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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
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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

21



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.

29

A

Il N N I AN N N B B N BN BN B EE EN



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
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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.

37



©
o
NW 25
aom
T
o5
e
-, 8 0
O
- o =g
Y w S -
s 3 5 ®
o
(o) -
QL.E o
Q
= -
&
N
1
_______ \
- ol \

12
e
WA

ONTARIO *

Figure 8 and Accompanying Table: Location of Climatological
Stations - Canadian Portion of Great Lakes Basin. (Source:
Climatological Station Catalogue - Ontario, 1970)
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Location?

Number

(e die SRR e Y I - R FC R SR

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

48



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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‘KQ T
241 c"/ / /
o y
= oo A
& A S ofto
2 Q o
- 239 1A O SIS
4 2384+t 1 m , o
0] ---71-(”---1-'4(-#---- ==+ = o Low Water Datum
— 37 '
1, 11/
/ /
236 -

242 243 244 245 246 247 248
LAKE ONTARIO LEVEL
at Oswego (1.6.L.D. 1955)

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.

54



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
83

-

Erosive

Figure 20.



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.
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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.
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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
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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.
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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

98



BULKHEADS (STEEL OR TIMBER) SEAWALLS

EXISTING SLOPE
G SLop FILTER MATERIAL
REQUIRED FOR TIMBER PILES
SPLASH BACKFILLED WITH SAND

HIGH WATER

HIGH WATER

SHEET STEEL PILING |

CUT-OFF WALL

WOVEN FILTER CLOTH EACLLACLS

BROKEN CONCRETE REVETMENT
— PELL MELL PLACEMENT

STONE REVETMENT

EXISTING SLOPE

HIGH WATER

HIGH WATER

LAKE BED

FILTER MATERIAL

FILTER
MATERIAL

PERCHED BEACH

GABION REVETMENT

e e

STONE FILLED

1x10° GABION TYPE FILL
GABIONS SLOPE X

P/ROTECTION MATTRESS

TYPICAL STONE
OR CONCRETE PIECES

3'x3' GABION
114'x3° GABION
e

'Z“' h{;‘.-

HIGH WATER LEVEL

BACKFILL

HIGH WATER

SAND & GRAVEL

ORIGINAL BOTTOM FILL STONE TOE PROTECTION
(ALTEANATE-GABION TYPE
MATTRESS)

RENO
MATTRESS

OFFSHORE BREAKWATER

IMPERMEABLE GROINS

EXISTING SLOPE

LAKESIDE

E:: 3 x3

i RIP RAP ALONG

! END OF GROIN GABION . HIGH WATER LEVEL
-: \ EXTREME e

2 . 21% x3

i TIENTO.RANG HICH WATER, GABIONS

Bem

E:. 2] : : ORIGINAL

3 ¢ L BOTTOM STONE TOE PROTECTION
2 EXISTING BLANKET. (ALTERNATIVE—
R LAKE 80TTOM GABION TYPE MATTRESS)

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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Steps Steps
1. OAG recommends outflow for 1. OAG recommends outflow for

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.

112



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

123

Il



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.

126



. u

(T)+% 000°0ST (T)« IAX Uoeay 1isapm
yoeag o9s5nNoylysTr
(2) % 000°00T (T)s AIx yoeoy 3isejg
yoeag UOSpPTIAER(]
(T)= 000°00T (Dx IIIX yoeay 3isapm
yoeag UOSPTABQ PWJAR JO UMQJT
X yoeay 1s°M
yorag rwolnom
000°¢ 000°00S 6LC THT XI yoesy
usaAry Jauung
000°2 000°00S §9L°“h9 IITA Yyoeay
S2d0y 24J0Ys
AI yoesy
(2) ®eaay
yoesg ODMBN
004°2 00000 HTh 602 I yoeay
’ vady 31ueTd
Jo3em 3dodyooag UTTWeH JO UMOJ
°0) 90JdUOK
000°¢z 000°00S th0€0ST yoesag sauop *0) Ssue9TaQ
00§ 000°00T GLh®9s 1s9M JOqJeH 3309710
00T°T 000°00S§ 299°hST jsed aodquel 3130910 *0) eae3elN
058 000°00T 11,08 juTod Uusdang Uep '+0) endneineyp
(°*1J) uotio=ioad paiusaAldd 3S0D roay uoT3e007]
JOo y3Bus] so3eureq pejewrisyg
peiewrisy
sasouTt8ul Jo sdao) Away °*S N - s3odload v&mwww&omAQOHpm&omo *T¢ O9Tgel

127



*310TJASTI(C OoTeJing ‘sassautdul jo sdao) :20anog

,0062 YaBus] Te3olsx (2)
99£°ELTS 3OBAIUOD DUO TTVs (T)

00S§ 000°08H §5Z2°L8 FUTOd °TTW SUIN Jd231sdeaM JO umoj]

*0) 20JUOK

00t 000°0ST 9h9“H0T AIXX yoeay
yoead MOTAPURIY ®
(Z)s 000°0¢ (D)= XIX yoeay 3sap o~
yoeag noiTuel 2099u9 JO UMO]J
*0) P0JUO|
(2)% 000°0ST (T)x IIAX Yyoeay

jurog sn3og

(*1J) uorioa3o0dgd pa3jusaaadg 1s0) raay UoT3®007]
Jo y3Buem se3rweq poaruTisyg
palewrisi

(3,U02) saesutdug yo sdao) Away °*S ‘N - sidoelfoad IyS8Tssaog uorieaadp - Te 219BlL



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
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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
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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.

13u



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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Natural Resources, Division of Shore Erosion, 1959.

Shore Management Guidelines, Dept. of the Army, Corps
of Engineers, Washington, D. C., August, 1971.

Shore Protection Guidelines, Dept. of the Army, Corps
of Engineers, Washington, D. C., August, 1971.

Shore Protection Planning and Design, Technical Report
No. U4, Coastal Engineering Research Center, Corps of
Engineers.

Shoreland and Flood Plain Zoning Along Wisconsin Shores
of Lakes Michigan, A. R. Striegl, State of Wisconsin,
Dept. of Natural Resources, Division of Resource
Development.
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40.

41.

42.

43,

yy,

45.

46.

Shoreline Frosion Study, lLake Erie Shoreline, Lake
County, Ohio, State of Ohio, Dept. of Natural Resources,
August, 1969,

Water Levels 1972, Department of the Environment, Canada,
Volume 1, Inland, 1973.

Water Levels on Lake Ontario: A Fact Sheet, U. S. Army
Corps of Engineers, Buffalo District, June, 1974.

Water Quality and Its Control in the Ottawa River, Volume
1, Ontario Water Rescources Commission and the Quebec
Water Board, 1971.

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

What Actually Happened This Past Spring, Final Narrative
Report, Lawrence Leopold, Sea Grant Advisory Service,
Brockport, N. Y., August, 1973.

Help Yourself, Dept. of the Army, Corps of Engineers,
North Central Division.
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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 the Army, Corps of

Engineers, Washington, D. C.

August 1971

Dept. of the Army, Corps of

Engineers, Washington, D. C.

August 1971
Dept. of the Army, Corps of

Engineers, North Central
Division
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Appendix C

National Flood Insurance Program

I. Backgfound

The National Flood Insurance Program was first
established through passage of Federal Legislation entitled
the National Flood Insurance Act of 1968. The most recent
expansion of this program is incorporated in the Flood
Disaster Protection Act of 1973, which was signed into law
by the President on December 31, 1973.

IT. Program Purpose

The stated purpose of this program is to provide
better protection to the public and to reduce annual
disaster assistance outlays through the increased
availability of flood insurance.

ITI. The Program Objectives Are:

A. to implement land use controls (in flood-erosion
hazard zones) designed to prevent those types of land use
and/or construction that are prone to damage due to flooding,
the erosive action of streams and lakes, mud slides, etc.

B. +to make federally subsidized flood damage
insurance available to persons owning property within
identified flood hazard zones within communities or
municipalities that adopt and enforce adequate flood
hazard zone land use controls.

IV. Main Provisions

A. Requirements for Program Qualification - Local
Government. A unit of local government may become qualified
for participation in the Federal Flood Insurance Program by:

1. providing satisfactory proof that they currently
enforce flood hazard zone land use controls satisfactory
to The Department of Housing and Urban Development (HUD)
requirements; or '

2. 1f such controls are not in effect, by:

a. cooperating with HUD in the identification and
mapping of flood hazard zones within the municipality;
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b. enacting a building permit review system
requiring a permit for construction on all lands within
the municipality - including those in identified flood
hazard zones;

¢. 1local governing officials meeting in session
pass resolutions to the effect: 1) that the government unit
recognizes the existence of a flooding problem within its
municipal boundaries and expresses its desire to comply with
future improvement measures, and 2) that instructions are
established and directed to an enforcement officer who is
charged with the review of permits for construction within
flcod hazard areas;

d. making a formal application to HUD for inclusion
in the Federal Flood Insurance Program;

e. complying with any resulting further specifi-
cations by HUD for qualification; or,

3. if the municipality fails to seek inclusion in the
Federal Flood Insurance Program (in New York State) and
is found by HUD to have flood hazard zone(s) within its
political boundaries:

a. if a municipality fails to seek inclusion
in the program by mid-1975, the New York State Department
of Environmental Conservation (by legislative authority)
shall prescribe appropriate land use controls for that
municipality thus qualifying the residents of that munici-
pality for participation in the Federal Flood Insurance
Program (subsidized flood damage insurance).

B. Requirements for Eligibility - Property Owners

Property owners may become eligible for purchase of
subsidized flood damage insurance when the municipality
their property is located in has been qualified by HUD for
participation in the Federal Flood Insurance Program.

C. Sanctions

Sanctions will be imposed upon municipalities with
identified flood hazard zones that fail to qualify for
inclusion in the Federal Flcod Insurance Program. The
primary sanction prohibits lending institutions controlled
by Federal regulations to lend money for construction or
renovation within the hazard area of municipalities that
have not qualified for the program. In addition, flood
insurance, if available, must be purchased in connection
with Federally related financing of projects in identified
flood~-prone areas as a condition for Federal assistance
in times of disasters.
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D. Subsidized Flood Damage Insurance Coverage
Available

Following are listed the maximum amounts of
subsidized insurance available, by type of structure,
under the current insurance program:

Structure Contents

Type Maximum Cost/ Maximum Cost/
Structure Coverage $100 Coverage = $100
Single Family

Residence $ 35,000 $.25 - $ 10,000 $.35
Apartment House $100,000 $.40 $ 10,000 $.u0
Non-Residential

Structure - 8100,000 .40 $100,000 $.75

V. Participating Agencies

Federal: Department of Housing and Urban
Development
Federal Insurance Administration
Washington, D. C. 20010

New York State: The NYS Dept. of Environmental
Conservation
Office of Program Development,
Planning and Research Programming and

Analysis Bureau
50 Wolf Road :
Albany, New York 12201

VI. References

A. Enabling Legislation

1. Federal

National Flood Insurance Act of 1968 as Amended
(enacted by Housing and Urban Development Act of 1968)
Public Law 90-448, approved August 1, 1968.

Housing and Urban Development Act of 1969 Public
Law 91-152, approved December 24, 1969.

" Flood Disaster Protection Act of 1973 Public Law
93-234, approved December 31, 1973.

2. New York State

Chapter 839

(Laws of 1974 - Article 36 of the Environmental
Conservation Law)
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B. Key Publications Reldted to the National Flood
Insurance Program, Flood Damage, Flood Plain Management,
and Land Use Controls Related to Flood Hazard Reductilon

1. "A Guide to Planning and Zoning Laws of New York
State," revised, December, 1973, State of New York, Office
of Planning Services, available New York State Office of
Planning Services, Albany, New York, or National Technical
Information Center, 5285 Port Royal Road, Springfield, VA,
22151, 115 pp.

2. "Community Response to Flood Risks," and "Federal
Flood Insurance," Compiler, Lyle S. Raymond, Jr., Extension
Associate, Water Resources, Cooperative Extension, New York
State, Cornell University, State University of New York,
Ithaca, New York, October, 1972, 35 pp., illus.

3. "Flood Plain Management -~ A challenge for the State,"
Water Resources Commission, Division of Water Resources,
New York State Conservation Department, July, 1967, 104 pp.,
illus.

4., "Flood Plain Management and the National Flood
Insurance Program,”" NYS Dept. of Environmental Conservation,
Albany, New York, 12201, 17 pp., illus.

5. "Flood Plain Information," prepared for Broome
County (New York) Legislature by Baltimore District, Corps
of Engineers, December, 1969 (Susquehanna and Chenango
Rivers), 57 pp., illus.

6. "Model Zoning Ordinances for Flood Hazard Areas,"
New York State Department of Environmental Conservation and
New York State Office of Planning Services, Albany, New York,
13 pp., 1llus.

7. "Regulation of Flood Hazard Areas to Reduce Flood
~Losses," United States Water Resources Council, 2120 L Street,
N.W., Washington, D. C. 20037. Available in two volumes:
Volume 1, 578 pp. Volume 2, 389 pp., illus. Available for
purchase from the Superintendent of Documents, U. S.
Government Printing Office, Washington, D. C. 20402,
(Volume 1 costs $2.50; Volume 2 costs $2.00, FSN 5245-0010).

8. "The National Flood Insurance Program," U.S. Dept.

of Housing and Urban Development, Washington, D. C., June,
1973.
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AFPPENDIX D

OFFICE CONSOLIDATION OF ORDER
OF APPROVAL

October 29, 1952

as amended by
Order of Approval, July 2, 1956
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Appendix D
Office Consolidation of Order of Approval1

The attached Office Consolidation has been prepared
for the convenience of persons who have occasion to refer
to these two Order of the Commission. It has no official
status and in case of any discrepency between it and the
actual Order, the terms of the Order shall prevail.

O0ffice Consolidation

INTERNATIONAL JOINT COMMISSION

IN THE MATTER OF THE APPLICATIONS OF THE GOVERNMENT OF
CANADA AND THE GOVERNMENT OF THE UNITED STATES OF AMERICA
FOR AN ORDER OF APPROVAL OF THE CONSTRUCTION OF CERTAIN
WORKS FOR DEVELOPMENT OF POWER IN THE INTERNATIONAL RAPIDS
SECTION'OF THE ST. LAWRENCE RIVER

ORDER OF APPROVAL

WHEREAS the Government of Canada and the Government
of the United States of America under date of 30 June, 1952,
have submitted Applications to the International Joint
Commission (hereinafter referred to as the "Commission") for
its approval of the construction, jointly be entities to be
designated by the respective Governments, of certain works
for the development of power in the International Rapids
Section of the St. Lawrence River, these being boundary
waters within the meaning of the Preliminary Article of the
Boundary Waters Treaty of 11 January, 1909 (hereinafter
referred to as the "Treaty"), and of the construction,
maintenance and operation of such works subject to and
under conditions specified in the Applications, and have
requested that the Applications be considered by the
Commission as in the nature of a joint application; and

WHEREAS pursuant to the aforementioned request
of the two Governments, the Commission is considering the
two Applications as in the nature of a joint application;
and

1This 0ffice Consolidation was provided by The International
Joint Commission.
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WHEREAS notices that the Applications had been filed
were published in accordance with the Rules of Procedure of
the Commission; and

WHEREAS Statements in Response to the Applications and
Statements in Reply thereto by both Applicants were filed
in accordance with the Rules of the Commission; and

WHEREAS pursuant to published notices, hearings were
held by the Commission at Toronto, Ontaric, on 23 July, 19523
at Ogdensburg, New York, on 24 July, 1952; at Cornwall,
Ontario, on 25 July, 1952; at Albany, New York, on 3 September,
1952; at Montreal, Quebec, on 8 September, 1952; and at
Washington, D.C., on 20 October, 1952; and

WHEREAS by reason of the said notices of the said
applications and hearings, all persons interested were
afforded convenient opportunities of presenting evidence
to and being heard before the Commission; and.

WHEREAS, pursuant to the said Applications, the
hearings before, the evidence given, and material filed
with the Commission, the Commission is satisfied that the
proposed works and uses of the waters of the International
Rapids Section comply with the principles by which the
Commission is governed as adopted by the High Contracting
Parties in Article VIII of the Treatys; and

WHEREAS the Commission has been informed that the
Government of Canada has designated The Hydro-Electric
Power Commission of Ontario as the entity to construct,
maintain and operate the proposed works in Canada, and that
the Government of the United States intends in due course
to designate the entity to construct, maintain and operate
the works in the United States; and

WHEREAS the program of construction of the works,
as proposed by the Applicants, includes the removal of
Gut Dam from the International Rapids Section and the
Government of Canada has informed the Commigsion that it
is its intention to take steps for the early removal of
Gut Dam as soon as the construction of the proposed works
is approved and as soon as river conditions and the protec-
tidn of down river and other interests that will be
affected during its removal will permit, thereby advancing
the time of removal of Gut Dam; and

WHEREAS the Commission finds that suitable and
adequate provision is made by the laws in Canada and by the
Constitution and laws in the United States for the
protection and indemnity of all interests on either
side of the International Boundary which may be injured
by reason of the construction, maintenance and operation
of the works; and
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WHEREAS the Commission finds that it has juris-
diction to hear and dispose of the Applications by approval
thereof in the manner and subject to the conditions
hereinafter set out;

NOW, THEREFORE, IT IS ORDERED that the construction,
maintenance and operation jointly by The Hydro-Electric
Power Commission of Ontario and an entity to be designated
by the Government of the United States of America of
certain works (hereinafter called '"the works") in accordance
with the "Controlled Single Stage Project (238-242)", which
was part of the joint report dated 3 January, 1941, of
the Canadian Temporary Great Lakes-St. Lawrence Basin
Committee and the United States St. Lawrence Advisory
Committee, containing the features described in Appendix "A"
to this Order and shown in Appendix "B" to this Order, be
and the same are hereby approved subject to the conditions
enumerated below, namely,

(a) All interests on either side of the International
Boundary which are injured by reason of the construc-
tion, maintenance and operation of the works shall
be given suitable and adequate protection and
indemnity in accordance with the laws in Canada
or the Constitution and laws in the United States
respectively, and in accordance with the require-
ments of Article VIII of the Treaty.

(b) The works shall be so planned, located, constructed,
maintained and operated as not to conflict with
or restrain uses of the waters of the St. Lawrence
River for purposes given preference over uses of
water for power purposes by the Treaty, namely,
uses for domestic and sanitary purposes and uses
for navigation,. including the service of canals
for the purposes of navigation, and shall be so
planned, located, constructed, maintained and
operated as to give effect to the provisions of
this Order.

(¢) The works shall be constructed, maintained and
operated in such manner as to safeguard the rights
and lawful interests of others engaged or to be
engaged in the development of power in the St.
Lawrence River below the International Rapids
Section.

(d) The works shall be so designed, constructed,
maintained and operated as to safeguard so far as
possible the rights of all interests affected by
the levels of the St. Lawrence River upstream
from the Iroquois regulatory structure and by the
levels of Lake Ontario and the lower Niagara River;
and any change in levels resulting from the works
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(e)

(£)

(g)

which injuriously affects such rights shall be
subject to the requirements of paragraph (a)

‘relating to protection and indemnification.

The hydro-electric plants approved by this Order
shall not be subjected to operating rules and
procedures more rigorous than are necessary to
comply with the provisions of the foregoing
paragraphs (b), (e¢) and (d).

Before The Hydro-Electric Power Commission of
Ontario commences the construction of any part of
the works, it shall submit to the Government of
Canada, and before the entity designated by the
Government of the United States commences the
construction of any part of the works, it shall
submit to the Government of the United States, for
approval in writing, detailed plans and specifica-
tions of that part of the works located in their
respective countries and details of the program

of construction thereof or such details of such
plans and specifications or programs of construc-
tion relating thereto as the respective Governments
may require. If after any plan, specification or
program has been so approved, The Hydro-Electric
Power Commission of Ontario or the entity designated
by the Government of the United States wishes to
make any change therein, it shall, before adopting
such change, submit the changed plan, specification
or program for approval in a like manner.

In accordance with the Applications, the establish-
ment by the Governments of Canada and of the United
States of a Jcint Board of Engineers to be known

as the St. Lawrence River Joint Board of Engineers
(hereinafter referred to as the "Joint Board of
Engineers") consisting of an equal number of
representatives of Canada and the United States

to be designated by the respective Governments,

is approved. The dutles of the Joint Board of
IEngineers shall be to review and coordinate, and,
if both Governments so authorize, approve the plans
and specifications of the works and the programs

of construction thereof submitted for the approval
of the respective Governments as specified above,
and to assure the construction of the works in
accordance therewith as approved. The Joint Board
of Engineers shall consult with and keep the

Board of Control, hereinafter referred to,
currently informed on all matters pertaining

to the water levels of Lake Ontario and the
International Rapids Section and the regulation of
the discharge of water from Lake Ontaric and the
flow of water through the International Rapids
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(h)

(i)

Section, and shall give full consideration to any
advice or recommendations received from the Board
of Control with respect thereto.

A Board of Control to be knewn as the International
St. Lawrence River Board of Control (herein
referred to as the "Board of Control") consisting
of an equal number of representatives of Canada

and of the United States, shall be established by
this Commission. The duties of the Board of
Control shall be to give effect to the instructions
of the Commission as issued from time to time with
respect to this Order.

During constructicn of the works the duties of the
Board of Control shall be to keep itself currently
informed of the plans of the Joint Board of
Engineers insofar as these plans relate to water
levels and the regulation of the discharge of
water from Lake Ontario and the flow of water
through the International ‘-Rapids Section, and to
consult with and advise the Joint Board of
Engineers thereon.

Upon completion of the works, the duties of the
Board of Control shall be to ensure that the
provisions of this Order relating to water levels
and the regulation of the discharge of water from
Lake Ontario and the flow of water through the
International Rapids Section as herein set out are
complied with, and The Hydro-Electric Power
Commission of Ontario and the entity designated by
the Government of the United States shall duly
observe any direction given them by the Board of
Control for the purpose of ensuring such compliance.
The Board of Control shall report to the Commission
at such times as the Commission may determine.

In the event of any disagreement amongst the
members of the Board of Control which they are
unable to resolve, the matter shall be referred

by them to the Commissiocn for decision. The

Board of Control may, at any time, make represen-
tations to the Commission in regard to any matter
affecting or arising out of the terms of this
Order with respect to water levels and the regula-
tion of the said discharge and flow.

Upon the completion of the works, the discharge of
water from Lake Ontario and the flow of water
through the International Rapids Section shall be
regulated to meet the requirements of conditions
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As amended
2 July 1956

(b), (c), and (d) hereof; shall be regulated
within a range of stage from elevation 244.0 feet®
(navigation season) to elevation 2u48.0 feet, as
nearly as may be; anc shall be regulated in
accordance with the z2riteria set forth in the
Commission's letters of 17 March 1955 to the
Governments of Canada and the United States of
America and approved by the said governments in
their letters of 3 December 1955 and qualified, by
the terms of separate letters from the Government
of Canada and the Government of the United States
of America dated 11 April 1956 and 1 May 1956,
respectively, to the extent that these letters
agree that the criteria are intended to establish

standards which would be maintained with the minimum

variation. The project works shall be operated in
such a manner as to provide no less protection for
navigation and riparian interests downstream than
would have occurred under pre-project conditions
and with supplies of the past as adjusted, as
defined in criterion (a) herein. The Commission
will indicate in an appropriate fashion, as the
occasion may require, the inter-relationship of
the criteria, the range of elevations and the
other requirements.

The criteria are as follows:

(a) The regulated outflow from Lake Ontario
from 1 April to 15 December shall be such as
not to reduce the minimum level of Montreal
Harbour below that which would have occurred in
the past with the supplies to Lake Ontario since
1860 adjusted to a condition assuming a continuous
diversion out of the Great Lakes Basin of
3,100 cubic feet per second at Chicago and a
continuous diversion into the Great Lakes Basin
of 5,000 cubic feet per second from the Albany
River Basin (hereinafter called the "supplies
of the past as adjusted").

(b) The regulated winter outflows from Lake
Ontario from 15 December to 31 March shall be
as large as feasible and shall be maintained so
that the difficulties of winter power operation
are minimized.

(c¢) The regulated outflow from Lake Ontario
during the annual spring break-up in Montreal
Harbour and in the river downstream shall not
be greater than would have occurred assuming
supplies of the past as adjusted.

