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Dear Commissioners: 

The Levels Reference Study Board is pleased to submit its report on methods to alleviate 
the adverse consequences of fluctuating water levels in the Great Lakes-St. Lawrence 
River System, pursuant the Comn~ission's Directive dated February 8, 1990 and revised 
April 20, 1990. 

The Board recommends forty-two practical actions that governments can take in  the 
following six key areas: 

Guiding principles. for future management of water level issues. 

Measures to alleviate the adverse consequences of fluctuating Great Lakes-St. 
Lawrence River water levels. 

Emergency preparedness for high- or low-water level crises. 

Institutional arrangements to assist in implementing changes. 

Improvements i n  comlnunications with the general public on water level 
issues. 

Management and operational improvements to facilitate future Great Lakes- 
St. Lawrence River management. 

The Board would like to call the attention of the Commission to Chapter 5 which deals 
with emergency preparedness. There are a number of actions recommended that should 
be given early attention by the Commission. 

The details of public involvement and details of the studies and investigations carried out 
by the Board are contained in six separately bound ~ n n e x e s  to the Final Report. 
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- 
AndrC Harvey 
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Executive 
Summary 

In 1985 and 1986, after nearly two decades 
of above average precipitation and below 
average evaporation in the Great Lakes-St. 
Lawrence River Basin, all of the Great Lakes - 
with the exception of Lake Ontario -reached 
their highest levels of this century. Storm 
activity combined with these high levels to 
cause extensive flooding and erosion of lake 
shorelines and severe damage to lake shore 
properties. Millions of dollars in damage 
resulted. In response to widespread public 
concern, the governments of Canada and the 
United States requested the International 
Joint Commission to study methods of allevi- 
ating the adverse consequences of fluctuating 
water levels in the Great Lakes-St. Lawrence 
River Basin. 

This is the final report of the Levels Reference 
Study Board. It responds to the issues raised 
in the Reference from governments and the 
subsequent Directive from the Commission. 
This report recommends 42 practical actions 
that governments can take in six key areas: 
1) guiding principles for future management 
of water level issues; 2) measures to alleviate 
the adverse consequences of fluctuating 
Great Lakes-St. Lawrence River water levels; 
3) emergency preparedness planning for high 
or low water level crises; 4) institutional 
arrangements to  assist in implementing 
changes; 5) improvements in communications 
with the general public on water level issues; 
and 6) management and operational improve- 
ments to facilitate future Great Lakes-St. 
Lawrence River water level management. 

Central to the success of this study has been 
an intensive public involvement process, 
which included an 18-member Citizens 



Advisory Committee and a full schedule of 17 
public events throughout the Great Lakes-St. 
Lawrence River Basin during the study's final 
phase. Preparations leading up to this report 
and the recommendations contained herein 
have been subjected to review through public 
events, meetings with senior government offi- 
cials in the United States and Canada, and the 
study's newsletter, UPDATE/AU-COURANT, 
with a mailing list that began at 1,200 and 
grew to more than 3,600. 

Guiding Principles 

Management of water level issues appears to 
be guided by no clear or consistent policies 
among the numerous agencies and govern- 
ment bodies responsible for various aspects of 
the issues. In order to ensure consistent and 
comprehensive recommendations the Study 
Board developed a set of guiding principles 
for the conduct of the study. These same prin- 
ciples which respect, not only the Great Lakes- 
St. Lawrence River Basin ecosystem but 
diverse interests of the people who use it, are 
recommended for adoption by all levels of 
government. The principles provide broad 
guidelines for future decisions and enhance 
coordinated, system-wide management. They 
improve the opportunity for wise use and 
management of the finite water resources of 
the Great Lakes-St. Lawrence River Basin. 

Measures 

A large portion of this study's effort was 
directed toward developing practical mea- 
sures that Governments could take to alleviate 
the problems associated with fluctuating 
water levels. Three possible approaches could 
be used: preventive, remedial, or combina- 
tions of preventive and remedial. 

The study found that no one measure will be 
the answer to all water level-related problems; 
nor can measures be applied in specific 
instances without regard for measures taken 
in other areas, or without regard to the varied 
interests affected. This study has also conclud- 
ed that, regardless of lake level regulation, 
flooding and erosion caused by wind, wave 
and storm action will continue to occur along 
the shorelines of the Great Lakes and St. 
Lawrence River. 

Lake Level Regulation Measures 

The Study Board concluded that, although it 
would be engineeringly feasible to regulate all 
five of the Great lakes, the costs of such an 
undertaking would exceed the benefits pro- 
duced, and it would have adverse environ- 
mental impacts. A number of possible plans 
for regulating three of the Great Lakes 
(Superior, Erie and Ontario) were examined. 
One of these plans was strongly supported by 
shoreline property owners of the middle lakes. 
Through dredging and installation of a struc- 
ture in the Niagara River, this plan would have 
provided benefits to shoreline property own- 
ers on Lakes Michigan-Huron and Erie by 
reducing the range and frequency of water 
level fluctuations. Water level and flow ranges 
on Lakes Superior and Ontario and in the St. 
Lawrence River would increase. Mitigation 
works in the St. Lawrence River would be 
required. This plan would adversely affect the 
wetlands of the middle three lakes by reducing 
the range of water level fluctuations. 

This plan had the highest economic efficiency 
'of any of the three-lake plans considered. 
While debate continues with shoreline proper- 
ty owners of the middle lakes as to the calcula- 
tion of this plan's benefits and costs, the study 
determined that this plan could achieve a ben- 
efit-cost ratio of 0.08; much less than the ratio 
of 1.0 that is required if a project's benefits are 
to equal its costs. Because of strong represen- 
tations from shoreline property owners, the 
study also considered the maximum plausible 
benefits that could result from this plan. Even 
these benefits produced a benefit-cost ratio of 
only 0.15. 

Approximately $322 million annually would be 
needed to dredge, construct, operate and 
maintain the control works on the Niagara 
River, together with the mitigation works in 
the St. Lawrence River that would be needed 
for this plan to be implemented. Further costs 
of approximately $3.3 million annually to the 
United States commercial shipping industry, 
and $14.7 million annually to hydropower pro- 
duction would be incurred. The Board con- 
cluded that, although the plan is engineeringly 
feasible and would reduce flooding and ero- 
sion damage on the middle three lakes, the 
potential economic and environmental costs 
were too high to justify the project. 



The Board recommends changes to the exist- 
ing regulation plans for Lakes Sllrperior and 
Ontario to better reflect the current needs of 
users, and to allow broader authority in devi- 

\ 
ating from the Lake Superior regulation plan 
during emergency situations. 

I 

Channel Changes in the Niagara 
River 

In consideration of strong views expressed by 
owners of shoreline property on Lake Erie dur- 
ing the public forums on the draft final report, 
the Study Board has recommended removal 
of some of the fill that has been placed in the 
Niagara River over the years. Removal of fill 
would help restore the river's flows nearer to 
those that occurred prior to placement of sev- 
eral obstructions in the river. The Board also 
recommends that Governments take steps to 
ensure that further land,filling does not occur 
in the connecting channels, where it can affect 
lake levels and flows. Removal of the identi- 
fied fill from the Niagara River is anticipated to 
lower Lake Erie's long-term average level by 
0.03 to 0.06 metre (0.1 to 0.2 foot). The cost of 
this project, excluding purchase of land rights, 
is estimated at $1.6 million. 

Land Use and Shoreline 
Management Measures 

The Study Board has also concluded that, 
regardless of whether lake levels and flows 
are regulated, damage to shoreline properties, 
public infrastructure and water dependent 
businesses, will continue without action to 
curb these losses. Consequently, the Board 
has recommended that the Governments of 
Canada and the United States, together with 
states, provinces and local governments, take 
steps to institute comprehensive and coordi- 
nated land use and shoreline management ' 

programs. Such programs could include a 
range of measures, from community-based 
shore protection projects to acquisition of haz- 
ard land in order to prevent future damage- 
prone development. All of these programs 
would have to be instituted at the local level, 
using multi-objective processes that take into 
account the needs of affected interests. While 
the Board recognizes that i t  may be impossi- 
ble to implement such programs on a uniform 
basis throughout the basin, given the diversity 
of local needs and shoreline characteristics, 

the intent of its recommendations is that gov- 
ernments aim at uniformity to the maximum 
extent possible, in order to ensure consistency 
in the application of these measures along the 
full length of the Great Lakes-St. Lawrence 
River shoreline. An annual budget of $10 to- 
$20 million is recommended to help ensure 
implementation of the measures. 

Recommended remedial land use and shore- 
line management measures include: reloca- 
tion of dwellings; floodproofing of existing 
structures and structural and non-structural 
shore protection. Recommended preventive 
land use and shoreline management mea- 
sures include: setback requirements; flood 
elevation requirements, shoreline alternation 
requirements; and real estate disclosure. 
Measures that could be considered either 
preventive or remedial, depending upon their 
appli-cation, are hazard insurance and acquisi- 
tion of developed and undeveloped land. 

Emergency Preparedness 

A variety of short-term actions that could be 
quickly taken to lessen the effects of high or 
low water level crises, and be quickly reversed 
once the crises were over, were reviewed for 
possible incorporation into an emergency 
operations plan. These actions include hy- 
draulic measures, which would alter the levels 
and flows of the Lakes and St. Lawrence River, 
and land-side measures, which would provide 
protection from extreme levels. 

A set of hydraulic measures was selected that, 
when grouped together, represents the maxi- 
mum possible effect on water levels that could 
be achieved in a crisis situation. These mea- 
sures include adjusting flows from Lakes 
Superior and Ontario; manipulation of the 
Long Lac, Ogoki, Chicago and Welland Canal 
diversions; placement of an ice boom at the 
head of the St. Clair River; and, increasing the 
capacity of the Black Rock Lock in order to 
temporarily increase the outflow from Lake 
Erie. 

Land-side measures include emergency pre- 
paredness plans at the state, provincial and 
local levels; storm and water level forecasting 
and warning networks; emergency sandbag- 
ging; shore protection alternatives; temporary 
land and water use restrictions, and others. 



This study finds that preparation and imple- 
mentation of an emergency operations plan 
before the next water level crisis is essential. 
However, manipulation of the Long Lac-Ogoki 
and Chicago Diversions, are controversial and 
would have impacts outside the Basin. In addi- 
tion, the potential side effects of hydraulic 
measures would have to be considered. 
Preparation of such a plan would require 

I 
cooperation by,the two federal governments, 
the provincial, state and local governments, in 
consultation with other affected parties. 

Institutional 
Arrangements 

A multitude of individuals, groups and agen- 
cies, both within and outside the basin, benefit 
from the Great Lakes and St. Lawrence River. 
This study reviewed the range of jurisdictions 
involved in activities related to water levels 
and flows and examined the ways in which 
they currently fulfill their responsibilities. 
These investigations led to proposals for 

- changes to institutional structures that could 
improve coordination and effectiveness of the 
decisioc-making process. 

The Board recommends that a Great Lakes-St. 
Lawrence River System Advisory Board be 
established with membership from the exist- 
ing Boards of Control, the states and prov- 
inces, and interest groups. This board should 
provide advice to the Commission on Great 
Lakes-St. Lawrence River water level issues, 
including lake level regulation and land use 
and shoreline management activities. It should 
also review and monitor the activities of a rec- 
ommended water level communications clear- 
inghouse. 

The Study Board further recommends expan- 
sion of the Lake Superior and St. Lawrence 
River Boards of Control to allow additional citi- 
zen membership, as well as addition of state 
and provincial membership to the Lake 
Superior Board. The Study Board also recom- 
mends that the Coordinating Committee on 
Great Lakes Basic Hydraulic and Hydrologic 
Data be formalized under the auspices of the 
Commission. 

Communications 
Programs 

Regardless of the measures implemented as 
a result of this study, the foundation for their 
success will be laid only through effective two- 
way communication between Governments 
and the users of the Great Lakes-St. Lawrence 
River System. This study considered several 
options for establishing a communications 
clearinghouse that would act as the central 
coordinating point for all government infor- 
mation efforts regarding Great Lakes-St. 
Lawrence River water levels. 

The Board recommends that a Great Lakes 
water level communications clearinghouse 
be established as a bi-national effort by the 
United States and Canadian Governments. 
The clearinghouse should be established as 
part of major federal agencies such as 
Environment Canada and the United States 
Army Corps of Engineers and have linkage 
with larger organizational units that can pro- 
vide staff support in water level crisis periods. 
The clearinghouse should have direct access 
to governments' corporate memories with 
regard to Great Lakes-St. Lawrence River 
water level issues, and direct access to 
current expert knowledge. 

Management and 
Operational 
Improvements 

The development and distribution of informa- 
tion on management of the Great Lakes-St. 
Lawrence River System and on reducing the 
risks of exposure to high or low water levels 
needs to be continually reviewed. While this 
study has succeeded in making a comprehen- 
sive exam'ination of the engineering, econom- 
ic, environmental and social issues implicit in 
Great Lakes-St. Lawrence River management, 
it has also identified areas in which data gath- 
ering efforts, information storage, interpreta- 
tion and communication could be improved. 

The Board recommends a number of actions 
to update hydrologic and hydraulic models, 
improve data collection, improve forecasting 
and statistical methodologies and improve 
communication of water level and flow 
information. 



Summary 

This report represents the culmination of six 
years of intense effort by government and 
non-government agencies, interest groups, 
private citizens, academics and consulting pro- 
fessionals. The result is a distillation of the 
best available knowledge about many aspects 
of the Great Lakes-St. Lawrence River Basin, 
and a set of recommendations that reflects the 
collective wisdom of the study team and the 
interested public. The recommendations not 
only outline practical actions for the near- and 
long-term, they show Governments how to 
ensure continued success in  their application 
by improving the mechanisms for implemen- 
tation. 

The Study Board recommends several emer- 
gency preparedness actions that should be 
taken as soon as possible. These include 
increasing the flow capacity of the Black Rock 
Lock in  the Niagara River, installation of an ice 
boom at the head of the St. Clair River, and 
examination of the potential effects of chang- 
ing the flows through the four major Great 
Lakes-St. Lawrence River diversions during - 

high or low water level crises. The Board fur- 
ther recommends that comprehensive emer- 
gency preparedness planning by all levels of 
government begin immediately. 

In addition, the Board recommends compre- 
hensive and coordinated land use and shore- 
line management measures, as well as 
improvements to operational capabilities, 
that should be undertakenover the long term. 
Further recommendations for changes to insti- 
tutional structures and public communications 
practices are also put forward as means to 
achieve long-term improvements in the way 
Governments, together with citizens and inter- 
est groups, address water level issues in  the 
Great Lakes-St. Lawrence River Basin. 
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Chapter w 
The Great Lakes- 
St. Lawrence River 
Levels Reference Study 

This is the final report of the Levels Reference 
Study Board1 to the lnternational Joint 
Commission2 in response to the Commission's 
Directive dated February 8, 1990 and revised 
April 20, 1990.3 This Directive follows the 
August 1, 1986 Reference to the Commission 
from the Governments of Canada and the 
United States pursuant to Article IX of the 
1909 Boundary Waters Treaty to "examine 
and report upon methods of alleviating the 
adverse consequences of fluctuating water 
levels in the Great Lakes-St. Lawrence River 
Basin."4 

T h i s  r e p o r t  s u m m a r i z e s  the f i n d i n g s  a n d  c o n -  

clusions from the final phase of the study and 
presents recommendations based upon these 
findings. It provides sufficient information to 
convey the background, process, findings, 
conclusions and recommendations of the 
study.5 Detailed technical, research and public 
participation information is contained in the 
committee reports that are separate annexes 
to this report: 

Annex 1. Working Committee 1 - Public 
Participation and Information - Final Report. 
Annex 2. Working Committee 2 - Land Use 
and Management - Final Report. 
Annex 3. Working Committee 3 - Existing 
Regulation, System-Wide Regulation and 
Crisis Conditions - Final Report. 
Annex 4. Working Committee 4 - Principles, 
Measures Evaluation, Integration and 
Implementation - Final Report. 
Annex 5. Citizens Advisory Committee - 
Final Report. 
Annex 6. Crisis Condition Responses - Final 

Report. 

1.1. 
THE REFERENCE 

In 1985 and 1986, after nearly two decades of 
above average precipitation and below aver- 
age evaporation in the Great Lakes-St. 
Lawrence River Basin,C all of the Great Lakes 
with the exception of Lake Ontario reached 
their highest levels since record keeping 

lThe Levels Reference Study Board will be referred to as the Board, or the Study Board. 
2The lnternational Joint Commission will be referred to as the Commission. 
3lnternational Joint Commission, Revised Directive to the Levels Reference Study Board (Phase 11). (February 8, 1990, revised 
April 20, 1990). 

4U.S. Department of State and Canadian Department of External Affairs, Letters of Reference to the lnternational Joint 
Commission, (August 1, 1986). 

5"study" refers to the final phase of the Levels Reference Study. 
6All references to the "system" include the five Great Lakes, Lake St. Clair, the connecting channels and the St. Lawrence River 
to  Trois-Rivieres. References to the "basin" refer to the system and the surrounding land area that drains into it. 



began at the turn of the century. Lake 
Superior's levels peaked at approximately 0.3 
meter (one foot) above the long-term average, 
while Lakes Michigan, Huron and Erie rose as 
high as one meter (three feet) above their 
averages. Storm activity combined with these 
high levels to cause extensive flooding, ero- 
sion of lake shorelines, and severe damage to 
lake shore properties. Millions of dollars in  
damage resulted. - 

This marked the sixth occurrence this century 
of water level extremes. The first period of 
extremely high water levels was in 1929. This 
was followed by extreme lows in the dry years 
of the early 1930's. By 1952, lake levels had 
reached highs that matched those of 1929, but 
by the early 1960's they had dropped again to 
record lows. In 1973, lake levels had again 
reached highs equal to those of 1929 and 
1952. The highs of the 1980's set new records 
for the century. 

In response to the heavy damage and wide- 
spread public concern, the Governments of 
Canada and the United States requested on 
August ?, 1986 that the International Joint 
Commission examine methods that could alle- 
viate the problems associated with fluctuating 
water levels. The word "fluctuating" recog- 
nized that both high and low water levels can 
result in problems for some Great Lakes-St. 
Lawrence River System users. The subsequent 
drop in water levels from their 1986 record 
highs to near average levels by 1987 illustrated 
the changeable nature of the system as a 
result of changing weather patterns and varia- 
tions in  climate. 

The Reference from governments to "examine 
and report on measures to alleviate the 
adverse consequences of fluctuating water 
levels" was a broad one. The Commission 
identified five major areas of inquiry in its 
Directive for the final phase of the study. 

1. Propose a plan for responding to high and 
low water crises; 

2. Examine land use management practices 
along Great Lakes-St. Lawrence River 
shorelines; 

3. Determine socio-economic costs and ben- 
efits of land use and management prac- 
tices, and compare these with revised 
costs and benefits of lake regulation 
schemes; 

4. Investigate ways to improve the outflow 
capacities of the connecting channels and 
St. Lawrence River; and, 

5. Develop an information program on water 
levels for governments. 

A detailed account of the study's response to 
the components of the Directive is contained 
in Appendix C. 

Environment Canada and the United States 
Army Corps of Engineers were assigned lead 
federal roles in the water levels study. 
Approximately $6 million (US) was spent dur- 
ing the final phase of the study through the 
Commission and the two federal agencies. In 
addition to this funding, provincial and state 
governments, citizens, and other federal agen- 
cies have contributed staff time and resources. 

The Commission's initial report7 to govern- - 
ments in late 1986 listed actions it had already 
taken in  response to the high water levels. 
These actions included ordering retention of 
emergency water storage on Lake Superior 
that began in 1985, ordering increased dis- 
charges from Lake Ontario and alerting 
responsible agencies to possible flood and 
erosion hazards for shoreline dredge and 
waste disposal sites. 

The report also proposed additional technical- 
ly feasible actions governments could take 
immediately to help lower water levels,' which 
included shutting down the Ogoki and Long 
Lac diversions into Lake Superior, increasing 
flows through the Lake Michigan Diversion at 
Chicago, increasing flows through the Welland 
Canal, and timely closure of the navigation 
season to allow maximized outflows through 
the St. Lawrence River. 

'International Joint Commission, Letters to Governments, (November 14 and December 10. 1986). 
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1.3. ued dissemination of information about high 
INTERIM REPORT ON water levels and how to avoid damage. 
EMERGENCY RESPONSES 

1.4. 
Subsequently, a Commission task force exam- THE 1989 PROGRESS 
ined measures that could be implemented REPORT 
within a year to reduce high water levels. A 
reports containing this group's findings and 
the Commission's recommendations was sub- 
mitted to governments in October 1988. While 
the report concluded that a combination of rel- 
atively low capital cost measures using exist- 
ing facilities, such as existing diversions and 
regulation structures, could be implemented 
within a one-year time frame to respond to 
future high water level crises, it also found 
that implementation of an emergency high or 
low water management plan would require 
agreements between the governments of both 
countries, and coordination among the entities 
with responsibility for operating these facili- 
ties. 

One of the Commission's recommendations 
was that governments immediately begin dis- 
cussing their uses of Great Lakes water with a 
view to achieving agreement upon issues that 
bear upon resolution of water level problems. 
For example, the Commission noted that gov- 
ernments of both countries may have differing 
policies regarding the use of Great Lakes-St. 
Lawrence River water, that divisions of author- 
ity and cost sharing with regard to manage- 
ment of the resource differ between the 
United States and Canada, and that distribu- 
tion of benefits and disbenefits of possible 
measures could be viewed differently by each 
of the parties involved; the various interest 
groups, federal, provincial, state and local 
governments. 

The 1988 report recommended coordinated 
emergency management plans for both high 
and low water conditions, actions to discour- 
age construction in hazard areas, actions to 
discourage land filling that could reduce flows 
in connecting channels, together with contin- 

The first part of the reference study culminat- 
ed in a progress report9 that identified some of 
the major issues that would need to be 
addressed in order to adequately respond to 
the Reference from governments. Among 
other things, the progress report emphasized 
the need for a broad planning approach to 
managing water level issues over the long 
term, which it said should have the following 
components: 

Development of bi-national agreement on 
principles that would provide broad guide- 
lines for future decisions on water levels 
Issues; 

* I  Development of an overall strategy for 
deploying measures10 that would encom- 
pass the needs of the entire basin as well as 
the circumstances of specific locales; and 
Development of a framework for an effective 

governance system, including considera- 
tions for the role of interests and the public. 

A portion of the work summarized in this final 
report has been directed toward addressing 
these points. The remainder of the work has 
concentrated on scientific studies and other 
research into developing practical measures 
to deal with fluctuating water levels and their 
associated problems. 

1.5. 
TOWARDS A PRACTICAL 
RESPONSE 

This final report responds to the issues raised 
in the Directive11 from.the Commission, the 
Reference from governments, and in the pro- 
gress report, by identifying practical actions 
that governments in Canada and the United 

elnternational Joint Commission, Interim Report on 1985-86 High Water Levels in the Great Lakes-St. Lawrence River Basin, 
(October 1988). 

9Project Management Team, Living with the Lakes: Challenges and Opportunities, (July 1989). 
loFor the purposes of this study, a measure is any action that could be taken to alleviate the adverse consequences of fluctuating 
Great Lakes-St. Lawrence River water levels. 

11A request from the Governments of Canada and the United States to the International Joint Commission for a study similar to 
this one is called a "Reference". The Reference wil l  typically contain specific instructions for areas of investigation. The 
Commission, in responding to this Reference, prepared instructions for the Board that it appointed to study issues raised in the 
Reference. These instructions are called a "Directive". Consequently, this report responds, not only to the Reference from 
Governments, but to the Directive from the International Joint Commission. 



States can take to alleviate problems asso- 
ciated with fluctuating water levels. These 
problems have persisted through numerous 
high and low water periods and have become 
increasingly diverse as the basin has con- 
tinued to develop. 

This report presents recommendations based 
upon six key areas of investigation: 

1. Guiding principles for management of 
water levels and flows issues; 

2. Measures that could alleviate the adverse 
effects of fluctuating Great Lakes-St. 
Lawrence River water levels; 

3. Emergency Preparedness Planning to deal 
with high and low water level crises con- 
ditions; 

4. Changes to institutions relating to water 
levels issues; 

5. A communications program that 
Governments can use to improve public 
awareness of the impacts of, and respons- 
es to, changing water levels; and, 

6. Management and operational improve- 
ments. 

1.6. 
A COMPREHENSIVE 
STUDY 

The changing water levels of the Great Lakes 
and St. Lawrence River System have been 
studied often. This is the fourth study by the 
lnternational Joint Commission since 1964 
and it is one of more than 30 that have exam- 
ined regulation of water levels and flows since 
monitoring of Great Lakes levels began at the 
turn of the century.12 

While previous studies have concentrated 
principally upon measures to regulate water 
levels and flows, this study has endeavored to 
be more comprehensive by examining a full 
range of potential solutions to water level 
problems. These include land-based mea- 
sures, such as modifications to the way the 
lakes and their shorelines are used, lake regu- 
lation measures that would modify the regime 

of lake level fluctuations, and potential 
changes in government policies and institu- 
tions that deal with water level issues. In addi- 
tion, a significant effort has been directed to 
providing human,and environmental, as well 
as economic and engineering, perspectives on 
possible solutions and to placing them in a 
system-wide context. 

The final phase of the study has involved the 
general public of the Great Lakes-St. Lawrence 
River Basin to an extent unprecedented in ear- 
lier Reference studies. The Board and working 
committees have traveled the length and 
breadth of the basin to meet people in their 
own communities and to see and hear about 
their experiences. Working committees in- 
cluded citizens from many walks of life, as well 
as professionals from government and other 
institutions. An 18-member Citizens Advisory 
Committee13 composed of individuals from 
diverse backgrounds has participated fully in 
the final phase of the study, from planning of 
and completion of the work to preparing the 
recommendations presented in this report. 

1.6.1. 
Bringing the Interests 
Together 

Users of the water resource are as diverse as 
the system is vast, but they all have one thing 
in common: major changes in lake levels can 
have major impacts on them. Extremely high 
lake levels can cause shoreline property dam- 
age, flood municipal infrastructure and docks, 
and cause hazardous currents in shipping 
channels. Extremely low levels can expose 
navigation hazards, hinder municipal water 
intakes and power production, and render 
docks inaccessible. Meanwhile, wetlands 
depend upon periodic highs and lows to sus- 
tain a healthy diversity of plant and animal 
species. This study has attempted to bring all 
of the affected interests together in a collective 
search for solutions to individual problems. 

Ten interest groups and categories were iden- 
tified as being directly affected by changes in 

12Reports by the lnternational Joint Commission dealing with this subject since 1964 include: 
Great Lakes Diversions and Consumptive Uses, lnternational Joint Commission, (1985) 
Lake Erie Water Level Study, lnternational Lake Erie Regulation Study Board, (1981). 
Regulation of Great Lakes Water Levels: Report to the lnternational Joint Commission, lnternational Great Lakes Levels Board, 
(1973). 

13See Annex 5 for details of the activities of the Citizens Advisory Committee, and for the Committee's recommendations to the 
Study Board. 



Great Lakes-St. Lawrence River water levels, 
and the Citizens Advisory Committee was -' 

designed to roughly reflect these groups. 
Effort was also made to include as wide a 
range of interest representation as possible 
on the committees conducting the work of the 
study. The interests are listed here in alpha- 
betical order: 

Agriculture 
Commercial Fisheries 
Commercial Navigation 
Fish, Wildlife and Other Environmental 

Considerations 
Hydropower 
Industrial and Commercial Facilities 
Municipal Infrastructure (such as water 

intakes and sewage outfalls) 
Native North Americans 
Recreation and Tourism (including 

Recreational Boating) 
Residential Shore Property (Riparian) 

These participants, even while coming togeth- 
er to solve common problems, recognize that 
no single proposed measure to alleviate water 
level problems can fully satisfy them all. 
However, an underlying principle of this study 
is that no measure will be recommended that 
causes new or additional undue hardship for 
any particular interest. Additionally, imple- 
mentation of the study's recommendations 
should be to the overall benefit of the people 
and resources of the Great Lakes-St. Lawrence 
River Basin. 

1.7. 
THE GREAT LAKES 

The rich agricultural lands, plentiful water sup- 
ply and extensive navigation routes that first 
attracted people to the Great Lakes-St. 
Lawrence River region eventually led to its 
establishment as the industrial heartland of 
the North American continent. More than 35 
million people live in the Great Lakes-St. 
Lawrence River Basin. 

Major cities have been established on the 
shorelines with thriving ports and industries; 
huge amounts of electricity are generated 
from the water that flows through the system; 
millions of tons of cargo are shipped annually; 
a variety of agricultural uses has continued; a 
number of Native North American communi- 
ties dot the shorelines, and recreationists flock 
to the lakes to boat, swim, fish or simply enjoy 
the scenery and abundance of plant and ani- 
mal life. Still others have chosen to make the 
lake shores their homes for at least part of  the 
year on more than 100,000 privately owned 
residential properties14 lining the United 
States and Canadian shorelines. 

The Great Lakes and St. Lawrence River are 
bounded by eight United States states 
(Minnesota, Wisconsin, Illinois, Indiana, 
Michigan, Ohio, Pennsylvania and New York) 
and two Canadian'provinces (Ontario and 
Quebec). In all, this comprises more than 
23,000 kilometres (14,000 miles) of shoreline. 
The drainage basin (which includes the sur- 
rounding land and the water surface) covers 
more than one million square kilometres 
(400,000 square miles),l5 from a point west of 
Duluth, Minnesota, to Trois Rivieres, Quebec, 
on the St. Lawrence River (see Figure 1). 

1.7.1. 
The Natural System 

The Great Lakes were formed 10,000 years 
ago at the end of the last ice age. With the 
final retreat of the last ice cap, deposits of 
debris and altered preglacial valleys formed 
the basins of what are now the Great Lakes. 
As the glacier receded, melt water pooled in 
these basins, and the lakes, somewhat differ- 
ent in shape and size than they appear today, 
were formed. As the ice mass shrank, the 
earth's surface began to rebound from the 
weight. This gradual and uneven process, 
referred to as crustal movement or isostatic 

l4From census data gathered for the U.S. and Canadian Riparian Surveys. See Annex 2. 
l5This figure includes both the land drainage area (approximately 865,000 square kilometres - 334,000 square miles), and the 

water surface area (approximately 246,000 square kilometres - 95,000 square miles). 



Figure 1. Great Lakes-St. Lawrence River Basin 

rebound, continues to slowly change the sur- the way isostatic.rebound affects the Great 
face of the basin and affect the measurement Lakes-St. Lawrence River Basin. The bands 
of water levels.16 across the map show the amounts by which 

the earth's crust is rising at specific latitudes. 
An example of the effects of crustal movement The figures give the estimated rate of uplift in 
is the rising of Michipicoten, Ontario, relative metres and feet per century. 
to Duluth, Minnesota, at a rate of approxi- 
mately 0.521 metres (1.71 feet) per 100 The Great Lakes and St. Lawrence River are 
years.17 On Lake Superior, this gradual tilt has referred to as a "system" because they are 
meant that while water levels appear to be interconnected, and because a major change 
receding on the north shore, they appear to be in the water level or flow in one part of the 
rising on the south shore. Figure 2 illustrates system can affect levels or flows both 

16lsostatic rebound of the Great Lakes-St. Lawrence River Basin has necessitated the continued updating of the system by which 
water levels are measured. The lnternational Great Lakes Datum (IGLD) was changed in 1992 to reflect movements that have 
taken place in the earth's surface since this system of measurement was introduced. This system consists of benchmarks at 
various locations on the lakes and St. Lawrence River, which are referenced to a point near the mouth of the St. Lawrence 
River that roughly coincides with sea level. All water levels are measured in metres or feet above this reference point. The first 
IGLD was based upon measurements and benchmarks that centered on the year 1955, and i t  was called IGLD (1955). 
Calculations for the new datum are centered on 1985; hence, its new name, IGLD (1985). Although the new measurements 
have not changed the quantity of water in the lakes and St. Lawrence River, the updated benchmarks have been assigned . higher elevations, which means that water level measurements are also given in  higher units than under IGLD (1955). More 
detailed information about IGLD (1985) is contained in  a brochure entitled IGLD 1985: Brochure on  the lnternational Great 
Lakes Datum (January 1992), published by the Coordinating Committee on Great Lakes Basic Hydraulic and Hydrologic Data. 
Since this study began before institution of the new IGLD, all calculations have been carried out in IGLD (1955). In cases where 
such calculations will require practical application in recommended actions, measurements wil l  be converted to IGLD (1985) 
using a simple conversion formula. 

17Coordinating Committee on Great Lakes Basic Hydraulic and Hydrologic Data, Apparent Vertical Movement over the Great 
Lakes (July, 1977). 
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Figure 3. Profile of the Great Lakes and St. Lawrence River. 
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Structures that regulate water levels and flows 
have been added to Lake Superior's outlet, the 
St. Marys River at Sault Ste. Marie Michigan1 
Ontario; and to Lake Ontario's outlet, the St. 
Lawrence River, at Cornwall, OntarioIMassena, 
New York. These structures, together with 
other modifications to the natural system, are 
explained in more detail in the next section 
(see Figure 4). 

Water levels and flows in the system depend 
upon the balance between the amount of 
water going into the lakes (inflows, precipita- 
tion on the lake surface, runoff from the 
drainage area, diversions and condensatibn) 
and the amount going out (evaporation, out- 
flow, diversions and consumption). If more 
water goes into a lake than goes out, levels 
will rise; if more water goes out than the lake 
receives in supplies, the level will fall. This bal- 
ance changes from year to year and season to 
season. In addition, strong and sustained 
winds, as well as changes in barometric pres- 
sure, can cause changes in the surface of the 
lakes. For example, a strong wind blowing 
from one direction for several hours can move 
water in the downwind direction and tilt the 
lake's surface, a phenomenon known as wind 
set-up. High lake levels, in combination with 
wind set-up and storm-generated waves can 

cause severe flooding and contribute to 
episodes of erosion along lake shorelines. 
Conditions similar to these led to the severe 
property damage experienced in the high 
water period of 1985-1986. This tilt in the 
lake's surface also results in wind set-down at 
the opposite end of the lake. For the duration 
of such an event, levels can be extremely low 
and can cause problems for water intakes, 
shipping and boating. 

Despite the sometimes dramatic response to 
storms and changes in air pressure, the size of 
the lakes makes them relatively slow to 
respond to major changes in supplies. 'Their 
large storage capacities mean that variations 
in water supplies are absorbed and modulated 
to some extent. Outflows from the lakes show 
little fluctuation in comparison to the ranges 
of flows observed in large rivers of the world. 
For example, the maximum flows of the lakes' 
outlet channels are two to'three times their 
minimum flows. In comparison, the maximum 
flows of the Mississippi River are about 30 
times its minimum, and the maximum flows 
of the Saskatchewan River are nearly 60 times 
the minimum.20 The modulating effect of the 
connecting channels means that any change 
in water supplies to the upper part of the sys- 
tem remains within the system for some time 

zolnternational Lake Erie Regulation Study Board, International 
(July, 1981). 

Joint Commission, Lake Erie Water Level Study: Main Report 



Figure 4. Diversions and Regulation Structures. 
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- as much as 15 years - before its full effect 
is felt on the downstream lakes. 

Figure 5 shows the historic ranges of levels 
for the five Great Lakes, ~ake 's t .  Clair and 
Montreal Harbour in metres and feet. The 
upper line indicates the maximum monthly 
levels, the lower line indicates the minimum 
monthly levels, and the middle line indicates 
the mean monthly levels. The numbers on the 
left are in metres and the numbers on the right 
are in feet (IGLD 1955). 

1.7.2. 
Modifications to the 
Natural System 

While the Great Lakes and St. Lawrence River 
have their own natural checks and balances, 
human interventions have changed this sys- 
tem to a certain extent. Some of these modifi- 
cations have been small and their effects 
minor; others have involved major engineer- 
ing projects that have altered levels and flows 
of the entire Great Lakes-St. Lawrence River 
System. 

1.7.2.1. 
Lake Superior 

Regulation Structures. The levels and flows of 
Lake Superior are regulated according to 
Orders of Approval issued by the International 
Joint Commission in 1914 and modified in 
1979. Regulation of the lake began as a result 
of hydropower and navigation developments 
in the St. Marys River. The hydropower plants, 
navigation structures and compensating 
works, which help offset the effects of the 
other structures, are operated according to a 
regulation plan.21 'The Lake Superior plan, 
which has been revised several times since it 
was first instituted, attempts to maintain the 
lake's levels between 182.4 and 183.5 metres 
(598.4 and 602 feet) above sea level. It also 
attempts to balance the level of Lake Superior 
with that of Lakes Michigan-Huron. The object 
of the plan is to keep the lake's level within a 
range of 1.10 metres (3.6 feet). The actual 
effects of Lake Superior regulation have been 
to increase the range of lake levels from 1.16 
metres (3.8 feet) to 1.19 metres (3.9 feet), a dif- 
ference of 0.03 metres (0.1 foot). 

21Regulation Plan: A system of procedures established by the 
structures that control the outflow from a lake. 

International Joint Commission that governs the operation of 



Figure 5. Historic Water Level Fluctuations in metres and feet. 

Water Diversions. In addition to the regulation 
structures, the Long Lac and Ogoki Diversions 
have channeled additional water into Lake 
Superior since the early 1940's. These diver- 
sions bring water into Lake Superior that origi- 
nally drained north to James Bay via the 
Albany River. They were developed to gener- 
ate hydropower and, in the case of the Long 
Lac Diversion, to transport pulp logs south- 
ward. Roughly 153 crns (5,400 cfs)22 flows into 
the lake through these two diversions. The 
actual amount of the diversions varies fre- 
quently. 

Lake Superior 

Metres Feet 

1.7.2.2. 
Lakes Michigan, Huron and St. 
Clair 

Lakes Michigan-Huron 

Metres Feet 

Dredging of St. Clair and Detroit Rivers. The 
St. Clair River between Lakes Huron and St. 
Clair, and the Detroit River between Lake St. 
Clair and Lake Erie, have been dredged several 
times in this century in order to improve navi- 
gation channels. This dredging has lowered 
Lakes Michigan and Huron by approximately 
0.40 metres (1.3 feet). 

22Flow rates in  the Great Lakes-St. Lawrence River System are measured in crns (cubic metres per second) and cfs (cubic feet per 
second). 
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Water Diversion. Water has been diverted 
from the Great Lakes Basin through the Lake 
Michigan Diversion at Chicago (Chicago 
Diversion) since completion of the Illinois and 
Michigan Canal in 1848. This diversion of 
water for domestic and municipal use, power 
generation and navigation, takes water from 
Lake Michigan and eventually channels it into 
the Mississippi River. The amount of the diver- 
sion has been a subject of diplomatic notes 
between Canada and the United States over 
the years, but the current f low rate is set at 91 
crns (3,200 cfs) by a 1980 order of the United 
States Supreme Court. 

1.7.2.3. 
Lake Erie 

Lake Erie-Niagara River Ice Boom. An ice 
boom has been installed at the head of the 
Niagara River every winter since 1964 to 
reduce the frequency and duration of ice runs 
from Lake Erie into the Niagara River. This 
reduces the probability of large scale ice 
blockages in the river that can cause flooding, 
ice damage to docks and shore structures on 
the river, and reduction of flows to hydropow- 
er plant intakes. Placement of the boom has- 
tens the formation of, and lends stability to, 
the natural ice arch that forms near the head 
of the river nearly every winter. The boom is 
removed every spring. 

Construction in  the Niagara River. Lake Erie's 
level has been affected by obstructions in the 
Niagara River since the 1820's. These obstruc- 
tions include recent fills for parks and marinas, 
the Bird lsland Pier, and the Peace and 
International Railway Bridges between Fort 
Erie, Ontario and Buffalo, New York. The 
cumulative effect of these obstructions has 
been to raise the lake's level between 0.12 and 
0.16 metres (0.40 and 0.53 foot). 

Welland Canal. Originally built in 1829, the 
present Welland Canal takes water from Lake 
Erie at Port Colborne, Ontario, and diverts it 
across the Niagara Peninsula to Lake Ontario 
at Port Weller. The canal has been modified 
several times since it was first constructed and 
has been an integral part of the St. Lawrence 
Seaway since 1959. In its current configura- 
tion, the average diversion is about 244 crns 
(8,600 cfs), and the estimated annual capacity 
is approximately 260 crns (9,200 cfs) without 

causing serious erosion or navigation prob- 
lems. The canal provides a deep draft naviga- 
tional waterway and water conveyance for 
hydropower generation, as well as for munici- 
pal and industrial use. The canal has a lower- 
ing effect on Lakes Erie and Michigan-Huron. 

Power Developments i n  the Niagara River. 
Diversions from the Niagara River above the 
Falls for hydropower purposes began in the 
late 1880's. On the Canadian side of the river, 
two major power plants, Sir Adam Beck 1 and 
2, divert water from above the Falls and return 
it to the Niagara River below the Falls. The 
same is true of the Robert Moses Niagara 
Plant on the United States side of the river. 
A structure immediately upstream of Niagara 
Falls extends from the Canadian shoreline part 
of the way to Goat Island. It is used to main- 
tain prescribed flows over the Falls while 
allowing diversion of water for the power 
plants. The area behind this structure is called 
the Chippawa-Grass lsland Pool. Located 26 
kilometres ( I 6  miles) downstream of Lake 
Erie's outlet at an elevation of approximately 
3 metres (10 feet) lower than the lake's outlet, 
this pool produces no measurable backwater 
effect on Lake Erie. 

Black Rock Lock. The Black Rock Lock and 
Black Rock Canal near Buffalo, New York, 
where Lake Erie drains into the IViagara River, 
provide a protected waterway for vessels 
around the reefs, rapids and fast currents of 
the upper Niagara River. The canal extends 
from Buffalo Harbor to a point above 
Strawberry lsland and is separated from the 
river by a series of stone and concrete walls 
and by Squaw Island. While this canal is pri- 
marily intended as an aid to navigation, it 
does have some capacity to increase flows 
from Lake Erie to the extent that Lake Erie's 
level can be affected. 

New York State Barge Canal. The Barge Canal 
links the Niagara River near Tonawanda, New 
York, to the Hudson River near Albany, New 
York. Near Syracuse, an extension runs north- 
ward into Lake Ontario at Oswego. All of the 
water withdrawn from the Niagara River via 
this canal is returned to Lake Ontario. As with 
the Chippawa-Grass lsland Pool, this canal is 
located at an elevation far enough below the 
outlet of Lake Erie, and the flow is small 
enough - on average approximately 20 crns 



(700 cfs) -that i t has no effect on the lake's 
level. 

1.7.2.4. 
Lake Ontario and St. Lawrence 
River 

St. Lawrence Seaway and Power Project. 
Outflows from Lake Ontario have been regu- 
lated since 1960, following completion of the 
St. Lawrence Seaway and Power Project. The 
project required extensive deepening of the 
St. Lawrence River and construction of power 
dams, control structures and navigation locks. 
The Moses-Saunders power dam that crosses 
the St. Lawrence River between Cornwall, 
Ontario and Massena, New York is the princi- 
pal structure for regulating Lake Ontario's out- 
flow. The regulation plan that governs opera- 
tion of the structure calls for maintenance of 
Lake Ontario levels between 74.0 and 75.2 
metres (242.8 and 246.8 feet). The regulation 
plan is operated in consideration of interests 
on Lake Ontario, as well as those downstream 
on the St. Lawrence River and at the Port of 
Montreal. While the object of the regulation 
plan is to keep the lake's level within a range 
of 1.2 metres (4 feet), in reality the lake's levels 

vary between 73.7 and 75.6 metres (241.8 and 
247.9 feet), a range of approximately 2 metres 
(6 feet). 

1.7.3. 
Net Effects of 
Modifications 

Because the lake system is interconnected, the 
modifications that have affected water levels 
have caused changes both upstream and 
downstream in the system. The estimated net 
effects of these modifications are shown in 
Table 1. However, due to uncertainties in cal- 
culating the cumulative effects of a number of 
projects that have occurred over a long period 
of time, these numbers can be considered 
approximate figures only. Estimates can differ 
from the ones in this table due to differences 
in the purposes and in the methods of 
calculation. 

