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SY NOPS IS 

The Regulatory Works Appendix   descr ibes   the   engineer ing   works   tha t  would 
be   necessary   to   accompl ish   fur ther   regula t ion  of t he   l eve l s   and   f l ows  of t h e  
Great  Lakes,  as d e s c r i b e d   i n   t h e   r e p o r t  on Regulat ion  of  Great Lakes Water 
Levels ,   da ted  December 7 ,  1973. 

Regula t ion   of   any   lake   genera l ly   requi res  two b a s i c  f a c i l i t i e s :  f i r s t ,  
one or more con t ro l   s t ruc tu res   capab le   o f   r educ ing   t he   ou t f low,   e spec ia l ly  
when low l a k e   l e v e l s   o c c u r ,  and second,   dredging of i t s  o u t l e t   r i v e r  so t h a t  
g rea t e r   f l ows   can   be   r e l eased   a t  times when h igh   lake   l eve ls   occur .   Thi . s  
a p p e n d i x   d e s c r i b e s   t h e   e x i s t i n g   f a c i l i t i e s  i n  t h e   o u t l e t   r i v e r s  of Lake 
Superior  and Lake Ontar io   and   d i scusses   the   p roblems  to   be   faced   in   p rovid ing  
new f a c i l i t i e s ,  p a r t i c u l a r l y   i n   t h e   o u t l e t   r i v e r s   o f   t h e   p r e s e n t l y   u n r e g u -  
l a t e d  Lakes  Michigan,  Huron  and Erie. I t  a l s o   d e s c r i b e s   t h e  s i t e  i n v e s t i g a -  
t i o n s   c a r r i e d   o u t ,   t h e   d e s i g n  cr i ter ia  and  methods  used,  and  the  environmental 
f ac to r s   cons ide red   i n   p repa r ing   p re l imina ry   des igns   and   cos t  estimates of   the  
works   necessa ry   fo r   t he   va r ious   s e l ec t ed   r egu la t ion   p l ans   cons ide red   i n   t he  
Board 's   s tudy.  

For a l l  t h e   s e l e c t e d   p l a n s  i t  was f o u n d   t h a t   t h e   e x i s t i n g   w o r k s   i n   t h e  
S t .  Marys River   have  adequate   capaci ty   and  suff ic ient   remaining l i f e  so t h a t  
no  major  engineering work w i l l  be   necessary .  However,  improved r e g u l a t i o n  
of Lake Superior   would  be  possible   i f   the   gates   of   the   compensat ing  works a t  
S a u l t   S t e .  Marie could   be   opera ted ,  when necessa ry ,   t o   va ry   t he   f l ow  du r ing  
winter .  Normally, ice  c o n d i t i o n s  res t r ic t  ope ra t ions   du r ing  December through 
A p r i l .  The appendix   descr ibes  a series of p r a c t i c a l  tests conducted a t  t h e  
S a u l t   S t e .  Marie works   du r ing   t he   fou r   w in te r s  1968-69 t o  1971-72.  These 
tests d e m o n s t r a t e d   t h e   f e a s i b i l i t y   o f  winter opera t ions   and   provided   cos ts  
and   o the r   da t a .  The average  annual   costs   of   improved  regulat ion  of   Lake 
S u p e r i o r ,  as provided by Plan SO-901, is $70,000. 

P lans   i nvo lv ing   t he   r egu la t ion   o f   Lakes  Michigan-Huron  would r e q u i r e  
works i n   t h e   S t .   C l a i r - D e t r o i t   R i v e r s   s y s t e m .  Due t o   e x t e n s i v e   s h o r e l i n e  
development  along  and  the  requirements of navigat ion  through  this   89-mile  
system, i t  would be   necessa ry   t o   unde r t ake   cons ide rab le   d redg ing   and   t o  con- 
s t r u c t  a series of a t  least  n i n e   c o n t r o l   s t r u c t u r e s   i n   o r d e r   t o   r e g u l a t e   t h e  
outf low  of   Lakes  Michigan-Huron  and  to   maintain  the  hydraul ic   prof i le  of t h e  
rivers. The average   annual   cos t s  of such  works is shown t o   b e   i n   t h e  $18-21 
mil l ion  range,   depending on the   p lan   cons idered ,   which   fa r   exceeds   the  es t i -  
mated  economic  benefi ts .   Furthermore  there  would be  unacceptable   environ-  
men ta l   consequences   pa r t i cu la r ly   i n   t he  Lake S t .  Clair a r e a .  

The Board ' s   t h ree   a l t e rna t ive   approaches  t o  the   r egu la t ion   o f   Lake  Erie,  
r e p r e s e n t e d   b y   s e l e c t e d   p l a n s  SEO-33, SEO-9CIl and SEO-42P, would  require  
d i f f e r e n t   r e g u l a t o r y   w o r k s   i n   t h e   N i a g a r a   R i v e r .  I t  is shown t h a t   t h e  least  
expensive is SEO-901 a t  an   average   annual   cos t   o f   $99 ,000;   tha t  SEO-42P, a t  
$380,000, is t h e  most at t ract ive a l t e rna t ive ! ;   and   t ha t   t he   ave rage   annua l  
cos t   o f   Niagara  River works f o r   p l a n  SEO-33, $8   mi l l ion ,   p roduces  a b e n e f i t -  
c o s t   r a t i o  less than   un i ty .  
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No designs  or  cost   est imates   are  given  for new or improved  works in the  
S t .  Lawrence River,   the  outlet  of Lake Ontario ,   s ince   a l l   the   se lected   p lans  
would use the existing  works. 

ii 



OUTLINE 

TABLE OF CONTENTS 

Page 

Sec t ion  1. 
INTRODUCTION 

1.1 

1.2 

1.3 

1.4 

1.5 

2.1 

2.2 

2.3 

2.4 

3.1 

b 
Generai  

Purpose 

Scope 

Study  Organizat ion 

P r i o r   S t u d i e s  

Sec t ion  2 
ST. MARYS RIVER SYSTEM 

Desc r ip t ion  of t h e  System 
2.1.1  General 
2.1.2 Ex i s t ing   Regu la to ry   S t ruc tu re  
2.1.3  Power F a c i l i t i e s  and  Flows 
2.1.4 N a v i g a t i o n   F a c i l i t i e s  and  Flows 
2.1.5 Br idges ,   Fe r r i e s ,  Wharves a n d   O t h e r   F a c i l i t i e s  
2.1.6 Ice Problems 
2.1.7 Current   Plan of Regulat ion 

Assumptions 

Methodology 
2.3.1 P lans  of Regulation  (Superior'Ontario) 
2.3.2 Winter Flow Tests 
2.3.3 A l t e r n a t e  Methods of Gate and Gain Heat ing 
2.3.4 Alternate Method of Winter -Operation 
2.3.5 Recommended F a c i l i t i e s   f o r  Winter Opera t ions  
2.3.6 Cos ts  of Increas ing   the   S torage   Capac i ty  of 

Lake  Super ior  

Data 
2.4.1 Basic Data 
2.4.2 Derived Data 

Sec t ion  3 
ST.  CLAIR-DETROIT RIVER SYSTEM 

Desc r ip t ion  of t h e  System 
3.1.1 General  
3.1.2 S t .  Clair River 
3.1.3 Lake St. Clair 

01 

G-1 

01 

6-2 

6-3 

G-4 
0 4  
0 7  
6-12 
0 1 3  
0 1 4  
0 1 4  
G-15 

0 1 7  

6-17 
6-18 
G-18 
0-30 
0-34 
6-37 
0 3 9  

6-40 
G-40 
0-41 

0 4 2  
6-42 
6-42 
6 4 2  

iii 



TABLE OF CONTENTS (cont 'd)  

Page 

3.1 .4  Det ro i t   R ive r  G-45 
3.1.5 Navigation  Channels G-45 
3.1.6 Recrea t iona l   Naviga t ion  G-45 
3.1.7 Existing  Compensating Works G-49 
3.1.8 P o l l u t i o n  and  Environmental  Consideration ' G-49 
3.1 .9   Br idges ,   Fer r ies   and   Other   Fac i l i t i es  G-49 
3.1.10 I.ce Problems G-51 

3.2 Assumptions G-51 

3 . 3  Methodology 
3.3.1. Objec t ives  
3.3.2 O u t l i n e  of  Procedures 
3.3.3 Determination of Design  Conditions of 

3.3 .4  Determination  of  Channel  Design L i m i t s  
3.3.5 Preliminary  Channel  Design  Procedure 
3.3.6 Development of Mathematical   Models  for 

3.3.7 Use of Mathematical  Models 
3.3 .8  St. c la i r   River   Mathemat ica l  Model 
3.3.9 Detroi t   River   Mathematical  Model 
3 .3 .10  Application  of  Mathematical  Model i n  

3 .3 .11  Channel. ization  Requirements 
3.3.12 Channel.   Capacity  Increase  Cost  Curves 
3.3.13 Appl ica t ion  of Mathematical Model i n  Channel 

Design,  Channel  Capacity Decrease 
3.3 .14  Hydraul ic   Des ign   Charac te r i s t ics  
3.3.15 Conceptual  Designs  and  Cost Estimates of 

3.3.16 Development of Cost  Curves  for  Channel  Capacity 

3.3.17 Use of Cost Curves 

Regulated  Levels  and  Flows 

Channel  Designs 

Channel  Design,  Channel  Capacity  Increase 

Regu la to ry   S t ruc tu res  

Decreases 

G-52 
G-53 
G-53 
G-54 

G-55 
G-59 
G-59 

G-59 
G-59 
G-60 
G-60 

G-68 
G-77 
G-77 

G-77 
G-81 

6-94 

G-108 

3.4 Channel  Design  and  Cost Estimates f o r   S e l e c t e d  G-108 
Regula t ion   P lans  
3.4.1 Lake S t .  Clair Cr i t ica l  Design  Elevation 0 1 0 8  

3.5 Basic Data G-109 

S e c t i o n  4 
NIAGARA RIVER SYSTEM 

4 . 1  Descr ip t ion  of the  System 
4 .1 .1  General 
4.1.2 Exis t ing   Regula tory  Works 
4.1.3 Power Facilities and Flows 
4.1.4 Naviga t ion   Fac i l i t i e s   and   F lows  

G-111 
6.111 
0 1 1 4  
G-115 
G-117 

i v  



TABLE OF CONTENTS (cont  'dl 

Page 

4.2 

4.3 

4 04 

4.5 

5.1 

5.2 

6.1 

6.2 

6.3 

4.1.5  Bridges,   Ferr ies ,  Docks  and Other  Facilities G-118 
4.1.6 Ice Problems 6-119 
4.1 . 7 Short   Period Water Leve l s   F luc tua t ions  G-119 

Assumptions 6-119 

Methodology - Tota l   Regula t ion  
4.3.1 Steady  State   Mathematical  Model 
4.3.2 Unsteady  State  Mathematical  Model 
4.3.3  Design  and  Cost Estimates 

0 1 2 0  
6 1 2 0  
G-125 
6 1 2  7 

Methodology - Partial  Regulat ion 0 1 4 4  

Data 
4.5.1 Basic Data 
4.5.2 Derived Data 

Sec t ion  5 
ST. LAWRENCE RIVER SYSTEM 

G-156 
G-156 
6 1 6 0  

Desc r ip t ion   o f   t he  System  6-161 
5.1.1 General G-161 
5.1.2 Exis t ing   Regula tory  and Power F a c i l i t i e s  6-164 
5.1.3 N a v i g a t i o n   F a c i l i t i e s  G-166 
5.1.4 Bridges,  Wharves, F e r r i e s  and O t h e r   F a c i l i t i e s  6-167 
5.1.5 Ice Problems G-168 
5.1.6 Current   Operat ing  Plan G-170 

Assumptions G-170 

Sect   ion 6 
COST EVALUATION OF  SELECTED REGULATION PLANS 

In t roduc t ion  0-172 

Regulat ion  Plan SO-901 G-17 2 
6 .2 .1   Modif ica t ions   to   Exis t ing   Regula tory  Works G-172 
6.2.2 Capaci ty  of Existing  Channels  and  Regulatory 01 73 

6.2.3 Summary and  Costs 6-173 
F a c i l i t i e s  

Regulat ion  Plan SMHO-11 6 1 7 3  
6.3.1  Lakes  Michigan-Huron  Regulatory Works 6 1 7 5  
6.3.2 Summary and  Costs G-17 7 

V 



T M L E  OF CONTENTS (cont 'd )  

6.4 Regulation  Plan SEO-901 
6.4.1  Lake Erie Regulatory Works 
6.4.2 Summary and  Costs 

6.5  Regulation  Plan SEO-33 
6.5.1  Lake Erie Regulatory Works 
6.5.2 Summary and Cos t s  

6 .6   Regulat ion  Plan SEO-42-P 
6.6.1  Lake Erie Regulatory Works 
6.6.2 Summary and Cos t s  

6.7  Regulation  Plan SMHEO-38 
6.7.1  Lakes  Michigan-Huron  Regulatory Works 
6.7.2  Lake Erie Regulatory Works 
6.7.3 Summary and  Costs 

Page 

G-177 
G-177 
G-179 

6 1 8 0  
G-180 
G-184 

G-184 
G-186 
G-186 

g1188 
G-188 
G-190 
G-193 

vi 



LIST OF TABLES 

G-1 Principal  Dimensions of Navigation  Locks a t  Sau l t  
S t e .  Marie 

G-2 Average  Annual  Costs  of  Winter  Operations  of  the 
I Cont ro l   S t ruc tu re  a t  Sau l t  S t e .  Marie U t i l i z i n g  

St  ream H e a t i n g   F a c i l i t i e s  

G-3 Lake Superior   Regulatory Works - Summary of Cost 
Estimates f o r   A l t e r n a t e  Gate Heating Methods 

G-4 Average  Annual  Costs  of  Winter  Operation  of  the 
Con t ro l   S t ruc tu re  A t  Saul t  S t e .  Marie (Recommended 
Method,  Using Elec t r ica l   Equipment )  

G-5 S t .  Clair - Detroit   River  System - Highway Bridges,  
Tunnels  and Ferries 

G-6 Exis t ing  Hydro-Electr ic  Power Development - Niagara 
River 

G-7 Design  of  Niagara  River  Regulatory Works - Resu l t s  
o f   S t ab i l i t y   Ana lys i s  

G-8 Design  of  Niagara  River  Regulatory Works - Details 
of Cel lular   Cofferdams 

G-9 Design  of  Niagara  River  Regulatory Works Unit  
Component Cos ts   o f   S t ruc ture  

0 1 0  Design  of  Niagara  River  Regulatory Works - Equipment 
Costs  for  Channel  Excavation 

G-11  Design of Niagara  River  Regulatory Works - Estimated 
C o s t s  of Shore   Pro tec t ive  Works 

G-12 Par t ia l  Regulation of  Lake Erie .- Determination  of 
Channel  Capacity Increase for   Varying  Size of Squaw 
Island  Diversion  Channel 

G-13 Summary of Cos ts   Es t imates  - Black Rock Canal-Squaw 
Is land   Divers ion  Schemes 

G-14 Summary of Regulatory Works Requirements 

G-15  Summary of   Est imated  Costs  of Modif ica t ions  t o  
Lake  Superior  Compensating Works f o r   P l a n  SO-901 

Page 

6-13 

G-2 8 

G-3 3 

6-38 

G-50 

G-116 

6-135 

G-135 

6-135 

6-139 

6-143 

G-15 7 

G-157 

6-174 

6-174 

v i i  



LIST OF TABLES (cont 'd )  

G-16 Summary of Cri t ical  Channel  Capacity  Increase  Design 
Condi t ions  - Lakes  Michigan-Huron  Regulatory Works 
Plan SMHO-11 

6-17 Summary of Cri t ical   Channel   Capaci ty   Decrease  Design 
Condi t ions  - Lakes  Michigan-Huron  Regulatory Works 
P lan  SMHO-11 

G-18 Summary of  Estimated  Costs  of  Lakes Michigan-Huron 
Regulatory Works Required  for  P l a n  SMHO-11 

G-19 Summary of  Estimated  Costs  of  Regulatory Works 
Required  for   Plan SMHO-11 ($ Thousands) 

6-20 Summary of  Estimated  Costs  of  Lake Erie Regulatory 
Works Required  for  P l a n  SEO-901 

G-21  Summary of  Estimated  Costs  of  Regulatory Works 
Required  for   Plan SEO-901 ($ Thousands) 

G-22 Summary of Cr i t ica l  Design  Conditions - Lake Erie 
Regulatory Works Plan SEO-33 

G-23 Eatimate of F i rs t   Cos t   (1971 Price Levels) ,   Lake 
Erie Con t ro l  Works - Regulation  Plan SEO-33 

G-24 Summary of  Estimated  Costs  of  Lake Erie Regulatory 
Works Requi red   for   P lan  SEO-33 

6-25 Summary of  Estimated  Costs of Regulatory Works 
Required  for   Plan SEO-33 ($ Thousands) 

G-26 Summary of  Estimated  Costs of  Lake Erie Regulatory 
Works Required  for   Plan SEO-42-P 

6-27 Summary of  Estimated  Costs  of  Regulatory Works 
Required  for   Plan SEO-42-P ($ Thousands) 

6-28 Summary of Cri t ical  Channel   Capaci ty   Increase 
Design Condi t ions  - Lakes  Michigan-Huron  Regulatory 
Works - Plan SMHEO-38 

6-29 Summary of Cri t ical  Channel  Capacity Decrease Design 
Condi t ions  - Lakes  Michigan-Huron  Regulatory Works 
P lan  SMHEO-38 

Page 

G-176 

G-17 6 

G-178 

G-178 

G-179 

G-181 

G-181 

G-182 

G-185 

G-18 5 

G-187 

G-187 

G-189 

G-189 

v i i i  



LIST OF  TABLES (cont 'd )  

G-30 Summary of  Estimated  Costs  of  Lakes Michigan-Huron 
Regulatory Works Requi red   for   P lan  SMHEO-38 

G-31 Summary of Cr i t ica l  Design  Conditions - Lake Erie 
Regulatory Works - Plan SMHEO-38 

G-32 Estimate of F i rs t   Cos t   (1971  Pr ice   Levels ) ,  Lake 
Erie Cont ro l  Works - Regulat ion  Plan SMHEO-38 

G-33 Summary of Estimated  Costs  of  Lake Erie Regulatory 
Works Requi red   for   P lan  SMHEO-38 

G-34 Summary of Est imated  Costs   of   Regulatory Works 
Requi red   for   P lan  S W O - 3 8  ($ Thousands) 

Page 

6-192 

6192 

G-194 

6-197 

G-197 

i x  



LIST  OF  FIGURES 

G l  

6 2  

G- 3 

G-4 

G 5  

G- 6 

6.7 

G-8 

St.  Marys  River - Location  Map 
Page 

G-5 

Lower  St.  Marys  River - Water  Surface  Profiles  G-6 
St.  Marys  River  at  Sault  Ste.  Marie - Location  Map  G-8 
St.  Marys  River  at  Sault  Ste.  Marie - Aerial 
Photograph  G- 9 

Existing  Compensating  Works  at  Sault  Ste.  Marie - 
Plan,  Sectional  and  Downstream  Elevation  Views  G-10 

Compensating  Works  at  Sault  Ste.  Marie 
Aerial  Photograph G-11 

Lake  Superior  Regulation  Plan - 1955  Modified 
Rule of 1949 G-16 

Lower  St.  Marys  River - Two Gauge  Open  Water 
Stage  Discharge  Relationship  G- 19 

G 9  Photographs  of  Compensating  Works  at  Sault  Ste. 
Marie  Under  Winter  Conditions  G-23 

G-10  Aerial  Photograph  of  the  Bayfield  Channel  Below 
Navigation  Locks  at  Sault  Ste.  Marie  G-25 

G l l  Lower  St.  Marys  River - Hydrographs  of  Daily  Mean 
Water  Levels  During  1971-72  Winter  Period  G-26 

G 1 2  Ice  Survey of the  St.  Marys  River  Below  the  Rapids 
at  Sault  Ste.  Marie  Taken  During  1971-72  Winter 
Period  G-27 

6.13 Lake  Superior  Compensating  Works - Proposed  Electric 
Tubular  Heater  Arrangement  for  Gate  and  Gain  Heating G-31 

G-14  Lake  Superior  Compensating  Works - Proposed  Modified 
Drive  Machinery  Arrangement  G-35 

6 1 5  Lake  Superior  Compensating  Works - Proposed  Hoist 
Bridge  Enclosure  Arrangement 6 3 6  

G-16  St.  Clair-Detroit  River  System - Location  Map 6 4 3  

6 1 7  St.  Clair-Detroit  River  System - Water  Surface 
Profiles  G-44 

618 St.  Clair  River - Location  Map 646 

X 



LIST OF FIGURES  (Cont'd) 

G- 19 

G-20 

G-21 

G-22 

G-2 3 

6 2 4  

G- 25 

6 2 6  

G-27 

G28A 

G-28B 

G 29 

G 30A 

G-30B 

6 3 1  

6 3 2  

Lake St.  Clair - Location  Map 
Detroit  River - Location  Map 
Lakes  Michigan-Huron  Recorded  Levels - Stage 
Duration  Diagram 

St.  Clair-Detroit  River  System - Preliminary 
Design  Levels  and Flows 

St.  Clair-Detroit  River  System - Preliminary 
Design  Profiles 

St.  Clair  River  Mathematical  Model - Result of 
Calibration 

Detroit  River  Mathematical  Model - Results  of 
Calibration 

St.  Clair  River  Channel  Capacity  Increase 
Relationship  Between  Volume  of  Excavation, Flow 
and  Lakes  Michigan-Huron  Levels 

Detroit  River  Channel  Capacity  Increase 
Relationship  Between  Volume  of  Excavation, Flow 
and  Lake  St.  Clair  Levels 

Location of Proposed  Dredging  in  St.  Clair  River 
Maximum  Channel  Capacity  Increase 

Location  of  Proposed  Dredging  in  St.  Clair  River 
Maximum  Channel  Capacity  Increase 

Location  of  Proposed  Dredging  in  Detroit  River 
Maximum  Channel  Capacity  Increase 

Summary  of  Quantities  and  Types  of  Material  to be 
Dredged  from  the  St.  Clair  and  Detroit  Rivers 
Maximum  Channel  Capacity  Increase 

Summary  of  Quantities  and  Types  of  Material  to  be 
Dredged  from  the  St.  Clair  and  Detroit  Rivers 
Maximum  Channel  Capacity  Increase 

St.  Clair  River - Proposed  Locations  of  Dredge 
Disposal  Sites 

Detroit  River - Proposed  Locations  of  Dredge 
Disposal  Sites 

Page 

G-4 7 

G-48 

G-5 6 

G-5 7 

G-58 

6-61 

G-62 

G-63 

6-64 

G-65 

G-66 

G-6 7 

G-69 

G-70 

6 7 1  

G-72 

xi 



LIST OF FIGURES (Cont'd) 

Page 

G-33 S t ,  Clair  River - Proposed  Allocat ions of Dredge 
S p o i l  - Maximum Channel   Capaci ty   Increase G-73 

G 3 4  Det ro i t   R ive r  - Proposed  Allocat ion of Dredge 
S p o i l  - Maximum Channel   Capaci ty   Increase G-74 

6 3 5  S t .  Clair  River  - Estimated  Costs  of Dredging 
Maximum Channel  Capacity  Increase G-  75 

6 3 6  D e t r o i t  River - Estimated  Costs of Dredging 
Maximum Channel   Capaci ty   Increase G- 76 

G-37 S t ,  Clair River - Channel  Capacity Increase 
Cos t   Re la t ionsh ip  G-78 

G-38 Det ro i t   R ive r  - Channel   Capaci ty   Increase 
Cos t   Re la t ionsh ip  G- 79 

G-39 Locat ion of Proposed   Regula tory   S t ruc tures  
S t .  Clair and   Det ro i t  Rivers G- 80 

G-40 S t .   C l a i r   R i v e r  - Hydraul ic   Design  Data   for  
Proposed  Regulatory  Structures  - Maximum Channel 
Capaci ty  Decrease G- 82 

6 4 1  Detroit  River - Hydraulic  Design Data f o r  
Proposed   Regula tory   S t ruc tures  - Maximum Channel 
Capaci ty  Decrease G-83 

G-42 S t .  Clair River - Comparison Between Natural   and 
Regulated Flow D i s t r i b u t i o n s  Under Maxumum Channel 
Capaci ty  Decrease Condit ions G-84 

G-43 Det ro i t   R ive r  - Comparisons  Between  Natural  and 
Regulated Flow D i s t r i b u t i o n s  Under Maximum Channel 
Capacity  Decrease  Conditions G-84 

G-44 St. C l a i r   a n d   9 e t r o i t  Rivers - Gate Concepts 
Inves t iga t ed   fo r   P roposed   Regu la to ry   S t ruc tu res  G-8 7 

G-45 S t .  Clair and   Det ro i t  Rivers - Layout of 
S tandard ized   Concre te   S i l l s   for   Proposed   Regula tory  
S t r u c t u r e s  G-89 

G-46 S t .  Clair  and   De t ro i t   R ive r s  - Layout  of  Proposed 
Typical  Small   Boat  Passage G-93 

6 .47  S t .  Clair  and Detroit Rivers  - Conceptual  Sketch 
of Proposed  Typical   Regulatory  Structure  G-9 5 

x i i  



LIST OF FIGURES  (Cont'd) 

E 4 8  St.  Clair  River - Proposed  Regulatory  Structure 
at  Port  Huron 

G-49 St.  Clair  River - Proposed  Regulatory  Structure 
at  Stag  Island 

G-50 St.  Clair  River - Proposed  Regulatory  Structure 
at St.  Clair,  Michigan 

G-51 St.  Clair  River - Proposed  Regulatory  Structure 
at Head of North  and  Middle  Channels 

6 5 2  Detroit  River - Proposed  Regulatory  Structure 
at  Peach  Island  (North  Side) 

G-53 Detroit  River - Proposed  Regulatory  Structure 
at Peach  Island  (South  Side) 

G-54 Detroit  River - Proposed  Regulatory  Structure 
at West  Belle  Isle 

G-55 Detroit  River - Proposed  Regulatory  Structure 
at Zug  Island 

G-56 Detroit  River - Proposed  Regulatory  Structure 
in  Trenton  Channel 

G-57 Detroit  River - Proposed  Regulatory  Structure 
at  East  Fighting  Island  (Grassy  Island) 

G-58 St.  Clair  River - Relationship  Between Cost and 
Channel  Capacity  Decrease For Range of Channel 
Capacity  Increases 

G-59 Detroit  River - Relationship Between Cost and 
Channel  Capacity  Decrease For Range of Channel 
Capacity  Increases 

G-60 Niagara  River - Location  Map 
G-61  Aerial  Photograph of Upper  Niagara  River  Looking 

Downstream  From  International  Railroad  Bridge 

G 6 2  Upper  Niagara  River - Location of Water  Level 
Gauges,  Alternative  Control  Structures  and Cross 
Sections f o r  Mathematical  Model 

G-63 Upper  Niagara  River  Mathematical  Model 
Result of Calibration 

Page 

G-96 

G-9 7 

G-98 

G-99 

G-100 

G-101 

G-102 

G-103 

G-104 

G-105 

G-106 

6107 

6112 

6113 

G-122 

6-123 

xiii 



LISI' .. ...~ (~-.)

~

-.e, ..~-- as.~ - =--~ ~~
--= =-ir.1 '-1 ~ ~.1ft a.ri. ~
(1.953 ~ "1-- ~ .-: f .-f ~ ) &-1.24

G-1.a~ ..~~.;; x--. - ~- ~ ~

8pper ..~-- ~-- - :;IyIL'~--;."" -- ~,~
of ~ Site - &'19'--U 0 »1 S~~lDX:~ G-J28

D~ 8f-;;..;;.;;-.;;. ~- - -,.J:I: ~Y .. ~~--:Y
of T~ SI.I:e - &'I~ ~ c..1".-8J1 Sb~_I:_--~

G-67
e-J.:m

~ "_1- X...,;a:- - ~~.;;.1",,- I-~ ~
'I'ypi~1 Ser;t:J- of ~.:~--.,:--~~ ~_~I:ID1. Sb:-;;_.~

e-68
G-1.D

G-69 ;ppa:- ..~-- ai~ - 8el-'8ri~f~ ~~~
c-ts ~ ~ .,.;;-_""r J.ecl" at' &l.~~
0.. - D1 Sb:~I:DI:~ G-~

G-JO ~ 8f-:-.. ti~ - -~"""'~p .t~~

~---"'-~ r-~J:;y I8:E~. ~x~ af ~ ~ ~ ., 1-1.. ~d1 o£ ~L-_~_--~ r~;_.u1

5b:-1 --e 81: ~ Sf.te G-rJ7

~ 8t_~~ :a.:l-=c - _"""'._11.1. ~~~ Daf.t:

c..t: of' 2ara.~l:j~ ~ .1- of :2Kr6,.;~=-1~
G-71.

&-1..0

Upper 81_-;;-. 8.t~ - :'.:-"::-;:-~~ ~C: ~Lu~~-,,;_~...:: aa &-141

~ 8i~.;;.;;-,.!o z.i.wm: - .1.rl~"p .~ TOtal.
r":iE8i:: 0.1:8. ~ :I c..-::It:y I8:1:~ ~ ~.
~ - ~ S:1t:e G-145

~ ~-~~ ti~ - """"~"p .~ TDI:81
Fi.:EBt. c..ts. Q -:I r~~f£y ~~ ~ ~.
n.- . ~ Ute &-1.'"

~ 8f~~~- u~ - ("_~r~ ~~ Tob1
ft:E8I: ~ of Oppel:" ... ~~ ~ - :-a:4-~
r-mtf:..1 Sa ~_.~ G-147

Part::Ia1 -.u 1 t - of' I.-e kie - I.-e Erie
C.a.~~ 9':Ia D-k ~ c.-1 - ~~...~~ ..

G-76
G-14fJ

I.8e £de D1 ~diDD fta W1_k ~ ~ pt:j -
r-1 - ~-=~ A

G-n
e-~

L8e Erie D:I.-=L8fJ8 YJa m~ .a:. ~pd-
c.-l - ~~ . c-m

d..



usr ... ~-~ (0..1::-.)

~

G-J.52
&-19 I.-e &:-je ;...~m- Yia ~ ~8d=i-

C-l - c.:~-- C
-

I.8e &:'je ~s:I81 Yia ~ ~pI:'i-
r--"1 - ~ca1 c.:- S8:t:1- ..:' ;c"J:-.~~ -p--
Tc'l-t Di.~n- ... :I G-1.53

:I.-.e E8:'je Di.-=.i:m- Yja 81~ ~ ~pI:i-
-=-"1 - , =-~~~ ~ -- 1"---=-..1. $tt-t-;;:-c; c-~

J.8e Erie u.i.-.si.- ¥ia M-6: ~ ~ptl-
~] - ""IaN.~I. .~~ 1'1 ~ -:I "~t:y

I-=:I: ~ ~ ~ :PI.- ~ a.t: G-1.W

e-m St:- I.-~ Zk.-=:&: - T ;-.I 1- ... G-J62

G-84 51:. CI.-Ir ti.~ - ~..~~-~ ~" ~.7 $tt--,;;--~

aI: ~ Ts1.-d G-1.91

:KY



LIST OF ANNEXES 

Page 

ANNEX A 

Terms of  Reference, Subcommittee on Regulatory Works, 
September 21, 1967 

6-198 

A N N E X  B 

Members and Associates,   Regulatory Works Subcommittee  (1967-1974) G-199 

ANNEX C 

Abstracts  of  Contributary  Reports  to  Regulatory Works Subcommittee G-200, 
Studies 

xv i 



-9 





APPENDIX G 

REGULATORY WORKS 

S e c t i o n  1 

INTRODUCTION 

1.1 General 

Pursuant   to   the  October  7 ,  1 9 6 4   R e f e r e n c e   t o   t h e   I n t e r n a t i o n a l   J o i n t  
Commission by the  Governments  of  the  United  States  and  Canada,  the Commission 
e s t a b l i s h e d   t h e   I n t e r n a t i o n a l  Great Lakes   Levels   Board   to   car ry   ou t   the   s tud-  
ies necessary ". . . t o  determiie whether   measures   wi th in   the  Great Lakes 
b a s i n   c a n   b e   t a k e n   i n   t h e   p u b l i c   i n t e r e s t   t o   r e g u l a t e   f u r t h e r   t h e  levels of 
t h e  Great Lakes or  any  of them and  the i r   connec t ing  waters so as  to   r educe  
the  extremes  of  stage  which  have  been  experienced,  and . . . fo r   t he   pu rpose  
of   br inging  about  a more benef ic ia l   range   of   s tage   for ,   and   improvement   in :  
(a)   domest ic  water supply and san i t a t ion ;   (b )   nav iga t ion ;   ( c )  water f o r  power 
a n d   i n d u s t r y ;   ( d )   f l o o d   c o n t r o l ;   ( e )   a g r i c u l t u r e ;   ( f )   f i s h   a n d   w i l d l i f e ;  
(g) r e c r e a t i o n ;  and (h )   o the r   bene f i c i a l   pub l i c   pu rposes . "  

Regula t ion   of   any   lake   genera l ly   requi res  two b a s i c   f a c i l i t i e s ;   f i r s t ,  
a n   i n c r e a s e   i n   t h e   d i s c h a r g e   c a p a c i t y  of i t s  o u t l e t   r i v e r  so t h a t ,  when 
necessary ,  more water can   be   r e l eased   t han   unde r   un regu la t ed   cond i t ions ,   i n  
o rde r   t o   r educe   h igh   l ake   l eve l s ;   s econd ,   one  o r  more c o n t r o l   s t r u c t u r e s  
capable   of   decreasing  the  outf low,  a t  o t h e r  times, i n   o r d e r   t o  raise low 
lake l e v e l s .  The channel  improvements, new s t r u c t u r e s  and a n c i l l a r y   e n g i -  
neer ing   works   cons idered   necessary   to   accompl ish ' fur ther   regula t ion  of t h e  
Great Lakes are the   subjec t   o f   th i s   Appendix .   Appendix  "GI' i s  p a r t   o f   t h e  
F i n a l   R e p o r t   o f   t h e   I n t e r n a t i o n a l  Great Lakes  Levels  Board  to  the  Interna- 
t i o n a l   J o i n t  Commission,  dated December 1973. 

1.2 Purpose 

The purpose  of  this  Appendix i s  t o   d e s c r i b e   t h e   o u t l e t   s y s t e m s   o f   t h e  
l a k e s ,   t h e   p r o b l e m s   t o   b e   f a c e d   i n   p r o v i d i n g   r e g u l a t o r y   f a c i l i t i e s   t h e r e i n ,  
t h e  s i te  i n v e s t i g a t i o n s   c a r r i e d   o u t ,   t h e   d e s i g n  cr i ter ia  and  methods  used, 
the   envi ronmenta l   fac tors   cons idered ,   and   the   des igns   and   cos t  estimates of 
the   engineer ing   works   which   would   be   requi red   to   ins t i tu te   the   var ious   regu-  
l a t i o n   p l a n s   s e l e c t e d   i n   t h i s   s t u d y .  