* All elevations mentioned in this Order are stated in
relation to the United States Lake Survey 1935 datum.
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(d) The regulated outflow from Lake Ontario
during the annual flood discharge from the
Ottawa River shall not be greater than would
have occurred assuming supplies of the past as
adjusted.

(e) Consistent with other requirements, the
minimum regulated monthly outflow from Lake
Ontario shall be such as to secure the maximum
dependable flow for power.

(f) Consistent with other requirements,
the maximum regulated outflow from Lake Ontario
shall be maintained as low as possible to reduce
channel excavations to a minimum.

(g) Consistent with other requirements, the
levels of Lake Ontario 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.

(h) The regulated monthly mean level of
Lake Ontario shall not exceed elevation 2u48.0
with the supplies of the past as adjusted.

(i) Under regulation, the frequency of
occurrences of monthly mean elevations of
approximately 247.0 and higher on Lake Ontario
shall be less than would have occurred in the
past with the supplies of the past as adjusted
and with present channel conditions in the
Galops Rapids Section of the Saint Lawrence
River.#®

(j) The regulated level of Lake Ontario on
1 April shall not be lower than elevation 244.0.
The regulated monthly mean level of the lake
from 1 April to 30 November shall be maintained
at or above elevation 2u44.0.

(k) 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.
In the event of supplies less than the supplies

* '"present channel conditions" refers to conditions as
of March 1955.
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(32

of the past as adjusted, the works in the
International Rapids Section shall be operated
to provide all possible relief to navigation
and power interests.s

The flow of water through the International Rapids
Section in any period shall equal the discharge of
water from Lake Ontario as determined for that
period in accordance with a plan of regulation
which, in the judgment of the Commission, satisfies
the afore-mentioned requirements, range of stage
and criteria and when applied to the channels as
determined in accordance with Appendix A hereto
produces no more critical governing velocities than
those specified in that appendix, nor more critical
governing water surface profiles than those
established by Plan of Regulation 12-A-S, when
applied to the channels as determined in accordance
with Appendix A hereto, and shall be maintained

as uniformly as possible throughout that period.

Subject to the requirements of conditions (b), (c)
and (d) hereof, and of the range of stage, and
criteria, above written, the Board of Control,
after obtaining the approval of the Commission, may
temporarily modify or change the restrictions as

to discharge of water from Lake Ontario and the
flow of water through the International Rapids
Section for the purpose of determining what modifica-
tions or changes in the plan of regulation may be
advisable. The Board of Control shall report to
the Commission the results of such experiments,
together with its recommendations as to any
changes or modifications in the plan of regulation.
When the plan of regulation has been perfected so
as best to meet the requirements of all interests,
within the range of stage and criteria above
defined, the Commission will recommend to the

two Governments that it be made permanent and, if
the two Governments thereafter agree, such plan of
regulation shall be given effect as if contained
in this order. ’

Subject as hereinafter provided, upon completion

of the works, the works shall be operated initially
for a test period of ten years, or such shorter
period as may be approved by the Commission with the
forebay water level at the power houses held at a
maximum elevation of 238.0 feet, sea level datum.
Subject to the requirements of paragraphs (b),

(¢) and (d) hereof, the Board of Control, after
obtaining the approval of the Commission, may
temporarily modify or change the said forebay water
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(k)

(D)

(m)

level in order to carry out experiments for the
purpose of determining whether it is advisable

to increase the forebay water level at the power
houses to a maximum elevation exceeding 238.0 feet.
If the Board of Control, as a result of these
experiments considers that operation during this
test period at a maximum elevation exceeding

238.0 feet would be advisable, and so recommends,
the Commission will consider authorizing operation
during this test period at a maximum elevation
exceeding 238.0 feet. At the end of this test

‘period, the Commission will make such recommendations

to the two Governments with respect to a permanent
forebay water level as it deems advisable or it

may recommend an extension of the test period.

Such of these recommendations as the two Governments
thereafter agree to adopt shall be given effect as
if contained in this Order.

The Hydro-Electric Power Commission of Ontario

and the entity designated by the Government of the
United States shall maintain and supply for the
information of the Board of Control accurate
records relating to water levels and the discharge
of water through the works and the regulation of the
flow of water through the International Rapids
Section, as the Board of Control may determine to
be suitable and necessary, and shall install such
gauges, carry out such measurements, and perform
such other services as the Board may deem necessary
for these purposes.

The Board of Control shall report to the Commission
as of 31 December each year on the effect, if any,
of the operation of the downstream hydro-electric
power plants and related structures on the tailwater
elevations at the hydro-electric power plants
approved by this Order.

The Government of Canada shall proceed forthwith
to carry out its expressed intention to remove
Gut Dam.

AND IT IS FURTHER ORDERED that the allocation

set our in Appendix "C" of the costs of constructing,
maintaining and operating the works approved by this Order
between The Hydro-Electric Power Commission of Ontario and
the entity to be designated by the Government of the United
States be and the same is hereby approved but such approval
shall not preclude the Applicants from submitting to the
Commission for approval any variation in the said allocation
that may be agreed upon between them as being appropriate

or advisable.
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AND IT IS FURTHER ORDERED that the Commission retains

jurisdiction over the subject matter of these Applications,
and may, after giving such notice and opportunity to all
interested parties to make representations as the Commission
deems appropriate, make such further Order or Orders
relating thereto as may be necessary in the judgment of the
Commission.

Signed at Montreal, this 29th day of October, 1952.

(Signed) A. G. L. McNaughton
A. 0., Stanley
Geo. Spence
Eugene W. Weber

J. Lucien Dansereau

Commissioner McWhorter dissenting.
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APPENDIX E
DESCRIPTION OF PLAN OF CONTROL

1958-D

170



APPENDIX E

Description of Plan of Control 1958-D

I. Criteria Under Which Plan 1958-D Operates

Plan 1958-D was developed to respect the criteria
set forth in the Order of Approval of 29 October 1952
(See Appendix D).

IT. Gener‘al1

Artificial control of the outflows and levels of Lake
Ontario must follow a plan that is designed to satisfy the
criteria and other requirements that have been established
to protect or to provide advantages to the various interests
concerned. By testing a plan over the period of record,
employing the supplies of the past as adjusted, assessment
may be made of the degree to which a plan will satisfy
the criteria and other requirements and of the probable
effects of regulation under the plan in the future.

Plan 1958-D consists of a supply indicator, two basic
rule curves, shown as Tigures 1 and 2, seasonal adjustments
tabulated on Table 1 and a number of maximum and minimum
outflow limitations shown on Figure 3 and Table 1.2 1In the
application of Plan 1958-D, the regulated Lake Ontario out-
flow is obtained in three steps. In the first step the
basic regulated outflow is derived from the family of curves
on Figure 1 or Figure 2 which shows the basic regulated
outflow as a function of the end-of-period Lake Ontarioc
level and the "adjusted supply indicator." In the second
step the basic regulated outflow is adjusted by applying
the seasonal adjustment tabulated in Table 1. In the
third step the resultant seasonal adjusted outflow is
compared with the maximum and minimum outflow limitations
shown on Figure 3 and Table 1 which have been chosen to

1This description is taken primarily from Regulation of

Lake Ontario (Plan 1958-D), Report to the International
Joint Commission by the St. Lawrence Board of Control,

July 19863.

2Figures and Tables referenced refer .o those included in
this Appendix.
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MINIMUM FLOW LIMITATIONS MAXTIUM FLOW LIMITATIONS
SEASONAL
£ | wezowrsp | ApgUSTVENT Add to Supply For For Ice Add to Supply
MONTH ﬁ NORMAL TO BASIC Indicator a}; End inimum Gharmel Formation Indicator a?. End
= SUPPLY RULE of Preceding b g ﬁ N L ‘h' of Preceding
OUTFLOY Period esign achine Period
(P)* (M) (L) (1) (p)
1 2 3 4 5 6 7 8 g
JANUARY 1 234 0 - 210 -
2 234 - 6 210 - -
3 233 - 6 210 - -
4 233 - 6 - 210 - -
FEBRUARY 1 233 - 6 - 207 - 248
2 223 - 6 - 207 - 248
3 233 - 6 - 207 - 248
4 233 - 6 - 207 248
MARCH 1 233 - 6 - 204 248
2 235 - 6 - 204 - 248
3 237 - 6 - 204 - 248
4 242 - 6 - 204 248
APRIL 1 246 - 8 188 - 248
2 249 - 10 - 188 - 253
3 252 - 12 188 - 257 9
4 254 - 14 - 188 - 259 § 2
MAY 1 257 - 16 - 188 - 261 .+ 8
2 258 - 18 - 138 - 263 & &
3 260 - 20 227* 188 - 265 o o
4 261 - 20 232% 188 o~ - 266§ 8
JUNE 1 262 - 20 237% 190 - 267 g 3
2 262 - 20 242% 190 - 267 £ ©
3 263 - 20 245% 190 = - 268 ™ g s
4 263 - 20 247+ 190 - 268 §.g s
JULY 1 262 ~ 18 249% 193 = - 268 3 28
2 262 - 16 251% 193 « - 267 8 fci
3 " 261 -1 252% 193 - 266 g 8%
4 259 12 253* 193 .4 - 265 &
AUGUST 1 258 10 254% 193 - -
2 256 - 8 255% 193 o - -
3 254 - 6 256% 193 - -
% 252 - 4 256% 193 - -
SEPTEMBER | 1 250 -2 256% 193 - -
2 248 ) 256% 193 - -
3 246 + 2 255% 193 -
4 244 + 2 252+ 193 -
OCTCBER 1 243 + 2 249+% 193
2 241 + 2 247% 193
3 239 + 2 245% 193 - -
r 228 + 4 243% 193 - -
NOVEMBER 1 237 + 4 241% 198 - -
2 236 + 6 240% 198
3 235 + 6 239+% 198 -
4 235 + 8 238¢ 198 - -
DECEMBER 1 235 + 8 238% 210 -
2 235 + 8 238 210 - -
3 234 + 6 - 210 280 from
A 234 + 6 - 210 Lake St. -
Leouis

*If sum exceeds (225 - 1/6 1) where I is the difference between the outflows of Lake St. Louis and Lake Ontario
for preceding quarter, use (225 - 1/6 1} (P).

Table 1.
Feet Per Second (Source:
tional St. Lawrence River Board of Control.)

Table of Normal Supply Indices and Flow Limitations in Thousands of Cubic
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meet various requirements of regulation. These outflow
limitations vary throughout the year. If the seasonal
adjusted outflow is between the minimum and maximum
limitations for the period, it is adopted as the regulated
outflow. If it is higher than the maximum limitation or
lower than the minimum limitation, the applicable outflow
limitation is adopted as the regulated outflow. A sampile
computation sheet and explanation is presented on Figure Uu.

The features and procedures of Plan 1958-D3 are
described below.

IIT. Supply Indicies

To make most effective use of the storage available on
Lake Ontario, it is necessary to vary the regulated outflow
according to some estimate of future water supply conditions.
Approximately 85% of the average water supply to Lake
Ontario comes from the upper Great Lakes where it is subjected
to the regulatory influence of the large surface areas of
the lakes. This component of the water supply changes very
slowly so that reasonably accurate seasonal forecasts of it
are practicable. The remaining 15% of the average water
supply originates in the local drainage basin and fluctuates
widely and it is not possible to predict this component with
any degree of accuracy with presently available data and
techniques.

In the selection of a factor to be used as an indication
of future supplies, the following considerations were taken
into account: ‘

(i) It must use data which have some relationship to
supply conditions and which are available for the period of
record. The data should be adjusted to present conditions
of diversions and should be properly coordinated. At
present the best available data are the total water supplies
to Lake Ontario.

(1ii) Because the water supply to Lake Ontario from the
upper Great Lakes varies approximately with the quantity of
water stored in the lakes which must eventually reach Lake
Ontario, it is possible to get a fairly good indication of
future supplies by a procedure which gives due weight to
the magnitude and sequence of the total water supplies that
have already occurred. The supplies must be weighted in such
a manner that the resultant supply indicator is sensitive
enough to indicate the beginning of a significant long-term

3Plan 1958-C was revised to form Plan 1958-D with the
explicit objective of improving the water levels in Montreal
Harbour to the extent consistent with all requirements of
the Orders of Approval.
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supply change but not so sensitive as to give any appreciable
weight to short-term supply changes which provide an
erroneous indication of future supplies, such as those

caused by ice jams in the Niagara River and winter floods

and early freeze-ups in the local drainage basin.

(iii) The computation of the supply indicator should
be simple. Since the data are used only as an indication
of future supplies, a great amount of elaboration is not
required.

A simple method of weighting past supplies is by means
of standard routing procedures based on the storage
equation:

Inflow - Outflow = Changes in storage

By manipulation of the storage equation, the following
equality can be obtained:

0, = (T - 01) + X0

k

where 0O, outflow at the end of the periocd
071 = outflow at the end of the preceding period
T = mean supply for period

change in storage , 0.5
k =* change in outflow ’

This equation is used to compute progressively the routed
outflows which by definition are the "weighted supplies.”

The value of k can be chosen to give any desired
weight to the sequence and magnitude of past supplies. If
k were made equal to 1, the weighted supply would equal
the mean supply for the preceding period. As k is increased,
more weight is given to the more remote supplies and the
weighted supply becomes less sensitive to recent supply
changes.

. . _change in storage
As previously defined, Xk = Shange In outflow

It can be seen that k is constant when both the storage
and outflow bear a linear relationship to each other. For
convenience in setting outflow limitations (discussed
hereafter), the value of k was chosen so that the weighted
supply would approximate the preproject outflow from Lake
Ontario with no ice retardation. For this condition with
a one-foot change in stage on Lake Ontario -

+ 0.5.
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20,000 cubic feet per second

change in outflow
approximately

80,000 cubic feet per second for
one month

change in storage
= 320,000 cubic feet per second for
one quarter-month

= 348,000 cubic feet per second for
one week

Use of these quantities results in values of k equal to -

k = 4.5 for a period of a month
k = 16.5 for a period of a quarter-month
k = 17.85 for a period of a week

The weight given to the supply for each month in
deriving the weighted supply using these values of k is
shown in Table 2.

Table 2. Weights Given to Supply For Months Past

Number of Months Weight Given to Supply of tth
in Past (t) Month in Computing Weighted
Supply

1 0.2212

2 ' 0.1723

3 0.1341

4 0.1045

5 0.0814

6 0.063Y4

7 0.0493

8 0.0385

9 0.0299

10 0.0233

11 0.0182

12 ‘ 0.0141
remainder bheyond 12 0.0498

The "weighted normal supplies" are the weighted supplies
derived from the long-term average supplies for each period
of the year. The weighted normal supplies are tabulated in
Column 3 of Table 1. The "supply indicator" is defined as
the difference between the weighted supply and the weighted
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normal supply.

As an index of future supplies, the supply indicator
is not sufficiently sensitive to detect all significant
supply changes, so an adjustment is required. In Plan
1958-D, this adjustment is determined, except during
the winter and early spring, by computing the change in.the
supply indicator from the indicator value occurring twelve
quarter-months previously, averaging these changes for the
last four quarter-month periods (so it would not be too
dependent on isolated values), and multiplying the result
by a factor of 8/9. During the winter and early spring
the adjustment is held constant and is determined by
averaging changes in the supply indicator for the eight
quarter-month periods ending at the conclusion of the second
quarter of December, and multiplying the result by 8/9.
The constant adjustment is applied to the varying supply
indicator during the period from the third quarter of
December to the first quarter of April, inclusive, if
negative and, if zero or positive, to the first quarter of
May, inclusive. Adjustments to the supply indicator are
limited in application to magnitudes of -7,000 cubilc feet
period second and +11,000 cubic feet period second.

The supply indicator with the adjustment applied is
defined as the "adjusted supply indicator." During the
summer and fall months when the limitations on the
adjustment do not apply, the supply indicator is approximately
equal te the deviation from normal of the average supply
for the past three months. Although the adjusted supply
indicator is in general quite similar to the adjusted
deviation of the supply index from normal used in Plan 19858-C,
there are significant differences in the computation of the
adjustments. These differences have been made in order to
make the adjusted supply indicator more sensitive to
significant supply changes and less sensitive to spurious
supply changes, such as those caused by winter floods in
the local drainage basin, than the adjusted deviation of
the supply index from normal.

IV. Basic Rule Curves

Each of the basic rule curves shown on Figures 1 and 2
consists of a family of straight lines which gives the
regulated ocutflow for each period of the year as a function
of the water level of the lake and the adjusted supply
indicator at the end of the preceding period. On Figure 1
which is applicable to the period February through July, the
curve of zero adjusted supply indicator approximates the
preproject outflow rating curve lowered by one foot. The
second basilc rule curve, shown on Figure 2, covers the
period August through January and is identical to the
basic rule curve for the period February through July above
elevation 243.80. Below elevation 242.80, the lines have
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a slope of 100,000 cubic feet per second per foot, which
permits the retention of more stored water at low lake
levels than would result from the use of Figure 1 through-
out the year.

The lines for all indicators greater or less than zero
are parallel to the zero line. The spacing of the lines
was determined by successive trials. Except during very
low supply conditions, the outflow is changed by 1000 cubic
feet per second for every 1000 cubic feet per second change
in the adjusted supply indicator. This small rate of
change is possible because the line of zero deviation is
considerably below the preproject outflow curve. When
the adjusted supply indicator is below -15,000 cubic feet
per second, the outflow is reduced very rapidly in response
to changes in the adjusted supply indicator in order to
maintain high levels in anticipation of probable low supply
conditions. ’

Plan 1958-D has two basic rule curves and thus differs
from Plan 1958-C which has only one. However, the basic
rule curves for the period February to July and for the
period August to January above elevation 243.80 are similar
to the basic rule curve of Plan 1958-C except that they
have been raised 0.03 foot to facilitate computation on
IGLD 1955.

V. Seasonal Adjustments

The seasonal adjusted outflows are obtained by adding
the seasonal adjustments shown on Column 4 of Table 1
to the outflow derived from the basic rule curve. These
seasonal adjustments vary from -20,000 cubic feet per
second in the latter part of May and June to +8,000 cubic
feet per second in the latter part of November and the
early part of December. The purpose of the seasonal
adjustments is to store water by a reduction in outflow
below the basic rule outflow in the winter, spring and
early summer months, and to produce an increase in outflow
above the basic rule outflow in the late summer and fall
months. This results in a more efficient use of the
available storage range and a higher average elevation of
Lake Ontario than would be obtained if only the basic
rule outflow were used.

The seasonal adjustments have little effect on the
water levels of Lake Ontario during high supply periods
since the water stored by application of the seasonal
adjustments is normally dissipated by December and since
from December to July of a high supply period the seasonal
adjusted outflows normally exceed the outflows resulting
from application of the maximum flow limitations. However,
the seasonal adjustments have a beneficial effect on the
water levels and outflows of Lake Ontario during low supply
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periods by providing high water levels on Lake Ontario at
the commencement of such periods.

The seasonal adjustments of Plan 1958-D result in the
storage of slightly more water during the spring months and
the discharge of slightly more water during the fall months
than the seasonal adjustments of Plan 1958-C.

VI. Outflow Limitations

Once the seasonal adjusted outflow has been obtained
from the basiec rule curve and the seasonal adjustments, it
is checked to ensure that it does not violate the various
outflow limitations for the period. These outflow
limitations are set so that the ocutflows will not be higher
or lower than thcse necessary to meet the various regulation
requirements. The smallest of the maximum outflow limitations
and the largest of the minimum outflow limitations set the
limits for any period and the seasonal adjusted outflow is
used only if it falls below the applicable maximum
limitation and above the applicable minimum limitation.

The various classifications of outflow limitations are
described hereunder.

Channel excavations in the International Rapids Section
were designed to provide stipulated limiting depths and
velocities for navigation and stipulated maximum velocities
for formation of an ice cover. During the period April 1
to December 15, inclusive, outflows are limited by the
permissible navigation velocities and depths. As a matter
of procedure, the outflow limitation for the April 1 to
December 15 period was applied to the December 15 - 31
period also. During January, the regulated outflows are
limited by permissible ice-forming velocities. During
February and March, the limiting outflows are based on a
consideration of winter operating conditions. Those
limitations are noted in Column 7 of Figure 4 and are
shown on Figure 3 as a function of the water level of
Lake Ontario at the end of the preceding period. When
these limitations are in effect, they are designated in
the computations by the letter (L). The limitations for
Plan 1958-D differ from those of Plan 1958-C in that the
lower curve of Figure 3 between outflows of 216,000 cubic
feet per second and 255,000 cubic feet per second has a
slope of 100,000 cubic feet per second per foot, rather
than 200,000 cubic feet per second per foot.

During the last half of December, it is necessary at
times to reduce the outflows from Lake Ontario so that the
outflow from Lake St. Louis will not exceed 280,000 cubic
feet per second. The limitation on Lake Ontario outflow
for this period is determined by subtracting the inflow
between Lake Ontario and Lake St. Louis from 280,000 cubic
feet per second, which assumes that the inflow is known
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for the current period, and is thus identical with the
limitaticn applied in Plan 1958-C. This outflow limitation
is referred to in Column 8 of Figure 4 and is designated by
the letter (I) in the computations.

In certain periods of the year it is necessary to
have outflow limitations which will control the deviation
of the regulated outflows from those outflows which would
occur under preproject conditions. The application of
these outflow limitations is made relatively easy by the
use of the supply indicator. This indicator is approximately
equal to the deviation of the preproject outflow from
average if ice retardation is neglected. Therefore, an
outflow limitation determined by adding this indicator to
a fixed quantity for any period, hereinafter referred to
as the limiting control number, will bear the same relation-
ship to the preproject outflow that the limiting control
number bears to the average preproject outflow for that
period. The application of these outflow limitations is
automatic since they are obtained by adding the supply
indicator at the end of the preceding period to the limiting
control number. When the regulated outflow is determined
by these limitations, it is denoted in the computations by
the letter (P). :

The limiting control numbers used to obtain the maximum
outflow limitations are tabulated in Column 9 of Figure 4
and are identical to those of Plan 1958-C. It should be
noted that these maximum outflow limitations for the
period from the 2nd half of April to July, inclusive, are
to be used only if the outflow from Lake St. Louis during the
preceding quarter exceeds 345,000 cubic feet per second.

The limiting control numbers used to obtain the
minimum outflow limitations are tabulated in Column 5 of
Figure 4. In application, this limitation is subject to
an overriding limit equal to 225,000 cubic feet per second
minus 1/6 of the difference between the cutflow from Lake
St. Louis and the outflow from Lake Ontario for the preceding
regulation period. Both the limiting control numbers and
the overriding limit differ from those of Plan 1958-C in
such a manner as to increase the regulated outflows during
the navigation seasonal when the Lake Ontario supplies and
Ottawa River flows are low, and to decrease the regulated
outflows during the navigation season when the Lake Ontario
supplies are low and the Ottawa River flows are high.

The absolute minimum outflows for each period of the
year are tabulated in Column 6 of Figure 4. The volume of
water available for this purpose is governed by the
critically dry periods. The load requirements of the
power entities in the International Rapids Section were
the chief factor in determining the distribution of the
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winter minimum outflows, while the selection of the minimum
summer outflows was based on the requirements of the
navigation and riparian interests in the Canadian reach of
the river. In the computations, this minimum outflow
limitation is designated by the letter (M). The minimum
outflow limitations of Plan 1958-D are the same as for

Plan 1958-C except during the months of July, August and
September when they are increased from 190,000 cubic feet
per second to 193,000 cubic feet per second.
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APPENDIX F

TREATY BETWEEN THE UNITED STATES AND
GREAT BRITAIN RELATING TO BOUNDARY
WATERS, AND QUESTIONS ARISING BETWEEN
THE UNITED STATES AND CANADA
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APPENDIX T

TREATY
BETWEEN THE UNITED STATES AND GREAT BRITAIN
RELATING TO BOUNDARY WATERS, AND QUESTIONS
ARISING BETWEEN THE UNITED STATES AND CANADA.