1.7.4. 
Climate Change 

While doubt continues to exist in some circles 
as to whether the earth's surface is actually 
warming as a result of increasing greenhouse 

Estimated Impact of System Modifications on Levels and Flows Table 123 

Change in Metres (Feet) 
Channel 

Dredging1 Infilling 
Current Diversions Current Regulation ~ccumulated 

Impacts 

Michigan / Long Lac/ 
Huron Erie Ogoki Chicago Welland Superior Ontario 

0.00 0.00 + 0.09 0.00 +0.00 0.00 + 0.09 
(0.0) (0.0) ( + 0.3) (0.0) (0.0) ("1 (0.0) ( + 0.3) Superior 

0.00 +0.12 + 0.06 -0.03 -0.12 * 0.00 
(0.0) (+0.4) (+0.2) 0 . 1  (-0.4) (*I (0.01 

+0'03 Erie 
(+0.11 

0.00 0.00 + 0.06 -0.03 +O.OO - 0.09 - 0.06 
(0.0) (0.0) ( + 0.2) ( - 0.1 1 (0.0) ("1 ( - 0.3) ( - 0.2) 

Ontario 

23Adapted from Project Management Team, Living with the Lakes: Challenges and Opportunities (July 1989). Impacts illustrated 
in this table were calculated by introducing an individual change (such as channel modifications or diversions) while maintain- 
ing all other factors as though no other changes were in effect (pre-project conditions). For example: Introducing a constant 
Welland Canal diversion of 245 cms (8.600 cfs) to the system model while maintaining pre-project conditions elsewhere would 
lower Lake Erie by about 0.12 meter (0.4 foot). However, changes in  the Niagara River have raised the level of Lake Erie by 
roughly thesame amount. The "Accumulated Impacts" column of the table shows the net effects of all the projects on each of 
the lakes. Lake Superior's regulation plan was designed to accommodate current system conditions including the Long Lac, 
Ogoki, Chicago and Welland Canal diversions, as well as outlet conditions of Lakes Superior and Michigan-Huron. 
Computation of levels and outflows under Lake Superior's regulation plan while assuming pre-project conditions elsewhere 
would not produce meaningful results. Thus, this column (as indicated by the ') has been assigned no figures. Several of these 
projects are shown to have no effect on Lake Superior since, in the absence of a regulation plan, this lake would not be affect- 
ed by these downstream factors. However, Lake Superior's current regulation plan calls for consideration of downstream lev- 
els and flows in setting its own outflow. Consequently, these downstream projects do, in  reality, have an effect on the levels 
and flows of Lake Superior. 



gas concentrations in the atmosphere (the 
"greenhouse effect"), there is scientific con- 
sensus that global warming is underway and 
can be expected to continue. The World 
Meteorological Organization has stated that 
"no matter how drastic the actions taken to 
control the emission of greenhouse gases in 
the atmosphere, the global warming to which 
we are already committed will be'realized in 
the next fifty to one hundred years."24 

Global Circulation Models have added signifi- 
cantly to understanding how climates are like- 
ly to change; however, knowledge remains far 
from complete. The results of most studies to 
date agree that the average warming of the 
earth's surface due to a doubling of carbon 
dioxide will be between 1.5 and 4.5 degrees 
Celsius (2.7 - 8.ldegrees Farenheit), a warming 
unprecedented in human history. Average 
global evaporation and precipitation rates will 
increase, and there is a significant probability 
that summer soil moisture conditions in the 
middle latitudes of the northern hemisphere 
will be drier. This will occur while generally 
moister conditions will prevail in winter over 
the polar regions.25 

Given the strong body of scientific opinion in 
support of the theory that climate change is 
contributing to global warming, this study 
examined the hypothetical effects of potential 
global warming upon the levels and flows of 
the Great Lakes-St. Lawrence River System. 
The most advanced computer models current- 
ly predict that water supplies to the Great 
Lakes and St. Lawrence River will be dramati- 
cally reduced over the next century - possibly 
to the extent that Lake Superior's level could 
drop by one third of a meter (one foot), and 
the other lakes could be reduced between 1.2 
and 1.5 metres (four and five feet). St. 
Lawrence River flows at Montreal could be 
reduced by as much as 40%. The effects of the 
reduced water supply are more dramatic far- 
ther downstream in the system, because they 
accumulate as the effects of reduced water 
supplies are carried through the system. 

However, modeling results are simulations of 
plausible future conditions that may be experi- 
enced under a warmer global climate. They 
cannot be considered precise predictions. 
Further details about the implications of cli- 
mate change upon management of the Great 
Lakes-St. Lawrence River System are dis- 
cussed later in this report. 

1.8. 
SURIIMARY 

This chapter has provided background infor- 
mation about the Levels Reference Study, 
about the Great Lakes-St. Lawrence River 
System, and about the context in which this 
study was undertaken. The next chapter will 
explain the various components of the study 
and the process used to achieve the final 
results. Chapters 3 through 8 will present the 
findings, conclusions and recommendations 
for each of the study's major components. 

24World Meteorological Organization, Global Climate Change: A scientific review presented by the World Climate Research 
Programme, World Meteorological Organization, Geneva, (1990). 

25Hengeveld, H . ,  Understanding Atmospheric Change: A survey of the background science and implications of climate change 
and ozone depletion: A State of the Environment Report, ISBN 0843-6193: SOE Report No. 91-2, Atmospheric Environmenr 
Service, Environment Canada (1991). 



Chapter 

The Study Process 

This chapter outlines the process by which the 
study was undertaken. The results of numer- 
ous investigations, and the recommendations 
following from them, will be presented in the 
chapters that follow. In addition, six annexes 
to this report contain the details of activities 
carried out by each of the four working com- 
mittees and the Citizens Advisory Committee. 
The work detailed in these annexes and refer- 
enced in this document forms the basis for 
this report. 

2.1. 
THE STUDY TEAM 

The study's final phase was managed by an 
eleven-member Study Board established by 
the International Joint Commission. The Board 
appointed an eighteen-member Citizens 
Advisory Committee, four members of which 
were also Board members. The Study Board 
was assisted by the Committee in developing 
a Plan of Study that was approved by the 
Commission on August 15, 1990. This Plan 
outlined,the work to be done and established 
working committees to conduct technical and 
scientific investigations. These investigations 
form the basis of the Study Board's response 
to the Reference and Directive. 

Each of the four working committees had 
membership from the Citizens Advisory 
Committee, as well as two members from the 
Study Board. Figure 6 shows the study organi- 
zation. Each committee's membership was 
balanced between Canada and the United 
States, and each committee had co-chairs 
from both countries.26 

This report is a compilation of the efforts of 
many people. The study brought together pro- 
fessionals from Canada and the United States 
in a wide range of fields and teamed their 
work with the practical knowledge and person- 
al experience of interested citizens of the 
basin. The result is a distillation of the best 
available knowledge about many aspects of 
the Great Lakes-St. Lawrence River Basin, and 
a set of recommendations that reflects the col- 
lective wisdom of the study team and the 
interested public. 

2.2. 
PUBLIC PARTICIPATION 

Underlying the final phase of this study has 
been the principle that the people of the Great 
Lakes-St. Lawrence River Basin need to be 
involved in a process for developing actions 
that will directly or indirectly affect them. 

26Appendix F has a complete list of Board and Committee membership. 



Figure 6. Study Organization Chart. 
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2.2.1. 
Citizens Advisory 
Committee 

Although previous water level studies have 
included public participation components, one 
aspect of this study that sets it apart from oth- 
ers is the intensive degree to which the Board 
and working committees endeavored to 
involve citizens. The Citizens Advisory 
Committee participated in the entire study 
process. With membership on the Board and 
on each of the working committees, this group 
had significant influence upon the direction of 
the study. Members of the committee partici- 
pated actively in the study process. They also 
assisted, through their own local contacts, 
with other public involvement efforts. The 
Citizens Advisory Committee report, with rec- 
ommendations, is contained in Annex 5. 

2.2.2. 
Newsletter 

Eight issues of the study's newsletter, 
UPDATE/AU COURANT, were mailed to inter- 
ested citizens27 in Canada and the United 

States, together with periodic summaries of 
work in progress. Comments were invited and 
passed on to the relevant working committees 
and the Board. In addition, study members 
worked with the International Joint 
Commission to provide articles for a special 
section in the Commission's newsletter, 
Focus. 

2.2.3. 
Public Outreach and 
Review 

The study also conducted a three-phase public 
outreach and review program in which study 
members visited 17 Great Lakes communities 
to discuss their work and learn first-hand 
about local issues. The first six meetings, held 
in Windsor, Ontario, Alexandria Bay, New 
York, Cleveland, Ohio, Port Rowan, Ontario, 
Duluth, Minnesota, and Traverse City, 
Michigan, allowed members of the Board to 
introduce the study to these communities and 
to receive suggestions on study activities. The 
next three meetings, in Baraga, Michigan, 
Toledo, Ohio, and Burlington, On'tario pre- 
sented progress of various investigations and 

27111 the early stages of the study's final phase, questionnaires were distributed to more than 3,000 Canadian and U.S. residents 
of the Great Lakes-St. Lawrence River Basin. Approximately 1,200 of these indicated an interest in being included on a study 
mailing list. Since that time, the list has grown to more than 3,600. This includes basin media, federal, state, provincial and 
local officials, as well as citizens who have attended public events hosted by the study. 



gathered citizens' comments on the work com- 
pleted to that point. A set of four public 
forums followed in Thunder Bay, Ontario, 
Milwaukee, Wisconsin, Sarnia, Ontario, and 
Watertown, New York. These meetings pre- 
sented the findings, together with a prelimi- 
nary examination of the options for action, 
and solicited discussion about what the final 
recommendations might be. The last set of 
public forums, held in Sault Ste. Marie, 
Ontario, Chicago, Illinois, Buffalo, New York, 
and Dorval, Quebec discussed the draft rec- 
ommendations of this study. All of these loca- 
tions are shown on the map in Figure 7. The 
recommendations contained in this report 
reflect the discussions at all of these meetings. 
A summary of the discussions at the last set of 
public forums is provided in Appendix D, and 
a summary of some of the most commonly 
asked questions, together with the Study 
Board's responses, is provided in Appendix E. 

2.3. 
THE HUMAN 
IMPLICATIONS OF 
CHANGING WATER 
LEVELS 

As noted earlier, this study considered the 
human, as well as the environmental, eco- 

nomic and engineering implications of fluctu- 
ating Great Lakes-St. Lawrence River water 
levels. In the course of this study, surveys and 
qualitative assessments were carried out to 
gain a better understanding of the effects that 
changing water levels have upon shoreline 
property interests, including residential prop- 
erty owners, farmers, industrial and commer- 
cial facilities, public infrastructure and com- 
mercial fisheries. 

2.3.1. 
Riparian and Native 
Surveys 

Shoreline property owners (also referred to as 
riparians for the purposes of this study) have 
been the most vocal of the interests affected 
by changing water levels of the Great Lakes 
and St. Lawrence River. Some argue that the 
major impetus for this study arose from con- 
cerns expressed by groups speaking on behalf 
of shoreline property owners. They played a 
major role in prompting the 1986 Reference to 
the International Joint Commission. 

Slightly more than 100,000 (66,000 United 
States and 45,000 Canadian) residential prop- 
erties, and 40 Native North American commu- 

Figure 7. Locations of Public Events. 
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nities28 line the shores of the Great Lakes and 
St. Lawrence River. In order to better under- 
stand the experiences of these people, com- 
prehensive surveys were conducted along the 
full length of the United States and Canadian 
shorelines between 1989 and 1991. Riparians 
in the Great Lakes States, Ontario and the 
Quebec section of the St. Lawrence River, 
together with representatives of Native North 
American communities, were questioned in 
four separate but similar surveys. 

The survey findings indicate'that shoreline 
property owners are a predominantly mature 
group, with more than half over the age of 51. 
Many are long-time shore residents, with over 
25% having owned their properties for more 
than 25 years. In the United States, 59% of the 
properties are used as year-round residences 
and 39% are occupied seasonally. In Ontario, 
the reverse is true, with 53% of the properties 
used as seasonal residences and 37% occu- 
pied year-round.29 In Quebec, 80% of the prop- 
erties surveyed are used as year-round resi- 
dences and 15% are used as cottages. 
Although Native communities have a mix of 
commercial, residential and traditional land 
uses and structures on their shorelines, their 
shoreline areas are used primarily for fishing 
(93.8Wand recreation (81.3%). 

The surveys indicate that erosion is the most 
common problem for riparians (60% in 
Ontario, 33% in Quebec and 57% in the United 
States) and for Native communities (66%). 
However, damage is largely confined to 
beaches, lawns and gardens for non-Native 
riparians, while Native communities also 
experience erosion damage to boat launch 
facilities and roads. A relatively small percent- 
age (5% or less of United States, ~ n t a r i o  and 
Quebec riparians, and 9% of Native communi- 
ties) reported erosion damage to dwellings. In 
Canada, the highest incidence of erosion has 
occurred on Lake Erie, while half of the ero- 
sion problems on the Quebec portion of the 
St. Lawrence River have been confined to Lac 
Saint-Louis. In the United States, a large por- 
tion of erosion problems have been experi- 
enced by property owners on Lake Michigan. 

Of four categories of water level-related prob- 
lems (erosion, flooding, high water levels and 
low water levels), flooding is the least com- 
mon, according to the survey respondents. Of 
the United States, Ontario and Quebec respon- 
dents, 20% 27% and 24% respectively report 
experiences with flooding. Most of this has 
been confined to yards and, in the case of 
Quebec respondents, basements. Four per 
cent or less of non-Native respondents have 
had water on the first floor of a residence. 
Forty-four per cent of Native communities 
report experiences with flooding. In addition 
to water in yards, water on roads is a common 
flooding problem, followed by flooding of wet- 
lands. 

Experiences with high water levels were 
assigned a separate category, since many 
riparians report high water problems other 
than flooding (i.e., damage to docks, damage 
to boat houses, decreased beach area, loss of 
beach access and septic system problems). In 
the United States, 76% of respondents report 
experiences with high water levels. Similar 
experiences are reported by 53% of Ontario 
riparians, 55% of Quebec riparians, and 75% 
of Native communities. 

The most commonly reported impact of low 
water is an increase in beach area. Difficulties 
with boat launch facilities, docks, and water 
intakes are also reported. The highest inci- 
dence of low water problems in both Ontario 
and the United States is on the St. Ma.vs 
River. Two-thirds of Native communities 
report low water problems, and Quebec 
respondents on Lac Saint-Louis report the 
most frequent incidence of low water levels. 

Large numbers of riparians have taken direct 
action to protect their property from erosion 
and flooding. The most frequently reported 
actions are reinforcing the shore with stone, 
concrete, or wood; bringing in fill or sand; 
building breakwaters; and growing protective 
vegetation cover. 

The subset of property owners who had expe- 
rienced erosion was asked what they believed 

2BThe populations of these communities vary greatly, but the majority have 2,000 or fewer residents. Twenty of the native com- 
munities are located on Lake Huron, 13 are located on Lake Superior and the St. Mary's River, two are on the St. Clair River, 
and three are on the St. Lawrence River. The remaining two are on Lake Michigan and Lake Erie. Thirty-one of the communi- 
ties are in Canada and nine are in the United States. 

29These particular survey statistics do not apply to Natives, because questionnaires were completed by representatives of Native 
communities, rather than by individuals. 



to be the main cause. In the United States and 
Ontario, responses were similar: storm-driven 
waves only, United States 5%, Ontaro 10%; 
high water levels only, United States 18%. 
Ontario 23%; and, both storms and high water 
levels, United States 67%, Ontario 57%. In 
Quebec, 31% attributed erosion to high water 
levels, and 27% attributed it to ships' wakes. 
Native communities held a different view: 31% 
believed that storm driven waves were the 
main cause of erosion, and 25% stated that 
neither storms nor high water levels caused 
erosion. 

The riparians who had experienced flooding 
were also asked what they perceived to be the 
causes. Again, responses were similar in the 
United States and Ontario: storm-driven 
waves only, United States 6%, Ontario 7%; 
high water levels only, United States 26%, , 

Ontario 17%; and, both storms and high water 
levels, United States 54%, Ontario 71%. In 
Quebec, 65% of those with flooding problems 
felt that high water levels were the cause. 
Among Native communities with flooding 
problems, 59% believed storm-driven waves 
to be the cause of flooding. 

Although Native people who live in communi- 
ties along the shoreline are in many ways sim- 
ilar to other riparians, the survey indicated 
that Native people have unique uses of the 
shoreline and traditional values that are cen- 
tered around the Creator. These values are 
always considered, especially when dealing 
with sensitive issues such as natural resources 
and processes that have always been attrib- 
uted to the Creator's will. 

The surveys also measured levels of support 
for several proposed measures that 
Governments might take to address the prob- 
lems associated with fluctuating water levels. 
The following measures were supported by a 
clear majority of all riparians in all surveys: 
government construction of shore protection; 
production of public maps of flood and ero- 
sion-prone areas; setback requirements; 
grants or tax credits to property owners for 
the construction of shore protection; and 
emergency forecasts of winds and water lev- 

3oAlso see Social Impacts Task Group, Working Committee 2, 
of Great Lakes-St. Lawrence River Riparian Property Owner 
Hypothesis Testing of  Riparian Surveys: Ontario, Quebec a, 
Working Committee 2 (May 25, 1992). 

els. Construction of dams and channels to reg- 
ulate water levels received the following levels 
of support: United States 40%. Ontario 52%. 
Quebec 48%, and Native Communities 13%. 
Regulation was not well supported by Natives, 
who view actions to control nature as contrary 
to their traditional beliefs and culture. 

Approximately half of the non-Native respon- 
dents in both the United States and Canada 
who experienced erosion damage were not 
aware of the erosion risk when they purchased 
their property. Similarly, between 60% and 
70% of those who experienced flooding were 
unaware of that risk when they purchased 
their property. These results indicate that large 
numbers of riparians have inadvertently taken 
on the risks of living by the water and that ero- 
sion and flooding have taken them by sur- 
prise. 

More details of these surveys are contained in 
Annex 2.30 / 

2.3.2. 
Other Social Studies 

During the first part of the study, qualitative 
investigations were conducted into how fluc- 
tuating water levels affect public infrastruc- 
ture, industrial and commercial facilities, agri- 
culture, commercial fisheries and riparians. In 
the final phase of this study, reports of these 
investigations were reviewed and expanded. 
Annexes 2 and 4 also discuss these studies. 

2.3.2.1. 
Riparians 

While the riparian and Native surveys consid- 
ered social implications in terms of shore 
property owners' experiences with water level 
problems and opinions on solutions, other 
studies considered social impacts, including 
the trauma anddisruption of lives when peo- 
ple are forced to evacuate, the time spent 
repairing and cleaning up after damage, the 
time spent in emergency accommodations 
and the time spent fighting flooding or erosion 
along with the associated financial strains. 
Naturally, the level of anxiety is increased if 

, Final Report (April, 1993); Sudar, Anne and Nelson, Gary. Survey 
s i n  the United States (March 1993); and, Ecologistics Limited, 
nd Native North Americans, for the Social Impacts Task Group, 



financial losses are significant and no insur- 
ance coverage or assistance is available. 
Decline in property values is also a major con- 
cern for shoreline residents. 

Negative impacts of low water levels are gen- 
erally confined to  such things as exposure of 
unsightly shore features or loss of boat dock- 
ing. However, increased beach area brought 
about by low water levels is often considered 
a benefit. 

2.3.2.2. 
Commercial Fisheries 

Although commercial fisheries appear to  be in 
a continuing decline, the size of the industry is 
still significant, with reported late 1980's val- 
ues in  the tens of millions of dollars for both 
Canada and the United States. 

However, the commercial fishing industry is 
generally less concerned with high water lev- 
els than it is with low water levels. Low levels 
can interfere with docking and unloading of 
catches, and with the moving of boats. 
Changing levels also have an impact on fish 
stocks, which can, in turn, result in losses in 
income. 

2.3.2.3. 
Public Infrastructure 

Government agencies report that fluctuating 
water levels affect transportation, water and 
sewage, public buildings and parks, together 
with shore protection structures. Concerns 
exist with respect to  the need for new facilities 
and associated protection, changes required 
to  existing facilities to accommodate fluctuat- 
ing lake levels, and repair or maintenance to  
damaged facilities. 

The greatest concern to those responsible for 
maintaining infrastructure is erosion. A 1986 
survey by the University of Michigan31 indi- 
cated that, among public agencies along the 
United States and Canadian shoreline, with 
the exception of Lake Ontario shoreline, all of 
the respondents were of the opinion that high 
lake levels are a problem. The concerns 
appeared to  be most acute at the local level. 
Although the survey focused on high water 

31Marans. Robert W., et al, Trends and Emerging Environme 
Institute for Social Research and School o f  Natural Resourc 
Report No. MICHU-SG-89-201. 

levels, shoreline erosion was the greatest con- 
cern. 

2.3.2.4. 
Industrial and Commercial 
Facilities 

A wide variety of commercial and industrial 
facilities make use of the Great Lakes-St. 
Lawrence River System shorelines. They range 
from grain elevators and steel plants to resorts 
and marinas. Because of their diversity, there 
is little consensus in this group on the nature 
of the impacts of changing water levels. How- 
ever, some commonly-cited problems are 
discussed here. 

For commercial businesses that depend upon 
beachfront recreation, high water levels and 
associated loss of beach area are negative 
impacts. Meanwhile, for marina operators, 
tour boat companies and other commercial 
businesses that rely on near-shore or harbor 
navigation, low water levels and associated 
docking and channel problems bring the 
greatest adverse impact. lndustries'that rely 
on shipping benefit from the potential for 
increased loads during periods of high water 
levels and suffer problems with dock facilities 
during low water level periods. 

Information from earlier reports indicates that 
commercial and industrial facilities have a 
degree of tolerance for changing water levels, 
within a boundary zone of 0.3 or 0.6 metre 
(one or two feet) of the long-term monthly 
average. With the exception of businesses that 
depend upon beachfront recreation, commer- 
cial and industrial concerns appear to  benefit 
from slightly higher than average lake levels. 
However, once levels rise above a certain 
point, flood damage to  structures is believed 
to  outweigh the benefits. 

2.3.2.5. 
Agriculture 

Although agricultural uses of land are not as 
directly linked with the shoreline as the above 
categories of use, a significant number of agri- 
cultural lands are located along the shoreline, 
predominantly on the lower lakes and St. 
Lawrence River. 

ntal Issues in the Great Lakes: Perceptions and Assessments, 
:es, University of Michigan, Michigan Sea Grant College Program, 



The greatest concern expressed by agricultural 
representatives is related to high water levels. 
Specific impacts include flooding of low-lying 
crops and potential crop loss, overtopping of 
dikes, and reduction in crop yield associated 
with high water tables near the shoreline. 
Previous reports indicate that existing diking 
can provide effective protection from high 
water to specific levels. Once water levels 
exceed this, damage can be significant. 
Damage does not increase proportionally with 
increasing levels but is significant once shore 
protection is breached. 

2.4. 
THE DEVELOPMENT AND 
EVALUATION OF 

The largest portion of this study's effort was 
directed toward practical measures to alleviate 
problems associated with fluctuating water 
levels. Such measures included land use and 
shoreline management, and lake levelregula- 
tion measures. Making decisions about the 
measures to be recommended in this report 
included not only examination of numerous 
potential actions, but evaluation of how these 
actions might affect the interests involved. 
Chapter 4 presents the recommended mea- 
sures and explains why they were selected. 

Every measure has potential advantages and 
disadvantages. For example, a measure that 
changes the levels and outflows of a lake will 
affect the many life forms in the lake, as well 
as the processes acting on the shoreline, the 
public's enjoyment of the shoreline and possi- 
bly their willingness to spend money in  a par- 
ticular location. This could have spin-off bene- 
fits or disbenefits for recreational industries as 
well as for the economies of local communi- 
ties. Meanwhile, alterations to a lake's outflow 
may also affect the amount of water available 
for production of hydropower or the depth 
that determines how much cargo ships can 
carry. In addition, some land use and shore- 
line management measures can have implica- 
tions for property values and shoreline uses. 
Some of these measures carry large financial 
costs for implementation, while others are rel- 
atively cost-free. All of these effects have 
broad impacts on the general economic and 

social life of a particular area and of the basin 
in  general. 

During the first part of the Levels Reference 
Study, a list of more than 120 possible mea- 
sures was developed. The final phase used a 
multi-stage process to narrow this list down to 
the ones that are contained in Chapter 4. 

2.4.1. 
Study Planning 
Objectives 

In order for this study to produce strong rec- 
ommendations for action, i t needed a process 
that would ensure that the choices for mea- 
sures responded to interests' needs, as well 
as to the specific requests set out in  the 
Reference from the Governments of both 
countries. To assist each of the working com- 
mittees in fulfilling that goal, a set of 41 study 
planning objectives32 was prepared. These 
objectives were aimed at reducing or avoiding 
adverse effects of changing water levels and 
flows upon the ten interests, or water use cat- 
egories, listed in Chapter 1. Most of the objec- 
tives involved reducing financial, social or 
environmental losses due to erosion, flooding 
or low water levels. 

The study planning objectives were used as 
indicators for the working committees' assess- 
ments of individual measures. Each commit- 
tee described how well each measure would 
meet the study planning objectives in its areas 
of investigation. Since the objectives were 
based upon the desires of the ten interests, 
some were contradictory; for example, an 
objective to reduce or eliminate flooding for 
shoreline residents might preclude desirable 
levels for recreational boating. Conflicts such 
as these were dealt with in the measures eval- 
uation process, described next. 

2.4.2. 
Multi-Objective Multi- 
Criteria Measures 
Evaluation Process 

Once the measures were described according 
to their abilities to meet the objectives, it was 
possible to begin making judgments about 
their desirability, based upon a set of evalua- 

32Working Committee 4, Inventory of Study Planning Object;) tes, (September 30, 1991) 



tion criteria.33 These criteria formed the stan- 
dard of comparison for all of the measures. 
The closer a measure was to meeting all of the 
criteria, the more likely it was to find its way 
into the recommendations of this report. This 
procedure was called a "multi-objective multi- 
criteria measures evaluation process." Four 
"core criteria" were developed, and each crite- 
ria had two or more "sub-criteria": 

Economic Impact. Each measure was evaluat- 
ed for its overall effect on the basin's econo- 
my. To be recommended for implementation, 
a measure would be required, as a minimum, 
to allow the existing economic performance in 
the basin to be maintained. Positive economic 
impacts were preferable. Two sub-criteria, 
"benefit-cost analysis" and "other economic 
and social impacts," were used to determine 
whether the measures met the economic and 
social impact standard. 

Environmental Impact. This criterion rated 
measures based upon the extent to which they 
would change the basin's environment, either 
positively or negatively. These assessments 
were qualitative; that is, they relied on descrip- 
tive information that could not be measured in 
numbers rather than on quantitative informa- 
tion (economic or physical measurements). 
Two sub-criteria, "ecological productivity" and 
"environmental purity," were used. 

Distribution of Impacts. The dispersion of 
impacts across the spectrum of interests and 
regions was also assessed. The objective was 
to ensure that no one region or interest group 
would be subjected to undue hardship as a 
result of a measure. In order to assess this dis- 
tribution, the evaluation process looked at the 
relative magnitude of the impact and whether 
it was positive or negative. 

Feasibility. To meet this criterion, measures 
were required to be technically and opera- 
tionally feasible, which means that they would 
need to respond to changing conditions, have 

predictable outcomes once put into effect, and 
be reliable under extreme conditions. Under 
this criterion,.measures would also need to be 
feasible from a legal and public policy per- 
spective. This required assessing whether the 
measures could be implemented within exist- 
ing legal frameworks, and whether they fit 
within current public policy or would likely 
require amendments to current policy. Public 
acceptability was also a factor. 

The measures recommended in this report 
were chosen by consensus. The first step 
toward this consensus was taken in the fall of 
1991, when study participants were asked to 
reduce the list of more than 120 measures to 
a more manageable number. In August and 
September of 1992, a detailed survey and 
study-wide workshop34 led to the further 
screening of 33 remaining measures. This sec- 
ond screening was accomplished through a 
questionnaire that asked study participants to 
rate the measures based upon their review of 
information contained in a 250-page com- 
pendium35 of information on each measure. 

From this workshop a document36 was pre- 
pared that listed the measures favored by 
most study participants as the most likely pos- 
sibilities for governments to pursue. These 
possibilities were reviewed by senior govern- 
ment representatives at policy forums at 
Indianapolis, Indiana, in October 1992 and 
in Hull, Quebec and Washington, D.C. in 
November 1992. Simultaneously, the key 
points of the document were summarized in 
the Board's newsletter and distributed to the 
study's mailing list. Later, from November 30 
to December 3, 1992, four public forums were 
held to discuss the options for action. 
Subsequently, these options were refined still 
further and presented as draft recommenda- 
tions in the study newsletter and at four addi- 
tional public forums from February 22 to 25, 
1993. Once the review process was complete, 
the recommendations were finalized by the 
Study Board. 

W o r k i n g  Committee 4, Evaluation Criteria (June 22, 1992). 
34This workshop was held September 28-30, 1992. It was attended by approximately 70 stake holder and agency representatives 

from Duluth to Quebec City. The majority of participants were members of the study, but citizens at large and interest group 
representatives also attended. 

35Working Committee 4, lmpacts of Measures for Evaluation - Summary (September 8, 1992, revised March 1993). 
3eLevels Reference Study Board, Options Document: Including Key Results of Technical Studies, Guiding Principles for 

Governments, Measures to Reduce lmpacts of Fluctuating Water Levels, Emergency Actions in Response to Crises Conditions, 
Institutional Arrangements, Communications Practices (October 23, 19921. 



2.5. 
GUIDING PRINCIPLES 

The social and environmental well-being, 
conomic development and international com- 
petitiveness of both Canada and the United 
States demand the strategically wise use and 
management of the finite water resources of 
the Great Lakes-St. Lawrence System. One of 
this study's tasks was the development of 
guiding principles that would facilitate such 
management; 

These broad principles are based upon the 
principles that guided the study process and 
were directed to ensuring the ecosystem 
integrity of the Great Lakes and St. Lawrence 
River, as well as to ensuring the environmen- 
tal and economic sustainability of measures 
that deal with changing water levels and 
flows. Recommendations on guiding princi- 
ples for governments are presented in 
Chapter 3. 

2.6. 
THE APPROACH TO 
IMPACT ASSESSMENTS 

2.6.1. 
Economic lmpacts 

In order for any measure to be considered 
implementable, the economic benefits it could 
provide would have to outweigh the financial 
costs. Benefits included prevention of further 
damage, increases in revenue, or avoidance of 
future costs. Potential benefits and costs were 
calculated for shoreline property owners, the 
commercial shipping industry, the recreational 
boating industry and hydropower utilities. The 
economic evaluations for the principal mea- 
sures considered are described in Chapter 4 
and in Annexes 2 and 3. 

2.6.2. 
Environmental lmpacts 

~ecause this study considered the entire Great 
Lakes-St. Lawrence River ecosystem, investi- 
gations were also conducted into the possible 
effects that measures to regulate lake levels 
and flows could have on the natural environ- 
ment. Wetlands were selected as indicators of 

the overall health of the basin's aquatic envi- 
ronment. Site studies of the potential effects 
of water level regulation on fish habitat were 
also conducted. Results of the evaluations are 
provided in Chapter 4. Further details are pro- 
vided in Annex 2 and its supporting documen- 
tation. 

2.7. 
EMERGENCY 
PREPAREDNESS 
PLANNING 

The Commission's interim report of October 
1988 recommended short-term use of existing 
regulatory structures and diversions to allevi- 
ate high or low water crises. Later investiga- 
tions built upon this earlier report. 

Emergency preparedness measures fit under 
two categories: hydraulic and land-based. The 
hydraulic measures include such activities as 
modifying diversions into, within, or out of the 
system, or adjusting existing lake regulation 
plans. Land-based measures included such 
activities as water level forecasting, emer- 
gency floodproofing and disaster assistance. 

Chapter 5 outlines a combination of measures 
to reduce the effects of a high or low water 
crisis.37 

2.8. 
EXAMINATION OF 
INSTITUTIONS 

A multitude of individuals, groups, firms and 
agencies, both within and outside the basin, 
benefit from the Great Lakes and St. Lawrence 
River. These interests' demands have com- 
bined to make the basin one of the continent's 
most important economic centers. Eight 
United States states and two Canadian prov- 
inces surround the system. More than a dozen 
federal agencies in both countries have 
responsibilities for management of the sys- 
tem's resources. Each state and province also 
has obligations in this regard. Additionally, the 
many municipalities and townships, counties 
and districts, regional and local agencies 
along the shorelines of the system have juris- 
diction in matters directly related to water 
level and flow issues. 

37See Annexes 3 and 6 for details about how the emergency preparedness measures were developed. 



This study reviewed the range of jurisdictions 
involved in activities related to water levels 
and flows and examined the ways in which 
they currently fulfill their responsibilities. 
These investigations led to proposals for 
changes to institutional structures (recom- 
mended in Chapter 6) to improve coordination 
and effectiveness of the decision-making pro- 
cess. Further details of this examination of 
institutional structures are contained in Annex 
4 and its supporting documentation. 

COMMUNICATIONS 
PROGRAM FOR 
GOVERNMENTS 

Regardless of the recommendations contained 
in this report, and regardless of their disposi- 
tion, water levels in the Great Lakes-St. 
Lawrence River System will continue to fluc- 
tuate. It is impossible to predict when or 
whether the extreme highs and lows of this 
century will be repeated or exceeded. How- 
ever, the more the affected interests know 
about water levels, the reasons for their fluc- 
tuations, the actions governments are taking, 
and the risks involved in using a system that is 
subject to daily, seasonal and long-term fluc- 
tuations, the better they will be able to cope 
with these changes. 

The Governments of the United States 
and Canada recognized this in their 1986 
Reference. In addition to a charge to "examine 
and report on measures," the two Govern- 
ments requested the Commission to "develop 
an information program which could be car- 
ried out by responsible government agencies 
to better inform the public on lake level 
fluctuations."38 

A Communications Task Group composed of 
communications practitioners and interest 
representatives investigated establishing such 
a program. In addition to its own fifteen mem- 
bers, the task group drew upon the expertise 
and experience of a network of reviewers. The 
result was a report to the Study Board that 
was submitted to further examination. A draft 
of this report39 was reviewed by the Citizens 
Advisory Committee and the general public 
prior to its completion. This process subjected 

the recommended communications initiatives 
to a wide review by the people who deliver 
communications programs related to Great 
Lakes-St. Lawrence River issues, as well as by 
those who are on the receiving end of them. 

In addition to developing a broad framework 
for a coordinated communications program, 
this study surveyed 65 users of water level 
information to determine how best to meet 
their needs.40 The results suggest that a strate- 
gy to improve the quality and communication 
of water level information includes improving 
the presentation and availability of technical 
and statistical data so it may be used by pro- 
fessionals and citizens alike. Recommenda- 
tions for a communications program are in 
Chapter 7, and further improvements to exist- 
ing programs are recommended in Chapter 8. 

2.10. 
MANAGEMENT AND 
OPERATIONAL 
IMPROVEMENTS 

In the course of the study, many areas were 
identified in which initiatives could be taken to 
increase effectiveness in some aspects of the 
management and operations of the agencies 
responsible for water level issues. Potential for 
improvement was identified in the areas of 
technical data-gathering and monitoring, com- 
munication of data and other information, and 
the use of information to make decisions relat- 
ing to management of the Great Lakes-St. 
Lawrence River System. Recommendations 
for such improvements are made in Chapter 8. 

2.1 1. 
SUMMARY 

This chapter has outlined the study process. 
The following chapters present findings, con- 
clusions and recommendations that have 
resulted from investigations and activities of 
the six major study components: guiding prin- 
ciples for governments, measures to alleviate 
the adverse consequences of fluctuating water 
levels, emergency preparedness planning, 
communications programs for governments, 
and management and operational improve- 
ments. 

38Letters of Reference (August 1, 1986). 
39Working Committee 1. Recommendations on a Communications 
"See further details in Annex 3, and in Chapter 8. 

Program for Governments (June, 1992). 



Chanter 

Guiding Principles 

In order to clarify various interests expecta- 
tions of the study, a set of study evaluation 
principles was adopted early in the study 
process. These principles reflected fundamen- 
tal values that were considered critical in 
deciding whether proposed policies or actions 
in the management of water levels and flows 
are in the public interest and viewed as 
acceptable. These principles were a key com- 
ponent in developing of the criteria used to 
evaluate the measures recommended in this 
report. 

Future management of problems associated 
with fluctuating water levels and flows in the 
Great Lakes-St. Lawrence River System would 
benefit from a similar set of guiding 

principles41 agreed to by federal, state and 
provincial governments. The intention of these 
guiding principles is to establish a policy 
framework and to provide a common focus 
under which all current and future programs 
could be pursued. 

3.1. 
GUIDING PRINCIPLES 

The following text consists of a proposed pre- 
amble and set of guiding principles that, if 
adopted by governments,u would improve 
decisions related to water levels and flows in 
the Great Lakes-St..Lawrence River System, as 
well as the understanding of these decisions. 

41For more information on development of the Guiding Principles see Annex 4. 
4zThe term"governmentsM refers to the two federal, the eight state and two provincial governments. 



Preamble 

With almost 20% of the world's supply of fresh surface water, a drainage basin that embraces the 
industrial heartland of the North American continent, and a surrounding population of more than 35 
million people, the significance of Great Lakes and St. Lawrence River is considerable. 

Many people benefit in many ways from this vast water resource, which has a value that extends 
well beyond the boundaries of its drainage basin. The Grear Lakes-St. Lawrence ecosystem is 
extremely diverse and dynamic. The shores of the Great Lakes are physically rich, bearing evidence 
of geological events that occurred hundreds of millions of years ago. Physical processes are conrin- 
uously changing the shoreline and have done so over the last 10,000 years, even up to the last few 
hours. 

Millions rely on the lakes for their drinking water, for transportation of goods and community sani- 
tation, for their industrial jobs, for electricity in their homes and at work, for food and traditional 
lifestyles, and for their leisure time enjoyment. Hundreds of plant and animal species rely on the 
lake system, as well, from common backyard varieties to the Carolinian forests and the bald eagle 
which are examples of the many rare, threatened and endangered species that depend on this 
resource. 

Water quality is related to water quantity. Increases or decreases in the quantity of water affect 
the availability and the quality of the water. Proper management of the resources of the system 
requires close coordination of water quality and quantity concerns and recognition of their interde- 
pendence. 

The geography of the basin has facilitated the close social and economic ties that exist between 
Canada and the United States. This has contributed to the movement of goods and services be- 
tween the two countries, making the Great Lakes-St. Lawrence River Basin an important center in 
terms of economics, transportation and natural resources. 

The region's relative prosperity can be expected to continue well into the foreseeable future, but it 
cannot continue without due consideration for the complex ecosystem that supports the diversity of 
economic and social development. Nor can this prosperity continue without regard for the diversity 
of interests directly and indirectly affected by changes in management of the system. Not only are 
these interests diverse, they are often in conflict. Farsighted management of the Great Lakes and St. 
Lawrence River also calls for resolution of conflicts in ways that are, at best, to the overall benefit of 
the system and its inhabitants, and at least, not to the undue detriment of any one interest. 

The future pattern of economic activity in the Great Lakes-St. Lawrence River Basin is uncertain, but 
it is possible that the ways in which the lakes and channels are used may change dramatically in 
response to technological, social, economic and environmental pressures. Recent findings related 
to global climate change indicate that the system could see dramatic decreases in its water supplies 
that could markedly affect both the uses to which it is put and its availability for those uses. These 
factors combine to confound a decision-making process that is already complicated by the numbers 
of federal, provincial, state, and local authorities with jurisdiction in water level-related issues; by 
the sheer size of the basin, which includes eight states and two provinces; and by the fact that the 
Grear Lakes-St. Lawrence River System is an increasingly valued resource that is shared by two 
countries. 

Despite the huge volumes of water stored in the lakes and moving through the system every day, 
the Great Lakes and St. Lawrence River are not inexhaustible resources. The system depends pri- 
marily on precipitation and runoff from the drainage basin for its water supplies. This often over- 



looked fact underlines the need for wise planning today of a finite water resource that must serve 
generations to come at least as well as it has served to the present day. 

The following principles are broad guidelines to enhance coordinated, system-wide management in 
future water levels and flows issues. Such management calls for the full involvement of all levels of 
government, including Native communities, and the general public. These principles provide a com- 
mon focus under which all current and future programs can be pursued. These principles will be 
considered in dealing with issues related the water levels and flows of the Great Lakes-St. Lawrence 
River System. 

Principles 

7. Existing and future beneficial uses will be 
considered, and the fundamental charac- 
ter of the Great Lakes-St. Lawrence River 
System will not be adversely affected. 

2. Actions approved or taken will be environ- 
mentally sustainable and respect the 
integrity of the Great Lakes-St. Lawrence 
River System ecosystem. 

3. Actions approved or taken will be benefi- 
cial to the Great Lakes-St. Lawrence River 
System and not result in undue hardship 
to any particular group. 

4. Coordinated management of the system 
needs to respect and accommodate the 
dynamic nature of the entire Great Lakes- 
St. Lawrence River System. 

5. Reduction of damage to existing develop- 
ment from fluctuating water levels in the 
Great Lakes-St. Lawrence River System 
will be based on the use of both non- 
structural and structural measures43 at 
various locations throughout the basin. 

6. Prevention of damage to future develop- 
ment from fluctuating water levels in the 
Great Lakes-St. Lawrence River System 
will include the implementation of land 

use measures to discourage construction 
in areas subject to damage from fluctuat- 
ing water levels and storms. 

7. Management of the Great Lakes-St. 
Lawrence River System will be done in full 
awareness of the potential for reduced 
water supply as a result of climate 
change. 

8. Decision-making with respect to the man- 
agement of the Great Lakes-St. Lawrence 
River System will be open, respecting the 
full range of interests affected by any deci- 
sions and facilitating wide participation in 
the policy process. 

9. Management of the Great Lakes-St. 
Lawrence River System will be based on 
coordination of actions relating to levels 
and flows. 

70. Management of the Great Lakes-St. 
Lawrence River System will be based on 
continued improvement in the collection 
of data and the understanding of the 
processes and impacts of fluctuating 
water levels and flows. 

7 7 .  Management of the Great Lakes-St. 
Lawrence River System requires ongoing 
communications and public awareness. 

4311-1 the sense that the term is used here, structural measures do not include new regulation structures that would affect the lev- 
els and flows of the Great Lakes and St. Lawrence River. The structural measures referred to in this context include existing 
regulation structures as well as those that would be taken on land, such as shore protection works. Non-structural measures 
include beach nourishment. landfilling, bluff drainage, bluff stabilization and similar practices. Structural measures include 
shore protection works. including seawalls, breakwaters, groins, revetments, artificial headlands, artificial islands, dikes and 
similar practices. 



3.2. 
RECOMMENDATION 

The Board recommends that federal, 
state and provincial governments 
adopt the Guiding Principles listed 
above, and that these principles be 
used as guidelines for the manage- 
ment of issues related to water lev- 
els and flows within the Great Lakes- 
St. Lawrence River System. 

The Board is not recommending changes in 
the Boundary Waters Treaty of 1909 but is 
suggesting that the International Joint 
Commission use these guiding principles 
within the limits of the Treaty. 



Measures to Alleviate the 
Adverse Consequences 
of Fluctuating Water Levels 

This chapter summarizes the results of investi- 
gations into measures that could alleviate the 
adverse consequences of fluctuating water 
levels. Presented here are the principal mea- 
sures that were evaluated, together with some 

,of the key findings from the assessments of 
their potential impacts. On the basis of these 
findings, recommendations are made for 
actions that could be taken by governments. 

Two types of measure were evaluated: 1) lake 
regulation measures that would alter the lev- 
els and flows of one or more of the Great 
Lakes; and, 2)  land use and shoreline manage- 
ment measures that would use various meth- 
ods to adapt shoreline areas and their uses to 
changing water levels. In this study, lake level 
regulation measures were considered to be 
remedial since they would reduce damage to 
property and structures that already exist, or 
they would reduce other negative water level 
impacts. Land use and shoreline management 
measures could be considered either remedial 
or preventive, depending upon whether they 
help protect existing development, or whether 
they keep development from occurring in 
areas vulnerable to future damage. Additional 
details on these measures are provided in 
Annexes 2 and 3. 

4.1. 
IMPACT ASSESSMENTS 

Quantitative and qualitative assessments were 
carried out on the potential economic and 
environmental impacts of the measures pre- 
sented in this chapter. The economic impacts 
of regulation measures were assessed for 
riparian property, commercial navigation, 
recreational boating, and hydropower. 
Wetlands were studied as indicators of the 
environmental effects of changes in water 
level regimes, while erosion studies deter- 
mined possible changes in shore recession 
rates under reduced ranges of water level fluc- 
tuation. Other interests such as agriculture, 
commercial fishing, public infrastructure and 
Native North ~ m e r i c a n  communities were not 
evaluated quantitatively, but qualitative 
assessments were undertaken which focused 
primarily on characterizing the interests and 
their responses to fluctuating water levels. 
Land use and shoreline management mea- 
sures were assessed by reviewing existing 
examples and conducting~case studies. The 
following sections detail how these assess- 
ments were accomplished. 



4.1.1. 
Qualitative Assessments 

Qualitative assessments of the impacts of 
changing water levels on riparian property, 
Native communities, commercial fisheries, 
public infrastructure, commercial and industri- 
al facilities, and agricultural interests were dis- 
cussed in Chapter 2. While economic assess- 
ments were also conducted into how lake level 
regulation could affect shoreline property, 
commercial shipping, recreational boating and 
hydropower generation, similar quantitative 
assessments were not possible for the other 
interests listed above. However, the qualitative 
information assisted study participants in 
weighing the suitability of measures during 
the evaluation process. 

4.1 -2. 
Economic Impacts 

4.1.2.1. 
Potential Damage to Shoreline 
Property 

An important issue raised in the Reference is 
whether additional regulation of water levels 
and flows in the Great Lakes and St. Lawrence 
River could reduce the amount of erosion and 
flooding damage sustained by shoreline prop- 
erty. To answer this question, researchers esti- 
mated the potential changes in dollar values 
of flood and erosion damage to residential, 
commercial, industrial and public property, 
and public infrastructure. The difference , 

between the estimated damage under existing 
conditions (the basis of comparison44) and 
damage under new water level regulation 
schemes indicated the potential benefits or 
costs of each regulation measure. Stage-dam- 
age curves45 and detailed site studies46 were 
used to prepare these estimates. 

The Great Lakes-St. Lawrence River shoreline 
above Cornwall, Ontario, was divided into 78 
sections, called reaches. The St. Lawrence 
River below Cornwall, Ontario (the Montreal 
area), was divided into five additional reaches. 

Stage-Damage Curves 

The stage-damage curves for flooding and 
erosion were based on curves developed from 
damage surveys and damage payments made 
during the 1970's. The curves were updated to 
1991 values to take into account inflation, new 
development, moving or removal of struc- 
tures, and construction of shoreline protec- 
tion. In addition, the curves for flood damage 
incorporated a risk analysis approach47 that 
defined upper and lower thresholds for flood 
damage. This gave a range of water levels 
within which researchers could be confident 
flood damage would occur. This range was 
developed by closely examining the water lev- 
els at which flood damage occured in the past 
and applying updated dollar figures to them. 

Detailed Site Studies 

As requested in the Directive from the 
International Joint Commission, detailed site 
studies were used to help verify the damage 
estimated from the stage-damage curves. 
These studies were also used to gather insight 
into the specific nature of damage, and 
attempts were made to apply this information 
to the entire system. Thirteen detailed site 
studies were carried out. lnformation was col- 
lected at varying levels of detail on damage 
caused in the past by fluctuating water levels, 
and on the damage that could be expected 
under various lake level regulation schemes. 
lnformation from these sites provided a sub- 
stantial increase in the understanding of spe- 
cific problems for specific interests. Three of 

44For the purposes of this study. "existing" water level and flow conditions were based upon a set of levels and flows called the 
basis of comparison (BOC), which is used as a reference for assessing the impacts of various measures. The BOC is calculated 
for the 90-year period from 1900-1989, and i t  gives the water levels and flows that would have occurred each month of that 
period if all current regulation plans, current channel conditions and existing diversions had been in effect over the entire 
period. 

