,
$660,000 was required for "reconstruction of various
parks and recreation facilities damaged by storms and
flooding, and construction of storm protection devices...
due to storms and high level of Lake Ontario.

Genesee Region.......couvevuun. 150,000
Niagara Region.....covceuson. 200,000
Central New York Region......270,000
Thousand Islands Region...... 40,000"9

A representative of the Office of Parks and Recreation
states, "Additional losses such as property erosion, silting
of channels, etc. are rather poorly covered by these estimates."10

In total, approximately 25 million dollars worth of
federal aid was requested by riparian owners of the New York
portion of Lake Ontario and the St. Lawrence River. This
figure can be used as an estimate of the damage sustained.
by man made facilities in this area during the short period
of mid-March 1973.

Estimates of damage to man made facilities sustained on
the Canadian portion of the shoreline are not available at
this time. Currently the Canadian government has underway a
study, The Canada/Ontario Great Lakes Shore Damage Survey
Report, which will evaluate damages due to high water for the
period Ndvember, 1972 to November, 1973. . It is expected to
be completed in November, 1974 (see Appendlx A).

: b. - Below Moses Saunders Dam - Slgnlflcant impact
to riparian owners below the Moses-Saunders Dam. is limited
primarily to the area around Montreal. 11 Negative impact
occurs when the combined flow of the"Ofana'River and the
St. Lawrence River exceed 500,000 cfs. :

New York State Supplemental Budget, 1973-1974, Chapter 600.

10Letter from Ivah Vemos; Dlrector, Planning and Research,
New York State Office of Parks and Recreation, dated
August 27, 1974.

11The area sensitive to floodlng where major damage occurs 1is
below Beauharnois and above the Lachine Rapids. Floodlng in
Montreal Harbor when.it does occur is primarily due to ice jams.

127he 500,000 ofs refers to the combined flow of the Ottawa
River, prior to its splitting upstream of Montreal, and the
St. Lawrence River, prior to its confluence with the Ottawa
River. In other terms flooding on Lake St. Louis occurs
when the outflow from the Lake exceeds 380,000 cfs (provided
by Canadian Regulation Representative and IJC) including the
contribution from the Ottawa River. A figure of 345,000 cfs
was provided by the St. Lawrence Seaway Development Corp.

88



The primary causes of damage are backwater from the
Ottawa River in the Lake of Two Mountains area and
flooding in the Three Rivers area. Montreal Harbour
itself experiences little flooding.

Again, no data were available upon which total
damages could be determined. Estimates of damages in
the Montreal Region are 10-15 million dollars in 1974
.and less than 6 million in both 1972 and 1873. It is
estimated that about 25 million dollars occurred 1n the’
entire province of Quebec in 1974.

It is understood that the Canadian federal and
provincial governments are currently studying the problem
of flooding on the Ottawa River, examining Ottawa River
regulation and developing the stage - damage relationship
for the Ottawa River and Montreal Harbour area.

c. Natural Environment - Assessment of the
impact of the high water levels on the natural environment
of Lake Ontario and the St. Lawrence River had to be
acquired through field observation since no published
sources could be K located that report such data. Negative
impacts are observed in the form of bluff erosion, sand
dune erosion and general beach erosion at rates that
appear to be in excess of the historic rate. River mouths
clogged with sediment deposits are another example of the
impact. Destruction of vegetation, including mature trees,
indicates the severity of the ercsion. Figures 22 and 23
depict examples of damage to the natural environment along
the New York portion of Lake Ontario.

Figure 24 depicts the changing barrier beach con-
figuration of North Sandy Pond, Oswego Co., New York, for
the period 1938 to 1973. Figure 25 shows an aerial view
of the beach in June 1974. As can be seen, the high
levels in the past few years have accelerated the rate of
erosion of this sand barrier beach.

No estimate of the impact of this destruction on the
natural environment of the area has been made to date by
" federal, state or local governments. Efforts are now
underway by the United States Army Corps cf Engineers to
partially examine this along with other aspects of shore
damage (see Appendix A).

13gstimates provided by Mr. R. Pentland, Department of
Environment Canada. .
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Figure 22.

Destruction

of the Natural Environment

g0

Lake

Ontario.



Figure 23.

Accelerated Erosion - February, 1973 (top photo)
March, 1973 (bottom photo).
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Figure 25.

North Sandy Pond:
June, 1974.

93

Barrier Beach Configuration,



On the positive side the high water may have helped
water quality in many locations, as well as increasing
the productivity of adjacent wetlands by providing improved
conditions for nesting and spawning during critical
periods. It may also have allowed the postponement of
dredging operations in some harbors and rivers. This
impact in terms of dollars was not determined. N

In summary, evaluation of the impact of the high water
levels on the natural environment of Lake Ontario and the
St. Lawrence River has been given almost no consideration.
Effects on fish spawning beds, wetlands, erosion rates,
littoral drift rates, etc. have been left unstudied.
Without this information, man's efforts to control the
levels of the Lake are at best biased - biased toward
other interests for whom impacts can be and are quantified.

B. Evaluation of Impact

Following is a brief summary of the magnitudes and
incidences of impacts of the high water levels on Lake
Ontario and the St. Lawrence River described above. Table
28 reflects whether the magnitude was small, moderate or
large and whether it was positive (+) or negative (-).
Positive impacts are synonomous with benefits and negative
impacts with damages. The incidence of the impact is broken
down by the three major interest groups - power, navigation
and riparian owners - and then into subgroups of these.

As can be seen the majority of the impacts have been
negative except for the power interest. O0Of these negative
impacts the magnitude has been large only for riparian
owners where properties above Moses-Saunders Dam, and
properties below Moses-Saunders Dam have been inflicted with
large negative impacts. Although the total impact on the
natural environment is felt to be negative the magnitude is
at this time indeterminate. Only increased revenue for
power interests can be classified as a large positive impact.

If the quantifiable impacts were summed, the total
would be negative for the period January 1973 through
August 1974. This sum would not reflect a true picture of
the absolute impact, however, since some negative impacts -
damage to the natural environment - are not quantifiable.
However, it would reflect the fact that the impact has been
negative in total with riparian owners bearing the brunt
of the impact.

In general terms, it can be stated that the releases

from Lake Ontario were made in accordance with the require-
ments of the Order of Approval, as reflected through Plan

L
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Table 28. Magnitude and Incidence of Impacts of High
Water Levels

Magnituded

Incidence Small Moderate Large

Power
Increased Revenue +
Rebate to Customers +

Navigation
Increased Operating Cost -
Damages i -

Riparian Owners
Above Moses-Saunders Dam -
Below Moses-Saunders Dam -
Natural Environment

2 + indicates a positive impact
-~ indicates a negative impact

bThe net impact is felt to be negative. However, the
magnitude is at present indeterminate.

Of Control 1958-D, and as modified by the actions of
the St. Lawrence River Board of Control. Under the
circumstances this resulted in a minimization of the
navigational hazard; a substantial gain for the power
interests; and inflicting of severe damages on the
riparian owners and natural environment.
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CHAPTER V

DAMAGE REDUCTION TECHNIQUES

Methods of reducing damages to property on or
adjacent to the lake flood plain are classified into three
general groups - regulation of the lake water levels, shore
protection measures and flood plain management. Combina-
tions of any of these methods are also often feasible.
Each method will be described below along with its limita-
tions and strengths.

A. Types of Damage Reduction Techniques

1. Regulation of the Water Level

Regulation infers some degree of control.. As
used here, it relates to control of the water levels of a
lake. A regulation plan is a means of determining the flow
out of a lake for a given future period. A plan, very
simply, is normally developed by routing known past water
supplies through the system such that a more favorable level
and flow regimen is achieved than would occur if the system
was left uncontrolled. The routing sequence that comes
closest to achieving the desired results is then incorporated
into the plan of control. It is utilized under similar
supply conditions in the future.

Regulation of any lake generally requires two basic
facilities: first, one or more control structures capable
of reducing the outflow, especially when low lake levels
occur, and second, dredging of its outlet river so that
greater flows can be released at times when high lake levels
occur.

Regulation of water levels is limited to a degree by
the drainage area of the system to be controlled. To be
fully effective, the control structure(s) have to be capable
of reducing the outflow under extreme supply conditions
while the channel modifications have to be extensive enough
to allow passage of high supplies. In the case of the St.
Lawrence River, the ocutlet for the entire Great Lakes System,
any control device located on it would have to be capable
of controlling the waters discharged from about 95,000
square miles of water area and approximately twice as much
land area.
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The costs incurred in building a system meeting these
criteria are usually high, both from an absolute dollar and
an environmental point of view. Thus, most existing systems
of this type are nct built to control the extremes in
supplies, but only a range in the middle, leaving damages
to occur at both ends of the supply scale. Other limitations
of this method of control are that the operating criteria and
structures are usually developed to meet a given set of
conditions. Over time these conditions change. It is often
not possible - either physically or insitutionally - to
change the regulation procedures rapidly enough to keep pace
with such changes. Man's inability to accurately forecast
weather - both short and long term -~ is also a constraint
on the efficient operation of a regulatory system.

In general, regulatory plans are effective for the
range of supplies for which they were developed. However,
this range is usually less than the range_in water supplies
that can be reasonably expected to occur. Thus the
extremes of the expected range are left uncontrolled and
when they are experienced, large amounts of damage normally
occur. This is particularly true of high water supply
conditions.

2. Shore Protection Measure52

Protection measures are generally built for the purpose
of preventing recurrence of damages to shore property,
including measures to prevent damage from erosion and wave
action, and measures to prevent damage from inundation.

Shore protection methods may be divided into three
basic types: (1) those that provide protection by means of
a higher beach, (2) those that shield vulnerable portions of
the shores from the forces of waves and (3) those that
reduce or prevent flooding of lower adjacent lands behind
such protective structures.

Below is a description of several commonly used
protection structures and a discussion of their effective-
ness. FEach of the different types of shore protective

1As used here "reasonably expected" is that evaluation made
based on statistical analysis of past supplies. As an
example of its usage consider the fact that the Corps
usually builds flood protection levies to provide 100

year protection, if economically and technically feasible,
even though flows in excess of the magnitude of 100 year
flows are "reasonably expected".

2This section is adapted from: Great Lakes Shoreline Damage,

Causes and Protective Measures, U. S. Corps of Engineers,
North Central Division, May, 1972.
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structures has its own inherent advantages, disadvantages
and limitations. These attributes generally dictate the
method to be employed and the degree of protection to be
achieved. 1In some instances, they provide an indicator as
to what not to do, as well as what should be done.
Appendix B lists several publications dealing with shore
protection measures.