The United States of America and His Majesty the King of the United
Kingdom of Great Britain and Ireland and of the British Dominions beyond
the Seas, Emperor of India, being equally desirous to prevent disputes regarding
the use of boundary waters and to settle all questions which are now pending
between the United States and the Dominion of 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 to make provision for the
adjustment and settlement of all such questions as may hereafter arise, have
resolved to conclude a treaty in furtherance of these ends, and for that purpose
have appointed as their respective plenipotentiaries:

The President of the United States of America, Elihu Root, Secretary of
State of the United States; and

His Britannic Ma]esty, the Right Honourable James Bryce, 0.M., his
Ambassador Extraordinary and Plenipotentiary at Washington;

Who, after having communicated to one another their full powers, found
in good and due form, have agreed upon the following articles:

PRELIMINARY ARTICLE

For the purposes of this treaty boundary waters are defined as the waters
from main shore to main shore of the lakes and rivers and connecting waterways,
or the portions thereof, along which the international boundary between the
United States and the Dominion of Canada passes, including all bays, arms,
and inlets thereof, but not including tributary waters which in their natural
channels would flow into such lakes, rivers, and waterways, or waters flowing
from such lakes, rivers, and waterwa.ys, or the waters of rivers flowing across
the boundary.

ARTICLE I

The High Contracting Parties agree that the navigation of all navigable
boundary waters shall forever continue free and open for the purposes of com-
merce to the inhabitants and to the ships, vessels, and boats of both countries
equally, subject, however, to any laws and regulations of either country, within
its own territory, not inconsistent with such privilege of free navigation and
applying equally and without discrimination to the inhabitants, ships, vessels,
and boats of both countries.

It is further agreed that so long as this treaty shall remain in force, this
same right of navigation shall extend to the waters of Lake Michigan and to all
canals connecting boundary waters, and now existing or which may hereafter
be constructed on either side of the line. Either of the High Contracting Parties
may adopt rules and regulations governing the use of such canals within its own
territory and may charge tolls for the use thereof, but all such rules and regu-
lations and all tolls charged shall apply alike to the subjects or citizens of the
High Contracting Parties and the ships, vessels, and boats of both of the High
Contracting Parties, and they shall be placed on terms of equality in the use
thereof.
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ARTICLE II

Each of the High Contracting Parties reserves to itself or to the several
State Governments on the one side and the Dominion or Provineial Governments
on the other as the case may be, subject to any treaty provisions now existing
with respect thereto, the exclusive jurisdiction and control over the use and
diversion, whether temporary or permanent; of all waters on its own side of the
line which in their natural channels would flow across the boundary or into
boundary waters; but it is agreed that any interference with or diversion from
their natural channel of such waters on either side of the boundary, resulting
in any injury on the other side of the boundary, shall give rise to the same
rights and entitle the injured parties to the same legal remedies as if such
injury took place in the country where such diversion or interference occurs;
but this provision shall not apply to cases already existing or to cases expressly
covered by special agreement between the parties hereto.

It is understood, however, that neither of the High Contracting Parties
intends by the foregoing provision to surrender any right, which it may have,
to object to any interference with or diversions of waters on the other side of
the boundary the effect of which would be productive of material injury to the
navigation interests on its own side of the boundary.

ARTICLE III

It is agreed that, in addition to the uses, obstructions, and diversions
heretofore permitted or hereafter provided for by special argreement between
the Parties hereto, no further or other uses or obstructions or diversions, whether
temporary or permanent, of boundary waters on either side of the line, affecting
the natural level or flow of boundary waters on the other side of the line shall
be made except by authority of the United States or the Dominion of Canada
within their respective jurisdictions and with the approval, as hereinafter
provided, of a joint commission, to be known as the International Joint
Commission.

The foregoing provisions are not intended to limit or interfere with the
existing rights of the Government of the United States on the one side and the
Government of the Dominion of Canada on the other, to undertake and carry
on governmental works in boundary waters for the deepening of channels, the
construction of breakwaters, the improvement of harbours, and other govern-
mental works for the benefit of commerce and navigation, provided that such
works are wholly on its own side of the line and do not materially affect the
level or flow of the boundary waters on the other, nor are such provisions intended
to interfere with the ordinary use of such waters for domestic and sanitary
purposes.

ARTICLE 1V

The High Contracting Parties agree that, except in cases provided for by
special agreement between them, they will not permit the construction or
maintenance on their respective sides of the boundary of any remedial or
protective works or any dams or other obstructions in waters flowing from
boundary waters or in waters at a lower level than the boundary in rivers
flowing across the boundary, the effect of which is to raise the natural level of
waters on the other side of the boundary unless the construction or maintenance
thereof is approved by the aforesaid International Joint Commission.

It is further agreed that the waters herein defined as boundary waters
and waters flowing across the boundary shall not be polluted on either side to
the injury of health or property on the other.
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ARTICLE V

The High Contracting Parties agree that it is expedient to limit the
diversion of waters from the Niagara River so that the level of Lake Erie and
the flow of the stream shall not be appreciably affected. It is the desire of
both Parties to accomplish this object with the least possible injury to in-
vestments which have already been made in the construction of power plants
on the United States side of the river under grants of authority from the State
of New York, and on the Canadian side of the river under licences authorized
by the Dominion of Canada and the Province of Ontario.

S0 long as this treaty shall remain in force, no diversion of the waters
of the Niagara River above the Falls from the natural course and stream
thereof shall be permitted except for the purposes and to the extent hereinafter
provided. : _

The United States may authorize and permit the diversion within the
State of New York of the waters of said river above the Falls of Niagara, for
power purposes, not exceeding in the aggregate a daily diversion at the rate of
twenty thousand cubic feet of water per second.

The United Kingdom, by the Dominion of Canada, or the Province of
Ontario, may authorize and permit the diversion within the Province of Ontario
of the waters of said river above the Falls of Niagara, for power purposes, not
exceeding in the aggregate a daily diversion at the rate of thirty-six thousand
cubic feet of water per second. ,

The prohibitions of this article shall not apply to the diversion of water for
sanitary or domestic purposes, or for the service of canals for the purposes of
navigation.

NoTE: The third, fourth and fifth paragraphs of Article V were terminated by the Canada-
United States Treaty of February 27, 1950 concerning the diversion of the Niagara River.

ARTICLE VI

The High Contracting Parties agree that the St. Mary and Milk Rivers
and their tributaries (in the State of Montana and the Provinees of Alberta and
Saskatchewan) are to Be treated as one stream for the purposes of irrigation
and power, and the waters thereof shall be apportioned equally between the
two countries, but in making such equal apportionment more than half may
be taken from one river and less than half from the other by either country so as
to afford a more beneficial use to each. It is further agreed that in the division
of such waters during the irrigation season, between the 1st of April and 31st
of October, inclusive, annually, the United States is entitled to a prior appropria-
tion of 500 cubic feet per second of the waters of the Milk River, or so much of
such amount as constitutes three-fourths of its natural flow, and that Canada
is entitled to a prior appropriation of 500 cubic feet per second of the flow of St.
Mary River, or so much of such amount as constitutes three-fourths of its
natural flow.

The channel of the Milk River in Canada may be used at the convenience
of the United States for the conveyance, while passing through Canadian
territory, of waters diverted from the St. Mary River. The provisions of
Article II of this treaty shall apply to any injury resulting to property in
Canada from the conveyance of such waters through the Milk River.

The measurement and apportionment of the water to be used by each
country shall from time to time be made jointly by the properly constituted
reclamation officers of the United States and the properly constituted irrigation
officers of His Majesty under the direction of the TInternational Joint
Commission.
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ARTICLE VII

The High Contracting Parties agree to establish and maintain an Inter-
national Joint Commission of the United States and Canada composed of six
commissioners, three on the part of the United States appointed by the
President thereof, and three on the part of the United Kingdom appointed
by His Majesty on the recommendation of the Governor in Council of the
Dominion of Canada.

ARTICLE VIII

This International Joint Commission shall have jurisdiction over and shall
pass upon all cases involving the use or obstruction or diversion of the waters
with respect to which under Articles IIT and IV of this Treaty the approval
of this Commission is required, and in passing upon such cases the Commission
shall be governed by the following rules or principles which are adopted by the
High Contracting Parties for this purpose:

The High Contracting Parties shall have, each on its own side of the
boundary, equal and similar rights in the use of the waters hereinbefore defined
as boundary waters.

The following order of precedence shall be observed among the various
uses enumerated hereinafter for these waters, and no use shall be permitted
which tends materially to conflict with or restrain any other use which is
given preference over it in this order of precedence:

. (1) Uses for domestic and sanitary purposes;

(2) Uses for navigation, including the service of canals for the purposes
of navigation;

(3) Uses for power and for irrigation purposes.

The foregoing provisions shall not apply to or disturb any existing uses
of boundary waters on either side of the boundary.

The requirement for an equal division may in the discretion of the
Commission be suspended in cases of temporary diversions along boundary
waters at points where such equal division can not be made advantageously
on account of local conditions, and where such diversion does not diminish
elsewhere the amount available for use on the other side.

The Commission in its diseretion may make its approval in any case
conditional upon the construction of remedial or protective works to compensate
so far as possible for the particular use or diversion proposed, and in such
cases may require that suitable and adequate provision, approved by the Com-
mission, be made for the protection and indemnity against injury of any
interests on either side of the boundary.

In cases involving. the elevation of the natural level of waters on either
side of the line as a result of the construction or maintenance on the other
side of remedial or protective works or dams or other obstructions in boundary
waters or in waters flowing therefrom or in waters below the boundary in
rivers flowing across the boundary, the Commission shall require, as a condition
of its approval thereof, that suitable and adequate provision, approved by it,
be made for the protection and indemnity of all interests on the other side of
the line which may be injured thereby.

The majority of the Commissioners shall have power to render a decision.
In case the Commission is evenly divided upon any question or matter presented
to it for decision, separate reports shall be made by the Commissioners on
each side to their own Government. The High Contracting Parties shall
thereupon endeavour to agree upon an adjustment of the question or matter
of difference, and if an agreement is reached between them, it shall be reduced
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to writing in the form of a protocol, and shall be communicated to the Com-
missioners, who shall take such further proceedings as may be necessary to
carry out such agreement.

ARTICLE IX

The High Contracting Parties further agree that any other questions or
matters of difference arising between them involving the rights, obligations,
or interests of either in relation to the other or to the inhabitants of the other,
along the common frontier between the United States and the Dominion of
Canada, shall be referred from time to time to the International Joint Com-
mission for examination and report, whenever either the Government of the
United States or the Government of the Dominion of Canada shall request that
such questions or matters of difference be so referred.

The International Joint Commission is authorized in each case so referred
to examine into and report upon the facts and circumstances of the particular
questions and matters referred, together with such conclusions and recommenda-
tions as may be appropriate, subject, however, to any restrictions or exceptions
which may be imposed with respect thereto by the terms of the reference.

Such reports of the Commission shall not be regarded as decisions of the
questions or matters so submitted either on the facts or the law, and shall
in no way have the character of an arbitral award.

The Commission shall make a joint report to both Governments in all cases
in which all or a majority of the Commissioners agree, and in case of disagree-
ment the minority may make a joint report to both Governments, or separate
reports to their respective Governments.

In case the Commission is evenly divided upon any question or matter
referred to it for report, separate reports shall be made by the Commissioners
on each side to their own Government.

ARTICLE X

Any questions or matters of difference arising between the High Contracting
Parties involving the rights, obligations, or interests of the United States or of
the Dominion of Canada either in relation to each other or to their respective
inhabitants, may be referred for decision to the International Joint Commission
by the consent of the two Parties, it being understood that on the part of the
United States any such action will be by and with the advice and consent of
the Senate, and on the part of His Majesty’s Government with the consent
of the Governor General in Council. In each case so referred, the said
Commission is authorized to examine into and report upon the facts and
circumstances of the particular questions and matters referred, together with
such conclusions and recommendations as may be appropriate, subject, however,
to any restrictions or exceptions which may be imposed with respect thereto
by the terms of the reference. .

A majority of the said Commission shall have power to render a decision
or finding upon any of the questions or matters so referred.

If the said Commission is equally divided or otherwise unable to render
a decision or finding as to any questions or matters so referred, it shall be the
duty of the Commissioners to make a joint report to both Governments, or
separate reports to their respective Governments, showing the different con-
clusions arrived at with regard to the matters or questions so referred, which
questions or matters shall thereupon be referred for decision by the High
Contracting Parties to an umpire chosen in accordance with the procedure
preseribed in the fourth, fifth and sixth paragraphs of Article XLV of the
Hague Convention for the pacific settlement of international disputes, dated
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October 18, 1907. Such umpire shall have power to render a final decision
with respect to those matters and questions so referred on which the Commission
failed to agree.

ARTICLE XI

A duplicate original of all decisions rendered and joint reports made by the
Commission shall be transmitted to and filed with the Secretary of State of
the United States and the Governor General of the Dominion of Canada,
and to them shall be addressed all communications of the Commission.

ARTICLE XII

The International Joint Commission shal meet and organize at Washington
promptly after the members thereof are appointed, and when organized the
Commission may fix such times and places for its meetings as may be necessary,
subject at all times to special eall or direction by the two Governments. Each
Commissioner upon the first joint meeting of the Commission after his appoint-
ment, shall, before proceeding with the work of the Commission, make and
subseribe a solemn declaration in writing that he will faithfully and impartially
perform the duties imposed upon him under this treaty, and such declaration
shall be entered on the records of the proceedings of the Commission.

The United States and Canadian sections of the Commission may each
appoint & secretary, and these shall act as joint secretaries of the Commission
at its joint sessions, and the Commission may employ engineers and clerical
assistants from time to time as it may deem advisable. The salaries and
personal expenses of the Commission and of the secretaries shall be paid by
their respective Governments, and all reasonable and necessary joint expenses
of the Commission, incurred by it, shall be paid in equal moieties by the
High Contracting Parties.

The Commission shall have power to administer oaths to witnesses, and
to take evidence on oath whenever deemed necessary in any proceeding, or
inquiry, or matter within its jurisdiction under this treaty, and all parties
interested therein shall be given convenient oportunity to be heard, and the
High Contracting Parties agree to adopt such legislation as may be appropriate
and necessary to give the Commission the powers above mentioned on each
side of the boundary, and to provide for the issue of subpenas and for
compelling the attendance of witnesses in procedings before the Commission.
The Commission may adopt such rules of procedure as shall be in accordance
with justice and equity, and may make such examination in person and
through agents or employees as may be deemed advisable.

ARTICLE XIII

In all cases where special agreements between the High Contracting Parties
hereto are referred to in the foregoing articles, such agreements are understood
and intended to include not only direct agreements between the High Contracting
Parties, but also any mutual arrangement between the United States and the
Dominion of Canada expressed by concurrent or reciprocal legislation on the
part of Congress and the Parliament of the Dominion.

ARTICLE XIV

The present treaty shall be ratified by the President of the United States
of America, by and with the advice and consent of the Senate thereof, and
by His Britannic Majesty. The ratifications shall be exchanged at Washington
a3 soon as possible and the treaty shall take effect on the date of the exchange
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of its ratifications. It shall remain in force for five years, dating from the day
of exchange of ratifications, and thereafter until terminated by twelve months’
written notice given by either High Contracting Party to the other.

In faith whereof the respective plenipotentiaries have signed thls treaty
in duplicate and have hereunto affixed their seals.

Done at Washington the 11th day of January, in the year of our Lord
one thousand nine hundred and nine.

(Signed) Eviru Root [sEaL]
(Signed) JaMEs BryCE [sEAL] -

AND WHEREAS the Senate of the United States by their resolution of March
3, 1909, (two-thirds of the Senators present concurring therein) did advise and
consent to the ratification of the said Treaty with the following understandmg,
to wit:

“Resolved further, as a part of this ratification, That the United States
approves this treaty with the understanding that nothing in this treaty shall
be construed as affecting, or changing, any existing territorial or riparian rights
in the water, or rights of the owners of lands under water, on either side of the
international boundary at the rapids of the St. Mary’s river at Sault Ste. Marie,
in the use of the waters flowing over such lands, subject to the requirements
of navigation in boundary waters and of navigation canals, and without prejudice
to the existing right of the United States and Canada, each to use the waters
of the St. Mary’s river, within its own territory, and further, that nothing
in this treaty shall be construed to interfere with the drainage of wet swamp
and overflowed lands into streams flowing into boundary waters, and that this
interpretation will be mentioned in the ratification of this treaty as conveying
the true meaning of the treaty, and will, in effect, form part of the treaty;”

AND wWHEREAS the said understanding has been accepted by the Government
of Great Britain, and the ratifications of the two Governments of the said treaty
were exchanged in the City of Washington, on the 5th day of May, one
thousand nine hundred and ten;

Now, THEREFORE, be it known that I, William Howard Taft, President of
the United States of America, have caused the said treaty and the said under-
standing, as forming a part thereof, to be made public, to the end that the same
and every article and clause thereof may be observed and fulfilled with good
faith by the United States and the citizens thereof.

In testimony whereof, I have hereunto set my hand and caused the seal
of the United States to be affixed.

‘Done at the City of Washington this thirteenth day of May in the year
of our Lord one thousand nine hundred and ten,

[seaL] and of the Independence of the United States of America the one
hundred and thirty-fourth.

Wm H Taft
By the President:

P C Knox
Secretary of State.
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PROTOCOL OF EXCHANGE.

On proceeding to the exchange of the ratifications of the treaty signed at
Washington on January 11, 1909, between the United States and Great Britain,

relating to boundary waters and questions arising along the boundary between.

the United States and the Dominion of Canada, the undersigned plenipotentiaries,
duly authorized thereto by their respective Governments, hereby declare that
nothing in this treaty shall be construed as affecting, or changing, any existing
territorial, or riparian rights in the water, or rights of the owners of lands under
water, on either side of the international boundary at the rapids of the St. Mary’s
River at Sault Ste. Marie, in the use of the waters flowing over such lands,
subject to the requirements of navigation in boundary waters and of navigation
canals, and without prejudice to the existing right of the United States and
Canada, each to use the waters of the St. Mary’s River, within its own territory;
and further, that nothing in this treaty shall be construed to interfere with
the drainage of wet, swamp, and overflowed lands into streams flowing into
boundary waters, and also that this declaration shall be deemed to have equal
force and effect as the treaty itself and to form an integral part thereto.

The exchange of ratifications then took place in the usual form.

In witness whereof, they have signed the present Protocol of Exchange
and have affixed their seals thereto.

DonEk at Washington this 5th day of May, one thousand nine hundred and
ten. .
Pumanper C KNox [sEAL]

James Bryce © [sEaL]
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APPENDIX G

ORGANIZATIONS AND MEMBERS
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APPENDIX G
Organizations and Members

Following are listings of the members and mailing
address of the organizations dealing with control of the
water level of Lake Ontario.
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INTERNATIONAL JOINT COMMISSION

UNITED STATES SECTION*

. Honorable Christian A. Herter, Jr., Chairman
Honorable -Charles R. Ross, Commissioner

Honorable Viector L. Smith, Commissioner

William A. Bullard, Secretary

John F. Hendrickson, Executive Director
Stewart H. Fonda, Jr., Engineer Adviser
James G. Chandler, Attorney Adviser

Suite 203, 1717 H Street, N. W., Washington,
D. C. 20440 STOP NO. 86
Phone 202-296-2142

CANADIAN SECTION®*

Honorable Maxwell Cohen, Chairman
Honorable Bernard Beaupre, Commigsioner

Honorable Keith A. Henry, Commissioner

David G. Chance, Secretary

J. Lloyd MacCallum, Legal Adviser and Assistant
to the Chairman -

Murray W. Thompson, Engineer Adviser

Suite 850, 151 Slater Street, Ottawa, Ontario
K1P 5H3
Phone 613-992-2945

*Membership as of 19 Sept. 1974
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INTERNATIONAL GREAT LAKES LEVELS BOARD

BOARD MEMBERS*

UNITED STATES

*%BG W. O. BACHUS
Division Engineer

North Central

Corps of Engineers

536 South Clark Street
Chicago, Illinois 60605

Mr. B. T. JOSE

St. Lawrence Seaway
Development Corp.

(retired)

21 Sherwood Drive

Massena, New York 13662

Mr. MARK ABELSON

Staff Assistant, Office
of the Secretary

U. S. Department of the
Interior :

450 Golden Gate Avenue .

San Francisco, California

94102

CANADA

- #%Mp, C. K, HURST

Director of Engineering
Department of Public Works
Sir Charles Tupper Building
Ottawa, Ontario K1A OM2

Mr. R. H. SMITH

Chief, Waterways Development
Division

Ministry of Transport

Place de Ville - 300 Sparks St.

Ottawa, Ontario KX1A ON5

Mr. N. H. JAMES

Director, Water Planning and
Management Branch

Inland Waters Directorate

Department of the Environment

Ottawa, Ontario K1lA OE7

* Membership as of 26 Sept. 1974

*% Chairman
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INTERNATIONAL ST. LAWRENCE RIVER BOARD OF CONTROL

BOARD MEMBERS*®

UNITED STATES

*%BG W. 0. BACHUS
Division Engineer

North Central

Corps of Engineers

536 South Clark Street
Chicago, Illinois 60605

Mr. D. BROWN

Head, Section of Inspections
Bureau of Power

Federal Power Commission
Washington, D. C. 20426

Mr. R. D. CONNER

Resident Manager

Power Authority of the State
of New York

P.0. Box 110

Massena, New York 13662

*Membership as of 26 Sept. 1974

%*%Chairman

CANADA

#%Mpr, R. H. SMITH

Chief, Waterways Development
Division

Ministry of Transport

Place de Ville - 300 Sparks
St.

Ottawa, Ontario KI1A ON5

Mr., J. B, BRYCE
Hydraulic Engineer
Generation Dept.
Hydro-Electric Power
Commission of Ontario
620 University Avenue
Toronto, Ontario, Canada

Mr. R. H. CLARK
Engineering Adviser
Inland Waters Directorate
Department of Environment
870 Carling Avenue

Ottawa 1, Ontario, Canada

Mr. Y. DeGUISE

Commissioner

Hydro-Electric Power
Commission of Quebec

75 Dorchester Blvd., West

Montreal, P.Q., Canada
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REGULATION REPRESENTATIVES*

UNITED STATES

COLONEL BERNARD HUGHES

U.S. Army Corps of Engineers
Buffalo District

1776 Niagara Street

Buffalo, New York 14207

CANADA

Mr. DAVID WITHERSPOON

Engineer-in-Charge

Great Lakes-St. Lawrence

Study Office

Environment Canada

318 Federal Building

Cornwall, Ontario, Canada
K6H 5R8

#*Representation as of December L4, 1974
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OPERATIONS ADVISORY GROUP MEMBERS¥*

UNITED STATES

Mr. JOHN ADAMS

St. Lawrence Seaway
Development Corporation

Massena, New York 13662

Mr, JOHN BARTHOLOMEW

Power Authority of the State
of New York

Massena, New York 13662

CANADA

Mr. THOMAS WEGLE

Hydro-Electric Power
Commission of Ontario

Toronto, Ontario, Canada

Mr. FERDNARD SANTARE

Hydro-Electric Power
Commission of Quebec

Montreal, P.Q., Canada

Mr, CHARLES LAWRIE
Ministry of Transport
Ottawa, Ontario

*Membership as of December 12, 1974
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ADDENDUM 1
Discussion of Reviewers Comments

Draft copies of this document were forwarded to
52 individuals for technical review. In general, the
comments received indicated four areas of weakness
existed in the draft report. Briefly they were as follows:

1. Insufficient credit was given to the beneficial
effects of the current regulation plan. In order to
remedy this shortcoming a section was added, including
Figure 29 which reflects preproject and actual lake levels
since 1960, discussing the positive benefits from the current
regulation plan.

2. Insufficient background into the basis of lake
regulation was provided. In order to provide this background
two appendicies, E and F, were added. These provide the
text of the Treaty of 1909 and the O0ffice Consolidation of
the Order of Approval upon which the Plan of Regulation is
based.

3. It was felt the report was over critical of the
actions of the members of the St. Lawrence River Board of
Control. To clarify the Commission’s position the text was
reworded, as required, to indicate that it is not the Board
members but the institutional framework that limits their
management options that is being questioned by this report.
Also as explained in Footnote 11 Chapter VI the criticism
rendered is not a personal attack on the Board members.

4. The discussion of lake level forecasting was felt
to be inadequate. This section was rewritten and expanded
to include discussion of the methods of forecasting currently
used.

