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FOREWARD

This report was developed by the Internationd Lake Ontario - St. Lawrence River Study
Board a the request of the International Joint Commisson to provide an interim report on the
Study and its findings following completion of three years of Study effort. This report is a
summary of the findings of the firdt three years of the Study Team effort by the Study Board, the
Public Interest Advisory Group and al Technica Work Groups as of the spring of 2004. The
many supporting papers, documents and technica reports generated during this time period are
referenced in this report.  All supporting documentation for the Study is available on written
request to the Study secretariats.

Over a hundred individuds continue to devote consderable time, effort and intellectua energy
to the Study, many on a volunteer bass. The Study Board would like to thank al Study
participants for their valuable contributions.

Disclaimer
The gatements, opinions and findings expressed in this report are those of the Internationa
Lake Ontario-St. Lawrence River Study Board and are not necessarily those of the

Internationd Joint Commission. Any mention of or reference to statements contained in this
report should not be construed as endorsement by the Internationa Joint Commission.

Cerapport est également disponible en francais.
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1.0 INTRODUCTION

Throughout the last decades of the 1900s the International Joint Commission’s (1JC) Lake
Ontario regulation plan known as 1958D and its criteria were considered or perceived to be
increesingly deficient in recognizing and consdering evolving and changing Lake Ontario-St.
Lawrence River water leve interests. Hydropower, commercid navigation and to a degree
Lake Ontario shordine property interests were specificaly mentioned in the October 29, 1952
Orders of Approval as amended by supplementary order dated July 2, 1956. Domestic,
industrial and municipa water use interests were a Commission priority as acknowledged in the
1909 Boundary Waters treaty. But nowhere was there mention of recreationa boating nor the
environment as interests to be congdered when determining water levels and flow conditions for
Lake Ontario and St. Lawrence River.

In 1993, the 1JC's Internationd Levels Reference Study Board identified the need for areview
of the Lake Ontario regulation criteria and plan 1958D and made a recommendation to that
effect to the 1JC citing the following; “criteria for the regulation of Lake Ontario (should) be
revised to better reflect the current needs of the users and interests of the system”, and “criteria
should be added that consider the environmentd interest on Lake Ontario and the St. Lawrence
River downgtream asfar as Trois Riviéres’, (Levels Reference Sudy, March 1993).

The Commisson’s Internationd St. Lawrence River Board of Control has been taking regular
and increasingly frequent actions to “deviate’” from the 1958D plan in an attempt to address and
reduce water level concerns. Specificaly actions have been taken to address recrestional

boating and shoreline property problems, and on occasion the evolving needs of commercia

navigation, hydropower and occasondly for environmenta purposes. Despite these actions,
public dissatisfaction over the water levels regime of Lake Ontario and the St. Lawrence River
increased during the 1990s, particularly during what were considered extreme high water leve

conditions in 1993 and low water levels later in the decade. Public and agency statements of

these concerns led to a decision by the 1JC to initiate investigations required to evauate options
for regulating levels and flowsin the Lake Ontario- St. Lawrence River system.

Public expectations are that a thorough, comprehensive and open review of regulation plan
dternatives will take place and changes will be made to address current concerns.

1.1 BOARD MANDATE AND APPROACH

On December 11, 2000, the 1JC created the International Lake Ontario-St. Lawrence River
Study Board to evauate the procedures and criteria used to regulate the outflows of Lake
Ontario and the management of the levels of the Lake and S. Lawrence River to Trois Riviéres,
Quebec. Prior to the Board's establishment, an international team developed a report entitled
“Man of Study for Criteria Review” for the 1JC in September 1999, which outlined the
procedures that should be undertaken to perform the required comprehensive evauations. The



1IJC dso edablished a volunteer Public Interest Advisory Group to ensure effective
communication between the public and the Study Team.

The Board adopted suggestions made within the Plan of Study report and established Technical
Work Groups (TWGsS) to perform the required evauations. In addition, a Plan Formulation
and Evduation Group (PFEG) was created. Members of each of these TWGs were chosen for
their expertise in the interest to be evaluated. In order to provide guidance and support to the
TWGs, Board members liaise with these groups. Individua members of the Public Interest
Advisory Group (PIAG) dso liaise with these groups to ensure that necessary assessments
consider public concerns and interests.

1.2 VISION, GOAL AND GUIDELINES

The Study Board developed a vision, god and guidelines to provide the foundetion for the
development and evduation of criteria and regulation plans and subsequent advice to the
Commission.

Vision
To contribute to economic, environmental and socid sustainability of the Lake Ontario and S
Lawrence River System.

Goal
To dentify flow regulation criteria that best serve the wide range of affected interests and
climatic conditions in the basin and that are widdy accepted by dl interedts.

Guiddines

1. Criteria and Regulation Plans will be environmentaly sustainable and respect the integrity of
the Lake Ontario-St. Lawrence River ecosystem.

2. Criteria and Regulation Plans will produce a net benefit to the Lake Ontario-St. Lawrence
River Sysem and its users and will not result in disproportionate loss to any particular
interest or geographic area.

3. Criteria and Regulation Plans will be able to respond to unusuad or unexpected
conditions affecting the Lake Ontario-St. Lawrence River System.

4. Mitigation dternatives may be identified to limit damages when considered gppropriate.
Regulation of the Lake Ontario-St. Lawrence River System will be adaptable to reflect the
potentia for changes in water supply as aresult of dimate change and variahility.

5. Decison-making with respect to the development of the Lake Ontario-St. Lawrence River
System Criteria and Plans will be transparent, involving and considering the full range of
interests affected by any decisions with broad stakeholder input.

6. Criteria and Regulation Plans will incorporate current knowledge, <tate-of-the-art
technology and the flexibility to adapt to future advances in knowledge, science and
technology.



1.3 ACCOMPLISHMENTS

This report summarizes the findings of the Study effort as of the spring of 2004 and builds upon
the Year 1 Study report package covering the period December 12, 2000 to March 31, 2002.
There is no “end-of-year” 2 report nor is it planned that there will be a year 4 report. Many
Study findings are summarized throughout this Y ear 3 Report.

Some accomplishment highlights during Study Years 2 and 3 ae listed below, with more detall
contained in the four Study Board semi-annua reports to the 1JC covering the period April
2002 through March of 2004 (Study Board, September 2002, March 2003, September 2003
and April 2004).

A considerable accomplishment to date has been the involvement and contribution of the PIAG
and its members in dl aspects of the Study. The PIAG have taken on and very effectively
delivered lead respongbility for the Study’s public outreach and communications program.
PIAG members have participated and contributed in a very positive manner to al Board and
TWG functions.

Other accomplishments include:
Inventory of al recregtiona boating marinasin the Study ares;

Inventory of al domedtic, industrid and municipal water intakes and wastewater outfdls in
the Study areg;

Classification of the entire Lake Ontario and upper and lower S. Lawrence River shoreline
and incorporation into a flood erosion and prediction system (FEPS);

Inventory of dl mgor wetlands in the Study areg;

Development of the triangular evauation concept, whereby, test criteria, performance
indicators (PI) and dternative plans can be developed, refined and evauated;

Development of a unique Shared Vison Modd (SVM) approach which incorporates Pl for
al interests to evauate regulation plan aternatives;

Devdopment and refinement of regulation criteria and Pl by al TWGs defining conditions
for specific interests and locdes, dthough some are expected to provide additiond
indicators.

Establishment of an Economics Advisory Committee (EAC) congsting of experts providing
guidance regarding evauation parameters,



Development of a unique Integrated Ecological Response Modd (IERM) to integrate the
findingsand P of numerousindividual environmental researchers,

Completion of connections between the FEPS and IERM developed by the Coastd and
Environmenta TWGs, respectively, and SVM;

Completion of dl work by the Hydrology and Hydraulics (H&H) TWG, including climate
change scenarios and hydrologic products providing them to various TWGs for individud
evauations and aso incorporation into the SVM;

Didribution of five newdetters by PIAG, bringing the total published to eight reaching more
than 4,400 households in Canada and the United States;

Initiation of an information manegement drategy which will indude three archival Stes
Environment Canada at Ste-Foy, Quebec; Land Information Office (L10) at Peterborough,
Ontario; and the Great Lakes Commission (GLC) Office in Ann Arbor, Michigan.

1.4  FUNDING

Since December 2000, $7.97 million (U.S. dollars) and $11.84 million (Canadian dollars) have
been made available to initiate activities outlined in the Plan of Study dated September 1999
and to accomplish the god's of the Study as noted below.

Shortly after Study initiation, it was determined that the Plan of Study (POS) document did not
include and/or underestimated the cost of some activities, particularly, data collection,
information management and archiva, and plan formulation and evauation. In January 2003, a
request was made to the 1JC to retool the annud funding dlocations in order to accomplish the
gods of the Study while maintaining the origind intent of the POS and the Study Reference.

Tables 1 and 2 below give a comparison of the proposed POS funding figures and expenditures
that have actually been incurred. To date through the end of Study Year 3 (U.S. fiscal year:

September 30, 2003 and Canadian fiscal year: March 31, 2004), $7.65 million (U.S. dallars)
and $10.64 million (Canadian dollars) have been spent for Study activities.

Since the Study’ s inception, individuds and agencies supporting Study activities have provided
sgnificant in-kind services over and above the direct expenditures identified above. 1naddition,
the Public Intere Advisory Group has contributed hundreds of hours of volunteer time
participating in Study activities and in preparing for and giving presentetions at stakeholder
meetings throughout the Study area



U.S. Funding (in U.S.$)

Cost Summary all Year 1 Year 2 Year 3
Activities POS Spent POS Spent POS Spent
Common Dataleeds | 530,000 635,000 | eaes . 97,000

Environment 640,000 276,593 540,000 494,799 575,000 707,280
Rec. Boating 160,000 109,201 180,000 187,037 160,000 215,383

Coastal 770,000 300,000 1,030,000 1,206,079 670,000 494,509
Com. Nav. 49,000 48,157 73,000 - 105,000 63,153
Hydro. 0 0 0 0 0 0
Water Uses 79,000 50,000 79,000 130,000 32,000 50,498
H&H 160,000 31,800 215,000 108,123 185,000 85,551
PIAG 270,000 150,560 270,000 138,642 270,000 168,925
PFEG 50,000 80,000 50,000 150,000 50,000 215,000
Board & GM 200,000 226,902 200,000 296,874 200,000 267,129
19C - 13,410 - 7725 - 6,720
Totals 2,878,000 1,921,623 2,637,000 3,360,904 2247000 | 2,371,153
Re-Profiled -648,000 - +730,423 - +126,280 -
Grand Total 2,230,000 1,921,623 3,367,423 3,360,904 2373280 | 2,371,153
Table 1. U.S. Funding for Years 1 through 3 Compared to the POS
Canadian Funding (in Cdn$)

Cost Summary all Year 1 Year 2 Year 3
Activities POS Spent POS Spent POS Spent
commor Ena;ge'“mfgf 700,000 749980 ; 281,000 ; 81,91

Environment 865,000 779,500 955,000 963,245 1,055,000 1,159,188
Rec. Boating 200,000 206,357 180,000 195,359 160,000 61,771

Coastal 770,000 346,896 1,130,000 710,834 570,000 956,180
Com. Nav. 197,000 55,000 396,000 37,800 633,000 342,981
Hydro. 0 0 0 0 0 0
Water Uses 116,000 0 124,000 25,956 52,000 71,134
H&H 235,000 302,356 295,000 335,186 385,000 343,955
PIAG 340,000 177,620 340,000 187,597 340,000 280,613
PFEG 50,000 0 50,000 84,733 50,000 232,840
Board & GM 200,000 500,839 200,000 302,541 200,000 329516
19C - 136,706 . 200,000 - 200,000
Totals 3,673,000 3,255,304 3,670,000 3324301 | 3450000 | 4,060,099
Re-Profiled -300,000 - +300,000 - +1,050,000 -
Grand Total 3,373,000 3,255,304 3,970,000 3324301 | 4500000 | 4,060,099

Table 2. Canadian Funding for Years 1 through 3 Compared to the POS
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To ensaure that the public is fully engaged in the Study, the 1JC gppointed concerned citizens
with a knowledge of the Lake Ontario — St. Lawrence River system to participate in a Public
Interest Advisory Group (PIAG).

During Study Years 2 and 3, the PIAG met a tota of eight times. In addition, PIAG
representatives were in atendance a dl Study Board meetings and many TWG meetings.
During this period, they and other Study personnel participated in 71 public outreach events that
were ether directly hosted by the PIAG, or to which Study representatives were invited to
make presentations on behdf of the Study. Direct contact was made in this way with some
3,520 people. Not surprisngly PIAG members have found that their effective participation in
the Study has required more time than was initidly understood. The informetion flow via e-mal
and other means has been overwhelming at times.

However, this invesment in time has endbled dl PIAG members to gan a far better
understanding and insight into the workings of the Greet Lakes-St. Lawrence system, aswdll as
knowledge of the concerns and issues of affected interests and stakeholders. The PIAG redizes
and has been communicating the point that water levels and flows cannot be controlled in such a
way asto satidy “dl interess dl of thetime’.

During Years 2 and 3, the PIAG undertook a number of activitiesduein part to aPIAG Year 1
finding (Public Interest Advisory Group, August 2002) tha there is dgnificant public
misunderstanding about how the Great LakesSt. Lawrence sysem works, and many
“information and trust gaps’ exist between the public and regulating bodies, (i.e. the [JC and its
. Lawrence River Board of Control).

Investigation of the production of a comprehensive video on the water levels issue was explored
with a contractor engaged to draft a video “storyboard” and estimate costs. The need certainly
exists to increase public awareness and understanding of the complexities of water levels, flow
variations and associated impacts. A video for public Sation broadcast is one of severa vehicles
that could be consdered to deliver this information. However, the PIAG concluded that a video
did not rank as a priority for Study outreach purposes and decided not to follow through with a
video production. The PIAG did partner with alocal access cable TV gation to tape a video of
their Year 3 public PowerPoint presentation, which ran during the fal of 2003 in the Rochester
area.

The Commisson's Internationd St. Lawrence River Board of Control has been receiving
criticiam for shortfals in its communications activities PIAG met with representatives of this
Board, reviewed its communications program and strategy and provided suggestions, including
that a network of community people be developed to assigt in disseminating Board of Control
information throughout the region.