45A Stage-damage curve is a graph developed by plotting the'amount of dollar damages anticipated for a range of flood water 
elevations (or stages) caused by high lake levels. Stage-damage curves were also used to predict erosion damage. Stage-dam- 
age curves that were developed for the St. Lawrence River differed from those prepared for the lakes, because the stage part of 
the curve was based upon river flows, rather than water levels. Stage-damage curves for the United States included flooding 
and erosion damage for agriculture, commercial-industrial property, public infrastructure and residential property. The 
Canadian curves included flooding and erosion damage for agricultural, residential property and vacant land. 

46A detailed site study involved the investigation of selected locations to gather information on flooding, erosion and low water 
impacts caused by either natural conditions or a given lake level regulation scenario. 

47An analysis that evaluated the probability of flood damage occurring at differing elevations along the shoreline and assessing 
the probability of damage levels being exceeded. 



the site studies provided informa'tion that 
could be compared and contrasted with dam- 
age estimates that used the existing stage- 
damage curves for erosion. Generally speak- 
ing, the stage-damage curves allowed system- 
wide estimates of potential flood and erosion 
damage, while the detailed site studies deter- 
mined localized damage and increased the 
understanding of the impacts of changing 
water level regimes. These approaches gave 
researchers improved understanding of the 
potential impacts of various water level regu- 
lation scenarios. 

Avoided Costs of Shore Protection 

One of the benefits of additional regulation of 
levels and flows is avoidance of future shore 
protection costs for some shoreline property 
owners. It is generally assumed that the cost 
of building shore protection is less if the high 
water levels are lowered as a result of regula- 
tion. The cost avoided is the difference 
between the cost of building and maintaining 
shore protection under the current water level 
regime and the cost of building and maintain- 
ing shore protection under a specified water 
level scenario. For example, a well-engineered 
structure built today that would withstand a 1- 
in-25-year event under the current water level 
regime might cost $10,000. Under a three-lake 
water level regulation scenario, that 1-in-25 
year event may be at a lower water level ele- 
vation, allowing the shore protection structure 
to be built at a lower height and requiring 
fewer materials. Perhaps the structure could 
be built for $8,000 if additional water level reg- 
ulation were implemented. The avoided cost 
would, therefore, be $2,000. In addition, high 
levels with additional regulation might be less 
frequent. As a result, maintenance costs for 
the structure could decrease. This, too, would 
be a cost savings, or an avoided cost. 

These avoided costs were calculated for a 
number of water level regulation scenarios. 
The analysis estimated the replacement cost 
of all existing residential shore protection,48 
assuming the replacement was well engi- 
neered, and including the maintenance and 
replacement costs for 50 years. This estimate 
was compared with the reduction (or increase) 

@The methodology and mix of various types of shore protection is 
on how the avoided costs were calculated. 

in the maintenance and replacement costs that 
would occur for the same degree of protection 
under new water level regulation conditions. 
In both cases, it was assumed that replace- 
ment of all existing protection would occur at 
a uniform rate over the next 25 years. 

Shore protection costs for future development 
were also considered. Development forecasts 
were used to estimate the amount of new 
development along the shore that could be 
expected over the next 50 years. It was 
assumed that the level of shore protection for 
new development would be the same as for 
existing development and that all new protec- 
tion would be well engineered. A comparison 
was made between expected construction and 
maintenance costs under existing water level 
conditions (the basis of comparison), and 
costs that could be expected with new water 
level regulation scenarios. Estimates were cal- 
culated for both developed areas where no 
protection currently exists, and for areas that 
could be developed in the future. The differ- 
ence between costs of shoreline protection 
under existing conditions (the basis of com- 
parison) and projected future conditions was 
converted to an average annual cost, using an 
interest rate of 8%. These estimates of avoided 
costs were included in the economic analysis. 

At least some of the avoided costs for shore 
protection would be offset by a reduction in 
the amount of flood and erosion damage that 
could be expected to occur if well-engineered 
and extensive shore protection were in place 
without new regulation plans. The amount of 
this possible damage reduction was not esti- 
mated, and some double counting of benefits 
occurred. The potential benefits of further lake 
level regulation due to estimated avoided 
costs of shore protection were added to the 
potential benefits of reductions in estimated 
flood and erosion damage. However, flood 
and erosion damage would be reduced if the 
assumed level of shore protection used to cal- 
culate the avoided costs were actually in 
place. 

No lake level regulation plan was found capa- 
ble of eliminating all flood damage, because 
flood damages on the Great Lakes are most 

,contained in Annex 2, which gives more detailed information 



often caused when storm winds cause still- 
water levels49 to rise in a phenomenon known 
as wind set-up. While the regulation of a lake's 
outflow can lower the monthly average level 
of the lake, this lowering usually cannot com- 
pensate for the amount by which the water 
level may rise due to wind set-up. Similarly, 
no lake level regulation plan was able to com- 
pletely eliminate erosion, since many types of 
shoreline continue to erode (albeit at reduced 
rates in some locations) regardless of reduc- 
tiqns in water level ranges. These erosion 
processes are explained in the following 
section. 

In addition, all the lake level regulation plans 
considered in this study redistributed the 
impacts of fluctuating levels and flows. In 
other words, plans that decreased damage in 
one location often resulted in increased dam- 
age (not necessarily of the same magnitude) 
in another location. 

4.1.2.2. 
Effects of Water Level 
Changes on Various Shore 
Types 

The relationship between fluctuating lake lev- 
els and erosion of Great Lakes-St. Lawrence 
River shorelines was evaluated. Preliminary 
findings of earlier studies50 suggested that 
changing water levels have little or no influ- 
ence on erosion rates for many shore types. In 
this study, the relationship between lake levels 
and erosion was studied in greater detail. 
Annex 2 and its supporting documentation 
provide more information on these studies. 

In Canada, all of the Great Lakes have a diver- 
sity of shore types. Almost half (47%) of the 
Canadian shoreline of the Great Lakes and St. 
Lawrence River is classified as resistant 
bedrock, which does not erode. The majority 
of this type is found on the upper Great Lakes, 
where resistant bedrock accounts for 60% of 
Lake Superior's shoreline, 35% of the St. 
Marys River, 77% of northern Lake Huron and 
58% of southern Lake Huron. The majority of 
the remainder is found on the Niagara River, 
Lake Ontario and the St. Lawrence River. 

The remainder of Lake Superior's shoreline is 
composed largely of coarse beach (19%). sand 
beach or dunes (lo%), and open shore wet- 
land. The majority of the portion of Lake 
Huron's shoreline that is not resistant bedrock 
is composed of sand beaches and dunes (12% 
of northern Huron and 25% of southern 
Huron). 

Wetlands predominate on the Canadian shore- 
lines of the St. Marys River (40%), the St. Clair 
River (31%), Lake St. Clair (61%) and the 
Detroit River (46%). The largest portion of the 
remainder of Lake St. Clair's shoreline is sand 
or silt banks (21%). The Canadian shoreline of 
Lake Erie is fairly evenly distributed between 
bluff (43%) and sandy beach (37%) shorelines, 
with a predominance in the high bluff catego- 
ry (28%). 

Of the five Great Lakes, Lake Ontario is by far 
the most diverse geomorphically, with per- 
centages of its shoreline falling into all of the 
16 main categories of shore type that were 
classified. This lake also has the highest per- 
centage (1 1%) of artificial shoreline (excluding 
the connecting channels), due to the intense 
residential and industrial development at its 
western end. 

In the United States, Lake Superior is also 
dominated by resistant bedrock shoreline, 
although this type of shoreline accounts for 
less than 30% of the Great Lakes-St. Lawrence 
River total. Lake Michigan is dominated by 
sandy shores (63%). 

The United States shorelines of Lakes Huron 
and Erie are the most diverse. Sandy shores 
(17%), course beaches (17%) and wetlands 
(25%) dominate Lake Huron's shores, while 
Lake Erie's shoreline is evenly distributed 
among bedrock, cohesive bluff, sandy shore, 
wetland and artificial shoreline, with each cat- 
egory accounting for approximately 20%. Lake 
Ontario's shoreline tends to be either bedrock 
(42%) or cohesive till bluffs (35%). 

The United States sides of the connecting 
channels tend to be either bedrock (St. 
Lawrence River, 60%), wetlands (St. Marys 

49Stillwater level: The level of water measured without the influence of storms or waves. 
5oProject Management Team, Living With The Lakes; Challenges and Opportunities, Annex B, Environmental Features, 

Processes and Impacts: An Ecosystem perspective on the Great Lakes-St. Lawrence River System, p. 6-166, (June 1989). 



River, 49%; Lake St. Clair, 58%), or artificial 
(St. Clair River, 81%; Detroit River, 60%). The 
Niagara River shoreline is mostly low sandy 
banks (53%) and artificial (13%) in the upper 
reaches, but predominantly bedrock (26%) 
throughout its lower course. 

Erosion Processes 

There are two basic categories of shore types 
for which erosion processes are fundamental- 
ly different. The first of these are sandy 
shores, which are continually changing and 
may either erode or accrete, depending upon 
the balance between the amount of sand 
being supplied to the beach by waves and cur- 
rents and the amount being taken away. The 
second type is cohesive shores, which are 
typically composed of some type of clay or till. 
Unlike a sandy shore, once cohesive,material 
is eroded by wave action, i t cannot reconsti- 
tute itself; its cohesive form is lost forever. 
Furthermore, any beach sand that may be a 
by-product of the erosion of the cohesive sedi- 
ment usually moves quickly away. 

Researchers used case studies involving field 
data, laboratory data, and numerical model 
tests for both sandy and cohesive shore exam- 
ples to develop a better understanding of the 
influence of lake level fluctuations on erosion 
rates for different shore types. Sandy and 
cohesive shorelineswere used in the evalua- 
tions, because they covered the largest num- 
ber of shore types classified, and they pro- 
duced the best and most readily available 
data. 

The evaluations were based upon a hypotheti- 
cal 50% reduction in the range of stillwater 
levels, which was considered a "best case" 
scenario. A reduction of this magnitu.de was 
achieved by only one of the five-lake regula- 
tion plans discussed later in this chapter. 
Nevertheless, studies of the relationship 
between shoreline erosion and a 50% reduc- 
tion51 in the range of water levels serve as a 
useful indicator of how water level changes 
affect Great Lakes-St. Lawrence River shore- 
lines. 

Using the shore classification data presented 
above, along with the results of the numerical 
modeling tests, researchers developed an ero- 
sion sensitivity index and prepared a series of 
erosion sensitivity maps52 to predict changes 
in the recession rates of various shoreline 
types as a result of a reduction in the water 
level range. Results indicate that in Canada, 
excluding the connecting channels and St. 
Lawrence River, approximately 32% of the 
shoreline would experience reductions in ero- 
sion as a result of a 50% reduction in lake level 
range. The majority of this reduction would 
occur on Lakes Erie, St. Clair and Ontario, 
where 70%, 67% and 43%, respectively of their 
shorelines, would benefit. Maps indicate that 
approximately 29% of the United States Great 
Lakes shoreline would experience a reduction 
in erosion as a result of a 50% reduction in 
lake level range. The majority of this reduction 
would occur on Lakes Erie, Ontario, and 
Michigan. In both countries, changes in ero- 
sion rates would range primarily from 5% to 
50%, with a small percentage of shoreline 
(2.6% in the United States and 0.7% in 
Canada) undergoing complete elimination 
(100%) of recession . 

4.1 -2.3. 
Potential Losses or Gains to 
Commercial Shipping 

Shipping companies experience losses or 
gains due to changes in the regime of levels 
and flows in the Great Lakes-St. Lawrence 
River System. Low water levels mean that 
many vessels must carry lighter loads than 
they are capable of carrying, while high water 
levels allow larger vessels to carry more 
cargo. Changes in transportation costs were 
estimated for each regulation scenario and the 
crisis management plan. Impacts on overseas 
traffic to and from the Port of Montreal were 
also evaluated.53 

Losses or gains to commercial navigation as a 
result of level and flow changes differ between 
the United States and Canada due to differ- 
ences in vessels, commodities and harbor 
characteristics. The majority of United States 

51A 50% reduction is equivalent to a reduction in monthly mean stillwater range of from 1.9 metres to 1.0 metres (6.5 feet to 3.2 
feet) on Lakes Michigan-Huron and from 1.7 metres to 0.9 metres (5.6 feet to 2.8 feet) on Lake Erie. 

52See Annex 2 and supporting documents. 
53Some incoming international shipments could not be accounted for, as unloading of shipments occurred at other harbors east 

of Montreal due to weather and other circumstances. 



traffic is large bulk carriers carrying coal, iron 
ore, grain and limestone between upper lake 
ports. Much of this traffic is handled by 1,000- 
foot vessels capable of utilizing more than the 
27-foot seaway draft. These vessels are very 
sensitive to reductions of water levels on the 
upper lakes. 

Canadian traffic can be categorized into three 
groups: 

1. Traffic in coal, iron ore and grain carried 
on standard lakers (740 feet in length, 27 
feet draft) between ports that meet or 
exceed seaway depths. This traffic is not 
very sensitive to level fluctuations unless 
levels are very low. 

2. Traffic in pulpwood, petroleum products, 
and salt from or through facilities with 
depth limitations. This traffic is very sensi- 
tive to reductions in levels on the St. Clair 
River and Welland Canal. 

3. Container traffic from overseas to St. 
Lawrence River ports including Montreal. 
These vessels can utilize additional draft 
and will divert their destinations away 
from Montreal if water level conditions 
are too low. 

4.1 -2.4. 
Potential Losses or Gains to 
Recreational Boating 

Recreational boating is a thriving industry 
throughout the Great Lakes-St. Lawrence River 
System. Water levels that are too high or too 
low could prevent boats from using particular 
marinas, which would result in lost revenue 
for marina owners and lost enjoyment for 
boaters. Studies were conducted to determine 
the effects of various regulation plans on 
boater use. Because of the large area covered 
in this study, and the sheer numbers of recre- 
ational boaters, studies of specific sites on 
each lake were conducted. Nine sites were 
selected, extending from Duluth on Lake 
Superior to Lac Saint-Louis in the St. 
Lawrence River. These investigations were 
reinforced by representative surveys of 
boaters and marinas in the United States and 
Canada. 

An economic evaluation of the impacts of reg- 
ulation measures was completed for recre- 
ational boating sites in the United States. In 

Canada, impacts were assessed on the basis 
of the number of times that the operating 
range for boating activities would be exceeded 
at specific sites for each lake during the boat- 
ing season. These were compared to the num- 
ber of such incidents under basis of compari- 
son water levels, and effects were evaluated in 
terms of frequency of adverse conditions. 

4.1 -2.5. 
Potential Losses or Gains .in 
Hydropower 

Further regulation of the Great Lakes and St. 
Lawrence River would affect hydropower 
plants in the St. Marys, Niagara and St. 
Lawrence Rivers, and the Welland Canal. 
Generally, hydropower plants benefit from 
uniform flows. If a particular regulation sce- 
nario were to cause extremely high flows, 
some water may have to be spilled (allowed to 
bypass the power plants) without producing 
electricity; if a scenario allowed extremely low 
flows, power production would be reduced. A 
plan to deal with high or low water crises, 
which will be discussed later in this report, 
would affect power production at the Long Lac 
and Ogoki diversions north of Lake Superior, 
at the Lake Michigan Diversion at Chicago and 
at the Welland Canal, in addition to power 
generating stations on the lakes' connecting 
channels. 

The timing and magnitude of losses or gains 
in power production were determined for each 
of the proposed water level regulation scenar- 
ios and for the crisis management plan. This 
information was used in the economic 
analysis. 

4.1 -3. 
Effects on the 
Environment 

The Great Lakes-St. Lawrence System is an 
extremely diverse and important environmen- 
tal resource. The economic health of the Great 
Lakes-St. Lawrence River System directly cor- 
relates to the environmental health of the 
basin. Changes in water levels and flows have 
impacts on the environmental health of the 
system, which supports numerous plant and 
animal species and a diversity of land, wet- 
land, and aquatic habitats. Over 200 species 
and subspecies of fish inhabit the lakes and 



channels, and productive coastal wetlands 
support many of those fish and provide habi- 
tat for international migrations of many water- 
fowl species. 

Wetlands were used as the primary indicators 
of the overall health of the system's aquatic 
environment. The impacts upon wetlands of 
lake level regulation plans were assessed. 
Research was oriented toward two goals: 

1. To better understand the response of wet- 
land communities to fluctuations in water 
levels; and, 

2. To apply this knowledge generally and 
speculate on the response of wetland 
plant communities to pcoposed water 
level regulation schemes. 

In the United States, field studies were con- 
ducted at 35 randomly selected locations on 
Lakes Superior and Ontario. In Canada, aerial 
photoswere examined to determine changes 
in vegetation at seven sites (six on the Great 
Lakes and one on the St. Lawrence River) in 
order to determine the relationship between 
changes in vegetation and changes in water 
levels. Two site specific studies of fish habitat 
were also undertaken.54 

These studies determined that plant communi- 
ties at elevations that are flooded periodically 
each ten to twenty years and dewatered for 
two or more consecutive years between floods 
had the greatest diversity of wetland vegeta- 
tion. These plant communities contained the 
most wetland species and the greatest diversi- 
ty of plant types. Seasonal fluctuations and 
the timing of peak water levels were also 
found to be important to wetland health. 

While the economic impacts of water level 
changes were evaluated using quantitative 
means, the environmental effects were evalu- 
ated based on qualitative assessments; that is, 
descriptive rather than numerical data were 
used to rate impacts as either positive, neutral 
or negative. A conceptual model55 of changes 
to wetland area in response to water level 

changes found that fluctuations are important 
to maintain the extent of coastal marshes on 
the Great Lakes and St. Lawrence River. The 
smaller the fluctuation in water levels, the 
smaller the extent of wetlands. 

The wetland studies compared conditions on 
Lake Ontario under its currently regulated out- 
flows with conditions that would have 
occurred without regulation. The studies 
determined that a reduction in the range of 
Lake Ontario's level brought about by regula- 
tion of its outflows56 has had a significantly 
adverse effect on the extent, diversity, and 
integrity of its wetlands. The structures used 
to control the lake's outflow and operation of 
the regulation scheme have also caused flood- 
ing and erosion losses to flood plain forests in 
Lac Saint-Louis on the St. Lawrence River. 

4.1 -4. 
Potential Impacts of 
Climate Change 

Investigations were also conducted into the 
possible impacts of global climate change 
upon water supplies to the Great Lakes and St. 
Lawrence River. Use of global circulation mod- 
els in concert with other modeling techniques 
that predict water supplies to the system has 
demonstrated that higher temperatures due.to 
climate change will lead to higher evapotran- 
spiration57 over land, increased evaporation 
from the surfaces of the lakes, and reduced 
runoff into the lakes. Although uncertainty 
remains, the best current projection is that 
these factors could combine to significantly 
reduce water supplies to the lakes. This would 
result in a reduction in the mean outflow of 
Lake Superior by 13%, of Lakes Michigan- 
Huron by 33%, of Lake Erie by 40%, of Lake 
Ontario by 39%, and of the St. Lawrence River 
by approximately 40%. . 

These reduced supplies could have the follow- 
ing impacts on water levels: 

Lake Superior's mean level reduced by 0.23 

metres (0.75 feet). 

54Details of this work are provided in Annex 2. 
55A conceptual model is derived from expert judgment about various impacts, and is used as a means for qualitatively assessing 

the impacts of water levels in a consistent manner. 
56These assessments were based on Lake Ontario's current regulation plan, called Regulation Plan 1958-D, and they took into 

account discretionary deviations from the plan, which often occur in  times of above or below average supply. 
S'Evapotranspiration is the combined effect of evaporation of water from land and'the transfer of moisture from vegetation into 

the air. 



Lakes Michigan-Huron mean level reduced 
by 1.6 metres (5.6 feet). 
Lake Erie's mean level reduced by 1.4 

metres (4.5 feet), with the maximum level 
1.70 metre (5.05 foot) above the current min- 
imum level. 
Lake Ontario's mean level reduced by 1.3 
metres (4.25 feetl.58 
St. Lawrence River's mean level at Montreal 

reduced by 1.3 metres (4.27 feet). 

These are the best estimates of possible future 
conditions based upon information that is cur- 
rently available. They should not be consid- 
ered as firm predictions. There remains a con- 
siderable amount of uncertainty in  the scientif- 
ic community over the potential magnitude of 
specific hydrologic impacts of climate change; 
however, there is a general consensus that cli- 
mate change is taking place and that the 
potential impacts of global warming should be 
considered in decisions relating to the Great 
Lakes-St. Lawrence River System. Thus, the 
possibility of extremely low water supplies to 
the Great Lakes and St. Lawrence River should 
be considered in future regulation plan design 
and policy development. Existing regulation 
plans should be reviewed and modified as 
necessary to ensure their responsiveness to 
low water supply conditions. 

4.2. 
LAKE LEVEL 
REGULATION MEASURES 

The question of whether to further regulate 
the levels and flows of the Great Lakes and St. 
Lawrence River was examined. For the pur- 
poses of this study, such regulation is consid- 
ered a remedial measure, since its primary 
objective is to reduce the risk of damage to 
existing structures, although i t  can also be 
said to provide some benefits to undeveloped 
land and to future development. 

Currently Lakes Superior and Ontario are the 
two of the five Great Lakes that have struc- 
tures at their outlets to regulate their outflows. 

These structures are operated according i o  
regulation plans59 approved by the 
International Joint Commission. While not 
strictly controlling lake levels (factors such as 
precipitation, rundff, evaporation, diversions 
and consumption also affect the levels of the 
lakes), these structures are usually able to 
keep the lakes' levels within specified target 
ranges. A large portion of this study's effort 
was devoted to determining whether similar 
structures could achieve water level ranges for 
some or all of the other lakes that would be 
beneficial to the interests involved. Among 
measures examined were possible regulation 
of all five Great Lakes, possible regulation of 
three of the lakes (Superior, Erie and Ontario), 
and possible modification of existing regula- 
tion plans to make them more responsive to 
interests' needs, both upstream and down- 
stream of the regulation structures. Complete 
details of all these plans are provided in  
Annex 3. 

Five-Lake Regulation (SMHEO).Go 
Consideration was given to whether'all five of 
the Great Lakes could be regulated in  a man- 
ner that would treat the entire system as a 
unit. Depending upon the specific goals of any 
particular five-lake regulation plan, this type of 
regulation would require some or all of the fol- 
lowing: dredging and construction of regula- 
tion structures in the St. Clair and Detroit 
Rivers at the outlet of Lakes Michigan-Huron; 
dredging and construction of regulation struc- 
tures in  the Niagara River at the outlet of Lake 
Erie; additional protective and mitigation 
works in the St. Lawrence River at the outlet of 
Lake Ontario upstream of current regulation 
structures around Cornwall, Ontario and 
Massena, New York; and, further dredging and 
structural works for the St. Lawrence River 
and Lac Saint-Louis downstream of Cornwall. 

Three-Lake Regulation (SEO). Investigations 
were conducted into various methods for reg- 
ulating three of the lakes: Superior, Erie and 
Ontario. These types of plans would call for 
the addition of structures in the Niagara River 

5aThe existing Lake 6ntario regulation Plan 1958-D does not function realistically with the substantially reduced water supplies 
resulting from global warming. This level reduction was calculated assuming that the Lake Ontario outflow would be deter- 
mined using the pre-regulation Lake Ontario stage-discharge relationship. Because Lake Ontario outflows are completely regu- 
lated, its average level could be kept higher with a different regulation scheme, but its average outflows would have to be 
reduced by  38%. 

59A regulation plan is a system of procedures that governs the operation of structures that control the outflow from a lake. 
6oThis acronym derives from the first letter in the name of each of the five Great Lakes: Superior, Michigan, Huron, Erie, Ontario. 

Three-lake regulation plans were referred to as SEO, while two-lake plans were called SO.. 



to reduce outflows from Lake Erie, and dredg- 
ing of the river bottom to allow for increased 
flows. A three-lake plan would also call for 
additional structures and dredging in the St. 
Lawrence River to allow for changes in Lake 
Ontario's supplies brought about by regula- 
tion of Lake Erie. Under three-lake scenarios,6l 
Lake Superior's regulation plan might also be 
modified to change the balance of water 
between that lake and Lakes Michigan-Huron, 
which would in turn cause changes in water 
supplies to Lakes St. Clair and Erie. Depending 
upon specific modifications and additions, 
such plans - although referred to as three- 
lake regulation - would affect the levels of all 
the lakes. 

Two-Lake Regulation (SO). This manner of 
regulation would call for changes to the exist- 
ing.regulation plans for Lakes Superior and 
Ontario to allow them to operate outside some 
of their current restrictions. The plans would 
be operated with a system-wide view to more 
effectively respond to the needs of affected 
interest groups. 

Regulation Plan 1958-D62 Modified. Possible 
modifications to Lake Ontario's regulation 
plan were considered. Each of these was 
aimed at achieving a more desirable balance 
among the interests upstream and down- 
stream of the regulation structure at Cornwall, 
OntarioIMassena, New York. 

Regulation Plan 1977-A63 Modified. In a way 
similar to the modified plan for Lake Ontario, 
Lake Superior's current regulation plan was 
examined for ways to improve its responsive- 
ness to interests both upstream and down- 
stream of the regulation structure at Sault Ste. 
Marie, Michigan/Ontario. 

Variations for each of these plans were exam- 
ined. These examinations included investiga- 
tions of how some of the plans would respond 
to extremely high or extremely low water sup- 
plies. These scenarios were tested using the 
preferred levels of various interests, including 
riparians, recreational boaters, commercial 

shippers, hydropower utilities, and the envi- 
ronment. In all, 44 five-lake regulation plans, 
65 three-lake plans, and 62 two-lake regulation 
plans were developed and examined. These 
examinations narrowed down further consid- 
eration of possible regulation plans in the 
study's multi-objective multi-criteria evalua- 
tion process (described in Chapter 2). Of all 
the plans developed, twenty-one were evaluat- 
ed using this process. 

Four of the possible plans (two for five-lake 
regulation, one for three-lake regulation, and 
one for Lake Ontario regulation) were tested in 
a computer model that attempted to optimize 
their benefits. This model treated the Great 
Lakes-St. Lawrence River System as a unit and 
attempted to minimize a regulation plan's 
adverse effects throughout the system. Its 
goal was to meet the preferences of interests 
to the maximum extent possible. This comput- 
er model assumed perfect foreknowledge of 
water supplies and made corrections to the 
plans based upon this knowledge. 

In preparation for the detailed evaluation, the 
potential economic costs and benefits of these 
regulation plans were calculated. In addition, 
five scenarios underwent detailed assess- 
ments to determinetheir potential impacts 
upon shoreline flooding and erosion, and 
upon wetlands and fish habitat. These assess- 
ments helped study participants determine 
which of these measures should be carried 
forward for recommendation. 

4.2.1. 
Five-Lake Regulation 

Seven of the 44 five-lake regulation plans were 
evaluated using the multi-objective multi-crite- 
ria evaluation process. Of these, three focused 
on the concerns of middle lake riparians 
(Lakes Michigan-Huron and Erie). These three 
plans reduced the maximum stillwater fluctua- 
tions on the middle three lakes (Michigan- 
Huron and Erie) to 0.30, 0.50 and 0.61 metre 
(1, 1.5 and 2 feet) around the long-term 
monthly mean. In addition, three five-lake 

61For the purposes of this study, the term "lake level regulation scenario" refers to a hypothetical set of conditions that could be 
expected to occur if a particular lake level regulation plan were implemented. The "regulation scenarios", which told 
researchers the lake level and flow conditions that could be expected under various lake regulation plans, allowed evaluations 
of their economic, social and environmental costs and benefits. 

62Regulation Plan 1958-D is the plan currently in effect for Lake Ontario. 
63Regulation Plan 1977-A is the plan currently in effect for Lake Superior. 



plans that maximized benefits to the environ- 
ment, commercial navigation and recreational 
boating were reviewed. The seventh plan 
attempted to optimize64 water levels and flows 
according to the preferences of all six interests 
(riparian, commercial navigation, the environ- 
ment, recreational boating, and hydropower). 

4.2.2. 
Evaluation of Five-Lake 
Regulation 

4.2.2.1. 
Distribution of lmpacts 

The evaluations found that the economic 
impacts of five-lake regulation could not be 
evenly distributed among regions, nor among 
interests. While shoreline property owners on 
Lakes Michigan-Huron and Erie would benefit 
from reduced water level ranges, those on 
Lake Ontario and the St. Lawrence River 
would see increased damage as a result of 
increased supplies from the upper lakes. 
Meanwhile, even though commercial naviga- 
tion would benefit from decreased water level 
ranges on the middle three lakes, hydropower 
production would be decreased due to 
increased fluctuations of flows in the St. 
Marys, Niagara and St. Lawrence Rivers. The 
effects on recreational boating would be mini- 
mal in all locations, with the exception of Lac 
Saint-Louis, where the effects would be more 
severe. Wetlands, and possibly fish habitat, on 
the middle lakes would sustain adverse 
impacts as a result of five-lake regulation. 

4.2.2.2. 
Economic lmpacts 

The implementation costs of the five-lake reg- 
ulation plans varied from $5.3 billion for the 
moderate impact riparian plan (f 0.6 metre or 
2 feet around the long term monthly mean on 
Lakes Michigan-Huron and Erie) to a maxi- 
mum of $10.3 billion for the plan that provided 
maximum benefits to riparians on Lakes 
Michigan-Huron and Erie. These plans result- 
ed in projected costs65 between $482 million 
and $907 million per year. 

The lake regulation measure that provided the 
greatest compression in the range of levels on 
Lakes Michigan-Huron and Erie was a five-lake 
regulation plan that reduced fluctuations to 
0.30 metre (1 foot) above and below the 
monthly mean stillwater level. This plan would 
result in a net reduction in average annual 
flood and erosion damage in the order of $1 
million. The costs of shore protection that 
might be avoided due to this decreased range 
(see discussion on avoided costs earlier in this 
chapter) could total $26 million. The $1 million 
reduction in flood and erosion damage would 
result from a decrease in annual damage on 
Lakes Michigan-Huron and Erie of $1 1 million, 
or 25% of the amount of damage currently 
sustained. However, this regulation plan 
would increase flood and erosion damage on 
Lake Ontario and the St. Lawrence River by 
$10 million, or 45% of the current annual 
amount. 

This plan would reduce the value of annual 
hydropower production by almost $50 million, 
resulting in a loss to hydropower utilities. On 
the other hand, the plan would result in 
decreased costs to United States commercial 
navigation in the order of $45,000, and it 
would provide some benefits to recreational 
boating.66 

Implementation of this plan would require 
new control structures and dredging in the St. 
Clair, Detroit and Niagara Rivers, together with 
additional dredging and new structures in the 
St. Lawrence River, to compensate for 
increased outflows from the Great Lakes dur- 
ing periods of high water supplies. The dredg- 
ing and disposal of contaminated sediments in 
the St. Clair, Detroit and St. Lawrence Rivers 
added significantly to the estimated first costs 
of this plan. lmplementation costs were esti- 
mated at $10.3 billion. This, together with 
operating expenses, translated to an annual 
cost of approximately $907 million. 

The economic evaluation of this plan demon- 
strated that its dollar costs would far exceed 
any potential benefits it may have provided. 

64The plan attempted to achieve the preference levels and flows of each interest with the minimum negative impact on other 
interests. 

65The annual costs of these plans were calculated by amortizing their initial capital costs using an interest rate of 8% and by pro- 
jecting their annual operation and maintenance expenses. These costs are expressed in 1991 U.S. dollars. 

66U.S. system-wide impacts based on 5 U.S. sites investigated. 



4.2.2.3. 
Environmental  Impacts  

Assessments of the potential environmental 
impacts of five-lake regulation determined that 
a reduction of this magnitude in the range of 
water levels on the middle three lakes would 
adversely affect the integrity and diversity of 
wetland plant communities. This would affect 
the waterfowl, mammals and other species 
that depend on these wetlands for habitat and 
sustenance. The effect on fish spawning areas 
is difficult to predict based on current knowl- 
edge, but limited investigations carried out in 
this study indicate that there would be poten- 
tial for adverse effects to nearshore fish habi- 
tat as a result of a reduction in water level 
ranges. The environmental evaluation of the 
change in lake level regimes as a result of this 
regulation plan found that the environmental 
impacts on Lakes Michigan-Huron and Erie 
and the St. Lawrence River were highly 
negative, and on Lake Ontario, they were 
negative.67 

4.2.2.4. 
Feasibility 

Even though regulation of all five of the Great 
Lakes is engineeringly feasible (in other 
words, the necessary works could be designed 
and put into place), the economic assessment 
indicates that the financial costs of such a plan 
far exceed the benefits it could provide. Imple- 
mentation of a five-lake plan would cause a 
redistribution of the impacts of fluctuating 
water levels and flows, such that new benefits 
to some users of the Great Lakes-St. Lawrence 
River System would come at the expense of 
disbenefits (not necessarily of equal magni- 
tude) to others. lmplementation of a five-lake 
regulation plan would require major reassign- 
ments in the budgetary priorities of the gov- 
ernments of both Canada and the United 
States. Current federal policies would also 
make it necessary for further, more detailed, 
assessments of the potential environmental 
impacts of such a plan before final approval. 

Any project that would alter the levels and 
flows of the system would also require review 
and approval by the International Joint 
Commission. 

The evaluations of the five-lake regulation 
plans, and the subsequent multi-objective, 
multi-criteria evaluation process, led the Study. 
Board to conclude that, although five-lake reg- 
ulation is engineeringly feasible, i t  is neither 
economically efficient nor environmentally 
acceptable. Consequently, i t  is unlikely such a 
plan would be considered feasible from a gov- 
ernment or public policy perspective. 

4.2.3. 
Recommendation 

The Board recommends that 
Governments give no further consid- 
eration to five-lake regulation. 

4.2.4. 
Three-Lake Regulation 

Four of the 65 three-lake regulation plans68 
were evaluated using the multi-objective 
multi-criteria evaluation process. Of these, two 
plans optimized69 flows for power production 
and one plan attempted to balance the levels 
and flows around the preferences of individual 
interests. The fourth plan provided benefits to 
riparians on Lakes Michigan-Huron and Erie 
by compressing the range of Lake Erie levels 
and storing water on Lake Superior. Of all the 
three-lake plans considered, this plan provided 
the greatest compression in the range of lev- 
els of Lakes Michigan-Huron and Erie, while it 
caused some expansion in the ranges on 
Lakes Superior and Ontario and on the St. 
Lawrence River. 

lmplementation costs of the three-lake plans 
varied from a minimum of $352 million for 
one of the plans favoring the hydropower 
interest to a maximum of $3.2 billion for the 
plan that balanced the preferences of all five 
interests.70 These plans resulted in annual 

6711-1 the environmental impact assessments, degrees of impacts were assigned as follows: Highly Negative =any wetland loss 
greater than 30%. Moderately Negative = any wetland loss between 20%-30%. Negative =any wetland loss between 10%-19%. 
No Net Impact = positive or negative impact of less than 10%. Positive = any wetland gain between 10%-19%. Moderately 
Positive = any wetland gain between 20%-30%. Highly Positive = any wetland gain greater than 30%. 
68For more information on the three-lake regulation plans given detailed consideration, see Annex 3. 
69The plans attempted to maximize hydropower production without major adverse impacts on other interests. 
7oThe five interests considered in  the assessment of five and three-lake regulation are: riparians, recreational boating. commer- 
cial navigation, hydropower generation, and the environment. 



costs (including operation and maintenance 
and amortization at 8%) between $32 million 
and $301 million per year. 

4.2.5. 
Measure 1.18 - Three 
Lake Extended Regulation 

Riparians from the middle three lakes who 
participated in the study, attended the public 
forums, or corresponded with the Board, 
expressed support for the three-lake regula- 

tion plan that compressed the range of levels 
on themiddle lakes. Of all the three-lake plans 
reviewed, this plan (known for study purposes 
as Measure 1.18 SEO-Three-lake Extended71) 
provided the maximum reduction in the range 
and frequency of fluctuations on Lakes 
Michigan-Huron and Erie and achieved the 
highest level of economic efficiency. While 
this plan produced negative economic impacts 
for riparians on Lakes Superior, Ontario and 
the St. Lawrence River, these negative impacts 
were the lowest of those produced by any 

Three Lake Regulation - Level and Flow Impacts (Metric Units) Table 2a72 

Superior 

Michigan /Huron 

Flows in crns 

St. Clair 

Erie 

Mean 
Maximum 
Minimum 
No. above (22.25 m or 11,330 cms) 
No. below (20.27 m or 7,080 cms) 
Mean 
Maximum 
Minimum 
No. above (7.62 m) 
No. below (5.49 m) 

Ontario 

21.15 8,184 
22.63 12,857 
20.19 5,607 

8 52 
12 337 

6.29 
8.85 
4.95 
29 
84 

21.14 8,156 
22.46 12,801 
20.19 5,862 

3 26 
3 275 

6.29 
8.69 
5.08 
19 
30 

St. Lewrence River 

at Pte. Claire 

+0.01 +28 
+0.17 +57 
+O.OO -255 

+5 +26 
+9 +62 

+ 0.00 
+0.16 
-0.13 

+ 10 
+ 54 

St. Lewranca River 

at Montdal 

71The concept for this plan was initially developed and recommended to the Board by the International Great Lakes Coalition. 
72FIows at Montreal Harbour are not provided since inflows from downstream tributaries and tides affect the level and prevent 

the calculation of realistic flows. (That is, there is no unique stage-discharge relationship for Montreal Harbour.) 



Table 2b73 Three Lake Regulation - Level and Flow Impacts (English Units) 

Levels in IGLD (1955) metres 
Flows in 1,000 cfs 

Basis of 
Comparison 

superior Mean 
Maximum 
Minimum 
No. above (601.50 ft or 130 tcfs) 

Measure 1.18 SEO 
Three Lake Extended 

No. below (600.00 ft or 55 tcfs) 

St. 

Change from BOC 

Level Flow 
600.49 78 
601.86 136 
598.68 50 

38 2 
218 8 1 282 462 1 +64 +454 

Michigan/Huron Mean 
Maximum 
Minimum 
No. above (579.00 ft or 220 tcfs) 
No. below (576.80 ft or 150 tcfs) 

st. ~ ~ e i r  Mean 
Maximum 
Minimum 
No. above (575.00 ft or 220 tds) 
NO. below (571.70 ft or 150 tcfs) 

lawrence River 

at Pte. Clelre 

Level Flow 
600.39 78 
602.06 140 
598.95 50 

42 36 

578.26 187 
581.59 240 
575.13 132 
288 42 
1 27 28 

573.72 191 
576.56 251 
570.84 137 

126 70 
33 13 

Level Flow 
-0.10 0 
+0.20 + 4 
+0.27 0 .  
+4 +34 

Mean 
Maximum 
Minimum 
No. above (572.00 ft or240 tcfs) 
No. below (568.60 ft or 170 tcfs) 
Mean 

578.12 187 
580.51 238 
575.51 123 

193 76 
72 47 

573.43 192 
574.77 249 
572.19 124 

0 119 
0 32 

Maximum 
Minimum 
No. above (246.77 ft or 310 tcfs) 
No. below (242.77 f i  or 188 tcfs) 
Mean 
Maximum 
Minimum 
No. above (73.00 ft or 400 tcfs) 
No. below (66.50 ft or 250 tcfs) 

Minimum 1 16.67 1 16.24 1 -0.43 

-0.14 0 
-1.08 - 2 
+0.38 -9 
-95 +34 
-55 +19 

-0.29 + 1 .  
-1.79 - 2 
+1.35 -13 
-126 +49 
-33 +19 

570.86 211 
573.63 278 
568.02 153 

155 1 24 
16 32 

244.67 247 

st. bwrence River Mean 

No. above 125.00 f t )  1 19 1 29 I +10 

247.32 350 
241.66 176 

19 30 
13 8 

69.37 288 
73.69 452 
66.24 207 

3 26 
3 275 

No. below (18.00 ft) I 30 I 84 1 +54 

570.41 211 
572.20 275 
568.81 129 

1 323 
0 217 

244.87 247 

20.65 

three-lake plan. The environmental impacts of 
this plan were negative throughout the sys- 
tem, except on Lake Superior. 

-0.45 0 
- 1.43 -3 
+ 0.79 -24 
-154 +I99 
-16 + 185 

+0.20 0 
247.60 330 
241.26 188 

14 101 
10 0 

69.39 289 
74.25 454 
66.24 198 

8 52 
12 337 

Measure 1.18 would extend current regulation 
of Lakes Superior and Ontario to Lake Erie by 
adding a control structure74 in the Niagara 
River to retard flows during periods of low 
water supply, or during periods when the 
water supply to Lake Ontario would have to be 
reduced. The Niagara River would also be 

+0.28 -20 
-0.40 +12 
-5 +71 
- 3 - 8 

+0.02 + 1 
+0.56 + 2 
0.00 -9 
+5 +26 
+9 +62 

20.65 
29.04 I +0.53 at ~ o n t d e ~  ~~~i~~~ 

dredged to increase its capacity to handle 
higher flows in  periods when outflows from 
Lake Erie were increased. This plan would 
require mitigation on the lower St. Lawrence 
River to compensate for increased discharges 
from Lake Ontario, due to increased dis- 
charges from Lake Erie during periods of high 
water supplies. This could include land acqui- 
sition, shore protection works, dredging and 
additional works to regulate flows. 

0.00 
28.51 

73See footnote 72. 
74A control structure is a gated structure (similar to a dam) placed in the river to allow adjustable retardation of flow from the 

upstream lake. 



Measure 1.18 was tested using historic sup- 
plies from 1900-1989 on the Great Lakes and 
supplies from 1950-1989 on the St. Lawrence 
River (the basis of comparison). Implementa- 
tion of this plan would result in the changes in 
monthly mean levels and flows shown in 
Tables 2a and 2b. In these tables, all levels are 
referenced to International Great Lakes Datum 
(IGLD) 1955. Measurements are given in met- 

ric units in Table 2a and in English units in 
Table 2b. Flows for the connecting channels 
and St. Lawrence River are given in cubic 
metres per second (cms) and thousands of 
cubic feet per second (tcfs). The right-hand 
columns give the levels and flows according 
to the basis of comparison (BOC), then give 
levels and flows under Measure 1.18, and 
finally indicate the increase or decrease from 

Distribution o f  Impacts for Three Lake Regulation Table 375  

I Averaae Annual Pro~ertv Damaae ($1.000'~ US) I 

Location 
Basis of Measure % I Environmental 1 conmarison 1.18 Difference Change lm~act  

- -- 

NO net impact superior 

Erosion 
Shore Protection 

Flooding 
Erosion 
Shore Protection 

Flooding 
Erosion 
Shore Protection 

Floodina 

Highly negative E~IE  

Floodina 
3,491 3,368 1 23 4% 
3,582 3,771 - 189 - 5% 

2,086 1,407 679 33% 
13,973 12,388 1,405 10% 
34,785 - 27,604 7,181 21 % 

1,791 889 902 50% 
6,782 6,050 732 11% 

18,126 14,264 3,862 21 % 

2.129 8 2.121 100% 

Floodinn - 

1.022 884 1 38 14% 1 

Moderately negative Michigen 

Moderately negative Humn 

Highly negative st. clair 

4,780 1,901 2,879 60% 1 
Erosion 
Shore Protection 

9.489 6.805 2.684 28% 1 

Flooding 
Erosion 

Shore Protection I Not Available 

Totals 

39,462 28,126 11,336 29% 

Shore Protection 

Flooding 
Erosion 

Hiahlv neaative Nlaaara Rlver 

723 769 - 46 - 6% 
14.270 14.921 - 651 - 5% 

Total I 195,550 158,577 36,973 19% 1 

Highly negative Ontario 

18,308 17,592 71 6 4% 

7,858 10,117 - 2,259 -29% 
Not Available 

Flooding 
Erosion 
Shore Protection 

75The economic figures in this table are based on historic stage-damage curves for flooding and erosion and the avoided cost of 
shore protection for the lakes. Outlet rivers are included with upstream lake. Flooding, erosion and shore protection impacts 
are not additive. Erosion and shore protection impacts for the lower St. Lawrence were not evaluated. The highly negative 
environmental impact on the Niagara River is based on the impacts of construction. Wetlands were used as the indicator of 
environmental impacts. Wetland impacts correlate t o  percent losses as follows: Highly Negative = any wetland loss greater 
than 30%. Moderately Negative = any wetland loss between 20%-30%. Negative = any wetland loss between 10%-19%, No Net 
Impact = positive or negative impact of less than lo%, Positive = any wetland gain between 10%-19%. Moderately Positive = 
any wetland gain between 20%-30%. Highly Positive = any wetland gain greater than 30%. 

St. Lawrence River 
Moderately negative .,,ow cornwall 

20,389 15,975 4,414 22% 
51,548 46.082 5.466 11% 

123,613 96.520 27,093 22% 



the BOC in levels and flows that the new mea- 
sure would provide. In the left-hand column, 
the notation, "No. above," refers to the num- 
ber of months that levels would be above or 
below the 90-year maximum or minimum 
(1900-1989). For the lower St. Lawrence River, 
this notation refers to the 40-year period of 
1950-1 989. 

Implementation of this plan would decrease 
the maximum stillwater levels on Lakes 
Michigan-Huron and Erie. On Lakes Superior 
and Ontario, the maximum level would 
increase. On the St. Lawrence River at 
Montreal, the maximum level would increase 
and the number of occurrences below the 40- 
year low water level would increase by 176%. 

4.2.6. 
Evaluation of Three-Lake 
Regulation 

4.2.6.1. 
Distribution of lmpacts 

Table 3 shows how the impacts on property 
damage and the environment of this regula- 
tion plan would be distributed throughout the 
system. lmpacts on property damage are 
shown separately for flooding and erosion. 
The impacts for the St. Marys, St. Clair and 
Detroit Rivers are included in the figures for 
their upstream lakes. Damage figures are pre- 
sented in thousands of dollars. The middle 
four columns show annual damage under pre- 
sent conditions (the BOC), under Measure 
1.18, the differences between those figures, 
and the percentage of change between the 
two conditions. Positive numbers indicate 
reductions in damage (benefits) and negative 
numbers indicate increases in damage (costs). 

