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EXExmTIVE SUMMARY 

The Governments of Canada and the United States requested, in August 1986, 
that the International Joint 'Commission study methods of alleviating the 
adverse consequences of fluctuating Great Lakes water levels. Part of this 
study entailed an immediate short-term investigation of methods of 
alleviating the present high water level crisis. One of the elements of the 
short-term investigation was a study of diversions management and the 
results are contained herein. 

The theoretical maximum flow through the Welland Canal in an extreme crisis 
situation was estimated to be 12,000 cubic feet per second (cfs). The most 
significant physical impacts of this maximum flow would be the complete 
disruption of navigation between Lake Ontario and the upper lakes and the 
possibility of major damage to the canal itself. A reduction in Lake Erie 
levels of 1.3 inches would be achieved. 

The Ogoki and Long Lac Diversions can be closed completely but, because of 
significant social impacts associated with the closure of the Long Lac 
Diversion, a.scenario involving a combined annual diversion flow of 800 cfs 
was investigated to determine the benefits foregone by maintaining the 
log-driving operation from Long Lake. The most significant physical impacts 
were the direct loss of 2,500 jobs in the Terrace Bay - Longlac area 
resulting from the closure of the Kimberly-Clark pulp mill in Terrace Bay 
due to complete closure of Long Lac Diversion, and the reduction in 
livelihood and alteration in way of life for local populations associated 
with the closure of both diversions. A significant annual hydro energy loss 
would be replaced by thermal generation and the impacts would be spread over 
the entire basin population, particularly in Ontario. The maximum Lake Erie 
water level reduction would be 1.8 inches. 

The maximum annual flow in the Lake Michigan Diversion at Chicago has been 
determined to be 10,000 cfs. The significant physical impacts of this 
maximum flow would be the interruption of navigation in the Sanitary and 
Ship Canal as well as flooding of extensive low-lying areas along the 
Illinois Waterway and even the Mississippi River if these areas are not 
below bankful conditions. A reduction in the level of Lake Erie of 
1.5 inches could be achieved by an increase in the flow of the Lake Michigan 
Diversion at Chicago. 

It was determined that the. diversion of Niagara ~iver water through the New 
York State Barge Canal has virtually no effect on Lake Erie. 



. SUMMARY TABLE 

LAKES ' MAXIMUM LAKE LEVEL REDUCTIONS DUE TO DIVERSIONS MANAGEMENT 

OGOKI - LONG LAC 
0 c f s  800 c f s  

WELLAND 
12,000 c f s  

CHICAGO 
10,000 c f s  

Michigan - 
Huron 0.23 f t .  0.19 f t .  0.03 f t .  0.21 f t .  

S t .  ' C l a i r  0.18 f t .  0.15 f t .  0.06 f t .  0.16 f t .  

E r i e  0.15 f t .  0.13 f t .  0.11 f t .  0.14 f t .  



TABLE OF ( 

SUMMARY 

INTRODUCTION 

Determine Welland Canal maximum flows a 
s ign i f ican t  physical e f f e c t s  

OBJECTIVE B 

Determine the  s i g n i f i c a n t  physical effc  
the  Ogoki-Long Lac diversions 

OBJECTIVE C 

Deter&ne Lake Michigan Diversion a t  (3 
flows and ident i fy  s i g n i f i c a n t  physical 

Determine the  po ten t ia l  t o  increase the 

0 Canal flows and the  associated s ign i f ic  

LIST OF TABLES 

Case 1 - Plan 1977 I n  Effect - Welland 

Table 1 - Lakes  Michigan-Huron 
Table 2 - Lake S t .  C la i r  
Table 3 - Lake Erie 

Case 2 - Plan 1977 In  Effect  - Long Lac 

Table 4 - Lakes Michigan-Huron 
Table 5 - Lake S t .  Cla i r  
Table 6 - Lake Erie 

Case 3 - Plan 1977 By-Passed - Long Lac 

Table 7 - Lakes  Michigan-Huron 
Table 8 - Lake St .  Cla i r  
Table 9 - Lake Erie 

Case 4 - Plan 1977 i n  Effect - Lake M i (  
= 10,00( 

Table 10 - Lakes  Michigan-Huro 
Table 11 - Lake St .  Cla i r  
Table 12 - Lake Erie 

Page 

i 

1 

2 

d iden t i fy  

ts of stopping 

cago maximum 
e f f e c t s  

New York S ta t e  EQrge 
.nt physical e f f e c t s  

a n a l  = 12,000 c f s  

'Ogoki = 0 c f s ,  800 c f s  

'Ogoki = 0 c f s ,  800 c f s  

~ i g a n  Diversion a t  Chicago 
c f  s 



Page 

LIST OF APPENDICES 

Appendix A -.Physical Description of the Welland Canal 
Diversion 

Appendix B - Physical Description of the Ogoki and 
Long Lac Diversions 

Appendix C - Capacities of the Lake Michigan Diversion 
at Chicago System 

Appendix D - New York State Barge Canal 
Appendix E - Significant Physical Effects of Stopping the 

Ogoki and Long Lac Diversions 
- Albany River Areas 

REFERENCES 



REPORT ON 
POTENTIAL MEASURES TO ALLEVIATE PROBLEMS 

CREATED BY CUREUNT HIGH LAKE LEVELS 

TASK 3 
DIVERSIONS MANAGEMENT 

Introduction 

As a result of record high Great Lakes levels in 1985 and 1986, the 
Governments of Canada and the United States issued, in August 1986, a new 
reference to the International Joint Commission for a comprehensive, 
multi-year study of methods to alleviate the adverse consequences of 
fluctuating Great Lakes water levels, The Governments asked for an' 
interim report in one year and a final report by May 1, 1989. This 
report on "~iversions Managementw forms part of the documentation which 
may lead to the preparation of the Commission's interim report. 

The work elements under this task have been subdivided into four 
objectives: 

Objective A, involves the determination of the theoretical maximum 
flows through the Welland Canal and the identification of the 
significant physical effects associated with the passage of maximum 
flows. 

Objective B, is the identification of the significant physical 
effects of stopping the Ogoki and Long Lac diversions. 

Objective C, describes the facilities used for the Lake Michigan 
Diversion at Chicago, its limitations and identifies the impacts of 
increasing the diversion flow. 

Objective D, describes the diversion of water through the New York 
State Barge Canal. * 

The performance of the investigations into management of these four 
diversions was delegated to the national participants with the Canadian 
personnel being responsible for the Ogoki-Long Lac and Welland Canal 
diversions and the personnel from the United States handling the Chicago 
Diversion and the NY State Barge Canal. The minor variations in format 
are due to this division of responsibility. 



'. 
OBJECTIVE A 

The Welland Canal diversion is a man-made waterway between Lake Erie and 
Lake Ontario which by-passes the navigational obstacle of Niagara Falls 
and provides a transportation link between Lake Ontario and the upper 
lakes. The physical description and technical specifications of the 
canal 'have been reprinted from the report of the International 
Great Lakes Diversions and Consumptive Uses Study Board and are contained 
in Appendix A. 

Maximum Flows: The flows through the Welland Canal unfortunately have 
been declining throughout the recent years leading up to and during the 
high water level crisis. The most recent figures indicate a decline from 
the theoretical operational maximum flow with navigation of 9,200 cfs on 
an average annual basis in 1980 down to an annual average of 7,900 cfs 
during 1985 and 1986. The majority of the reduction has been due to the 
required repair of a lock wall failure in 1985 and the beginning of a 
major 7-year canal rehabilitation program. In the spring of 1987 all 
flows in the canal had returned to normal with the completion of major 
concrete rehabilitation work at Lock 8 and the re-opening of the Seaway's 
power plant which had been inoperable since the Lock 7 wall failure. The 
St. Lawrence Seaway Authority has advised that the average flow through 
the canal should average 9,200 cfs during the 1987 navigation season and 
the rehabilitation program should not cause significant reductions from 
this figure for the next few years. 

During the Diversions and Consumptive Uses study, the theoretical maximum 
flow through the canal with maximum water use by all sectors, including 
full capacity navigation traffic, was estimated to be 11,000 cfs. If a 
water level crisis of such proportions existed that a decision was taken 
to utilize the canal to remove water from Lake Erie, then all navigation 
would be stopped and lockages without vessels would occur. Dummy 
lockages would be necessary as the locks of the canal could not withstand 
continuous flow without complete destruction. An estimate of the 
possible flows under these conditions was set at 12,000 cfs. 

Significant Physical Effects: A computer simulation of lake levels 
associated with a Welland Canal flow of 12,000 cfs was performed and 
compared to similar lake levels representing a normal maximum canal flow 
of 9,200 cfs as a base case. The other factors in the base case were: 
lake supplies - 20 year-average, Long Lac/Ogoki - 5,600 cfs and Chicago 
Diversion - 3,200 cfs. The results are illustrated in case 1, tables 1, 
2 and 3. The tables indicate the benefits on Lakes Michigan- Huron,. 
St. Clair and Erie derived from such an,'action in terms of differences in 
elevations. The time period selected for the continuous flow change was 
from April 1, 1987 to December 31, 1989 to reflect the short-term aspect 
of this study. The result of this action at the end of the timeframe 
would be to effect a reduction of lake levels -on Michigan-Huron of 
0.03 foot (0.4 inch), on Lake St. Clair of 0.06 foot (0.7 inch) and on 
Lake Erie of 0.11 foot (1.3 inches) at the end of two and one-half years 
operation. There would be a reduction in the level of Lake Superior due 
to operation of Plan 1977 but it would be small and unidentifiable due to 
regulation, therefore a table for Lake Superior was not prepared. 



CASE 1 - PLAN 1977 IN EFFECT - WELLAND CANAL= 12,000 CFS 

Table 1: Lakes Michigan-Huron (all elevations in feet above 
Great Lakes Datum) 

BASE CASE WELLAND= 12,000 C ~ S  DIFFERENCE 
1987 ELEVATION ELEVATION IN ELEVATION 

APR 
MAY 
JUN 
m 
AUG : 

SEP 
CCT 
N W  
DEC 

JAN 
FEB 
MAR 
APR 
MAY 
JUN 

SEP 
m 
NOV 
DEC 

JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
CCT 
N W  
DEC 



CASE 1 - PLAN 1977 IN EFFECT - WELLAND CANAL= 12,000 CFS 

'Lake St. Clair (all elevations in feet above 
Great Lakes Datum) 

BASE CASE WELLAND= 12,000 C ~ S  DIFFERENCE 
1987 ELEVATION ELEVATION IN ELEVATION 

APR 
MAY 
JUN 
m 
AUG ! 

SEP 
OCT 
NOV 
DM: 

JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 
NOV 
DM: 

JAN 
FEB 
MAR 
AF'R 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 
NOV 
DM: 



CASE 1 - PLAN 1977 IN EFFECT - WELLAND CANAL= 12,000 CFS 

Table 3: Lake Erie 

BASE CASE 
1987 ELEVATION 

APR 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 
NOV 
DM: 

JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
m 
NOV 
DM: 

JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEF' 
OCT 
NOV 
DM: 

(all elevations in feet above 
Great Lakes Datum) 

WELLAND= 12,000 C ~ S  DIFFERENCE 
ELEVATION IN ELEVATION 



A decision to utilize the Welland Canal to remove excess water from 
Lake Erie by passing maximum flows would have several significant 
physical impacts over a widespread area. Firstly, there would be a 
complete cessation of navigation between Lake Ontario and the upper lakes 
for the entire period, effectively cutting the St. Lawrence Seaway in 
half, and the effects on trade patterns and jobs would involve a major 
portion of the continent. In the Great Lakes region, the impacts would 
be more dramatic with impacts in all industrial and agricultural sectors 
including the physical displacement of workers. In the canal region, the 
impacts would be even more physical with the possibility of major damage 
to the canal itself from the stress applied to the system by the 
increased flows. Both the supply and navigational channels are subject 
to erosion and bank slumping at flows in excess of 9,000 cfs. Flows at a 
rate of 12,000 cfs would accelerate the erosion rates with the 
possibility of major damage to the canal banks necessitating a closure of 
the canal for repair and maintenance. The higher flows would also raise 
the water levels in the canal beyond the "bankf ull" conditions and cause 
flooding around the pondage basins and over the docks. The Seaway 
Authority has determined that even the intermittent passage of 10,000 cfs 
which now occurs causes vessel navigation problems and increased 
maintenance through bank stabilization and dredging. For any significant 
increase in flows in the Welland Canal to occur, some modifications to 
the canal would probably have to be done so that maximum vessel traffic 
and maximum auxiliary water use could be accomodated simultaneously. 



The Ogoki and Long Lac Diversions are two separate projects which divert 
water from the Hudson Bay drainage basin to the Great Lakes drainage 
basin. The history and physical description of each of these diversions 
have been reprinted from the report of the International Great Lakes 
Diversions and Consumptive Uses Study Board and are contained in 
Appendix B. 

Minimum Flows: Both the Ogoki and Long Lac Diversions are capable of 
being reduced to zero and the flows redirected northward. In the course 
of the significant impact investigation, it was realized that there was 
the possibility of a massive social impact to the town of Terrace Bay and 
surrounding area if the log-driving operation supporting the 
Kimberly-Clark Canada Limited pulp mill at Terrace Bay was discontinued. 
Therefore, two scenarios representing reductions in diversion flows were 
selected for simulation. These scenarios consisted of one representing a 
complete stoppage of both flows (0 cfs) while the other allowed the 
maintenance of sufficient flow to sustain the log-driving operation to 
the mill (800 cfs on an average annual basis). The elements of the base 
case were: lake supplies - 20 year average, Lake Michigan Diversion at 
Chicago - 3,200 cfs and Welland Canal - 9,200 cfs. These scenarios were 
also simulated under two regulation schemes: Case 2, which had 
Lake Superior regulation Plan 1977 in effect, and Case 3, which by-passed 
the regulation plan and passed the full flow reduction to the lower lakes. 

Significant Physical Impacts: Computer simulations of lake levels 
associated with the varied diversion flows were performed and compared 
with similar lake levels representing the long-term average combined 
diversion flow of 5,600 cfs. The results are illustrated in Case 2, 
tables 4, 5 and 6 and Case 3, tables 7, 8 and 9. The tables indicate the 
benefits on Lakes Michigan-Huron, St. Clair and.Erie derived from the 
diversion flow reductions in terms of differences in elevations. The 
time period selected for the continuous flow change was April 1, 1987 to 
December 31, 1989 to reflect the short-term aspect of this study. The 
result of these flow reductions at the end of the timeframe would be to 
effect reductions in lake levels on Michigan-Huron of 0.20 foot 
(2.4 inches), on Lake St. Clair of 0.16 foot (1.9 inches), and on 
Lake Erie of 0.14 foot (1.7 inches) where the diversion flow was reduced 
to 0 cfs and Plan 1977 was in effect. Lake level reductions of 0.16 foot 
(1.9 inches) on Michigan-Huron, 0.13 foot (1.6 inches) on Lake St. Clair, 
and 0.12 foot (1.4 inches) on Lake Erie would.be achieved if the 
diversion flow were reduced to an annual average of 800 cfs representing 
the maintenance of the log-driving operation. If regulation Plan 1977 
were by-passed and the full flow reduction were passed on to the 
downstream lakes, the comparable reductions in lake levels would be 
0.23 foot (2.8 inches), 0.18 foot (2.2 inches) and 0.15 foot (1.8 inches) 
for a diversion flow of 0 cfs; while reductions of 0.19 foot 
(2.3 inches), 0.15 foot (1.8 inches) and 0.13 foot (1.6 inches) would be 
achieved if a diversion flow of 800 cfs were maintained through the 
Long Lac Diversion. If Plan 1977 were in operation, a reduction in 
Lake Superior levels would occur; if Plan 1977 were by-passed, there 
would be no effect on Lake Superior. A table for Lake Superior was 
deemed unnecessary. 



CASE 2 - PLAN 1977 IN EFFECT - LONG LAC/OGOKI = 0 cis, 800 cis 

Table 4: Lakes Michigan-Huron (All elevations in feet 
above Great Lakes Datum) 

APR 
MAY 
JUN 
m 
AUG 
SEP 
m 
NOV 
DEC 

JAN 
FEB 
MAR 
APR 
MAY 
JUN 
m 
AUG a SEF' 
m 
NOV 
DEC 

JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEF' 
m 
NOV 
DEC 

BASE CASE WO= 0 cis DIFFERENCE LL/O= 800 cis DIFFERENCE 
ELEVATION ELEVATION IN ELEVATION ELEVATION IN ELEVATION 



CASE 2 - PLAN 1977 IN EFFECT - LONG LAC/OGOKI = 0 C~S, 800 C ~ S  

Table 5: Lake St.  lair (All elevations in feet 
above Great Lakes Datum) 

BASE CASE LL/@ 0 cfs DIFFERENCE LL/O= 800 cfs DIFFERENCE 
1987 ELEVATION ELEVATION IN ELEVATION ELEVATION IN ELEVATION 

APR 
MAY 
JUN 
JUL 
AUG 
SEP 
oer 
Nuv 
DM: 

JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
oer 
NOV 
DM: 

JAN 
FEB 
MAR 
W R  
MAY 
JUN 
JUL 
AUG 
SEP 
oer 
NCN 
DM: 



CASE 2 - PLAN 1977 I N  EFFECT - LONG LAC/OGOKI = 0 c f s ,  800 c f s  

Table 6: Lake E r i e  ( A l l  e l e v a t i o n s  i n  f e e t  
above Great Lakes Datum) 

BASE CASE WO= 0 cfs DIFFERENCE LL/O= 800 c f s  DIFFERENCE 
1987 ELEVATIW ELEVATION I N  ELEVATIW ELEVATION I N  ELEVATIW 

APR 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 
NOV 
DEK: 

JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 

JAN 
FEB 
.w 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 
NOV 
DEK: 



The other physical impacts of altering these diversions will occur in both 
the Great Lakes and Hudson Bay drainage basins from reductions in flows 
along the diversion routes and increases in flows within the natural 
drainage area. Detailed information has been submitted and is enclosed in 
Appendix E. The data is summarized here for clarity purposes. The 
largest, but less direct, impact would be the loss of electrical energy 
production of approximately 1,332,000 Megawatt-hours annually throughout 
the Ontario Hydro system with some additional losses at the U.S. hydro 
plants at Sault Ste. Marie and Cornwall as well as the mebec Hydro 
stations at Beauharnois and des Cedres. The majority of the replacement 
energy would be from fossil fuel sources, basically coal, with its 
attendant production of acid gas annually. The indirect aspect of these 
impacts would be that all electricity consumers in Ontario would absorb 
the additional costs and large areas of the Great Lakes basin would 
receive the additional acid gas precipitation. 

The localized, more direct, impacts involve the fluctuations in local lake 
and river levels and flows and their effects upon the local populations. 
The most significant potential impact involves the complete closure of the 
Long Lac Diversion and the stoppage of the log-driving operation of the 
Kimberly-Clark pulp mill at Terrace Bay. The current mill operation can 
be classified as marginal at best and closure of the mill has been 
rumoured from possible economic losses significantly lower than those 
associated with alternate log transportation. Closure of the mill would 
result in the direct loss of approximately 2,500 jobs in the Terrace Bay - 
Longlac and surrounding area as well as impact on the livelihood of 
approximately 7,500 people indirectly throughout a wider area. 

Changes in water levels and flows would be experienced in Lake Nipigon, 
Little Jackfish River, Ogoki reservoir and the Ogoki and Albany Rivers 
from closure of the Ogoki Diversion, and the Aguasabon River, Hayes Lake, 
Long Lake and Kenogami River from closure of the Long Lake Diversion. 
There would k a direct impact on the fishing and recreation industries of 
the area as commercial fishing, sport fishing and recreational tourism 
exists on various water bodies throughout the area. The levels of 
Lake Nipigon would probably experience more frequent and wider 
fluctuations as the Nipigon River power plants would be increasingly used 
in a peaking power operation. Both the commercial and sport fishing 
operations would be negatively affected as spawning grounds and 
traditional fishing areas are altered and physical installations become 
increasingly unusable. It is possible that the reservoir areas (Ogoki 
reservoir and Long Lake) through operation of the northern control dams 
could be maintained at their normal operational levels to minimize the 
local impacts. 

The increased flows in the Ogoki River are sufficient to produce 
noticeable changes in the flow regime of the up&per Albany River. Although 
there might be a small adjustment in the timing of the Albany River flows, 
the flows could increase by as much as 358 at the confluence of the Ogoki 
and Albany Rivers. Flood flows, which could be 50% higher than current 
levels, could affect Indian Reserve No. 65 at the confluence of the two 
rivers but no additional flooding problems are anticipated along the lower 
Albany River. A study of historical flood events on indian reserves in 
the Ogoki, Kenogami and Albany River basins is underway and the results of 
the study will be forwarded to the Commission as soon as available. 



CASE 3 - PLAN 1977 BY-PASSED - LONG LAOKI = 0 C~S. 800 C ~ S  

Lakes Michigan-Huron (All elevations in feet 
above Great Lakes Datum) 

BASE CASE LL/@ 0 cfs DIFFERENCE LL/O= 800 cfs DIFFERENCE 
1987 ELEVATION ELEVATION IN ELEVATION ELEVATION IN ELEVATION 

APR 
MAY 
JUN 
JUL 
AUG 
SEF' 
OCT 
N W  
DEX: 

JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEF' 

JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEF' 
OCT 
N W  
DEC 



CASE 3 - PLAN 1977 BY-PASSED - LONG LAC/OGOKI= O Cfs, 800 Cfs 
Table 8: Lake St. Clair (All elevations in feet above 

Great Lakes Datum) 

BASE CASE LL/O= 0 cf s DIFFERENCE LL/O= 800 cfs DIFFERENCE 
1987 ELEVATION ELEVATION IN ELEVATION ELEVATION IN ELEVATION 

APR 
MAY 
JUN 
JUL 
AUG 
SEP 
m 
NOV 
D E  

JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 

JAN 
FEB 
MAR 
AE'R 
MAY 
JUN 
JUL 
AUG 
SEP 
m 
PjOV 

D E  



CASE 3 - PLAN 1977 BY-PASSED - LONG LAC/OGOKI= 0 C~S, 800 C ~ S  

@ Tableg: Lake Erie (All elevations in feet above 
Great Lakes Datum) 

BASE CASE LL/O= 0 cfs DIFFERENCE LL/O= 800 cfs DIFFERENCE 
1987 ELEVATION ELEVATION IN ELWATION ELWATION IN ELEVATION 

APR 
MAY 
JUN 
JUL 
AUG 
SEP 
m 
NOV 
DEC 

JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 

m 
NOV 
DEC 

JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
m 
NOV 
DEC 



In the downstream areas, Ogoki and Kenogami Rivers, the increased flows 
would disrupt the fish spawning and wildlife habitat of the entire area. 
Although a short-term disruption would not force a change in species 
diversification, there would be immediate impacts on the local population 
through decline of the fishing, hunting and trapping industries. There 
would be an increase in navigational hazards due to increased water 
velocities and debris densities along the rivers. 



Water from Lake Michigan and its drainage basin is diverted at Lockport, 
Illinois, into the Des Plaines River, a tributary of the Illinois River 
and a part. of the Mississippi River. The City of Chicago pumps about 
1,700 cfs from Lake Michigan together with other cities in the 
Metropolitan Sanitary District for domestic and industrial purposes. 
After use, most of this water is discharged into the waterways at sewage 
treatment plants and flows into the Mississippi River Basin. In 
addition, surface runoff that originally flowed into Lake Michigan and 
water diverted directly from Lake Michigan (an estimated total amount of 
1,500 cfs), flows through the Chicago area waterways into the Mississippi 
River Basin. 

The natural divide separating the Great Lakes drainage basin from the 
Mississippi River drainage basin passes about ten miles west of the 
Lake Michigan shoreline at Chicago. When the Sanitary and Ship Canal was 
constructed from Chicago to Lockport, it breached the divide near Summit 
at which point the divide was about ten feet above the level of 
Lake Michigan at LWD. 

Reversing the flow of the Chicago and Calumet Rivers and intercepting 
certain drainage areas along the shore of Lake Michigan at Chicago has 
eliminated about 800 square miles from the Lake Michigan watershed. 
Locks and controlling works have closed the Chicago and Calumet Rivers to 
Lake Michigan. The Calumet River between O'Brien Lock and Lake Michigan 
flows either lakeward or toward Lockport depending on lake and canal 
stage and storm runoff. At Wilmette Harbor, a pumping station diverts 
Lake water to the North Shore Qlannel. A sluice gate at this point is 
used for emergency storm water releases from the channel to the lake. A 
detailed description of the Lake Michigan Diversion at Chicago and its 
physical capacities is contained in Appendix C. 

Maximum Flows: Since 1925, the diversion has been controlled by U.S. 
Supreme Court decisions. The latest decree, issued in 1967 and amended 
in 1980, limits the diversion to 3,200 cfs. Studies have indicated a 
potential for increasing the diversion to a maximum annual diversion of 
10,000 cfs. 

Significant Physical Effects: As diversions flows increase, navigation 
decreases and all traffic in the Sanitary and Ship Canal ceases when 
flows exceed 10,000 cfs. Increases in diversion flow would be possible 
only when river stages along the Illinois Waterway and the ~ississippi 
River are below bankful conditions. There is a 7-10 day travel time for 
water diverted at Chicago to transit the Illinois Waterway and flooding 
of extensive areas along the waterway is a constant hazard. An operating 
plan to minimize induced flooding on the Illinois Waterway would need to 
be developed in order to consider an increase in the Lake Michigan 
Diversion at Chicago a viable means to lower Great Lakes levels. 

Computer simulations of lake levels associated with a maximum diversion 
of 10,000 cfs through the Lake Michigan Diversion at Chicago were 
compared with similar lake levels representing the long-term average flow 
of 3,200 cfs. The results are illustrated in Case 4, tables 10, 11 and 
12. The tables indicate the benefits on Lakes Michigan-Huron, St. Clair 



and Erie derived from the maximum diversion flow in tens of differences 
in elevations. The time period selected for the continuous flow change 
was April 1, 1987 to December 31, 1989 to reflect the short-term aspect 
of this study. The results of the increased diversion at the end of the 
timeframe would be to effect reductions in lake levels on Michigan-Huron 
of 0.21 foot (2.5 inches), on Lake St. Clair of 0.16 foot (1.9 inches), 
and on Lake Erie of 0.14 foot (1.7 inches). There would be a small 
reduction in Lake Superior levels due to the operation of regulation 
Plan 1977, but a table for Lake Superior was deemed unnecessary. Only 
during extremely dry hydrologic conditions on the Illinois Waterway could 
a 10,000 cfs diversion be maintained for any lengthy period of time 
through the Lake Michigan Diversion at Chicago. 



CASE 4 - PLAN 1977 I N  EFFECT - LAKE MICHIGAN DIVERSION AT CHICAGO = 10,000 CFS 

Table 10: Lakes Michigan-Huron (a l l  e levat ions  i n  f e e t  above 
Great Lakes Datum) 

BASE CASE LAKE MICHIGAN AT CHICAGO DIFFERENCE 
1987 ELEVATION 10,000 CFS ELEVATION I N  ELEVATION 

APR 
MAY 
JUN 
JUL 
AUG 
SEP 
m 
NOV 
DEC 

JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
m 
NOV 
DEC 

JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
m 
NOV 
DEC 



CASE 4 - PLAN 1977 IN EFFECT - LAKE MICHIGAN DIVERSION AT CHICAGO = 10,000 CFS 

Table 11: Lake St-Clair 

1987 

APR 
MAY 
JUN 
JUL 
AUG 
SEP 
m 
NOV 
DEC 

BASE CASE 
ELEVATION 

JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
m 
NOV 
DEC 

JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
m 
NOV 
DEC 

(all elevations in feet above 
Great Lakes Datum) 

LAKE MICHIGAN AT CHICAGO DIFFERENCE 
10,000 CFS ELEVATION IN ELEVATION 

575.87 0.01 
576.05 0.01 
576.16 0.02 
576.14 0.02 
576.00 0.02 
575.79 0.03 
575.54 0.03 
575.32 0.03 
575.30 0.04 



CASE 4 - PLAN 1977 I N  EFFECT - LAKE MICHIGAN DIVERSION AT CHICAGO = 10,000 CFS 

Table  12: Lake E r i e  ( a l l  elevations i n  feet above 
Great Lakes Datum) 

BASE CASE LAKE MICHIGAN AT CHICAGO DIFFERENCE 
1987 ELEVATION 10,000 CFS ELEVATION I N  ELEVATION 

APR 
MAY 
JUN 
JUL 
AUG 
SEP 
m 
NOV 
DM: 

JAN 
FEB 
MAR 
APR 
MAY 
JUN 
m 
AUG 
SEP 
m 
NOV 
DM: 

JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 
NOV 
D E r  



The New York State Barge Canal is comprised of the interconnected 
Champlain, Erie, Oswego, and Cayuga-Seneca Canals. This system takes 
water for navigation purposes from. the Niagara River at Tbnawanda, 
New York, and returns all of it to Lake Ontario at several tributaries 
and the Oswego Canal. A detailed description of the physical layout and 
capacity of the New York State Barge Canal is contained in Appendix D. 

Because this relatively small unregulated flow is withdrawn from the 
Niagara River at a point considerably downstream from Lake Erie, it has 
virtually no effect on the levels of the Niagara River, Lake Erie, or the 
other Great Lakes. 
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APPENDIX A 

PHYSICAL DESCRIPTION OF THE WELLAND CANAL DIVERSION 

Genera 1 

The Welland Canal i s  a deep-draft ,  man-made naviga t ional  waterway, 
t o t a l l y  wi th in  Ontario,  Canada, which jo ins  Lake E r i e  with Lake Ontario 
ac ross  tlie rl iagara Peninsula ( s e e  Figure 4-5). I t  1s the  route  f o r  
ocean-going v e s s e l s  t o  ga in  access  t o  Lake E r i e  and the upper lakes ,  
bypassing tlrc fa116 and r ap ids  of tlie Niagaril River which once presented 
the major o b s t a c l e  t o  a n  unin ter rupted  water route.  

.... . 

l l i  r; to ry  

The o r i g i n a l  Welland Canal was b u i l t  i n  1829, bervecn Port Dalhousie 
on Lake Ontario and Por t  Robinson on the welland Rivcr,  t o  al low 
naviga t ion  bctwcen Lakes Er i e  and Oliterio. P r i o r  t o  1881 the ernall water 
requirement of the Canal,  approximately 85 c f s ,  was supplied through a 
feeder cana l  from rlrc Grand River a t  Du~invi l lc ,  Ontar io ,  a t r i b u t a r y  t o  
Lake Er ie .  Jn 1881 the  summit  reach of t h e  cana l  was c u t  through a t  Lake 
Er ie  l e v e l  and the Lake O ~ l t a r i o  end of ttre' cana l  recons t ruc ted .  The 
improved c a n a l  requi red  a d d i t i o n a l  water and by 1887 the d ive r s ion  
amounted t o  400 c f s .  Between 1887 and 1898 the old cana l  was adapted f o r  
power purpocles and by 1898 t l ~ e  Lotnl r u t c  of diversiol i  tiad reached 
1,000 c i s .  A s  hydro-power u r r i t s  were i n s t a l l e d  i n  the No. 1 p lan t  a t  
DeCew F a l l s  and fed  from the Uclland Canal,  the  t o t a l  d ivere ion  grew from 
1,300 c f s  i n  1901 t o  1,500 c f s  by 1908 and t o  2,000 c f s  by 1913. 

The present  Wclland Canal has been g r e a t l y  improved s ince  i t  vas 
b u i l t  between 1913 and 1932. By 1933, the t o t a l  d ive r s ion  was 2,500 
c f s .  There was l i t t l e  change dur ing  the remaining year8 of the 
t h i r t i e s .  However, t o  meet t he  power requirement8 due t o  World War T T ,  
eupplcmentary flow 'was provided and t h r b  t o t a l  d ive r s ion  i n  1942 reached 





f 

3,200 c f s .  Thc No. 2 DeCcw F a l l s  power plant: was i n s t a l l e d  d u r i n g  t h e  
p e r i o d  1943 t o  1947,  and by 1951 t h e  t o t a l  d i v e r s i o n  was a t  a  maximum 
r a t e  o f  7 ,400 c f s .  

