University of Windsor

Scholarship at UWindsor

International Joint Commission (IJC) Digital

Archive International Joint Commission

1981-09-01

Great Lakes Diversions and Consumptive Uses. Report by the
International Great Lakes Diversions and Consumptive Uses Study
Board: Annex G. Evaluation of Diversion Management Scenarios
and Consumptive Water Use Projections

International Great Lakes Diversions and Consumptive Uses Study Board

Follow this and additional works at: https://scholar.uwindsor.ca/ijcarchive

Recommended Citation

International Great Lakes Diversions and Consumptive Uses Study Board (1981). Great Lakes Diversions
and Consumptive Uses. Report by the International Great Lakes Diversions and Consumptive Uses Study
Board: Annex G. Evaluation of Diversion Management Scenarios and Consumptive Water Use Projections.
International Joint Commission (IJC) Digital Archive. https://scholar.uwindsor.ca/ijcarchive/279

This Report is brought to you for free and open access by the International Joint Commission at Scholarship at
UWindsor. It has been accepted for inclusion in International Joint Commission (IJC) Digital Archive by an
authorized administrator of Scholarship at UWindsor. For more information, please contact
scholarship@uwindsor.ca.


https://scholar.uwindsor.ca/
https://scholar.uwindsor.ca/ijcarchive
https://scholar.uwindsor.ca/ijcarchive
https://scholar.uwindsor.ca/ijc
https://scholar.uwindsor.ca/ijcarchive?utm_source=scholar.uwindsor.ca%2Fijcarchive%2F279&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholar.uwindsor.ca/ijcarchive/279?utm_source=scholar.uwindsor.ca%2Fijcarchive%2F279&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarship@uwindsor.ca

YT
-2 :

Great Lakes Diversions and

Report to the
International Joint Commission

International Great Lakes Diversions and

Consumptive Uses Study Board
(Under the Reference of February 21, 1977)

September 1981

!'f
n \"
|

T€423.3
A8
1981
V0

&l (y

|






Great Lakes
Diversions and Consumptive Uses

ANNEX G

Evaluation of Diversion

Management Scenarios and
Consumptive Water Use Projections

Report to the

International Joint Commission

by the

International Great Lakes Diversions and
Consumptive Uses Study Board

(Under the Reference of Feburary 21, 1977)

September 1981



SYNOPSIS

On May 3, 1977, the International Joint Commission (IJC), at the
request of the governments of the United States and Canada, established the
International Great Lakes Diversions and Consumptive Uses Study Board to
investigate the effect on the water levels and outflows of the Great Lakes
of: existing and proposed new or changed diversions into, out of and
within the Great Lakes basinj and existing and reasonably foreseeable
patterns of consumptive uses. This Annex contains supporting and
supplementary data to that presented in the Board's main report.

The purpose of this Annex is to document the detailed hydrologic,
economic and environmental evaluations for selected diversion management
scenarios and the hydrologic evaluation of consumptive water use
projections. Thirteen out of a total of 43 scenarios were chosen for
detailed hydrologic evaluation in the context of the criteria developed by
the International Great Lakes Levels Board. These criteria paraphrase the
water level and outflow requirements of the existing IJC Orders of Approval
for Lakes Superior and Ontario and include similar information for Lakes
Michigan-Huron and Erie. Ten of these 13 scenarios were selected for
economic evaluation and one, designated as the maximum-effect diversion
scenario, was evaluated environmentally. The major economic interests
evaluated were (1) coastal zone; (2) navigation; (3) hydro-electric power;
and, (4) recreational beaches and boating. The techniques for evaluation
of economic impacts on these interests were developed by the International
Lake Erie Regulation Study Board. The environmental evaluation covered the
subjects of fisheries, wildlife/wetland and water quality. Much of the
information and determinations advanced by the Environmental Subcommittee
results from the application of the findings documented by the
International Lake Erie Study Board, particularly for the lower Great
Lakes, and the U.S. Study on Increased Lake Michigan Diversion at Chicago.
The findings and conclusions of these evaluations are summarized in the
main report. Similarly, this Annex contains additional hydrologic
evaluations of consumptive water use projections to that presented in the
main report. Evaluated herein are high and low projections about the most
likely projection (MLP).
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GREAT LAKES DIVERSIONS AND CONSUMPTIVE USES

ANNEX G

EVALUATION OF DIVERSION MANAGEMENT SCENARIOS
AND
CONSUMPTIVE WATER USE PROJECTIONS

1 Introduction

This Annex is part of the final report of the International Great
Lakes Diversions and Consumptive Uses Board, dated September, 1981. The
Annex documents the detailed hydrologic, economic and environmental
evaluation of selected management scenarios and the hydrologic evaluation
of consumptive water use projections made under the February 21, 1977
Reference from the two governments to the International Joint Commission
and was summarized in Section 8 of the main report.

All data which were used during the course of this study, including
contributory reports, are filed in the United States at the offices of the
Detroit District, Corps of Engineers and in Canada at the offices of the
Inland Waters Directorate, Federal Department of Environment, Ottawa,
Ontario.

2 Hydrologic Evaluation

The International Great Lakes Levels Board, in its December 7, 1973
report, developed a set of criteria to facilitate hydrologic evaluation of
the Great Lakes system. The criteria paraphrase the level and outflow
requirements of the existing IJC's Orders of Approval for Lakes Superior
and Ontario and include similar information for Lakes Michigan-Huron and
Erie. 1In the following evaluation of selected diversion management
scenarios, these criteria are employed for uniformity in presentation and
for direct comparison with prior studies.

2.1 Summary of Extremes

Shown in Table G-1 are the extreme levels which would have occurred
had any of the existing diversions (singularly or in combination) not been
in existence over the period 1900-1976. In other words, the differences
between these scenarios and the basis-of-comparison represent a measure of
the effects of the existing diversions on the system. Tables G-2 through
G-8 reflect the extreme levels which would have been obtained had the
management scenarios which alter diversion rates whenever the water supply
to the upper Great Lakes is above normal, shown in Figure 7-2 of the main
report, been in operation over the period 1900-1976. Table G-9 compares
the extremes that would have occurred under the basis-of-comparison
(singularly and in combination) with those extremes that would have
occurred under a basis-of-comparison which reflects the current rates.
Shown also in theése tables are the mean and range of levels for each of

those scenarios.

G-1
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Table G-1
LONG LAC/OGOKI - CHICAGO - WELLAND CANAL COMBINATIONS
(WITHOUT A TRIGGER)

(1) Denotes scenario, including its identification number, selected for detailed hydrologic evaluation.

LAKE LEVELS (FEET)
LL/O0 O LL/0 5000 LL/0 5000 LL/O 0
Basis-of- GHE 3200 CHI 3200 CHY % O CHEL - O
Comparison WELL 7000 WELL O WELL 7000 WELL 0O
(1) (2) (3) (4)
LAKE SUPERIOR
Mean 600.44 600. 25 600.48 600.51 600.37
Max 601.93 601.83 601.93 601.93 601 .84
Min 598.69 597.88 598.72 598.75 597.99
Range 3.24 395 3 821 3.4:8 3.85
LAKES MICHIGAN-HURON
Mean H78.27 577.94 578.40 578.48 578.28
Max 581.16 580.83 581.28 581.36 581.20
Min 575.46 57:5..07 575.60 5755470 575.43
Range 5.70 5,746 5.68 5.66 Dol
LAKE ERIE
Mean 570.76 570253 571.08 570.90 571.00
Max 573.60 57 3.37 573.91 7375 573.84
Min 568.10 567.84 568.45 568.25 568.36
Range 5450 9. 33 5.46 5+ 20 5.48
LAKE ONTARIO
(without deviations)
Mean 244.73 244,53 244,73 244,83 244,67
Max 249.47 248.34 249.49 251,29 248.98
Min 241.59 26022 241,58 242.07 241 ;10
Range 7.88 8.2 7.91 ) ) 7.88



Table G-2

LONG LAC/OGOKI - CHICAGO - WELLAND CANAL COMBINATIONS

(USING SUPPLY AS INDICATOR & MICHIGAN-HURON AS TRIGGER)

(1) Denotes scenario,

including its identification number, selected for detailed hydrologic evaluation.

LAKE LEVELS (FEET)
LL/0 2500 LL/0 0 LL/0 5000 LL/0 5000 LL/0 5000
Basis-of- CHI 3200 CHI 3200 CHIT 0 CHI 6600 CHI 8700
Comparison WELL 7000 WELL 7000 WELL 7000 WELL 7000 WELL 7000
(5) ' (7)
LAKE SUPERIOR
Mean 600. 44 600.40 600.36 600.48 600.40 600.38
Max 601.93 601.88 601.83 601.93 601.93 601.92
Min 598.69 598. 57 598.42 598.70 598.63 598.60
Range 31024 3431 34l 3523 3.30 3532
LAKES MICHIGAN-HURON
Mean 578.27 578.19 378,11 578,37 578.16 578.10
Max 581.16 581.02 580.92 581.19 580.96 580.86
Min 575.46 575,47 575,39 575,65 575.41 575.40
Range 5970 5.60 3.53 5.54 500 5.46
LAKE ERIE
Mean 570.76 570. 70 570.65 570.83 570.68 570.64
Max 573.60 73354 573.44 573.64 573.48 57340
Min 568.10 568.07 568.05 568.23 568.07 568.05
Range 5.50 5.44 3439 Sead 5.41 5435
LAKE ONTARIO
(without deviations)
Mean 244,73 244,67 244,64 244,77 244,66 244 .64
Max 249.47 248.93 248.53 249.65 248.82 248.40
Min 241.59 241.30 241.18 241.94 241.26 241.19
Range 7.88 763 7+35 TP 7.56 721
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Table G-3
LONG LAC/OGOKI - CHICAGO - WELLAND CANAL COMBINATIONS
(USING SUPPLY AS INDICATOR & MICHIGAN-HURON AS TRIGGER)

(1) Denotes scenario, including its identification number, selected for detailed hydrologic evaluation.

LAKE LEVELS (FEET)
LL/0 5000 LL/0 5000 LL/0 2500 LL/0 2500 LL/0 2500
Basis-of- CHI 3200 CHE 73200 CHl. . D CHI 6600 CHI 8700
Comparison WELL O WELL 9000 WELL 7000 WELL 7000 WELL 7000
(6)
LAKE SUPERIOR
Mean 600. 44 600.46 600.43 600.43 600.37 600.35
Max 601.93 601.93 601.93 601.89 601.88 601.88
Min 598.69 598.71 598.68 598.63 598.57 598.53
Range 3524 §.22 3525 3.26 331 3.35
LAKES MICHIGAN-HURON
Mean 578% 27 578.33 578.25 578.29 578.08 578.02
Max 581.16 581. 24 581.10 581.19 580.83 580.73
Min 575.46 575352 575.46 575.49 575.39 575+36
Range 5.70 5472 5.64 5.70 5.44 5. 37
LAKE ERIE
Mean 570.76 570.92 570.71 57077 570.62 570.58
Max 573460 573387 573.50 573.63 573 «37 573531
Min 568.10 568.11 568.09 568.10 568.05 568.03
Range 5.50 5.76 5.41 583 e 32 5.28
LAKE ONTARIO
(without deviation)
Mean 244,73 244,72 244 .73 244,74 244 .62 244,60
Max 249.47 249,32 249.44 249.65 248.36 248.27
Min 241.59 241.65 gl $52 241.59 241.15 241.02
Range 788 T 67 792 8.06 Tl 7325



Table G-4
LONG LAC/OGOKI - CHICAGO - WELLAND CANAL COMBINATIONS
(USING SUPPLY AS INDICATOR & MICHIGAN-HURON AS TRIGGER)
LAKE LEVELS (FEET)

LL/0 0 LL/0 0 LL/0 0 LL/0 5000 LL/0 5000
Basis-of- CHI: 0 CHI 6600 CHI 8700 CHI O CHI 6600
Comparison WELL 7000 WELL 7000 WELL 7000 WELL 9000 WELL 9000
(8)
LAKE SUPERIOR
Mean 600. 44 600. 39 600.32 600.30 600.46 600. 39
Max 601.93 601.83 601.83 601.83 601.93 601.93
Min 598.69 598.41 598:.32 598.34 598.72 598.61
Range 3.+24 8342 3:51 3.49 3%21 3232
LAKES MICHIGAN-HURON
. Mean 578.27 578.21 577.99 577.94 578435 578.14
L Max 581.16 580.95 580.71 580.61 58127 580.91
Min 575.46 515457 575.34 575032 575<50 575:41
Range 54570 5. 38 5437 5.29 DT 5.30
LAKE ERIE
Mean 570.76 570472 5704:57 570453 570.78 570.63
Max 57360 57347 5735348 573.24 573463 573837
Min 568.10 568.18 568.01 568.00 568412 568.06
Range 5350 5.29 3430 5a24 5% 51 5431
LAKE ONTARIO
(without deviation)
Mean 244,73 244,68 244,58 244,55 244 .80 244,67
Max 249.47 248.72 248.24 248.05 250.91 248.78
Min 241.59 241.68 240.85 240.74 241.66 241.26
Range 7.88 7.04 7.+:38 AR L 9.25 7252

(1) Denotes scenario, including its identification number, selected for detailed hydrologic evaluation.