Table 3 illustrates that the three-lake extended 
regulation plan would provide benefits to 
riparians on Lakes Michigan-Huron and Erie. 
It would also decrease flooding and erosion 
damage on Lake Superior. However, it would 
increase flooding and erosion damage on Lake 
Ontario and the St. Lawrence River. The reduc- 
tion in range and frequency of fluctuations on 
the middle three lakes would negatively affect 
the wetlands on these lakes. 

Table 4 shows the potential distribution of 
Measure 1.18's impacts on hydropower pro- 
duction. The difference between the costs 
incurred with the measure and those incurred 
under the basis of comparison represents the 
replacement cost of energy due to reductions 
in production as a result of changes in levels 
and flows. The costs shown under the 
Capacity column represent losses incurred, 
because power plants would not be able to 
produce to their full capacity. The average 
annual impact on hydropower value is the 
total obtained by adding the energy replace- 
ment costs and the costs of lost capacity. 
Negative numbers indicate costs. 

The table indicates that hydropower produc- 
tion would suffer negative impacts throughout 
the Great Lakes-St. Lawrence River System, if 
Measure 1.18 were implemented. 

4.2.6.2. 
Economic lmpacts 

The system-wide economic impacts of this 
plan were calculated. The figures in Table 3 
and the best estimate of benefits in Table 5 

are based on the estimated change in average 
annual damage for flooding and erosion using 
the historic stage-damage curves discussed 

Table 4 Distribution of Hydropower lmpacts for Three Lake Regulation 

Measure 1.18 Average Annual Hydropower Impact ($1,000'~ US) 
Energy Value 

Basis of YO Ca~acitv 
Comparison Measure Difference Change costs - Total 

St. Merye River 23,309 21,321 - 1,988 - 9% - 1,134 - $3,122 
Niegere River 718,158 715,103 - 3,054 0% - 4,493 - $7,548 

St. Lawrence River 
above Cornwell 

336,272 334,770 - 1,502 0% 93 - $1,409 
below Cornwell 308,944 304.992 - 3,952 -1% 1,365 - $2,587 

rotel 1.386.W 1.376.187 - 10.496 -1% -4.169 - $14.665 



earlier in this chapter.76 'The costs of shore 
protection that could be avoided were also cal- 
culated, based upon the procedure described 
earlier in this chapter, assuming that uniform 
replacement of existing shore protection was 
done over a 25-year period." 

The estimated benefits attributed to the avoid- 
ed costs of shore protection overlap with the 
benefits from reduced flooding and erosion. It 
was not possible to estimate the amount of 
overlap. The Board recognizes that the addi- 
tion of these benefit categories results in some 
double counting of benefits, but this addition 
was done in order to display a benefit-cost 
ratio. The sum results in a benefit-cost ratio 
that is higher than would have resulted if the 
overlap could have been estimated and taken 
into account. 

over stated. The possibility that benefits from 
reduced flooding and erosion may be under- 
stated was given further consideration. The 
maximum plausible benefit shown in Table 5 
displays the highest benefit it is reasonable to 
assume might occur using current data. The 
maximum plausible benefit due to reduced 
flood damage was calculated using an alterna- 
tive approach that incorporated a risk assess- 
ment analysis. A site study for one county in 
the United States78 indicated that the benefits 
from reduced erosion could be up to three 
times higher than the benefit determined 
through the stage-damage curve for that loca- 
tion. Therefore, the most likely benefit due to 
decreased erosion damage that is shown in 
Table 5 incorporates a tripling of all erosion 
benefits to establish a figure that reflects the 
highest possible benefit. 

While the Board has confidence in the best Two columns of costs are shown:.The Best 
estimate of the benefit-cost ratio, there is a Estimate column gives the estimate of the 
possibility that benefits may be either under or most likely benefits, based upon the available 

Benefit Cost Analysis of Three Lake Regulation Table 5 

Benefit Cost Analysis I Best Estimate Maximum Plausible 

Benefits (average annual at 8%) 

Property Damage 
, Reduction of Flooding 
Reduction of Erosion 
Avoided Cost of Shore Protection 

Losses in Hydropower 
Gains to commercial Navigation79 
Losses to Recreation Boating80 

Total 

Construction Costs 
Niagara River 
St. Lawrence River Mitigation 

Total 

Average Annual Costs (at 8%) 
Niagara River 
St. Lawrence River Mitigation 

Total 

Benefit Cost Ratio I 0.08 0.15 

76An increase in  flooding on the St. Lawrence River is not reflected in Table 5, because the plan assessed in the table assumes 
installation of mitigation works. 

77For additional information on these methodologies see Annex 2. 
7aPotential Damages Task Group, Working Committee 2, Detailed Site Study Report - Berrien County, Michigan (1993). 
79U.S. impact is a loss of $3,348,000. Canadian impact is a gain of $3,842,000. The net impact is shown. 
a0U.S. impact for five 5 U.S. sites investigated extrapolated to system-wide. 



information. The Maximum Plausible column These numbers are considerably less than a 
gives the highest possible benefits it is reason- benefit cost ratio of 1.0 which is needed for 
able to assume might occur, based upon avail- the benefits of the project to equal the costs. 
able information. In the upper section of the 
table, average annual benefits are indicated by A comparison of the economic positives and 
positive numbers, and costs (or disbenefitsl negatives of the plan follows: 
losses) are indicated by negative numbers. In 
the middle section, costs are indicated by pos- 
itive numbers. The bottom of the table gives 
the estimated range of the benefit-cost ratio 
calculated by dividing average annual'benefits 
by average annual costs. 

The table indicates that the most likely reduc- 
tion in property damage due to flooding and 
erosion would be $12,139,000, and that the 
maximum plausible reduction would be 
$34,891,000. The possible benefits due to 
avoided costs of well-engineered 'shore pro- 
tection would be $27,093,000 in both cases. 

Assessments of the potential impacts on other 
interests of this plan found that the value of 
hydropower production would be decreased 
by $14,665,000. The net gain to commercial 
navigation would be $494,000, although there 
would be a loss of $3,348,000 in the United 
States. Meanwhile, costs to recreational boat- 
ing in the United States would rise by approxi- 
mately $106,000. 

Implementation of this measure would require 
dredging and construction of control works in 
the Niagara River. It would also require con- 
struction of mitigation works to compensate 
for increased and decreased flows along the 
St. Lawrence River downstream of Cornwall. 
In all, the components of this regulation plan 
would result in an average annual cost of 
$321,544,000. It may be possible to modify the 
operating plan for Measure 1.18 to somewhat 
reduce the impact of high and low flows on 
the St. Lawrence River. This could reduce the 
cost of mitigation works on the lower St. 
Lawrence, but it would also reduce the 
amount by which property damage could be 
decreased.on Lakes Michigan-Huron and Erie. 

The most likely benefit cost ratio is 0.08 and 
the maximum likely benefit cost ratio is 0.15. 

Positives 
Lakes Superior, Michigan, Huron, St. Clair and Erie 

Flooding and Erosion Reduction ............... $12,836,000 
Lakes Michigan, Huron, St. Clair, Erie and Ontario 

............ Avoided Cost of Shore Protection $27,282,000 

Canadian Commercial Navigation Gains ... $3,842,000 

Negatives 
Lake Ontario and St. Lawrence River 

Flooding and Erosion Increase81 ................. $2,956,000 
Lake Superior 

Increased Cost of Shore Protection ............... $189,000 
Hydropower Losses .................................... $14,665,000 

....... U.S. Commercial Navigation Losses82 $3,348,000 

U.S. Recreation Boating Losses83 .................. $106,000 

Annual Cost of Implementation and Maintenance 
Niagara River ............................................ $46,250,000 
St. Lawrence River Mitigation ................. $275,294,000 

These evaluations led the Study Board to con- 
clude that, from an economic standpoint, the 
reduction of damage sustained by riparian 
properties on the middle three lakes would not 
be adequate to support the total costs of the 
part of this plan that calls for control works 
and dredging in the Niagara River. 
Consequently, even if such a plan could be 
operated so that there were no adverse 
impacts to the lower St. Lawrence River, its 
costs would still exceed its benefits. 

4.2.6.3. 
Environmental Impacts 

As with the assessment of the environmental 
impacts of five-lake regulation, examination of 
the potential impacts that Measure 1.18 would, 
have upon wetlands and fish habitat in Lakes 
Michigan-Huron, Erie and Ontario determined 
that these environmental indicators would be 
adversely affected. These adverse effects 
would result from changes in the timing and 

8lThe installation of the St. Lawrence River mitigation works referred to in Table 5 at a construction cost of $2,854,000,000 
reduces this figure to $697.000. 

8zThere would also be adverse impacts to the port of Montreal. These could not be fully quantified as traffic would be diverted to 
other ports in cases of low water levels. 

83There would also be losses to Canadian recreational boating throughout the Great Lakes. These losses were not quantified in 
dollars. 



magnitude of high and low water levels, 
increases in the variability of flows in the con- 
necting channels, and increases in flooding of 
forests in flood plains along the St. Lawrence 
River. These assessments concluded that the 
overall environmental impact of  this measure 
would be negative. 

4.2.6.4. 
Feasibility 

The three-lake extended regulation plan would 
redistribute impacts and have costs that 
exceed its benefits. The plan would decrease 
flooding and erosion damage on the middle 
three lakes. It was the most feasible and the 
most economically efficient of the regulation 
plans reviewed with the primary objective to 
reduce flooding and erosion damage on the 
middle three lakes. It would have a significant 
negative environmental impact. 

As with five-lake regulation, this three-lake 
regulation plan is engineeringly feasible. 
Because it would require fewer structures and 
less dredging than a five-lake plan, this mea- 
sure could also be implemented more quickly, 
and at less cost, than five-lake regulation. 
However, its economic costs would still be 
high; design and construction would take sev- 
eral years, and deta~led environmental assess- 
ments would be required. Such assessments 
might call for mitigation of major environmen- 
tal impacts. At a capital cost of $3.38 billion . 

this plan would also require significant fund- 
ing commitments from federal, state and 
provincial governments. Finally, the regulation 
plan would have to be reviewed and approved 
by the lnternational Joint Commission. 

4.2.7. 
Recommendation 

Under the present economic evaluation, this 
plan has a negative economic efficiency. The 
environmental impact of the measure is nega- 
tive in all areas except Lake Superior. 

The Board recommends that 
Governments give no further consid- 
eration to three-lake regulation. 

4.2.8. 
Two-Lake Regulation 

Outflows from Lakes Superior and Ontario 
are currently regulated by separate plans 
designed to meet criteria84 established by 
the lnternational Joint Commission when it 
approved regulation of eachof the lakes. In 
this study, two-lake regulation refers to poten- 
tial modifications to these two plans. 

Lake Superior Regulation.Plan 1977-A regu- 
lates Lake Superior's outflows through the 
St. Marys River. The plan uses a,technique 
that attempts to balance the levels of Lakes 
Superior and Michigan-Huron about their 
mean levels, giving consideration to their nat- 
ural ranges. A 16-gate control structure and 
hydropower plants in the St. Marys River be- 
tween Sault Ste. Marie; Ontario, and Sault Ste. 
Marie, Michigan, are the works used to regu- 
late Lake Superior's water levels and flows. 

Lake Ontario Regulation Plan 1958-D is used to 
regulate the outflows from Lake Ontario 
through the St. Lawrence River, according to 
criteria set by the Commission. The objective 
of this plan is to maintain lake Ontario's levels 
within a fixed range, while providing safe- 
guards against extremely high or low levels 
and flows upstream and downstream of the 
regulation structure. The main structure for 
regulating the outflows is the Saunders-Moses 
power dam located in the St. Lawrence River 
between Cornwall, Ontario and Massena, new 
York. The nearby Long Sault Dam acts as a 
spillway when outflows from Lake Ontario are 
higher than the capacity of the power dam. 
Another dam near Iroquois, Ontario, together 
with ice booms, is used to aid in the formation 
of stable ice cover in the winter in order to 
avoid ice jams. This dam can also be used to 
regulate flows. 

The study reviewed more than 62 possible 
modifications to the existing regulation plans 
and settled upon ten modifications to be sub- 
jected to the multi-objective, multi-criteria 
evaluation process. From these, one two-lake 
plan was selected as the most promising. For 
study purposes, it is known as Measure 1.21. 

84When the lnternational Joint ~omrnission'approves an application for regulation of lake levels and flows, its consent (called 
orders of approval) may include conditions and criteria governing the construction and operation of regulation facilities. In the 
cases of Lakes Superior and Ontario, a number of these criteria are set out specifically in the regulation plans. 



This measure would modify the outflow fore- 
casts used in Lake Superior Plan 1977-A, 
increase the maximum winter outflow limit, 
modify the balancing relationship for Lakes 
Superior and Michigan-Huron, and revise the 
minimum flow limit during periods of low lev- 
els on Lake Superior. 

The same measure would revise Lake Ontario 
Plan 1958-D by increasing the maximum flow 

limits to better reflect actual practice; by modi- 
fying the seasonal outflows to better balance 
the needs of upstream recreational boating 
(Lake Ontario and St. Lawrence River to 
cornwall) with downstream commercial navi- 
gation and recreational boating (St. Lawrence 
River below Cornwall); by incorporating a lim- 

- 

ited amount of discretionary85 outflows in win- 
ter to discharge more water in times of high 
supply when ice conditions permit; and by 

Table 6a86 Two lake Regulation - Level and Flow Impacts (Metric Units) 

Mlchlgen/Huron 

St. Cleir 

Erie 

Onterlo 

St. Lewrence Rlver 

at Pte. Claire 

St. lawrence Rlver 

at Monthel 

Change from BOC 

85Lake Ontario's regulation plan allows the International St.,Lawrence River Board of Control to use its discretion in sening out- 
flows at times when strict adherence to the prescribed flows could result i n  extremely high or low water levels or flows. The 
use of  this discretionary authority is referred to as a "deviation" from the regulation plan. The Lake Superior Board of Control 
does not have this discretionary authority. 

~ ~ F I o w s  at Montreal Harbour are not provided since inflows from downstream tributaries and tides affect the level and prevent 
the calculation of realistic flows. (That is, there is no unique stage-discharge relationship for Montreal Harbour.) 



Two lake Regulation - Level and  Flow Impacts (English Units) Table 6be7 

Levels in IGLD (1955) metres 
Flows in 1,000 cfs 

Basis of 
Comparison 

Mean 
Maximum 
Minimum 

Measure 1.21 SO 
Two Lake Plan 

'No. above (601.50 ft or 130 tcfs) 
No. below (600.00 ft or 55 tcfs) 
Mean 
Maximum 
Minimum 
No. above (579.00 ft or 220 tcfs) 

Change from BOC 

Level Flow 
600.49 78 
601.86 136 
598.68 50 

No. below (576.80 ft or 150 tcfs) 
Mean 
Maximum 

38 2 
218 8 

578.26 187 
581.59 240 
575.13 132 

288 42 

Minimum 
No. above (575.00 ft or 220 tcfs) 

Minimum 1 568.02 153 1 568.17 155 1 +0.15 + 2 

Level Flow 
600.39 78 
602.11 119 
598.52 55 

1 27 28 
573.72 191 
576.56 251 

No. below (571.70 ft or 150 tcfs) 
Mean 
Maximum 

Level Flow 
-0.10 0 superlor 

+0.25 -17 
-0.16 +5 

40 0 
303 0 

578.26 1 87 
581.42 237 
575.39 136 

281 39 

570.84 137 
126 70 

+ 2 - 2 
+ 85 - 8 
0.00 0 Michi~an/Huron 

-0.17 - 3 
+0.26 + 4 

- 7 - 3 
121 24 

573.73 191 
576.49 248 

33 13 
570.86 211 
573.63 278 

No. above (572.00 ft or 240 tcfs) 
No. below (568.60 ft or 170 tcfs) 
Mean 
Maximum 
Minimum 
No. above (246.77 ft or 310 tcfs) 
No. below (242.77 ft or 188 tcfs) 
Mean 
Maximum 

-6 - 4 
+0.01 0 st. ~ i a i r  

-0.07 - 3 
571.03 140 

121 65 

Minimum 1 66.24 207 1 66.27 206 1 +0.03 - 1 

+0.19 + 3 
-5 - 5 

25 12 
570.87 211 
573.59 277 

155 1 24 
16 32 

244.67 247 
247.32 ' 350 
241.66 176 

19 30 
13 8 

69.37 288 
73.69 452 

No. above (73.00 ft or 400 tcfs) 
No. below (66.50 ft or 250 tcfs) 
Mean 
Maximum 
Minimum 

coordinating spring outflows from Lake 
Ontario with those from the Ottawa River to 
reduce the incidence of spring flooding in the 
Montreal area when Lake Ontario is below 
flood stage . 

- 8 - 1 
+0.01 0 Erie 

-0.04 - 1 

3 26 1 3 20 1 0 - 6  

Implementation of Measure 1.21 would result 
in the changes in monthly mean lake levels 
and flows that are shown in Tables 6a and 6b. 
In these tables, all levels are referenced to 
International Great Lakes Datum (IGLD) 1955. 
Flows for the connecting channels and St. 
Lawrence River are given in cubic metres per 
second (cms) in   able 6a and in thousands of 

1 52 120 
13 28 

244.69 247 
247.83 350 
242.09 180 

9 41 
8 3 

69.38 288 
73.46 441 

3 ,  275 
20.65 
28.51 
16.67 

No. above (25.00 ft) 

cubic feet per second (tcfs) in Table 6b. The 
right-hand columns give the levels and flows 
according to the basis of comparison (BOC), 
then give levels and flows under Measure 
1.21, and finally indicate the increase or 
decrease from the BOC in levels and flows that 
the new measure would provide. In the left- 
hand column, the notation, "No. above," 
refers to the number of months that levels 

- 3 - 4 
- 3 - 4 

+0.02 0 Ontario 

+0.51 0 
+0.43 + 4 

-10 +11 
-5 -5 

+0.01 0 st. bwrence River 

-0.23 - 11 at Pte. Ciabe 

17 
28 

19 

would be above or below the 90-year maxi- 
mum or minimum (1900-1989). For the lower 
St. Lawrence River, this notation refers to the 
40-year period between 1950-1989. 

3 261 
20.65 
28.28 
16.67 

- 2 
- 2 

W e e  footnote 86 

0 -14 
0.00 st. lawmnce River 

- 0.23 at Montdal 

0.00 

No. below (18.00 ft) 30 



Implementation of this plan would increase 
the maximum stillwater levels on Lake 
Superior and lower its long-term mean. On 
Lakes Michigan-Huron, St. Clair and Erie, the 
maximum elevations would be reduced. On 
Lake Ontario, maximum and minimum lake 
levels would increase over their current eleva- 
t ions. '~he maximum level would be decreased 
on the St. Lawrence River at Pointe Claire and 
Montreal. 

4.2.9. 
Evaluation of Two-Lake 
Regulation 

4.2.9.1. 
Distribution of lmpacts 

The distribution of high and low levels 
throughout the seasons is important for wet- 
lands, recreational boating, and commercial 
navigation on Lake Ontario and the St. 

Lawrence River. On average, Measure 1.21 
would decrease Lake Orltario levels from 
January through April, and it would increase 
levels in May through November. This 
increase could provide benefits to recreational 
boaters and commercial navigation. The cur- 
rent average for levels would be maintained in 
December. On the St. Lawrence River at 
Montreal, implementation of this plan would 
increase average levels from January through 
March, decrease levels from April through 
August, and keep levels essentially the same 
in September. Slight increases would be seen 
in October and November, with a slightly 
greater increase in December. 

Table 7 shows the distribution of property 
damage and environmental impacts among 

regions. Property damage for flooding and ; 

erosion are shown separately. lmpacts on.the 
St. Marys, St. Clair and Detroit Rivers are in- 
cluded in the figures for their upstream lakes. 

Table 7 8 8  Distribution of Impacts  for Two Leke Regulation 

I Averaae Annual Pro~ertv Damaae ($1.000'~ US) I 

superior 

Flooding 
Erosion 

Mlchlgan 

Floodina 
Erosion 

- . , - .  
Basis of Measure % 

Comparison 1.21 Difference Change 

1,022 928 94 9% 
3,491 3,393 98 3% 

2.086 2.037 49 2% 
13,793 13,733 60 0% I 

Flooding 

Environmental 
Impact 

No net impact 

NO net impact 

1,791 1,698 93 5% 1 

st. Ciair 

Flooding 
Erosion 

n u r ~  

Erle 

Flooding 
Erosion 

No net impact 

Erosion - 

2,129 1,931 1 98 9% 
3.723 3.668 55 1% 

Ontario 

6,782 6,780 2 0% I 
No net impact 

4,780 4,684 96 2% 
.9.489 9.283 206 2% 

Negative 

- 
Erosion 

St. Lawrence River 
below Cornwall 

No net impact 

14,270 14,165 105 1% 

Flooding 
Erosion 

Totmle 

EEThe economic figures in  this table are based on historic stage-damage curves for flooding and erosion. Outlet rivers are 
included with upstream lake. 

Floodina 

7,858. 7,856 2 0% 
Not Available 

Flooding 
Erosion 

Total 

723 689 34 5% 1 

20.389 19,823 566 3% 
51,548 51,022 526 1% 
71.937 70,845 1,092 2% 



Distribution of Hydropower lmpacts for Two Lake Regulation Table 8 

Average Annual Hydropower Impact ($1,000'~ US) Measure 1.21 
Energy Value 

Basis of Yo Ca~acitv 
Comparison Measure Difference Change costs - Total 

23,309 23,282 - 27 0% - 72 - $99 St. Marye River 

718,158 718,744 586 0% 1 03 $690 Niagara River 

336,272 336,263 - 9 0% 68 $59 St. Lawrence River 
above Cornwall 

308,944 309,243 299 0 % 393 $692 below Cornwall 

1,386,683 1,387,532 849 0% 492 $1,341 rotel 

Damage figures are presented in thousands of 
dollars. The middle four columns show annual 
damage under present conditions (the BOC), 
under Measure 1.21, the differences between 
those figures, and the percentage of change 
between the two conditions. Positive numbers 
indicate reductions in damage (benefits) and 
negative numbers indicate increases in dam- 
age (costs). 

Implementation of this measure would 
decrease flood and erosion damage through- 
out the system. It would have no impact on 
the wetlands of Lakes Superior, Michigan- 
Huron, St. Clair and Erie. However, Lake 
Ontario wetlands would sustain negative 
impacts due to changes in the frequency and 
timing of water level fluctuations. 

Table 8 shows the distribution by region of 
hydropower production impacts as a result 
of Measure 1.21. The difference between the 
Measure column and the Basis of Comparison 
column represents the replacement cost of 
energy from reduced energy production as a 
result of changes in levels and flows. The cost 
shown under the Capacity column represents 
losses due to the inability of plants to run at 
their full capacity. The average annual impact 
of Measure 1.21 on hydropower value is the 
sum of energy replacement costs and costs 
due to loss in capacity. Positive numbers indi- 
cate benefits, and negative numbers indicate 
disbenefits. 

4.2.9.2. 
Economic lmpacts 

Because the works used to regulate the levels 
of Lakes Superior and Ontario are already in 
place, as are the boards of control that over- 
see the operation of the plans, revisions to 
these plans could be instituted at no additional 
capital costs. There would be no additional 
annual costs over and above those that al- 
ready exist. Consequently, the Costs section of 
Table 9 shows that the average annual costs 
of Measure 1.21 would be zero. 

lmplementation of this measure would reduce 
average annual flooding and erosion damage 
by $1,092,000. The value of average annual 
hydropower production would be increased 
by $1,341,000. Meanwhile, transportation 
costs for commercial navigation would be 
reduced by an average of $4,125,000 per year. 
This includes domestic and international ship- 
ments. The impacts of Measure 1.21 on recre- 
ational boating on Lake Ontario would be low. 

Benefits and Costs of Two Lake Table 9 
Regulation 

4.2.9.3. 
Environmental lmpacts 

Benefits and Costs 

Benefits (average annual) 
Propeay Damage 

Reduction in Flooding 
Reduction in Erosion 

Gain to Hydropower 
Gain to Commercial Navigation 
Gain to Recreation Boating89 

Total 

Costs (average annual @ 8%) 

The system-wide benefits and costs of Investigations during this study indicate that 
Measure 1.21 are shown in Table 9. In the the extent, diversity and integrity of wetlands 
upper section of the table, average annual surrounding Lake Ontario have already been 
benefits are indicated by positive numbers. adversely affected by decreased ranges in 

$566,000 
$526,000 

$1,341,000 
$4,125,000 

$325,000 

$6,883,000 

$0 

eglmpact for five 5 U.S. sites investigated extrapolated to system-wide 



water levels brought about by regulation of 
the lake's levels and outflows. Flood plain 
forests located along the St. Lawrence River 
have also sustained flooding and erosion as a 
result of regulation. The overall impact on the 
environment of Measure 1.21 would be incre- 
mental on Lake Ontario. However, a change in 
the timing of water level peaks would have a 
further negative effect. While Lake Superior 
regulation has affected wetlands and fish habi- 
tat of that lake to some extent, the implemen- 
tation of Measure 1.21 would have no addi- 
tional effect on these environmental indicators 
for Lakes Superior, Michigan-Huron, St. Clair 
and Erie. 

4.2.9.4. 
Feasibility 

Since Measure 1.21 could be implemented at 
no additional capital cost, and since it would 
require only revisions to current regulation 
plans, it is both technically feasible and likely 
to have characteristics that fit within current 
policies of the Governments of Canada and 
the United States. This measure has the high- 
est economic efficiency and the minimum 
environmental impact of any of the lake regu- 
lation measures reviewed. Nevertheless, the 
environmental impacts would be negative. 

4.2.10. 
Review of Current 
Regulation Criteria 

Changes to the levels and outflows of Lakes 
Superior and Ontario would not, by them- 
selves, form a complete response to the 
changing needs of Great Lakes-St. Lawrence 
System users. The original criteria for Lake 
Superior's regulation plan were written in 
1914 and modified in 1979. The criteria for 
Lake Ontario's regulation plan were written in 
1952 and supplemented in 1956. Review of the 
existing regulation plans found that the needs 
of users have changed since these criteria 
were prepared. 

Since the implementation of regulation of lake 
Ontario, recreational boating has become an 
important and significant use of Lake Ontario 
and the entire St. Lawrence River. Recent stud- 
ies have found that reduced ranges on Lake 

Ontario as a result of regulation have adverse- 
ly affected wetlands and flood plain forests of 
Lake Ontario and the St. Lawrence River. 

The current criteria for regulation of Lake 
Ontario reflect needs for domestic water sup- 
ply, commercial navigation, hydropower and 
riparians, as those needs existed in the 1950's. 
There are no criteria specifically related to the 
needs of recreational boating or the environ- 
ment. Criteria should be added to reflect the 
needs of these two interests. A review of the 
current criteria for the regulation plans of 
Lakes Ontario and Superior identified specific 
opportunities for.improvements. However, 
these potential modifications should be 
reviewed understanding that any modification 
to the current distribution of water within the 
system would also modify the distribution of 
positive and negative impacts. 

Criterion (d) of the Orders of Approval for reg- 
ulation of Lake Ontario provides that "The reg- 
ulated 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." 
The purpose of this criterion is to prevent an 
increase in damage downstream of the Ottawa 
River mouth over and above those that would 
have occurred without regulation. When Lake 
Ontario levels allow, deviations from the plan 
are used to reduce lake outflows and provide 
additional relief to the downstream interests 
during the Ottawa River freshet that normally 
occurs in April, May or June. Including a spe- 
cific reference to this practice in the regulation 
plan's criteria would ensure that it continues. 

The regulation plan for Lake Ontario gives dis- 
cretionary authority to the St. Lawrence Board 
of Control to deviate from the plan. This 
allows a degree of flexibility in day-to-day 
operations. Similar,authority for the Lake 
Superior board would allow more efficient 
adjustment to developing conditions, improv- 
ing the regulation plan's ability to achieve a 
balance between upstream and downstream 
requirements. 

Further opportunities for modification of Lake 
Superior's regulation plan were also identified 
in the course of this study. They are described 
in detail in Annex 3. 



4.2.1 1. 
Recommendations 

The Board recommends that the reg- 
ulation plans of Lakes Superior and 
Ontario be modified to  achieve water 
levels and flows similar to  those 
described in Measure 1.21. 

'The Board recommends that the 
Orders of Approval for the 
Regulation of Lake Superior be 
reviewed to  determine i f  the current 
criteria are consistent with the cur- 
rent uses and needs of the users and 
interests of the system. 

The Board recommends that the 
lnternational lake Superior board of 
control be authorized to  use its dis- 
cretion in regulating the outflows 
from Lake Superior subject t o  condi- 
tions similar to  those which autho- 
rize discretionary action by the 
lnternational St. Lawrence River 
Board of Control. 

The Board recommends that the cri- 
teria of the Orders of approval for 
the Regulation of Lake Ontario be 
revised to better reflect the current 
needs of the users and interests of 
the system. In particular, the Board 
recommends that Criterion (d) of 
these orders be amended as follows: 

Criterion (dl: The regulated out- 
flow from Lake Ontario during 
the annual flood discharge from 
the Ottawa River shall not be 
greater than would have occurred 
assuming supplies from the past 
as adjusted. When Lake Ontario 
levels and supply allow, consider- 
ation should be given to reducing 
outflows from Lake Ontario dur- 
ing the annual flood discharge 
from the Ottawa River. 

'The Board recommends that the 
Orders of Approval for the 
Regulation of Lake Ontario be modi- 
fied by adding the following criteria: 

Criterion ( ): Consistent with 
other requirements, the outflows 
of lake Ontario shall be regulated 
to  minimize the occurrence of 
low water levels on Lake Ontario 
and the St. Lawrence River down- 
stream as far as Trois Rivieres 
during the recreational boating 
season. 

Criteria should be added that con- 
sider the environmental interest on 
Lake Ontario and the St. Lawrence 
River downstream as far as Trois 
Rivieres. 

CHANNEL CHANGES IN 
THE NIAGARA RIVER 

The outflow capacity of Lake Erie has been 
affected by changes to the Niagara River and 
the diversion of water through the Welland 
Canal. The river's capacity has not been affect- 
ed by dredging, but it has been affected by fill 
in the river, which in turn has affected the lev- 
els of Lake Erie. The Special lnternational 
Niagara Board of 1928 reported three major 
changes in the level regime of the upper 
Niagara River in the period before 1926: con- 
struction of the piers for the lnternational 
Bridge at Squaw Island in 1872; dumping of 
rock and earth above the first cascade during 
the 1918-1921 period; and construction of 
piers for the Peace Bridge in 1925. Since that 
report, additional obstructions have been 
placed in the river, which have affected its 
ability to pass water out of Lake Erie. These 
further obstructions are: construction of the 
Bird Island Pier, which separates the Black 
Rock Lock and canal from the river; the place- 
ment of fill at Mather Park at Fort Erie; the 
placement of fills at Nicholl's Marine; the 
Buffalo water intake, the fill at Squaw Island, 
and other fills immediately downstream of the 
lnternational Railway Bridge. 

The cumulative impact of these fills and 
obstructions has been to raise Lake Erie's level 
by between 0.12 metre (0.4 foot) and 0.16 
metre (0.53 foot).go The combined impact of 
channel obstructions on the Niagara River and 
the increase in outflow through the Welland 

9oThese figures are different from those presented in  Table 1. 
impacts. See Annex 3 for more information. 

page 12, because a different method was used to calculate the 



Canal (which, by itself, has a lowering effect 
on the lake) has been a net increase to Lake 
Erie's level of about 0.04 metre (0.14 foot). 

A 1987 Task Force Report91 to the Commission 
determined the potential impact of the 
removal of specific fills in the Niagara River. 
Of particular interest were two recent fills on 
the Canadian shoreline upstream of the 
lnternational Railway Bridge. The 1987 report 
indicated that removal of the fills and some 
streamlining of the shoreline at Mather Park, 
Nicholl's Marine and removal of the fills at, 
and adjacent to, an area then known as the 
Utvich property would lower the levels of Lake 
Erie between 0.03 and 0.06 metre (0.1 and 0.2 
foot). The report also indicated that the major 
portion of this lowering could be affected by 
removal of the fills at Mather Park and 
Nicholl's Marine. 

The Mather Park fill is in a shallow area of the 
river with little f low conveyance. Removal of 
the fill in this area would have negligible 
impact on Lake Erie levels unless additional 
material were excavated. In effect, this would 
constitute a channel improvement as well as a 
fill removal. 

The cost of fill removal at the Nicholl's Marine 
site, and the removal of all fills to align the 
shoreline with the upstream and downstream 
approaches, is estimated at $271,000. The esti- 
mated cost for removal of fills adjacent to the 
Utvich property is $187,000. The estimated 
cost for removal of fills at Mather Park is 
$1,164,000. The estimated total cost for 
removal of fills, including removal, improve- 
ment and streamlining of shoreline at Mather 
Park, is $1,622,000. These estimates do not 
include the cost of acquisition of land rights. 
The removal of the Nicholl's Marine fill and 
possibly part of the other fills would restore 
the Lake Erie outflows to the conditions exist- 
ing prior to their installation. 

The removal of these obstructions would 
require care to avoid worsening possible 
future low water conditions. Measures to 
remove fills in the Niagara River should be 
part of a larger strategy that involves shoreline 
and land use management measures to pre- 
vent future obstructions in connecting chan- 

nels, as discussed in the Land Use and 
Shoreline Management Measures portion 
of this chapter. Currently, the federal govern- 
ment in Canada does not have a means to 
prevent such fills, but the lnternational Rivers 
Improvement Act could be amended to pro- 
vide this authority. 

4.3.1. 
Recommendations 

The Board recommends initiating 
negotiations for the purpose of 
removing fills upstream of the 
lnternational Railway Bridge on the. 
Niagara River and lowering the mean 
level of Lake Erie by 0.03 to 0.06 
metre (0.1 to 0.2 foot). 

The Board further recommends that 
Nicholl's Marine be the first priority 
for fill removal. 

4.4. 
LAND USE AND 
SHORELINE 
MANAGEMENT 
MEASURES 

Regardless of whether a shoreline property is 
located on a regulated lake or an unregulated 
lake, risks of flooding and erosion are always 
present to varying degrees. Storms will con- 
tinue to cause short-term high water !eve1 
events that lead to flooding and erosion; and 
erosion of some types of shoreline will contin- 
ue independently of changes in water levels. 
In addition, extremes in long-term water level 
fluctuations can be expected in the future, just 
as they have occurred in the past. This study 
investigated land use and shoreline manage- 
ment measures that are currently in use 
around the Great Lakes-St. Lawrence River 
Basin. The study developed recommendations 
for improving and expanding the application 
of those most effective in alleviating the 
adverse consequences of fluctuating water 
levels. While even these measures cannot 
completely eliminate all shorelinedamage, 
they can often provide practical and effective 
solutions to specific shoreline problems, if 
undertaken in concert and harmony with con- 
ditions unique to each site or locale. 

gllnternational Joint Commission, Interim Report on 1985-86 
Appendix A - Summary, Great Lakes Levels Task Force (Occ 

High Water Levels in the Great Lakes-St. Lawrence River Basin, 
tober 1988). 



The recommendations in this section are 
made independently of considerations about 
whether to further regulate the Great Lakes 
and St. Lawrence River. Regardless of whether 
lake levels and outflows are artificially kept 
within prescribed ranges, land use and shore- 
line management practices are required to 
reduce the still-present risks to shoreline prop- 
erty. The measures detailed in the following 
section are recommended for consideration 
along the entire Great Lakes-St. Lawrence 
River System, which includes the currently 
regulated Lakes Superior and Ontario, as well 
as the unregulated Lakes Michigan-Huron, St. 
Clair and Erie. Nevertheless, because of the 
variable nature of the system's shorelines, and 
the consequent variations in the nature of 
local shoreline problems, measures may be 
applicable in some areas and not in others. It 
is likely, however, that every location with 
water level-related problems on its shorelines 
can apply at least one of the land use and 
shoreline management measures discussed 
here. All of the measures recommended here 
would be undertaken on a community-wide 
scale, with regional coordination and with 
funding from all levels of government. 

4.4.0.1. 
Multi-Objective Planning 

To be truly responsive to local situations, such 
land use and shoreline management mea- 
sures would have to incorporate multi-objec- 
tive planning. This is a local or regional 
approach to coordinated planning. The 
approach uses objectives that are important 
to the region. They may be related to water 
quality, water quantity, natural habitat, open 
space, public access, and greenways. Multi- 
objective planning emphasizes "bottom-up" 
planning and the inclusion of all interested cit- 
izens, private and public interest groups, and 
various levels of government. 

Multi-objective planning involves more than 
finding the most "economically efficient" 
answer to a particular problem. It allows the 
integration of diverse and sometimes conflict- 
ing objectives and values, and it establishes a 
framework for finding broadly-supported solu- 
tions. This approach to comprehensive and 
coordinated land use and management mea- 

sures can ensure both appropriateness'and 
public acceptance of local practices. 

4.4.0.2. 
Permit Requirements and 
Monitoring 

In order to implement land use and shoreline 
management measures on the comprehensive 
scale suggested in this chapter, effective mon- 
itoring and permitting programs would be 
required. Permitting of construction would 
a l low~ocal  control of development in hazard 
areas, and it would facilitate the monitoring of 
development to ensure that it conforms to 
locally-enacted and comprehensively-planned 
zoning objectives. Monitoring of development 
would also assist in determining the effective- 
ness and appropriateness of particular mea- 
sures. 

4.4.1. 
Funding Options 

Funding for land use and shoreline manage- 
ment measures is often difficult to acquire and 
maintain. Often, programs are planned with 
the best intentions, yet funding is not made 
available for implementation. This limits the 
effectiveness of land use and shoreline man- 
agement measures to prevent or reduce flood 
and erosion damage. Some of the measures 
described here are capital intensive, such as 
large-scale shore protection or land acquisi- 
tion. These types of measures may also be 
long-term in nature and require long-term 
funding and policy commitments. Since most 
matters of zoning and municipal planning are 
within the jurisdiction of municipal govern- 
ments, these governments often are expected 
to carry the brunt of the financial burden; yet, 
they have the smallest treasury from which to 
draw. These factors can inhibit the effective- 
ness, if not prevent implementation, of com- 
prehensive land use and shoreline manage- 
ment plans. 

These obstacles could be overcome by a fund- 
ing program shared among federal, provincial 
and local governments. Such funding could be 
used to plan and implement large-scale activi- 
ties, or to capitalize loan programs as incen- 
tives for implementation of projects. 



4.4.2. 
Planning and Coordination 

Planning and coordination are key to effective 
land use and shoreline management practices. 
Individual measures cannot be applied in iso- 
lation from other measures and other shore- 
line communities; nor can they be applied 
without consideration for local situations. 
Remedial land use and shoreline management 
measures are best suited for developed areas 
where the shorelines, or existing structures, 
require alteration to alleviate existing prob- 
lems. Preventive measures make sense for 
undeveloped areas where it is still possible to 
keep damage from occurring by enacting zon- 
ing requirements that control shoreline devel- 
opment and use. Local problems are best 
defined and solved at the local level, where 
the most effective solutions can be developed 
with the best possible results for the economy, 
social life and environment of the community. 

Given the limitations on funding and consis- 
tency of application that appear to be inherent 
in land use and shoreline management plan- 
ning; the Study Board offers the following rec- 
ommendations to ensure the effectiveness of 
land use and shoreline management planning 
for the Great Lakes-St. Lawrence River Basin. 

4.4.3. 
Recommendations 

The Board recommends that any 
comprehensive approach to manag- 
ing adverse impacts of fluctuating 
water levels and flows be multi- 
objective in focus and coordinated 
in application. 

The Board recommends that con- 
sideration be given to establishing 
multi-level government funding of 
$10 to $20 million per year for plan- 
ning and implementing land use and 
shoreline management projects. A 
possible funding cost-sharing formu- 
la might be 113 federal, 113 provin- 
ciallstate, and 113 local. 

The Board recommends that areas 
requiring land use and shoreline 
management measures be prioritized 

through a comprehensive shoreline 
management program in developed 
and undeveloped areas. 

4.4.4. 
Remedial Measures 

Remedial land use and shoreline management. 
measures would reduce the future risk of dam- 
age to existing shoreline development. No sin- 
gle remedial measure would be appropriate in 
every situation. Measures would be applied on 
site specific bases according to individual situ- 
ations. For example, relocation of buildings 
behind the flood or erosion line may be appro- 
priate for relatively small buildings in a 
sparsely developed area; but, where dense 
city development lines the shore, relocation 
may not be possible. Here, some type of well- 
organized, community-based shore protection 
may be the only appropriate means to reduce 
the risk of flooding and erosion. In some situa- 
tions, combinations of measures might be 
appropriate. For example, relocating existing 
structures might be combined with flood- 
proofing. Consequently, the remedial mea- 
sures described here should be considered as 
an array of options from which the appropri- 
ate measures could be selected using a com- 
prehensive approach and a multi-objective 
planning process. 

4.4.4.1. 
Relocation of Dwellings 

Flooding or erosion damage can be reduced 
or avoided by relocating structures out of the 
hazard area. In some cases, buildings can be 
designed or adapted so that they are relatively 
easy to relocate temporarily when the need 
arises. In other cases, relocations must be per- 
manent and be completed well in advance of a 
crisis. The effectiveness of this measure is 
dependent upon whether the structure can be 
moved far enough away from the hazard, 
either on the same property or to another 
parcel. 

Michigan's Department of Natural Resources 
implemented a successful home relocation 
program in 1985 when record high water lev- 
els on the Great Lakes caused acceleration of 
shoreline erosion and threatened to destroy 
many lakefront homes and cottages. The 



Governor and the legislature responded with 
the Emergency Home Moving Program to pro- 
vide financial assistance to property owners 
experiencing lakefront damage.92 

The costs of implementing this measure can 
vary from one location to another. Costs 
depend upon local land.values, size and types 
of structures, distance of relocation, whether 
the relocation can be accomplished on the 
same parcel of land, or whether another parcel 
needs to be purchased. Typical costs in - 
Canada are $20,000 per site. If purchase of an 
additional lot is required, this cost.can 
increase by $50,000 to $100,000. Average 
costs in the United States have been estimat- 
ed between $42,000 and $87,000, depending 
upon the need for additional property. 

4.4.4.2. 
Flood Proofing.of Existing 
Structures 

Flood proofing ensures that any structure in a 
hazard area is retrofitted to reduce the risk of 
future flood damage. The most effective form 
of floodproofing is to raise the structure above 
the 1% risk elevation93 with appropriate 
allowance for wave action. To a lesser degree, 
floodproofing can also consist of raising the 
low point of entry of a structure above the 
high water point, or removing all items from 
the lowest level in danger of water damage. A 
1988 study94 of ten United States cities that 
had implemented land use measures found 
that, of the flood damage mitigation adjust- 
ments employed by developers, adding fill to 
the site and elevating individual buildings 
were the methods most often used. 

Costs for implementing this measure vary 
depending upon the type of action taken. 
Raising an existing structure costs between 
$17,000 and $39,000 in the United States, 
depending upon the size and type of structure, 
and the level to which it is raised. Modifica- 
tions to the lowest point of entry and water- 
proofing of walls vary in cost, depending upon 
local considerations. 

4.4.4.3. 
Non-Structural Shore 
Protection 

Non-structural shore protection measures usu- 
ally refer to methods such as beach nourish- 
ment, using vegetation to stabilize bluffs, and 
building and maintaining protective sand 
dunes. These measure are most likely to be 
implemented on a community-wide scale to 
protect a length of shoreline. 

Beach nourishment is most suited to shoreline 
sites where a permanent beach is required or 
where the shore ecosystem demands non- 
structural solutions to erosion. Beach nourish- 
ment will not prevent a shoreline from erod- 
ing. It more often serves.simply to replenish 
eroding material and is likely to be a continu- 
ous program. 

A large beach nourishmentlgroyne project 
was completed along the Lake Huron shore- 
line near the Port of Goderich, Ontario in 1987. 
After construction of a curved groyne in 1986, 
material dredged from the Goderich Harbor 
was used to supply the sand, which effectively 
provided additional beach area at the site. 
There are cases of similar large-scale beach 
nourishment projects being applied with suc- 
cess in the United States. The beaches at 
Illinois Beach State Park, 40 miles north of 
Chicago, and at St. Joseph, New Buffalo and 
Lexington, Michigan, are examples.95 

Costs to  implement large scale beach nourish- 
ment projects are highly variable, based upon 
site conditions, distances to sand sources, 
sand grain sizes, placement methods and 
other considerations. Beach nourishment 
becomes a particularly attractive option where 
there is a need to dispose of dredged material. 
If suitable in its make-up to act as a beach, 
nourishment agent, this materia,l can be 
obtained at low, and sometimes no, additional 
cost. 

Shoreline stabilization through vegetation 
cover provides an effective and environmen- 

92Land and Water Management Division Emergency Home Moving Program Final Report. Michigan Department of Natural 
Resources (May 1987). 

93The 1% risk line is the peak instantaneous water level having a total probability of being equaled or exceeded during any year 
of 1%. It is also referred to as a 1 in 100 year flood level. 

94Burby, R. et al., Cities Under Water, A Comparative Evaluation of Ten Cities' Efforts to Manage Floodplain Land Use (1988). 
University of Colorado, Institute of Behavioral Science Program on Environment and Behavior, Monograph No: 47. 

95Ecologistics Ltd., Evaluation of Shoreline Management Practices - United States Shoreline. For the Land Use and Shoreline 
Management Task Group, Working Committee 2 (1992b). 



tally-friendly alternative for shore protection. 
However, the shoreline characteristics must 
be amenable to, and appropriate for, this 
approach. At Long Point Provincial Park, 
Ontario, vegetation planting was used in sand 
dune stabilization research projects in 1978.96 
Costs to implement bio-stabilization projects 
vary considerably due, primarily, to the types 
of plants used and the size of the area to be 
protected. 

4.4.4.4. 
Structural Shore Protection 

For the purposes of this study, structural shore 
protection refers to any community-wide con- 
struction along the shoreline to reduce the 
impacts of flooding and/or erosion. Dikes and 
levees are common forms of flood protection, 
while revetments, seawalls, breakwaters, 
groynes and headland embayment structures 
are more commonly used to reduce erosion 
damage. 