Included in this Addendum are the letters received
from the reviewers. Each comment was examined and a
decision rendered whether to revise the text of the report
or not. To aid the reader of this report the following
format was utilized in this Addendum. The review comment
is printed as received followed by a summary of the action
taken by the Commission in revising the text. This summary
is typed in italic type and enclosed in brackets [ ].
Although the letters from the reviewers are segmented they
do appear in their entirety.



MALCOLM WILSON
GoveRNOR
CommanpER IN CHIEF

MNDP

STATE OoF NEw YORK
DivisioN OoF MILITARY AND NAVAL AFFAIRS
Puatic SECURITY BuilDING
STATE CAMPUS
ALBANY, NEW YORK 12226 JoHn C. BakeR
MAJOR GENERAL
Chig7 OF STAF, TO THE GOVERNOA

23 December 1974

Mr. william E. Tyson, Executive Director
St. Lawrence-Eastern Ontario Commission
317 washington Street

Watertown,

New York 13601

Dear Mr. Tyson:

The following comments are submitted following a review of the
draft transmitted with your letter of 18 December 1974.

l. Page 3 - First paragraph

.

The March 1973 storm resulted in a Presidential
declaration of major disaster. The term, major
disaster, is the legal phrase under Public Law
91-606.

The Federal~State Disaster Assistance Agreement
states, "On March 21, 1973, the President deter-
mined that damages resulting from high winds,
wave action, and flooding beginning on or about
March 16, 1973, have caused a major disaster ...
The duration of the catastrophe, causing the dam-
age with which this Agreement is concerned, was
from the 16th day of March, 1973, through the 23xd
day of March, 1973 ..." '

[The text was revised to Ancorporate the cotrect tenminoﬂogy.]

2. Page 109 td Page 115

a.

It is important to be clear when one speaks of
disasters. Under Federal legislation in effect
in 1973, the declaration by the President of a
major disaster, as occurred on 21 March 1973, in-
cluded the triggering of disaster loan action by
the Small Business Administration. Had the major
disaster not been declared, it might have been
necessary to obtain a disaster declaration from
the Small Business aAdministrator, which would
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Mr. William E. Tyson 23 December 1974

have made available the SBA disaster loans,
but not other forms of Federal aid. I sug-
gest you check with SBA to ascertain whether
their loans were made under the major disaster
OEP 367-DR, or under the SBA's disaster auth-
ority, or both.

Ma. Howarnd Garnity, Office Manager, ELmina Office, SBA indicated
that the Federnal declaration was utilized to make Loans avail-
able. The zext was revised to reglect this point.

b. With respect to the table on pages 114 and 115:

(1) Date the table. Suggest it be dated as of
20 December 1974.

(2) Correct spelling of Town of Sodus, Wayne
County.

(3) On page 115, make the following dollar
changes:

(2a) Village of Alexandria Bay - change
from-$6,250 to $8,480.

(b) Jefferson County total - change from
$193,267 to $195,497.

(c) Total - change from $1,127,958 to
$1,130,188.

ﬁhe table was updated and the changes suggested were ananponatedj

Although this agency's primary concern is coordinating the fur-
nishing of disaster assistance after the fact, and my comments
about the draft have been limited to that concern, I endorse
heartily the recommendations relative to pre-disaster actions
which could reduce the danger of losses, such as land use man-
agement and implementation of the flood insurance program. I

am also personally in sympathy with Recommendations 4-1 and 4-2
on pages 16 and 17, Recommendation 8-~1 on page 18, Recommendation
1~-1 on page 19, and Recommendation 2-1, 2-2, and 2-3 on page 20.

-

ARNOLD W. 'C
egp : Deputy Director of Civil Defense
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Mr W.E. Tyson

Executive Director

St. Lawrence—-Eastern Ontario Commission
317 Washington Street

Watertown

New York, 13601.

Dear Mr Tyson,

Thank you very much for providing me with a copy of the
December 1974 draft report of your Commission concerning
the water levels on Lake Ontario at the St. Lawrence
River. The review of it, which I have made, indicates to
me that a great deal of research has gone into this matter
on behalf of your Commission.

With respect to specific comments, it is my understanding
that these are being assembled on behalf of many of us
‘involved at the Federal Government level by the
International Joint Commission. Consequently, I have
discussed what I consider to be certain gaps in the
report with the Chief Engineer of the Canadian Section,
IJC. These included the absence of any detailed reference
to the IJC's Orders of Approval for the St. Lawrence
Project and the background related thereto, and the lack
of emphasis on the results of the water level control of
Lake Ontario compared with the conditions that would have
resulted without such control (i.e. preproject).

Appendices D and F were added to the nepont. They provide the
text of the Theaty of 1909 and the 0ffice Consolidation of the
Onden of Approval. 1In addition the fext was expanded to discuss
the benedits nesulting from the cuwwvent negulation plan.

I would appreciate being sent a copy of your report once
it has been finalized.



Yours sincerely,

R.H. Smith
Chief
Waterways Development
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Your hie Volre dossizr

A4y Environment  Environnement Outie  Notre dosuer
ha Canada Canada
Water Gestion

Management  des Eaux

318 Federal Building,
Cornwall, Ontario, K6H 5R8,
9 January, 1975,

William E, Tyson, Esq.,

Executive Director,

St, Lawrence~Eastern Ontardo
Commission,

317 Washington St,,

Watertown, N,Y,, 13601,

Dear Mr, Tyson:

Thank you for the opportunity to comment on the report on the ™ Analysis of and
Recommendations Concerning High Water Levels on Lake Ontario and the St, Lawrence
River® by the St, Lawreunce-Eastern Ontario Commission, My detalled comments are
attached, By way of summary, it is apparent from the report that the author has
several basic misunderstandings, Although he describes briefly and clearly the
problems related to the regulation of lake levels on pages 127 and 128, he fails
to appreciate that the most important single factor in the amount of control of
Lake Ontario levels which can be achieved 1s the hydraulic capacity of the St,
Lawrence River in the winter months, This description (pages 127 and 128) and
the above fact are inconsistent with the findings which attach the fzult for high
lake levels to the institutional arrangements and the implication that regulation
decisions are based on lack of knowledge, This implication is incorrect and can
only lead to public misunderstanding,

The Zext was expanded to discuss the Limitations of the current
hydraulic capacity of the St. Lawrence River. However, as
addressed by the report the question of whether on not the
adverse impacts werne minimized through the implLementation o4
$Lood damage reduction techniques AXLLL hemains at Lissue.

Further, before your commission, by its report, criticizes the international
institutions and how they operate, their basis and their intended purpose agreed
to by both the governments of Canada and the United States should be thoroughly
understood, Misunderstanding of these institutional arrangements is exhibited
in your report since the basic documents governing the operation of the Interna-
tional Rapids Section of the St, Lawrence River are lgnored, These documents are
the Order of Approval of the International Joint Commission for the St, Lawrence
Power Project in the International Rapids Section of the St, Lawrence River dated
29 October, 1952 and the Supplementary Order of Approval dated 2 July, 1956,

Page 141-142 and 151 of the dragt text déiscuss the Oxder of

Approval and the Trheaty of 1909. 1In the ginal report Appendices
D and F were added which provide the text of the Trheaty of 1909
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and the Office Consolidation of the Onder of Approval. The
question being addressed by the neport L8 whethen the crniteria as
set fonth are now nelevant due to the passage of time and the
high water Levels recently experienced. Only a complete he-
evaluation, as called §orn in the report, can answer this quesition.
The fext was expanded to include a discussion of the benefits
derived grom the cuwwrnent plan of regulation. Page 155 of the
dragt stated that the Plan of Conthol as impLemented reflected
& degree of glexibility, discretionary powens in your words. i

The approved regulation plan (Plan 1958-D) is the plan of operation which
attempts to meet the requirements of these orders, In addition, the Inter-
national St, Lawrence River Board of Control has discretionary powers to
deviate from this plan under certain circumstances, It is important that a
full understanding of these arrangements be conveyed in your report or unfor-
tunate public misconceptions may develop,

If you require further explanation of these comments, please contact my office
at the above address or phone 613-932-4325,

Yours sincerely,

Q;:}:é/f/ ' ' Ajyzicftzt,/
D, F, Witherspoo

Engineer-in-Charge
Great Lakes-5t, Lawrence
Study Office

Encl,



Comments of D. F. Witherspoon
on
- "Analysis of and Recommendations Concerning
High Water Levels on Lake Ontario and the St. Lawrence River"
by

St. Lawrence-Eastern Ontario Commission

Pol Parao 2 -

Basic premise incorrect - man's ability to control is limited by the
physical system. If absolute control of levels desired then St. Lawrence
would require capacity equivalent to greatest water supply which might occur
or a channel capacity equivalent to two St. Lawrence Rivers.

- -

1t 48 contended that controls on control of the Lake Levels is
Limited by technology and imstitutional constraints. The
Latten can be reflected by the fact that the navigation channel
depth was set at 27 feet on the fact that imposed economic
citernia nequire a B/C gheatern than one. Physdcal constrhaints
are removable 4§ technology exists and economics show Lt to be
feasible. Example - the International Rapdlds section-of the St.
Lawnence was at one time a physical constraint to shipping but
as it became technologically and economically feasible to remove
| At effonts were undertaken to partially do so0.

P.5 Para. 3 -

Lake Ontario experienced a mean daily level of 246.75 on 16 July 1972,
the highest level for the year. The range within which it is to be regulated
is 242.77 to 246.77 are monthly mean levels. July monthly mean in 1972 was
246.68.

The maximum allowable outflow under Plan 1958-D is 310,000 cfs. It is
incorrect to say it is specified for navigation requirement - it is not above
any limitation, it is the maximum outflow limitation of Plan 1958-D.

Lowest mean daily level 244.50 - 6 November 1972
Lowest monthly level 244.38 ~ November 1972

Long term mean (normal) for November - 243.99

In ondern to clarify the Lake Levels information the text was
expanded to Anclude this.

P.6 -

To convey a correct picture, the level of Lake Ontario without control
should also be given ~ October 1972, 246.52.

Figure 29 was added to reglect water Levels with and without the
project An orden that water Levels unden the two conditions could
be compared.



P.7 Para. 2 L.4 ~

""335,000 cfs in the first week of August'
should read
350,000 cfs in the first week of June"

[The change in flow data was made.]

P.7 Para. 4 -

Some of the weakness of the ice cover in 1972-73 can be attributed to the
high flow beilng passed under it.

[No commewt.]
P, 8 Para. 2 -

351,000 cfs" should read 350,000 cfs -~ a monthly mean.

The mean daily {low is being referenced here. In onder zo
clarify this it was Adentified as such.

P. 8 Para. 4 -

A lower level has been achieved in 1974 of 244.00 in November - normal 243. 99 -
low 1973 level 244.33 in December.

[No commen/t.]
P.9 Para. 1 -
Navigation had similar problems in fall 1974 as in 1973.

The level of Montreal Harbour through the summer and fall months of these
years (1973-74) did not influence the decision on the amount of water released.
from Lake Ontario. The principal factor is the depth for navigation in the
project area i.e. Ogdensburg to Massena and reduction of the time flooding occurs
downstream on Lake St. Louis. ’

A member of the St. Lawrence River Board of Controt plwu&ded /‘the
commentary Ain the dnagt text.

P.9 Para. 2 -~ 2nd sentence -

Power interests receive very little additional benefit from high discharges
beyond their maximum efficiency, about 270,000 cfs and some adverse impact due
to lower head.

Discussion wuth the nesident manager of Moses Dam indicated that
the net value of §Lows above 270,000 cfs was positive until the
{dull capacity of the facility is neached at 325,000 cf5.

P.9 Para. 3 -

The greatest drawdown of Lake St. Lawrence in 1974 occurred at flows less
than 310,000 cfs. :



(The periods when glows wene Less than 310,000 cfs in £974 were:
|Jan 1-Mar 20 - 205,000-310,000; Apr 6-Apx 12 - 308,000; May 20-
27 - 305,000-300,000; Sept 23 - 309,000; Oct 2 - 309, ,000; Ot 12-
Dec 31 - 309,000-270,000

Dnawdowns at this time of the yean ane Less objectional than durning
UOWOdA when water contact recreation takes place.

P.10 Para. 2 -

Conflicts also arise when below normal water supplies occur i.e. 1964.
[Study period was years of high water Zeve/(b.'s.]
The current regulation plan 1958-D has beeh in effect since 4 October 1963.
[Pages 142-145 of dnage cover this.)

The agreed upon goal of the Board over the past three years has been to
utilize the capacity of the river to its maximum without excluding the use of the
river by any interest. The 3rd sentence in paragraph 2 misrepresents the facts
and is the sort of innuendo which leads to a badly informed public.

The goal 04 the Board 45 one of the hey {ssues being addressed by
this nepont. The Commission geels it should be the minimization
04 advernse impacts.

The 3rd sentence misrepresents the Board and demonstrates a total misunder=-
standing of the International Joint Commission's intent in choosing membership
on the Board. The intent is that Board members are chosen for their expertise
in relatlon to the technical questions 1nvolved, not because they represent an
interest!

The Commission feels that at Least one nesident in the drainage
basin of the St. Lawnence River-lake Ontario not associated with
government, power, or navigation has the required expertise to
deal with the problems of Lake Level regulation.

When the levels are high, a flow of between 270,000 cfs and 310,000 cfs is
a desirable flow.

Desinable forn who-riparian ownens, power Anterest on navigation
dnterest? As discussed in the text there L5 conflict between
these groups and the 270,000 to 310,000 c4s flow L8 not desirable
gon all three groups.

If the innuendo of this paragraph were carried out, Lake St. Lawrence would
be dry. Would this be in the riparian interest? Montreal would be in a flood
condition for six months a year - is this in the riparian interest?

The Commission fails fo arndve at the same conclusion. At Lssue
45 the question of whethern the cwuvrent implementation of the Plan,
or the design of the Plan, allows /the minimization of damages to
oceut.

The last sentence of this paragraph is incorrect. If there is a conflict



it is between upstream and downstream riparians. Power interests have never
objected to any outflow during 1973-74. Navigation require certain depths in
the fall or they would be excluded from the use of the river. As a result of
the choice of flows during the fall in 1972, 1973 and 1974 navigation have
suffered losses due to delay since the river was at its minimum profile and
wind effects decrease depths at times stopping navigation.

[The qualifying statement "during periods of high water" was added
to the text. The problem of upsitream and downstream riparian
conglict 48 addressed throughout the Zext and 48 hecognized by
the division of rniparian ownens Linto two groups-above and belfow
the control sthuctures. The cornrectness of the sentence stands
as qualified. The outflow desired dwiing periods of high water
by ripasrian ownerns above the control structures differs grom that
desired by power and navigation. The majornity of the formern desire
heleases as gheat as possible, the Ratter, as you stated in your
comments would Like to manage the flow to insure adequate f§Low

in the fall.

\Pages 99-109 documents the impacts to nauigat@on. ]

P.10‘1ast Para. and top P.11 -

It is most impractical to talk of stage damage curves because it is doubtful
that either of our countries would permit damage to be caused in Canada to prevent
damage in the United States. The only practical discussion which can take place
is with reference to preproject or natural conditions i.e. if the project had not
been constructed.

The Commission {eels that the "practical" way you see it L8 not
the only way. We advocate throughout the repont a different
approdach. Precedent has been set through the enactment of the
Columbin River Theaty.

P,11 -

Economics are not the final argument.' Two nations are involved in the
operation.

The Commission simply asks "1s not the objective of the two
nations to maximize the benefits grom usage of the river and
Lakes?"

P.11l last Para.

Statement is inaccurate - see comments with reference to page 10. This is
to say the govermments of Canada and the United States are biased. The Board's
representative in Canada is specifically charged to look at interests in Canada.
All of the decisions made are made considering the technical consequences i.e.
how to lower levels of Lake Ontario and not flood Lake St. Louis while providing
adequate depth for navigation.

The thoughts of the Commission were clarnified by the revisdion
04 the Zext An this section and the addition of a footnote.



All the necessary knowledge is available as to the effects of specific flow
on such a decision.

As discussed throughout the text the Commission feels that
adequate data is not available upon which to base management
decisdions.

Statements such as this paragraph are innuendo and in themselves based on
in adequate knowledge.

[1see preceeding statement)]
P.12 Para. 2, 3 and 4 -

When international problems are to be solved, economics are not the answer.
The relationship to natural conditions have always been used to date on the
St. Lawrence and Lake Ontario - see comment for P.10 last paragraph.

This is one of the questions at issue. 1s this the appropriate
basis fon the establishment of a decision criteria.

P.13 Para. 1 -

It must be emphasized the protection of the various interests in already
written into the Orders of the International Joint Commission. The persons
advising and making the decisions must recognize these orders as well as the
technical considerations in the regulation of Lake Ontario and the St. Lawrence
River. To further imply that the regulation has not been impartial is to impune
the motives of professional engineers in both countries responsible for the advice
provided to the Board and the International Joint Commission.

As the nevised text clarifies it 48 not the Board membesns
themselves that are being cniticized but the institutional
consthaints which Limit theirn management options. However, it
nemains that the institutional arrangements are biased against
riparian ownens. ALso, sdnce the Onden of Approval requinres the
Board fo make recommendations concerning the PLan of Control it
seems as Af thein current effort should be expanded to include a
[neevaluation of the criteria. ‘

To make a statement such as paragraph 1 is the worst kind of innuendo since
it is made without knowledge of the technical considerations behind the decisions
made. The simple fact remains - the St. Lawrence River has not the capacity to
discharge the waters required to keep Lake Ontario below an arbitrary elevation
of 246.77 at all times. Without recognition of this fact even the best 'Monday
morning quarterbacking" is to no avail.

The Commission, as stated throughout the text, feels that the
degnee of Lexibility existing does not permit effective water
Level nregulation.

P.13 Para. 3 -

There 1s considerable flexibility in existing internatiomal arrangements.

‘ [ No comén/t.]
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P.15 Recommendation 2-1 ~

The International St. Lawrence River Board of Control has never been an
adversary proceeding. 1It.is a group of engineers who come to a technical
decision. If there is a conflict, it is decided by the International Joint
Commission. The members are nominated by their respective jurisdictionms,
Government of Canada, Provinces of Ontario and Quebec. The State of New York
has a nominated merber on the U. S. Section of the Board.

Finding 3 - incorrect. Flooding on Lake St. Louis occurs when the outflow
from that lake exceeds about 380,000 cfs including the contribution from the
Ottawa. A knowledge of the geography of the area would aid in understanding
the dovmstream problem.

A spokesman grom the Dept. o4 Envinonment, Canada provided the
500,000 c4s figure. 1t was his and the authon undenstanding
that this was the combined fLow of the Ottawa; above Montreal,
and the St. lLawrence, above Mont&eaﬂ A gootnote was added to
Larify the text. R ‘

P.15 and 16 Recommendation 3-1 -

Canada does not control the Ottawa River. Most of the reservoirs on this
river are in its upper reaches. There is a very large’ uncontrolled drainage
area above Montreal. The land area contributing to the Ottawa River is about
50,000 square miles while the local land area contributing to Lake Ontario is
about 27,000 square miles and the Ottawa River has no 1arge storage like Lake
Ontarlo.

and that the 1JC should seek international solutions.
P.17 Finding 5 -

[The Commission feels that the problem is an inzennationaZ'oné]

Further data gathering and analysis will not solve current problems. - It
might lead to better division of benefits under near normal conditions.

Divisdon of benefits is one of the questions addressed by the
hepont. The Commission aghees that improved data L8 part of
the hequinements to Amprove upon the existing divisdon of
beneé&té as you state in your comment.

P.17 F1nd1ng 6 -

Considerable flexibility exists at present, for example, discharges of
350,000 cfs in 1973 which were 32,000 cfs above the previous maximum and 40,000
cfs above the agreed to maximum. v

Granted thene is 6£QX&bLZLIy in this one aspect 06 the Plan of
Conthol. However, there is zero flexibility in the Ondens, and
thus the Plan, u%zh rnespect to the mainienance of a 27 5ooi
navigational channel.

P.19 Finding.9 -

Agreed. This criterion ﬁas put in ﬁhé Order of Approval to protect both
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riparian groups knowing full well this protection is a compromise made in the
light of the technical considerations of operation of the river. This criterion
was enunciated with the knowledge that no plan of regulation can take into
account every contingency of water supply.

[No comment. ]

P.21 Recommendation 1-1 (c) -

Lake level forecasts are already an integral part of the regulatory pro-
cedure. These are not part of the regulation plan but are provided to the Board
each month by its technical advisers.

P.21 Finding 2 -~

Incorrect — current lake level forecasting techniques use hydrologic data
but do not use meteorologic data. The state of meteorologic forecasting is
such that little statistical significant benefit can be shown by the additiomal
expense of incorporation of these data into the forecast. Even so the technical
advisers receive rainfall and snow accumulation information routinely and base
their advice on this. It must be understood that, on the average, 857 of the
water supply to Lake Ontario comes from Lake Erie. Therefore, the forecast of
this component is included in .the present internationally agreed to forecast.
Forecast of local supplies to Lake Ontario can make small improvements in the
forecast procedure. It is difficult to prove that these small improvements in
the forecast warrant a large expensive data gathering network. Technically,
it is agreed that such a network is desirable. :

P.22 Recommendation 2-1 -

There is a disadvantage to incorporation of forecasts in the plan of regu-
lation in that an advance in the technology of forecasting would require going
through :the international red tape to change the plan of regulation.

P.22 Finding 3 -

We agree— however, to develope a meteorologic and hydrologic data collection
system of sufficient density over an area of 300,000 square miles requires a lot
of benefit to justify it. It is presently being improved in each country according
to its priorities.

P.22 Recommendation 3-2 -

The Canadian lake level gauge system has been completely automatic since
1972. Data is available for the period ending at 0800 hours for the previous
24 hours from a computer data storage located in Toronto and accessible to anyone
who provides himself with a terminal and contract with Dataline Systems Ltd.. using
the standard voice telephone service or telex. All Canadian gauges used in the
regulation of Lake Ontario are on this system.

The section on Lake Level forecast was revised in Light of
this and other information provided by reviewens.



P.23 Recommendation 4-1 -

See comments on P.12 and P.17.

As stated throughout the text adequate data is required in|,
orden to khnow what the tradeofds of any decisions are.

Cuently it is felt this data is Lacking.

P.25 2nd last sentence -

Incorrect - the International Rapids section extends from Ogdensburg-Prescott
to the International Border at the entrance to Lake St. Francis from the south
Cornwall channel.

[Detineation of International Rapids Section ctanified.]

P.26 last sentence -

.+..""seasonal cycles and water supply from precipitation, the Great Lakes-

St. Lawrence "....

[Suggebted phrase was ddded]
P.29 Figure 3 - ’

The drainage basin boundary loocks very approximate and incorrect in the area
north of Oshawa in Ontario. See Corps of Engineers Lake Survey Chart of Great
Lakes.

[?igune nevised to morne closely rneflect boundanyl
P.30 Table 2 -

For correct data see page 12, Regulation of Great Lakes Water Levels,
report of the International Great Lakes Levels Board, 7 December 1973.

Table checked.

The data presented was primarnily grom the source refenrenced
and updated.

P.33 Para, 2 L. 3 -

351,000 cfs daily maximum - due to rounding previous day 349,000 cfs.
It is more significant to refer to monthly means i.e. 350,000 cfs as used in
Table 2.

Reference Ain fext is8 to the maximum mean daily §Low which was
351,000 c4s.

P.33 -

Suggest adding under "Lake Levels" - Lake levels used in the International
Joint Commission's orders are monthly mean values.

[Added necommended sentence on page 157 (of dnaﬁt)J
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P.36 -

A major cause of level rise in the lakes is the ice retardation in the
connectling channels particularly in the Niagara and St. Lawrence Rivers.
Without this the lakes would not start their winter and spring rise so early
and the magitude of the rise due to snowmelt and precipitation would be much
less. See paragraph 3, page 37.

[No comment.]

P.37 Para. 1 -

The regulation of Lake Ontario, under current operations, takes into account
crustal movement.

Text was expanded to indicate that this facton is faken into
account in Lake regulation.

P.47 Para. 3 -

Who's rule? 80 percent should be more like 50 percent.

The aule of thumb was provided by Conps of Engineerns personnel,
Buffalo District Office.

P.51 Para. 2 -

The great rise in the levels of Lake Ontario takes place in the winter when
the outflow from the lake is restricted by ice and is much less than the water
supply to the lake.