Table G-5
LONG LAC/OGOKI - CHICAGO - WELLAND CANAL COMBINATIONS
(USING SUPPLY AS INDICATOR & MICHIGAN-HURON AS TRIGGER)

(1) Denotes scenario, including its identification number, selected for detailed hydrologic evaluation.

LAKE LEVELS (FEET)
LL/0 2500 1.L/6:2500 LL/0 5000 LL/0 2500 LL/0 2500
Basis-of- CHI O CHI 3200 CHI 8700 CHI 6600 CHI 8700
Comparison WELL 9000 WELL 9000 WELL 9000 WELL 9000 WELL 9000
LAKE SUPERIOR
Mean 600. 44 600. 42 600.40 600.37 600.36 600.34
Max 601.93 601.89 601.88 601.92 601.88 601.88
Min 598.69 598.63 598.60 598.59 598.57 598.52
Range 3024 3.26 3.28 383 331 3.36
LAKES MICHIGAN-HURON
Mean 57827 57827 S78. 17 578.08 578.06 578.00
Max 581.16 581.16 580.99 580.83 580.79 580.70
Min 575.46 575.46 575.42 575,39 575.37 575+35
Range 5:70 5470 5457 5.44 542 5335
LAKE ERIE
Mean 570.76 570.73 570.65 570.59 570.58 570. 54
Max 573.60 573455 573.43 573592 573.29 573922
Min 568.10 568.09 568.07 568.05 568.04 568.02
Range 3550 5.46 8:36 5127 5425 5520
LAKE ONTARIO
(without deviation)
Mean 24473 244,74 244 .68 244 .64 244 .62 244 .60
Max 249,47 249,64 248.96 248.41 248.38 248.27
Min 241.59 241.61 251 . 3% 241.20 241.08 240.98
Range 7.88 8.03 7.65 721 7:30 7.29



L=D

LONG LAC/OGOKI - CHICAGO - WELLAND CANAL COMBINATIONS
(USING SUPPLY AS INDICATOR & MICHIGAN-HURON AS TRIGGER)

Table G-6

LAKE LEVELS (FEET)
LL/0 0 LL/0 0 LL/0 0 LL/040 LL/0 5000
Basis-of- CHI 0 CHI 3200 CHI 6600 CHI 8700 CHI 8700
Comparison WELL 9000 WELL 9000 WELL 9000 WELL 9000 WELL 0
9)
LAKE SUPERIOR
Mean 600.44 600. 38 600.35 600.31 600.29 600.40
Max 601.93 601.84 601.83 601.83 601.83 601.93
Min 598.69 598.47 598.41 598.37 598.31 598.62
Range 3.24 3537 3.42 3.46 s iy 3431
LAKES MICHIGAN-HURON
Mean 57827 578.19 578.09 577.98 577.92 578.16
Max 581.16 581.05 580.88 580.68 580.59 580.97
Min 575.46 575.43 975,38 5Y5.34 5195.31 575.43
Range 5.70 5.62 5.50 534 5.28 Sie 34
LAKE ERIE
Mean 570.76 570.67 570.60 570,52 570.48 570.80
Max 573.60 973,47 573.35 5713:22 573.15 573.68
Min 568.10 568.07 568.05 568.01 568.00 568.07
Range 5.50 5.40 5.30 521 5. 1h 5. 61
LAKE ONTARIO
(without deviations)
Mean 244,73 244,69 244,64 244,58 244,55 244,64
Max 249,47 249.14 248.56 248.24 248.07 248,34
Min 241.59 241.39 241.13 240.89 240.74 241.43
Range 7.88 115 7.43 7:35 7.33 6.91

(1) Denotes scenario,

including its identification number, selected for detailed hydrologic evaluation.
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Table G-7
LONG LAC/OGOKI - CHICAGO - WELLAND CANAL COMBINATIONS
(USING SUPPLY AS INDICATOR & MICHIGAN-HURON AS TRIGGER)
LAKE LEVELS (FEET)

(1) Denotes scenario, including its identification number, selected for detailed hydrologic evaluation.

LL/0 5000 LL/0 5000 LL/0 2500 LL/0 2500 LL/0 2500
Basis-of- CHL ™ O CHI 6600 CHI O CHI 3200 CHI 8700
Comparison WELL O WELL O WELL 0 WELL O WELL O
LAKE SUPERIOR
Mean 600.44 600.49 600.42 600.45 600.42 600.37
Max 601.93 601. 94 601.93 601.89 601.89 601.88
Min 598.69 598.77 598.66 598.69 598.62 598.58
Range 3.24 Sl 3527 3.20 32l 3:30
LAKES MICHIGAN-HURON
Mean 571827 578.43 578.22 578.35 578.25 578.08
Max 581.16 581.41 581.07 581.30 581.12 580.84
Min 575.46 575.54 575.45 575.31 575.47 575.39
Range Se it .07 5.62 5019 5.63 5.45
LAKE ERIE
Mean 570.76 570.99 570.84 570.93 570.86 570.74
Max 573.60 573.99 57375 57.3.92 573.79 57359
Min 568.10 568.14 568.08 568.12 568.09 568.04
Range 5.50 5edD 5467 5.80 5«0 5455
LAKE ONTARIO
(without deviation)
Mean 244,73 244,78 244,67 244,73 244,68 244,60
Max 249.47 250.54 248.62 249.50 248.83 248.08
Min 241.39 241.66 241,57 241501 241.59 24137
Range 7.88 8.88 7.0 7.79 124 6.91
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Table G-8
LONG LAC/OGOKI - CHICAGO - WELLAND CANAL COMBINATIONS

(USING SUPPLY AS INDICATOR & MICHIGAN-HURON AS TRIGGER)
LAKE LEVELS (FEET)
LL/0 2500 LL/0 0 LL/0 0 LL/0 O LL/O0 0 LL/0 5000
Basin-of - CHI 6600 CHI O CHI 3200 CHI 6600 CHI 8700 CHI 3200
Comparison WELL 0 WELL O WELL 0O WELL 0 WELL 0 WELL 2600
(10)
LAKE SUPERIOR
Mean 600.44 600.39 600.41 600.38 600.34 600.33 600.45
Max 601.93 601.88 601.84 601.84 601.83 601.83 601.93
Min 598.69 598.61 598.48 598.46 598.39 598.38 598.70
Range 3.24 32 3,36 3.38 3.44 3.45 3.23
LAKES MICHIGAN-HURON
Mean 37827 578.14 o 8.27 57817 578.10 578.00 07183
Max 581.16 580.93 581.20 581.02 580.87 580.72 581.17
Min 575.46 51 5:.42 315.47 575.42 575.40 575.36 57353
Range 5.70 5 T3 5.60 5.47 5.36 5.64
LAKE ERIE
Mean 570.76 570.79 570.88 570,81 570.76 570.69 570.86
Max 573.60 573.66 573.84 873572 573.61 2734352 573.62
Min 568.10 568.06 568.09 568.07 568.05 568.02 568.31
Range 5.50 5.60 DeilS 5.65 5.56 330 931
LAKE ONTARIO
(without deviations)
Mean 244,73 244,63 244,68 244,64 244,61 244 .58 244 .74
Max 249.47 248.30 248.96 248.41 248.23 247.98 249,58
Min 241.59 241.33 241.56 241.33 241.21 241.05 241 .47
Range 7.88 6.97 7.40 7.08 7.02 6.93 8l
(1) Denotes scenario, including its identification number, selected for detailed hydrologic evaluation.
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LONG LAC/OGOKI - CHICAGO - WELLAND CANAL COMBINATIONS
(WITHOUT A TRIGGER)
LAKE LEVELS (FEET)

Table G-9

(1) Denotes scenario, including its identification number, selected for detailed hydrologic evaluation.

LL/0 5600 LL/0 5000 LL/0 5600
Basis-of- CHI 3200 CHI 3200 CHI 3200
Comparison WELL 7000 WELL 9400 WELL 9400
(11) (12) (13)
LAKE SUPERIOR
Mean 600. 44 600.46 600.42 600.44
Max 601.93 601.95 601.93 601.95
Min 598.69 598.73 598.66 598.72
Range 3,24 3.22 327 323
LAKES MICHIGAN-HURON
Mean 578,27 578.31 578.22 578.26
Max 581.16 581.19 581.10 581.14
Min 575.46 57550 575.42 575.47
Range 570 5.69 5.68 5,67
LAKE ERIE
Mean 570.76 570.78 570.64 570.67
Max 573.60 573.63 573.49 913:52
Min 568.10 568.12 567.97 568.00
Range 5¢50 5091 5:52 552
LAKE ONTARIO
(without deviations)
Mean 244,73 244,75 244,73 244,75
Max 249.47 249.60 249.42 249.62
Min 241.59 241.69 241.59 241.69
Range 7.88 7.91 7:83 7.93




2.1.1 Long Lac/Ogoki Diversions

Table G-1 shows the extreme levels which would have occurred on
the Great Lakes had the Long Lac/Ogoki Diversions never been in existence.
The table shows the effect of these diversions individually reduced to zero
and in combination with the other two major diversions reduced to zero.
Scenario (1) shows a reduction in the extreme values and an increase in the
range of levels on each lake. In combination with the other two diversions
reduced to zero, Scenario (4), it shows an increase in the range of levels
on each lake, except Lakes Erie and Ontario. This scenario also shows a
reduction in the minimum levels on all lakes, except for Lake Erie. The
impact on the maximum levels varies, increasing on Lakes Michigan-Huron and
Erie, while decreasing on Lakes Superior and Ontario.

Table G-2 shows the extreme levels which would occur on the Great
Lakes had the diversions from the Long Lac/Ogoki been reduced to zero or to
a rate of 2,500 cfs, during periods of above normal water supply within the
system. The table shows a general compression of the range of levels
(except for Lake Superior) with a lowering of the maximum and minimum
levels in comparison to those under the basis-of-comparison. The lowering
of the maximum level (except for Lake Superior) would be greater than the
impact on the minimum level.

These effects are also generally true for Long Lac/Ogoki impacts
evaluated in combination with changes in the rates of diversion at the Lake
Michigan diversion at Chicago and at the Welland Canal (see Tables G-3
through G-8).

Table G-9 shows the impact of the actual average annual Long
Lac/Ogoki Diversions rate in comparison to the rate assumed under the
basis-of-comparison. The table shows that the extremes and average levels
would be higher as a result of the additional 600 cfs. The maximum impact
of this increase is felt on Lake Ontario, due to regulation, which imposed
restrictions on maximum and minimum outflow releases.

2.1.2 Lake Michigan Diversion at Chicago

Table G-1 shows the extreme levels which would have occurred on
the Great Lakes had the Lake Michigan Diversion at Chicago never come into
being, identified as Scenario 3. The table shows that the individual
effect of this diversion, had it not been in existence, is to raise the
mean levels and extreme levels of all of the Great Lakes, the greatest
effect being on the maximum level of Lakes Michigan-Huron. However, the
greatest effect on the extreme levels is on Lake Ontario. This is due to
the method of regulation on that lake. When placed in combination with the
other diversions, that is, reducing all diversions to zero, the impact is
moderated or balanced somewhat.

Table G-2 shows the extreme levels of the Great Lakes which would
occur had the diversion from Lake Michigan been reduced from the present
rate to zero or increased from the present rate to an average annual value
of 8,700 cfs, during periods of above normal supply within the system. The
table shows that the maximum levels on Lake Superior would be affected very
little by any of the actions depicted, but the minimum and range would be

G-11




affected. On all lakes downstream from this point (in the case of an
increased diversion) the range of levels would be decreased. In each of
these lakes the impact on the maximum level would be greater than the
impact on the minimum level. These facts are also generally true for the
Lake Michigan Diversion in combination with changes in rates at the other
major diversions, Long Lac/Ogoki and Welland Canal, (see Tables G-3 through
G-8). All scenarios on these tables show that if the Lake Michigan
Diversion at Chicago were reduced to zero the effect would be to raise the
Great Lakes regime of levels.

2.1.3 Welland Canal Diversion

Referring to Table G-1, Scenario 2 shows the effects on the Great
Lakes levels if it is assumed that this diversion had never been in
existence. The table shows very little impact on Lake Ontario, with the
maximum impact on Lake Erie and diminishing impacts upstream. The little
impact shown on Lake Ontario is due to the natural balancing on Lake Erie;
i.e., as the lake rises, water outflows increase. When the ultimate effect
is reached, the outflow is the same as given by the stage/discharge
relationship of the Niagara River plus the Welland Canal outflow. As in
the scenarios discussed above, the impact of the closure of the Welland
Canal would be moderated somewhat by placing this scenario in combination
with the closure of the other diversions.

Table G-3 shows the extreme levels of the Great Lakes which would
occur had the Welland Canal diversion been increased to 9,000 cfs from
7,000 cfs, during periods of high water supplies to the lakes. The table
shows that the maximum levels of Lake Erie would be lower by 0.10 foot with
lesser impacts on the other lakes. Also shown in this table and in Tables
G-7 and 8 are the impacts on the lake levels if the Welland Canal flow was
reduced to zero during periods of high supply. As noted in Section 4, the
Welland Canal provides the only navigation route between Lakes Erie and
Ontario and hence these scenarios do not provide a viable alternative.
These scenarios will not be discussed further herein. Also, shown in Table
G-8 is a scenario identified as (10) which was developed to reduce flows
during periods of low water supply on the lakes. This scenario shows that
the minimum level on Lake Erie and all upstream lakes would be raised.
Scenario 10 further shows very little impact on the maximum level.