D e s c r i p t i o n  of  tlle P r e s e n t  Callill 

The Welland Canal  i s  a  deep-draft :  man-~nndc waterway j o i n i n g  Lake E r i e  
w i t h  Lake. O n t a r i o  a c r o s s  tllc Niagara  Peninsuli l .  The Canal  was 
c o n e t r u c t e d  t o  a l l o w  corunercla l  s h i p p i n g  t o  t r a n s i t  betweei Lakes E r i e  
and O n t a r i o .  Ttle c a n a l  l i e s  wllolly w i t h i n  t h e  p rov ince  of O n t a r i o ,  and' 
e i n c e  1959 h a s  been o p e r a t e d  by a  Canadian crown c o r p o r a t i o n ,  t h e  
S t .  Laurence Seawily r \ i ~ t l l o r I t y ,  a s  a n  i n t e g r a l  p a r t  of t h e  S t .  Laurence 
Seavay s y e  tem. 

The c a n a l  r u n s  i n  a n e a r l y  s t r d i g h t  sou th - to -nor th  d i r e c t i o n  between 
Port Colborne on  Lake E r i e  and P o r t  Wel le r  on Lake O n t a r i o ,  a d i s t a n c e  of 
a b o u t  2 7  m i l e e .  Tllc 327-foot d i f f e r e n c e  I n  writer l e v e l s  between Lakes 
E r i e  and  O n t a r i o  i s  overcome by e i g h t  l i f t  l o c k s  s,paced n l o n g  t h e  c a n a l .  
F a c t u a l  i n f o m a t i o n  c o n c r r n i q  t h e s e  l o c k s  i s  g i v e n  i n  T a b l e  4-2. The 
s e v e n  lower  l o c k s  a r e  l o c a t e d  v i t h i n  e i g h t  m i l e s  o f  P o r t  U e l l e r ,  and have 
a n  a v e r a g e  l i f t  of 46.5 f c e t  each.  The e i g t l t l ~  l o c k ,  a t  P o r t  Colborne,  
s e r v e s  a s  a s h a l l o w - l i f t  guard  l o c k  n t  t h e  upper  end of  t h e  c a n a l .  

The p r e s e n t  U e l l a n d  Cana l  i s  a modi f i ed  v c r s i o n  of  t h e  f o u r t h  Welland 
Canal (Welland S h i p  Cana l ) ,  which was c o n s t r u c t e d  beween 1913 and 1932. 
Juprovemente have been made a t  v a r i o u s  l o c a t i o n e  a l o n g  t h e  c a m 1  t o  
enhance i t s  e f f i c i e n c y .  The l a t e s t  major improvement wae completed i n  
1973 w i t h  t h e  comple te  upgrad ing  and r e - r o u t i n g  of n i n e  u l l e s  of  t h e  
c a n a l  avay  from downtown Welland. Moat of t h e  c a n a l ' e  f e a t u r e s  and 
equipment ,  however , have remained a s  o r i g i n a l l y  i n s t a l l e d .  

Commodity t r a f f i c  t l~ roug l i  ttlc can31  lras i n c r e a s e d  s t e a d i i y  o v e r  t h e  
yea ra .  I n  1932 a b o u t  8 .3  l u i l l i o n  tone passed  through t h e  c a n a l  i n  5,712 
t r o n e i t a ;  by 1979 t h e  t r n f f i c  r eached  73 m i l l i o n  cone i n  6,547 t r a n e i t s .  
About 7 5  p e r c e n t  of  t h i s  tr , l f  f i c  i s  U.S. and Canadian i n t e r l a k e  t r a d i n g  
i n  i r o n  o r e ,  c o a l ,  l i m e s t o n e  and g r a i n s .  The remainder  i s  f u e l  o i l s ,  
irorr and a t e e l  and o t l l c r  domes t i c  l a k e s  t r a f f i c ,  a s  w e l l  a s  c a r g o  
d e s t i n e d  f o r  or a r r i v l n g  from o v e r s e a s  p o r t s .  

U n t i l  1932 t h e  i a r g c s t  v e s s e l s  ~ r a n v i t i n g  t h e  c a n a l  were l e s s  t h a n  
261 f e e t  i n  l e n g t h  and c a r r i e d  l e s s  t h a n  3,000 t o n s  of c a r g o .  The 
comple t ion  of  t h e  Uellarld S h i p  Canal  opened t l ~ c  r o u t e  t o  t h e  13,000-ton 
bu lk  f r e i g h t e r s ,  600 f e e t  i n  l e n g t h ,  which p r e v i o u s l y  had been c o n f i n e d  
t o  Lake E r i c  and above.  I t  a l s o  induced t h e  c o n s t r u c t i o n  of even l a r g e r  
ves t ;e ls ;  many o v e r  700 f c e t  i n  l e n g t h  began t o  a p p e a r .  Today, 50 p e r c e n t  
of  c a n a l  t r a f f i c  i s  c a r r i e d  i n  " s e a w a y - ~ i z e d "  l a k e r s ,  730 f e e t  i n  l e n g t h ,  
76 f e e t  i n  b r e a d t h  and c a r r y i n g  28,000 t o n s  of ca rgo .  The seaway-sized 
l a k e r  is t h e  l a r g e s t  v e s s e l  p r e s e n t l y  p c r a i t t e d  t o  e n t e r  t h e  c a n a l .  The 
l i m i t i n g  f e a t u r e  i s  t h e  s i z e  of l o c k s ,  a s  shown i n  Tab le  4-2. The 
maximum a l l o w a b l e  v e s s e l  d r a f t  i n  t h e  c a n a l  i s  26 f e e t .  T h i s  i s  l i m i t e d  
by t h e  c o n t r o l l i n g  d e p t h  (27  f e e t )  of  t h e  c a n a l  prism. Although i t  is 
impossible t o  p a s s  l a r g e r  v e s s e l s  through t h e  c a n a l ,  some f u t u r e  g a i n s  i n  
throughput  a r c  e x p e c t e d  t o  be ach ieved  by way of o p e r a t i o n a l  
Improvcncnts.  Tllr  S ~ a ~ i l y  Author1 t y  expect:;, Llci~ever, t h a t  a l l  
p o s s i b i l i t i e s  f o r  ruajur g a i n s  i n  t l , roug t~p~; t  w l l l  bc exhaus ted  by ttlc end ' 



. . 

of t h e  1980e,  when c n p o c i t y  w i l l  be r eachcd  a t  a b o u t  3 4  t r a n e i t s  p e r  .day,  
o r  90 m i l l i o n  t o n s  ann t ln l ly .  

T:lble 4-2 
CRiLLAND CANAL LOCK DATA 

Usable  Usable  Minimum 
Normal Length of  Width o f  Depth a t  

Lock L i f t ,  F t .  C h a ~ n k r ,  F t .  Chamber, F t .  ~ i l l ( 2 )  L F t .  

Nbteo: (1) Depending upon t h e  p r e v a i l i n g  l e v e l  o f  Lake E r i e .  
( 2 )  The c o n c r o l l i w  c h a n n e l  d e p t h  i s  '27 f e e t .  

The Uellat ld C a n a l ' s  s u c c e s s  a e  a  c o m e r c i n l  t r a n e p o r t a t i o n  a r t e r y  h a e  
l e d  t o  s u b s t a n t i a l  i n d u s t r i a l  dcve lopacn t  and u rban  s e t t l e m e n t  i n  i t 8  
v i c i n i t y .  A l i r r c  of urban communities e x i s t s  a l o n g  t h e  c a n a l ,  eome 
c e n t e r e d  o n  L I I C  operation of t h c  c a n a l  i t s e l f ;  o t h e r s  t a k i n g  advan tage  of  
cheap t r ~ n e p o r a  t i o n ,  abundant  w a t e r   upp ply o r  t h e  o p p o r t u n i t y  t o  s e r v i c e  
s l i ipp ing  und c a n a l  nccds .  Tllc a t t r n c t i o n ! ;  of a c a n a l - a i d e  l o c a t i o n  are  
ex tended  by ready a c c e s s i b i l i t y  t o  road n ~ l d  r a i l  f a c i l i t i e s ,  as  w e l l  as  
cheap hydro-electric power. 

Thus t h e  Welland Canal  D i v e r s i o n  s c r v e o  s e v e r a l  purposes ,  a p a r t  f r o a  
n a v i g a t i o n .  Water f o r  power g e n e r a t i o n  a t  O n t a r i o  Hydro's DeCew F a l l e  
g e n e r a t i n g  s t a t i o n s  ( l o c a t e d  abou t  t h r e e  m i l e s  west o f  t h e  c a n a l ) ,  i e  
d i v e r t e d  f r o m . t h c  c a n a l  a t  Al lanburg.  Diversions of c a n a l  wa te r  f o r  
i n d u s t r i a l  cooling and i n d u s t r i a l  and m u n i c i p a l  wa te r  consumption o c c u r  
a t  numerous p o i n t s  a l o n g  t h e  c a n a l .  Fo r  example,  n  p o r t i o n  o f  c a n a l  
wnter  i s  d i v e r t  r d  i rlto t h e  Wellarld h l v e r  t o  m a i n t a i n  i tti w a t e r  q u a l i t y ,  
and induce  f l o w  i r ~  t h e  o l d  c a n a l  clrclnnel i n  t h e  c i t y  of  IJe l lanJ .  The , 

p r e s e n t  t o t a l  d i v e r s i o ~ l  down t h e  Well.and Canal i s  a b o u t  9 ,200 c f s ,  
c a l c u l a t e d  a n  a mean a n n u a l  b a s i s .  Elore d e t a i l e d  d e s c r i p t i o n e  of t h e  
Use8 of  c a n a l  wnte r  and t h e  method of o p e r a t i n g  t h e  c a n a l  t o  s a t i e f y  
t h e s e  needs  a r e  g i v e n  i n  t h e  f o l l o w i n g  pa ragraphs .  Also  i n c l u d e d  a r e  
d e s c r i p t i o n s  of t h e  p h y s i c a l  c n p a c . i t i e s  and p r a c t i c a l  o p e r a t i n g  
l i m i t a t i o n e  of t h e  v a r i o u s  eyeterns p r e s e n t l y  u s i n g  c a n a l  water, i n c l u d i n g  
t h e  c a n a l ' e  main l o c k  and w e i r  system. The 3unu.lation o f  t h e  c a p a c i t i e e  
o f  each  p a r t  of  t h e  c a n a l  f a c i l i t y  w i l l  g i v e  a n  approx imat ion  of  t h e  
a b s o l u t e  c a p a c i t y  of t h e  c a n a l  w i t h  r e s p e c t  t o  d i v e r s i o n  o f  Lake E r i e  
wa te r .  C o n s i d e r a t i o n  o f  t h e  p r z c t i c a l  o p e r a t i n g  l i m i t a t i o n s  give 's  a 
b c t t e r  i n d i c a t i o n  of  t h c  m;~xirnrra d i v e r s f  or1 t h a t  i s  e v e r  l i k e l y  t o  o c c u r  
wi thou t  ma jor  m o d i f i c a t i o n  t o  t h e  f a c t l i r y .  



Hydraul ic  o p e r a t i o n s  Within t h e  Cnnal 

Water e n t e r s  t h e  c a n a l  t l ~ r o i ~ ~ h  n s u p p l y  rilccwiiy, o r  channe l ,  and 
through Lock 8 a t  P o r t  Colborne. The main supply  t o  t h e  c a n a l  (which i n  
r e c e n t  y e a r s  has  been about  9,000 c f s  on a mean annua l  b a s i s )  e n t e r s  
through t h e  raceway, which i s  complete ly  c o n t r o l l e d  by a weir .  The 
i n t a k e  through Lock 8 i s  t h e  r e s u l t  of n. lvigation lockages .  Th is  
ave r ages  - a b o u t  175 c f s  du r ing  t h e  n a v i g a t i o n  season.  The lock pa s se s  no 
water  a f  t c r  n a v i g a t i o n  cea se s .  

Supply Raceway: The p r e sen t  supply  wci r  and equipment c o n s t i t u t e  t h e  
o r i g i n a l  i n s t a l l a t i o n  completed i n  1932. The wei r  c o n s i s t s  of t e n  
t a i n t e r  g a t e s ,  15 f e c t  wide by 14 f e e t  tllgll cacti. The g a t e s  work i n  two 
banks of f i v e  g a t e s  each.  Each bank can be a d j u s t e d  i n d i v i d u a l l y .  Gate 
s e t t i n g e  a r e  mnde r a u o t e l y  from the  Lock 8 c o n t r o l  tower. 

The p r i n c i p l e  bclllnd the  o p c r u t i o r ~  of t h e  supp ly  wei r  i e  t o  ma in t a in  
tlre wuter l e v e l  i n  tlrc "euainit reaclr" o r  "1o11t; reach" of t he  c a n a l ,  i . e . ,  
t h e  e e c t i o n  between Lock 8 and Lock 7 .  Th i s  l e v e l  i s  mainta ined a t  
568.0 f e e t  (JCLD) a t  Lock U ,  wlllch p rov ides  ;1 depth  of 30.8 f e e t  uver t h e  
e i l l  of  Lock 8, and 30 f e c t  over  t he  s i l l  of Lock 7 ( t h e  d i f f e r e n c e  i e  
due t o  t h e  h y d r a u l i c  g r a d i e n t  o f  t h e  c ~ n i ~ l ) ,  t o  meet t h e  r e q u i r e a e n t  f o r  
s a f e  nav iga t i on .  The seemingly s imple  f e a t  of main ta in ing  t h e  summit 
l e v e l  i s  i n  f a c t  c o n s i d e r a b l y  cou l ) l i c a t ed  by a h o s t  of  f a c t o r s  and 
l i m i t a t i o n s  whlch must be t aken  i n t o  accoilllt when making i n f l ow  
ad jue tmcnts .  These f a c t o r s  i n c l u d e  f  1uct11;lt ill); water  denand d o w ~ s t r e a m ,  
t he  precrence and node of a c t i v i t y  of  s l ~ t p p i n g  al: va r ious  c r i t i c a l  p o i n t s  
i n  t h e  c a n a l ,  tile evcr-cl~iingtng l e v e l  of Lilkc I'rLc, f low v e l o c i t y  
r e s t r i c t i o n s  a t  v a r i o u s  p o i n t s  and  water  l e v c l s  a t  key p o i n t s  i n  t h e  
cai la l ,  wind e f f c c t s  on the  W;I:C~ : ; I I T ~ ; I C C  p r o f i l e  i n  t he  s u m i t  reach ,  
bank c r o s i u n  concerns  arid so  on.  I n  t h IS  c u u t e x t  t hen ,  t he  p resen t  
opcraLln;: mode, wf th r t t spcct  t o  Lhc vatc:r l e v c l s  rcgir:lc i n  t he  c a n a l ,  can  
be cons ide r ed  t o  be " b i ~ ~ ~ k f i ~ l l " .  Tills r12~i;;c n u s t  rcun tu  i n t a c t  i f  
n a v i g a t i o n  ant1 o t h e r  carla1 func t iuns  .lrc t-o corlt inue.  Any i n c r e a s e  i n  
l e v e l s  wuuld cnuso s p l i l a G c  over  lock g a t e s ,  c o p i r ~ g  w a l l s  and docks,  and 
would f l o o d  cor~s iderc lb le  a c r cagc  ;iroUlld lock ponJage b a s i n s  ( 'pondage '  i s  
exp l a ined  l a t e r  i 11 this scc t i o n ) .  ILrcci~t ly  irn automi ted and computerized 
cor i t ro l  s y s t c r u  was ir~:; tal lcd t o  : l s s l s t  thr! i:cir o p e r a t o r  by providing 
3 n ~ t n n t  a n a l y s e s  3 rd  l n f o r n : ~ t  ion concern ing  c o n d i t i o n s .  i n  key a r e a s .  
Ilowevcr, i t 1  ~ l l t :  I111a1 ~ ~ r u i l y s i s ,  s . r i e  i i i l t l  ~ ! l ' t ' i c fe : i t  ui ,er; l t ion of the  
c a ~ ~ n l ' s  i ~ i t a k c  s t t  11 dit;)e~ids l i ~ i - ~ : c l y  911 t lie c ; ~ p i ~ b i  1 f t ; r  of a n  exper ienced  
01)er<1 t o r .  ... 

Tt~c  g a t e  opcntrq: r + q ~ ~ . i r c d  t o  ach ieve  ;r ~ l t i s i r c d  i n ~ o k c  f low throirgh 
ttrc supply  weir  I s  dct .cro~lncd usl~i l :  i i  % c I r  ci111 br ; i t ion  curve  and flow 
equ; l t ion,  whictl colivcrt  ttle hcnd un ttlc wc:ir d n J  tlte g a t e  opening t o  wci r  
i l l t ake .  I n  p r a c t i c e ,  ttle gate  ope~iiili; i s  nd ju s t cd  u n t i l  t h e  d e s i r e d  f low 
i s  ob t a ined .  Tlle i n t a k e  f low i s  ca l i lu la te i l  a n d  d i sp l ayed  con t i nuous ly  by 
computer f o r  t h e  b e n e f i t  of  t he  wei r  o p e r a t u r .  The c a l c u l a t e d  - .f low i s  
a l s o  recorded  con t i nuous ly  . Also  displnve(1 .and recorded ccn t i nuous ly  f o r  
t he  weir o p e r a t o r  a r e  t he  l eve lu  of Lakc E r i c !  ;irld t h e  supply  channel  
below t h e  we i r .  The gauges  f o r  t h e s e  l e v e l s ,  v l~ i c l i  a r e  the  ones used t o  
c a l c u l a t e  f low through t he  w e i r ,  a r c  l o c a t e d  j u s t  u p s t r e a a  and dovns t reao  
of t h e  weir .  Ttie w i r  c a l l 5 r a t i . o n  L.;I:; I n s t  c : l~~c l ied  i n  1965-67. T t  
shoved very l i t t l e  d l  t ferc:lce from L L W  or!l;Li~:ll ~ a l i b ~ a t i ~ i ~  done i n  1933. 



: Under a head of  one f o o t  ( t h a t  i s ,  a  d i f f e r e n c e  of one f o o t  between 
t h e  wa te r  l e v e l s  o f  Lake E r i e  and t h e  s u p p l y  c h a n n e l  below t h e  w e i r )  t h e  

supply w e i t  c a p a b l e  o f  p a s s i n g  a b o u t  12,000 c f s ,  which i s  more than  
t h e  c u r r e n t  c a n a l  r cqu i rcmcnt .  Under g r e a t e r  liead t h e  we i r  c a n  p a s s  mare 
water; f o r  i n s t a n c e ,  w i t h  3 t h r e e - f o o t  liead i t  c a n  p a s s  a b o u t  21,000 
c f s .  S i c c e  t h e  l e v e l  of  Lake E r l c  (and tlius tlie head on t h e  w e i r )  
f l u c t u a t e s  c o n t i n u o u s l y ,  f r e q u e n t  g a t e  s e t t i n g s  a r e  r e q u i r e d  t o  m a i n t a i n  
t h e  d e s i r e d  f l o w  t l~ roug l i  t h e  we i r .  Wlicn t h e  l e v e l  of  Lake Erie i s  v e r y  
low, r educ ing  t h e  head on   he w e i r  t o  l e s s  than  one f o o t ,  i t  becooes 
i m p o s s i b l e  t o  m a i n t a i n  tlie f u l l  requirecl  i n ~ a k e  i n t o  t h c  c a n a l .  During 
t h e s e  p e r i o d s ,  t h e  f low t o  DeCcw F a l l s  i s  c u t  bdck i n  o r d e r  t o  s u p p l y  
n a v i g a t i o n  reqt r i rcments .  Sf t h e r e  is  no h ~ ; l d ,  o r  a n e g a t i v e  head 
d e v e l o p s  a t  t h e  w e i r ,  n a v i g a t i o n  ruay be suspcndcd wlri lc t h e  c o n d i t i o n  
e x i s t s .  However, i f  t h e  zero-liead s i t u a t i o n  ? c r s i s t s  f o r  more t h a n  a few 
d a y s ;  o t h e r  p r e c a u t i o n s  a r e  t a k e n ,  depending on ttie magnitude o f  t h e  d rop  
i n  wa te r  l e v e l  i n  tlie c a n a l .  T h i s  would i n c l ~ r d c  reduc ing  t h e  a l l o w a b l e  
s t r ipping d r a f t  i n  tlie c a n a l .  

Tlie r a t e  of  in ta lce  i n t o  tlie c a n a l  t h r o u g l ~  t l i c ~ s u p p l y  we i r  i e  governed 
laainly by v e l o c i  t y  c o n s i d c r a t i o ~ l s  , both  i 11 tlic s u p p l y  c h a n n e l ,  i n  which 
tlie we i r  i e  l o c a t e d ,  and i n  tlic main ~ l ~ i p  c l ~ a n n e l .  Tuo g r e a t  and t o o  
sudden a change i n  i n t a k e  v e l o c i t y  a t  t h e  e n t r a n c e  t o  t h e  oupply channe l  
ha8 drawn v c e s c l s  o n t o  t h e  st io; l ls  i n  t h a t  a r e a .  h u n s t r e a n  of t h e  w e i r ,  
h i g h  v e l o c i t y  f lows  i n  t h e  supp ly  cl innnel  c a u s e  s e v e r a l  s e r i o u s  
problems. F i r s t  t h c  h igh  c r o s s - c u r r e n t s  g c n e r ~ t e d  a t  t h e  p o i n t  of 
c o n f l u e n c e  w i t h  t h e  main s h i p p i n g  channe l  u r e  dangerous  and d i e r u p t i v e  t o  
n a v i g a t i o n ;  when t h e  s u p p l y  clrznncl f low exceeds  abou t  9 ,000  c f o ,  t h e  
r e s u l t i n g  h i g h  currt?rrt  v e l o c i t i e s  producc a  d e c r e a s e  111 wa te r  d e p t h  ( a  
l rydrau l i c  phcnorrenon) ~ l i i c l i  I>ecoo:es of s e r i o r t s  conceri i  t o  v c s s e l o  b e r t h e d  
a t  t h e  Robin llood wharves on e i t h e r  s i d e  uf t h e  downscream end of  t h e  
s u p p l y  cl ianncl .  Fur thermore ,  any sudden cliange i n  v c i o c i  t y  i n  t h e  
channe l  w i l l  c auce  a sudden,  dangerous  s l r i f t  i l l  v e b s e l s  a t  t h e s e  b e r t h s .  

S t  i s  f r e q u e n t l y  iieccssai-y Ln :31iut d o i ~ ~ i  ~lve welr t o  r educe  v e l o c i t y  
i n  tlic tlupply clrilniicl c i ~ ~ d  i n  t l ~ c :  m ~ i n  clifp cl i .~lrnel  wl~cii v e e s e l s  a r e  
t i e i n g - u p  a t  t h e  Lock 8 approach w a l l s .  Slmi  l n r  c t l r r e n t  v e l o c i t y  
r e d u c t i o n s  a r e  a160 r e q u i r e d  t o  . l s s t o t  i r i  v e s s e l  p ~ s s i n g  nanoeuvrcs  when 
i n i t i a l  v e l o c i t y  i n  h i g h ,  and t o  reciuce c r L t i c a l  ' I ( - l o c i t i e s  i n  t h e  
r e s t r i c t e d  porL ions a l o n g  t h e  c a n a l .  t h n y  oL!ierwi:ic sixple manoeuvres 
become disproportionately d i f f i c u l t  (eve11 fo r  an c x i : c r i e n ~ ~ d  m s r i n e r )  i n  
tlie p resence  of hjgli c u r r e n t s  because  of  t h e  l ~ u l l  pressures g e n e r a t e d  and 
l o s s  o f  s t e e r i n g .  

Another o p e r i ~ t i ~ ~ n n l  c o n s t r a i n t  i n  : ;ctLiri~,  c a n a l  f low i s  the  e f f e c t  of 
h i g h  c u r r e n t  v c l o c i t y  on bank s t d b i l i t y  i n  tlic s u p p l y  channe l  and o t h e r  
l o c a t i o n s  a l o n g  ttie c a n a l .  Evcn thoul:h Lhc s u p p l y  channe l  i s  p r o t e c t e d  
by b o u l d e r s  and bedrock i n  p l a c e s ,  i t  i s  d i f f i c u l t  t o  c o n t r o l  e r o s i o n .  
I n  r e c e n t  y e a r s ,  t h e  h i g h  v e l o c i t y  f lows  i n  t h e  c a n a l  lia-re a g g r a v a t e d  t h e  
e r o s i o n  problem, i n c r c a s i n ~  t h e  J.ncidc.rice o f  tunk slumping atid f l u s h i n g  
b o u l d e r s  two f e e t  and more i n  d lanie tcr  f r ~ : m  ~ l i c  bank walls of t h e  s u p p l y  
channe l  o u t  i n t o  t h e  isiiln s h i p  c l i ~ n n c l .  TIirollgh e x p e r i e n c e ,  t h e  Seaway 
has found t h a t  t l i i s  t y p e  of problem i s  iu i~~ imiz r*d  when s u s t a i n e d  f lows  a r e  
k e p t  below a b o u t  9 ,000  c f s .  I l tg!~ c u r r e n t t i  i n  tlre muin n a v i g a t i o n  channe l  
i t o c l f  a r e  a l s o  .I c.iu::c3 o f  e rds io r i  ant1 b i11Z sltr!,iping. Therc i s  e v i d e c c c  
of t h i s  problelii a t  v a r i c u s  po lncs  c?lonr; ~ l i , :  c , l n a l .  



Only through experienc'e i s  the opera tor  of the  supbly weir a b l e  t o  
balance tire nulnerous c r i  t e r i a  and r e s t r a i n t s  a s soc ia t ed  with keeping the  
canal  s l rppl ieh w i t h  water.  lie must keep water l c v e l a  cons tan t  throughout 
tlie canal ;  he must keep Ontario Hydro and otlicr u s e r s  suppl ied  with 
unint  e r ruptcd  supp l i e s ;  a t  t he  same time , he nus t keep cur  r en t  v e l o c i t i e s  
throughout the c a n a l  favourable t o  s a f e  navigat ion.  In s p i t e  of h i s  
e f f o r t s ,  however, e ros ion  occurs ,  i n c i d e n t s  happen and Ontario Hydro 
occas ional ly  ternporari l y  l o s e s  some o r  a l l  of i t s  a l l o t t e d  supply. 

Lock'8 Jntnke: Tlie aoount of water e r i t e r i l~g  the  Welland Canal 
through Lock 8x ca lcu la t ed  from the  d i f f e rence  i n  head above and below 
the lock a t  the time of lockage, the  correoyonding lock in t ake  and the 
number of  lockages. W~ccr  I cve l  gauges ~ r c  s i t u a t e d  al~ove ,and below the 
lock  f o r  t h i s  purpose. Tlre gaugc below L I E  lock is the same one used t o  
monitor tlre water l e v e l  i n  the sumrnit redch. Tlie amount of water 
en te r ing  the c a n a l  i s  the sum of tllc intcikes through Lock 8 and the 
[)reviously described supply weir a t  Port  Colborne; i t  i s  ca l cu la t ed  2nd 
recorded continuously and s u m a r i z e d  d a i l y ,  monttily and annual ly on 
records  whicii da t e  back t o  1952. Figure 4-6 g ives  the t o t a l  annual mean 
flow ttirougl~ the Uelland Canal s ince  1860. Thcsc if lows were obtained 
from the S t .  Laure~rc.e SP;1w3y A U L ~ I O ~ ~  ty , and t l ~ c  report  "Lake E r i e  Outflow 
1800-1964, w i  tli oddcrldurn 1965-1975", by the Coordina~i l ig  Committee on 
Great Lakes Ilar;i c 1lydr;rult c and 11ydrolo~;i~ 1);) L J ,  JUI IC  1976. 

Uscs of tlie C.--n;~l Water and Diversion I1;iLos 

Also i nc.. ludcd 1 n Lire suitunary records arch i l ~ c  ;in~ouilts of tllc var ious  
J ivc rc lons  and uscu of c,ln;ll water wl~it:lr occrlr trclow Lock 8 and tire 
s \~ l )p ly  weir.  11 t yl,l1:;11 IIII:;III anrr\~.il d  1 s t . ~  l l)u 1 fu l l  u f  ca11;11 w:r t c r  I s  st low^^ 
c l ~ n ~ i c ~ l l . y  1 :  ; t  - 7 .  About 70 port:~.r,t rjf the  rjrc~cr cl l ter ing the 
ca11.11 it; J lverL t-d o u ~  .~!:.il 11 a t  A 1 i i inbur~  I o r  liovcr. ,;c~lerill fun .  Ontnr Lo 
Hydro has LWO raceways lc;idi~i); from ttic canal   ti^ t h e i r  Lake Gibson 
pond3i;c a r e a  wlrtcl~ feeds Lwo genC'filt i ~ i g  ~ . t . i t t . io r~s  ; I L  UCCCW F a l l s .  In takc  
i n t o  ttie racewayti i s  co~qp1eLely c o ~ l ~ r o l l c d  by v c i r s .  The water d ive r t ed  
f o r  the U c C c w  pli ints  1 s  riot u sed  f o r  ~ i a v i g a t i u n ,  and i s  not re turned  t o  
the cana l ;  i L  i s  discharged c t i l ' c c~ ly  i n t o  Lirkc Ontario through Twelve 
Mile Crcck. 

Bc ~wcelr 1952 Y ~ I J  1978 L I I C  Lc)t:il J ~ V C L . S  ( 0 1 1  t o  1)eCcw F a l l s  f l u c t r ~ a t e d  
I i n  1 f u 6 0  1 '  ( :  I f  4 )  During t h a t  
pcl'lod, 011Larl.o I:YJKu I I ~ I J  3 J ) I I K C I I ; I S C  i i ; ; i-t : t :~~~l~t w i tli L I I C .  SC~AW;IY A U ~ I I O C ~  tj. 

f o r  a  ~o:+xltirum supply o f  6,400 c f s  un an ;111i1u;ll. ;ne;r~l b a s i s .  The f u l l  
6 ,400  cfu W A S  riircly d i v c r t c ~ l  f c ~ r  ;I vclrlr!Ly of ~ P : I S O I ~ : ;  including p lan t  
~ l i l ~ t - d o w ~ ~ ~ ,  C i l l i i l  L i n ~ i l k c  rc.Jtrt: t  ions f o r  mcll l r~cna~rcc  work arid during 
periods of l o w  Lake E r i e  l eve l s .  Jrr L l i c :  I i r t tc r  case, wlrcn Lake E r i e  
l e v e l s  il1.c low, i n t ; ~ k c  i u ~ o  the cnnirl IULIY ht! C C - ~ I I C C ~  ( ; I S  explained 
earlier); uf t e r  niunicipi~l ,  i n d u s t r i a l  ai:d n;tvigirtion water requirements 
(which take'  precedence?) a r c  s a t i s f i e d ,  t1r.c WilLcr rern;lit~ing f o r  power 
generat  to11 rnay bc lthss than LIraL provitlcd f o r  I n  ttrc purc11;ise agrecncnt .  
(hl tnr io llydro's currcr l t  cor i t rac t ,  i n  cff t tc t  ~ ; i i I c c  1978, i l l 1 0 ~ ~  f o r  a 
rn;~ximunr of 6,887 c i s  ;is all ;111nua1 mean. . Uncler c l ~ e  aZrecment, Ontario 
Hydro can rece ive  up t o  7,550 c f s  per aollt!i during thc 11011-navigation 
se;isutl, srld 3bout 6,670 c f s  per month tluri ill; ~ t , t ?  navig;ltion season. I t  
i s  ostimclt:cd tha t  about 7,550 c i s  i s  t lw co~:t)i~ied 11clxt1::\119 t h a t  can flow 
tllrougl~ tlic Lwo racewclys Lo I)eCcu. T\ IC i::;: ir.i,! t t ! d  cirl,:ic i t  i e s  of thc 
raceways a r e  about 1,500 c i s  nild 6,'050 c i s .  
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The s e c o n d ' l a r g e s t  u s e r  o f  c a n a l  w a t e r  i s  t l lc  S t .  Lavrence Seaway 
A u t l ~ o r i  t y ,  wliicli r e q u i r e s  w a t e r  f o r  uavlga  Lion i ~ n d  power g e n e r a t i a n  f o r  
t h e  cana 1' e n a v i g a t i o n  equipment.  Ihri I I ~  t h e  r e g u l a r  n a v i g a t i o n  s e a s o n ,  
lockages  and l a t e r a l  and l ~ y d r a u l i c  a s s i s t s  r e q u i r e  a b o u t  1 ,100  c f s  ( f o r  a 
s c a e o n a l  a v e r a g e  of  a b o u t  24  s h i p  t r a n s i t s  p e r  day) .  T h i s  f i g u r e  v a r i e s  
depending on  t h e  1t:vel of  s l i ipp ing  a c t l v l  t y .  Durlng peak p e r i o d s ,  when 
t h e r e  may be a s  many a s  30 t r ' l n s i t e  p e r  day ,  tlic a v e r a g e  monthly 
requ i rement  may bc a s  h igh  a s  1 ,400  c f s .  When t h e  c a n a l  r e a c h e s  t r a f f i c  
c a p a c i t y ,  e s t i m a t e d  t o  o c c u r  around t h e  y e a r  1990, t h e  a v e r a g e  number of 
t r a n s i t s  p e r  day d u r i n g  tlie n a v i g a t i o n  s e a s o n  w i l l  be  a b o u t  30 and t h e  
maximuu number of  t r a n s i t s  a c l i i e v a b l c  I n  n day w i l l  be a b o u t  34; t h e  
consequen t  a v e r a g e  w a t e r  r equ i rement  w i l l  bc a b o u t  1 ,400 c f s  wi th  peak 
requ i rements  of  1 ,600 c f s .  