Bulkheads, seawalls and revetments differ only in
their primary function. By definition, a bulkhead is a
structure separating land and water areas, primarily
designed to resist earth pressures; a seawall is also a
structure separating land and water areas, primarily
designed to prevent damage to an upland area while retaining
its seaward limit in a fixed position. A seawall may also
be designed to resist earth pressure. A revetment is a
facing, generally of stone, built to protect an otherwise
stable embankment against erosion from wave action (see
Figure 26).

The principal advantages attributable to bulkheads,
seawalls and revetments are: (1) they provide positive
protection and generally permit more intensive use of the
adjacent upland; (2) they maintain the upland area on a
fixed alignment, and (3) they are adaptable to providing
protection to an area with a minimum of incidental damage
to adjacent areas. Disadvantages of bulkheads, seawalls
and revetments are: (1) they are not effective in
maintaining a beach; (2) they provide no protection to
adjacent areas which may continue to erode and eventually
expose the flanks of the protected property.

Groins provide upland protection by intercepting
part of the granular material that is moved along shore by
wave generated currents. Their principal advantages are:
(1) the resulting beach provides protection to upland areas
as well as a potential recreation area; (2) their effect
may spread over considerable lengths of shore; and (3) at
those locations where groins would be effective, protection
can generally be provided at lower initial cost by their
use. Disadvantages in the use of groins include: (1) they
are not as positive as a seawall for continuous upland
protection; (2) they may be outflanked; (3) they are in-
effective in areas of low littoral drift unless granular
beach fill is artificially added and (4) the area immediately
downdrift of the groin may be subject to increased scour.

Offshore breakwaters provide protection to upland
property by reducing the wave energy impinging on the
shoreline. Submerged breakwaters are a type of offshore
breakwater and have the same general effect depending on
depth of submergence. These may also be used to reduce
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Figure 26. Schematic of Shore Protactive Devices (Source: Help
Yourself, Dept. of the Army, Corps of Engineers, North Central
Division)
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beach slopes artificially, and thus prevent loss of
material. The principal advantages are that: (1) they
provide protection without impairing the usefulness of the
beach; and (2) they may provide sheltered waters for boating.
Disadvantages are: (1) the relatively high cost of con-
struction; (2) they protect only the shore behind them and
for a short distance updrift; and (3) they may cause down-
drift erosion.

A beach fill protects the upland by interposing a
width of beach between the upland and the lake to absorb
wave energy. The advantages of protection by beach fills
are its pleasing appearance and possible recreational value.
The principal disadvantages are that they require an adequate
supply of beach material economically located and continuous
maintenance must be provided.

3. Flood Plain Management

Flood plain management can be considered an affirmative,
preventive measure in that it places constraints on man's
activities in flood plain areas. Thus flood plain management
can prevent man, to varying degrees, from encroaching on
the flood plain and therefore from experiencing damages
incurred by flooding caused by storms or high water levels.

Management techniques are numerous and are implementable
at various levels of government. Some of the more common
techniques are discussed below.

a. Land-Use Planning - Many cities, towns and villages
have planning boards empowered to develop plans for sound
future land use. Only the larger municipalities have the
financial ability to employ professional staffs for these
boards. Smaller municipalities, even with federal planning
aid available, must rely on consultants to produce their
plans. The usefulness of these plans is limited by the lack
of staff to keep them current and to apply them to specific
implementation techniques.

b. Zoning Ordinance - Cities, towns and villages are
empowered to adopt zoning ordinances and to control flood
plain land use within these ordinances. The limitations
of staff which restrict planning also restrict the effective-
ness of zoning. In addition, the relatively small geographic
area of many municipalities may mean that they are frequently
subject to flooding caused by stream encroachment outside
their jurisdiction. Flood plain zoning in such cases may
be ineffective unless adopted in concert by adjoining
municipalities.
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Flood plain zoning requires technical information and
engineering skill beyond that required for other types of
zoning. Also, public pressure on a local zoning board can be
very great. Exceptions and variances are common and can
destroy originally sound controls. It has been observed that
zoning works fine until it is readlly needed. When the
pressures of urbanization and recreational development become
most critical, zoning becomes most vulnerable.

¢. Subdivision Regulation - Planning boards can deny
subdivision approval 1n areas deemed hazardous to public health
and safety. Subdivision rules may require that the land
be suitable for building sites and of such character that it
can be used safely for building purposes without damages to
health or peril from fire, flood or other menace. To use
this power effectively, flood hazard areas must be deline-
ated on a map.

d. Public Utility Policy - Communities may seek to
direct development away from flood plain areas by limiting
the provision of public water and sewer services in these
areas. In some areas this has been the subject of formal
policy resolution by the municipality. This is an indirect
technique. Unless firmly determined upon, it will be weak
when confronted with pressures for service in these areas.

e. Building and Health Codes - These codes regulate the
type of construction and the provision of adequate sanitary
facilities to protect the health and safety of the inhabi-
.tants. Additional cost may be involved in meeting these
regulations in hazard areas such as flood plains, but if
the developer 1s willing to meet these costs, the codes
will not prevent him from building there. Code requirements
should not be set arbitrarily high merely for the purpose
of preventing development.

f. O0fficial Map Technique - Municipalities may adopt
an official map identifying the right-of-way or boundaries
of future streets, highways, public building sites, storm
drains or parks.

The official map serves as a regulatory tool; the
municipality may deny permits for the erection of any
building in a proposed street or other future public area
shown on the official map. This prevents speculation
construction for gain in areas which have been officially
declared necessary for future rights-of-way. Private
property owners thus restricted must be compensated by tax
relief and/or publiec purchase of the required property.

The law is inconclusive as to whether this authority can

be exercised within drainage ways. Although it permits
drainage ways to be shown on the official map, the official
map is little used because of legal uncertainties about its
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operation relative to flood prone areas. It is also the
subject of variances where the owner can demonstrate
""hardship".

g. Land Purchase - Municipalities can acquire flood
plain land and use it for parks, playgrounds and other
relatively damage-free uses. This is recommended in
numerous land-use plans, but is not frequently carried out.

Several problems stand in the way of large scale
municipal land acquisition. Even with state and federal
aid, the local share of purchase cost may be large in
proportion to community tax resources. The municipality
may also be unwilling or unable to take land off the tax
roles.

h. Development Right Purchase - This is authorized
but remains basically an untried tool at the local level.
Some states have used this tool to maintain scenic easements
along highways or rivers. The advantage over free-simple
purchase is, in theory, its lower cost, but experience
indicates that this saving is only significant in undeveloped
rural areas where pressures for development are smallest.
Where most urgently needed purchase of development rights
will ‘generally approximate the total value of the property.

i. Easement Purchase - This could be used to acquire
narrow drainage easements in developed area but would be
less applicable to the area of a large coastal flood plain.

j. Information - Information is usually provided by
a high - state or federal - level of government. Currently
the Corps of Engineers, United States Geological Survey,
Soil Conservation Service and the National Weather Service
all provide information relative to existing or impending
flood hazards, either in the form of delineation of existing
hazard areas or in the form of warning of an impending
hazard.

The ten techniques discussed above yield best results
when utilized in a coordinated manner. The degree of
success of almost all depends upon the degree of resolution
with which they are implemented or enforced.

k. TFlood Insurance - Another measure that can be
utilized is flood insurance. This technique does not reduce
damages but changes the incidence of the damage over time
and as to who bears the financial burden. This program is
administered by the Flood Insurance Administration,
Department of Housing and Urban Development. Requirements
for eligibility have the potential to reduce future
damages incurred by flooding. These requirements include
implementation of some of the above listed management
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techniques, for example, zoning ordinances, building codes
and the provision of information on the degree of flood
risks. See Appendix C for a summary of the Flood Insurance
Program.

The following chapter will discuss the degree to which
the above methods of reducing damages have been implemented
in the Lake Ontario - St. Lawrence Basin.

B. Applicability

The three damage reduction techniques described above
are not uniformly applicable along the Lake Ontario and
St. Lawrence River shoreline. The choice of technique to
provide the protection required is limited under certain
conditions. These limitations are discussed as they relate
to protection of both man made facilities and the natural
environment.

1. Man Made Facilities - Limitations to the type of
damage reduction technique utilized to protect man made
facilities are numerous. They are listed below and des-
cribed in general terms.

a. Feconomic - Structural protective devices provided
by governmental agencies must meet rigorous economic
criteria. The inability to do so often limits the use of
this technique. '

b. Ownership of property to be protected - Public
funds are restricted in their use to provide protection
for private property. Thus, the use of certain structural
protective devices is limited by the ownership pattern of
the land to be protected.

c. State of development of shoreline - Flood plain
management techniques are often not applicable in areas
where development has occurred. In such areas, protection

is limited to lake level regulation and structural protective
devices.

d. Scale - Lake level regulation is applicable only
to the entire lake. Thus, segments cannot be regulated by
individuals or groups. Effectiveness of structural
protective devices generally are limited by scale also.
Such devices as seawalls, bulkheads, revetments, etc.,
protect shore reaches of shoreline, and when built by
individuals in an uncoordinated manner are usually not
effective in reducing overall shoreline damage.

2. Natural Environment - Protection of the natural
environment - sand dunes, beaches, wetlands, marshes, etc. -
is generally restricted to lake level regulation. Structural
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protective devices are generally not appropriate for use

in such areas; they often have the effects of limiting access
to the area, imposing upon its aesthetic quality, adversely
altering along shore currents, or otherwise damaging its
"natural" qualities. Flood plain management techniques
prevent man from encroaching upon the natural hazard areas
and thus from incurring additional damages to man made
facilities. However, such techniques do not protect the
natural environment itself from the damages caused by
changes in water levels. Only lake level regulation can
provide the protection that is required for the natural
environment.

In summary, it can be said that techniques suitable
to protect man made facilities, although limited, are more
flexible than those suitable for protecting the natural
environment. For the latter, only lake level regulation
seems to provide the protection desired without destroying
the area to be protected.
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-CHAPTER VI

DAMAGE REDUCTION METHODS IMPLEMENTED IN THE
GREAT LAKES BASIN

Currently all of the methods of reducing damages
discussed in the preceeding chapter are being utilized
within the flood plain bordering Lake Ontario. In some areas,
combinations of the three general methods are used. Due to
the nature of the control plan and structural works for
regulating Lake Ontario water levels, all flood plain areas
are influenced and "protected" to some degree by the control
afforded by the operation of the plan and its associated
regulatory structures.