1.3 Scope 

To r e g u l a t e   t h e  Great L a k e s   S y s t e m ,   c o n t r o l   f a c i l i t i e s  would b e   r e q u i r e d  
i n   t h e   f o u r   o u t l e t   r i v e r s   c o n c e r n e d .   S e c t i o n  2 o f   t h i s  Appendix d e a l s   w i t h  
t h e   S t .  Marys R i v e r ,   t h e   o u t l e t  of Lake Super ior ,   and  is mainly  concerned 
w i t h   m o d i f i c a t i o n s   t o   t h e   e x i s t i n g   c o n t r o l   s t r u c t u r e  a t  S a u l t   S t e .  Marie so 
t h a t  It can be operated more e f f ec t ive ly .   Lakes  Michigan-Huron d ischarge  
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S e c t i o n  2 

ST. MARYS RIVER SYSTEM 

2 . 1  Desc r ip t ion  of t he  System 

The S t .  Marys River ,   which  forms  the  only  out le t  from  Lake S u p e r i o r ,  
l i n k s  Lake Supe r io r  a t  i t s  most easter ly  point  with  Lakes  Michigan-Huron. 
The r i v e r   f l o w s   i n  a g e n e r a l l y   s o u t h e a s t e r l y   d i r e c t i o n   o v e r  a d i s t a n c e   o f  
61, 63 o r  75 miles, depending  on  the  route   t raversed.  A l o c a t i o n  map of   the  
area is shown on  Figure G-1. The fo l lowing   pa rag raphs   desc r ibe   t he   r i ve r  
sys t em i n  more d e t a i l .  

2 . 1 . 1  General 

From Whi tef i sh  Bay near  Gros Cap, Ontario  and P t .  I roquois ,   Michigan,  
t o  i t s  o u t l e t  on  Lake  Huron nea r  DeTour Vil lage,   Michigan,   the   St .  Marys 
R ive r   f a l l s   app rox ima te ly  22 f e e t  on  the  average. A t  S a u l t  S t e .  Marie, the  
r i v e r  is d iv ided   i n to   an  ups t ream and  downstream  reach  by  existing  regula- 
t o r y   f a c i l i t i e s ,   i n c l u d i n g  power  and n a v i g a t i o n   f a c i l i t i e s  and t h e  compen- 
s a t i n g   w o r k s ,   w h i c h   t o g e t h e r   c o n t r o l   t h e   t o t a l   o u t f l o w  from  Lake Supe r io r .  
The average   fa l l   o f   the   upper   reach ,   ex tending   f rom  Whi te f i sh  Bay t o   t h e  
head   of   the   naviga t ion   locks ,  a d i s t ance   o f  some 1 4  miles, i s  approximately 
0.25  feet .   Over   the  next   1 .5  miles, t h e   a v e r a g e   f a l l   a c r o s s   t h e   r e g u l a t o r y  
f a c i l i t i e s  and r a p i d s  is approximately 20 f e e t .  From t h e   f o o t   o f   t h e   r a p i d s  
t o  i t s  o u t l e t  on  Lake Huron,  the  average f a l l  of   the   lower  reach i s  approxi- 
mate ly  2 f e e t .  The water s u r f a c e   p r o f i l e s   f o r  maximum, median  and minimum 
f l o w   c o n d i t i o n s ,   f o r   i c e - f r e e   p e r i o d s ,  are shown on Figure  G-2.  

During  the  period from  1900  through  1967,  the  discharge  of  the  St.  Marys 
Rive r ,  as recorded a t  S a u l t   S t e .  Marie, averaged   74 ,000   c fs   (cubic   fee t  per 
second)  and  has  ranged  from a maximum monthly mean d i scha rge  of   127,000  cfs  
t o  a minimum monthly mean d i scha rge  of  41,000  cfs.  However, t h e  l a t te r  flow 
r e s u l t e d  from a l a b o u r   s t r i k e  a t  one  of  the power p l an t s   t ha t   r educed   t he  
average  f low  about   20,000  cfs   for  2 months. 

The I n t e r n a t i o n a l  Boundary f o l l o w s ,   i n   g e n e r a l ,   t h e  median  course  of 
the  Upper S t .  Marys River .  However, i n   t h e  Lower S t  . Marys R ive r ,   t he  
I n t e r n a t i o n a l  Boundary l i e s  i n   t h e   v a r i o u s   c h a n n e l s   a n d   d e s i g n a t e s   t h e  
I s l a n d s  of Sugar,  Neebish, Lime and Drummond as U n i t e d   S t a t e s   t e r r i t o r y   a n d  
t h e   I s l a n d s   o f   S t .  Marys, Whi t e f i sh ,   S t .   Joseph ,  Cockburn  and  Manitoulin as 
Canad ian   t e r r i t o ry .  

Over t h e   p a s t  118 years, man-made a l t e r a t ions   have   been  made i n t e r m i t -  
t e n t l y   t o   t h e   v a r i o u s   c h a n n e l s   o f   t h e   S t .  Marys River   for   navigat ion  purposes .  
A t  t h e   p r e s e n t  time, t h e   S t .  Marys River  is capable of p a s s i n g   s h i p s   w i t h  
l e n g t h s  up t o   1 , 0 0 0   f e e t  and a d r a f t  up t o  25-1/2 f e e t  a t  L.W.D. (Low Water 
Datum) between Lake Supe r io r  and  Lakes  Michigan-Huron. I n   t h e  Upper S t .  
Marys River  a naviga t ion   channel ,   having  a minimum depth  of 28 f e e t  below 
L.W.D. and a minimum width of 1,200 f e e t ,  is m a i n t a i n e d .   I n   t h e  Lower S t .  
Marys River a nav iga t ion   channe l ,   w i th  a minimum depth  of  27 f e e t  below 
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Figure G-4 
St. Marys River  at Sault Ste. Marie-Aerial  Photograph 
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the   south   dyke   in   1921,   the   ou t f low from  Lake Super ior  was under  complete 
c o n t r o l .  The d i s t ances   be tween   cen t r e s   a l t e rna te   be tween  60 f ee t -8   i nches  
and  60  feet-2  inches.  The ga te s ,   wh ich  are 52 feet-2  inches  wide  and 1 4  
f e e t   h i g h ,   l i f t   v e r t i c a l l y  and are counterweighted. Each g a t e   e s s e n t i a l l y  
c o n s i s t s   o f  a s t i f f ened   ups t r eam  sk inp la t e ,   suppor t ed  by h o r i z o n t a l  beams 
framed i n t o   v e r t i c a l  end members which  bear  on the i r   S toney   ro l l e r s   wh ich  
i n   t u r n   t r a n s m i t   t h e   f o r c e s   i n t o   t h e   p i e r s   b y  means of  embedded t r a c k s .  The 
g a t e s  are manually  operated  by means  of winches a t   e i t h e r   e n d .  The s u p e r -  
s t r u c t u r e   c o n s i s t s   e n t i r e l y   o f  s t e e l  w i t h  a woodplank  deck. 

Because  the  gates  are u n h e a t e d ,   e f f i c i e n t   w i n t e r   o p e r a t i o n  was n o t  
p o s s i b l e   i n   t h e  past .  However, tests conduc ted   fo r   t h i s   s tudy   du r ing   t he  
winter   per iods  of   1968-69,   1969-70,  1970-71  and  1971-72 i n d i c a t e d   t h a t   e f f i -  
c i e n t   w i n t e r   o p e r a t i o n  is poss ib l e   and   f eas ib l e   u t i l i z ing   t empora ry   s t eam 
h e a t i n g   f a c i l i t i e s .  A summary of   the  test exper ience  i s  c o n t a i n e d   i n  Sec- 
t i o n   2 . 3 . 2 .   F o r   r e a s o n s   o f   s a f e t y   a n d   r e l i a b i l i t y ,  more permanent  methods 
of   ga te   and   ga in   hea t ing ,  as d i s c u s s e d   i n   S e c t i o n  2 . 3 . 3 ,  were i n v e s t i g a t e d .  

The c o m p e n s a t i n g   w o r k s ,   i n   t h e i r   e n t i r e t y ,   a p p e a r   t o   b e   s t r u c t u r a l l y  
sound,   bu t   the   Canadian   por t ion  is i n  need  of some r e p a i r .  (See Lake 
Superior  Board  Calendar Year 1973  Report . )   Provided  maintenance  and  repair  
t o   t h e   e n t i r e   s t r u c t u r e  is c a r r i e d   o u t  when necessary ,  i t  i s  cons ide red   t ha t  
i t  should  provide 50 more y e a r s   o f   u s e f u l   l i f e .  

2.1.3  Power F a c i l i t i e s  and  Flows 

Four   hydro-e lec t r ic  power p l a n t s  are l o c a t e d  a t  S a u l t   S t e .  Marie, 
Ontario  and  Michigan  and a l l  u s e  water from t h e   S t .  Marys R ive r .   S ince   t he  
average  gross  head on t h e s e   p l a n t s  i s  approximately 20 f e e t ,  a l l  are c l a s s e d  
as low head  run  of  the river p lan t s   and   consequen t ly   t he   phys i ca l   s i ze   o f  
e a c h   p l a n t  is l a rge   i n   compar i son   w i th  i t s  k i l o w a t t   o u t p u t .  However, t h e s e  
p l a n t s  are unique i n   h a v i n g  Lake S u p e r i o r   f o r  a r e s e r v o i r ,   o n e   o f   t h e   l a r g e s t  
l a k e s   i n   t h e   w o r l d   w i t h  a water s u r f a c e  area of  31,700  square miles. 

The Great Lakes  Power Company p lan t ,   l oca t ed   be tween  S t .  Marys I s l a n d  
and the  Canadian  mainland, was constructed  between 1916  and  1918.  Additional 
u n i t s  were i n s t a l l e d   i n  1921  and  1931.  The p lan t   has   28   genera tors   having  
a t o t a l   i n s t a l l e d   c a p a c i t y   o f   2 1 , 5 2 0   k i l o w a t t s  a t  a ra ted   head   of   18 .5   fee t .  
Power  from t h i s   p l a n t  is u t i l i z e d  by the   On ta r io  Hydro  System. Water is 
diverted  through  the  plant   f rom  upstream  of   the  compensat ing  works  to  a 
point   downstream  of   the  rapids .  Water requirements  are normal ly   18 ,000   c fs .  

I n  May 1970,   the   Abi t ib i   Pulp   and   Paper  Company, S a u l t   S t e .  Marie, 
Ontar io ,   converted  f rom  hydraul ic  power d r i v e n  pulpwood g r i n d e r s   t o  e l ec t r i c  
d r iven   g r inde r s .   S ince   t he   hydrau l i c   sys t em  r equ i r ed  a water flow  of ap- 
proximate ly   7 ,000   c fs ,   d iver ted   f rom  the   forebay   of   the  Great Lakes Power 
Company p l a n t ,   t h e   t o t a l   o u t f l o w   c a p a c i t y   o f   t h e   r e g u l a t o r y   f a c i l i t i e s  is 
reduced  by  about   7 ,000  cfs  a t  h i g h   l a k e   s t a g e .  The hydrau l i c   t u rb ines   can  
b e   o p e r a t e d ,   b u t   w i t h   d i f f i c u l t y ,  to d i s c h a r g e  water. Moreover,  due  to 
d e t e r i o r a t i o n  of some of the   control   mechanisms,  a c a p a c i t y  of only   about  
5,000 c f s  is now p o s s i b l e .  



The U n i t e d   S t a t e s   h y d r o e l e c t r i c   p l a n t  i s  loca ted   i n   t he   S t a t e   o f   Mich igan  
between  the  United  States   navigat ion  locks  and  the  rapids .  I t  c o n s i s t s   o f  
two s e p a r a t e   s t r u c t u r e s   h a v i n g  a common forebay  and  convergent tailraces. 
T h i s   p l a n t   h a s  a to t a l   i n s t a l l ed   capac i ty   o f   18 ,300   k i lowa t t s ,   and   con ta ins  
5 g e n e r a t o r s .  Power  from t h e   p l a n t  is used  to   supply  the  requirements  of 
t he   Un i t ed   S t a t e s   nav iga t ion   l ocks ,   t he   C i ty  of S a u l t   S t e .  Marie, Michigan 
and  surrounding areas. Because  of   the  ever- increasing demands f o r  more elec- 
t r i c a l   e n e r g y ,   t h i s   p l a n t ,   l i k e  i t s  c o u n t e r p a r t   i n   O n t a r i o ,  is opera ted  a t  
f u l l   c a p a c i t y .  Water is  diverted  f rom  upstream  of   the  compensat ing  works  to  
the  lower  end of t h e   r a p i d s .  Water requirements are approximately  12,700  cfs.  

The Ed i son   Sau l t   hydroe lec t r i c  power p l an t ,   cons t ruc t ed   i n   1902 ,  is 
served  by a two and  one-half mile long   cana l   wh ich   d ive r t s  water from a p o i n t ,  
j u s t   a b o v e   t h e   U n i t e d   S t a t e s   n a v i g a t i o n   l o c k s   a n d   d e l i v e r s  i t  t o   t h e   p l a n t  
located  about   one-half  mile be low  the   locks .   This   p lan t  is about  one-quarter 
of  a mile i n   l e n g t h ,   h a s  78 gene ra to r s   ho r i zon ta l ly   moun ted ,  and  has a t o t a l  
i n s t a l l e d   c a p a c i t y  of 41 ,300   k i lowat t s .  Water requi rements  are approximately 
30,000  cf 8 .  Power is used   to   p rovide   for   the   needs  of t h e   e a s t e r n   h a l f   o f  
t he  Upper Peninsula  of  Michigan.  The  plant is normally  operated a t  f u l l  
c a p a c i t y .  

2.1.4  Navigation  Facil i t ies  and  Flows 

There are f i v e   l o c k s  a t  S a u l t   S t e .  Marie enabling  both  commercial   and 
r e c r e a t i o n a l   c r a f t   t o   b y p a s s   t h e   r a p i d s ,  a drop of about 20 f e e t .  The maxi- 
mm s i z e  of   vessel   a l lowed  through  the  locks is one  with a 105-feet beam by 
1 ,000   f ee t   l eng th .  The pr inc ipa l   d imens ions   o f   the   locks  are shown on  Table 
Gl . 

TABLE G-1 

PRINCIPAL  DIMENSIONS  OF NAVIGATION LOCKS AT 
SAULT  STE. MARIE 

Lock 

Poe 

MacArthur 

Davis 

Sabin  

Canadian 

- 
Length i n   F e e t  Depth  of Water i n  

be   tween   Fee t   over   S i l l s   Refer red  
I n n e r  Gates _width i n   F e e t   t o  L.W.D. 

1200  110 32 .O 

800 80 31.0 

1350 80 23.1 

1350  80  23.1 

900 60  16.8 
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A t  S a u l t   S t e .  Marie, an   add i t iona l   channe l   w i th  a minimum depth  of  24 
f e e t  below L.W.D. and a minimum width  of 500 feet serves  the  Canadian  lock 
and the  wharves  of Algoma S tee l   Corpora t ion .  

To ta l  water usage f o r  l ockage   r equ i r emen t s   du r ing   t he   h i s to r i ca l   nav i -  
ga t ion   s eason ,  A p r i l  1 through  mid-December, are i n   t h e   o r d e r   o f   1 , 5 0 0   c f s ,  
e q u i v a l e n t  t o  an  average  annual  f low  of  approximately  900 c f s .  During  the 
1969,  1970,  1971, 1972  and  1973 nav iga t ion   s easons ,   a t t empt s  were made wi th  
the   coopera t ion  of s h i p p i n g   i n t e r e s t s ,   t o   e x t e n d   t h e   n o r m a l   S t .  Marys River 
nav iga t ion   s eason  beyond the  customary December 1 7  c l o s i n g   d a t e .  A s  a con- 
sequence,   shipping was extended t o  January 11, 1970;  January 30 ,  1971;  February 
1,  1972;  and  February 8 ,  1973.  However,  only a l i m i t e d  number of   ships   par-  
t i c ipa t ed   i n   t he   s eason   ex tens ion   p rog ram.  

2 .1 .5   Br idges ,   Fe r r i e s ,  Wharves  and o t h e r   F a c i l i t i e s  

Two b r i d g e s ,  on rai lway  and  one  highway,   cross   the  St .  Marys River  a t  
S a u l t   S t e .  Marie. Both are located  near   the  head  of   the  locks  and  rapids  
and  downstream  of  the  compensating  works. The railway b r idge  is a low l e v e l  
s t r u c t u r e   w i t h   t h r e e  movable   spans   to   a l low  the   passage   of   sh ips .   Normal ly ,  
du r ing   t he   nav iga t ion   s eason ,  a l l  t h ree   spans  are kept   open  providing a ver- 
t i c a l  c learance   o f  120 fee t  above  high water. East o f   t he   r a i lway   b r idge ,  
a two-lane  high  level  highway  bridge,  having a v e r t i c a l   c l e a r a n c e   o f  120 
f ee t   above   h igh  water, l i n k s   U n i t e d   S t a t e s   a n d  Canada. 

I n   t h e   v i c i n i t y   o f   S a u l t   S t e .  Marie, wharves a t  t h e  Algoma S t e e l  
Corporation  Limited and Reiss Coal Company provide  these  companies  with 
access to   nav ' iga t ion   in   the   upper  r iver .  Immediately  downstream of t h e  
locks  and r a p i d s ,  numerous  wharves  serve  var ious  industr ies   and  the  publ ic  
on   bo th   s ides   o f   t he   r i ve r .  The e l eva t ions   o f  many of  these  wharves are 
approximately a t  582.9 f e e t  IGLD, t h e  maximum a l lowab le   l eve l   be low  the  
locks  as s p e c i f i e d   i n   t h e  1914 IJC Orders   of   Approval .   Consequent ly ,   they 
are vu lne rab le   t o   h igh  water l e v e l s   e s p e c i a l l y   d u r i n g   s p r i n g   b r e a k u p .  

T h r e e   f e r r i e s   o p e r a t e  on t h e  Lower S t .  Marys River .  The Sugar   I s land  
fe r ry ,   the   Neebish   I s land   fe r ry ,   and   the  Drummond I s l a n d   f e r r y .  The  Sugar 
I s l a n d  and Drummond Is land   fe r r ies   normal ly   opera te   year - round  whi le   the  
Neeb i sh   I s l and   f e r ry   u sua l ly  ceases opera t ion   about   January  1st because of 
ice  cond i t ions ,  and resumes service i n  March. 

2.1.6 Ice Problems 

Ice problems i n   t h e   S t .  Marys River are due t o   t h r e e   p r i n c i p a l   c a u s e s ,  
summarized as fo l lows:  

(1)   Ships   opera t ing   toward   the  la t ter  p a r t   o f   t h e   n a v i g a t i o n   s e a s o n   b r e a k  
very  young ice  i n t o   f l o e s   o f   v a r i o u s   s i z e s   w h i c h ,  moving  downstream, 
tend   to   cause  ice  jams i n   t h e  more r e s t r i c t e d   r i v e r   c r o s s   s e c t i o n s .  
The L i t t l e  Rapids  Channel,  beginning  about two miles downstream  from 
the  U .  S .  nav iga t ion   l ocks ,  i s  p a r t i c u l a r l y   s u s c e p t i b l e  t o  the forma- 
t i o n  of such jams. 
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(2)   Each   win ter   before   the   sur face  ice becomes f i r m l y   e s t a b l i s h e d  or where 
v e l o c i t i e s  are too   h igh   to  allow ice cover   formation,  a c e r t a i n  amount 
of a n c h o r   o r   f r a z i l  ice f o r m s ,   e s p e c i a l l y  i n  p laces   o f   h igh  water velo- 
c i t y  such as i n   t h e   S t .  Marys Rapids.  This  type  of ice c o n t r i b u t e s   t o  
i c e  jams i n   t h e   r i v e r  by r e d u c i n g   t h e   r i v e r   c r o s s   s e c t i o n  and f r e q u e n t l y  
c a u s e s   d i f f i c u l t y  a t  t h e   h y d r o e l e c t r i c  power p l a n t s  by  clogging pen- 
s t o c k s  and s c r o l l  cases. S ince  ice booms have l i t t l e  o r  no e f f e c t   o n  , 
f r a z i l   i c e ,  i t  is d i f f i c u l t   t o   c o n t r o l  a t  power p l a n t s  and  consequently 
r e s t r i c t i o n s   i n  power o u t p u t   d u r i n g   t h i s   p e r i o d  are n o t  uncommon. 

(3 )  During  the  spr ing  breakup,   the  upper  r iver becomes  covered  with  broken 
d r i f t  ice.  This   type  of   ice   has   not   caused ice jams but   does  make 
opera t ion   of   the   locks   and   naviga t ion  on t h e   r i v e r   e x t r e m e l y   d i f f i c u l t .  
I c e  booms i n s t a l l e d   a c r o s s   t h e  power cana l   en t rances ,   have   been   success-  
f u l   i n   p r e v e n t i n g   d r i f t   i c e  from e n t e r i n g   t h e  power p l a n t s .  

A t t empt s  to   extend  the.navigat ion  season  have  caused  problems  with  the 
Suga r   I s l and   f e r ry .   Norma l ly   t h i s   f e r ry   ope ra t e s  a l l  w i n t e r   i n  a narrow 
open water s l o t   w i t h   f i x e d  ice bridges  above  and  below. When t h e   n a v i g a t i o n  
s e a s o n   e x t e n d s   i n t o   t h e  ice formation  per iod,   passage  of   ships   breaks up t h e  
ice br idge   tha t   has   been   formed,   and ,   car r ied  by &he   cu r ren t ,   t he   b roken  ice 
f i l l s  up the  open-water area, s topp ing   f e r ry   ope ra t ion .   A t t empt s   t o   cope  
with  these  problems were made d u r i n g   t h e  1971-72 ex tended   naviga t ion   season  
expe r imen t   w i th   t he   i n s t a l l a t ion   o f  a h i g h   v e l o c i t y   b u b b l e r   s y s t e m   i n   t h e  
mainland s l i p ,  where   mos t   o f   the   d i f f icu l ty  i s  encountered.   This   cont inued 
in   subsequen t   w in te r s .  

2 .1 .7   Current   Plan of Regulation 

Subsequent  to  the  completion  in  August  1921  of  the  compensating  works 
i n   t h e   S t .  Marys River a t  S a u l t  S te. Marie, the  outf lows  f rom  Lake  Superior  
have  been  control led.  The r e g u l a t i o n  of t h e   l a k e  is i n   a c c o r d a n c e   w i t h   t h e  
Orde r s   o f   Approva l   o f   t he   In t e rna t iona l   Jo in t  Conrmission i s s u e d  May 26-27, 
1914, i n   r e s p o n s e   t o   a p p l i c a t i o n   f o r   a u t h o r i z a t i o n  of d i v e r s i o n s  of water 
around  the   rap ids   for   the   p roduct ion   of   hydroe lec t r ic   power .  The Orders 
provide   tha t   the   works   be  so opera ted  as t o   m a i n t a i n   t h e   l a k e   l e v e l s   w i t h i n  
a spec i f i ed   r ange  and i n   s u c h  a manner as n o t   t o   I n t e r f e r e   w i t h   n a v i g a t i o n .  
Fur ther ,   they   provide   sa feguards   aga ins t   ex t remely   h igh   and  low l e v e l s  on 
Lake Supe r io r ,   and   h igh   l eve l s   on   t he   S t .  Marys River .  The o p e r a t i o n   o f   t h e  
r i v e r   c o n t r o l  works  and  the  determinations of t he   ou t f low are under   the  
d i r e c t   s u p e r v i s i o n  of t he   In t e rna t iona l   Lake   Supe r io r   Boa rd   o f   Con t ro l  esta- 
b l i s h e d  by t h e   I n t e r n a t i o n a l   J o i n t  Commission in   acco rdance   w i th   t he  terms 
of i ts  Orders .  

The p r e s e n t   p l a n  of r e g u l a t i o n  on  Lake Supe r io r  is t h e  1955  Modified 
Rule  of 1949 and   has   been   i n   fo rce   s ince  December of  1955.  The " ru le   curve ,"  
shown on Figure  6 7 ,  was des igned   to   main ta in   the  levels o f  Lake Supe r io r  
between  e levat ions  600.5  feet   and 602.0 f e e t  (IGLD) . The  "rule  curve"  f low 
is determined   on   the   f i r s t   o f   every  month  from t h e  mean Lake S u p e r i o r   s t a g e  
of t he   p rev ious  month.  Between  December 1 and  Apri l  30, changes to  the   p l an  
out f low are made only  when successive monthly man s t a g e s  of t h e   l a k e  move 
f rom  an   in te rmedia te   range ,  as de f ined  by a range  of  levels f o r   e a c h   w i n t e r  

G-15 



5; 601.0 
In 

2 
c 
k 
0 

5 600.5 
LL 
W 

f 

E 

E 
W 

0 

5 600.0 
u) 

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

MAXIMUM SUMMER GATES+65,000 OUTFLOW: 16 (MAY-NOV) 

MAXIMUM WINTER (DEC-APR) OUTFLOW: 85,000 - 601.16 - 
601.09 601.09 --104-- 
103 - 601.05 - 

601.00-- -- 600.99 03 
103 91 
90 

- 

81 70 81 
- 81 

68 70 

91 
81 - 600.90 

600.94 " 600.95 - - 600'91 600.89 - 90 _- 600.90 - 
76- -76 -- 600.80 "600B1=- 

600.84 -- 600.83 - - 600.78= - 600.69 - 600.70 

-70 

-z600-71 - 

-600.51 - 

100 - 6o 70 - 600.73 - 
90 - 70 600.70 

70 - - 6oo.58 - 600.60 

-- 600.70 - 600.70 0'72- 

76 68 - 600.62 -- 600.60 " 600.61" " 6oo.62 
98 68 - 600.53 - - 600.53 - 81 

70 600.49 600.50 - 600.51 - " - 600.51= 68 
-68 - 75 70 - 600.44- 

68 - 600.34 - 
89 - 600.46 - 

600.41 - 
- 600.31 = 600.30 8o - 600.31 - 

68 - -= 600.41 - 600.40 g8-- 
-600.31 75 -- 600.31 - -- 600.33 

67 70 - 89 75 - 600.27 - 
600.22 - 70 

80 

70 

67 

7 

- 600'13" 
-=600.11- 70 600.11- 

- 6oo.16 " 600.15 - 

67 
- 600.04 -- 600.04 - 

- 599.96 - 70 
- 599.92 - 

599.89 - 
67 - 599.86 - 

1 

67 SUMMER (MAY-NOV) OUTFLOW: 58,000 MINIMUM - 599.75 - 
599.70 

- 599.61 - 

MINIMUM WINTER (DEC-APR) OUTFLOW: 55,000 NOTE: 
GATES TO BE SET ON THE  FIRST OF EACH  MONTH,  DE- 
PENDING  ON  THE  MEAN  STAGE OF THE PRECEDING 

CFS. 
MONTH.  RULE OUTFLOWS ARE GIVEN IN THOUSANDS OF 

Figure G-7 
LAKE SUPERIOR REGULATION  PLAN-1955  MODIFIED  RULE OF 1949 



month, t o  a maximum o r  minimum c o n d i t i o n   o r  when successive monthly mean 
s t a g e s  move from a maximum or  minimum cond i t ion   t o   t he   i n t e rmed ia t e   r ange .  
Dur ing   t he   w in te r   pe r iod ,   t he   p re sen t   p l an   spec i f i e s  a maximum discharge   o f  
85,000 c f s  and minimum discharge  of   55,000  cfs  . During  the summer p e r i o d ,  
Mav 1 through November 30, t h e  maximum outflow is tha t   cor responding   to   16  
g a t e s  f u l l y  open,  plus  about  65,000  cfs  through  the power  and nav iga t ion  
f a c i l i t i e s .  The minimum ou t f l cw  du r ing   t he  summer pe r iod  is 58,000 c f s .  

The compensating  works were b u i l t   w i t h o u t   s p e c i f i c   p r o v i s i o n   f o r   o p e r -  
a t i n g   t h e   g a t e s  when i c ing   o f   t he  mechanisms  occurred.  Consequently,  there  did 
d i d   n o t   e x i s t   a n   e f f i c i e n t  means of  moving the   ga t e s   du r ing   t he   w in te r   pe r iod  
even  though the  e x i s t i n g   r e g u l a t i o n   p l a n  cal ls  f o r   s u c h   a c t i o n  as spec i f i ed   above .  

2 . 2  Assumptions 

A number  of p r e l i m i n a r y   r e g u l a t i o n   p l a n s  were developed  which  ut i l ized 
an   increased   ou t f low  capac i ty   th rough  the   S t .  Marys River .   Prel iminary 
ana lys i s   o f   t hese   r egu la t ion   p l ans   d i sc losed   t ha t  no a d d i t i o n a l   b e n e f i t s  
would  accrue by i n c r e a s i n g   t h e   d i s c h a r g e   c a p a c i t y   o f   t h e   S t .  Marys River.  
Accordingly, no major cap i ta l  improvements   would  be  required  for   the S t .  
Marys River.  However, i t  has   been   de te rmined   tha t   addi t iona l   benef i t s   do  
acc rue   t o  a regulation  plan  which  employs  f low  changes  during  the  winter 
months as a normal  procedure. 

In   de te rmining   the   requi rements   for  a r e g u l a t i o n   p l a n   f o r  Lake Supe r io r  
r e q u i r i n g  no  major  capital   improvements,   the  following  assumptions  and l i m i -  
t a t i o n s  were used: 

(1) A maximum d i scha rge   capac i ty ,   co r re spond ing   t o   t ha t   w i th  a l l  16 g a t e s  
of  the  compensating  works  fully  open,  plus  65,000  cfs  through  the  parer 
a n d   n a v i g a t i o n   f a c i l i t i e s ,  w i l l  b e   a v a i l a b l e   d u r i n g   t h e   l i f e   o f   t h e  
pro  j ect . 

( 2 )  Power and  navigation  f lows w i l l  cont inue  a t  t h e   p r e s e n t  rate. 

(3)  The remaining l i f e  o f   t he   con t ro l   s t ruc tu re ,   w i th   p rope r   ma in tenance ,  
would be  about  50 y e a r s .  

( 4 )  The ex i s t ing   r ange   o f  water l e v e l   p r o f i l e s  must b e   m a i n t a i n e d   i n   t h e  
r i v e r   s y s  tem. 

(5) The gates   could  be  operated  throughout   the  winter   per iod.  

2 . 3  Methodology 

As i n d i c a t e d   i n   S e c t i o n  2 . 2  above, a s tudy  of   var ious  prel iminary  Lake 
S u p e r i o r   r e g u l a t i o n   p l a n s   r e v e a l e d   t h a t  i t  was n o t   f e a s i b l e   t o   e n l a r g e   t h e  
channel   capac i ty  o r  a l ter  t h e   e x i s t i n g   s t r u c t u r e   t o   a c h i e v e  a h igher   channel  
ca r ry ing   capac i ty ;   however ,   w in te r   ope ra t ion   o f   t he   ga t e s  w a s  f e a s i b l e .  The 
fo l lowing   sec t ions   d i scuss :   the   methodology  of   regula t ion   p lans ;   the   exper ience  
ga ined   du r ing   t he   w in te r   ga t e  test programs;   and,   the   design  and  cost  estimates 
o f   va r ious   a l t e rna te   ga t e   hea t ing   me thods  which were c o n s i d e r e d   f o r   w i n t e r  
o p e r a t i o n  of t h e  Lake Superior  compensating  works.  



2.3.1 Plans  of  Regulation  (Superior-Ontario) 

Since  Lakes  Superior   and  Ontar io  are a l ready   regula ted   under  separate 
Orders  of  Approval  issued by t h e  IJC, the   Internat ional   Great   Lakes  Levels  
Board   s tud ied   p lans   for   the   coord ina ted   regula t ion   of   Lakes   Super ior   and  
Ontar io   which   would   p rovide   addi t iona l   benef i t s   to   the  system wi thou t   s ign i -  
f i c a n t  economic  loss  to any i n t e r e s t  on the   Grea t   Lakes ,   the i r   connec t ing  
channels  and  the  St.   Lawrence  River  and, a t  t h e  same time, wi thout   involv ing  
major capi ta l  c o s t s   f o r   r e c o n s t r u c t i o n  of t h e   e x i s t i n g   r e g u l a t o r y  works o r  
o u t l e t   c h a n n e l   c a p a c i t i e s .   F o r   t h i s   c o n d i t i o n ,   t h e   e x i s t i n g   f a c i l i t i e s   f o r  
regulat ing  the  outf low  f rom  Lake  Superior   and i t s  discharge  channels   through 
t h e  S t .  Marys River are cons ide red   t o  be  adequate.  The maximum outflow 
during  the  open-water   per iod (May-Nov. i n c l . )  is l i m i t e d   t o   t h e   d i s c h a r g e  
capac i ty   o f   t he   16   con t ro l   ga t e s   o f   t he  Lake Super ior   Regula tory   S t ruc ture ,  
p l u s  a flow  of  65,000  cfs  through  the power  and n a v i g a t i o n   f a c i l i t i e s .  The 
maximum monthly  outf low  during  the  winter   per iod  (December-Apri l   incl . )  
should   no t   be   g rea te r   than   85 ,000   c fs   to   min imize   the   poss ib i l i ty   o f   f looding  
caused  by ice condi t ions  downstream  of   the  St .  Marys River  Rapids. I t  w a s  
f u r t h e r  assumed t h a t   t h e  minimum ou t f low  fo r  a l l  months  would  be  l imited  to 
55,000 c f s .  I n  addi t ion   to   the   above   l imi ta t ions ,   the   change  from month t o  
month i n   t h e   o u t f l o w  would b e   l i m i t e d   t o  a maximum of 30,000 cfs .   Al though 
t h e  maximum and minimum flows may n o t   e x c e e d   t h e   e x i s t i n g   l i m i t a t i o n s ,   t h e  
p a t t e r n   o f  releases may change  and as a r e s u l t   c o u l d   a d v e r s e l y   a f f e c t   t h e  
downstream profi les .   Therefore ,   monthly  computat ions  of   the  water s u r f a c e  
e l e v a t i o n  a t  t h e  U .  S .  S l ip   gauge ,   represent ing   the   ups t ream  ex t remi ty   o f  
the   lower   S t .  Marys River, were computed  using  the  regulated  Lake  Superior  
ou t f lows   and   r e su l t i ng   e l eva t ions  of  Lakes  Michigan-Huron.  These e l e v a t i o n s  
were computed us ing   the   ex is t ing   open-water   s t ' age- fa l l   d i scharge   re la t ion-  
sh ip   be tween  the  U.  s .  S l i p  and Mackinaw City  gauges (IGLD, 1955), s t a t e d  
as fo l lows:  

Q = 1659 (U.S. S l i p  - 567.19)1'5 ( U . S .  S l i p  - Mackinaw)O" 
Dur ing   the   win ter   months ,   the   regula ted   f low was inc reased  by 3,000 c f s   t o  
account   for  ice  r e t a r d a t i o n .  A g r a p h i c   r e p r e s e n t a t i o n  of the  above  equat ion 
is shown on  Figure G b 8 .  The  computed U.  S .  S l ip   gauge   e l eva t ion  was then  
compared to   basis-of-comparison  levels  as well as t o   t h e  maximum a l lowable  
e l eva t ion   be low  the   l ocks  of  582.9 f e e t  as s p e c i f i e d   i n   t h e  IJC Orders  of 
Approval. 