An a d d i t i o n a l  S a c t o r  wl~tc l i  c o u l d  a f f e c t  111e a n n u a l  d i v e r s i o n  sa te  
tlirough t h e  c a n a l  i s  a n  e x t e n s i o n  o f  t h e  r ravigat ion s e a s o n  from i t 8  

c u r r e n t  n i n e  months t o  ninc! and one-half  montlls, a s  h a s  been c o n s i d e r e d  
f o r  t h e  e n t i r e  S t .  Lawrence Seaway. However, i t  t p s  been e s t i m a t e d  t h a t  
such a n  extension would have a n  a lmos t  n e g l i g i b l e  e t t e c t  on t h e  a n n u a l  
mean d i v e r s i o n  f o r  t h e  f o l lowfny  reasorl. UuJcr prl:sent o p e r a t i o n s ,  when 
~ ~ a v l g a t i o n  censav  111 t h e  f a l l ,  a l a r s e  p(11-tlon of Ll!e f low used by 
n a v i g a t i o n  i e   rans sf erred t o  Onbarlo ilyrlro f o r  power g e n e r a t i o n .  A s  
e x p l a i n e d  e a r l i e r ,  tlic. maxlruum f low i n  ~ h t ?  c a n a l  i s  r e s t r i c t e d  and 
n a v i g a t i o n  w a t e r  r e q u i r e u e n t s  a r e  deduc ted  f i r s t .  T i l e re fo re ,  d u r i n g  a n  
ex tended  n a v i g a t i o n  s e a s o n ,  tlie t r a n s f e r  of f l o w  t o  t h e  power p l a n t s  
would s i m p l y  be  d e l a y e d  by two wceks unt.11 n a v i g a t i o n  ceased .  &cause  
n a v i g a t i o n  d u r i n g  t l losc  two weeks would u w  s l i d i ~ l y  rnore w a t e r  t h a n  
would have o t l lerwise  been t r a n s f  errcd f o r  jwwrr g e n e r a t i o n ,  t h e  n e t  
r e s u l t  i s  3 niinimal i r x r e c l s r  i n  ~ l l r !  totLi ' l  ~ i n i ~ u a l  d i v e r s i o n .  

Each l o c k ,  o r  s e t  of l o c k s ,  irl C I L C  W~'11.1!1~1 f : . ~ ~ i a l  i s  cquipped w i t h  a 
by-pass o r  "waste" system which w L l l  p-IS:. -*r;itc:r around t h e  lock.  These 
by-passes a r e  c o n t r o l l e d  by w e i r s  and a r e  uscvd t o  r r p l e n i s l i  downstream 
pondage a r e s e .  The p o n d a ~ e  a c t s  a s  3 "SLIL-;e t a i ~ ~ l c "  t o  p r e v e n t  sudden 
l a r g e  f l u c t u a t i o n s  i n  v a t e r  l e v e l  o n  tlic i ~ r l r r  s h i p  c h a n n e l  a s  a r e s u l t  o f  
lockages. Via t h e  by-pass systeru,  wiltcr t 111 ~ m s s  d i r e c t l y  f r o u  t h e  
s u m m i t  l e v e l  above Lock 7 t o  Lhc pondage f o r  t h e  f l i g h t  lock  sys tem,  
Locks 6 ,  5 and 4 .  F ro~u  t h e  f l i g h t  lock  p o n d ~ z e  i t  c a n  con t in t i e  on t o  t h e  
pondage f o r  Lock 3, i f  n e c e s s a r y ,  w i t h o u t  c n t c r i n g  t h e  s h i p  channe l .  The 
f l o w  between pondage a r c a s  is c o n t r o l l e d  by wcirs. A t  Locks 3, 2 and 1 
t h e  by-pass w e i r s  a r e  l o c a t e d  a d j d c e n t  to t h e  l o c k s  i n  t h e  s h i p  c h a n n e l ,  
and " s p i l l e d "  w a t e r  p a s s e s  &long tlie s h i p  ciiclnncl. The c a p a c i t y  of  t h e  
by-pass sys tcm is s e t  by t h e  c a p a c i t y  of t h e  weir f o r  Lock 7,  which i s  
abou t  1 ,000  cfs. Durlng tile n t ~ v i g n t l o r ~  su,lsun a l ~ o u t  500 c f s  a r e  passed  
through t h e  by-pass sys tem f o r  poudagc waLer r e p l a c c n c n t .  T h i s  w a t e r  is 
used f o r  l o c k a g e s ,  l a t e r a l  and h y d r a u l i c  a u s l s t s ,  and i s  i n c l u d e d  i n  t h e  
1 ,100 c f s  r e f e r r e d  t o  above.  T h i s  l e a v e s  a uaximum r e e e r v e  c a p a c i t y  of  
a b o u t  500 cfs f o r  tllc sys tem.  As ana t l l e r  100 c f s  o r  s o  w i l l  be needed 
f o r  n a v i g a t i o n  i n  t h e  f u t u r e ,  t h e  f u t u r e  a b i l i t y  of  t h e  syetem t o  draw 
s d d i t i o n a l  w a t e r  from Lake Erie w i l l  be 300 c f s  t o  400 c f s .  However, i n  
p r a c t i c a l  t e rms ,  t h i s  a d d i t i o n a l  f low c o u l d  no t  t a k e  p l a c e  because  of  a n  
a d v e r s e  e f f e c t  on  n a v i g a t i o n .  Tile Seaway k u ~ l r o r i  t y  l i ~ s  found t h a t  v e s s e l  
m a n o e u v r a b i l i t y  i n   he v i c l n i t y  of  Locks 3 ,  2 and 1 i s  d a w e r o u s l y  
i n p a i r e d  ulien tlrc f low t h r o u g l ~  t h e  was te  l*rcirh i s  above 600 c f s .  



The scaway ' i  power g e n e r a t i o n  p l a n t  i 6  l o c a t e d  b e s i d e  Lock 4. Water 

is t a k e n  from t h e  c a n a l  above Lock 7  and f e d  by pens tock  t o  t h e  power 
house. The w a t e r  i s  reLurlred t o  t h e  c a n a l  below Lock 4  f o r  re-use  
downstream. Thc plar i t  p r e s e n t l y  dr,tws abou t  350 c f s ,  bo th  summer and 
w i n t e r .  The runxlrnu~~ I n t a k e  t h e  p l a n t  con 11andl.e i s  a b o u t  550 c f e .  

A p l o t  of t h e  t o t a l  a n n u a l  mean d i v e r s i o n  of c a n a l  w a t e r  f o r  
n a v i g a t i o n  f o r  t h e  p e r i o d  1950 t l iroi~gll  1980 i s  shown o n  F igure  4-8. 
~ n c l u d e d '  a r e  q u n t i  t i c s  f o r  l o c k a g e s ,  l a t e r a l  and h y d r a u l i c  assists ,  
Seaway power gencrn  t i o n  and pondage. 

The t h i r d  l n r g e s t  usage oE writer I ~ o : a  tile c a n d l  i s  f o r  wa te r  q u a l i t y  
enliancement. About 700 c f s  o f  d i l u t l o n  wntcr i s  d i v e r t e d  i r o n  t h e  c a n a l  
year-round a t  the C i t y  o f  Wcll .~n(l .  About 150 c f e  of t h i s  i s  d i v e r t e d  by 
the Uel land Waterworks Deportment t o  d i l u t e  sewage e n t e r i n g  t h e  Welland 
River.  Another 525 c f s  i s  drawn from ~ h c  ccln;l through l io les  d r i l l e d  
through t h e  roof of  t h c  o l d  \ Je l land Kiver. syption c u l v e r t  i n  t h e  abandoned 
fillip chanricl a t  Welland. This d i v c i s i o i l  sr:rvc:s tyo purposes .  One i s  t o  
induce  f low i n  t h e  abandoned s h i p  chnllncl L O  p reven t  s t a g n a t i o n ,  a s  tlie 
o r ~ l y  f l o w  i n  tlle c l ~ a n n c l  was c u t  o f f  by cnriscvay construction I n  1973. 
Because t h i s  w a t e r  u l t i m a t e l y  e n t e r s  tlic Wellallct R ive r ,  t h e  o t h e r  purpose  
i s  t o  a i d  t l i l u t i o n .  About 25  c l s  i s  .11s1, divtar ted  from t l ~ e  Wellnnd Cana l  
t o  the Uclland Rl v c r  a ~  P o r t  Robiuson and a n  , iddl  t io l l a l  s m a l l  d i v e r s i o n  
of a b o u t  f i v e  c f s  i t3 n~,ide f r o s  tht. c ; rn .~ l  i n t o  Lyons Creek,  s o u t h  of 
Welland,  t o  rcpl . icc f lows  i n  t h e  c r e e k  v l ~ i  ell v c r e  c u t  o f f  by t h e  c a n a l  a t  
Lyons Creek c r o s s i n g .  No i ~ i c r c a s ~  t  11 d i l u  t idri  u ; ~ t c r  r equ i rements  it3 

f o r e s e e n .  
\ 

About 200 c l c  arc d-,*wll from thl- sysLi.~r~ , I L  v a r l o u s  l o c a t i o n s  ( e . ~ .  
Uel land ,  Thoro ld ,  S t .  C a t h c r i n e s )  f u r  l a d u s t r i a l  c o o l i n g  and o t h e r  
industrial anti i ~ u ~ l i c i p ~ l  1 1 ~ ; ~ s .  l ' l~c .1a::)tlnts of tlicsr: u s e s  a r e  c o n t r o l l e d  
by a series of g u i a e l i n e s .  >lost O F  t h e  c o o l i n g  u a t e r  i s  r e t u r n e d  t o  t h e  
oystem. There .ire n o  k ~ i ~ w ~ l  p l a ~ i s  f o r  m.ijor i r ~ c r e a s c s  i n  i n d u s t r i a l  
c o o l i n g  o r  i n d u s  t r i  a 1  o r  m u n i c i p a l  consurnpt i vcs  uses .  

F igure  4-8 shows t h e  t o t a l  ( Je l l and  Canal  d i v e r s i o n  and i t s  components 
and how they havc v a r i e d  s l n c c  1950. As yrc?vlously d i s c u s s e d ,  w a t e r  f o r  
n a v i g a t i o a ,  w a t e r  supl) ly  an11 t l l l u t l u n  t ake  prcc.ccl~?ncc o v e r  water made 
a v a i l a b l e  f o r  power g e n e r a t i o n .  I!c>ncc, as  a r~:si!lt  of tile g r a d u a l  
i r l c rcase  i n  water nclvlcd f o r  ~ l i i v i g ~ L I o ~ i  ant1 rllc ~?.lrk.ed i n c r e a s e  i n  va te r  
supply neede ( w l ~ t c l ~  11cg;ia abou t  1973) ,  Ll~crc. 1 s  l e s s  v a t e r  u v a i l n b l e  f o r  
power gen1:ratic;ll i n  1980 than  i f  tllcsc value:; I~nd  remained a t  pre-1970 
l e v e l .  I t  i s  e s t l m a t t d  t h a t  t h i s  inc rc .~ : : ;~  113s reduced t h e  w a t e r  
, ~ v a i l o b l t !  f o r  p ) v ( l r  i:?iierntiori i l l  t l ~ c  o r d c r  of 250 c f s .  Tn a d d i t i o n ,  t h e  
t a b l e  below i n d i r ; ~ t c : s  t h a t  t l ~ c  f u ~ u r c  i l e ~ c l ~  o l  t h c s c  i n t e r c e t s  c o u l d  
f u r t h e r  I n c r e a s e .  T E  tliis occ.urs there uoli1.I be a f u r t h e r  r e d u c t i o n  111 

wa te r  a v a i l a b l e  f o r  power g e n e r a t i o n  i n  b o t l ~  t h e  Welland Canal  and 
Niagara  Kiver .  

A l l  of t h e  u s e s  and r o u t l n g s  of c;innl wa te r  have been d e s c r i b e d .  
Assurring navigation I n  t h e  c a n a l  w i l l  conct~l i !e  a s  p r o j e c t e d ,  t h e  
followiny,  surnnritio;i of tlic u l t i n a ~ c  nnv tg ;~Lion  w.-itcr r c q ~ i i r e m e n t  p l u s  t l ~ c  
maximuro requirementc;  f o r  aL1 o t l i e r  ust:s I ; ~ ' J C S  sotre i : ~ d i c a t l o ~ i  of t h e  
tlrcorc t i c n l  oln~iuii~i~i .  capac  i:y f o r  S I I : ; L ; I !  ncd 1 1  i ;tc;~:i on of i i lkc E r i e  through . 
Lhc l J c l l r  I I ~  C a m  1. 



T h e o r e t i c a l  Haximum 
Plow i n  c f e  

Nav iga t ion  ( . lockages ,  a s s i s t s )  1 ,600 
Seavey Power 5 50 
O n t a r i o  Hydro Power 7 ,550 
D i  l u t i o n  7  00 
A d d i t i o n a l  C a p a c i t y  a t  "Waste" Weirs 400 

' 'Water Supply  200 
11,000 

However, a s  a l r e a d y  d i s c u s s i ? d ,  11,000 c i s  c o u l d  n o t  be s u s t a i n e d  i n  
tlre c a n a l  a e  i t  e x i s t s .  Also ,  tlie Seaway " ru t l io r i ty  has found t h a t  t h e  
"most d e s i r a b l e "  maxiinurn s u s t a i n e d  f low i s  i ~ t o u t  9,000 cfs. Ilovever, due 
t o  a r e c e n t  i n c r e a s e d  de i~and  f o r  water  by Unt i l t i0  Hydro, t h e  Seaway h a s  

1. d e c i d e d  t o  a c c e p t  t h e  p e n a l t y  of lr ighcr f low:; ,  up t o  a b o u t  10,000 c f s  
d u r i n g  peak-demand non ths .  Thc p c n n l t y  i.s ii1c:rc;lsed maintenance o f  cana  1 
banke, more d redg ing  and g r e a t e r  incunven icncc  t o  s t l ipping.  With 10,000 
c f s  a s  t h e  maximum a c c e p t a b l e  ruonthly rllt!cln f  loll,  t h e  moxinun a n n u a l  mcan 
f l o v  w i l l  l i k e l y  never exceed a b o u t  9 ,400 c f s  o r  9 ,500 c f s .  There a r e  
s e v e r a l  r e a s o n s  f o r  t h i s .  Tlic c a n a l  i s  c l o s e d  t o  u a v i g a t i o n  f o r  ~ h r e e  
months of t h e  y e a r  and t h e  supp ly  welr I I ~ U S L  bt: s h u t  dowri o c c a s i ~ n a l l y  
d u r i n g  t h e  y e a r  t o  a s s i s t  111 c a n a l  m i l l  l i t  c~r,irice and v e s s e l  manoeuvring. 
Also,  t h e  s u m i t  l e v e l  must u s u a l l y  be 1owcrc:d a few iecc d u r i n g  chc  
w i n t e r  luontlls t o  a l l o w  n ~ a i n t c n o n c c  work. At. suclr tiriles t h e  f l o v  t o  k C e v  
F a l l s  w i l l  h e  reduced.  Occas iona l  r;liutduviis f u r  r e p a i r  alld maincerrjnce 
tit clie DcCew p l a n t s  w i l l  l u r ~ l i e r  rcducil Ll;e a;nuurlc uf wntcr wllicli c a n  be 
used t h e r e .  

Tlic Wellarid Crrlnl i s  il u~~i - l a ; rdc  ~l i i t i l i lc l ,  c u t  L v ~ I ~ L ~ ~ - s ~ v c I I  mileti 
a c r o s s  t h e  Nlagara Pe l i insu la  betwi2en Lakes E r l c  and O n t a r i o .  The c a n a l  
W ~ B  b u i l t  w i t h  ;In ecor~orulc purljust? i n  tj~incl, tll:.lt i s ,  t o  a i l o w  s t r ips  t o  
t r a n s i t  betwecri tlic two l a k e s .  To hi! conlmcrci ;~l ly  v i i ~ b l e ,  i t  was 
des igned  j u s t  v i d e  and  dccl) enocgh t o  hand le  t h e  l a r g e s t  s h i p s  e x p e c t e d  
t o  be r e q u i r e d  i n  C r e a t  Lakes t r a d e  duri t ig L L S  e c o ~ l o n i c  l i f e .  Canal  
banks were  c o n s t r u c t e d  t o  wit . l iscan~i h igh  c u r r e n t  f o r c e s  and wave e n e r g i e s  
caused  by such  s h i p s .  S i l u l l a r l  y , tile ~ l ~ i ~ i l ~ \ r ?  1 LCLI w a s  b u i l t  t o  v i t l r s t a n d  
ltigll c u r r e n t s  and t h e  revert :  s c o u r i n g  lorre:; of s h i p s '  .propellers. The 
calla1 was a l s o  d c s i g a c d  Lo occommc~Jatc. ( ~ ; r t u c t u r c l l l y  a r ~ d  c n v i r o m c n t n l . l y )  
anticipated i n c r e a s e s  i n  water demanc! f o r  ~ l : r v i g a t i o n ,  power and o t h e r  
uses .  I n  t h i s  c o n t e x t ,  tlic " e ~ i v i r o & u c a t "  Cur t h c  Welladd c a n a l  is a  
c o n t r i v e d  f e a t u r e  whicll was never '  i n t e n d c d  L O  s t a b i l i z e  comple te ly .  
Testimony t o  t h i s  i s  a  lor% I l l s t ~ r y  of c u ~ i t  inuous  change,  upgrad ing  and 
r e - r o u t i n g ;  i n  f a c t ,  t h c  ca1i;ll h a s  been comp1.etely r e - b u i l t  f o u r  t i n e s  i n  
i t s  one  hundred arid f i f  ~ y - y e a r  1ile;tory. Environmental  impac t s  on  t h e  
c a n a l  have gone v i r t u a l l y  unrecognizeil  n:a sucli ,  w i t h  t h e  minor m i t i g a t i n g  
m o ~ l i f i c n t i o n s  belrig mnde a s  p a r t  of cvt:ryd;~y e v e n t s  on  t h e  c a n a l .  

Amount o f  Divers ion  and Limi t a t  icllrs 

Tile p r e s e n t  dil:orsioil !us avercl;:ctI 7,6i!0 c f s  from 1951 t o  1976,  w i t h  
n  mixinrum a n n u a l  a v e r a g e  o r  n p l ) r o x l ~ i i L c l y  0 ,500  c f s .  T h e  d i v e r e i o n  was 



increased  f o r  o t i n e  i n  1973-74 t o  o f f s e t  t he  reduced d i v e r e i o n  dur ing  
t h e  f a l l  and win t e r  pe r iod ,  1972-1973, because of c o n s t r u c t i o n  on the  
Welland Canal. About 700 c f s  of t h i s  d i v e r s i o n  i s  discharged i n t o  t h e  
Welland River f o r  water  q u a l i t y  purposes and thereby r e tu rned  t o  t he  
Niagara River above t h e  f a l l s .  Thc average hae increased  t o  7,800 c f s  
f o r  t h e  per iod  1952-79, wi th  a maximum va lue  of 9,300 c f e  i n  1979. As 
mentioned above, t h e  maximum annual  mean flow w i l l  be u n l i k e l y  t o  exceed 
9,400 t o  9,500 c f s .  

The I n t e r n a t i o n a l  J o i n t  Comnission has  no t  exe rc i s ed  c o n t r o l  over  
flowe. i n  t h e  cana l .  The Board ha0 not  a t tempted  t o  i n t e r p r e t  t h e  
Commiseion'e a u t h o r i t y  t o  e x e r c i e e  such control .*  Howcvcr, t he  amounts of 
water  d i v e r t e d  a r e  r epo r t ed  t o  t h e  two government8 by t h e  I n t e r n a t i o n a l  

.. Niagara Committee. 

Hydrologic E f f e c t s  of Ex i s t i ng  Diversion '  

The d i v e r s i o n  of water through the  Uelland Capal i n c r e a s e s  t he '  
ou t f l ow  c a p a c i t y  of Lake Er i e .  With an  average  of 7,000 c f e ,  t he  l e v e l  
of  Lake Erie would be lowered by about  0.32 f o o t .  Because t h e  l e v e l  of 
Lake E r i e  t o  eome degree  a f f e c t a  t h e  l e v e l s  of Lakes Hich iga r r l~u ron  and 
Super ior ,  t h e  l e v e l e  of t he se  l a k e s  have dropped about  0.17 f o o t  and 
0.04 f o o t  r e s p e c t i v e l y ,  due t o  d ive re ion  of water through t h e  Welland 
Canal. I n c r e a s i n g  t h i s  average t o  a n  annual  va lue  o f  9,400 c f e  w i l l  
lower Lab E r i e  by a n  a d d i t i o n a l  0.08 f o o t  (a t o t a l  lowering of 0.40 
f o o t ) ,  Lakes Michigan-Huron by 0.05 f o o t  ( t o t a l  0.22 f o o t ) ,  and Lake 
Super ior  by 0.02 f o o t  ( t o t a l  0.06 f o o t ) .  

* The Commission, i n  i t s  1985 r e p o r t  t o  Governments, noted t h a t  i t  
has  no a u t h o r i t y  over  t h e  Welland Canal d i v e r s i o n s .  



APPENDIX B 

PHYSICAL DESCRIPTION OF THE OGOKI AND LONG LAC DIVERSIONS 

The Long Lac and Ogoki D i v e r s i o n s  a r e  e n t i r e l y  s e p a r a t e  p r o j e c t s  even  
though both are d i v e r s i o n e  from wate r sheds  o f  t h e  nor thward f lowing 
Albany R i v e r  ( t h e  Kenognmi and Ogoki River t ; ) ,  and both  f l o w  i n t o  t h e  Lake 
S u p e r i o r  d r a l  nage b a s i n .  

Both d i v e r s i o n s  d a t e  back t o  t h e  e a r l y  1940s .  While t h e  L o ~ g  Lac 
Divere ion  was f i r r rc  v i s u a l i z e d  a s  a soutlrward r o u t e  f o r  l o g  d r i v i n g ,  i t s  
importance,  and that of tllc Ogoki, l a r g e l y  a r i s e  f r o o  tlic e l e c t r i c  energy  
g e n e r a t i o n  which t h e s e  f l o w s  make p o s s i b l e .  I n  t h e  c a s e  o f  t h e  Long Lac 
Divers ion ,  t h e  d i v e r t e d  v a t e r  has c a r r i e d  l o g s  and augmented n a t u r a l  
f lows i n  t h e  Aguasabon River  since January  1941, and has j u e t i f i e d  a 40.5 
MU hydro-power p l a n t  c n  t h e  Aguasabon River .  Tile Ogoki Df v e r s i o n  t o  Lake 
Nipigon has augmented tire n a t u r a l  f lows  d r i v i n g  t h e  hydro-power p l a n t s  on 
tlrc Nipigon River  s i n c e  J u l y  1943. 

During t h e  p e r i o d  J u l y  1943 to Decemh~r 1979,  an a v e r a g e  of about 
1,440 c f a  had been d i v e r t e d  v i a  t h e  Long Lac r o u t e  and a b o u t  4,150 c f s  
v i a  Ogoki. 

H i s t o r y  of the  Long Lac a l ~ d  Ogoki Diversions 

The p o s s i b i l i t y  of  d i v e r t i n g  t h c  hcitdwatcrs o f  t h e  licnogami and Ogoki 
lUvers  s o u t l ~ w a r d  i n t o  Lake S u p e r i o r  v a s  recognized  111 tile e a r l y  1920s. 
F e a s i b i l i t y  e t u d i e s  o f  t h e  Kcnogami and Ogoki sys tems were conducted by 
O n t a r i o  Hydro a t  Lhctt Lime, but no a c t i o n  was t a k e n  f o r  a lmos t  t e n  y e a r s .  



Zn 1935, t h e  O n t a r i o  k p a r t r n e n t  of Lands and F o r e e t e  ( r e p r e s e n t i s  
t h e  O n t a r i o  Government) e n t e r e d  i n t o  d i s c u s s i o n s  w i t h  f o u r  U.S. p u l p  and 
paper companies o v e r  t h e  p o s s i  b l e  development o f  tire Long Lake t imber  
l i m i t s  a n d  t h e  f e a o i b i l i t y  o f  d i v e r t i n g  Kenogani R iver  w a t e r  s o u t h v a r d  a s  
a meane o f  t r a n e p o r t  f o r  t h e  pulpwood loge .  I n  1937,  t h e  O n t a r i o  
Government e i g n e d  on agreement  w i  t l i  ttic Pu lpwood Supply  Compeny ( f  o rned  
a e  e c o n s o r t i u m  of  t h e  f o u r  companies)  t o  deve lop  tile a r e a .  The o r l g i n a l  
purpose  o f  t h e  d i v e r s i o n  ochcue w30 t o  f a c i l i t a t e  t h e  d r i v i n g  o f  p u l p  
l o g s  southward on  Long Lake and a c r o s s  tlie l ieight-of-land t o  t h e  
Aguaaabon River  where they  would be moved by j a c k l a d d e r  t o ' l a k e  S u p e r i o r  
f o r  r a f t i n g .  

O n t a r i o  Hydro was a l s o  i n t e r e s t e d  i n  ~ h c  d i v e r s i o n ,  a s  t h e  d i v e r t e d  
w a t e r  would i n c r e a s e  t h e  poxer p o t e n t i a l  on t h e  Aguasabon River  and would 
p r o v i d e  a d d i t i o n a l  benef i t s  a t  itie Grea t  1.akcs power s i t e s  d o v n s t r e a n .  
J n  view of t h i s ,  a n  agreement  Gas n l s o  r c ~ c h e d  i n  1937 between t h e  
O n t a r i o  Government and O n t a r i o  Hydro whereby t h e  l a t t e r  would c o n s t r u c t  
t h e  n e c e s s a r y  dams and  c h a n n e l s  on  a c o s t - s h a r i n g  b a s i s .  C o n s t r u c t i o n  of 
t h e  Aguaeabon g e n e r a t i n g  Y t a t i o : ~  bcgarl i n  1946 and tlra p l a n t  o f f i c i a l l y  
c o n m n c e d  o p e r a t i o n  on October  1 5 ,  19/10. 

J n  1940, by a n  exchange of d ip lom, i t i c  rioter;, on  agreement was reached  
between Canads and  t h e  Uni ted  StnLcs  t o  t h e  e f f e c t  t h a t ,  i f  Canada and 
O n t a r i o  a g r e e d  t o  proceed i r,uoed.fately w i t 1 1   he Long LacIOgoki D i v e r s i o n o ,  
t h e  Uni ted  S t a t e s  would n o t  o b j e c t  t o  Canada d i v e r t i n g  i n m e d i a t e l y  a n  
a d d i t i o n a l  5 ,000 cfs a t  Nlagard  f o r  power p roduc t  ion.  C o n s t r u c t i o n  was 
s t a r t e d  i n  December 1940 and t h e  Ogoki Diversion was o f f i c i a l l y  opened i n  
J u l y  1943. There was a f u r t h e r  exchalige of ~ i o t e s  d a t e d  November 14,  
1941,  a u t h o r i z i n g  chc u s e  o f  t h i s  w a t e r  n t  e i t h e r  Niagaro o r  th rough  t h e  
Welland Canal. The 1950 Niagarn D i v e r s i o n  T r c n t y  becvcen Canada and t h e  
Uni ted  S t a t e s  p e r p e t u a t e d  t h e  a d d i t i o n a l  5,000 c f s  f o r  Canada from t h e  
d i v e r s i o n  by i n d i c a t I ~ ~ g  i n  A r ~ i c l c  TIT t h a t  tliis wa te r  would c o n t i n u c  t o  
bc governed by t h e  e a r l i e r  exc lungc  of notc:; arid would n o t  be i n c l u d e d  i n  
t h e  water:; nl loc,r tc.d uriticr tllc provl  r ; l  ons o f  tile t r e a t y .  

D f ? ~ c r i ~ ) t i O n  of t h c  P r e s e n t  Lon(; 1,ac Divers ion  

The L o x  Lac D i v e r s i o n  c o n n e c t s  tlie h c a d v a t e r s  of t h e  Keilogami R i v e r ,  
which o r i g i n a l l y  d r a i ~ l c d  n o r t h  th rough  t h c  Rcnogami and Albany R i v e r s  
i n t o  J a n e s  Bay, w i t h  t h e  Aguasabon R i v e r ,  wliich n a t u r a l l y  d i s c h a r g e s  i n t o  
Lake S u p e r i o r  n e a r  T e r r a c e  Bay, O n t a r i o  abou t  155 m i l e a  east  o f  Thunder 
k i y ,  Ol i t a r lo  ( F i g u r e  4-1). 11 d i v e r t s  tllc rr111of f i r o n  itbout 1 , 6 3 0  s q u a r e  
m i l e s  of t h e  lludson h y  d r a i n a g e  b a s i n  i n t o  t h e  Great Lakes.  

S t r u c t u r a l l y ,  t h e  Long 1,;ic I ) i v e r s i o i ~  c o n s i ~ t s  of t h e  Kenogarni R iver  
C o n t r o l  Dam, l o c a t e d  1 2  m i l e s  d o w n ~ t r c ~ ~ r n  of Lor~g lac  on t h e  Kenogami 
Rtver ,  orid tlie South Rcl:ulnLLny, I ) ; L I ~ ~ ,  f j ~ t '  I P ~ ~ C S  soutl l  of tlic l a k e .  Lang 
Lac reservoir i s  a b o u t  52  m l l c s  long  and has  a s u r f a c e  a r e a  of  a b o u t  
53 s q u a r e  m i l e s .  Tlic norlnill opera tin^ range o i  t h e  r e s e r v o i r  is 1,021.0 
t o  1,028.4 f e e t  (GSC)'. The upcr 'a t ional  p rocedure  i s  t o  s t o r e  t h e  
s p r i n g  r u n o f f  i n  Long Lake f o r  r c l c r i s e  1;r im;lr i ly d u r i n g  tlie f a l l  and 
w i n t e r  months. As t!ic lakr: apj)ronclics tllc m:iximum stor;ll:c! l e v e l  i n  t h e  
s p r i n g ,  w a t e r  l s  s p i l i e d  nott l lwsrd tlrroul;h tiic Kenogami C o n t r o l  Dan. The 
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normel a t o r a g e  c a p a c i t y  o f  Long Lac r c ~ c r v o i r  i s  4 ,190  cfe-mont t~s .  A t  
t h e  s o u t h  end of  Long Lake a  d i v e r a i o n  c h a n n e l  was c u t  a c r o s s  t h e  d i v i d e  
and through a  a e r i e s  of s m a l l  c r e e k 8  and l a k e s  t o  connec t  Long Lake t o  
t h e  Aguasabon River .  The c o n t r o l  works s i t u a t e d  : i t  t h e  s o u t h  end of  t h e  
channe l  c o n s i s t  of  t h r e e  c o n c r e t e  s t r u c t u r e s :  a n  a u x i l i a r y  dam, a  main 
dam w i t h  a n  emergency s l u i c e  and l o g  c h u t e ,  and a  c o n t r o l  dam w i t h  two 
14-foot  wide  a l u l c e s .  About 1.5 m i l e s  of t h e  Aguasabon R i v e r ,  below t h e  
South R e g u l a t i n g  Dam, was widened,  dccpened and s t r a i g h t e n e d  t o  p e r m i t  
t h e  d r i v i n 4  o f  pulpwood. The g e n e r a t i n g  s t a t i o n ,  l o c a t e d  2.5 m i l e s  wes t  
of  t h e  Hays Lake Dam, has  a  3 ,500-foot  i n t a k e  t u n r ~ c l  conduc t ing  w a t e r  t o  
two t u r b i n e s .  Normal head a t  t h e  s t a t i o n  i s  abou t  298 f e e t .  The 
i n s t a l l e d  g e n e r a t i n g  c a p a c i t y  i s  40.5 Mw. Tlrc Aguasabon g e n e r a t i n g  
s t a t i o n  i s  connec ted  by a  70-mile 110,000-vol t  t r a n s m i s s i o n  l i n e  t o  t h e  
Nipigon R i v e r  power p l a n t s  and tllc p r o v i n c i a l  g r i d .  I n  1947 t h e  
Kimberly-Clark C o r p o r a t i o n ,  then  s o l e  o p e r a t o r s  of t h e  Long Lac t imber  
r i g h t s ,  began c o n s t r u c t i o n  of a  272-ton pe r  day bleached s u l p h a t e  m i l l  
and a  1,500-person t o m s i r e  a t  what is now kncw:: a s  T e r r a c e  Bay. The 
polpmf 11 began operc~  t i  on 1 n 1948. 