However, this is not the case on Lake Ontario; the maximum was raised, the
minimum lowered and the range expanded. Tables G-4 through G-8 show the
impacts of varying the Welland Canal flow in combination with variation in
other diversion rates. As has been previously stated, varying diversions
in combination has the effect of moderating impacts. This is also true of
the Welland Canal in combination with other diversion scenarios.

Table G-9 compares the extreme levels of projected (currently in
effect) Welland Canal flows with the values employed in the basis—of-
comparison. Referring to the table, and in particular the scenario
identifed as (12), it shows that the general regime of the system would
have been lowered as a result of this action. In the scenario identified
as (13), the impact would be moderated somewhat, due to the increased
inflow from the Long Lac/Ogoki system.
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2.2 Selected Scenarios

From the total array of scenarios tested, the following have been
selected for detailed hydrologic review.

a. Four scenarios which show the impact of the existing

diversions:

Scenario 1

Scenario 2

Scenario 3

Scenario 4

Scenario 5

Scenario 6

Scenario 7

Scenario 8

Scenario 9

Diversion

Long Lac/Ogoki
Lake Michigan at
Welland Canal

Long Lac/Ogoki
Lake Michigan at
Welland Canal

Long Lac/Ogoki
Lake Michigan at
Welland Canal

Long Lac/Ogoki
Lake Michigan at
Welland Canal

Diversion

Long Lac/Ogoki
Lake Michigan at
Welland Canal

Long Lac/Ogoki
Lake Michigan at
Welland Canal

Long Lac/Ogoki
Lake Michigan at
Welland Canal

Long Lac/Ogoki
Lake Michigan at
Welland Canal

Long Lac/Ogoki
Lake Michigan at
Welland Canal

Chicago

Chicago

Chicago

Chicago

Chicago

Chicago

Chicago

Chicago

Chicago

Rate (cfs)

0
3,200
7,000

5,000
3,200
0

5,000

0
7,000

0
0
0

b. Five scenarios which would alter diversion rates whenever the
water supply to the upper Great Lakes is above normal:

Rate (cfs)

0
3,200
7,000

5,000
3,200
9,000

5,000
8,700
7,000

0
8,700
7,000

0
8,700
9,000



c. A scenario which would alter the diversion rates whenever the
water supply to the upper Great Lakes is below normal:

Scenario 10 - Long Lac/Ogoki 5,000
Lake Michigan at Chicago 3,200
Welland Canal 2,600

Three scenarios for comparison of the current (1979) Long
Lac/Ogoki and Welland Canal diversions rates, with those employed in the
basis-of-comparion:

Diversion Rate (cfs)
Scenario 11 - Long Lac/Ogoki 5,600
Lake Michigan at Chicago 3,200
Welland Canal 7,000
Scenario 12 - Long Lac/Ogoki 5,000
Lake Michigan at Chicago 3,200
Welland Canal 9,400
Scenario 13 - Long Lac/Ogoki 5,600
Lake Michigan at Chicago 3,200
Welland Canal 9,400

2.3 1JC Criteria Evaluation

As noted previously, the International Great Lakes Levels Board
developed a set of criteria to facilitate hydrologic evaluation of the
Great Lakes system. Using these criteria, the above 13 scenarios were
evaluated by lake. This evaluation is discussed in the following
paragraphs.

2.3.1 Lake Superior Criteria

The following paragraphs evaluate the impact of the diversion
management scenarios on the IJC Orders of Approval of May 26 and 27551914
as compared to conditions under the basis-of-comparison. All elevations in
the Orders of Approval have been converted to IGLD (1955).

Criterion (a) - The Commission's Orders require that the
regulated outflow from Lake Superior shall be such as to maintain the
levels of Lake Superior as nearly as may be between levels 600.5 and 602.0
feet, and in such manner as not to interfere with navigation.

The maximum and minimum monthly mean levels of Lake Superior,
occurring under the scenarios selected for detailed evaluation, are shown
in Table G-10. Scenarios 1 to 4 are evaluations of the impact of the
basis-of-comparison diversion rates singularly and in combination. The
table shows that removing the Long Lac/Ogoki Diversions totally from the
system (Scenario 1) would lower the Lake Superior maximum level by 0.10
foot, the minimum by 0.81 foot and the mean by 0.19 foot; removing the
Welland Canal (Scenario 2) would raise the Lake Superior minimum level by
0.03 foot and the mean by 0.04 foot; removing the Lake Michigan Diversion
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S1-9

LAKE SUPERIOR

Mean
Max
Min
Range

LAKES MICHIGAN-HURON

Mean
Max
Min
Range

LAKE ERIE

Mean
Max
Min
Range

LAKE ONTARIO
(without deviations)

Mean
Max
Min
Range

Basis-of-
Comparison

600.44
601.93
598.69

3.24

578.27
581.16
575.46

5.70

570.76
573.60
568.10

5.50

244.73
249.47
241.59

7.88

Table G-10
LONG LAC/OGOKI - CHICAGO-WELLAND CANAL COMBINATIONS
(WITHOUT A TRIGGER)
SUMMARY OF EXTREMES - LAKE LEVELS (FEET)

SCENARIOS

1 2 3 4
LL/0 0 LL/0 5000 LL/0 5000 LL/0 0
CHI 3200 CHI 3200 CHI 0 CHI 0
WELL 7000 WELL 0 WELL 7000 WELL O
600.25 600.48 600.51 600.37
601.83 601.93 601.93 601.84
597.88 598.72 598.75 597.99
3.95 3:21 3.18 3.85
577.94 578.40 578.48 578.28
580.83 581.28 581.36 581.20
575.07 575.60 575.70 575.43
s 76 5.68 5.66 2 b
570.53 571.08 570.90 571.00
57337 573:91 373.75 573.84
567.84 568.45 568.25 568.36
5553 5.46 9.+50 5.48
244,53 244.73 244,83 244,67
248.34 249.49 251.29 248.98
240,22 241.58 242.07 241.10
8.12 7.91 922 7.88

11
LL/0 5600
CHI 3200
WELL 7000

600.46
601.95
598.73

3,22

578.31
581.19
575.50

5.69

570.78
573.63
568.12

5.51

244,75
249.60
241.69

7.91

12
LL/0 5000
CHI 3200
WELL 9400

600.42
601.93
598.66

3.27

578.22
581.10
575.42

5.68

570.64
573.49
567.97

5.52

244.73
249.42
241.59

7.83

13
LL/0 5600
CHI 3200
WELL 9400

600.44
601.95
598.72

3.23

578.26
581.14
575.47

5.67

570.67
573.52
568.00

5.52

244.75
249.62
241.69

793
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LAKE

SUPERIOR

Mean
Max
Min
Range

LAKES MICHIGAN-HURON

Mean
Max
Min
Range

LAKE

LAKE

ERIE

Mean
Max
Min
Range

ONTARIO

(without deviations)

Mean
Max
Min
Range

Basis-of-
Comparison

600.44
601.93
598.69

3.24

578.27
581.16
575.46

5.70

570.76
573.60
568.10

5.50

244.73
249.47
241.59

7.88

Table G-10 (Con't)
LONG LAC/OGOKI - CHICAGO-WELLAND CANAL COMBINATIONS
(USING SUPPLY AS INDICATOR & MICHIGAN-HURON AS TRIGGER)
SUMMARY OF EXTREMES - LAKE LEVELS (FEET)

2
LL/0 0
CHI 3200
WELL 7000

600.36
601.83
598.42

3.41

578.11
580.92
575.39

5.53

570.65
573.44
568.05

5.39

244,64
248.53
241.18

7:35

SCENARIOS
6 7
LL/0 5000 LL/0 5000
CHI 3200 CHI 8700
WELL 9000 WELL 7000
600.43 600.38
601.93 601.92
598.68 598.60
3.25 3.32
578.25 578.10
581.10 580.86
575.46 575.40
5.64 5.46
570.71 570.64
573.50 573.40
568.09 568.05
5.41 S5<39
244,73 244,64
249 .44 248.40
241.52 241.19
792 F 21

8
LL/0 0
CHI 8700
WELL 7000

600.30
601.83
598.34

3.49

577.94
580.61
575.32

5.29

570.53
573.24
568.00

5.24

244.55
248.05
240.74

7.31

2
LL/O" 0
CHI 8700
WELL 9000

600.29
601.83
598.31

3.52

57792
580.59
575.31

5.28

570.48
573.15
568.00

5.15

244.55
248.07
240.74

7.33

10
LL/0 5000
CHI 3200
WELL 2600

600.45
601.93
598.70

3.23

578.31
581.17
575,53

5.64

570.86
573.62
568.31

5:31

244.74
249.58
241.47

8.11



at Chicago (Scenario 3) would raise the Lake Superior minimum level by 0.06
foot and the mean by 0.07 foot. The table further shows that taking all
three in combination (Scenario 4) would have a net effect of lowering the
maximum level of Lake Superior by 0.09 foot, the minimum by 0.70 foot and
the mean level by 0.07 foot.

Scenarios 5, 6, 7, 8 and 9 which manage the diversions in such a
way as to reduce the water supply to the Great Lakes, show that the
maximum, minimum and mean level would be lowered by varying amounts. The
maximum hydrologic impact would be felt under Scenario 9; which reduces the
Long Lac/Ogoki Diversions to zero, increases the Lake Michigan Diversion at
Chicago to 8,700 cfs, and increases the outflow from Lake Erie through the
Welland to 9,000 cfs.

Scenario 10, which reduces the flow through the Welland Canal
during periods of below normal water supply, was developed to determine the
degree that low levels could be supported; i.e., permitting navigation
between Lakes Erie and Ontario. This scenario shows a slight raising of
the Lake Superior minimum and mean levels with no impact on the maximum
level.

Scenarios 11 to 13 reflect changes which have occurred in the
diversion rates since the beginning of the study. Scenario 13, which deals
with the changes in combination, shows that the increased rates would have
raised the minimum level of Lake Superior slightly in comparison to the
basis-of-comparison. Scenarios 11 and 12 show the individual impacts.

Another factor which is of considerable importance with respect
to this criterion is the frequency of occurrence of high and low levels.
Tables G-11 and G-12 compare the conditions under each of the scenarios
with the basis-of-comparison.

Evaluation of High Levels. Table G-11 shows the frequency of
occurrence of levels above a Lake Superior level of 601.5 feet for each of
the scenarios. A review of Scenarios 1 to 4 (comparisons of individual
diversion rates under the basis-of-comparison) shows an increase in
frequency of high levels under Scenarios 2 and 3, where the outflow from
the system is reduced. Under Scenarios 1 and 4 the reverse is true, where
water supply would be removed from the system.

Scenarios 5, 6, 7, 8 and 9 generally show a reduction in the
frequency of occurrence of high levels, with the maximum reductions
occurring under Scenarios 8 and 9. Both of these scenarios would reduce
the inflow from Long Lac/Ogoki to zero and increase the outflow out of Lake
Michigan to 8,700 cfs. The difference between these two scenarios is that
under Scenario 9 the Welland Canal is increased to 9,000 cfs. There would
be no impact on the frequency of high levels due to this action.

Scenario 10 would reduce the Welland Canal flow during periods of
low water supply. The impact of this reduction in flow transcends the low
supply period and would slightly increase the frequency of high levels over
and above the basis-of-comparison.

G=17
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Lake Superior CRITERION (a)

Monthly

Mean Level

602.0
601.9
601.8
601.7
601.6
601.5

Maximum

Table G-11

MONTHLY MEAN WATER LEVELS OF LAKE SUPERIOR

1900-1976

NUMBER OF OCCURRENCES ABOVE LEVEL SHOWN

Scenario 1

LL/O 0
Basis-of- CHI. 3,200
Comparison WELL. 7,000
0 0
1 0
1 1
2 1
9 2
18 4
601.93 601.83

Scenario 2

LL/O 5,000
CHI. 3,200
WELL. 0

0

1

1

2

1Y

23

601.93

Scenario 3

LL/O 5,000
CHI. 0
VELL. 7,000

0

1

3

3

¥3

26

601.93

Scenario 4

601.84

(=~ g =

LL/O
CHI.
WELL.
0
0
1
1
3
13
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Lake Superior CRITERION (a)(Cont.) Table G-11 (Cont.)

Monthly
Mean Level

602.
601.
601.
601.
601.
601.

Maximum

0

wn o N o O

MONTHLY MEAN WATER LEVELS OF LAKE SUPERIOR
1900-1976

NUMBER OF OCCURRENCES ABOVE LEVEL SHOWN

Scenario 5 Scenario 6 Scenario 7
LL/O 0 LL/O 5,000 LL/O 5,000
Basis-of- CHE. 3,200 CHI. 3,200 GHT . 8,700
Comparison WELL. 7,000 WELL. 9,000 WELL._ 7,000
0 0 0 0
1 0 1 1
1 1 i 1
2 1 2 2
9 2 8 4
18 8 20 13
601.93 601.83 601.93 601.92

Scenario 8

LL/0
CHI.
WELL.