2.3.2 Winter Flow Tests 

Dur ing   the   s tudy  it  became e v i d e n t   t h a t  i t  was p o s s i b l e   t o   r e a l i z e  
economic b e n e f i t s   t o   t h e  Great Lakes as a system i f   g r e a t e r   f l e x i b i l i t y   c o u l d  
b e   a c h i e v e d   i n   t h e   r e g u l a t i o n   o f  Lake S u p e r i o r   u s i n g   t h e   e x i s t i n g   c o n t r o l  
f a c i l i t i e s .   C u r r e n t l y ,   i n f l e x i b i l i t y   o c c u r s   d u r i n g   t h e   f i v e   w i n t e r  months 
when the   ou t f low  remains   f ixed   except   for  rare i n s t a n c e s  when a change i n  
g a t e   s e t t i n g  is requ i r ed   t o   o r   f rom  in t e rmed ia t e   t o  maximum o r  minimum out- 
flow. The p r e s e n t  maximum winter   ou t f low  permi t ted  is a discharge.of   85,000 
c f s   i n   t h e   S t .  Marys River. The e x i s t i n g   p o l i c y   f o r   w i n t e r   s e t t i n g   o f   t h e  
g a t e s  is due t o   t h e   d i f f i c u l t i e s  of moving  them  when they are f r o z e n   i n  ice;  
t h e   f l o w   l i m i t a t i o n  was a r b i t r a r i l y  set a t  what was c o n s i d e r e d   t o   b e  a "safe" 
maximum as a r e s u l t   o f   p a s t   e x p e r i e n c e   w i t h   i c e  jams a t  h igher   f lows .  The 
ques t ions   posed ,   t he re fo re ,  were: 

(1) Is t h i s  "safe" maximum too   conserva t ive?  Can i t  b e   i n c r e a s e d ?  

(2) I f   t h e   S t .  Marys River can carry a h igher   f low  dur ing   win ter   (or   dur ing  
p a r t  of i t ) ,  when,  and t o  what limit? 
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(3)  Is i t  p rac t i cab le   t o   change   t he   ga t e   s e t t i ngs   and   va ry   t he   f l ow as a 
normal   procedure  during  winter?  I f  so, by w h a t  means and how  much 
would i t  c o s t ?  

To answer t h e s e   q u e s t i o n s ,  a test program  was ca r r i ed   ou t   du r ing   t he  
f o u r   w i n t e r s  of  1968-69 through 1971-72.  The t h r e e  key features of the  pro- 
gram were: t h e   i n s t a l l a t i o n  of steam heat ing  equipment   for   de- ic ing  the 
gates   of   the   compensat ing  works;   the   monitor ing of t h e  ice and h y d r a u l i c  
c o n d i t i o n s   i n   t h e   r i v e r   t h r o u g h o u t   t h e   w i n t e r ;   a n d ,  a water leve l   moni tor ing  
sys t em  and   emergency   p rocedures   fo r   qu ick ly   c los ing   ga t e s   i n   t he   even t   t ha t  
an ice jam developed. The expe r imen t s   va r i ed  from y e a r   t o  year depending 
on the   p reva i l i ng   wea the r   and   hydrau l i c   cond i t ions ,   nav iga t ion   ac t iv i ty   i n  
t h e  river and   t he   r egu la t ion   r equ i r emen t s  of t h e   I n t e r n a t i o n a l  Lake Super io r  
Board  of  Control,   with whose approva l   t he  tests were c a r r i e d   o u t .  The f o l -  
lowing is  a summary: 

Site  Preparations: Prepa ra to ry  work f o r   t h e  1968-69 tes t  program  con- 
s i s t e d   o f ,  among o t h e r   t h i n g s :   t h e   i n s t a l l a t i o n   o f  a grave l led   access   road  
be tween  the   Canadian   lock   and   the   nor th   end   of   the   cont ro l   s t ruc ture ;   the  
e r e c t i o n  of a 24' by 40' pre fab r i ca t ed   bu i ld ing   t o   house   t he  steam h e a t i n g  
equipment  and t o   p r o v i d e  crew f a c i l i t i e s ;   t h e   e r e c t i o n   o f  a t imber   s ta i rway 
a t  t h e   n o r t h   e n d   o f   t h e   c o n t r o l   s t r u c t u r e   t o   p r o v i d e   s a f e  access t o   t h e  
machinery  deck; a thorough  overhaul of a l l  gate   hois t ing  equipment   and an- 
c i l l a r y   m a c h i n e r y ;   a n d ,   t h e   i n s t a l l a t i o n   o f  steam h e a t i n g   f a c i l i t i e s .  The 
steam heat ing   equipment   cons is ted   o f  two o i l - f i r e d  steam b o i l e r s ,   w a t e r t a n k ,  
pumps and steam l i n e s .  An i n s u l a t e d  steam l i n e  was i n s t a l l e d   a l o n g   t h e  down- 
stream side  of  the  machinery  deck,  between piers 1 and  15,  and  connected  to 
t h e   c o n t r o l   b u i l d i n g .  A t  e ach   p i e r ,  a header   connect ion was made t o   t h e  
main l ine,   each  header   having twin v a l v e s  and boss f i t t i n g s   t o  which 
50-fOOt f l e x i b l e  steam hoses  were a t t a c h e d  as the  need  arose.  Machinery- 
d e c k   l i g h t i n g  was i n s t a l l e d   a n d  a 25-KVA diesel-powered  generator  was pro- 
c u r e d   t o   p r o v i d e  electric power t o   t h e  s i te .  I n   t h e   f i r s t  two y e a r s  of tests, 
a pontoon  br idge was constructed  upstream  of   the  Canadian  lock so that   heavy 
equipment   could  be  t ransported  to   the si te.  However, t h i s  was e l i m i n a t e d   i n  
subsequent   years  by t r a n s p o r t i n g  a l l  equipment by b a r g e   p r i o r  t o  freeze-up. 

In   subsequen t   yea r s ,  s i t e  p r e p a r a t i o n   c o n s i s t e d   p r i m a r i l y  of r e c o m i s -  
s ion ing   of   the   t emporary   equipment   ins ta l led .   In   addi t ion ,   minor   main tenance  
was car r ied   ou t   each   year   on   the   ga te   ho is t ing   and   ga te   hea t ing   equipment   to  
e n s u r e   t h e i r   s a t i s f a c t o r y   p e r f o r m a n c e   d u r i n g   t h e  test  programs. 

Hydraulic  Monitoring: Exist ing  permanent  water l e v e l   g a u g e s   i n   t h e  
Lower S t .  Marys River  were augmen ted   w i th   add i t iona l   i n s t a l l a t ions  a t  stra- 
t e g i c   l o c a t i o n s  so as t o   p e r m i t   q u i c k   i d e n t i f i c a t i o n  of water l eve l   anomal i e s  
i n  cr i t ical  reaches   due   to  ice cond i t ions .  The l o c a t i o n s  of water l e v e l  
gauges i n   t h e   S t .  Marys River are shown  on F igure  G-2.  The Li t t le  Rapids 
reach,   which  discharges  about  70 p e r   c e n t  of the   f low  of   the  Lower S t .  Marys 
River ,  was s e l e c t e d  as t h e  c r i t i ca l  r each   due   t o  i t s  small c r o s s - s e c t i o n a l  
area and .   p rev ious   h i s to ry  of ice jamming.  Open-water  gauge r e l a t i o n s h i p s  
were developed  between  the  various  gauges so t ha t   any   depa r tu re   f rom  the  
open-water   condi t ion   could   be   ident i f ied .  Criteria were es t ab l i shed   t o   de -  
termine cr i t ical  elevations above  and  below  the Li t t le  Rapids reach. An 

G-2 0 



"alert" c o n d i t i o n ,  whereby  key personnel would b e   n o t i f i e d   o f  an impending 
i c e  jamming s i t u a t i o n ,  was e s t a b l i s h e d .  The "alert" condi t ion  could  develop 
from: 

(1) Jam above  Frechette  gauge; i f  the  gauge  reads 1.1 f e e t  below i ts  normal 
open water r ead ing  

( 2 )  Jam below  Frechet te   gauge;   i f   the   gauge  reads 0.9 foot   above i t s  normal 
open water reading  

During  the alert  c o n d i t i o n ,  a l l  gauges were c a r e f u l l y   o b s e r v e d .   I f   t h e  
U. S. S l i p  gauge   ind ica ted  a rate of rise of 0.10 foo t lhour  or more or ap- 
proached   e leva t ion  582.4 f e e t  IGLD, t he   " ac t ion"   cond i t ion  was e s t a b l i s h e d  
whereby g a t e s  would be   c losed  so as t o   p r o v i d e  a water level e l eva t ion   no  
g rea t e r   t han  5 8 2 . 9 .  

An a t tempt  was made to   have  the  Frechet te   gauge  sound  an alarm when t h e  
"alert" condi t i6n   a rose ;   however ,   th i s   p roved   unsa t i s fac tory .   Each   year   the  
method of ca lcu la t ing   open  water l e v e l s  a t  the   var ious   gauges  was improved 
d u e   t o   t h e   a d d i t i o n a l   h y d r a u l i c   d a t a   c o l l e c t e d .  The  gauge i n s t a l l a t i o n s  
were a l s o  improved. A t  p r e s e n t  a l l  gauges are automat ic ,   p rovid ing  a con- 
t inuous  record  and may b e   i n t e r r o g a t e d  by telephone  whenever  required.  

I n   a d d i t i o n   t o  water leve l   da ta ,   supplementary   da ta  were col lec ted   dur -  
i n g   t h e   w i n t e r   p e r i o d   i n   o r d e r   t o   p r o p e r l y   a n a l y z e   t h e  ice and   hydraul ic  
regime  of   the  r iver .   Sets   of  ae r ia l  photographs were ob ta ined  a t  several 
key times each   yea r   t o   p rov ide   da t a  on t h e   e x t e n t   a n d   n a t u r e   o f   t h e  ice cover.  
This was supplemented by ice measurements  taken a t  s e v e r a l   s t a t i o n s   a l o n g  
the   r i ve r   de t a i l i ng   t he   t h i ckness   and   na tu re   o f   t he   cove r .   Loca l   c l ima to -  
l o g i c a l   d a t a ,   t a k e n  a t  t h e   a i r p o r t s   o f   S a u l t   S t e .  Marie, Michigan  and  Ontario, 
were also  used.   Other   data   included  movie  f i lm  of   the  operat ions  and s t i l l  
pho tographs   o f   t he   con t ro l   s t ruc tu re .  

Test P r o g r m :  The test program ca r r i ed   ou t   each   yea r   w i th   minor   va r i a -  
t i o n s ,   c o n s i s t e d   e s s e n t i a l l y  of three  phases:   de- ic ing test; a test involv- 
i ng   an   i nc rease   i n   f l ow;   and  a simulated  emergency test. The main o b j e c t i v e s  
of the   de- ic ing test were: (1) t o  check   the   capac i ty   and   e f f ic iency  of t h e  
steam heat ing  equipment;  (2)  t o   f a m i l i a r i z e   t h e  crew with  the  equipment  and 
t o   t r a i n  them t o  work  under   winter   condi t ions;  (3)  t o   deve lop  work  methods 
and s i t e  procedures ;  (4) t o   e v a l u a t e   t h e   a d e q u a c y  of sa fe ty   gea r   and  ice- 
c u t t i n g  and  chisel ing  equipment;  (5) to   ensu re   adequa te   ope ra t ion   o f   t he   ga t e  
hois t ing   equipment ;   and ,  ( 6 )  i f   w e a t h e r   c o n d i t i o n s  were severe  enough,   to  
determine  the time t o  open   and/or   c lose   the   ga tes .  

An i n c r e a s e   i n   f l o w  test c o n s i s t e d   e s s e n t i a l l y   o f   o p e n i n g   s u f f i c i e n t  
g a t e s   t o   f l o w  95,000 c f s ,   c a r e f u l   m o n i t o r i n g  of water l eve l s   and ,  i f  weather 
c o n d i t i o n s  were severe  enough,   to   determine  the time requ i red   t o   open   ga t e s  
under   such  condi t ions.  

The simulated  emergency test was des igned   t o   check   ou t   t he   e f f ec t iveness  
of the  planned  procedures  which  would  have  to  be  followed i n  t h e   e v e n t  of an 
ice jam s i t u a t i o n   o c c u r r i n g .  The a b i l i t y   t o   c l o s e   g a t e s   q u i c k l y  would  be  of 
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l i t t l e  v a l u e   i n   i t s e l f   i f  an inadequate   warning  system,  together   with  the 
i n a b i l i t y   t o   m u s t e r   t h e  crew q u i c k l y   e n o u g h ,   r e s u l t e d   i n  no a c t i o n   b e i n g  
t a k e n   u n t i l  i t  was too  la te  to   aver t   f looding .   Accord ingly ,   p lanning  was 
not   revea led   beforehand  in  an a t tempt   to   s imula te   an  actual emergency as 
c l o s e  as possible .   Photographs  of   the  compensat ing  works  under   winter  con- 
d i t i o n s  are shown  on F igure  G-9. 

The 1968-69 test program  consisted  of a de-icing test on January  7, a 
simulated  emergency test a t  2:20 a.m. on January  24, a t  a flow of 85,000 c f s ,  
and  an  increased  f low test, during  which t h e  flow was inc reased  t o  95,000 
c f s ,  on February 11. A flow  of 95,000 c f s  was ma in ta ined   un t i l  A p r i l  15 a t  
which time r i v e r   c o n d i t i o n s   p e r m i t t e d   t h e   o p e n i n g   o f  a l l  16 g a t e s  to dec rease  
h i g h   l a k e   l e v e l s .  The weather   condi t ions  were about   normal   bu t   cer ta in ly  
no t  as r i g o r o u s  as could  be  expected  in  some yea r s .  I t  had  taken  only 45 
minutes   to   muster   the crew for   the  s imulated  emergency test and a f u r t h e r  
65 minutes   to  raise a f u l l  head  of steam. The t o t a l   e l a p s e d  time f o r   t h e  
ope ra t ion ,   wh ich   cons i s t ed   o f   mus te r ing   t he  crew and  c los ing  2 g a t e s ,  was 
2 hours  and 43 minutes.  

The 1969-70 test program  consisted  of a de- ic ing  test on  January 15, 
an  increased  f low test on  February 9-11, during  which  the  f low was inc reased  
t o  95,000 c f s ,  and the   t e rmina t ion  of t he   i nc reased   f l ow test by a s imula ted  
emergency test on March 5 .  Weather   condi t ions   dur ing   the   win ter   per iod  were 
s l i g h t l y  more seve re   t han   t he   p rev ious   w in te r .  The  extended  navigation sea- 
son,  which  terminated on January  14,  1970, m y  have  had some e f f e c t  on  the 
ice and  hydraulic  regime of t h e   r i v e r   b u t  i t  cou ld   no t   be   quan t i f i ed .  The 
simulated  emergency test was c a r r i e d   o u t  on  March 5 under   r e l a t ive ly   mi ld  
c o n d i t i o n s   b u t   i n   t h e   a f t e r m a t h   o f  a s e v e r e   f r e e z i n g   r a i n   s t o r m .  The over- 
a l l  e l apsed  time from  the  sounding  of   the alarm to   the   comple te   c losure   o f  
7-1/2 g a t e s  was 7 hours  - 18 minutes.  

The 1970-71 test program  consisted  of  preliminary tests c a r r i e d   o u t  be- 
tween  December 16-18 having   the  same o b j e c t i v e s  as the   de - i c ing  tests b u t  
under less seve re   cond i t ions .  The flow was i n c r e a s e d   t o  95,000 c f s  on 
December 18 and  due t o  ice jamming c o n d i t i o n s ,   r e s u l t e d   i n  emergency  gate 
c l o s i n g   o p e r a t i o n s  on January 28. Weather   condi t ions were ve ry   s eve re   w i th  
high  snowfal l   and  subzero  temperatures   pervai l lng  between  mid-january  and 
mid-February. The nav iga t ion   s eason  was extended  to   January 30,  1971, and 
had a d e f i n i t e   e f f e c t  on t h e  ice and   hydrau l i c   r eg ime   o f   t he   r i ve r ,   a l t hough  
t h i s   c o u l d   n o t   b e   q u a n t i f i e d .  The  emergency g a t e   c l o s i n g   o p e r a t i o n s  were 
ca r r i ed   ou t   on   J anua ry  28 with   t empera tures   ranging   f rom -10' t o  10°F,  and 
wi th   w inds   gus t ing   t o  50 m.p.h. r e s u l t i n g   i n  snow squa l l s   wh ich  a t  times re- 
duced v i s i b i l i t y   t o   n e a r l y   z e r o .  Not on ly  were levels reach ing   t he  c r i t i ca l  
e l e v a t i o n   o f  582.9 IGLD be low  the   l ocks ,   bu t ,   an  anomaly  of 0.20 f o o t   e x i s t e d  
between  the U. S .  Powerhouse Tailrace and U. S. S l i p  Gauges,  located  approx- 
ima te ly  2,000 f e e t   a p a r t ,   w h i c h  was thought  to  have  been  caused by a n  ice 
jam between  the  gauges.  There was a p p r e h e n s i o n   t h a t   t h i s  ice mass might l e t  
go a t  any time and  plug  the L i t t l e  Rapids  reach. The t o t a l   e l a p s e d  time from 
when t h e   c l o s u r e   o r d e r s  were g iven   by   t he   In t e rna t iona l  Lake Superior  Board 
o f   Con t ro l   t o   t he   f i na l   c lo su re   o f   t h ree   ga t e s  was 11 hours  - 7 minutes.  
The water l e v e l s   e v e n t u a l l y   s t a b i l i z e d   a n d ,  on  March 9 ,  one  gate  was opened 
t o   p a r t i a l l y  restore required  outf low.  
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Figure G-9  
Photographs of Compensating  Works  at  Sault  Ste. Marie Under  Winter  Conditions. 



Due to  the  extended  navigat ion  season,   the   Board  planned  to   conduct   the 
1971-72 winter g a t e  test program a f t e r   t h e   t e r m i n a t i o n  of nav iga t ion  on t h e  
r i v e r  by inc reas ing   t he   f l ow from the  "rule  curve"  f low  of 85,000 c f s   t o  
95,000 c f s .  However,  under a flow  of 81,200 c f s ,   t h e   l e v e l  a t  t h e  U .  S .  
S l ip   gauge   reached   e leva t ion  582.7 IGLD and toge ther   wi th   an   anomaly ,   as   in  
the  previous  year ,   between  the U. S. Sl ip   and  U. S. Powerhouse  Tailrace 
g a u g e s ,   t h e   I n t e r n a t i o n a l  Lake Supe r io r  Board  of Cont ro l   o rdered   an  emer- 
gency  c losure of 2 g a t e s  on J a n t a r y  26. The weather   condi t ions  were very 
s e v e r e   w i t h  a temperature  of -7 F and  winds  gusting  from 14-30 m.p.h. To 
make matters worse,   approximately 10 f e e t  of snow plugged  the  access  road 
to   t he   con t ro l   s t ruc tu re   wh i l e   t he   mach ine   deck   and  work a r e a  was covered 
wi th  2 t o  3 f e e t  of  snow  and ice. The t o t a l   e l a p s e d  time t o  move the  crew 
t o   t h e   c o n t r o l   s t r u c t u r e  and c l o s e  2 g a t e s  was 7 hours  - 20 minutes.  Although 
t h i s  emergency   ga te   c los ing   opera t ion  was n o t  a p a r t  of the  program, i t  d i d  
p rov ide   add i t iona l   expe r i ence .  The cause  of  the  anomaly  between  the U .  S .  
S l i p  and U. S. Powerhouse Tailrace gauges was determined  and is  d i scussed  
below. Water l e v e l s   i n   t h e   l o w e r   r i v e r   d i d   n o t   p e r m i t   a n   i n c r e a s e   i n   t h e  
flow of 95,000 c f s   du r ing   any   pa r t   o f   t he   r ema in ing   w in te r   pe r iod .  An a e r i a l  
photograph,  taken on January 31,  1972, Figure  G 1 0 ,  of the   Bayf ie ld   channel ,  
looking  downstream  from  the U. S. n a v i g a t i o n . l o c k s   i l l u s t r a t e s   t h e   i c e  con- 
d i t i o n s  of t he   r i ve r   i n   t he   r each   be tween   t he   l ocks   and   Suga r   I s l and .  

Anomaly betueen 17. S.  Sl ip  and U. S. Pawerhouse Tailrace Gauges: During 
the  1970-71 and 1971-72 winter   per iods ,   an   anomaly   ex is ted   in  water s u r f a c e  
elevat ion  between  the U. S. S l i p  and U. S. Powerhouse  Tailrace  gauges,  lo- 
c a t e d  some 2,000 f e e t   a p a r t .  A review  of water l e v e l s  as recorded a t  t h e s e  
gauges,   over   the  per iod  of   record,   revealed  that  no  such  difference  had  oc- 
c u r r e d   i n   t h e  p a s t .  *During  the 1970-71 w i n t e r   p e r i o d ,   t h e  anomaly  reached 
a maximum of 0.80 foo t   wh i l e   du r ing   t he  1971-72 w i n t e r   p e r i o d ,  a maximum 
d i f f e r e n c e  of 0.60 f o o t  was recorded. A p l o t   o f   t h e  water s u r f a c e   e l e v a t i o n ,  
as recorded a t  these   gauges   dur ing   the  1971-72 win te r   pe r iod ,  is  shown  on 
F igure  G-11. 

Surveys  conducted by t h e  U. S. Army Corps  of  Engineers  and  the S t .  
Lawrence  Seaway Authority  between  February 10,  1972 and March 2 2 ,  1972 re- 
v e a l e d   t h a t  a l a r g e  mass of  compacted ice f ragments ,   wi th   th ickness  up t o  
more than 25 f e e t  had  formed  between a p o i n t   l o c a t e d  some 800 f e e t  downstream 
of t h e  East Cen t re   P i e r   o f   t he  U. S. Canal and  the  open-water area a t  t h e  
foot   o f   the   Rapids .  A map o f   t h e  area showing  the   loca t ion   of   survey   po in ts  
and a tabula t ion   of   the   th ickness   and   composi t ion  of ice a t  these   survey  
p o i n t s  is shown on Figure  6 1 2 .  

A d e f i n i t e   e x p l a n a t i o n   o f   t h e   c a u s e   o f   t h i s  mass o f   s l u s h   i c e   h a s   n o t  
ye t   been   expla ined .  However, d u e   t o   t h e   f a c t   t h a t   t h i s   i c e   b u i l d u p  had  not 
been  experienced  pr ior   to   the  "Extended  Navigat ion  Season  Program," i t  i s  
p o s t u l a t e d   t h a t   w i n t e r   n a v i g a t i o n  was a c o n t r i b u t i n g   f a c t o r .  

Cost EStin~iteS: The c o s t  estimates con ta ined   he re in  are based on t h e  
expe r i ence   ga ined   du r ing   t he   w in te r   ga t e  test program, as s m a r i z e d  above, 
u t i l i z i n g  steam h e a t i n g  and anc i l la ry   equipment .  The c o s t   e s t i m a t e s ,  shown 
on Table 6 2 ,  may b e   b r o k e n   i n t o   t h r e e   m a j o r   c a t e g o r i e s :   c a p i t a l   e x p e n d i t u r e ,  
annual maintenance and annual o p e r a t i o n s  
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Figure G - I 0  
Aerial Photograph of The Bayfield  Channel Below Navigation Locks at Sault Ste. Marie. 
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TABLE 6 2  

1. 

Average  Annual  Costs  of  Winter  Operations of t h e  
C o n t r o l   S t r u c t u r e  a t  S a u l t   S t e .  Marie 

Ut i l i z ing   S t eam  Hea t ing   Fac i l i t i e s  

CAPITAL EXPENDITURE 

( a )  Average  annual  costs of service 
b u i l d i n g  and  major  equipment 
w i t h  a n   i n i t i a l   c o s t   o f  $30,800 
ai;d a u s e f u l   l i f e  of 20 years, 
based on a 7% i n t e r e s t  rate.* 

Average  annual  cost  of  minor 
equipment  with an i n i t i a l   c o s t  
of $2,400 and a u s e f u l  l i f e  of 
f i v e  years, based  on a 7% in- 
t e r e s t   r a t e .  

2 .  ANNUAL MAINTENANCE 

(a)  Maintenance of service b u i l d i n g  
and  major  equipment. 

(b)  Maintenance of Minor equipment. 

(c)  Routine  maintenance  of  the 
c o n t r o l   s t r u c t u r e ,   h e a t i n g  of 
bu i ld ing ,   and   o ther   overhead  
necessa ry   t o   ensu re   w in te r  
s e r v i c e a b i l i t y .  

(d) Snow removal  and s i t e  access .  

3. ANNUAL OPERATIONS 

(a )   Average   cos t   o f   ga te   opera t ions .  

$ 2,900 

800 

$ 3,700 

500 

200 

1,000 

300 

2,000 

1,300 

(b) The cos t   o f   hydraul ic   moni tor ing  
o f   t he   r i ve r  and  emergency  stand- 
by procedures .  17,000 

18,300 

TOTAL : $24,000** 

*Assuming s t r a i g h t   l i n e   d e p r e c i a t i o n  and f u l l   s a l v a g e   v a l u e  on t h e  
unexpired  port ion of the capi ta l  asset. 

**Expressed i n  1971 price l e v e l s .  
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The i n s t a l l a t i o n s   r e q u i r e d   f o r   s t e a m - h e a t i n g   t h e   g a t e s   c o n s i s t e d   e s s e n -  
t i a l l y  of a s e r v i c e   b u i l d i n g ,  steam b o i l e r s ,   g e n e r a t o r ,  water and o i l   t a n k s  
and   o ther   auxi l ia ry   equipment ,   toge ther   wi th  a hea ted  room f o r   p e r s o n n e l ;  
i n s u l a t e d  steam l i n e s   e x t e n d i n g   a l o n g   t h e   s t r u c t u r e ;  and o t h e r   f a c i l i t i e s ,  
such as adequa te   l i gh t ing  of the  machinery  deck. Capi ta l  expend i tu re  was 
e s t ima ted  on t h e   b a s i s  of t he   cos t   o f  t h e  s e rv i ce   bu i ld ing   and   ma jo r  items 
of equipment  having a minimum expec ted   u se fu l  l i f e  of 20 years (assuming  that  
normal  maintenance  procedures are followed)  and  other  minor  equipment  having 
a u s e f u l   l i f e  of 5 years. 

Annual   maintenance  costs   cover   the  upkeep  of   the  above  descr ibed  instal-  
l a t i o n s ,   h e a t i n g   o f   t h e   s e r v i c e   b u i l d i n g ,  snow removal  and s i te  access ,   and 
o the r   ove rhead   cos t s   necessa ry   t o   ensu re   w in te r   s e rv i ceab i l i t y   o f   t he   works .  
These  expenses  would  be  required  annually  whether  or  not  gate movements are 
c a r r i e d   o u t   i n  any p a r t i c u l a r   w i n t e r .  

The annual   opera t ing   cos ts   compr ise   l abor ,  materials and fue l   expenses ,  
with  the  major  item be ing   t he   pay ro l l .  Based on e x p e r i e n c e   t o   d a t e ,   u n i t  
c o s t s  p e r  g a t e  movement (opening   or   c los ing ,   under   rou t ine   o r   emergency  con- 
dit ions)  have  been  developed.  Analysis  of a t y p i c a l   r e g u l a t i o n   p l a n  (SO-901) 
shows t h a t ,   a p p l i e d  t o  t h e   p e r i o d  of r e c a r d ,   t h e r e  would  have  been 14 y e a r s  
ou t  of t h e  68 years of t h e   s t u d y   p e r i o d  when no w i n t e r   g a t e  movements  would 
have   been   requi red .   For   the   remain ing   years ,   the   es t imated   opera t ing   cos ts ,  
a t  c u r r e n t   p r i c e s ,  would  have  ranged  from  $450 t o  $3,650 depending  on  the 
number  of g a t e  movements r equ i r ed .  The s i m p l e  ave rage   cos t   fo r  a l l  68 win- 
ters would  have  been  $1,300. 

Due t o  t h e  e f fec ts   tha t   changing   the   win ter   f lows   can   have  on t h e   s t a -  
b i l i t y  of  downstream i c e   c o n d i t i o n s ,  i t  would be   necessa ry   t o   p rov ide   c lose  
s u r v e i l l a n c e  of the   r iver   th roughout   the   win ter .  This included  ground  obser-  
v a t i o n s ,  aer ia l  reconnaissance  and  photography,  and t h e  i n s t a l l a t i o n  and 
o p e r a t i o n  of s t r a t e g i c a l l y   l o c a t e d  water l e v e l   g a u g e s   t o   d e t e c t  water p r o f i l e  
changes   tha t   could   s ign i fy   the   onse t   o f  ice jamning  conditions.   Coupled  with 
t h i s  was an  emergency  warning  and  communications  system,  and a t  c e r t a i n  cri- 
t ica l   per iods ,   personnel   s tandby  a r rangements ,  so tha t   immedia te   ga te   c los ing  
a c t i o n   c o u l d   b e   t a k e n   t o   a l l e v i a t e   t h e   e f f e c t s  of  any i n c i p i e n t  ice j a m .  
These  hydraulic  monitoring  and  emergency  standby  procedures  consti tute a 
major pa r t  of t he   cos t  of w i n t e r   o p e r a t i o n s .  

Conclusions: Four   w in te r   s easons   o f   f i e ld  tests were i n s u f f i c i e n t   t o  
p rov ide   conc lus ive   answers   t o   t he   bas i c   ques t ions   posed .  It  would r e q u i r e  
many seasons,   under  a wide   var ie ty   o f   hydro logic   and   meteoro logica l   condi -  
t i o n s ,  t o  i n v e s t i g a t e   a d e q u a t e l y   t h e   c a p a b i l i t y  of t h e  r iver  t o   s a f e l y   h a n d l e  
a range  of   higher   f lows,  a t  d i f f e r e n t   l a k e   s t a g e s ,   u n d e r   v a r i o u s  ice condi- 
t i o n s ,   t h r o u g h o u t   o r   d u r i n g   s p e c i f i c   p e r i o d s   o f   w i n t e r ;   t h e r e  are too  many 
combinations of these  parameters which  would  have to   be   t es ted .   Fur thermore ,  
l eng then ing   t he   nav iga t ion   s eason  is a c o m p l i c a t i n g   f a c t o r ,   s i n c e   t h i s   i n -  
vo lves   i ce -b reak ing   ac t iv i ty   and   t hus   d i s tu rbance   o f   t he   na tu ra l  ice cover 
i n   t h e   r i v e r .  

Nevertheless, under condltions w h i c h   p r e v a i l e d   i n   t h e s e   f o u r   p a r t i c u l a r  
y e a r s ,  i t  was found  that  it is d e f i n i t e l y   p o s s i b l e   t o   c h a n g e   g a t e   s e t t i n g s  
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dur ing   t he   w in te r ,   even   unde r   qu i t e   s eve re   cond i t ions ,  and t h a t   t h e   c o s t s   o f  
such   ope ra t ions  are reasonable .   De-icing  and  c losing  gates  was easier and 
quicker  than  de-icing  and  opening  them. Flows of 95,000 c f s  are gene ra l ly  
f e a s i b l e ,   a l t h o u g h  i t  appea r s   des i r ab le   no t   t o   exceed  85,000 cfs  u n t i l   a f t e r  
s t a b l e  i ce  cover   condi t ions   have   been   es tab l i shed .   This  la t ter  proviso  may 
well be  the  key  to   the  problem  and,  if so, then   even   h igher   f lows  may be  pos- 
s i b l e  on t h i s   b a s i s .  Even i f  higher  f lows  did  produce ice  jamming, t h e  dan- 
g e r s   o f   r e s u l t i n g   f l o o d i n g   c o u l d   b e   a v e r t e d  by prompt ly   c los ing   the  compen- 
sa t ing   ga t e s   t o   r educe   t he   f l ow.   Th i s  c a l l s  for   cont inuous   moni tor ing   of  
ice c o n d i t i o n s  and water l e v e l s   i n   t h e   r i v e r ,   p a r t i c u l a r l y   i n   c e r t a i n   c r i t i -  
cal r eaches ,   t o   enab le   immedia t e   i den t i f i ca t ion   o f   any   deve lop ing  ice  jam 
and prompt: a c t i o n  a t  t h e   c o n t r o l   s t r u c t u r e .  The test program  demonstrated 
t h e   p r a c t i c a b i l i t y   o f   t h e   m o n i t o r i n g   p r o c e d u r e s   u s e d   a n d   t h e i r   a b i l i t y   t o  
g ive   adequate   l ead  time for   responsive  act ion  in   any  emergency  and i s  be ing  
cont inued.  

2 . 3 . 3  A l t e r n a t e  Methods  of Gate and  Gain  Heating 

Although steam was chosen as  t h e  most  expedient method f o r   t h e   p u r p o s e s  
of t h e   w i n t e r   g a t e  test program, i t  is only  one  of a number o f   a l t e r n a t e  
methods  of  heating  the  gates.   These  include e l ec t r i ca l ,  a i r  bubb les ,   r ad ian t  
and  hot a i r  systems.  The  Board  decided  that  a more permanent  method  should 
be  examined i n   t h e   i n t e r e s t   o f  crew safe ty ,   working   condi t ions   and   re l iab i -  
l i t y .  The fol lowing  paragraphs  summarize  the  var ious  methods  invest igated.  

IIot A i r  Heating for Gates: The ho t  a i r  system as app l i ed  to t h e   e x i s t -  
i n g   g a t e s  would c o n s i s t  of 2-s tage   thermosta t ica l ly   cont ro l led   b lower   hea t ing  
uni t s   loca ted   in   the   top   compar tment   o f   the   ga te .  Ductwork  would be  provided 
t o   c a r r y   h o t  a i r  to   the  lower  compartment   of   each  gate .  The downstream s i d e  
of  each  gate  would  be  enclosed  with  hinged s tee l  cove r s   such   t ha t   t he   ho t  
a i r  would  be  confined  and  c i rculated  within  the  gate .  The h o t  a i r  system is 
f requent ly   used   for   hea t ing   of   cont ro l   ga tes   in   the   "dry"   and   has   been   found 
t o   b e   e f f i c i e n t ,   r e l i a b l e ,   s a f e   a n d   e c o n o m i c a l .  However, t h i s   s y s t e m  would 
not   be  readi ly .   adaptable   to   the  compensat ing  works a t  S a u l t   S t e .  Marie f o r  
the   fo l lowing   reasons :  (1) the middle   g i rder   o f   each   ga te  would, s e r i o u s l y  
hamper a i r  c i r c u l a t i o n ,  ( 2 )  s i n c e  i t  i s  more e f f i c i e n t   t o  melt ice between 
a metal-ice i n t e r f a c e   t h a n  an ice-water i n t e r f a c e ,   t h e   h o t  a i r  system  would 
b e   i n e f f i c i e n t   i n   m e l t i n g  ice i n   t h e   l o w e r  Compartment,  and, ( 3 )  s i n c e   t h e  
gains ,   which  cannot   be  enclosed,   would  have t o  be   hea t ed ,  a more e f f i c i e n t  
system would  have  to  be  employed  for  this  purpose.  