A, Water Level Regulation

Currently there are twoc plans of regulation in
operation on the Great Lakes. Both have been designed to
satisfy certain criteria set forth %n Orders of Approval of
the International Joint Commission.

1. Plans of Regulation Within the Great Lakes

a. Lake Superior Regulation - Since completion
of the control work on the St. Marys River at Sault Ste.
Marie in August, 1921, the outflows from Lake Superior have
been subject to complete control. The Lake is regulated in
accordance with the Orders of Approval of the International
Joint Commission issued May 26 and 27, 1914, in reply to
applications for authorization of diversions of water around
the rapids for production of power. The Orders provide that
the works be so operated as to maintain the lake levels
within a specified range and not to interfere with navigation.

lEven in periods of high water when damage is occurring, the
U. 8. Army Corps states that the damage would be greater
without operation of the control plan due to the fact that
the water level would be higher if there were not control
structures and a plan of regulation (See Figure 29).

2The International Joint Commission works within the frame-

work established as a result of passage of the Boundary
Waters Treaty of 19089 between the United States and Canada.
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Further, they provide safeguards against extremely high
and low regulated lake levels, and high levels on the St.
Marys River. The International Lake Superior Board of
Control established by the Commission in accordance with
the terms of its Order directly supervises operation of
the river control works and the amount of the diversions.
Details on the regulation plans used for Lake Superior can
be found in the Great Lakes Basin Framework Study.

b. Lake Ontario Regulation - The regulation of Lake
Ontario began in April 1960 in accordance with the Interna-
tional Joint Commission's Order of Approval of October 29,
1952, and the Supplementary Order of July 2, 1956, and 1is
under the direct supervision of the Commission's International
St. Lawrence River Board of Control. Appendix D provides
the office consolidation of the Orders of Approval.

The orders provide that the lake is to be regulated
during the navigation season within a certain range of
levels and to meet certain additional requirements relating
to downstream interests, to power interests, and to other
Lake Ontario interests. These requirements are set forth
in Criteria a-k listed in Appendix D.

2. Organization For Regulation

On January 11, 1909, the United States of America
and Canada entered into a "Boundary Waters Treaty." Appendix
G provides the text of this treaty. The purposes of the
treaty as set forth in its preamble are:

a. to prevent disputes regarding the use of
boundary waters;

b. to settle all questions pending between the
United States and Canada involving the rights, obligations
or interests of either in relation to the other, or to the
inhabitants of the other, along their common frontier; and

c. to make provision for the adjustment and settle-
ment of all such questions as may hereafter arise.

Article VII of the "Boundary Waters Treaty'" established
the International Joint Commission (IJC). The International
Joint Commission, in carrying out the purposes of the
Boundary Waters Treaty of 1909, has wide-ranging responsi-
bilities with respect to boundary waters between the United

3Great Lakes Basin Framework Study, Appendix 11, U. S. Army
Engineer Division, North Central, September, 1972,
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States and Canada. The first of these responsibilities

is to approve or disapprove all proposals for use,
obstruction or diversion of boundary waters on either side
of the boundary which would affect the natural level or
flow of the boundary waters on the other side.

Projects may be brought before the IJC by what is
termed an "application" filed by interested persons -
either public agencies or private corporations or indivi=-
duals. Examples in the Great Lakes system include the
regulatory works at Sault Ste. Marie and those on the St.
Lawrence River. In the case of an application for Commission
approval, the burden is on the applicant to furnish all
necessary information and data required.

The second general responsibility of the IJC is to
investigate and make recommendations on specific problems
referred to by either or both Governments. The procedure
is to submit problems through the United States Department
of State and Canada's Department of External Affairs. 1In
the case of references to problems, the IJC appoints an
international bcard which is directed to make a thorough
investigation of the facts involved and file a written
report. The report of the Commission is then prepared,
including recommendations to the two Governments.

On October 7, 1964, during a period of critical low
levels on the Great lakes, the Governments of Canada and
the United States requested the IJC to study the factors
which affect the fluctuations of the Great Lakes waters.
The Governments also asked the Commission if it would be
practicable and in the public interest to regulate further
the levels of the Great Lakes to reduce the range of stages
experienced in the past.

In December of 1964, the IJC established the
International Great Lakes Levels Board (IGLLB). This
Board, with its working committee and six subcommittees,
has been engaged in a joint Canada-United States study to
"determine whether measures within the Great Lakes Basin
can be taken in the public interest to regulate further
the levels of the Great Lakes or any of them and their
connecting waters so as to reduce the extremes of stage

which have been experienced, and ... for the purposes of
bringing about a more beneficial range of stage for, and
improvement in: (a) domestic water supply and sanitation;

(b) navigations; (c¢) water for power and industry; (4)
flood control; (e) agriculture; (f) fish and wildlife; (g)
recreation; and (h) other beneficial publiec purposes."

The Internaticnal St. Lawrence River Board of Control
(SLRBC) was established (as noted above) with responsibility
for determining the outflow rate from Lake Ontario on a
weekly basis (see Figure 27). In addition it is responsible
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the week to Regulation

week to Regulation

Representatives. Representatives.
2. Regulation Representatives 2. Regulation Representatives
make decision on outflow for consult with SLRBC.
the week.
3. SLRBC makes final decision
3. Barnhart Island Powerhouse is on outflow for the week.
notified to make the release.
4. Barnhart Island Powerhouse

NOTE: Appendix C lists the membership of the decision making bodies.

is notified to make the
release.

Figure 27. Decision Makers in Regulation of Lake Ontario's Outflows.
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for continually improving the means of regulations and has
periodically revised the plan of operation. The last major
revision occurred in 1963 when Plan 1958-D was adopted and
placed into effect in October of that year. Appendix G
lists the members of the various organizations described
above. Appendix E provides a description of Plan of Control
1958-D.

3. Existing Regulatory Works

The flows in the St. Lawrence River, the natural
outlet of Lake Ontario and the Great Lakes, are regulated by
a series of structures and an associated channel enlargement
(see Figure 28). Between Lake Ontario and Lake St. Louis,
where part of the Ottawa River joins the St. Lawrence,
there are structures at Points Rockway-Iroquois, at Massena-
Cornwall, at Coteau Landing and at Beauharnois. The Moses-
Saunders Power Dam and Long Sault Dam at Massena-Cornwall
normally control the levels of Lake Ontario, while the
series of dams near Coteau Landing, together with the
Beauharnois power plant, control the levels of Lake St.
Francis.

The Iroquois Dam, which extends 1,980 feet from Point
Rockway in the United States to the Canadian shore near
Iroquois, was designed with the capability to pass and
control, as required, the full discharge from Lake Ontario.
Two 350-ton travelling gantry cranes operate the 32 steel,
roller-type, sluice gates. Elevation of the top of sills
is 200.0 feet. The gates can be dipped to prevent
excessive build-up of water levels in lLake St. Lawrence
during periods of strong westerly winds. The pattern of
gate settings for the dam was developed from hydraulic
model tests, and has been selected so as to minimize adverse
currents in the navigation channel at the lower approach
to Iroquois Lock. The gates are also used during ice
formation to assist in promoting a stable ice cover.

Long Sault Dam is located below the foot of Long
Sault Island, about 25 miles downstream of the Iroquoils
Dam, and lies entirely within the United States. It is
capable of discharging a flow of up to 450,000 cfs. It
measures 2,960 feet along its curved axis and comprises
a sluiceway section and a non-overflow section. Thirty
50-foot sluiceways, formed between 10-foot piers, discharge
flows in excess of requirements at the Moses-Saunders
plants and affect control of river flows and water levels
within specified ranges. Eighteen of the thirty sluice
gates are equipped with fixed electric hoists, while the
other twelve are handled by service cranes on the deck.

Two 275-ton electric travelling gantry cranes, running
on tracks the length of the deck, provide hoisting service.
The spillway crest elevation is 217.0 feet. The gates of
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this dam are operated only under very high river flow
conditions or when flows are restricted through the power-
houses for maintenance of generating units.

Located about three and one-half miles downstream from
Long Sault Dam and two miles west of Cornwall, Ontario,
the Saunders Generating Station of the Hydro-Electric Power
Commission of Ontario and the Moses Power Dam of the Power
Authority of the State of New York form contiguous power
plants spanning the St. Lawrence from Barnhart Island in
the United States to the Canadian shore. Bisected by the
International Boundary Line, the semi-outdoor plants have
a combined length of 3,300 feet with a rated head of 81
feet, and a total flow capacity of approximately 325,000
cfs. With thirty-two 57,000 kilowatt capacity generators,
equally divided between Canada and the United States, the
combined power plants have a total rated capacity of
1,824,000 kilowatts, making the installation one of the
largest hydroelectric power producing plants in the
western world. Impounded behind the concrete gravity dam
of the power plants is the water of man made Lake St.
Lawrence with a volume of 750,000 acre-feet at the normal
lake level elevation of 241.0 feet. The lake has an area
of 37,500 acres and extends upstream to Iroquois Dam. It
is confined by a system of earth embankments at the lower
end totalling about 16 miles in length.

At the lower end of lLake St. Francis, about 32 miles
east of Cornwall, Ontario, the major part of the St.
Lawrence flow is diverted through a 15-mile navigation and
power canal to Hydro-Quebec's generating station at
Beauharnois. Constructed in three stages over a period
of thirty years, the Beauharnois Power House has 36 main
generating units with a total capacity of 1,574,000
kilowatts at a head of 80 feet of water. The length of
the structure is 2,836 feet and has a maximum discharge
capacity of 270,000 cfs. The remainder of the flow leaves
Lake St. Francis through the Coteau Control Dams which have
a maximum discharge capacity of 435,000 cfs and are
utilized by the 162,000-kilowatt Hydro-Quebec generating
station in the natural channel of the St. Lawrence River
at Cedars. The navigation channel is situated along the
north bank of the Beauharnois Canal and has a minimum
depth of 27 feet, over a width of 600 feet. Two locks
at its confluence with Lake St. Louis allow ships to enter
the canal.

An integral part of the St. Lawrence Seaway-Power
Project was the St. Lawrence River channel dredging and
excavations carried out for the following purposes: (1)
to provide a channel depth, width, alignment and water
velocity for 27-foot depth navigation; (2) to reduce
velocities to induce ice over most of the river thus
minimizing operational problems and enhancing the channel
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carrying capacity of the river subsequent to the ice
forming period; (3) to distribute the flow in such a way

as not to interfere with navigationj; and (4) more important
from the standpoint of lake regulation, to reduce head
losses at specific points in order to increase the

channel capacity and to maximize the head available for
hydroelectric power generation. For the most part, channel
enlargements carried out for one interest were beneficial
to the other interests.