= = .0 O

N

=~

601.83
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Lake Superior CRITERION (a) (Cont.)

Monthly

Mean Level

602.0
601.9
601.8
601.7
601.6
601.5

Maximum

Basis-of-
Comparison
0

L - T

18
601.93

Table G-11 (Cont.)

MONTHLY MEAN WATER LEVELS OF LAKE SUPERIOR

1900-1976

NUMBER OF OCCURRENCES ABOVE LEVEL SHOWN

Scenario 9

Scenario 10

LL/O 0 LL/0 5,000
CHI. 8,700 CHI. 3,200
WELL. 9,000 WELL. 2,600

0 0

0 !

1 1

1 2

2 10

4 19

601.83 601.93

Scenario 11

Scenario 12

Scenario 13

LL/O 5,600 LL/0 5,000 LL/0 5,600
CHI. 3,200 CHI. 3,200 CHI. 3,200
WELL. 7,000 WELL. 9,400 WELL. 9,400

0 0 0

1 1 1

1 1 il

2 2 2

10 8 10

21 17 18

601.95 601.93 601.95




Lake Superior CRITERION (a) Table G-12

Monthly

Mean Level

600.0
5995
59950
598.5
598.0

Minimum

600.0
599.5
599.0
598.5
598.0

Minimum

MONTHLY MEAN WATER LEVELS OF LAKE SUPERIOR
1900-1976

NUMBER OF OCCURRENCES BELOW LEVEL SHOWN

ALL MONTHS
Scenario 1 Scenario 2
LL/O 0 LL/0 5,000
Basis-of- CHI. 3,200 CHI . 3,200
Comparison WELL. 7,000 WELL. 0
21E 293 190
49 107 44
6 28 5
0 10 0
0 3 0
598.69 597.88 598.72

APRIL-NOVEMBER

85 136 74

18 47 16

2 15 2

0 4 0

0 i 0
598.70 597.88 598.73

Scenario 3
LL/O 5,000
CHIT: 0

WELL. 7,000

179
40

598.75

69
16

598.76

Scenario 4
LL/0
CHI.
WELL.

[
21

597.99

100
36
11

597.99

0
0
0
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Lake Superior CRITERION (a) (Cont.)

Monthly

Mean Level

600.0
599.5
599.0
598.5
598.0

Minimum

600.0
599.5
599.0
598.5
598.0
Minimum

Basis-of-
Comparison

21
49

598.69

85
18

598.70

Table G-12 (Cont.)
MONTHLY MEAN WATER LEVELS OF LAKE SUPERIOR

NUMBER OF OCCURRENCES BELOW LEVEL SHOWN

ALL MONTHS

Scenario 5

Scenario 6

LL/O LL/O 5,000
CHI. 3,200 CHI. 3,200
WELL. 7,000 WELL. 9,000
244 218
64 48
15
2 0
0
598.42 598.68
APRIL-NOVEMBER
102 91
29 17
6 2
0
598.43 598.69

Scenario 7
LL/o 5,000
CHI. 8,700

WELL. 7,000

243
60
9

598.60

102
25

598.61

Scenario 8
LL/0 0
CHI. 8,700
WELL. 7,000

—

264
244
16

598.34

173
36

598.35
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Lake Superior CRITERION (a)(Cont.) Table G-12 (Cont.)

MONTHLY MEAN WATER LEVELS OF LAKE SUPERIOR
1900-1976

NUMBER OF OCCURRENCES BELOW LEVEL SHOWN

ALL MONTHS
Scenario 9 Scenario 10 Scenario 11 Scenario 12 Scenario 13
LL/O 0 LL/0 5,000 LL/0 5,600 LL/0O 5,000 LL/O 5,600
Monthly Basis-of- CHI. 8,700 CHI. 3,200 CHI. 3,200 CHI. 3,200 CHI. 3,200
Mean Level Comparison WELL. 9, 000 WELL. 2,600 WELL. 7,000 WELL. 9,400 WELL. 9,400
600.0 211 266 202 203 222 233
599.5 49 76 46 46 54 47
599.0 6 18 6 5 7
598.5 0 4 0 0 0 0
598.0 0 0 0 0 0
Minimum 598.69 598.31 598.70 598.73 598.66 598.72

APRIL-NOVEMBER

600.0 85 114 80 81 92 86
599.5 18 36 16 16 22 16
599.0 2 7 2 2 2 2
598.5 0 2 0 0 0
598.0 0 0 0 0 0

Minimum 598.70 598.32 598.71 598.74 598.67 598.73



Under Scenarios 11, 12 and 13, the frequency of occurrence of
high levels reflect the diversion input location. Scenario 11, would
increase the diversion into Lake Superior above the basis-of-comparison
with the most extreme increase in the frequency of high levels; Scenario 12
would provide a minor reduction, since the flow is increased out of Lake
Erie; and, Scenario 13 would show little impact, as the increases tend to
offset each other.

Evaluation of Low Levels. Table G-12 shows the frequency of
occurrence of levels below a Lake Superior level of 600.00 feet for each of
the scenarios being evaluated. Scenarios 1 and 4 would increase the number
of times that the lake is below 600.0 feet; while Scenarios 2 and 3 would
decrease the frequencies of low levels. This is due to the fact that there
is a net gain in water supply to the upper lakes as a result of reduction
in the outflows at the Lake Michigan Diversion at Chicago and through the
Welland Canal, while in the case of Scenarios 1 and 4, there is a net loss,
due to reduction in the Long Lac/Ogoki Diversionms.

As noted above, there was a reduction in the frequency of
occurrence of high levels (Scenarios 5, 6, 7, 8 and 9), due to removal of
water from the system. These scenarios increase the frequency of
occurrence of low levels for the same reason, and because of the inability
of the system to restore equilibrium over a short time span.

Scenario 10, which would reduce the loss of water to the upper
part of the system, also would reduce the frequency of occurrence of low
levels. The impact on the absolute minimum would be small.

Scenario 11 shows a reduction in the frequency of low levels, due
to the increased water supply from the Long Lac/Ogoki Diversions. Under
Scenario 12, an increase is shownj but Scenario 13, which deals with the
diversions in combination, offsets and improves upon the low water
situation.

Criterion (b) - The Commission's Orders specify that, to guard
against unduly high stages of water in the lower St. Marys River, the
excess discharge at any time over and above that which would have occurred
at a like stage of Lake Superior prior to 1887, shall be restricted so that
elevation of the water surface immediately below the locks shall not be
greater than 582.9 feet.

In the test of the Lake Superior portion of the scenarios

presented herein, over the period 1900-1976, the maximum levels at the
U. S. Slip gauge below the lock are shown in Table G-13.

G-24




Table G-13

MAXIMUM LEVEL - U. S. SLIP GAUGE

Scenarios Elevation
Basis-of-Comparison 582.32
Scenario 1 582.00
Scenario 2 582.43
Scenario 3 582.50
Scenario 4 582.32
Scenario 5 582.05
Scenario 6 582.33
Scenario 7 582.14
Scenario 8 582.00
Scenario 9 581.95
Scenario 10 582.34
Scenario 11 582.36
Scenario 12 582.29
Scenario 13 582832

Criterion b has therefore been satisfied by all scenarios.

Criterion (c) - The maximum open-water (May-November) outflow
from Lake Superior shall not exceed 65,000 cfs, plus 16 gates of the
Compensating Works open. This maximum limitation was also applicable under
the basis-of-comparison.

Table G-14 compares the results of the scenarios presented herein
with those of the basis-of-comparison and indicates that this criterion has
been satisfied by all the scenarios presented.

Criterion (d) - The maximum winter outflow (December-April) from
Lake Superior shall not be greater than 85,000 cfs. This maximum
limitation was also applicable under the basis-of-comparison.

Table G-15 shows that this criterion has been generally satisfied
by all scenarios presented.

Criterion (e) - The minimum outflow from Lake Superior shall not
be less than 55,000 cfs.

Table G-16 compares the frequency of occurrences of flows less
than 65,000 cfs under each of the scenarios and the basis-of-comparison.
It shows that all scenarios would satisfy this requirement. However, it
should be noted that those scenarios which reduce the water supply within
the system would increase the frequency of minimum flows.

An additional requirement contained in the May 26-27, 1914 Orders
of Approval, states:
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Lake Superior CRITERION (c) Table G-14

Monthly

Mean Flow

(Thousands
cfs)

125
120
115
110
105
110

Maximum

MONTHLY MEAN OUTFLOW FROM LAKE SUPERIOR
MAY-NOVEMBER 1900-1976

NUMBER OF OCCURRENCES ABOVE OUTFLOW SHOWN

Scenario 1 Scenario 2
LL/O 0 LL/0 5,000
Basis-of- (1 ) 3,200 CHI. 3,200
Comparison WELL. 7,000 WELL. 0
of
0 0 0
3 2 5
43 21 48
68 38 72
94 56 98
133 83 137
123,000 122,000 123,000

Scenari
LL/O
CHI.
WELL.

0

5

48

78

105

141
123,000

o .3

5,000
0

7,000

Scenario 4
LL/0
CHI.
WELL.

0

2

30

47

63

89
122,000

0
0
0



2¢™9

Lake Superior CRITERION (c)(Cont.)

Monthly
Mean Flow

(Thousands of
cfs)

125
120
115
110
105
100

Maximum

Basis-of-
Comparison

43

68

94

133
123,000

Table G-14 (Cont.)

MONTHLY MEAN OUTFLOW FROM LAKE SUPERIOR
MAY-NOVEMBER 1900-1976

Scenario 5

LL/0 0
CHI. 3,200
WELL. 7,000

0

29

50

69

110

122,000

NUMBER OF OCCURRENCES ABOVE OUTFLOW SHOWN

Scenario 6

LL/O 5,000
CHI. 3,200
WELL. 9,000

0

3

41

68

9

128

123,000

Scenario 7
LL/O 5,000
CHI. 8,700

WELL. 7,000

38

64

85

129
123,000

Scenario 8

LL/O 0
CHI. 8,700
WELL. 7,000

0

2

24

51

66

104

122,000
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Lake Superior

CRITERION (c)(Cont.)

Monthly
Mean Flow

(Thousands of
cfs)

125
120
hLIE
110
105
100

Maximum

Basis-of-
Comparison

0

3

43

68

94

133
123,000

Table G-14 (Cont.)

MONTHLY MEAN OUTFLOW FROM LAKE SUPERIOR

MAY-NOVEMBER 1900-1976

NUMBER OF OCCURRENCES ABOVE OUTFLOW SHOWN

Scenario 9 Scenario 10

LL/O 0 LL/O 5,000
CHI. 8,700 CHI. 3,200
WELL. 9,000 WELL. 2,600

0 0

2

24 42

51 69

68 94

103 133

122,000 123,000

Scenario 11

Scenario 12

LL/O 5,600 LL/0 5,000
CHI. 3,200 CHI. 3,200
WELL. 7,000 WELL. 9,400

0 0

3 3

45 40

73 67

101 93

137 129

123,000 123,000

Scenario 13
LL/0O 5,600
CHI. 3,200
WELL. 9,400

e

0

3

44

73

102

135
123,000
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Lake Superior

CRITERION (d)

Monthly
Mean Flow

(Thousands of
cfs)

85
84
83
82
81
80

Maximum

Basis-of-

Comparison

11
14
24
42
86,000

Table G-15
MONTHLY MEAN OUTFLOW FROM LAKE SUPERIOR

DECEMBER-APRIL 1900-1976

Scenario 1
LL/0 0
CHI. 3,200

WELL. 7,000

15
16
21
24
86,000

NUMBER OF OCCURRENCES ABOVE OUTFLOW SHOWN

Scenario 2

LL/O 5,000
CHI. 3,200

WELL.

4
10
11
14
26
39

87,000

0

Scenario 3

LL/0 5,000
CHI. 0
WELL. 7,000

2

5

6

10

23

37

87,000

Scenario 4
LL/0 0
CHI. 0
WELL. 0

OF =G0 6

10
17
87,000
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Lake Superior CRITERION (d) (Cont.)

Monthly
Mean Flow

(Thousands of
cfs)

85
84
83
82
81
80

Maximum

Table G-15 (Cont.)

MONTHLY MEAN OUTFLOW FROM LAKE SUPERIOR
DECEMBER-APRIL 1900-1976

NUMBER OF OCCURRENCES ABOVE OUTFLOW SHOWN

Scenario 5

LL/O 0
Basis-of- CHI. 3,200
Comparison WELL. 7,000
3 6
8 12
il 16
14 18
27 27
42 34

86,000 87,000

Scenario 6

LL/O 5,000
CHI. 3,200
WELL. 9,000

3

8

5

14

27

42

86,000

Scenario 7

LL/0 5,000
CHI. 8,700
WELL. 7,000

e

12
16
19
29
41
87,000

Scenario 8

LL/0 0
CHI. 8,700
WELL. 7,000

4

12

16

18

25

31

86,000




Lake Superior

CRITERION (d)(Cont.)

Monthly
Mean Flow

(Thousands of
cfs)

85
84
83
82
81
80

Maximum

Basis-of-

Comparison

3

8

11

14

27

42
86,000

Table G-15 (Cont.)