EZectric lkcbuZar Heaters for Gate and Gain Heating: This  system i s  com- 
p r i s e d  of 2 - s t a g e   t h e r m o s t a t i c a l l y   c o n t r o l l e d   h e a t i n g   e l e m e n t s ,   e n c a s e d   i n  
s teel  t u b e s ,   l o c a t e d  a t  s t r a t e g i c   p o i n t s   i n   t h e   g a i n s   a n d   w i t h i n   t h e   g a t e s  
as shown on Figure G-13. The e l ec t r i c  tubu la r   hea t ing   sys t em is normally 
used f o r  "s lu ice"  g a t e s ,   s u c h  as those   o f   the   compensa t ing   works ,   for   opera-  
t ion under   win ter   condi t ions   and ,   fur thermore ,  i t  is cons ide red   t he   on ly  ac- 
c e p t a b l e  method  of   heat ing  the  gains .   Gain  heaters   would  be  of   the   hairpin 
type  and  would be pro tec ted   f rom damage,  due t o  ice  a n d   d e b r i s ,  by s t r u c t u r a l  
members b o l t e d   t o   t h e   p i e r   f a c e s .  As wi th   t he   ho t  air  sys t em,   t he  e l ec t r i c  
tubular   sys tem  provides  a r e l i a b l e ,   s a f e  and  economical  method  of  heating 
the g a t e s  of the  compensating  works.  Furthermore, i t  is r e a d i l y   a d a p t a b l e  
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to  the  compensating  works and per forms  equal ly  well in   the   "dry"   and   in   the  
"wet" . 

Air Bubbler System: Whi l e  t h e  above   sys t ems   a r e   be t t e r   su i t ed   t o   i ce  
p reven t ion  and ice   removal   in   the   ga te   and   in   the   ga ins ,   a i r -bubbler   sys tems 
c a n   b e   r e a d i l y   a p p l i e d   t o   i c e   p r e v e n t i o n  and  removal   a long  the  face  of   the 
g a t e s .  The a i r  bubbler  sys t em o p e r a t e s  by releasing  compressed a i r  from 
nozz le s   l oca t ed   nea r   t he   bo t tom of the   r i ve r   bed .  The a i r  from  the  submerged 
nozz les   b reaks   in to   bubbles ,   mixes   wi th   the   sur rounding  water, which is rela- 
t i v e l y  warmer than   the   sur face   water ,   and  rises t o   t h e   s u r f a c e   t h u s   m e l t i n g  
i c e   a l r e a d y  formed  and/or   prevent ing  the  formation  of  new ice.  There are a 
number  of gate i n s t a l l a t i o n s   u s i n g   t h i s   s y s t e m ,   p r i m a r i l y  as a backup u n i t ,  
b u t ,   i n   g e n e r a l ,  i t  has   been  found  to   be  unsat isfactory.  A number  of  problems 
ranging  from  the  formation of ice   wi th in   the   p ip ing   due ' " to  a i r  moi s tu re  con- 
densa t ion ,   t he   b lock ing  of nozz le s  due t o   d u s t  par t ic les  i n   t h e  a i r  to   an  
i n a d e q u a t e   d i f f e r e n t i a l   i n  water temperature between  the  bottom  and  surface 
waters make t h i s  system u n r e l i a b l e .   I n   a d d i t i o n ,  i t  would  have to   be   backed  
up  by h e a t i n g  systems t o  remove i c e  from the   ga te   and   ga ins .  

Radiant  Heating  System: Gas f i r e d   o r   e l e c t r i c a l   r a d i a n t   h e a t e r s  would 
be mounted in   p ro t ec t ive   hous ings   above   t he  water l e v e l  on the  upstream  and 
downstream  port ions  of   the   gates .   This  system o p e r a t e s  by  removing ice o r  
prevent ing   ice   format ion  by d i r ec t   r ad ia t ion .   Rad ian t   hea t e r s   have  an 
e f f i c i ency   o f   on ly  50% under   idea l   condi t ions   and ,   under  windy c o n d i t i o n s ,  
t h e   e f f i c i e n c y   d r o p s   t o  25%. This   sys tem  has   h igh   opera t ing   cos ts   and  is 
unrel iable   under   severe   weather   condi t ions.   Furthermore,  i t  cannot  be ap- 
p l i e d   t o   g a i n   h e a t i n g  due t o   t h e   r e s t r i c t i v e   s p a c e   a r o u n d   t h e   g a i n s   w h i c h  
s e r i o u s l y  hampers a i r  c i r c u l a t i o n .  

Steam Heating System: This system is e s s e n t i a l l y  a m o d i f i c a t i o n   t o   t h e  
e x i s t i n g   t e m p o r a r y   f a c i l i t i e s   u s e d   f o r   t h e   w i n t e r   g a t e  test program  augmented 
by e lectr ic  tubu la r   ga in   hea t e r s .  The mod i f i ca t ions   i nc lude :  (1) h o r i z o n t a l  
steam l i n e s   i n c o r p o r a t i n g   n o z z l e s ,   s p a c e d  some 2 t o  3 f e e t   a p a r t ,   r u n n i n g  
along  the  upstream  and  downstream  face  of  each  gate  and  supported  from  each 
p i e r  by c h a i n   h o i s t s ,  ( 2 )  handra i l s   l oca t ed   a round   t he   t op   g i rde r   o f   each  
g a t e ,  and ( 3 )  access to   each  gate   f rom  the  br idge  deck  by means o f  a caged 
ladder  which  would  be  covered  by a h inged   p l a t e  when n o t   i n   u s e .  As wi th  
t h e   e x i s t i n g   s y s t e m ,   t h i s   s y s t e m  may prove  to   be  unsafe   and  unrel iable   under  
severe w i n t e r   c o n d i t i o n s .  

Comparison of  Alternate Gate Heating Methods: An ana lys i s   o f   t he   hea t -  
i ng   sys t ems ,  as descr ibed  above,  was ca r r i ed   ou t   a s suming   t ha t  10 gates   and 
10 sets of ga ins  would  be  required  for  winter o p e r a t i o n .  A summary o f   t h e  
c o s t  estimates is shown in   Tab le  6 3 .  

Although  gate   heat ing by steam is least expens ive ,   t he   s a fe ty   haza rds  
to t h e  crew, t h e   u n r e l i a b i l i t y  of the   sys tem  under   severe   weather   condi t ions  
and p o t e n t i a l   l a b o u r   d i f f i c u l t i e s   f a r   o u t w e i g h   t h e  added   cos t   o f   the   o ther  
systems.   For   these  reasons,   gate   and  gain  heat ing by e l e c t r i c   t u b u l a r   h e a t -  
ers was s e l e c t e d   f o r   f u r t h e r   d e s i g n  and c o s t  estimates. A more d e t a i l e d  
d i s c u s s i o n  of the  design  and  cost  estimates is p r e s e n t e d   i n   S e c t i o n  2 . 3 . 4 .  
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TABLE  G-3 

METHOD 

LAKE  SUPERIOR  REGULATORY WORKS 

SUMMARY OF COST  ESTIMATES*  FOR  ALTERNATE 

GATE HEATING  METHODS (10 GATES  AND 10 P A I R S  OF GAINS)  

ANNUAL  COST** 

GATE  HEATING BY HOT A I R   H E A T E R S  
GAIN HEATING BY E L E C T R I C  TUBULAR  HEATERS.. . .  ....... $36,800 

GATE AND GAIN  HEATING BY E L E C T R I C  
T U B U L A R   H E A T E R S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37,600 

GATE  HEATING BY A I R   B U B B L E R   S Y S T E M  
GAIN  HEATING BY E L E C T R I C  TUBULAR H E A T E R S . . . . . . . . . .  . 39,500 

GATE  HEATING BY RADIANT  HEATERS 
GAIN  HEATING BY E L E C T R I C  TUBULAR HEATERS. .  . . . . . . . . . 42,900 

GATE HEATING BY STEAM  (MODIFIED  SYSTEM) 
GAIN  HEATING BY ELECTRIC  TUBULAR  HEATERS.. .  . e . .   e . . .  26,900 

* E x p r e s s e d  i n  1971 pr ice  levels 

* * B a s e d  on an interest  rate of 7% 



Ancillary Works: I n   a d d i t i o n   t o  t h e  above  described  works, a number  of 
o t h e r  works are r e q u i r e d   b o t h   t o   s e r v i c e   t h e  works  and t o   p r o v i d e   a d d i t i o n a l  
s a f e t y  and r e l i a b i l i t y   i n   t h e   o p e r a t i o n   o f   t h e   g a t e s   u n d e r   w i n t e r   c o n d i t i o n s .  
The fo l lowing   pa rag raphs   desc r ibe   t hese   anc i l l a ry  works i n  more d e t a i l .  

1. Energy  Supply  to  the S i t e .  F o u r   a l t e r n a t e  methods were examined, 
n a m e l y ;   e l e c t r i c a l  power  from t h e   C a n a d i a n   s i d e ,   e l e c t r i c a l  power  from t h e  
U. S. s i d e ,   n a t u r a l   g a s  from the   Canadian   s ide   and   d iese l   genera ted  power a t  
the  Compensat ing  Works.   Electr ical  power  from the   Canadian   s ide   o f fe red   the  
lowest capi ta l  and  annual  costs.  The annual   cos t  was e s t ima ted  a t  $14,500 
assuming a 200 KW demand. I t  should  be  pointed  out   that   of   the   annual   cost  
of   $14,500,   the  annual   cost   of   energy was $8,100  based on a Great Lakes  Power 
Company's standard  commercial  power  contract  whereby  the minimum monthly b i l l  
is  n o t  less than  75% of t h e   h i g h e s t   m o n t h l y   b i l l   e s t a b l i s h e d   o v e r   t h e  l i f e  
of   the   agreement .   S igni f icant   sav ings   could   be   ach ieved  by s u c c e s s f u l  nego- 
t i a t i o n   o f  a c o n t r a c t   w h e r e b y   e i t h e r   d i f f e r e n t   r a t e T s t r u c t u r e s   f o r   w i n t e r   a n d  
summer months   could   be   es tab l i shed ,   o r ,  a y e a r l y  c o n t r a c t   t o  accommodate 
some y e a r s  of  lower  winter  power demand. 

2. Telephone   Se rv ice   t o   t he   S i t e .  The annual   cos t   o f   t e lephone   se rv ice  
t o   t h e  s i t e  is es t ima ted  a t  $1,000  comprising  $750  for capi ta l  cos t   o f  tele- 
phone l i n e ,  $100 for  annual  maintenance  and $150 f o r   a n n u a l   o p e r a t i o n s .   I f  
t h e   e l e c t r i c a l  power l i n e  and  te lephone  l ine were combined,  the  annual  cost 
of   te lephone  service  could  be  reduced by  $425. 

3. Mechanization of Gate Hoist   Machinery.   In   order   to   achieve  opera-  
t i o n a l   e f f i c i e n c y  and  modern s t anda rds   o f   pe r sonne l   s a fe ty ,  i t  was cons idered  
e s s e n t i a l   t h a t  a l l  16 gates  be  mechanized and a l l  exposed  open  gearing  be 
enclosed. An e l e c t r i c  motor   dr ive was se l ec t ed ,   i nco rpora t ing   magne t i c  re- 
v e r s i n g   c o n t r o l l e r s   a n d   t h e   n e c e s s a r y  limit swi t ches .  Dial type  gate  open- 
i n g   i n d i c a t o r s  would  be  provided  for   operat ional   convenience.   The  control  
ga tes   could   be  moved manually as a backup to   the   sys tem.   Hinged   shee t  s tee l  
cove r s  would  be  provided  to  cover  exposed  gearing. The proposed  modifica- 
t j o n s  are i l l u s t r a t e d  on Figure  6 1 4 .  The e s t ima ted   annua l   cos t   o f   t hese  
f a c i l i t i e s  is  $8,100. 

4. Enclosure  over  10 Gates of Compensating Works. I t  was cons idered  
e s s e n t i a l   t h a t  an enc losu re   shou ld   be   p l aced   ove r  a t  least those  gates   which 
wou ld   conce ivab ly   be   u t i l i zed   du r ing   t he   w in te r   mon ths   i f   no t   ove r   t he   en t i r e  
s t r u c t u r e .  For  purposes of c o s t   e s t i m a t i n g ,  i t  was assumed the  middle  10 
ga tes   would   be   enc losed   to   p rovide  a continuous  weather-proof  housing. 
Two alternate types  of material were i n v e s t i g a t e d ,  a metal-clad  prepainted 
e n c l o s u r e  a t  an  annual   cost   of   $9,125  and  an  asbestos-clad  enclosure a t  an 
est imated  annual   cost   of   $11,075.  The metal-clad  enclosure w a s  s e l e c t e d   i n  
t h a t  i t  o f f e r e d  more d u r a b i l i t y  a t  a lower  cost .   Convenient   l ight ing  would 
be   p rovided   ins ide   the   enc losure .  The proposed   enc losure  is i l l u s t r a t e d  on 
Figure  6 1 5 .  The low r e g u l a r   p r o f i l e ,   t h e   n e u t r a l   c o l o u r  (dawn g r e y ) ,  would 
p rov ide   an   ae s the t i ca l ly   p l eas ing   s t ruc tu re   w i th   min ima l   v i sua l   impac t .  

2 .3 .4   Alternate  Method of  Winter  Operation 

A s  a n   a l t e r n a t e   m e a s u r e ,   t h e   i n s t a l l a t i o n  of a d d i t i o n a l   g a t e s  on t h e  
nor th   end   (Canadian   s ide)   would   sa t i s fy   the   requi rements   o f   win ter   opera t ion .  
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It is e s t i m a t e d   t h a t  three ga te s ,   hav ing  similar dimensions as e x i s t i n g   g a t e s  
would   be   requi red   and   these   could   be   cons t ruc ted   wi thout   necess i ty   for   major  
m o d i f i c a t i o n s   t o   t h e   e x i s t i n g   a p p r o a c h  and e x i t   c h a n n e l s  of t h e   s t r u c t u r e .  
These  gates,  which  would  be e lec t r ica l ly  heated  and  completely  mechanized, 
would   be   opera ted   to   p rovide   the   appropr ia te   change   in   regula ted   win ter   f low 
above a base  f low  which.would  be  discharged  through  the  existing  works I n  
other  words,   the  gates  of  the  Compensating Works would  be set a t  t h e   o n s e t  
o f   t he   w in te r   pe r iod   and   any   r equ i r ed   va r i a t ions   i n   t he   f l ow  du r ing   t he  pe- 
r i o d  would  be  obtained by man ipu la t ing   t he  new, add i t iona l   ga t e s .   These  
g a t e s  would a l so   compensa te   for   the   los t   capac i ty   o f   the   cont ro l   works   (no ted  
i n   S e c t i o n  2.1.3) dur ing  maximum flow  requirements .   These  gates   would  a lso 
inc rease   t he   capac i ty   o f   t he   ex i s t ing   works   ( such  as A b i t i b i   u n i t s )   e s p e c i a l l y  
d u r i n g   p e r i o d s  of maximum flow  requirements .  I t  is es t imated   tha t   these   works  
would r e q u i r e  a c a p i t a l   o u t l a y   o f  $3,900,000 (1971 pr i ce   l eve l s )   wh ich  when 
amortized  over a 50-year   p ro jec t   per iod ,  a t  a n   i n t e r e s t  rate of 7%,  is equiv- 
a l en t   t o   an   annua l   cos t   o f  $283,000. It is  es t imated   tha t   the   annual   opera-  
t i o n  and   main tenance   cos ts ,   p r inc ipa l ly  e lectr ical  energy for t h e   h e a t i n g  of 
the   ga tes ,   hydraul ic   moni tor ing   of   the   r iver   and   annual   main tenance   o f   the  . g a t e s  would  be $30,000. On t h i s   b a s i s ,   t h e   t o t a l   a n n u a l   c o s t   o f   t h e s e   w o r k s  
are' e s t ima ted  a t  $313,000. D u e  t o   t he   p re l imina ry   na tu re   o f   t h i s   des ign   and  
the   recognized   necess i ty   o f  model s t u d i e s ,  estimates of 20% f o r   e n g i n e e r i n g  
d e s i g n ,   s u p e r v i s i o n  and admin i s t r a t ion   and  30% f o r   c o n t i n g e n c i e s  were incor -  
po ra t ed   i n to   t he   above   cos t  estimate. Details f o r   t h e   c o n s t r u c t i o n   o f   t h e s e  
a d d i t i o n a l   g a t e s  were no t   pu r sued   beyond   t h i s   po in t   s ince   t he   cap i t a l   expen-  
d i t u r e s  far exceeded  that  of t he   fo l lowing  recommended method. 

2.3.5 Recommended F a c i l i t i e s  for Winter  Operation 

An ana lys i s   o f   P l ans  SO-802 and SO-901 ( s e e   S e c t i o n  8, Main Report) re- 
vea led   tha t   the  maximum g a t e   s e t t i n g  would be  6 gates   open   dur ing   the   win ter  
months  corresponding  to  a flow  of 85,000 cf 8 .  I f  a maximum winter   f low  of  
95,000 c f s  were t o   b e   s p e c i f i e d ,  a g a t e   s e t t i n g   o f  8 gates  open  would  be 
requi red .  It  was the re fo re   dec ided   t o   p rov ide  e lectr ical  t u b u l a r   h e a t e r s   f o r  
6 gates   and  e lectr ical  t u b u l a r   h e a t e r s   f o r  8 p a i r s   o f   g a i n s .   I f  i n  the  fu-  
t u r e ,  a w i n t e r  maximum flow  of 95,000 c f s  was adopted, e lectr ical  t u b u l a r  
hea te r s   cou ld   be   p rov ided   fo r   t he   add i t iona l  2 g a t e s   s i n c e   c o n s t r u c t i o n  meth- 
ods are r e l a t i v e l y  s i m p l e  and inexpens ive .  However, t h e   i n s t a l l a t i o n   o f   t h e  
t u b u l a r   h e a t e r s   i n   t h e   g a t e   g a i n s  is r e l a t i v e l y  complex  and  expensive.  Since 
t h e   t u b u l a r   h e a t e r s   h a v e   t o   b e   i n s t a l l e d   i n   t h e   g a i n s   w i t h   t h e   g a t e   i n   t h e  
f u l l y   o p e n   p o s i t i o n ,   t h e   c o n s t r u c t i o n  method s e l e c t e d   c o n s i s t s   e s s e n t i a l l y  
of   forming   s lo t s   in   the   p ie rs ,   downst ream  of   the   ga te ,   which   would   se rve  as 
r e c e p t a c l e s  for a bulkhead   ga te   thus   e l imina t ing   f low  of  water through  the 
g a t e .  Only  one  bulkhead  gate  would  be  constructed  and  this  would  be moved 
by de r r i ckboa t   f rom  ga t e   t o   ga t e  as t h e   i n s t a l l a t i o n   p r o g r e s s e d .  Not only  
would th i s   bu lkhead  gate b e   u s e d   f o r   i n s t a l l a t i o n   o f   t h e   t u b u l a r   g a i n   h e a t e r s ,  
bu t  i t  could  be  used  subsequent ly   for   underwater  sill ,  p i e r ,  or g a t e   s l o t  
r epa i r s   r equ i r ed   f rom time t o  time as  p a r t   o f   t h e  normal maintenance  program. 
A l l  other  equipment is in   acco rdance   w i th   Sec t ion  2.3.3. 

Table 6 4  summar izes   the   cos t   o f   win ter   opera t ions   based  upon t h e  recom- 
mended works as discussed  above.  The estimated annual   cost   based upon t h i s  



TABLE 6 - 4  

AVERAGE ANNUAL COSTS* OF WINTER OPERATION 
OF THE CONTROL STRUCTURE AT SAULT STE. MARIE 

(Recommended Method, Uaing Electrical Equipment) 

INITIAL ANNUAL** 
CAPITAL  COSTS COSTS 

1. CAPITAL EXPENDITURE 
( a )   Tubu la r   ga t e   hea t e r s   fo r  6 ga te s  6 t u b u l a r  

g a i n   h e a t e r s   f o r  8 p a i r s  of gains  

(b) S t r u c t u r a l   m o d i f i c a t i o n s   f o r  6 ga te s  

( c )  Electrical power l i ne   t h rough  Great Lakes 
Power Company to   the   nor th   end   of   the  
s t r u c t u r e  

(d)   Te lephone   l ine   to   nor th   end   of   s t ruc ture  

(e)   Modif icat ions  to   provide  motorized  dr ives  
f o r  a l l  16 sets of ga t e  hois t   machinery 

( f )  Hinged  sheet steel covers  over  open  gears 
of 16 sets of   ga te   ho is t   machinery  

(e) Metal c l ad   enc losu re   ove r  10 gates 
inc lud ing   conven ien t   l i gh t ing  

Tota l   Capi ta l   Cos t :  

2.  ANNUAL MAINTENANCE 

(a)  Maintenance of heating  equipment 

(b)  Maintenance  of  motorized  drives 

(c) Maintenance of power l i n e ,   s u b - s t a t i o n  
6 te lephone l i n e  

(d)  Maintenance of metal housing & l i g h t i n g  
equipment 

( e )  Snow removal and s i t e  access 

3. ANNUAL OPERATIONS 

(a )  Annual cost of   ga te   hea t ing   opera t ions  

(b) Annual  cost   of  gate moving ope ra t ions  

(c) Annual cost of opera t ion  of l i g h t i n g  
equipment 6 te lephone 

t h e   r i v e r  6 emergency  standby  procedures 
(d)   Annual   cost   of   hydraul ic   monitor ing of 

Total  Annual  Cost : 

*Expressed at 1971 price l e v e l s  

**Based on a u s e f u l   l i f e  of 40 y e a r s  a t  
an i n t e r e s t  rate of 7% 

$208,000 $15,600 
54,000 4,050 

80 ,000 6 , 0 0 0  

10,000  750 

102 , 000 7,650 

5,000 375 

115,000  8,625 
$574,000 Sub- $43,050 

Tota l :  

300 

200 

600 

450 
300 

Sub to ta l :  $ 1,850 

8,100 
2 50 

200 

16,000 
Sub to ta l :  $24,550 

$69,450 
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method is $69,450  (1971 p r i c e   l e v e l s ) .  The fo l lowing   paragraphs   ou t l ine   the  
b a s i s  of t he  elements o f   t hese   annua l   cos t s :   cap i t a l   expend i tu re ,   ma in tenance  
and opera t   ion .  

The i n s t a l l a t i o n s   r e q u i r e d   c o n s i s t   o f  e lectr ic  t u b u l a r   g a t e   h e a t e r s   f o r  
6 g a t e s ,  e lec t r ic  t u b u l a r   h e a t e r s   f o r  8 p a i r s   o f   g a i n s ,   a s s o c i a t e d   s t r u c t u r a l  
mod i f i ca t ions   fo r  6 g a t e s ,   s e p a r a t e  e lectr ical  power  and  telephone  l ines  to 
the   nor th   end  of t h e   s t r u c t u r e ,   m o d i f i c a t i o n s   t o   p r o v i d e   m o t o r i z e d   d r i v e s   f o r  
a l l  16 sets of   ga te   ho is t   machinery ,  a metal c l a d   e n c l o s u r e   o v e r  10 g a t e s  
and  hinged  sheet s teel  covers   over   open   gear ing   of  all 16 sets of g a t e   h o i s t  
machinery. The e s t ima ted   cap i t a l   cos t   o f   t h i s   equ ipmen t  is $574,000 which 
when amort ized  over  a u s e f u l   l i f e  of 40 y e a r s  a t  a 7% i n t e r e s t  rate, cor re-  
sponds   to   an   annual   cos t   o f  $43,050.  Although  the   es t imated   l i fe   o f   the  con- 
t r o l   s t r u c t u r e  is SO years ,   the   ac tua l   l i fe   o f   bo th   equipment   and   the   s t ruc-  
t u r e  is dependent upon  upkeep  and r e p a i r .  The 40-year   f igure  for   equipment  
l i f e  was on ly   u sed   fo r   amor t i za t ion   pu rposes .  

Annual  maintenance  costs  cover  the  upkeep  of  the  above  described  works 
p l u s   t h e   c o s t  of snow  removal  and s i t e  access .   These   annual   cos t s ,  $1,850, 
would  be  expended  annually,  whether or n o t   g a t e  movements are r e q u i r e d   d u r i n g  
any particular win te r   pe r iod .  

The annua l   cos t  of o p e r a t i o n s   c o n s i s t s   o f   l a b o u r   c o s t s   t o  mve t h e   g a t e s ,  
annual   cos t   o f   l igh t ing   equipment   and   te lephone   and  two o ther   major  items; 
t h e   c o s t   o f   g a t e   h e a t i n g   o p e r a t i o n s ,   a n d ,   t h e   c o s t   o f   h y d r a u l i c   m o n i t o r i n g  
and  emergency  standby  procedures. The cos t   o f   ga t e   hea t ing   ope ra t ions  (elec- 
t r ical  energy) was based on hea t ing   o f  2 g a t e s   c o n t i n u o u s l y   o v e r   t h e   w i n t e r  
pe r iod   and   hea t ing   o the r s  as r equ i r ed .   Th i s   c r i t e r ion   wou ld   s a t i s fy   r egu la -  
t i o n   P l a n  SO-901. Due t o   t he   e f f ec t s   t ha t   chang ing   w in te r   f l ows   can   have  
on   the   s tab i l i ty   o f   downst ream ice c o n d i t i o n s ,  i t  is e s s e n t i a l   t h a t   c l o s e  
s u r v e i l l a n c e   o f   t h e   r i v e r   b e   m a i n t a i n e d   o v e r   t h e   w i n t e r   p e r i o d .  This su r -  
ve i l lance   inc ludes ;   g round  observa t ions ,  aerial reconnaissance  and  photogra- 
p h y ,   t h e   i n s t a l l a t i o n   a n d   o p e r a t i o n   o f   s t r a t e g i c a l l y   l o c a t e d  water l e v e l  
gauges  capable   of   detect ing  changes i n  water s u r f a c e   p r o f i l e   t h a t   c o u l d  s i g -  
n i f y   t h e   o n s e t   o f  ice jamming condi t ions,   and  the  operat ion  and  maintenance 
of an  emergency  warning  and  communication  system,  the  annual  cost  of  opera- 
t i o n s  is es t ima ted  a t  $24,550.  

2 . 3 . 6  Costs   of   Increasing  the  Storage  Capaci ty   of   Lake  Superior  

A l t e r n a t i v e  SO r e g u l a t i o n   p l a n s  were developed  during  the  Board's  Study  which 
would  expand  the  range of s t a g e  on  Lake Supe r io r  by lowering the minimum level 
up to   one   foo t .   Approx ima te   economic   eva lua t ions   r evea led   t ha t   bene f i t s   i n  
t he   o rde r   o f  $4 mil l ion ,   ove r   and   above   t ha t   o f   P l an  SO-901, could  be ob- 
t a i n e d  by such  a lower ing .  It was de termined   tha t   there   would   be  no adve r se  
e f f e c t s  on  navigat ion  provided a l l  channel  and  harbours  on  Lake  Superior  and 
i n   t h e   u p p e r   S t .  Marys River  were dredged  one  foot   deeper .  

P re l imina ry  estimates by the  Canadian  Department of P u b l i c  Works re- 
v e a l e d   t h a t   t h e   t o t a l   c a p i t a l   c o s t s  of dredg ing   pub l i c   and   p r iva t e   ha rbour s  
and slips along  the Canadian shoreline of Lake Superior to  maintain present 



d e p t h s ,   i f   t h e  minimum water l e v e l   o f  Lake Supe r io r  were lowered  one  foot, 
would be $17 m i l l i o n ,  $9 m i l l i o n   f o r   p u b l i c   f a c i l i t i e s  and $8 m i l l i o n   f o r  
p r i v a t e   f a c i l i t i e s .  

S i m i l a r   c o s t  estimates for   d redging   harbours   and   naviga t ion   channels  
i n  Uni ted   S ta tes  were c a r r i e d   o u t  by t h e  U. S .  Army Corps  of  Engineers. The 
t o t a l  cap i ta l  costs   of   such  dredging was computed to   be  $31.5 m i l l i o n .  I t  
was assumed in   t he   Corps '   S tudy   t ha t   cos t s   a s soc ia t ed   w i th   d redg ing   o f  re- 
c r e a t i o n a l  and  commercial   f ishing  harbours  would  be  minimal.  

The t o t a l  cap i ta l  cost   of   dredging  harbours   and  navigat ion  channels  
s i t u a t e d   a l o n g   a n d   i n  Lake Supe r io r  and the   uppe r   S t .  Marys R ive r ,   t o  main- 
t a i n   e x i s t i n g   v e s s e l   d r a f t   u n d e r  a lowering  of  the  range  of Lake Supe r io r  
by one  foot  would  be $48.5 m i l l i o n .  The t o t a l   a n n u a l   c o s t s  would  be $3.8 
m i l l i o n ,  a t  a n   i n t e r e s t  rate of 7% and a p r o j e c t   p e r i o d  of 50 years. I t  
must b e   p o i n t e d   o u t   t h a t   t h i s  is  a ve ry   p re l imina ry  estimate and  would  have 
t o   b e   r e f i n e d   i n   o r d e r   t o   d e t e r m i n e   t h e   f e a s i b i l i t y  or d e s i r a b i l i t y   o f   t h i s  
improvement i n   t h e   o p e r a t i o n  of a r egu la t ion   p l an .  The env i ronmen ta l   e f f ec t s  
of t he   ex tens ive   d redg ing   r equ i r ed  must  a l s o   b e  examined. 

2.4 Data 

The f o l l o w i n g   s e c t i o n s  list t h e   b a s i c   a n d   d e r i v e d   d a t a   p e r t i n e n t   t o   t h e  
design  and  cost  estimates of  Lake Super ior   regula tory   works .  

2.4.1 Basic Data 

The f o l l o w i n g   s u b s e c t i o n s  list the   bas i c   da t a   wh ich   ex i s t ed  or was up- 
da t ed   du r ing   t he   cour se  of the   s tudy   and   the   co l lec ted   da ta   which  was obta ined  
d u r i n g   t h e   s t u d y .  

Existing Data: 

(1) Recorded Water Levels a t  U. S. S l i p  Gauge (1900-1972). 

(2) Recorded Water Levels a t  C.H.S. 012 Gauge (1908-1972). 

(3)  Recorded Water Levels a t  Lookout No. 3 Gauge (1900-1972). 

(4) Recorded Water Levels of  Lake S u p e r i o r  (1900-1972). 

(5) Recorded Water Levels  of  Lakes  Michigan-Huron (1900-1972). 

(6) Recorded  Adjusted Water Levels  of Lake Supe r io r  (1900-1972). 

( 7 )  Recorded  Adjusted Water Levels  of  Lakes  Michigan-Huron (1900-1972). 

(8) Lake Superior   Outf low,  1860-1968, Coord ina t ing   Comi t t ee  on Great Lakes 
Basic Hydraulic  and  Hydrologic Data, June 1970. 

(9) Lake Superior   Outf low,  1968-1972, Noble  and Woodard Tab les ,  U. S. Army 
Corps of Engineers ,   Month ly   Publ ica t ion .  
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(10) Rat ing   curves   for  Lake Superior   Regulatory  Structure ,   Report  on 
Discharge of S t .  Marys R ive r ,  H A .  Edmands, U. S. Army Corps of 
Engineers,  March, 1931. 

(11) S tage - fa l l   d i scha rge   equa t ion   be tween  U. S. S l i p  and Mackinaw C i t y  
Gauges, U. S. Army Corps  of  Engineers. 

(12) Regulated  Levels  and Flows, P l ans  SO-801, SO-802, SO-803 and SO-901, 
(1900-1967). 

Collected Uuta: 

(1)  Water Levels a t  F r e c h e t t e  Gauge (1968-1972). 

( 2 )  Water Levels a t  Rock Cut Gauge (1968-1972). 

( 3 )  Winter Gate Tests: 

(a)  Water L e v e l   P r o f i l e s ,   S t .  Marys River. 

(b) Aerial Photographs  of S t .  Marys R i v e r ,   S e v e r a l   S e t s  Each Year. 

( c )  Ice Thickness   and   Charac te r i s t ics .  
' I  

(d)   Cl imatological   Records.  

2.4.2 Derived Data 

Data d e r i v e d   d u r i n g   t h e   c o u r s e  of t h e   s t u d y  is l i s t e d  below: 

(1) Crit ical  des ign   E leva t ions  a t  U. S. S l i p  Gauge f o r   t h e   r e g u l a t i o n   p l a n s .  

( 2 )  Cost  Curves for Winter Gate Operation. 

( 3 )  Gauge R e l a t i o n s h i p s   i n   t h e  Lower R i v e r   f o r  Open Water Condi t ions .  

( 4 )  R e p o r t   e n t i t l e d :  "Lake Super ior   Regula tory   S t ruc ture ,   Repor t  on Presen t  
Condition  and Terms of   Reference  for   Feasibi l i ty   Study  of   Winter   Opera-  
t ion" . 

(5) R e p o r t   e n t i t l e d  : "Lake S u p e r i o r   R e g u l a t o r y   S t r u c t u r e ,   F e a s i b i l i t y  
Study for Improvements t o  Lake Super ior   Regula tory   Cont ro l  Works", 
Acres Consu l t ing   Se rv ice ,  March 1972. 
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Sec t ion  3 

ST. CLAIR - DETROIT RIVER  SYSTEM 

3.1 Descript ion  of   the  System 

The St.   Clair-Detroit   River  system  forms  the  outlet   for  Lakes  Michigan- 
Huron d i s c h a r g i n g   s o u t h e r l y   i n t o  Lake Erie. The system,  about  86 miles long ,  
is c h a r a c t e r i z e d  by r e l a t i v e l y   u n i f o r m  water s u r f a c e   p r o f i l e s   w i t h   n o   r a p i d s  
or f a l l s .  The r i v e r  bed is composed f o r   t h e  most par t   of   heavy  blue  c lay 
and ,   excep t   fo r   t he   ac t ions  of man, is s t a b l e .  

3.1.1  General  

The St .   Cla i r -Det ro i t   River   sys tem,  shown on  Figure 6-16, is  d iv ided  
i n t o   t h r e e   d i s t i n c t   p a r t s :  The S t .  Clair River,  which  has a length   o f   about  
38 miles; Lake S t .  Clair, extending  between  the mouth o f   t h e   S t .  Clair River  
and the   head   of   the   Det ro i t   River ,  a d i s t a n c e  of  about 16 miles ;  and t h e  
Detroit River  which  extends  about 32 m i l e s   t o  Lake Erie. The f a l l   i n   t h e  
water l e v e l  from  Lakes  Michigan-Huron t o  Lake S t .  Clair  is about  5 f e e t  and 
from  Lake S t .  Clair t o  Lake Erie i t  is about  3 f ee t .   F igu re  6 1 7  shows t h e  
water s u r f a c e   p r o f i l e  fo r  the low, mean,  and  high  f low  conditions  of 152,000 
c f s ,  186,000 c f s   a n d  2 1 0 , N O  c f s   r e s p e c t i v e l y   u n d e r   t h e   p r e s e n t  (1962) hy- 
d rau l i c   r eg imen .   Average   cu r ren t   ve loc i t i e s   i n   t he   S t .  Clair River  range 
from 3 t o  7 fps   ( fee t   per   second)   depending  on t h e   c h a r a c t e r i s t i c s  of a spe- 
c i f i c   r e a c h .  Maximum v e l o c i t i e s   o c c u r   i n   t h e   n a r r o w   c o n s t r i c t i o n ,  800 f e e t  
width,   near   the  Blue Water Bridge.   Similar ly ,   depending on t h e   l o c a t i o n ,  
ave rage   ve loc i t i e s   i n   t he   De t ro i t   R ive r   r ange  from 1.5 t o  3 f p s .  