Structural shore protection may be the only 
appropriate alternative for some areas. A 
major city or any intensively developed shore- 
line area, where there is little likelihood of land 
acquisition or relocation of structures, may be 
an appropriate location for well-engineered 
shore protection. 

Structural shore protection has been used 
extensively along the Great Lakes-St. 
Lawrence shoreline to prevent flooding and 
erosion damage to public property. One exam- 
ple is the Presque Isle Peninsula along central 
Lake Erie. In 1954, a cooperative beach erosion 
control project between the United States 
Government and the Commonwealth of 
Pennsylvania was initiated. This included con- 
struction of a seawall, bulkhead and a groyne 
system along the neck of the peninsula, and 
restoration of beaches on the lakeward 
perimeter of the peninsula by placement of 
sandfill (beach nourishment). The entire pro- 
ject cost about $33 million initially, with annu- 
al maintenance costs of $445,000.97 In Ontario, 
the Essex Region Conservation Authority and 

the City of Windsor implemented a project to 
protect 817 metres of eroding shoreline on the 
south shore of the Detroit River. This project 
cost $7 million.98 

The cost of implementing this type of shore 
protection will vary dramatically by type, size 
and location. Typical costs for revetments, . 

seawalls/bulkheads, dikes, groynes and other 
types of structural protection are provided in 
Annex 2. 

4.4.5. 
Evaluation of Remedial 
Measures 

4.4.5.1. 
Distribution of lmpacts 

Because remedial land use and shoreline man- 
agement measures would be applied based on 
their applicability to local situations, the distri- 
bution of their impacts among interests and 
regions is favorable. It is assumed that only 
those measures that were found acceptable in 
the community's multi-objective planning 
process would be implemented. Even though 
all measures may still not be acceptable or 
advantageous to all interests, the multi-objec- 
tive process would help ensure the broadest 
possible distribution of benefits at the least 
possible expense to other interests. 

4.4.5.2. 
Economic lmpacts 

Examples of the potential costs of remedial 
measures have been discussed above. 
Although measures such as government-fund- 
ed relocation of dwellings and major shore 
protection projects can be costly, case studies 
show that, when properly applied, such mea- 
sures can have benefits that outweigh their 
costs. As noted earlier, the success of remedi- 
al programs could depend to a !arge degree 
on the levels of funding committed by all lev- 
els of government, since local governments 
may not have the financial resources to under- 
take large capital projects alone. 

96Ecologistics Ltd., Evaluation of Shoreline Management Practices - Canadian shoreline. For the Land Use and Shoreline 
Management Task Group, Working Committee 2 (1992a). 

97Ecologistics Ltd. (1992b). 
98Ecologistics Ltd. (1992a). 



4.4.5.3. 
Environmental Impacts 

Most of the remedial measures were environ- 
mentally acceptable. The exception was struc- 
tural shore protection, which can have nega- 
tive environmental impacts by interfering with 
natural beach processes and sometimes creat- 
ing new problems updrift or downdrift of the 
structure, or by affecting plant and animal life 
in the immediate area. Large structures along 
the shoreline can also be unsightly. As a 
result, this study viewed structural shore pro- 
tection as a measure for situations in which no 
other remedial actions would be effective in 
protecting against flooding or erosion. 

4.4.5.4. 
Feasibility 

The remedial land use and shoreline manage- 
ment measures rated well in the evaluation of 
their feasibility. While some situations might 
require changes to current laws and public 
policy, these changes would likely be insuffi- 
cient to block implementation of these pro- 
jects, particularly if they were developed in 
response to local needs and under the um- 
brella of a comprehensive, basin or lake-wide 
approach. These types of actions are currently 
in use to varying degrees throughout the 
Great Lakes-St. Lawrence River Basin. 

4.4.6. 
Recommendations 

The Board recommends that consid- 
eration be given to implementing 
remedial measures when appropriate 
to the local conditions. The decision 
should be made as part of a regional 
multi-objective planning process. 
and it should be consistent with fed- 
eral. state and provincial guidelines. 
taking into account local concerns. 
The following measures are recom- 
mended for implementation. as 
appropriate. taking into account the 
above discussion: 

Relocation of structures from 
hazard areas. 
Flood proofing of existing 
structures. 
Non-structural shore protection. 

Structural shore protection, where 
other alternatives are not appropri- 
ate. only if well-designed and engi- 
neered. and only if impacts are not 
shifted to adjacent areas. 

4.4.7. 
Preventive Measures 

The trend in the basin over the last several 
decades has been toward a general and often 
rapid increase in shoreline development (pri- 
marily residential) in areas previously classi- 
fied as natural areas (mainly forest and wet- 
land). There has been some loss of agricultur- 
al land to residential shoreline development. 
Examination of land use trends leads re- 
searchers to project a significant increase in 
residential and recreational land uses along 
the shoreline throughout the 1990's. Contin- 
ued development in hazard areas without 
appropriate planning controls can result in 
increased property damage due to flooding 
and erosion. This study examined measures 
to prevent future damage resulting from new 
development in flooding and erosion-prone 
areas. These measures would allow planners 
to apply knowledge gained from previous 
damage experiences. They could be imple- 
mented, either uniformly to undeveloped areas 
throughout the basin, or on site-specific bases, 
as is the case with the remedial measures. 

4.4.7.1. 
Erosion/Recession Setback 
Requirements 

Setback requirements consist of regulations 
specifying that new development (both public 
and private) along the Great Lakes-St. 
Lawrence River shoreline take place landward 
of a specified erosion line. Setbacks can be 
divided into two general categories, fixed and 
floating. Fixed setbacks are established prior 
to a permit application. Floating setbacks are 
determined at the time the permit is requested 
and are based upon the specific site condi- 
tions: 

Presently there is little uniformity among 
states and provinces throughout the basin 
on erosion setback policies, either in how 
setbacks are determined or in how they are 
enforced. There is no common method of cal- 
culating recession lines. In some cases, the 



recession rate is based on aerial photography 
of the shoreline, while in other cases it is 
based on shoreline monitoring. Setbacks can 
vary anywhere from 10-to 100-year recession 
limits. 

In Ontario, 38 of 74 municipalities along the 
Great Lakes shorelines have setback designa- 
tions. These designations range from 7.6 
metres 125 feet) to the 1% risk line (100-year 
erosion/recession line). Michigan has a 30- 
year setback for areas with average long-term 
recession rates greater than one foot per year. 
New York has a 40-year setback for recession 
rates greater than one foot per year. 
Pennsylvania has a 50-foot minimum, or 
50-year, setback for residential structures. 
Wisconsin and Minnesota have setback 
requirements of 75 feet from the normal high 
water mark. Illinois and Indiana have no speci- 
fied setback requirements.99 

Agencies administering erosion/recession set- 
backs will encounter significant costs imple- 
menting and maintaining this type of mea- 
sure. Costs include determining setback limits, 
mapping erosion hazard areas, monitoring 
compliance, and related enforcement actions. 
Widespread implementation of this measure 
could increase costs for prospective develop- 
ers within, or adjacent to, hazard areas by 
requiring additional land surveys, together 
with application and recording fees. 

4.4.7.2. 
Flood Elevation and Protection 
Requirements 

Flood elevation requirements ensure that any 
new structures built in a hazard area are con- 
structed above a specified elevation, either by 
using fill in low-lying areas or by raising foun- 
dations with posts, piles, piers or walls. 
Requirements may be instituted that all build- 
ings be above the flood elevation or behind 
the flood line. The objective of this type of 
requirement is to prevent construction of 
structures at risk of incurring flood damage. In 
some cases, it may be necessary for certain 
water dependent structures to be built in flood 

99Ecologistics Ltd. (1992a) and (1992b). 
looDry floodproofing is designed to keep water out of a structure 

allow the flooding of portions of the structure where there arc 
lolEcologistics Ltd. (1992b). 

hazard areas. In these cases, the buildings 
may be permitted if they are dry or wet flood- 
proofed,loo depending on their use. 

In Ontario, flood elevations are specified in 
planning guidelines established by 
Conservation Authorities. The majority of 
Conservation Authorities use the 1% risk level 
with a wave uprush limit, a standard derived 
from the Canada-Ontario Flood Damage 
Reduction Program. 

The National Flood Insurance Program (NFIP) 
includes a wave run-up provision and speci- 
fies flood elevation criteria with which partici- 
pating municipalities must comply.lol 

As with erosion/recession setback require- 
ments, implementation and maintenance of 
this measure could require administering 
agencies to assume significant costs for deter- 
mining and mapping flood hazard limits, mon- 
itoring compliance, and related enforcement 
actions. Estimates of actual costs for a com- 
prehensive program of this nature were not 
compiled by this study. 

4.4.7.3. 
Shoreline Alteration 
Requirements 

This measure involves the regulation of 
changes to the shoreline that might have the 
potential to interfere with the natural environ- 
ment, neighboring properties, or with water 
levels and flows. One type of shoreline alter- 
ation requirement applies to privately or pub- 
licly constructed shore protection and struc- 
tures that aid navigation. Regulations would 
require obtaining construction permits and 
would place limitations on the types of protec- 
tion. Such regulations would also carry penal- 
ties for violations or require removal of non- 
permitted construction. Shoreline alteration 
requirements also apply to the extraction of 
nearshore deposits and any other alteration of 
the natural shoreline, such as removal of veg- 
etation or infilling. They might also require 
evaluation of impacts of proposed structures 
prior to issuance of a permit. 

in a structurally safe manner. Wet floodproofing is designed to 
! no materials that could be damaged. 



These requirements could also apply to land 
fills in connecting channels that alter water 
levels and flows. In the United States, fills and 
channel alterations are adequately controlled 
through permitting requirements. In Canada, 
current federal legislation is not adequate to 
achieve effective control over boundary water 
fills and alterations. In some cases, the envi- 
ronmental assessment requirements of the 
Navigable Waters Protection Act have been 
used to achieve this control, but amendments 
to the International Rivers Improvement Act 
would be the most effective means of control- 
ling infilling in Canadian waters. 

Shoreline alternation requirements are most 
effective within comprehensive plans which 

, take into account entire sections or reaches of 
shoreline and the potential impacts of specific 
alterations. In Ontario, Conservation 
Authorities have jurisdiction to apply regula- 
tions to control fill, construction and alter- 
ations to waterways under Section 28 of the 
Conservation Authorities Act. As of 1991, six 
Conservation Authorities have implemented 
shoreline development regulations. In the 
United States, the United States Army Corps 
of Engineers and individual state agencies 
have jurisdiction to apply regulations to con- 
trol fill, construction, and alteration of water- 
ways. 

The costs of implementing this type of mea- 
sure vary depending upon the types of per- 
mits required. Major federal, state and provin- 
cial programs currently exist to implement this 
type of measure. 

4.4.7.4. 
Real Estate Disclosure 
Requirements 

Buyers of shorefront property are often 
unaware of the natural hazards associated 
with their purchases. The purpose of a real 
estate disclosure requirement is to notify 
prospective shoreline buyers of the potential 
for flooding or erosion in areas of known or 
mapped hazards, and to give buyers recourse 
if such notice is not given. The disclosure 
would be contained in the offer to buy, 
attached to the deed, or both. Sellers or their 

agents would also be required to disclose any 
past damage or repair costs associated with 
flooding or erosion of the property. 

There is currently little use of this type of 
mechanism in Ontario, although it has been 
applied in isolated instances by four 
Conservation Authorities.102 Real estate 
disclosures have been more widely applied in 
the United States. Several states require, or 
have recently proposed, deed restrictions and 
disclosures in their real estate transactions. 
For example, legislation in the state of Ohio 
requires: 

Any person who has received written 
notice under this section or notice through 
a recorded instrument that a parcel or any 
portion of a parcel of real property that 
helshe owns has been included in the 
Lake Erie erosion hazard area identified 
under this section shall not sell or transfer 
any interest in that real property unless 
helshe first provides written notice to the 
purchaser or grantee that the reakproper- 
ty is included in the Lake Erie erosion haz- 
ard area. A contract or sale entered into in 
violation of this section may be voided by 
the purchaser or grantee.103 

The costs to implement this type of measure 
would be nominal, since title and transfer fees 
for real estate transactions would carry most 
of the cost burden. However, development of 
consistent and uniformly-applied disclosure 
statements would result in some administra- 
tive costs to agencies. 

4.4.8. 
Evaluation of Preventive 
Measures 

4.4.8.1. 
Distribution of Impacts 

Preventive land use and shoreline manage- 
ment measures were ranked favorably under 
the multi-criteria evaluation. Preventive mea- 
sures tend to be applicable to all shoreline 
areas and are capable of being adapted on 
site-specific bases. They, therefore, result in 
generally favorable distributions of impacts. 

lo2Triton Engineering and Ecologistics Ltd. Inventory and Assessment of  Land Uses and Shoreline Management Practices 
Canadian Shoreline. For the IJC Levels Reference Study, Working Committee 2. (May 1992). 

1030hio Revised Code, Sec. 1506.6 Cited by Ecologistics Ltd. (1992b). 



However, in cases where preventive measures 
are applied in developed areas (i.e., setbacks 
in populated areas), some property owners 
could be negatively affected. The same is pos- 
sible for real estate disclosure requirements, 
although the negative implications for the 
property owner could translate to positive 
ones for the potential buyer. 

4.4.8.2. 
E c o n o m i c  l m p a c t s  

Many of these measures, such as setbacks and 
flood elevation requirements, can be applied 
with little capital expenditure and can be effec- 
tive measures in preventing future damage, 
thereby achieving economic efficiency. This is 
especially true for undeveloped areas where 
planners are able to anticipate future prob- 
lems and avoid future costs that could result 
from damage. 

4.4.8.3. 
Env i ronmen ta l  l m p a c t s  

Preventive measures are environmentally 
acceptable, and in some cases beneficial to 
the environment, where they prevent con- 
struction of structures or alteration of shore- 
line that could have negative impacts on shore 
processes or natural habitat. 

4.4.8.4. 
Feasib i l i ty  

Preventive measures are relatively neutral 
with' respect to feasibility. All are feasible from 
a technical point of view, but some, such as 
real estate disclosure statements, may require 
changes to existing legal or policy structure. In 
addition, determining erosion setback lines for 
communities would have to be addressed. 

4.4.9. 
Recommendations 

The Board recommends that the 
following preventive land use and 
shoreline management measures be 
implemented and applied i n  a consis- 
tent and coordinated manner around 
the Great Lakes and St. Lawrence 
River: 

Erosion setbacks that include mini- 
mum requirements for a 30-year 
erosion zone for movable struc- 
tures and a 60-to 100-year erosion 
zone for permanent structures plus 
an adequate distance t o  assure a 
stable slope. A provision for vari- 
ance should be included for areas 
where the slope has been, or is pro- 
posed to  be, stabilized by a well- 
engineered structure. 
Flood setbacks and elevation 
requirements that include mini- 
mum requirements for a 1 % flood 
risk line plus allowance for wave 
uprush and freeboard. 
Shoreline alteration requirements 
established in  the context of a 
comprehensive plan. The environ- 
mental, updrift and downdrift 
impacts of shoreline alterations 
must be considered, along with 
hydraulic impacts on the connect- 
ing channels. 
Regulations in  Canada to  control 
fills and other obstructions in  con- 
necting channels. The most effec- 
tive means of achieving this would 
be through amendment of the 
International Rivers Improvement 
Act. 
Real estate disclosure require- 
ments where the seller should be 
required t o  disclose to  prospective 
buyers that the property is within a 
mapped or known flood or erosion 
hazard area. The buyer should sign 
an acknowledgment that he or she 
has been informed of the risk. 

4.4.10. 
Other Measures 

Two land use and shoreline management 
measures examined by this study fall into 
either the remedial or the preventive measure 
categories, depending upon how they are 
applied. 

Land acquisition is a remedial measure when 
it involves the acquisition of developed land to 
keep existing damage levels from increasing; 
it is preventive when it involves the acquisi- 



tion of undeveloped land to stop future devel- 
opment that could be vulnerable to flooding 
and erosion. Hazard insurance is remedial in 
the sense that it addresses damage to existing 
development, yet it is also preventive, because 
it limits reconstruction or future development 
that does not comply with hazard area man- 
agement guidelines. 

4.4.10.1. 
Acquisition of Undeveloped 
Land, Developed Land, and 
Habitat Areas 

This type of measure prevents, or reduces, 
future damage and losses in hazard areas by 
encouraging government and non-govern- 
ment agencies to purchase properties, either 
developed or undeveloped, located in hazard 
areas. The purchasing body may designate the 
land for use as a park, allowing for public 
recreation and access or it may choose to 
leave the area in its natural state for the bene- 
fit of plant and animal life in the area. This 
measure could include government or com- 
munity acquisition of barrier beaches, dunes 
and wetlands to preserve these coastal habi- 
tats in their natural states. In cases where such 
areas are already under community owner- 
ship, money might be spent to restore them to 
their natural states. The same might be true in 
cases of acquisition of developed areas. Such 
habitat protection could also extend to imple- 
menting regulations to protect sensitive 
coastal habitats in hazard areas that are cur- 
rently located on private land. 

Currently developed areas that have experi- 
enced repeated damage due to flooding or 
erosion are candidates for dedicated land 
acquisition programs under willing buyer/will- 
ing seller relationships wherever possible. The 
resulting open space with public access could 
be an asset to shoreline communities and 
could attract other inland development to add 
to the local tax base. However, some tax base 
would be lost through public acquisition of 
previously private property. 

Land acquisition is capital intensive. Costs 
vary depending upon the magnitude of the 

purchase and the value of the property pur- 
chased. Coordinated funding would assist 
greatly in this type of measure, but it would 
also require a long-term, multi-objective 
approach, with cooperation at all levels of 
government. Local participation would be 
important in the purchasing and managing of 
the acquired land. Due to potentially strong 
resistance on the part of some hazard land 
owners, this type of measure would also 
require intensive citizen involvement through- 
out the planning, acquisition and land use 
conversion stages. 

In Ontario, notable land acquisition programs 
include Frenchman's Bay in Pickering, 
Hamilton Beach and Burlington Beach. The 
Burlington Beach Acquisition Program under- 
taken by the Halton Region Conservation 
Authority and the City of Burlington since 1976 
has cost $2.2 million, which includes the 
acquisition of 71 properties at an average 
price of $24,647.104 

4.4.10.2. 
Hazard Insurance 

Hazard insurance is used to compensate for 
flood and erosion damage as well as to 
encourage informed use of the coastal area. 
The United States National Flood lnsurance 
Program was established in 1968 and has 
been effective in reducing flood damage. 
Because of program limitations, however, it 
has not been effective in preventing erosion 
damage, although some types of erosion dam- 
age are covered by the insurance. Flood dam- 
age insurance is not used in Ontario, because 
the provincial government has traditionally 
had an aggressive land use planning process, 
in which development controls and policies 
have been applied to effect the same kind of 
floodplain management objectives as a hazard 
lnsu rance program. 

The United States flood insurance program 
requires local governments to regulate flood- 
plain land use in order to reduce exposure of 
the property to flood damage and resulting 
insurance losses. The premise of the program 
is that if communities act to limit future flood 

loYcologistics Ltd. (1992a). 
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losses by instituting sound floodplain man- 
agement, senior government will take respon- 
sibility for covering the financial risk to exist- 
ing structures. 

4.4.1 1. 
Evaluation of Other 
Measures 

4.4.1 1.2. 
Distribution of l m p a c t s  

The distribution of impacts from these types 
of measures could vary considerably, depend- 
ing upon where and how they are applied. 

4.4.1 1.2. 
E c o n o m i c  l m p a c t s  

Whether remedial or preventive, both of these 
measures require substantial funding commit- 
ments on the part of the implementing agen- 
cies. The economic costs and benefits of land 
acquisition depend upon the areas to which it 
is applied. The economic efficiency of hazard 
insurance is largely dependent upon how it is 
managed. 

4.4.1 1.3. 
E n v i r o n m e n t a l  l m p a c t s  

From an environmental standpoint, land ac- 
quisition is rated highly, since the purchased 
property is often used for park land or as nat- 
ural habitat. Hazard insurance, if not used to 
encourage development in marginal areas, 
should have a neutral to positive environmen- 
tal impact. 

4.4.1 1 -4. 
Feas ib i l i t y  

Both of these measures are operationally 
feasible and have been effectively applied in 
some areas of the basin. However, they can 
face legal and public policy constraints in 
some instances. For example, land acquisition 
can often meet with strong opposition, partic- 
ularly if it is applied to already-developed 
areas. Willing buyer/seller relationships would 
be key to the success of such a program. 

4.4.12. 
Recommendations 

The Board recommends that acquisi- 
t ion of undeveloped and developed 
land and habitat protection areas be 
considered in areas where it is 
appropriate. Since outright purchas- 
ing of land is expensive, local gov- 
ernments and other agencies should 
embark on acquisition programs 
over a period of time or in phases, 
wi th  support and cooperation of  
regional and other levels of govern- 
ment. Developed and undeveloped 
shoreline areas should be identified 
and prioritized according t o  the level 
of  hazard and pressures for develop- 
ment. Consideration should also be 
given t o  acquisition of conservation 
easements. The acquisitions should 
be conditioned on long-term commit- 
ments by governments, and they 
should strive for will ing buyerlseller 
relationships wherever possible wi th  
intensive citizen involvement leading 
up t o  their implementation. 

The Board recommends that where 
hazard insurance exists or is imple- 
mented in the future that the follow- 
ing elements be included: 

A hazard insurance program should 
use historic shoreline change meth- 
ods coupled wi th  recession rate 
studies t o  identify and map long- 
term erosion hazards on Flood 
Insurance Rate Maps. 
A hazard insurance program should 
encourage community-based ero- 
sion management by establishing 
setbacks for new construction. 
The program should deny subsi- 
dized flood insurance for new or 
substantially-improved construc- 
t ion within the erosion hazard zone 
and should require that any struc- 
ture substantially damaged during 
a storm be reconstructed landward 



of the hazard zone. The program 
should also deny subsidized insur- 
ance for recurring claims. 
A hazard insurance program should 
provide eligibility for mitigation 
assistance when the aggregate of 
damage claims exceed 5O0/0 of the 
fair market value of the insured 
property and provide mitigation 
assistance for structures imminent- 
ly threatened by erosion with an 
emphasis on relocation of struc- 
tures out of the hazard area, not 
demolition. 

4.5. 
SUMMARY 

The Study Board does not recommend the 
installation of new structures to further regu- 
late the levels and flows of the Great Lakes 
and St. Lawrence River, because its investiga- 
tions demonstrate that the costs of such mea- 
sures would outweigh their economic bene- 
fits, and that these measures would produce 
negative environmental effects. However, rec- 
ognizing that the levels of two of the Great 
Lakes (Superior and Ontario) are currently reg- 
ulated, the Board further recommends 
improvement of these regulation plans to 
make them more responsive to the current 
needs of the interests affected by such regula- 
tion. Further, in recognition that various engi- 
neering and construction projects have 
changed the level and flow regimes of the 
Great Lakes and St. Lawrence River - particu- 
larly those of Lake Erie and the Niagara River 
-the Board recommends removal of some fill 
in the Niagara River to help restore Lake Erie's 
outflows nearer to pre-project conditions. To 
help ensure that future infilling of the connect- 
ing channels does not interfere with future lev- 
els and flows, the Board recommends steps to 
prevent similar activities in the future. 

The Study Board also concluded that, regard- 
less of whether lake levels and flows are regu- 
lated, damage to shoreline properties, public 
infrastructure and water dependent business- 
es will continue. In consideration of this, the 
Board recommends that the Governments of 
Canada and the United States, together with 
the states, provinces and local governments, 
take steps to institute comprehensive and 
coordinated land useand shoreline manage- 
ment programs. Such programs could include 
a range of measures, from community-based 
shore protection projects to acquisition of haz- 
ard land in order to prevent future damage- 
prone development. All of these programs 
would have to be instituted at the local level, 
using multi-objective processes that take into 
account a wide range of affected interests. 
While the Board recognizes that it may be 
impossible to implement such programs on a 
uniform basis throughout the basin, given the 
diversity of local needs and shoreline charac- 
teristics, the intent of its recommendations is 
that governments aim at uniformity to the 
maximum extent possible, in order to ensure 
consistency in the application of these mea- 
sures along the full length of the Great Lakes- 
St. Lawrence River shoreline. Specific levels of 
funding have been recommended to help 
ensure implementation of the recommended 
measures. 

The measures outlined in this chapter have 
partly addressed the Reference request to 
"examine and report on methods of alleviat- 
ing the adverse consequences of fluctuating 
water levels." The next chapter outlines mea- 
sures that could be taken to alleviate high or 
low water level crises. These measures are 
described as components of an example 
emergency preparedness plan. 



Emeraencv 

Water levels and flows of the Great Lakes and 
St. Lawrence River are constantly changing, 
largely in response to changing patterns of 
precipitation. While weather patterns are for 
the most part unpredictable, it is possible to 
say with a reasonable degree of certainty that 
extremely high and low water levels will occur 
in the future, as they have in the past. It is also 
safe to say the ranges of high and low levels 
that have been experienced in the past will 
probably be exceeded sometime in the future. 

While water levels have reached extremes a 
number of times this century, three such 
occurrences in the last 30 years have been 
classified as crises. These were the extreme 
lows of 1964-65, the extreme highs of 1973-74 
and the century record highs of 1985-87. 

It is widely recognized that mechanisms for all 
levels of government to take action during 
crises must be in  place prior to the crises. 
Therefore, emergency plans should be coordi- 
nated among agencies and levels of govern- 
ment so that, when a crisis arrives, roles are 
clear and actions can be implemented quickly. 
If pre-planned and coordinated action had 
been taken sooner during past crises, the' 
impacts of the extreme water levels on some 
interests could have been partially mitigated 
in parts of the system.A review of actions 

taken during past crises, together with exami- 
nation of a number of emergency operating 
plans currently in  existence at various levels of 
government, indicates that significantly more 
could be done to prepare for the next high or 
low water crisis on the Great Lakes-St. 
Lawrence River System. 

A wide variety of short-term actions was 
reviewed for possible incorporation into an 
emergency preparedness plan. 'These mea- 
sures include hydraulic measures, which mod- 
erate water levels, and land side measures to 
help mitigate the adverse impacts of extreme 
levels. This study considered actions that 
could be implemented quickly to have maxi- 
mum effect during a crisis and be discontin- 
ued once the crisis was over. An example 
emergency preparedness plan is presented in  
this chapter and explained in further detail in 
Annexes 3 and 6. This example plan illustrates 
the range of actions that could be taken in 
response to high or low water level crises. 

Although equity in  treatment of interests and 
regions was a principle in the development of 
this plan, the crisis actions described here 
would not necessarily be acceptable to all 
interests. This may be especially the case for 
the hydraulic measures which, to moderate 
extreme levels, re-distribute water within, and 



outside of, the Great Lakes-St. Lawrence River 
System. As a result, the benefits and impacts 
are also redistributed. 

A limited economic evaluation was conducted 
of the combined hydraulic measures. The site 
specific nature of many of the land-side mea- 
sures precluded their detailed economic evalu- 
ation within the time frame and resources of 
the study. The contribution of each of the indi- 
vidual hydraulic measures to the total eco- 
nomic benefit was not evaluated. It may be 
that some of the individual measures included 
in the combination of hydraulic measures 
would reduce the total economic effectiveness 
of the example plan and could have negative 
effects if implemented as individual measures. 

5.1. 
HYDRAULIC MEASURES 

A total of 29 hydraulic measures were 
reviewed. These included modifications to the 
existing regulation plans during extreme high 
or low water level conditions, manipulations 
of the diversions into, out of, and between 
lakes in the system, increases and decreases 
in the capacity of the connecting channels, 
weather modification, regulation of consump- 
tive use, and a diversion from Lake Huron to 
the Ottawa River system. Of these potential 
measures, a group of more promising mea- 
sures was selected for detailed review. These 
latter measures were evaluated and a subset 
was selected for consideration in an emer- 
gency preparedness plan. 

Five of the 29 measures were related to 
increasing the outlet capacities of Lakes 
Michigan-Huron, Erie, and Ontario through 
dredging or removal of obstructions in the 
connecting channels. Two measures dealt 
with dredging in the St. Clair-Lake St. Clair- 
Detroit River system to lower high levels on 
Lakes Michigan-Huron,or to maintain naviga- 
tion depths in this part of the system during 
periods of low water supply. One measure 
proposed removal of the compensating works 
that have been placed in the Detroit River to 
offset the impact of prior navigation improve- 
ments. This would lower levels on Lakes 
Michigan-Huron. Another measure considered 
removal of land fills on the Canadian and 

United States sides of the Niagara River (see 
discussion and recommendation in Chapter 4) 
as well as dredging of the River to reduce high 
Lake Erie levels. A further possible measure 
involved increasing the channel capacity of 
the St. Lawrence River to reduce high levels 
on Lake Ontario and at Montreal Harbour. 
Each of these measures required that the sys- 
tem be restored to the regime that existed 
prior to the-emergency condition. The mea- 
sures were found to be costly and require a 
great deal of time to implement. To satisfy the 
requirement to restore the system to a pre- 
emergency condition, some type of moveable 
structure would best meet the needs of the 
measure. This matter was a part of the lake 
level regulation portion of the Levels 
Reference Study and was found impractical 
as a crisis management alternative. 

The following hydraulic measures were con- 
sidered the most 'effective in alleviating high 
or low water crises. Taken together, they rep- 
resent the maximum effect that could reason- 
ably be obtained through such actions. 

A series of controlled changes in the flows 
allowed by the regulation plans for Lakes 
Superior and Ontario that would respond to 
extremely high or low levels. 
Manipulation of the four major Great Lakes 

diversions: 
Decrease the Long Lac and Ogoki diver- 

sions into Lake Superior during periods of 
high water levels. 
Increase the Lake Michigan Diversion at 

Chicago out of Lake Michigan in periods 
of high water levels. 
Vary the Welland Canal flows from Lake 

Erie in periods of high or low water levels. 
Place an ice boom at the head of the St. 

Clair River to help prevent ice jams and 
flooding along the river. 
Modify the Black Rock Lock to increase the 

total discharge through the Niagara River by 
340 cms (12,000 cfs) during periods of high 
water levels.105 

With the exception of the ice boom at the head 
of the. St. Clair River and the capacity increase 
for the Black Rock Lock, the changes in flows 
suggested in this example emergency plan 
would be accomplished within the present 

lo5The Black Rock Lock and Black Rock Canal near Buffalo, New 
protected waterway for vessels around the reefs, rapids and 

4 York, where Lake Erie drains into the Niagara River, provide a 
fast currents in the upper Niagara River. 



Table 10 

capacities of existing works and channels. The 
ice boom would leave a gap across the navi- 
gation channel to allow ships to continue 
moving in the winter. It would be installed 
only during times when the level of Lakes 
Michigan-Huron was above average (176.22 
metresl578.14 feet) in November. 

The increases and decreases in flows for the 
emergency preparedness plan were calculated 
from a series of water level triggers (see Table 
101, which would call for incremental f low 
changes starting at initial action levels. All 
hydraulic actions upstream of Lake Ontario, 
except for increased flow through the Black 
Rock Lock, would be triggered by the levels of 
Lakes Superior and Michigan-Huron. However, 
selection of these actions was based on the 
degree of hydraulic benefits they could pro- 
vide to the entire Great Lakes-St. Lawrence 
River System. Increased flows through the 
Black Rock Lock were triggered by the levels 
of Lake Erie only, due to limitations with the 
model used in development of the plan.lo6The 
flows through the Lock would be increased 
when the level of  Lake Erie exceeded 174.30 
metres (571.9 feet). In actual practice, levels of 
Lake Ontario and the St. Lawrence River 
would also be used to determine whether 
flows through the Black Rock Lock could be 
increased. For Lake Ontario's regulation plan 
(Plan 1958-D), outflows would be increased if 
the lake were more than one standard devia- 
tion (between 0.16 and 0.26 metresl0.52 and 
0.85 foot) above its seasonal average level. 
Decreases in Lake Ontario outflows would be 
based upon inflows to Lac Saint-Louis during 
the spring freshet. The table demonstrates 
that, as th'e crisis continusd, the magnitude of 
the hydraulic actions would be increased. As 
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water levels returned to normal, the deviations 
would be stopped to allow the system to 
return to its original state. 

5.2. 
EVALUATION OF 
EMERGENCY MEASURES 

5.2.1. 
Distribution of Impacts 

The hydraulic measures were tested using the 
same historic supplies that were used for the 
testing of the regulation plans discussed in 
Chapter 4. Implementation of all the hydraulic 
elements of this example plan would result in 
the changes in monthly mean levels and flows 
shown in Tables 1 l a  and 1 l b  on the next 
pages. The potential effects of the ice boom at 
the head of the St. Clair River are not included 
in the table. "No. above," refers to the number 
of months that levels and flows would be 
above or below historic supplies (the basis of 
comparison). Flows for the connecting chan- 
nels and St. Lawrence River are given in cubic 
metres per second (cms) in Table 1 l a  and in 
thousands of cubic feet per second (tcfs) in 
Table 1 lb .  The right-hand columns give the 
levels and flows according to the basis of 
comparison (BOC), then give levels and flows 
under the crisis management plan, and finally 
indicate the increase or decrease from the 
BOC in levels and flows that the new mea- 
sures would provide. In the left-hand column, 
the notation, "No. above" refers to the num- 
ber of months that levels would be above or 
below the 90-year maximum or minimum 
(1900-1989). For the lower St. Lawrence River, 
this notation refers to the 40-year period 
between 1950-1 989. 

vels 

IGLD 1955 For High Levels 
Metres (Feet) " ~ c t i o n  Level High 

lnital Threshold 

For Low Levels 
Action Level Low 

lnital Threshold 

st. Clair 175.63 (576.20) 174.53 (572.60) 
Erie 174.32 (571.90) 174.50 (572.50) 173.43 (569.00) 

Ontario 75.22 (246.77) 74.00 (242.77) 
St. Lewmnca 

at Cardinal 75.22 (246.77) 73.24 (240.30) 
at Pta. Claim 22.25 (73.00) 20.27 (66.50) 
at Monthel 8.50 (27.90) 5.49 (18.00) 

1oeEfforts need to continue to fully integrate the hydraulic model used for the lakes with the model used for the lower St. 
Lawrence Rive!. 



As shown in  Tables 1 l a  and 1 1  b, the com- 
bined effects of the hydraulic measures includ- 
ed in the example plan would reduce the max- 
imum monthly mean levels of Lakes Superior, 
Michigan-Huron, St. Clair and Erie compared 
to the basis of comparison. Extremely high 
levels would occur less often as a result of the 
example measures. However, the maximum 
level of Lake Ontario and the St. Lawrence 
River in the Montreal region would increase. 
These measures would also raise the mini- 
mum levels of all of the lakes but would not 

raise the Montreal Harbour minimum level. 
The number of times extremely low levels 
would occur would be reduced on Lake Erie 
and the system upstream, but low levels 
would occur more often on Lake Ontario and 
at Montreal Harbour. 

The Black Rock Lock measure was tested with- 
out using downstream conditions as criteria to 
determine whether flows could be increased 
from Lake Erie. As a result, extremely high 
water level conditions on Lake Ontario and the 

Emergency Preparedness Plan - Level and Flow Impacts (Metric Units) Table lla"J7 

Level Flow 

Superior 

Michigan /Huron 

St. Clair 

Erie 

Ontario 

St. Lawrence River 

at Pte. Claire 

St. Lawrence River 

at Montr6al 

lo7Flows at Montreal Harbour are not provided since inflows from downstream tributaries and tides affect the level and prevent 
the calculation of realistic flows. (That is, there is no unique stage-discharge relationship for Montreal Harbour.) 



Table 1lb"Je Emergency Preparedness Plan - Level and Flow Impacts (English Units) 

Superior 

Michigan /Huron 

St. Clair 

Erie 

Ontario 

St. Lawrence River 

at Pte. Claire 

St. Lawrence River 

at MontrBal 

St. Lawrence River would be worsened in the 
example. In actual practice, flows through the 
Black Rock Lock would not be increased if 
Lake Ontario and St. Lawrence River levels or 
flows were too high. 

Ice jams in the St. Clair River have caused 
flooding of shoreline properties along the 
river. The resulting restriction of outflows 
from Lake Huron has also affected the levels 
of the upstream and downstream lakes. By 
reducing the likelihood of ice jams and retar- 
dation of flows, the ice boom would, in effect, 

lower the maximum and minimum levels of 
Lakes Michigan-Huron and Superior. On the 
downstream lakes, slightly increased maxi- 
mum levels could be expected, due to 
increased efficiency in discharge through the 
St. Clair River. The ice boom would have some 
adverse effects during low water periods. 
Consequently, its installation would not be 
recommended when the levels of Lakes 
Michigan-Huron were below normal. How- 
ever, ice jams could still occur during low 
water periods and cause localized flooding on 
the St. Clair River. Installation of an ice boom 

lo8See footnote 107. 



would produce the most benefit for riparians 
on the St Clair River, and it would further facil- 
itate navigation on the river during the winter 
months. 

The impact of all these hydraulic measures 
upon commercial navigation would be posi- 
tive on the five Great Lakes and negative on 
the St. Lawrence River at Montreal. Increased 
flows through the Black Rock Lock would have 
negative effects on recreational boating and 
commercial navigation, since the increased 
flows would necessitate restrictions on vessel 
traffic through the Lock. 

5.2.2. 
Economic lmpacts 

Table 12 shows the distribution by region of 
the impacts that the hydraulic crisis measures 
would have on property damage. The column 
labeled "Difference" is the impact of these 
measures. A positive number is a benefit, a 
negative number is a loss. The effects of 
installation of an ice boom at the head of the 
St. Clair River are not included in the table. 

tion by region of the impacts these emergency 
actions would have upon hydropower genera- 
tion. The table illustrates the change in the 
annual value of hydropower production that 
would result from these measures. The differ- 
ences are shown in both dollar and percent- 
age terms, and they are shown for each loca- 
tion in the ~ r k t  Lakes-St. Lawrence River 
System where hydropower is produced. 

Reduction of the flows into Lake Superior from 
the Long Lac and Ogoki diversions would 
reduce hydropower production and could spill 
water north to James Bay. This could affect 
communities along the Albany River. 

Increases in the Lake Michigan Diversion at 
Chicago could increase hydropower produc- 
tion along the Illinois Waterway and provide 
benefits to commercial navigation. Damage 
could be increased for agriculture and res- 
idential property along the Illinois river, 
however.110 

The system-wide benefits and costs are shown 
in Table 14. 

The table shows that implementation of these 5.2.3. 
actions would decrease damage on Lakes Environmental Impacts 
Superior, Michigan-Huron, St. Clair, Erie and 
Ontario, but i t would increase damage on the Although an assessment of environmental 
St. Lawrence River due to increased flows impacts was not carried out, these impacts 
through the Black Rock Lock. In actual prac- would be minimal on Lakes Superior, 
tice, however, flows throughthe Black Rock Michigan-Huron, St. Clair, Erie and Ontario. 
Lock would not be increased if Lake Ontario The potential environmental impacts on the 
and St. Lawrence levels or flows were high. St. Lawrence River are not known. Environ- 

mental impacts could be expected on the 
Table13 on the next page shows the distribu- Albany River system as a result of a reduction 

Distribution of Property Damage Impacts for Crises Plan Table 1 2 " J g  

Average Annual Pro~ertv Damage ($1,000'~ US) 
Basis of Crises YO 

Comparison Plan Difference Change 

4,513 4.448 65 1 % 
Mlchlgan 

Huron 

St. Clalr 

Erie 

Ontario 
St. Lawrence Rlver 
below Cornwall 

Total 

lo9The economic figures in this table are based on historic stage-damage curves for flooding and erosion. Outlet rivers are 
included with upstream lake. There are no shore protection costs or benefits included in this table. 

lloA U.S. Army Corps of Engineers study for the State of Illinois found benefits of $845,000 and increased damages of $917,000 
for a plan to reduce high Lake Michigan levels by increasing flows. The impacts were based on a flow increase of 26 crns (940 
cfs) for a wet year. 115 crns (4,030 cfs) for an average year and 190 crns (6,700 cfs) for a dry year. 



Table 13 Distribution o f  Hydropower Impacts for Crises Plan 

Crises Conditions Average Annual Hydropower Impact ($1,000'~ US) 

Energy Value 

Basis of 'YO Capacity 
Comparison Measure Difference Change Costs Total 

Long b c  ~r 0gok1 - 48 - 21 - $69 
St. M a r w  River 23,309 23,095 - 214 -1% - 28 - $242 

Nlagara River 744,530 ' 743,378 - 1,153 0% - 117 - $1,270 
St. Lewmnca Rlver 

above Cornwall 336,272 335,491 - 782 0% - 47 - $829 
below Cornwail 308,944 308,685 - 259 0% + 86 - $173 

Total 1.413.056 1.410.649 - 2.407 O'Yo - 106 - $2.513 

in flows to Lake Superior through the Long 
Lac and Ogoki diversions. Environmental 
impacts could also be expected on the Illinois 
River as a result of an increase in the Lake 
Michigan Diversion at Chicago. More detailed 
environmental assessments would be re- 
quired in the development of an emergency 
preparedness plan. 

Table 14 Benefit and Cost Analysis o f  Crises 
Management Plan 

Benefits and Costs 

5.2.4. 
Feasibility 

Benefits (average annual) 

Reduction in Property Damage 
Loss to Hydropower 

Implementation Costs 
St. Clair Ice Boom 

Construction 
Operation and Maintenance111 

Black Rock Lock 
Construction 
Operation and Maintenance112 

Total (average annual @ 8%)113 

All of the hydraulic measures described above 
are technically feasible in times of water level 
crisis. They could also be reversed once the 
crisis had passed. However, measures to 
increase or decrease the major diversions into 
and out of the Great Lakes could face signifi- 

$2,162,000 
- $2,513,000 

$2,300,000 
$200,000 

$3,400,OOO 
$150,000 
$466,000 

cant barriers in t e p s  of approval from all of 
the parties involved. These potential difficul- 
ties are discussed in more detail in the section 
later in this chapter entitled "Institutional 
Considerations." In addition, some of these 
measures might require detailed environmen- 
tal impact assessments prior to their imple- 
mentation. The ability to quickly implement 
the measures described in the sections above 
would, therefore, depend upon the degree to 
which preparations had been made prior to a 
water level crisis. 

5.3. 
LAND BASED MEASURES 

A number of land-based measures could be 
implemented during high or low water crises. 
They include: land-based emergency pre- 
paredness plans; storm and water level fore- 
casting and warning networks; emergency 
sandbagging and shore protection alterna- 
tives; and temporary land and water use 
restrictions. Such actions can be implemented 
at the federal, state, provincial, or local gov- 
ernment levels. Many Great Lakes-St. 
Lawrence River communities currently prac- 
tice some of these measures. 

The most critical land-based crisis response is 
development of emergency preparedness 
plans. Depending upon local conditions, these 
plans can incorporate a number of land-side 
measures to alleviate some of the effects of 
crisis high or low water levels. Such plans 
should identify specific steps and procedures 

111Only applicable during years that ice boom is installed. 
1lzOnly applicable during years that flow increase is utilized. 
113This cost would increase to $816,000 during years that the ice boom was installed and additional flows passed through the 

Black Rock Canal. 



to deal with either high water (flooding) or 
severe low water events. these should include 
specific steps taken at alert levels, action lev- 
els, and in the post-crisis period (i.e., cleanup 
and damage surveys). 

To ensure consistency and incentive for imple- 
mentation, initial development of the data nec- 
essary for such plans should begin at the state 
.or provincial level with coordination at the 
local level. Plans should be consistent across 
counties and municipalities. Clear lines of 
communications among states, provinces, 
counties and municipalities should be estab- 
lished. Necessary supplies and equipment to 
respond to the crisis should be identified and 
located in areas where they can be quickly 
mobilized. These plans should be periodically 
tested and updated according to changing 
local conditions 

A key element of land-side emergency pre- 
paredness planning is the continued monitor- 
ing of storm and water level conditions. 
Governments at the federal level should con- 
tinue to provide resources for programs of this 
nature with additional resources available dur- 
ing crisis conditions. As part of the prepara- 
tion of localized plans, additional efforts 
should be made to identify or update critical 
high and low water elevations to trigger suc- 
cessive levels of emergency action. 

Emergency preparedness plans should also 
provide for distributing water level informa- 
tion and increasing hazard awareness of 
shoreline communities and their citizens. 
These programs could be incorporated into 
ongoing efforts to inform the public about the 
reasons for changing water levels, their 
effects, and the potential for crisis high and 
low water levels. 

Extremely high water levels often lead to 
increased efforts to construct shore protection. 
In the past, much of this protection was hastily 
placed and inadequately designed. 
Consequently, property owners who had gone 
to considerable expense to protect their prop- 
erties saw their protection fail within a short 
period of time. To avoid such problems in the 
future, long-term strategies should identify 
areas where community-based shore protec- 
tion projects could be successfully implement- 
ed prior to a crisis. This would assure uniform 

protection along critical reaches of shoreline 
and would alleviate problems during crisis 
periods.'See Chapter 4 for further discussion 
of shoreline protection measures. 

Shore protection measures for flooding and 
erosion crisis situations include sandbagging 
and emergency beach nourishment. These 
measures should be included in emergency 
preparedness plans. Sandbagging has served 
as an effective response to flooding situations 
and should be utilized where appropriate and 
as necessary. Responsible agencies should 
ensure that all necessary supplies and equip- 
ment for the rapid construction of sandbag 
dikes are reasonably accessible and that those 
key areas where dikes may be needed are 
identified. Sandbags should also be readily 
available to private property owners who wish 
to undertake emergency protection of their 
own property. Consideration should be given 
during crisis high water conditions to utilizing 
emergency beach fill to protect areas subject 
to severe erosion. Such material can be quick- 
ly placed on beach and shoreline areas in 
order to create artificial berms that would pro- 
tect backshore areas from erosion. 

Construction of shore protection during crisis 
conditions could also be considered. This 
would require quick mobilization of contrac- 
tors and equipment. Early consideration of 
acceptable designs would allow construction 
to take place once the alert level had been 
reached. This type of well-designed shore pro- 
tection would remain effective after the crisis 
had abated. 