D e s c r i p t i o n  of tllc P r e s e n t  Ogokl ~ l v e r s i o i  

Tire Ogoki D i v e r s i u n  coni lcc ts  t h e  upper p o r t i o n  of  t h e  Ogoki River  
(which o r i g i n a l l y  d r a i n e d  th rough  t h e  Albany River  i n t o  James I h y )  w i  t l ~  
t h e  t ~ e a d w a t e r s  of t h e  L i  t t  l e  Jackf  is11 R i v e r ,  wliic11 f lows  i n t o  
Lake Nipigon and  t t lcnce ,  th rough  t h e  Nlpigon K i v c r ,  i n t o  Lake S u p e r i o r  a t  
a  p o i n t  a b o u t  6 0  miles e a s t  of  Thr~nder  B a y ,  O r ~ t n r i o  ( F i g u r e  4-2). Thc 
Waboose Dim on t h e  Ogokl River  impounds t h e  wotcr  t h a t  vould  normal ly  
f l o w  nor t t~ r ra rd  and r e d i r e c t s  i t  t;outl~ward i n t o  Lake Nipigon. S u r ~ n i t  D a m  
wae b u i l t  t o  c o n t r o l  t h e  r a t e  of  d i v e r s i o n  i n t o  Lakc Nlpigon,  O n t a r i o ' s  
l a r g e s t  i n l a n d  l a k c .  

Located a t  Wnboot;~ I;.ipids or1 t h e  Ol;oki Kivcr ,  W:rboose Dan impounds 
w a t e r  from 5,390 s q u a r e  mllcs of  t h e  upper Ogokl  River d r a i n a g e  b a s i n  f o r  
d i v e r s i o n  southward.  T h i s  s t r u c t u r e ,  i n  conjulic t j o n  w i t h  s e v e r a l  
e a r t h f i l l  e i d e  dame r c q o i r e d  t o  p r e v e n t  f low i n t o  low a r e a e ,  e f f e c t i v e l y  
r a i s e d  t h e  l e v e l  of L I I C  r i v e r  by 4 0  f e e t  and f looded  N o j i k i t  Lake w i t h  a n  
a d d i t i o n a l  10 f c e t  o f  wiiter t o  form tlrc Ogokl r c s c r v o i r .  Wllen a t  i t s  
nonnal  ~ a x l m u m  l e v e l  of 1,073.0 f e e t  (GSC) , tlic Ogoki r e s e r v o i r  o c c u p i e s  
a n  a r e a  o f  nbou t  103 s q u a r c  m i l e s  and 113s a normal s t o r a g e  c a p a c i t y  of  
a b o u t  5 ,910 c f s - m o n t h s ,  but  i t  h a s  r e l a t i v e l y  l i t t l e  retention c a p a c i t y .  
The normal o p e r a t i n g  range  i s  6.0 f e e t .  During p e r i o d s  of  h i g h  w a t e r  on 
Lake Nipigon,  wa te r  i s  s p i l l e d  northward through tile W a h o s e  Dam. 

A chalrnel  was e x c a v a t e d  t h r o u g h  t h e  l l c ig l~ t -o t - l and  s o u t h e a s t  of 
M o j i k i t  Liilce t o  p a s s  water d i v e r t e d  from t h e  Ogoki River  southward 
through a  o t r i n g  of  s m a l l  l a k e s  i n t o  t h e  L i t t l e  J a c k f i s h  River .  T t  i s  
h e r e  t h a t  t h e  S ~ n m i t  Dam c o r l t r o l s  t h e  d i v e r s i o n  flow through t h e  L i t t l e  
J a c k f i s h  River  i n t o  t h e  second r e s e r v o i r  on t h e  sys tem,  Lake Nipigon. 

Lake Nipigon i s  6 5  m i l e s  l o n g ,  4 0  m i l e s  wide and h a s  a wa te r  s u r f a c e  
a r e a  of  nbout  1 ,750  s q u a r e  m i l e s .  The l a k e  Ius a mean d e p t h  of  180 f e e t  
atrd a  norinnl s t o r a g e  c a p a c i t y  of 73,790 cfs-months.  O n t a r i o  Hydro, under 
a  l i c e n c e  o f  o c c u p a t i o n  i s s u e d  and administered by t h e  O n t a r i o  EUnietry 
o f  N a t u r a l  Rcfiourccs, r e g u l a t e s  tlrc l c v e l ~ ;  of  Lakc Nipigon t o  a rnaximi~rn 
e l e v a t i o n  o f  855 f e e t  ( G S C )  and w i t h i n  a normal o p e r a t i o n a l  r ange  of 
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850-854 f e e t  '(csc). The l a k e  llas one tlratnat;e o u t l e t ,  t i le  LJipigon 
River .  C o n t r o l  o f  Lake Nipigon l e v e l s  p r e d a t e s  t h e  d i v e r s i o n  by 1 8  y e a r e  
wlren t h e  V i r g i n  F a l l s  Data was c o n s t r u c t e d  a t  t h e  Lake Nipigon o u t l e t  t o  
c o n t r o l  t h e  w a t e r  s u p p l y  t o  t h e  Cameron F a l l s  g e n e r a t i n g  s t a t i o n  
downetream of  t h e  l a k e  and t o  a s s i s t  l o g  d r i v i n g .  Flows o u t  o f  Lake 
Nipigon a r e  r e g u l a t e d  p r i m a r i l y  f o r  power g e n e r a t i o n  and a r e  o n l y  
i n d i r e c t l y  i n f l u e n c e d  by t h e  q u a n t i t y  of t h e  d i v e r s i o n  in f low.  

Between Lake Nipigon and Lake S u p e r i o r ,  t h e  f a l l  i n  t h e  Nipigon R i v e r  
i s  a b o u t  250 f e c t ,  o f  wlllch 237 f e e t  ; i re u t l l l z e d  a t  t i 1 i . 2 ~  hydro-power 
p l a n t s  - Pine  P o r t a g e ,  Caueron F a l l s  and Alexander.  The Nipigon River  
was f i r s t  used  f o r  t h e  p r o d u c t i o n  of hydro-e1ectric:power i n  1920 when t h e  
Cameron F a l l s  g e n e r a t i n g  s t a t i o n  began o p e r a t i o n .  The p r e s e n t  i n s t a l l e d  
c a p a c i t y  a t  t h a t  s t a t i o n  i s  72.0 MW. I n  1930,  65.2 MU was i n s t a l l e d  a t  
t h e  Alexander g e n e r a t i n g  s t a t i o n  1 .5  m i l e s  dowus t reao  of  t h e  Cameron 
F a l l s  s t a t i o n .  P i n c  P o r t a g e  g e n e r a t i n g  s t i l t i o n ,  t h e  l a t e s t  a d d i t i o n  t o  
t h e  sys tem,  was b u i l t  n c a r  t h e  o u t l e t  of Lake Nlpigon i n  1950. J t  .has  a n  
i n s t a l l e d  c a p a c i t y  of 128.7 N W ,  b r i n g i n g  t h e  t o t a i  i n s t a l l e d  c a p a c i t y  f o r  
t h e  r i v e r  t o  265.9 Pkl. With t h e  c o n s t r u c t i o n  o f  P i n e  P o r t a g e ,  t h e  u s e  of  
t h e  V i r g i n  F a l l s  Dam t o  c o n t r o l  Lake Nlpigon l e v e l s  became redundant .  
S i n c e  then  t h e  l e v e l s  have  been r e g u l a t e d  by t h e  f lows  th rough  t h e  P ine  
P o r t a g e  s t a t i o n .  

Environmental  C o n d i t i o n s  

The Long Lac and Ogoki 1) ivers ion p r o j e c t  areas  a r e  i n  n o r t h v e s t e r n  
O n t a r i o  i n  t h e  p l lys iographic  r e g i o n  known a s  t h e  Canadian S h i e l d ,  a  v a s t  
r e g i o n  of  e roded  1 gneous ,  sedfmentary  and ruc!tamurpt~ic rocks .  The 
l a n d s c a p e  i s  mainly  one  of  r o l l i n g  r e l i e f ,  v i t l i  a f o r e s t - c o v e r e d  t e r r a i n  
of rock knobs and h i l l s  containing n  myrlad o r  l a k e s  and bogs i n  t h e  
d e p r e s s i o n s  and  v a l l e y s .  

I n  r e c e n t  g e o l o g i c a l  tlnc:, g l a c f a t t o r ~ s  liclvc modi f i ed  t h e  l a n d s c a p e ,  
s c r a p i n g  some rock  s u r f a c e s  b a r e  and l e a v i n g  e x t e n s i v e  d e p o s i t s  o f  t i l l  
moraine ,  and outwash and g l a c i o - l a c u s t r i n e  s ~ i n d s ,  g r a v e l s  and c l a y s .  
e l sewhere .  

Nor thwestern  O n t a r i o  i s  s p a r ~ c l y  Lnhnl)i tcd. Most economic a c t i v i t y  
i s  r e l a t e d  t o  r e s o u r c e  e x t r a c t i o n  i n d u s t r i e s  sucll a s  pu lp  and paper ,  
f o r e s t r y ,  o i n i ~ ~ ;  a i d  h y d r o - e l e c t r i c  p r o t l r l c t i o ~ ~ .  Tourism and o u t f i t t i n g  
o p e r a t i o n s  a r e  i m p o r t a n t  t o  t h e  r c g l o n ' s  cconomy. Jncone i s  a l e o  
g e n e r a t e d  from tile t r a p p i w  of f u r - b e a r i r e  a n i n n l s  and c o a n e r c i a l  f i s h i n g .  , 

U n t i l  r e c e n t l y ,  t h e r e  had been l i t t l c  d e t a i l e d  investigation of t h e  
e f  f e c t e  of  t11c d i v e r s i o n  p ro  j c c t s .  Recen t ly ,  s e v e r a l  compre l~ens ive  
s t u d i e s  hove been c a r r i e d  o u t  and r e p o r t e d  by Br idger  (1978) (20) ,  P e c t  
(1978)(21) and P e c t  and Day ( 1 9 8 0 ) ( 2 2 ) .  A r cv icw of t h e s e  s t u d l e s  
i n d i c a t e s  t h a t  t h e  major  impac t s  lravc rc t iu l t ed  from t h e  c ~ n s t r u c t i o n  of 
d i v e r s i o n  s t r u c t u r e s  on  t h e  main s t em r l v c r s ,  t h e  c o n s t r u c t i o n  and 
a l t e r a t i o n  o f  d i v e r s i o n  c h a n n e l s ,  t h e  c r e n  t i o n  of  r e s e r v o i r s ,  t h e  g r e a t l y  
a l t e r e d  f l o w  reg imes  and  he u s e  of  waterways f o r  l o g  t r a n s p o r t a t i o n .  
Some d e t a i l s  on t h e  env i ronmenta l  c o n d t t i o n s  a n d  i n p a c t e  of  the Long Lac 
and Ogoki Divert;icji~n a r e  conta i l led  t 11 t h e  f ol lov in i :  paragrapils .  



Long Lac D i v e r s i o n  - 

Downstream of  tlie Kenogami . R i v e r  C o n t r o l  1)am and t h e  Hays Lake Dam on 
the Aguasabon R i v e r ,  reduced f lows  o c c u r  i n  bedrock and c o a r s e  g r a v e l  
c o n t r o l l e d  c h a n n e l s .  Ttlc f low r e d u c t i o n  f n  t l lcsc  sec t i  one h a s  caused  
changes,  i n c l u d i n g  d i s r u p t i o n s  t o  f i s h   yawning a r e a s .  J n c r e a s e d  and 
r e v e r s e d . f l o w s  have changed t h e  ten-mile  s e c t i o n  of  t h e  Kenogami River  
s o u t h  o f  t h e  Kcnogumi Dam from a r i v e r i n e  t o  a  l a c u s t r i n e  environment-  
Due t o  t h e  a l t e r e d  f l o w  regfme and l e v e l s ,  t h e r e  have been changee i n  
e p e c i e e  c o m p ~ s i t i o n  and d i v e r s i t y  of  f l o r a  and fauna.  ' ihe f l o o d i n g  h a s  
c r e a t e d  a  140-acre  marsh which h a s  been d e n i g n a t e d  as  e c o l o g i c a l l y  
s e n e i t i v e  d u e  t o  t h e  l a r g e  a r e a  and d i v e r s i t y  of  f l o r a  and fauna.  Tn 
Long Lake i t s e l f ,  a r t i f i c i a l l y  miiintaiued h i g h  w a t e r  l e v e l s  c o n t r i b u t e  t o  
s h o r e  e r o s i o n  i n  f i n e - g r a i n  d e p o s i t s  and havc n e c e s s i t a t e d  some s h o r e l i n e  
pro  t e c  t ion. 

The d i v e r s i o n  c h a n n e l ,  which c o n s i s t s  of t l ~ r e e  car ia l  c u t s  and f o u r  
. s m a l l  l a k e s ,  was l a r g e l y  c o n s t r u c t e d  i n  c o a r s e  g r i v e l s  which a r e  n o t  

e a s i l y  eroded.  The remaining d i v e r s i o n  r o u t e  t o  t h e  Hays Lake r e s e r v o i r ,  
v l l ich  c o n s i s t s  o f  17 m i l e s  o f  Aguasabon River  c h a n n e l ,  i s  i n  s i m i l a r  
m a t e r f a l .  Ilowever, some a d d i t i o n a l  e r o s i o r i  i n  r i v e r  mcanders h a s  
o c c u r r e d  a s  a r e e u l t  o f  t l ie  f l u w  inc rec i ses ,  and t h i s  i s  c o n t r i b u t i n g  t o  
s e d i m e n t a t i o n  i n  t h e  Hays Lake r e s e r v o i r .  The Lranspor t  of  l o g s  down t h e  
d i v e r s i o n  c h a n n e l  a l s o  c o n t r i b u t e s  t o  e r o s i o n .  Downstream exchanges  of  
f i s h  and o t h e r  f a u n a  a r e  p o s ~ l b l e  now be~wec.11 ttic Jamcs Bay wa te r shed  and 
the  Aguasabon River ;  however, ups t ream m i g r a t i o n  i s  prevented by h f g h  
f low v e l o c i t i e s  and t h e  r e g u l a t i n g  da~u .  

The l h y s  Lake r e s e r v o i r  a r e a ,  l l k e  tlic d i v c r s i o r l  c h a n n e l ,  is l a r g e l y  
man-made, and wne c r e a t e d  by r a i s i n g  cllc fu r i i~e r  l l lue J a y  Lake 
ayproxfmate ly  55 f c e t  and inu l idu t ing  Big Duck Creck and a  p o r t i o n  of t h e  
k u a s a b o n  Kivcr .  Notit p o t e n t i i l l  cnvf ro111nc:ntit 1 problems were f o r e s e e n  and 
avoided i n  thc c o n s t r u c t i o n  of  t h e  r r t s c r v o i r .  A l t t ~ o u g h  t h e  s h o r e s ,  wliich 
c o n s i s t  of  c o a r s e  g r a v e l s ,  moraine a ~ l d  cxposed bedrock,  do  n o t  r e p r e s e n t  
a s e r i o u s  e r o s i o n  problem, p o r t i o n s  havc bccn s t a b i l i z e d .  TIlc r e s e r v o i r  
has  a 15-foot  o p e r a t i n g  rangc  and h a s  l i t t l c  r e c r e a t i o n a l  use .  Tmpacts 
a s s o c i a t e d  w i t h  t h e  r c s a r v o i r  i n c l u d e  c l u n g e s  i n  f i s h  s p e c i e s  and t h e  
reservoir's z c t i o n  a s  a s e t t l i n g  b a s i n ,  r educ ing  o u t f l o w s  of suspended 
m a t t e r  and t u r b i d i t y .  

Ogoki D i v e r s i o n  

Tllc Waboo~e  Dam has c r e n t c d  a lnixcd r i v e r  and l a k e  impoundment, 
i n u n d a t i n g  t h e  r i v e r  s e c t i o n  by up t o  40 f c e t  and M o j i k i t  Lake by a b o u t  
10 f e e t .  Thus tlic fnunda t io r i  impac t s  a r c  l e s s  pronounced on t h e  l a k e .  

I a m e d i a t c l y  below Waboose Dam, f a s t  w a t e r  h a b i t a t  t h a t  was once 
i m p o r t a n t  f o r  f i s h  s h e l t e r  and f i s h  food p r o d u c t i o n  h a s  been exposed f o r  
p e r i o d 8  o f  up  t o  s e v e r a l  y e a r s .  R c l e a s c s  from Waboose Dam, which a r e  
u e u a l l y  o f  one  t o  f o u r  monthe' d u r a t i o n  i n  l a t e  s p r i n g  and e a r l y  summer 
o f  h i g h  r u n o f f  y e a r s ,  i n p a c t  on !;low moving organisme f n  s t a g n a n t  p o o l s ,  
ewcep i iwi ly  sill:  accu~oule  t i 6 n  and a q u a t i c  p l a n t s  alld i n h i  bf t r i p a r i a n  
v e g e t a t i o n  l o c a l l y .  



.The upper  22 n i l e s  of t h e  d i v e r c f o n  r o u t c  down t h e  L i t t l e  J a c k f i s h  
River  from M o j i k i t  Lake c o n s i s t s  of a  s e r i e s  of s h o r t  s t e e p  r a p i d s  
c o n n e c t i n g  a  eys tcm o f  narrow l a k e s .  Because t h e  p a t h  of  t h e  d i v e r s i o n  
i s  over  e r o s i o n  r e s i s t a n t  m . i t e r l a l s  such 'IG b o u l d e r s ,  m o r a i n e - o r  bedrock,  
the  d i v e r s i o n - i n d u c e d  c f f c c t s  a r e  r c l a t i v c l y  s l i g h t .  On t h e  o t h e r  hand,  
t h e  lower n ine-mile  s e c t i o n  of  t h c  r o u t e  o c c u p i e s  a  narrow, e roded  
meandering v a l l e y  of  u n c o ~ ~ s o l i d a t c d  scd imcnts .  The  r i v e r  h a s  downcut 
through t h e s e  t h i c k  u n c o n s o l i d a t e d  sand  d e p o s i t s  and,  two m i l e s  above t h e  
mouth, h a s  dovtlcut t o  l a k e  l e v e l .  Tllc lower Li tc le  J a c k f i s h  River b i o t i c  
sys tem h a s  beck1 s u b j e c t e d  t o  e x t r e n ~ c  and d i v e r s e  p l r y s i ~ ~ l  d i s t u r b a n c e s  
including h i g h  c t t c ~ e n d e d  si 1 t c o n c e n t r a t i o n ,  c l lannel  bed and bank 
s c o u r i n g  and wide f low f l u c t u a t i o n s .  T t  l ~ a s  beerr estimated t h a t  up t o  30 
m i l l i o n  c u b i c  y a r d s  o f  g l a c i o - l a c u s t r i n e  scd imcnt  l ~ a v c  been removed i n  
t h e  lower r i v e r  s e c t i o n  s i n c e  t h c  i n c e p t i o n  of t h e  d i v e r s i o n ,  much o f  i t 
d u r i n g  t h e  f f r e t  few y e a r s  of  opera  t i o n .  T h i s  h a s  r e s u l t e d  i n  the 
d e p o e i t i o n  O F  m a t e r i a l ,  forming d e l t a i c  i s l a n d s  a t  t h e  mouth o f  t h e  r i v e r  
i n  h b a b i k a  Bay a t  tlic n o r t h  c ~ l d  of  Lnke Nipigon,  and i n c r e a s e 8  
t u r b i d i t y  i n  t h e  bay. 

, 

Amount of  Divcrs ior l  and Limi t a t  iotls 

Tlre Long Lac Diverfiiorl began i n  Jal1unl.y 1941,  and t h e  Ogoki Divers ion  
s t a r t e d  a b o u t  tvo-a~ld-a-lialf y e a r s  l a t e r  i n  J u l y  1343. Frola J u l y  1943 t o  
December 1979, t h e  combined d i v e r s i o n  h a s  averagcd  5,590 c f s .  The 
maximum and minimum a11nui11 combined d i v c r s i o n s  have been 8,023 c f s  and 
2,530 c f e , r e s p e c t i v c l y .  S tnce  J a n u a r y  2941, t h e  supp ly  t o  I ~ n g  Lake h s  
been a p p r o x i m a t e l y  1 , 7 0 0  c l s .  Of t h i s  a ~ u o u n t ,  1 ,420 c f s  h a s  been 
d i v e r t e d  southward i n t o  Lake S u p e r i o r  and ti i t :  remainder ,  280 c f s ,  has 
been s p i l l e d  northward down t h e  Kcnogani and Albany R i v e r s  i n t o  J a n c s  

Bay. On n monthly mean b a s i c ,  t h i s  d i v c r s i o n  t o  1.akc S u p e r i o r  h a s  v a r i e d  
between a minimum o f  65 c f s  and a ~ui~ximum of  3,500 c f s .  P h y e i c a l l y ,  t h e  
Long Lac d i v e r s i o n  sys tem i s  l i m i t e d  by s c v c r n l  f a c t o r s :  t h e  s i z e  of  t h e  
w a t e r s h e d ,  a b o u t  1 , 6 9 0  squ.rre m l l c s ;  tlic r e l , ~ t i v e l y  s m a l l  s t o r a g e  
c a p a c i t y  o f  Long Lske,  a b o u t  4 ,190 cfs-montl l :~;  t h e  normal r a q e  of 
r e g u l a t i o n  from 1,021.0 t o  1,028.4 fcet (GSC), o r  7.4 f e e t ;  and,  t h e  
miniruuln r e q u i r e d  f low o f  800 c f s  tllrvrrgll t h c  sluiceway f o r  l o g  d r i v i n g .  

Noraa l ly  ill1 of t h e  Ogokl water  1 s  J i v e r t c ~ d  soutllward t o  Lake 
Nipigon. lIovcver, t h e r e  a r e  t imes  d u r i n g  e x c e s s  i n f l o w  t o  Lake Nipigon 
wllcn t h e  d i v c r s i o n  i s  p a r t i a l l y  o r  complc tc ly  c l o s e d .  Tllc d i v e r s i o n  i s  
reduced t o  4 ,000 c f s  vllcn t h e  Lakc Nlpigon c l c v a t i o n  reacl les  854.0 f e e t  
(GSC) and Is  sllilt o f f  coml) lc te ly  w l i e ~ ~  i t  r e a c h e s  854.5 f e e t  ( G S C ) .  T h i s  
p r e c a u t i o ~ l  a g a i n s t  f l o o d i n g  i s  n e c e s s a r y  because t h e  o u t f l o w  from Lake 
Nipigon c a n n o t  exceed 20,000 c f s  due t o  v e l o c i t y  restrictions a t  t h e  
Canadian P a c i f i c  h i l w a y  b r i d g e .  Since  1943, t h e  d i v e r s i o n  h a s  been 
c l o s e d  o r  reduced i n  f low approx imate ly  20 Limes. T l ~ e  Ogoki r e s e r v o i r  i s  
then  p e n ~ i t t c d  t o  r i s e  t o  tlic milxin~m 1cvc:l of  1,073.67 f e e t  (GSC) and 
t h e  e x c e s s  i n f l o w  i s  s p i l l e d  down t h e  Ogoki R iver  i n t o  t h e  fludson Bay 
wa te r shed .  The a v e r a g e  i l l f low t o  t h c  O ~ o k i  r e s e r v o i r  s i n c e  J u l y  1943 has 
been a b o u t  5 ,000 c f s ;  4 ,150 c f s  lias bee11 d i v e r t e d  southwclrd t o  Lake 
S u p e r i o r  and thc r e ~ n ~ i n i n g  850 c f s  s p i l l e d  nor thwcrd down t h e  Ogoki 
River .  N o n t t ~ l y  d i v c r s i o n s  from t h e  0 ~ ; u k t  r e s e r v o i r  llctve v a r i e d  from 
2,000 cEs t o  15,000 c f s .  ilowcver, t i ~ c  quantf  t i e s  d i v c r t c d  f r o g  t h e  Ogokl 
Kiver i n  any ~ n t > r ~ t . h  arc? n o t  ncces:;.irily r c p r c s e n t a t i v e  of the  amounts of  
d i v e r t e d  wa te r  r c a c h i ~ ~ g  Lakc S u p e r i o r  I n  t l ~ a t  mont l~  s i n c e  wa te r  i s  s t o r e d  
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i n  Lake Nipigon f o r  l a t e r  r e l e a s e  through t h e  power p l a n t s  d u r i n g  f a l l  
and w i n t e r  montlle when i n f l o w  i s  low. S l n c e  t t ~ c  Sumuit C o n t r o l  Dam i s  
l e f t  wide  open a s  l o n g  a s  t h e  e l e v a t i o n  o f  Lake Nipigon i s  below 
854.0 f e e t  (CSC), t h e  a n n u a l  d i v e r s i o n  i s  l i m i t e d  o n l y  by t h e  s t o r a g e  
c a p a c i t y  o f  t h e  Ogoki r e s e r v o i r  and t h e  d i s c h a r g e  c a p a c i t y  of  Sunmit Dam. 

During t h e  p e r i b d s  of  h i g h  w a t e r  l e v e l s  on  t h e  G r e a t  Lakes i n  1951,  
1952, 1953 and a g a i n  i n  t h e  e a r l y  1970s,  t h e  Ogoki D i v e r s i o n  was c l o s e d  
o f f  e n t i r e l y  o r  o p e r a t e d  a t  reduced c a p a c i t y .  There  i s  no i n t e r n a t i o n a l  
c o n t r o l  e x e r c i s e d  under  t h e  Boundary Waters T r e a t y  o v e r  t h e s e  
d i v e r s i o n s .  l iovever,  t h e  amounts of  wa te r  d i v e r t e d  a r e  r e p o r t e d  t o  the  
I n t e r n a t i o n a l  J u i ~ i t  Commission by t h e  I n t e r n a t i o n a l  Lake S u p e r i o r  Board 
of C o n t r o l .  

Hydro log ic  E f f e c t s  of  E x i s t i n g  D i v e r s i o n s  

The d i G e r s i o n s  tbrougli  t h e  Long Lac and Ogoki D i v e r s l a n  P r o j e c t s  hove 
inc rease i i  Lake S u p e r i o r ' s  n a t u r a l  s u p p l y  and d e c r e a s e d  t h a t  o f  t h e  A l h n y  
River  b a s i n .  S i n c e  t h e  n e t e o r o l o g i c o l  c o n d i t i o n s  i n  t h e  d i v e r t e d  
wa te r shed  a r e  similar t o  t h o s e  which e x i s t  i n  t h e  Lake S u p e r i o r  b a s i n ,  i n  
p e r i o d 8  o f  d rough t  t h e r e  i s  l i t t l e  o p p o r t u n i t y  t o  b r i n g  e x t r a  w a t e r  from 
t h i s  s o u r c e  i n t o  t h e  sys tem whcri low supp ly  c o n d i t i o n s  would make i t  
advantageous  t o  do  80. The u l t i m a t e  e f f e c t  o f  t h e s e  d i v e r s i o n s  o n  t h e  
C r e a t  Lakes  sys tem,  a s  a whole,  h a s  been t o  i n c r e a s e  t h e  l e v e l 8  o f  t h e  
l a k e s  as a r e s u l t  o f  i n c r e n s i n g  t h e i r  s u p p l i e s .  However, s i n c e  t h e  
r e g u l a t i o n  p l a n s  o n  Lakes  S u p e r i o r  and O n t a r i o  have been d e s i g n e d  t o  t o k e  
i n t o  a c c o u n t  t h e s e  i n c r e a s e d  w a t e r  s u p p l i e s ,  t h e  maximum c r i t e r i a  l e v e l s  
a r e  u n a f f e c t e d  by t h e s e  d i v e r s i o n s .  



APPENDIX C 

CAPABILITIES OF THE LAKE MICHIGAN DIVERSION 
SYSTEM LOCATED AT CHICAGO, ILLINOIS 

OVERVIEW - GENERAL 

1. The d i v i d e  s e p a r a t i n g  t h e  G r e a t  Lakes d r a i n a g e  b a s i n  from t h e  M i s s i s s i p p i  
R i v e r  d r a i n a g e  b a s i n  p a s s e s  w i t h i n  t e n  m i l e s  of t h e  Lake Michigan s h o r e l i n e  a t  
Chicago. Water h a s  been d i v e r t e d  from Lake Michigan a t  Chicago i n t o  t h e  
M i s s i s s i p p i  R i v e r  b a s i n  s i n c e  t h e  complet ion of t h e  I l l i n o i s  and Michigan C a n a l .  
i n  1848. A t  t h a t  t ime t h e  d i v e r s i o n  averaged about  500 c f s .  

2. The f low of t h e  Chicago R i v e r  was r e v e r s e d  i n  t h e  y e a r  1900 by c o n s t r u c t i o n  
of a c a n a l  a c r o s s  t h e  d i v i d e .  The r i v e r  now f lows  landward,  away from Lake 
Michigan,  i n t o  t h e  S a n i t a r y  and S h i p  Canal. P l a t e  1 shows t h i s  a rea .  The 
M e t r o p o l i t a n  S a n i t a r y  D i s t r i c t  of G r e a t e r  Chicago c o n s t r u c t e d  and o p e r a t e d  t h i s  
c a n a l  named t h e  Chicago S a n i t a r y  and S h i p  Canal.  T h i s  c a n a l  beg ins  a t  t h e  West 
Fork of t h e  Sou th  Branch of t h e  Chicago R i v e r ,  a t  a  p o i n t  abou t  s i x  m i l e s  from 
Lake Michigan measured a long  t h e  Chicago River .  Flowipg southwestward,  away 
from Lake Michigan,  t h e  S a n i t a r y  and S h i p  Canal c u t s  through t h e  d i v i d e  which 
s e p a r a t e s  t h e  G r e a t  Lakes d r a i n a g e  b a s i n  from t h e  M i s s i s s i p p i  R i v e r  d r a i n a g e  
b a s i n ,  and e n t e r s  t h e  Des P l a i n e s  River  Va l l ey .  The c a n a l  p a r a l l e l s  t h e  Des 
P l a i n e s  River  and j o i n s  t h e  r i v e r  n e a r  Lockpor t ,  I l l i n o i s ,  abou t  31 m i l e s  
downstream from t h e  j u n c t i o n  of t h e  Son th  Branch and t h e  S a n i t a r y  and S h i p  
Canal.  

3. Upon complet ion of t h e  Chicago S a n i t a r y  and S h i p  Canal  i n  1900, t h e  Chicago 

a R i v e r  was r e v e r s e d  and t h e  d i v e r s i o n  was p r o g r e s s i v e l y  i n c r e a s e d  t o  a maximum of 
approx imate ly  10 ,000  c f s  i n  t h e  l a t e  1920s. By a U.S. Supreme Court  d e c r e e ,  i t  
was g r a d u a l l y  reduced t o  about  3 ,100  c f s  a n n u a l l y  by 1938. 

4. The d i v e r s i o n  p r e v e n t s  t r e a t e d  munic ipa l  and i n d u s t r i a l  was tewate r s  and 
p o l l u t e d  s to rmwate r  runof f  from e n t e r i n g  Lake Michigan and degrad ing  t h e  
M e t r o p o l i t a n  Chicago w a t e r  supp ly  source .  Water withdrawn and used f o r  
munic ipa l  and i n d u s t r i a l  w a t e r  supp ly  i s  conveye,d th rough  sewers  t o  t r e a t m e n t  
p l a n t s  which d i s c h a r g e  t o  s t r eams  and waterways,  which c a r r y  t h e  f low away from 
Lake Michigan i n t o  t h e  I l l i n o i s  R iver  watershed ( M i s s i s s i p p i  R iver  b a s i n ) .  The 
same d i v e r t e d  f lows a l s o  h e l p  m a i n t a i n  n a v i g a b l e  d e p t h s  on a sys tem of 
waterways. The waterways p rov ide  an i m p o r t a n t ,  man-made, n a v i g a b l e  l i n k  between 
t h e  deep d r a f t  G r e a t  Lakes p o r t s  and s h a l l o w  d r a f t  waterways of t h e  M i s s i s s i p p i  
R iver .  