3.1.2 S t .   C l q i r   R i v e r  

The S t .  Clair  River ,  shown  on F igure  618, can   be   s epa ra t ed   i n to   t h ree  
reaches .  The upper  contracted  reach,  extending  downstream  from Lake  Huron 
f o r   a b o u t  4 miles, is about 800 f e e t  wide a t  the   na r rowes t   po in t  and  has 
mid-channel  depths  varying  from  about 30 t o  70 f e e t .  The middle  reach ex- 
tends  downstream  over  the  next  23 miles, is about  one-half mile wide,  and 
has   channel   depths   varying  f rom  about  27 to 50 f e e t .   L o c a t e d   i n   t h i s   r e a c h  
are S tag  and Fawn I s l ands   and  a middle   g round  shoa l   oppos i te   the   Ci ty   o f   S t .  
Cla i r ,  Michigan. The lower reach   ex tends   about  11 miles  t o  Lake S t .  Clair 
and i t  is i n   t h i s   r e a c h   t h a t   t h e   r i v e r   b e g i n s  to d i v i d e   i n t o  a number of 
d i s t r i b u t a r i e s   w h i c h   f l o w  across the   de l t a   shaped  area c a l l e d   t h e   S t .  Clair 
F l a t s .  I t  is i n   t h i s  l a t t e r  area where  major  changes in   t he   channe l s   have  
taken  place  through  pr ivate ,   Canadian  and U. S. Government dredging   opera t ions .  

3.1.3 Lake S t .  Clair 

Lake S t .  Clair, a sha l low embayment i n   t h e   S t .   C l a i r - D e t r o i t   R i v e r   s y s -  
tem, occupies  a wide ,   expans ive ,   r e l a t ive ly   sha l low  bas in   hav ing   an   ave rage  
depth  of   about  10 feet ,   wi th   low,   marshy  shores .  A l o c a t i o n  map of Lake 
S t .  Clair  is shown  on F igure  G-19. It has  a water s u r f a c e  area of   about  
430 square  miles. The drop i n   l e v e l  i n  t h e  16 miles across t h e   l a k e  from 
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t h e  S t .  Clair Flats  to   the  head of the   Det ro i t   River  is  i n   t h e   o r d e r   o f  0.1 
f o o t .  The sha l low  depth   requi res  a dredged  commercial  navigation  channel 
throughout i t s  length.  Improvements for navigat ion  have  provided a naviga- 
t ion  channel  27.5  feet   deep  and 800 fee t   wide .  

3 .1 .4   Detroi t   River  

Except a t  i t s  head  where  Peach  Island  and Belle Is le  are l o c a t e d ,   t h e  
u p p e r  13 miles of t he   De t ro i t   R ive r  is  c h a r a c t e r i z e d  by r e l a t i v e l y   u n i f o r m  
c ross   s ec t ions ,   hav ing  a width  of  about  one-half mile and  channel  depths 
varying  from 2 7  t o  SO feet .  In   the   lower  19 miles, from  the  head  of  Fighting 
I s l a n d   t o  Lake E r i e ,   t h e   r i v e r   b r o a d e n s  and is c h a r a c t e r i z e d  by many i s l a n d s  
and s h o a l s   c r e a t e d  by ex tens ive   ou tc ropp ings  of l imestone. The  improved main 
naviga t ion   channels   th rough  the   lower   r iver  are located  between  the west s i d e  
of   Fight ing  Is land  and t.he east s i d e  of  Grosse I l e .  In   t he   l ower  7 miles, 
s t a r t i n g  from a p o i n t  east of  Grosse I l e ,  to  Lake Erie, downbound t r a f f i c  is 
via   the  Livingstone  Channel   and upbound is via  the  Amherstburg  Channel. Ex- 
cept for t h e  work of man, t h e   n a t u r a l   c h a n n e l s   i n   t h e   S t .  Clair and   Det ro i t  
Rivers   have   remained   v i r tua l ly   unchaged   due   to   the   s tab i l i ty   o f   the   heavy  
b l u e   c l a y   w h i c h   c o n s t i t u t e s  t h e i r  bed. A l o c a t i o n   p l a n   o f   t h e   D e t r o i t  River 
is shown  on F i g u r e   6 2 0 .  

3.1.5  Navigation  Channels 

A minimum 25-fOot navigat ion  channel  was cons t ruc ted   th roughout   the   S t .  
Cla i r -Det ro i t   River  sys t em i n  1932-36. A minimum 27-foot.  deep-draft  channel 
ex i s t s   t h roughou t   t he   en t i r e   l eng th   o f   t he   sys t em as t h e   r e s u l t   o f  a deepen- 
i n g  program i n i t i a t e d   i n  1957 and  completed  in   1962.   In   the  upper   St .  Clair 
River, an  unmaintained  channel  with a depth  of  21 f e e t  is a v a i l a b l e  on t h e  
east s i d e   o f   S t a g   I s l a n d .  I t  is a t  times used by upbound v e s s e l s .  In t h e  
S t .  Clair F l a t s  area, v e s s e l s  u s e  t h e  S t .  Clair Cutoff Canal, which was con- 
s t r u c t e d   i n  1962 to   e l imina te   t he   haza rd   o f   nav iga t ion   encoun te red   i n   t he  
sharp ly   curved   Southeas t  Bend Channel   and  to   reduce  the  vessel   passage time 
through a shor t ened   rou te .  The Southeas t  Bend Channel,   al though no longe r  
maintained,   has  a t  t h e   p r e s e n t  time (1972) good a v a i l a b l e   d e p t h s  ( 2 5  f e e t  
below LWD). In   t he   l ower   De t ro i t   R ive r ,  from Ear P o i n t ,   O n t a r i o ,   t o   B a l l a r d s  
Reef,  two channels  are provided: t h e  Amherstburg  Channel is f o r  upbound 
t r a f f i c  and  the  Livingstone  Channel is f o r  downbound t raff ic .   Another   deep-  
draf t   naviga t ion   channel   in   the   Det ro i t   River ,   ca l led   the   Trenton   Channel ,  
extends  f rom  the  main  ship  channel   north  of   Grosse I l e ,  Michigan,  approxi- 
mately nine miles from i ts  p o i n t   o f   o r i g i n .  The upper 5.5 miles has  a minimum 
depth  of 27  f e e t  and  the  remainder 21 f ee t .   Nav iga t ion   channe l s   fo r   t he   S t .  
Clair R ive r ,  Lake S t .  Clair and   the   Det ro i t   River  are shown on Figures G-18, 
G-19, and G-20, r e s p e c t i v e l y .  

3 .1 .6   Recreat ional   Navigat ion 

Numerous recrea t iona l   boa t ing   harbours ,   main ta ined  by t h e   v a r i o u s  levels 
of  government  and by p r i v a t e   i n d i v i d u a l s   a n d   c l u b s ,  are loca ted   th roughout  
t h e  Great L a k e s   s y s t e m .   I n   p a r t i c u l a r ,   t h e   S t .  Clair R ive r ,  Lake S t .  Clair 
and De t ro i t   R ive r  wa te rway  is heav i ly   u sed   fo r   r ec rea t iona l   boa t ing   pu rposes  
and, as such,  forms a major c o n s i d e r a t i o n   i n   t h e   d e s i g n   o f   r e g u l a t o r y  works. 
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3.1.7  Existing  Compensating Works 

Compensating  dikes  have  been  constructed on the   lower   Det ro i t   River   to  
p a r t i a l l y   o f f s e t   t h e   l o w e r i n g   o f  water l e v e l s  due to   pas t   au tho r i zed   nav i -  
gational  improvements  in  1912,  1936,  and  1962.  However, similar compensation 
i n  t h e  S t .  C l a i r   R i v e r ,   r e s u l t i n g   f r o m   t h e  25 and   27- foot   naviga t ion   pro jec ts  
has   not   been made. 

On the   lower  Detroi t   River ,   compensat ing  dikes   have  been  constructed 
a l o n g   s e c t i o n s   o f   b o t h   s i d e s  of   the  Livingstone  Channel   and  the westerly 
s i d e  of the  Amherstburg  Channel  from  near  the  lower  end  of  Bois  Blanc  Island 
to   t he   channe l   j unc t ion   a s  shown  on F igures  G-20. I n   a d d i t i o n ,   t h e   S u g a r  
Is land  compensat ing  dike  has   been  constructed  across  a p o r t i o n   o f   t h e   r i v e r  
f rom  the  Livingstone  Channel   to   near   Sugar   Is land a t  the  south  end  of  Grosse 
I le  as pa r t  of  the  25-foot  project   in  1936.  Compensation  for  the  27-foot 
pro jec t ,   comple ted   in   1962,   cons is ted   o f   added   wid th   and   length   to   ex is t ing  
d i k e s .   S t u d i e s   o f   t h e  U. S .  Army Corps   o f   Eng inee r s   i nd ica t e   t ha t   su f f i -  
c ien t   compensa t ion   has   no t   been   provided   in   the   Det ro i t   River   to   o f fse t   the  
l o w e r i n g   e f f e c t  due to   t he   27 - foo t   nav iga t ion   p ro j ec t .  

3 .1 .8   Po l lu t ion  and  Environmental   Consideration 

I n  conjunct ion   wi th   p rovid ing   regula tory   works   and   dredging   assoc ia ted  
wi th   Lakes   Michigan-Huron   regula t ion   p lans ,   fac tors   a f fec t ing   po l lu t ion   and  
o the r   env i ronmen ta l   f ac to r s  were cons ide red .  An a b s t r a c t   o f  a r epor t   dea l -  
i n g   w i t h   t h i s   s u b j e c t  is c o n t a i n e d   i n  Annex C t o   t h i s  Appendix.  For  example, 
tests performed by U .  S .  and  Canadian  agencies   indicated  that   the   bot tom 
materials of   the  St .   .Clair-Detroi t   River   system  contain  mercury  and  other  
p o l l u t a n t s  a t  u n a c c e p t a b l e   l e v e l s .  To p r e v e n t   f u r t h e r   d i s t r i b u t i o n   o f , t h e  
pol luted  bot tom materials throughout   the   d redging  ac t iv i t i e s ,  i t  is proposed 
tha t   t he   d redged  materials be  confined  by  dikes  which  would  generally  be 
l o c a t e d  on  upland sites. I n   a n o t h e r   c a s e ,   d u r i n g   p r e l i m i n a r y   d e s i g n   s t a g e s ,  
c o o r d i n a t i o n   w i t h   o t h e r   i n t e r e s t s   r e v e a l e d   t h a t   s t r u c t u r e   l o c a t i o n  a t  t h e  , 
j u n c t i o n  of the  main  North  and  Subsidiary  Middle  Channels  would  have  an  ad- 
v e r s e   e f f e c t  on  the  environment  of  Anchor Bay i n  Lake S t .  Clair. As a r e s u l t  
of t h e s e   c o n s i d e r a t i o n s ,   t h e   d e s i g n s  of t h e   r e g u l a t o r y   s t r u c t u r e s   i n c l u d e d  
p r o v i s i o n   f o r  un impeded  f low  a round  the   end   of   the   s t ruc tures   and   f lush ing  
f lows   th rough  the   ga ted   por t ions .  

3.1.9  Bridges,  Ferries, a n d   O t h e r   F a c i l i t i e s  

The S t .   C la i r -De t ro i t   R ive r   sys t em i s  in tens ive ly   deve loped   wi th  domes- 
t i c ,  c o m m e r c i a l   a n d   i n d u s t r i a l   f a c i l i t i e s .   T h o s e   f a c i l i t i e s ,   i n   d i r e c t  con- 
n e c t i o n   w i t h   c h a n g e s   i n   t h e   S t .   C l a i r - D e t r o i t  River system,  ' include  br idges,  
tunnels  and  docks  for  automobile  and  railway car f e r r i e s ,  commercial   vessels  
and r e c r e a t i o n a l   c r a f t .  A list of   the   major   b r idges ,   tunnels   and   fe r r ies  
and t h e i r   l o c a t i o n s  is p r e s e n t e d   i n   T a b l e  G 5 .  The loca t ion   o f   each  of t h e s e  
f a c i l i t i e s  is f u r t h e r   i l l u s t r a t e d  on  Figures  6 1 8  and  6-20. 



TABLE G-5 

Name - 

1. HIGHWAY BRIDGES 

Blue  Water 

Ambassador 

Wayne County 
Higtway 

Grosse I le  
Bridge , (P r  i v a t e )  

2. TUNNELS 

Railway 
Grand  Trunk Western 
Penn C e n t r a l  (New 
York Cen t ra l )  

Automobile 
D e t r o i t  - Windsor 
Tunnel 

3. FERRIES 

Railway 
Chesapeake L Ohio 
Norfolk 61 Western 

Automobile 
Automobile 
Automobile 

Automobile 
Automobile 
Automobile 

ST. CLAIR - DETROIT RIVER SYSTEM 
HIGHWAY BRIDGES,  TUNNELS AND FERRIES 

Location 

P o r t  Huron - 
S a r n i a  

D e t r o i t  - 
Windsor 

Grosse I le  
(Trenton Ch.)  

Grosse I le 
(Trenton Ch. ) 

Port Huron - Sarn ia  

D e t r o i t  - Windsor 

D e t r o i t  - Windsor 

Port Huron - Sarn ia  
D e t r o i t  - Windsor 

Corruna - S t a g   I s l a n d  
Marine C i t y  - Sombra 
Roberts  Landing - 
Port Lambton 
Algonac - Russell I s l a n d  
Algonac - Walpole  Island 
Algonac - Harsens   I s land  

TyPe Clearance, F t .  - Max. Min . - 

Cant i l eve r  155 135 

Suspension 156 133 

Swing - - 

Swing - - 
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3.1.10 Ice Problems 

Lakes  Michigan-Huron, as  w i t h  a l l  of   the  Great Lakes ,   does   no t   f reeze  
over   wi th  a permanent ice cover   dur ing   the   win ter ,   p r imar i ly   due   to   the  in- 
f luence  of wind ac t ion   and  of t h e   h e a t   s t o r e d   i n   t h e  water. Ice which  forms 
on t h e   s u r f a c e  is a b l e   t o   p e r s i s t  as  c o h e r e n t   s h e e t s   o n l y   i n   p r o t e c t e d  areas. 
The i c e  which  forms i n  exposed   cen t r a l   pa r t s   o f   t he   l akes  is c o n t i n u a l l y  
broken up and moved about by t h e   a c t i o n  of the  wind.  Most of t h e  ice even- 
tua l ly   decays  on the   l ake   su r f ace   w i th   t he   adven t   o f  warmer wea the r ,   bu t  p a r t  
of i t  f i n d s  i t s  way i n t o   t h e   S t .  Clair River a t  the   ou t le t   o f   Lakes   Michigan-  
Huron. I t  is  normal t o   f i n d   i c e  jams i n   t h e   S t .  Clair  R i v e r   p e r i o d i c a l l y  
through  the   win ter   season .  The supply  of ice d e l i v e r e d   t o   t h e   r i v e r  and t h e  
consequent  degree  of  jamming are h i g h l y   v a r i a b l e ,   b e i n g   t h e   r e s u l t   o f   s u c h  
i n h e r e n t l y   v a r i a b l e   c l i m a t i c   f a c t o r s  as winds,   temperatures   and  snowfal l .  
During  the times when jams are p r e s e n t ,   t h e   o u t f l o w   o f  water from  the  lakes  
may be   r educed   due   t o   t he   obs t ruc t ing   e f f ec t   o f   t he  ice i n   t h e   o u t l e t   r i v e r s .  
Ice jamming is an   impor t an t   f ac to r  in t he   na tu ra l   w in te r   r eg ime   o f   t he   S t .  
Cla i r -Det ro i t   Rivers   Sys tems.  Jams form in   p l aces   where   t he   capac i ty   o f   t he  
r i v e r   t o   c a r r y  away f l o a t i n g  ice is less t h a n   t h a t   n e c e s s a r y   t o  remove t h e  
output  of ice being  delivered  from  upstream.  Lake  St.  Clair, and  the  lower 
S t .  Clair R ive r   channe l s   d i scha rg ing   i n to  i t ,  n o r m a l l y   f r e e z e   o v e r   e a r l y   i n  
t he   w in te r .  Ice c a r r i e d  down t o   t h i s   p o i n t  from  Lake  Huron  forms  heavy jams 
i n   t h e s e   r e g i o n s .  I t  has   been   es t imated   tha t   the   average   f low i n  t h e   S t .  
Clair River   during  the 3-month period,  January  through March, is  approxi- 
mately 25,000 c f s  less than  that   which would occur  under  open-water  condi- 
t i o n s .   T h i s   v a l u e   a p p l i e s  to  t he   channe l s  as t h e y   e x i s t e d   p r i o r   t o   t h e  27- 
foot  navigation  improvement  which was completed i n  1962. 

The D e t r o i t   R i v e r  is shielded  from  heavy ice runs  by t h e   i n t a c t   c o v e r  
on  Lake S t .  Clair, and ice jams seldom  occur a t  t h e   o u t l e t   f r o m  Lake S t .  
Clair. The r i v e r   i t s e l f  is f r e q u e n t l y   f r o z e n   o v e r   i n  i ts lower  reaches.  
The average  January  through March f low  r e t a rda t ion   by  ice i n   t h e   D e t r o i t  
River  is es t ima ted   t o   be  4,000 c f s .   T h i s   v a l u e   a p p l i e s   t o   t h e   c h a n n e l s  as 
they   ex is ted   p r ior   to   the   27- foot   naviga t ion   improvement .  

The e f f e c t  of i c e  on the   f low  res i s tance   o f   the   r iver   sys tem  be tween 
Lake  Huron  and  Lake Erie is r e f l e c t e d   i n   t h e  water l eve l s .   Dur ing   s eve re  
ice jams, water l e v e l s   i n   t h e   S t .  Clair River may rise as much as 3 f e e t ,  
w h e r e a s   t h e   l e v e l   i n  Lake S t .  Clair (below  the jams) may drop by as much as 
1 . 5   f e e t .  

Wi th   the   d redging   of   the   var ious   channels   o f   the   S t .   Cla i r -Det ro i t  
River  system  over  the years, the   dep th  and c r o s s - s e c t i o n a l  area of c r i t i ca l  
reaches  have  been  increased  and,  as such,   have  decreased  the  amount   of  ice 
r e t a r d a t i o n   r e l a t i v e   t o   n a t u r a l   c o n d i t i o n s .  I n  t h i s   c o n t e x t ,   t h e   e x i s t i n g  
ice regime  would  be  altered  by  the  regulatory  works  which  would  be  required 
for a SMHO o r  SMHEO r e g u l a t i o n   p l a n ,  as d i s c u s s e d   I n   S e c t i o n  3.3.15. 

3.2  Assumptions 

The following  assumptions  have  been made with  respect  to the  design of 
regula tory   works   and   channel   excavat ions   for   the   S t .   Cla i r -Det ro i t  River 
s y s  tem . 
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(1) Commercial naviga t ion   locks  would not   be   to le rab le   to   commerc ia l  
nav iga t ion   i n   t he   S t .   C la i r -De t ro i t   R ive r   sys t em.  

( 2 )  There  should  be minimum r e s t r i c t i o n   o f   r e c r e a t i o n a l   b o a t   t r a f f i c .  

(3) The e x i s t i n g   r a n g e  of water l e v e l   p r o f i l e s  as a d j u s t e d   t o   t h e  
pre-1933  channel  regime,  should  be  maintained  in  the  St.  Clair- 
Detroit River  system. 

( 4 )  The gene ra l   f l ow  and   cu r ren t   pa t t e rn   i n  Lake S t .  Clair should 
be  maintained.  

( 5 )  The ex i s t ing   i ce   r eg imen   shou ld   be   ma in ta ined   i n   t he   sys t em.  

( 6 )  Adverse  environmental  impact  of a l l  proposed  works  should  be 
minimized. 

( 7 )  The s t ruc tu res   shou ld   be   ope rab le  a l l  yea r .  

3 . 3  Methodology 

B e c a u s e   n o   h y d r a u l i c   c o n t r o l   e x i s t s   i n   t h e   S t .   C l a i r - D e t r o i t   R i v e r   s y s -  
tem, the  f low is s u b - c r i t i c a l   w i t h   t h e   o u t f l o w  from Lakes  Michigan-Huron 
be ing  a func t ion  of t he   l eve l s   o f   Lakes  Michigan-Huron, S t .  Clair and Erie. 
A change of one   foo t  on t h e   l e v e l   o f  Lake Erie is reduced.by  the  backwater  
e f f e c t s   i n   t h e   s y s t e m   t o  a change  of  only 0.25 f o o t  on  Lakes  Michigan-Huron. 
The r e g u l a t i o n  of t he   ou t f low from a l a k e   o r  reservoir w i l l ,  by d e f i n i t i o n ,  
r e q u i r e  a change  from  the  f low  that would  have  occurred  under  natural  chan- 
n e l   c o n d i t i o n s .   A r t i f i c i a l  releases with  construct ion  of   regulatory  works 
would a f f e c t   t h e  water s u r f a c e   p r o f i l e s   i n   t h e   c o n n e c t i n g   c h a n n e l s ,   i n   t h i s  
c a s e   t h e   S t .  Clair-Detroit River.  Due to   t he   d i scha rge   capac i ty   cha rac t e r -  
i s t i c s   o f   t h e   n a t u r a l   c h a n n e l s ,   r e g u l a t e d  or a r t i f i c i a l  releases which are 
g r e a t e r   t h a n   t h e   n a t u r a l   f l o w  would r e s u l t   i n   h i g h e r  water s u r f a c e   p r o f i l e s .  
F o r   t h i s   c o n d i t i o n ,   t h e   c a p a c i t y   o f   t h e   c h a n n e l s  must b e   i n c r e a s e d   i n   o r d e r  
t o   ma in ta in   t he  same p r o f i l e   t h a t  would o c c u r   f o r   n a t u r a l   c o n d i t i o n s .   I n  
c o n t r a s t ,   a r t i f i c i a l  releases which  would  be less t h a n   n a t u r a l  would r e s u l t  
in  lower natural water surface  profiles.  This condition  requires  that  the 
f low  be   r e t a rded   i n   o rde r   t o  raise t h e   p r o f i l e   t o   t h e   n a t u r a l   c o n d i t i o n s .  
The development  of  channel  designs  which are n e c e s s a r y   t o   s a t i s f y   t h e s e  
changes are based on t h e   s e l e c t i o n   o f   t h e  most  unfavourable or extreme 
changes  that   could  be  experienced  under   regulated  condi t ions.  The method- 
ology was developed  with a view to  provid ing   the   necessary   channel   capac i ty  
i n c r e a s e s   a n d   r e t a r d a t i o n s   i n   o r d e r   t o   m a i n t a i n   t h e   n a t u r a l   p r o f i l e s .  

One of t h e  major c o n s t r a i n t s   i n   t h e   c h a n n e l   d e s i g n  and cost determina- 
t i o n  was t h e   n e c e s s i t y   o f   p r o v i d i n g   c o s t   c u r v e s   f o r   u s e   i n   e v a l u a t i n g   r e g u -  
l a t i o n   p l a n s   t h a t  were i n   t h e  developmental  stage,  Stated in another  Way, the 
cos t   cu rves   fo r   channe l   des ign  were developed   independent ly   o f   the   ye t   to   be  
deve loped   regula t ion   p lans .  As a result ,  the   fo l lowing   procedures  were f o l -  
lowed: 

1. Due to t h e  u n a v a i l a b i l i t y  of regula ted   l eve ls   and   f lows ,   ex t reme 
des ign   cond i t ions  were determined  f rom  recorded  prototype  condi t ions.  



2 .  For   regula t ion   p lans   requi r ing   bo th   channel   capac i ty   increases   and  
d e c r e a s e s ,   r e g u l a t o r y   s t r u c t u r e s  were requ i r ed   . t o   r educe   o r   r e t a rd   t he   f l ow 
t o  a degree   tha t   re turned   the   channel   capac i ty   increase   to   zero   o r   to   the  
1933 na tu ra l   channe l   capac i ty .  From t h i s   c o n d i t i o n ,   t h e   r e g u l a t o r y  strue 
tures were f u r t h e r   r e q u i r e d   t o   r e d u c e   o r   r e t a r d   t h e   f l o w  by a n   a d d i t i o n a l  
amount as  s p e c i f i e d  by the   channe l   capac i ty   dec rease .  Thus t h e   t o t a l  amount 
of channe l   capac i ty   dec rease   i nc ludes   t he   en la rgemen t s   i n   t he   channe l s   p ro -  
v ided   for   the   channel   capac i ty   increase .   S ince   the   combina t ion   of   condi t ions  
for channel   capac i ty   increases   and   decreases  are innumerab le ,   t he   s t ruc tu res  
requi red   for   channel   des igns  were l i m i t e d   t o  two c o n d i t i o n s  of channel  in- 
c r eases ,   no   i nc rease  and  an  assumed maximum. Both of these   cond i t ions  were 
combined wi th   var ious   channel   capac i ty   decreases .   Thus ,   the   p roduct   o f   the  
s t r u c t u r a l   d e s i g n   a c t i v i t i e s   c o n s i s t e d   o f  two c o s t   c u r v e s :   ( 1 )   s t r u c t u r e  
c o s t s   v e r s u s  a range   of   channel   capac i ty   decreases   for  no channel   capac i ty  
increases   and ,  ( 2 )  f o r  similar channe l   capac i ty   dec reases   i nco rpora t ing   t he  
enlarged  channel   determined  for   the maximum channe l   capac i ty   i nc rease .  

The s t r u c t u r e   c o s t s   f o r   p r e l i m i n a r y   r e g u l a t i o n   p l a n s  were determined 
from  these two curves ,   wi th   the   in te rmedia te   va lues   o f   channel   capac i ty   in -  
creases be ing   ob ta ined  by in t e rpo la t ing   be tween   t he  two curves ,  no i n c r e a s e  
and maximum i n c r e a s e .  The c o s t s   f o r   c h a n n e l   c a p a c i t y   i n c r e a s e s  were de te r -  
mined  from a re la t ionship   be tween  channel   capac i ty  increase and c o s t s ,  as 
i l l u s t r a t e d   i n   S e c t i o n  3 . 3 . 1 2 .  For   se lec ted   regula t ion   p lans ,   which   provide  
t h e   r e q u i r e d   r e g u l a t e d   l e v e l s  and  f lows,   the   channel   designs  and  costs  are 
keyed t o   t h e   h y d r a u l i c   c o n d i t i o n s   c r e a t e d  by t h e   p l a n s .  The methodology 
developed  here  is a p p l i c a b l e   t o   b o t h   t h e   f i n a l  and p r e l i m i n a r y   a p p l i c a t i o n s .  

Another   cons t ra in t   tha t   a f fec ted   the   methodology was the  requirement  
t o   ma in ta in   t he  S t .  C la i r -De t ro i t   R ive r  water s u r f a c e   p r o f i l e s   t o   t h e  hy- 
d rau l i c   r eg imen   wh ich   ex i s t ed   p r io r   t o  1933, b e f o r e   t h e  start of the  25-foot 
n a v i g a t i o n   p r o j e c t .  

3 . 3 . 1  Objec t ives  

The p r i n c i p a l   o b j e c t i v e s   i n   c h a n n e l   d e s i g n  were to   de te rmine   the  re- 
qui red   changes   in   the   channels ,   the  optimum locat ion  of   regulatory  works  and 
t h e   c o s t s   t h e r e o f .   T h e s e   o b j e c t i v e s  were achieved  on  the  basis   of  assump- 
t i o n s   d i s c u s s e d   i n   S e c t i o n  3 . 2 .  

3 . 3 . 2  O u t l i n e  of  Procedures 

The procedures   fo l lowed  in   reaching   the   ob jec t ives   for   channel   des ign  
are out l ined  below: 

1. Determinat ion  of   design  condi t ions,  extremes of   l eve ls   and   f lows  

2.  Determination of 1933 channel   condi t ion  water s u r f a c e   p r o f i l e s   f o r  
t he   des ign   cond i t ions  

3 .  Development  of  mathematical  model of S t .   C la i r -De t ro i t   R ive r   sys -  
tem f o r   p r e s e n t  (1962) channel c o n d i t i o n s  
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4 .  

5 .  

6 .  

7 .  

8. 

9. 

Applicat ion  of   mathematical   model   in   the  design  of   channel   enlarge-  
ments   and   loca t ion   of   regula tory   s t ruc tures  

Conceptual  design  and  cost  estimates of r e g u l a t o r y   s t r u c t u r e s  

Determination  of  cost  estimates for   channel   excavat ions  

Development  of cos t   cu rves  

Determination of c o s t s   f o r   p r e l i m i n a r y   r e g u l a t i o n   p l a n s  

Channel  design  and  cost estimates f o r   s e l e c t e d   r e g u l a t i o n   p l a n s  

The d e t a i l s  of the  procedures   out l ined  above are d i s c u s s e d   i n   t h e   f o l -  
lowing   subsec t ions .  

3 . 3 . 3  Determination of Design  Conditions  of  Regulated  Levels  and  Flows 

In  the  development  of a r e g u l a t i o n   p l a n   t h e r e   e x i s t s  two extreme  condi- 
t ions   o f   f low  tha t   have   the  maximum d e v i a t i o n  from na tu ra l   cond i t ions .   These  
are : 

1. The maximum channel   increase ,   the   f low  regula ted   minus   f low  na tura l ,  
is t h e  maximum p o s i t i v e   d i f f e r e n c e   o r :  

Max Channel  Increase - Qregulated-Qnatural - Qmax (+) 

2. The maximum channel  decrease,   the  f low  regulated  minus  the  f low 
n a t u r a l ,  is t h e  maximum n e g a t i v e   d i f f e r e n c e  or; 

Max Channel Decrease = Qregula ted-Qnatura l  = Qmax (-) 

Regula tory   works   des igned   to   sa t i s fy   these  two extreme cond i t ions  would a l s o  
s a t i s f y  a l l  i n t e r m e d i a t e   c o n d i t i o n s .  

Design Conditions for Preliminary  Regulation  Plans: I n   o r d e r   t o   p r o v i d e  
channe l   des ign   cos t s   fo r   op t imiz ing   t he   bene f i t s   and   cos t s   o f   p re l imina ry  
r e g u l a t i o n   p l a n s ,   c o s t   c u r v e s  were r e q u i r e d   f o r  a range  of  channel  changes.  
S ince  no regula ted   l eve ls   and   f lows  were a v a i l a b l e   f o r   o b t a i n i n g   t h e   e x t r e m e  
des ign   condi t ions ,   recorded   month ly  water l e v e l s  for t he   pe r iod ,  1900-1967, 
were s u b s t i t u t e d   f o r   r e g u l a t e d   m o n t h l y   l e v e l s  of Lakes  Michigan-Huron  and 
Lake Erie. The assumption was made t h a t   t h e   r e g u l a t e d   c o n d i t i o n s  most d i f -  
f i c u l t   t o   s a t i s f y   h y d r a u l i c a l l y  would  be  abnormal, i .e. o the r   t han   ave rage .  
Also, i n   t h e   s e l e c t i o n  of t he   r eco rded   l eve l s ,  i t  was r e a l i z e d   t h a t   t h e  most 
ex t reme  leve ls   might   no t   recur   s ince   the   ob jec t ive   o f   the   1964.water   l eve ls  
Reference   to   the  IJC is t o   s t u d y   t h e   f e a s i b i l i t y   o f   r e d u c i n g   t h e   e x t r e m e s  
i n   s t a g e  which  have  been  experienced.  Since  the  extreme  levels  would  not 
be   appropr i a t e   des ign   pa rame te r s ,  a stage-duration  curve  for  Lakes  Michigan- 
Huron l e v e l s ,   A p r i l   t h r o u g h  November, was de r ived  and  employed.  This  dia- 
gram is shown  on F igure  6 2 1 .  The water l e v e l s   n e a r   t h e  10 and  90  percent 
f r equenc ie s  were i d e n t i f i e d  by dates  of  occurrence.  Recorded  Lake Erie water 
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l e v e l s ,   c o r r e s p o n d i n g  to t h e   d a t e s  of t he   s e l ec t ed   Lakes  Michigan-Huron 
l e v e l s ,  were e x t r a c t e d   f r o m   t h e   h i s t o r i c a l   d a t a .  Abnormal s lopes  between 
the  two l a k e s  were s e l e c t e d   f r o m   t h e s e   d a t a   f o r   u s e  i n  determining  the  chan- 
n e l  c a p a c i t y  i n c r e a s e  and decrease   des ign   condi t ions .   These   des ign   e leva-  
t i o n s ,  shown on Figure G-22, occurred a t  t h e  8 and 93 percent   f requency ex- 
ceedence of the  Lakes  Michigan-Huron s tage   dura t ion   curve .   Us ing   the   da tes  
on wh ich   t hese   s e l ec t ed   l eve l s   occu r red ,   t he   co r re spond ing   r eco rded   l eve l s  
of Lake St. C l a i r  were obta ined .  . 

The next: s t e p  was the   de te rmina t ion   of   the   f low  tha t   would   occur   under  
1933  channel   condi t ions   €or   each   r iver   under   the  two des ign   cond i t ions .  
These flows were determined from t h e   d e s i g n   l e v e l s   g i v e n ,   u t i l i z i n g   t h e  
s tage- fa l l   d i scharge   equat ions   der ived   f rom  the   month ly  mean f l o w s   f o r   t h e  
1924-1933 p e r i o d   a s   d e t e r m i n e d   i n   t h i s   s t u d y .  The r e s u l t s ,  summarized  on 
Figure G-22, show t h e   p r o f i l e   c o n d i t i o n   f o r   d i s c h a r g i n g   i n c r e a s e d   f l o w s .  
The corresponding S t .  C la i r   R ive r   f l ow is 148,000 c f s  f o r   t h e   n a t u r a l  (1933 
channel)  regimen. The cond i t ion   fo r   r e t a rd ing   f l ow  co r re sponds   t o  a S t .  
Clair   River   f low  of  220,000 c f s .  Employing  the  information  contained  on 
Figure G 2 2 ,  t he  water s u r f a c e   p r o f i l e   f o r   t h e  two des ign   cond i t ions   and  
t h e   r e s u l t s   a r e  shown on Figure 6 2 3 .  T h i s   d i f f e r e n c e  i n  f low  between  the 
S t .  C l a i r  and   Det ro i t   River   p rof i les   has   been  computed to   be   abou t  4,000 to 
5,000 c f s ,  depending on the   supp ly   cond i t ions ,  as determined  by  the water 
ba lance   fo r  Lake S t .  Clair .  I n   o r d e r   t o   o b t a i n   h y d r a u l i c   c o m p a t a b i l i t y   f o r  
des ign  in t h i s   r i v e r   s y s t e m ,  4,000 c f s  was added to t h e   S t .  Clair River  f low 
f o r  t h e  low f low  condi t ion of 148,000 c f s   r e s u l t i n g   i n  a D e t r o i t  River f low 
of 152,000 c f s .  Applicat ion  of  5,000 c f s   t o   t h e   h i g h - f l o w   c o n d i t i o n   f o r   t h e  
S t  . C l a i r   K i v e r   r e s u l t s   i n  a comparable  flow  of 225,000 c f s   f o r   t h e   D e t r o i t  
River .   Using  these  design  f lows  for   the  Detroi t   River ,   together   with  the 
de r ived   equa t ions ,  Lake Erie water s u r f a c e   e l e v a t i o n s   o f  570.62 and 572.38 
were computed f o r   t h e  low- and   h igh- f low  condi t ions ,   respec t ive ly .  In t e r -  
mediate water s u r f a c e   e l e v a t i o n s   b e t w e e n  Lake Erie and  Lake S t .  Clair were 
a l s o  computed t o   d e f i n e   t h e  water s u r f a c e   p r o f i l e   u n d e r  1933 channel  condi- 
t i o n s .  A summary o f   t h e   d a t a   d e r i v e d   f o r   t h e  Detroit River   design  condi-  
t i o n s  is shown  on F igure  G-23. The loca t ions   o f   t he   gauges   u t i l i zed   fo r  
t h e  S t .  C l a i r - D e t r o i t  River system are shown  on Figure G-16. 