During low water conditions, the most com- 
mon problem is access for ships and boats to 
harbors, marinas, and docks. In many cases, 
these problems stem from a lack of mainte- 
nance dredging when water levels were high- 
er. Consideration should be given to develop- 
ing comprehensive emergency dredging pro- 
cedures for commercial and public harbors. 
Sites for the disposal of dredge material 
should be identified in  advance, as should 
areas where dredging would be prohibited 
due to severely contaminated sediments. 
Regulations should be considered to ensure 
that all new moorings utilize floating, as 
opposed to fixed, docks in order to adapt to 
continually fluctuating water levels. 



In some areas of the Great Lakes-St. Lawrence 
River System, water supplies to shoreline 
communities could be affected during low 
water periods. These are usually small com- 
munities that rely on shore wells or small 
intake structures for water supply. For the long 
term, these communities should be identified 
and recommendations should be made to 
extend to their intakes. If this is not possible, 
contingency planning should be made to pro- 
vide emergency water supplies when crisis 
low levels are reached. 

In addition to periodic testing and updating, 
these plans should be subjected to post-crisis 
evaluations to ensure their continued 
improvement and applicability. 

5.3.1. 
Impacts of Land-Based 
Measures 

Land-based emergency measures primarily 
affect shoreline properties and communities. 
These measures would provide varying 
degrees of benefit to the shoreline property 
owners and public infrastructure, depending 
upon the extent to which they were used and 
the appropriateness of particular actions for 
specific areas. Shore protection alternatives, 
which would often be site specific, could also 
reduce damage to property and structures. 
However, these measures could have negative 
impacts on natural resources in the area of the 
construction. The potential impacts of public 
awareness programs, storm and water level 
forecasting, and emergency preparedness 
plans are harder to quantify, although positive 
impacts could be expected. As with the 
hydraulic measures in  times of crisis, the fea- 
sibility of these actions would depend to a 
large degree upon the extent of pre-crisis 
planning. 

5.4. 
INSTITUTIONAL 
CONSIDERATIONS 

Emergency preparedness planning brings to 
light a number of institutional considerations. 
As noted in the previous discussion, some 

actions would require considerable pre-crisis 
preparation, including purchasing and stock- 
piling materials; preparing environmental 
impact statements; permit applications and 
authorizations; financing; the waiving of insti- 
tutional constraints114 and poisibly even 
treaty requirements. Implementation of emer- 
gency preparedness planning on the scale . 

suggested here could be facilitated by a cen- 
tral, coordinating board, such the board rec- 
ommended in Chapter 6. 

Availability of  information and continuous 
communication during crises are essential to 
the implementation of any emergency pre- 
paredness plan.115 Currently, the two federal 
governments have the primary responsibilities 
to monitor hydrologic conditions and forecast 
water level conditions on the Great Lakes and 
St. Lawrence River. The level of monitoring 
and frequency of making predictions would 
need to be intensified in a crisis. 

The hydraulic measures described in the 
emergency operations plan presented here 
would require, during water level crises, the 
temporary relaxation of the International Joint 
Commission's orders of approval for the regu- 
lation of Lakes Superior and Ontario. The 
increase in  the capacity of the Black Rock Lock 
and the installation of the ice boom at the 
head of the St. Clair River are not expected to 
have serious institutional constraints. 

The reduction of inflows to Lake Superior from 
the Long Lac and Ogoki diversions would 
require approval from the Province of Ontario, 
in consultation with Ontario Hydro, and it 
would require considering the impacts of redi- 
recting the diversions' flows northward. 
Additional river gauges and the development 
of operating guidance would be needed to 
minimize flooding, environmental and other 
impacts along the Albany River. An increase of 
flows through the Lake Michigan Diversion at 
Chicago would require United States Supreme 
Court consent, as well as approval of the Great 
Lakes Governors, or United States legislative 
authorization. Consultation with the Canadian 
Government, together with the Provinces of 
Quebec and Ontario, would also be required. 

114The range of possible institutional constraints includes any non-physical barriers to implementing emergency measures. 
Such barriers could include everything from local policy and funding limitations to International Joint Commission orders of 
approval and questions of jurisdiction. Further discussion of the institutional considerations that apply to Great Lakes-St. 
Lawrence River water levels issues is contained in  Chapter 6. 

115Additional recommendations to improve communications and information availability are contained in Chapters 7 and 8. 



Further, an increase in Chicago Diversion 
flows might coincide with high supplies to the 
Illinois Waterway. Therefore, the timing of 
releases from Lake Michigan would be critical 
and would require the cooperation of the State 
of Illinois together with communities along the 
Illinois River. The use of the Long Lac and 
Ogoki diversions and Lake Michigan Diversion 
at Chicago to alleviate high water level crises 
could also necessitate environmental impact 
assessments. 

The majority of deviations in Welland Canal 
flows that have been considered in the exam- 
ple emergency preparedness plan would be 
reductions rather than increases. Consequen- 
tly, these flow changes would be absorbed in 
the flow apportioned for hydropower. The 
cooperation of the St. Lawrence Seaway 
Authority, Ontario Hydro and other users of 
canal waters would be required. 

Many of the land-based measures discussed 
here have been, or are being, implemented to 
varying degrees at various levels of govern- 
ment. Government experiences can be helpful 
to develop and implement more comprehen- 
sive emergency preparedness plans. Mea- 
sures such as storm and water level forecast- 
ing, developing preparedness plans, and 
ensuring public information and awareness 
need to be continued and adapted to crisis 
events. Shore protection alternatives require 
lead time for proper design and construction. 
Many of the above measures may require the 
use of loans, grants, or tax incentives to make 
their implementation easier and more wide- 
spread. 

5.5. 
RECOMMENDATIONS 

The Board recommends that the two 
federal governments. in cooperation 
with provincial and state govern- 
ments. begin preparation of a joint 
and cooperative Emergency Opera- 
tions Plan for the Great Lakes-St. 
Lawrence River as soon as possible. 

The Board recommends as a priority 
that investigations continue into 
methods of alleviating high or low. 
water crises on the lower St. 
Lawrence River and that investiga- 
tions continue into avoiding 

increased damage as a result of 
crisis actions taken upstream. 

The Board further recommends that 
the following be implemented in the 
near future: 

The authority necessary for devia- 
tion from the Lake Superior 
Regulation Plan during an emer- 
gency. similar to  the authority t o  
deviate that exists for Lake 
Ontario. 
The installation of an ice boom at 
the head of the St. Clair River to  
reduce the risk of ice jams and 
flooding. 
An increase in the flow capacity of 
the Black Rock Lock. so the flow 
through the Lock may be increased 
in  emergency situations by an addi- 
tional 340 cms (12.000 cfs). 
The manipulation of the four major 
Great Lakes diversions; Long Lac. 
Ogoki. Lake Michigan at Chicago. 
and the Welland Canal during crisis 
situations when conditions permit. 

The Board recommends that. prior t o  
implementing the manipulations of 
diversions. the potential impacts 
within and outside the Great Lakes- 
St. Lawrence River System of 
changes to  the Long Lac. Ogoki and 
Lake Michigan at Chicago diversions 
be determined. 

The Board recommends that post- 
crises action reports be done t o  eval- 
uate the effectiveness of emergency 
preparedness plans and t o  recom- 
mend areas for improvement. 

The Board recommends that compre- 
hensive emergency preparedness 
planning be undertaken immediately 
at the provincial. state and local gov- 
ernment levels. The preparations 
should include public information 
programs, stockpiling emergency 
materials. active monitoring of water 
levels and flows. and identifing areas 
where community-based shore pro- 
tection can be implemented immedi- 
ately. 



5.6. 
SUMMARY 

The key to successful emergency prepared- 
ness is planning well in advance of the crisis. 
The elements of an example plan for emer- 
gency preparedness are outlined in this chap- 
ter. Details of individual elements of the plan 
are in Annex 6. Two of the elements, manipu- 
lation of the Long Lac and Ogoki diversions 
into Lake Superior and an increase in the Lake 
Michigan Diversion at Chicago, have impacts 
outside the Great Lakes-St. Lawrence River 
System and would require examination in fur- 
ther detail prior to any decision whether they 
should be included in emergency prepared- 
ness plans. Investigations should continue 
into how to alleviate crises on the lower St. 
Lawrence River and how to  avoid increased 
damage due to crisis actions taken upstream. 
After any emergency, a post-action report 
should be completed to evaluate the effective- 
ness of the emergency preparedness plans 
and to recommend areas for improvement. 
Preparation of comprehensive emergency 
plans will require cooperation and consulta- 
tion among federal, provincial, state and local 
governments. 



Institutions 

The ultimate success of the Lake Levels 
Reference Study will depend upon the extent 
to which institutions involved in resource 
management in the Great Lakes-St. ~awrence 
River Basin, and the arrangements through 
which they function, can embrace and 
advance study recommendations. Institutional 
arrangements include public agencies and 
associated laws, agreements, mandates and 
policies that bear directly on the development, 
interpretation and administration of public 
policy. Included within this framework are 
non-governmental organizations comprised of 
an array of interest groups (such as riparians, 
maritime industry and water-based recreation) 
with stewardship responsibility for the use, 
protection and management of the resource. 

The framework for resource management in 
the Great Lakes-St. Lawrence River Basin is 
complex. Its institutional arrangements are 
among the most extensive in North America. 
As a multi-jurisdictional, multi-purpose 
resource characterized by both its expansive- 
ness and intensity of use, the Great Lakes-St. 
Lawrence River System is subject to multiple 
layers of governance from the bi-national to 
the local level. Eight states and two Canadian 
provinces share the basin; each has a govern- 
mental structure in place to manage its partic- 
ular interest in the basin's resources. Over a 
dozen federal agencies - United States and 

Canadian - have direct resource manage- 
ment responsibilities and a similar number 
have at least a peripheral role. At the state and 
provincial level, over 69 agencies in the ten 
jurisdictions have direct responsibilities, and 
an equal number provide some level of man- 
agement. Hundreds of other governmental 
entities are charged with some resource man- 
agement responsibility, including municipali- 
ties, county health boards and conservation 
authorities, among many others. A number of 
regional institutes, citizen groups, business 
and labor organizations, policy centers, foun- 
dations and special interest coalitions have 
flourished as well, using the various access 
points to governmental institutions to influ- 
ence the nature and direction of resource 
management. All of these institutions exist in 
an equally complex framework of bi-national 
and domestic treaties, laws, mandates and 
policies. 

Overlaying this variety of basin interests (both 
governmental and non-governmental) are 
regional, multi-jurisdictional institutions that 
are designed to be more capable of approach- 
ing resource management on an ecosystem 
basis. Such entities include, the International 
Joint Commission, the Great Lakes Fishery 
~ommission,'the Great Lakes Commission, 
and the Council of Great Lakes Governors. As 
coordinators of basin interests, and as cata- 



lysts for policy development and implementa- 
tion, regional institutions have long played a 
role in advancing resource management by 
hydrologic as well as political boundaries. 

One component of the complex institutional 
framework that oversees issues in the Great 
Lakes-St. Lawrence River Basin is the manage- 
ment of issues related to the changing water 
levels and flows of the system. Effective man- 
agement of the adverse impacts of fluctuating 
water levels and flows requires coordination 
of both water-side and land-side actions. 

The following sections describe the key exist- 
ing arrangements related to the management 
of water levels and flows in the system and 
outline possible changes to improve commu- 
nications, coordination and public participa- 
tion in the management process. 

6.1. 
INTERNATIONAL JOINT 
COMMISSION 

The lnternational Joint Commission was 
formed as a result of the Treaty Between the 
United States and Great Britain Relating to 
Boundary Waters, and Questions Arising 
Between the United States and Canada that 
was signed by the two parties in 1909. The 
Commission consists of six commissioners, 
three from the United States and three from 
Canada. It has responsibilities in matters con- 
cerning the quantity and quality of boundary 
waters along the length of the United States- 
Canadian border. This chapter deals with the 
Commission's responsibilities in the area of 
water quantity in the Great Lakes-St. Lawrence 
River System. The principal Boards of the 
Commission relating Great Lakes-St. Lawrence 
River Basin water levels and flows are shown 
in Figure 8. 

Joint Commission 

Figure 8.116 International Joint Commission. 

The Boards of Control generally meet at least 
twice annually in addition to their semi-annual 
appearances before the Commission, and they 
hold public meetings once a year. The 
Commission appoints equal numbers of mem- 
bers from Canada and the United States. 
Matters upon which the Boards are unable to 
agree are referred to the Commission for deci- 
sion. Commission appointees to Boards serve 
in their personal and professional capacities 
and not as representatives of their agencies. 

6.1.1. 
lnternational Lake 
Superior Board of Control 

Lake Superior 
Board of Control 

Regulation 
Representatives Representatives 

Figure 9. Lake Superior Board of Control. 

The lnternational Lake Superior Board of 
Control was established by the Commission in 
1914 to formulate rules under which the com- 
pensating works, power canals and head gates 
relating to the levels and flows of Lake 
Superior and the St. Marys River are operated. 
The Board currently operates under a 
Supplementary Order of Approval of the 
Commission dated October 3, 1979 that for- 
mally established the lnternational Lake 
Superior Board of Control and adopted Plan 
1977 for regulation of Lake Superior. 

The Board's organization is shown in Figure 9. 
The membership of the Board currently con- 
sists of one member from Canada and one 
from the United States. The Canadian member 
is a senior official of Environment Canada and 
the United States member is a senior official 
of the United States Army Corps of Engineers. 

1161n this chart and those that follow, the number in the bonom left corner of each box is the number of U.S. members; the num- 
ber in the bonom right, Canadian members. 



6.1 -2. 
lnternational Niagara 
Board of Control and 
lnternational Niagara 
Committee 

The lnternational Niagara Board of Control 
was established by the Commission in 1953 to 
review and approve the installation of remedi- 
al works in the Niagara River and to exercise 
control over the maintenance and operation of 
the remedial works. The Board collaborates 
with the lnternational Niagara Committee. The 
Board consists of two Canadian members and 
two United States members appointed by the 
Commission. The Board has responsibilities 
relating to the regulation of levels in the 
Chippawa-Grass Island Pool for Niagara Falls 
treaty flow requirements and diversions for 
power production. These works do not control 
the levels of Lake Erie; its levels are controlled 
by the outlet capacity of the lake. 

The lnternational Niagara Committee was 
established in 1950 by the Treaty between the 
United Stares of America and Canada 
Concerning Uses of the Waters of the Niagara 
River. The United States and Canada each des- 
ignate a representative to the Committee. 
These representatives jointly ascertain and 
determine the amounts of water available for 
the purposes of the Treaty. The representa- 
tives report directly to their respective govern- 
ments.   he lnternational Niagara Committee 
cooperates with the lnternational Niagara 
Board of Control, which reports to the 
Commission. 

The Board's organization is shown in Figure 
10. The membership of the Niagara Board cur- 
rently consists of two Canadian and two 
United States members. The Canadian chair is 
a senior official of Environment Canada and 
the Canadian member is a senior official of the 
Ontario Ministry of Natural Resources. The 
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Figure 10. Niagara Board of Control and 
Niagara Committee. 

United States chair is a senior official of the 
United States Army Corps of Engineers and 
the United States member is a senior official 
of the Federal Energy Regulatory Commission. 
The government representatives on the 
lnternational Niagara Committee are currently 
the co-chairs of the Niagara Board of Control. 

6.1.3. 
lnternational St. Lawrence 
River Board of Control 

The lnternational St. Lawrence River Board of ' 

Control was established by the Commission in 
1952 as part of An Order of Approval of the 
Construction of Certain Works for the 
Development of Power in the International 
Rapids Section of the St. Lawrence River to 
ensure compliance with the provisions of the 
order for the discharge of water from Lake 
Ontario and the flow of water through the 
lnternational Rapids. 

The Board's organization is shown in Figure 
11. The Canadian section of the Board consists 
of members from Transport Canada (co-chair), 
Environment Canada, Environnement Quebec 
and Ontario Hydro. The United States section 
of the Board consistsof members from the 
United States Army Corps of Engineers (co- 
chair), New York Department of Environmen- 
tal Conservation, the Power Authorityof the 
State of New York and a citizen member who 

St. Lawrence 
Board of Control 

Regulation Working Operations Advisory Committee on I liepresentatives I 5 
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Figure 11. St. Lawrence River Board of Control. 



owns property on the St. Lawrence River. The 
Operations Advisory Group to the St. 
Lawrence Board is made up of agency and 
interest group representatives who advise the 
Board on water level management, based on 
the views of their respective constituencies. 

6.2. 
REVIEW OF 
INSTITUTIONAL 
ARRANGEMENTS 

A number of options for organization of the 
Boards of Control under the Commission, and 
for other kinds of institutional arrangements to 
improve management of problems and issues 
related to adverse impacts of extreme water 
level conditions, were reviewed. Items con- 
sidered in reviewing organizational options 
included: 

a) The increasing importance of managing 
water levels and flows on an integrated, 
system-wide basis within the entire Great 
Lakes-St. Lawrence River Basin; 

b) The need to coordinate actions through- 
out the system to respond to crisis condi- 
tions at times of extremely high or 
extremely low water levels; 

C) The need to directly involve citizens, as 
well as state and provincial representa- 
tives, in the management of water levels 
and flows within the basin to increase 
understanding and acceptance of factors 
considered in making management deci- 
sions; and, 

d) The need to comprehensively consider all 
dimensions of the problems associated 
with extreme water levels, from managing 
water levels and flows to land use and 
shoreline management. 

Coordination among the existing Boards of 
Control is accomplished to some extent by 
overlapping membership among the lead 
agencies and individuals who provide support, 
but there is no formal mechanism for such 
coordination. The Coordinating Committee on 
Great Lakes Basic Hydraulic and Hydrologic 
Data works to ensure consistent development 
and use of data regarding water levels and 
flows in the basin, but it has never been for- 
mally recognized. In 1979, a Levels Advisory 
Board was created by the Commission to pro- 
vide professional and citizen interests with an 
opportunity to contribute views on water level 
management, but its operation was discontin- 
ued. However, the Commission formalized 
interest group representation with member- 
ship of the St. Lawrence Board of Control. 

While these initiatives have contributed in 
some measure to the coordination of data and 
the participation of interest groups in the deci- 
sion-making process, the view has been 
repeatedly expressed during the Levels 
Reference Study that improved institutional 
arrangements to manage water levels and 
flows in the basin is required. Using the exist- 
ing organizational framework as a starting 
point, a number of options to improve respon- 
siveness and coordination of decision-making 
were examined. 

Proposed Modifications 

The modifications presented for consideration 
include changing the Lake Superior and St. 
Lawrence River Boards of Control, formalizing 
and expanding the responsibilities of the 
Coordinating Committee on Great Lakes Basic 
Hydraulic and Hydrologic Data, and creating of 
a Great Lakes-St. Lawrence River Advisory 
Board. 

The first modification expands the Lake 
Superior Board of Control to add state, provin- 
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Figure 12. Great Lakes-St. Lawrence River Advisory Board. 
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cia1 and citizen participation. The second mod- 
ification expands the St. Lawrence River Board 
of Control with additional citizen participation. 
Currently, the single citizen member is located 
on the upper St. Lawrence River. There are no 
citizen members from Lake Ontario or the 
lower St. Lawrence, even though interests in 
these areas are also affected by decisions of 
the Board. Not only would these two changes 
improve the level of participation by all affect- 
ed interests, including governments, they 
would also increase the general understand- 
ing of the limitations and capabilities of lake 
level regulation plans. 

The third suggested modification formally 
constitutes the Coordinating Committee on 
Great Lakes Basic Hydraulic and Hydrologic 
Data so it would report to the Commission. 
Currently, the Committee serves an important 
function in coordinating the bi-national collec- 
tion and use of water level and flow data. For 
example, this Committee was responsible for 
establishing and updating International Great 
Lakes Datum, the uniform system by which 
Great Lakes-St. Lawrence River water levels 
have been measured since the late 1950's. 
This Committee's functions are becoming 
even more important as data collection sys- 
tems are improved and become more auto- 
mated and computer-based, with expanding 
use of geographic information systems. 

The fourth modification to existing institution- 
al structures would be to establish a new 
Great Lakes-St. Lawrence River Advisory 
Board. The Board would report to the 
Commission and be linked to the Lake 
Superior and St. Lawrence River Boards of 
Control. The Board members would have fixed 
terms and there would be rotating member- 
ship from the three Boards of Control, the 
states and provinces, and interest groups. 

Figure 12 illustrates how these four suggested 
- changes could be implemented. 

The establishment of a Great Lakes-St. 
Lawrence River Advisory Board would serve 
an important function of coordinating actions 
in response to fluctuating levels and flows. Its 
responsibilities would extend beyond water 
level and flow management within the system. 

This Board would also review and discuss pol- 
icy issues as deemed necessary by the 
Commission or the Board. 

In addition to its contribution to existing con- 
trol boards, this advisory board would be 
involved in the implementation of this report's 
recommendations for land use and shoreline 
management measures. The Board could 
assist in developing strategies for coordinat- 
ing and implementing more effective land use 
and shoreline management actions in cooper- 
ation with state, provincial and local govern- 
ments. It could also take advantage of existing 
agency support and expertise to ensure imple- 
mentation of measures recommended in this 
report. 

The Great Lakes-St. Lawrence River Advisory 
Board would have specific responsibilities to: 

a. Plan for, coordinate, and respond to prob- 
lems caused by water level extremes (cri- 
sis conditions), including implementing 
emergency preparedness measures rec- 
ommended in this report; 

b. Assist in the coordination of actions 
between the upstream and downstream 
lakes affecting their levels and flows; 

c. Develop and recommend improvements, 
as deemed necessary, to water level man- 
agement practices; 

d. Develop and recommend appropriate 
guidelines for managing water levels in 
the system, reflective of expanded citizen, 
state and provincial participation in the 
management process; 

e. Develop and recommend standards for, 
and seek implementation of, agreed-upon 
land use and shoreline management prac- 
tices, in cooperation with all levels of gov- 
ernment; 

f. Review and monitor activities related to 
the proposed Great Lakes-St. Lawrence 
River Communications Clearinghouse rec- 
ommended in Chapter 7; and, 

g. Perform other duties as assigned by the 
Commission, or deemed necessary by the 
Board. 



6.3. 
RECOMMENDATIONS 

The Board recommends that mem- 
bership of the Lake Superior Board 
of Control be expanded to  include 
representation from citizens, states 
and provinces. 

The Board recommends that the 
membership of the International St. 
Lawrence River Board of Control be 
expanded t o  include citizen represen- 
tation from Lake Ontario, the upper 
St. Lawrence River and the lower St. 
Lawrence River. 

'The Board recommends that the 
functions of the Coordinating 
Committee on Great Lakes Basic 
Hydraulic and Hydrologic Data be 
formalized and that the Committee 
report t o  the Commission. 

The Board recommends that a Great 
Lakes-St. Lawrence River Advisory 
Board be created to  coordinate, 
review, and provide assistance to  the 
Commission on issues relating t o  the 
water levels and flows of the Great 
Lakes and St. Lawrence River. 



Communicating about 
Water Level Issues 

Underlying the previous discussion of institu- 
tional arrangements is the assumption that, to 
be effective, these institutions must be respon- 
sive to the public they serve. A central premise 
to this study has been that actions can be 
more responsive to the public if the public is 
involved in the problem-solving process. In a 
sense, the Levels Reference Study has been an 
exercise in cooperative problem-solving by 
the institutions responsible for, and the citi- 
zens affected by, Great Lakes-St. Lawrence 
water levels issues. Such cooperation has 
been achieved by a process grounded firmly 
in two-way communication. 

This study's strong commitment to openness 
and citizen involvement grew out of the pub- 
lic's demand for a major role in the decision- 
making process. The Reference for this study 
was issued in a climate of extreme mistrust of 
governments.and their efforts to deal with 
problems accompanying high water levels of 
the Great Lakes and St. Lawrence River. This 
public perception was partly attributable to 
inconsistency in information, and to a deci- 
sion-making process perceived as closed and 
oriented to the benefit of a few small, but 
powerful interests. The first steps toward dis- 
pelling this mistrust were taken by opening 
this study to full public scrutiny and inviting 
citizen input throughout the process. 

Chapter 
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This has led to the conclusions and recom- 
mendations for action presented in this docu- 
ment. The utility of an open communication 
process will not end with presentation of the 
study's final recommendations. If this study 
has laid the communication ground work suc- 
cessfully, it will have helped to build consen- 
sus among the affected interests on the most 
desirable solutions to water level problems, 
and it will have established at least a limited 
amount of trust in the institutions responsible 
for implementing recommendations. That 
trust will be maintained only if citizens contin- 
ue to be involved in implementing of the 
study's recommendations. 

Whatever measures governments implement 
as a result of this study, the foundation for 
their success will be laid only through an 
effective process of continuing two-way com- 
munication with the users of the Great Lakes- 
St. Lawrence River System. The recommenda- 
tions presented in this chapter reflect the insti- 
tutional considerations discussed in the previ- 
ous chapter and respond to day-to-day needs 
of system users. 

Besides providing information and receiving 
feedback on the implementation of measures, 
communications efforts must improve public 
knowledge of the Great Lakes-St. Lawrence 



System. Regardless of measures arising from 
this study, water levels and flows in the Great 
Lakes and St. Lawrence River will continue to 
fluctuate. It is impossible to predict when or 
whether the extreme highs and lows of this 
century will be repeated or exceeded. 
However, the more the affected interests know 
about water levels, the reasons for their fluctu- 
ations, the actions governments are taking, 
and the risks involved in using a system that is 
subject to daily, seasonal and long-term fluc- 
tuations, the better they will be able to cope 
with these changes. 

The Governments of the United States and 
Canada recognized this in their 1986 
Reference.117 In addition to their charge to 
"examine and report on measures. . .," the 
Governments requested the Commission to 
"develop an information program which could 
be carried out by responsible government 
agencies to better inform the public on lake 
level fluctuations." 

The first steps toward such a program were 
taken by a communications task group which 
consisted of communications practitioners 
from government agencies involved in water 
levels issues and representatives of some of 
the interests that would be on the receiving 
end of communications efforts. This group 
produced a report that recommended a bi- 
national communications clearinghouse to 
deal with water levels issues. This report was 
examined and expanded upon in the final 
phase of this study.118 

In addition to developing a broad framework 
for a coordinated communications program, 
this study surveyed 65 users of water level 
information to determine how best to meet 
their needs.119 An assessment of the respons- 
es revealed that certain user groups (coastal 
engineers, government emergency workers, 
recreational boaters, marina operators and 
shoreline property owners) find deficiencies 
in the information services they currently 
receive. 

The results of this survey suggest a strategy 
for improving the quality and communication 
of water level information involves: 1) devel- 
oping better extreme level statistical decision- 
making tools; 2) proposing to relevant agen- 
cies that subtle changes be made to water 
level bulletins currently distributed in Canada 
and the United States to make them more 
understandable; and, 3) tailoring the wealth of 
existing information to users' needs.120 

The communications recommendations pre- 
sented here aim to achieve a coordinated 
communications effort in both countries to 
provide a framework for responding to, 
among others, the needs uncovered in the 
user survey. 

WATER LEVEL 
COMMUNICATIONS 

In order to be effective, a clearinghouse would 
need unencumbered access to various experts 
involved in water levels issues. This would be 
true particularly in times of high or low water 
crises when the clearinghouse would be called 
upon to supply real-time information on water 
level events. 

Currently, this expertise resides with the two 
federal agencies mainly responsible for com- 
municating with the public on Great Lakes-St. 
Lawrence water level issues. An effective 
clearinghouse would also require continuous 
funding, which could best be guaranteed if it 
were an arm of existing agencies. 

For these reasons, the Board concluded that 
such a facility could best be implemented by. 
the federal governments of both countries 
through government agencies currently 
responsible for dealing with water level 
Issues. 

Il'Letters of Reference (August 1, 1986). 
11eWorking Committee 1, Recommendations on a Communications Program for Governments (June 12, 1992). 
1lgTask Group 2, Working Committee 3, "Improved Communication of Water Level Information", Climate, Climate Change, Water 

Level Forecasting and Frequency Analysis, Supporting Documents, Vol. 3 (February 15, 1993). 
12oSee Chapter 8 for detailed recommendations as a result of this survey. 



7.2. 
RECOMMENDATIONS 

The Board recommends that a Great 
Lakes-St. Lawrence Water Level 
Communications Clearinghouse be 
established as a bi-national effort by 
the United States and Canadian 
Governments, with the responsibility 
t o  communicate with the public, to  
facilitate communication between 
the public and governments, and t o  
facilitate coordination of agency 
communication activities related to  
the water levels and flows of the 
Great Lakes and St. Lawrence River. 

The Board recommends that the 
Clearinghouse be established under 
major federal agencies such as 
Environment Canada and the United 
States Army Corps of Engineers, 
which already have significant 
responsibilities in  this area, and that 
it be linked t o  larger units within 
these agencies t o  act as information 
resources and provide staff support 
in  water level crisis periods. 

'The Board recommends that the 
Clearinghouse establish and co- 
ordinate a network of agencies and 
groups that communicate about 
water level issues. 



Management and 
Operational Improvements 

The discussion and recommendations of the 
previous chapters have indicated the difficul- 
ties inherent in managing a natural resource 
as vast in size and as widely used as the Great 
Lakes and St. Lawrence River. Many of the 
preceding recommendations aim at improving - 

coordination and consistency of decision-mak- 
ing processes for uses of the water in the sys- 
tem and the land that surrounds it. However, 
issues management and decision-making 
require good data. While this study has suc- 
ceeded in making a comprehensive examina- 
tion of the engineering, economic, environ- 
mental and social issues implicit in Great 
Lakes-St. Lawrence River management, it has 
also identified areas in which data-gathering 
efforts, information storage, interpretation and 
communication could be improved. This chap- 
ter describes areas for potential improvement 
and makes recommendations accordingly. 

8.1. 
WATER LEVEL 
MANAGEMENT 

This study reviewed the current procedures 
for calculating, forecasting and regulating lev- 
els and flows of the Great Lakes and St. 

Lawrence River. Several areas for improve- 
ment were identified. These improvements, 
described in the following sections, could be 
incorporated into current procedures as they 
become available. 

8.1.1. 
Lake-Wide- Monitoring and 
Gauging Network 

A 1979 assessment121 of data collection net- 
works and programs for gathering basin-wide 
precipitation, evaporation, inflow, and outflow 
information indicated that existing methods 
do not adequately define the complex clima- 
tology, hydrology and hydraulics of the Great 
Lakes and St. Lawrence River. 

Deficiencies exist in the precipitation monitor- 
ing networks-especially in the Lake Superior 
basin-and in snow collection programs-par- 
titularly in the United States' portions of the 
basin. Some key locations for measuring 
inflows from tributaries are inadequately 
gauged in the Lakes Superior, Michigan, and 
Huron watersheds. Timely data transmission 
from the water level and hydrometeorologic 
station networks is not adequate during some 
critical periods. 

lzllnternational Great Lakes Technical 1nf;ormation Network Board. Great lakes Hydrometeorologic and Hydraulic Data Needs. 
Report to the International Joint Commission, (December 1984). 



Estimates of precipitation over the lakes are 
still crude; but these estimates could be quick- 

\ 
ly improved with next-generation radar obser- 
vations. Revisions to lake evaporation esti- 
mates have begun onjy recently, based upon 
satellite and airborne-derived surface temper- 
ature observations. 

Improvements in gathering and use of com- 
prehensive basin-wide water supply data 
would allow better understanding of the sys- 
tem and improved water level management. 
Upgrades in computer models to simulate 
hydrologic conditions, forecast future water 
supplies, and calculate lake outflows would 
benefit from these improvements. 

8.1.2. 
System Modeling 

Development of adequate Great Lakes water 
level statistics is hampered by the lack of a 
comprehensive, coherent and unified strategy 
for modeling Great Lakes-St. Lawrence River 
hydrology and hydrodynamics. At the heart of 
a strategy to improve statistics should be a 
comprehensive water supply and routing com- 
puter model for the entire Great Lakes-St. 
Lawrence River system that allows for input of 
observed hydrometeorology and water levels. 
The model would simulate existing conditions 
and compare these estimates with historic 
conditions as well as forecast water supplies 
into the near future and route these supplies 
through the system. Such capability would 
provide timely assessments of the impacts 
from changing water levels and flows. Key 
features of such a model should include: 

1. Comprehensive treatment of over-land 
and over-lake hydrologic inputs, and 
robustness in both simulation and fore- 
casting of water supplies and water levels; 

2. Continuous and automated daily account- 
ing of the hydrologic parameters affecting 
water levels; 

3. Links between deterministic and stochas- 
tic elements in the forecasting routines; 

4. Validity over a wide range of temporal 
and spatial scales; and, 

5. Availability to a wide user community. 

This model has been largely developed, 
although add.itional improvements are 
required to take advantage of the emerging 

availability of over-lake observations acquired 
from radar, airborne and satellite systems. The 
predictive nature of the comprehensive model 
could assist in determining if deviations from 
current operational water level regulation 
plans are warranted. 

8.1.3. 
Uncertainty Analysis 

The St. Lawrence Board of Control has discre- 
tionary authority to deviate temporarily from 
Plan 1958-D. This can be done when a devia- 
tion would provide either benefits or relief 
from problems. However, such deviations are 
only permitted when they can be accom- 
plished without appreciably adverse effects to 
any other interests concerned with Lake 
Ontario regulation. Similar authority should be 
provided to the Lake Superior Board of 
Control. 

The St. Lawrence Board of Control uses its dis- 
cretionary authority to manage outflows from 
Lake Ontario to minimize damage and hard- 
ship in times of high and low water supply on 
Lake Ontario and the St. Lawrence River. In 
periods of crisis, under the direction of the 
Commission, it does so in accordance with 
Criterion (k) of the orders of approval for the 
Regulation of Lake Ontario. This criterion 
specifies that: in times of extremely high sup- 
plies, lake outflows be managed to provide all 
possible relief to shoreline property owners 
upstream and downstream, and in times of 
extremely low supplies, the outflows be man- 
aged to provide all possible relief to naviga- 
tion and power interests. 

In these periods, the Board of Control must 
decide the flow from Lake Ontario almost 
daily. The Board of Control would benefit from 
increased and more accurate information 
relating to: the stillwater level of Lake Ontario, 
the risk of damage around the Lake, the flow 
from the Lake, and the risk of damage on the 
St. Lawrence River in the Montreal area and 
downstream. For example, if both Lake 
Ontario and the St. Lawrence River are above 
their flood stage, the Board of Control must 
decide how the outflow can be modified to 
equitably balance adverse impacts. 
Complicating factors are such weather-driven 
uncertainties as storm surge on Lake Ontario 
and the short-term outflow variations in the 



Ottawa River and other downstream tribu- 
taries. 

Other sections of this chapter state that mod- 
els used for simulating, forecasting and regu- 
lating levels and flows should be upgraded, 
that forecasting and statistical information 
should be improved, and that Lake Ontario 
and the St. Lawrence River should be assigned 
first priority in a recommended survey of 
potential shoreline damage. This information 
could be used with uncertainty analysis to 
evaluate the combined uncertainty of water 
supply, weather, Ottawa River and other St. 
Lawrence River tributaries, to provide signifi- 
cantly improved understanding of the range 
of factors that must be considered in discre- 
tionary decisions by the St. Lawrence River 
Board of Control and other decision-makers.' 

8.1.4. 
Forecasting and Statistics 

With the development of improved models, 
better statistics could be furnished to users. 
These statistics would: 

1. Be conditioned on present levels and 
existing climate regimes, and incorporate 
the concept of planning horizon; 

2. Correctly compute the joint probability of 
the combined effects of mean levels, 
surges, and waves; and, 

3. Correct for physical trends such as crustal 
movement. 

Water levels and supply forecasts that provide 
only a single forecast time series have limita- 
tions. Present Great Lakes-St. Lawrence water 
level forecasts (i.e., monthly water level bul- 
letins) perform the same as, or only marginal- 
ly better than, a simple reference forecast 
based on average changes in levels superim- 
posed on beginning water levels. 

Without significant improvements in long- 
range precipitation and temperature forecasts, 
substantive improvements in the accuracy of 
water supply forecasts are not possible. The 

net basin supply techniques do not perform 
significantly better than the forecasts based on 
long-term climatology. However, the Great 
Lakes Forecast Package122 performs marginal- 
ly better, with few exceptions. Some improve- 
ment in the net basin supply forecasting for all 
models could be achieved with advancements 
in modeling, data collection, and weather fore- 
casting. 

Water level forecasts that indicate the range 
of future probabilities should be used in the 
water level bulletins issued by both federal 
governments. Graphic forecasts indicating the 
highest or lowest that levels might be expect- 
ed to go can allow users to exercise their own 
judgment about possible future levels. Cur- 
rently, the Canadian bulletin illustrates the 
range of future water levels based on extreme- 
ly high and extremely low water supplies. 

8.1.5. 
Communications 

It is impossible to predict when the extreme 
highs and lows of this century will be repeated 
or exceeded. It is, however, probable, based 
on historic conditions, that they will be 
exceeded. The more affected interests know 
about water levels, the reasons for their fluctu- 
ations, the actions governments are taking, 
and the risks involved in using a system that is 
subject to daily, seasonal and long term fluctu- 
ations, the better they will be able to cope with 
these changes. 

The results of a user survey123 suggest ways 
to improve the quality and communication of 
water level information: 

a. Tailor forecasts and other statistical infor- 
mation to the needs of specific user 
groups. 
Those with the clearest needs for this 
information are: engineers, government 
emergency workers, recreational boaters 
and shoreline property owners. Their 
needs range from additional technical 
information to explanations in simple 1 

terms of forecast information. 

122The Great Lakes Forecast Package is a set of computer models and a data retrieval system that is used to forecast the water 
supplies to the lakes though a detailed hydrological accounting of recent and anticipated precipitation, evaporation and 
runoff. 

123See Chapter 7 and Annex 3 for more discussion of the user survey. 



b. Make changes t o  the water level 
bulletins. 
In both the United States and Canada, the 
bulletins are the best known and most 
used tools for communicating lake levels 
and forecasts. However, a number of reg- 
ular bulletin users do not fully understand 
this valuable tool; nor are the forecasts 
given in the two bulletins consistent. 

c. Increase access t o  historic/real-time 
water level data. 
While some of the survey respondents 
expressed a need for access to water level 

, data, only a small percentage know how 
to obtain it. While some users need to per- 
form their own statistical analyses on the 
data, others (marina owners, riparians, 
emergency officials) could benefit from 
access to real-time information at local 
gauges, particularly during periods of 
extreme levels. 

d. Statistical forecast graphics should be 
available on request. 
Some users would like more probabilistic 
information included in the water level 
bulletins. 

e. Scientists need t o  develop a credible 
methodology for combining the effects 
of high water levels, storm surges and 
waves. 
Areas not currently covered by storm 
surge forecasts need to be included. 
Where surge forecasts exist, efforts to 
improve their accuracy and distribution 
should be continued. Local government 
agency staff should be encouraged to pro- 
vide forecasters with feedback. 

f. Periodic workshops should be held for 
scientists and users of water level infor- 
mation. 
If progress is to be made in the areas 
mentioned in paragraph "e," workshops 
for users (local government staff, engi- 
neers, and others who serve in an ad- 
visory or communication capacity) will be 
essential. 

g. Public awareness of existing products 
should be improved. 
Much useful information about the fluctu- 
ating levels of the Great Lakes and St. 

Lawrence River is not used, because peo- 
ple who could use it are not aware of it. 
The agencies involved in generating lake 
level forecasts and statistics need to take 
more active roles in effectively dissemi- 
nating their information, perhaps through 
a Water Levels Clearing-house such as the 
one recommended in Chapter 7. 

h. Continue t o  publish and further coordi- 
nate the Monthly Water Levels Bulletin. 
The Monthly Water Levels Bulletin should 
continue to be published and further coor- 
dinated, so that the water level measure- 
ments and forecasts issued by each 
country agree. 

i. Conduct public awareness activities dur- 
ing non-crisis periods. 
Governments should continue to take 
advantage of non-crisis periods to educate 
the general public about the risks associ- 
ated with changing Great Lakes-St. 
Lawrence River water levels, and to 
strengthen their communications 
capabilities. 

j. Enhance capabilities of communicating 
during watches and warnings. 
Governments should take steps to main- 
tain and enhance their capabilities to com- 
municate with the public during high 
water level/flood and erosion watches and 
warnings. 

k. Aim material at specific audiences. 
Information material should be focused 
toward specific audiences, such as ripari- 
ans and recreational boaters. 

I. Participate in  public awareness activities. 
Governments should participate in public 
awareness activities in school curricula 
and with the public in general. 

These actions would require the initiative and 
support of the Coordinating Committee on 
Great Lakes Basic Hydraulic and Hydrologic 
Data referred to in Chapter 6. In addition, the 
water levels communications clearinghouse 
might take an active role in some of these 
activities. Both the Clearinghouse and the 
Coordinating Committee should be responsi- 
ble for reviewing these recommendations and 
determining the best way to implement them. 



It is estimated that Governments would need 
to commit approximately $500,000 per year, 
per country to support the above activities. 

8.1 -6. 
Recommendations 

The Board recommends that action 
be taken t o  improve the information 
base used t o  manage the Great 
Lakes-St. Lawrence River resource i n  
the following ways: 

1. That the identified deficiencies in 
the precipitation and snowpack 
network be remedied. 

2. That a risk analysis model be 
developed that takes into 
account uncertainties of water 
supply to  Lake Ontario, storm 
surge on Lake Ontario, variations 
of tributary inflows t o  the St. 
Lawrence River downstream of 
Cornwall and updated stage-dam- 
age data in  the Lake Ontario-St. 
Lawrence River system to  assist 
i n  equitably managing outflows 
during high- and low-water sup- 
ply periods. I f  discretionary 
authority is provided to  the Lake 
Superior Board of Control, as rec- 
ommended elsewhere in  this 
report, this model should be 
implemented for Lake Superior, 
as well. 

3. That efforts be made t o  improve 
long-range precipitation and tem- 
perature forecasts. 

4. That new technologies such as 
satellite, airborne and ground- 
based radar be developed for use 
in  the monitoring of lake evapo- 
ration, overlake precipitation and 
basin-wide snow conditions. 

5. That work continue on upgrading 
models used for simulation, fore- 
casting and regulation t o  formu- 
late a comprehensive water sup- 
ply and routing model that 
includes the whole basin through 
Trois Rivieres, Quebec. 

6. That efforts t o  improve forecast- 
ing and statistical information be 
continued, so that all users 
throughout the system can make 

better decisions and that this be 
coupled with an upgraded sys- 
tem-wide supply and routing 
model. 

7. That the suggestions referenced 
in  this chapter to  improve com- 
munication be implemented. 

8.2. 
HAZARD AREA 

This report has repeatedly stressed the need 
for coordinated, and integrated management 
of both the water and land components of the 
Great Lakes-St. Lawrence River System. 
Decision-makers need good geographic infor- 
mation on which to base decisions regarding 
the use of hazard land areas and to communi- 
cate with the public during the decision-mak- 
Ing process. 

8.2.1. 
Mapping of Hazard Areas 

Hazard mapping programs focus on determin- 
ing the susceptibility of land to flooding and 
erosion. The need for mapping areas particu- 
larly susceptible to these natural hazards has 
long been recognized as the basis for many 
other land and water management strategies. 
Hazard maps could be produced for the entire 
Great Lakes-St. Lawrence shoreline in accor- 
dance with still-undeveloped standard and 
consistent methodologies. Maps of hazard 
areas should be updated periodically and 
made available to  the public,particularly to 
those who live within mapped hazard areas. 

8.2.2. 
Flood Hazard Areas 

Flood hazard areas have been partially identi- 
fied through the National Flood Insurance 
Program in the United States. Rough esti- 
mates indicate that the magnitude of efforts 
and costs required to adequately map United 
States areas within the 1% risk line to 0.3 
metre (1 foot) contour detail would cost 
approximately $3.5 million. Standardized pro- 
cedures for such a comprehensive flood haz- 
ard mapping program are not available at pre- 
sent. The Federal Emergency Management 
Agency, the United States Army Corps of 
Engineers, and the eight Great Lakes States 



would need to agree on such a standard 
before this type of effort could be initiated. 

In Canada, flood areas along the Great Lakes- 
St. Lawrence Rivershoreline are being defined 
through the Canada-Ontario Flood Damage 
Reduction Program. Originally instituted to 
map riverine flood hazard areas, the program 
was expanded in the late 1980's to include 
parts of the Great Lakes. This project, which 
maps the 1% risk line to 1 metre contours, has 
cost the provincial and federal governments 
about $3.5 million to date and is scheduled to 
be completed in 1993. By that time, shoreline 
mapping will have been completed for parts of 
Lakes Huron, Erie and Ontario. 

Identification of shoreline flood hazards along 
the Great Lakes is difficult since lake levels 
react to long-term weather and climatic 
trends, in addition to daily or seasonal fluctua- 
tions. Many techniques are available to deter- 
mine shoreline flood hazards, including stage- 
frequency analysis, topographical analysis, 
determination of high water marks, and water 
balance statistical approaches. This study has 
used a combined probability of still and storm 
water levels to determine flood hazard areas. 

8.2.3. 
Erosion Hazard Areas 

Erosion hazard areas have not yet been clearly 
defined. As noted earlier, there is little consis- 
tency between states and provinces on how 
erosion rate information is established. Basin- 
wide consistency is required. 

Considerable progress has been made in this 
study toward understanding the erosion 
processes that influence coastal morphology 
(physical changes), especially as they relate to 
cohesive and sandy shorelines. Using the 
shoreline classification, erosion rate and ero- 
sion sensitivity information, and using the 
guidelines for erosion setbacks established in 
this report, erosion hazard areas could be 
identified. 

8.2.4. 
Recommendations 

The Board recommends that efforts 
be initiated to standardize hazard 
mapping methodologies across the 

Great Lakes-St. Lawrence River 
region and that efforts continue to 
identify and map all flood and ero- 
sion hazard areas in the system. 

The Board further recommends that 
procedures be developed for allow- 
ing broad access to such maps for 
general use. 

8.3. 
DATA NEEDS AND USE 

Data is a cornerstone to understanding. 
Without data and scientific research, decisions 
are made without firm grounding. Throughout 
this study, considerable efforts have been 
made to gather information about the poten- 
tial impacts of measures. In some cases, this 
required gathering new data, but time restric- 
tions often necessitated reliance on existing 
information. A number of data gaps need to 
be filled to improve bases for decision-making 
and to provide opportunities for implementa- 
tion of improved technology. 