During Study Years 2 and 3, five volumes of the Study newdetter Ripple Effects were

6



produced and sent to the Study mailing list of some 4,400 recipients. Public surveys carried out
by PIAG have found that people prefer receiving Study information quarterly, that is, every
three months, and by newdetter or email rather than other means, i.e,, information fairs and
toll-free hot lines. The survey results dso indicate, not surprisingly, that the preferred time period
for public information meetings and open houses is during summer months when seasond as
well @ full-time resdents are in the area. Future Study newdetters and public meetings will
continue to be tailored to these preferences.

At the request of the Study Board, the PIAG undertook to gather public input on the PI
developed by the TWGs. Comment was sought during public meetings held in 2003 and
through response items in the Study’s newdetters and website. The PIAG received a good
response and interest in the performance indicators with some 70 to 80 specific comments being
received. Answers to these comments were prepared with the assstance of TWG, Study
Board and PIAG members. The PIAG fed s that these interactions are developing a significantly
improved understanding of the Lake Ontario- . Lawrence system in the public forum.

Over the course of its efforts, the PIAG has received and responded to a myriad of questions
and requests for information. Included in this “correspondence” were some lengthy reports
prepared by agencies and interested people, including an andyss of the impacts of fluctuaing
water levels on the marshlands of Cootes Paradise at the western end of Lake Ontario (Royal
Botanical Gardens, March 2003), and a paper on the diverson of fresh water from the
Hudson Bay drainage basin (Kierans, undated).

Despite these communications “ successes’, there are gill many questions and disparate views
on how the Lake Ontario-St. Lawrence River water management ”system” should be “run”.
Complete lists of public questions and answers as well as a synopsis of the concerns and issues
that were expressed at each PIAG public meeting held during 2002 and 2003 are contained in
the Public Interest Advisory Group Report for Years Two and Three, April 2002-March
2004.

Examples of these views and concerns are:
- Study results will only accurady reflect the wishes of the people through public
participation.
Shorédline eroson and property damage due to high water levelsisamagor concern.
Timing of water levels (variaions) and derting mariners prior to extreme water leve
conditionsis considered critica in deding with detrimenta effects.
Wouldn't adam downstream of Montred solve alot of our problems?
Credibility for following through on recommendations and political interaction is consdered
integra to the Study.
A more complete grasp of the nature of the 2002 and 2003 public meetings can be gained by
reviewing the meeting summariesin the PIAG Y ear 2-3 report.

Examples of earlier PIAG findings arein the Year 1 Report (PIAG, August 2002).
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30 THEEVOLVING DECISION MAKING PROCESS-PLAN FORMULATION
AND EVALUATION

In Year 1, the Study Board spent considerable time discussing how to formulate and then
evduate dternative regulation plans and criteriain order to provide strategic direction for data
collection, a framework for the Study and an orderly and well-understood decision-making
process throughout the Study (Year 1 Report). In Years 2 and 3, and in order to provide a
focus and center of energy for this decison-making process and activity, the Board formed a
Pan Formulation and Evauation Group (PFEG).

31 SHARED VISION MODEL

The Study Board finds it desirable and necessary to use a unified computer smulation modd of
the water level and flow conditions and the related concerns of affected interests in the Lake
Ontario-St. Lawrence system that their recommendations will affect. It is cdled the Shared
Vison Modd (SVM). The SVM integrates plan formulation and evauation so that new
regulation plans can be designed and immediady evduated. The development of the mode

aso asaures that research will be designed to address the issues that people care most about
and which have the greatest influence on the decision process.

The primary input into the SYM from TWGs are the mathematica relationships that estimate
how changes in water levels will affect the economy and the environment. A Performance
Indicator (PI) is some measure of those effects. For example, the Coastd TWG is estimating
the relationships between water levels and shordline erosion damages in terms of dollars. All the
TWGs have focused on determining the mogt scientificaly accurate assessment of the
relationship between different water levels and flows across the Study area and over time to
their chosen PI. These reationships, whether in terms of stage/damage airves or some other
mathematical formula, are what is being incorporated into the SYM for evaduation. The name
“Shared Vison” reflects the fact that modelers have to work with experts and stakeholders to
build measures of assessment of changes to water levels and flow regulation, and dl parties must
agree that the SVM correctly modeds the movement of water through the sysem. The SVM

has been built from scratch with the help of dl TWGs, so that it is as easy as possble to use and
al parties can develop and evauate their own ideas on managing the regulation of Lake Ontario.

32 THETRIANGULAR APPROACH

Asareault of discussons at a March 2003 Study-wide workshop, the Study Board decided on
a drategy to Smultaneoudy evaduate regulation plans and the “building-block” criteriain these
plans. The drategy is based on atriangular gpproach. The three vertices of the triangle (shown
in Figure 1) include the regulation plans, the criteriaand the third component, Pl. The criteriaare
hydrologic conditions or standards for judging how wel regulaion plans meet a variety of
objectives. The PI are numerica measures of the things society cares about that are affected by
regulaion (for example, economic benefits related to boating or changes in the area or quality of



wetlands). The relationships between water levels and flows and the indicators are embedded
in studies conducted by the TWGs.

Regulation Plans are made up of a series of rules and limits that try to meet certain hydrologic
objectives (criteria).

The triangular approach is an iterative process that has been and will be circled many times
throughout the Study:

Pans have been designed with an initid set of suggested criteriain mind. Thefirg suggested
criteriawere based on best professond judgment, not andyss.

The plans were evauaed in the SYM againg both the criteria and initid Pl to see if they
met the criteria and produce good performance scores.

If plans did well on criteria but not performance, or vice versa, the criteria were adjusted to
reflect the performance scores.

Plans were refined based on how well they performed.

Plan evduations were judged againgt the guiddines of the Study Board.

To prepare the Study Team and improve their decison-making capability, the PFEG found it
very beneficid to hold a series of workshops. At each workshop, more information was added
and evduated leading to afully operationd SVM to be used in making someinitid decisons.

Plans

Criteria /Metrics Performance
Indicators

Figurel. TheTriangular Approach
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3.3 FORMULATING ALTERNATIVE PLANS

Regulation plans can and are being developed within the SYM. Regulation plans are generdly
made up of aset of rule curves that specify how much water should be released based on Lake
Ontario and St. Lawrence River conditions. These rule curve releases are adjusted based on
forecasts of how much water is expected to flow into the system, and then limits are gpplied to
the adjusted release to avoid flooding or extreme low water conditions.  In designing plans, the
Study’s PFEG came up with a three-part strategy. First, look at plans developed under

previous studies such as Plan 1998 and work on trying to improve on these plans. Second, try
to make modifications to the un-regulated releases to see if amore “natural” condition could be
designed that would benefit the environment, but not to the detriment of other interests. Thirdly,
try a quasi-optimization gpproach based on the performance indicator functions for each of the
interests. In addition to these three approaches, the Study Team is dso accepting individud

ideas on how the lake and river should be regulated and working with those to design a
regulation plan that captures the ideas expressed.

While the plan formulation process has been somewhat redtricted as the Study awaits the
completion of the P, early indications point to the fact that 1958D with Deviations is not an
easy plan to best.

34  SUGGESTED HYDROLOGIC CRITERIA

Over the course of Study Years 2 and 3, proposed new “criteria’ for regulation evolved, first
udng the current 1958D “Order of Approva” criterig, then through polling Study Team
members for additions, modifications, refinements and prioritizetion of new potentid criteria. At
one point up to about 90 different criteria statements were identified, rationale was defined
supporting them, and they were prioritized. Subsequent examination of these criteria by the
Study Team in workshops enabled them to be refined down to the following list of ten plus four
“part b’ generdized criteria as of the spring of 2004. Detailed statements of specific targets for
water levels and flows, which more fully define the criteria, have been termed “metrics’ by the
Study Team. Some of these metrics are graphicaly displayed in draft form in Figure 2 for
illugtrative purposes only.
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The proposed criteria as of this point in the Study are:

1. a Minimize the frequency, severity and duration of high levels on Lake Ontario and the
upper S. Lawrence River above the dam that can prevent access to beaches, cause
flooding and erosion damage to shore properties, water and wastewater treatment plants,
marinas and ports, or cause ships to reduce speeds to prevent erosion caused by ship
wake.

1. b) Minimize the frequency, severity and duraion of high levels on the lower St. Lawrence
River below the dam that can cause flooding and erosion damage to shore properties, water
and wastewater trestment plants, marinas and ports, or cause ships to reduce speeds to
prevent eroson damage due to ship wake.

2. @ Minimize the frequency, severity and duration of low levels on Lake Ontario and the
upper . Lawrence River above the dam to alow water intakes to operate at their design
capacity, prevent off-loading and Stoppages for seaway vessds, minimize negative
economic impacts to recreationd boaters, and optimize access to beaches and the
associated recreational benefits.

2. b) Minimize the frequency, severity and duration of low leves on the lower St. L awrence
River below the dam to alow water intakes to operate at their design capacity, prevent off-
loading and stoppages of vessels and minimize negative economic impacts to recreationd
boaters.

3. a) Allow Lake Ontario levels to increase during years of high suppliesto permit the flooding
of wetlands and destroy over-dominant wetland vegetation on a periodic bass smilar to
pre-regulation lake-leve behavior. Likewise, during low supply conditions, and idedly after
a pesk in levels dlow Lake Ontario levels to drop to a levd which will dimulate
germination of emergent plants from the seed bank, force a die-back of dominant
submersed plant species at those devations, and favor growth of sedges and grasses at
upper eevations.

3. b) Allow S. Lawrence River levels to increase to permit the flooding of wetlands and
destroy over-dominant wetland vegetation on a periodic bass smilar to pre-regulation lake-
level behavior. Likewise, alow S. Lawrence River levels to drop to alevd which will
dimulate germination of emergent plants from the seed bank, force a die-back of dominant
submersed plant species at those devations, and favor growth o sedges and grasses at
upper eevations.

4. @) Allow Lake Ontario and the upper St. Lawrence River levels to rise during the spring to
support spawning.

4. b) Allow the lower &. Lawrence River levels to rise during the spring to support fish
spawning.

5. During the Seaway Navigation season, minimize the frequency, severity and duration of
differences in levels on the St. Lawrence River that result in channel velocities that are not
safe for commercid navigation.

6. Minimize the rate of change of levelson Lake Ontario and the S. Lawrence River to benefit
recreationa boating.
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7. Manage the system to mimic, as closdy as possible, the natural variability of Lake Ontario
and the . Lawrence River asit would be under pre-project conditions.

8. Minimize the annud range of water levels downstream of Montredl from the spring high
water level to the autumn low water level to reduce erosion damages.

9. Manage flows in order to promote a stable, smooth ice cover on the St. Lawrence River
and prevent ice jams.

10. Manage levels and flows in the Lake Ontario-St. Lawrence system to get the most value for
hydro power from the water flowing through the St. Lawrence system and a dependable
amount of energy during peak winter and summer demand periods.

These are not intended to be “operationd criterid’, dthough some may evolve into such criteria
The P will be used dong with these criteria and metrics to evauate the merits of the different
plans.

35 EVALUATION AND DECISION PROCESS

The Study Board needs to do more than just evaluate plans and criteria; it needs to compare the
evauation results and see which mix of outcomesit prefers. It isadmost certain that no plan will
outperform dl others for each objective, so the Board will have to trade performance towards
one objective for performance towards another. The Board has begun this process using the
guiddines and assessing results in terms of a combination of Pl scores and compliance with
proposed criteria. But the questions remain, which Pl are most indicative of the guiddines, what
tradeoffs between interests are acceptable, and what tradeoffs between the lake and river
interests are acceptable?

The Study Team isworking with experts to design a clear and defensible tradeoff processthat is
customized to the needs of this Study, a process that can take full advantage of the power of the
SVM.

The decison process is an iterative one. The Study Board has worked through practice
decisons usng a st of suggested hydrologic criteria to evaluate a number of test regulation
plans. During this exercise the Study Board discovered how difficult it can be to make a
decison since none of the plans did well on al of the criteria, and an easy “winner” was difficult
to discern. As the Board works through the decision process, they have noted that they would
not want to make a decison without a geographic display of the “scores’ and prioritized criteria.
They a0 recognized that this is only haf the picture and clear data on the Pl is vitd in making
the decision process meaningful.

The Board found the use of the guidelines very beneficid in the decision process. They followed
amethodical process and ranked each plan under seven steps. However, reducing seven scores
to one preferred plan is difficult. Clear rules for each ranking are needed to get to one score.
More details on the PI are needed dong with the ability to “drill down” to view and consder
more specific information. Time is required for these ddiberations and to build trust and reach
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consensus on these decisions.
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3.6 PEERREVIEW

Over the course of the Study, severd TWGs have found it desirable to initiate and engage
internal and externd review and advice mechanisms. The purpose of these review mechanisms
has ranged from assgance in planning science and technical undertakings, review of
methodologies and completed work, and advice on direction for evauations and trade- off
anayses.

Board and PIAG members themsalves form a primary internd review mechanism, with Board
members drawing on their particular field of expertise, i.e., environmenta, economics, hydrology
and hydraulics, watershed planning, and group decison-meking. PIAG members have
contributed to TWGs of specific interest to them and for which they have professond and/or
life experiences.

Further internd review occurs as TWG members work with the PFEG to review and vdidate dl
components within the SYM including hydrology, I, criteria, etc. to ensure that the modd is
accuratdy capturing the relationships established for each. The TWG applies an actud “stamp
of gpprova” to dl verified components within the SVM.

Externa review experts and boards were engaged by the Coastd TWG to plan science
approaches to their work; by the Environmenta TWG to review and vaidate the science of
completed work; and by the PFEG to advise on economic principas and practices to follow
throughout the Study. A consultant was dso engaged by the PFEG to advise on trade-off
practices when assessng and weighing PI of economic and non-economic naure. Interna
reviews by members within specific TWGs dso delivered a strong peer review function.
Additiond “peer review” mechanisms will be explored and used in Years 4 and 5 of the Study
to vdidate and strengthen the Study process and results.

4.0 FINDINGSOF TECHNICAL WORK GROUPS

The sections that follow contain summaries of the findings identified by the TWGs. More
detalled activity descriptions are provided as supporting documents and are published
separately.  Each TWG has developed a list of PI, which help dfine how thelr interest is
affected by changing water levels or flows. These are being used callectively by the PFEG to
define and evauate regulation criteria and dternative regulation plans.