MONTHLY MEAN OUTFLOW FROM LAKE SUPERIOR
DECEMBER-APRIL 1900-1976

NUMBER OF OCCURRENCES ABOVE OUTFLOW SHOWN

Scenario 9 Scenario 10 Scenario 11 Scenario 12 Scenario 13
LL/0 0 LL/0 5,000 LL/O 5,600 LL/O 5,000 LL/O 5,600
CHI. 8,700 CHIL . 3,200 CHI. 3,200 CHI. 3,200 CHI. 3,200
WELL. 9,000 WELL. 2,600 WELL. 7,000 WELL. 9,400 WELL. 9,400

4 3 3 3 3
12 9 9 7 9
16 KL 31 il 11
18 14 14 14 14
25 27 26 27 26
31 42 43 42 42
86,000 86,000 86,000 86,000 86,000




Lake Superior CRITERION (e)

Monthly
Mean Level

(Thousands of
cfs)

65,000
58,000
55,000

Basis-of-
Comparison

155
155

Table G-16

Scenario 1

LL/0 0
CHI. 3,200
WELL. 7,000

280

280

0

MONTHLY MEAN OUTFLOW FROM LAKE SUPERIOR
1900-1976

NUMBER OF OCCURRENCES BELOW OUTFLOW SHOWN

Scenario 2
LL/O 5,000
CHI. 3,200

WELL. 0

163
163

Scenario 3
LL/O 5,000
CHI. 0

WELL. 7,000

167
167

Scenario 4

LL/0
CHI.

WELL.

0
0
0

297
297




Lake Superior CRITERION (e)(Cont.)

Monthly Basis-of-
Mean Outflow Comparison
(Thousands of

cfs)
65,000 155
58,000 155
55,000 0

Table G-16 (Cont.)

MONTHLY MEAN OUTFLOW FROM LAKE SUPERIOR

1900-1976
NUMBER OF OCCURRENCES BELOW OUTFLOW SHOWN

Scenario 5
LL/0 0
CHI. 3, 200

WELL. 7,000

225
225

Scenario 6
LL/0 5,000
CHI. 3,200
WELL. 9,000

—_— e

155
155

Scenario 7
LL/0 5,000
CHI. 8,700

WELL. 7,000

146
146

Scenario 8
LL/O 0
CHI. 8,700
WELL.

7,000

213
213



Lake Superior CRITERION (e)(Cont.)

Basis-of-

Comparison

Monthly
Mean Level

(Thousands of

cfs)
65,000 155
58,000 155
55,000 0

$€-9

Table G-16 (Cont.)

MONTHLY MEAN OUTFLOW FROM LAKE SUPERIOR

1900-1976

NUMBER OF OCCURRENCES BELOW OUTFLOWN SHOWN

Scenario 9 Scenario 10

Scenario 11

LL/O 0 LL/O 5,000 LL/O 5,600
CHI. 8, 700 CHI. 3,200 CHI. 3,200
WELL . 9,000 WELL. 2,600 WELL. 7,000

217 163 155

217 163 155

0 0 0

Scenario 12
LL/O 5,000
CHI. 3,200

WELL. 9,400

153
153

Scenario 13
LL/O 5,600
CHI. 3,200
WELL. 9,400

147
147




"At all times said Board shall determine the amount of
water available for power purposes. Said Board will
cause the amount of water so used to be reduced
whenever, in its opinion, such reductions are necessary
in order to prevent unduly low stages of water in Lake
Superior, and will fix the amounts of such reductions;
provided, that whenever the monthly mean level of the
lake is less than 602.1 (600.5 IGLD 1955) above said
mean tide, the total discharge permitted shall be no
greater than that which it would have been at the
prevailing stage and under the discharge conditions
which obtained prior to 1887; provided further, before
any flow of primary water on either side of the river
is reduced, the use of all secondary water shall be
discontinued."

This requirement could not be evaluated because it would depend
upon discretionary action of the International Lake Superior Board of
Control and a definition of unduly low stages.

2.3.2 Lakes Michigan-Huron Criteria

The following paragraphs give the evaluation of effects of the
various scenarios on Lakes Michigan-Huron, employing criteria formulated by
the IGLLB for this purpose:

Criterion (a) - Consistent with other requirements, reduce the
frequency of occurrence of high Lakes Michigan-Huron levels.

Table G-17 compares the maximum level and the frequency of
occurrence of levels above level 579.0 feet, under the various scenarios
evaluated in this study. Scenarios 1, 2, 3 and 4 evaluate the impact of
the present diversion rates singularly and in combination. Table G-17
shows that reducing the Long Lac/Ogoki Diversions to zero (Scenario 1)
throughout the period of record reduces the maximum level of Lakes
Michigan-Huron by 0.33 foot and reduces the frequency of occurrence of
levels above 579.0 feet by 37 percent; Lake Michigan Diversion at Chicago
reduction (Scenario 3) would increase the maximum level by 0.20 foot and
would increase the frequency of occurrence of high levels by 24 percent;
and, the Welland Canal reduction (Scenario 2) would cause the lake to rise
by 0.12 foot and increases the frequency of high levels by 16 percent.
However, taking these reductions in combination (Scenario 4) causes the
maximum level to rise only 0.04 foot with very little impact on the
frequency of occurrence of high levels.

Under Scenarios 5, 6, 7, 8 and 9 the maximum level and the
frequency of occurrence of high levels on Lakes Michigan-Huron would be
reduced. The maximum lowering would occur under Scenarios 9. Scenario 10
is an intermediate condition under the Welland Canal alternative, and it
raises the high levels of Lakes Michigan-Huron and would increase the
frequency of occurrence of these levels through backwater from Lake Erie.

Scenarios 11, 12 and 13 evaluate the basis-of-comparison rates
against those which currently exist. Table G-17 indicates that the

G-35
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Lakes Michigan-Huron CRITERION (a)

Monthly Basis-of-

Mean Level Comparison
(Feet)
581.4 0
581.0 4
580.6 17
580.2 35
579.8 69
579.4 144
579.0 256

Maximum Level 581.16

Scenario 1

LL/0
CHI. 3,200
WELL. 7,000

A,

»
36
75
162
580.83

MONTHLY MEAN WATER LEVELS OF LAKES MICHIGAN-HURON

NUMBER OF OCCURRENCES ABOVE LEVEL SHOWN

Scenario 2

e

25
43
89
178
298

581.28

Scenario 3

LL/O
CHI.

5,000
0

WELL. 7,000

10
28
47
110
198
318

581.36

Scenario 4
LL/0 0
CHI. 0
WELL. 0

—_—

16
35
69
144
259
581.20
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Lakes Michigan-Huron CRITERION (a)(Cont.) Table G-17 (Cont.)

Monthly
Mean Level

(Feet)
581.
581.
580.
580.
579.
579,
519

Maximum Level

4

0
6
2
8
4
0

MONTHLY MEAN WATER LEVELS OF LAKES MICHIGAN-HURON
1900-1976

NUMBER OF OCCURRENCES ABOVE LEVEL SHOWN

Scenario 5 Scenario 6 Scenario 7
LL/O 0 LL/0 5,000 LELO 5,000
Basis-of- CHI. 3,200 CHI. 3,200 CHI. 8,700
Comparison WELL., 7,000 WELL. 9,000 WELL. 7,000
0 0 0 0
4 0 3 0
17 8 13 8
35 24 33 22
69 42 67 39
144 109 139 98
256 198 249 191
581.16 580.92 581.10 580.86

Scenario 8

LL/O 0
CHI. 8,700
WELL . 7,000

0

0

1

g2

29

57

141

580.61
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Lakes Michigan-Huron CRITERION (a) (Cont.)

Monthly
Mean Level

(Feet)
581.4
581.0
580.6
580.2
579.8
579.4
579.0

Maximum Level

Basis-of-
Comparison

17
35
69
144
256
581.16

Table G-17 (Cont.)

MONTHLY MEAN WATER LEVELS OF LAKES MICHIGAN-HURON

1900-1976

NUMBER OF OCCURRENCES ABOVE LEVEL SHOWN

Scenario 9

LL/0 0
CHI. 8,700
WELL. 9,000

0

0

11

28

54

135

580.59

Scenario 10

Scenario 11

LL/O 5,000 LL/O 5,600
CHI. 3,200 CHI. 3,200
WELL. 2,600 WELL. 7,000

0 0

5 5

19 19

35 36

74 73

155 155

270 275

581.17 581.19

Scenario 12

LL/O 5,000
CHI. 3,200
WELL. 9,400

A, S

13
33
66
136
248
581.10

Scenario 13

LL/0O 5,600
CHI. 3,200
WELL. 9,400

0

16

35

69

142

257

581.14




deviation in the Long Lac/Ogoki Diversions from the basis-of-comparison
average has raised (Scenario 11) the levels of Lakes Michigan-Huron, while
the deviation occurring in the Welland Canal has lowered (Scenario 12) the
levels. 1In combination the two effects are offset. This is due to the
fact that the net effect of reducing the three diversions from 5,600; 3,200
and 9,400 cfs to 5,000; 3,200 and 7,000 cfs increases the water supply in
the system.

Criterion (b) - Consistent with other requirements, reduce the
frequency of occurrence of low Lakes Michigan-Huron levels, especially
during the navigation season (April-November).

Table G-18 presents the results of the tests of the various
scenarios over the evaluation period under criterion (b). Scenarios 1, 2,
3 and 4 evaluate the impacts of the individual diversions singularly and in
combination. The table shows a lowering caused by reducing the Long
Lac/Ogoki Diversions to zero, and a raising of the levels by reducing the
Lake Michigan and Welland Canal Diversions to zero. The net effect shows a
slight lowering of the minimum value, but a reduction (Scenario 4) in the
occurrence of levels below low water datum (LWD).

Scenarios 5, 6, 7, 8 and 9 would all lower the minimum level and
increase the frequency of levels below LWD. The maximum impact would occur
under Scenario 9, where the minimum level would be lowered 0.15 foot.
During the navigation season, levels below LWD are increased 75 percent.

Scenario 10, which reduces the flow through the Welland Canal
during periods of low supply, increases the minimum level and reduces the
frequency of the low level (below LWD) by 15 percent.

Table G-18 shows that under Scenarios 11, 12, and 13 the
increased flow from Long Lac/Ogoki (Scenario 11) provides benefits to
navigation by raising the minimum levels and by reducing the frequency of
occurrence of low levels. However, this benefit is lost when the Welland
Canal flow is increased (Scenario 12), but balanced when both these
increases are taken in combination (Scenario 13).

2.3.3 Lake Erie Criteria

The following paragraphs give the evaluation of effects of the
various scenarios on Lake Erie, employing criteria formulated for this
purpose:

Criterion (a) - Consistent with other requirements, reduce the
frequency of occurrence of high Lake Erie levels.

Table G-19 presents the results of the testing of the various
scenarios over the historic water supply period under criterion (a). The
table shows that the individual effect (Scenario 1) of reducing the Long
Lac/Ogoki Diversions to zero is to lower the high levels of Lake Erie 0.23
foot and reduce the frequency of levels above 572.0. However, taking this
reduction in combination with the reduction of the Lake Michigan Diversion
at Chicago and the Welland Canal results in a net increase in levels
(Scenario 4). Scenarios 2 and 3 reflect the individual impacts of these

G=39
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Lakes Michigan-Huron CRITERION (b)

Monthly
Mean Level

(Feet)
576.8 LWD
576.4
576.0
575.6
575 .2

Minimum

576.8 LWD
576.4
576.0
575.6
575.2

Minimum

Basis-of-
Comparison

40
14
4

575.62

91
38
16

575.46

Scenario‘l

Table G-18

1900-1976

LL/O 0
CHI. 3,200
WELL. 7,000
82
32
12
4
0
575+ 2%
ALL-MONTHS
154
77
32
13
4
575.07

MONTHLY MEAN WATER LEVELS OF LAKES MICHIGAN-HURON

NUMBER OF OCCURRENCES BELOW LEVEL SHOWN
APRIL-NOVEMBER

Scenario 2

26
12

525.76

67
29
13

575.60

Scenario 3

LL/O 5,000
CHI.
WELL. 7,000
23
9
2
0
0
575.86
56
23
12
575.70

Scenario 4
LL/O
CHI.
WELL.

575.58

81
34
14

575.43

0
0
0




Lakes Michigan-Huron CRITERION (b)(Cont.) Table G-18 (Cont.)

MONTHLY MEAN WATER LEVELS OF LAKES MICHIGAN-HURON
1900-1976

NUMBER OF OCCURRENCES BELOW LEVEL SHOWN
APRIL-NOVEMBER

=9

LL/O 0 LL/0 5,000 LL/O 0
Monthly Basis-of- CHI. 3,200 CHI. 8,700 CHI. 8,700
Mean Level Comparison WELL. 7,000 s WELL. 7,000 WELL. 7,000
(Feet)
576.8 LWD 40 56 43 58 70
576.4 14 14 14 15 21
576.0 4 7 7 10
575.6 1 1 il
57542 0 0 0
Minimum 575.62 575555 345,62 575.56 575.48
ALL-MONTHS
576.8 LWD 91 112 95 116 138
576.4 38 43 36 44 59
576.0 16 19 16 19 24
575.6 4 7 b 12
57542 0 0 0 0 0
Minimum 575.46 575.39 575.46 575.40 575+32

Scenario 5

Scenario 6

Scenario 7

Scenario 8




(A )

Lakes Michigan-Huron CRITERION (b) (Cont.)