The physical system - winter discharge capacity 1972-73 limited the amount
of water which could be discharged. By spring it was too late, the lake had
already done its damage on 17 March! The institutional arrangements did not
1limit the discharge until flooding was occurring downstream in April and May 1973.
The physical dimensions limited the flow during the winter of 1972-73 and 1973-74.

This is nealized. However, Lif the Lake Levels had been allowed
to fall in the Late summer and ealy fall of the preceeding
year the Lake would have been able to absorb the expected nise
without incwuiing damages to the extent that it did occunr.

P.52 Para. 2 -

See comment for P.22, Recommendation 3-2.

Text changed fo {indicate that the Canadian portion of the
system 48 automatic.

P.52 Section C -

There are more recent studies of forecasting lake levels ~ see Inter-
national Great Lakes Levels Board report, Appendix A, Hydraulics and Hydrology.

P.63 -
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It is obvious the writer is not familiar with statistics and the prediction
of natural phenomena. By the very nature of a random event the average is the
best predictor. The further you look in the future this is true and the analysis
shown in Table 10, p. 61 shows that this statement is true. Our findings are that
forecasts of lake levels can be made with value one month ahead due to the natural
persistence in the system, after that, in the future six months the average becomes
a better and better predictor in the future. If a bias is added, the error of long
term prediction is multiplied.

The section on Lake Level forecasting was nevised to incor-
porate your comments and those of other reviewens.

P.70 Figure 11 -

The profile of the St. Lawrence River is not a straight line to Cape Vincent.
There is a small slope to Ogdensburg and most of the fall occurs Ogdensburg to
Massena. '

[Fi,gwne 11 was modified as Augge/s/ted.]
P.71 Para.2 -

The minimum is not established by Plan 1958-D. Rather it is a requirement
of the International Joint Commission's orders which specify the minimum profile
of the river which will be adhered to for all discharges high or low.

The fext was changed henre and throughout fo clardfy the ornigin
0f the requirements set forth in the Crniternia.

P.78 Para. 1 -

If such an ice dam occurred, it would be detrimental to riparians also
since it limits the outflow from Lake Ontario.

[No comment. |

P.78 Para. 2 -

These desires of power are also requirements necessary to provide riparian
benefits to Lake Ontario.

Your statement 48 partially correct. In perdiods of high
waten there 48 no benefit to powen of fLows above 325,000 cgs
while there {8 to upstream niparnian interests.

P.117 Para. (b)lst sentences -

See comment P.15.
The 500,000 cfs figure used is the total flow downstream Montreal.

The Montreal Harbour level, Figure 22, is not indicative of flooding problems
in the Montreal area since it has been subject to -flooding from ice jams in the
past. The area sensitive to flooding where major damage occurs is below Beauharnois
and above the Lachine Rapids. Lake St. Louis levels where flooding occurs are
about 50 feet above the Montreal Harbour levels.
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The text was expanded to clarify the §low figures. Figure 22 was
nemoved from the text in Light of youwr comment and othenrs.

P.126 Para. 4 -

This paragraph reflects a basic misunderstanding of the relationship of the
regulation plan to the requirements of the Orders of Approval of the International
Joint Commission. These orders have the approval of the governments of Canada
and the United States. The regulation plan is the plan of releases from Lake
Ontario to comply with these orders. Releases since the fall of 1972 have seldom
been the plan 1958-D releases rather they have been based on the physical capacity
of the river or such as to minimize the adverse impacts on the various interests.
The damages to the riparian owners and the natural environment were less than would
have occurred without the project in place. The physical dimensions of the St.
Lawrence River would not permit sufficient discharge to totally protect riparian
owners.

The Zext was expanded to heflect the beneficial aspects

dernived grom the Plan of Control. ALso a discussion of the
cwtnent physical Limitations of the St. Lawrence River were
Ancluded. However, the question sEULL at Lissue is whether

the PLan as implemented does minimize adverse impacts.

P.128 -~
Well said!

Pages 128 and 129 are not compatible with the other inferences made in the
findings and recommendations and other places in the report. - There is not doubt
that the regulation of Lake Ontario is mnot perfect and the principle reasons for
this is given on pages 128 and 129. 1In all cases of both high and low supplies,
regulation has provided better water level conditions than would have occurred
without the construction of the project. ' '

The Commission fails to see where Lncompatabllity arises.
P 12§ discusses the Limitations of control plans-both grom the
sthuctures required and the operating ciltersia.

P.129 Para. 1 -

The extremes are not left uncontrolled. Instead, the physical limitations
of the discharge channel limits the amount of control which can be achieved.

This is one of the questions at issue. Given the cunrent
physical Limitations of the St. Lawnence River, is optimal
conthol being achleved? The Commission feels that the answer is

no.

P.138 Section 1 ~ Man Made Facilities (a) -

Just as shore structural protective devices must meet rigorous economic
criteria so the construction of the St. Lawrence Seaway and Power Project also
had to meet rigorous economic criteria before it could be constructed.

[Thié L8 well understood. The text hene is merely saying thai]
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protection of the natural envinonment {8 dependent upon Lake
Level regulations.

P.140 Para. 2 -

Lake level regulation can never provide total protection. It can reduce
the high levels and raise the low levels. There are too many unknowns in the
future such as the vagaries of the weather to make such a claim. The general
problem is that the riparian expects more from lake level regulation than can
be delivered by the physical dimensions of the system. To totally control Lake
Ontario would require another outlet from Lake Ontario of a similar magnitude
to the St. Lawrence River.

[No commentJ

P.141 Footnote 1 -~

This statement by the Corps of Engineers is based on internationally agreed
to data on preproject levels in comparison with actual levels.

[No comment.]
P.146 Figure 28 -

Note Appendix '"C" should read '"D".
[Reﬁe&ence to Appendix co&neciedJ
P.157 Section A Para. 2 and 3 -

You must consider what 13 inches on Lake Ontario represents in discharge in
the St. Lawrence River. It represents 100,000 cfs discharge for one month.
Knowing the physical limitations of the St. Lawrence River and the amount of
increase in capacity achieved by the excavations of the project, this represents
a considerable achievement and leads to the conclusion the criteria was satisfied.
All of the criteria with set limits are stated in terms of the supplies of the past
as adjusted. This is defined in the International Joint Commission's orders. The
only criterion which refers to the future supplies is criterion (k).

P.157 Section B -

The key words in this criterion are the words "with the supplies of the past
as adjusted". The supplies of 1972 to 1974 exceeded the supplies of the past as
adjusted and the plan did not meet this level. If the supplies were equal or less
and the plan permitted the level to exceed 246.77 then the criterion is not met.

In onden to emsure that the readern is aware that the criteria
are evaluated on the basis cf supplies of the past a section
stating this and the §act that precipitation in the Lake Ontario
basin was above average during the period under study was added
Ammediately preceeding the section on evaluation.



/
-

P.158 Section 6 - Special Conditions -

The key words in this criterion is "all possible". This is the interpre-
tation placed on this criterion by the International Joint Commission with the
agreement of the Board.

The restrictions in flow cited on the bottom of this page and the top of the
next were made to minimize adverse impacts on other interests. A more rigid inter-
pretation would.have maximized adverse impacts.

The outflow from Lake Ontario is controlled even with the power dam in place
by the level of Lake Ontario. High levels permitted high outflows of 350,000 cfs.
To continue such high flows into the late summer and fall months after Lake Ontario
was below 246.77 would have maximized damage by causing prolonged flooding down-
stream and denied the use of the river to a large portion of the commercial naviga-
tion fleet since levels of Lake St. Lawrence would have been several feet below
that which would provide safe depths. Currents would have similarly been worsened.
The result was a compromise which must be made whenever high or low supplies occur.

[See above commentJ

Pn 210 -

Correct address - Mr. David F. Witherspoon
Engineer-in-Charge
Great Lakes-St. Lawrence Study Office
Environment Canada
318 Federal Building,
Cornwall, Ontario, Canada
K6H 5R8

[Add/w/sa was corrected Ain final )LQPO/l/t._]
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STATE OF NEW YORK
EXECUTIVE DEPARTMENT

OFFICE OF PLANNING SERVICES

488 BROADWAY
ALBANY, N. Y. 12207

HENRY G. WILLIAMS, JR.

DEPUTY DIRECTOR

January 15, 1975

Mr. William E. Tyson

Executive Secretary

St. Lawrence/Fastern Ontario Commission
317 Washington Street

Watertown, New York 13601

Dear Bill:

As requested, OPS staff has reviewed the Commission's re-
port entitled "Analysis of and Recommendations Concerning High
Water Levels on Lake Ontario and the St. Lawrence River.? They
found the report to be very factual, but the author should have
expanded on several of his recommendations. Particularly, the
author should have developed more details on how to accelerate
implementation of the federal flood insurance program and re-
lated flood plain management, for he cited that such a program
has not been adequately implemented.

The necommendations were reviewed and where appropriote
expanded fo include greater detail.

The reviewers also feel that the need for more data and
the potential benefits of a revised regulating plan based on
better data could be highlighted, maybe by giving it a more
prominent place in the order of findings and recommendations
and making it more explicit. The ideal would probably be a
computerized model to assess effects of varying criteria for
regulating the St. Lawrence. In this connection, adeguate con-

sideration of power production is of state-wide interest (see
pp 91-98). '

Recommendation 4 under Data/Research was expanded to include
additional data requirements.

Other comments on recommendations are:

. (a) 1-3: consider dropping this; the flood insurance
act requires notice through the mortgage bank now, and
if recording is reguired in this case, why not for
other hazards?
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William E. Tyson

Page 2

January 15, 1975

[Recommendatéon 1-3 was d&oppedJ

(a) 2-1: riparian owners should have some input into
how the St. Lawrence is regulated, but the exact manner
of selecting representatives will require considerable
thought.

[The Commisséon is in agreement with this statement.]

(a) 4-1: should be corrected to include the latest pro-
vision of the 1974 Disaster Relief Act and the 1973 Flood
Disaster Protection Act which essentially prohibit SBA
"forgiveness" loans to property owners who do not have
flood insurance.

Recommendation 4-1 was expanded to include reference to recent
Legislation. ‘

(a) 6-1, (a) 7-1, (c) 1-1 and wherever else it is appro-
priate; rxe~examination of the regqgulating plan should be
continuous or undertaken periodically.

The fext was revised to include the idea that the Plan should be
continually revised.

Finding (c) 4 should specifically mention electric power
generation.

Recommendation 4-3 and 4-4 wene added. The cost 0f alternative
Sournces o4 power 48 Ancluded as a data need.

p- 24 -~ state and local governments also have primary re-
sponsibility for recommendation (a) 1-1.

[Table 1 was revised in Light of your and other comments.]

We are looking forward to the final report.

Sincerely,

A~

Henry G. Williams, Jr.
Deputy Director and
Acting Director



Mew York State Department of Environmental Conservation
50 Wolf Road, Albany, New York 12233

Ogden Reid
Commissioner

January 15, 1974

Mr. William E. Tyson

Executive Director

St. Lawrence-Eastern Ontario Commission
317 Washington St.

Watertown, N.Y. 13601

Dear Bill:

In regard to your St. Lawrence-Eastern Ontario Commission draft report onm
Lake Ontario water levels, we are providing you with comments on your
findings and recommendations. . In general, we concur with the thrust of
the recommendations. However, we have the following specific comments, -

1. Page 14 The State and local agencies should have primary roles and
responsibilities in cooperation with the Federal Government and the
International Joint Commission in the development of plans for
regulation of Lake Ontario and the St. Lawrence River. We wouldn't
say that the responsibilities fall primarily on the IJC and Federal
Agencies. The State and local agencies have prime responsibilities
in the Coastal Zone Management, flood insurance and water quality
programs that are directly related to the water levels study.

[Tabze T was nrevised to include this and other points ]

Institutions

2. Page 15, Recommendation 1-3 Recording flood hazard on property deeds
would be desirable. However, it would tend to be expensive, perhaps,
it could be required when property is transferred.

[Recommendauon 1-3 was dropped 4in the §inal )LQ)OOM.]

3. Page 15, Recommendation 2-1 There should be an IJC Investigative
Board for the Lake Ontario-St. Lawrence River to include State and
other non-Federal participants, particularly in the committee work
of such a board. Also, the riparian owners and their interests should
be represented on the committees as well as other interests, particu-
larly representatives of environmental concerns. Adding local
representation to the existing St. Lawrence Control Board which is
basically an operating mechanism may be desirable. However, this
kind of representation can be more effective on an Investigative
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or Planning Board which is analyzing and recommending specific
proposals.

[Recommendation 2-1 was expanded to include an investigative ox
| policy board with broaden nepresentation.

Pages 15-16, Recommendations 3-1 and 3-2 New York State should be
adequately represented in any effort to develop an overall management
program for the Lake Ontario-St. Lawrence River Basin. We have
proposed further study of the possibility of control and remedial
works in the St. Lawrence River through an investigative board with
New York State membership., A revamping of the IJC institutional
arrangement is not néeded. It is true that the IJC has been too far
removed from state and local interests and in the past has not involved
public participation in the formulation of its proposals. Formation
of an investigative board representing all interests should be the
means to overcome past deficiencies.

Recommendation 3-2 was reworded to clardify the action the
Commission gelt were appropriate.

Page 17 Findings here and elsevwhere in the report should be amended

to include the recent Corps of Engineers proposal SE0O-17P in combination
with the modified plan 1958-D. Also, the development of a scope of

work for the recent proposals should include environmental and economic
studies which are required and are necessary to attempt to maximize

net benefits, which is probably not possible because of the trade-offs
required among economic, environmmental, social and political considerations.
In particular, environmental considerations require identification and
quantification to the extent possible. Environmental studies are needed
and the scope of work should be developed in order to determine what
effects the proposed plan would have on wetlands and other environmental
consideration. This identification should be done by the IJC with State
and other non-Federal assistance. However, the cost of these studies
should be Federal and funded through the IJC.

SE0-17P provdides for a s@ightly difgering plan of operation of
1958-D. However, the basic premise upon which SEO-17P was
formulated L8 that the criteria set fonth in the Onders of
Approval be met. 1t {4 these criteria that the Commission feels
need re-evaluation. In addition recommendation 4-3 and 4-4
(were added. They indicate other data nrequirements.

Page 14, Finding 9 We dinterpret Criterion K to be possible from the
viewpoint of providing consideration to both upstream and downstream
owners.

[The discussion of Criterion (k) was revised here and thnoughoui]

the text. .

Page 19, Recommendation 9~1 In view of the recent SEO-17P proposal, this
recommendation should probably be changed. Also, there should be a
recommendation which calls more specifically for an overall study of
environmental effects of lake level regulations covering both high and




low water periods.

SEQ-17P only examined the Criteria in Light of whethern they were
met on not by SEO-17P. The Commission feels the Criteria should
be re-examined in Light of the passage of time, the nrecord high
Rake Levels and othen considerations. ALso Recommendation 4-3
and 4-4 were added.

Data Research

8. Page 21 We can't agree with the finding that the productivity of the
natural environment of Lake Ontarioc is dependent upon regulation.
Sufficient environmental studies have not been made to make a statement
of this mnature.

This §inding was rnewonded to clarify what the Commission defines
as the natural environment.

9. Page 21, Recommendation 1-1 alludes to some of the earlier recommendations
under the institutional heading and is not specifically related to data
and research needs. A list of environmental and economic research studies
that are required should be given.

do not §all in exact categories 50 they are placed where they

Your point 4is well taken. However, when categonizing Liems Aome]
most closely {it. J

10. BRecommendation 2-1 is questioned because we believe lake level forecasts
are being used now in the decision-making process. There may be need
for improvements and additional data, but we question the statement
that current procedures do not utilize forecasts of lake levels.

The section on Lake Level §orecasting was rewnitten to include
data on the curvtently used methods. However, it nemains that
Lake Level forecasts are not an integhal part of the formal
decision-making process.

11. Page 23, Recommendations 4-1 and 4-2 relative to the evaluation and
benefits and costs of trade-offs are much more than the two listed on
this page. Reliable flood damage information should be developed
and trade—offs between economic and environmental considerations should
be identified. In specific:

Recommendation 4~1 may be over simplistic. Stage-damage relation-
ships should be established but this involves more than a curve,
and Recommendation 4-2 should provide for studies of economic
consequences relating to power generation, fish and wildlife,
recreation and environmental factors in addition to navigation.

[Reaommendationé 4-3 and 4-4 were addedJ

12. The finding should make more reference to the need for data on fish and
wildlife resources, wetlands, recreation resources, which are required
for full evaluation of alternative regulation plans.

USee comment above).]
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13. Page 24 State, regional and local primary responsibilities are more than
those indicated in the Table. We have indicated some suggested additions
in the enclosure.

[Tabf,e T was revised in Light of your and other comments ]
Thank you for the opportunity to review this draft report.
Sincerely,
() y
| o pomcd>
/3. A, Finck
Assistant Director for
Plan Development
Enclosure
ce: T. Eichlex
H. Williams
E. Rich
E. Karath
C. Morrison
J. Wilson
H. Doig
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Frederick O. Rouse

Chairman

State of Minois

Natural Resources Development Board

State of Indiana
Department of Natural Resources

State of Michigan

Department of Natural Rerources

State of Minnesota
State Planning Agency

State of New York

January 16, 1975

Mr., William E. Tyson

Executive Director

St. Lawrence-Eastern Ontario Commission
317 Washington Street

Watertown, New York 13601

Dear Mr. Tysomn:

Department of Environmenial Conservarion

State of Ohio

Department of Natnral Resourcer

Commonwealth of Pennsylvania
Department of Environmental Resources

State of Wiscousin
Department of Natnral Resanrces

Department of Agriculture
Department of the Army
Department of Commerce
Department of Health,
Education & Welfare
Department of Housing &
Urban Development
Department of the Interior
Department of Justice
Department of State

Department of Transportation
Environmental Protection Agency

Federal Power Commission
Great Lakes Commission

Your letter of December 18, 1974 to Mr. Crook requesting
technical review of a "Draft Document" entitled, "Analysis of and
Recommendations Concerning High Water Levels on Lake Ontario and
the St. Lawrence River" dated December 1974, has been referred to
me for reply.

I have briefly reviewed the "Draft Document". I consider
it to be a compilation of valuable information as set forth in your
statements of findings and recommendations. We agree that the
regulation of Lake Ontario, as well as the whole Great Lakes systen,
entails extremely complex engineering plans and institutional
arrangements. Because of this and the somewhat cursary nature
of my review made necessary by other business, I am reluctant to
insure that your analysis of the situation is completely tech-
nically correct, and by so doing, sign off on your "Draft Document'.

The Great Lakes Basin Commission is vitally concerned
with further regulation of the Great Lakes. The Commission members
are well aware of the damage which has occurred to riparian owners
due to unusual amounts of precipitation and reduced amounts of
evaporation together with the strong winds accompanying the storms
that have occurred in the past several years. For this reason,
the Commission appointed an Ad hoc Review Committee to review the
Main Report of the Lake Levels Board to the International Joint
Commission together with the appendices.

The Ad hoc Review Committee met on October 16, 1974
and developed a set of recommendations for presentation to the
Great Lakes Basin Commission relative to the regulation of Great
Lakes water levels. Mr. William Daley, of New York State, is a
member of the Ad hoc Review Committee. Recommendation No. 2 is

3475 Plymouth Road, Post Office Box 999, Ann Arbor, Michigan 48106

313/763-3590 FTS: 313/769-7431
A=-29



William E. Tyson
January 16, 1975
Page Two

addressed to the regulation of Lake Ontario water levels. It reads as follows:
"The Commigsion endorses the recommendation for further study and evaluation
of the regulation of Lakes Erie and Ontario water levels to insure that
apparently reasonable alternatives, in addition to SE0-42P, receive adequate
consideration. However, benefits should not be derived from substantial
lowering of long-term mean and low levels of Lake Erie."

In conversation with Mr. Daley during the progress.of the meeting,
he indicated that conditions in the St. Lawrence River are the major constraints
to regulation of Lake Ontario. The Main Report recognizes that the physical
dimensions of the St. Lawrence River are inadequate to accommodate the record
supplies to Lake Ontario received in 1972-1973 and, at the same time, satisfy
all the criteria and other requirements of the IJC Orders of Approval for the
regulation of Lake Ontario.

I have not had the benefit of comments from Mr. Daley or other con-
cerned Committee members relative to the analysis of your recommendations
concerning the high water levels on Lake Ontario and the St, Lawrence River
as set forth in your report and, therefore, we do not wish to express a
Commission position without the benefit of Mr. Daley's input.

I would comment on your point, expressed as the third item on page 12,
relative to riparian owners being represented on the decision-making body
that determines the mode of operation of the Plan of Control. It is our
understanding that there have been opportunities for some degree of represen-
tation. The State of New York, who could represent the riparian owners, has
been previously invited to name a member to the St. Lawrence River Board of
Control. We note that there are presently only three U.S. members on the
Board.

As T indicated earlier, I believe that this document contains much
valuable information and would be a good guide to other Great Lakes states
for developing additional legislation and institutional arrangements. We
would like to request that when you have the final document prepared, that
copies be furnished to all members of the Commission's Ad hoc Review Commit-
tee. This document will be valuable to further consideration and deliberations
of the Committee relative to their responsibility to make whatever additional
recommendations they deem to be desirable to the Great Lakes Basin Commission.

For your information, I am attaching a copy of the recommendations
adopted by the Commission at their November 20 meeting. These were forwarded
to the IJC for their information and use.

We are pleased to. have received a copy of the Draft Document and we
will appreciate your cooperation in making the Final Report available to the
attached list of the Ad hoc Review Committee members.

Sincerely yours,

/’/.v‘— !
John L. Hull
Comprehensive Basin Planner Enclosures: as stated.

cc: Mr. William Daley



JAMES A. FITZPATRICK

GEORGE L. INGALLS

WILLIAM J. RONAN

DANIEL J. REIDY

POWER AUTHORITY OF THE STATE OF NEW YORK
10 CorLumMBUs CIRCLE NEwW YORK, N. Y. 10019

(212) 265-6510

TRUSTEES GEORGE T. BERRY
GENERAL MANACER
AND CHIEF ENGINEER

SCOTT B, LILLY
GENERAL COUNSEL

CHAIRMAN

WILBUR L. GRONBERG
ASSISTANT GENERAL
MANAGER - ENGINEERING

VICE CHAIRMAN

JOHN W. BOSTON

RAYMOND J. LEE DIRECTOR OF

POWER OPERATIONS

January 17, 1975 THOMAS F. MCCRANN, JR.

Mr. Joseph Romola

Chairman ,

St. Lawrence -~ Eastern
Ontario Commission

317 Washington Street

Watertown, New York 13601

Dear Mr. Romola:

The Power Authority of the State of New York has reviewed
your Commission's draft '"Analysis of and Recommendations Con-
cerning High Water Levels on Lake Ontario and the St. Lawrence
River'".

In general terms, the report recommends changes in the
present scheme for regulating Lake Ontario to provide additional
protection to riparian owners. However, the report does not
recognize that such changes could only be achieved by imposing
severe adverse effects on others, namely, downstream riparian
owners, navigation and power generation in New York, Ontario and
Quebec.

The neport does not make the hecommendation as stated. 1t does
necommend that the curnent method of Lake regulation be he-
examined and that the Lake Levels be hegulated with the ob-
fective of minimizing total damages. In addition to fLake Level
rnegulation othen methods 0§ damage reduction arne assessed.

The report, in making such recommendation, fails to reflect
an understanding of the provisions of the 1909 Boundary Waters
Treaty and of the function of the International Joint Commission
in acting for Canada and the United States in both devising the
criteria governing regulation and in conducting the present
regulatory scheme to meet the objectives contained in the
criteria.

fThe provisions were understood. The question at issue 4is wheihen]
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the Criteria are stilL applicable due to the passage of time
and the high waten Levels experienced.

By way of background, during the 1954-58 period, the

Authority, together with its Canadian partner, Ontario Hydro,

built the St. Lawrence power facilities.

The power facilities represent an investment of over
$700-million 1958 dollars, Together with the Seaway facil-
ities, financed by the two federal governments, the total
investment on the St. Lawrence in structures which make Lake
Ontario regulation feasible exceeds $1-billion 1958 dollars.