41  COASTAL PROCESSES

The Coasta TWG has accomplished a considerable effort focused on &) collection of vast
volumes of spatia (mapping) and tempord (time series) data and b) the development of
computer modeling tools to define, evauae and determine shoreline flooding and eroson
characterigtics and responses to fluctuating water levels dong the shordine of Lake Ontario and
the St. Lawrence River.
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4.1.1 LakeOntarioand theUpper St. Lawrence River
Data Collection

A wedth of exiging spatia and tempora data exiss and is necessary to examine coastal
processes for the Study. A dedicated computer, known as the Coastal Data Server (CDS),
was acquired and setup to store these vast volumes of data, including: lake bottom depths
(bathymetry), land surface eevations (topography), ortho-photographs of the current shoreline
conditions, historical aerid photographs that documented the shordline and river conditions from
gpproximately the 1930’ s to present, historical recession rates, information on previous flooding
events, hourly water level data at cauges on the lake and river, time series wind speed and
direction, and historical ice cover data for Lake Ontario. Presently, the CDS conssts of 120
gigabytes of digitd information that is actively part of the decison making process.

TheFlood and Erosion Prediction System (FEPS)

The FEPS computer model was developed by W.F. Baird and Associates, Ltd. in 1997 under
contract to the United States Army Corps of Engineers (USACE) for the Lake Michigan
Potential Damages Study (USACE, 1999). This modd has been adapted for the specific needs
of the Study and further upgraded.

Coadgtal Performance Indicators

The impacts of water level fluctuations on Lake Ontario and upper St. Lawrence River shordine
communities have been categorized by sx P, specificaly: shoreline erosion, sediment budgets,
exigting shordine protection structures, flooding, beach access and barrier beaches and dunes.

Shoreline eroson and the associated economic impacts have been cdculated for individua
property parcels around the perimeter of the lake and on the river. Presently, the database
includes over 19,000 digita property parcels. A sample of the parce database for East Bay
Park in Wayne County, NY is presented in Figure 3. The long-term recession rate for the bluff
at this location is gpproximately 0.3 miyr (1 ft/yr). Detalled modding tools in the FEPS can be
used to predict future bluff recession rates for dternative regulation plans under consideration.

18



Figure 3. Sample of Digital Property Parcelsfor East Bay Park, Wayne County,
New York

The sediment budget Pl was developed to categorize the relationship between shordine
recesson and barrier beaches and dune environments. The bluff shordines of Lake Ontario
have been eroding for thousands of years. This process provides new sand and gravel for the
nearshore zone and thus is the source of new materid for beach and dune environments around
the lake. Without a “background” erosion rate, there would be no new sand and grave to
nourish the beaches and dunes aong the shore.

Shordline protection structures are aready present for alarge percentage of riparian properties
exposed to flooding and erosion hazards around the perimeter of Lake Ontario. Based on the
parcel database, approximatey hdf of the shordline length has been armored with good quality
seawalls and revetments. For the evaludation of new regulation plans, it is assumed these
sructures are stable, will be maintained and will continue to provide effective eroson protection.
However, if a regulation plan results in more extreme high water levels, there will be negetive
impacts on the existing structures that were designed for the range of lake levels since 1960.
The exigting shordline protection Pl will quantify the impacts of the dternative regulaion plans
on the dructures currently providing effective eroson control around the perimeter of Lake
Ontario and the St. Lawrence River.

Over 3,000 shoreline property parcels are located below eevation 77.2 m (253.22 ft) and
could be at risk of flooding on Lake Ontario. For these properties, flood damages generdly
occur during periods of high lake levels and severe sorms.  The flooding Pl quantifies the
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impacts of flooding due to inundation of structures and the force of waves striking the buildings.
Similar to the other PI, the economic damage caculations are made for individua property
parcels at risk to flooding during a 101-year Smulation.

The beach access Pl was developed to quantify water level impacts on beaches, such as those
located in provincid and gate parks. During high lake levels, beach width naturaly decreases
as more sand is submerged, thus reducing the width of the beach for recreation. A fidd survey
was completed at two large provinciad and state parks (Sandbanks and Hamlin respectively) to
collect data from the beach users. Thisinformation, dong with existing published data on beach
vigtation and economic behavior is being used to quantify the impact of water levels on beach
vigtaion. An economic function has then been developed to determine the impacts of high and
low lake levels.

The beach and dune Pl was developed to quantify water level impacts on natural beach and
dune systems, such as barier beach complexes protecting wetlands. The sandy barrier
systems, such as the beaches a Eastern Lake Ontario, are sendtive to high lake levels and
storms.

Automated Functionsfor Coasal Pls

The automated functions for the Pl outlined above caculate the coastal impacts of lake level
fluctuations and associated economic impacts for shordine land owners. These functions are
complex and rely on sophisticated computer programming to link the engineering modds in the
FEPS to a reatiiona database. Then economic damages are caculated for the dternative
regulation plans under consideration. These Pl functions were developed in the FEPS, which
will be directly linked to the SVM.

New Criteria

Specific attention was devoted to new proposed criteria that recognize the specific interests of
shordine communities around Lake Ontario and the S. Lawrence River. For example, one
proposd is for a floating monthly maximum leve (rather than one fixed devation dl year),
specifically for Lake Ontario, devation 74.7 m (245.02 ft) in the winter months and 75.2 m
(246.66 ft) during the calm summer months. Similar criteria have been developed for the S.
Lawrence River.

412 ThelLowe St. Lawrence River

Erosion

Application of regiond-scae computer moddling to the shorelines of the lower S. Lawrence
River from Cornwall, Ontario to Trois-Riviéres, Quebec has created a new and clear
understanding of the relative importance of river currents, wind waves and ship-generated
waves and how they interact with water levels (Pacific International Engineering, March
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2004). This has enabled the devdopment of smplified eroson predictive tools and an
assessment of economic impacts for gpplication within the SVM.
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For illugrative purposes, smulations run for four 101-year water leve regulation scenarios (Plan
1958D with Deviations, Plan 1958D, Plan 1998, Pre-Project) show consstent spatial and
tempord patterns in eroson response between plans. Asillustrated in Figure 4, the comparison
of impacts between plans is complicated, varying spatidly as wdl as tempordly. It was found
that shoreline erasion performance during critical periods (e.g., high water levels in the 1970s)
does not necessarily follow these same patterns.
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Figure4: Smulated Changesin Land Lost per Decadein the Lower St. Law ence
River relativeto Plan 1958D with Deviations

Economic andys's shows that the cost of shore protection far outweighs the cost of land lost
dueto eroson Figure 5. This emphasizesthe fact that a Pl for land lost due to erosion needs to
be a separate P, snce the combination of land loss costs with structurd impacts does not
create a suitable measure of the effects of water level regulation on the shordine.
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Figure5: Smulated Cost of Erosion throughout the Lower River (striped) and Change
in Annualized Equivalent Cost of Shore Protection (solid). (Both relative to Plan 1958D
with Deviations and expressed in $/yr over 101-year Smulaions)



It should be dtressed tha the differences between the various plans are generaly dight
(approximately 2% in total range) and may well be within the order of accuracy of the solution
methodology, i.e., the results are essentialy the same.

A dggnificant finding based on fidd obsarvations and modeling sudies is that, in many aress
aong the lower river, erodon is primarily ship-wake driven. While weter levels play a sgnificant
role in erosion processes dong the river, regulation of Lake Ontario outflow is seen to have a
secondary influence on erosion rates relaive to the large seasond fluctuaionsin river levels.

Flooding

Local flood depth-damage curves are avalable for buildings in the floodplan of the S.
Lawrence River, as shown in Figure 6.
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Figure 6: Depth-Damage Curves Applicable to One-Story Buildings within the St.
Lawrence Floodplain

Regiond numericad models and functions relaing this damage data have been integrated into the
SVM. Simulations run for 101-year (1900-2000) water leve regulation scenarios provide
results as illusrated in Figure 7 that show that the Sordl Idands as well as the municipdities
around the Lac St. Pierre are by far the most flood damage prone. In the Lac St. Louis areg,
the municipalities at most risk are Beauharnois, Léry and Notre-Dame-de-I'1le-Perrot. This test
andydss dso established thet Plan 1958D with Deviaionsis, from the four plans tested, the one
that would have caused the least resdentia flood damage.

It is postulated that economic Pl are not sufficient to fully describe the impeacts of a flood on
communities and therefore societal Pl have been established to form the basis of the socio-
economic assessment tool for flooding. As aresult, some Pl measure the damage in terms of
dollars while others account for societal aspects of the damage. However, they dl reflect direct

damage.
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Residential Damage for a 101 Year Simulation
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Figure 7: Digtribution of the Residential Damage Expressed in $K (Cdn) for each
Regulation Plan over a 101-Year Smulation

The sdected Pl include:

Cogt ($) of the damage for residentia buildings (structurd damage aone, i.e., exduding the
content of the residence),

Number of flooded residentia buildings,

Number of expropriated properties,

Totd area (in hectares) of flooded lands quantified by land-use type, and
Tota length (in km) of flooded roads quantified by road type.

42 ENVIRONMENTAL

Human induced changes to natura water level fluctuations can dter abundance and diversity of
plants and animds in a variety of ways. Biologicad communities in the short term adapt to the
range of fluctuations in water levels - changes that occur daily, seasondly, and yearly. Patterns
of water levels can determine the diversty and condition of wetland plant communities, and the
habitats they provide for a variety of invertebrates, amphibians, reptiles, fish, birds, and
mammals. Water level regulation has atered these natural processes on Lake Ontario and in the
St Lawrence River.

4.2.1 Integrated Ecological Response Model (IERM)
An IERM has been developed to bring together environmenta studies and demonstrate how

different regulation plans may impact the Lake Ontario and St. Lawrence River ecosystems.
The IERM is being used to develop environmenta input for the Study’s SVM and will serve as
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atemplate for design of the environmenta portion of the SVYM.

The IERM provides a means of interconnecting the environmenta components of the Study and
dlows for a more complete assessment of the environmental response to water level and flow
changes. It provides a platform for comparing environmental response to different regulation
plans. For example, the modds of the fish sub-group will be able to predict both how the supply
of suitable habitat is affected by regulation, and how dynamic populations respond to changesin
suitable habitat. This type of habitat supply anayss requires many parameters describing
hydrology, water temperature, aquatic vegetation and habitat quantity.

4.2.2 Wetland Habitat

Key findings of investigations (Wilcox & Ingram) into the effects of water level regulation on
wetland plant communities around Lake Ontario and the upper St. Lawrence River are as
follows

Caitails are a natura inhabitant of wetland communities in the Study area. There is some
evidence to suggest that cattail production and coverage of some wetlands began shortly
after the turn of the last century. However, there is dso good information that indicates
cattail production has accelerated since the regulation of Lake Ontario water levels, and the
abundance of cattals represents a mgor change in habitat in al Lake Ontario wetlands
studied.

Increased cattail coverage has in many locations been at the expense of the meadow marsh
(sedge/grass) community a the upper wetland eevations. This invason likely occurred
because extremely low lake levels were not present following the mid-1960s, and upper
elevations remained wet enough to support cattails, thus reducing the competitive advantage
of sedges and grasses that can tolerate drier soils.

Additiona cattail encroachment occurred toward the lake at the expense of short emergent
and floating/submersed communities. Thisinvasion likely occurred because of an absence of
extreme high water levels needed for flooding of marsh areas.  This flooding would limit
catal production and permit a greater diversty of plant communities to germinate. In
addition, rdatively sable water levels may have promoted creation and surviva of floating
catall mats.

Upland plant species have aso colonized upper wetland elevations. Consderable diversty
of wetland plant species Hill exids, dthough the aea in which the diversity occurs is not
great. It is suggested that short-term, extreme water levels (highs and lows) should be
alowed to occur gpproximately every 17 yearsin order to maintain this diversty.

In the lower S. Lawrence River, specific wetland habitat investigations have focused on
Lac S. Fere the sngle most sgnificant wetland complex in the Lake Ontario-St.
Lawrence River sysem. Plant assemblages modded in this area (Hudon et al 2004)
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alowed the higtorical (1961-2002) variations in the surface areg, didtribution and biomassin
marshes resulting from high or low water levels to be defined.

Hudon et al 2004 suggest that hydrology largely determines the structure, didtribution and
biomass of herbaceous plant assemblages in the 01m (0-3 foot) deep zone of Lac St.
Pierre wetlands. This zone also reacts to hydrologica conditions of the previous season and
defines the avallability of different habitats and food supply for aguetic organisms.

Pl quantifying the linkages between hydrological variables and wetland characteristics were

identified for the Lac . Pierre area and can be trandated into two regulation criteria for

environmentaly sustainable water management:

1. maximize the water level range between spring (high) and late summer-fal (low) leves
and

2. maintain patterns of current and flow closest to natural, unmanaged conditions.

Hudon et al 2004 conclude that returning to pre-regulation conditionsis most beneficid for
wetland habitats.

Studying wetlands in Lac . Fierre and the St. Lawrence River below Beauharnois indicated
that water temperature, trangparency, turbidity, and light extinction coefficients vary markedly
with water leve. In conjunction with changes of water depth, these variables determine
submerged aquatic plant biomass, species compaosition and digtribution, thus dtering fish habitat
qudity and overdl primary productivity in the river (De la Fontaine, undated). They dso found
that water temperature, color, turbidity, suspended solids concentration, and light extinction
coefficients are different for water originating from Lake Ontario, from the Ottawa River and
from other tributaries. These differences are considered environmentaly important.

Long-term (1960-2002) variations in physica and biologica conditions in Lac St. Pierre
show that the lake has in the past dternated between a lake environment and a marsh
environment over this relatively short time period, making it highly sengtive to discharge
regulation and to chronic low levels.

It is proposed that the wetland ecosystem will benefit if spring flood, seasond, and long-
term (10- to 15-year) water level variations are maintained and extreme low levels and
sharp inter-annud (1- to 2-year) variations are reduced when possible.

4.2.3 Fish Habitat, Supply and Abundance

Fish and fish habitat invedtigations on Lake Ontario (Minns et al., March 2004) have
encompassed classification of shoreline reaches of Lake Ontario, fish habitat supply assessment,
wetland fish community and therma regime studies, and fish population modeling.