Most shoreline erosion studies have used his- 
toric bluff recession rate data for a limited 
number of shore types. This information is not 
consistent between states and provinces and 
has only rarely been based on long-term mon- 
itoring of the shoreline. Although this informa- 
tion was adequate to complete the work of 
this study, a comprehensive recession rate 
database would have permitted a more thor- 
ough evaluation of the relationship between 
water levels and erosion. A comprehensive 
database would include periodic (monthly or 
yearly) investigations of recession rates and 
nearshore profiles for all shore types. It would 
permit states and provinces to begin develop- 
ing consistent erosion setback lines. 

The erosion studies conducted within this 
study determined that not all shoreline ero- 
sion is affected by water level changes. While 
erosion can be reduced for some types of 
shoreline by reducing the water level range, 
this is not true for all shore types. For cohesive 
shorelines where the lake bottom follows an 
equilibrium profile shape, for example, the 
influence of reducing the range of lake levels 



would result in minimal reduction (less than 
5%) to the existing long-term recession rates. 
This finding could have significant implica- 
tions for the use of existing erosion stage- 
damage curves, which imply a direct relation- 
ship between water levels and erosion 
damage. 

Erosion stage-damage curves may not ade- 
quately estimate the impact of changes in still- 
water levels on erosion damage. Any future 
work carried out to determine potential ero- 
sion damage should be based on the type of 
information gathered through the erosion sen- 
sitivity work. Examples of these types of stud- 
ies were carried out for Berrien County, 
Michigan on Lake Michigan, Oswego County 
on Lake Ontario, and for Central Lake Erie, 
Ontario.124 

8.3.2. 
Recommendation 

The Board recommends that long- 
term monitoring of shoreline erosion 
and bluff recession be undertaken 
and that future erosion damage 
assessments consider, or be based 
on, information and methodologies 
developed during this study to 
improve these approaches. 

8.3.3. 
Land Use and Land Use 
Trends 

Individual tasks conducted for the Reference 
Study generated baseline land use informa- 
tion for the majority of the Great Lakes and St. 
Lawrence River shorelines. This information is 
not complete, however. There are gaps in the 
Canadian portions of information .gathered for 
Lakes Huron and Superior. The United States 
and Canadian databases are similar, although 
not identical. The United States land use data- 
base is inconsistent in temporal coverage, 
with information within the State of Michigan 
having been generated for 1979 conditions, 
while the shoreline information of the other 
seven Great Lakes states is from 1988-90. 
Nevertheless, the information generated was 

useful in determining the potential for both 
inundation and erosion damage along the 
shorelines. 

Due to the dynamic nature of land uses along 
the shoreline, it is essential that this informa- 
tion be updated periodically and made uni- 
form across the region. Information on land 
use and land use trends is critical for assess- 
ing future impacts of fluctuating Great Lakes- 
St. Lawrence River water levels and for mak- 
ing appropriate planning decisions. 

8.3.4. 
Recommendation 

The Board recommends that the 
United States and Canadian land use 
mapping systems be updated on a 
periodic basis and that they be 
designed and developed cooperative- 
ly to promote uniformity. 

8.3.5. 
Determination of Damage 

A limitation of the potential damage estimates 
for this study was the lack of an accurate 
inventory of all properties, structures, and 
improvements within the erosion and flooding 
hazard zones along the shorelines. The exist- 
ing damage data bases for erosion and flood- 
ing vary in age, method of collection and relia- 
bility. The stage-damage curves rely primarily 
on historical damage estimates gathered dur- 
ing'the high water periods of the 1970's and 
1980's. Although the curves provide reliable 
estimates of the historical expenditures that 
resulted from the high water periods, reliance 
on historical damage limits the applicability of 
the data to estimates of potential future dam- 
age. It also increases the chance of errors 
every time the curves are updated. 

Continual updating of flood and erosion stage- 
damage curves will not be adequate for long- 
term determination of damage. A new dam- 
age survey is required, and it should consist of 
the largest sample possible. However,even a 
very small sample can yield information that is 
superior to that which is currently available. 

124Working Committee 2, Potential Damages Task Group, Final Report (March 1993). 



Any effort to collect new data should be 
accompanied by a carefully prepared strategy 
to collect and process the acquired data.125 A 
damage survey combined with continual 
updating of land use and land use trends can 
provide accurate estimates of potential dam- 
age along the Great Lakes-St. Lawrence River 
shoreline. The estimated cost of obtaining a 
stratified random sample of Great Lakes-St. 
Lawrence River riparian property is $250,000 
to $500,000. Future potential damage esti- 
mates should be generated using accurate 
estimates of structures and lands at risk within 
accepted hazard area delineations. This infor- 
mation would be useful in making decisions 
on balancing water between Lake Ontario and 
the St. Lawrence River during periods when 
Lake Ontario is high and high water supplies 
to the system are forecast. 

8.3.6. 
Recommendation 

'The Board recommends that a poten- 
tial damage sample survey be under- 
taken in the future to improve flood 
damage estimates. The Board further 
recommends that the first priority 
for the potential damage sample sur- 
vey be Lake Ontario and the St. 
Lawrence River. 

8.3.7. 
Wetlands 

Wetland research for the Reference Study 
made use of available data, or collected new 
data, during a very short time period. Short- 
term studies that assess long-term processes 
cannot provide complete insight into the inter- 
actions between water level changes and wet- 
lands of the Great Lakes-St. Lawrence River 
System. Natural and human resource manage- 
ment and protection strategies based on 
short-term studies risk error, because real data 
taken during fluctuation events are not avail- 
able. Long-term evaluation (e.g., monitoring 
studies) of the effects of lake levels, connect- 
ing channel levels, and flow variations would 
improve the understanding of the wetland 
resources in the Great Lakes-St. Lawrence 
River System and increase opportunities for 

maintenance and improvement of the wetland 
resource. 

A limitation of the Reference Study was the 
lack of a comprehensive wetland inventory for 
the entire Great Lakes-St. Lawrence River 
Basin. Although a complete wetland inventory 
was available in the United States, i t  was limit- 
ed in its level of detail and not comprehensive- 
ly verified by field work. An inventory compa- 
rable to the United States database was not 
available in Canada. As a result, numerical 
estimation of the total acreage of wetlands at 
risk to future changes in the natural water 
level regimes was not possible. 

The current regulation plan for Lake Ontario 
(Plan 1958-D with deviations) has caused neg- 
ative impacts on Lake Ontario shoreline wet- 
lands and on the St. Lawrence River flood 
plain forests at Lac Saint-Louis as a result of a 
reduced water level range and increased flow 
fluctuations respectively. Further study of 
these impacts and potential future impacts 
should be conducted. 

8.3.8. 
Recommendation 

The Board recommends that a com- 
prehensive wetlands inventory be 
completed and that long-term 
assessments of the effects on wet- 
lands of variations in levels and 
flows be continued. 

8.3.9. 
Climate Change 

Although global climate models (GCMs) are 
the best tool for predicting future climates and 
climate change, the need continues for further 
improvements. Confidence in regional climate 
patterns based directly on GCM output is rela- 
tively low, and there is no consistent evidence 
regarding changes in climate variability or 
storminess. Increased confidence in the geo- 
graphical patterns of climate change requires 
new simulations with improved coupling of 
atmospheric and ocean processes, and with 
radiative forcing scenarios that include 
aerosols: 

125Yoe. Charles., A Critical Review of Stage-Damage Curves, 
Task Group of Working Committee 2, (June 1992). 

Existing and Updated U.S. and Canadian. For the Potential Damage 



Accurate predictions of future climate require 
two things: 1) inclusion all of the major natural 
and human factors known to affect climate; 
and, 2) prediction of future magnitudes of 
atmospheric concentrations of greenhouse 
gases. The first condition is only partially met 
with current GCM experiments, since the 
experiments include only radiative forcing 
induced by greenhouse gases. Thus, their 
results relate only to the greenhouse compo- 
nent of climate change and do not account for 
other factors. This incomplete accounting, 
however, does not negate their results, since it 
is still believed that greenhouse gases pro- 
duced by humans are the greatest contributor 
to the greenhouse effect. The second condi- 
tion will be met when a specific prediction (as 
opposed to a scenario) of future atmospheric 
concentrations of greenhouse gases can be 
made. This will require an improved under- 
standing of social, technological and econom- 
ic processes that contribute to production of 
greenhouse gas emissions. 

8.3.10. 
Recommendation 

The Board recommends that refine- 
ment of Global Climate Models be 
continued to improve their predictive 
capability and use as a planning tool. 

The Board further recommends that 
efforts continue to develop a bi- 
national assessment of the potential 
impacts of climate change on the 
Great Lakes-St. Lawrence River 
System and to coordinate a response 
to the expected climate changes. 

8.3.1 1. 
Geographic Information 
System 

Geographic information system (GIs) technol- 
ogy has dramatically changed the rate at 
which data that is referenced geographically 
can be produced, updated and disseminated. 
This computer-based technology has made 
the production and analysis of geographic 
information more efficient and has changed 
the way this information is perceived and 
used. Almost all of the data gathered for the 
Levels Reference Study is spatially-related to 
the Great Lakes-St. Lawrence River System. 

The size of the system requires large databas- 
es. GIs not only allows data storage and man- 
agement capabilities, i t  also allows data to be 
updated easily and permits spatial analysis of 
the data. This might include anything from 
simple map overlays to more sophisticated 
"what if" scenarios. It makes sense that data, 
both digital and attribute, gathered in this 
study and others should be housed in a GIs 
database to provide optimal use. 

GIs has been usedfor a number of projects 
within this study. These include: shoreline 
classification of the geomorphology, level of 
shore protection, sub-aqueous and erosion 
sensitivity characteristics of the shoreline, land 
use inventory and trend data, historical wet- 
land studies, and site specific studies. 

The land use database produced in this study 
is extensive but not fully integrated. Land use 
information for the United States shoreline 
has been fully incorporated into a geographic 
information system. Land use for the 
Canadian shoreline is in geographic informa- 
tion system and spreadsheet formats, which, 
in  its present form, provides useful static land 
use information. Land use information con- 
tained in the Canadian Coastal Zone Database 
has not been standardized or integrated. A 
fully operational geographic information data- 
base would have the capability to undertake 
powerful and accurate planning and manage- 
ment "what if" scenarios to predict future land 
use changes and potential impacts along the 
shoreline. 

Development and use of hazard maps can be a 
costly and time-consuming venture. GIs use 
will allow data to be updated regularly and 
much more easily than it has been in the past. 
Relating hazard area information with land use 
information can prioritize those areas requir- 
ing remedial land use practices. This can be 
done with the GIs by overlaying hazard area 
information with land use information. This 
combined information can also be ,used to 
determine potential property damage. Hazard 
areas should be identified and digitized into 
the land use GIs database. 

The wetland inventory should be implemented 
and maintained in a GIs database. Such a 
database would allow for updating informa- 
tion and accurate spatial analysis. The data- 



base could be integrated with the land use and 
hazard area database to provide further analy- 
sis capabilities, such as determining wetland 
areas encroached by residential development 
ina hazard area appropriate for land acquisi- 
tion. The establishment of the initial database 
would also permit wetland monitoring. 

The shoreline classification that is already in 
a GIs database should be integrated with the 
land use information tb determine if shoreline 
areas sensitive to water level changes are 
located in developed or undeveloped areas. 
This information would have implications for 
the recommended potential damage surveys. 

GIs is well-suited to assess the physical and 
economic impacts of changes to water levels 
and flows as a result of climate change. Future 
studies in climate change and climate change 
response should make use of GIs capabilities. 

Once data is in a GIs database, sharing the 
data is very easy. Data-sharing limits duplica- 
tion of effort and enhances coordination and 
cooperation between agencies. Issues relating 
to the Great Lakes-St. Lawrence River need 
coordination and cooperation between 
Canada and the United States. Use of GIs 
technology by both countries can foster this 
coordination by providing a common frame- 
work within which data is stored and analyzed. 
However, both countries must first agree to 
commit themselves to the use of GIs. 

8.3.12. 
Recommendation 

The Board recommends that the fol- 
lowing data elements be incorporat- 
ed into Geographic lnformation 
System databases: 

1. All  land use information for the 
entire shoreline. 

2. All  hazard areas along the Great 
Lakes-St. Lawrence River. 

3. All  coastal wetlands. 

The Board further recommends that 
cooperative bi-national coordination 
and planning of Geographic 
lnformation System development 
and use be considered to  increase 
the usability of the information 
stored in  Geographic lnformation 
Systems relating t o  the Great Lakes 
St. Lawrence River System, and that 
national and international standards 
for data transfer be established. 



Glossary 
Barrier Beach: Long sand beach that sepa- 
rates a back shore bay, lagoon, or low lying 
area such as a wetland from the open water. 
The barrier beach is generally formed through 
long-shore drift of sediment and is prone to 
overwash that allows water to enter the back- 
shore area. 

Basis of Comparison (BOC): The BOC is a 
set of water levels and flows that are used as a 
reference for assessing the impacts of 

, 

changes to the existing system due to possible 
lake regulation plans and the crisis manage- 
ment plan. The BOC is calculated for a 90-year 
period using 1900-1989 supplies. It gives the 
water levels and flows that would have , 
occurred each month of that period if all cur- 
rent regulation plans, current channels and 
existing diversions had been in effect over that 
entire period. The water supplies used to cal- 
culate the BOC are the supplies that actually 
occurred (historic supplies) during the 90 
years from 1900-1989. 

Black Rock Lock: The Black Rock Lock and 
Black Rock Canal near Buffalo, New York, 
where Lake Erie drains into the Niagara River, 
provide a protected waterway for vessels 
around the reefs, rapids and fast currents in 
the upper Niagara River. 

Canadian Coastal Zone Database: 
Information on the various attributes of the 
key components of the Canadian Great Lakes 
ecosystem (including land use, shore type, 
bathymetry, 1:100 year flood line), gathered 
and stored in a geographic information 
system. 

CFS (cubic feet per second): The units by 
which flows in the Great Lakes-St. Lawrence 
River System are measured. CFS units may be 
converted to their metric equivalent, cubic 
metres per second (cms) using (1 crns = 

35.31 5 cfs). 

CMS (cubic metres per second): The units 
by which flows in the Great Lakes-St. 
Lawrence River System are measured. CMS 
units may be converted to their metric equiva- 
lent, cubic feet per second (cfs) using (1 crns = 

35.315 cfs). 

Chicago Diversion (Lake Michigan 
Diversion at Chicago): Diversion of water 
through the Illinois waterway to the 
Mississippi River is for water supply, sewage 
disposal, power generation and navigation. 
The amount of water diverted is set at an aver- 
age of 3,200 cfs (90 cms) by a 1980 order of 
the United States Supreme Court. 

Control Structure: A gated structure (similar 
to a dam) placed in the river to allow adjust- 
able retardation of flow from the upstream 
lake. 

Criterion C: A requirement, in Lake 
Superior's regulation plan that calls for a 
specified flow during low water periods. When 
Lake Superior's level is less than 183.0 metres 
(600.5 feet), Criterion C requires that the total 
discharge from the lake shall be no greater 
than that which would have occurred prior to 
installation of structures in the St. Marys 
River. 



Detailed Site Study: For this study, detailed 
site studies involved the investigation of 
selected locations to gather information on 
flooding, erosion and low water impacts 
caused by either natural conditions or a given 
lake level regulation scenario. 

Equilibrium Profile: A cohesive shore profile 
that has reached its natural shape. 

Evapotranspiration: The evaporation of 
water from land and transfer of moisture from 
vegetation to the air. 

Federal Emergency Management Agency 
(FEMA): The federal agency in  the United 
States that handles the National Flood 
Insurance Program. 

Geographic Information System (GIs): A 
computer based information tool that cap- 
tures, displays and manipulates geographical- 
ly referenced data to assist in the decision- 
making process. 

Glacial Till: Soil left after the retreat of the 
glaciers primarily composed of clay, sand and 
gravel. 

Ice Booms: Consist of a series of floating t im- 
bers designed to assist with the formation of 
stable ice cover and to reduce the possibility 
of ice jams in connecting channels and the St. 
Lawrence River during the winter months. 
Booms are installed each winter in the St. 
Marys River, at the outlet of Lake Erie and in 
the St. Lawrence River. They are removed 
each spring. 

International Great Lakes Datum (IGLD): 
The reference system by which Great Lakes- 
St. Lawrence River Basin water levels are mea- 
sured. It consists of benchmarks at various 
locations on the lakes and St. Lawrence River, 
which are referenced to a point in  the St. 
Lawrence River that roughly coincides with 
sea level. All water levels are measured in feet 
or metres above this point. Movements in the 
earth's crust necessitate the updating of this 
datum every 25-30 years. The first IGLD was 
based upon measurements and benchmarks 
that centered on the year 1955, and it was 
called IGLD (1955). The most recently updated 
datum uses calculations that center on 1985, 
and it is called IGLD (1985). All water level 

measurements in this document are referred 
to IGLD (1955). 

lroquois Control Dam (Iroquois Dam): 
Extending across the St. Lawrence River at 
Iroquois, Ontario, this dam can be used to reg- 
ulate the flow of water from Lake Ontario, but 
is usually used only to assist in the formation 
of a stable ice cover in the winter, and to pre- 
vent water levels from rising too high in Lake 
St. Lawrence, which is located between this 
dam and the IMoses-Saunders Power Dam. 

LWD (Low Water Datum): In Canada, this is 
referred to as Chart Datum. LWD is a reference 
level on each of the Great Lakes that is used 
on navigation charts. Low Water Datum (or 
Chart Datum) is the level below which boats 
have less depth of water to the lake bottom 
than is shown on the navigation chart. Low 
Water Datum should not be confused with 
International Great Lakes Datum (IGLD), which 
is defined above. 

Long Lac and Ogoki Diversions: These two 
diversions are separate but they are often con- 
sidered together because they both divert 
water into Lake Superior that originally flowed 
north to James Bay. These diversions were 
developed in the 1940's to generate 
hydropower and, in  the case of the Long Lac 
diversion, to transport pulpwood logs. 

Long Sault Dam: Located near Long Sault, 
Ontario, and near the Moses-Saunders Power 
Dam, this dam acts as a spillway when out- 
flows from Lake Ontario are larger than the 
capacity of the power dam. 

Measure: Any action that could be taken to 
alleviate the adverse consequences of fluctuat- 
ing Great Lakes-St. Lawrence River water 
levels. 

Moses-Saunders Power House Power 
Dam: This dam extends across the St. 
Lawrence River between Cornwall, Ontario, 
and Massena, New York. This dam is used for 
hydropower generation, as well as to regulate 
the level of Lake Ontario. 

Multi-Criteria Multi-Objective Measures 
Evaluation: A process used to rate various 
measures,or options based on a set of agreed 
upon evaluation criteria. 



Non-Structural Measure: Non-structural 
measures include beach nourishment, land 
filling, bluff drainage, bluff stabilization and 
similar shoreline practices. 

1:100 Year Flood Line: The one in one hun- 
dred year flood line denotes the elevation at 
which there is a 1% risk of being flooded in 
any year. This elevation line is generally used 
to define the flood hazard area. 

Order of Approval: An order issued by the 
International Joint Commission that specifies 
conditions to be met in the implementation of 
actions that affect the levels and flows of 
boundary waters. 

Regulation Plan: A system of procedures 
established by the International Joint 
Commission that governs the operation of 
structures that control the outflow from a lake. 

Relict Dune: A sand dune that is no longer 
actively building. 

Riparian: For the purposes of this study, any 
individual who owns property that borders on 
the Great Lakes-St. Lawrence River System. 

Risk Analysis: An analysis that evaluated the 
probability of flood damage occurring at dif- 
fering elevations along the shoreline and 
assessing the probability of damage levels 
being exceeded. 

SEO: 'This acronym refers to Lakes Superior, 
Erie and Ontario and is a three lake regulation 
plan that would require dredging and control 
works at the Niagara River (see chapter 4). 

SHMEO: This acronym refers to Lakes 
Superior, Michigan-Huron, Erie and Ontario 
and is a five lake regulation plan that would 
require dredging and control works at the the 
St. Clair, Detroit and Niagara Rivers (see 
chapter 4). 

SO: This acronym refers to Lakes Superior 
and Ontario and is a two lake regulation plan 
that would require no new dredging or control 
works (see chapter 4). 

stages) caused by high lake levels. Stage-dam- 
age curves were also used in this study to plot 
erosion damage. Stage-damage curves that 
were developed for the St. Lawrence River 
differed from those prepared for the lakes, 
because the stage part of the curves was 
based upon river flows, rather than water 
levels. 

Stillwater: The level of the water measured 
without the influence of storms or waves 

Storm Surge: A surface tilt of a lake caused 
by strong winds continually blowing over the 
water body in one direction for a number of 
hours. 

Structural Measure: Structural measures 
include land use and shoreline measures such 
as shore protection works, including seawalls, 
breakwaters, groins, revetments, artificial 
headlands, artificial islands, dikes and similar 
practices. This reference to structural mea- 
sures does not include structures to regulate 
the levels and flows of the Great Lakes and St. 
Lawrence River. 

2xC02: Double the present concentration of 
carbon dioxide in the atmosphere, which is 
predicted to result in global warming. 

Welland Canal: Originally built in 1829, the 
canal diverts water across the Niagara 
Peninsula from Lake Erie to Lake Ontario. 
Used primarily for deep draft navigation and 
hydropower generation, the canal also sup- 
plies water for industrial and municipal use, 
and for water quality enhancement. The pre- 
sent Welland Canal is a-modified version of 
that built between 1913 and 1932 and has 
been an integral part of the St. Lawrence 
Seaway since 1959. 

Stage-Damage Curve: A graph developed 
by plotting the amount of dollar damage antic- 
ipated for a range of flood water elevations (or 
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Appendix 

Directive 
REVISED DIRECTIVE TO THE LEVELS REFERENCE 
STUDY BOARD (PHASE 11) 

1. The governments of Canada and the United States forwarded the Reference, dated August 1, 
1986 (Attachment 1) to the Commission for the examination and report pursuant to Article IX of 
the Boundary Waters Treaty of 1909. 

2. The Commission submitted an initial report to Governments by letters dated November 14 and 
December 10, 1986 which addressed the immediate emergency existing at the time the 
Reference was received. 

3. Concurrently, the Commission established a Task Force to obtain additional technical informa- 
tion on all possible high-level crisis measures. Based on the Report of the Task Force (October 
1987), the Commission submitted an interim report to Governments (Interim Report on 1985-86 
High Water Levels in the Great Lakes-St. Lawrence River Basin) in October 1988. 

4. In April 1987 the Commission approved a Directive establishing the Project Management Team 
(PMT) to be responsible for on-going project management and the conceptual, technical and 
administrative integration of the study. 

5. Based on the advice of the PMT, the Commission advised Governments by letter of December 
10, 1987 that the study requirements would be addressed in two phases. The PMT submitted 
their Phase I Progress Report and seven Annexes to  the Commission in July 1989 and the 
Commission transmitted a complete set of reports to Governments by letter of August 25, 1989. 

6. On February 8, 1990, the Commission established the Levels Reference Study Board (Phase Ill, 
hereinafter referred to as the Board, to undertlake, through appropriate governmental or other 
entities in Canada and the United States, the necessary investigations and studies and to advise 
the Commission regarding each issue raised in the Reference, except item number 2 and that 
answered by paragraph 3 above, namely: 

a) propose and evaluate measures which governments could take, under crisis conditions, to 
alleviate problems created by high and low lake levels; 

b) examine past, present, and potential future changes in land use and management practices 
along the shorelines of the Great Lakes, their connecting channels and the St. Lawrence 
River; 

C) determine, to the maximum extent practicable, the socio-economic cost and benefits of 



alternative land use and shoreline management practices and compare these with the 
revised costs and benefits of lake regulation schemes; 

d) investigate any feasible methods of improving the outflow capacity of  connecting channels 
and the St. Lawrence River; 

e) develop an information program which could be carried out by responsible governmental 
agencies to better inform the public about lake level fluctuations. 

The Board is requested to examine, in a systemic context, the effects both within and outside 
the basin of the measures it considers on: 

(1) domestic water supply and sanitation; 

(2) navigation; 

(3) water supply .for power generation, industrial and commercial purposes; 

(4) agriculture; 

(5) shore property, both public and private; 

(6) flood control; 

(7) fish, wildlife and other environmental aspects; 

(8) recreation and tourism. 

Wherever appropriate, the Board is encouraged to use improved analytical techniques which 
would best represent the changing conditions and socio-economic values in the Great Lakes 
region. In order to assess the viability of lake level regulation, the Board should take into 
account changes in land use practices induced by actions which previously have affected levels 
in the Great Lakes basin. 

, 

In the event that the Board's investigations show that new or altered works or other regulatory 
measures appear to be economically and environmentally practicable, it shall determine the full 
costs and benefits of such works or measures and indicate how the various interests on either 
side of the boundary would be affected thereby. In addition, the Board shall determine the need 
for and costs of remedial or compensatory works or measures which may be adversely affected 
by any proposed regulatory measures. 

7. In the conduct of its investigation, the Board should make use of relevant information and tech- 
nical data heretofore available, or which may become available during the course of the investi- 
gation. The Board's attention is specifically drawn to the Phase I Progress Report and its seven 
Annexes, as well as the following Commission interim reports and letters: 

(a) Initial letters to Governments - November 14 and December 10, 1986. 

(b) Letter to Governments (Phase I and II) - December 10,1987. 

(c) Plan of Study; transmittal letter to Governments - March 15, 1988. 

(dl  Interim Report on 1985-86 High Water Levels in the Great Lakes-St. Lawrence River Basin - 
October 1988. 

(e) Phase I transmittal letter to  Governments -August 25, 1989. 



The Board shall prepare and submit for Commission approval, as soon as possible, but no later 
than May 15, 1990, a Plan of Study ("POS") for the investigations it proposes to undertake. This 
shall include a schedule of the estimated time, costs and personnel involved in the completion 
of each of the necessary tasks, and an outline of how the various Reference matters will be 
addressed. 

In developing its POS, the Board should be guided by the following considerations: 

(a) The POS shall include but not be limited to the objectives in Attachment 2. 

(b) The POS shall make provision for the involvement and participation of the public and the 
various interests at all levels of the study. This involvement and participation is to assist in 
the conceptualization, implementation and review of activities pertinent to the study. 

(c) The POS shall make provisions for information exchange with the public, undertaken in 
consultation with the Commission. 

The Board shall carry out its programs in accordance with the Plan of Study approved by the 
Commission. If it appears to the Board at any time in the course of its investigations and 
studies that the programs should be modified, it shall so advise the Commission and request 
instructions. 

The Board shall submit to the Commission its final report and appendices, if any, no later than 
September 1, 1991. 

The Board shall consist of a U.S. Section and a Canadian Section, each having five members. 
Each section shall contain one member drawn from a federal agency, two members drawn 
from state or provincial agencies, and two non-governmental members. One non-governmen- 
tal member shall be appointed directly to each section of the Board. Each section shall also 
contain one non-governmental member designated by the Citizens Advisory Committee as pro- 
vided in paragraph 14. The Board may also appoint a Study Director, and the Commission may 
appoint the Director as a member of the Board. 

Notwithstanding 12 above, the Board shall act as a unitary body, carrying out its investigations 
jointly in both countries as a coordinated and integrated effort. 

The Board shall appoint a Citizens Advisory Committee (Committee) consisting of an equal 
number of members for the U.S. and Canada. The Committee shall be an advisory committee 
to the Board and the Board shall prepare its terms of reference. The Committee shall select two 
of its members, one from the U.S. and one from Canada, to serve as members of the Board as 
provided in paragraph 12. The members of the Committee shall participate as volunteers but 
will be reimbursed for their travel expenses and per diem expenses. Pursuant to its terms of 
reference; the Committee shall organize itself and meet as it deems appropriate. Its operational 
plan and budget once approved by the Board shall be incorporated into the POS. 

The Board may establish such committees and working groups as may be required to discharge 
its responsibilities effectively and may enlist the cooperation of federal, provincial or state 
departments or agencies in Canada and the United States. The duties and composition of any 
such committees shall be consistent with the Plan of Study as approved by the Commission. 

Members of the Board and of its committees and working groups serve in their personal and 
professional capacity under the direction of the Commission. 

The Board shall maintain liaison with the Commission's International Lake Superior, Niagara 
and St. Lawrence River Boards of Control, as well as the Great Lakes Water Quality and Science 



Advisory Boards, so that each may be aware of any activities of the other Boards which may be 
useful to it or may have a bearing on its activities. 

18. The Board shall submit bi-monthly reports to the Commission describing the progress that has 
been made and any problems that have arisen in the investigation. Regular semi-annual reports 
should be submitted at least two weeks prior to the Commission's semi-annual meetings in the 
spring and the fall. 

19. Reports, records of meetings and other documents prepared by the Board, its committees and 
work groups shall be available for public view. 

Attachments: 
As stated. 

Approved by the Commission at Ottawa on February 8, 1990, as revised at Washington, D.C. on 
April 20, 1990. 

ATTACHMENT 1 

(See Appendix B) 

ATTACHMENT 2 

Objectives for Phase I 1  

Objective 1 Principles: Establish a set of guiding principles that the Commission could pro'- 
pose to Governments to assist them in dealing with fluctuating water levels in the 
Great Lakes-St. Lawrence River Basin. Examples of two broad categories of princi- 
ples that should be considered are those that improve cooperative decision-mak- 
ing, and those that provide for an appropriate amount of flexibility for future 
conditions. 

Objective 2 Short-term Support Studies: Conduct short-term studies in several areas to 
supply information needed for successful completion of the other Phase I1 ob- 
jectives. Such studies would be of different duration and should include: 

(1) GIs: Continue the development of the Geographic Information System (GIs) 
initiated in Phase I by adding data and "intelligence" so as to be able to assess 
the potential impactsof fluctuating water'levels and potential measures. 

(2) Climate: Develop and test possible responses to various climate change sce- 
narios, including those studies in Phase I. 

(3) Erosion: Enhance Phase I information on the interrelationship of coastal ero- 
sion with fluctuating water levels, storm events, recession rates and shoreline 
morphology to confirm or reject Phase I conclusions regarding shoreline ero- 
sion processes. 

(4) Wetlands: Complete the Phase I wetland inventory and relate extreme water 
level fluctuations to the structure and function of sensitive wetland ecosys- 
tems. 



(5) Damage Potent ial :  
(a) Obtain additional information on the number and location of structures 

and users at risk in the Basin. Assess both the effect of these uses on the 
shoreline as well as the vulnerability of the various user groups to fluctu- 
ating high and low water levels. 

(b) Categorize the types of human uses of the shoreline and quantify them in 
such a way as to provide damage assessments needed for Objective 3 
(Measures and Evaluation). 

(6) Lake Regulation: Develop and test over a range of partial-to-total structural 
control options to confirm or reject the conditional conclusion in Phase I that 
lake regulation measures (Type I) are probabaly ill-advised. This information 
will assist in the model runs (Objective 3) and in assessing the environmental 
and economic costs of structural controls. 

(7) Regulat ion Plans: Further examine existing Regulation Plans 1977 and 1958- 
D to determine if any adjustments are appropriate following the identification 
of the significant effects of extreme water levels on various users in the Basin, 
and in particular recreational interests. The examination may also include 
results from Task 4 of this objective and other interests as appropriate. 

(8) Pol icy  Models: Develop one or more policy models incorporating such fac- 
tors as hydrology, the effectiveness of measures, and activities and sensitivi- 
ties of various interest groups and alternative forms of interjurisdictional 
cooperation, to aid in evaluation and decision-making in the Basin. 

(9) Forecasting: Compile information on weather, storm and wave forecasting in 
the Basin, identify areas where improvements can be made, and implement 
those areas that are feasible. 

(10) Frequency Analysis: Determine whether or not it is feasible to perform a fre- 
quency analysis of both high and low lake levels and, if so, undertake such an 
analysis. 

Object ive 3 Measures and  Evaluation: Evaluate a range of management measures on a vari- 
ety of type-specific sites throughout the Basin. This objective could be fulfilled by 
undertaking the following tasks: 

(1) Type-Specif ic Sites: Identify and characterize several type-specific sites that 
encompass the variety of natural ecosystems and land and water uses in the 
Basin, including various institutionalljurisdictional frameworks and U.S. and 
Canadian interests. Selection should address signficant environmental, eco- 
nomic, jurisdictional and geographic factors. Some possible examples include, 
but are not limited to, the following: 
- densely populated lake front residential area (Chicago; Toronto) 
- existing shoreline residential area (north shore Lake Erie) 
- riparian reach particularly susceptible to damage (Saginaw,Bay) 
- area likely to experience pressure for future development (Illinois shore- 

line north of Chicago) 
- sensitive environmental reach (Long Point and Point Pelee on Lake Erie) 
- agricultural area (Ohio on Lake Erie) 
- industrial hub (Garylsouth Chicago) 
- intensive commercial recreation centre (Thousand Islands area) 
- hydropower node (Niagara complex) 



- sensitive navigational reach and connecting channel (St. ClairIDetroit 
River; St. Lawrence River and Montreal Harbour) 

- changed land use (Lake Ontario shoreline) 

(2) Information Bases: For each site, compile a set of detailed and comprehen- 
sive information that will be both biophysical and socio-economic. Some of 
this information will be in mapped format for the GIs. 

(3) Application: Apply each of the six types of measures described in Phase I, 
plus an environmental enhancement option, by entering appropriate sets of 
parameters into a basin-wide hydraulic model and the GIs. 

(4) Interests: Identify and characterize for each site the interests and their envi- 
ronmental and socio-economic components at risk. 

(5) Evaluation: Further develop and apply the evaluation framework initiated in 
Phase I to the measures being tested to determine if the framework should be 
accepted, modified or replaced. In addition, apply benefitlcost analyses to the 
measures being tested. These applications should also test the results of 
Objective 1 (Principles), to the extent possible. 

(6) InterJurisdictional Arrangements: Examine existing arrangements for 
inter-governmental cooperation and coordination, including the role of 
State/Provincial and federal agencies in supporting local governments in 
managing the system by involving representatives of the various interests 
and organizations. 

(7) Conclusions: 
(a) Summarize findings and conclusions from each site study. 

(b) Generalize findings from site studies to other similar locations in the Basin 
to produce conclusions on the efficacy of alternative courses of actions, 
including those with Basin-wide application. 



Appendix 

On August 1, 1986, the Secretary of State for External Affairs for the Government of Canada and the 
Secretary of State for the Government of the United States sent the following Reference to the 
International Joint Commission, through identical letters addressed respectively to the United 
States and Canadian Sections of the Commission: 

I have the honour to inform you that the Governmenrs of Canada and the United States ofAmerica, 
pursuant to Article IX of the Boundary Waters Treaty of 1909, have agreed to request the 
Commission to examine and report upon methods of alleviating the adverse consequences of fluc- 
tuating warer levels in the Great Lakes - St. Lawrence River Basin. In doing so, the Governments 
acknowledge previous Commission reports on regulation of Great Lakes levels, which have encour- 
aged appropriate jurisdictions to institute improved shoreline management practices. 

The Governmenrs note that the previous reports were based upon recorded warer supplies which 
have subsequently been exceeded, that economic condirions have changed, and that improved ana- 
lytical techniques may now be available. The Governments conclude, therefore, that further investi- 
gation is now required to revise previous reports and develop appropriate methods to alleviate the 
adverse consequences of fluctuating water levels. 

Accordingly, the Commission, building upon previous studies, should: 

1. propose and evaluate measures which governments could take, under crisis condirions, to alle- 
viate problems created by high and low lake levels; 

2. review its previous lake regulation studies and revise their engineering, economic and environ- 
mental evaluations; 

3. examine past, present and potential future changes in land use and management practices 
along the shorelines of the Great Lakes, their connecting channels and the St. Lawrence River; 

4. determine, to the maximum extent practicable, the socio-economic costs and benefits of alter- 
native land use and shoreline management practices and compare these with the revised costs 
and benefits of lake regulation schemes; 

5. investigate any feasible methods of improving the outflow capacity of connecting channels and 
the St. Lawrence River; 

6. develop an information program which could be carried out by responsible governmental 
agencies to better inform the public on lake level fluctuations; and 

7. consider any other matters that the Commission deems relevant to the purpose of this study. 



The Commission is requested to examine the effects both within and outside the basin of the mea- 
sures it considers on: 

( 1 )  domestic water supply and sanitation; 

(2) navigation; 

(31 water supply for power generation, industrial and commercial purposes; 

(41 agriculture; 

(5) shore property, both public and private; 

(61 flood control; 

(71 fish, wildlife and other environmental aspects; 

(8) recreation and tourism; and 

(9) such other effects and implications which the Commission may deem appropriate and 
relevant. 

Wherever appropriate, the Commission is encouraged to use improved analytical techniques which 
would best represent the changing conditions and socio-economic values in the Great Lakes region. 
In order to assess the viability of lake level regulation, the Commission should take into account 
changes in land use practices induced by actions which previously have affected levels in the Great 
Lakes basin. 

In the event that the Commission's investigations show that new or altered works or other regulato- 
ry measures appear to be economically and environmentally practicable, it shall determine the full 
costs and benefits of such works or measures and indicate how the various interests on either side 
of the boundary would be affected thereby. In addition, the Commission shall determine the need 
for and costs of remedial or compensatory works or measures to offset costs to the interests which 
may be adversely affected by any proposed regulatory measures. 

In conducting its investigations and in preparing its report the Commission shall use data which is 
available now or which is developed during the course of its study. In addition, the Commission 
shall seek the assistance, as required, of specially qualified personnel in Canada and the United 
States. The Governments, subject to their applicable laws and regulations, shall make available, or 
as necessary, seek the authorization and appropriation of funds required to provide promptly to the 
Commission the resources needed to discharge its reference obligations within the specified time 
period. The Commission shall develop, as soon as practicable, study cost projections for the infor- 
mation of Governments. 

The Commission, subject to the availability of adequate appropriations, should proceed with the 
studies as expeditiously as practicable and present its final report to Governments no later than 
May 1, 1989. The Governments also request that an interim report, focusing on measures to alle- 
viate the present crisis, be submitted no later than one year from the date the Commission's study 
board actively begins its work. 



Appendix 

Response 
Reference and Directive 

Requests From the Reference: 

7. Propose and evaluate any measures which Governments could take, under crisis conditions, to 
alleviate problems created by high and low lake levels. 

RESPONSE: The Commission submitted an interim report to Governments responding to this 
issue in October 1988. During the final phase of the study, a Crises Conditions Task Group was 
formed jointly by Working Committees 3 and 2 to develop components of and a procedure for 
developing a comprehensive crises conditions response plan. The Task Group examined both 
water level regulation measures and land based emergency response and planning measures. 
Approximately 150 measures and combinations of measures were investigated. Critical water 
level thresholds (both high and low) for each lake in the system have been identified. Emer- 
gency responses to both extreme high and extreme low water levels have been developed. The 
Board product that responds in detail to this issue is in Chapter 5 of the Final Report and Annex 
6 - Crises Condition Responses. 

2. Review previous lake regulation studies and revise their engineering, economic, and environ- 
mental evaluations. 

RESPONSE: This study built on information contained in previous studies and developed new 
information. The Great Lakes and St. Lawrence River hydrologic and hydraulic numerical mod- 
els were integrated to produce levels and flows data for each lake and river segment in the 
basin under a variety of water level regulation scenarios. Scenarios examined include those 
reviewed in earlier studies but also go well beyond the work previously completed, both in the 
scope of investigation (i.e., from individual lake basins to five-lake system-wide plans), and in 
the range of conditions examined (i.e., from lake level ranges historically experienced to those 
that could result from extended wet and dry conditions and from climate change). 

An "Optimization Model" was developed and used to attempt to achieve an acceptable balance 
of water levels and flows throughout the basin in accordance with preferences expressed by a 
number of interest groups participating in the study. The "Optimization Model" is limited and 
can only be used under total system (five lake) management. The existing model needs consid- 
erable work before it can be utilized for routing through the system where controls do not exist. 
the existing model is just a preliminary step in the development of a universal model. 



Annex 3 -Working Committee 3 Report provides details on the work completed in reviewing 
previous engineering studies and in developing improved analytical techniques to comprehen- 
sively address water level regulation issues from a basin-wide perspective. 

Levels and flows data from the various water level regulation scenarios were provided to Task 
Groups in Working Committees 2, 3, and 4. Economic and environmental impact assessments 
were completed on these scenarios and also on alternative land use and shoreline manage- 
ment measures. 

The assessments included quantitative estimates of changes in impacts under a variety of alter- 
native future conditions for shoreline property. The hydropower studies were based on the con- 
figuration of the system in the year 2000 and determined the impact in comparison to the Basis 
of Comparison (without project condition) if the supplies in the past were repeated. Both 
Commercial Navigation and Recreation Boating reflect the 1989 condition. No future projec- 
tions of fleet composition or increased recreation boating were made. Qualitative evaluations 
were completed for other impact categories, including, infrastructure, agriculture, and other 
recreation and tourism. 

In all these cases, new work was completed to check past estimates of impacts and to improve 
the methodologies and techniques applied in developing current estimates. New work 
included: 

a. Estimates of damage caused by erosion to shore property around the basin, with an 
assessment of how erosion damage might change under alternative water level regulation 
scenarios. Shoreline erodibility was classified and mapped based on specific shoreline 
characteristics (Annex 2 -Working Committee 2 Report). 

b. Estimates of damage caused by flooding to shore property around the basin, with an 
assessment of how flooding damage might change under alternative water level regulation 
scenarios (Annex 2 - Working Committee 2 Report). Previously used stage-damage curves 
were updated, and a risk analysis was completed to estimate the likely range within which 
flood damage would be expected to occur under future conditions (Annex 2 -Working 
Committee 2 Report). 

c. Estimates of future avoided costs of shore protection and estimates of past expenditures 
on shore protection during the 1985-1987 period were developed (Annex 2 -Working 
Committee 2 Report). 

d. Thirteen detailed site studies were conducted, covering locations on each of the lakes and 
the St. Lawrence River, to better assess specific problems of affected interest groups and 
potential responses to these problems (Annex 2 -Working Committee 2 Report). 

e. Recreating boating site studies were conducted in the United States and Canada. The only 
lake not covered as part of this effort was Lake Michigan (Annex 3 - Working Committee 3 
Report). 

f. Surveys of residential riparian property owners were conducted to obtain information on 
incidence of flooding and erosion problems and to determine the perceptions of respon- 
dents regarding potential solutions (Annex 2 -Working Committee 2 Report). 

g. Impact studies for other affected interest groups were completed in making comparisons of 
future conditions with and without potential measures in place. The hydropower studies 
identified possible alternatives to replace energy and power losses and its replacement 
value. Commercial navigation studies included impacts to overseas shipments. Recreation 
boating used site specific information that was extrapolated to system-wide impacts. 



(Annexes 2 and 3 -Working Committee 2 and 3 Reports). Other categories of impacts 
received more qualitative assessments (Annex 4 - Working Committee 4 Report). 

h. Impacts to the environment were determined using wetlands as the primary indicator. A 
number of studies were carried out to determine the impacts of a range of water level regu- 
lation scenarios considered in this study. These evaluations included field studies on 35 
sites on Lakes Ontario and Superior Jvetlands, historic wetland studies on seven sites on 
Lake Ontario, Lake Erie, Lake St. Clair and Lac Saint Louis, and a conceptual wetlands . 
model study to evaluate the percent change in wetlands with a reduction in water level 
fluctuations. Other minor studies were conducted for fisheries but impacts to wetlands pro- 
vided the primary source of information on environmental impacts (Annex 2 - Working 
Committee 2 Report). 

Results from these assessments were compiled in a single reference source, the Impact of 
Measures for Evaluation - Summary (the "Blue Book"), which was used within the study as part 
of the measures evaluation process. These results were also shared in summary form with poli- 
cy makers and the public in the Options Document prior to the Policy and Public Forums held in 
November and December 1992. 

3. Examine past, present and potential future changes in land use and management practices 
along the shorelines of the Great Lakes, their connecting channels and the St. Lawrence River. 

RESPONSE: A review of past and projected future land use trends and shoreline management 
practices was completed by the Land Use and Shoreline Management Task Group of Working 
Committee 2. An extensive inventory of measures related to land use and management, shore 
protection, and financial incentives to affect land use has been examined in this study. These 
include flooding and erosion setbacks; flood elevation requirements; floodproofing; acquisition 
of developed and undeveloped lands; structural and non-structural shore protection; shoreline 
alternation requirements; real estate disclosure requirements; development controls for public 
infrastructure; and loans, grants, and insurance programs. The detailed site studies were also 
used to obtain specific land use information on those locations that were studied. The results 
from the review and assessment of these types of measures are found in Annex 2 - Working 
Committee 2 Report. 

4. Determine, to the maximum extent practicable, the socio-economic costs and benefits of alter- 
native land use and shoreline management practices and compare these with the revised costs 
and benefits of lake regulation schemes. 

RESPONSE: The costs and benefits of alternative land use and shoreline management prac- 
tices and those of lake regulation schemes were determined and evaluated through a multi-cri- 
teria measures evaluation process (Annex 2 and 3 -Working Committee 2 and 3 Reports).  he 
possibility of comparing the socio-economic costs and benefits of alternative land use and 
shoreline management practices with the costs and benefits of lake regulation schemes was 
reviewed and it was determined it was beyond the resources of the study. The impact of lake 
level regulation on land use and shoreline management practices was reviewed, but a full com- 
parison between measures was not completed. Working Committee 4 designed an evaluation 
methodology incorporating the following major components: 

a. A screening of over 120 measures was initially completed to ensure that a wide variety of 
both land use and water regulation measures in 18 different categories would be examined 
in response to this request of the Reference. 

b. Ten separate impact categories were identified and agreed upon, covering all of the inter- 
est groups and water uses specifically identified in the Reference. 



c. Forty-one study planning objectives were established, to ensure that significant concerns of 
each of the affected interest groups and water users were considered in the impact assess- 
ment and measures evaluation process. 

d. Four core criteria with nine sub-criteria were developed to ensure that both land use and 
water level regulation measures were evaluated on the same basis. The nine subcriteria 
applied in  the measures evaluation included:, benefit cost analysis; other economic and 
social impacts; ecological productivity; environmental purity; distribution of impacts 
among affected interests; distribution of impacts among affected regions; technical 
feasibility; operational feasibility; and legal and public policy feasibility. 

e. The information and data on the economic and environmental impacts of potential mea- 
sures, including benefits and costs, were included in the summary "Blue Book". This docu- 
ment was provided to all study participants and was used in reaching agreement on the 
comparative strengths and weaknesses of both land use and shoreline measures and water 
level regulation measures. 

f. Annex 4 -Working Committee 3 Report is the study document which provides details of 
how the multi-criteria measures evaluation process was developed and applied in respond- 
ing to this request of the Reference. 