The International Joint Commission, acting for the two
governments, implemented a plan of regulation for Lake Ontario
in 1960. The original plan (1958-A) and its successors (1958-C
and 1958-D) have, over the past 15 years, been successful in
providing a more beneficial range of levels on Lake Ontario
than would have occurred under natural conditions. Official
government records indicate that monthly mean Lake Ontario
levels over this 15-year period would have varied from 241.61
in January 1964 to 249.02 in May 1973 if regulation had never
been implemented. With regulation, the range of levels has been
from 241.78 to 247.92. The riparian owners on the lake and in
the upper river have received this benefit.

The text was expanded to neglect the beneficial aspects of the
cwiient Plan o4 Regulatinm.

We think your Commission should recognize that the invest-
ment in both power and navigation facilities was justified
because of the assurances provided by the criteria approved by
the International Joint Commission. In other words, a regulation
scheme to indicate the probable levels and flows was necessary
for both the economic analysis and the design of the project.

To suggest now, 15 years later, that the riparian interests
should have further benefits, is really to suggest that the two
countries alter the basic conditions under which the St. Lawrence
facilities were financed and constructed,

We have not suggested that riparian internests be given furthen
benefits specifically. What 48 suggested {4 that the §Lood
damage neduction techniques be applied with the objective o4
minimizing the advernse impacts.

Further, although your report does not do so, it should
be brought to the attention of the Legislature that to confer
additional benefits to the riparian interests on Lake Ontario
beyond those specified by the IJC's criteria would have serious
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adverse effects on other areas of the New York State economy.
Further compression of the range of stage on Lake Ontario

would doubtless confer additional benefits to riparian interests
there but given the present physical channels and structures,
would simultaneously reduce the output of low-cost power from

the St. Lawrence and reduce drafts for commercial navigation -,
both of which would adversely affect New York State. By reducing
hydro electric generation, such a proposal would seriously affect
efforts in New York to conserve fossil energy sources. It there-
fore seems fair to ask whether your Commission should advocate
such a course to provide additional benefits to that small
percentage of the population who live along the shoreline.

The question at {ssue A5 "What are the trade-ofgs Lnvolved?" 15
the benegit denived grom using Low cost hydro powern compared to
fossil fuels Less, greater or equal to the damages Ancuwred by 4ts
use; are the benefits of navigation in the Seaway Less, ghreater
or equal to the costs incuwtred by maintaining a 27 §t. channel?
These are the data that must be determined in order that rational
trade-of4s can be made {n order that toial adverse Ampacts can

|be minimized.

The implication that because the Authority generated
record amounts of low-cost energy in 1973 and 1974, it realized
"windfall gains'' is simply not true. As a matter of fact, in
both 1973 and 1974 water equivalent to over one-half billion
kilowatt hours was spilled at Long Sault Dam to provide relief
to the riparian interests on Lake Ontario. If the water which
was spilled could have been used to generate electricity over
a million barrels of oil might have been saved. Surely your
Commission is aware that Authority power is sold without profit
and at rates lower than any alternative sources of power avail-
able to New York State users.

11 the discussion of "Internest Groups Affected" the powen ]

Antenests consdfdered wene not only the producesrs but aliso the
consumers of power. As stated on pg. 98 the consumerns achieved
about 5 million dollans of savings due £o PASNY producing abov
average power. :

Secondly, Aif this watern had not been spifled over Long Sault Dam
A5 the data base available ito tellf what impact it would have had
on watern Levels and thus damages. Possibly the damages would

have been greater than the cost of million barrels of o4l saved.
[ This 48 the question the Commission would Like to Aee addressed. |

In summary, the Authority feels that your Commission has
a responsibility to present the full picture to the Legis-
lature and that your draft report falls short of meeting that
responsibility. The power and seaway facilities which make
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Lake Ontario regulation feasible were constructed only because
of commitments by the two federal goverunments to regulatory
schemes designed to meet the IJC's criteria. The course you
now advocate to provide more protection for riparian interests
on Lake Ontario and in the upper St. Lawrence would seriously
jeopardize that investment, impose serious economic penalties
on the users of Authority energy, would require the consumption
of additional fossil fuels to replace lost hydro energy, would
adversely affect the navigation community in the Great Lakes,
and would impose added flooding on downstream riparian owners.
We ask that you consider whether this course of action is in
the best interests of the State of New York.

The Commission would Like to ask the foflowing question: "How does
managing Lake Levels in a manner that minimizes advernse Lmpacts
Lead to the results set forth in the swnmmary paraghaph?™

Attached is a list of major technical errors we have found
in the draft.

Jameé A'\FltzPatflrk
Chalrman :

Attachment : \
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ST. LAWRENCE-EASTERN ONTARIO COMMISSION

REPORT ON HIGH WATER LEVELS

DECEMBER 1974

Page 51:

MAJOR TECENICAL ERRORS NOTED

There were no known institutional restraints
which prevented more rapid discharge of water
in 1973 and 1974. Flows during the spring

and summer months were designed to minimize
flooding problems both upstream and downstream
while fall flows were those which provided
design depths for Seaway navigation; higher
fall flows would have resulted in restricted
drafts for navigation.

The institutional constraint referred £o 48 the required mainte-
nance of a 27 foot navigation channel. The Commission feels that
the cost-benefit nelationship of this should be examined.

Pages 71 & 72:

The discussion relative to the effect of changes
in flow is somewhat misleading. Normally, flow
changes are effected at Moses-Saunders at mid-
night on Friday and our records indicate that
only about 48 hours are required to establish
the new regime throughout the river. The

flows released in 1973 and 1974 could have been
considerably higher but would have either

caused downstream flooding or would have re-
stricted seaway draft. "

[The text in this section was modified to clarify the discussion.)

Page 74:

The Moses-Saunders Powerdam has the capability
to pass flows up to about 325,000 cfs. While
the number of kilowatts per cfs is maximized at
a fiow of about 270,000 cfs, it is not true
that flows above 270,000 cfs have zero value
for power production.

[Thz text on page 74 of the dragt was revised to neflect théﬂ

comment.

Pages 76 & 78:

As regards the winter season, the project chan-
nels were designed to provide water velocities
no greater than 2.25 fps with a flow of 220,000
cfs, the maximum specified by the plan of regu-
lation throughout the month of January. Over



Page 87:

Page 98:

Page 126:

the past few years we have found from experience
that we can form a satisfactory cover with flows
in the order of 235,000 cfs.

tThe text was nevised to neglect this inﬁonmation.]

Your statement midway on Page 78 that the
winter months are those of peak demand is not
accurate - the Authority's firm contracts for
firm power require that the Authority deliver
fixed quantities of energy throughout the year.

Footnote #3 was added to heference the source of the statement
that peak demand for electric production of the PASNY system 48
in Decemben. VYour comment on the Authornity's fium contract for
gium powern L8 included since this power Ls an element o4 the
peak demand. '

As

Vle question your conclusion that only 2% of
the shoreline between Cornwall and Montreal
is considered erodible. The shoreline of
Lake St. Francis is very flat and even though
Hydro Quebec holds the lake levels within a
band of about one foot, flooding and erosion
do occur. The highly developed shoreline of
Lake St, Louis below Beauharnois is also
subject to flooding and erosion with combined
St. Lawrence and Ottawa flows in excess of
about 350,000 cfs.

indicated in the source of Table 16 the data on the Canadian
shorelines was obtained grom Canadian sources. Time prevented

us from gathering data ouwrselves.

|

Using your own figures from Table 20, you
considered 1970 and 1971 as average years.
During those two years, the Authority's
revenue from the sale of St. Lawrence power
averaged $29.3 million. Our revenue in 1973
from St. Lawrence was $32.2 million and it is
expected 1974 revenues will be slightly less
than for 1973. This hardly constitutes a
207 increase in revenue.

The Zext in this section was changed to reflect the data
provided. This data indicates a 14% increase in revenue.

Contrary to the paragraph at the bottom of
the page, releases from Lake Ontario through
the Moses-Saunders Powerdam have not been in
accordance with Plan 1958-D to the point where
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the Lake Ontario level on December 27, 1974
was 3.6 feet lower than it would have been if
Plan 1958-D had been strictly followed. You
should understand that the alternative to what
you have termed 'windfall gains for power"
would have been to have spilled the wter,
Would this have been a logical decision in
view of the high cost of alternative power
sources? ' '

The text was nevised on page 126. A section was added {ncluding
Figune 29 discussing the benefits of Plan 1958-D. Figunre 29,
which neflects preprofect and rnegulated Levels, indicates that
the difference in Lake Ontario's Level at the end of September
1974 was only 2.17 feef.

With the Limited data available the Commission feels that a
fudgement cannot be rendened nefative to the question asked.
As pointed out in the text the Lack of data on the cost of
alternative fuel sources compared to the different modes of
Amplementing Lake Level contrhol, including "spilling" greater
quantities of water, cannot be made due to the Lack of data.

Pages 152 & 153: In the tabulation relative to enlargement of
river channels, you have included the excava-
tion of 25 million cubic yards to form the
Wiley-Dondero Canal. This canal was prineci-~
pally excavated through the U. S. mainland
and did not affect the hydraulic capabilities
of the river channels.

[Text expanded to Lincorpornate this Lnﬁonmationi

Pages 153 Thru In evaluating the- degree to which operations of

Page 159: 1973 and 1974 met the objectives of the IJC

_criteria, you apparently have concluded that
the limiting elevations contained in Criterion
h, i, and j are absolutes - they are not., The
Commission, in its wisdom, indicated that
regulatory schemes were to meet certain
objectives, assuming that the supplies of
the past were representative of what would
occur in the future, However, the Commis-
sion also indicated that in the event of
future supplies outside the range of pre-
vious experience, the regulation procedures
should provide all possible relief to the
various ‘interests in recognition that nature
is uapredictable.

A section, phreceeding the evaluation of the criterdia, was added]
to address this topie.
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INTERMNATIONAL
ST.LAWRENCE RIVER BOARD OF CONTROL
CANADA UNITED STATES
R.H. SMI|TH, Chairman BRIG. GEN. W.0. BACHUS, Chairman:
R.H. CLARK, Vice-Chairman FRANKLIN F, SNYDER
J.B.BRYCE ROBERT D. CONNER
Y, DE GUISE DESLOGE BROWN

January 17, 1975

Mr. wWwilliam E. Tyson,

St. Lawrence --Eastern Ontario Commission,
317 Washington Street,

WATERTOWN, New York, 13601,

U.S.A.

Dear Mr. Tyson:

I wish to ackncwledge your letter of December 18,
1974, enclosing a draft document "Analysis and Recommenda-
tions Concerning High Water Levels on Lake Ontario and the
St. Lawrence River" dated December 1974. Review and
comment by appropriate agencies and individuals was
requested prior to finalizing this document.

I have reviewed the document with interest, and
as your letter was addressed to me as a member of the
International St. Lawrence River Board of Control, I have
forwarded certain comments to Mr. R.H. Smith, Chairman,
Canadian Section of the Board.

The document contains a comprehensive review of
regulation of Lake Ontario and the St. Lawrence River
particularly during the recent high water period. As a
general personal comment, I would say that the findings
and recommendations with respect to regulation are written
very much from the standpoint of upstream riparian inter-
ests, which unquestionably are important. In my view,
however, there is not adequate recognition of the basis of
the present regulation, the benefits that have resulted
and the limitations that exist. Regulation of this nature
is unavoidably complex in view of all the interests and
factors involved.

The report was expanded Lo include more detailed reference to
fhe areas pointed out in your comments. This was accomplished by
adding Appendices D and F, Office Consolidation of Ondern of
Approval and the Text of the Treaty of 1909 respectively. In
addition a section was added discussing the beneficial aspects
derived grom the current Plan of Operaticn and the Limitations
that now exdist.



I wish to thank you for forwarding the draft
document to me.

Yours very truly,

) g 7
< {;7}/i;>f; / }¢;7C{’

J.B. Bryce
Member, Canadian Section
International St. Lawrence

- River Board of Control
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Your file  Votre référence

Environment Environnement Qurtlz  Noira rélérene
Canada Canada

Environmental  Gestion
Management de I'environnement

Ottawa, Ontario
K1A OH3

January 17, 1975

Mr. William E. Tyson

Executive Director

St. Lawrence-Eastern Ontario Commission
317 Washington Street

Watertown, New York

U.S.A. 13601

Dear Mr. fyson:

Thank you for sending me a draft copy of your report
"Analysis of and Recommendations Concerning High Water Levels on
Lake Ontario and the St. Lawrence River". It must be understood
that it is inappropriate for me to comment upon the report in my
capacity as a member of the Canadian Section of the Great Lakes
Levels Board and it must also be understood that my remarks cannot
be construed as representing the official position of the Canadian
Government. -However, as an engineer who has been involved with water
resource development for over twenty-five years, and who has also
been associated with the Great Lakes for a number of years, I offer
the following comments.

This document appears to be largely a synthesis of various
other reports and does not seem to add anything new. I am not certain
that the author truly understands much of what is currently being done
in the area. For example, his comments on pages 52 to 63 reviewing
levels forecasting speaks of a bias because of the use of 50% probability
of precipitation in estimating future lake levels. This comment ignores
the fact that the International St. Lawrence River Board of Control in
its projections of lake levels uses three basin supply projections -

95% exceedence level, 50% exceedence level and 5% exceedence level. In
other words, a range of levels are forecast to reflect high, Tow and
medium supplies to the Lake. With the present state of knowledge on
Tong term (up to six month) weather forecasting, this appears to be

the only logical assumption.

Ain the draft that the Lake fLevel forecasts are not directly tied

[fhe section on forecasting was revised. 1t remains as stated 1
Ainto the PLan for Lake Level regulations. Secondly, since the

../2
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Lake forecasts issued by various agencies have not been adequate
in the past it is still recommended that additional research be
done to improve them. (see Appendix B, Studies and Reports
Underway and Regulation of Great Lakes Water Levels, Appendix A,
pp. A55-A55).

The author's remarks on pages 128 and 129 about regulation
plans left me wondering if he thoroughly understood the subject. For
example, in the first full paragraph on page 129, he speaks of ranges
of levels and extremes of levels when in actual fact it is the range of
water supply which is the uncontroTlable variable. He speaks of extremes
which could "reasonably be expected to occur" without indicating how .
these would be determined. I would point out that the recent high flows
to Lake Ontario have exceeded any known flows in the Tast hundred years.
I certainly expect that at some time in the future even the high flows
of the past three years will be exceeded but I do not know if this fits
the author's concept of "reasonably expected".

Text changed on page 129 and other places to reflect supplies
vice Levels. "Reasonably expected” was degined.

Although there 48 a deteamined nelationship between supplies and
Levels when operated within the fgramework of a regulation plan it
L8 mone explicit to discuss the subject in terms of supplies.

The above are only examples of two areas where. I feel the author
has failed to grasp the significance or to fully understand the material
which he is treating. I have not had the time to give the report the
thorough review required to permit me to discuss it at length. However,
before closing, - I would like to deal briefly with the findings and
recommendations.

(a) Institutions

1. I agree whole heartedly with the author's finding No. 1 and
his recommendation 1-2. These echo the Great Lakes Levels Board Report
and my personal conviction. It is inappropriate for me to comment on
recommendation 1-1 and 1-3 as these are internal U.S. matters.

[No cohmeniﬂ]

2. I do not agree with this suggestion. The present governmen
representatives on the Board are there to look at all interests. There
would be considerable difficulty in selecting representatives for specific
interests; also such representatives would then tend to seek benefits for
their specific interests at the expense of others. Such a situation would
lead to interminable wrangle and would not necessarily produce an overall
improvement in the results.

[The Commission's position remains ab éiazed.J

3. The control of flows in the Ottawa River is a Canadian matter
and cannot be subject to the wishes of an external becard. Specifically,



I cannot agree with the author's recommendation 3-1, particularly his
final phrase "increases the probability" which suggests that it makes
the situation on Lake Ontario worse. This is not so; it in fact Timits
the opportunities to “make it better”. I am totally opposed to recom-
mendation 3-2. Obviously, the author has not made a study of the I1JC's
history, duties or accomplishments. If he had, he would realize the
value of this Commission in dealing with water problems along our
mutual border.

[Recommendation 3-2 was newonded to clardify the Commission's
position.

Precedent has been set in Columbia River, forn Anternational
development of river basins. 1t is felt that the Great Lakes-
St. Lawrence Rivern - Ottawa River Aystem should be examined in
terms of such an agreement to determine 4§ it would result in
| increased benefits to both countries.

4, Strictly a U.S. recommendation and I have no comment.
[No comment]

5. Again, I wou]d suggest that the author has not reviewed and
does not understand the IJC's role and functions. He does not under-
stand its relationship with the relevant government operating agencies
who do the data collection. I do not agree with the suggestion that the
1JC be allowed to develop into another bureaucracy by having to assume

. functions of this type.

It 48 {elt that adequate data <4 not available to the 1JC. This
being the case, they should initiate effort to obtain such data.
These effornts could be Ain the form of financial aid to othen

lagencies, collecting At themselves or howevern the 1JC 6ee£A L2
should be accomplished.

6. This recommendation and finding appears to be a 'Hwtherhood"”
statement and appears to offer 1ittle of substance.

1t is impontant to podint out the fact that the SLRBC has stated
nepeatedly that they have §Lexibility and options and that they
have used them to the fullest. At the same time the natural
environment of Lake Ontarnio was sustaining damages.

7. ' Like recommendation No. 6 this offers 1little new.

It i of Aimportance when the basic philosophy of regulation is
Aubject 1o question.

8. This applies largely to U.S. internal matters.

9. Aga1n the author appears to misunderstand Criterion k. He has
drawn what I view to be an incorrect conclusion that Criterion k is
inconsistent and cannot be satisfied. This appears to stem from his
interpretation of the words "all possible". Instead of giving relief

to either upstream or downstream interests to the detriment of the other,
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the intention is to operate as equitably as possible with respect to the
problems in both areas.

The discussion of Critenion (k) was revised in the text and 4in
the List of Findings and Recommendations.

(b) Physical Works

1. A U.S. matter

2. Also a U.S. matter
[No commentJ
(c) Data/Research

1. This appears to be repetitious of earlier recommendatigns.
A11 the author is really saying is re-evaluate Plan 1958-D,

The §indings differ abthough the solution remains the same —]
thus repetition ocouns.

2. Again I repeat the author does not appear to be familiar
with all the facts. The Board of Control does recognize in its
projections anticipated water supply conditions and sets its discharge
levels accordingly.

Curnently the Plan of Control does not call gfor, nor require
Lake Level forecasts. 1t 48 being suggested that this be made
a formal part of the regulation plan.

3. This is similar to recommendations made by the Great Lakes
Levels Board.

[No comment.]
4. May be some merit in this approach.

E§ficient, effective management o4 the Lakes nequires this data
base which appears to be cwwrently Lacking.

5. This is a U.S. matter,
[No comment. ]

Time has not permitted as detailed an examination of this report
as I would have liked. My comments are, therefore, in the somewhat hasty
once-over-lightly category. In summary: Even recognizing that the
author had a tough assignment in exploring such a complex area apparently
within such a short time frame, the result is not an authoritative work
and adds virtually nothing to the state of knowledge on this subject nor
does it make any substantive suggestion for improvement.




DEPARTMENT OF TRANSPCRTATION
ST. LAWRENCE SEAWAY DEVELOPMENT CORPORATION

WASHINGTON, D.C. 20590 MASSENA, NEW YORK 13662

Massena, New York
January 20, 1975

Mr. William E. Tyson

Executive Director

St. Lawrence-Eastern Ontario Commission
317 Washington Street

Watertown, New York 13601

Re: ‘“"Analysis of and Recommendations Concerning High Water Levels
on Lake Ontario and the St. Lawrence River" - %Draft) by St.
Lawrence-Eastern Ontario Commission - December 1974

Dear Mr. Tyson:

As requested in your letter of December 18, 1974, the Saint
Lawrence Seaway Development Corporation, being fully aware of the
importance of your final document to represent technically correct
information and/or data, submits for your consideration and incorp-
oration into the final report the following comments. Unfortunately,
a detailed review was not possible due to lack of time and thereby
prevented possibly a more comprehensive response on my part.

At the outset, 1 would 1like to commend Dr. Daniel J. Palm on
the compilation of an intricate engineering matter concerning proper
Lake Ontario regulation into a fairly comprehensive report. Since
water regulation is a complex issue and consumes a considerable amount
of our staff's time and efforts, I can appreciate the extensive time
and effort that Dr. Palm has expended in gathering background data and
information for preparation of the report. _

As stressed throughout the report, the reguiation of Lake Ontario
entails extremely complicated engineering criteria and demands that
attention be directed to many factors and considerations. A plan of
regulation which fully solves the problems of one particular interest
may have a disastrous effect on the affairs of a large number of other
interests. This is an important point that I feel the author has
completely ignored.

In onder o nemove the inference that one ghoup 4is being given
pregenence the introduction was rewritten. In dodng 40 equal
emphasis was placed on the 3 methods o4 damage neduction. In
addition the discussion of the effectiveness of Plan 1958-D was
moved fo the chapter discussing Lake Level negufation. The fext
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was also changed throughout to neflect more clearly that the

Commission views the objective of regulation to be the minimiza-

tion of adverse impacts.

The regulation of Lake Ontario is indeed intricate and, in this

vein, I would like to recommend that a review of the film "Not Man's
to Command", produced and distributed by Environment Canada, be under-
taken by your staff. This is a fine and technically correct production
and may provide further insights into the subject matter and which may re-
quire that the general mood of the report be altered to present a more
accurate representation of all interest groups. [ would also suggest
that you recommend to the appropriate office in Albany that they also
view this film.

My initial impression, after a review of the report, is that
it fails to properly appreciate the expertise of and the time spent
by, tagether with the lack of bias of, the various representatives
responsible for the overall success of the plan of regulation since
its inception. The report only dwells on the minimal shortcomings of _
the plan of regulation during a period when nature provided an inordinate
amount of precipitation.. The report also fails, I believe, to recognize
the ability of the plan of regulation to cope with these recordbreaking
amounts of precipitation, for without the project and the plan of regulation,
riparian interests would have suffered to a much greater extent. In
this regard, it is interesting to note that the report does not address
the fact that both navigation and power interests acceded to the direction
of the St. Lawrence River Board of Contral and worked together for the
benefit of the riparian owner, when in 1973 and 1974 water was allowed
to spill over Long Sault Dam -- water which then could never produce
power and water which did, in fact create severe navigation problems.

Ttem 3 An the introduction to this Addendum clarifies the
Commission's attitude toward the representatives nesponsible
§on the implementation of the Plan. ALso a section was added
descrnibing the beneficial aspects of the Plan and the existing
Limitations to conthof. '

The Seaway was constructed as a joint undertaking between the Saint
Lawrence Seaway Development Corporation of the United States, and the St.
Lawrence Seaway Authority of Canada. Both entities are intended to be self-
supporting and self-liquidating through fair and equitable tariffs of tolls
and charges for use of the Seaway facilities. As pointed out in the subject
report, the approximate cost of constructing the Seaway project was about
$470 million, of which Canada paid approximately $340 million and the
United States approximately $130 million. As you will readily agree, the
St. Lawrence Seaway is the economic Tifeline to the Great Lakes Region and,
when it was completed, the Seaway stood as a symbol of U.S.” and Canadian
efforts to create a waterway "for the mutual benefit of their peoples”.
The Seaway was hailed as "one of the greatest achievements for the advance-
ment of our nation” and "the arrival of a miracle". Generally speaking, the
development of the Seaway and the economy of the nation were (and are) inter-
twined. In retrospect, I can only observe that the "miracle” is still with
us; and to any informed observer, it has been, without a doubt, a success.



The plan of regulation which I believe your draft report unfairly
criticizes has also been a success, for without the project, the
plan of regulation and the successful implementation of the plan
of regulation, you and I would have seen and vould still be seeing
a disastrous flood condition along the shores of Lake Ontario and
the St. Lawrence River.

This comment addresses one of the questions naised in the reponrt.
Granted the Seaway is imporntant but what is the magnitude of this
importance. This and other data are nequired to allfow Lnformed
decision making.

While I would not argue with Dr. Palm's conclusion that
"...riparian owners are a major interest group influenced by the
water levels of Lake Ontario and the St. Lawrence River", 1 have
been advised that such a group represents less than one percent of
the total population of the Great Lakes area. This fact must be
continually kept in mind when we consider the millions of people
in both the United States and Canada who receive, either directly
or indirectly, economic benefits of the Seaway/Power Projects.