Although changing water levels will impact the amount of suitable habitat available for fishes,
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lava fish sampling in wetlands (Minns et al., March 2004) indicates that there was no
conggtent pattern identified in fish compostion, abundance and richness by wetland type
between the two sampling years. This information can be incorporated into uncertainty
edimates for suitable habitat supply.

Minns suggests that water temperature variability in the near shoreis greetest in the fal, followed
by soring, summer and winter, and is largely respongible for fish egg and larva surviva during
these times, in addition to water leve fluctuations.

Process-based modes being completed in the summer of 2004 will focus on whether changesin
water leve regime will affect fish populations, and the degree of sengitivity of those populations
to water leve fluctuations.

Fish studies on the U. S. shordine of Lake Ontario and the upper St. Lawrence River (Farréll,
Mead, Murray and Toner, undated) found that goringtime water levels that enhance northern
pike spawning success were historicaly important, but today do not appear to be connected to
age-0 production and subsequent year-class formation. This may be due to habitat changes,
including the increase of cattail, and the loss of sedge meadow habitats that are preferred for
northern pike spawning. Current regresson models indicate greater importance for late
summer/fal water levels, where low water levels promote stronger year-classes. Rate of spring
waming (days until 8C (46°F) is reached); and summer temperatures (number of days>20°C
(68°F)) are also importarnt.

In the lower St. Lawrence River between Cornwal and Trois-Riviéres, research indicates that
access to managed marshes for early spawning fish is often prevented by low water levels
(Mingelbier and Morin, May 2004). Mitigation actions, such as ingaling fish ladders & the
mouth of the largest managed marshes will be required if the regulation plan favors low water
levels during spawning.  Specific controlling eevetions for these marshes are avalable.
Mingelbier and Morin suggest a moving caendar based on temperature should be used in
determining spring flows for spawning conditions in the regulaion plan This would dlow
greater flexibility in operation and increased sengtivity to fish gpawning migrations.

Based on research findings, the following water level management criteria have been suggested:

For the Lake St-Pierre area during the spring freshet period (Mingelbier, undated) and just
after the ice mdt in early April when water temperature is >3°C (37°F), water levels at
Sord should be >5.6 m (184 ft) to enable fish access to both naturd and managed
marshes. This minimum water level should be maintained at least 30 days to enhance fish
diversty in the marshes and reduce young-of-year fish mortdlity.

During the spring hatching and spawning period (April, May and June), the regulation plan
should avoid high frequency water levd variaions to avoid drying eggs and incursons of
cooling water in the spawning ste. This fact is particularly applicable for the lower S
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Lawrence River where increased flows of 800-1,000 cubic metres per second (28,300 —
35,300 cubic feet per second (cfs)) represents water level variaions of about 25-30 cm
(10-12 inches) at Lake St-Pere over a few hours. Such vaiations may aso flood
waterfowl nests during the same time period.

A maximum water level drawdown rate of less than 18 mm (0.7 inch) per day in early May
following the spring freshet is recommended to avoid drying fish eggs or trapping “young of
year” fish in pools located in the floodplain. This rate corresponds to the observed mean
rate at Sorel for the period 1960-2002 and is congstent with the scientific literature.

Water levels at Sorel should be <5.0 m (16.4 ft) by the end of June to enable drawdown in
managed marshes in order to trander this fish production to the open river system and
reduce summer and winter mortdity in the managed marshes.

Impact sudies of hydrologicd variaion on the seasond occurrence and migratory timing of
freshwater fish gpecies in the lower &. Lawrence River (de Lafontaine and Marchand,
undated) indicate that proposed scenarios for water level management in the St Lawrence
River will effect the tempora ditribution and migratory patterns of fish in the river. Moreover,
the annud timing and/or the duration of occurrence of 20 fish pecies components were
ggnificantly related to weter levels in the river. They conclude that an increase in the spring river
level would delay the annud timing of occurrence of spring fish in theriver. In contragt, high river
levels in the fal are associated with earlier occurrence for fdl fish components. Summer fish
components appeared to be relatively unaffected by inter-annud variationsin leve.

De Lafontaine and Marchand aso found that fish populations and communities are changing.

The authors concluded that these variations in fish groupings are the result of the shift in the
hydrologica regime from high to low water level conditions that have occurred in the S

Lawrence River over the past 30 years. In a mgority of cases, the spring high water level and
the spring basdline water temperature were the two abiotic attributes that explained, to variable
degrees, the between-year variation in the abundance of fish species and groupings.

Significant changes in fish assemblage have occurred since 1975, without showing signs of
persstence or resilience. The results of this study suggest thet high water levels and flows may
favor higher productivity of fish from various trophic levels or from different habitat groups.
They conclude that future water level management in the S Lawrence River mugt am to
maintain a high levd of nterannud variability in the hydrologicd regime, driven by dimate as
much as possible, in order to maintain high fish productivity and fish diversity.

4.2.4 Wetland Bird Abundance and Diversity
Since water regulation can contribute to the loss of wetland habitats through homogenization of

water regimes, it can dso impact on bird assemblage composition and diversty (Ingram and
DesGranges, undated). Aswdl, smal changesin the rate of water leve fluctuaions during the
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breeding season can have dgnificant negative effects on reproductive success due to nest
flooding or increased rates of nest predation, potentialy compromising the ability of regiond
wetland bird communities to maintain viable populations.

Some wetland bird species and their nesting habitats are protected (considered specia concern,
vulnerable, threatened or endangered) under Federd, State and Provincid laws. Wetland birds
are seen as indicators of wetland qudlity, and are used as parameters of restoration success and
regiond biodiversty. A profitable eco-tourist industry continues to rapidly develop around
wetlands and ther diversfied wildlife.

Multiple years of bird survey data have enabled surveying of wetland habitats under varying
degrees of water inundation, depth and fluctuation. Anayss of this multi-year data has reveded
srong correlaions between estimated breeding pair dendties and water depth, as well as
degree of water level fluctuation during the breeding season for a suite of wetland bird species
usng emergent, meadow, shrub and treed swamp habitats. These additional hydrologic
associdions dlow for much more sengitive predictive models related to habitat quality and
overd| potentid carrying capacity on an annud and long-term basis. Predicted habitat quaity
(as measured by edtimated breeding pair dengity) can change significantly within a specific
wetland plant community based solely on changesin water depth during the breeding season. In
addition, overdl bird species richness is aso responsive to the same wetland and hydrologic
parameters. The field-based data also support water level change thresholds and potential nest
loss P that were developed based on nest record databases and published literature.

Findings of this work were that during the bird-nesting season, from May 10 to June 20, the
water leve in marshes and wet prairies should be maintained between:
- 1to5cm (0.51to 2 inches) for Common Yellowthroat, a species that nests on or close to
the ground in scrubby vegetation away from the water edge;
20 to 30 cm (8 to 12 inches) for the Common Snipe, a species that nests on the ground
close to the water edge;
20 to 30 cm (8 to 12 inches) for the American Bittern, a species with a sturdily built ground
nest;
20to 30 cm (8 to 12 inches) for the Black Tern, a species with a“floating” nest; and
20 to 40 cm (8 to 16 inches) for the Least Bittern, a species that nests in rigid vegetation
above water.

During nesting, an abrupt increase in water leve, in the order of:
>10 cm (4 inches) would be detrimenta to Common Snipe;

>15 cm (6 inches) would be detrimental to Common Y ellowthroat; and
>20 cm (8 inches) would be detrimentd to American Bittern, Black Tern, and Least Bittern.

During nesting, an abrupt decrease in water leve, in the order of:
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>20 c¢m (8 inches) would be detrimenta to Common Y dlowthroat, Common Snipe, and
American Bittern; and
>30 cm (12 inches) would be detrimenta to Black Tern and Least Bittern.

Dunng the bird-nesting season (late May to the end of duly):

The frequency and magnitude of water level increases over 5 quarter-month periods that
exceed 20 cm (8 inches) should not exceed current regulation plan frequencies, and
reductions to pre-project frequencies and magnitudes are preferred. The frequency of water
level increases that exceed 40 cm (16 inches) (over a 5 quarter-month period) should be
minimized or reduced to pre-project frequencies.

The frequency and magnitude of water level decreases over 5 quarter-month periods that
exceed 20 cm (8 inches) should not exceed current regulation plan frequencies, and
reductions to pre-project frequencies and magnitudes are preferred. The frequency of water
level decreases that exceed 50 cm (20 inches) (over a 5 quarter-month period) should be
minimized or reduced to pre-project frequencies.

The different archipeagos found within the fluvid section of the St. Lawrence River between
Lake S. Louis and Trois-Rivieres including the adjacent lands, harbour some 6,000 nests of
dabbling ducks that provide close to 700 flying broods in the fal (ehoux and Dauphin,
undated). This area can be consdered as one of the mgor breeding stes for waterfowl within
the entire St. Lawrence River.

For many waterfowl, nesting takes place between the end of April and the end of July, witha
peek & mid-June. The brood rearing period lasts between the end of June and the beginning of
September, with apesk a the end of July. The archipeagos of Berthier-Sorel and Contrecoeur
support close to 70% of al nests produced.

Review of the Pl information reveds that water levels will rarely be a limiting factor for nesting
habitats. Water rises could, on the other hand, represent a serious threat to nesting females
through nest flooding, especidly if those increases take place during the most intensve nesting
periods such as in June. Average water levels registered between April and October could be
detrimenta to broods if they are too high (reduction of emergent marsh acreage) or too low
(leeding to development of botulism).

Successive nest losses that have occurred since 1968 could be one of the mgor factors
explaining the dragtic decrease of close to 50% of the productivity of the breeding population of
the dabbling ducks in the fluvid section of the St. Lawrence River during the past severd
decades. A threshold of 200 nest lossesis considered critical.

4.25 Herpetile Habitat Supply

Although some change in reptile and amphibian populations in Lake Ontario and the St
Lawrence River occurs directly in response to hydrologica change (.e, through creation of
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temporary breeding pools for amphibians associated with high water events, or overwintering
mortdity in turtles associated with low weater events), most population change is likey
asociated with change in habitat availability. Changein habitat availability is determined largely
by the effects of lake and river hydrology on the composition and spatia organization of wetland
plant communities. Thus amphibian and reptile population change is expected to be driven
primarily through indirect associations with lake and river hydrology as mediated by hydrologica
effects on wetland plant communities.

Pl have been defined for severd species of reptiles and amphibians, including at least two
endangered species (Blanding's Turtle and Eastern Spiny Softshel Turtle), in terms of
population estimates. Regresson modds have been developed to link these populations to
wetland habitat changes that may result from water leve fluctuations and these regressions will
be included in the IERM.

4.2.6 Speciesat Risk Habitat Supply

Lantry and Schiavone are using predictions from the IERM and Coastal Processes dune
eroson modd to evauate the impact of water level regulation plans on habitat availability for
Lake Ontario and upper St. Lawrence River species at risk (Table 3). Results will be reported
once models are complete, incorporated in the IERM and predictions are generated.

Province of Canada Canada New
TYPE | Common Name Ontario COSEWIC | (SARA) ;‘;{E
Bird Black Tern VUL END
Bird King Rall END-R END END THR
Bird Leadt Bittern VUL THR THR THR
Bird Pied-billed Grebe THR
Bird Yelow Rall VUL SC SC
Fish Pugnose Shiner THR SC END
Fish Bridle Shiner VUL SC SC
Reptile | Spiny-Softshdl Turtle | THR THR SC
Reptile | Blanding's Turtle THR THR
Pant Awned sedge END
Plant Champlain END

beechgrass

Pant Low sand-cherry END
Hant Sand dune willow END

Table 3. Species-at-Risk Sensitive to Water Level Changes in Lake Ontario and the

Upper St. Lawrence River and their Provincial, State and Federal Status. (COSEWIC-
Committee on the Status of Endangered Wildlife in Canada; SARA -Species at Risk Act; END-Endangered;
VUL-Vulnerable; THR-Threatened; SC-Special Concern; Sch-Schedule).
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In the lower St. Lawrence River between Cornwall and Trois-Riviéres, the impacts of weter
leve fluctuations on 13 species are being examined with preiminary findings (Giguére et
Laporte, undated) indicating that species at risk seem to be very sendtive to regulation plan
changes. The potentid habitat Pl developed for Channdl Darter, Least Bittern and Yellow Rail
show that the pre-project management plan brings better reproduction habitat availability for the
Channd Darter, while the 1958D management plan brings more reproduction habitat availability
to the Least Bittern and Ydlow Rail. Also, information from the available data and literature
indicates that mortaity/disgppearance risks coming from water level fluctuations bring adverse
effects to these species.

427 Muskrat Abundance

Evduation of the effects of hydrologic management on muskrat populations in Lake Ontario and
the upper St. Lawrence River (Farrell, Toner and Mead, undated) indicate that nuskrat
house dengities for drowned river mouth wetlands based on winter house counts are very low
relative to many cattall marshes and severd recently condructed water level managed Stes.
Managed marshes and beaver dams have sgnificantly higher house densties than adjacent
wetlands under the influence of St. Lawrence River water levels management.

Winter severity influences muskrat populations when weter depths are low. During the mild
winter of 2002, an increase in the number of active houses was observed for most of the
wetlands.

Active houses were generdly found located dong the deegpest parts of the marshes (along
channels). These habitats are limited in area and are consdered margind for muskrat over-
wintering. Increasing weter levels for September through February can significantly increase the
area of suitable muskrat habitat.

Late fdl and winter water levels within most of the wetland area were too low to support
hedlthy muskrat populations. Only one eevation (74.27m (243.7 ft) IGLD) had sufficient weter
depth to support muskrats during the winter. However, this eevation contains cattails only aong
the edge and comprises a smal percentage of the surface area for each wetland. All other
elevations within these wetlands have zero winter water depths.

Muskrat herbivory can have a mgor influence on cattall densgty. Comparisons of cattail
production vs. consumption in managed marshes of the upper St. Lawrence River indicate
muskrats can consume 28% of the annud cattail production.

It is possble that water level changes done may not reduce dense cattall stands, given ther
tolerance to awide range of water depths. However, water level changes resulting in favorable
muskrat habitat are likely to influence these stands. Most of the proposed water level scenarios
likey will not produce enough muskrais to develop problems associated with “est-outs’.
Periodic low water levels, smilar to those proposed in some of the scenarios, will likely prevent
these conditions from occurring and will alow wetlands to respond favorably to muskrat
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disturbance.
42.8 Summary

From the position of minimizing the adverse environmenta impacts resulting from application of
the water management criteria over the past fifty plus years, an ecologica argument is made that
the water management plan that best meets the needs of the environment is the plan or set of
criteriathat restores the natura system asfar as possible.