The International Joint Commission, in its Orders of
Approval, specified that the power entities were required
to -undertake channel enlargements which would ensure that
acceptable velocities are provided through the Galop Rapids,
particularly below Galop to Morrisburg. These velocities
were not to exceed 2.25 feet per second in order to form
an ice cover during the winter. Additionally, minimum
depths required upstream and downstream of Iroquois were
29.5 feet and 28.5 feet respectively. The power entities
carried out channel enlargements in ten areas while the
navigation agencies carried out dredging in four locations.
The principal locations of channel enlargements carried
out by the power entities were at Chimney Island, Galop
Island, Lalone-Lotus Islands, Sparrowhawk Point -
Toussaints Island, Iroquois, Pt. Rockway, Point Three
Points, Ogden Island, the headrace of Long Sault Dam and
the trailrace of the Moses-Saunders Dam. The principal
locations of channel improvements carried out specifically
for navigation were at the Thousand Islands Section in the
International Rapids Section at Iroquoils Lock, Wiley-
Dondero Ship Channel, including Eisenhower and Snell Locks,
and in the North and South Channels, adjacent to Cornwall
Island.

A total of approximately 107 million cubic yards of
material was excavated. The excavations carried out by
the power entities totaled 63 million cubiec yards; the
major locations being in the vicinity of Sparrowhawk Point -
Toussaints Island (12 million), Galop Island (16 million)
and Point Three Points - Ogden Island (11 million). The
excavations carried out by the navigation agencies totalled
44 million cubic yards, with the principal locations being
Wiley-Dondero Channel (25 million), and north and south
of Cornwall Island (15 million).

4. Evaluation of the Implementation of the Plan
of Control During the Current Period of High
Water .

YThe Wiley-Dondero Canal was excavated principaily through
the U. S. mainland and did not affect the hydraulic
capabilities of the river channels.
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The following evaluation of the implementation of
the Plan of Control during the current period of high water
is based primarily on the results achieved. Granted, this
allows the opportunity for hindsight to be utilized and
criticism to be rendered based on the knowledge gathered
over time. However, the additional information forthcoming
during the time period January, 1973 through August, 1974,
provided little of significance beyond what was known to be
the situation prior to this time period. No natural
phenomena, other than above average rainfall of about 1.3
inches for the period, occurred that would influence the
implementation of the Plan of Control. Thus, this evaluation
is made not with additional knowledge but possibly only with
different objectives than the ones that were strived for by
those who implemented the Plan of Control during the period
in question.

a. Conformity with Control Plan 1858-D - The »
operation of the plan 1s evaluated on the degree to which it
conformed with the criteria set forth in Plan 1958-D.

Listed below are general groups to which one or more
eriteria are relevant along with the evaluation of the plan
relative to the criteria.

It should be made clear prior to reading the following
evaluation of the criteria that they are prefaced on supplies
as received in the past (1860-1954). During the period for
which they are being evaluated (January 1973 through August
1974), the rainfall in the Lake Ontario Basin was 2.1
inches above the average.

5l. Water Levels at Montreal Harbour - (Criteria a,
c and d4.7) Criterion a is aimed at providing minimum depth
within Montreal Harbour during the period April 1 to
December 15. The latter two criteria regulate the discharge
of the St. Lawrence River above Montreal and the Ottawa
River during periods of high inflow from the Ottawa and
spring breakup of ice in Montreal Harbour, respectively.

Criterion a was fulfilled at all times during the past
two year. Criterion ¢ and d were met through control of
releases from the Moses-Saunders Dam. However, severe
flooding did occur arcund the Montreal area due to the -extreme
flows discharged by the Ottawa River. This flooding was ..~
more severe in 1974 than in 1973.

2. Winter Operaticn - Criterion b dictates that
from December 15 to March 31 the outflow be as large as
feasible while minimizing the difficulties of winter
operation. The operating procedures followed appear to have

SSee Appendix D for wording of the criteria.
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minimized the difficulties of winter operation in that no
major problems were encountered during ice formation or
break-up during the period in question. Nor were there any
major difficulties encountered during the period of ice
cover.

Due to the high water levels prevailing and anticipated,
efforts were made to discharge greater flows of water during
this period than normal. During the December 15-March 31
period in 1972-73, the average flow was approximately
270,000 cfs as measured at Massena, New York. In 1973-74
period it was approximately 267,000 cfs. These figures
compare to an average flow for the period of about 228,000
cfs for the years 1959 to 1974.

These figures reflect a substantial effort to reduce the
level of Lake Ontario during the winter months by dis-
charging quantities of water well in excess of normal. It
also reflects that the Plan of Control has a degree of
flexibility in the manner in which it was implemented.

3. TFlow for Power - Criterion e requires that
consistent with other requirements the regulated outflow
should be such as to secure the maximum dependable flow
for power. It appears as if this criteria was met. As
discussed earlier in this report, the percent of time that
weekly outflows exceeded 270,000 cfs in 1973 was 87 percent,
and in 1974 through August it was 74 percent. The average
amount of time this occurred during the period 1950 through
1973 was 18 percent. This flow is accredited with production
of power well above the average yearly production.

The period of time during which the flow was less than
270,000 cfs during the January, 1973 through August, 197k
period was at ice formation time (December - January).

The Plan of Control, through Criterion b imposes flow
restrictions at this time in order to ensure ice formation.

4. Navigation Channel - Criterion f states that
maximum regulated outflow from Lake Ontario should be
maintained as low as possible to reduce channel excavation
to a minimum. Currently the Seaway is advertised as having
a 27 foot navigational channel and maintenance of this
appears to be the goal for regulation from the navigational
point of view.

During the period in question this depth has been
maintained except in isolated periods of extreme weather
conditions. At times when high rates of discharge occurred
adverse current conditions and problems associated with
steerage have been experienced. However, at no time under
normal weather conditions was there any limitations on the
27 foot navigational channel in the Seaway. Thus, it can
be said that the operational procedures fulfilled this
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criteria but as discussed earlier, several incidents
incurring damage to ships or navigation facilities occurred
which were attributed to low water and high currents.

5. Lake Levels - Criteria g, h, i and j set forth
the constraints on Lake Ontarioc water levels as the result
of regulation. Each of these will be examined in detail.

Criterion g states that consistent with other
requirements, the levels of Lake Ontarioc shall be regulated
for the benefit of property owners on the shores of Lake
Ontario in the United States and Canada so as to reduce
the extremes of stage which have been experienced. As
detailed in Section IV-B of this report, property owners
on the shores of lLake Ontario have sustained severe damages
due to the high water. In addition the lake level has
established or been near the record high levels as was
reflected in Figure 5. Also, during the period in question
the level of Lake Ontario was above elevation 246.77, the
level below which it was to be controlled, approximately
40 percent of the time.

Although the Lake exceeded the Plan of Contrecl's
established upper limit it should be noted that without
the control works, 1t is estimated that the level would
have reached 249.1 feet during 1973. This is approximately
13 inches above the actual recorded peak elevation. This
reduction in elevation is the effect that man's control
activities had on the level of Lake Ontario.

In light of these data it can be concluded that this
criterion was not satisfied tc a high degree.

Criterion h states the regulated monthly mean of
Lake Ontario shall not exceed elevation 246.77 with the
supplies of the past as adjusted. As stated above, Lake
Ontario has exceeded elevation 246.77 approximately 40
percent of the time during the period from January, 1973
through August, 1974. Thus this criterion can be Jjudged
to have not been met with any degree of consistency.

Criterion 1 states that under regulation the
frequency of occurance of monthly mean elevation of
approximately 245.77 and higher on Lake Ontario shall be
less than would have occurred in the past. For the period
from January, 1973 through August, 1974, this mean monthly
elevation has been exceeded approximately 68 percent of
the time compared to approximately 59 percent for the.
period January, 1935 to December, 1954.

6Lake levels used in the International Joint Commission's
Orders of Approval refer to monthly mean values.
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Criterion j states that the regulated level of Lake
Ontario on April 1 shall not be lower than elevation 242.77.
The regulated monthly mean level of the lake from November
1 to 30 shall be maintained at or above elevation 242.77.
This criterion has been fulfilled at all times over the
period in question.

6. Special Conditions - Criterion k states that
in the event of supplies in excess of the supplies of the
past as adjusted, the works in the International Rapids
Section shall be operated to provide all possible relief
to the riparian owners upstream and downstream. Since
supplies were in excess of the past, this criterion should
have been followed to a greater extent. This basis for this
statement is that outflows have been restricted during the
late summer and early fall months during both 1973 and 1974.
Without these restrictions, water levels could have been
reduced and upstream riparian owners could have been
provided greater relief in the periods when high water
normally occurs.

In summary then, it can be stated that based on the
degree to which the operation of the Plan of Control con-
formed with the criteria set forth in Plan 1958-D it is
felt that the Plan was implemented adequately with respect
to navigational and power interests. Criteria relative
to navigational and power interest were conformed to at
all times. On the other hand, criteria relative to maximum
water levels were not adequately conformed to although
efforts were made through releasing outflows in excess of
those called for by the Plan. Criteria relative to
riparian owners were not conformed with to a satisfactory
degree. It is the conditions of the times when Criterion k
is utilized that makes it nearly impossible to implement
this Criterion effectively due to the conflicts that exist
between upstream and downstream riparian owners. Both
upstream and downstream riparian owners can not be "provided
all possible relief", as required by the Criterion, during
times of high lake levels.

In light of the above it is felt that the implementation
of the Plan, although adequate in certain areas, could have
been changed and therefore possibly prevented a portion of
the damages that were sustained. In addition it is felt
that Criterion k is, as written, difficult to conform to.

b. Effectiveness of Plan 1958-D in Minimizing
Adverse Impacts - Prior to the followilng discussion, two
important points should be made. First, the Plan of Control
1958-D as implemented has resulted in lake levels that are
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lower than would have occurred under preproject conditions.’
These differences in lake levels are reflected in Figure 29.

This reduction in lake level undoubtedly has resulted
in less damage being incurred during the recent period of
high water than would have occurred without the development
of the St. Lawrence River. However, quantification of the
magnitude of the damage reduction was not possible.

The above has been pointed out in order to keep in
mind that the current Plan of Control has afforded positive
benefits to riparian owners on Lake Ontario without in-
curring significant damages to other interests. However,
still at issue is the question whether total damages
incurred by high water could be reduced through changes
in the Plan of Control or its implementation.