5. The main d i v e r s i o n  o u t l e t s  a r e  t h e  Lockpor t  Lock, h y d r o e l e c t r i c  powerhouse, 
and c o n t r o l l i n g  works. Water i s  d i s c h a r g e d  t o  Des P l a i n e s  R i v e r ,  a  n a v i g a b l e  
t r i b u t a r y  of t h e  I l l i n o i s  R iver  and p a r t  of t h e  I l l i n o i s  Waterway. Lockpor t  i s  
36 m i l e s  down t h e  I l l i n o i s  Waterway from Lake Michigan and 290 m i l e s  upst ream 



from t h e  M i s s i s s i p p i  River .  Most d ry  wea the r  f low p a s s e s  through a  
h y d r o e l e c t r i c  powerhouse a d j a c e n t  t o  t h e  lock.  The remainder  i s  d i s c h a r g e d  from 
t h e  n a v i g a t i o n  lock w h i l e  l o c k i n g  v e s s e l s .  F loodwaters  exceed ing  t h e  c a p a c i t y  
of t h e  powerhouse a r e  d i s c h a r g e d  through t e n  c o n t r o l l i n g  works s l u i c e  g a t e s ,  
seven  of which a r e  l o c a t e d  t h r e e  m i l e s  upstream. 

6. D i r e c t  d i v e r s i o n  i s  admi t t ed  i n t o  t h e  r i v e r - c a n a l  sys tem a t  t h r e e  l o c a t i o n s :  
Wilmet te  pumping s t a t i o n ;  Chicago R i v e r  C o n t r o l l i n g  Works; a n d ,  O'Brien 
C o n t r o l l i n g  Works. 

T a b l e  1 - Composi t ion of D i v e r s i o n  i n  a  T y p i c a l  Year 

P u b l i c  w a t e r  supp ly  5 2% 
S t  ormwater r u n o f f  30% 
D i r e c t  d i v e r s i o n  18% 

D i s c r e t i o n a r y  10% 
N a v i g a t i o n  makeup 4% 
Lakef r o n t  lockages  3% 
L a k e f r o n t  l e a k a g e  1  % 

18% 
Tot  a 1  

7. Most of t h e  d ry  wea the r  f low a t  L ~ c k p o r t  emanates from f o u r  l a r g e  sewage 
t r e a t m e n t  p l a n t s :  N o r t h s i d e ;  West-Southwest; Calumet and Clavey Road. The 
remainder  c o n s i s t s  of n a t u r a l  low f lows  .of Chicago R i v e r ;  L i t t l e  Calumet R i v e r ;  
Grand Calumet R i v e r  and w a t e r  d i v e r t e d  a t  t h e  3  l a k e f r o n t  s t r u c t u r e s .  

8. S t o m w a t e r  r u n o f f  from t h e  d i v e r t e d  wa te r sheds  of t h e  Calumet and Chicago 
R i v e r  (673  sq .  mi . ) ,  which fo rmer ly  flowed t o  Lake Michigan,  i s  d i s c h a r g e d  t o  
t h e  r i v e r - c a n a l  sys tem through hundreds of s to rm sewers  and s e v e r a l  l a r g e  
pumping s t a t i o n s .  I n  a  s e v e r e  s to rm e v e n t ,  combined s to rmwate r  i n f l o w  cou ld  
g r e a t l y  exceed t h e  c a p a c i t y  of t h e  S a n i t a r y  and S h i p  Canal.  A maximum d i s c h a r g e  
of abou t  20,000 c f s  t o  30,000 c f s  can  be ach ieved  a t  Lockpor t  on ly  by lower ing  
t h e  upper  pool  l e v e l  seven f e e t  below normal and a l l o w i n g  t h e  r i v e r  l e v e l s  a t  
Chicago R i v e r  and O'Brien C o n t r o l l i n g  Works t o  r i s e  abou t  f i v e  f e e t  above 
normal. I f  t h e  r i v e r  l e v e l s  c o n t i n u e  t o  r i s e ,  e x c e s s  f lows  must be d i s c h a r g e d  
t o  Lake Michigan t o  p r e v e n t  c a t a s t r o p h i c  f l o o d i n g  i n  t h e  downtown Chicago of 
subways, expressways ,  u n d e r p a s s e s ,  and b u i l d i n g s .  Backflow e v e n t s  f o r  t h e  
p e r i o d  1975-1986 a r e  provided on Tab le  2. I t  i s  e s t i m a t e d  t h a t  t h e  c o n s t r u c t i o n  
of t h e  Chicago Underflow Tunnel and R e s e r v o i r  System w i l l  r educe  t h e  i n c i d e n c e  
of Chicago R i v e r  backf lows a t  t h e  Chicago R i v e r  C o n t r o l l i n g  Works from abou t  
once  every  two y e a r s  t o  about  once every  t e n  yea r s .  

9. Stormwater runof f  from t h e  d i v e r t e d  wa te r shed  i s  p a r t  of t h e  3 ,200  c f s  
l i m i t  of t h e  1967 d e c r e e .  Discharges  a t  Lockpor t  a r e  now measured by an 
a c o u s t i c  f low v e l o c i t y  mete r  a t  Romeo Road, Romeovil le,  I l l i n o i s ,  t h r e e  m i l e s  
above t h e  Lockpor t  c o n t r o l l i n g  works. 



a Table 2 - Backflow Events t o  Lake Michigan (1975 -1986) 

- 

Volume (second foot  day) 

Wilmette Chicago River O'Brien Lock 
Controlling Lock Controlling Controlling 

Date - Works Works Works 

Apr 18 
Aug 21-22 

Apr 24 

Jun 1 1  
Jun 30 

Jul 21 
Sep 13 
Sep 1 7  

Mar 04 
Apr 1 1  

Jul 21 

Apr 28 
May 29 
Jul July 
Aug 14 



Date 

J u l  22 
Aug 07 
Dec 03 

Aug 17 
Oct 22 

Mar 04 
Aug 06 

Oct 02 

Wilmette Chicago River OIBrien Lock 
Con t ro l l i ng  Lock Cont ro l l ing  Cont ro l l ing  
Works Works Works 

None 

LEGAL HISTORY 

10. In 1922 t h e  S t a t e  of Wisconsin, concerned about t he  e f f e c t  of t he  Chicago 
d ive r s ion  on lowering Lake Michigan l e v e l s ,  success fu l ly  sought an in junc t ion  t o  
p r o h i b i t  t he  S t a t e  of I l l i n o i s  from d i v e r t i n g  Lake Michigan water. 

. . 

11. Then i n  1925, t he  United S t a t e s  Supreme Court overturned the  in junc t ion  and 
d ive r s ion  ( i n  add i t ion  t o  domestic pumpage) was allowed a t  an average of 8,500 
cf s ,  subjec t  t o  War Department condit ions.  

12. Again i n  1930, t he  cour t  issued an a d d i t i o n a l  decree r equ i r ing  the  S t a t e  of 
I l l i n o i s  and the  Metropoli tan Sani ta ry  D i s t r i c t  of Grea ter  Chicago (MSDGC) t o  
g radua l ly  reduce the  d ive r s ion  of water  from Lake Michigan, i n  add i t ion  t o  
domestic pumpage, down t o  an annual average of 1,500 c f s  by 30 December 1938. 
This  time frame was intended t o  allow the  S t a t e  of I l l i n o i s  s u f f i c i e n t  time t o  
cons t ruc t  new sewage treatment  f a c i l i t i e s  t o  r ep lace  the  need f o r  l a r g e  
d ive r s ions  f o r  d i l u t i o n .  The Metropoli tan San i t a ry  D i s t r i c t  of Grea ter  Chicago 
designed and constructed the  most advanced treatment  p l a n t s ,  a t  t h a t  time i n  t he  
world, i n  o rder  t o  s a t i s f y  the  deadl ine  d a t e  s e t  i n  t h e  decree. Af t e r  1938, t h e  
t o t a l  d ivers ion ,  with domestic pumpage included,  was approximately 3,100 c f s .  



13. Another Supreme Court Decree i n  1967 l i m i t e d  the  d ive r s ion ,  inc luding  
domestic pumpage, of Lake Michigan water i n t o  the  I l l i n o i s  Waterway by t h e  S t a t e  
of I l l i n o i s  and i t s  m u n i c i p a l i t i e s ,  t o  an average of 3,200 c f s  over a f ive-year  
per iod e f f e c t i v e  1 March 1970. 

14. The 1967 Decree was modified on 1 December 1980, when t h e  cour t  increased  
t h e  period f o r  determining compliance with the  3,200 c f s  l i m i t  from a f ive-year  
running average t o  a for ty-year  running average. In  add i t i on ,  t h e  beginning of 
t h e  d ive r s ion  accounting year  was changed from 1 March t o  1 ~ c t o b e r .  These 
changes allow the  S t a t e  of I l l i n o i s  t o  a l l o c a t e  more water  f o r  domestic use 
wi thout  exceeding the  average annual r a t e  of 3,200 c f s .  

15. The 1 December 1980 modi f ica t ion  a l s o  d i r e c t e d  t h e  Chief of Engineers,  Corps 
of Engineers ,  t o  appoint  a three-member committee t o  recommend t h e  method f o r  
measuring the  d ivers ion  us ing  the  bes t  cu r r en t  engineering p r a c t i c e  and 
s c i e n t i f i c  knowledge. The Corps was a l s o  d i r e c t e d  t o  reconvene such a committee 
a t  l e a s t  once every f i v e  years  t o  r epo r t  on the  method ,of accounting and 
ope ra t ion  of t h e  accounting procedures. 

16. The Water Resources B i l l  of 1986 d i r e c t s  t he  Corps of Engineers t o  assume 
t h e  r e s p o n s i b i l i t y  of computing d ive r s ion  s t a r t i n g  i n  October 1987. 

DESCRIPTION OF THE ILLINOIS WATERWAY AND 
DIRECT DIVERS1 ON STRUCTURES 

17. The I l l i n o i s  Waterway, the r ece iv ing  r i v e r  f o r  d ive r s ion ,  i s  comprised of a 
s e r i e s  of e i g h t  naviga t ion  pools extending 327.2 mi les  from t h e  mouth of t he  
Miss i s s ipp i  River up t o  Lake Michigan a t  Chicago. Place 2 shows the  Waterway. 
The Waterway inc ludes  the  fol lowing segments: t he  I l l i n o i s  River from i t s  mouth 
a t  Grafton,  I l l i n o i s  t o  t he  confluence of the  Kankakee and Des P l a i n e s  Rivers ;  
t h e  Des P l a i n e s  River t o  i t s  confluence wi th  the  Chicago San i t a ry  and Ship Canal 
l oca t ed  one mile downstream from Lockport;  t h e  Chicago San i t a ry  and Ship  Canal 
t o  the  Calumet-Sag Junct ion.  The Metropol i tan San i t a ry  D i s t r i c t  of Grea t e r  
Chicago (MSDGC) owns and ope ra t e s  t he  power genera t ion  and s l u i c i n g  f e a t u r e s  of 
t h e  Lockport Dam and Chicago River  Lock Con t ro l l i ng  Works. Photographs of t hese  
f e a t u r e s  a r e  provided a s  Figures  1 t h r u  3. The Corps of Engineers owns and 
ope ra t e s  a l l  o t h e r  f e a t u r e s  a s soc i a t ed  wi th  the  e i g h t  neviga t ion  Locks and Dams 
from O'Brien on downstream t o  the  LaGrange Lock. 

18. From the  Calumet-Sag Junc t ion ,  t h e  Waterway cont inues  two ways. One rou te  
i s  from the  Calumet-Sag Junct ion  up t o  t he  Chicago San i t a ry  and Ship Canal t o  
t h e  Chicago River t o  Lake Michigan a t  t he  Chicago River  Lock and Con t ro l l i ng  
Works. This Canal was completed i n  1900. In add i t i on ,  a northern branch of the  
Chicago River  i s  l inked with Lake Michigan a t  Wilmette v i a  t he  North Shore 
Channel. This segment was completed i n  1910. This  channel flows sou the r ly  
about 8 ,1  mi l e s  where i t  j o ins  with the  North Branch of the  Chicago River.  
Diversions from Lake Michigan and i t s  drainage basin through t h e  North Shore 
Channel flow i n t o  the  San i t a ry  and Ship Canal by way of t he  North and South 



branches  of t h e  Chicago R i v e r .  Photographs  of t h i s  s i t e  a r e  shown on F i g u r e s  4 
t h r u  5. A t  t h e  Wilmet te  i n t a k e  of t h e  North  Shore Channel,  t h e r e  i s  a s l u i c e  
g a t e  i n s t a l l e d  i n  what was once a l o c k ,  and a pumping s t a t i o n  des igned  t o  p e r m i t  
l a k e  w a t e r  t o  be pumped i n t o  t h e  channe l ,  b u t  a t  t h e  same t ime  p r e v e n t  w a t e r  i n  
t h e  channe l  from f l o w i n g  back i n t o  t h e  l a k e .  

19. A t  t h e  mouth of t h e  Chicago R i v e r ,  t h e r e  a r e  s l u i c e  g a t e s  and a lock  which 
c o n t r o l  t h e  amount of l a k e  w a t e r  d i v e r t e d  t o  e n t e r ,  and p r e v e n t  r i v e r  w a t e r  from 
f l o w i n g  i n t o  t h e  l a k e .  MSDGC owns and o p e r a t e s  t h e  C o n t r o l l i n g  Works a t  t h e  
Chicago R i v e r  Lock. Photographs  F i g u r e  6 .  The Chicago R i v e r  Lock i s  owned and 
o p e r a t e d  by t h e  Corps of Engineers .  

20. The L i t t l e  Calumet R iver  and Grand Calumet R i v e r  r i s e  i n  t h e  S t a t e  of 
I n d i a n a .  P a r t  of t h e  f low of t h e  L i t t l e  Calumet R i v e r  e n t e r s  Lake. Michigan i n  
I n d i a n a  through .Burns D i t c h  a s  shown on P l a t e  3 and a p a r t  f lows  i n  a w e s t e r l y  
d i r e c t i o n  i n t o  t h e  S t a t e  of I l l i n o i s .  P a r t  of t h e  f low of t h e  Grand Calumet 
R i v e r  . e n t e r s  Lake Michigan th rough  t h e  , I n d i a n a  Harbor Oanal a t  I n d i a n a  Harbor ,  
I n d i a n a ,  and a p a r t  f lows  i n  a w e s t e r l y  d i r e c t i o n  i n t o  . t h e  S t a t e  of I l l i n o i s .  
A f t e r  e n t e r i n g  t h e  S t a t e  of I l l i n o i s ,  t h e  L i t t l e  Calumet R i v e r  c u r v e s  t o  t h e  
n o r t h  and e a s t  and u n i t e s  w i t h  t h e  Grand Calumet R i v e r  t o  form t h e  Calumet R i v e r  
which c o n n e c t s  w i t h  Lake Michigan a t  Calumet Harbor ,  I l l i n o i s .  

21. The p o r t i o n s  of t h e  f low of t h e  Grand Calumet and t h e  L i t t l e  Calumet R i v e r s  
e n t e r i n g  t h e  S t a t e  of I l l i n o i s ,  and t h e  f low of t h e  Calumet R i v e r  d r a i n  
sometimes i n t o  t h e  Calumet-Sag Channel and sometimes toward Lake Michigan. The 
O 'Br ien  Lock was c o n s t r u c t e d  i n  t h e  Calumet R i v e r  lakeward of t h e  j u n c t i o n  of 
t h e  L i t t l e  Calumet R iver  and t h e  Calumet-Sag Channel ,  d a r n s t r e a m  of t h e  J u n c t i o n  
of t h e  L i t t l e  Calumet R iver  and Grand Calumet ~ i v e r  w i t h  t h e  Calumet R i v e r  and 
j u s t  landward of Lake Calumet. The O'Brien Lock was p l a c e d  i n  o p e r a t i o n  on 
1 J u l y  1965. The Cal-Sag Channel was completed i n  . . 1922. With t h e  O'Brien Lock 

T a b l e  3 - I l l i n o i s  R iver  and T r i b u t a r y  Flows 1 1  
Disch;rge ( c f s )  21 

S t a t i o n  Min. Average ~axTmum 
S a n i t a r y  and S h i p  Canal - Remoeovil le 1 , 9 3 0  3,707 16,300 
Des P l a l i n e s  River  - R i v e r s i d e  
DuPage R i v e r  - Shorewood 
Kankakee R i v e r  - Wilmington 
Mazon R i v e r  - Coal C i t y  
I l l i n o i s  R iver  - M a r s e i l l e s  
Fox R i v e r  - Dayton 
V e r m i l l i o n  R i v e r  - Leonore 
Mackinaw River  - Congervi  l l e  
I l l i n o i s  R iver  - Kingston Mines 
Spoon R i v e r -  S e v i l l e  
Sangamon R i v e r  - Oakford 
LaMoine R i v e r  - R i p l e y  
I l l i n o i s  R iver  - Meredosia  
Macoupin R i v e r  - Kan 

11 Source:  Water Resource  Data  I l l i n o i s  Water Year 1985, USGS Report  IL-85-2 - 
21 'Discharges  a r e  based on e n t i r e  r e c o r d  p e r i o d  f o r  each p a r t i c u l a r  s t a t i o n  

3 - Low f lows due t o  i c e  jams 



i n  opera t ion  some of t h e  runoff from the  watershed of t h e  Calumet River system 
eastward of t he  O'Brien Lock i s  d ive r t ed  t o  t he  Calumet-Sag Channel. The 
O'Brien Lock and Dam is  owned and operated by the  Corps of Engineers. 
Photographs on Figures  7 and 8. 

22. The width of t h e  I l l i n o i s  Waterway v a r i e s  from 160 f e e t  i n  t h e  upper reaches 
t o  1,400 f e e t  near t h e  mouth a t  Grafton,  I l l i n o i s  (mile  0 .0) ,  except  a t  Peor ia  
Lake (mile  162.3 t o  mile  182.0) where i t  expands t o  one mile  wide. The n a t u r a l  
e l e v a t i o n  drop of t he  I l l i n o i s  Waterway i s  about 75 f e e t  i n  t h e  54 mi le  reach 
from the  Chicago River  Lock and Con t ro l l i ng  Works a t  Lake Michigan (mile  327.2) 
t o  t he  beginning of t he  I l l i n o i s  River  a t  t he  Kankakee and Des P l a i n e s  Rivers  
junc t ion  (mile 273.0). The e l e v a t i o n  drop i n  t he  49 mi l e s  from the  beginning of 
t h e  I l l i n o i s  River t o  t h e  head of t he  va l l ey  a t  ' a S a l l e  (mile  224.0) i s  about 53 
f e e t ,  from LaSal le  t o  Peo r i a ,  I l l i n o i s ( m i 1 e  162.n). a  d i s t a n c e  of 62 mi l e s ,  t he  
f a l l  i s  4 f e e t ;  and from Peor ia  t o  t he  mouth a t  Grafton,  a  d i s t a n c e  of 162 
mi les ,  t he  f a l l  i s  28 f e e t .  P r o f i l e  of the  I l l i n o i s  Waterway is shown on P l a t e  
2. The p r o j e c t  depth f o r  t h e  I l l i n o i s  Waterway p ro j ec t  i s  9  f o o t ;  however, 
above Lockport up t o  t he  O'Brian Lock and Dam and the  Chicago River  Lock and Dam 
t h e  depth below normal pool i s  gene ra l ly  20 f e e t .  Flow c h a r a c t e r i s t i c s  f o r  
s e l e c t e d  streams along the  I l l i n o i s  Waterway a r e  provided i n  Table 3. Drainage 
a r e a s  a t  t he  locks and dams along the  I l l i n o i s  waterway a r e  provided on P l a t e  
2a. 

COMPONENTS OF .DIVERSION 

23. Water d ive r t ed  from Lake Michigan e n t e r s  t he  cana ls  from t h r e e  s e p a r a t e  
sources.  Water i s  d ive r t ed  d i r e c t l y  from Lake Michigan i n t o  t h e  cana ls  through 
t h e  locks and c o n t r o l  works a t  t he  mouth of t he  Chicago River  and a t  t h e  
Wilmette Con t ro l l i ng  Works, and through :he Calumet River and the  L i t t l e  Calumet 
River  t o  i t s  junc t ion  with the  Calumet-Sag Channel. Par t  of t he  runoff from t h e  
dra inage  basins  of t he  Chicago River  and Calumet River systems, which before  t h e  
cana l s  were cons t ruc ted  flowed i n t o  Lake Michigan, now flows d i r e c t l y  i n t o  t h e  
cana l s  o r  t h e i r  t r i b u t a r i e s  o r  i s  d ive r t ed  i n t o  the  cana ls  o r  t h e i r  t r i b u t a r i e s  
through the  sewers,  i n t e r c e p t o r s  and t reatment  p l an t  systems i n  t he  San i t a ry  
D i s t r i c t .  Water withdrawn from Lake Michigan through t h e  in t ake  c r i b s  of t he  
Bureau of Water of t he  Ci ty  of Chicago, f o r  domestic, i n d u s t r i a l  and o t h e r  
purposes,  i s  discharged i n t o  the  San i t a ry  D i s t r i c t ' s  cana ls  a f t e r  use i n  t h e  
form of sewage e f f l u e n t  and s p i l l a g e  from the  i n t e r c e p t o r s .  Water from c i t i e s  
i n  the San i t a ry  D i s t r i c t  not served with water by the  Ci ty  of Chicago, some of 
which i s  taken from Lake Michigan and i t s  drainage bas in ,  i s  s i m i l a r l y  
discharged a f t e r  use i n t o  the  San i t a ry  D i s t r i c t ' s  canals .  

24. The Chicago River Lock permits  marine t r a f f i c  t o  e n t e r  and leave the  cana l  
system, and prevents  canal  water from discharg ing  i n t o  the  lake.  The amount of 
water  d ive r t ed  i n t o  the  San i t a ry  and Ship  Canal by ope ra t ion  of t h i s  lock 
depends on the  number of lockages which v a r i e s  s u b s t a n t i a l l y  with the  season. 
The amount of lockage water requi red  a l s o  depends on the  r e l a t i v e  water l e v e l s  
of Lake Yichigan and the  Chicago River and San i t a ry  and Ship Canal a t  t he  time 
of each lockage. The maximum annual requirement of the  lock a t  t he  mouth of the  



Chicago R i v e r  was e q u i v a l e n t  t o  a  con t inuous  f low of 45 c f s  and t h e  minimum 
annua l  r equ i rement  was e q u i v a l e n t  t o  t h e  c o n t i n u o u s  f low of 14 c f s .  The w a t e r  
r e q u i r e m e n t s  of t h e  O'Brien ock ,  i s  about  6 0  c f  s. 

2 5 .  Combining t h e  lockage  requ i rements  f o r  t h e  Chicago R i v e r  Lock and t h e  
O'Brien Lock and a l l o w i n g  2 0  c f  s f o r  l eakage  g i v e s  a  t o t a l  e s t i m a t e d  lockage  
requ i rement  i n  t h e  upper  l o c k s  of 125 c f s .  Lockage requ i rements  a t  Lockpor t  a r e  
i n  t h e  o r d e r ' o f  3 0 0  t o  4 5 0  c f s  th roughout  t h e  yea r .  The average  lockage  
requ i rement  a t  Lockpor t  f o r  t h e  y e a r  i s  abou t  3 7 0  c f s .  Water from a l l  s o u r c e s  
i n  t h e  c a n a l ,  i n c l u d i n g  e f f l u e n t ,  w a t e r  d i v e r t e d  d i r e c t  from t h e  l a k e ,  lockage  
w a t e r  from t h e  upper  l o c k s ,  and a  p o r t i o n  of t h e  r u n o f f ,  i s  a v a i l a b l e  f o r  
l o c k a g e s  and t h e  g e n e r a t i o n  of power a t  Lockpor t .  

2 6 .  I n  summary, t h e  w a t e r  d i v e r t e d  from Lake Michigan i n  t h e  Chicago a r e a  
c o n s i s t s  of t h e  f o l l o w i n g  components: 

. Water Supply - w a t e r  pumped d i r e c t l y  from Lake Michigan f o r  domes t i c  and 
I n d u s t r i a l  uses .  

. Stormwater Runoff - r u n o f f  which o r i g i n a l l y  d r a i n e d  t o  Lake Michigan 
f rom a  6 7 3  s q u a r e  m i l e  a r e a ,  bu t  i s  now d i v e r t e d  i n t o  t h e  I l l i n o i s  Waterway. The 
d i v e r s i o n  a r e a  i s  o u t l i n e d  on P l a t e  1  .. There  a r e  some 5 2 6  s t o r m  sewer  o u t f a l l s  
t h a t  d r a i n  t o  t h e  I l l i n o i s  Waternay. - 

. Lockages - Water d i v e r t e d  d i r e c t l y .  from Lake Yich igan  d u r i n g  f i l l i n g  of 
t h e  n a v i g a t i o n  l o c k s  a t  t h e  Chicago and Calumet Harbors  (O 'Br ien  Lock) and 
s u b s e q u e n t l y  emptying i n t o  t h e  r i v e r  and c a n a l  system. 

. Leakages - w a t e r  d i v e r t e d  d i r e c t l y  from Lake Michigan due t o  l e a k a g e  a t  
t h e  t h r e e  l a k e f  r o n t  c o n ~ r o l l i n g  s t r u c t u r e s .  

. Naviga t ion  Make-up - w a t e r  d i v e r t e d  d i r e c t l y  from Lake Michigan a t  t h e  
t h r e e  l a k e f r o n t  c o n t r o l l i n g  s t x c t u r e s  t o  m a i n t a i n  s u f f i c i e n t  n a v i g a t i o n  dep ths .  
See  t h e  M e t r o p o l i t a n  S a n i t a r y  D i s t r i c t  o p e r a t i o n  r e p o r t ,  a t t a c h m e n t  1 ,  f o r  a  
d e s c r i p t i o n  of t h i s  procedure .  

. C o n t r o l l e d  D i v e r s i o n  - w a t e r  d i v e r t e d  d i r e c t l y  from Lake Michigan a t  t h e  
t h r e e  l a k e f r o n t  c o n t r o l l i n g  s t r u c t u r e s  f o r  t h e  purpose  of improving w a t e r  
q u a l i t y  by d i l u t i o n .  C o n t r o l l e d  d i v e r s i o n  i s  t h e  on ly  component of t h e  t o t a l  
D i v e r s i o n  which can be r e g u l a t e d  d u r i n g  normal o p e r a t i o n s .  

2 7 .  A c h a r t  of a c t u a l  d i v e r s i o n  components f o r  1983 w a t e r  y e a r  i s  p rov ided  a s  
P l a t e  4. T o t a l  f low o u t  of t h e  c a n a l  sys tem i s  measured by an A c o u s t i c a l  
V e l o c i t y  mete r  gag ing  s t a t i o n  l o c a t e d  a t  Romeovi l le ,  I l l i n o i s .  

ACCOUNTING FOR THE DIVERSION * 

28. The S t a t e  of I l l i n o i s ,  under  g e n e r a l  s u p e r v i s i o n  and d i r e c t i o n  of t h e  
D i s t r i c t  E n g i n e e r ,  Chicago D i s t r i c t ,  Corps of E n g i n e e r s ,  Uni ted  S t a t e s  Army, 



de te rmines  t h e  t o t a l  of t h e  amount of w a t e r  d i v e r t e d  from t h e  d r a i n a g e  a r e a  
which under  n a t u r a l  c o n d i t i o n s  would f low i n t o  Lake Michigan. Monthly r e p o r t s  
a r e  p repared  which a r e  t h e n  f i n a l i z e d  i n t o  a n  annua l  r e p o r t .  T h i s  d e t e r m i n a t i o n ,  
p a r t l y  a  measurement and p a r t l y  an  e s t i m a t e ,  i s  de te rmined  by t a k i n g  t h e  t o t a l  
f low a t  Lockpor t ,  add ing  t h o s e  d i v e r s i o n  f lows t h a t  bypass  Lockpor t ,  and 
d e d u c t i n g  a l l  non-divers ion f lows  e n t e r i n g  t h e  c a n a l  system. Flows no t  
c h a r g e a b l e  t o  d i v e r s i o n  i n c l u d e  t h e  f o l l o w i n g :  

( 1 )  domes t i c  pumpage from groundwater  s o u r c e s  w i t h i n  t h e  Lake Michigan 
w a t e r s h e d ,  but  not  r echarged  by Lake Michigan; 

( 2 )  domes t i c  pumpage from o u t s i d e  t h e  Lake Michigan wa te r shed ;  

( 3 )  domes t i c  pumpage f o r  f e d e r a l  f a c i l i t i e s  ( F t .  S h e r i d a n ,  G r e a t  Lakes 
Naval T r a i n i n g  C e n t e r ,  Glenview Naval A i r  S t a t i o n  and Hines  V e t e r a n s  H o s p i t a l ;  

( 4 )  domes t i c  pumpage from l n d i a n a ;  a n d ,  

( 5 )  i n f i l t r a t i o n  and r u n o f f  from t h e  Des P l a i n e s  River  Watershed. 

* The Water Resources  Act of 1986 changes  t h e  r e s p o n s i b i l i t y  t o  accompl i sh  
t h e  a c c o u n t i n g  t o  t h e  Corps of Eng ineers  s t a r t i n g  1  October  1987. 

POTENTIAL FOR INCREASING THE LAKE MICHIG DTVERSION 
AT CHICAGO 

29. Of t h e  d i v e r s i o n  components l i s t e d  i n  pa ragraph  26,  t h e  l a s t  component would 
be t h e  component which would be v a r i e d  i n  o r d e r  t o  o b t a i n  a  c o n t r o l l e d  s h o r t  
term i n c r e a s e  i n  any d i v e r s i o n  f low a t  Chicago. The magnitude of any i n c r e a s e  
i n  t h e  d i v e r s i o n  a t  Chicago w i l l  be l i m i t e d  based on a  number of o p e r a t i o n a l  and 
p h y s i c a l  c o n s t r a i n t s .  These c o n s t r a i n t s  a r e  a s  f o l l o w s :  

. T o t a l  in f low c o n s t r a i n t s  a t  t h e  l a k e  f r o n t  s t r u c t u r e s  a r e  based on Lake 
Michigan l e v e l s ,  c a n a l  l e v e l s  needed f o r  n a v i g a t i o n ,  and t h e  h y d r a u l i c  
c a p a c i t y  of t h e s e  s t r u c t u r e s .  Discharge  c a p a c i t i e s  f o r  v a r i o u s  l a k e  
e l e v a t i o n s  a r e  p rov ided  on Tab le  4. " e s c r i p t i o n s  of t h e  d i v e r s i o n  
s t r u c t u r e s  a r e  p rov ided  i n  Tab le  5. 



a Table  4  - T o t a l  Lake Michigan D i v e r s i o n  C a p a b i l i t y  a t  Chicago Based on Lake 
Michigan L e v e l s  and ~ o k n a l  Chicago R i v e r  and Calumet R i v e r  Leve l s  

Lake P o r t i o n  f rom(3)  P o r t i o n  from P o r t i o n  from 
s t a g e ,  Wilmet te  Chicago C.W. O 'Br ien C.W. 
f e e t ( 1 G L D )  c f s ( 1 )  c f s  ( 1 )  c f s  ( 1 )  

Notes : 

( 1 )  - Assuming no o p e r a t i o n a l  c o n s t r a i n t s ,  w i t h  c a n a l  poo l s  r e g u l a t e d  a t  576.18 
f e e t  IGLD. 

( 2 )  - Regula ted  c a n a l  poo l  e l e v a t i o n  of l a k e f r o n t  p o i n t s  i s  g r e a t e r  t h a n  576.0 
f e e t  IGLD. 

( 3 )  - S l u i c e  g a t e  only .  
( 4 )  - A c t u a l  f low w i l l  be l e s s  due t o  backwater  i n  c h a n n e l  c r e a t e d  by d i v e r s i o n  

f low. .  



Table 5  - Descript ion of Diversion S t r u c t u r e s  

Location Diversion S t r u c t u r e s  

Wilmette Cont ro l l ing  
Works 

' '  Chicago River  Lock 
Cont ro l l ing  Works 

4 Pumps - 250 cubic  f e e t  per  second a t  3  foo t  
head 
S lu ice  ga te  1  - 15 f e e t  high by 32 f e e t  wide 

8  S lu ice  ga te s  - 10 f o o t  square 

O'Brien Con t ro l l i ng  Works 4  S lu ice  ga te s  - 10 f o o t  square 

. Operat ion of the  canal system has demonstrated t h a t  canal  v e l o c i t i e s  
become hazardous t o  navigat ion when flows as  measured a t  Lockport r i s e  above 
10,000 c f s .  The g r e a t e s t  hazard i s  i n  the  narrow reaqhes of t h e  canal  genera l ly  
from Lockport up t o  the  confluence of t he  Sani ta ry  Ship Canal and Cal Sag 
Channel. 

Information obtained through recent  i n q u i r i e s  on t h e  impacts t o  naviga t ion  of an 
increased  Lake Michigan Diversion a t  Ghicaga a r e  described below. 