No PI show massive environmenta impacts between plans 1958D and “pre-project’, with the
possible exception of some rare species. We are most likely going to observe modulaionsin
“ecosystem” abundance rather than population crashes. The chalenge will be the significance of
long-term impacts (Morin, Champoux, Mingelbier, et d., undated)

43 RECREATIONAL BOATING AND TOURISM

The Recredtiond Boating and Tourism TWG developed a three-pronged approach to study
the impacts of water level changes on recreationd boating and related tourism:

(1) surveying recreationd boaters who used Lake Ontario and the St. Lawrence River; (2)
contacting Lake Ontario and the S. Lawrence River marina and yacht club owners, and (3)
surveying charter boat operators.

The methodology for the Canadian recreationd boating survey differed from the American in
that where a survey of charter boaters was carried out in the U.S,, a tour boat and excursion
craft operator survey was undertaken in Canada. Figure 8 shows the locations of marinas and
yacht clubs on Lake Ontario and the upper St. Lawrence River. Figure 9 shows the boating
facilities on the lower S. Lawrence River. Data from dl three survey groups were used to
creste water level — impact reationships. Each relaionship shows the impacts in terms of Pl as
losses to the loca economy and losses in days of use to the recrestiond community as the water
level decreases or increases.
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4.3.1 Boater Surveys

A U.S. survey sample was drawn from a database of boats registered in New York State in
2002. Boaters using Lake Ontario and the St. Lawrence River boated an estimated 1.3 million
days or an average of 28.4 days per boat on these waters in 2002. Boaters spent (in
U.S.dollars) an average of $137 per day in New York State counties bordering Lake Ontario
and the St. Lawrence River for atota of $178 million. They spent an additionad $18.50 per
day in aress outside the New Y ork State bordering counties for atotal of $24 million. Boaters
consumer surplus or what boaters would have been willing to pay over and above what they
actudly paid for their boating experience averaged $69.36 per day totaing $90 million for dl
boater days in the 2002 season. Almogt half of boaters (43%) indicated there were days in
2002 when they wanted to go boating on Lake Ontario or the St. Lawrence River but could not
because of low water level conditions. Low water was more likdly to affect boaters who
accessed the water from private docks.

On the lower St. Lawrence River, boating days were estimated to 47 days per boat for a
typical season, based on 2002 information, totaling about 2.83 million boater days per year.

Between 55 and 60% of boat owners do short one or two day trips. Others do 10-20 day or
20-30 day trips. July and August are the typical peak boating months, followed by June and
September, and then by May and October. Typica expenditures (in Canadian dollars)
averaged about $206 per day, ranging $163 to $280 per day depending on the area. When the
extreme low and high values are excluded, the range of average daily expenses is $101 per day
on Lake Ontario and $125 per day on the lower St. Lawrence River. Boat owners totd

(gross) willingnessto pay (WTP) above these daily expenditures is between $153 and $188 per
day on atypicad boating trip depending on area consdered. In addition to daily expenses and
WTP, boat owners spend an additiond $3,330 annually for insurance, boat improvement and
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repairs. Approximately 2,900 boating days were lost because of low water in 2001, 60% of
which occurred in August and September.
4.3.2 Marina, Yacht Club, Launch Ramp and Charter Boat Surveys

An inventory of dl marinas, yacht clubs, and state or privatdy run boat launch ramps was
conducted in the U.S. during the summer of 2002. One hundred and sixty-eight marinas and
yacht clubs were identified in operation dong Lake Ontario and &. Lawrence River shoreline
during the 2002 boating season. Operators were asked about impacts to their business from
both high and low water conditions and mitigation messures used. Most of the marinas (78%)
impacted by low water in 2001 indicated they had lost revenue due to the low water conditions.
Lake Ontario marinas (80%) and smdler marinas (83%) were dightly more likely to indicate
they lost revenue in 2001. The average revenue lost per marina impacted was $15,000. The
total estimated loss of revenue in 2001 was approximately $1,396,000 (in constant 2002 U.S.
dollars). Over haf (54%) of the businesses that were impacted took some form of action to
mitigate the problems caused by low water levels. Marina operators spent atotal of $538,500
(in 2002 congtant U.S. dollars) on mitigation actions.

One hundred interviews were completed in person or by telephone of the 133 marinas
operating on the Ontario shoreline of Lake Ontario and the upper S. Lawrence River. The
number of dips available was counted and occupancy per month was estimated. Operators
were asked about ided and acceptable maximum and minimum water levels. These responses
were averaged by reach and stage damage curves were created showing losses as water levels
fluctuated from ideal by month based on occupancy and days boated. The data collected from
the marinalyacht clubs public boat launch stes indicated approximately two-thirds (67.5%) of
al fadilities visted were equipped primarily or exclusively with floating docks. Three-quarters
(75%) of St. Lawrence River facilities and nearly two-thirds (64.7%) of Lake Ontario facilities
had floating docks. Only one-third of dl the facilities surveyed relied primarily on permanent
docks (25% of S. Lawrence River and 35% of Lake Ontario facilities). Three-quarters
(75.8%) of facilities in the Study area have some of the docking infrastructure necessary to dedl
with fluctuating weter levels (i.e. floating dock infrastructure). These observations provide an
indication of the reative sengtivity of these facllities to water leve fluctuations based on
infrastructure-type characteritics.

New York charter boat captains were surveyed by mail in the winter of 2003. There were an
estimated 210 charter boat operators caling Lake Ontario their home port in 2002, 34 on the
S. Lawrence River, and 13 on the lower Niagara River (accessing Lake Ontario). One-third
of charter boat captains indicated there were times in the past five years when they wanted to
take out a charter but could not because of high or low water conditions. The problems
occurred primarily in the fall, September and October, during low water level conditions.

4.3.3 Regional Economic Impact Analysis
A regiona economic impact model was used to measure the impact of money brought into the
local economy by boaters coming from outside the region and how much additional spending
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results from this money. The impact varies by region ranging from $12 per day dong western
Lake Ontario to $37 per day in the Alexandria Bay region.
4.3.4 PerformanceIndicators

Pl were cdculated based on the data collected and associated with different water levels to
congtruct water level — impact relaionships. Twelve Pl were conceptudized for U.S. boatersto
measure losses in days lost and in economic terms. The four sources of data (marinas, launch
ramps, private docks, and charter boats) were aggregated by reach and month to form
composite water level — impact reationships.

In Canada, data to be used to create Pl on days boated, expenditures, and WTP were
collected in the survey of power squadron members. These boaters were considered to be
representative of marina and yacht club users, but not private dock or launch ramp users. To
estimate Pl for these users, ratios developed from U.S. data (e.g., days boated by marina users/
days boated by launch ramp users) were applied to the Canadian power squadron data. Ten
Pl were calculated for Canadian boaters. The Pl were based on average days boated,
economic indicators (e.g. expenditures per day and net economic vaue), and the number of
additiond days under ided water level conditions. Data reveded significant boater days lost
due to low water levels in the fadl. Regiond economic impact andyss was not done for
Canadian boaters due to the lack of resdentia identification of the Canadian power squadron
boaters.

For purposes of rationdization of the recreationa boating information, Lake Ontario and the
upper . Lawrence River were divided into three reaches. The Lake Ontario reach includes
the lake itsdf and the portion of the St. Lawrence River down to and including Cape Vincent.
The remainder of the upper St. Lawrence River was divided into two reaches associated with
the water level gauge measurements at Alexandria Bay and Ogdensburg. Canadian and U.S.
data for these reaches were aggregated. The three reaches on the lower St. Lawrence River
were delineated and data were referenced to the water level gauges at Pointe Claire for Lake
St. Louis, Varennes for Montreal-Contrecoeur and Sorel for Lake St. Pierre.

435 Aggregated Stage Damage Curves

The data associated with the three methods boaters use to access the water (marinas, private
docks, and launch ramps and charter boats in the U.S.) were added by reach to create one
very large database that measured accumulated losses as water levels varied up or down from
ided. U.S. and Canadian Pl were aggregated by reach for Lake Ontario and the upper St.
Lawrence River. Economic indicators measured in dollars were al converted to 2002 U.S.
dollar equivdents. Figure 10 presents the final aggregated water level — impact relationships for
the sx study reaches.
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436 Water Levd Criteria

One of the primary objectives of the TWG was to determine idedl criteria for water levels for
each of the reaches that would best meet the needs of recrestionad boaters and associated
businesses. The TWG reviewed the find Pl (water level impact relationships), and established
the range of water levels which was deemed overall acceptable for the boating congtituency.
For each reach, the water level that minimizes adverse impacts was sdected. The TWG
reached a consensus that a+ 0.43 m (1.4-foot) variance around the ided leve for Lake Ontario
was a reasonable water level range for boaters which when consdering the hydraulic affect of
that range sdection on upper . Lawrence River reaches (Alexandria Bay and Ogdensburg)
was also acceptable. For the lower St. Lawrence River, the rangeis higher.

It is important to note that the critical period during the boating season subject to unacceptable
water levels has hitoricaly occurred from late August through mid October.  Therefore the
TWG drongly emphasizes tha the range specified is to be gpplied for the full extent of the
boating season 15 April through 15 October.

Table 4 presents the preliminary idedl target level by reach dong with the acceptable lower and
upper bounds.

Idedl Leve Minimum Levd Maximum Levd

Slzylrezen m () m () m ()
Lake Ontario 75.04 (246.20) 74.62 (244.82) 7547 (247.61)
Alexandria Bay 74.86 (245.61) 7443 (244.20) 75.29 (247.02)
Ogdenshurg 74.74 (245.21) 7431 (243.80) 7517 (246.62)
Lake S. Louis 2150 (70.54) 2090 (68.57) 2250 (73.82)
Montred - Contrecoeur | 650  (21.33) 550 (18.04) 850 (27.89)
Lake St. Pierre 450 (14.76) 425 (13.94) 500 (16.40)

Table4. Ideal Criteriafor Water Levels by Reach for Recreational Boating Interests

for the Boating Season 15 April through 15 October. (The specified levels are considered draft
criteria subject to change by the Recreational Boating and Tourism TWG once a detailed review can be
made).




44 COMMERCIAL NAVIGATION

The Commerciad Navigation TWG concentrated on developing a Commercia Navigation
Economic Impact Modd. The geographical area for the modd is Lake Ontario and the S.
Lawrence River to Bécancour, Quebec. The modd uses the goals, objectives and metrics
identified by the TWG in the document: * Planning Objectives and Performance Metrics for
Evaluating Impacts of Lake Ontario Outflow Regulation Plans on Commercial
Navigation” . Metrics have been developed defining relaionships between water levels and
commercid navigation impacts in terms of changes in vessd operaing codts.

441 Goalsand Objectives

Changesin Lake Ontario and St. Lawrence River water levels can affect commercia navigation
from Lake Ontario to Bécancour, Quebec. Commercid navigation isimpacted at defined low
and high water levels, and by high currents. The timing of the related discharges (seasona and
weekly) and the resulting currents also affect vessd movements as well as ice formation.

Given the above, four planning objectives were identified:

Optimize water levels and currents to minimize damages, maximize benefits and maintain
navigationa safety, without exceeding flood thresholds.

Minimize extremes in water levels and currents in terms of amplitude and frequencies of
variations to provide gability and predictability of water levels, in order to optimize long-
term cargo load planning and navigation.

Maintain currents in a safe range for commercia navigation.

Maximize ice-cover stability and integrity from Montred to Bécancour to prevent ice jams
and resulting flooding, and maintain safe navigeation.

4.4.2 Geographical Reaches

Five distinct geographica reaches were identified for which impacts on commerciad navigation
from regulation of Lake Ontario outflows are addressed: 1) Port Wdler to Kingston (Lake
Ontario); 2) Kingson to Cornwal; 3) Cornwal to Beauharnois, 4) Beauharnois to
Montreal and 5) Montred to Bécancour. The navigation season for the firgt four aress is
approximately nine months, from late March to the end of December. The navigation season for
the Port of Montréal and downstream is year around. Each of these five reaches has specific
concerns about water levels as affected by regulation of Lake Ontario. Impacts from high and
low Lake Ontario outflows and from timing of discharges have been developed for each of the
five reaches.
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4.4.3 PeformanceMetricsand Performance Indicators

Hydraulic attributes that lead to commercid navigation impacts in each geographica reach have
been identified and performance metrics defined to identify water levels that trigger impacts. A
total of 42 metrics were required to identify when impacts to navigation are encountered (e.g.,
gpeed reductions, loading reductions, cessation of vessd movement due to unsafe current
conditions). Performance metrics are required for high and low water level conditions, timing of
discharges and target gradients by reach. Metrics were dso defined for the development of a

gableice cover on the River.

Maximum and minimum hydraulic limits consdered by the Commercid Navigation economic
impact modd are defined in Table 5. Sample metrics for Lake Ontario, and their impacts on

commercid navigation, areidentified in Table 6.

: . M ax Min
Hydraulic Attribute m (f) m (ft)
Lake Ontario level 76.2 (250.00) | 735 (241.14)
St Lawrence River levd a Ogdensburg 759 (249.02) | 73.2 (240.16)

S Lawrence River levd at Cardind 75.6 (248.03)| 72.8 (238.85)
St Lawrence River level above Iroquois Dam 754 (247.38)| 725 (237.86)
S Lawrence River level at Morrisburg 743 (243.77) | 720 (236.22)
S Lawrence River leve a Long Sault Dam 740 (242.78) | 71.0 (232.94)
S Lawrence River level a Summerstown 472 (154.86) | 45.7 (149.94)
Lac Sant-Louis a Pointe Claire 235 (77.10)| 20.0 (65.62)
S Lawrence River level at Montred Harbour 11.0 (36.09) 40 (13.12)
S Lawrence River levd a Varennes 10.0 (32.81) 35 (11.48)
S Lawrence River levd a Sore 85 (27.89) 3.0 (9.84)
Lac St Pierreleve 85 (27.89) 2.7 (8.86)
S Lawrence River levd a Trois-Rivieres 8.0 (26.25) 2.1 (6.89)
S Lawrence River level at Batiscan 7.0 (22.97) 1.7 (5.58)
mels  (cfs) mls  (cf9)

Lake Ontario Outflow or St. Lawrence R flow
upstream of dam

11000 (388,472)

4000 (141,263)

Lac Saint-Louis outflow

17000 (600,366)

5000 (176,578)

Table5. Limitsof Hydraulic Attributes Evaluated by Economic Impact M odel




I Elevation Above Sea Level (IGLD 1985)
Type of limit
m (ft)
High threshold leve (1) 75.37 (247.28)
Alert leve for navigation (2) 74.35 (243.93)
Minimum leve for navigetion (3) 74.27 (243.67)

Table 6. Lake Ontario Metrics (Port Weller to Kingston)
(1) Triggers speed reduction to prevent shore damages on eastern end of Lake Ontario.
(2) Speed reduction in certain areas necessary to maintain safe underkeel clearances.
(3) Triggersloading reduction below 8 m (26.2 ft) draft.