3 . 3 . 4  Determination  of  Channel  Design L i m i t s  

The next   requirement  was t o   e s t a b l i s h  some limits f o r   t h e   c h a n n e l  
c a p a c i t y   i n c r e a s e s  and dec reases   t ha t   cou ld   be   expec ted   unde r   r egu la t ed  con- 
d i t i o n s .   U t i l i z i n g   t h e   c o s t s   o b t a i n e d   i n   t h e  U. s .  Army Corps  of  Engineers '  
r e p o r t   e n t i t l e d  "Water Levels   of   the  Great Lakes"  dated December 1965 and 
u s i n g  as a gu ide   t he   eva lua t ion   o f   p re l imina ry   r egu la t ion   p l ans ,   t he   uppe r  
limit of   channel   capac i ty   decrease   requi red   for   regula t ion   would   be  32,000 
c f s ,   f o r   b o t h   t h e   S t .  Clair and   De t ro i t  Rivers, whi le   the   upper  limit of 
channe l   capac i ty   i nc rease   wou ld   be  32,000 c f s   f o r   t h e   S t .  Clair River and 
26,000 c f s   f o r   t h e   D e t r o i t  River. These  assumptions are a p p l i c a b l e   o n l y   t o  
t he   de t e rmina t ion   o f   t he   p re l imina ry   r egu la t ion   p l an   channe l   des ign -cos t  re- 
l a t ionsh ips   and   no t   t o   channe l   des igns  for a s e l e c t e d   r e g u l a t i o n   p l a n   i n -  
vo lv ing   t hese  two r i v e r s .  The increments  of  f low  changes  used i n  the   channel  
des ign ,  when a p p l i e d  to  the   f lows   de te rmined   for   the  1933 channel   condi t ions ,  
represent   the   regula ted   f low.   For   example ,   i f   the  increment of   f low  of  
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FIGURE G-22 
ST.  CLAIR-DETROIT  RIVER  SYSTEM - PRELIMINARY  DESIGN 

LEVELS AND FLOWS 

DESIGN  STAGES  FOR  HIGH & LOW P R O F I L E S  
- 

DESIGN 

1 
LAKES MICH-HUR L .  E R I E  DATE OF % OF TIME 

STAGE STAGE OCCURRENCE L . MICH-HUR 
(HARBOR BEACH)  CLEVELAND STAGE  EXCEEDED 

CHANNEL 
INCREASE 570.16 APRIL 1959 93% 576.49 
(LOW) 

CHANNEL 
DECREASE 
(HIGH) 

571.95 S E P  1952 8% 580.70 

L. 

FALL BETWEEN 
L . MICH-NiR 
& LAKE E R I E  

6.35 

8.81 

~ 

L .  ST. CLAIR 
STAGE  (GPYC) 

572.72 

575. 4 1  

RIVER FLOW 

168,000 

2  20 ,000 

0 
I ul 
U 



ST.   CLAIR  RIVER - DESIGN  STAGES AND INTERM  RIVER  PROFILES 

DESIGN  CONDITION 

MOUTH POINT HARBOR 

ST.   CLAIR  RIVER WATER SURFACE  PROFILE I N   F E E T  t 

( C F S )  W '  
FLOW YACHT BLACK I 

RIVER POINTE LANDING V I L L E  DOCK O F  EDWARD BEACH 
ST.   CLAIR GROSSE ALGONAC ROBERTS ST .   CLAIR MARYS- DRY 

9 
H 

2 7 

GAUGE 

0 
h) RIVER CLUB 

+l 
CHANNEL INCREASE 576 .4g 

(LOW) 
575.91  1 4 8 , 0 0 0  5 7 2 . 7 2  573.58   573.71  574.56 575.20  575.49  575.80 

c3 r 
2 
U (HIGH) 

CHANNEL DECREASE 580.76 579.74 220,000 5 7 5 . 4 1  576.27  576.54 577.90 5 7 8 . 7 5  579.17  579.60 
m 
+I L 

H 
rj 

z c 
DETROIT  RIVER - DESIGN  STAGES AND INTERM  RIVER  PROFILES 

DESIGN  CONDITION CLEVELAND FORT  WINDMILL LAKE DETROIT  RIVER 
FLOW (CFS)  (LAKE E R I E )  WAY NE P O I N T  ST.   CLAIR 

L 

CHANNEL INCREASE 
(LOW) 152,000 570.62 571.98 572.52  572.72 

CHANNEL DECREASE 
(HIGH) 225 ,000 572.38 574.35  575.23 5 7 5 .   4 1  



20,000 c f s  is s e l e c t e d  as the  channel   capaci ty   increase  required  under   regu-  
l a t i o n ,   t h e   r e g u l a t e d   f l o w  would  be  the  natural  1933 channel   condi t ion  f low 
of 148,000 c f s   p l u s   t h e  20,000 c f s  change ,   o r  168,000 c f s   r e g u l a t e d   f l o w .  
Conversely,   the   increment   of   f low  for   the  channel   capaci ty   decrease is sub- 
t r a c t e d  from  the  natural   f low  computed  for  the 1933 channe l   cond i t ion in  
o rde r   t o   de t e rmine   t he   r egu la t ed   f l ow.  

3.3.5 Preliminary  Channel  Design  Procedure 

T o  f a c i l i t a t e  the  computation  of  channel  designs  for  the  development  of 
cos t   cu rves   fo r   t he   p re l imina ry   channe l   des ign ,   t he   cu rves   fo r   t he   channe l  
c a p a c i t y   d e c r e a s e s   v s .   c o s t s  were developed  in   combinat ion  with two channel  
capac i ty   increases ,   namely ,  no channe l   capac i ty   i nc rease  and t h e  maximum 
assumed  channel   capac i ty   increase   re la t ive   to  1933 o u t l e t   c o n d i t i o n s .  

3.3.6 Development  of  Mathematical  Models f o r  Channel  Designs 

The computa t ion   fo r   de t e rmin ing   t he   e f f ec t s   o f   channe l   changes ,  water 
s u r f a c e   p r o f i l e s ,  and  design  of  compensating  structures and channels ,   involves  
the   s tandard ,   s tep-by-s tep   backwater   p rocess .  Manual t r i a l  and e r r o r  compu- 
t a t i o n s  are t e d i u s  and time consuming.   Therefore ,   th is   process  was compu- 
t e r i z e d   i n t o   w h a t  is r e f e r r e d   t o  a s  a "mathematical  model". The mathematical  
models  used i n   t h i s   s t u d y   c o n s i s t   o f   t h e   c o m p u t e r i z a t i o n  of t he   s t anda rd  
backwater   computat ions  ut i l iz ing  Manning 's   equat ion.   These  models   have  been 
d e s i g n e d   f o r   s p e c i f i c   r i v e r s ,   i n c o r p o r a t i n g   f e a t u r e s   f o r   b a l a n c i n g   t h e   r i v e r  
f low  a round   i s l ands ,   chang ing   roughness   coe f f i c i en t s   fo r   va r ious   r i ve r  
reaches  and   comput ing   va r i ab le   coe f f i c i en t s   fo r   sudden   t r ans i t i ons   i n   f l ows  
and e d d i e s .  An a b s t r a c t  of a-  r e p o r t ,   d e s c r i b i n g   i n   d e t a i l   t h e   p r o c e s s e s   i n -  
volved  for   development   of   mathematical   models   for   r iver   systems,  is contained 
i n  Annex C of t h i s  Appendix. 

3.3.7 Use of  Mathematical  Models 

One of   the   assumpt ions   for   regula tory   works   des ign  was the   requi rement  
t o   m a i n t a i n   t h e   r a n g e   i n  water s u r f a c e   p r o f i l e s  of t h e   S t .   C l a i r - D e t r o i t  
River sys tem  to  1933 o u t l e t   c o n d i t i o n s .   S i n c e   t h e  two models were designed 
to   r e f l ec t   ex i s t ing   (1962)   cond i t ions ,   t hey   con ta in   w i th in   t hemse lves   t he  
uncompensated  channel   increases   for   the 25- and  27-foot  navigation  improve- 
ments. The amount o f   t h i s   b u i l t - i n   c h a n n e l   c a p a c i t y   i n c r e a s e  was determined 
by o p e r a t i n g   t h e  model w i th   t he  1933 channe l   capac i ty   i nc rease   cond i t ion   p ro -  
f i l e  and   comput ing   t he   d i scha rge   t ha t   wou ld   dup l i ca t e   t h i s   des ign   p ro f i l e .  
The model r e s u l t s   i n d i c a t e d   t h a t   t h e   S t .  Clair River   under   p resent   condi t ions  
i s  ca r ry ing   abou t  11,000 c f s  more f low  than   the  1933 channel   condi t ions  and 
t h e   D e t r o i t  River is carrying  about   6 ,000  cfs   more.   These  "bui l t - in"  i n  
creases i n   t h e   c h a n n e l   c a p a c i t i e s  were deducted   f rom  the   resu l t s   ob ta ined  
from  the  model  (1962  conditions) i n   c h a n n e l   d e s i g n   i n   o r d e r   t o   a d j u s t   t o  
1933 channel   condi t ions .  

3.3.8 S t .  Clair River  Mathematical Model 

The St. Clair  River  mathematical  model  was  developed in two parts, Lake 
Huron (For t  Gratlot Gauge) t o  Algonac a t  the  confluence  of   the  North  and 



South  Channels,  and  from  Algonac  to  Lake  St. Clair. In   t he   l ower   po r t ion ,  
t he  model divides  into  the  North,   Middle  and  South  Channels.  The South 
Channel i n   t u r n  is d iv ided  by the   Sou theas t  Bend and t h e  S t .  Clair Cut-off 
Channels.  Other  minor  channels,  such as the  Chenal  Ecarte and Basset Channel, 
were rep resen ted  i n  the  model a s   d i r e c t   l o s s e s   b a s e d  on the   percent   o f   f low 
d i s t r i b u t i o n .  The  model was d i v i d e d   i n t o  two p a r t s   d u e  t o  t h e   s t o r a g e  limi- 
ta t ion   of   the   computer   used .  The model was c a l i b r a t e d   u s i n g   d i s c h a r g e  mea- 
surements   taken  in  1968, wi th   cor responding  water l e v e l s .  Flow d i s t r i b u -  
t i o n s   a n d   c r o s s   s e c t i o n a l  areas of the  channels  were determined  from  hydro- 
graphic   surveys   t aken   in  1954 and  1970. The r e s u l t s   o f   t h e   c a l i b r a t i o n  are 
summarized  on  Figure 0 2 4 .  

3.3.9 Detroi t   River   Mathematical  h d e l  

The  Detroit   River  model,   extending  from Lake S t .  Clair (Windmill   Point 
Gauge) t o   t h e   o u t l e t  a t  Lake Erie, (Bar   Poin t ,   Ontar io)  is a computer  pro- 
gram d i v i d e d   i n t o   s i x   p a r t s   ( p h a s e s ) .  The subd iv i s ion   o f   t he  model was due 
i n   l a r g e  measure  to   the  l imited  capaci ty   of   the   computer   used.  The model 
was ca l ib ra t ed   u s ing   d i scha rge   measu remen t s   t aken   i n  1967, corresponding 
water levels, f low  d i s . t r i bu t ion   and   c ros s   s ec t iona l  areas o f   t he   channe l s  
determined  f rom  hydjographic   surveys  taken  in   1966.  The resu l t s  of   the  
c a l i b r a t i o n  are shown on F i g u r e   6 2 5 .  

3.3.10 Applicat ion  of   Mathematical  Model i n  Channel  Design, 
Channel   Capaci ty   Increase 

S ince   t he  most economical   locat ion  for   dredging  would  be  in   those  chan-  
n e l s   i n  w h i c h   t h e   s t r u c t u r e s  would  probably  be  located,  some judgment was 
i n i t i a l l y   a p p l i e d  as t o   t h e i r   l o c a t i o n .   U t i l i z i n g   t h e  water l e v e l s   f o r  Lakes 
Michigan-Huron, S t .  Clair and Erie, shown on F i g u r e   6 2 2 ,   u n d e r   t h e  assumed 
most d i f f i c u l t   p r o f i l e   f o r   d i s c h a r g i n g   a d d i t i o n a l  flow, an increment  of  chan- 
ne l  i n c r e a s e  was app l i ed   t o   t he   des ign   cond i t ion   o f   f l ow i n  b o t h   r i v e r s .  
Amounts  of material were removed  from t h e   c r o s s   s e c t i o n s  and t h e   r e s u l t i n g  
p r o f i l e s  were 'computed for   bo th   r ivers .   Keeping   the   f low  cons tan t   and   in -  
c r e a s i n g   t h e  amount  of material removed, a r e l a t i o n s h i p  between t h e  eleva- 
t i o n s  of  Lakes  Michigan-Huron  and material to   be   excava ted   on   t he   S t .  Clair 
River was developed.  Then, by changing  the  f low  and  repeat ing  this   process ,  
a series of   curves  were determined as shown on F i g u r e   6 2 6 .  The i n t e r s e c t i o n  
of the  curves   with  the  design  e levat ion  for   Lakes  Michigan-Huron  del ineated 
those  computed p r o f i l e s   w h i c h   s a t i s f i e d   t h e   L a k e s  Michigan-Huron des ign  ele- 
va t ion .   S imi la r   computa t ions  were performed  for   the  Detroi t   River   and  the 
series of curves  are shown  on F i g u r e   6 2 7 .  

For   the maximum channe l   capac i ty   i nc rease   cond i t ion   t o   p rov ide   fo r   an  
i n c r e a s e   i n   f l o w   o f  32,000 cfs ,   approximate ly   28 .7   mi l l ion   cubic   yards   o f  
bo t  tom material is r equ i r ed   t o   be   d redged   f rom  seven   r eaches   i n   t he   S t .  Clair 
River  down t o  a depth  of 36.0 f e e t  below LWD. This estimate is based  on  1962 
channel  conditions.   Approximately 36.8 m i l l i o n   c u b i c   y a r d s   o f  bed material 
f rom  present   condi t ions  is requ i r ed   t o   be   d redged   f rom  fou r   r eaches   i n   t he  
D e t r o i t   R i v e r   t o  32.0 f ee t   be low LWD t o   p r o v i d e   f o r  a maximum channel  capa- 
c i t y  Increase of 26,000. The l o c a t i o n s  of these   r eaches  i n  t h e   S t .  Clair 
and   Det ro i t   Rivers  are shown on Figures  G28a, G-28b and G-29, r e s p e c t i v e l y .  
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ST. CLAIR RIVER MATHEMATICAL MODEL 

1968  CALIBRATION 

AVERAGE  DISCHARGE = 192,600  CFS 

a. UPPER ST. CLAIR  RIVER 

Reach 

F t .  Gratiot 

Mouth of Black  River 

Dry Dock 

Marysville 

St.  Clair 

Robert's  Landing 

Algonac 

b. LOWER ST. CLAIR  RIVER 

Reach 

North  Channel - Dick. Isl .  
to Alg. 

North  Channel 

Middle  Channel 

South  Channel 

Southeast  Bend 

St.  Clair  Cutoff 

Basset  Channel 

Chematogan  Channel 

Chenal  Ecarte 

Flow 
(CFS) 

192,600 

192,600 

192,600 

192,600 

192,600 

192,600 

192,600 

Flow 
(CFS) 

102,100 

63,600 

38,500 

80,900 

34,700 

38,500 

7,700 

- 

9,600 

Percent of 
Total  Flow 

Manning's 
Roughness 

100 

0.0252 
100 

100 

0.0234 

0.0237 

100 

0.0235 

100 

0.0233 

100 

0.0265 

100 

Percent of Manning' s 
Total  Flow Roughness 

53 0.0213 

33 

20 

42 

18 

20 

4 

Less  than  1% 

5 

0.0150 

0.0175 

0.0209 

0.0170 

0.0275 

Loss 

Loss 

Loss 

FIGURE G-24 

ST. CLAIR RIVER MATHEMATICAL' MODEL - RESULT OF CALIBRATION 

G-6 1 



DETROIT RIVER  MATHEMATICAL  MODEL 

1967  CALIBRATION 

AVERAGE  DISCHARGE = 186,000 CFS 

REACH 

Detroit  River 

West of Peach I. 

East of  Peach  I. 

West of Belle I. 

East of Belle  I. 

West of head of Fighting  I. 

East of head of  Fighting I. 

Fighting I. Channel  opposite  Grassy  I. 

West of Grassy I. 

Trenton 

Fighting  I.  Channel  opposite  Grosse Isle 

West of Turkey I. 

East of Turkey I. 

Amherstburg,  Lime  Kiln  Reach 

Livingstone, Upper Diked  Reach 

Stony  Island 

Amherstburg,  Hackett  Reach 

Bois  Blanc Dike 

Livingstone,  Lower  Diked  Reach 

Sugar  Island Dike 

Sugar  Island 

West of Celeron I. 

East of Celeron I. 

FLOW 
"" 
(CFS) 

186,000 

142,000 

h3,200 

57,000 

129,000 

143,500 

42,500 

94,500 

49,000 

39,200 

104,200 

22,000 

20,500 

88,000 

48 ,600  

10,200 

67,300 

7,200 

40,100 

9,190 

23,100 

27,900 

11,300 

PERCENT OF 
TOTAI, FLOW ____" 

100 

7 7  

23 

31 

69 

7 7  

23 

5 1 

26  

21 

56 
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DETROIT RIVER  MATHEPATICAL  MODEL - RESULTS  OF  CALIBRATION 
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USING MATHEMATICAL MODEL WITH GPYC  STAGE OF 572.72 
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The e n t i r e   w i d t h s  of the   des igna ted   reaches   would   no t   necessar i ly   be   d redged  
s i n c e   t h e   d r e d g i n g  was l i m i t e d   t o   t h e  amount of change   requi red   in   the   c ross  
s e c t i o n   i n   o r d e r   t o   o b t a i n   t h e   r e q u i r e d   c h a n n e l   i n c r e a s e .  The dredged areas, 
coded   a lphabe t i ca l ly  on the   a forement ioned   f igures ,  are t abu la t ed  on Figure 
G-30a and 6 3 0 b ,  showing  the  volume  and  type  of material. 

3.3.11 Channel izat ion  Requirements  

Dredging  requirements ,   d isposal   and related problems i n   t h e  S t .  Clair- 
Det ro i t   River   sys tem were i n v e s t i g a t e d .  The p r inc ipa l   f ea tu re s   examined   i n -  
c luded  the  fol lowing:  

1. The methods of dredging   and   dredged-mater ia l   d i sposa l   wi th   the  
emphasis on the  environment 

2 .  Cost estimates fo r   t he   r equ i r ed   d redg ing  

3 .  C o s t   e s t i m a t e s   f o r   t h e   r e q u i r e d   u t i l i t y   r e l o c a t i o n  

An a b s t r a c t  of a r e p o r t   o n   t h i s   s u b j e c t  is c o n t a i n e d   i n  Annex C t o   t h i s  
Appendix.  Figure 6 3 1  shows the   l oca t ion   o f   poss ib l e   d i sposa l  areas for t h e  
material to   be   d redged  from t h e   S t .  Clair River .   Figure G-32 shows the   p ro-  
posed   l oca t ions   fo r   t he   De t ro i t   R ive r   d i sposa l  areas. Not a l l  of  the  dredged 
material w i l l  r equ i r e   p l acemen t   i n   t he   d i sposa l  areas, s i n c e  some of   the  
material, after removal   o f   the   po l lu ted   overburden ,   could   be   u t i l i zed  for 
t h e   c o n s t r u c t i o n  of t r a i n i n g   d i k e s   a s s o c i a t e d   w i t h   t h e   r e g u l a t i n g   s t r u c t u r e s .  
The q u a n t i t i e s  and d i s t r i b u t i o n   o f   d r e d g e d  material t o   t h e   d i s p o s a l  areas 
and for u s e   i n   t h e   t r a i n i n g   d i k e s  is shown  on F igu re   6 -33   fo r   t he   S t .  Clair 
River  and  Figure 6 3 4  f o r   t h e   D e t r o i t   R i v e r .  

The c o s t  estimates, based   on   un i t   cos t s   deve loped   fo r   t he   S t .  Clair- 
D e t r o i t   R i v e r s ,  are d e t a i l e d   o n   F i g u r e s  6-35 and  6-36,  respectively.  The 
t o t a l   c o s t  of dredging 28.7 m i l l i o n   c u b i c   y a r d s   a n d   u t i l i t y   r e l o c a t i o n s  
f o r  the  S t .  Clair River would  approximate  $176  mill ion  including  an  allow- 
ance of 252 f o r   c o n t i n g e n c i e s  and f u r t h e r   e n g i n e e r i n g ,   d e s i g n  and  adminis- 
t r a t i o n .  The c o s t  estimates f o r   t h e   D e t r o i t  River fo r   d redg ing  36.8 
m i l l i o n   c u b i c   y a r d s   a n d   u t i l i t y   r e l o c a t i o n s  is approximately $375 m i l l i o n ,  
which a l s o   i n c l u d e s  a similar al lowance  of  25% f o r   c o n t i n g e n c i e s   a n d   f u r t h e r  
engineer ing   des ign   and   adminis t ra t ion .  The  above c o s t s  are based  on  1971 
p r i c e   l e v e l s ,  

With respec t   to   channel   d redging ,  two main f a c t o r s   t h a t   r e q u i r e   f u r t h e r  
s t u d y   i n   o r d e r   t o   m i n i m i z e   a n y   p o t e n t i a l l y   u n d e s i r a b l e  effects on t h e  en- 
vironment are: 

1. Design  and  operat ion  of   the  dredging  procedures   to   avoid  unneces-  
sa ry   red is t r ibu t ion   of   contaminated   sed iment6  

2. Disposal and/or   t reatment   of   dredged material t o   r e n d e r  i t  non-noxious 
to  its adjacent   environment  

G-6 8 



m o  c3r 

Dredged Area Location 

C.S.2133+00 - C.S.2116+00 

C.S.2116"OO - C.S.2019+00 

C.S.1970+00 - C.S.1533+00 

C.S.1520+00 - C.S.lh90+00 

C.S.1670+00 - C.S.llhO+OO 

C.S.10b0+00 - C.S.  910+00 

C.S.  8454-00 - C.S.  7054-00 

Quant i ty  
(Bank  Measure) 

319,000  yd 3 

2,157,100  yd 3 

7,701,000  yd 3 

279,900  yd3 

-0,825,500 yd 3 

5,362,500  yd 3 

2,091,200  yd 3 

Type of  Material* 

Dense  sandy  gravel,  
Some bou lde r s  

Dense  Sand, Gravel, 
S i l t ,  Clay 

S i l t y   C l a y ,  Sand 
Gravel 

C l a y ,   S i l t y   C l a y  

C l a y ,   S i l t y   C l a y ,  
Sand, Gravel 

Si l ty   Clay ,   Sand ,  
Gravel 

Soft   Clay 

Boreholes  

CB-3, CB-5 

CB-6, CB-7, SC1-71 

CB-7 t h r u  CB-17 
e x c e p t  CB-11; SC2-71 
SC3-71, 
10-59,  12-59,  13-59, 
15-59,  16-59,  17-59 

CB-18 ,  CB-19,  CB-21, 
SCb-71 

CB-21 t h r u  CB-25: 
SCb-71 t h r u  SC8-71, 
2b-59, 25-59 

CB-26 t h r u  CB-35 

10-60, 15-60, 32-60 

*In   o rder   o f   decreas ing   propor t ion  



Dredged Area 

~ 

Location 

South  Peach  Island 
Reach 

North  Belle Isle 
Reach 

East F igh t ing   I s l and  
Reach 

Trenton  Channel Reach 

*In  order  of decreas ing   propor t ion  

Q u a n t i t y  
(Bank Measure) 

4,370,000 yd 3 

16,079,000 yd 3 

7,390,000  yd 3 

8,490,000 yd 3 

Type of Material* 

Sand,  Clay,  Gravel, 
S i l t  

Sand, Sandy Gravel,  
Clay, S i l t  

Sandy  Clay, S i l t ,  
Gravel,  Limestone 

Limestone, Broken 
Limestone,  Sand, 
C lay ,   Grave l ,   S i l t  

DR8-71 ,  U59-7 

No. 0, No. 19  (Ci ty  of 
Det ro i t ,   1920)  DR8-71, 
U59-5, U59-6, U59-12, 
U59-13, U59-14, U59-15, 
1-62 through 9-62 

DR6-71, 
31-59 through 34-59, 
Wayne County  Boring 

1-38,  2-38, 3-38, 6-38, 
7-38, 8-61,  10-61,  11-61, 
12-61,  13-61,  17-61 
through 33-61, 
DR3-71,  DR4-71,  DR5-71, 
1-62, 2-62,  1-64 



INDICATES DISPOSAL AREA 

L A K E  ST. C L A I R  

ST. CLAIR RIVER-PROPOSED LOCATIONS OF DREDGE DISPOSAL SITES 
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INDICATES D I S P O S R L  RREA 

Figure G-32 
DETROIT RIVER-PROPOSED LOCATIONS OF DREDGE DISPOSAL SITES 



REACH A 100% 
319,000 c.y. - 

L 

- 
Construction 
Training Walls 
375,000 c.y. 

I 

I 

-3% 
REACH B 

2,157,100 c.y. 
6 

97% 

1000' PORT HURON 
100,000 c.y. I 

I 

4100' 
50,000 c.y. b STAG ISLAND 

ST. C L A I R  
150,000 c.y. I 
PEACH  ISLAND 
75,000 c.y. I 

12370'  29400' CANADA 1 
1, * 11,000,000 c.y. 

A 

c -20% 15000' , 
I 7 

REACH C CANADA 3 80% 6530'  14% 
7,701,000 c.y. 2,250,000 c.y. Booo' 

8 L + 4 

, 26% CANADA 4 3 
REACH D 100%  9600' I b 2,250,000 c.y. 
279,900 c.y. ' 11400' . 

40%  4000' f 4 

+ 

+ 40% CANADA 5 
REACH E 16200t' 7,150,000 C.Y. 

10,825,500 c.y. r 

r 
5400' CANADA 6 

12,936,000 c.y. 
I 

21,635,000 c.y 5,362,500 c.y. 0% 
600' 

7,140,000 c.y. 

O-Purnping Station REACH G 2,091,200 c.y. 

CANADA 12 

F I G U R E   G - 3 3  
ST. C L A I R   R I V E R  - PROPOSED  ALLOCATION O F  DREDGE SPOIL 

MAXIMUM CHANNEL CAPACITY  INCREASE 



1 5 %  1250'  1200' CANADA 1 
c . y .  

CANADA 2 -. 

1,133,000 c . y .  3,850,000 c.y.  

14500' PORT HURON 
8,675,000 c.y.  b 38,400 c.y.  1 

L"---A 
50% , 1 

E A S T   F I G H T I N G  374200' STAG  ISLAND 
8,325,000 c.y.  I S LAND 

7,390,000 c.y.  
503,600 C . Y .  

I I 

I I 
U. S. 13  1400'  29000' ST. C L A I R  + 348000' 

2,630,000 c.y.  m34x 804,300 c .y .  

CONSTRUCTION 
J 

TRAINING  DYKES 

2,812,900 c.y.  

- 
-a 

1 PEACH  ISLAND N. 121200' 
6,453,000 c.y.  837,100 c.y.  b 

PEACH  ISLAND S. > 

1 5 4 , 5 0 0  C.Y.  

TRENTON 
CHANNEL 

475 ,000  C . Y .  0 -- PUMPING  STATION 

FIGURE G-34 
D E T R O I T   R I V E R  - PROPOSED  ALLOCATION  OF  DREDGE  SPOIL 

MAXIMUM CHANNEL  CAPACITY  INCREASE 
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- 
1. 

2. 

3. 

4. 

5 .  

6. 

7. 

a. 

9 .  

10 

L 

ITEM 

Dredging 
Area A 

Area B 
Area C 

Area D 
Area E 
Area F 
Area G 

E a r t h  Dykes 
Canada 1 
Canada  3 
Canada  4 
Canada  5 
Canada  6 
Canada  7 
Canada 1 2  
U.S. 1 7  
U.S. 23 

S t r i p i n g  

C l e a r i n g  

Seeding & Mulching 

Trees & Shrubs 

Pumpout F a c i l i t i e s  

P i p e l i n e s  & Trestles 

O i l  Skimmers 

Weirs 

Mooring F a c i l i t i e s  
( P i l e   C l u s t e r s )  

Real Estate 

Utilities 
I n t a k e s  
Outf a l l s  
P ipe   Cross ings  
Cable   Cross ings  
S t e e l   S h e e t   P i l i n g  

QUANTITY 

75 , 000 
244 , 000 

2,157,100 
1 , 540,200 
6 , 160,800 

279 , 900 

5 , 362,500 
2,091,200 

.o , a25 , 500 

627,000 
272,000 
283 , ooo 
200,000 

584 , ooo 
653,000 

544,000 
224 , 000 
400 , 000 

4,858 

4 , a58 

4,858 

4,858 

3 1  , 400 

9 

l a  
la 

4858 

19 
10  
1 
5 

3500 

I 
" 

IL.l 

JNIT 

Acre 

Acre 

Acre 

Acre 

L.F. 

Each 

Each 

Each 

Acre 

Each 
Each 
Each 
Each 
L.F. 