The Corps Lockmaster a t  Lockport, I l l i n o i s ,  provided t h e  fol lowing information - 
Most tow boats i n  upper pools (upstream of Lockport.) a r e  underpowered and cannot 
naviga te  with high flows. The suggested s a f e  flow i n  t h e  canals  i s  between 
6,000 and 7,000 cubic  f e e t  per  second ( c f s ) .  A t  10,000 c f s  flows, a l l  t r a f f i c  
s t o p s  because of high v e l o c i t i e s  and unsafe condit ions.  

Towboat companies - Two towboat company owners who handle most of t h e  t r a f f i c  i n  
t h e  Brandon and Lockport pools were interviewed. One company owner i s  p res iden t  
of the I l l i n o i s  River C a r r i e r s  Associat ion (IRCA). The following i s  
information,  which is  cons i s t en t  between two owners, was obtained from them: 

1. Maximum al lowable flow ( s a f e  t r a v e l )  i n  Chicago Sani ta ry  Canal is  10,000 
c f s .  A t  times of heavy runoff when the  flow exceeds 10,000 c f s ,  most.tows t i e  
of f  u n t i l  flow f a l l s  below 10,000 c f s .  

2 .  These two companies s t a t e d  t h a t  they push about 48 barges of t he  50 t o  
100 barges t h a t  pass through t h i s  a rea  each day'. 

3 .  Mos: commodities a r e  coa l ,  o i l ,  chemicals,  and s t e e l .  

4 .  About 15 commercial c a r r i e r s  opera te  i n  t h i s  area.  

5. Tows a r e  i n  t h e  fol lowing c l a s s i f i c a t i o n s :  900-1,000 hp., 
1,000-1,100 hp., 2,200 hp., and 3,200 hp. and above. 

6. The c r i t i c a l  canal  a r e a  has a  160-foot width. The usable  width i s  
reduced t o  125 f e e t  when barges a r e  moored along the  canal.  Towboats pushing 
tows t h a t  a r e  70 f e e t  wide by 400 f e e t  long have d i f f i c u l t y  naviga t ing  through 
t h e  a rea ,  when flows a r e  high and o t h e r  barges a r e  moored. 



7. The a r e a  which i s  most dangerous  i s  upst ream of Brandon Lock and 
downstream of LockpOrt Lock a t  t h e  Ruby S t r e e t  Br idge ,  I l l i n o i s  R i v e r  Mile  
288.8. The f o l l o w i n g  h a s  been o b s e r v e d  by t h e  towboat w n e r s  a t  Ruby S t r e e t .  

i. 8 ,000  c f s  a t  Ruby S t r e e t  Br idge:  

a .  Eight-barge  tow s topped  w i t h  1 ,100  hp. tow. 

b. Eight-barge  tow w i t h  2 ,200 hp. tow can maneuver, b u t  w i t h  
d i f f i c u l t y .  

ii. 10,000 c f s  a t  Ruby S t r e e t  Br idge.  

c. . A n  e igh t -ba rge  tow w i t h  3 ,200  hp. b o a t  cou ld  n o t  make i t  through 
because  of h igh v e l o c i t i e s  and w a t e r  coming o v e r  b a r g e s  and deck c f  tow boat .  

I n  t h e  above t h r e e  c a s e s ,  t h e  tow b o a t s  u s u a l l y  s t a l l  'and t h e n  c o n t r o l  i s  l o s t .  
Most towboat p i l o t s  know they c a n ' t  n a v i g a t e  through t h e  Ruby S t r e e t  r e a c h  .and 
t i e  o f f  t o  a w a i t  lower  f lows.  A l l  have exper ienced  s t a l l i n g  and l o s i n g  c o n t r o l  
of tows. S e v e r a l  f u e l  b a r g e s  a r e  normal ly  moored i n  J o l i e t  Harbor and p r e s e n t  a  
dangerous  s i t u a t i o n .  

Based on t h e  above,  i t  i s  concluded t h a t . a n  I n c r e a s e  " i v e r s i o n  n p e r a t i n g  P l a n  
would have t o  be l i m i t e d  t o  a  maximum of .8,000 c f s  measured n e a r  Brandon Road 
Lock no t  a t  Lockpor t .  The Des P l a i n e s  R i v e r  f low j o i n s  t h e  Chicago S a n i t a r y  and 
S h i p  Canal f low upst ream of Brandon Road Lock. 

I n  a d d i t i o n ,  f lows  of 8 ,000  c f s  a t  Lockpor t  a r e  not  a s  much problem as 6 ,000 c f s  
from Lockpor t  and 2 ,000 c f s  from Des P l a i n e s  R i v e r  a t  I l l i n o i s  R i v e r  Mile  288.8. 
The c r o s s  c u r r e n t  pushes  tows i n t o  t h e  l e f t  decending bank. 

. During minor t o  s e v e r e  r a i n f a l l  e v e n t s  o v e r  t h e  Chicago r e g i o n ,  t h e  c a n a l  
sys tem above Lockpor t  i s  o p e r a t e d  t o  p r o v i d e  f l o o d  c o n t r o l  r e l i e f  t o  t h e  
s u r r o u n d i n g  a r e a .  These o p e r a t i o n s  a r e  conducted by MSDGC and would have 
p r i o r i t y  o v e r  any d i r e c t  d i v e r s i o n  t a k i n g  p l a c e  a t  t h e  t ime (any d i r e c t  
d i v e r s i o n  would be d i s c o n t i n u e d  u n t i l  a f t e r  t h e  e v e n t ) .  The MSDGC o p e r a t i n g  
p l a n  i s  provided a s  a t t achment  1. 

. Lower sys tem c o n s t r a i n t s ,  below Lockpor;,' I l l i n o i s ,  g e n e r a l l y  r e l a t e  t o  
t h e  l i m i t i n g  of any i n c r e a s e  i n  d i v e r s i o n  f.low s o  t h a t  downstream f looded  i s  n o t  
a g g r a v a t e d .  Because any i n c r e a s e  i n  d i r e c t  d i v e r s i o n  w i l l  r e m a i m i n  t h e  
I l l i n o i s  R i v e r  f o r  days  o r  even weeks ' i ~ a b l e  6 ) ,  a  c o n t r o l  p l a n  t o  moni to r  and 
l i m i t  i n c r e a s e s  i n  d i v e r s i o n  a s  r e l a t e d  t o  downstream f l o o d  p o t e n t i a l  would have 
t o  be an  i n t e r g a l  p a r t  of any p l a n  t o  i n c r e a s e  d i v e r s i o n  f lows  a t  Chicago. Such 
a  p r e l i m i n a r y  o p e r a t i o n a l  p l a n  was developed f o r  t h e  r e p o r t  e n t i t l e d  " I n c r e a s e d  
Lake Michigan D i v e r s i o n  a t  Chicago Demonstra t ion and Study Program I n f o r m a t i o n  
Repor t  t o  t h e  Congress ,  d a t e d  A p r i l  1981,"  r e f e r e n c e  a. T h i s  p l a n  was r e v i s e d  
based on a d d i t i o n a l  e v a l u a t i o n s  s i n c e  1981. The o u t l i n e  of such a p l a n  i s  
p rov ided  below: 



The opera t ing  plan proposed w i l l  be re f ined  a s  time passes,  depending on funds 
a v a i l a b l e  f o r  any a c t u a l  d ive r s ion  opera t  ion. 

a. I n i t i a l  Plan - The i n i t i a l  p lan  w i l l  u t i l i z e  da ta  from e x i s t i n g  stream 
gages f o r  the  d a i l y  operat ion.  General gu ide l ines  a r e  a s  follows: 

. Any s t a t i o n  o r  a c t i v i t i e s  reaching i t s  own l i m i t i n g  condi t ions  w i l l  
l i m i t  t he  d ivers ion  inc reases  t h a t  a re  con t ro l l ed  by the  lake  f r o n t  s t r u c t u r e s .  

. Diversion flows w i l l  be regula ted  a t  t h e  lake f r o n t  s t r u c t u r e s  so a s  
t o  l i m i t  t o t a l  flow a t  Brandon Road (Ruby S t r e e t  Bridge a t  River Mile 288.8) t o  
a  maximum of 8,000 c f s .  F l w s  a t  Ruby S t r e e t  Bridge w i l l  be est imated by t h e  
d i r e c t  add i t ion  of flows a t  Romeoville a s  measured by t h e  AVM gage and the  Des 
Pla ines  River flows measured a t  t h e  Rivers ide ,  I l l i n o i s ,  Gage. Based on these  
c r i t e r i a ,  maximum d ive r s ion  inc reases  w i l l  be 5,000 - 6,000 c f s .  

. During periods o f .  expected r a i n f a l l  on- t h e  Chicago region,  t h e  canal  
system above Lockport i s  operated t o  provide f lood c o n t r o l  r e l i e f  t o  t h e .  
surrounding area.  These opera t ions  a r e  conducted by the  Metropoli tan San i t a ry  
D i s t r i c t  of Grea ter  Chicago (MSDGC) and would have p r i o r i t y  over any d i r e c t  
d ive r s ion  tak ing  place a t  t h e  time. Any d i r e c t  d ive r s ion  would be discontinued 
u n t i l  a f t e r  t h e  event. The MSDGC opei t i t ing plan i s  provided a s  attachment 1. 

. System c o n s t r a i n t s  below Lockpcirt, L l lno i s ,  gene ra l ly  r e l a t e  t o  t h e  
l i m i t i n g  of any inc rease  i n  d ive r s ion  flow so t h a t  downstream f looding  i s  not 
aggravated. Because any inc rease  i n  d i r e c t  d ive r s ion  from Lake Michigan w i l l  
remain i n  t h e  I l l i n o i s  River f o r  days o r  even weeks (Table 61, a  water  c o n t r o l  
p lan  t o  monitor and l i m i t  i nc reases  i n  d ive r s ion  a s  r e l a t e d  t o  downstream f lood 
p o t e n t i a l  would have t o  be an i n t e g r a l  p a r t  of any plan t o  inc rease  d ive r s ion  
flows a t  Chicago. Such a prel iminary ope ra t iona l  plan was developed f o r  t h e  
r e p o r t  e n t i t l e d  "Increased Lake Michigan ' i ve r s ion  a t  Chicago Demonstration and 
Study Program Information." 

Report t o  the  Congress, dated Apr i l  1981, " reference  a." This  plan was rev ised  
based on a d d i t i o n a l  eva lua t ion  s i n c e  1981. The o u t l i n e  of such a  plan i s  
provided i n  Table 7. 

Table 6 - I l l i n o i s  River Travel  Time i n  Days ( 1 )  

High Flow Medium Flow LOW Flow 
(40,000 c f s )  (13,300 c f s )  (5,800 c f s )  

Lake Front t o  Dresden (60 m i l e s )  0.9 1.4 1.9 
Dresden t o  Peor ia  (110 m i l e s )  2.3 3.7 4.9 
Peor ia  t o  Meredosia (88 m i l e s )  2.0 3.5 4.8 
Meredosia t o  Mouth (72 m i l e s )  1.3 - 2.1 - 2.9 - 
Grand To ta l  6.5 10.7 14.5 

Note: ( 1 )  Flows a s  determined from the  Meredosia, I l l i n o i s  gage. 



* For  o p e r a t i o n  of t h e  p l a n ,  t h e  Meredosia  gage would be moni tored and t h e  
i n c r e a s e d  d i v e r s i o n  r e g u l a t e d  a c c o r d i n g  t o  T a b l e  7. 

* To preven t  f l o o d i n g  of t h e  downstream a r e a s ,  t h e  I l l i n o i s  R i v e r  gages  
shown on T a b l e  8 would be monitored.  The i n c r e a s e d  d i v e r s i o n  w o u l d , b e  reduced 
o r  c u r t a i l e d  i f  b a n k f u l l  c o n d i t i o n s  a r e  l i k e l y  t o  be exceeded.  C r i t e r i a  s i m i l a r  
t o  t h o s e  developed i n  T a b l e  6 w i l l  be developed f o r  t h e  o t h e r  s t a t i o n s  a l o n g  t h e  
I l l i n o i s  waterway. 

* N a t i o n a l  Weather S e r v i c e  f o r e c a s t s  would be c l o s e l y  moni tored and t h e  
i n c r e a s e d  d i v e r s i o n  would be l i m i t e d  based on t h e  f o r e c a s t s .  

* Seasona l  c o n s t r a i n t s  on d i v e r s i o n  amounts due t o  a g r i c u l t u r a l  and f i s h  
and w i l d l i f e  needs w i l l  be e v a l u a t e d  d u r i n g  t h e  summer of 1987. R e s u l t s  of 
t h e s e  e v a l u a t i o n s  w i l l  be i n c l u d e d  i n  t h e  i n i t i a l  o p e r a t i n g  p lan .  

Tab le  7 - Suggested O p e r a t i n g  P l a n  f o r  a n  I n c r e a s e d  Lake Michigan D i v e r s i o n  a t  
Chicago 

Es t ima ted  base  f low 
a t  Meredosia  w i t h o u t  I n c r e a s e d  D i v e r s i o n  T o t a l  f low a t  
i n c r e a s e d  d i v e r . s i o n  r a t e  a t -Chicago Meredos i a  
c f s  c f s  ( 1 )  c f s  

Notes : 

( 1 )  May be l e s s  when o t h e r  sys tem c o n s t r a i n t s  a r e  cons ide red .  
( 2 )  Approximately 3  f e e t  below b a n k f u l l .  B a n k f u l l  a t  Meredosia  i s  

approx imate ly  40 ,000  cf  s. 
( 3 )  Approximately 6 f e e t  below b a n k f u l l .  
( 4 )  A I -year  s to rm on t h e  I l l i n o i s  wa te r shed  would i n c r e a s e  t h i s  t o  about 

41,000 c f s .  



a b. Improved P l a n  - A s  funds  become a v a i l a b l e  and a s  e x p e r i e n c e  i s  ga ined  
d u r i n g  a c t u a l  o p e r a t i o n ,  improvements i n  t h e  o p e r a t i n g  p l a n  w i l l  be made. Some 
o f  t h e s e  p o t e n t i a l  improvements a r e :  

. A d i r e c t  t i e - i n  t o  NWS r a d a r  a t  M a r s e i l l e s ,  I l l i n o i s ,  w i l l  be used t o  
e s t i m a t e  n e a r  r ea l - t ime  r a i n f a l l - r u n o f f  t o  make i n i t i a l  e s t i m a t e s  of f low i n  
sys tems.  

. Self - t imed and random r e p o r t i n g  " a t a  C o l l e c t i o n  P l a t f o q s  a t  r i v e r  s t a g e  
and p r e c i p i t a t i o n  s t a t i o n s  w i l l  be used t o  send d a t a  t o  t h e  Da ta  S t o r a g e  System 
f o r  immediate u s e  i n  r e a l - t i m e  program f o r  d e t e r m i n i n g  f lows  i n  t h e  I l l i n o i s  
R i v e r  and t r i b u t a r i e s .  

. Computer s o f t w a r e  w i l l  be programmed t o  examine a l l  d a t a  when i t  e n t e r s  
t h e  s t o r a g e  system t o  de te rmine  i f  t h r e s h o l d  v a l u e s  on any s t r e a m s  a r e  exceeded.  
I f  v a l u e s  a r e  exceeded,  i n i t i a t e  program t o  beg in  d a t a  a n a l y s i s ,  d e t e r m i n e  
r u n o f f ,  r o u t e  f lows ,  e s t a b l i s h  whether  l e v e l s  would bedexceeded  which would 
r e q u i r e  f low r e d u c t i o n ,  and p r o v i d e  i n f o r m a t i o n  t o  management. 

. Attached  i s  a  l i s t i n g  of new gages  r e q u i r e d  a n d / o r  c o n v e r s i o n  of e x i s t i n g  
gages  t o  r e a l - t i m e  mode. 

"ew Gage P r o p o s a l  

1. Des P l a i n e s  River  a t  J a c k s o n  S t r e e t ,  Lockpor t ,  I l l i n o i s .  
2. I l l i n o i s  R iver  a t  S p r i n g  V a l l e y ,  I l l i n o i s .  
3. I l i n o i s  R iver  a t  M o r r i s ,  I l l i n o i s .  
4 .  Kickapoo Creek a t  P e o r i a ,  I l l i n o i s .  
5. Mackinaw River  a t  Green V a l l e y ,  1 , l l i n o i s  

Convers ion t o  Da ta  C o l l e c t i o n  P l a t f o r m s  

1. Des P l a i n e s  River  a t  J a c k s o n  S t r e e t ,  Lockpor t ,  I l l i n o i s .  
2 .  I l l i n o i s  R iver  a t  S p r i n g  V a l l e y ,  I l l i n o i s .  
3. I l i n o i s  R iver  a t  M o r r i s ,  I l l i n o i s .  
4. Kickapoo C r e e k  a t  P e o r i a ,  I l l i n o i s .  
5. Mackinaw River  a t  Green V a l l e y ,  I l l i n o i s  
6. Big Bureau Creek a t  Bureau, I l l i n o i s .  
7.  I l l i n o i s  R iver  a t  L a S a l l e ,  I l l i n o i s .  

. Monitor a u t o m a t i c  t e l e m e t e r e d  I l l i n o i s  R i v e r  b a s i n  r a i n  gages  o r  c o n v e r t  
t h o s e  which a r e  not  automated t o  au tomated ,  on t h e  f o l l o w i n g  s t r eams .  



Thorn Creek - Chicago H e i g h t s  
Deer Creek - Chicago H e i g h t s  
North Fork Chicago R i v e r  - D e e r f i e l d  
Wel le r  Creek - Des P l a i n e s  
S a l t  Creek - Elmhurs t  
B u t t e r f i e l d  Creek - Flossmoor 
Thorn Creek - Glenwood 
Hickory Creek - J o l i e t  
Skokie  R i v e r  - Lake F o r e s t  
North Creek - Lansing 
West Fork,  North Fork Chicago R i v e r  - North Brook 
Mid lo th ian  Creek - Oak F o r e s t  
S a l t  Creek - R o l l i n g  Meadows 
L i t t l e  Calumet R i v e r  - South Hol land 
Thorn Creek - Thor ton  
B u f f a l o  Creek - Wheeling 
F l a g  Creek - Willow S p r i n g s  , 

Use t h e  e x i s t i n g  N a t i o n a l  wea the r  S e r v i c e s  F l a s h  Flood network f o r  r a i n f a l l -  
r u n o f f  warnings  f o r  e a r l y  d e c i s i o n m a k i n g .  Weather Se rv ice -River  F o r e c a s t i n g  
C e n t e r  (NWS-RFC) developed r e l a t i o n s h i p s  f o r  t h e  above 17 s t a t i o n s  which w i l l  
a i d  i n  t h e  d e c i s i o n - m a k i n g  p rocess .  - 
Table  8 - Suggested Flood Warning s t a t i o n s  t o  be Monitored on t h e  I l l i n o i s  

Wa t e m a y  

Approximate 
B a n k f u l l  

R i v e r  B a n k f u l l  Discharge  
S t a t i o n  m i l e  e l e v a t i o n  ( 1 ) cf  s 

M o r r i s  
La S a l l e  
S p r i n g  Va l l ey  
Henry 
P e o r i a  Boatyard  
Kings t o n  Mines 
Havana 
Beards town 

Notes:  

( 1 )  - E l e v a t i o n  a r e  i n  f e e t  above N a t i o n a l  G e o d e t i c  V e r t i c a l  Datum of 1929 and 
a r e  c o n s i d e r e d  t o  be t h o s e  l e v e l s  above which w a t e r  would f low o u t  of i t s  
r i v e r  banks. 



. 30. Any a c t u a l  d i v e r s i o n  p lan  would need t o  be modified and improved upon a s  
f i e l d  experience i s  gained through a c t u a l  ope ra t i on  of such a  program. The 
Corps of Engineers (Chicago D i s t r i c t )  rece ived  funding i n  FY 1987 t o  complete 
t h e  s tudy c i t e d  a s  r e f e r ence  a. The s imu la t i on  of r i v e r  s t a g e s  wi th  va r ious  
amounts of increased  d i v e r s i o n  w i l l  be based on t h e  use of a  more s o p h i s t i c a t e d  
hyd rau l i c  model f o r  ana lyz ing  impacts of any proposed d ive r s ion  p l an  on the  
I l l i n o i s  Waterway. This  unsteady flow hydrau l i c  model i s  b e t t e r  a t  a s s e s s i n g  
wa te r  l e v e l  changes on t h e  I l l i n o i s  Waterway t h a t  may be a  r e s u l t  of an i n c r e a s e  
i n  t h e  d ivers ion .  Unsteady flow modelling i s  gene ra l l y  regarded a s  s u p e r i o r  
over  prve ious  hyd rau l i c  modelling m t h o d s  f o r  a  waterway l i k e  t h e  I l l i n o i s  
Waterway a s  it is b e t t e r  a t  reproducing t h e  water  l e v e l  p r o f i l e s  a s  r e l t a e d  t o  
wide r i v e r s  wi th  numerous l a r g e  back bay s t o r a g e  a r e a s  l i k e  t h e  I l l i n o i s  
Waterway. Any ope ra t i ng  p lans  w i l l  examine v a r i a t i o n s  i n  r e g u l a t i o n  of any 
i n c r e a s e s  i n  d i v e r s i o n  s o  a s  t o  b e n e f i t  downstream i n t e r e s t s  o r  reduce t h e  
p o s s i b i i i t y  of adverse  impacts on t h e  waterway a s  r e l a t e d  t o  any inc reased  
d ive r s ion .  Included i n  t he se  cons ide ra t i ons  w i l l  be t h e  i n t e r e s t s  of f l ood ing ,  
water  q u a l i t y ,  a g r i c u l t u r a l ,  nav iga t ion ,  f i s h  and w i l d l i f e ,  and hydropower. 
These e v a l u a t i o n s  a r e  expected t o  be completed i n  e a r l y  1988. 

IMPACTS 

31. Any i n c r e a s e  i n  t h e  Divers ion  w i l l ' r e s u l t  i n  a  number of impacts on t h e  
Great Lakes and on t h e  I l l i n o i s  Waterway. The r e p o r t  ( r e f e r ence  a )  eva lua t ed  
t h e  impacts of i n c r e a s i n g  d i v e r s i o n  on t h e  I l l i n o i s  Waterway f o r  t h r e e  types  of 
hydro logic  condi t ions .  These a r e  a  wet year ,  a  normal yea r ,  and a  dry year .  
Under t h e  gene ra l  f lood  o p e r a t i o n a l  c o n s t r a i n t s  l i s t e d  above, it  could be 
expected t o  achieve t h e  fo l lowing  i n c r e a s e s  (Table 9 )  i n  d i v e r s i o n  under t h e  
t h r e e  hydro logic  cond i t i ons  on t h e  I l l i n o i s  Waterway l i s t e d  above. 

. . Table  10 - P o t e n t i a l  Divers ion  I n c r e a s e s  

I l l i n o i s  Waterway Probable Average 
Hydrologic  Condit ion I n c r e a s e  i n  Flow 
( f o r  a  p a r t i c u l a r  yea r )  f o r  a  given yea r  

Norma 1 
Wet 
Dry 

6,400 c f s  
1,900 c f s  
6,500 c f s  

32. Any i n c r e a s e  i n  t h e  d i v e r s i o n  w i l l  impact t h e  I l l i n o i s  Waterway. During t h e  
summer of 1987, t h e  Chicago and Rock I s l a n d  Districts w i l l  develop and e v a l u a t e  
t h e  fol lowing:  

. Develop a  h y d r a u l i c  model of t h e  main stem of t h e  I l l i n o i s  Waterway which 
w i l l  be a b l e  t o  p r e d i c t  t h e  e f f e c t s  on s t a g e s  due t o  flow e n t e r i n g  and l eav ing  
r i v e r  v a l l e y  s torage .  E x i s t i n g  models have not been a b l e  t o  adequate ly  p r e d i c t  
s t a g e s  on t h e  lower I l l i n o i s  River  due t o  s t o r a g e  e f f e c t s .  



. Develop o p e r a t i o n a l  d a t a  s t o r a g e  sof tware  f o r  record ing  and ana lyz ing  any 
d a t a  c o l l e c t e d  dur ing  an a c t u a l  operat ion.  

. Review nav iga t iona l  c o n s t r a i n t s  due t o  h ighe r  r i v e r  v e l o c i t i e s .  

. Through, mathematical model s imu la t i ons  of h i s t o r i c  water  yea r s  var ious  
i nc reased  d ive r s ion  p lans  w i l l  be evaluated.  Key a r e a s  f o r  a d d i t i o n a l  
eva lua t ion  a r e :  

( 1 )  Sediment and e ros ion  impacts. 

( 2 )  Seasonal impacts and c o n s t r a i n t s  requi red  due t o  a g r i c u l t u r a l  concerns. 

( 3 )  F i sh  and w i l d l i f e  and o t h e r  environmental i s s u e s  w i l l  be f u r t h e r  
evaluated.  

PROBABLE AVERAGE LAKE REDUCTIO~S 

33. It is es t imated  t h a t  an i n c r e a s e  of 5,000 c f s  a t  Chicago over  120 days would 
r e s u l t  i n  a  reduc t ion  of about 0.04 of a  f o o t  (0.48 i n c h e s )  of t h e  l e v e l  of 
Lakes M i  chigan-Huron. 



MSDGC Drawdown Operat ion 

Prestorm Condit ions:  

1. Water l e v e l s  i n  t h e  cana l  system mst be maintained w i t h i n  c e r t a i n  
e l e v a t i o n s  by f e d e r a l  law f o r  naviga t ion  needs. T i t l e  33 of t h e  Code of 
Fede ra l  Regula t ions ,  (Sec t ions  207.420 and 207.425) s t a t e s  t h a t  water  l e v e l s  
of t he  lower pools  of t h e  Chicago River  Con t ro l l i ng  Works CRCN (Note 1) and 
OtBr ien  Locks must be maintained a t  between -0.5 and -2.0 f e e t  CCD (Note 
2 ) ,  except  dur ing  per iods  of s torm runoff .  The cana l  system i s  usua l ly  
opera ted  a t  -2.0 f e e t  CCD t o  allow f o r  raaximum s t o r a g e  volume t o  reduce 
f l ood ing  dur ing  s torm events .  

When a  Storm i s  Forecast :  

The Met ropol i tan  San i t a ry  D i s t r i c t  of Grea t e r  Chicago (MSDGC) determines t h e  
amounts of d i scharge  a t  Lockport,  I l l i n o i s .  When a  s torm i s  f o r e c a s t ,  they  
have an ope ra t i ng  procedure whereby g r e a t e r  d i s cha rges  a r e  r e l ea sed  through 
Lockport p r i o r  t o  t he  p red i c t ed  r a i n f a l l  event.  The amount of r e l e a s e  
depends upon t h e  p red i c t ed  s e v e r i t y  of t h e  event .  By pre-dumping before  a  
s torm,  t h e  s t o r a g e  capac i ty  of t h e  cana l  i s  increased  and a  hyd rau l i c  
g r a d i e n t  away from Lake Michigan i s  e s t ab l i shed .  This  he lps  t o  prevent  o r  
l e s s e n  f l ood ing  i n  Chicago and t h e  neces s i t y  t o  backflow i n t o  Lake Michigan. 

MSDGC Hydrometeorologic S t a t i o n s :  

3. The MSDGC main ta ins  a  network of 23  te lemetered  p r e c i p i t a t i o n  gages s i t u a t e d  
i n  t h e  watershed and surrounding a reas .  Some of t h e  gages a r e  30 t o  40 
mi l e s  west of t he  watershed and provide d a t a  f o r  p r e d i c t i n g  r a i n f a l l  from 
approaching storms. Data from t h e s e  r a i n  gages a r e  rece ived  and i n t e r p r e t e d  
a t  t he  MSDGC Waterways Cont ro l  Center  l oca t ed  i n  Chicago, I l l i n o i s .  In  
a d d i t i o n  t o  the  p r e c i p i t a t i o n  gage system, t h e  MSDGC main ta ins  i n  i t s  
c o n t r o l  c e n t e r  a f a s c i m i l e  r eco rde r  which r e c e i v e s  U.S. Weather Se rv i ce  
r a d a r  p r in tou t s .  

LockPort Operation: 

4. For t h e  purpose of f l ood  c o n t r o l  management, p r ed i c t ed  r a i n f a l l  amounts a r e  
s e p a r a t e d  i n t o  f i v e  f o r e c a s t  groups t h a t  provide g u i d e l i n e s  f o r  t h e  MSDGC 
Wateway Control  Center  personnel  t o  i s s u e  i n s t r u c t i o n s  f o r  t h e  opening of 
g a t e s  a t  t he  Lockport Powerhouse, . . .  a s  shown i n  t he  fo l lowing  Table.  

Attachmen; 1 



Table 9 - Lock Por t  Drawdown Guidel ines  
- 

Lowest 
Forecas t  E leva t ion  
P r e c i p i t a t i o n  a t  Powerhouse 

( i n .  1 ( ~ t .  -CCD) 

0  - 0.25 
0.26 - 0.50 
0.51 - 0.75 
0.76 - 1.00 

Grea t e r  1.00 

Lowest 
Eleva t ion  
a t  Sag J u n c t i o n  

(Ft .  -CCD) 

Notes: 

(1) - Chicago River  Con t ro l l i ng  Works 

( 2 )  - Chicgo C i t y  Datum 

( 3 )  - Normal t a r g e t  l e v e l s  a t  Chicago River  Locks -2.0 CCD and a t  Lockport 
-2.5 CCD 
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Table 1 P e r t i n e n t  data on t h e  l ocks  and dams a long t h e  I l l i n o i s  Waterway 

. . Drainage 
Mi les  above Year t e a ,  Upper pool  

Lock and dam 11 mouth completed squaw m i l e s  e l e v a t i o n  3 - 
. .  . , 

La Grange lock  1 dam 80.2 1939 25,300 429.0 
Peor ia  l o c k  1 dam 157.7, : 1939 13,900 440.0 
Starved Rock 1 ock 1 'dam 231.0 - 1933 10,300 458.5 
M a r s e i l l e s  l ock  . . ' 244.6 1933 7,640 482.8 
M a n e i l  l e s  dam 247.0 1933 7,600 
Dresden I s l a n d  l o c k  1 dam 271.5 1933 6,600 504.5 
Brandon Road lock  1 dam 286.0 1933 '. 1,450 538.5 
hockpor t  l o ck  291.1 1933 740 57 7.5 
Lockpor t  dam 291.1 1905 740 J 
OIBrien l o c k  1 dam ? 326.3 1905 0 
Chicago R i v e r  1 ock ,l 
and c o n t m l l i n g  works 327.2 1938 0 

7 /  T - hese locks  and dams a r e  Federal  s t m c t u r e s  w i t h  t he  except ion o f  the  
Lockport  dam and t h e  Chicago R i v e r  l o c k  and c o n t r o l l i n g  works which 
a re  owned and operated by Me t ropo l i t an  San i t a r y  D i s t r i c t  o f  Greater  
Chicago. 

2/ These s t r uc tu res ,  a long  w i t h  t h e  Ui l r r ret te d i v e r s f o n  s t r uc tu re ,  c o n t r o l  - 
t i l e  d i r e c t  d i v e r s i o n  f rom Lake Michfgan t o  t h e  I l l i n o i s  Yatetway. 

31  Eleva t ions  a r e  f n  f e e t  above Hean Sea Level  (1929 adjustment)  and re- - 
pmsen t  t h e  r egu la ted  w t e r  l e v e l s  immediately upstmam o f  t he  i n d i -  

c a t e d  s t m c t u r e s .  
4/  I nc l udes  a 673  square m i l e  area k i c h  uas o r i g i n a l l y  t r i b u t a r y  t o  Lake - 

::-,::,:;a;. 



INDIANA HARBOR 

I 

- 

Location Ran - Uttk b I m t  

P L A T E  3 



LAKE MICHIGAN DIVERSION 
ACCOUNT lNG YEAR 1982 

-AVERAGE ANNUAL DIVERSION = 3087 CFS .. 