Changing water levels affect both vesse and port/dock operations in terms of maximum
dlowable drafts and loading conditions. In generd, as water levels fdl, vessd speeds can be
reduced to maintain safe under ked clearances. Eventudly, a water elevation is reached (i.e,
74.27 meters on Lake Ontario) where it becomes necessary to light load vessdls in order to
maintain safe under ked clearance.

Key water level devations have been identified for each of the five geographica reaches. When
ships encounter these water levels during their voyage, elther vessel trave time or ship carrying
capacity is affected.

4.4.4 Economic Impact Mode

The function of the economic impact model is to convert the 42 metrics into dgorithms that
cd culate economic impacts. The dgorithms quantify the economic impeacts of water levels, flows
and velocities on commercid navigation for traffic moving through the reaches. The modd then
derives transportation and ship-operating costs associated with various Lake Ontario regulation
schemes, based on commodity and vessdl origin-destination data for the 1995 through 1999
navigeation seasons.

Low water leves either lead to vessd dowdowns or light loadings. In generd, high weater leves
do not cause a problem for commercia navigation. There are, however, two negative impacts to
commercid navigation from high water leves. High lake levels can cause inundetion of
commercid docks and high river current velocities, which make navigation unsafe
Consequently, vessels must stop and wait until the velocities and or flows have receded to safe
navigation levels

The timing and frequency of the water leve fluctuations and the time of year they occur aso play
arolein theimpact on commercid navigation.

445 Economic Cost Curves

Data on vessel voyage cods are being used to develop water level/navigation cost curves.
These water level cost curves are being imported into the SVM.
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4.4.6 Short-Term Future Outlook

The S. Lawrence Seaway tonnage volumes are recovering from the globa economic aftermath
of September 11" events and are beginning to return to 2002 levels. Approximately 29 million
tons of cargo were shipped via the Montrea — Lake Ontario section of the Seaway in 2003,
with grain, iron ore and cod being the dominant cargoes. Approximately 32 million tons were
shipped via the Wdland Cand. The remova of sted tariffs will hep the Seaway to return to its
classc trading pattern of sted-in-grain-out in 2004 and a thriving economy will promote a
thriving Seaway.

Traffic at the Port of Montred is expected to grow to 23.4 million tons by 2008 from the 18.7
million tons recorded in 2002. Growth is expected to be derived mainly in the container sector
and an increase in liquid bulk treffic.

Factors that have and will continue to affect Seaway traffic include globd freight rates, the
relative values of the Euro, U.S. and Canadian dollars, the Canadian Wheat Board push for
western grain movement, and the growth of U.S. imports to China. China's boom has raised
globd freight rates and pushed up commodity prices, including North American imports.

45 HYDROPOWER

The International St. Lawrence Power Project spanning the internationd portion of the S
Lawrence River at Cornwall-Massena consists of four structures, the Robert M oses-Saunders
Power Dam and Generating Station, the Long Sault Dam, the Massena Intake and the Iroquois
Dam. New York Power Authority (NYPA) operates the Robert Moses Generating Station,
and Ontario Power Generation (OPG) operates the Robert Saunders Station, each of which
represents hdf of the single control structure spanning the international boundary.  The Long
Sault Dam is operated and maintained by NY PA and the Iroquois dam by OPG as part of their
Joint Works program whereby dl costs for operation and maintenance of joint works are
shared equally between the two entities (Hydropower TWG, February 2003).
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The individud and combined dectrica power output, best efficiency discharges and maximum
discharges for the Moses- Saunders plants are listed in Table 7.

Station At best efficiency point Maximum output
Output Discharge Output Discharge
Mw me/s (cfs) Mw mé/s (cfs)
Moses 860 3,940 (138,900) 1,010 5,060 (178,820)
Saunders 1,007 4,610 (162 750) 1,057 5010 (176,930)
Tota 1,867 8,550 (301,650) 2,067 10,070  (355,750)

Table 7. Moses-Saunders Power Output and Discharge Capacities

Any river flows above the maximum discharge capacity of 10,070 cms (355,750 cfs) is spilled
downstream through the Long Sault Dam, which has a capacity of 20,950 cms (740,000 cfs).

Owned and operated by Hydro Quebec, the Beauharnois-L es Cedres Hydropower Complex
is located gpproximately 80 km (50 miles) downstream of the Moses-Saunders plants from
which it receives about 96% of its inflow. The ingaled capacity, best efficiency points and
maximum discharge capacities of this complex are summarized in Table 8.

Station At best efficiency point Maximum output
Output Discharge Output Discharge
Mw me/s (cf9) Mw me/s (cf9)
Beauharnois 1574 7,500 (264,860) 1,670 8,340  (294,520)
LesCedres | ----- |  —-mmmmmmmmoeee-- 160 1,500 (53,000)
Tota 1574 7,500 (264,860) 1830 9,840 (347,520)

Table8. Beauharnois-Les Cedres Power Output and Dischar ge Capacities

The totd average annua hydropower production from these three plants is gpproximatdy
25,000,000 MWh, representing 13,000,000 MWh a Moses-Saunders divided equdly by
NYPA and OPG, and 12,000,000 MWh a Beauharnois-Les Cedres. NYPA, OPG and
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Hydro-Quebec are public utilities owned by New Y ork state and the Provinces of Ontario and
Quebec, respectivdy.

45.1 IceFormation and Management

Formation of a stable ice cover on the S. Lawrence River from Beauharnois upstream to the
vicinity of Ogdensourg-Prescott, gpproximately 64 km (40 miles) upstream of the Moses
Saunders Power Dam, is critica to controlling outflows from Lake Ontario. lce jams and
hanging ice dams can redtrict winter flows in the river and thwart regulation of the outflows from
Lake Ontario.

To form a stable ice cover on the river, maximum outflows of 6,230 cms (220,000 cfs) should
not be exceeded during ice formation, which usualy occurs during a four-day to one-month
period between mid-December and early February.

4.5.2 Peaking and Ponding

The NYPA and OPG power companies conduct peaking and ponding operations to match
demands for dectricity and maximize the vaue of the resource. No effective peaking occurs at
Beauharnois.

Peaking is the variaion of hourly flow about the daily mean, is conducted when outflows are
7,930 cms (280,000 cfs) or less and varies to a maximum of 850 cms (30,000 cfs) around the
daily mean flow. Ponding is the variation of the daily mean flow about the weekly average with
lower flows typicaly on weekends and higher flows during weekdays. The maximum range of
ponding is -570cms (- 20,000 cfs) for Saturday and Sunday and +230 cms (+8,000 cfs) for the
five weekdays. Ponding is only carried out during the non-navigation season, is limited or
suspended under ice conditions, and thusis not a frequent occurrence.

Peaking and ponding operations are conducted with the agreement of the three power entities,
commercid navigation interests, and under the gpprovad and review of the 1JC through its
Internationa St. Lawrence River Board of Control.

45.3 OperationsUnder Emergency Conditions

Emergency Stuations can occur when unscheduled flow changes must be made very quickly to
dleviae criticd dtudions. Recent examples are the August 14, 2003 blackout and the Ice
Storm of January 1998.

When these dtuations occur, the International St. Lawrence River Board of Control’'s
Regulation Representatives are empowered by the Control Board to coordinate immediate flow
changes. The Regulation Representatives then notify the Board of Control and the 1JC.



Deviations from the flows presently specified by Plan 1958D that result from these emergencies
are generdly offset by compensating flow changes over successive quarter-month periods when
conditions dlow. The Board of Control may aso use discretionary authority to retain some of
these deviations or elect to restore them in a more judicious manner to prevent additiona and/or
undue harm to any interest.

45.4 Electricity Markets

NYPA, OPG and Hydro Quebec operate in different and independent market environments.
Their transmisson systems are inter-connected to provide dability within the sysems and to
permit import/export of energy between sysems. However, market rules, availability of
generation, transmisson congraints, demand for energy and peak and off-peak demand times
al contribute to making each of these systems unique.

New York and Ontario are consdered to be summer peak markets, whereas Quebec is a
winter peak market.

Peaking is congdered critica to the operations of NYPA and OPG, wheress efficiency of
operations is more beneficid to Hydro Quebec than pesking. Relatively even flows throughout
the year with no spillage is desirable by dl the utilities for hydropower production. Predictability
of flow is dso important for market operations and maintenance scheduling.

4.6 DOMESTIC, INDUSTRIAL AND MUNICIPAL WATER USES
4.6.1 LakeOntarioand theUpper St. Lawrence River

Data and analyses from contracted out work on water supply intakes, wastewater discharges
via storm and sewer water mains, and self-supplied resdentia water systems have revealed that
on Lake Ontario and upper St. Lawrence River shordines, water level impacts on municipa
and indugtrid (M&I) weter intakes and outfdls are minima (PMCL, May 2003). However,
low lake eevations can have negative impacts on water supplies for therma power generating
plants, and self-supplied, domestic water systems (i.e., shore wells and lake intakes lines).

Many municipa water supply sysems in rely on Lake Ontario and the St. Lawrence River as
their primary sources of potable water — approximately 1.2 million people in the New York and
5.1 million in Ontario. In New York and Ontario, variations within the long-term water level
range on Lake Ontario do not have sgnificant direct or widespread adverse impacts on the
ability of municipa water supply intakes to effectively provide water for the public. Most public
intakes, including the largest facilities that serve the big population centers, i.e., Rochester and
Toronto, are at depths and distances from the shore that eliminates or greatly mitigates problems
with respect to water levels. Facilities that did report problems are rdatively smal and account
for less than 0.5 percent of the tota population served by intakes in Ontario and New Y ork.
The Villages of Albion and Wolcott currently experience problems withdrawing water from the
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lake. Albion's 5 m (16 ft) deep intake and Wolcott's 4 m (12 ft) deep intake are impacted by
wave action. The primary impact is clogging of the intakes with seaweed, algae and ice brought
on by high wave action. On six occasions in the recent past it has been necessary for Wolcott to
cease operations due to clogged intake screens.  Lower lake levels would likely exacerbate
problems at these amdler facilities.

Low water impacts on water utilities and industry can be measured in economic terms, either in
additiond cods to provide the same level of service or in the loss of benefits if full service
cannot be provided. The impact of low water levels on two thermd power facilities in New
York that have reported significant concerns or impacts associated with source water elevation
are being assessed. The objective is to determine relationships between source water eevation
and economic costs associated with the loss of head for cooling water intakes for the power
plants and to gpproximate economic costs of structural measures to address low and high water
impects. Due to security concerns and gaffing issues at the two facilities, initia data collection
activities were limited.

The effects on people who rey on shorewells and |ake lines are not best measured in economic
terms. The dollar vaue of consequences to individuad homeowners is very smdl in comparison
to uses such as theemd power plants. Resdents with lake lines can minimize difficulties by
extending their lines, and many did that during the low water levels of 1998. People who rely on
shorewels may not have other full service options. Sometimes they may not be able to ingal

traditiona wells because of poor water quaity and/or lack of suitable aquifers. In addition, costs
of connecting systems to water utilities are generdly prohibitive. People who cannot get water
from shorewdlls can buy bottled drinking water and water hauled by trucks for showers and
flushing. Sdf-supplied resdentia systems are generdly concentrated in two areas: 1) shoreline
communities in the Thousand Idands area of Ontario and the U.S. and 2) portions of the Upper
. Lawrence in the Lake St. Lawrence area. In August 2003, advertisements were placed in
local newspapers in Jefferson and St. Lawrence counties in New York and the Kingston and
Brockville regions in Ontario.  The intent of the Study was briefly summarized and questions
were provided designed to focus responses from the target audience. In totd, only 17 residents
(3in Ontario and 14 in New Y ork) replied. Most respondents were from the U.S. side of the
lake in baysde communities surrounding Watertown, New Y ork. Canadian respondents were
al from communities near Bath, Ontario.

The mgority of respondents occupied their |akefront homes on a year-round basis. Four of the
17 were seasond occupants. Over 90 percent of respondents use water from their shorewells
for non-potable purposes only. Bottled water from retail outlets or natura springs is typicaly
used for drinking. For al respondents, bottled water was their only dternative source of water.
Problems were centered on capacity issues in the form of intermittent flows or insufficient flows.
Severa respondents reported concern regarding te quaity of well water. Sx of the seven
respondents with problems considered severe have deepened their existing wells or have
congructed new wells. The remaining respondent was planning congtruction of anew well a the
time of the survey. None of the respondents with mild or significant problems have made mgor
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changes to their shorewdls.
4.6.2 TheLower St. Lawrence River

In Quebec, 2.4 million people recaive their potable water from the St. Lawrence River. A data
inventory of the 30 drinking water treatment plants located in the lower St. Lawrence River
provided information to calculate critical water levels for esch installation (Ecole Polytechnique
de Montréal, December 2003). Critica water levels for each plant were then compared to
each other in order to identify the most vulnerable utilities The survey adso inventoried
problems experienced by the plants. Potential water quality degradations related to water levels
and their anticipated impacts on water trestment plant operations were aso evaluated.

The survey reported that 42% of the utilities suffer from taste and odor problems in drinking
water, while 50% experience problems due to frazil ice at their intakes. Taste, odor and frazil
problems are not necessarily directly related to low water levels but tend to increase in such
conditions according to utilities. Capacity limitations under low water conditions were reported
by 3 ingdlations out of 30. The depth of water intakesis one of the most important information
items collected. Under low water level conditions (chart datum), the depths of water above
the intakes range from 0.6 m to 6.5 m (2 to 21 ft), with an average depth of only 2.6 m (8.5 ft).
This informetion highlights the potentid vulnerability of severd plants in the Quebec portion of
the St. Lawrence River. In comparison, the minimum water intake depths dong Lake Ontario
were on average 13.4 m (44 ft) in Ontario and 9.6 m (31 ft) in New Y ork.