Second, physical constraints within the Lake Ontario-
St. Lawrence River drainage system limit the outflow that
is possible. Prior to the development of the St. Lawrence
River the record flow of the St. Lawrence was 318,000 cfs.
Upon completion of the channel enlargement and other works,
the record flow was increased to 351,000 cfs. achieved in
1973. Greater flow could have physically been discharged
but damage would have been incurred.

The above discussion describes the benefits that are
attributed to the development of the St. Lawrence River
and the implementation of Plan of Control 1958-D. With
this in mind an examination of the sequences of discharge
passed through the control structures in an attempt to
evaluate whether all interest were given consideration in
the operation of the Plan of Control. This examination
may seem, and it may be, subjective. However, the process
of following the sequence of releases through the period in
question may provide insights into the control process from
which operational improvements can be recommended.

In order to evaluate the operation of the Plan for the
January, 1973 through August, 1974 period, an understanding
of what occurred in the fall of 1972 is required. TFollowing
is the information required for such an understanding.

Lake Ontario peaked in 1972 at elevation 246.75 on July
16, 1972.8 This placed the lLake near the upper limit of

7Preproject conditions refer to the conditions that existed
prior to construction of the St. Lawrence Seaway, the Moses-
Saunders Power Facility and their associated works.

8246.75 is the mean daily level for July 16, 1972. The
monthly mean level was 246.72 for July 1972.
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the range (246.77) within which it is to be regulated.

From the end of June until the middle of October the outflow
was maintained at 310,000 cfs, which is the maximum outflow
permitted by Plan 1958-D. By the end of October the lake
level had dropped two and one quarter feet but remained
approximately .5 feet above normal. At this point in time
Lake Erie was still at a record high level.

As the lake level fell, difficulties experienced by
navigation increased with continuation of the discharge rate
of 310,000 cfs. On October 14, 1972 the outflow was reduced
to the maximum specified by the plan for navigation
requirements until winter limitations.prevailed on December
16. Between October 13 and November 7 the lake fell .4 of
a foot. From November 8 to December 15 it then rose .4 of
a foot returning it to the elevation experienced on October
13, 1972.

During the calendar year 1972, precipitation in the
Lake Ontario Basin exceeded the average by about 9.3 inches.
Precipitation in the remainder of the Great Lakes Basin
exceeded the average by about 4.4 inches. This resulted in
near record or record high levels in the upper Great Lakes
which in turn indicated that above average supplies of
water would be forthcoming to Lake Ontario in the future.

The large discharges released in the July to mid
October period raised the Montreal Harbour water level to
record high levels for that period of time. The levels
experienced were approximately 3 feet above the average.

In summary, the situation prevailing was one where
Lake Ontario was above average in elevation and approaching
the level under which it was to be regulated. Precipitation
throughout the Great Lakes Basin had been well above
average which signalled forthcoming supplies that would be
above average. Discharges were above those called for by
the Plan until navigational problems were encountered.
At this time - mid October - they were reduced. With this
information in mind a detailed examination of the 1973
operation procedures will be undertaken.

After the formation of an ice cover in late 1972
and early 1973 discharges were increased from the low
weekly average of 230,000 c¢fs in the second week of
January to 350,000 cfs in the first week of June. This
flow was continued until the first week in August. This
increase was accomplished at an almost steady rate during
the period.

Inflow exceeded outflow for the majority of the period
from January 1973 through May 1973 which is normal since
this is the period of normal seasonal rise for Lake Ontario.
From 245.45 feet on January 3 the Lake rose to 2u47.99 feet
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on May 31, 1973. ' At this point in time the Lake exceeded
its average level for that time of the year by about two and
one guarter feet and was above the maximum elevation
(246.77) within which it is to be regulated.

During the winter of 1972-73 there was a very weak
ice cover on Lake Ontario. On the weekend of March 17-18,
1973, heavy winds, in conjunction with the weak ice cover
and high lake level, caused extensive damage to the shore
area of the Lake in the seven counties of Jefferson,
Oswego, Cayuga, Wayne, Monroe, Niagara and Orleans.
Additional damage was experienced prior to and after this
storm due to the lack of protection normally prov1ded by a
stable ice cover.

In June outflow began to exceed inflow and the Lake
began to recede. At this point the discharge rate was
maintained around 350,000 cfs until early August. Again,
due to the occurrance of navigation problems, the rate of
discharge was reduced steadily for the remainder of the
navigation season and through the ice formation period.
During this time, the lake level continued receding. It
dropped from 246.85 on August 1, 1973 to 244.68 on
December 31, 1973.

It should be noted that in July 1973 the record mean
daily outflow from Lake Ontario was recorded. _This flow
was 351,000 cfs measured at Cornwall, Ontario.

The effect of this large volume of discharge was felt
in the area below the control structure as evidenced by
the elevation of the water level at Montreal Harbour. From
April into December the elevation was well above average.
The record highs of 1972 for August through October were
approached but not equalled.

To date in 1974 a repeat of the operations of the
control structures described for 1873 has been witnessed
with one minor modification. Instead of discharging at a
very rapid rate and then decreasing it toward the end of
the summer, a lesser discharge has occurred this year.
This lesser rate will be continued for a longer period of
time with the end result being approximately the same lake
level being reache% by late fall as was reached in the
late fall of 1973. Presumably, this change in operation

9351,000 cfs was recorded on July 21, 1973 at the Cornwall
Ontario gauge near Massena, NY. Data provided by USEGS.

10The monthly mean Lake Ontario levels for October, November
and December 1974 were 244,52, 244.00 and 244.03, respectively.
These waters were 0.33, 0.36 and 0.33 foot, respectively,

below the levels of October, Novembeéer and December 1973.
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will reduce some of the problems navigation encountered
along with stabilizing the level of Montreal Harbour
throughout the summer and early fall months.

With this brief description of the control activities
in mind it is time to turn to an examination of the
impact changes in these activities may have had. The
examination of impacts of the high water level in Chapter IV
indicates that adverse impacts were experienced by both
navigation interest and riparian owners while beneficial
impacts were experienced by power interest. Since this
study is oriented toward minimizing adverse impacts,
emphasis will be placed on examining how these adverse
impacts may have been reduced.

In general terms, navigation interests desire a flow
below 310,000 cfs in order to reduce velocities and to
maintain a 27 foot navigation channel. Riparian owners
downstream of the control structure and around Lake St.
Lawrence also desire a similar discharge rate. This reduces
flooding for the former and eliminates draw down of Lake
St. Lawrence and the resultant "mud-flats" that occur when
the flow exceeds 310,000 cfs. Riparian owners upstream of
Lake St. Lawrence desire high rates of discharge during
periods of above average lake levels. For those along the
river this would reduce ship wake damage, and for those on
the Lake it would lower the water level and the damages
caused by high levels and storm surges.

As stated earlier in this report, under average water
level conditions, this conflict of desired rates of dis-
charge does not arise. However, under conditions of above
normal supplies it does. As evidenced by the implementation
of the Plan over the past three years, described above,
it appears that the navigation interests have had the
strongest hand in determining the discharge rate. This
may be due to the fact that they have representation on
the controlling board along with direct representation of
power interest whose desires are nearly compatible during
periods of above average Lake levels. Both groups have
mutually agreeable goals for release rates between 270,000
and 310,000 cfs. On the other hand, riparian owners are
at present not represented by a spokesman of their own.
This is important because the desired release rates for
riparian interest above the control structure conflicts
with both power, navigation interest and riparian owners
downstream during periods of high water levels.

Any attempt to determine if adverse impacts could
be reduced through a different mode of operation requires
substantial effort. One of the most critical elements
required would be stage - damage relationships for both

Lake Ontario - St. Lawrence River above the control structure

and for the St. Lawrence River below the control structure
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including Montreal Harbour. This is.required in order to
determine the effect any given change in elevation of

the Lake, or River, would have in terms of change in
damages.

Other necessary elements include the relationship
between economic impact and various channel depths in-
cluding those less than 27 feet. From this the economic
impact resulting from varying channel depth could be
estimated. Also the economic impact on power interests
from various modes of operation should be considered.

With the four relationships described above (two
stage - damage curves and an economic impact - channel
depth curve and mode of operation - power impact)
estimates of the impact of alternative operation methods
could be derived. With these estimates trade-offs
between adverse impacts to any two or more parties could
be evaluated objectively. In refined form procedures could
be developed by which total adverse impacts could be
minimized or conversely, total beneficial impacts could
be maximized. :

The decisions on the mode of operation of the Plan of
Control to be followed are currently made under conditions
of severe institutional constraints, combined with inadequate
knowledge by persons whose decisions are, at the least,
biased by the fact they are emp18¥ed by specific interests -
riparian interests not included. In addition the
regulation philosophy pursued by the IJC is one that
permits a change in lake level regulation plans only if no
economi¥® loss to any major interest (shore property,
navigation, power) on any lake or its outflow river occurs
and the existing Lake Superior and Lake Ontario regulation
criteria are satisfied.

It is not possible to determine if the adverse impacts
could be reduced by a different mode of operation of the
Plan given the current availability of data. All that
can be accomplished in this section is to raise several
serious questions. Answers to these might result in
changes to the current method of operating the Plan of
Control.

111t should be made clear here that this statement and
others throughout the text are not personal attacks on
the members of the. St. Lawrence River Board of Control.
They are statements of the belief that persons employed
full time by an agency with a specific interest "acquire"
the philosophy of that agency and their institutions.
This process limits the scope of problems and/or solutions,

either explicitly or implicity that the individual preceives.
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The first question is why, after almost 15 years of
operation, has not the economic impact - channel depth
relationship been determined and made available so that
it can be utilized in determining the optimal mode of
operation?

Secondly, why has not the International Joint Commission
refined its stage - damage curves so that they can be used
in determining the optimum mode of operation? This
organization has been in existence long enough to realize
that an acute need exists for such data.

Thirdly, since riparian owners are a major interest
group influenced by the water levels of Lake Ontario and
the St. Lawrence River, why are they not represented on
the decision making body that determines the mode of
operation of the Plan of Control?

In summary, the major question appears to be that of
whether or not the institutional arrangements that exist
force those who make the decision to be biased toward
specifiec interest. This is reflected in that the Order of
Approval require that a 27 foot navigational channel will
be maintained at all times. Thus decisions on the mode of
operation by the SLRBC are made to minimize damages given
that the navigation channel is maintained; not with the
objective of minimizing total damages considering all
interests. At present the response to this appears to be
yes, based primarily on past performance.