Monthly

Mean Level

(Feet)

576.8 LWD

576.4
576.0
5756
575.2

Minimum

576.8 LWD

576.4
576.0
575.6
575..2

Minimum

Basis-of-
Comparison

40
14
4

575.62

91
38
16

575.46

Table G-18 (cont.)

MONTHLY MEAN WATER LEVELS OF LAKES MICHIGAN-HURON

1900-1976

NUMBER OF OCCURRENCES BELOW LEVEL SHOWN

Scenario 9
LL/0 0
CHI. 8,700

WELL. 9,000

70
22
10

575.47

138
62
25
12

575.31

APRIL-NOVEMBER

Scenario 10

Scenario 11

Scenario 12

Scenario 13

LL/O 5,000 LL/0 5,600 LL/O 5,000 LL/O 5,600
CHI. 3,200 CHI. 3,200 CHI. 3,200 CHI. 3,200
WELL. 2,600 WELL. 7,000 WELL. 9,400 WELL. 9,400
34 36 48 43
13 14 14 14
7
1
0
575.69 575.66 575.58 575.63
ALL-MONTHS
83 83 101 94
32 35 40 36
15 16 19 16
4 6
0 0 0 0
575.53 575.50 575.42 575.47




€9=9

Lake Erie CRITERION (a)

Monthly

Mean Level

(Feet)
57340
572.8
572.6
9724
57242
572.0

Maximum

Basis-of-
Comparison

16
27
37
55
78
108
573.60

Table G-19

MONTHLY MEAN WATER LEVELS OF LAKE ERIE
1900-1976

NUMBER OF OCCURRENCES ABOVE LEVELS SHOWN

Scenario 1

LL/O 0
CHI. 3,200
WELL. 7,000

8

15

24

34

48

74

573.37

Scenario 2
LL/0 5,000
GHE: 3,200

WELL. 0

32
44
68
94
124
163
573.91

Scenario 3
LL/O 5,000
CHI. 0
WELL.

7,000
24
33
50
74
95
126
573.75

Scenario 4

LL/0
CHI.
WELL.
29
37
58
84
113
148

573.84

0
0
0




9

V=

Lake Erie CRITERION (a)(Cont.)

Monthly

Mean Level

(Feet)
573.0
572.8
572.6
572.4
572:2
572.0

Maximum

Basis-of-
Comparison

16
27
£
59
78
108
573.60

Table G-19 (Cont.)

Scenario 5

LL/0 0
CHI. 3,200
WELL. 7,000

ot ST SESISSRE S Pt

10
17
30
39
59
86
573.44

MONTHLY MEAN WATER LEVELS OF LAKE ERIE
1900-1976

NUMBER OF OCCURRENCES ABOVE LEVELS SHOWN

Scenario 6

LL/O 5,000
CHI. 3,200
WELL. 9,000

.

12
23
32
43
69
97
573.50

Scenario 7

LL/O 5,000
CHI. 8,700
WELL. 7,000

8

16

27

37

55

84

573.40

Scenario 8

LL/0 0
CHI. 8,700
WELL. 7,000

S R A

20
27
42
66
573.24




S%-9

Lake Erie CRITERION (a)(Cont.)

Monthly

Mean Level

(Feet)
573+0
572.8
572 .6
572.4
572.2
572.0

Maximum

Basis-of-

Comparison

16
21
37
55
78
108
573.60

Table G-19 (Cont.)

MONTHLY MEAN WATER LEVELS OF LAKE ERIE

1900-1976

NUMBER OF OCCURRENCES ABOVE LEVELS SHOWN

Scenario 9

Scenario 10

Scenario 11

LL/0O 0 LL/0 5,000 LL/O 5,600
CHI. 8, 700 CHI. 3,200 CHI. 3,200
WELL. 9,000 WELL. 2,600 WELL. 7,000

2 17 18

7 28 29

11 38 37

23 60 59

35 85 82

54 120 113

5715 573.62 573.63

Scenario 12 Scenario 13
LL/0 5,000 LL/0 5,600
CHI. 3,200 CHI. 3,200
WELL. 9,400 WELL. 9,400

11 13
20 22
32 32
39 44
65 68
92 95
573.49 373,52




latter two diversions. From the table it can be concluded that the major
impact is as a result of the reduction in Welland Canal flow.

Scenarios 5, 6, 7, 8 and 9 would alter the diversion rates during
periods of high water supply within the upper portion of the system. Table
G-19 shows that the maximum reduction would occur under Scenario 9,
reducing the maximum level by 0.45 foot and the frequency of levels above
572.0 feet by 50 percent. All other combinations (Scenario 5, 6, 7 and 8)
have a lesser impact.

Scenario 10, which is an attempt to improve the low water
situation by reducing the Welland Canal flow during periods of low water
supply, has a small impact on the high levels; increasing the maximum level
by 0.02 foot and the frequency of levels above 572.0 by 11 percent.

Scenarios 11, 12 and 13 in Table G-19, which compare current
conditions with the basis-of-comparison, show that the Long Lac/Ogoki
(Scenario 11) has slightly increased the Lake Erie levels and the frequency
of occurrence of levels above 572.0 feet. However, taken in combination
with the Welland Canal flow increase (Scenario 13) the net impact is a
reduction of the maximum level by 0.08 foot and a reduction in the
frequency of levels above 572.0 feet by 12 percent.

Criterion (b) - Consistent with other requirements, reduce the
frequency of occurrence of low Lake Erie levels, especially during the
navigation season (April-November).

Table G-20 shows the degree of satisfaction of this criterion
under each of the scenarios. Scenarios 1, 2, 3 and 4 show the impact of
the current diversion rates. These scenarios show that the Long Lac/Ogoki
Diversions have raised the minimum level (Scenario 1) of Lake Erie by 0.26
foot; the Lake Michigan Diversion at Chicago (Scenario 3) has lowered the
levels 0.15 foot; and the Welland Canal has lowered (Scenario 2) Lake Erie
0.35 foot; with a net lowering effect (Scenario 4) of 0.25 foot.

Scenarios 5, 6, 7, 8 and 9 show a general lowering and an
increase in the frequency of low levels. The maximum impact is shown under
Scenario 9, which would lower the minimum value by 0.10 foot and would
increase the frequency of low levels (below LWD) during the navigation
season by 43 percent.

Scenario 10, which was developed to offset the impact of low Lake
Erie levels, would raise the minimum level during the navigation season by
0.20 foot and reduce the frequency below LWD by 67 percent.

As previously noted, Scenarios 11, 12 and 13 were developed to
evaluate existing conditions with those under the basis-of-comparison, both
individually and in combination. Table G-20 shows that the Long Lac/Ogoki
Diversions increase (Scenario 11) the extreme low levels slightly, but has
little impact on the frequency of occurrence of levels below LWD. However,
Scenario 12 does effect Lake Erie below LWD and lowers the minimum level. by
0.13 foot during the navigation season. This impact would be offset
somewhat, when the two effects shown under Scenarios 11 and 12 are taken in
combination (Scenario 13). However, the minimum level would still be

G-46



Lake Erie CRITERION (b) Table G-20

Monthly

el

Mean Lev

(Feet)
569.0
568.8
568.6
568.4
568.2

Minimum

569.0
568.8
568.6
568.4
568.2
568.0

Minimum

LWD

LWD

MONTHLY MEAN WATER LEVELS OF LAKE ERIE
1900-1976

NUMBER OF OCCURRENCES BELOW LEVELS SHOWN
APRIL-NOVEMBER

Scenario 1 Scenario 2
LL/0O 0 LL/O 5,000
Basis-of- CHI. 3,200 CHI. 3,200
Comparison WELL. 7,000 WELL. 0
8 20 3
4 11 i !
3 5 0
1 0
0 0
568.32 568.06 568.67
ALL~-MONTHS
30 54 18
24 35 4
15 24 i !
4 17 0
5 0
0 1 0
568.10 567.84 568.45

Scenario 3
LL/O 5,000
CHI. 0

WELL. 7,000

© O = W Wum

568.47

25
18

L~ o = B R

568.25

Scenario 4
LL/0
CHI.
WELL.

o O = N W

568.57

21
11

© O = W

568.36

0
0
0
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Lake Erie CRITERION (b)(Cont.)

Monthly Basis-of-
Mean Level Comparison
(Feet)
569.0 8
568.8 4
568.6 LWD 3
568.4 1
568.2 0
Minimum 568.32
569.0 30
568.8 24
568.6 LWD 5
568.4
568.2 1
568.0 0
Minimum 568.10

Table G-20 (Cont.)

MONTHLY MEAN WATER LEVELS OF LAKE ERIE
1900-1976

NUMBER OF OCCURRENCES BELOW LEVELS SHOWN

APRIL-NOVEMBER

Scenario 5 Scenario 6
LL/0 0 LL/0 5,000
CHI. 3,200 CHI. 3,200
WELL. 7,000 WELL. 9,000

11 8
5 5
3 3
1 1
0 0

568.27 568.31
ALL-MONTHS

35 31

26 25

18 15
7 4
1
0 0

568.05 568.09

Scenario 7
LL/0 5,000
CHI. 8,700

WELL. 7,000

10
5
3
1
0

568.27

35
26
19

568.05

Scenario 8
LL/0 0
CHE . 8,700

WELL. 7,000

14

D 4= 00X

568.22

41
27
21
10

568.00



Lake Erie CRITERION (b)(Cont.) Table G-20 (Cont.)

MONTHLY MEAN WATER LEVELS OF LAKE ERIE
1900-1976

NUMBER OF OCCURRENCES BELOW LEVELS SHOWN
APRIL-NOVEMBER

Scenario 9 Scenario 10 Scenario 11 Scenario 12 Scenario 13
LL/O 0 LL/0 5,000 LL/0 5,600 LL/O 5,000 LL/0 5,600
Monthly Basis-of- CH1. 8,700 CHI. 3,200 CHI. 3,200 R 3,200 GHT. 3,200
Mean Level Comparison WELL. 9,000 WELL. 2,600 WELL. 7,000 WELL. 9,400 WELL. 9,400
(Feet)
569.0 8 15 4 75 1 13
568.8 4 ) 3 4 ) 5
s 568.6 LWD 3 3 1 3 3 3
& 568.4 1 1 0 1 1 1
A¥=}
568.2 0 0 0 0 0 0
Minimum 568.32 568.22 568.52 568.34 568.19 568.22
ALL-MONTHS
569.0 30 43 24 29 40 38
568.8 24 27 15 24 21 26
568.6 LWD 15 21 4 15 21 20
568.4 4 10 1 3 10 8
568.2 2 i 2 0 1 3
568.0 0 0 0 0 I 0

Minimum 568.10 568.00 568.31 568.12 367.97 568.00




lowered by 0.10 foot during the navigation season and the frequency of
levels below LWD would be increased.

2.3.4 Lake Ontario Criteria

The criteria and supplementary regquirement stated hereunder have
been extracted directly from a 1963 report of the International St.
Lawrence River Board of Control to the International Joint Commission,
entitled "Regulation of Lake Ontario Plan 1958-D." These criteria and the
tests of regulation plans by that Board related to the 1860-1954 period.
For evaluation purposes in this study, the period of study is 1900-1976, as
noted in Section 5, and the basis-of-comparison includes the current
operating plan (1958-D) as designed for the period 1900-1976. In the
following paragraphs, each criterion and supplementary requirement of
regulation is stated, followed by a discussion with tables showing the
degree to which each scenario fulfills these requirements in comparison
with the current plan for the regulation of Lake Ontario.

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

Lake St. Louis outflows are representative of the levels of
Montreal Harbour. A comparison of the minimum monthly mean outflows from
Lake St. Louis with the basis-of-comparison data will indicate the degree
to which the criterion has been satisfied. To assess the effect of
regulation on low water levels of Montreal Harbour, it has been customary
in the studies conducted by the International St. Lawrence River Board of
Control to compare the frequency of occurrence of outflows from Lake St.
Louis below 230,000 cfs.

Table G-21 shows that any alteration in the Long Lac/Ogoki
Diversions rate or in the Lake Michigan Diversion at Chicago rate will have
an effect as far downstream as Lake St. Louis on the St. Lawrence River.
This effect is demonstrated under Scenarios 1 and 3; scenarios which
evaluate the rates in the basis-of-comparison. Scenario 1 (which reduces
the water supply to the system) would increase the frequency of low levels,
while Scenario 3 (which would increase the water supply) would reduce the
frequency of low levels. Scenario 2, which deals with the Welland Canal,
shows no impact, due to the natural regulation of Lake Erie and its effect
on its total outflow. Scenario 4, which combines the effect of these
scenarios, shows an increase in frequency of low levels. This is due to
the fact that there would be a net loss of water supply to the system of
1,800 cfs (net balance of Long Lac/Ogoki-Chicago alterations).