The cadculated criticd water levels indicate that water trestment plants in the lower S.
Lawrence are vulnerable to low water levels. Any variation of flow that lowers water levels
close to the higtorical minimum of 20.04 m (65.7 ft) or even the chart datum in Pointe-Claire
20.35 m (66.8 ft) would be criticd for at least 3 plants. The fact that the principa Montreal
water intake is one of the most vulnerable ones emphasizes the critica impacts of low water
levels on drinking water treatment plants. In recent years, Smilar water levels were reached,
forcing Montred to open its emergency intake. Two issues should be kept in mind when
andyzing the reaults 1) the conditions considered when determining the critica level and 2) the
consequences of reaching this level. The critical level was caculated for the nomina capacity
(maximum production) of the plant to dlow a common bass of comparison. Since the criticd
water leve is water demand-dependent, water treatment plants currently producing significantly
lower flows than whet they are designed for, have a sgnificant safety factor. The consequences
of reaching the criticd level are dso different for each plant. Large facilities with more than one
pumping station could probably fulfill an average day water demand with one well out of
operation. For smdl plants on the other hand, once the threshold water leve in the well is
reached, dternative measures should be considered to maintain distribution. The advantage of
small plantsis that temporary solutions are possible and the response time is shorter (e.g., rentd

pumps, temporary lines).
The impact assessment of lower water levels on water qudity was made by evduating the
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influence of the Ottawa River on the water quality a the Montrea water intake. Eight years of
water qudity data were retrieved fom the Montrea Atwater plant and correlated with flow
data in order to establish causd reationships. The results show higher dissolved organic
carbon, color and turbidity when the contribution of the Ottawa River is greater during its
freshet. The opening of the emergency intake of Montred’s plants was a'so shown to influence
water qudity through the demondration of increased chemical costs. The water withdrawn
from the emergency intake contains a greater fraction of Ottawa River water as this water mass
travels closer to the shore where this intake is located. An annua increase in costs of $73,000
Cdn was attributed to the 6% increase in chlorine doses observed during the opening of the
emergency intake.

As utilities mentioned that this problem seemsto increase in low water conditions, cost estimates
were determined for the upgrade of water treatment plants to be able to treat taste and odor
events. The cogts of upgrading the 14 trestment plants not presently equipped to treat these
events depends on the technology chosen. Totd annua costs to resolve this problem are
estimated to be in the range of $3.7 to $4.1 million Cdn.

The impacts of water levels on water treetment plants in the lower St. Lawrence River have
been included in the SYM through the definition of three Pl. The first describes the cost of
treating for taste and odor events. The second represents infrastructure codts related to
solutionsiif criticd levels are reeched. The third identifies the population affected when an darm
leve is reached corresponding to the opening of the emergency intake.

High water levels are dso suspected to have an impact on wastewater trestment plants.
However, the data suggests thet thisis not awidespread problem, as only two utilities were able
to provide a critica high water elevation. It was determined that wastewater trestment plants
are less affected by water levels than drinking water plants.

4.7 HYDROLOGY AND HYDRAULICS
4.7.1 Great LakesNet Basin Supply and Ottawa River Inflows

For regulaion plans to be thoroughly evaduated, it is paramount that they be tested for
robustness, flexibility and system representation in a hydrologic sense. That is, not just for the
recorded sequence of historical water supplies and flows, but also for dfferent water supply
sequences and conditions that could be expected to occur in the future, as the future will surely
be different from the padt, at least in hydrologic terms. For this purpose, smulated series of
stochadtically generated water supplies were produced to test regulation plans againgt different
sequences of water supply conditions. The stochastic nature of the smulation process implies
that the Satigtical properties of the sSmulated and historical supplies are generdly smilar.

For the purposes of smulation, the project is carried out in three distinct spatia zones, these are
for the Great Lakes, the Ottawa River System and the local tributaries downstream of Moses-
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Saunders dam to Trois-Rivieres. The product from this project consists of two time-series of
different lengths. The first of 20,000 years in length has been analysed for statistica properties
and comparison with the historica time series. The second set is 50,000 years long to be
provided to other TWGs as araw product with no analyss.

4.7.2 Climate Change Scenarios

Generd Circulation Modd (GCM) results for climate change conditions were used to define
possible water supply conditions for the Great Lakes, for the Ottawa River drainage basin and
for the other locd tributaries to the St. Lawrence River.

In order to capture the range of potentia climate change impacts on water supplies, 1ake levels
and flows, four probable scenarios were sdlected. Two of these scenarios are based on the
second-generation Canadian generd circulation model: warm/dry and not so warm/dry. The
other two scenarios are derived from the United Kingdom based third generation Hadley mode!:
warm/wet and not so warm/wet. These four scenarios were considered to be representative of
the range and current state-of-the-art in climate change science gpplications to the Great
Lakes-St. Lawrence River region. Four work efforts were then required to address different
gpatial components of the climate change evaduation. Hydro-climate information was then
employed to generate net basin water supplies into the Great Lakes and into the Ottawa River
basin. Flows were then generated and routed through the system.

The resulting net basin supplies, water levels and flows are generadly less than the base case
higtorica condition for al changed-climate scenarios and for al lakes except for the not so
warm/wet scenario on Lakes St. Clair, Erie, and Ontario. The grestest reductions in net basin
supplies occur on Al lakes under the warm/dry scenario, followed by either the not so warm/dry
or warm/wet scenarios depending on the lake. The smadlest water supply/lake leve/flow
reductions occurred on al lakes under the not so warm/wet scenario.

473 Water Supply Forecasting

Great Lakes above Cornwall: The existing operationd net basin supply (NBS) and lake leve
forecast methods on the Great Lakes above Cornwall, were reviewed to evaduate the
techniques used by various agencies in the management of the system. The extended westher
forecagting, pertinent b use in Great Lakes water level forecagting was also studied. The
relaive worth of near red-time data availability and weather forecasts on hydrologica forecasts
were evduated by building forecasts with and without their use and assessng agreement with
observations over recent data periods. The existing operational NBS and lake level forecast
methods on the Great Lakes above Cornwall were examined by comparing them and for thelr
“goodness of forecast.”

S. Lawrence River below Cornwall: In order to improve hydrologica forecasts for the S.
Lawrence River bdow Cornwall, an andyss of the spring melt in April 2002 was undertaken in
three steps. The fird was to hindcast the conditions of April 2002 with the atmospheric,
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hydrologic and water level models. The next two steps were to issue a ten-day forecast on two
dates. one starting on April 10, and the second one starting on April 15, 2002. The two
forecasts were then compared with the hindcasted conditions for performance evauation. They
were also compared to the actua forecasts issued at the time when gpplicable. In this regard,
this Study is usng state-of-the-art forecasting tools not readily available operationdly. It is the
object of this Study to show what gainsin forecasting could be made available in the future.

Findings from this work suggest that the 1week Ottawa River forecasts be applied to Lake
Ontario/St. Lawrence River regulation rules during the spring freshet period. For late summer
and early fall, the extended 1- to 14-week forecasts could be used to build in some protection
for low level and flow Stuations a Montred. The 1- to 2-week forecasts appear to be best for
al other time periods of the year.

474  Hydrodynamic Modelling of St. Lawrence River Conditions

Kingston/Cape Vincent to Cornwall Reach: The initid smulation runs of the upper S.
Lawrence River modd were completed in May of 2003. The smulations were prepared and
processed to alow easy access to the hydrodynamic data for the St. Lawrence River by the
TWGs. A tota of 19 smulations were performed to cover the expected range of hydrologicd
conditions. The Commercid Navigation, Recregtiona Boating and Environmental TWGs have
accessed the hydrodynamic smulation data to this point.

Lake Saint-Louis Reach: The modd developed for Lake Saint-Louis was refined and
cdibrated/ivaidated with current measurements in the fidd acquired in spring and summer of
2002. Hydrodynamic smulations were presented for the spring and summer of 2002 and for 13
scenarios covering the mgority of open-water conditions.

A refined mesh containing 37,720 elements and 78,367 nodes was built and used to modd the
water leves, flows and currents of Lake Sant-Louis An andyss of the hydrologica
complexities in terms of both water levels and discharges was produced. The comparisons of
velocity vectors show that the modd properly reproduces velocity patterns in Lake Saint-Louis.
The amulations of the scenarios show that the hydrodynamic field of Lake Saint-Louis is quite
vaied. This variety is characterized by the presence of the commercid ship channd, large
shalow areas, Beauharnois power dam, the Saint-Anne and Vaudreuil channel upstream and
Lachine rapids downdream. These smulations were used in integration of the physcd
component of biological studies as well as to better understanding physica processin the Lake
Sant-Louis area. They were also used by the Commercia Navigation, Coasta and Water Uses
TWGs.



475  Water Temperature Modelling

The objective of thiswork isto develop and make operationa atool or suite of tools capable of
computing the water temperature regime of Lake Ontario, the Bay of Quinte and the upper St.
Lawrence River. The water temperature model(s) were to be applied to develop severd time
series of water temperature data that in combination with water level data will be used by the
Environmental TWG to assess the impact of regulation on the fish speciesin the region.

48 INFORMATION MANAGEMENT

Information and databases produced by the Study to date can be categorized into the following:
Geospatid data in the form of aerid imagery in digitd form, devation data including
bathymetry and topography, cultural features like transportation, property parcels, etc., and
environmental datasets like wetlands extent, composition and diversity;

Time-series datasets in the form of weekly and monthly water levels on Lake Ontario and
adong different reaches of . Lawrence River, flows in the river, water supplies, and wave
information;

Technica Reports, newdetters, questionnaires, Study reports and other documents;

SVM and plan formulation results, inputs and outputs for other models, i.e., for hydrologic,
coastal processes and environmentad; and

Multimedia presentations and graphics.

Over the three years of the Study to date, data and information about the Study is growing at an
enormous rate. The result is that specific data and information can be difficult to find, and risks
of duplicating and misinterpreting information increases. Significant time has been engaged by
Study participants in creating “metadata’ which catdogues the characteridics, history,
appropriateness of use and other sdient properties of the Study’ s information resources.

The target users for Study information can be categorized as.
- Study personnd, including TWGs, Study Board and PIAG members,
Commissoners and gaff of the 1JC;
The public and specific interest groups,
Federd, sate, provincid and municipa agencies,
Academic, research and environmenta interest groups,
Elected representatives, and
Media

A digtributed Internet-based information system has been implemented by the Study based on
three primary computer nodes, one in Ontario, one in Quebec and onein the U.S. This system
provides access to dl Study information resources in an integrated fashion including searching
for dl documents compiled by Study participants. Databases are stored on the three primary
computer nodes, which aso provide for web-based geographic information system (GIS)
mapping capabilities. Information used to develop the Study’'s SVM s linked through this

51



digtributed network of computers. Figure 11 is a schematic. which showcases this distributed
information management drategy.
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Figure1l. Information Management Strategy Schematic

Through the remainder of the Study, the didtributed information management dtrategy will
provide for the storage, retrievd and sharing requirements for al user groups. Continuation of
the data sharing relaionships after the Study should provide substantia benefits to operationa
outflow management and ecologica protection and restoration across the system.

The digributed information management mode permits “drilling-down” through various levels of
information to provide links between regulation criteria and SVM results, Pl, technica andyses
and scientific reports. Figure 12 showcases a series of integrated information queries that can
be facilitated by the Study’ s information management Strategy.
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Figure 12. Seriesof Integrated Information Queries

The information management drategy employed by the Study provides for a high degree of
trangparency and accountability. All decisons made by Study participants can be tracked back
to the basic information from which it is derived. The strategy aso provides a strong basis for
longer-term sugtainability of the information once the Study is completed.

Chadlenges remaining to fully implement the Study’ s information management strategy have been
identified as
Populating the document management system with al new published products created by
the Study;
Compiling dl needed metadata for Study datasets, documents and output products
Compiling a comprehensive information catalogue of Study products and identifying long-
term information stewards after the Studly;
Promoting the implementation of formd information sharing agreements between U.S.
federd agencies, New York State departments and Ontario and Quebec provincid
minigtries to continue the functiondity of the system after the Study is completed; and
Engaging and educating end users about how to search for information, evauate its utility
and access desired information.



49 ECONOMICSADVISORY GROUP

In Year 2, the Study Board established an Economics Advisory Committee (EAC) to provide
expert advice on the role of economic andyss in the Study. The Committee reports to the
Study Board through the PFEG, and is comprised of four professors of economics, two from
the United States and two from Canada.

The EAC was asked to determine the degree to which economic models and metrics can be
used to rank plans and advise on suitable methods, metrics and procedures to support them. In
addition, the economids review the various economic evaduaion drategies and provide
guidance and expertise to ensure that an unbiased and consistent gpproach is used.

4.9.1 Standardsand Guidelinesfor Conducting Economic Analyses

To ensure defenshility, internal congstency and objectivity in the economic analyses being
conducted by the TWGs severd members of PFEG drafted a set of “ Standards and Guidelines
for Conducting Economic Analyses” Over Year 3, the EAC provided advice on these
Standards with significant progress made by the fal of 2003 in resolving outstanding questions.
Drafts of the Standards were presented b the Study Board in May and December 2003
(PFEG, December 2003).

Among the more than ten standards and guiddines, it was decided that the overdl anaytica

focus of studies should be on assessing the net margina changes in economic well-being at a bi-
nationa scae that would result from adoption of an dternative plan to Plan 1958-D with
Devidions. TWG dudies have used a patid equilibrium agpproach to andyze how these
aternatives can be expected to affect benefits and costs. This means the TWGs are assessing
those markets, which are directly affected by a change in water levels (e.g., damage to a house
due to flooding), but they are not assessing secondary markets such as the increased demand of
capet deaners following a flooding event. Willingness-to-pay was adopted as the primary

method of measuring economic vaue such as the vaue of being able to boat more days of the
year. The Standards aso permit secondary methods, such as the replacement-cost method, to
be used. (e.g., the value of eroded sediment to a beach may be assessed by the cost of trucking
in sand).