LEAKAGES 
1% 



PHOTO - 1 AERIAL VIEW :OF LOCLEORT LOCK 
& POWERHOUSE 

PHOTO -2 DOWNSTREAN VIEW O F  LOCKPORT 
POWERHOUSE 

PHOTO -3  DO\fftSTRErL"I VIEW O F  TURBINE GATES AT 
LOCKPORT POWERHOUSE 



PtlOTO -4 A E R I A L  VIE;;  O F  EISDGC CONTROLLING 
WORKS 



PHOTO -6 DESPLAINES RIVER SIDE VIEW OF MSDGC 
CONTROLLING WORKS 



PHOTO -7 AERIAL VIEW OF WILMETTE 
CONTROLLING WORKS 



PHOTO -9 LAKESIDE VIEW OF WILYETTE 
PW1P BUILDING AND SLUICE 
GATE ON LEFT 

PHOTO -10 CANAL SIDE VIEW OF PUMP OUTLINE - 
NILXETTE CONTROLLING WORKS 

CANAL SIDE VIEW OF OLD LOCK 
SLUICE GATE WILMETTE CONTROLLING 



PHOTO -13 CANAL S I D E  VIEW O F  S L U I C E  GATE 
PHOTO -12 A E R I A L  VIEW O F  CHICAGO CONTROLLING 

SUPERSTRUCTURE (CENTER) 
WORKS-hi-LOCK NORTH O F  LOCK 

PHOTO -14 CANAL S I D E  VIEW O F  SLUCE GATE 
SUPERSTRUCTURE SOUTH O F  LOCK 



PtlOTO -15 A E R I A L  V I E l J  b~ o ' B K I E N  LOCK 
AND DM!- 



PIIOTO -17  T O P S I D E  VIEW O F  O ' B R Z E N  S L U I C E  
GATES CONTI<OLLlNC WORKS 

PilO'l'O -18 1,AKI:StI)E VIE14  OF O ' l I R L E N  
CON'I'RO1,LL NG WORKS 



APPENDIX D 

' 

' THENEW YORK STATE BARGE CANAL 

SECTION 1 

INTRODUCTION 

The .purpose of t h i s  r epor t  $8 t o  diecuse t h e  New York S t a t e  Barge Canal 

w i t h  respect  t o  i t s  divere ion of Niagara River waters, and t o  examlne t h e  

l e g a l  documents which may l i m i t  t h e  amount of water d iver ted  from t h i e  

source. 

a 
The New York S t a t e  Barge Canal System, s e e  Encloeure 1, coneie te  of four  

subsystems: 

a. The Erie Canal - s r r e t c h e e  from the  Niagara River a t  Tonawanda, 

Nev York, t o  t h e  Rudeon River a t  Waterford, New York. 

b. The Osvego Canal - connects  t h e  E r i e  Canal with Lake Ontar io  at  

Oswego, New York. 

c. The Champlain Canal - connecte Lake Champlain with the  E r i e  Canal. 

d. The Cayuga and Seneca Canals - connect Cayuga and Seneca Lakee 

w i t h  the  Erie Canal. 

I The scope of t h i e  r epor t  is confined t o  t h a t  por t ion  of t h e  E r i e  Canal 

extending from the  Niagara River t o  i ts  juncture with the Oswego Canal, s ince  

none of the  water d iver ted  from t h e  Niagara River o n  t r a v e l  eastward pas t  



t h i s  point.  Eastward from i t s  juncture  wi th  the  Oswego Canal a t  Three Rivers 

P o i n t ,  water l e v e l s  i n  the  E r i e  Canal r i s e ,  reaching a summit a t  Rome, New 

York. Therea f t e r ,  t he  canal  con t inua l ly  descends u n t i l  i t  reaches the  Hudson 

River. 

1.3 His tory  of Ear ly  Canals i n  New York Sta te .  

The f i r s t  work of i n t e r i o r  waterway improvement i n  New York S t a t e  was 

done i n  the  l a t t e r  p a r t  of the  e ighteenth  century between t h e  Hudson River 

and Lake Ontar io ,  and between t h e  Hudson River and Lake Champlain, by two 

p r i v a t e  companies char tered  i n  1792. Agi t a t ion  f o r  s t a t e - b u i l t  canals  began 

about 1808 and r e s u l t e d  i n  the  cons t ruc t ion  of the  E r i e  and Champlain Canals 

i n  t h e  yea r s  1817 t o  1825. The o r i g i n a l  E r i e  Canal was 4 f e e t  deep, 28 f e e t  

wide a t  bottom and 40 f e e t  wide a t  t h e  water surface. It was 363 m i l e s  long, 

had 84 l i f t  l ocks  and 13 guard locks,  each 90 by 15 f e e t ,  and was constructed 

of  stone. I n  the  next decade, s e v e r a l  l a t e r a l  canals  were b u i l t .  The f i r s t  

enlargement of the  E r i e ,  Champlain, and Oswego Canals was made between 1836 

and 1862. The waterway was made 7 f e e t  deep, 52-112 t o  56 f e e t  wide on t h e  

bottom, and 70 f e e t  wide a t  t h e  water l ine .  There were 72 l i f t  locks and 3 

guard locks ,  each 110 by 1 8  f e e t ,  i n s i d e  hor izon ta l  dimensions. The t o t a l  

l e n g t h  of t h e  c a n a l  was reduced t o  350-112 miles. The second enlargement, 

known a s  the  "nine m i l l i o n  d o l l a r  improvement," was begun i n  1896, when a 

depth  of 9 f e e t  was attempted. Because of c o s t  overruns,  t h i s  work vas 

completed a t  disconnected l o c a l i t i e s  only,  and t h e  canal  remained f o r  t h e  

most p a r t  as l e f t  a t  the  end of t h e  f i r s t  enlargement. Ult imately,  prac- 

t i c a l l y  a l l  the  locks  of the  o ld  canal  were doubled t o  handle the  enormous 

amount of t r a f f i c  and t o  provide lockage when one lock was out  of commission. 

P r a c t i c a l l y  a l l  cana l  boats  were towed by mules o r  horses on a towpath along 

one s i d e  of the  canal.  T o l l s  were charged on the  o ld  canals .  The o ld  E r i e  

Canal provided the  f i r s t  p r a c t i c a b l e  comnercial route  between the  Great Lakes 

and t h e  United S t a t e s  seaboard. The e a r l y  t r a f f i c  on t h e  canal  was enormous 

f o r  the  t i m e s ,  and t o l l s  c o l l e c t e d  brought a wonderful revenue t o  t h e  S ta te .  

For many yea r s ,  t h e r e  was no competition t o  t h i s  rou te ,  and l i t t l e  by l i t t l e  

a s  s t r e t c h e s  of railway began t o  p a r a l l e l  t h e  canal ,  l e g i s l a t i v e  measures 



provided aga ins t  competition. The canals  were ao popular and l u c r a t i v e  to  

t h e  S t a t e  t h a t  t h e i r  f inances  were not a t  a l l  times properly handled, and 

many l a t e r a l  l i n e s  were constructed which proved unprof i t ab le  and had t o  be 

r abandoned. 

The old  E r i e  Canal d id  not terminate a t  t h e  Niagara River a t  Tonawanda, 

a s  it does a t  present ,  but  a t  Buffalo. From Buffalo Harbor, t h e  canal  

followed a land l i n e  j u s t  e a s t  of the  Niagara River t o  Tonawanda Creek a t  

Tonawanda. The water su r face  of Tonawanda Creek was held severa l  f e e t  higher 

than a t  present  by- a dam across  t h e  creek a t  Tonawanda. This  dam, which was 

loca ted  j u s t  downstream from t h e  confluence of E l l i c o t t  Creek, prevented n o r  

ma1 flow from t h e  Tonawanda Creek Basin (drainage a r e a  658 sq m i )  from 

e n t e r i n g  t h e  Niagara River as had n a t u r a l l y  occurred i n  the  pre-canal e r a  

( s e e  Enclosure 2). Therefore,  water from t h e  Tonawanda Creek Basin became 

a v a i l a b l e  t o  augment flows i n  t h e  canal. However, t h e  preponderance of water 

supply f o r  t h e  western end of t h e  old E r i e  Canal came from Lake E r i e  a t  

Buffalo,  t h e  flow being regula ted  by a guard lock located  near t h e  northern 

boundary of t h e  c i t y  of Buffalo. When measured near t h e  guard lock i n  

October 1907 by the  U.S. Lake Survey, . t h e  flow i n  t h e  E r i e  Canal averaged 

768 cubic f e e t  per  second (c f s ) .  A very rough gaging of t h e  flow a t  

Tonawanda i n  t h e  f a l l  of 1912 showed a discharge of over 1,000 cubic  f e e t  per  

second. 

I n  a l e t t e r  dated 10 February 1911, t h e  S t a t e  Engineer and Surveyor of 

N e w  York repor ted  t o  t h e  Lake Survey t h a t  t h e  average water requirement f o r  

t h e  western end of the  old E r i e  Canal was 700 c f s ,  which was necessary t o  

maintain t h e  s lope ,  and hence navigable depth, i n  t h e  reach from Lockport t o  

Rochester. This  flow included necessary amounts t o  cover evaporat ion,  

seepage, and spil lway losses .  East  of Rochester, t h e  required flow f o r  

lockage, seepage, and evaporat ion was 210 cfs .  The requirement f o r  lockage 

a t  Lockport was s t a t e d  a s  100 c f s ,  leaving 600 c f s  t o  be by-passed around the  
I 

locks. Of t h e  700 c f s  passing eastward from Lockport t o  maintain t h e  long 

l e v e l ,  200 c f s  was assumed t o  be l o s t  by leakage, seepage, and evaporation. 

@ Since t h e  flow requirement eastward from Rochester was only 210 c f s ,  a s  



mentioned above, this left a residual of 290 cfs to be spilled at various 

wasteways along the level, notably at Gasport, Hedina, Albion, and Adam 

Basin. Under conditions of maximum lockage, seepage, and evaporation, the 

average total diversion of 700 cfs was considerably exceeded. It was further 

stated that an additional quantity averaging 233 cfs was diverted from Lake 

Erie solely for power purposes, being diverted around the locks at Lockport 

and into Eighteenmile Creek. 



SECTTON 2 

EXISTING CONDITrONS 
t 

2.1 Descr ip t ion  of t h e  New York S t a t e  Barge Canal. 

Following a  pub l i c  referendum i n  November 1903, an a c t  providing f o r  t h e  

i s suance  of bonds f o r  an amount not t o  exceed 101 m i l l i o n  d o l l a r s  f o r  t h e  

improvement of the  E r i e ,  t h e  Oswego, and t h e  Champlain Canals, became law. 

1,mprovement t o  t h e  Cayuga and Seneca Canals was added s h o r t l y  t h e r e a f t e r  by 

subsequent l e g i s l a t i o n .  Th i s  marked t h e  genes i s  of t h e  present  N e w  York 

S t a t e  Barge Canal System. 

Enlargement of t h e  E r i e  Canal  segment commenced i n  1905. The p ro jec t  

was not  completed u n t i l  1918. I n  add i t ion  t o  channel and lock enlargements, 

t h e  r o u t e  of t h e  new cana l  devia ted  s u b s t a n t i a l l y  from t h e  rou te  of t h e  old 

E r i e  Canal. This  divergence was simply t h e  r e s u l t  of t h e  d i f fe rence  between 

two types  of cana l  building:  t h e  canal ized  r i v e r  and t h e  independent canal. 

Up t o  t h e  commencement of t h e  Barge Canal, New York had l i t t l e  experience i n  

r i v e r  c a n a l i z a t i o n  and p re fe r red ,  f o r  t h e  most p a r t ,  t o  d i g  an independent 

c a n a l  f o r  commercial navigat ion.  However, by 1903.; engineers  had gained t h e  

necessary  e x p e r t i s e  t o  make r i v e r s  s u f f i c i e n t l y  q u i e t  and manageable f o r  

navigat ion  purposes and t h e  S t a t e  canals  rever ted  t o  t h e  channels used f o r  

c e n t u r i e s  by t h e  Ind ians  and e a r l y  explorers .  

The e n t i r e  New York S t a t e  Barge Canal System is 527 m i l e s  long. There 

a r e  151 m i l e s  of a r t i f i c i a l  land-cut channels  and 376 m i l e s  of canalized 

r i v e r s .  The des igners  of t h e  canal  used a s  much as poss ib le ,  n a t u r a l  water- 

ways such as t h e  Mohawk, Hudson, Oswego and Seneca Rivers ,  and Oneida Lake. 

The c o n t r o l l i n g  depth of t h e  system i s  12 fee t .  A l l  channels,  n a t u r a l  

and a r t i f i c i a l ,  a r e  dredged t o  t h a t  depth. These channels are a l s o  cu t  t o  a  

width of 200 f e e t  i n  r i v e r  sec t ions ;  94 f e e t  i n  rock sec t ions ;  and i n  e a r t h  ' 

s e c t i o n s  123 f e e t  a t  t h e  su r face  and 75 f e e t  a t  t h e  bottom. There a r e  57 



locks  on t h e  canal. The length  between lock ga tes  is 323 f e e t ,  allowing vesse l s  

of  300-f oot  length;  t h e  width of the  lock chambers is 45 f e e t .  Depth of water 

over the  si l ls  is 12 and 13 f e e t .  I n  many cases, t h e  locks  a r e  operated by 

e l e c t r i c  power generated a t  a  powerhouse located  a t  an adjacent  lock dam. The 

locks  vary i n  l i f t  from 6 f e e t  a t  Locks 25 and 26 on t h e  E r i e  Canal a t  Hay's 

Po in t  and Clyde, t o  40.5 f e e t  a t  Lock 17 a t  L i t t l e  P a l l s ,  a l s o  on the  E r i e  Canal. 

2.1.1 Water Supply Diversions - 

One of t h e  major depar tu res  from t h e  old E r i e  Canal crea ted  by t h e  new 
' 

alignment of t h e  N e w  York S t a t e  Barge Canal concerned t h e  supply of water f o r  . 
t h e  western end. The o ld  E r i e  Canal d ive r t ed  water d i r e c t l y  from Lake E r i e  

a t  Buffalo. The New York S t a t e  Barge Canal d i v e r t s  water  from the  Niagara 

River a t  Tonawanda. This  was i n i t i a t e d  i n  t h e  sp r ing  of 1918 wi th  t h e  remo- 

v a l  of t h e  dam ac ross  Tonawanda Creek a t  Tonawanda, previously mentioned i n  

Sec t ion  1.3. Since t h a t  t i m e ,  water has been known t o  flow both i n t o  and 

from t h e  Niagara River,  depending on t h e  l e v e l  of t h e  r i v e r  and the  d ischarge  

from the  Tonawanda Creek Watershed. Enclosure 3 shows t h e  Tonawanda Creek 

Watershed and i t s  r e l a t i o n s h i p  t o  t h e  Barge Canal and t h e  Niagara River. 

The o r i g i n a l  e s t ima te  of t h e  average water  supply which the  Barge Canal 

would r e q u i r e  from t h e  Niagara River was made by M r .  Emil Kuichling and reported 

t o  t h e  S t a t e  Engineer and Surveyor i n  1901. It is a s  fol lows,  not  inc luding t h e  

q u a n t i t y  assumed t o  be necessary f o r  r e f i l l i n g  t h e  cana l  prism each spring:  

Evaporation, pe rco la t ion ,  and absorpt ion  by vegeta t ion  376 

Leakage a t  aqueducts,  c u l v e r t s ,  and waste ga tes  

Leakage a t  lock g a t e s  and valves 

Loss over waste w e i r s  

Water f o r  power t o  opera te  locks ' 12 

Water f o r  power f o r  e l e c t r i c  l i g h t s  a t  locks  8 

Water f o r  lockages a t  average r a t e  of 59 lockages per  day 208 

Water d i v e r t e d  f o r  i n d u s t r i a l  uses and a g r i c u l t u r e  - 532 

T o t a l  during navigat ion season 1,237 

\ 



The l a s t  item i n  t h e  t a b l e ,  namely 532 c f s ,  w a s  t o  inc lude  s p i l l a g e  a t  

wasteways f o r  power uses as had been customary at Lockport, k d i n a ,  and 

elsewhere. 

. Subsequent t o  t h e  above c a l c u l a t i o n s ,  i t  was decided t o  inc rease  the  

width of t h e  locks  from 28 t o  45 f e e t  and t h e  depth from 11 t o  12 f e e t .  The 

quan t i ty  of water requi red  f o r  t h e  same number of lockages was thereby 

s u b s t a n t i a l l y  increased.  However, f o r  maximum condi t ions  of seepage, eva- 

pora t ion ,  and lockage, i t  was considered t h a t  no g r e a t e r  supply would be 

necessary,  provided none of t h e  532 c f s  was s p i l l e d  f o r  i n d u s t r i a l  o r  agr i -  

c u l t u r a l  uses  a t . s u c h  times. Therefore,  t h e  value of 1,237 cfs was re t a ined  

i n  all subsequent computations. 

The Barge Canal accordingly was designed w i t h  such s lopes  as t o  be a b l e  

t o  e x t r a c t  1,237 c f s  from t h e  Niagara River at  a s t a g e  of 565.5 f e e t  a t  

Tonawanda, Barge Canal Datum. This  flow c r e a t e s  a v e l o c i t y  approximately 2/3 

of a m i l e  per  hour. It should be pointed ou t  t h a t  t h e  reach between Lockport 

and Rochester,  popularly known as " the  60-mile l e v e l , "  might have been 

const ructed  wi th  t h e  tops  of t h e  banks and t h e  waste weirs  as at present ,  bu t  

wi th  a depth 2.27 f e e t  g r e a t e r  a t  Lockport, and a l e v e l  bottom a l l  t h e  way t o  

t h e  Genesee River. This would have required an average 1.14 f e e t  deeper 

excavation and would have involved considerable expense, b u t  would have pro- 

duced a canal  having a 12-foot depth a t  a l l  times without  r equ i r ing  a flow of 

water  t o  maintain a s lope  on the  water surface.  The r e s u l t  would very l i k e l y  

have been a much smal ler  consumption of water from the  Niagara River. 

However, t h i s  was not done. Consequently, even a t  t imes when t h e  require-  

ments f o r  seepage, leakage,  lockage, e t c .  a r e  u in imal ,  i t  is not  poss ib le  t o  

reduce t h e  flow very much because of the  necess i ty  t o  maintain the  proper 

s l o p e  and assu re  a depth of 12 f e e t  a t  a l l  p o i n t s  i n  t h e  "60-mile level." 

There a r e  numerous spi l lways  and waste ga tes  a long t h e  Barge Canal t o  

f a c i l i t a t e  r egu la t ing  the  water  l e v e l  a t  the  des i red  e l e v a t i o n  and t o  a i d  i n  

preventing washouts of t h e  banks. On the  "60-mile l eve l "  t h e r e  a r e  13 such 



spi l lways  where water  may be  wasted i n t o  s m a l l  n a t u r a l  water  courses flowing 

northward i n t o  Lake Ontario. These small streams all pas8 under t h e  a n a l  i n  

c u l v e r t s ,  except  a t  Hedina where an aqueduct c a r r i e s  t h e  canal  over Oak 

Orchard Creek. Each epil lway c o n s i s t s  of a waste weir  25 t o  170 f e e t  long, 

having i t e  crest along one s i d e  of the  a n a l ,  12 f e e t  above a n a l  bed, and 

having two o r  more s l u i c e  gatee. 

The discharge a p a c i t y  of the  por t ion  of the  Barge Canal from t h e  

Niagara River t o  Lockport is dependent upon two f a c t o r s :  f i r s t ,  t h e  depth of 

water  being maintained i n  t h e  canal  a t  Lockport; and second, t h e  s t a g e  of 

Lake E r i e  on which t h e  s t a g e s  of the  Niagara River a t  Tonawanda depend. 

Computations by t h e  Corps of Engineers p r i o r  t o  1921 i n d i c a t e d  t h a t  Lake E r i e  

cannot f a l l  below a s t a g e  of 570.46 f e e t ,  United S t a t e s  Standard Datum, 

1903*, without  t h e  depth i n  t h e  canal  a t  Tonawanda becoming l e s s  than 12 

f e e t .  A t  t h i s  s t a g e  and h igher  s t ages ,  and wi th  12 f e e t  of water on t h e  

upper sill  of t h e  lo& a t  Lockport, t h e  discharge of t h e  canal  a t  Lockport 

was ind ica ted  by these  computations t o  be approximately as follows: 

Lake E r i e  Stage 

United S t a t e s  Datum, 1903" - c f  s 

* It is  bel ieved t h a t  the  conversions t o  present  da ta  are :  U.S. Datum 
i 

(1903) - 1.85 f e e t  = I n t e r n a t i o n a l  Great L'akes Datum (1955) = New York 

S t a t e  Barge Canal Datum - 2*98 f e e t .  



I f  a  depth of only 11 f e e t  is maintained on t h e  s i l ls  a t  Lockport, the  

d ischarge  condi t ions  were ca lcula ted  t o  be approximately as follows: 

Lake E r i e  Stage  

United S t a t e s  Datum, 1903 

A s  mentioned above, the  engineers who designed t h e  canal  i n  1900 esti- 

mated t h a t  a  flow of 1,237 c f s  would have t o  be ex t rac ted  from t h e  Niagara 

River  t o  maintain a 12-foot depth from Lockport t o  Rochester. Est imates were 

made f o r  evaporat ion,  percola t ion,  leakage, water power f o r  locks,  lockages, 

and d ive rs ions  f o r  i n d i s t r i a l  uses and agr icu l tu re .  W e  est imated non- 

navigat ion use amounted t o  s l i g h t l y  over 500 c f s .  According t o  recent  infor-  

mation from the  N e w  York S t a t e  Department of Transpor ta t ion ,  these  es t imates  
, . .  . . 

have never been accura te ly  measured i n  t h e  f i e l d .  

2.1.2 Diversions f o r  Hydropower Generation: 

a. Diversions a t  Lockport - On 25 January 1826, a  l e a s e  was made t o  

Richard Kennedy and J u l i u s  H. Batch, i n  considera t ion of an annual payment oE 

S200.0Q f o r  " a l l  the  su rp lus  waters  which without i n j u r y  t o  navigation,  o r  

s e c u r i t y  of the  canal ,  may be spared from t h e  canal ,  a t  the  head o f t h e  

locks ,  i n  t h e  v i l l a g e  of Lockport, t o  be taken and drawn from the  canal  a t  

such place  and i n  such manner, and t o  be discharged i n t o  t h e  lower l e v e l ,  a t  

such places  and i n  such manner a s  the  sa id  canal  commissioners s h a l l  from 

time t o  time deem most advisable f o r  t h e  s e c u r i t y  of the  canal ,  and f o r  the  

convenience of the  navigat ion thereof." 



I n  1856, t h e  Lockport Hydraulic Company was incorporated f o r  a SO-year 

period,  and became t h e  ass ignee  of p a r t  of t h e  r i g h t s  of t h i s  lease .  On 

16 August 1907, t h e  Sec re ta ry  of War granted  t o  t h e  Lockport Hydraulic  

Company a revocable permit ,  'To d i v e r t  water  of t h e  Niagara River and i t s  

t r i b u t a r i e s  from t h e  E r i e  Canal a t  Lockport, New York, above t h e  locks ,  f o r  

power purposes, not  exceeding SO0 cubic  f e e t  per  second.' It was t o  be 

d i s t i n c t l y  understood t h a t  t h e  water  s o  d ive r t ed  should be re turned t o  t h e  

c a n a l  below t h e  locks ,  and t h a t  t h i s  permit should i n u r e  t o  t h e  b e n e f i t  of 

a l l  persons and corpora t ions  then using s a i d  water  f o r  power purposes, 

whether l e s s e e s  of t h e  app l i can t  o r  having t h e  r i g h t  t o  be furnished by i t  

wi th  water ,  and inc luding t h e  persons o r  corpora t ions  then d i v e r t i n g  water  

from t h e  E r i e  Canal a t  Eighteenmile Creek, Middleport,  Medina, Eagle Harbor, 

Albion, Bolley,  and o t h e r  places. I n  November 1907, t h e  permit was ass igned 

t o  t h e  Hydraulic Race Company, the  successor  of t h e  Lockport Hydraulic  

Company. A plan showing t h e  r e l a t i o n s h i p  of Eighteenmile Creek t o  t h e  E r i e  

Canal is  given on Enclosure 4. 

• The S t a t e  of New York granted t o  t h e  Lockport and Newfane M i l l  Owners 

Associa t ion  (of which t h e  Hydraulic Race Company was a member), on 

25 November 1913, a revocable permit t o  d i v e r t  from the  Niagara River through 

t h e  Barge Canal t o  Lockport and in to -E igh teenmi le  Creek t h e  500 c f s  of water  

covered by t h e  Federa l  permit ,  t h e  a s s o c i a t i o n  t o  pay $7,500 per  yea r  t o  t h e  

S t a t e  f o r  the  p r i v i l e g e  of using the  cana l  as a raceway. 

O n  13 December 1926, t h e  Federa l  Power Commission modified t h e  permit ,  
' . . . f o r  a period conterminous wi th  t h e  S t a t e  permit ,  o r  o f . a n y  renewal 

t h e r e o f ,  no t ,  however, t o  exceed f i f t y  (50) years  from t h e  d a t e  hereof ,  

au thor iz ing  the  d ive r s ion ,  f o r  the  purpose of opera t ing  powerhouses-for t h e  

development and u t i l i z a t i o n  of power, from navigable waters  of t h e  United 

S t a t e s ,  t o  w i t ,  t he  Niagara River,  of an  amount not  exceeding i n  t h e  aggre- 

g a t e  a d a i l y  d ive r s ion  a t  the  r a t e  of 275 cubic  f e e t  per  second, t h e  maximum 

d ive r s ion  i n  any ca lendar  day not  t o  exceed s a i d  r a t e  by more than 20 percent  

the reof ;  s a i d  waters  t o  be c a r r i e d  through s a i d  New York Barge Canal, t o  be 

d i v e r t e d  from above s a i d  locks  a t  Lockport . . . t o  discharge t h e  same, 



d i r e c t l y  i n t o  s a i d  Eighteenmile Creek f o r  use i n  the  s e v e r a l  power- 

houses . . . .I 
* According t o  t h e  New York S t a t e  Department of Transpor ta t ion ,  t h i s  per- 
\ 

m i t  fi presen t ly  v a l i d  and held by t h e  Niagara Hohawk Power Corporation. 

However, t h e  na ture  of Eighteenmile Creek has changed s u b s t a n t i a l l y  s ince  the  

e a r l y  n ineteenth  century when powerhouses along t h e  meek were common. With 

t h e  abandonment of t h e  powerhouses, t h e  capaci ty  of t h e  creek has been 

reduced by t h e  n a t u r a l  encroachment of vegetat ion.  Recent t e s t s  performed by 

New York S t a t e  Department of Transpor ta t ion  (NYSDOT) have ind ica ted  that the  

s a f e  d ive r s ion  from t h e  Barge Canal i n t o  Eighteenmile Creek cannot exceed 

about  50 c f s  without inundating r e s i d e n t i a l  proper ty  and farmland. 

b. Diversions a t  Hedina and Rochester - The engineers who designed the  

Barge Canal i n  1900 es t imated  t h a t  1,237 c f s  would be required t o  maintain a 

12-foot depth from Lockport t o  Savanah, New York. The above was based on a 

s t r a i g h t  g rad ien t  from Lokkport t o  Rochester. It became evident  a f t e r  the  

opening of the  canal  t h a t  the  a n a l  had been b u i l t  on a s t e e p e r  g rad ien t  from 

Lockport t o  Medina than from liedina t o  Rochester. Consequently, less water 

was needed between Hedina and Rochester than was needed between Lockport and 

Medina. A su rp lus  of water amounting t o  225 c f s  thus developed a t  Hedina. 

I n  1925, t h e  water was c e r t i f i e d  t o  be su rp lus  by the  New York S t a t e  

Waterpower Comnission and was leased t o  a p r i v a t e  u t i l i t y .  

A f l a t t e r  gradient  exists e a s t  of Rochester than from liedina t o  

Rochester. This r e s u l t s  i n  a su rp lus  of 600 c f s  a t  the  Genesec River. This 

s u r p l u s  was c e r t i f i e d  by the  Waterpower Commission i n  1925 and l i censed  t o  

t h e  Rochester Gas and E l e c t r i c  Company. 

I n  1948, t h e  S t a t e  was faced w i t h  lawsui ts  by r i p a r i a n  owners in the  

Oswego and Seneca watershed a reas  on the  grounds t h a t  cons t ruct ion  of the  
# 
I .. . . Barge Canal had adversely a l t e r e d  the  previous flow regime. A t  t h a t  time, 
* 

150 c f s  flowed e a s t e r l y  from Rochester i n  the  canal.  I n  1949, an agreement 

was reached whereby an a d d i t i o n a l  225 c f s  would be s e n t  e a s t e r l y  from 



Rochester f o r  a  t o t a l  of 375 cfs .  S tudies  were made t o  determine i f  t h a t  

much add i t iona l  Lake E r i e  water could be ca r r i ed  i n  t h e  canal  between 

Lockport and Rochester. It was determined t h a t ,  f o r  a  number of reasons,  

both physical  and l e g a l ,  i t  would not be advisable t o  Increase  the  flow In 

t h i s  s e c t i o n  of the  canal  by 225 cfs .  Ins tead,  t h e  mount of water re leased 

t o  Rochester Gas and E l e c t r i c  was reduced by 225 c f s  t o  375 cfs. 

Enclosure 5  l is ts  t h e  seven known hydro p lan t s  p resen t ly  using t h i s  

s u r p l u s  canal water. During t h e  navigation season, these  p lan t s  can e x t r a c t  

enough water t o  generate 10,832 KIJ. 

2.1.3 Diversions f o r  Other Purposes - 

Both t h e  New York S t a t e  Leg i s la t ive  Document NO. 27, 13 March 1957 and 

Genesee River Basin Planning Hemo No. 10, New York Divis ion Water Resources, 

1968, l i s t e d  New York s t a t e  Barge Canal d ivers ions  i n  e f f e c t  at t h e  time. 

The amounts tabula ted  i n  each repor t  a r e  shown on Enclosure 6. I n  a d d i t i o n  

t o  the  d ivers ions  f o r  power, i t  can be seen t h a t -  t h e r e  a r e  d ivers ions  f o r  

domestic purposes, i n d u s t r y ,  and i r r i g a t i o n .  
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1.2 Physica l  L imi ta t ions  on t h e  Flow Carried i n  t h e  Barge Canal from t h e  

Niagara River t o  Lockport. 

The maximum flow i s  l i m i t e d  hydrau l i ca l ly  by the  e l e v a t i o n  of t h e  

Niagara River a t  Tonawanda and t h e  regula ted  e leva t ion  of t h e  cana l  at 

Lockport. However, t h e r e  is  no evidence t o  i n d i c a t e  t h e  maximum flow t h a t  

can be s a f e l y .  c a r r i e d  i n  t h i s  reach. 

4.3 Physica l  L imi ta t ions  on t h e  Flow Carr ied  i n  t h e  Barge Canal from 

Lockport t o  ~ o c h e s t e r .  

I n  1957,. t h e  New York S t a t e  Department of Transpor ta t ion  c a r r i e d  out  a 

f i e l d  i n v e s t i g a t i o n  t o  determine t h e  p o s s i b i l i t y  of passing a d d i t i o n a l  water 

f o r  farm i r r i g a t i o n  purposes i n  t h i s  reach. J u s t  p r i o r  t o  t h e  tests, the  

amount of water  reaching.Lockport was determined by cur ren t  metering t o  be 

1,120 c f s .  It was f u r t h e r  determined during the  f i e l d  t e s t s  t h a t  the  amount 

of  flow i n  t h e  "60-mile l e v e l "  could not  be increased more than 100 t o  

150 c f s  un less  a l l  sp i l lways  between Lockport and Rochester were permanently 

r a i s e d  t o  prevent  l o c a l  f looding.  According t o  NYSDOT, no f u r t h e r  work on 

t h i s  sub jec t  has  been pursued. 

4.4 Allowable Diversions from t h e  Barge Canal i n t o  Eighteenmile Creek from 

a Legal Standpoint.  

I n  1926, t h e  Federa l  Power Commission issued t o  t h e  Hydraulic  Race 

Company et a l .  a  l i c e n s e  f o r  t h e  d ive r s ion  of 275 c f s  from t h e  Barge Canal 

i n t o  Eighteenmile Creek. Recent correspondence from NYSDOT i n d i c a t e s  t h a t  

t h i s  d ive r s ion  was subsequently t r a n s f e r r e d  t o  Niagara Mohawk and used a t  i t s  

Schoellkopf S t a t i o n  a t  Niagara F a l l s .  The Schoellkopf p l a n t  was destroyed by 

a  rock s l i d e  i n  1956. It has been suggested t h a t ,  fol lowing t h a t  event ,  t h e  

l i c e n s e  fo r  t h i s  d ive r s ion  was t r a n s f e r r e d  t o  the  New York Power Authori ty 

P r o j e c t  a t  Niagara Pa l l s .  However, a t  p resen t ,  t h i s  p o s s i b i l i t y  is  still 

being inves t iga ted .  



4.5 ~ h ~ s i c a l  L i m i t a t i o n s  on t h e  Flow Diver ted  from t h e  Barge Canal i n t o  

Eighteenmi le  Creek. 