5. Investigate any feasible method of improving the outflow capacity of connecting channels and 
the St. Lawrence River. 

RESPONSE: Working Committee 3 examined a number of alternative water level regulation 
scenarios that included as features the increase in flows through the St. Clair-Detroit, Niagara, 
and St. Lawrence Rivers. Engineering reviews were completed that, in some cases, involved 
estimates of the amount of dredging that could be required in  the channels to increase out- 
flows, and the associated estimates of dredging and disposal costs. In other cases, changes in 
regulated outflows under current regulation plans for Lake Superior and Lake Ontario were 
examined. Lake Ontario outfow coordination with Ottawa River discharges to the St. Lawrence 
River was also considered. Finally, the retention of water within the lakes under low water con- 
ditions was included as part of the plans that involved new regulatory works along the St. Clair- 
Detroit and Niagara Rivers and St. Lawrence River below Montreal. Work completed in 
responding to this request of the Reference is contained in  Annex 3 - Working Committee 3 
Report. 

6. Develop an information program which could be carried out by responsible governmental 
agencies to better inform the public on lake level fluctuations. 

RESPONSE: During 1989 and 1990, a Communications Task Group was formed and produced 
a report entitled A Coordinated Communications Program on Fluctuating Water Levels in the 
Great Lakes-St. Lawrence River Basin. During the final phase of this study, Working Committee 
1 reviewed the options developed in the report. Details on this subject are contained in Chapter 
7 and Annex 1 -Working Committee 1 Report. 

7. Consider any other matters that the Commission deems relevant to the purpose of this study. 

RESPONSE: The process by which this final phase of the study has been conducted is deserv- 
ing of a comment. The Phase II Directive required that active citizen participation within the 
study be achieved. The Board recognizes the outstanding contributions made by the citizen par- 
ticipants within the study as one of the most important aspects of the study. The Citizens 
Advisory Committee has performed a valuable service in identifying issues to be addressed, 
critically reviewing technical work as it was being developed, and contributing to the findings, 
conclusions, and recommendations of the study. Citizen members of the Study Board and the 



working committees have been most effective as full and active participants in contributing to 
the work and discussions that have taken place in all areas of the study. More such bridges are 
needed between Government agencies with responsibilities for water level issues and the 
affected interest groups and citizens. Recommendations on a Communications Program for 
Governments with a permanent Clearinghouse for information on water levels issues and the 
establishment of a Great Lakes-St. Lawrence River Advisory Board including citizen members 
will improve public participation. 

8. The Board is requested to examine, in a systemic context, the effects both within and outside 
the basin of measures in considers. 

RESPONSE: The Board concentrated its investigation on impacts within the basin. The Board 
believed that impacts outside the basin would not be critical factors in the assessment of mea- 
sures to be considered. Therefore impacts outside the basin were not a specific part of the Plan 
of Study, although out of basin impacts were considered in some specific areas. 

Requests from the Directive: 

Objective 1 

Principles: Establish a set of guiding principles that the Commission could propose to 
Governments to assist them in dealing with fluctuating water levels in the Great Lakes-St. 
Lawrence River Basin. Examples of two broad categories of principles that should be consid- 
ered are those that improve cooperative decision- making, and those that provide for an appro- 
priate amount of flexibility for future conditions. 

RESPONSE: Working Committee 4 was responsible for developing a set of guiding principles 
to assist Governments in the future management of water levels problems. Agreement was 
reached on a set of eleven principles. The principles, and background on their development, are 
contained in Chapter 3 and Annex 4 -Working Committee 3 Report. 

Objective 2 

Short-term Support Studies Conduct short-term studies in several areas to supply informa- 
tion needed for successful completion of the other Phase II objectives. Such studies would be of 
different duration and should include: 

(1) GIs: Continue the development of the Geographic lnformation System (GIs) initiated in 
Phase I by adding data and "intelligence" so as to be able to assess the potential impacts of 
fluctuating water levels and potential measures. 

RESPONSE: A significant amount of new information has been obtained that is with 
Geographic lnformation System use in both the United States and Canada. Important products 
from this study include mapping and summary statistics on distribution and extent of shore 
types, completed in conjunction with the erosion processes work; and information on past and 
future shoreline land use trends (Annex 2 -Working Committee 2 Report). Potential applications 
might be developed from data collected on the shoreline classification; existing shore protec- 
tion; land use and land use trends; flood and erosion damage experiences; data obtained from 
detailed site studies; data from wetland studies; and responses obtained from the residential 
riparian surveys. Additional development of the Geographic lnformation System will require a 
coordinated and long term commitment by federal, state and provincial agencies. 

Time and budget limitations and competing priorities-precluded an extensive effort to further 
develop GIs packages as stand alone products of the study. 



(2) Climate: Develop and test possible responses to  various climate change scenarios, includ- 
ing those studied in Phase I. 

RESPONSE: Working Committee 3 has done extensive work in this area, producing water level 
scenarios that overlaid extended wet and dry periods on the 90 year Basis-of-Comparison levels 
and flows data to determine how effective existing regulation plans would be in maintaining 
acceptable water levels. In addition, a double C02 climate change scenario was produced 
which projects that, due largely to greatly increasing rates of evaporation, levels and flows 
could decrease significantly below those historically experienced (Annex 3 - Working 
Committee 3 Report). 

(3) Erosion: Enhance Phase I information on the interrelationship of coastal erosion with fluctu- 
ating water levels, storm events, recession rates and shoreline morphology to confirm or reject 
Phase I conclusions regarding shoreline erosion processes. 

RESPONSE: A substantial amount of new work was completed by the Erosion Processes Task 
Group of Working Committee 2 on this subject. Findings reflect a much more complex analysis 
of this subject, with geologic characteristics of both offshore and onshore materials; offshore 
contours; degree of shore protection; and wave, current, and water level conditions all identi- 
fied as potentially significant factors to the erosion process. Results of this work are contained 
in Annex 2 -Working Committee 2 Report. 

(4) Wetlands: Complete the Phase I wetland inventory and relate extreme water level fluctua- 
tions to the structure and function of sensitive wetland ecosystems. 

RESPONSE: The Phase I wetland inventory was not completed; however, a substantial amount 
of  new work was completed by the Natural Resources Task Group of Working Committee 2 on 
this subject. Both field studies and conceptual, computer based numerical modeling were per- 
formed. A significant concern is that Lake Ontario wetlands have suffered under the current 
regulation of Lake Ontario. Results of this work are contained in Annex 2 - Working Committee 
2 Report. 

(5) Damage Potential: 

(a) Obtain additional information on the number and location of structures and users at risk in 
the basin. Assess both the effect of  these uses on the shoreline as well as the vulnerability 
of the various user groups to fluctuating high and low water levels. 

(b) Categorize the types of human uses of the shoreline and quantify them in such a way as to 
provide damage assessments needed for Objective 3 (Measures and Evaluation). 

RESPONSE: Additional surveys of residential riparians in Ontario, Quebec, and among Native 
Americans were completed to obtain a comprehensive set of information on the incidence of 
shoreline flooding and erosion damage in this category throughout the basin. Additional stud- 
ies of other affected water users were conducted to determine the direction and magnitude of 
impacts likely to be experienced if measures were implemented that would affect water levels 
and flows in the basin. Results from the riparian surveys are contained in Annex 2 -Working 
Committee 2 Report under the Social Impacts Task Group. Other impact studies are reported in 
the Annex 2 -Working Committee 2 Report, particularly sections under the Potential Damage 
Task Group and the Land Use and Shoreline Management Task Group; Annex 3 - Working 
Committee 3 Report, under the Evaluation Studies and Methods Task Group; and the Annex 4 - 
Working Committee 3 ~ e ~ o h ,  under the Evaluation of Measures. 

Detailed site studies and investigations of past and future shoreline land use trends were com- 
pleted to obtain more specific information on vulnerabilities of various groups to extreme water 



level conditions. Results from these studies are contained in Annex 2 -Working Committee 2 
Report under the Land Use and Shoreline Management Task Group. 

(6) Lake Regulation: Develop and test over a range of partial-to- total structural control 
options to confirm or reject the conditional conclusion in Phase I that lake regulation measures 
(Type I) are probably ill-advised. This information will assist in the model runs (Objective 3) and 
in assessing the environmental and economic costs of structural controls. 

RESPONSE: Working Committee 3 devoted a large portion of its investigations to developing 
and examining a variety of water level regulation measures. A system wide, numerical hydrolo- 
gy and hydraulics model was developed to provide levels and flows data for the assessment of 
impacts resulting from changes to the Basis-of-Comparison levels and flows conditions. A 
description of the various regulation plans that were examined is contained in Annex 3 - 
Working Committee 3 Report. Results of the impact assessments of the various regulation 
plans are contained in the Impacts of Measures for Evaluation - Summary (Blue Book), sup- 
ported by additional information in Annexes 2, 3, and 4. 

(7) Regulation Plans: Further examine existing Regulation Plans 1977 and 1958-D to deter- 
mine if any adjustments are appropriate following the identification of the significant effects of 
extreme water levels on various users in the basin, and in particular recreational interests. The 
examination may also include results from Task 4 of this objective and other interests as 
appropriate. 

RESPONSE: Working Committee 3 developed a number of modifications to the existing regu- 
lation plans to determine if improved level and flow conditions could be obtained for recre- 
ational, riparian, environmental, navigation, and hydropower interests. Impact assessments 
and evaluations were completed for measures that included adjustments to the existing regula- 
tion of Lake Superior and Lake Ontario. Results of the review of these plans are contained in 
Chapter 5 and the "Blue Book", supported by additional information in Annexes 2,3 and 4 - 
Working Committees 2,3, and 4 Reports. 

(8) Policy Models: Develop one or more policy models incorporating such factors as hydrolo- 
gy, the effectiveness of measures, and activities and sensitivities of various interest groups and 
alternative forms of inter jurisdictional cooperation, to aid in evaluation and decision-making in 
the basin. 

RESPONSE: The multi-criteria measures evaluation process applied in the final phase of the 
study is an example of decision-making using the criteria identified above. Alternative forms of 
inter jurisdictional cooperation were also explored by Working Committee 4 in its task on devel- 
opment of guiding principles and review of institutional arrangements. Annex 4 - Working 
Committee 3 Report contains information on both these subjects. A Policy Model was not 
developed as a product of this study. 

(9) Forecasting: Compile information on weather, storm, and wave forecasting in the basin, 
identify areas where improvements can be made, and implement those areas that are feasible. 

RESPONSE: The forecasting issues have been examined by Working Committee 3 in the com- 
pletion of its technical work and the Crises Conditions Task Group of Working Committees 2 
and 3. Without significant improvements in long-range precipitation and temperature forecasts, 
substantive improvements in the accuracy of water supply forecasts are not possible. Of the 
methods reviewed, the Great Lakes Forecasting Package performed marginally better. Some 

' improvement in Net Basin Supply forecasts for all models could be expected with advance- 
ments in modelling, data collection and weather forecasting. Working Committee 3 and 
Working Committee 1, in its work on public information, communications, and awareness, sug- , 

gest ways to improve the coordination and dissemination of existing forecast information 
(Chapter 8 and Annex 3 - Working Committee 3 Report). 



(10) Frequency Analysis: Determine whether or not it is feasible to perform a frequency 
analysis of both high and low lake levels and, if so, undertake such an analysis. 

RESPONSE: This subject has been examined by Working Committee 3. The working commit- 
tee reviewed existing statistical techniques and new techniques. This review included existing 
statistical models, time series modeling of levels and supplies, and methods of estimating the 
joint probability of waves, storm surge and static water levels. Recommendations for changes 
and further studies are made (Chapter 8 and Annex 3 - Working Committee 3 Report). 

Objective 3 

Measures and Evaluation: Evaluate a range of management measures on a variety of type- 
specific sites throughout the basin. This objective could be fulfilled by undertaking the follow- 
ing tasks: 

1) Type-Specific Sites: Identify and characterize several type-specific sites that encompass 
the variety of natural ecosystems and land and water uses in the basin. 

RESPONSE: Thirteen detailed site studies were conducted in this final phase of the study, 
seven in the United States and six in Canada. All lakes and the St. Lawrence River were covered' 
in the selection of the detailed sites, as well as the mix of affected land and water uses, includ- 
ing: low density and high density residential; commercial/industriaI; recreational; and agricul- 
tural sites. Annex 2 -Working Committee 2 Report presents the information obtained from the 
detailed site studies under the Land Use and Shoreline Management and Potential Damage 
Task Groups. Detailed site studies on wetlands were separately conducted by the Natural 
Resources Task Group, with these results also reported in Annex 2 -Working Committee 2 
Report. Detailed site studies on recreation boating were conducted by Working Committee 3. 
The results are reported in Annex 3 -Working Committee 3 Report. Available information from 
the site studies was used as part of the multi-criteria measures evaluation process. 

(2) lnformation Bases: For each site, compile a set of detailed and comprehensive information 
that will be both biophysical and socio-economic. Some of this information will be in mapped 
format for the GIs. 

RESPONSE: lnformation obtained through conduct of the site studies in some cases made use 
of existing information already contained in Geographic lnformation System formats. In other 
cases, new information was obtained in a manner to be compatible with existing Geographic 
lnformation System usage in the United States and ~anada and anticipated usage in both coun- 
tries. Although Geographic lnformation System applications were used in a few of the site stud- 
ies the linkage between all of the site studies and Geographic lnformation Systems was not 
completed. 

(3) Application: Apply each of the six types of measures described in Phase I, plus an environ- 
mental enhancement option, by entering appropriate sets of parameters into a basin-wide 
hydraulic model and the GIs. 

RESPONSE: Each of the six types of measures were considered in the measures evaluation 
process in the final study phase, although a re-categorization of the measures took place. An 
environmental enhancement option was pursued as part of Working Committee 3's develop- 
ment of an optimization model. A revised regulation plan for Lake Ontario focused on seasonal 
and long term water levels adjustments to improve conditions for wetlands. 
A variety of water level regulation measures were run through the basin-wide hydraulic model. 
Impact assessments on these measures were completed and evaluations were conducted. Due 
to time and budgetary restrictions, Geographic lnformation System applications as part of the 
measures evaluation process were not developed. 



(4) Interests: Identify and characterize for each site the interests and their environmental and 
socio-economic components at risk. 

RESPONSE: The site studies were conducted with an emphasis on the single water or land use 
judged to be most impacted by the water level conditions at each site. Information on other 
impacted land and water uses was also obtained at each site when it was readily available. The 
results of the site studies are contained in Annex 2 -Working Committee 2 Report, under the 
Potential Damage Task Group. 

(5) Evaluation: Further develop and apply the evaluation framework initiated in Phase I to the 
measures being tested to determine if the framework should be accepted, modified or replaced. 
In addition, apply benefitlcost analyses to the measures being tested. These applications should 
also test the results of Objective 1 (Principles), to the extent possible. 

RESPONSE: The multi-criteria measures evaluation process applied in the final phase of the 
study incorporated many features of the evaluation framework initiated in Phase I. The invento- 
ry of measures considered; the affected interest groups and water uses considered; the impact 
assessments completed; the evaluative criteria that were applied; and the evaluation of mea- 
sures that was completed were common features of the evaluation process. Much more in- 
depth work was completed in the final study phase on the water level regulation scenarios that 
were developed; impact assessments; application of the evaluative criteria; and the evaluation 
of measures. The evaluation process involved all study participants and the Workshop culmi- 
nating the process included close to 70 participants. 

Benefitlcost analysis was one of nine sub-criteria applied in the measures evaluation process. 
Other sub-criteria related to the environment, distribution of impacts, and feasibility were 
reflective of the guiding principles developed during the study. 

(6) Inter-Jurisdictional Arrangements: Examine existing arrangements for inter-governmen- 
tal cooperation and coordination, including the role of StateIProvincial and federal agencies in 
supporting local governments in managing the system by involving representatives of the vari- 
ous interests and organizations. 

RESPONSE: Working Committee 4 prepared a report entitled Institutional Review and 
Development o f  Guiding Principles for Future Management of Water Level Problems in the 
Great Lakes-St. Lawrence River Basin that addresses this subject in detail. Part of this work 
included a mail survey, conducted under contract, of state and provincial and federal agencies, 
as well as interest groups and organizations involved with water issues within the basin, to 
determine their capabilities in-addressing water level issues. This subject was also a key issue 
for discussion during the Policy and Public Forums. 

(7) Conclusions: 

(a) Summarize findings and conclusions from each site study. 

(b Generalize findings from site studies to other similar locations in the basin to produce con- 
clusions on the efficacy of alternative courses of action, including those with basin-wide 
application. 

RESPONSE: The results from the site studies are provided in Annex 2 and 3 - Working 
Committee 2 and 3 Reports. 

In most cases, analysts involved with the site studies found it very difficult to generalize find- 
ings from the site specific to the basin wide. The information obtained through the conduct of 
the site studies was useful in substantiating adverse impacts and in considering the effective- 



ness of potential measures. Due to time and budget constraints, however, which limited the 
scale and scope of what could be accomplished, it was in most cases (although attempted for 
recreation boating) determined that the site specific information, in and of itself, could not be 
reliably extrapolated to reach findings on the impacts of measures on a system-wide basis. This 
information was instead used to supplement the findings reached from the more in-depth tech- 
nical studies that were accomplished on issues such as erosion processes; flooding and erosion 
damage estimates; and the impact studies completed for affected interest groups and water 
uses. 



Appendix 

Summary of Public Forums 
and Written Comments on 
Draft Final Report - 

Sault Ste. Marie, Ontario, February 22, 1993 

Approximately 52 people attended this meeting. Most of the discussion at the meeting concerned 
the management of Lake Superior water levels. Lake Superior shore property,owners feel that lev- 
els are too high on Lake Superior. They are concerned about the maximum level exceeding 602 
feet, and would prefer a maximum of 601.5 feet. The Draft Final Report indicated that the two-lake 
regulation plan would increase Lake Superior's highs, and this is opposed by shore property own- 
ers. They would prefer to see the average Lake Superior level held lower, so that in times of high 
supplies, additional water could be stored on Lake Superior. 

Support was expressed for the three-lake regulation plan Measure 1.18, and it was suggested that 
some of the $10 to $20 million proposed for implementation of land use and shoreline management 
measures should be spent on further regulation of water levels. Property owners expressed opposi- 
tion to land use measures; they do not want to lose their property rights. 

Others present expressed the views that: land use measures are a good idea; a shoreline manage- 
ment plan implemented in the Sault Ste. Marie area has wide public support; and that wetlands 
must be protected. Some felt that wetland growth should be encouraged as a natural shore buffer. 

Some citizens appreciated the explanations that were given during the discussion period, because 
they had failed to find this information in the report. 

Chicago, Illinois, February 23, 1993 

Approximately 87 people attended this meeting. The meeting was attended by a large group of 
shore property owners who were very disappointed that the Board had not recommended imple- 
mentation of the three-lake regulation plan. This group felt that: the benefitlcost analysis presented 
in the Draft Final Report was wrong; the costs to riparians, including erosion damage and the cost 
of shore protection, were underestimated; and future property values were not adequately consid- 
ered. Questions were raised by riparians about the stage-damage curves and the site studies, 
specifically, whether the results of the site studies validate the stage-damage curves. 

The Board was urged bt the riparians to reconsider three-lake regulation, to study it more, and to try 
to address the environmental problems associated with it. The results of the environmental studies 
were questioned by shore property owners. Concern was also expressed about the effects of high 
water levels on nuclear power plants and sand dunes. 



In the opinion of some who attended the meeting the crisis recommendations do not go far enough 
to protect shore property. They felt that the triggers should be lower and actions should be taken 
earlier, in anticipation of high levels. Support was expressed for immediate implementation of the 
Black Rock Lock flow increases and the use of the Chicago diversion to lower water levels on the 
middle lakes. 

Leaders of environmental groups expressed support for the study recommendation against further 
regulation. They also supported the land use measures. Some expressed regret that $12 million had 
to be spent to reach the same conclusion as previous studies. They also felt that the impact on fish- 
eries and the effects of dredging contaminated sediments did not receive adequate treatment in the 
study. 

Shore property owners felt that the study's land use recommendations cause undue hardship to 
them. They feel that their property rights should not be restricted. Questions were raised about the 
costs of the land use measures. Shore property owners felt that the recommendations will provide 
no relief for them. 

Buffalo, New York, February 24, 1993 

Approximately 140 people attended this meeting. They fell into three basic groups: 1) Lake Erie 
shore property owners who support further regulation of the system, specifically the three-lake reg- 
ulation plan; 2) Lake Ontario shore property owners who are very unhappy with the current regula- 
tion of Lake Ontario; and 3) leaders of environmental groups who oppose further regulation of the 
lakes and support land use management measures. 

Lake Erie property owners said that they want "regulation, not relocation." They were very critical 
of the study. They support the three-lake regulation plan Measure 1.18 and feel that it should 
receive further consideration and implementation. The costs of construction were questioned, 
especially the St. Lawrence mitigation works. The negative environmental effects were questioned. 
Several riparians said that they cared about the environment, too. The increased damage on Lake 
Ontario and the St. Lawrence River were questioned. Graphs were presented, by riparians, which 
showed that regulation on Lakes Superior and Ontario had been effective in preventing record high 
levels. Concern was expressed about the manmade obstructions in the Niagara River that are mak- 
ing Lake Erie levels unnaturally high. It was felt that these obstructions should be removed, or 
dredging should be done to compensate for them. 

Lake Ontario property owners and representatives of municipalities told the Board about the prob- 
lems that they are currently experiencing due to high levels on Lake Ontario. They fear that the situ- 
ation will worsen in the spring as the seasonal rise in levels begins. They feel that the levels on Lake 
Ontario are being mismanaged by the St. Lawrence River Board of Control, and that the control 
structures are being operated to favor shipping and hydropower and hurt shore property owners. 
They feel that more water should have been discharged last fall and that "Criterion k" should have 
been invoked sooner. They want representation on the Board of Control, and they oppose land use 
measures because they believe that they are not workable in developed urban areas. 

Leaders of environmental groups supported the Board's decision not to recommend further regula- 
tion. They feel that the environmental damage of further regulation is too high to be mitigated and 
wetlands must be protected. They question the merits of spending taxpayers' money to protect pri- 
vate landowners who represent less than one percent of the basin population. They support land 
use management as the better way to reduce future property damage, and feel that more than the 
$10 to $20 million should be spent on this type of measure. They encouraged adoption of the."sus- 
tainable development" philosophy. They feel that water level regulation projects create a false 
sense of security and lead to greater damage in the future. 



The need for better communication was raised. Municipal leaders felt that property owners need to 
be better informed about what water levels to expect in the near future. 

Dorval, Quebec, February 25,1993 

Approximately 82 people attended this meeting. Several leaders of environmental groups and envi- 
ronmental agencies were present. A presentation was made by a citizen on the impacts of fluctua- 
tions on fauna concluding that regulation has hurt fauna in the St. Lawrence ~ i v e r .  Environmental 
groups generally supported the study recommendations. They complimented the Board on'involv- 
ing the public, and hoped that some type of citizen involvement would continue in regulation deci- 
sions. They supported the land use management measures, and the decision not to further regulate 
the system. They were quite concerned about the possible effects of climate change. 

Recreational boaters were pleased with the recommendation to add a new criteria for recreational 
boating to the regulation plans. However, there is still a concern about Measure 1.21 because it 
would decrease water levels on Lac Saint Louis in August. This would be detrimental to boating. 
Questions were raised about the rapid fluctuations sometimes observed in the levels of Lac Saint 
Louis, and how the Ottawa River flow is taken into consideration in the regulation of Lake Ontario. 

The Board was complimented by one citizen on adopting a global approach to the issue, a sharing 
and equitable distribution of the effects of fluctuating water levels. However, he urged the Board to 
go a little further, to broaden the 1909 Boundary Waters Treaty along the lines of the Helsinki Rules. 
This citizen suggested that a new guiding principle be added on the equitable distribution of benefi- 
cial effects and the optimal utilization of waters. 

Written Comments 

The following is a summary of the written comments received on the Options Document and Draft 
Final Report through March, I I, 1993. A total of 249 letters were received. Approximately 95% of the 
letters were from addresses in the United States. 

The majority of the letters (193 or 78%) were supportive of the study recommendations. This group 
was composed of citizens from all of the Great Lakes states, a few from Ontario, and a few from 
Texas, California, Georgia, Saskatchewan, Connecticut, Florida, Utah and North Carolina. Many of 
these citizens were associated with the Audubon Society and other environmental groups, others 
did not mention any association, and a few described themselves as owners of Great Lakes shore- 
line property. This included letters from one U. S. federal agency, state agencies in the states of 
Illinois, Michigan, New York, Ohio, and the province of Ontario. 

The position of this first group was that land use and shoreline management measures, especially 
erosion setbacks and flood elevation requirements, real estate disclosure, and acquisition of shore- 
lands, are the most appropriate way to deal with property damage associated with fluctuating water 
levels. This group was firmly opposed to any further regulation of Great Lakes-St. Lawrence River 
water levels through the dredging of channels and the construction of control structures. The rea- 
sons cited for this were: concerns about possible adverse effects on wetlands, wildlife, and water 
quality; the high cost of such structures; and the relatively small reductions in flooding and erosion 
damage. 

A minority of the letters (31 or 12%) were opposed to the draft recommendations. This group con- 
sisted of riparian property owners from the Great Lakes states and Ontario, one congressman from 
Wisconsin and two members of the Pennsylvania legislature. 



The position of the second group of letters was consistent with that of the International Great Lakes 
Coalition. This group supports further regulation of the Great Lakes-St. Lawrence River system, 
through a three-lake regulation plan. They believe that the impact analysis conducted by the study 
was flawed: the benefits to shore property were understated; the costs of mitigation in the St. 
Lawrence River could be avoided by a refinement of the plan; and they question the validity of the 
environmental studies. 

A third group of letters (14 or 5%) expressed concerns about the levels of Lake Superior or Lake 
Ontario, such as: lower Lake Superior (9); do not lower Lake Superior (1); lower Lake Ontario (2); 
and raise Lake Ontario (2). 



Appendix 

Questions and Answers on 
Draft Final Report 

Q: What interests did the study consider in formulating its recommendations? How were the inter- 
ests given equitable treatment? 

A: The study considered the following interests listed in alphabetical order in its study activities: 
Agriculture 
Commercial Fisheries 
Commercial Navigation 
Fish, Wildlife and other Environmental Considerations 
Hydropower 
Industrial and Commercial Facilities 
Municipal Infrastructure (such as water intakes and sewage outflows) 
Native IVorth Americans 
Recreation and Tourism (including Recreational Boating) 
Residential Shore Property (Riparian) 

Each of these interest groups is directly affected by fluctuating water levels and flows. The 
study considered the effects that proposed measures to reduce damage would have on these 
groups or interests. Fairness demanded that no interest be given greater or lesser considera- 
tion. In addition, the members of the Citizens Advisory Committee were chosen because of 
their special knowledge, experience or involvement with one or more of these interests. 

The entire study team developed study evaluation principles and study planning objectives that 
considered the needs and concerns of each of these interests. Citizen Advisory Committee 
members were directly involved in all decision making groups including task groups, working 
committees and the Study Board. Their concerns helped shape the entire study ensuring a bal- 
anced and fair consideration of all views. The study evaluated the economic and environmental 
impacts of each measures on the system, the distribution of the impacts of each measure on 
each region and interest group, and the feasibility of each measure using a multi-criteria multi- 
objective evaluation approach. Multi-criteria multi-objective evaluation avoids bias by asking 
people to choose the criteria they will use to compare alternatives, and asks them to define the 
objectives a desirable alternative should achieve. Again, the Citizens Advisory Committee was 
directly involved in defining the critical terms of the multi-criteria multi-objective process. 

Q: The three-lake extended Regulation Plan Measure 7.78 significantly reduces the range of lake 
levels on Lake Erie and Lake St. Clair and reduces the range of lake levels on Lakes Michigan 



and Huron. There does not appear to be a proportional decrease in  damage from flooding and 
erosion. Aren't the benefits o f  this regulation plan underestimated? 

A: No. Reductions in stillwater levels (water levels that are not affected by wind or waves) do not 
translate into proportional reductions in damage along the shoreline from flooding and erosion. 
There are a number of reasons for this. First, most of the severe damage from flooding and ero- 
sion occur because of the temporary rise in water levels and the action of waves on the shore- 
line during a storm. This will occur regardless of the stillwater level. It is true that the rise in 
water level during a storm will cause more damage to some shorelines if it is combined with a 
high stillwater level. However, a reduction in that level does not translate to a corresponding 
reduction in damage. Second, some of the sections of shoreline that are prone to erosion will 
continue to erode regardless of the stillwater level. The continuous erosion of shorelines at 
lower water levels makes these shorelines more vulnerable to extensive damage from high 
water and waves during storms. 

The figure shows the effects of wind on lake levels: 
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0: Wouldn't the implementation o f  the three-lake extended Regulation Plan (Measure 7.78) elimi- 
nate, or significantly reduce, the need for shore protection on Lakes Michigan, Huron and Erie? 

A: No. For the reasons cited above, the implementation of Measure 1.18 would eliminate the need 
for shore protection in a very few locations. It would reduce the required amount of protection 
at some, but not necessarily all, sites. The required height of shore protection for a storm that 



has a 2% chance of occurring in any year (a fifty-year storm) would be reduced by the amounts 
shown in the following table: 

Lake Michigan Calumet Harbor 
Milwaukee 
Luddington 

Lake Huron Essexville 
Harbor Beach 

Lake Erie Toledo 
Cleveland 
Port Colborne 

0.20 metres (0.65 feet) 
0.22 metres (0.72 feet) 
0.22 metres (0.72 feet) 

0.19 metres (0.63 feet) 
0.22 metres (0.73 feet) 

0.33 metres (1.09 feet) 
0.48 metres (1.40 feet) 
0.28 metres (0.91 feet) 

The cost of construction, operation, and maintenance of shore protection was estimated for two 
conditions: with the three lake regulation plan in place, and without the plan in place. The differ- 
ence between the two costs represents the savings allowed by the three-lake plan. For example, 
reducing the storm level by 0.3 metres (1 foot) would reduce by 10% the amount of steel 
needed for a sheet steel pile wall with an exposed height of 1.5 metres (5 feet). This reduction 
in required height would translate to a small reduction in the cost of installing the protection. 

Q: The cost of the controlling works and dredging in the Niagara River that would be required for 
Measure 1.18 is estimated at $528 million; the cost to mitigate effects of flow changes in the St. 
Lawrence River is estimated at $2.85 billion. These costs seem out of proportion. Why? 

A: Changes in the outflow from Lake Ontario called for in the three-lake regulation plan would not 
only make the highs on the St. Lawrence River higher and the lows lower; they would increase 
the frequency of highs and lows. The St. Lawrence River below Montreal is very flat, and even 
modest changes in river flows can have significant effects. Major works would be required in 
the St. Lawrence River to prevent damage along the river. These works would include a flood 
channel to accommodate high flows and 180 kilometres (112 miles) of dredging in the naviga- 
tion channel to allow for low flows. In addition, control works would be required upstream and 
downstream of Montreal. 

The operating plan for Measure 1.18 could be modified to reduce the impact of high flows and ' 

low flows on the St. Lawrence River, but the modifications would reduce the measure's benefits 
to Lakes Michigan-Huron and Erie. 

Q: The maximum outflow from Lake Ontario under the three-lake regulation plan would be 
reduced by 567 cubic metres per second (20,000 cubic feet per second), however, major mitiga- 
tion works are still proposed for the lower St. Lawrence River. Wouldn't this reduction in out- 
flow be a benefit to the St. Lawrence River? 

A. The volume of water in the lower St. Lawrence River is comprised of the flows out of Lake 
Ontario, together with the flows from tributaries such as the Ottawa River. The three-lake plan 
would change the timing of the maximum discharges from Lake Ontario. This, combined with 
inflows from tributaries, would increase the maximum flow at Montreal by approximately 1,130 
cubic metres per second (40,000 cubic feet per second). This compares to an average flow in 
the river of 8,160 cubic metres per second (288,000 cubic feet per second) and a flood flow of 
11,300 cubic metres per second (400,000 cubic feet per second). 

It would be possible to change the timing of the maximum discharges from Lake Ontario so 
that they did not occur at the same time as the maximum discharges from tributaries to the St. 
Lawrence. If this were done, the water would have to be stored somewhere, either on Lake 



Ontario (which would already be high at such outflows) or Lake Erie. Alternatively, the water 
would have had to have been discharged from the system prior to the maximum flow period. 
Since supplies to the lakes cannot be accurately forecast months in advance, early discharge of 
water in anticipation of high supplies later could only be done at the risk.of lower-than-desired 
water levels later. In either case, the overall benefits of Measure 1.18 for Lakes Michigan, Huron 
and Lake Erie would be reduced. 

How were the benefit-cost ratios for Measure 7.78 developed? Where did the numbers come 
from? Why did they not include past expenditures on shore protection? 

The benefit-cost ratio for Measure 1.18 was developed by determining the economic benefits of 
implementing the three-lake regulation plan and comparing these with the costs. The benefits 
due to reduced flood and erosion damage, as well as decreased shore protection costs, were 
determined for riparian properties. The losses or gains to hydropower, commercial navigation 
and recreation boating were also estimated. 

Past expenditures on shore protection were not taken into account, because these costs have 
already been incurred and cannot be recovered. In economic terms, they are referred to as sunk 
costs. However, the future costs of shore protection that might be avoided with Measure 1.18 
were computed. The value of current shore protection (assuming it is well-engineered) and the 
value of potential future protection were estimated. The estimated reduction in the amount of 
protection required due to implementation of Measure 1.18 was considered a benefit and 
included in the benefit-cost calculation. 

If Lakes Ontario and Superior are regulated, why is there flooding and erosion on their shore- 
lines? 

One of the major causes of damage from erosion and flooding is the effect of storms on the 
large surfaces of the lakes. Regulation plans have a limited ability to reduce the severity of max- 
imum and minimum stillwater levels, but they have almost no impact on storm water levels. 
Research for this study also found that many types of shoreline continue to erode independent- 
ly of water level fluctuations. Regulating water levels can reduce the rate of recession along 
some types of shoreline but the amount of this reduction will be very small. 

Continued flooding and erosion problems on these two lakes, and on the St. Lawrence River 
also underscores the fact that regulation of water levels and flows remains imprecise, due to 
limits in the ability to forecast future water supplies, and the variability of the weather. 

There are a number of power plants, including nuclear power plants, along the shorelines of 
the lakes. Would not the implementation of additional regulation reduce the potential impact of 
high water levels on nuclear facilities? 

Not necessarily. Power plants, including nuclear power plants, can be affected by both high and 
low lake levels. Low levels reduce the amount of water available for cooling; high levels 
increase the possibility of flooding or erosion. High lake levels pose very little danger to nuclear 
power plants which must meet conditions set by the Nuclear Regulatory Commission. Plants 
must be protected to the maximum probable flood elevation, which is well above any recorded 
level and certainly much higher that the high levels of 1985-87. Similar regulations exist in 
Canada. If extremely high levels were to threaten the operations of a plant, the plant would be 
shut down, as is done now in threatening conditions. 

Are the stage-damage curves used in the study accurate? 

Yes. The stage damage curves came from previous studies; they were updated to include the 
damage that occurred between 1985 and 1987 and the current value of property and structures 



affected by high lake levels. The study used the curves to determine if additional investigation 
of dredging and the construction of new control works was justified. 

Members of the study team conducted a sensitivity analysis for the curves that reflected flood- 
ing damage in  order to check their accuracy, and to evaluate the effect that modifications to the 
curves would have on the benefit-cost ratio. The analysis confirmed that the costs of Measure 
1.18 exceed its benefits. 

What consideration was given to the dredging and disposal of contaminated material in the 
evaluation of the five- and three-lake regulation plans? 

The costs of construction in locations expected to contain contaminated material include the 
costs to dredge and dispose of that material. The study did not identify sites for disposal. 

The study found that implementing Measure 1.18 would have a negative environmental impact 
on wetlands. How could this conclusion be reached without an inventory of wetlands? 

A complete inventory of all wetlands along the entire Great Lakes-St. Lawrence River shoreline 
is not available. However, there is sufficient information to indicate that three-lake regulation 
would have negative impacts on existing wetlands. It was not necessary to know the total area 
of wetlands to determine that there would be a reduction in the amount of wetlands on Lakes 
Michigan-Huron, St. Clair, and Erie. 

The study also examined the effects on wetlands of Lake Ontario regulation and found that reg- 
ulation has been detrimental. An inventory of wetlands on the United States side of Lake 
Ontario was used in this analysis. It is expected that similar impacts on the wetlands of Lakes 
Michigan-Huron, St. Clair and Erie would result from similarly compressing the range of their 
water level fluctuations. 

What is the impact of extreme water level highs and lows on wetlands, and why is wetland 
diversity so important? 

Extreme highs and lows maintain the diversity of plants that define a wetland. High lake levels 
periodically eliminate dominant plants. When levels recede, less competitive species are able 
to grow from seed, complete at least one life cycle and replenish the wetland seed bank before 
being replaced with the more dominant plants. This maintains plant diversity which, in turn, 
allows habitat diversity and the resultant variety of fish and wildlife that depend on the wet- 
lands. Wetlands need one high period and two consecutive low periods every 10 years on 
average to maintain this diversity. 

Wetlands also filter pollutants, they serve as a buffer against shoreline erosion, and they allow 
an opportunity for ground water recharge. Therefore, a reduction in the diversity or extent of 
wetlands affects the health of the Great Lakes-St. Lawrence System. 

The Board recommends implementation of modifications to the Lake Superior regulation Plan 
similar to those proposed in Measure 1.21. Will this increase the maximum elevation of Lake 
Superior? 

No. These modifications were tested using 90 years of water supply record from 1900 to 1989. 
This testing showed that the implementation of this particular measure would reduce the mean 
elevation of Lake Superior by approximately 0.03 metres (0.1 1 feet). Only once during those 90- 
years would the high levels have exceed 183.49 metres (602 feet). It should be noted, however, 
that the Study Board is also recommending that the Lake Superior Board have discretionary 
authority to modify plan flows under extreme conditions to help prevent such an event. In addi- 
tion the Study Board is recommending that further consideration be given to minor modifica- 



tions to the plan so that exceedance of 183.49 metres (602 feet) would not occur during the test 
period. 

Why not lower the mean of Lake Superior more so that there is the capability of  additional stor- 
age of water in Lake Superior during periods of high supplies to benefit both Lake Superior and 
Lakes Michigan-Huron? 

The study examined two measures that lowered the mean level of Lake Superior by 0.15 metres 
(0.5 foot) and 0.3 metres (I foot). These measures would have significant effects on several 
interests in the basin. Commercial harbors along Lake Superior would have to be dredged at a 
considerable capital cost. Lower levels on Lake Superior would reduce the ability of fish to 
swim upstream to spawn in tributaries. Native Americans opposed the lowering of Lake 
Superior levels because it would negatively affect their traditional lifestyles. 

Would improvement in the ability to forecast weather improve the capability to regulate the 
lakes? 

Yes. Improving the ability to forecast precipitation would improve the ability to forecast water 
supplies to the system; thus, the ability to operate regulation structures. The Study Board has 
recommended improvements to data collection and modeling so that advances in forecasting 
precipitation could be incorporated in the forecasts of water supply. However, advances that 
could forecast precipitation months into the future have not yet been made. 

Why doesn't the Board implement the emergency preparedness plan now since Lake Erie and 
Lake Ontario are at higher than average levels? 

The Study Board is charged to make recommendations to the International Joint Commission. 
The Commission will, then, make recommendations to the United States and Canadian govern- 
ments. The Study Board does not have the authority to implement any of the measures recom- 
mended in this report. The Board has made important recommendations on emergency pre- 
paredness that involve manipulation of existing diversions into and out of the system and 
between Lakes Erie and Ontario during high and low water levels. One of these recommenda- 
tions is to increase the capacity of the Black Rock Canal on the Niagara River to allow an 
increase in Niagara River flows of approximately 340 cubic metres per second (12,000 cubic feet 
per second). It should be pointed that it is unlikely that this measure would be used to reduce 
current high water levels on Lake Erie, because of the very high levels on Lake Ontario. 

The Board has also recommended a series of land-based emergency responses. Many of the 
responses, such as emergency preparedness plans, emergency sandbagging, shore protection, 
and storm forecasting and warning networks have been used in many municipalities through- 
out the Great Lakes-St. Lawrence River System and can be rapidly implemented. 

Since flow changes through the Welland Canal are part of the emergency plan and Lake 
Ontario's level is high, why hasn't the flow through the canal been reduced in order to reduce 
the water supply to Lake Ontario? 

The Board does not have the authority to reduce flows through the Welland Canal. Reducing 
flows to Lake Ontario by reducing flows through the Welland Canal would increase water levels 
on Lake Erie at a time when its levels are also high. 

What are the recommended measures that will provide relief to shoreline property owners? 

A: The recommendations fall into more than one category. Depending upon the particular water 
supply and lake level condition, emergency preparedness plans will provide some relief to the 
impacts of high-and low-lake levels. In addition, local protection plans would provide protection 
during high-and low-level events. 



The Board also recommends that a fund of $10 to $20 million per year be established for imple- 
mentation of land use and shoreline management measures. This money would be used to 
plan and implement remedial and preventive measures, thus resulting in a reduction in the 
potential for damage. 

Minor modifications are proposed to existing regulation plans for Lakes Superior and Ontario, 
which would also provide some small reduction in damage from high-and low-lake levels. 

The Board is recommending implementation of a series of shoreline management measures. 
Won't these infringe on individual property rights and devalue shoreline property? 

Some measures the Study Board is recommending will require property owners to meet cer- 
tain conditions if they wish to locate on Great Lakes-St. Lawrence River shorelines. Many of 
these measures are already in use in some areas. Building setback and elevation requirements 
would be based upon reasonable estimates of potential flood and erosion damage. Structures 
that comply with these regulations could have their values increased, if the risk of damage is 
lessened. 

The Study Board also recommends that a seller be required to advise a potential purchaser 
when a structure is in an erosion or flood hazard area. Making this information available pro- 
tects the prospective buyer. This should not cause a change in the real value of the property. 

The Study Board also recommends acquisition of developed and undeveloped hazard lands, 
when it is appropriate. However, the Board has stressed that such acquisitions should take 
place on a willing buyerlwilling seller basis wherever possible. The Board also emphasizes the 
need for citizen involvement in development of comprehensive land use and shoreline manage- 
ment programs. 

Who establishes the setback and elevation limits? 

The agency responsible for setback and elevation limits varies from jurisdiction to jurisdiction. 
The Study Board recommends the limits be established after consultation among federal, 
provinciallstate and local governments. The process should provide for full public participation 
by those who would be affected by the setback and elevation limits. 

One of the recommended shoreline management measures is a land acquisition program. Does 
this mean that I will be forced to give up my shoreline property to the government? 

No. The board has not recommended a basin-wide program for acquisition of all shoreline 
property. Rather, it recommends that land acquisition be considered as one possible option, 
along with a series of other possible shoreline management measures, in areas where it is 
most appropriate and feasible (for example in areas where damages repeatedly occur, or in 
currently undeveloped natural areas), and only on a willing sellerlwilling buyer basis. 

How can setbacks and other shoreline management measures possibly be of any benefit to 
already developed shoreline areas? 

Measures such as setbacks and other development limitations will have a much broader appli- 
cation in undeveloped areas. However, setbacks can be effectively applied to redevelopment of 
lots, or in combination with other measures such as dwelling relocation. Floodproofing and ele- 
vation requirements can ensure that any redevelopment, or reconstruction is done in a manner 
that reduces the potential for flood damage to a structure. Existing structures can be retrofitted 
to add floodproofing. In areas where it is possible, structures can be moved back on the lot and 
removed from the hazard zone. In many instances (such as in major cities and metropolitan 
areas), the only option available may be well-engineered and community based shoreline pro- 
tection. There are many shoreline management options available for developed areas and, like 



land acquisition discussed above, the type of shore management action will depend to a great 
extent on the specific characteristics of the site or area under consideration. 

Q: Is the Study Board recommending hazard insurance for Canada? 

A: No. The Study Board is recommending modifications to the existing hazard insurance program 
in the United States. 

Q: How can the Study Board make broad recommendations for the implementation of shoreline 
management measures, when their costs, benefits and impacts have not been adequately 
examined? 

A: Unlike previous water level studies, this study carried out a thorough examination from the out- 
set of all the shoreline management measures recommended in the final report. Data and infor- 
mation was collected on the extent and application of each measure throughout the basin, the 
costs of implementation of the measure, the degree to which each measure reduced actual or 
potential flood and erosion damage, the degree to which each measure impacted (either posi- 
tively or negatively) other interests and the natural environment, and the institutional barriers 
or facilitators that had been encountered in their implementation. This information was utilized 
by the Board, Citizens Advisory Committee and other study participants to conduct the evalua- 
tion of measures, and it marks the first time such measures have been evaluated on a par with 
possible lake regulation scenarios. 

Q: If the Great Lakes should experience a repeat of the 1985-87 lake levels, what would the dam- 
age be if no preventive measures were taken, and how much would the damage be reduced if 
SEO-Extended was in place? 

A: It is estimated that a repeat of the-1985-87 levels would result in $561 million in flood and ero- 
sion damage along the Great Lakes shoreline if no new preventive measures were taken. The 
implementation of SEO 1.18 would reduce the estimated flood and erosion damage to $235 mil- 
lion, for a damage reduction of $326 million. 

Flooding damage along the Canadian portion of the St. Lawrence River are not included in this 
analysis, since SEO 1.18 includes measures to prevent an increase in these damage. 
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