B. Structural Measures

Structural measures are implemented by either an
individual or an agency depending primarily on the size of
the project and the nature of the area to be protected.

No listing of private protective structures was attempted.
It is known that they are extensive in number but probably
insignificant over all in reducing damages.

1. Description

The U. S. Army Corps of Engineers is the Federal
agency with primary responsibility for construction and
maintenance of public shore protection structures in the
United States portion of the Great Lakes. Following is a
brief description of the projects the Corps have constructed
in the past and those that are currently authorized but
not undertaken or completed. :

Fort Niagara State Park - Beach Erosion Control - Fort
Niagara State Park is located on the south shore of Lake
Ontario at the mouth of the Niagara River. The property,
formerly a U. S. Military Reservation, was acquired in 1964
by the State of New York for park development under
jurisdiction of the Niagara Frontier State Park Commission.
The cooperative beach erosion plan was authorized by the
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Senate and House Public Works Committee in December, 1970,
under provisions of the Tlood Control Act of 1965. The
authorized project provides for the construction of a low
offshore breakwater about 4,000 feet long to protect a
bathing beach that is to be improved by placement of
162,000 cubic yards of sand fill. The total estimated
first cost if $3,050,000 of which the authorized federal
70 percent contribution would amount to $2,140,000.
Initiation of action on this project is contingent upon
reduction of pollution in the area.

Hamlin Beach State Park - Beach Erosion Control -
Hamlin Beach State Park, under jurisdiction of the Genessee
State Park Commission, 1is located on the south shore of Lake
Ontario, about 20 miles west of Rochester Harbor. The
cooperative beach erosion control project by the State of
New York and the Federal Government authorized in July,
1958, provides for restoration and protection of the westerly
beach area at the park by alteration of two existing stone
and one existing concrete groin, construction of four new
groins, grading of the nearly vertical bluffs behind the
beach to a stable slope, and placement of approximately
217,000 cubic yards of sand fill. Authorized Federal
contribution to the extent of 70 percent of the total first
cost, estimated at $2,310,000, would amount to $1,618,000.
Preconstruction planning was completed in 1972. As of
October 1974, four of the six new groins were in place.

Table 29 reflects the current beach erosion control
studies the Corps has underway. Table 30 lists authorized
projects that are presently classified as inactive or

- deferred. This classification is generally the result of

changes in conditions after project authorization and is
primarily due to reduction in anticipated project benefits,
lack of local cooperation, development within project area
precluding project economic feasibility at this time or

the proposed work which is considered not necessary at

this time.

Under Public Law 84-399 as amended by Public Law 87-8ul,
the Corps of Engineers is authorized to provide emergency
assistance as required to supplement local efforts and
capabilities in time of flood or coastal storm and reduce
damages and human suffering. During the current period of
high water on Lake Ontario the Corps, under a program called
Operation Foresight, has undertaken several protective
measures. These are listed in Table 31.

In addition to those areas which qualified for an
Operation Foresight project from an economic point of view,
there was a substantial number of areas that were found
economically unfeasible. Table 32 lists these areas for
minor civil divisions within Jefferson County. The Corps
of Engineers informed each applicant, by letter, after
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Table 29. Beach Erosion Control Surveys on Lake Ontario

APPROXIMATE
, DATE TO BE
NAML PURPOSE COMPLETED
Durand-Eastman To determine the advisibi- Indefinite
Park at Rochester lity of undertaking
measures for control of
shore erosion along the
lLake Ontario frontage
of the park.
South Shore of To determine the advisibi-~
Lake Ontario lity of undertaking
measures of control of
shore erosion at several
publicly owned lake
frontages and related
improvements for light
draft craft.
Interim Report - Fort Favorable
Niagara State Park report sub-
mitted by
District
Engineer
in 1968
Interim Report - Golden 1971
Hill State Park
Interim Report - Four- 1971

mile Creek State Park

Source: Water Resources Development in New York, U. S. Army
Corps of Engineers, North Atlantic Division, 1973.

reconnaissance survey when an area was found toc be
ineligible for temporary flood control projects under the
criteria of Operation Foresight.

2. Evaluation
Both the beach erosion control projects and the
Operation Foresight projects have only recently been

constructed. Adequate time has not elapsed upon which to
base an evaluation of their effectiveness. However, an
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Table 30. U.S. Army Corps of Engineers Deferred Beach
Erosion Projects :

Year of

Authori- Federal Cost Year of
Project Locality. zation (dollars) Estimate
Fair Haven Cayuga Co. 1958 546,000 1971
Beach
State Park
Selkirk Oswego Co. 1954 278,000 1971
Shores
State Park

Source: Water Resources Development in New York, U.S. Army
Corps of Engineers, North Atlantic Division, 1973.

appraisal of the structures has been provided by Corps of
Engineers personnel.

The beach erosion control facilities at Hamlin State
Park appears to be effective to the extent that it is
completed. Although it is too early to fully evaluate,
current air photographs indicate-it is performing as
designed.

A field inspection by Corps of Engineers personnel of
the Operation Foresight structures in August 1974 indicates
that in general they-have held up. Some gabions were found
to be tipping due to undermining. It is possible that if a
major storm occurred, sections of the gabions could be lost
due to this undermining. A small amount of stone was also
found to have escaped from the gabicns.

. In general the structures have done the job they were
designed for. It is felt that they have prevented the
damages as estimated and shown in Table 31. It should be

reiterated that these structures were temporary in nature and

were evaluated in terms of economic feasibility assuming a
two year design life.

As stated earlier, man's efforts to prevent erosion
from occurring on an individual lot are usually ineffective
and aesthetically displeasing. Figure 30 depicts the

12Henr'y Vitale and Denton Clark of the Buffaloc District,
U.S. Army Corps of Engineers provided the appraisal of
Operation Foresight and of beach erosion structures,
respectively.
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Table 32. Projects Not Feasible Under Operation Foresight
Criteria - Jefferson County, New York

Minor Civil Division

Area

Alexandria Bay

Brownville

Cape Vincent

Clayton

Ellisburg

Henderson

Hounsfield

Lyme

Orleans

Point Vivian

Swan Bay

Carnege Bay

Alexandria Sanitary Plant

Alexandria Village Business District

Pillar Point

Fox Creek

Mud Creek

Tibbets Point Road

U. S. Coast Guard Station

French Creek Bay
Downtown Business Area

Jefferson Park

Henderson Harbor
Ray Bay
Associlation Island and Causeway

Sackets Harbor Pumping Station
South Shore of Sackets Harbor
Gilmore Shore '
Boulton Beach

Point Peninsula State Park Road Area

Dels Marina Area

Chaumont Bay, Bay Street Area

Isthumas Road Area

State Park Road, Three Mile Point
Road, South Shore Road and
Isthumas Road

Fishers Landing
Seaway Road Area
Collins Landing
Wellesley Island

Source: Copies of letters to each minor civil division
from Corps of Engineers, Buffalo District.
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in Action.
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Man's Efforts

Figure 30.



results of such efforts. In the upper photo the rip-rap in
place may have resulted in accelerated erosion at both ends
of it. 1In the bottom portion of the Figure the junk cars
placed as a temporary wave barrier have in effect destroyed
the amenities associated with a beach.

C. Tlood Plain Management

1. Description

Of the numerous management techniques discussed in
the preceeding chapter there are only four that have been
utilized in the area under consideration. These are zoning
ordinances, subdivision regulations, building codes and the
federal flood insurance program. Only the last of these has
damage reduction as a directly stated objective. However,
the first three can be used to control or restrict man's
activities in order to reduce damages due to high water.

Table 33 lists the minor civil divisions bordering
Lake Ontario and the St. Lawrence River. Listed also is
the current status of zoning ordinances, subdivision
regulations, building codes within each of these units of
government. Table 34 provides the current status of the
federal flood insurance program in each of these minor
civil divisions.

It should be pointed out that the mere enactment of an
ordinance or regulation does not ensure that the objective
of damage reduction is being fulfilled. It does provide
the tools by which the goal can be achieved but this
depends upon the degree of committment the governing bodies
have as evidenced by enforcement. The information provided
in Tables 33 and 34 only reflect the existence of programs
and does not attempt to evaluate their implementation and
enforcement.

2. Evaluation

An evaluation of the effectiveness of flood plain
management techniques is difficult at best. This evaluation
will be based primarily on whether or not management techni-
ques have been implemented by local levels of government.

An implied assumption will be that enactment of ordinances
and regulations also means enforcement. This may or may not
be the case.

Table 35 reflects the percentages of minor civil
divisions that are utilizing various damage reduction
management techniques. As can be seen, those minor civil
divisions in the area serviced by the St. Lawrence-Eastern
Ontario Commission have a participation rate for all four
techniques examined that is well below the rate for the
entire area. For zoning, subdivision regulation and

131

\

B N N T NN D T A BE B BN G R EBE Wl E)



Table 33. Damage Reduction Manégement Techniques Implemented

Zoning Subdivision Building
Ordinance Regulation Code

Minor Civil
Division

In Effect
In Process
In Effect
In Process
In Effect
In Process

None
None

~ None

Cayuga County

V. Fair Haven X X 9/68
T. Sterling X 5/68

Jefferson County

T. Alexandria X
V. Alexandria Bay 9/72

T. Brownville X
V. Brownville X
T. Cape Vincent X
V. Cape Vincent X

V. Chaumont X
T. Clayton X
V. Clayton 10/73.

V. Dexter " X
T. Ellisburg 7/71 X X

V. Ellisburg 10/71 X

V. Glen Park X X

T. Henderson: X X X
T. Hounsfield X : X

T. Lyme X X

V. Mannsville 10/72 .

T. Orleans 4/73 ' X 4/73

V. Sackets Harbor 1971 3/60 X 8/62

Lo ila B Il -l

Oswego County

V. Lacona X

T. Mexico X

V. Mexico 5/57

T. New Haven X

C. Oswego 7/73

T. Oswego 2/74 X
V. Pulaski 5/74 10/57 8/58
T. Richland 7173

T. Sandy Creek X
V. Sandy Creek X
T. Scriba (Proposed) X

6/74

LT I i

54 bd b bd
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Table 33.