,I Recent f i e l d  i n v e s t i g a t i o n s  were undertaken by NYSDOT t o  de te rmine  t h e  
Y 0 

p o s s i b i l i t y  of f low augmentat ion t o  improve wa te r  q u a l i t y  downstream from t h e  

Lockpor t  sewage p l a n t .  It was found t h a t  f l ood  p l a i n  development and channel 

encroachment by v e g e t a t i o n  l i m i t e d  t h e  s a f e  d i v e r s i o n  from t h e  Barge Canal 

i n t o  E igh teenmi l e  Creek t o  l i t t l e  more t han  50 cis. 

4.6 Accounting and Repor t i ng  Diver ted  Flows. 
* 

I n  t h e  r e p o r t  t o  t h e  Governments e n t i t l e d  "The P r e s e r v a t i o n  and 

Enhancement of Niagara F a l l s "  by t h e  I n t e r n a t i o n a l  J o i n t  Commission in. 1953, 

t h e  fo l l owing  e x c e r p t  is of i n t e r e s t :  

"The N e w  York S t a t e  Canals.  --The N e w  York S t a t e  Barge Canal forms - 

a sha l low d r a f t  connec t ion  between Lake E r i e ,  Lake On ta r io ,  and 

t h e  Hudson River .  Water i s  d i v e r t e d  from t h e  Niagara  i t iver  at  

Tonawanda and r e t u r n e d  t o  Lake Ontar io .  While no record  of 

d i v e r s i o n s  i s  k e p t ,  it is e s t ima ted  t h a t  t h e  amount of d i v e r s i o n  

d u r i n g  t h e  n a v i g a t i o n  and w i n t e r  season  i s  1,100 and 750 c u b i c  

f e e t  p e r  second, r e s p e c t i v e l y .  These r a t e s  a r e  used f o r  t h e  

purpose  of  t h i s  report . '  

I n  t h e  absence of b e t t e r  i n fo rma t ion ,  t h i s  p r a c t i c e  con t inues  t o  t h i s  

' day  w i t h  one n o t a b l e  except ion .  Beginning i n  1956 t h e  c a n a l  has  been 

dewatered  annua l ly  du r ing  t h e  non-navigation season  ( g e n e r a l l y  from 

mid-December t o  l a t e  A p r i l  o r  e a r l y  May). Consequent ly ,  t h e r e  has  been no 

f low i n  t h e  c a n a l  d u r i n g  t h e  w i n t e r  season  f o r  t h e  p a s t  29 yea r s .  

With r e s p e c t  t o  t h e  i n d i v i d u a l  d i v e r s i o n s  from t h e  Barge Canal f o r  
f v a r i o u s  purposes ,  it is d o u b t f u l  t h a t  anyone knows t h e  t r u e  amounts of t h e s e  

d i v e r s i o n s .  
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PROFILE AND MILEAGE TABLE 
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BARGE CANAL SYSTEM 
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Summary of Hydro Plants  Using N .  Y. S tn tc  B a r ~ e  Canal  Water  

Plant 
Location Ratcd Rated 
& Name Owner KLV 

- .  C FS 

Race St ree t  NM 2700 800 

Oak Orchard N M  350 225 

1 Glenwood N M  1500  4 4 5  

C.lnal Q.  C,ip;~c its 
Uscil fro111 
C FS Cclnal Q.  

hW IJcad E.F. ,  
'Tt. hW/CFS Norm21 Present Normal Present! - 

1 Waterport  N IM 4650 780 80 5 .36  225 1 8 0  1206  9 6 5  

(1) This flow i s  e:itractcd from :cqnqwanda Crcek ,tnd dischargcd into the canal ,  so that i t  
is not l o s t  from the  c a n a l  sys tem.  

(2) Assumes tha t  thz three hledina p lan ts  u se  t h e  diverted water  in se r i e s .  



New York S ta t e  Barcje Cana l  Divers ions 

W a t e r  divcr tcd f r o m  N iLlcjt;ra Rivcr 1120 
Lockport d Newfanc Mill Owners Assoc.  
Domest ic  U s e  (Lockport) 
1ndust;y' (Hartland) 

. Domest ic  U s e  (Middleport) 
Niagara Mohawk (Medina) 
Domest ic  U s e  (Medina) . 
Domest ic  U s e  (Lyndonville) 
Hunt Foods (Albion) 
Domest ic  U s e  (Albion) 
Domest ic  U s e  (Holley) 
Domest ic  U s e  (Brockport) 
Domest ic  U s e  (Spencerport) 
Irrigation 
D o m e s t i c u s e  (Brighton) 
Rochester G a s  & Electric 
Flow t o  e a s t  of Rochester 
Other  Industry 
Other  Domes t i c  U s e  
L o s s e s  

Sources:  
(1) N e w  York S ta t e  Legis la t ive Docurnen: +27 March 1 3 ,  1357 
(2) G e n e s e e  River gas in  Planning Memo = l o ,  N.Y. Div.  Weter  Resources ,  1968 

. . 

*Indicates  d ivers ion  no longer ac t ive .  
,'L? ... . . .  



APPENDIX E 

SIGNIF1:CANT PHYSICAL EFFECTS O F  STOPPING THE OGOKI AND LONG LAC DIVERSIONS 
- ALBANY R I V E R  AREA 

Introduction 

The ~ o n g  Lake and Ogoki Diversions together divert a long term 
average annual flow of about 5,600 cubic,feet per second (cfs) 
from the Albany River (James Bay.) drainage basin to Lake 
Superior. The older of these diversions, Long Lake was 
completed in 1939. It was constructed jointly by Ontario and 
Ontario Hydro to permit log driving from the Long Lake area to 
Lake Superior and to provide additional flow at Niagara Falls 
for the generation of electricity. Both of these original 
uses continue today. In addition, since 1948, electricity has 
been generated locally at the Aguasabon Generating Station of 
Ontario Hydro. Average annual diverted flow from Long Lake is 
1,400 cfs. The Ogoki Diversion, completed in 1943, was 
constructed by Ontario Hydro to supply additional water for 
generating stations on the Nipigon, St. Mary's and Niagara 
Rivers. Average annual diverted flow is 4,200 cfs. 

The long term effects of these diversicns on the levels of the 
Great Lakes was quantified as a part of the work carried out , 
under the Great Lakes Diversions and Consumptive Uses Study 
and is given in Table 1. I 
Figure 1 shows the area of the diversions and control 
structures. 

Scenarios examined: 

1. Ogoki Diversion 

(a) Ogoki Diversion flow closed completely from the 
Great Lakes basin by closing the Summit Dam and 
opening the Waboose Dam to the extent required to 

I 
, ensure that no further dam operation would be needed 1 

to prevent water levels on the Ogoki Reservoir 
higher than have existed in the past; 

(b) As in (a) above but the Waboose Dam operated to 
maintain water levels in the Ogoki Reservoir at 
suitable elevations for recreation and other current 
usage of the reservoir area; 



2. Long Lake Diversion 

(a) Long Lake flow closed completely from the Great 
Lakes Basin by closing the Diversion Control Dam and 
opening the Kenogami River Dam to the extent 
required to ensure that no further dam operation 
would be necessary to prevent water levels on Long 

, Lake higher than have existed in the past; 

(b) As in (a) above but the Kenogami River Dam operated 
to maintain water levels on Long Lake at suitable 
elevations for recreation and other current usage of 
the reservoir area; 

(c) As in (b) above but Diversion Control Dam operated 
to permit a flow of 1,200 cubic feet per second from 
Long Lake to Lake Superior as required for log 
driving each year. 

ghvsical Effects 

1. Ogoki' Diversion 

.1 Impact on Energy: 

Impacts are the same for Scenarios l(a) and, (b). 

Locally, at the Nipigon River generating stations, 
there would be an average annual loss of 606,000 MWH 
of electrical energy; additional average annual loss 
to other Ontario Hydro plants would be 344,000 MWH. 
Losses to U.S. plants at Sault Ste. Marie and 
Cornwall and to Quebec plants at Beauharnois and des 
Cedres have not Seen estimated. 

Replacement energy would come from from' thermal 
generation. Additional generation of acid gas to 
replace local loss would total 9,600 tons and to 
replace system loss, 5,500 tons. 

While there would be no short term problem with 
transmission line capacity, a loss of this diversion 
for a longer term (beyond 1990) would require an 
upgrading of the East-West tie-line and probable 
cancellation of the proposed new development on the 
Little Jackfish River. This additional capacity, 
600,000 average annual MFJH, will be required early 
in the next decade. Alternate energy sources would 
be more expensive and could cause far greater 
environmental damage. 



. 2  Environmental Impacts 

.1 Levels and Flows 

.1 Lake Nipigon and Nipigon River. 

With loss of the diverted flow, to attempt 
to meet energy demands, Ontario Hydro 
might be expected to make maximum usage of 
available local Lake ~ipigon inflow and 
storage capacity. This would result in 
lower levels in Lake Nipigon throughout 
the year and especially so in late winter, 
early spring. It is probable too, that 
thermal generating stations at Thunder Bay 
and Atikokan.would be base-loaded and that 
the Nipigon'~iver generation would be used 
for peaking. This would result in large 
changes in river flow each morning and 
evening. See figure 2. , 

.2 Ogoki and Albany Rivers 

Except for a period of about three months 
in 1974 and of about 8 months in 1984-85, 
outflow from the Waboose Dam northward to 
the Albany ~iver-has been essentially zero 
except during periods of much above 
average precipitation when spill northward 
was permitted for brief periods. If the 
Diversion were turned northward average 
annual weekly peak flow in the Ogoki River 
below the Waboose Dam would increase from 
near zero to about 9,000 cfs and from 
5,000 to more than 14,000 cfs at its 
confluence with the Albany River. Albany 
River flows at this confluencewould also 
increase by about 9,000 cfs or about 35%. 
See figure 3. 

. 3  Ogoki Reservoir and M o j i k i t  Lake 

The level of these waterbodies is 
controlled by the Summit and Waboose Dans. 
Under Scenario l(b), there would be 
essentially no change from existing 
conditions. Under Scenario l(a), with the 
Summit Dam closed and the Waboose Dam 
opened to permit free flow to the north, 
the whole would behave as an unregulated 
lake rising to a level dictated by the 
volume of the spring freshet, then falling 
to a minimum level in the late winter or 
early spring. In most years, there would 
be a temporary increase in level because 
of the fall rains. Since sufficient stop 
logs must be removed to ensure against 
flooding in the spring and because under 



Scenarioel(a) no dam operation is planned 
to regulate summer or early spring levels, 
it is possible that levels would rise to 
higher and fall to lower elevations than, 
those experienced since the Diversion has 
been in operation. See figure 4. 

The area, between the Summit and Waboose 
Dams, under license for flooding to 

, Ontar-io Hydro, is 53,121 acres. Much of 
this land would be dewatered under 
Scenario l(a) . 

.4 Little Jackfish River and Chain of Lakes 

In a state of nature, the height of land 
lay between North and South Summit Lakes, 
the present location of the Summit Dam. 
With this dam closed, the flow to Lake 
Nipigon from this system woyld be reduced 
to local natural inflow. Pre-diversion 
flows averaged 140 cfs with peak 
discharges of about 750 cfs. Post- 
diversion flows have averaged 4,200 cfs 
with a median freshet peak discharge of 
more than 9,000 cfs and a maximum freshet 
flow of more than 15,000 cfs. 

The area downstream of the Summit Dam 
under license to Ontario Hydro for 
flooding is 24,769 acres. If the 
diversion were closed to the south, all of 
this land would be dewatered. 

.2 Fish and Wildlife 

.1 Lake Nipigon and Nipigon River 

In Lake Nipigon, the major concerns would 
be the effect of the low fall and winter 
water levels on the survival of brook 
trout and whitefish spawn and of the low 
spring levels on the spawning success of 
walleye. All could be severely damaged. 
In the Nipigon River, the quality of the 
salmonid habitat would be lowered. 

No impact on wildlife is anticipated on 
these waterbodies. 

.2 Ogoki and Albany Rivers 

There has been a shift in the aquatic 
population in the Ogoki River to adjust to 
the reduced flow since the diversion-was 
constructed. Releases to the north have 
been mainly in late spring or summer so 
that impact on spring spawning fish was 



mitigated to some extent. If, however, 
the diversion were turned north throughout 
the year, there would,probably be a major 
disruption of sturgeon and walleye 
spawning runs. 

Major impact on wildlife would be the 
flooding of aquatic feeding areas of moose 
and the drowning of beaver houses. 

. 3  Ogoki Reservoir and Mojikit Lake 

Under scenario l(b) there would be 
essentially no impact on the fish and 
wildlife in these waterbodies. 

Under Scenario l(a), there would be major 
impacts. 

Both the Ogoki Reservoir and Mojikit Lake, 
and particularly the former, have 
extensive shallows which would be lost if 
Waboose Dam were opened up more than 
necessary. Exposure of the shallows 
would: 

I - destroy moose aquatic feeding 
'habitat; 

- significantly reduce waterfowl and 
wading bird habitat; 

- severely impair Osprey fishing 
opportunity and possibly disrupt 
Osprey nesting; 

- significantly reduce production of 
pike, walleye, whitefish and 
sturgeon ; and 

- render commercial outpost camps 
almost unusable; 

The shallows make excellent habitat for 
pike, the major species sought by sport 
fishermen on the two waterbodies. They 
are vital to the productivity of other 
fish species as well. 

Walleye come a close second in importance 
to pike in the sport fishery. Loss of 
lake area, particularly the present 
littoral zone would cost walleye 
production, especially in very young fish. 
Mojikit is a candidate source for the 
 ini is try of Natural Resourcesv adult 
walleye transfer program. 



There is a commercial license on Mojikit 
which allows 9,000 kg of whitefish and 900 
kg of northern pike. Because of fish 
prices and other factors, this fishery is 
not presently very active. The only 
significant impact of loss of whitefish 
production of the short term would be on 
the whitefish population as a component of 
the fish cornrnunity/food web of 
~ o j  ikit/Ogoki. 

Lake Sturgeon occupy both waterbodies and 
depend heavily on shallows for foraging 
habitat. The Ogoki Reservoir supports a 
small (250 kg/year) active commercial 
sturgeon fishery . 
Standing timber was not removed from most 
of the flood area when the Diversion was 
established in the early 1940's. Some 
trees have since been cut at the waterline 
by rot, ice, and winds, but a large 
percentage are still standing. 

The impact of water level drop on the 
local Osprey population beyond loss of 
forage area is not very predictable. 
Osprey nest in the tops of standing trees 
in the flooded area. Long term loss of 
water around these sites would probably 
make the nests more vulnerable to 
predation and could cause Osprey to 
abandon them. 

. 4  Little Jackfish River and Chain of Lakes 

Impacts are the same for both Scenarios 
l(a) and l(b) . 
Loss of the diverted flow from this system 
would cause extensive impact on the 
aquatic community. Therewould-be: 

- reduction of riverine habitat, loss 
of more than 70% of flowing water 
habitat; 

- a reduction of littoral zone size in 
each lake, and exposure of much of 
the present littoral zone in each 
lake; 

- a decrease in flushing rate of the 
main stem lakes from a period of 
months to a period of possibly years 
de'pendent on the duration of the 
water diversion to the Ogoki River; 
and 



- changes to water quality;.most 
significant would be the ioca.lized 
depletion of dissolved oxygen in some 
isolated basins and river sections. 

Changes in these physical factors would 
manifest themselves in shifts in aquatic 
species composition and a decrease in. 
species diversity along the- river system. 
Shifts in production would occur at each 
trophic level. Shifts would be lake and 
river section dependent and might be 
positive or negative. 

The long term effects of diverting water 
from the little Jackfish River would also 
be dependent on the duration and extent of 
diversion. The longer the period of 
diversion the more likely the possibility 
of long lasting negative impacts. 

The lower portion of the Little Jackfish 
is a major area of recruitment for the 
walleye fishery of northern Lake Nipigon. 
The loss of spawning and rearing habitat 
would impact not only the fishing in the 
chain of lakes and Little Jackfish River 
but also in Ombabika Bay and Lake Nipigon. 

A decrease in water levels along the 
Little Jackfish River would not 
significantly affect terrestrial 
communities. Aquatic fur bearers on the 
lakes and river would recolonize to lower 
water levels or move to more favourable 
habitat. A shift in populations would be 
transitory and would be dependent on the 
duration and timing of the diversion. 

.3 Socioeconomic Impacts 

.1 Lake Nipigon and Nipigon River 

Effects are the same for Scenarios l(a) 
and l(b) . .. 

There are 13 commercial fishing licenses 
on Lake Nipigon, five cruise boat 
operators, a number of boat rental 
businesses, municipal and private docks. 
All of these would be affected by lower 
water levels. At low water levels, 
commercial fishermen with high docks and 
some outfitters have trouble getting their 
cruisers out. There would be increased 
hazard to navigation and complaints from 
all about docks. 



On the Nipigon River, there could be water 
supply problems for Chalet Lodge and the 
Lake Helen Indian Reserve. Cottagers 
would be inconvenienced and quality of the 
recreational fishery would be lowered. 

. 2  Ogoki and Albany Rivers 

Impacts would be the same for Scenarios 
1 (a) and 1 (b) . 
There are Indian communities at the 
confluence of the Ogoki and Albany Rivers - Indian Reserve No. 65; and at tlie mouth 
of the Albany River - Indian Reserve No. 
67; Fort Albany and Kashechewan. In 
addition, the Indians use the rivers for 
travel to hunting, trapping and fishing 
grounds. , 

An increase in debris, such as logs, 
windfall and aquatic vegetation in the 
river is anticipated during the initial 
stages of release. As water levels 
increase debris that has accumulated at 
low water levels will be mobilized into 
the river. 'Debris in the river creates an 
increased boating hazard for clients using 
the outfitter camps and decreases float 
plane landing opportunities. A 
significant increase in debris in the 
river and lakes may result in a temporary 
cancellation of outpost canp operations. 

An increase in water velocities along the 
river (in excess of - 1.5m/s) may cause 
outfitter camp client dissatisfaction 
because of increased boating hazard, a 
decrease in river access and a decrease in 
fishing opportunities and success. 

Rising water levels will affect existing 
camp stmctures, docks, and boats if these 
have not been located above .the 
anticipated high water level. 

The effects of a release on outfitters may 
also be extended to trappers, and include 
reduced access to shoreline trap areas, 
reduced services from fly-in operations, 
an increase in boating hazard and possible 
damage to equipment and structures. 
Increased risk to the trappers is not 
expected to be as significant as to 
outfitter clients because of trapper 
experience in wilderness situations. 



A'decrease in commercial fishing success 
and an increase in effort may be 
anticipated following the release from the 
Waboose Dam. The likelihood of 
significant impacts would be lessened by 
an increase in the time frame from first 
release to the onset of fishing activities 
in the fall. Sources of impact originate 
from an increase in debris which would 
foul nets, and an increase in water 
velocities which may limit access to 
traditional fishing locations and 
redistribute fish within the river system. 

While flood flows in the Albany River at 
Ogoki might be expected to increase by 
from about 35 to more than 50% of those 
experienced during the period of 
diversion, percentage increase at Fort 
Albany and Kashechewan,would be much less. 
It is not anticipated that the increase in 
peak flows on the lower river would cause 
significant added flood damage. However, 
if the diversion were turned to the north 
and if flooding were to occur, in the same 
way that the diversions are perceived to 
be the cause of flooding on the Great 
Lakes, they would also be perceiv&d to be 
the cause of flooding on the Albany. 

. 3  0goki Reservoir and Mojikit Lake 

There would be essentially no 
socioeconomic impact on these waterbodies 
under Scenario 1 (b) . 
Under Scenario l(a), it could be 
anticipated that the ten outpost camps and 
the commercial fish camp located on the 
shores of these waters would be rendered 
almost unusable. Depending on the length 
of time the diversion might be turned 
north, los's of business and of fish stocks 
could affect the profitability of the 
outpost camps and enterprises dependent on 
then for a much longer period. More than 
10% of the fly-in fishing outposts in the 
Nipigon District would be affected by the 
lower water levels and poorer fishing 
opportunity. 

Strong objections to this Scenario could 
'be expected from Armstrong area 
outfitters, the Armstrong Chamber of 
Commerce and the local Ministry of Natural 
Resources offices. 



. 4  Little Jackfish River and Chain of Lakes 

Effects of Scenarios 1.a and 1.b would be 
identical. 

With the very high impact on the fishery 
of this area, it is not improbable that 
the fly-in tourist outfitter located on 
one (Zigzag) of the lakes in this system 
would be forced to relocate his operation. 
Loss of the spawning grounds in the lower 
river would affect the fishery 
(recreational and commercial) in Ombabika 
Bay and the northern parts of Lake 
Nipigon. 

sons Lake Diversion 

.1 Impact on Energy 

Impacts are the same for Scenarios l(a) & l(b) 

Locally, at the Aguasabon Generating Station, there 
would be an average annual loss of 265,000 MWH of 
electrical energy; additional average annual loss to 
other Ontario Hydro plants would amount to 117,000 
MWH. Losses to U.S.. plants at Sault Ste. Mafie and 
Cornwall, to the Quebec plants at Beauharnois and 
des Cedres and to the privately owned Canadian plant 
at Sault Ste. Marie, have not been estimated. 

Replacement energy would come from thermal 
generation. Additional generation of acid gas to 
replace local loss would total 4,200 tons and to 
replace system loss would be an additional 1,850 
tons. 

Under Scenarios 1. a and 1-b, the ~guasabon 
Generating Station would be taken out of operation 
for the duration of the closure of the Diversion. 
Under Scenario l(c), the station could be operated 
for about six months each year. Whether or not this 
would be done would be a decision for Ontario Hydro 
to make. 

It is noted that the six month period of operation 
would be during late spring, summer and early fall 
when demand for electricity in Northwestern Ontario 
is in the low half of the cycle. If the station 
were operated, energy losses would be something less 
than half of those estimated for Scenarios l(a) and 
l(b). Acid gas generation would be something more 
than half of that estimated above. 



. .2 Environmental Impacts 

It is noted that there is very limited use of the 
diversion route, Aguasabon River and Hayes Lake for 
recreation or commercial exploitation other than for 
conveyancing of water and of logs. The Ministry of 
Natural Resources Air Base on Hayes Lake could only 
remain operational if Hayes Lake were maintained at 
an elevation near those that have existed over 
'recent years. See figure 5. 

.1 Levels and Flows 

.1 Long Lake and Kenogami River Upstream of 
Dam 

This lake, about 52 miles long and only 2 
and 1/2 miles in breadth at its widest, is 
divided into two physiographic sections. 
The southern less used section is very 
deep, up to 610 feet, has rugged shores 
with little beach and cliffs rising up to 
300 feet above the water. The northern 
section is relatively shallow, depths 
little more than 50 feet, has gentle 
shorelines with beaches and shallow, 
marshy bays. The only cornunities , 
bordering the lake are near its extreme 
northern end. 

In a state of nature, lake levels were 
controlled by the natural outlet and 
normally rose to a peak elevation in the 
spring, then fell gradually to a minimum 
level in late winter or early spring of 
the following year. Lake level is now 
controlled by the Kenogami River Dam, 
located about 10 miles north of the 
original lake outlet and the Diversion 
Control Dam, located on the Diversion 

' Canal about 5 miles south of the south end 
of Long Lake. Under regulation, the lake 
is filled by the spring freshet and is 
held near its upper limit until late fall, 
then drawn down during the winter months. 

Prior to the construction of the 
diversion, average annual flow in the 
Kenogami River at the dam site was about 
1,600 cfs. Since the diversion was 
constructed, water is spilled northward 
only as required to control the level of 
Long Lake. This occurs in most springs 
and from time to time in the fall. May to 
June flows northward of 2,500 to 3,000 cfs 



a r e  t y p i c a l .  The d a i l y  maximum northward 
flow, s i n c e  t h e  d i v e r s i o n  was b u i l t ,  is. 
n e a r l y  15,000 c f s .  A t  o t h e r  t imes  o f ' t h e  
yea r ,  northward f low is l i m i t e d  t o  .leakage 
from t h e  dam, about  2 5  c f s .  

The wate r  l e v e l  of t h e  Kenogami River  a t  
t h e  dam s i t e  was r a i s e d  by about  25' f e e t .  

Under Scena r io  2 ( a ) ,  t h e  l e v e l  of  Long 
l a k e  would r e t u r n  t o  nea r  i ts n a t u r a l  
s t a t e .  wi th  l a t e  s p r i n g  and e a r l y  summer 
l e v e l  near  t h o s e  t h a t  have e x i s t e d  over  
t h e  p a s t  4 5  y e a r s ,  b u t  w i th  mid and l a t e  
summer and f a l l  l e v e l s  lower t han  t h o s e  
exper ienced s i n c e  c o n s t r u c t i o n  o f  t h e  
Diversion.  See f i g u r e  6. 

The l e v e l  i n  t h e  Kenogami River  upstream 
from t h e  dam would, throughout  most of t h e  
year ,  be much lower t h a n  t h o s e  t h a t  have 
e x i s t e d  s i n c e  its c o n s t r u c t i o n .  

Under Scenar ios  2 (b)  and 2 (c) , impacts on 
wate r  l e v e l s o f  t h e s e  waterbodies  would be 
minimal. 

J 
. 2  Kenogami River  downstream of t h e  Dam and 

Albany River  

A s  s t a t e d  above: p re -d ivers ion  average 
annual  flow i n  t h e  Kenogami River  a t  t h e  
dam s i te  was about  1,600 c f s .  T h i s  has  
been reduced t o  about  200 c f s  w i th  
r e l e a s e s  concent ra ted  mainly i n  t h e  

f r e s h e t  pe r iod .  Because t h e  p o r t i o n  of 
d ra inage  b a s i n  d i v e r t e d  is a r e l a t i v e l y  
smal l  p a r t  of t h e  t o t a l  ba s in ,  t h e  e f f e c t  
on peak l e v e l s  and flows is l i m i t e d  and 
impacts of t h e  d i v e r s i o n  a r e  l a r g e l y  
r e s t r i c t e d  t o  t h e  11 m i l e s  of r i v e r  
between t h e  Dam and Chipman Lake. 

Under Scenar ios  2 ( a )  and 2 ( b ) ,  f lows would 
r e t u r n  t o  n e a r l y  " s t a t e  of n a t u r e w .  Under 
Scena r io  2 ( c ) ,  f lows du r ing  t h e  May t o  
November pe r iod  would be s i m i l a r  t o  t h o s e  
of t h e  p a s t  4 5  y e a r s  and " s t a t e  of nature1@ 
dur ing  t h e  remainder of t h e  year .  See 
f i g u r e  7. 

. 2  Fish  and W i l d l i f e  

.1 Long Lake and Kenogami River  upstream of 
Dam 

Damage t o  t h e  f i s h e r y  i n  Long Lake i t s e l f  , 

is n o t  seen  a s  a g r e a t  problem under any 



of t h e  s c e n a r i o s .  Under Scena r io  1 . a  
t h e r e  would be a s i g n i f i c a n t  l o s s  of  
h a b i t a t  between t h e  n a t u r a l  l a k e  o u t l e t  
and t h e  Kenogami River  Dam. The most 
s i g n i f i c a n t  impact of Scena r io  2 ( a )  would 
be t h e  probable  dewater ing of a l a r g e  
c a t t a i l  marsh t h a t  h a s  formed around t h e  
Kenogami River  o u t l e t  from Long Lake. Now 
des igna ted  a s  an I8area of  n a t i o n a l  
s c i e n t i f i c  i n t e r e s t 8 '  (A.N.S.I.) because of  
its l a r g e  a r e a  and t h e  d i v e r s i t y  of its 
f l o r a  and fauna.   raining of  t h i s  a r e a  
would r e s u l t  i n  t h e  d e s t r u c t i o n  of  
waterfowl and f u r b e a r e r  h a b i t a t .  Under 
Scenar io  2 (c ) ,  t h e r e  would be  l i m i t e d  l o s s  
of  f i s h e r y  h a b i t a t .  

.2 Kenogami River  downstream of Dam and 
Albany River  

Under Scenar io  2 ( a )  and 2 (b) , i f  t h e  
Diversion were opened northward i n  t h e  
s p r i n g ,  p r i o r  t o  t h e  spawning pe r iod  o r  i n  
t h e  summer a f t e r  spawning is completed, 
damage t o  t h e  f i s h e r y  would be minimal. 
Under Scenar io  2 ( c ) ,  t h e  f low reduc t ion  i n  
May could dewater spawning a r e a s  b e f o r e  
eggs have hatched o r  f r y  have movdd o f f ;  
flow i n c r e a s e s  i n  l a t e  f a l l  cou ld  cause  a 
high m o r t a l i t y  among f u r b e a r e r s .  

. 3  Socioeconomic E f f e c t s  

Under Scenar ios  2 (a)  and 2 (b)  , t h e  most 
s i g n i f i c a n t  socioeconomic e f f e c t  would be  t h e  
impact of t h e  l o s s  o f  l o g  d r i v i n g  from Long 
Lake t o  Lake Super ior .  Kimberly-Clark o f  
Canada Limited d e r i v e s  an  annual  b e n e f i t  

by us ing  
water t r a n s p o r t  i n s t e a d  of  r a i l  o r  road.  The 

.economic v i a b i l i t y  of t h e  pu lp  m i l l  a t  Te r r ace  
Bay, a one-industry town, is marginal  and a 
l o s s  of  t h i s  b e n e f i t ,  u n l e s s  compensation w e r e  
provided t o  t h e  company, could r e s u l t  i n  i ts  
c los ing .  Closing of  t h e  m i l l  could  r e s u l t  i n  
t h e  d i r e c t  l o s s  of  up t o  2,500 jobs  i n  t h e  
Te r r ace  Bay, Longlac and Nakina a r e a s  and have 
an  i n d i r e c t  e f f e c t  on a popula t ion  of  about  
7,500 people.  

1. 'Long Lake and Kenogami River  upstream of 
Dam 

Under Scenar io  2 ( a )  t h e r e  would be a 
nega t ive  impact on t h e  t o u r i s t  i n d u s t r y  
and r e c r e a t i o n  i n  t h e  Longlac a r e a .  
P r i v a t e  and p u b l i c  docks have been b u i l t  
t o  accommodate water  l e v e l s  mainta ined by . 



0 n t a r i o  Hydro: dur ing  t h e  second h a l f  of 
t h e  summer, most of these would be t o o  
high f o r  convenient use.  There would be 
naviga t ion  problems i n  Long Lake and i n  
t h e  r i v e r .  Extensive mud f l a t s  would 
c r e a t e  a e s t h e t i c  problems; l o s s  of 
waterfowl and f u r b e a r e r s  would have a 
d i r e c t  impact on hun te r s  and t r appe r s .  

There a r e  two Indian  Reserve, No.s 58 and 
77 on Long Lake t h a t  would be d i r e c t l y  
a f f ec t ed .  

Under Scenario  2 ( b ) ,  socioeconomic 
impacts, except  t o  t h e  f o r e s t  i ndus t ry ,  
would be minimal. 

Under Scenario  2 ( c ) ,  impacts on t h e  f o r e s t  
i ndus t ry  would be mi t iga ted  b u t  t r a p p e r s  
would be d i r e c t l y  a f f e ~ t e d  by t h e  l o s s  of 
fu rbea re r s .  

.2 Kenogami River  downstream of Dam and 
and Albany Rivers  

There a r e  two b r idges ,  owned by Kimberly- 
Clark Canada Limited, over  t h e  Kepogami 
River  downstream from t h e  Dam. These a r e  
endangered by any flows i n  excess  of 9,000 
c f s .  Flows of t h i s  o rde r  a r e  more 
probable dur ing  any f r e s h e t  per iod  dur ing  
which t h e  whole of t h e  Kenogami River  flow 
is tu rned  t o  t h e  north .  

.. . . . 

Other socioeconomic impacts a r e  l i m i t e d  
under Scenar ios  2 ( a )  and 2 (b )  provided t h e  
t iming of t h e  inc reased . f low avoids  t h e  
spawning per iod  of f i s h  i n  t h e  r i v e r s  and 
does no t  occur i n  l a t e  f a l l .  Under 
Scenario  2 ( c ) ,  t h e r e  would be an economic 
impact on t r a p p e r s .  

A s  wi th  t h e  Ogoki Diversion,  a l though its 
volume may add only  a smal l  percentage t o  
f lood peaks o n  t h e  Albany River  . a t  F o r t  
Albany and Kashechewan, t h e  opening of t h e  
Long Lake Diversion t o  t h e  no r th  would be 
perceived i n  downstream a r e a s  a s  t h e  cause 
of any f looding  t h a t  might occur.  



IMPLEMENTATION COSTS 

Initial Annual 

Scenarib 1 (a) $ 3,700 000 
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