Scenarios 5, 6, 7, 8 and 9, which would alter the diversion rates
during high water supply, show a duplication to the basis-of-comparison
(Scenario 6) or a generally lowering and increase in the frequency of low
flows; the degree of which is dependent upon the total volume of loss of
water to the system.

*Changed to 3,200 cfs in this study.
G-50
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Lake Ontario CRITERION (a) Table G-21 v

MONTHLY MEAN OUTFLOWS FROM ST. LOUIS
APRIL 1 - DECEMBER 15 (1900 - 1976)

NUMBER OF OCCURRENCES BELOW FLOW SHOWN

Scenario 1 Scenario 2 Scenario 3 Scenario 4
LL/0 0 LL/0 5,000 LL/0 5,000 LL/O 0
Basis-of- CHI. 3,200 CHI. 3,200 CHI. 0 CHI. 0
Qutflow Comparison WELL. 7,000 WELL. 0 WELL. 7,000 WELL. 0
(Thousands
of CFS)
230 29 42-1/2 29 b i 34-1/2
225 15-1/2 26-1/2 15-1/2 14 16-1/2
e 220 0 % 14 11 Y 12
= 215 5 10 5 2 7
210 0 2 0 0 0
205 0 0 0 0
200 0 0 0 0
195 0 0 0 0
Minimum 21 207 211 212 210




259

Lake Ontario CRITERION (a) (Cont.)

OQutflow

(Thousands
of CFS)

230
225
220
215
210
205
200
195

Minimum

Basis-of-
Comparison

29
15-1/2
11

o B = [ o= O = BN 6

Table G-21 (Cont.)

MONTHLY MEAN OUTFLOWS FROM ST. LOUIS
APRIL 1 - DECEMBER 15 (1900 - 1976)

NUMBER OF OCCURRENCES BELOW FLOW SHOWN

Scenario 5

LL/O 0
CHI. 3,200
WELL. 7,000
33-1/2
16-1/2
12
5
0
0
0
Q
210

Scenario 6
LL/0O 5,000
CHI. 3,200

WELL. 9,000

29
15-1/2
11

o © @ O W

211

Scenario 7

LL/O 5,000
CHI. 8,700
WELL. 7,000

A e

33-1/2
16-1/2
12

D N0 @SN

210

Scenario 8

LL/0 0
CHI. 8,700
WELL. 7,000

—

38-1/2
19-1/2
13

(o= B~ = S~

210



Lake Ontario CRITERION (a)(Cont.) Table G-21 (Cont.)

MONTHLY MEAN OUTFLOWS FROM ST. LOUIS
APRIL 1 - DECEMBER 15 (1900 - 1976)

NUMBER OF OCCURRENCES BELOW FLOW SHOWN

Scenario 9 Scenario 10 Scenario 11 Scenario 12 Scenario 13
LL/O 0 LL/O 5,000 LL/0 5,600 LL/0 5,000 LL/O 5,600
Basis-of- CHI. 8,700 CHI. 3,200 CHI. 3,200 CHT; 3,200 GHT 3,200
Outflow Comparison WELL. 9,000 WELL. 2,600 WELL. 7,000 WELL. 9,400 WELL. 9,400
(Thousands
of CFS)
230 29 38-1/2 29 28 29 28
225 15-1/2 21-1/2 15-1/2 15-1/2 15-1/2 15-1/2
220 11 13 11 11 11 il
215 5 ) 5 5 5 5
210 0 1 0 0 0 0
205 0 0 0 0 0 0
200 0 0 0 0 0 0
195 0 0 0 0 0 0

Minimum 211 209 210 211 211 211




Scenario 10, which would reduce the flow through the Welland
Canal during periods of low supply, duplicates the frequency of low flows
under the basis-of-comparison, but would reduce the minimum value. This is
due to the timing of releases from Lake Erie in conjunction with lack of
response, under Lake Ontario regulation, due to a reduction in water

supply.

Scenarios 11, 12 and 13 reflect the same pattern of impacts
experienced under Scenarios 1, 2, 3 and 4; i.e., whenever the water supply
is reduced an increase in low flows occurs, and whenever the water supply
is increased, conditions would improve (Scenarios 11 and 13). Scenario 12
shows no effect, since any reduction in Welland Canal flow would be shifted
to the Niagara River and hence, due to natural regulation of Lake Erie, the
total outflow remains the same.

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

Table G-22 contains the evaluation results of the various
scenarios. The table shows that, since all scenarios employed Plan 1958-D
without deviation, all maximum and minimum values are identical. However,
there would be an effect on the average value, the magnitude of which would
be dependent upon whether the water supply to the system has been increased
(reduction to zero as is the case under the Lake Michigan Diversion at
Chicago; or an increasing of the Welland Canal diversion above 7,000 cfs).

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

as adjusted. |

In applying this criterion, consideration must be given to the w
ice breaking activities which take place each year in the St. Lawrence Ship
Channel. Past records show that the annual break-up in Montreal Harbour
generally has occurred during the first half of April. The ice breaking
activities in recent years have tended to modify the application of this
criterion, either by advancing the time of ice break-up into March or by
minimizing the serious flooding which can result at the time of the break-
up. Table G-23 compares the results obtained under the various scenarios
with the basis-of-comparison for the Lake Ontario releases.

Table G-23 shows that all scenarios, regardless of the way the
diversions rates have been altered, produce the same maximum outflow from
Lake Ontario during March and the first half of April. This is due to the
operation under regulation Plan 1958-D, which restricts releases to
specific maximum rates during those periods. However, the evaluation shows
an impact on the frequency of occurrence under the various scenarios.

Scenarios 1, 2, 3 and &4 evaluate the effect of the basis-of-
comparison and shows that as water is retained in the system (Scenario 3)

G-54
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Lake Ontario CRITERION (b)

Table G-22

Period

Dec. 15 =31
January
February

March

WINTER OUTFLOWS FROM LAKE ONTARIO (1900-1976)
(IN THOUSANDS OF CUBIC FEET PER SECOND)

Scenario 1 Scenario 2

LL/O 0 LL/0 5,000

Basis-of- CHI. 3,200 CHI. 3,200
Comparison WELL. 7,000 WELL. 0
MAX. MIN. AVG. MAX. MIN. AVG. MAX. MIN. AVG.
260 210 224 260 210 223 260 210 224
220 210 215 220 210 214 220 210 215
260 207 228 260 207 225 260 207 228
280 204 234 280 204 229 280 204 233

Scenario 3
LL/O 5,000
CHI. 0

WELL. 7,000

MAX. MIN. AVG.

260 210 226
2207 5290 5w 215
260 12077 230
280 204 236

Scenario 4
LL/0 0
CHI. 0
WELL. 0

MAX. MIN. AVG.

260 210 224
220 210 214
260 207 227
280 204 232
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Lake Ontario CRITERION (b)(Cont.)

Table G-22 (Cont.)

WINTER OUTFLOWS FROM LAKE ONTARIO (1900-1976)
(IN THOUSANDS OF CUBIC FEET PER SECOND)

Scenario 5 Scenario 6

Scenario 7

Scenario 8

Period

Decy 15 =3k
January

February

Basis of

Comparison

LL/0
CHI.
WELL.

7,000

0
3,200

LL/0
CHI.
WELL.

5,000
3,200
9,000

— 2

LL/O
CHI.
WELL.

7,000

MAX. MIN. AVG.
260 210 224
220 210 214
260 207 227

5,000
8,700

LL/O
CHI.
WELL.

0
8,700

7,000

260 210 223
220 210 214
260 207 225

March

MAX. MIN. AVG. MAX. MIN. AVG. MAX. MIN. AVG.
260'.711210" 224 260 210 224 260 . 2107 1224
220 20y 215 220 210 214 220 744 0 AR
260 /| 207 1228 260 207 227 260 207 228
280 204 234 280 204 232 280 204 234

280 204 232

280 204 229
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Lake Ontario CRITERION (b) (Cont.)

Period

Dec, 15 = 31
January
February

March

Table G-22 (Cont.)

WINTER OUTFLOWS FROM LAKE ONTARIO (1900-1976)
(IN THOUSANDS OF CUBIC FEET PER SECOND)

Scenario 9

Scenario 10

Scenario 11

Scenario 12

Scenario 13

LL/0 0 LL/O 5,000 LL/0 5,600 LL/0 5,000 LL/0 5,600

Basis-of- CHI. 8,700 CHI. 3,200 CHI. 3,200 CHI. 3,200 CHI. 3,200
Comparison WELL. 9,000 WELL. 2,600 WELL. 7,000 WELL. 9,400 WELL. 9,400
MAX. MIN. AVG. MAX. MIN. AVG. MAX. MIN. AVG. MAX. MIN. AVG. MAX. MIN. AVG. MAX. MIN. AVG.
260210 ' @25 260 210 223 287 188 226 260 210 225 260 210 224 260 210 225
220002300205 220 210 214 255 185 217 220 210 215 220 210 215 220 210 215
260 207 228 260 207 225 285 182 228 260 207 229 260 207 228 260 207 229
280 204 234 280 204 229 300 99 234 280 204 234 280 204 234 280 204 234
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Lake Ontario CRITERION (c) Table G-23

Outflow

(Thousands
of CFS)

250
260
270
280
290

Maximum

250
260
270
280
290

Maximum

MEAN MARCH OUTFLOWS FROM LAKE ONTARIO (1900-1976)
NUMBER OF OCCURRENCES ABOVE FLOW SHOWN

Scenario 1 Scenario 2 Scenario 3
LL/O 0 LL/O 5,000 LL/O 5,000
Basis-of- CHI. 3,200 CHI. 3,200 CHI. 0
Comparison WELL. 7,000 WELL. 0 WELL. 7,000
20 14 20 25
12 10 12 14
7 6
0
0
280 280 280 280
MEAN FIRST HALF APRIL OUTFLOWS FROM LAKE ONTARIO (1900-1976)
NUMBER OF OCCURRENCES ABOVE FLOW SHOWN
28 23 28 31
16 13 16 21
11 10 11 12
6 6 7 9
5 4 5 6
305 305 305 305

Scenario 4

LL/O
CHI.
WELL.

20
10

280

28
15
10

305

0
0
0




Lake Ontario CRITERION (c)(Cont.) Table G-23 (Cont.)
MEAN MARCH OUTFLOWS FROM LAKE ONTARIO (1900-1976)
NUMBER OF OCCURRENCES ABOVE FLOW SHOWN

Scenario 5 Scenario 6 Scenario 7 Scenario 8
LL/O 0 LL/O 5,000 LL/0 5,000 LL/0 0
Basis-of- CHI, 3,200 CHI. 3,200 CHI. 8,700 CHI. 8,700
Outflow Comparison WELL. 7,000 WELL. 9,000 WELL. 7,000 WELL. 7,000
(Thousands
of CFS)
250 20 17 21 16 15
260 12 10 12 10 9
270 7 6 7 6 6
o
& 280 0 0 0 0 0
O
290 0 0 0 0 0
Maximum 280 280 280 280 280
MEAN FIRST HALF APRIL OUTFLOWS FROM LAKE ONTARIO (1900-1976)
NUMBER OF OCCURRENCES ABOVE FLOW SHOWN
250 28 27 28 25 21
260 16 15 16 IS5 13
270 13 10 1 10
280 6 6 7 6 6
290 3 4 5 4 3

Maximum 305 305 305 305 305
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Lake Ontario CRITERION (c) (Cont.) Table G-23 (Cont.)

OQutflow

(Thousands
of CFS)

250
260
270
280
290

Maximum

250
260
270
280
290

Maximum

MEAN MARCH OUTFLOWS FROM LAKE ONTARIO (1900-1976)
NUMBER OF OCCURRENCES ABOVE FLOW SHOWN

Scenario 9 Scenario 10 Scenario 11 Scenario 12
LL/O 0 LL/O 5,000 LL/O 5,600 LL/0 5,000
Basis-of- CHI. 8,700 CHI. 3,200 CHI. 3,200 CHI. 3,200
Comparison WELL. 9,000 WELL. 2,600 WELL. 7,000 WELL. 9,400
20 15 22 23 21
12 9 13 12 12
¥ 7
0 0
0
280 280 280 280 280
MEAN FIRST HALF APRIL OUTFLOWS FROM LAKE ONTARIO (1900-1976)
NUMBER OF OCCURRENCES ABOVE FLOW SHOWN
28 22 28 29 28
16 13 17 17 16
i 9 11 11 131
6 6 7 7 6
5 3 6 6 5
305 305 305 305 305

Scenario 13
LL/O 5,600
CHI. 3,200

9,400

WELL. >

23
12

280

29
17
11

305




the frequency of high flows will increase. If water is prevented from
reaching the system (Scenario 1), the frequency would be reduced. Scenario
4, which reflects the net impact of the Lake Michigan Diversion at Chlcago
(+3 200) and Long Lac/Ogoki Diversions (-5,000), shows a reduction in
frequency.

Scenarios 5, 6, 7, 8 and 9 generally duplicate or lower the
number of occurrences of high flow. As a result, diversion management
would provide some relief to downstream interests, (Scenario 8 provides
maximum lowering). Scenario 10, which reduces the flow through the Welland
Canal during periods of low supply, shows that as water is retained in the
system the frequency of high flows will increase. Scenarios 11, 12 and 13
(comparison of basis-of-comparison against the 1979 rates) show an increase
in the frequency as a net effect (Scenario 13).