The question 4is not the number of people in each ghoup but the
magnitude and Lncidences -of damages due to high watenr.

The Seaway and Power Projects were designed and constructed
under specific design criteria which, ameng other engineering con-
siderations, were not arrived at for the benefit of navigation and
power solely, but for all interests, including riparian owners as
well. For the report to say that riparian owners are not represen-
ted by a spokesman of their own is a grave error, for we believe
that the Corps of Engineers, among others, has clearly indicated
its concern for riparian interests. Furthermore, we understand that
Mr. Robert D. Conner is charged with the responsibility of repre-
senting the people of the State of New York.

Again refenence L4 given to item 3 in the introduction to this
Addendum.

Contrary to the report, the plan of regulation has determined,
for requlation purposes, specific water levels, velocities and flows
for optimum operation. As evidence of the concern shown for riparian
owners, it should be remembered that the Seaway entities, during the
1973 and 1974 periods of high water, issued and effectively enforced
speed restrictions on the river to minimize damage to the shore. These
speed restrictions were very costly to shipping interests. It should
also be noted that draft limitations for navigation were established
based on the minimum profile of the St. Lawrence River established in

the plan of regulation.

It is not debated in the repont that PLan 1958-D has specific
guidelines fon optional operation given Criterdia A-K. What is
contented 44 whethen this optimum openration was achieved and
whether the criiteria now require he-examination in Light of the
passage of time and the recond high waten Levels recently
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experienced. Shipping costs were well documented on pages 99-
109. It is institutional constraints such as specific dragit
Limitations that are under question in this heport.

These same levels and flows criteria which the Seaway operations
are based upon were affected by above average precipitation within

the entire Great Lakes Basin. The Corporation reacted to this unprecedented

supply situation and permitted flows greater than average and above

that called for in the plan of regulation in an attempt to lower

Lake Ontario. These higher flows were permitted up until the time

that they affected the minimum profile and established draft limitations

for navigation. It should be noted that these high flows further

complicated the downstream flocoding conditions experienced in the

Montreal-Lake St. Louis area, which was already receiving a high

supply flow condition from the Ottawa River. I felt that navigation

should not be expected to carry the brunt of man's inability to forecast

periods of high precipitation; consequently, flows were established

in order to maintain the minimum profile during the late Fall of the

time in question, inasmuch as above average precipitation values were

not forecast and, furthermore, flooding was not occurring in any upstream/

downstream areas during this same period.

[1¢ is not the intent 0§ the hepont's recommendation to pass the
"brunt of man's inability to forecast periods of high precipita-
tion" onto navigation. 1t is the intent of these hecommendations
to devise a program of gLood damage reduction where the adverse
Ampacts are minimized. See pages §-10, 47-51, and 99-109

also (dragt). ]

The 1oss to navigation by a reduction in the draft limitations
can be determined by a number of mathematical means; however, a channel
depth-economic impact relationship would vary with time, depending on -the
number -and mix of the transiting vessels. For example, it has been
recently estimated that the value of a ton of cargo to the regional
income of the Great Lakes area is $5 and $24 per ton, as produced from
servicing bulk and general cargo, respectively. Any reduction in vessels'
drafts would naturally directly affect the regional income. As previously
pointed out, riparian interests represent less than 1% of the total
population of the Great Lakes Area, while the total population of this
same area represents 30% of the nation, which produces approximately 30%
of the North American personal income.

The gigures given in your comment do not address .che question of |
magnitude of Aimpact. This is the issue. The magnitude should be
detenmined 80 that trade-offs can be determined in an informed
national mannen.

Additionally, it must be pointed out that operating the Seaway
at the minimum profile, as was done during the Fall of 1972, 1973 and
1974, places navigation in a very serious economical situation. For,
at this minimum profile, Lake St. Lawrence is very sensitive to meteor-
ological effects and any shifts in the wind to a north, northeast or
east direction drops the water levels below the minimum profile. Vessels



are then ordered to anchor until the wind shifts, thereby allowing a return
to the minimum profile and in turn a resumption in normal traffic. During
one low water period spanning approximately a 46-hour duration over the

1st, 2nd and 3rd of December 1974, a total of twenty-seven commercial vessels
were affected, resulting in a total lost time of 1165 hours to the shipping
trade, or an equivalent loss, using Dr. Palm's operating costs per hour,
(Table 23) of approximately $350.000.

[The economic dmpact provided {in your comment was added to the textl

Furthermore, operating at the minimum profile is operating at the
minimum level of safety on the Seaway. This safety factor could contrib-
ute to loss of cargo and property, pollution of the environment, loss of
human life and substantial increases in the insurance rates for shipping
interests.

[No comment.]

One of the major errors in the report and one that affects the
total validity of the entire report is the finding that "Flooding occurs
in the Lake 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". It is generally accepted and so stated in
the operational plans that flooding occurs in the Lake St. Louis-Montreal
section of the St. Lawrence River when the combined flow of the St.
Lawrence River and the Ottawa River exceeds approximately 345,000 cfs.
When this figure is reached, the Operations Advisory Group selects the
highest possible flows for the St. Lawrence River in order to minimize
flooding upstream of the power dam, and at the same time being mindful
of the possible flooding downstream of the power dam. During this
critical period, flows are selected based on solely riparian interests.

The author nealizes that the fotal §Low of the Ottawa River does
not neach the St. Lawrence Rivern above Montreal. Footnote 12 in
Chapter IV clanifies the conditions under which §Looding occuns
Ain the Montreal Harnbour asea.

In reference to criticism of the current plan of regulation, we
find it extremely unfair to use damage figures accumulated during the
storm in the Spring of 1973 in an attempt to establish the plan's in-
adequacies without assessing the positive benefits that the same plan
of regulation has afforded riparian interests over the years. If the
plan is inadequate, data to prove it so should be accumulated from all
periods during the plan's operation. The positive benefits afforded
the riparian interests can best be illustrated by examining the huge
accumulated positive deviation from the plan. This positive deviation
represents a lowering of Lake Ontario which would not have been possible
if the project had never been built and the plan of regulation never
initiated. During a period of high precipitation, any regulatory plan
can only serve to distribute the effects of the adverse conditions. In
the case of high water condition, power and navigation have distinctly
opposite goals. In actuality, during periods of high water levels on
Lake Ontario, high flows through the power dam benefit upstream riparian
interests and power, yet are a detriment and hazard to navigation and



downstream riparian interests (for reasons as pointed out herewith and

in the reportg. Yet in periods of low water levels on Lake Ontario, this
relationship is reversed. That is, the low flows through the power dam
benefit upstream riparian interests and upstream navigation, yet are a
loss to power, downstream riparian interests and also downstream naviga-
tion, since levels in Montreal-Lake St. Louis are at or below the minimum
profile.

The text was expanded, including a figure reflecting preprofect
and experienced Lake Levels, to discuss this subfect.

The report contains a number of other findings and corresponding
recommendations, some of which obviously should be given further con-
sideration. I would suggest, however, that this consideration be
cautious and studied, for the implementation of a number of the recom-
mendations such as the renegotiation of the applicable international
agreements might well result in a worsening of the situation for those
interests that the report proposes to protect.

The recommendations were reexamined in £ight of the comments
necedlved:. Several changes wenre made.
!

As I have previously indicated, the plan has, in my opinion,
served its intended purpose, but this is not to say that we should
not continually review and revise it. Dr. Palm's report, when corrected,
could serve as valuable input to the on-going project of the St. Lawrence
River Board of Control to review, revise and improve the plan.

In closing let me say that I greatly -appreciate the opportunity to
review your draft report and hope that the comments contained in this
letter will prove beneficial to you as you prepare the final report to
be submitted to the New York State legislature and I look forward to
seeing the final product.

Sincerely,
William H. Kenned
Resident Manager
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BLACK RIVER-ST.LAWRENCE
REGIONAL PLANNING BOARD

LEWIS JUEFFERSON ST.LAWRENCE FRANKULUIN counties

R&D Center, St. Lawrence University, Canton, New York 13617 {315)379-5355

January 20, 1975

William E. Tyson, Executive Director
St. Lawrence-Eastern Ontario Commission
317 Washington Street

Watertown, NY 13601

Re. Draft ~ "Analysis of and Recommendations
Concerning High Water Levels on Lake Ontario
and the St. Lawrence River

Dear Mr. Tyson:

We have reviewed this draft and find it to be acceptable as to writing, develop-
ment of background information, and presentation of recommendations. "Findingl"
and its associated three recommendations is especially welcomed and strongly
endorsed. Review time 5.5 hours.

Sincerely,

@w@@&/ Ko

Donald S. King -
Regional Planner <Kgf{\

Environmental Health Services

DSK/pas




U.S. DEPARTMENT OF COMMERCE
National Oceanic and Atmospheric Rdministration

Great Lakes Environmental Research Laboratory
2300 Washtenaw Avenue
Ann Arbor, MI 48104

January 21, 1975

Mr. Daniel Palm

Associate Economist

St. Lawrence-Eastern Ontaric Commission
317 VWashington Street

Watertown, NY 13601

Dear Mr. Palm:

Thank you for the opportunity to comment upon the water level
forecast portion of your draft report entitled Analysis of and
Recommendations Concerning High Water Levels on Lake Ontario and
the St. Lawrence River. My comments on the report as discussed
with you by phone are:

1. In Table 9, add Water Levels of the Great Lakes, Weekly
Summary, a copy of which is attached.

[Reéenenced publication was added to Table 9J

2. On page 56, Methodology, the method discussed is currently
employed by the Detroit District, U.S. Army Corps of Engineers,
and not the Lake Survey Center.

The section on Lake Level fonecasting was newnitten in Light 05]
this and othen comments.

3. The Lake Survey Center is now a unit of NOAA's (National
Oceanic and Atmospheric Administration) National Ocean Survey
and not the Corps of Engineers.

[The author was aware of Lthis as 48 indicated on page 51 04 dnaﬂt]
Lext.

4. The NOAA component currently involved in lake level forecasting
is the Great Lakes Environmental Research Laboratory of the
Environmental Research Laboratories. We are currently using a
climatological approach in our lake level forecasts.

The section on Lake Level forecasting was rewnitten in Light of
these and othern comments.

A-51



Page 2
January 21, 1975
Mr. Daniel Palm

5. The current 6-month and l-month water level forecasts are
coordinated between the Detroit District, Corps of Engineers
and the Great Lakes Environmental Research Laboratory, NOAA.

I wéuld appreciate receiving a copy of the final report when it
becomes available.

Please contact me if further information is required.
Sincerely yours,

%/’}: h—/{? %}ZL/&’Z YAy

Frank E. Quinn
Head, Lake Hydrology Group

Enclousure

cc: Dr. Aubert
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INTERNATIONAL JOINT COMMISSION
UNITED STATES AND CANADA
WASHINGTON, D.C. 20440

14 February 1975

Mr. William E. Tyson

Executive Director

St. Lawrence - Eastern Ontario Commission
317 Washington Street

Watertown, New York 13601

Dear Mr. Tyson:

This is further to our letter of January 29, 1975, in
which initial comment is given concerning your December 1974
brief on the water levels of Lake Ontario and the St. Lawrence
River.

I have attached a number of comments which include
information received from Commissioners and members of our
Board.

A parallel letter is being sent by the Chief Engineer
of the Canadian Section of the Commission.

Sincerely yours,

J

2 ‘,
5 i‘" A i
Stewart H. Fonda,

Engineer Adviser
United States Section

Jr.

enclosures: as stated.

SH¥ /cs
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COMMENTS ON THE ST. LAWRENCE-EASTERN
ONTARIO. COMMISSION DRAFT REPORT

GENERAL COMMENT

1. While it is without question that the author has expended
a great deal of time and effort, the general impression left
by this report is that it is narrow in view and not completely
factual. The overall conclusion of the report is that the
regulatory system 1s operated primarily for the benefit of
power and navigation interests with almost no consideration
of the riparian interests. The objectives, as stated on
page 2 of the report, are limited to an evaluation of the
two years, 1973 and 1974, which were years of record levels
and flows exceeding those upon which the regulation plan was
formulated. It gives no recognition to the 13 years of
regulation from 1960 through 1972, which included very low
levels and flows, and in which overall benefits were derived
from regulation, The objectives more desirably should have
been to evaluate the effectiveness of the operation over

the full period since the construction of the navigation

and power project, and compare this with the history of
levels and flows in nature before the regulation plan.

Even if the SLEOC objective was limited to evaluating the
extremes rather than the complete cycle under the current
plan, the least that should have been done would be to also
include the two lowest flow years (1964 and 1965).

A section was added to the repont discussing the preprofect and.
actual water Levels. See Figure 29 and accompanying Zext.

2. The Board is currently working on a revision to Plan

1958—D, which incorporates supply data covering the 20 years
since 1954. These studies are being conducted within the

scope of the present criteria and existing physical constraints.
The studies are examining the fea51b111ty of incorporating lake
level and supply forecasts into the regulation procedure.

The Commission endounageA a speedy completion of this wonrk.
Howeven, it also encourages a reexamination of the criteria.

3. The report fails to recognize the ability of the plan of
regulation to.operate with water supplies as received during
the period 1860-1954 and the discretionary deviations that
were made by the Board to cope+with the ssquence of record
high water supplies in 1973 and 1974. Without the project,
riparian interests would have suffered to a much greater extent.
The report does not acknowledge that both navigation and
poiver interests worked together for the benefit of the
riparian owners,when in 1973 and 1974, water was allowed to
spill over Long Sault Dam--water which then could never
produce power and water which did, in fact, creat severe
problems for navigation. :
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The question at {ssue 48 not whether the Plan of Controf provides
benegdits but whethen Lt maximizes these benefits.

4, The Seaway and Power Projects were designed and constructed
under specific design criteria which, among other engineering
considerations, established specific water levels, velocities
and flows. These criteria were not set for the sole benefit
of navigation and power, but for all interests, including
riparian owners as well. These structures were paid for by
the navigation and power entities, yet they have been of
extensive benefit to riparian interests by permitting the
operation of a control plan which has reduced the high levels
of the past two years at all times from one to two feet

below what they would have been under pre-project conditions.

[ThiA s understood Ey the authonJ

5. On pages 12 and 13 there are three questions implying a
lack of informational input on regulatory decisions and a
conclusion that there is both a lack of input and of impartiality
in attempting to minimize the adverse effect. We cannot agree
that the Board has not been fully cognizant of problems as

they have arisen or that the Board has not acted to minimize
adverse effects to riparian interests above and below the
project area. In response to these allegations, and as noted
above, it should be pointed out very strongly that since 1960
regulation has provided better than natural conditions for
riparian interests on the Lake Ontario shoreline. The report
speaks, on Page 21, of the need for "Additional efforts-- to
derive a plan of regulation which will provide adequate
protection for the natural environment of Lake Ontario and

the St. Lawrence River.”" This can only imply that the natural
environment is considered as the post-196C environment. The
point should be made that under regulated conditions the
monthly mean levels of Lake Ontario at Oswego have ranged

from 2 low of 241.78 in January 1965 to 247.92 in May 1973 for
a total range of 6.14 feet; whereas, under preproject conditions,
levels would have ranged from 241.52 in December 1964 to 249.03
in June 1973, or 7.51 feet.

It 48 not denied that the Board tried to minimize the damage to
riparian owners given the institutional constrhaints and the Lack
of data. It is the Latter two subfects that this repornt addresses.

6. The thrust of the criticism of the regulatory operation
seems to be that releases were restricted, holding the level of
Lake Ontario higher than it might have been with the present
dlrcharge capability. The critical assessment did not
recognize that these releases were considerably in excess of
those which would have occurred without the project, and that
they were necessarily restrained because of problems of flood-
ing downstream.

[Aga&n, the question being addressed is whether the Plan 05]
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The Commissdion feels that institutional constraints and the Lack
of data cunrently prevent this.

7. The suggestion that the IJC needs to collect data is not
valid in that the IJC has available to it any and all data
collected by agencies of both countries.

The text was expanded to indicate that the 1JC does not have to
collect the data itself but to make known what data it needs fox
decision making and then stimulate other agencies to collect it.
The fact nemains that the Commission feels that adequate data
A8 not cwuently available upon which to make decisions.

[Coninol as impLemented allows for the maximization of benefits.

The discussion concerning the use of Criterion (k) 1is
cnfusing. Stateéments are made that "this criterion should
have been followed to a greater extent,' and that '"an
internal inconsistency in the Plan, i.e., Criterion (k) makes
it nearly impossible to implement the Plan effectively. Both
upstream and downstream riparian owners cannot be provided
all possible relief, as required by the Criterion, during
times of high lake levels." A final statement is '"that
Criterion (k) is, as written, impossible to conform to."

The report should clarify the authors concept of and remarks
concerning its use. In our view, the latitude provided by
Criterion (k) has been responsible for improving the results
of regulation during the past two years.

[The discussion nelative to Criteria (k) was newondadj

9. In regards to the author's statement concerning meteorologic
forecasting, the International Great Lakes Levels Board (IGLLB)
conducted a very extensive investigation on this matter. It
concluded that there is very little promise for forecasting
precipitation for more than a few weeks. The IGLLB did

find some improvement is possible in forecasting runoff into

the lakes from precipitation which has already fallen on the
tributary land areas. The benefits and cost of expanding

the Great Lakes hydrometeorological networks would need to be
studies to determine the most feasible and desirable expansion
program.

The Commission encourages this study fo be undertaken as soon ak
possible.

10. The report author implies that he '"perceived," from events
in 1972 resulting in high water level conditions on the upper
Great Lakes, that the Board,. using meteorologic and hydrologic
forecasting, should have known what to expect. He refers
specifically to the 20-month period of January 1973-August
1974, The extreme conditions on Lake Ontario were due largely
to the extreme local supply received during that period. As
an example, the excess of local basin supply above the average
(1950-1970) for the period January 1973-August 1974 resulted
in an additional 3.8 feet of storage on Lake Ontario. More
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discussion on this is provided in specific comments below.

Since, on the average, §5 percent o4 Lake Ontaric's supply comes
grom the uppen Lakes Lt seems Logical that the fact that these Lakes
were well above average Levels faken by <tself wauzd have hequired
stnong action on the parnt of the Boa&d

SPECIFIC COMMENT

Pg. 1,
Para. 1

Para. 3
Sent.1§2

Only two of the lakes are currently controlled by man.
This control is based on a set of criteria established
by the IJC and were developed thru a series of public

hearings on the matter.

Man's ability to control levels has had the effect of
lowering the extreme condition from that which would
have occurred under unregulated c0nd1+1on and thereby
has reduced the damage.

Technical soundness of plan and satisfaction of the
criteria is determined from a 100-year test over
historical supply conditions.

[The Aintroduction o the report was awnmétten.]

Lake Ontario reached its 1972 peak level of 246.75 on
16 July. The highest monthly mean elevation in 1972
was 246.72 in July and this was not in violation of the
criterion (h) monthly mean level of 246.77 feet.

The elevation referenced in the text was footnoted to neflect
it was a mean daily Level. The monthly mean Level was also
provided.

Outflow of 310,000 cfs as incorporated into Plan 1958-D
is not above the limitation specified for navigation
requllenon s. The upper limit specified by criteria

is a monthly elevaulon and can be exceeded during the
month. The criteria is satisfied if the monthly average
is equal to or less than 246.77. Agree that Lake Erie
was at or near record level. However, Lakes Michigan-
Huron which contributes most of the supply to these
lower lakes was only 1-1/2 ft. above its long-term
average but below the highs of 1952 and much below

the all time highs. The flow was maintained at

310,000 cfs.  This is the maximum outflow permitted
under Plan 1958-D and was consequently the highest
outflow that had been discharged since regulation
began in 1960. From about mid-September to mid-

October this flow was in excess of the maximum outflow

limitation specified by Plan 1958-D for navigation

requirements. The Lake remained approximately 0.4

foot above normal (1860-1970 average for Oct = 244.43
Oct 72 average - 244.82).
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[The text was rewonded in Light of this comment.J

During this period, 13 October - 7 November, the lake
fedl 0.4 foot to a low of 244.50 on 7 Nov., and then
rose 0.4 foot to an elevation of 244.90 on 15 December,
which was equivalent to its elevation on 13 Oct, just
prior to the flow reduction.

[The paragraph was reworded to reflect data pnouidedJ

Lake Ontario's basin precipitation exceeded the average
9.38 inches. Precipitation on the entire Great Lakes
Basin exceeded the average by 4.41 inches. The amounts
by which the precipitation on the remainder of the
Great Lakes basin exceeded average ranged from about
2-1/2 to 6 inches.

Typoghaphic erron was corrected. Tables 6 and 7 reglect rain-
fall data in detail. .

Appendix "B" of Great Lakes Levels Board Study, pages
B-129 to B-313, compares extreme supply conditions.
These figures indicate that the most extreme supply
conditions on Lakes Erie and Ontario occurred in the
1970-1973 period. However, this was not the case on
the upper lakes. Since supply to the lower lakes is
equal to Inflow+Local Supply, it can be concluded that
the extreme conditions were due to the extreme local
supply. Hence, the statement that much above-average
supplies would continue 1s not necessarily so - If
local supply would have dropped off, the total

supply would have been near average.

Eamxnted it would have been nearer average but stifl abouej

See comment above.

[The sentence referring to Lake Level use was de&etedJ

The Lake Ontario discharges were increased from a low
weekly average of 233,000 cfs in the second week of
January to a high of 350,000 cfs in the first week

in June.

335,000 c4s changed to 350,000 cfs. ]

. The fact that the inflow exceeded the outflow for the

Pg. 6
Para. 1
Sent 283
Pg. §
Para. 2
-Sent 1§2
Pg. 6
Para. 4
Pg. 7
Para. 1
Pg 7
Para 2
Pg. 7
Para. 3
Sent. 1

period January - May 1973 or any other year is normal,
since this is the period of the normal seasonal rise
on Lake Ontario.

[A sdentence was added‘that stated this to be the nommal caoe.]'
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7o
Sent. 2 From 245.39 on 1 January 1973, the Lake rose ,247.99 by
the end of May. )

Sent. 3 The average level for May of 247.94 exceeded its long-
term (1860-1970) average for May by about two and one-

half feet.
Pg. 8 The level dropped from about 246.8 in early August to
Para. 1 244.3 in mid-December.
Dates wene added to clarnify which Lake Levels were being nefesr-
enced.
z. 8 This flow was measured at Massena, not Ogdensburg.  The

P

Para. 2 official Lake Ontario outflow is determined as the
summation of all flows (i.e., powerhouse flow, spillage
at Long Sault dam, lockage in the Wiley-Dondero Canal
and various minor diversions) at the Cornwall-Massena
section of the St. Lawrence River.

EAlﬁootnote was added to clarify the gauge Kocazion.]

Pg.889 The monthly mean Lake Ontario levels for October,

Para. 4 November and December 1974 were 244.52, 244.00 and

Sent. 3 244.03, respectively. These values were 0.33, 0.36
and 0.33 foot, respectively, below the levels of
October, \ovembel and December 1973.

The following is offered as an accurate amount of Lake
Ontario level conditions for the past three years, 1972,
1973 and 1974: .

The levels rose from near average levels in early 1972 to a very
high level in July 0f 246.72. This level did not violate the
criterion (h) monthly mean level of 246.77 feet. The sudden ris-~
in early June and July was primarily due to the extraordinary
rains caused by Hurricane Agnes. The Lake then entered its
seasonal decline and the level fell at a greater than normal
rate into November, even after the outflow was reduced for
navigation purposes on the St. Lawrence River. However,

when the Lake begain to rise unusually early causing an

increasé in level of about 1/2 foot during the period

6 November - 16 December 1972, the Board began deviating from
the Plan and flowing greater-than-Plan flow.

The greater-than-Plan flows continued in 1973, until the first
week of October when 1t was necessary to reduce flows for
navigation in the St. Lawrence River. During this period, record
high outflows vere recorded both during the winter (w1th ice
condltlons) and the summer.