- 

UNIT PRICE 

$ 4.00 
$ 2.50 
$ 3.50 
$ 3.50 
$ 3.00 
$ 3.00 
$ 3.00 
$ 3.00 
$ 3.00 

$ 3.00 
$ 3.00 
$ 3.00 
$ 3.00 
$ 3.00 
$ 3.00 
$ 3.00 
$ 3.00 
$ 3.00 

$1,500.00 

$1,000.00 

$1,000.00 

$1,000.00 

$ 30.00 

$5,000,00 

$7,500.00 

25,000.00 

1,000.00 

77,000.00 
35,000.00 
22,000.00 
00,000.00 

3,000.00 

ub-Total 

5% 
ont ingency  

OTAL 

ESTIMATED 
COST 

~~~ 

300 , 000 
610 , 000 

7,549,850 
5,390,700 

1a,482,400 
a39 , 700 

16,0a7,500 
32,476,500 

6,273,600 

1,aa1,ooo 
a16 , ooo 
a49 , ooo 
600 , 000 

1,959,000 
1,752,000 
1,632,000 

672,000 
1,200,000 

7,2a7,000 

4,858,000 

4 ,a5aYooo 

4 , 858 , ooo 

942 , 000 

45 , 000 

135 , 000 

450,000 

4,85a,ooo 

1,463,000 
350 , 000 

500,000 
10,500,000 

140,597,250 

122,000 

35,149,313 

175,746,563 

F i g u r e  G-35 
ST. CLAIR RIVER 

ESTIMATED  COST OF DREDGING 
MAXIMUM CHANNEL CAPACITY  INCREASE 

G-75 



- 
1 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

.o . 

- 

I 
ITEM 

Dredging 
S. Peach  Island 
N. Belle I s l and  

E. F ight ing   I s land  

Trenton  Channel 

Ear th  Dykes 
Canada 1 
Canada 2 
U.S. 1 
U.S. 6 
U.S. 11 
U.S. 12  
U.S. 1 3  
U.S./Canada 14  
U.S. 16 

S t r i p p i n g  

Clear ing  

Seeding & Mulching 

Trees & Shrubs 

Pumpout F a c i l i t i e s  
P i p e l i n e  & Trestles 
O i l  Skimmers 
Weirs 

Mooring F a c i l i t y  

Real Estate 

Utilities 
Pipe  Crossing 
Cable  Crossing 
In t akes  
O u t f a l l s  

QUANTITY 

4,370,OOC 
1,930,OOC 
1,607,gOC 
8,039,50C 

964,74C 
3,536,86C 
5,490,OOC 

4,490,000 
4,000,000 

1,9oo,ooc 

197,200 
437,000 
154,000 
154,000 

1,640,000 

270,000 
198,000 
570,000 

623 

623 

1,552 

1,552 

7,000 
9 

18 

18 

623 

8 
10 
5 

U N I T  

Acre 

Acre 

Acre 

Acre 

L.F. 
Each 
Each 

Each 

Acre 

Each 
Each 
Each 
Each 

- 

I 
UNIT PRICE 

$ 2.50 
$ 3.00 
$ 3.00 
$ 3.50 
$ 3.50 
$ 4.00 
$ 3.00 
$ 30.00 
$ 3.00 
$ 30.00 

$ 6.00 
$ 6.00 
$ 3.00 
$ 3.00 
$ 3.00 
$ 3.00 
$ 6.00 
$ 6.00 
$ 6.00 

$ 1,500.00 

$ 1,000.00 

$ 1,000.00 

$ 1,000.00 

$ 30.00 
$ 5,000.00 
$ 7,500.00 

$ 50,000.00 

$ 2,000.00 

$122,000.00 
$100,000.00 
$ 77,000.00 
$ 35,000.00 

Sub-Total 

25% 
Contingency 

TOTAL 

ESTIMATED 
COST 

10,925,000 
5,790,000 
4,823,700 

28,138,250 
3,376,590 

14,147,440 
16,470,000 
57,000,000 
13,470,000 

120,000,000 

1,183,200 
2,622,000 

462,000 
462,000 

4,920,000 

1,620,000 
1,188,000 
3,420,000 

934,500 

623,000 

1,552,000 

1,552,000 

210,000 
45,000 

135,000 

900,000 

1,246,000 

976,000 

385,000 
1,000,000 

- 
$299,576,680 

$74,894,170 

$374,470,850 

FIGURE  G-36 
DETROIT RIVER 

ESTIMATED COSTS OF DREDGING 
M I M U M  CHANNEL CAPACITY INCREASE 
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3.3.12 Channel  Capacity  Increase  Cost  Curves 

U t i l i z i n g   t h e   c o s t s  as presented  above,  the  volumes of material to   be  
dredged   for   the   var ious   channel   capac i ty   increases ,  shown on  Figures G-26 
and G-27, were c o n v e r t e d   t o   c o s t s   i n   d o l l a r s .  The conversion  into  channel  
c a p a c i t y   i n c r e a s e   c o s t   c u r v e s  for t h e   S t .  Clair and Det ro i t   R ive r s  is shown 
on  Figures (2-37 and G38, respec t ive ly .   These   cos t   curves ,   based   on   the  re- 
s u l t  of recorded  abnormal lake levels,  were designed  for   determining  the 
c o s t s  of Lakes  Michigan-Huron r egu la t ion   p l ans .   These   cu rves ,   app l i cab le  
to   t he  1933 reg imen  condi t ions ,   conta in   the   "bui l t - in"   channel   capac i ty   in -  
crease r e s u l t i n g  from t h e  2s- and  27-foot  navigational  improvements.  

3.3.13 Applicat ion of Mathematical Model i n  Channel 
Design,  Channel  Capacity Decrease 

I n i t i a l  tests using  the  mathematical   models were conducted for the   pur-  
pose  of  determining  the most e f f e c t i v e   l o c a t i o n s  of s t r u c t u r e s .  The s t r u c -  
tu re   loca t ions   t es ted   inc luded   those   de te rmined   in   the  U .  S. Army Corps of 
Engineers   repor t  "Water Levels   of   the  Great Lakes,  Appendix "F", dated 
December 1965. However, i n  the   eva lua t ion  of t h e   r e t a r d i n g   e f f e c t  of each 
s t r u c t u r e   i n   a n   a c c u m u l a t i v e  downstream o rde r ,   t he  Fawn I s l a n d   s t r u c t u r e  
was e l imina ted   due   t o   t he   r e l a t ive ly  small h y d r a u l i c   e f f e c t   e x e r t e d  by t h i s  
s t r u c t u r e .  The p roposed   l oca t ions   fo r   t he   S t .  Clair R i v e r   C o n t r o l   s t r u c t u r e s  
are shown on  Figure G-39. These are: 

1. P o r t  Huron 
2. Stag   I s l and  
3. S t .  Clair 
4. North  and  Middle  Channels 

The p roposed   l oca t ions   fo r   t he   De t ro i t   R ive r   s t ruc tu res  are shown on  Figure 
G-39. These are: 

1. Head of Det ro i t   R ive r ,  East and West of  Peach  Island 
2. Belle Isle 
3. Zug I s l a n d  
4. East F ight ing   I s land   (Grassy   I s land)  
5. Trenton  Channel 

3.3.14 Hydraul ic   Des ign   Charac te r i s t ics  

Fol lowing  the  determinat ion of t h e  optimum l o c a t i o n  of t h e   s t r u c t u r e s ,  
t h e   S t .  Clair and Detroit   River  models were ope ra t ed   fo r   de t e rmin ing   t he  hy- 
d r a u l i c   c h a r a c t e r i s t i c s  of t h e   s t r u c t u r e s   r e q u i r e d   f o r   s e l e c t e d  amounts  of 
channel   capac i ty   decreases ,   wi th   no   channel   capac i ty   increase   and   wi th   the  
maximum channel   capaci ty   increase.   For   purposes  of t h e   d e s i g n  of the  struc- 
t u r e s   a n d   t h e i r   c o s t s ,   t h e   r e s u l t s  of t h e  maximum channel   capac i ty   decrease  
in   combina t ion   wi th   the  maximum channel   capac i ty  increase were ext rac ted   f rom 
the  mathematical  model ou tpu t .  For condi t ions   wi th  a l l  ga t e s   c lo sed ,   t he  
da ta   p rovided  were as fol lows:  
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LAKE MICHIGAN-HURON REGULATION 
ST.  CLAIR RiVER CHANNEL DESIGN 

COST  CURVES  FOR CHANNEL CAPACITY INCREASE 

ST.  CLAIR  RIVER 
CHANNEL CAPACITY  INCREASE VS. COST 

1933 CONDITIONS 
H6 STAGE=576.49 
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(IN MILLIONS OF DOLLARS-BASED ON PRICE LEVEL  DEC. 1971) 
FOR  REMOVAL OF MATERIAL FROM EXISTING CHANNELS (1970) 

Figure G-37 
ST. CLAIR RIVER-CHANNEL CAPACITY  INCREASE COST RELATIONSHIP 



DETROIT  RIVER  CHANNEL  DESIGN 
COST CURVES FOR CHANNEL CAPACITY INCREASES 

CHANNEL  CAPACITY DECREASE VS. COST 
1933 CONDITIONS 

GYPC  STAGE=572.72 
CLEV. STAGE=570.60 

Q=152 TCFS 

I I 
0 100 200 300 400 

(IN  MILLIONS  OF DOLLARS-BASED ON  PRICE LEVEL DEC. 1971) 
FOR REMOVAL OF  MATERIAL  FROM  EXISTING  CHANNELS  (1962) 

Figure G-38 
ST. CLAIR RIVER-CHANNEL CAPACITY INCREASE COST RELATIONSHIP 
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1. 
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
8. 
9. 

10. 
11.  

Location of p roposed   con t ro l   s t ruc tu re  
Flow around  end  of   s t ructure   (ungated  port ion  of   channel)  
Water s u r f a c e   e l e v a t i o n  downstream  of s t r u c t u r e  
Water su r face   e l eva t ion   ups t r eam  o f   s t ruc tu re  
Downstream v e l o c i t y   a t   e n d  of s t r u c t u r e  
Upstream v e l o c i t y  a t  end  of s t r u c t u r e  
Veloc i ty  a t  the  end  of s t r u c t u r e  
Length of unga ted   s t ruc tu re  
Channel  depth a t  s t ruc tu re   be low LWD 
S i l l   e l e v a t i o n  
To ta l   l eng th   o f   t r a in ing  wall 

The d a t a   o b t a i n e d   f o r   t h i s  maximum des ign   condi t ion   for   channel   capac i ty  
d e c r e a s e   f o r   t h e  S t .  C l a i r  and De t ro i t   R ive r s  are shown on  Figures 6 4 0  and 
G-41, respec t ive ly .   Examinat ion   of   the   da ta   ind ica tes   tha t   the  maximum head 
to be  maintained is 1 . 3  feet  a t  t h e   S t .  Clair s t r u c t u r e   l o c a t i o n .   A l s o  of 
importance is that   substant ia l   amounts   of   f low  would  be  a l lowed  to  pass 
a round  the   ends   o f   the   s t ruc ture   under   th i s   severe  assumed regulated  condi- 
t ion.   These  f lows are i n   a d d i t i o n   t o   t h e  2,000 cfs   a l lowed  to   pass   th rough 
the  s t r u c t u r e ,  with a l l  ga tes   c losed ,   for   f lush ing   purposes .  The comparisons 
be tween  the   resu l t ing   des ign   f lows   a round  the   end   of   the   s t ruc tures   wi th  
f lows   t ha t  would occur   unde r   na tu ra l   channe l   cond i t ions   fo r   t he  same t o t a l  
r i v e r   f l o w s  are shown on Figures  6-42 and 6-43 .  I t  s h o u l d   b e   r e i t e r a t e d   i n  
th i s   s ec t ion   t ha t   t he   des ign   cond i t ion   desc r ibed   wou ld ,   unde r  test regula- 
t i on   p l ans ,   occu r   w i th  a frequency  of less than 1%. I t  should   a l so   be  re- 
membered t h a t   t h i s  maximum in   des ign   cond i t ion  may be  diminished  in   degree 
dependent  on  the  channel  requirement  for  regulation. 

3 . 3 . 1 5  Conceptual  Designs  and  Cost Estimates 
of Regula tory   S t ruc tures  

The n e c e s s a r y   e n g i n e e r i n g   s t u d i e s   t o   p r e p a r e   s t r u c t u r e   d e s i g n s  and c o s t  
estimates f o r   r e g u l a t o r y   s t r u c t u r e s   i n   t h e   S t .   C l a i r - D e t r o i t   R i v e r   s y s t e m  
were provided by the   f i rm of Acres Consul t ing  Services   Limited,   Niagara F a l l s ,  
Ontar io .  Terms o f   r e f e rence   fo r   t he   s tudy  and concepts  were provided   in  a 
document en t i t l ed   "Regu la to ry   S t ruc tu res  on the   S t .   C la i r -De t ro i t   R ive r s ,  
Development  of  Conceptual  Design, Terms of  Reference",   an  abstract   of  which 
is conta ined   in  Annex C o f   t h i s  Appendix. 

The s tudy  was p r e s e n t e d   i n  two volumes. Volume I ,  en t i t l ed   "Conceptua l  
Design  and  Est imates" ,   contains   the  layouts ,   conceptual   designs  and  cost  
estimates f o r   t h e   r e g u l a t o r y   s t r u c t u r e s  and the i r   assoc ia ted   works ,   such  as 
t h e  small boat   passage,   shore  protect ion  works,  e tc . ,  a t  each   of   the   n ine  
sites. Volume 11, e n t i t l e d  "Criteria and Select ion  of   Elements"   presents  
f a c t o r s  and c r i t e r i a  tha t   govern   the   des ign  of t h e   p a r t s   o r   e l e m e n t s  of t he  
S t ruc tures .   Var ious   concepts   o f   the   e lements  of t h e   s t r u c t u r e s  are descr ibed ,  
and  background  environmental   considerat ions  and  construct ion  methods  that  
relate to   t he   concep t s  are r e f e r r e d   t o .   A b s t r a c t s  of t he  two volumes are 
provided   in  Annex C o f   t h i s  Appendix. 

Each s i t e  and structure shown on Figure 6 3 9  is descr ibed  i n  a separate 
chap te r  of t he   consu l t an t s   r epor t  (Volume I )  which  comprises a summary of t h e  
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FIGURE 6-40 
ST. CLAIR RIVER - HYDRAULIC  DESIGN DATA FOR  PROPOSED  REGULATORY  STRUCTURES - MAXI”If CHANNEL CAPACITY  DECREASE 

GATED STRUCTURE COMPLETELY CLOSED’ 

LOCATION OF 

L .  W. D.) (FT. SEC.) (FT. SEC.)  (FT.  SEC.) (FT.  (FT.) (CFS) STRUCTURE 
(FT. BELOW STRUCTURE VELOCITY STRUCTURE3 VELOCITY ELEVATION ELEVATION  STRUCTURE  CONTROL 
STRUCTURE VEL. AT UPSTREAR LJNGATED DOWNSTREAP UPSTREAM WWNSTREAM END OF PROPOSED 
DEPTH AT KEAN VELOCITY  PASSING  STRUCTUP.E  LENGTH  OF  ELEV.  ACROSS  STRUCT. K O W  AROUND 

P o r t  Huron 36.0 7.4  5.0  800 4.3  580.66  580.17 182 , zoo2 
S t a g   I s l a n d   4 2 , 9 0 0  

36 .O 1 , 1 0 0  3.1 6 . 3  3.0 578.57 577.27 

36.0  150  1 .6  6 . 8   1 . 6  579.35 578.68 

- ~~ . ~~ 

North  Channel I 29,200 I 575.78 I 576.40 1 0.7 I 6.8  1 0 . 6  100 I N a t u r a l  

NOTES : 

1. Maximum design  condi t ions;   Lake  Michigan-Huron = 580.76, G.P.Y.C. = 575.41, Flow = 182,200 CFS. 

2.  Except 2,000 CFS t h r o u g h   c o n t r o l   s t r u c t u r e   f o r   c o n t i n u o u s   f l u s h i n g   p u r p o s e s .  

3. Length  of   opening to  be   p rov ided  t o  p a s s   f l o w   a r o u n d   s t r u c t u r e  as i n d i c a t e d   i n  Column 2 .  

TO TAL 
s I L L  LENGTH OF 

ELEVATION 
W&L ( S )  (FT. IGLD) 
TRAINING 

FEET 

5b0.2 2,700 

538.7 8,500 

538.2 10,000 

N a t u r a l  

None N a t u r a l  

None 



FIGURE 6-41 
DETROIT RIVER - HYDRAULIC  DESIGN  DATA  FOR  PROPOSED  REGULATORY  STRUCTURES - MAXI" CHANNEL CAPACITY DECREASE 

0 
I os 

W 

LOCATION OF 
PROPOSED 
CONTROL 
STRUCTURE . 

Trenton  Channel  

E. F i g h t i n g  Isl.  
( G r a s s   I s l a n d )  

Zug I s l a n d  

B e l l e  Isle 

t .ead of  D e t r o i t  
River (N. S i d e  

each I s l a n d )  

e a d  of D e t r o i t  
River (S  . S i d e  

e a c h  Is  l a n d )  

GATED  STRUCTURE  COMPLETELY CLOSED' 
I I 

FLOW AROUND ELEV.  ACROSS  STRUCT. MEAN VELOCITY  PASSING  STRUCTUPE 
UPS TREAM DOWNS T R W  
ELEVATION  VELOCITY 

(CFS) (E.) (FT. SEC.) (FT. SEC.) (FT. SEC.) 

36,  400  572.50  573.36 1 . 2  9 .7   2 .0  . 
19,000  573.47  574.01  0.5 8.1 0 . 5  

190 ,ooo2 574.08  574.25  2.0  3.9  2.2 

, 15,900  574.61  575.01  0.4  6.9  0.4 

LENGTH  OF 
UNGATED 
STRUCTURE3 

300 

65 

1300 

65 

800 

400 

DEPTH AT s ILL 
STRUCTURE ELEVATION 
(FT. BELOW (FT. IGLD 
L. W .  D.) 

32.0  536.8 

32.0  538.4 

N a t u r a l   N a t u r a l  

TOTAL 
LENGTH  OF 
T R A I N I N G  
WALL (S) 
FEET 

None 

None 
~~ 

, 2,000 

32.0 I 539.4 I None 

N a t u r a l   N a t u r a l  I 3,000 

NOTES : 

1. M a x i m u m  des ign   cond i t ions :  Lake Erie S t a g e  = 572.38,  Lake  St.  Clair S t a g e  = 575.h1,  Flow = 190,000 CFS. 

2.  Except  2,000 CPS t h r o u g h   c o n t r o l   s t r u c t u r e   f o r   f l u s h i n g   p u r p o s e s .  

3. Length   o f   opening   to   be   p rovided   to  p a s s  f l o w   a r o u n d   s t r u c t u r e  as i n d i c a t e d  i n  Column 2. 

N a t u r a l  



F I G U R E   G - 6 2  
ST. C L A I R   R I V E R  

COMPARISONS  BETWEEN  NATURAL AND REGULATED FLOW D I S T R I B U T I O N S  
UNDER MAXIMUM CHANNEL CAPACITY  DECREASE  CONDITIONS 

D E S I G N  FLOW = 1 8 2 , 0 0 0  c f s  
~ ~ ~~ 

LOCATION  OF 

CHANNEL PROPOSED  CONTROL 

NATURAL 

STRUCTURE FLOW ( C F S )  

PORT HURON 

STAG  ISLAND 

182,200 

72,900 

I S T .   C L A I R  I 182,200 
I 1 

NORTH  CHANNEL 

MIDDLE CHANNEL 

60 ,  LOO 

36,400 

FLOW AROUND  END 

OF STRUCTURE  (CFS)  

CHANGE I N  

(GATES  CLOSED) 
FLOW 

( C F S )  

182,200' 

" _  182,200' 

- 30,000 42,900 

- "  

29,200 

30, (300 

- 30,900 

- 6,100 

NOTE : 
1. EXCEPT 2,000 C . F . S .  THROUGH  CONTROL  STRUCTURE  FOR  CONTINUOUS  FLUSHING 

PURPOSES.  

F I G U R E   G - 6 3  

D E T R O I T   R I V E R  
COMPARISONS  BETWEEN  NATURAL AND REGULATED FLOW D I S T R I B U T I O N S  

UNDER MAXMJ" CHANNEL  CAPACITY  DECREASE  CONDITIONS 

DESIGN FLOW = 190,!)00 c f s  

LOCATION  OF CHANGE I N  FLOW AROUND  END  NATURAL 

PROPOSED  CONTROL 

( C F S )  (GATES CLOSED) FLOW (CFS) STRUCTURE 

FLOW OF  STRUCTURE  (CFS)  CHANNEL 

TRENTON  CHANNEL -3,500 36,400 39,900 

GRASS  ISLAND 

"" 190, oool 190,000 ZUG ISLAND 

-24,700 19,900 43,700 

I 

B E L L E   I S L E  +2,400 15,900 13,500 

N. S I D E   P E A C H   I S L A N D  

+15,300 58,700 43,700 S. S I D E   P E A C H  ISLAND 

-10,000 136,300 146,300 

NOTE : 
1. EXCEPT 2,000 C . F . S .  THROUGH  CONTROL  STRUCTURE  FOR  CONTINUOUS  FLUSHING 

PURPOSES.  
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p r i n c i p a l   f e a t u r e s  of t he   hydrau l i c s  and   geology,   the   l ayout   o f   the   s t ruc tures  
and t h e   d e t a i l   t o  which  they  have  been  taken  to  permit  the  conceptual esti- 
mates which were prepared.  Cost estimates were g iven   fo r   t he   fu l ly   deve loped  
s t r u c t u r e ,   a n d   i n   s u c c e s s i v e   r e d u c t i o n s   t o  50% of   the   bas ic   l ength   de te rmined  
f o r   t h e  maximum design  condi t ion.   Durat ions  and  sequences  of   construct ion 
fo r   each  s t ructure  were e s t ima ted .  

S t anda rd iza t ion  of the   des ign  of the  e lements  of similar func t ions   o f  
t he   n ine  s i t e s  were taken as a n   i m p o r t a n t   f a c t o r   i n   r e d u c i n g   c o s t s   o f  con- 
s t r u c t i o n  and  maintenance. The format w i l l  provide  the  most  convenient  base 
f o r   f u t u r e  work  and cos t   e s t ima t ing .  

The s t r u c t u r e s  were t e n t a t i v e l y   l o c a t e d   w i t h i n   c e r t a i n  limits, bu t  l a t i -  
tude was g i v e n   i n   s e l e c t i n g   t h e   e x a c t   l o c a t i o n  of t he   s t ruc tu res .   Fo l lowing  
an aer ia l  in spec t ion  and a s i t e  v i s i t ,   t o g e t h e r   w i t h   s t u d y   o f  ae r ia l  photo- 
g r a p h s ,   s t r u c t u r e s  a t  East F igh t ing   I s l and ,  Zug Is land   and   Por t  Huron were 
re loca ted   wi th in   the   g iven   to le rance .  

The cri teria r e l a t i n g   t o   t h e   p r o p o s e d   s t r u c t u r e s   i n   t h e   S t .  Clair and 
De t ro i t   R ive r s  were p rov ided   i n   t he  terms of   reference  together   with  asso-  
c ia ted   da ta .   Geotechnica l   in format ion  on which  the  concepts are based i s  
an   i n t e rp re t a t ion   o f   t he   r e su l t s   o f   exp lo ra to ry  work c o n d u c t e d   i n   t h e   r i v e r s  
by t h e  U. S. Army Corps  of  Engineers  and by consul tants   for   Environment  
Canada. 

A s  t he   r egu la to ry  works invo lve   n ine   s t ruc tu res   t ha t   have  a similar 
f u n c t i o n ,   s t a n d a r d i z a t i o n  of the   e lements  common t o   t h e  sites, methods  of 
cons t ruc t ion  and means of  maintenance were taken as primary  requirements.  
The common pr inc ipa l   e lements ,   such  as t h e   g a t e ,   c o n c r e t e   s u p p o r t   s t r u c t u r e ,  
small boa t   passage   and   t ra in ing  wall were s t u d i e d   s e p a r a t e l y .   A f t e r   r e f i n e -  
ment,  they were adapted  to   each  other  and t o   t h e   v a r i o u s  sites. These 
s e l e c t e d   p r i n c i p a l   e l e m e n t s  are d iscussed   in   the   fo l lowing   paragraphs .  A 
s i n g u l a r   f e a t u r e  of t he  sites is the  low hydrau l i c   head   ac ross   t he   s t ruc tu res  
which  does  not  exceed 16 inches .  

The Effects of the Proposed Structures on the Ice Regime: The struc- 
t u r e s  which are p roposed   fo r   r egu la t ion   o f   f l ows   i n   t hese   r i ve r s  w i l l  have 
l i t t l e  e f f e c t  on ice movements when a l l  ga t e s  are open. When g a t e s  are c losed ,  
however ,   t he   ab i l i t y   o f   t he   r i ve r   su r f ace   t o  convey ice p ieces   th rough  var ious  
reaches  w i l l  b e   a l t e r e d .  The changes may a f f e c t   t h e   b a s i c  mechanisms  of ice 
jam formation  and may r e s u l t   i n   i c e  jams forming a t  sites d i f f e r e n t  from  those 
where  they  occur   under   present   condi t ions.   I f   the   gates   of   the   proposed 
s t r u c t u r e s  are closed,   they w i l l  s h e l t e r  some reaches   o f   the   r iver   and   per -  
mit a s t a t i o n a r y  ice c o v e r   t o   f r e e z e   i n   p l a c e ,   t o   t h e   b e n e f i t   o f  some proper- 
ties a long   the   shore .  However, ope ra t ion   o f   t he   ga t e s   du r ing   t he  ice season 
may cause some less f a v o u r a b l e   r e s u l t s  by t r i g g e r i n g  ice runs  a t  places   and 
a t  times when they  would  not  normally  occur.   For  the  purpose of the   p re sen t  
i n v e s t i g a t i o n ,  i t  is assumed t h a t   t h e s e   e f f e c t s  w i l l  be   minor .   F ina l   des ign  
of a s y s t e m  of s t r u c t u r e s   s u c h  as t h e s e   r e q u i r e s   a n   e v a l u a t i o n   o f   t h e   e f f e c t s  
of   the  ice regime  based on an   ex tens ive   f i e ld   r econna i s sance .  
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Gate Desi-ms: G a t e   o p e r a t i n g   c o n d i t i o n s   a r e   u n i q u e   i n   t h a t   t h e  maximum 
h y d r a u l i c   l o a d  is  less than 1.5 f e e t ,   w h e r e a s   t h e  water d e p t h   i n   t h e   c h a n n e l s  
is i n   t h e   o r d e r  of 40 f e e t  a t  a l l  s i tes .  A s p e c i f i e d  i c e  p r e s s u r e   o f  40 k i p s  
p e r   l i n e a l   f o o t  of g a t e  was  assumed.  This is e q u i v a l e n t   t o  a d i f f e r e n t i a l  
p re s su re   o f  16 feet  a c t i n g   o v e r   t h e   t o t a l   h e i g h t   o f  40 f e e t ,  i . e . ,  o v e r   t e n  
times g r e a t e r   t h a n   t h e  maximum h y d r a u l i c   l o a d .  It i s  obv ious   t ha t   cons ide r -  
a b l e   s a v i n g s   i n   g a t e   c o s t s  are p o s s i b l e   i f   t h e  i ce  loads   can   be   avoided .  
One  way t o   a c h i e v e   t h i s  is by a d e s i g n   i n   w h i c h   t h e   g a t e   o r  i t s  t o p   s e c t i o n  
can   be   a r r anged   t o   submerge   i f   excess ive  ice  l o a d s  are a p p l i e d ,   a l l o w i n g   i c e  
t o  pass o v e r   t h e   g a t e .   F u r t h e r   e c o n o m i e s   c a n   b e   e f f e c t e d   i f   t h e   g a t e   s y s t e m  
d o e s   n o t   r e q u i r e   p i e r s   t o   b e   m a s s i v e   t o   w i t h s t a n d   t h e  ice loads .   These  con- 
s i d e r a t i o n s   l e a d   t o   t h e   c o n c e p t   o f  a s i m p l e  g a t e   d e s i g n ;  a g a t e   r e q u i r i n g  
minimum maintenance  and  one  which  can  be  readily removed  and r e i n s t a l l e d   w i t h -  
o u t   t h e   n e c e s s i t y   f o r   c o f f e r d a m s   o r   t h e   u s e   o f   s t o p   l o g s .  

With a number  of g a t e s  a t  each  s i t e ,  i t  is  cons ide red   t ha t   adequa te   f l ow 
cont ro l   can   be   p rovided   wi th   on ly  two g a t e   p o s i t i o n s   f u l l y   o p e n   a n d   c l o s e d .  
Wi th   no   i n t e rmed ia t e   pos i t i ons   be ing   necessa ry ,   t he   r equ i r ed   complex i ty  of 
the  mechanisms is g r e a t l y   r e d u c e d .   S i n c e   t h e   s t r u c t u r e s  are i n   p a r a l l e l   w i t h  
ungated   channels ,  i t  is  n o t   n e c e s s a r y  t o  p r o v i d e   t i g h t - f i t t i n g  seals between 
o r  at  the   bo t tom  of   the   ga tes .  A gap  of up t o  4 t o  9 i n c h e s   a r o u n d   i n d i v i d u a l  
g a t e s  i s  t h e r e f o r e   c o n s i d e r e d   a c c e p t a b l e .  This gap would  provide  f low  through 
t h e   s t r u c t u r e  a t  a l l  times, t h u s   k e e p i n g   t h e   c h a n n e l   f r e e   o f   d e b r i s .   I n  sum- 
m a r y ,   t h e   f o l l o w i n g   c o n s i d e r a t i o n s   s i g n i f i c a n t l y   a f f e c t   t h e   s e l e c t i o n   o f   g a t e  
type  : 

(1) The ga te   shou ld   submerge   unde r   excess ive  ice  l o a d s  
( 2 )  There   should   be  no p i e r s   b e t w e e n   a d j a c e n t   g a t e s  
( 3 )  Dewate r ing   shou ld   no t   be   r equ i r ed   fo r   ma in tenance  
( 4 )  P a r t i a l   g a t e   o p e n i n g s  are n o t   r e q u i r e d  
( 5 )  W a t e r t i g h t  seals are n o t   r e q u i r e d  

Gate Concepts: Figure  G-44 shows f ive   t ypes   o f   ga t e s   cons ide red   wh ich  
meet a l l  o r  some of the  above c r i te r ia .  The f i v e   t y p e s   o f   g a t e s  were as 
f o l l o w s  : 

(1) S e c t i o n a l  Gate 
( 2 )  T a i n t e r  Gate 
( 3 )  F i s h b e l l y  Gate 
( 4 )  R a d i a l  Gate (Submersible) 
( 5 )  Double  Hinged Gate (Buoyant  Flap Gate) 

Due t o   t h e   r e q u i r e m e n t   f o r   p i e r s   b e t w e e n   a d j a c e n t   g a t e s   a n d   n e e d   f o r  
s t o p   l o g s   f o r   m a i n t e n a n c e ,   t h e   S e c t i o n a l ,   T a i n t e r ,   a n d   F i s h b e l l y   g a t e s   d i d  
n o t   s a t i s f y  a l l  t h e  c r i t e r i a  s i n c e :  (1) t h e   v i s i b l e   p i e r s   a n d   s u p e r s t r u c t u r e  
w o u l d   b e   e s t h e t i c a l l y   u n a t t r a c t i v e ,   a n d  (2) t he   p i e r s   wou ld   have  to b e  mas- 
s i v e ,   h e n c e   c o s t l y ,   t o  resist the  heavy ice  loadings  that   would  be  imposed.  
The Submersible  Radial   and  Buoyant  Flap Gates d o   n o t   r e q u i r e   p i e r s   w h i c h  
ove rcomes   t h i s   ob jec t ionab le   f ea tu re .   However ,   t he   Submers ib l e   Rad ia l  Gate 
has   t he   d i sadvan tages   o f   r equ i r ing   co f fe rdaming   fo r   ma in tenance   and   r emova l ,  
and a foundat ion  as deep as t h e   d e p t h   o f  water above sill  e l e v a t i o n ,   a b o u t  
45 f e e t .  
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Buoyant F l a p  Gate - Bases of Selection: This ga te  is similar i n   p r i n -  
c i p l e   t o   t h e   F i s h b e l l y  and  Submersible  Radial Gates i n   t h a t  i t  i s  hinged a t  
the   r i ve rbed   l eve l .  The d i f f e r e n c e  is t h a t  it is r a i s e d  by t h e   a c t i o n   o f  
a i r - f i l l ed   buoyant   t anks   a lone ,   whereas   the   F ishbel ly   and   Submers ib le   Radia l  
Gates r equ i r e   mechan ica l   l i f t i ng .   Th i s   p r inc ip l e  is f e a s i b l e   o n l y   i f   t h e  
hydrau l i c   l oad ing  is very small, as i t  is a t  a l l  sites i n   t h e   S t .  Clair  and 
Det ro i t   Rivers .  No piers are r e q u i r e d   f o r  t h e  ope ra t ion   o f   t he   ga t e .   P ipes  
run  along  the s i l l  t o   c a r r y  a i r  t o  f i l l  t h e  buoyancy  tanks. A very  s imple 
conc re t e   suppor t   s t ruc tu re   o f  minimum depth i s  r equ i r ed ,  as t he   l oads   t r ans -  
mit ted  f rom  the  gate   to   the  foundat ion are small. A double  hinged  gate was 
proposed   in   cons idera t ion  of se i smic   forces .  

There are many advantages of a double  hinged  type  of  gate.  Its operat-  
i n g   p r i n c i p l e s  are independent   o f   any   suppor t   s t ruc ture   o ther   than  a si l l .  
Consequently,   the  only ice load  encountered is the  impact  of  an ice f l o e  be- 
fo re  i t  passes over   the   ga te ;   This   des ign   has   the   e f fec t   o f   l igh ten ing   the  
fo rces  on the   ga t e   suppor t   s t ruc tu re .  The absence  of  any  protruding  parts 
from t h e   r i v e r   s u r f a c e  is e s t h e t i c a l l y  more des i r ab le   t han   ga t e s   r equ i r ing  
l a rge   conc re t e   s t ruc tu res .   The re  i s  no n e c e s s i t y   f o r   e i t h e r   c o f f e r d a m s   o r  
t he   i n s t a l l a t ion   o f   s top logs   fo r   dewa te r ing ,  as t h e   g a t e   c a n   b e   e a s i l y  re- 
moved i n  i t s  e n t i r e t y   f o r   m a i n t e n a n c e   o r   f o r  any other   purpose.  When t h e  
ga te -bear ing   anchor   be l t s  are r e l eased ,   t he   ga t e   can .   be   f l oa t ed   t o   t he   su r -  
face  for   removal   f rom  the si te.  I t  is p o s s i b l e   f o r   t h e   f o u n d a t i o n   s t r u c t u r e  
t o   b e   b u i l t   w i t h   t h e   g a t e   a t t a c h e d  and t h e   e n s e m b l e   i n s t a l l e d   u t i l i z i n g   t h e  
" f loa t - in"   p r inc ip le ,   thereby   min imiz ing   cons t ruc t ion   and   ins ta l la t ion   cos ts .  
After cons ider ing  a l l  t h e   f a c t o r s ,   t h e  Buoyant  Flap Gate was p r e f e r r e d   f o r  
the service requi red  and was, t h e r e f o r e ,   s e l e c t e d   f o r   r e f i n e m e n t   t o   t h e  de- 
t a i l  of   conceptual   engineer ing  design  and  cost  estimate. 

Gate Support Structures: In   con junc t ion   w i th   t he   s tudy  on ga te  con- 
c e p t s ,  similar s t u d i e s  were unde r t aken   fo r   t he   s e l ec t ion   o f   t he  most  adequate 
type of suppor t   s t ruc tu re .  This ana lys i s   i nc luded   r ec t angu la r   p i e r s ,   t ape red  
piers ,  and pierless s lab   foundat ion .  It fo l lows   f rom  the   se lec t ion   of   the  
Buoyant F l a p  Gate t h a t   t h e  pierless s lab   foundat ion  would s a t i s f y   t h e   d e s i g n  
requirements .  The s u p p o r t   s t r u c t u r e ,  by e l imina t ion   of   the   p ie r   requi rement  
would  become a s l ab   founda t ion   des igned   on ly   t o  resist the   fo rces   t r ansmi t t ed  
t o  i t  from the   ga te   h inges   and   the   p ressures   f rom  the   so i l   benea th .  

Except   for   the   Por t  Huron s i t e ,  which  has a granular   bed ,   and   the  
Trenton s i te ,  which is on rock ,   t he   bea r ing   capac i ty   o f   t he   so i l  is gener- 
a l l y   n o t   o f  a h i g h   o r d e r .   . I n   o r d e r   t o   k e e p  imposed  loading on t h e   s o i l  
w i th in   pe rmis s ib l e  limits, i t  is necessary   to   have  a la rge   spread   foundat ion  
as shown  on Figure 6-45, This i l l u s t r a t e s  a r e in fo rced   conc re t e  s i l l ,  ce l lu -  
l a r  in   cons t ruc t ion ,   wi th   d imens ions  50 by 60 f ee t   and  10 fee t   deep .  A 6- 
foot   h igh  wall on the ups t ream f a c e  would  accommodate con t ro l   p ip ing   and  
a f fo rd   p ro t ec t ion   t o   t he   ga t e   f rom bed movement.  The s t a b i l i t y  of t h e  s i l l  
was examined  and  found  adequate   against   over turning,   s l ipping  and  s l iding.  

The concept  of a l a r g e   c e l l u l a r   c o n c r e t e  s i l l  would meet the   foundat ion  
r equ i r emen t s   w i thou t   t he   necess i ty   o f   deep   p i l e   founda t ions .   F i r s t   cos t  
estiLmates i n d i c a t e d   t h a t  i t  is c h e a p e r   t o   I n s t a l l  tRan a smaller c e l l u l a r  
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conc re t e  s i l l  with  deep p i l e  founda t ions ,   and ,   t he re fo re ,   t he   l a rge   ce l lu l a r  
concre te  s i l l  foundat ion was accord ingly   used   in   the  estimates of s t r u c t u r e  
c o s t s .  

Construction and Placement of Gates and Sills: The proposed  gate s i l ls  
are reinforced  concrete   boxes,   which  can  be  constructed  in   one or more loca- 
t i ons   a longs ide  or i n   t he   r i ve r ,   l aunched  and  then towed t o   t h e   v a r i o u s  sites 
fo r   s ink ing ,   t hus   enab l ing  mass production  methods  to  be  employed i n   t h e i r  
manufacture. The s e l e c t e d  method f o r   c o n s t r u c t i o n  is t h e   f l o a t i n g   p l a t f o r m  
or   "piggy  back"  technique.   In   this   technique,  two i n i t i a l   u n i t s  are con- 
s t r u c t e d   i n  a commercial  drydock or i n  an excavat ion on t h e   r i v e r  bank  and 
f l o a t e d   t o   t h e  si te.  The two u n i t s  are launched by b a l l a s t i n g   t h e   l o w e r   u n i t  
u n t i l   t h e  uppe r  u n i t  becomes buoyant  and  can  be  f loated  off ,   whereupon  the 
lower  uni t  is r a i s e d  by pumping ou t   t he  buoyancy  tanks. The process  of ca s t -  
i ng   ano the r   un i t  may then  be  repeated.  This  technique  has  been  used  success- 
fu l ly   for   cons t ruc t ing   concre te   c r ib   un i t s   in   major   por t s   th roughout   the  
world. The c e l l s  are in te rconnec ted   to  form four   approximately  equal   sec-  