Damage Reduction Management Techniques Implemented

Minor Civil
Division

Zoning

Ordinance

In Effect
In Process

None

Subdivision
Regulation

In Effect
In Process

None

Building
Code

In Effect

In Process

None

<
|

r

St. Lawrence County

T.
V.
V.
T.
T.
T.
V.
T.
V.
c.
T.
T.
V.

Hammond
Hammond
Heuvelton
Lisbon
Louisville
Massena
Massena
Morristown
Morristown
Ogdensburg
Oswegatchie
Waddington
Waddington

Monroe County

T.
T.
T.
T.
C.
T.

Greece
Hamlin
IronDequoit
Parma
Rochester
Webster

Niagara County

T.
T.
T.
T.
V.
V.

Newfane
Porter
Somerset
Wilson
Wilson
Youngstown

Orleans County

T.
T.
T.

Carlton
Kendall
Yates

11/70

1971

7/54

1961

1964
1963

1969

1956
1966

b4 M

>

Pobd PG KM

bl ]

11/70

>

11/53

133

L ]
P

Ea T R o B

>4 MM

11/70

8/54

Lo I B

> PR g N4

R

DB P4 KM



Table 33. Damage Reducation Management Techniques Implemented

Zoning Subdivision Building
Ordinance Regulation Code
[2] 4] /]

+ i) E S w LS 0

o o 3} ] 3] ]

Q 8] (] J 1) J

%} (o] g (o] w o

4 S W - w =
Minor Civil F= oy g = ~ g 23} 9 g
Division 5 5 é g 5 g 5 5 g
Wayne County
T. Huron 1973 X X
T. Ontario X X X
T. Sodus 1969 X X
V. Sodus Pt. X X X
T. Williamson 1972 X X
T. Wolcott X X

Source: Data gathered by the St. Lawrence-Eastern Ontario Commission
personnel and verified by Erie-Niagara Regional Planning Board, Genesee/
Finger Lakes Regional Planning Board and Oswego County Planning Board.

building codes, it is less than half the rate of that for
minor civil division in the rest of the area. For flood
insurance program participation it is only 16 percent,
compared to 95 percent for the rest of the area.

Low participation rates, combined with the fact that
the majority of the ordinances and regulations in effect
were passed since 1970 and the fact that eligibility for
the flood insurance program for most of the minor civil
divisions has been established since 1972, indicates
that little effort has been expended by local government
to prevent or reduce damages until very recently. The
results of this are that development has occurred in .
areas where it is not compatible with the environmental
limitations. This has resulted in great amounts of
damage from high water levels.

The effort to implement damage reduction management
techniques now underway by local governmental units will
aid in preventing future damages due to limitation of
development in hazardous areas. These efforts will have
little or no effect on reducing the damages that will be
sustained by the current development. Participation in
the flood insurance program will aid in shifting the
burden of damages to the property owner when, and if,
the insurance rates eventually are tied to the risk
involved and the government discontinues subsidizing the
program.
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Table 34. Federal Flood Insurance Program Participation

STATUS

Minor Civil No Tentively Maps
Division Contact Identified Notified Published Eligible
Cayuga County
V. Fair Haven 2/22/74 4/20/73
T. Sterling X 7/26/74 7/26/74
Jefferson County
T. Alexandria 5/31/74 5/31/74
V. Alexandria Bay 2/22/74 6/21/73
T. Brownville X
V. Brownville 5/10/74 5/10/74
T. Cape Vincent X
V. Cape Vincent 5/24/74 5/24/74
V. Chaumont 5/17/74 5/17/74
T. Clayton 6/14/74 6/14/74
V. Clayton 5/31/74 3/8/74
V. Dexter 7/26/74 7/26/74
T. Ellisburg 4/5/74 5/29/73
V. Ellisburg 8/30/74 8/30/74
V. Glen Park 3/29/74 3/29/74
T. Henderson 8/9/74
T. Hounsfield 8/2/74
T. Lyme X
V. Mannsville X
T. Orleans 5/31/74 6/6/73
V. Sackets Harbor 5/31/74 5/31/74
Oswego County
V. Lacona 11/22/74 11/22/74
T. Mexico X 11/17/74 11/17/74
V. Mexico X :
T. New Haven X 7/19/74 7/19/74
C. Oswego 5/10/74 4/30/73
T. Oswego 5/31/74 5/31/74
V. Pulaski 5/10/74 5/10/74
T. Richland 7/26/74 3/21/74
T. Sandy Creek . 5/24/74 5/24/74
V. Sandy Creek 11/15/74 11/15/74
T. Scriba X 7/19/74 7/19/74
St. Lawrence County
T. Hammond X
V. Hammond X
V. Heuvelton 5/24/74 5/24/74
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Table 34. Federal Flood Insurance Program Participation (con't)

STATUS
Minor Civil Tentively Maps
Division Identified Notified Published Eligible
St. Lawrence County
T. Lisbon 8/16/74 8/16/74
T. Louisville
T. Massena
V. Massena 3/8/74 3/8/74
T. Morristown 9/6/74 9/6/74
V. Morristown 5/31/74 5/31/74
C. Ogdensburg 7/26/74 7/26/74
T. Oswegatchie 9/13/74 9/13/74
T. Waddington
V. Waddington
Monroe County
T. Greece 1/18/74 3/9/73
T. Hamlin 1/18/74 3/2/73
T. IronDequoit 6/28/74 3/16/73
T. Parma 11/9/73 3/9/73
C. Rochester 6/28/74 4/9/73
T. Webster. 6/28/74 3/9/73
Niagara County
T. Newfane 5/17/74 4/10/73
T. Porter 4112174 7/17/74
T. Somerset 3/15/74 5/24/73
T. Wilson 5/17/74 5/21/73
V. Wilson 4/5/74 2/15/74
V. Youngstown 3/1/74 3/30/74
Orleans County
T. Carlton 8/2/74 4/5/73
T. Kendall 4/12/74 3/30/73
T. Yates 6/28/74 6/12/73
Wayne County
T. Huron 7/23/74
T. Ontario 5/31/74 5/15/73
T. Sodus 8/16/74 3/30/73
V. Sodus Pt. 8/31/73 3/9/73
T. Williamson 6/28/74 3/23/73
T. Wolcott 6/28/74 6/28/74
Source: Data gathered by the St. Lawrence-Eastern Ontario Commission

personnel and verified by Erie-Niagara Regional Planning Board, Genesee/
Finger Lakes Regional Planning Board and Oswego County Planning Board.



Table 35. Utilization of Damage Reduction Management Techniques?

% Participation % Participation 7 Participation
Technique in SLEOCb Rest of Area® Total
Zoning
In Effect 36 67 45
In Process 11 0 8
None 53 33 47
Subdivision
Regulation
In Effect . 22 47 30
In Process 7 0 5
None 71 53 65
Building
Codes
In Effect 25 58 35
In Process 2 0 2
None 73 42 63
Flood Imns.
Program o
Eligible 16 95 41

3As of September 1, 1974, Oswego County as of January 8, 1975.

bThe St. Lawrence-Eastern Ontario Commission includes those towns in
Cayuga, Jefferson, St. Lawrence and Oswego Counties bordering Lake
Ontario or the St. Lawrence River.

CThe "rest" includes those towns in Wayne, Monroe, Niagara and Orleans
Counties bordering Lake Ontario.

Source: Adapted from tables 33 and 34.

It appears that local efforts to reduce damages have
been limited when measured by the participation rates in
damage reduction management techniques. It is encouraging
to see efforts have been taken since 1970 and that the
federal flood insurance program, combined with New York
State flood plain management legislation (see Appendix C),
will ensure that additional efforts will be forthcoming
quickly.

Again the point should be made that enactment does not

ensure enforcement. Thus, one must not be misled by
participation rates. A true indication of the efforts made
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must await the test of high water levels. The current
test indicates that insufficient effort has been put forth
as evidenced by the vast amounts of damage done to
structures near or on the flood plains of Lake Ontario and
the St. Lawrence River. .
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Appendix A

Related Studies and Reports

Summarized below are several studies of significance
that have been completed recently and which bear directly
on the topics discussed in this report. Included also
are descriptions of studies known to be currently underway.

A. Studies and Reports Recently Completed -

1. A Strategy for Great Lakes Shoreline Damage
Reduction, The Joint Federal Regional Council - Great Lakes
Basin Commission Task Force for Great Lakes Shorelands
Damage Reduction, March, 197u.

This report was prepared to serve as a focal point
for consideration of the development and implementation of
a strategy for Great Lakes shoreland damage reduction by
the Governors of the Great Lakes States. Emphasis is
directed at identifying an early and sustained action
strategy which can be supported by all levels of government.
The strategy emphasizes proper land use planning on the
one hand and the need to stabilize certain reaches on the
shoreland on the other.

Seven alternatives for action were determined to be
available to reduce erosion and flooding, structural damage,
and resulting losses and hardships. These alternatives were
evaluated against the following set of selection criteria:

a) Shoreland integrity and uniqueness should be
protected and preserved by minimizing the impact of
development;

b) Future losses should be controlled primarily by
nonstructural means;

c) Extensive government financed structural control
measures cannot be justified economically especilally for
the short term. Protection of essential public facilities
and public lands is important now;

d) Major structural control is needed to protect

shoreland resources, to reduce economic losses to private
development and to enhance Great Lakes water quality;
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e) Extensive public funding support is not available
for protection of privately owned propertys

2. Great Lakes Shoreland Damage Reduction Program,
Great Lakes Basin Commission Shore Use and Erosion Work
Group, November, 1973.

This brochure summarizes the status and scope of
Federal programs for minigating shore damages on the Great
Lakes and the interest of the Great Lakes State in the
strategy alternatives for shoreland damage reduction.

The following seven elements of the strategy are
discussed:

a) Further lake regulation to reduce high levels.

b) Structural protection against erosion and flooding,
both permanent and temporary, including methods of reducing
ground water effects on bluffs.

c¢) Regulatory action to modify or avoid any construction
in navigable water which tends to aggravate erosion and
flooding.

d) Remedial measures to modify improperly designed
navigational works and repair accumulated damages.

e) Zoning and structural setback requirements to
prevent further development on vulnerable shorelands.

f) Acquisition and relocation of development from
vulnerable shorelands.

g) Insurance against or reimbursement from other
sources for damage from erosion and flooding.

3. Great Lakes Shoreline Damage, Causes and Protective
Measures, U. S. Army Corps of Engineers, May, 1972.

This report is organized in three parts. Part I
provides a history of lake levels, causes of fluctuations
and, most important, effects of lake level changes on
shorelines. Part II discusses the role of Federal and
State Governments in various activities and responsibilities
on the Great Lakes related to water and shore areas. It
includes information on available data and the sources of
such data. Part III provides a brief discussion of several
emergency type remedial measures, estimates of their cost
and general statements on their applicability to various
typical situations. :
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4. The following four reports resulted from the
National Shoreline Study authorized in 1968 by Congress
to appraise shore erosion and shore protection needs in
the United States.

a) Great Lakes Region Inventory Report, Department
of the Army, Corps of Engineers, North Central Division,
August, 1971.