Since the Recregtiond Boating TWG has responshility for both recrestiond boating and
tourism, it was decided that the group should proceed with a formd anadyss of both direct
effects, as wdl as indirect effects, i.e,, economic impacts in primary markets such as marinas
and secondary markets such as employment in atourist area. To ensure that dl TWGs address
the issue of economic impacts, during Year 4, the TWGs will prepare “contextud narratives.”
Each contextud narrative will set out past trends and existing conditions in the repective sectors
and include an andysis of future trends.



Among the more chalenging points in the Standards has been how best to ded with time. The
question of the vaue of delaying cogts to some future time is central to economic theory. There
have been numerous discussons of how expected future dollar benefits and costs should be
discounted to express them as present-day vaues. The advisors and TWG chairs recognize that
smulations using historic 20" century hydrology are not meant to predict when recession will
occur in the future, only how much recesson would occur given the particular sequence of
amulated lake levels The notion that some plans are likely to delay recesson is important to
shoreline property owners. The question is, how do we caculate expected average annua
damages? Thisissue remains outstanding and will be addressed by the EAC in Year 4.

Another key discusson was whether al dollars were equal and could be added. It was
concluded that TWG edtimates are potentidly equal if estimates are expressed as average
annua expected \Aues, and key assumptions are trangparent. A further question that will be
dedlt with is whether the findings from the Recreationd Boating TWG economic impact anayss
can be equally compared with benefits and costs estimated by other TWGs. PFEG will continue
to work with the EAC and the TWGs on thisissuein Year 4.

4.9.2 Environmental Valuation and Tradeoff Analysis

Not al Pl being assessed within the Study are easily expressed in dollar terms. Unpriced or
non-market vaues such as recreationd experiences, beach going, and the services provided by
wetlands are not easily quantified in terms of dollars. One question that the Study Board, PFEG,
the EAC and Environmental TWG has wrestled with is the merits of conducting studies to
estimate peopl€’ s willingness to pay, in dollar terms, for changes in environmentd qudity thet
could be expected to occur if an dternative set of criteria or regulation plan are adopted. The
Environmentad TWG has clearly and forcefully stated to the Study Team and Board thet they
are categoricadly opposed to converting or viewing environmenta benefits, dis-benefits or
concerns and issues in dollar value terms. The Study Board has accepted this position.

A contractor was retained to examine the feashility of carrying out an environmenta vauation
study. Two studies were recommended: a stated-preference study of environmenta processes
involving criteria with high opportunity costs (eg., permitting lake leves to follow long-term
cycles a little more closdy), and a dated-preference sudy of people' s willingness to make
tradeoffs across dl the sectors. The contractor’ s recommendations were presented to the Study
Board in September 2003.

The Study Board chose not to proceed with these studies agreeing to continue to value both
commensurate and non-commensurate impacts. The Board opted to develop a tradeoff
procedure for assistance in reveding acceptable tradeoffs, where expected outcomes are
expressed in incommensurable units, e.g., dollars benefits and costs, and environmenta effects.
Across arange of criteria and plans, reveding tradeoffs that are acceptable will be challenging,
and work on this procedure will continue through Y ear 4.



50 NATIVE PEOPLESTRIBAL ISSUES

Severa Native Peoples and Tribad communities are located on the shorelines of Lake Ontario
and S. Lawrence River Study area. The Mohawk people of St. Regis and Akwesasne live on
and adjacent to a congderable length of River shoreline in the vicinity of the Moses- Saunders
dam. The Mohawks of Kahnawake live on the southeast shore of Lac . Louis. The
Tyendenaiga community has Lake Ontario shordinein the Bay of Quinte area.

Over the years, the Mohawk people of Akwesasne have been very concerned with the quaity
and quantity of the water, which flows through their Territory. In December 2003, the
Akwesasne Task Force on the Environment (ATFE) was asked to address the issue of
edablishing criterion for the maximum preferred hydrology leves for the Territory of
Akwesasne. The approved work included a participatory process of interviewing community
members regarding the control of water levels, and dso areview of literature focusng on three
aress. (1) environment, (2) recreationd boating, and (3) shordine erosion.

This work involved a grassroots participatory process that offered an opportunity for the Study
Board to gain indght into the relaionship that the residents of Akwesasne have with the river.
Various studies were reviewed to ascertain the types and variety of habitats extant in and
around Akwesasne. In addition, the experiences and observations of over sixty individuas
were documented to obtain more precise empirical data on varying weter levels and the impact
on shordines, the environment and recrestiona boating.

The report generated by the ATFE study (Akwesasne Task Force on the Environment,
March 2004), describes the types of soil, aguatic and terrestrid habitats, including types of
shordines, species of fish, mammals, birds and trees that are both in existence and that are of
cultura importance to the people of Akwesasne. Interspersed throughout the report are
citations reflecting the kinds of cultura practices and uses the environment provided prior to the
congtruction of the St. Lawrence Seaway and Power Project. The report describes the
fundamentd cultura changes that have resulted from the condruction of the Seaway and the
operation of the Moses- Saunders Powerhouse.

P are an integrd part of the SVM in the evaduation of aternative regulation criteria and plans.
With this in mind, the ATFE developed an extengve ligt of performance and cultura indicators
that are pertinent to the Akwesasne Community. In terms of erosion and flooding, PI included:

Totd areaof farm and pasturdand logt;

Tota areaof idands lost;

Decrease in habitats for aquatic and terrestrid wildlife;

Decrease in habitats for threatened and endangered species;

Totd areaof land lost in the TS Snaihne area— farm, pastureland and roadway's,



Tota amount of loss of woodlots containing black ash, white ash, poplar, ms, oak, willow,
basswood, soft maple and white birch;

Totd number of homes with resultant structurad damage;

Totd loss of infrastructure, such as community roads;

Loss of opportunities for recreation and socidization at beaches,

Cost associated with repair of existing/ providing new shore protection; and

Turbidity in terms of decreased water qudlity.

In terms of the environment, Pl include:
Surface areas of large wetland plant classes — deep and shalow marshes,
Production of submerged and emergent vegetation;
Emergent vegetation in marsh areas in summer months and cattail brushesin marshesin
winter months,
Progression of Purple Loosestrife and Phragmites audralis,
Surface area of emergent wetlands;
Dedlining marsh area as afunction of low water levels, especidly in winter;
Decrease in the number of harvestable medicind plants;
Population trends of indicator endangered species, nest surviva due to flooding and due to
fluctuating weter levels— black terns and American bitterns;
Diversty of wetland bird assemblages,
Wetland bird brooding, migration, nesting success and total nesting habitat and productivity;
Suitable habitat areas for reptile and amphibian indicator species, eg., Blanding' sturtle;
Muskrat and muskrat lodge losses due to flooding/stranding events,
Turbidity impacting minnow habitats,
Suitable habitat areas for various fish species including lake sturgeon, walleye, yellow perch,
bass, muskie, long nose gar, sunfish, crappie and bass,
Suitable habitat areas for American ed;
Success of spawning as afunction of shoreline protection and silting;
Fish and invertebrate species diversity and of organisms of particular vaue to the Mohawks
of Akwesasne;
Impact of fluctuating water levels on growth of hazelnut trees;
Preferred habitat areas for plant species at risk; and
Potentid egg mortality of fish species at risk.

In terms of recreationa boating, Pl include:
Economic damages to marinas and docks; and
Economic damages to small boats as aresult of shods and sand bars occurring with low
water levels.

In terms of municipa weter, Pl include:
Increased costs to water treatment plants during low water levels,
Increased pumping costs of municipa water supply systems during low water levels, and
Increased costs to people with shorewells and weter lines during low water levels.
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Culturd indicators:
Increase in the use of and access to aborigind territory within project lands, as seen in boat
launches above the Dam;
Decline in the number of trappers, e.g., muskrat trapping;
Loss of hahitat of bullheads and related socio- culturd impacts to the Mohawks,
Loss of culturd knowledge; and
Accessto public areas for svimming.

All of the above indicators are consdered a direct function of high and low weter levels, andin
many cases related to the peaking and ponding operations of the Moses- Saunders powerhouse.
Water leve fluctuations are important to Native People and congtruction of the Seaway and
Power Project has had a serious impact on the lands and people of the Akwesasne Mohawk
Territory. The ATFE report suggests that water levels be maintained which enhance and sustain
bio-diversity. Idedly the community prefers levels smilar or as close to naturd cycles as
possible prior to Seaway construction. However, levelsthat are the same as occur presently or
decreased levels can be tolerated. Dependable ice formation to guarantee strong ice bridges for
individud travel between idands and mainland was noted.

Since pesking and ponding has a profound impact on community membersliving in proximity of
the powerhouse (a decrease in levd of 0.5 m (1-1/2 ft) over atwelve-hour period), operationa
agpects of any aternative regulation plan will be considered prior to Study completion.

A separate study was conducted by Pecific Internationa Engineering (PIE) investigating the
impacts of ship vibraions on eroson of community lands (Pacific International, February
2004). The ATFE report dso sSted increased seismic annoyance of homeowners on idands
due to ship vibrations during high weter levels. The PIE sudy found that there might be a
linkage between ship-induced vibrations and bank dumping at the southwest corner of Cornwall
Idand. A vibration monitoring program aong with an assessment of soil conditions in the
affected area would be required to properly quantify the magnitude and extent of this problem.
However, the range of water level scenarios presently being considered and resulting from any
dterndtive regulation plan, in terms of changes in water levels and velocities are not expected to
have a gnificant effect on these processes.

The Kahnawake Territory on the south shore of Lac . Louis have been considerably affected
by the St. Lawrence River Seaway Project with most of their community being separated from
the River by congruction of the Seaway ship cand aong the south shore of Lac St-Louis
leading to the St. Lambert lock. The community still has some limited access to the river, with
docks used by the Onake Canoe Club. Low rather than high water levels are the prime water
level concern of the people of Kahnawake. |ded water levels for canoe club fecilities were
determined to be in the range of eevation 21.6 m (70.87 ft). Lac . Louis water levelsin the
vicinity of or below devation 20.7 m (67.91 ft) cause problems for the community. The water
intake for the community water supply is dso compromised during very low river water levels.
No direct contact with or concerns about Lake Ontario water levels have been registered by
the Tyendenaiga Community.



6.0 NEXT STEPS—-TO STUDY COMPLETION

With data collection and most of the “scienceg” work now complete, the path to Study
completion can be categorized into five steps: consultation, completion of the SVM, formulation,
assessment and selection of dternative regulaion criteria and plans, reporting out on Study
results, and archiving of al Study informeation.

6.1 Consultation

Extensve consultation will be undertaken throughout the Study Years 4 and 5 with agencies,
organizations and inditutions that have mandates related or linked to water levels and flows,
with stakeholder groups in the Lake Ontario-St. Lawrence region, with interested and affected
individuals and groups, with elected representatives, and with any other group or individud with
an interest and viewpoint on the subject.

Good linkages and briefings by the Study team members have now been made with the many
agencies, stakeholders and interest groups, for example the New York State Department of
Environmental Consarvation, U.S. Army Corps of Engineers, Environment Canada,
Environment Quebec, Nature Conservancy, Lake Ontario Lakewide Management Plan,
International St. Lawrence River Board of Control, Great Lakes/St. Lawrence Seaway Study,
1JC Commissioners, and others too numerous to list without the risk of omitting some.

Briefings of groups will be held, for example, with the Internationd Water Levels Codlition, to
assure that the development and evauation of plansis ingpired by the knowledge and views of
these organizations; with representatives of the Montreal Metropolitan Council to keep them
informed on the issues for drinking water in Montred during extreme droughts, and with
electrical power authorities on the low water issues for the Ginna and Russell power plantsin
New York State.

The Study Board, the PIAG and TWG representatives will support intensive consultation and
outreach through to the delivery of the fina report to the 1JC in October 2005 and after that
time as required by the Commission.

6.2  Completing the Shared Vision Model

It is expected that al PI will be incorporated into the SVM by the October 2004 Study Board
workshop. The higtoric and possible future hydrologic data sets should be ingdled in the SVM
by late summer 2004 and verified by the October workshop. There may be some Fl that are
not completely finished by October. At this point the only concern is about the Lake Ontario
fisheries indicators, and steps have been taken to assure that some reasonable representation of
the effects of water levels on Ontario fisherieswill be included in the SVYM by October.
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Portions of the SYM used in ranking and tradeoffs will aso be revised for October 2004 based
on results from the new Pl and the responses to the tradeoff and ranking presentations & the
March 2004 workshop in Toronto. This portion of the modd is likdy to change between
October 2004 and the end of the Study as the Board and the public view on tradeoff

philosophy evolves.

6.3 Formulation, Assessment and Sdlection of Criteria and Plans

Asthe modding of Pl comesto acdose, the modding of regulation planswill gather momentum.
Four gpproaches are being pursued: optimizing (selecting releases that maximize dl or some Pl),
modifications to the current plan 1958D, modifying “unregulated” releases, and using plans
suggested by others.

The optimization of Lake Ontario outflow releases for recreationa boating, hydropower, coastal
and commercid navigation interests is underway. Domestic, municipa and industrid water use
concerns will probably be used as limiting factors, snce most conditions are good for most PI.

It isnot yet clear how environmental Pl can be used in plan optimization, but as those indicators
are modded that will be clarified. The optimization work will show where changes to releases
are most likely to increase performance, so that attention can be focused on appropriate
modifications to the existing plan and the unregulated condition. The Study Team will continue to
work with stakeholders and others who have dess for regulaion plans with the intent to
trandate those ideas into computer code that dlows the evaluation and improvement of those
kinds of plans.

Using the triangulation gpproach, plan formulaion and evauation will be used to sharpen and
amplify the list of criteria that have been developed to date. Modified criteria sets will be
defined and refined, with justification for each based on plan evduations using PI.

New regulation plans will be formulated after the October 2004 workshop for consderationin
January 2005. By March2005 most of the plan formulation work will be done, and the
capacity to modify plansin response to public comment will be kept in place.

6.4  Reporting Out on Study Results

Following a series of public meetings and consultations in June and July 2005, the Study Board
will complete and ddliver the find Study report to the Commission by October 31, 2005. All
Study reports are and will be publicly available through the Study Website at www.lod.org.

6.5  Archiving Study Information

It is not yet clear how the huge volume of Study information, data and reports will be archived
for future access and use.
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