Lake Ontario's 1973 levels remained high during the year because

it continued to receive record high supplies. Despite the
Board's efforts to discharge the maximum possible amount of
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water from Lake Ontario, considering downstream conditions, the
Lake peaked in May at 247.94 feet (highest since regulation
began and third highest since record keeping began in 1860)
which exceeded the upper limit of 246.77 feet as specified

in the IJC Orders of Approval. However, the levels throughout
this period were at least one foot lower than they would have
been if the project had never been built. '

Throughout the summer months the Board continued to use its
discretionary authyoity by making releases in excess of Plan
1958-D and pre-project. In fact, for two months, June and
July 1973, the outflow averaged 350,000 cfs which was the
highest ever recorded since regulation began and prior to
regulation. The Board's action caused the Lake level to drop
45 inches from the peak level to 244.27 ft. by the end of
lovember 1973.

The Lake then began its seasonal rise and reached a level of

about 245.85 ft. by the beginning of March 1974, which was about

4-1/2 inches lower than at the same time in 1973. The levels
continued to rise due to the high supplies and, again, despite
the Board's action (of flowing maximum possible), even during
the winter ice cover period, Lake Ontario exceeded the upper
limit criterion and it peaked in June at a level of 247.45 ft,
This peak level was 1/2 foot below that of a year ago (1973),
and 1t was about 1.4 ft. below what it would have been had

the project not been built.

Following the peak in June the Board continued to use

its discretionary authority in making flow releases which

were as high as 340,000 cfs in late July and early
August 1974, and the level fell approximately 3-1/2
feet to a December mean leve of about 244.0 ft. This
level is about 0.3 foot below the level of a year ago
and only 0.2 foot above the average for this time of

the year. The lowest daily mean level recorded during
the month of December was 243.95 feet. During portions
of November and December 1974 were the first occasions

in nearly three years that the level dropped below
elevation 244 feet. Unless extreme high supply
conditions continue in 1975, which cannot be reliably
predicted, the Board expects the level to peak
significantly below the 1974 peak level. This takes

into account the existing storage on the upstream lakes.

[é footnote was added reflecting the data provided. The texi]

was examined in Light of your commentary.

Pg. 9 Although the net effect of the excessive supply of water
Para. 1 was certainly beneficial to the power interests, there
were two adverse effects to power, brought about by the

method of regulation, which should not be overlooked.

The drawdown effect in the power pool, which is created
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Pg. 10

Para. 1
Sent. 3
Sent. 6
Sent. 7
Pg. 10

Para. 2
Pg. 11

Para. 2
Sent. 1

by the discharge of high flows through the powerhouses,
reduces the hydrostatic head available for power
generation. TFherefeore—there—is—a—static-head-avaxitabde
foxr -power—generatien: Therefore, there is a reduction
in the electrical power produced from each cubic foot of
water discharged through the powerhouses. Secondly, and
more important, spillage of water through Long Sault Dam
was necessary from mid-April through mid-September 1973,
and again for a period of time in 1974, to discharge the
high flows authorized by the Board of Control. The total
volume of the spillage, which was equivalent to one foot
of storage on Lake Ontario in 1973 and one-half foot in
1974, by-passed the Moses-Saunders Power dam and thus
was unavailable for power production.

Power production reconds appean to verify that the increase in
fow due to the high watern Levels more than compensated for the
Loss in efficiency.

Regulation Plan 1958-D was designed to provide the design
depths of the navigation channels.

[Théé 48 undenstood by the auihon.]

It is stated that "...riparian owners are at present not
represented by a spockesman of their own." Mr. Robert D.
Conner, Member of the International St. Lawrence River
Board of Control, was nominated by the Governor, State
of New York and is concerned with the interests of all
the people of the State of New York.

Footnote 11, Chapten VI sets forth the Commission's feeling on
Board hephresentation.

Correct the last part of this sentence to read:
" ..conflicts with power, navigation antl the riparian
owners downstream.'

[The sentence was changed as suggested.]

The Levels Board Study made available loss functions
mentioned in this paragraph. By letter dated 4 Novembher
1874, to Dr. D. Palm, from Mr. B. G. DeCooke, Detroit
District, Corps of Engineers, the Lake Ontario generalized
shore property loss functions used in the International
Great Lakes levels Board Study were made available.

The information heceived agter the draft was pninied. Text
changed to neffect recedipt of data.

The economic impact on power from various modes of
operation should alsc be considered.

EThe text was expanded to include a discussion of this impactJ
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Pg. 11 There is strong objection to use of terms "inadequate

Para. 3 knowledge" in reference to Operations Advisory Group.

Sent. 1 A better phrasing of this sentence might be as follows:
n_, .are currently made without definitive information
on the relative economic impact on each interest."

The text was neworded as suggested. The fact sti8L nemains that
without the data descrnibed as Lacking 4in the text well informed
‘deciéioné cannot be made.

Pg. 12 Any modifications to the present plan of operation will
Para. 2,3 utilize both hydrologic and economic evaluations for
final selection.

[Na commentl

Pg. 12 This report continually challenges the capabilities of

Para. 5 the members of the Board. Suggest preparing a short
biography of each member of the Board, giving
affiliation, education, years of service, ete., similar
to that prepared for the International Joint Commission.

FThe draft was reworded throughout to clarify the Commission's
position. 1t was not the intent of the Commission to challenge
the capabilities of the Board membens but to discuss shortcomings
0f the Plan 0§ Contrnol and its implementation over the past few
yeard. As the nevised text neglects Lt L8 not so much the
"doing" of the Boand as Lt {8 the Limits placed on them by the

| Plan which are subject fo question. ]
Pg. 14 "Table reflects..." It is not known what table is
Para. 1 referred to.
Sent. 1

[Reﬂe/nence to Table 1 was added.]

Pg. 15 It should be noted that the report is in error in stating
Para. 4 that flooding in Lake St. Louis occurs with flows in
and 95 excess of 500,000 cfs. In this regard, it may be that

the recgently initiated study by Canada and the Province

of Quebec may conclude that Ottawa River regulation can be
improved for flood control purposes, but this is an
internal Canadian matter. Any proposed modifications

to Plan 1958-D include investigating the effects of
limiting the maximum outflow from Lake St. Louis.

{Fooinote 12 4in Chapter TV clarnifies the text nelative Lo 5ﬁoading]

in the Montrheal anea.

Pg. 16 This is no justification whatsoever given for the
Para. 1 statements in this paragraph concerning the International
Joint Commission.

ﬁhe Zext was expanded to clarify what is meant by "neuamping".]
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Pz, 17 The International Joint Commission presently maintains

DPara. 3 a program of data collection, analysis and design
through the agencies with which the members of the
International Boards are affiliated.

Text was added describing the data needs that are cwuently felt
ungilled.

Pg. 17 This statement implies that Plan 1958-D was exercised only
Para. 4 to its full latitude. The fact is that, with few
exceptions, regulated outflows have been equal to and,
in most cases, in excess of the maximum outflow limits
specified by Plan 1958-D since the fall of 1972.

1t was stated and discussed throughout the text that the Board
allowed releases above those called for by Plan 1958-D. However,
exercise of this Latitude was felt not fo be adequate in preventing
damages.

Pg. 18 The IJC has attempted to investigate the impact of

Para. 2 regulation studies on various entities by holding widely
publicized Public Hearings throughout the Great Lakes
on the report by the International Great Lakes Levels
Board.

As stated in Recommendation 2-1, Institutions, imput in the
planning Atage would be beneficial.

Pg. 22 Finding 3 3, page 22, is a recommendation of Great
Lakes Levels Board contained in their report of
December 1973.

The gage network development and pattern establishment
is carried out by the Coordinating Committee on Great
Lakes Basic Hydraulic and Hydrolcgic Data - a Canadian-
U.S. Committee.

The existing institutional arrangements have been
instrumental in data gathering efforts.

[The Commission febt this was important and included it in thw]
nepont.

Pg 47 The IGLLB Study states that it takes about 2-1/2 years
Para. 2 for 50 percent of the total effect of a supply change
Sent. 2 to Leks Michigan-Huron to reach Lake Ontario.

This comment was included in the discussion of time Lags 4in the
response of the Lakes.

Pg 47 Should state: "...flow of the St. Lawrence River at
Para. 3 Massena, NY."

Sent. 2

Pg 47 The flow was measured at Massena, NY, not Ogdensburg,

Para. 4 NY, The maximum outflow at Cornwa11 Massena was
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Pg 51

Pg 51
Para.
Sent.

Y

Pg 52
Para. 3
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351,000 on July 11 and 21, 1875.
[keﬁenence to gauge Location changed]

Table 8 should be headed, at Massean, NY rather than
Ogdensburg, NY.

[The Table was footnoted to indicate that the Location of the gauge]

changed with the construction of the Powern projeck.

This sentence could be better stated as: "However,
because of physical and institutional constraints,
it has not been possible to prevent the lake from
rising, at times, to levels which have resulted in
substantial damage’ to both man-made facilities and
the natural environment."

LSenIence rewnitten as necommendedJ

Description of Lake Level Forecasting method is
described in a technical paper published in 1967.
There have been a number of changes made to the
method since that date. 1In this entire discussion
no mention is made of Regulation Representatives'
technique and its application.

Outlook on lake levels made each month is employed as
a guide to future release.

Method uses a cycle correction factor to compensate
for excess precipitation.

[The section on Lake Level forecasting was nwmmétteni

Sentence should be reworded: "A high rate of release
at the control structure tends to draw down Lake

St. Lawrence until such times as sufficiently steep
gradient 1s established between the water level at
the control structure and Lake Ontario, to maintain
the outflow from Lake Ontario equal to the Power Dan
release rate."

The converse of the rewording in previous comment should
be used to improve this sentence.

This paragraph and its footnote are confusing if not
incorrect. Suggest this: Outflows from the control
structure can create problems for navigation under
either high or low Lake Ontario levels. However, in
either case, the reason is the same: the outflow
through the control structure is high, relative to
the discharge which would normally be flowing from
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Lake Ontario at its given stage at that time.
[The text was revised to include the recommended wohdéngJ

Pg 72 Not true- during low supply period and minimum
Para 1 discharge, levels in Lake St. Lawrence are hjigh.

Para 2 Not true for navigation in the various harbors on
Lake Ontario where the level is very important.
During periods of low supply, navigation downstream
of the International Rapids Section can be very
critical.

[fhié section was reexamined in Light of these and othen commentAJ

Pg 74 Not true - the Moses-Saunders Poérdam has capability
Para 4 to pass flows up to about 325,000 cfs. Also, while
the number of kilowatts per cfs is maximum at a
flow of 270,000 cfs, it 1is not true that flows
above 270,000 cfs have zero value for pewer.

[The text was revised to comnect the statement in the dragt.]

Pg 117 Damage occurs when combined flows of the Ottawa and

Para 2 St. Lawrence Rivers exceed 380,000 cfs. Do not agree
with statement that major effect is due to backwater
and that Montreal experiences little flooding.

Footnote 12, Chapter IV clarifies the glow data. Statements
nelative to area of damage and nelative magnitfude provided by
nepresentative of Dept. of Envirnonmental Conservation.

We @uestion whether accelerated erosion has occurred -
the change in beach width may be due to increase in
elevation of water.

W QQ

o
w0

On site dnspection indicates erosdion has occutred as evidenced
by the uprooting of mature thees and othen forms o4 vegetation.

Pg 124 Great Lakes Levels Board has developed stage-damage
Para 2 curves for shore property.

Additional data, as outlined Lin the text, is nequired to negine
these stage-damage curves.

Pg 125 The effect above Moses-Saunders Dam on riparian owners
is questioned. During periods of high supply, Lake
St. Lawrence levels are lower than during periods
of low supply.

Riparian owners above Moses-Saunders Dam include those not only
~lon Lake St. Lawrence but also Lake Ontardo.

Pg 126 These paragraphs are biased in only evaluating one
Para 1 short period. Consideration should have been given
and 2 to total period of regulation to determine how much



Pg 126
Para 3

Pg 127

and 128

Pg 129
Para 1

Pg 153
Para 4
Sent.

3

:

in the g§inal nepont.

a given interest has been benefited or damaged.

This study was directed toward examining a period of high water.
1t was not possible to examine the entire time period during
which control has been efgectuated.

False - This statement implies that Plan 1958-D was
exercised only to its full latitude. The fact is

that, with few exceptions, regulated outflows have
been equal to and in most cases in excess of the
maximum outflow limits specified by Plan 1958-D since
the fall of 1972. From December 1972 to the summer

of 1974, the St. Lawrence Board of Control authorized
the discharge of a volume of water equivalent to
approximately four feet of storage on Lake Ontario

in excess of the volume that would have been discharged
under the strict application of Regulation Plan 1958-D.

The authon (s aware of this and address this throughout the
text. Since the Boand has upon several occasions suggested they
did all they could it was felt that the §ull Latitfude of the
Plan had been exercised.

A. Regulation of the Water Level. This section is very
good except for the few comments below. Unfortunately
its value is minimized by its rather obscure location
in the report. Something is apparently missing in
line 15, page 128, otherwise what does '"both" refer
~to? The St. Lawrence Control system was designed to
handle the Extremes of the past (1860-1954) and to
satisfy the IJC criteria for regulation - do not

agree with 2nd sentence of the 1st paragraph, page
128. It is suggested that line 17, page 128 be changed
to "...flow, but rather somewhat reduced range,..."

everal wornds were omitted Ln the dragt. They have been incﬂudeé]

Do not agree. Regulation during period of high supply
did not satisfy criteria, but reduced the peak levels
below those which would have occurred under nature.
Thus benefit has been provided during tue 1972-74
period.

It 48 felt that if man is unable to manage fLake Levels as he
desdnes then the Lakes can said to be uncontrofled.

It is interesting to note that the author impliés that

he "perceived" what Lake Ontario's hydrologic conditions

would. be for the 20-month period Jan 1973-Aug 1974.
The following is given of the conditions for that
period:

(1) Lake Ontaric's local basin water supplied (NBS)



(does not include inflow from upstream lakes) was
significantly above the 1950-1670 average NBS for

16 out of the 20 months of the period Jam 1973-Aug 1974.
(2) The NBS for Mar 1973 exceeded the maximum NBS

for March for the 1950-1970 period by 20 percent,

which combined with the supply from the upstream

lake caused Lakc Ontario's level to rise by cne

foot during March 1973. This 1is about twice the

average rvise for March for the period 1650-1970

The excess of local basin supply above the average
(1950~-1970) for the period Jan 1973-Aug 1874 resulted in an
additional 3.8 feet of storage on Lake Ontario, and this
does not consider the additional supply from the upstream
lakes.

The "percedlved” refens to those involved in Lake Level regulation -
not the author. The point being made 48 that the conditions as

04 Jan. 1973 called for cerntain actions and that the informaticn
gathered through the next 20 months did not add enough significant
knowledge to change this required action.

Pg. 153 In general, the evaluation is based on the degree to which
and 154 the I1JC met the specified criteria during 1973 and 1974.
Para. 1 Primarily, this referred to Criteria (1), (J) and (H).

It should be pointed out that the criteria are prefaced
on supplies as received in the past (1860-1954).

The average rainfall in the Lake Ontario Basin from

Jan 1973 thru Augst 1974 was 2.1 inches above normal.

The text was revised to make it clear that eriteria (&) (§) and (h)
are prefaced on supplies as neceived in the past (1860-1954) and
that the average nainfall in the Lake Ontaric Basin from Jan.

1973 thiu August 1974 was 2.1 inches above normal.

Pg. 155 "...measured at Massena, NY."
Para. 2
Sent. 2
ﬂbint 04 measurement connectedJ

Pg. 158 This may be true if one would have known exactly what
and 159 the future supply conditions to Lake Ontario, as well
Para. 3 as upstream lakes, were going to be.
Sent. 4

[No comment.]
Pz. 198 The Regulation Study is currently in progress.
Para. 1
Para. 2 Indicated approach to forecasting appears to be similar

to studies made by Corps in the mid-50's (Beck).
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Pg. 215
through
234

Thére. are some problems with figure and table numbers
as related to those provided in the text.

Bﬁgune and'Tabte numbers were cohnéctedJ
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INTERNATIONAL JOINT COMMISSION

COMMISSION MIXTE INTERNATIONALE
151 SLATER _
OTTAWA, ONT.
KIP SH3 ‘

February 19, 1975

William E. Tyson, Esq.

Executive Director

St. Lawrence-Eastern Ontario
Commission

317 Washington Street

Watertown, N.Y. 13601

Dear Mr. Tyson:

I regret that it has been impossible to provide you,
at an earlier date, further comments on the draft analysis
and recommendations concerning high water levels on
Lake Ontario and the St. Lawrence River. The Commission's
report on the regulation of the Richelieu River and
Lake Champlain was a high priority assignment.

In general, your document is a good synthesis of a
number of reports. The author should be complimented for
attempting to describe some of the natural phenomena and
methodology. For example, he went to great pains to explain
in layman's language the "backwater curves" on the Upper
St. Lawrence, a subject so elementary to engineers familiar
with channel hydraulics that they have never taken time to
explain it in layman's language. His description of lake
level forecasting was well done. Unfortunately, the method
used by the Commission's Regulation Representatives is
similar to that used by Environment Canada. That method,
in addition to average precipitation, takes account of the
probability of excessive or scant water supplies on the land
and water areas of the Upper Lakes, as well as on Lake Ontario.
A copy is enclosed for your information. ' :

The economic analysis concerning navigation savings is
one of the many methods used by economists. With regard to
the statistical analysis, one should always bear in mind the
statement made by the University of McGill's most honoured
economist, "There are lies, damn lies and statistics".’

‘ One last general comment. On page. 140 of your treatise
there is a statement, "Only lake level regulation can provide
the protection that is reguired for the natural environment...
without destroying the area to be protected". Ironically
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William E. Tyson, Esqg. Page 2 February 19, 1975

at the IJC Public Hearings in Plattsburgh on December 4, 1974,
the official statement of the State of New York lamented

the unfortunate emphasis placed on regulation as a solution
to flood problems. The New York statement went on to say,
"Our primary environmental concerns are the potential and
possible detrimental changes to wetland areas which could
result from reducing the height and duration of seasonal
flood peaks." This is contrary to the general thesis set

out in your report.

Given the cwrient Level o4 knowlfedge the Commission feels that
Lake Level regulation 48 nequired to protect the natural
envinonment. Howeven, as stated in Recommendation 4-3, Data,
Research, additional data is required. When this becomes
avadilable a change in attitude may be required on the part of
the Commissdion.

The more obvious omissions and errors were outlined in
letters from this Commission dated January 23 and January 29,
1975. Mr. Fonda, the Engineering Adviser in Washington, on
February 14, sent further comments. I understand others have
also forwarded their comments to you. Since I agree with
their comments, they will not be reiterated in this letter.

It is hoped the comments set out below will be of value
and integrated into your final document. If you wish to be
cognizant of all the comments sent to you, it appears that
the document should be rewritten with further technical aid
in order to transform it into an accurate and objective
report with creditability and worthy of serious consideration.

Page li,yLast Para.

~ The allegation that those persons who made the decision
on the Lake Ontarioc outflows do 52 "under conditions of
inadequate knowledge" and that they are "bliased by the fact
that they are employed by specific interests - riparian
interests not included" is unfounded and false.

regarding representation on the St. Lawrence River Board of

Foctnote 11, Chaptern VI clarnifies the Commission's position
Contnol.

Page 12, Last Para.

This paragraph appears to summarize the purpose of the
brief. Unfortunately, the author does not understand the
operation of the International Joint Commission and its
International Boards, including the International St. Lawrence
Board of Control. Such statements degrade an objective report
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to an advocate's brief.

This section was revised and placed Later in the heponz in the]
section discussing Lake Level regulation.

Page 15, Finding 3

This finding is incorrect. The figure 500,000 should
be changed to read 380,000.

|Footnote 12, Chapten IV clarnifies the condifions undern which
fLooding occuns in the Montreal area.

Page 15, Recommendation 3

The Ottawa River should remain under control oi Canadians
since it is wholly within that country or until they can
control shoreline use in New York State. Quebec shore
property interests.should not be reguired to suffer more
damage than would occur under pre-project conditions. Storage
in the Ottawa River Basin is rather limited., Shore property
interests in the Ottawa Basin, like the citizens of New York
State, are also concerned about high water and preserving the
environment. The author does not appear to have made a
detailed study of the effectiveness of the International
Joint Commission in dealing with boundary water problems |
that are of major concern to both Canada and the United States.

Precedent for intermational development of water resourced has
been set by the Columbia River Treaty. Such an approval may be
wseful for the St. Lawnence River drnainage basin.

Page 17, Recommendation 5

The author does not understand the relationship of the
International Joint Commission with the relevant. data
collecting agencies in both Canada and the United States.
The International Joint Commission should not develop into
a bureaucracy duplicating the functions of existing govern-
mental agencies.

come a data gatherning agency. What it has to do 48 make know

Ay indicated in the revised text the 1JC does nut have fo be-
n
its data needs to the agencies established to gather data.

Page 17, Recommendation 6

Additional studies, which take into account the unprece-
dented water supplies of the last few years, are being
conducted by the St. Lawrence Board of Control. One must
bear in mind the physical and constitutional constraints.

[Théé Commissdion urges a speedy complefion of these AtudiQAJ
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Page 17, Finding 7

The regulation philosophy in this finding is not that
of the International Joint Commission, but part of the criteria
used by the International Great Lakes Levels Board in assessing
various regulation plans for the Great Lakes System. The main
complaint has been against high water levels in Lake Ontario.
It should be understood that nearly all of the property damage
occurs during storms and consequently the direct result of
wave action. During the period when storms are most freguent,
the levels of Lake Ontario, in the last few years; have been
about two feet lower than those levels which would have occurred
had not the St. Lawrence Project been built. Some estimate
that the damage due to wave action is four times greater than
that caused by inundation.

Since the 1JC established the Intennationaz Great LakeA,LeuekA
Board to study a specigic problem it was felt that basic assum-
ptions and criterdia underlying the study most Likely neglected
the ph&[obophy 04 the agency creating the Atudy ghoup.

Page 42

The chart would tell -the whole truth 1f pre project levels
were also plotted. :

A compaﬂiAon 04 pne-p&ojeci and actual Lake Levels was added.
See Figure 29 and accompanying Zext. ,

Page 74, Para. 4

The statement that "any flow in excess of 270,000 cfs is
of zero value to the production of electric power" is incorrect.
The maximum flow that can be utilized is about 320,000 cfs.
The output by the hydro-electric plants is increased by about
200,000 kw when the flow is increased from 270,000 to 320,000 cfs.

The text was revised in Light of comments from the Powen| .-
Authornity of the State of New York.

Page 96, Para. 2

It is inferred that high water levels have a significant
increase on power production. It is the outflow from Lake
Ontario, not the level of the Lake, that is a major factor
in powetr production.

This is true. However, during the period in queAt&on both
high Levels and gLows occunned :

Page 126, Last Sentence
This statement is not correct and should be deleted.

During the spring and summer of both 1973 and 1974, navigation
was subjected to serious hazards. The water releases from
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Lake Ontario was not a "windfall" gain, but actually a loss
because water was spilled at Long Sault Dam. It should be
stressed that the riparian owners derived an appreciable
benefit because the lakes were one to one and a half feet
lower than they would have been under pre-project conditions.

Navigation problems are well documented in Chapter 1V, Section
A-2. The gain negerred to 45 the 20% above the average pro-
duction that was possible at Moses Power Dam. Reference to the
Lowering of the Lake due to the implementation of the Plan o4 Con-
thol was included in the revised text.

Page 155, Para. 4

It is apparent that the author does not understand the
meaning of the term "maximum dependable flow". It has nothing
to do with flows of 270,000 cfs.

The author understands the terms. Granted that cver the Long
wun the maximum dependable Low of the St. Lawnence River is

Less than 270,000 cfs. As used here 270,000 cfs 45 not inferred
to be the dependabfe fLow but a figure Lo use in examining
percentages of time actuak §low exceeded a given §Low.

Page 158, First Sentence

The statement that Criterion (h) has not been made with
any degree of consistency is incorrect. If one considers the
supplies that have occurred in the last 114 vears, Criterion (h)
has only been exceeded in two years. This indicates that
Criterion (h) has been met with a very high degree of con-
sistency. Furthermore, it stresses the unprecedented supplies
that have occurred in the 20 months examined by the author.

This comment also applies to Criterion (i) in the next '
paragraph.

Within the time frame of this analysis the referenced criternia
were not fulfilled with a high degree of consistency. Granted,
the period examined is one 0§ high waten Levels.

Yours truly,

f/ st 4
=
/AK«’N. Thompson

~ Chief Engineer
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