This is one of nine regional reports. It assesses
the nature and extent of erosion; develops conceptual plans
for needed shore protection; develops general order-of-
magnitude estimates of cost for the selected shore protection
and identifies shore property owners within the Great Lakes
Drainage Basin.

b) Shore Protection Guidelines, Departmenf of the
Army, Corps of Engineers, Washington, D. C., August, 1971.

This report describes typical erosion control measures
and presents examples of shore protection facilities and
criteria for planning shore protection programs.

¢) Shore Management Guidelines, Department of the Army,
Corps of Engineers, Washington, D. C., August, 1971.

Provided in this report is information to assist
decision makers in developing and implementing shore
management programs. Examples of successful management
programs at both the state and local levels are given.

d) Report on the National Shoreline Study, Department
of the Army, August, 1971.

This document is addressed to the'Congress and
summarizes the findings of the study and recommends priori-
ties among problem areas for action to stop erosion.

5. Regulation of Great Lakes Water Levels, Report to
the International Joint Commission by the International
Great Lakes Levels Board, December, 1973.

The purposes of this study were:

a) to review the various factors affecting the
fluctuations of the water levels of the Great Lakes.

b) to determine the feasibility of regulating further
the water levels in the Great Lakes and connecting channels
so as to bring about a more beneficial range of stage and
other improvements.
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¢) to determine the changes in existing works or other
measures within the basin needed .-toc acomplish such
regulation that would be practicable and in the public
interest.

d) to provide an estimate of the costs of such
measures, and

e) to indicate the probable effects, beneficial or
adverse, in each country of any regulation plans or measures
proposed. ‘

In summary form the conclusions were: a) small net
benefits to the Great Lakes system would be achieved by a
new regulation plan for Lake Superior which takes into
consideration the levels of both Lake Superior and Lakes
Michigan - Huron; b) regulation of Lakes Michigan - Huron
by the construction of works in the St. Clair and Detroit
Rivers does not warrant any further consideration; c)
further study is needed of the alternatives for regulating
Lake Erie and improving the regulation of Lake Ontario,
taking into account the full range of supplies received to
date; d) the hydrologic monitoring network of the Great
Lakes Basin should be progressively improved; and e)
appropriate authorities should act to institute land use
zoning and structural setback requirements to reduce future
shoreline damage. :

6. St. Lawrence-Eastern Ontario Shoreline Study,
prepared for the St. Lawrence-LEastern Ontaric Commission
by the State University of New York, College of Environmental
Science and Forestry, April 28, 1972.

Detailed data and information for the St. Lawrence-
Eastern Ontario area as it applies to physiography, geology
and soils, waters, natural vegetation, wildlife, fisheries,
and recreation are presented in seven technical reports
with maps and a summary report. Using the resource data
gathered, developmental suitability was also investigated
with special reference to environmental impact. The report

points out the value of the natural resources to the area and,

furthermore, provides a productivity rating for fisheries
and wildlife habitat and natural vegetation.

7. Great Lakes Framework Study, Great Lakes Basin
Commission, (partially completed).

The Framework Study is the first step toward prepara-
tion of a comprehensive, coordinated joint plan for the
development and utilization of the water and related
resources in the Great Lakes Basin. Included in this report
are the analysis and findings of the federal, state and
local agencies involved in water and related resource
planning and development within the Great Lakes Basin.
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8. Report to Assembly Scientific Staff, Frank
Scieremammano, Jr., February 26, 1973.

The purpose of this report was to explain the operating
procedures used in regulating Lake Ontario water levels,
The outflows for the year and the procedures by which they
were arrived at were reviewed. Criticism of certain aspects
of the operating plan and the 1973 operational procedures
were.stated. It was also shown how alternative actions
might have relieved some of the flooding that occurred on
the Lake in 1973.

9. Shore Erosion On the Great Lakes - St. Lawrence
System, Parts 1, 2 and 3, Government of Canada, 1973.

This report was published in three parts. Part 1,'the
Summary Report, contains a general description of shore
erosion in the Great lLakes - St. Lawrence System and
discusses 1its causes, its nature and location, and its
social and economic implications. Part II of the report,
Shore Erosion in the Great Lakes System, provides a more
detailed description of shore erosion in the Canadian
portion of the Great lakes and St. Lawrence River above
Cornwall. Part III of the report, Shore Erosion on the
St. Lawrence System below Cornwall, describes in detail
shore erosion on the St. Lawrence River and Estuary and
the Quebec shoreline of the Gulf of St. Lawrence.

10. Major Findings and Recommendations of the Tentative
Board Plan. -~ St. Lawrence Basin, St. lLawrence - Franklin
Regional Water Resources Planning Board and New York State
Department of Environmmental Conservation, June, 1974.

Set forth in .this report are the findings and
recommendations of the St. Lawrence - Franklin Regional
Water Resources Planning Board. Recommendation 2 states
that "the International Joint Commission should undertake
a lake level regulation study of the Lake Ontario =~ St.
Lawrence River Subsystem of the Great Lakes with New York
State representation and with objectives of (1) developing
improved 'methods of regulating the subsystem and (2)
developing data on high and low water level conditions for
use in management of shore-line areas which would be
valuable information for the State's Coastal Zone Management
Program."

B. Studies and Reports Underway

1. Lake Ontario Water Level Prediction, The University
of Rochester, Rochester, New York, Frank Sciremammanc, Jr.

An attempt to develop a method of forecasting water

levels 12-18 months in advance will be undertaken. This
method will take advantage of the long lag time (as much as
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three vears) between the onslaught of heavy rains in the
Great Lakes Basin and the consequent change in Lake Ontario
water levels.

The water level time series will be split into two
components. One i1s the long time-scale fluctuations
associated with basin-wide precipitation excess and the
other short term and seasonal components. A deterministic
linear model will be fit to the long term component with
rainfall as the imput. A weighted, lagged combination of
each lake's rainfall will be used as the rainfall imput.
The shorter scale fluctuations will be treated as a
stochastic time series and an attempt will be made to find
a generating process for it. This will yield a long-term
forecast and the statistical bounds within which it is likely
to fall.

2. Engineering Studies For a Contract For Fileld
Investigation of High Water Damages In (Selective) County,
Detroit District, Corps of Engineers.

In this study about 14 counties in the Great Lakes
Basin will be examined in detail for the purpose of deter-
mining economic damages and environmental and social losses
resulting from or associated with the high levels of the
Great Lakes for the period July 1972 to July 1974. The
work shall conform to the general guidelines and detailed
procedures specified herein for collecting, analyzing and
displaying data. These data are needed to evaluate the
positive and negative effects of a large number of Federal
and state programs directed at reducing or mitigating Great
Lakes shore damages.

The activities required as part of the Contract include
development and management of a self-administered shoreland
damage assessment program, follow-up field interviews, on-
site inspections and field surveys, office computations and
analysis, and report preparation. The work shall include
the following tasks: .

a. Compile a list and prepare maps of the complete
riparian shoreline ownership, use and description in the
counties under study. This will involve a complete review
of existing County land records.

b. Design, print and distribute a self-administered
Great Lakes shoreland damage questionnaire to all known
riparian residential shoreland owners and analyze and compile
“the results of the returned questionnaire.

c. Conduct a follow-up personal interview of a random

sample of residential property owners to further support and
evaluate the information provided by the questionnaire.
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d. Conduct a field damage survey of commercial,
industrial, public buildings, transportation facilities,
and public and private utilities and compile the results.

e. Compile a list of existing erosion control and
flood protection structures and provide general evaluations
of their effectiveness including damage reduction benefits,
costs, and condition relationships.

f. Conduct field studies and review topographic maps
to establish high-water marks, areas flooded and depth of
flooding relationships. Tabulate high-water marks and
identify flood-prone areas on maps. '

g. Conduct damage surveys of flood plain areas by
interviewing flood victims. Determine existing flood damages,
damages for a range of stages and damages prevented by
emergency construction. Compile data on damage appraisal
forms and summarize the information on tables.

h. Collect information on shore damages including
newspaper accounts of storm damages and available photo-
graphs of damage areas. Present this information in
appendices to the report.

i. Analyze the short term high-water recession of the
Great Lakes shorelands. Compute the volumetric contribution
of bluff erosion sedimentation to the Great Lakes. Provide
bluff and surf zone profiles. Present information on maps
and charts.

j. Compile available information on the effects of
high-water on recreational opportunities and aesthetic
and environmental values.

k. Prepare maps, charts and graphs to illustrate the
results of the damage survey.

1. Prepare a draft and final report and appendices
in the format specified in this contract. The final report
will be camera ready for printing.

3. The Canada/Ontario Great Lakes Shore Damage Survey
Report, Environment, Canada.

This report will evaluate shoreline damage due to
high water levels and storms during the period November,
1972 to November, 1973 and will recommend subsequent
strategies in shoreline management, planning and shore
protection. Completion Date: November, 1974.
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Appendix B

List of References - Shore Protection Measures

Title

Shore Pfotection Planning
and Design Technical
Report No. 4

Shore Erosion in Ohio

Low Cost Shore Protection
for the Great Lakes, ’
Research Publication No. 3

Shoreland and Flood
Plain Zoning Along
Wisconsin Shore of Lake
Michigan

Great Lakes Shore Erosion
in Michigan-Status Report

Shoreline Erosion Study
Lake Erie Shoreline, Lake
County, Ohio

Flood Plain Information
Ontonagon River, Onton-
agon, Michigan and Lake
Superior Shoreline,
Ontonagon County, Michi-
gan

Great Lakes Shoreland
Damage - Causes and
Protective Measures
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Publishing Agency

Coastal Engineering Research
Center, Corps of Engineers -

State of Ohio, Department of
Natural Resources, Division

of Shore Erosion, February,

1959

University of Michigan Lake
Hydraullics Laboratory in co-
operation with Michigan Water
Resources Commission, reprinted
October, 1959

A. R. Striegl, State of Wiscon-
sin, Department of Natural
Resources, Division of Resource
Development

State of Michigan, Department
of Natural Resources, Water
Resources Commission, June,
1369

State of Ohio, Department of
Natural Resources, August,
1969

Department of the Army, St.
Paul District, Corps of
Engineers, September, 1970

U.S. Army Corps of Engineers,
North Central Division, May
1972



Title

Shore Management Guide-
lines '

Shore Protection Guide-
lines

Help Yourself

Publishing Agency

Dept: of th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>