Criterion (d) - The regulated outflow from Lake Ontario during
the annual flood discharge from the Ottawa River shall not be greater than
the discharge that would have occurred assuming supplies of the past as
ad justed.

This criterion is included to protect the riparian interests on
Lake St. Louis, in Montreal Harbour, and on the river downstream. Past
records show that the maximum level of Lake St. Louis each year, influenced
to a significant extent by the flood flow of the Ottawa River, has occurred
about 60 percent of the time in the month of May, with the remainder of the
occurrences of seriously high conditions in April and Junme. Table G-24
indicates the extent to which this criterion has been met by the various
scenarios presented herein.

As noted above, the outflow from Lake Ontario is restricted to
fixed maximum rates under Plan 1958-D. Hence, during April, May and June
the maximum outflow from Lake Ontario produced under the various scenarios
are identical to the basis-of-comparison. However, as in the case of the
evaluation under the criterion (c), the frequency of occurrence of high
flows would be affected. In general, under scenarios which retain water in
the system (those scenarios which reduce the Lake Michigan Diversion at
Chicago) the frequency is increased, while those scenarios which reduce
water supplies (reduction of Long Lac/Ogoki Diversions to zero) would
reduce the frequency of occurrence of high flows. The evaluation of the
net effect (Scenario 13) of the basis-of-comparison against the 1979
diversion rates shows a slight increase in the frequency of high outflows.
In general, the frequency of high outflows from Lake St. Louis follows the
same pattern. However, the maximum values are affected somewhat, due to
 the timing and residual effect of upstream diversion alterations.

Criterion (e) - Consistent with other requirements, the minimum
regulated outflows from Lake Ontario shall be such as to secure the maximum

dependable flow for power.

Table G-25 shows the minimum releases occurring under each of the
scenarios evaluated. The table shows some minor variation between
scenarios. These variations are caused by a residual effect on water
reaching Lake Ontario by alteration in the diversion rates. In all cases,
the releases are in accordance with Plan 1958-D.

G-61




¢9-9

Lake Ontario CRITERION (d)

QutFlow

(Thousands
cf CFS)

260
270
280
290
300
310

Maximum

380
390
400
410
420
430
440
450

Maximum

Table G-24

MONTHLY MEAN OUTFLOWS FROM LAKE ONTARIO AND LAKE ST. LOUIS

APRIL, MAY AND JUNE (1900-1976)
NUMBER OF OCCURRENCES ABOVE OUTFLOW SHOWN

LAKE ONTARIO

Scenario 1 Scenario 2

LL/O 0 LL/O 5,000
Basis-of- CHI. 3,200 CHI. 3,200
Comparison WELL. 7,000 WELL. 0

22
13

&

308

= oo NN S U

453

April May June

<15
24
i
10
5

0
310

14
13
12

(= R e

450

April May June April May June

30 17 26 29 21 31 30
27 11 20 24 12 23 27
22 7 13 16 9 14 22
13 4 7 1) 6 11 13
7 <) 4 6 B 5 7

0 0 0 0 0 0 0
310 308 310 310 308 310 310

LAKE ST. LOUIS

4 6 14 4 8 14 4
4 5 13 3 5 13 4
2 3 9 2 4 12 2
1 2 7 1 2 8 i}
1 | 4 1 2 4 1
1 1 2 1 1 3 i |
0 it 2 0 1 2 0
0 il 0 0 ik 0 0
439 453 450 434 453 450 439

Scenario 3

LL/O 5,000
CHI. 0
WELL. 7,000

— 2

April May June
30 34 31

16 26 29
11 18 24
6 12 17
4 8 9
0 0 0
308 310 310

10 16

7
5 13 4
4 12 2
3 10 i
2 5 1
1 4 1
1 2 1
1 1 0

453 451 442

Scenario 4
LL/O 0
CHI. 0
WELL. 0

April Ma June
April Hay .une
19 30 30

5 21 27

14 20
9 13
4 5 6
0 0 0

308 310 310

6 14 4
5 13 3
4 12 2
2 7 1
1 4 1
1 2 1
1 2 0
1 0 0
453 450 437




Lake Ontario CRITERION (d)(Cont.) Table G-24 (Cont.)

MONTHLY MEAN OUTFLOWS FROM LAKE ONTARIO AND LAKE ST. LOUIS
APRIL, MAY AND JUNE (1900-1976)
NUMBER OF OCCURRENCES ABOVE OUTFLOW SHOWN

LAKE ONTARIO
Scenario 5 Scenario 6 Scenario 7 Scenario 8

LL/0O 0 LL/O 5,000 LL/0O 5,000 LL/O 0

Basis of CHI. 3,200 CHI. 3,200 CHI. 8,700 CHI. 8,700

OutFlow Comparison WELL. 7,000 WELL. 9,000 WELL. 7,000 WELL. 7,000
(Thousands

of CFS) April May June April May June April May June April May June April May June

260 22 31 30 18 29 30 23 31 30 18 27 30 15 26 29

o 270 13 24 27 1T 20 25 13 23 27 i1 20 24 11 19 24

é; 280 9 15 22 9 14 19 9 15 23 9 12 19 7 11 16

290 6 10 13 6 7 11 6 0 13 6 7 11 4 7 9

300 4 5 7 3 5 6 4 5 7 3 5 6 2 3 5

310 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Maximum 308 310 310 308 310 310 308 310 310 308 3104 310 308 310 310

LAKE ST. LOUIS

380 8 14 4 6 14 4 8 14 4 6 14 4 5 14 4

390 5 13 4 5 13 3 5 13 4 5 13 3 5 13 3

400 4 12 2 4 5 2 4 12 2 4 11 2 3 9 2

410 2 8 1 2 7 il 2 8 1 2 7 1 2 7 1

420 2 4 1 1 4 1 2 4 1 1 4 1 1 4 1

430 ; § 3 1 1 2 1 1 3 i 1 2 1 1 2 1

440 1 2 0 1 2 0 1 2 0 1 2 0 1 2 0

450 1 0 0 1 R 1 0 0 1 0 0 0 0 0

Maximum 453 450 439 453 450" - 431 453 450 438 453 450 437 450 449 434




Lake Ontario CRITERION (d)(Cont.)

Table G-24 (Cont.)

OQutFlow

(Thousands
of CFS)

260
270
280
290
300
310

Maximum

380
390
400
410
420
430
440
450

Maximum

MONTHLY MEAN OUTFLOWS FROM LAKE ONTARIO AND LAKE ST. LOUIS
APRIL, MAY AND JUNE (1900-1976)
NUMBER OF OCCURRENCES ABOVE OUTFLOW SHOWN

LAKE ONTARIO

Scenario 9 Scenario 10 Scenario 11

LL/O 0 LL/O 5,000 LL/O 5,600
Basis-of- CHI. 8,700 CHI. 3,200 CHI. 3,200
Comparison WELL. 9,000 WELL. 2,600 WELL. 7,000

April May June April May June April May June April May June
22 31 30 16 26 29 23 30 30 23 31 30
13 24 27 11 19 24 13 24 27 13 26 27
9 15 22 8 11 16 10 15 23 10 15 23
6 10 13 5 7 9 6 14 13 6 11 13

5 7 2 3 5 4 5 7 4 5 7

0 0 0 0 0 0 0 0 0 0 0

308" 310" 310 308 310 310 308 310 310 508 310 310

LAKE ST. LOUIS

8 14 4 5 14 4 8 14 4 8 15 4
5 13 4 5 13 L 5 13 4 5 13 4
4 12 2 3 9 2 4 12 2 4 12 2
2 8 1 2 7 1 2 8 1 2 8 1
2 4 4 1 4 1 2 4 1 2 4 1
1 3 1 1 2 1 1 3 i 1 4 1
1 2 0 1 2 0 i & 2 0 1 2 0
(1 0 0 0 0 0 I 0 0 1 0 0
4537450 439 450 449 434 453 450 438 453 450 439

Scenario 12

LL/O 5,000
CHI. 3,200
WELL. 9,400

e e 2

April Ma June
April May June

22 31 30
13 23 27
9 15 22
6 11 HS
4 5 7
0 0 0
308 310 310

8 14 4
B 13 4
4 12 2
2 8 1
2 4 i §
1 3 1
X 2 0
1 0 0
453 450 439

Scenario 13
LL/O 5,600
CHI. 3,200

WELL. 9,400

3 31 30
13 26 27
10 15 23
6 11 )
4 5 ;.
0 0 0
308 310 310

8 15 4
5 13 4
4 12 2
2 8 1
2 5 1
L 4 i |
1 2 0
1 0 0
453 450 439




$9-9

Lake Ontario CRITERION (e) Table G-25

MINIMUM MONTHLY MEAN OUTFLOWS FROM LAKE ONTARIO
IN THOUSANDS OF CFS (1900-1976)

Scenario 1 Scenario 2
LL/O 0 LL/0 5,000
Basis-of- CHI. 3,200 CHI. 3,200
Outflow Comparison WELL. 7,000 WELL. 0
(Thousands
of CFS)
January 210 210 210
February 207 207 207
March 204 204 204
April 188 188 188
May 188 188 188
June 193 190 193
July 200 194 200
August 201 196 201
September 201 195 201
October 194 193 194
November 198 198 198
December 210 210 210
Mean (All Months) 199. 50 197.75 199.50
Mean (Oct.-Mar. Incl.) 203.83 203.67 203.83

Scenario 3
LL/0O 5,000
CHI. 0

WELL. 7,000

210
207
204
188
188
195
203
204
204
196
198
210

200.58
204.17

Scenario 4

LL/0
CHI.
WELL.

210
207
204
188
188
192
197
198
198
194
198
210

198.67
203.83

0
0
0
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Lake Ontario CRITERION (e)(Cont.)

Table G-25 (Cont.)

MINIMUM MONTHLY MEAN OUTFLOWS FROM LAKE ONTARIO
IN THOUSANDS OF CFS (1900-1976)

Scenario 5 Scenario 6

LL/0 0 LL/0 5,000
Basis-of- CHI. 3,200 CHI. 3,200
Outflow Comparison WELL. 7,000 WELL. 9,000
(Thousands
of CFS)
January 210 210 210
February 207 207 207
March 204 204 204
April 188 188 188
May 188 188 188
June 193 192 193
July 200 198 200
August 201 200 201
September 201 199 200
October 194 194 194
November 198 198 198
December 210 210 210
Mean (All Months) 199.50 199.00 199.42
Mean (Oct.-Mar. Incl.) 203.83 203.83 203.83

Scenario 7

LL/O 5,000
CHI. 8,700
WELL. 7,000

it S A

210
207
204
188
188
192
199
200
199
194
198
210

199.08
203.83

Scenario 8

LL/O 0
CHI. 8,700
WELL. 7,000

i LR ). 24

210
207
204
188
188
192
197
198
198
193
198
210

198.58
203.67




Lake Ontario CRITERION (e) (Cont.) Table G-25 (Cont.)

MINIMUM MONTHLY MEAN OUTFLOWS FROM LAKE ONTARIO
IN THOUSANDS OF CFS (1900-1976)

Scenario 9 Scenario 10 Scenario 11 Scenario 12 Scenario 13
LL/0 0 LL/O 5,000 LL/0 5,600 LL/O 5,000 LL/O 5,600
Basis-of- CHI. 8,700 CHI. 3,200 CHI. 3,200 CHI. 3,200 CHI. 3,200
Outflow Comparison WELL. 9,000 WELL. 2,600 WELL. 7,000 WELL. 9,400 WELL. 9,400
(Thousands
of CFS)
January 210 210 210 210 210 210
February 207 207 207 207 207 207
March 204 204 204 204 204 204
2 April 188 188 188 188 188 188
i May 188 188 188 188 188 188
June 193 191 193 193 193 193
July 200 196 200 201 200 201
August 201 198 201 202 201 202
September 201 197 200 201 201 201
October 194 193 194 194 194 194
November 198 198 198 198 198 198
December 210 210 210 210 : 210 210
Mean (All Months) 199.50 198.33 199.42 199.67 199.50 199.67

Mean (Oct.-Mar. Incl.) 203.83 203.67 203.83 203.83 203.83 203.83




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

The most important consideration in connection with Criterion (f)
is that the scenarios should not produce more critical conditions than
those under the current operating plan. Since the regulated releases,
under evaluation of the scenarios presented herein, where determined in
accordance with the limitation curves of Plan 1958-D, the conditions
produced would be no more critical than those of the basis-of-comparison.
Hence, this criterion would be satisfied by all scenarios.

Criterion (g) - Consistent with other requirements, the levels of
Lake Ontario shall be regulated for the benefit of property owners on the
shores of Lake Ontario in the United States and Canada so as to reduce the
extremes of stage which have been experienced.

Table G-26 shows results consistent with those obtained under the
other criteria. In those cases where water is retained in the system, the
maximum and minimum levels would be increased. Those scenarios which
reduce the water supply in the system, in comparison to those under the
basis-of-comparison, lower the maximum and minimum levels. Scenario 13,
which evaluates the net effect of the basis-of-comparison against the 1979
conditions, shows an expanded range and a raising of the maximum, mean, and
minimum stages.

Criterion (h) - The r<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>