t i ons   t o   p rov ide   con t ro l   du r ing   s ink ing .  The g a t e s  may be  added a t  the   ca s t -  
ing   yard  or a t  the  steel  f ab r i ca t ing   ya rd   be fo re   s ink ing  of the  s i l l  to   avoid  
the  need  for  underwater  assembly  of  gates.  

Operation of Control  Gates: The ga te s  a t  each  1ocat ion.can  be  maintained 
e i t h e r   f u l l y   o p e n e d  or f u l l y   c l o s e d ,  and t h e i r   p o s i t i o n s  can  be  kept rela- 
t ive ly   cons tan t   over   ex tended   per iods  of time. Operation of each  gate  is  
effected  pneumatical ly   f rom a local   compressed a i r  center   through a d i r e c t l y  
connected a i r  l i n e .  Air is s u p p l i e d   t o   t h e   l i n e   v i a  a common header,   and 
p res su re  is maintained  from a compressor-supplied  storage  tank. Tandem 
ope ra t ing   so l eno id   va lves  are u s e d   t o   e i t h e r  pump a i r  i n t o   t h e   l i n e ,   t h e r e b y  
r a i s i n g   t h e   g a t e ,  or t o   ven t  a i r  from the   l ine ,   thereby   lower ing  i t .  

A cen t r a l i zed   r emote   con t ro l   s t a t ion  is p roposed   i n   o rde r   t ha t  a l l  t h e  
s t r u c t u r e s  can be  operated as one system. Manual c o n t r o l  is provided  only 
for  maintenance  ope rat ions .  

Training  Walls: Train ing  walls would be   requi red  a t  f i v e  of t he   n ine  
sites where   r egu la to ry   s t ruc tu res  are ind ica t ed .  The t o t a l   l e n g t h  would be 
27,200 f e e t ;   t h e   l o n g e s t  would be  10,000 f e e t  a t  S t .  Clair  a n d   t h e   s h o r t e s t  
would be 1,000 f e e t  a t  Peach   I s l and   ( sou th )   l oca t ion .  The purpose  of   the 
t r a i n i n g  wall is  t o   e f f e c t  a change i n   t h e  geometry  of  the  river  which w i l l ,  
in   conjunct ion   wi th   the   ga ted   s t ruc ture ,   p roduce   and   main ta in  a s p e c i f i e d  
head  loss  due to   t he   ga t ed   s t ruc tu re .  The head  loss  of about 1.5 f e e t  is 
small i n   r e l a t i o n   t o   t h e   t o t a l   h e i g h t   o f   t h e   t r a i n i n g  wall. 

An evalua t ion   of   the   func t ion  of t r a i n i n g  walls i n   t h i s   p r o j e c t   l e d   t o  
an ana lys i s   o f   t h ree   t ypes ,   name ly ,   rock   f i l l ,   f l ex ib l e   d i aphragms  and s o l i d  
diaphragm.  These are descr ibed  as follows: 

(1) Rock F i l l  

The pr imary   cons idera t ions  of the   des ign  on t h e   s e c t i o n   o f   r o c k - f i l l  
embankment are seepage, due t o  d i f f e r e n t i a l   h e a d  e x i s t i n g  across embankments, 
and s t a b i l i t y   w i t h   r e s p e c t   t o   t h e   g e n e r a l l y  low s t r e n g t h   o f   t h e   c l a y  founda- 

G-9 0 



t i o n .   I n   a d d i t i o n   t o   s e e p a g e  and s t a b i l i t y   c o n s i d e r a t i o n s ,   t h e  known sources  
of  borrow materials and a s s o c i a t e d   c o s t s  are parameters   tha t  are r e l a t e d   t o  
t h e   s e l e c t i o n  of t he   s ec t ion .  The  embankment sec t ion   chosen  is of  rock f i l l  
where s e e p a g e   e f f e c t s  due to  low  heads are n e g l i g i b l e ;  where  head d i f f e r e n t i a l  
is s i g n i f i c a n t ,  a zone  of  low  permeability is r e q u i r e d   w i t h i n   t h e   r o c k - f i l l  
s h e l l .   T h i s   s t u d y   e x p l o r e d   t h e   p o t e n t i a l s   o f   s t r u c t u r e s   p r o v i d i n g   o n l y   p a r -  
t i a l  c u t o f f ,  where  seepage is k e p t   t o   t o l e r a b l e  limits and  which u t i l i z e s  
known a v a i l a b l e   s o u r c e s   o f   r o c k   f i l l  and sand  and  gravel.  

( 2 )  Flex ib le  Diaphragm 

The f l e x i b l e   t r a i n i n g  wall ,  a r a t h e r   u n i q u e   c o n c e p t ,   i n   p r i n c i p l e ,  con- 
sists of  an  impervious membrane or diaphragm  anchored   to   the   bed   of   the   r iver  
and supported by a f l o a t .  The diaphragm acts as an  impervious  cur ta in ,   sepa-  
r a t ing   bod ie s   o f  water having a h e a d   d i f f e r e n t i a l   o f  less than 1.5 f e e t .  The 
water flows down the   nav iga t ion   channe l   s ide   o f   t he   t r a in ing  wall  at a l l  times, 
wi th  a maximum average   ve loc i ty   no t   exceeding  7.5 fps .  The water on t h e   o t h e r  
s ide is s t a t i c  or f ree   f lowing ,   depending   on   cont ro l   requi rements .  The up- 
stream end  of   the  t ra ining wall is s e a l e d   t o   t h e   r e g u l a t o r y   s t r u c t u r e a b u t m e n t .  

The problem  of   e l iminat ing ice bondage t o   t h e   f l o a t  was s tud ied   u s ing  
low  bond stress coatings  and  methods  for  preventing ice formation. The for- 
mer method was d i sca rded   s ince  known coa t ings   such  as Teflon are expensive 
to  bake  on  and are suscep t ib l e   t o   danage  by s c r a t c h i n g  from ice f loes .   These 
p re l imina ry   s tud ie s   i nd ica t ed   t ha t   t he   t h ree   s . che res   t ha t   o f f e red   t he   bes t  
p rospec ts   o f   e l imina t ing   the  ice bondage t o   t h e   f l o a t  were: 

( a )   H e a t i n g   t h e   a f f e c t e d   h a l f   o f   t h e   f l o t a t i o n   c o l l a r  

( b )   U t i l i z i n g   t h e  water v e l o c i t y   h e a d   t o   t a k e   r e l a t i v e l y  warm water 
from t h e   c h a n n e l   t o   t h e   s t a t i o n a r y - s i d e   o f   t h e   f l o a t  

( c )  An a i r  bubbler   system 

Using  Pyrotenax  cables as c o n d u c t o r s ,   t h e   i n s t a l l a t i o n   o f   h e a t i n g  ele- 
ments is f e a s i b l e  and t h e   i n s t a l l a t i o n  and o p e r a t i n g   c o s t s  are not   too   h igh .  
However, t he   ope ra t ing   vo l t age  is high  and as a r e s u l t   t h e   s y s t e m s  are r e a d i l y  
damaged. For t h i s   r e a s o n ,   t h e  method was not  developed. 

Though the  water t r ans fe rence  method a p p e a r s   t o   o f f e r   t h e   b e s t   s o l u t i o n  
to   t he  ice format ion   prevent ion ,  i t  was recognized   tha t  i t  is a novel  method, 
and  untr ied.   Therefore ,   the  air  bubbler   system was used  in   computing  the 
cost   of  a f l ex ib l e   d i aphragm  t r a in ing  wall due  to   the  lack  of   confirmatory 
tests . 

( 3 )  S o l i d  Diaphragm 

The va r i e ty   o f   su i t ab le   t ypes   o f   so l id   d i aphragms   t ha t  were considered 
were : 

( a )   S t r u c t u r a l  steel s h e e t s   a n d   p i l e s  
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(b)  Precast concrete   bulkheads 

( c )   P recas t   conc re t e   s l abs   spann ing   ho r i zon ta l ly   be tween   so l id  
concre te   anchors  

(d) A s h e e t   p i l e  wall wi th   the   top  7 f e e t   c o n s i s t i n g  of a Fabridam 
( a n   i n f l a t a b l e  dam) 

(e) S h e e t   p i l e  cel ls  

All f i v e   t y p e s  were analyzed  and f i r s t   c o s t e d   w i t h   t h e  l a s t  t h r e e   o f f e r i n g  
t h e   b e s t   s o l u t i o n s .  

For the   purposes  of t h i s   r e p o r t  and cos t  estimate, a r o c k - f i l l   t r a i n i n g  
wall was the  adopted  concept  of  those  discussed  above.  Preliminary compar- 
i s o n   o f   t h e   c o s t s   o f   t h e   r o c k   f i l l   a n d   f l e x i b l e  membrane t r a i n i n g  walls in- 
d i c a t e d   t h e   p o s s i b i l i t y  of sav ing  up t o  $20,000,000 i n   u s i n g   t h e   c o n c e p t  of 
t h e   f l e x i b l e  membrane. Should   benef i t -cos t   ra t ios   o f   regula t ion   be   found  to  
j u s t i f y  or r e j ec t   r egu la t ion   marg ina l ly ,   u s ing   cos t s   based  on r o c k - f i l l  wall, 
t h e   f l e x i b l e  membrane a l t e rna t ive   shou ld   no t   be   ove r looked .  

Small B o a t  Passage: The requi rements   for   the   des ign  of the   nav iga t ion  
f a c i l i t i e s   c o n s i s t e d  of providing a passage   fo r  small recreational boa t s  a t  
a l l  s t r u c t u r e s   d u r i n g   t h e   o p e n  water season  to   minimize  the  passage  of  small 
b o a t s   i n t o   t h e  main naviga t ion   channels   thereby   prevent ing   conges t ion   and  
p romot ing   s a fe ty .  With the   except ion   of   the   Por t  Huron  and South  Peach 
I s l a n d   s t r u c t u r e s ,   w h e r e   n a t u r a l   p o r t i o n s  of the   channel  are a v a i l a b l e   f o r  
small b o a t s ,   e a c h   f a c i l i t y  is t o   h a v e   t h e   c a p a b i l i t y   o f   h a n d l i n g   f i f t y   b o a t s  
pe r   hour   ( i nc lud ing  s a i l  b o a t s )   i n   e i t h e r   d i r e c t i o n ,   h a v i n g  a maximum d r a f t   o f  
8 f ee t ,   an   ave rage   l eng th  of 25 f ee t   and  a maximum length  of  40 fee t .   These  
two la t ter  cri teria were set  for   convent iona l   lock   des ign   purposes .  

S ince   t he  loss of head   ac ross   each   s t ruc tu re  is q u i t e  small ( t h e  maximum 
being 1.30 f e e t  across t h e   S t .  Clair S t r u c t u r e ) ,   t h e   p o s s i b i l i t y   o f  an un- 
gated  boat   passage was inc luded   i n   t he   s tudy .  The advantages  of  such a pas- 
s age  are: (1) minimal  maintenance  and  attendance,  and (2) the   avoidance   o f  
delay  imposed by convent iona l   locking   procedures .  The basic   problem is t o  
d i s s ipa t e   t he   ene rgy   head   wh i l e  a t  t h e  same time main ta in ing  velocit ies i n  
the  boat   passage  which do n o t  create d i f f i c u l t i e s   f o r  small c r a f t .  Two 
types   o f   ga t e l e s s   boa t   pas sage  were considered,   one  with  s ide  roughness  ele- 
ments   and  the  other   with  bot tom  roughness   e lements .  I n  a d d i t i o n ,  a s u i t a b l e  
g a t e d   s t r u c t u r e  was s t u d i e d   i n   d e t a i l .  A boa t   passage   employing   ver t ica l  
bottom  roughness  elements was used   fo r   t he   e s t ab l i shmen t  of cost estimates. 
Details of t h i s   p l a n  are shown  on F igure  6 . 4 6 .  

Estimates o f   t he   cos t   o f   concep tua l   des igns  shows t h a t   t h e  cost of  con- 
s t r u c t i o n   o f  a ga te l e s s   nav iga t ion   pas sage  is  less than ,  or compe t i t i ve   w i th ,  
t h e  cost of  a ga ted   lock  a t   a l l  sites o t h e r   t h a n   S t .  Clair. A t  t h i s  s i t e ,  
the   g rea t   l eng th   o f   t he   nav iga t ion   pas sage  makes i t  more expens ive   than   the  
g a t e d   a l t e r n a t i v e .  However, when both   main tenance   and   a t tendance   cos ts  are 
considered  and  the  added  convenience  of  an  ungated  passage is t a k e n   i n t o  
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Pr io r   t o   f i na l   des ign ,  a physical  model would be  necessary  to  verify 
the  operat ion of the  passage and t o   i n d i c a t e  economies t h a t  might  be made 
in   the   cos t  of the  passage. 

Development of Recreational  Areas: Some structures   lend  themselves   to  
development of recreational  areas.   Consequently,   adjacent  marinas are an t i -  
c ipated and provided  for   in   the  cost   es t imates .  An a r t i s t ' s   concep t ion  of 
a regula tory   s t ruc ture   in   opera t ion  w i t h  small  boat  passage and adjacent 
marina is s h m  on Figure 6.47. Plans   for   the   n ine   cont ro l   s t ruc tures  and 
a n c i l l a r y  works are de ta i l ed  on Figures 6-48 through 6 5 7 .  

Environmsntal  Considerations During  Construction: The proposed con- 
s t r u c t i o n  of t he   con t ro l   s t ruc tu res  and dikes  would have 80184 e f fec t   on   t he  
environment  during  construction.  Construction work w i l l  be ac t ive   on ly   i n  
r e l a t i v e l y  small areas a t  any  one time. Prefabr ica ted   sec t ions  of t he  work 
w i l l  be   bu i l t  on l and ,  a t  possibly two separa te  sites along  the two r i v e r s ,  
thus  miniaieing the land  requirements and environmental  disturbance  during 
construct ion.  The proposed method of construct ion  does  not   require   the 
c los ing   of f  of any -)or s ec t ion  of t h e   r i v e r  at  any time. In   add i t ion ,  
when the   s t ruc tures   a re   in   opera t ion ,   water   l eve ls  w i l l  be  maintained  within 
the  range of natural   var ia t ion  throughout   the system which is  a des i r ab le  
f ea tu re .  

3.3.16 Development of  Cost  Curves f o r  Channel Capaci ty  Decreases 

Ut i l iz ing   the  unit costs  provided by the report .on "Conceptual  Design 
and Estimates" discussed  previously,   costs  for  the  combination of s t r u c t u r e s  
required  fer   the   range of  channel  capacity  decreases were determined for t he  
S t .  Clair and Detroi t   Rivers .  Two channel  decrease  cost   curves were derived;  
one, i n  ccmbinetieol  with no channel  capacity  increase and the  second,   in  com- 
binat ion  with the enlarged  channels  result ing from the  maximum channel  capac- 
i t y  incre-e  requirements. The two curves  for   the S t .  Clair and Lletroit 
R i v e r s ,   a r e ' s h s r r  on Figures 6 5 8  and G-59, respec t ive ly .  These cest curves 
show tha t   for   the  maximum condition of  channel  decrease i n  combinaticbn with 
the maxispup chonne l   i nc rease   t he   t o t a l   f i r s t   cos t  of the  s t ructures ,   based 
on 1971 p r i c e   l e v e l s ,  is 69.4 mil l ion   do l l a r s   fo r   t he   S t .  Clair River and 
82.7 mil l ion  dellarrr @r  the  Detroit   River.   Since  the  channel  design is 
based on 1933 channel   condi t ions,   the   cost   curves   for  no channel  decrease re- 
qu i r ed   s t ruc tu res  i n  both  r ivers   to   account   for   the  "bui l t - in"   channel   in-  
c r ease   r e su l t i ng  from the 25- and 27-foot navigat ion improvements.  There- 
fo re ,  it ha6 bean determined  that   in  order  to  return  the  existing  channel 
condi t ioao t s  the  1933 r i v e r  regimen using  these  concepts,  two s t r u c t u r e s  
would &e reguired in the   S t .  Clair River;  one a t  the  Port   Hurm s i te ,  and 
the   o ther  at the Stag   I s land  s i te ,   a t  a f i r s t   c o s t  of 29.8 mil l ion   do l l a r s .  
S imi l a r ly ,  fer the   Detroi t   River ,   one  s t ructure   located a t  the  Trenton  Channel 
s i te  would be tequired at a f i r s t   c o s t  of 9.8 mil l ion   do l l a r s .  The s t e p s  
shown in  the  ehannel   cost   curves  are a result of   the  range  in   re tardat ion 
ava i l ab le  at each structure s i te ,  depending on the  number of gates  required.  
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3 . 3 . 1 7  Use of Cost  Curves 

The i n i t i a l  s t e p  in   de t e rmin ing   t he   cos t  of a s p e c i f i c   r e g u l a t i o n   p l a n  
i n v o l v e d   t h e   s e l e c t i o n   o f   t h e  extreme c o n d i t i o n  o f  c h a n n e l   c a p a c i t y   i n c r e a s e  
a n d   d e c r e a s e   r e q u i r e d   a c c o r d i n g   t o   t h e   p r o c e d u r e s   p r e v i o u s l y   d e s c r i b e d .  The 
r e t a r d i n g   c a p a c i t y  of t h e   s t r u c t u r e s  is determined by adding  the  channel   ca-  
p a c i t y   i n c r e a s e   ( d r e d g i n g )   t o   t h e  amount  of  channel  capacity  decrease.   This 
is necessary   because  an a d d i t i o n a l  amount o f   channe l   i nc rease  i s  i n c u r r e d  
which  must be added   to   the  amount determined f o r  the   channe l   dec rease  re- 
q u i r e d  by t h e   r e g u l a t i o n   p l a n .  

P r o c e e d i n g   t o   t h e   c h a n n e l   c a p a c i t y   d e c r e a s e   v e r s u s   c o s t   r e l a t i o n s h i p s  
f o r   t h e   S t .   C l a i r   a n d   D e t r o i t   R i v e r s ,   a s  shown  on  Figures 6 5 8  and G-59, 
r e s p e c t i v e l y ,   t h e   c o s t   a n d  number  of s t r u c t u r e s  are o b t a i n e d  by i n t e r p o l a t -  
i n g   b e t w e e n   t h e   c o s t   c u r v e s   f o r  no channe l   i nc rease   and   t he  maximum channel  
i n c r e a s e .  

The   cos t   i nvo lved   fo r   t he   r equ i r ed   d redg ing   ( channe l   capac i ty   i nc rease )  
is o b t a i n e d   f r o m   t h e   c h a n n e l   c a p a c i t y   i n c r e a s e   v e r s u s   c o s t   c u r v e s   f o r   t h e  
S t .   C l a i r   a n d   D e t r o i t   R i v e r s   o n   F i g u r e s  6.37 and G-38, r e s p e c t i v e l y .  The 
two c o s t s   a d d e d   t o g e t h e r   c o m p r i s e   t h e   t o t a l  f i rs t  c o s t s ,   b a s e d  on 1971 p r i c e  
l e v e l s ,   f o r   t h e   r e g u l a t o r y   s t r u c t u r e s   a n d   t h e   d r e d g i n g   r e q u i r e d   f o r  a 
s e l e c t e d   r e g u l a t i o n   p l a n .  

3 . 4  Channel  Design  and  Cost Estimates f o r  Se lec t ed   Regu la t ion   P l ans  

The me thodo logy ,   app l i ed   fo r   de t e rmin ing   t he   channe l   des ign   and  cost 
estimates f o r   s e l e c t e d   r e g u l a t i o n   p l a n s   a n d   r e q u i r i n g   d e t a i l e d   c o s t   a n a l y s i s ,  
was i n   D r i n c i p l e   s i m i l a r   t o   t h e   m e t h o d o l o g y   p r e v i o u s l y   d e s c r i b e d   f o r   a p p l i c a t i o n  
to   development   of   Drel iminary  regulat ion  plans.  The d i f f e r e n c e  was t h a t   f o r   p r e  
l i m i n a r y   p l a n s ,   t h e   c o s t   c u r v e s  were based on a given set  of extreme condi- 
t i o n s  of r eco rded   l ake   l eve l s   and   computed   f l ows ,   whereas ,   i n   t he   ana lys i s  
of t h e   s e l e c t e d   r e g u l a t i o n   p l a n s ,   t h e   d e s i g n   c o n d i t i o n s  were based on  regu- 
l a t e d   l e v e l s  and  f lows.  This l a t t e r  procedure was n e c e s s a r y   i n   o r d e r   t o  
a s s u r e   t h a t   t h e  extremes i n  levels and   f low  changes   requi red   by   regula t ion  
were r e f l e c t e d   i n   t h e   r e g u l a t o r y   w o r k s   d e s i g n   a n d   c o s t  estimates. 

3 . 4 . 1  Lake St. Clair Crit ical  Des ign   E leva t ion  

The methodology  involves   the   de te rmina t ion   of   Lake   S t .  Clair r e g u l a t e d  
l e v e l s   w h i c h  are not   provided by t h e   r e g u l a t i o n   p l a n s .   T h i s  is i n   c o n t r a s t  
to   the   methodology  used   in   the   deve lopment   o f   the   cos t   curves   for   which  re- 
corded  Lake S t .  Clair l e v e l s  were a v a i l a b l e  as a s u b s t i t u t e   f o r   p r o f i l e  
d e s i g n   e l e v a t i o n s .  

The so lu t ion   to   the   p roblem  of   de te rmining   regula ted   Lake   S t .  Clair 
d e s i g n   e l e v a t i o n s   i n v o l v e d   t h e   c o m p u t a t i o n   o f   t h e  level which  would  maintain 
t h e   S t .  Clair and Detroit R i v e r s   i n   h y d r a u l i c   b a l a n c e   f o r   t h e  c r i t i c a l  regu- 
l a t e d  levels  for Lakes  Michigan-Huron and Erie. The   r equ i r ed   des ign   e l eva -  
t i o n s   f o r  Lake S t .  Clair a n d   t h e   r e s p e c t i v e   b a l a n c e d   f l o w s   f o r   t h e   S t .  Clair 
and   De t ro i t   R ive r s  were determined by t h e   s i m u l t a n e o u s   s o l u t i o n  of t h e   s t a g e ,  
f a l l   d i s c h a r g e   e q u a t i o n   f o r   b o t h   r i v e r s .   T h e s e   e q u a t i o n s   f o r  1933 channel  
c o n d i t i o n s  are as fol lows:  
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Q S t .  Clair = 57.909 (HB-540.21)2'0 ( H B - C P ) O 5  

Q Detro i t  = 177.29  (GF"548.41)2'0 ( G P - c l e ~ ) * ~  

Where : HB (Harbor Beach) = Lakes  Michigan-Huron l e v e l  
GP (Grosse  Pointe) - Lake S t .  Clair l e v e l  
Clev  (Cleveland) - Lake Erie l e v e l  

The regula ted   l eve ls  and flows  together  with  the  design  requirements 
and assoc ia ted   cos ts   for   se lec ted   regula t ion   p lans   involv ing  Lakes  Michigan- 
Huron are  discussed  under  Evaluation  of  Regulation  Plans,   Section 6. 

3.5 Basic Data 

The following is a list of t h e   p r i n c i p a l   b a s i c   d a t a   u t i l i z e d   i n   t h i s  
study : 

(1) S o i l  Boring Data: 

(a) Report by William Trow and Associates (Hamilton)  Limited  en- 
t i t led:  "Preliminary  Subsurface  Investigations,   Proposed Flow Control 
S t r u c t u r e s ,  S t .  Clair River,  Ontario", 1971 

(b)  Reports by Chicago D i s t r i c t ,  U. S. Army Corps  of  Engineers 
enti t led:  "Subsurface  Investigations,   Proposed  Regulatory  Structures 
Between Lake Huron, Lake S t .  Clair and  Lake Erie" and a supplemental 
report   enti t led,   "Preliminary  Subsurface  Investigation,  Proposed 
Regulatory  Structures  for  Detroit   River",  1971 

(c)  Numerous boring  logs  taken by the  U. S. Army Corps  of 
Engineers  for  previous  projects 

(2 )  Hydrographic Data: 

(a) Hydrographic  surveys  undertaken by the  U. S. Army Corps  of 
Engineers i n  the S t .  Clair River   in  1954 and 1970 for   ob ta in ing   c ross  
sec t   i ons  

(b)  Hydrographic  surveys  undertaken by the  U. S. Army Corps  of 
Engineers  in  the Lower Detroit River   In  1966 for   ob ta in ing   c ross  
sect ions 

(c)  Various Lake Survey  Center, NOAA, U. S. Department of 
Commerce Charts and f i e l d   s h e e t s   f o r   a d d i t i o n a l   c r o s s   s e c t i o n s  

(d)  St. Clair and Detroit   Rivers  discharge measurements  and water 
leve ls   for   ex is t ing   channel   condi t ions   t aken   in  1968  by the  U. S. Army 
Corps  of  Engineers.  Discharge  measurements were also  taken  In   the  lower 
S t .  Clair R ive r   fo r   ob ta in ing   t he   d i s t r ibu t ion  of  flow i n   t h e  lower 
reach  of  the  St. Clair River 
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( 3 )  Aerial Photographs 

(a) Black and white aer ia l  photographs of the S t .  Clair  River, 
s ca le  : 1/30,000 

(b) Color aeria l  photographs of the  Detroit  River,  Scale: 
1 in .  = 2,500 f e e t .  Photos available from the U .  S .  Army Corps of  
Engineers 
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S e c t i o n  4 

NIAGARA R I V E R  SYSTEM 

4 . 1   D e s c r i p t i o n  of the  System 

The Niaga ra   R ive r ,   abou t  36 miles i n   l e n g t h ,   l i n k s   L a k e  Erie a t  B u f f a l o ,  
New York, and  Lake  Ontario a t  Niagara-on-the-Lake,   Ontar io .   The  average 
f a l l  o v e r  i t s  c o u r s e  is  326 feet  about   ha l f   o f   which  is  c o n c e n t r a t e d  a t  
N i a g a r a   F a l l s ,   l o c a t e d   a p p r o x i m a t e l y  22 miles be low  the   head   of   the   r iver .  
Over   the  per iod  1900-1967,   the  monthly mean Niaga ra   R ive r   d i scha rge   has   va r -  
ied   f rom 251,000 cfs   to   116 ,000   c fs   and   has   averaged   approximate ly   194 ,000  
c f s .  A por t ion   of   the   Lake  Erie o u t f l o w  is a l s o   c a r r i e d  by  two a r t i f i c i a l  
channels ,   the   Wel land   and   Black  Rock C a n a l s ,  a more d e t a i l e d   d i s c u s s i o n   o n  
which is c o n t a i n e d   i n   S e c t i o n   4 . 1 . 4 .  

4.1.1 General  

An o u t s t a n d i n g   p h y s i c a l   c h a r a c t e r i s t i c   o f   t h e   N i a g a r a   R i v e r  is t h e   r a p i d  
change i n  t he  water s u r f a c e   p r o f i l e   b e t w e e n   v a r i o u s   p o i n t s  on t h e   r i v e r   s y s -  
tem. The N i a g a r a   R i v e r   m y   b e   c o n s i d e r e d   t o   c o n s i s t   o f   t h r e e   m a j o r   r e a c h e s :  
t h e  Upper  N iaga ra   R ive r ;   t he   N iaga ra   Cascades   and   Fa l l s  ; and ,   t he  Lower 
N i a g a r a   R i v e r   e x t e n d i n g   f r o m   t h e   f o o t   o f   t h e   f a l l s  a t  the  Maid-of-the-Mist 
Pool  t o  Lake O n t a r i o .  The f o l l o w i n g   p a r a g r a p h s   d e s c r i b e   t h e   r i v e r   s y s t e m  
i n  more d e t a i l .  A l o c a t i o n  map o f   t he   N iaga ra   R ive r   and   su r round ing  area 
is shown  on F i g u r e  C-60. 

Upper  tiiagara  River: The  Upper   Niagara  River ,   extending  f rom  Lake Erie 
be low  Buf fa lo   Harbor   t o   t he   Cascades   and   N iaga ra   Fa l l s ,  is  of   p r imary   in -  
terest  i n   t h i s   s t u d y   s i n c e   r e g u l a t o r y   w o r k s   m u s t   b e   l o c a t e d   i n   t h e   u p p e r  
p o r t i o n   o f   t h i s   r e a c h   t o   f u l f i l l   t h e   o v e r a l l   o b j e c t i v e s   o f   r e g u l a t i n g   L a k e  
Erie. An aerial pho tograph   o f   t he   r each ,   ex t end ing   f rom  the   In t e rna t iona l  
R a i l r o a d   B r i d g e   t o   t h e   h e a d  of t h e   r i v e r ,  is shown  on F i g u r e   6 6 1 .  From 
Lake Erie t o   S t r a w b e r r y   I s l a n d ,  a d i s t a n c e   o f   a p p r o x i m a t e l y  5 miles, t h e  
c h a n n e l   w i d t h   v a r i e s   f r o m   9 , 0 0 0   f e e t  a t  i t  funne l - shaped   en t r ance   t o  1,500 
f e e t  a t  Squaw I s l and   be low  the   Peace   Br idge   (H ighway) .   The   no rma l   f a l l   ove r  
t h i s   u p p e r  5 mile p o r t i o n  is 6.1 f e e t .   I n   t h e   u p p e r  2 miles o f   t h e  river, 
t h e  maximum dep th  is approx ima te ly  20 f e e t   w i t h   v e l o c i t i e s  as h i g h  as 12 f p s  
i n   t h e   v i c i n i t y   o f   t h e   P e a c e   B r i d g e .  This p a r t  of t h e  river is p a r a l l e l e d  
by the   Black  Rock Canal.  Below Squaw I s l a n d   t h e  r iver widens   t o   app rox i -  
mately 2,000 f e e t   a n d  becomes more p l a c i d   w i t h   v e l o c i t i e s  i n  t h e   o r d e r  of 
4 t o  5 feet per   second.  A n a v i g a t i o n   c h a n n e l ,   w i t h  a ma in ta ined   dep th  of 
21 f e e t   b e l o w  L.W.D., enters t h e  river a t  t h i s   p o i n t   a n d ,   t o g e t h e r   w i t h   t h e  
Black Rock C a n a l ,  p rov ide   fo r   t he   pas sage   o f   l a rge r   ves se l s   be tween   Lake  
Erie and  Tonawanda, New York.  The  Upper  Niagara River is s u i t a b l e   f o r  rec- 
r e a t i o n a l   b o a t i n g   w i t h   t h e   e x c e p t i o n   o f   t h e   d o w n s t r e a m   p o r t i o n  of Chippawa 
Grass - I s l and  Po~l. (Downstream  of Navy I s l a n d ,   b o a t i n g  is d i scouraged   due  
t o  t h e   i n c r e a s e d   v e l o c i t i e s   a n d   t h e   d a n g e r  of b e i n g   s w e p t   o v e r   N i a g a r a   F a l l s . )  

A t  S t r a w b e r r y   a n d   G r a n d   I s l a n d s ,   t h e   r i v e r  i s  d i v i d e d   i n t o  two c h a n n e l s ,  
the Canadian, o r  Chippawa Channel and the  American, or Tonawanda Channel. 
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(COURTESY OF THE POWER AUTHORITY OF THE STATE OF NEW  YORK)  JANUARY 24, 1966 

Figure G-61 
Aerial Photograph of Upper Niagara River Looking Downstream from  Lake  Erie 



The Chippawa  Channel is approximately 11 miles i n   l e n g t h  and v a r i e s  from 
2,000 t o   4 ,000   f ee t   i n   w id th .   Ve loc i t i e s   r ange  from 2 t o  3 f p s .  The Chippawa 
Channel camred approximately 57%  of t h e   t o t a l   r i v e r   f l o w .  The  Tonawanda 
Channel is approximately 15 miles long and v a r i e s  from  1,500  to 2,000 feet  
in   width  above Tonawanda I s l a n d .  Downstream the reo f ,   t he   channe l   va r i e s  from 
1,500 to   4 ,000   f ee t   i n   w id th .   Ve loc i t i e s   r ange  from 2 t o  3 fps .  The I s l a n d s  
of Navy and Tonawanda are l o c a t e d   i n   t h e  Chippawa  and  Tonawanda Channels, 
r e s p e c t i v e l y .  

A t  the   foo t   o f  Grand Is land ,   the   channels  unite t o  form the  3-mile-long 
Chippawa-Grass I s l and   Poo l   ex t end ing   t o  a p a r t i a l  c o n t r o l   s t r u c t u r e   e x t e n d -  
ing  from  the  Canadian  shoreline,  which is located  approximately  4 ,500  feet  
upstream of Niagara F a l l s .  The normal f a l l  from  Lake Erie t o   t h e  ups t ream 
end  of Chippawa Grass Is land   Pool  is 9 . 1   f e e t .  The  normal f a l l   a c r o s s   t h e  
Pool is  about   0 .4   foot .  

Niagara Cascades m d  Falls:  Below t h e   c o n t r o l   s t r u c t u r e ,   t h e   r i v e r   f a l l s  
50 feet   through  the  cascades  and is  d i v i d e d   i n t o  two channels by Goat I s l a n d ,  
t o   t h e  crest of  Niagara F a l l s .  The Canadian or   Horseshoe F a l l s ,  so named 
because   t he   c r e s t   r e t a ins   t he   shape  of a somewhat d i s to r t ed   ho r seshoe ,  are 
about   1 ,200  feet   wide  across  o r  about  2,500  feet   around  the  crest .   For  the 
most p a r t   t h e  water f a l l s   s h e e r   i n t o   t h e  Maid-of-the-Mist  Pool, a drop  of 
about 170 feet .   There are small accumulations  of t a lu s  a t  t he   f l anks .  

The American Fal ls  has  a crest length  of  810 f e e t   i n   t h e  main s e c t i o n .  
The B r i d a l  Veil Fa l l s   add  a f u r t h e r  60 f e e t   t o   t h e   c r e s t   l e n g t h .  The water 
p lunges   ve r t i ca l ly   w i th   d i s t ances   r ang ing  from 70 t o  110 f e e t .  A t  t h e   f o o t  
o f   t h e   f a l l s ,   t h e   t a l u s   s l o p e s  down to   t he   poo l  water l i n e ,   a b o u t  400 f e e t  
from t h e   f a c e   o f   t h e   f a l l ,  and  ranges  in   height  from 60 t o  100 feet a t  t h e  
face  of   the American Fa l l s .  

Lower Niagara River: The Niagara  Gorge,  which  begins a t  the  Horseshoe 
Fal ls ,  ex tends   for   seven  miles downstream  thereof  to  the  foot  of  the  escarp- 
ment a t  Queenston,  Ontario. The upper  2-1/4 miles o f   t h i s   r e a c h   o f   t h e   r i v e r  
is known as t he  Maid-of-the-Mist  Pool. The Pool   has  a normal f a l l   o f   app rox-  
imately 5 f e e t   o v e r  i ts course and is n a v i g a b l e   f o r   p r a c t i c a l l y   t h e   e n t i r e  
d i s t ance .  The Maid-of-the-Mist  Pool is terminated by the  Whirlpool  Rapids 
which  extend  downstream  for a distance  of   approximately 1 mile. The water 
su r face   p ro f i l e   d rops   abou t  50 f e e t   o v e r   t h e i r   c o u r s e  and v e l o c i t i e s   r e a c h  
as high as 30 fps .  The Whirlpool,  a basin  about  1,700  feet   long  and  1,200 
fee t   wide   wi th   depths  up t o  125 f e e t ,  marks t h e   l o c a t i o n  where t h e   r i v e r  makes 
a near   r ight-angled  turn.  As a r e s u l t  water coming  from t h e   r a p i d s   f o r c e s  
a ro t a t ion   i n   t he   Whi r lpoo l   be fo re  i t  is discharged  through i ts  narrow  out- 
l e t .  Below the   Whi r lpoo l ,   t he re  are another  set of  rapids  which  drop  approxi- 
mately 40 f e e t .  From Queenston,  where  the  river  emerges  from  the  Gorge,  the 
water is d ischarged   to  Lake Ontar io  a t  Niagara-on-the-Lake,  Ontario. The 
remain ing   sec t ion  of t h e   r i v e r  is about  2,000  feet   wide  and is navigable  
over  i ts course.  

4 . 1 . 2  Exis t ing   Regula tory  Works 

To f u l f i l l  the o b j e c t i v e s  of the 1950 Niagara Diversion Treaty, a con- 
t r o l   s t r u c t u r e  was constructed  in   lower  end of t he  Chippawa-Grass I s l a n d  
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Pool  approximately  4,500 feet  ups t r eam of the  Horseshoe F a l l s .  The s t ruc ture ,  
which cons i s t ed  of 13 100-foot   gates ,  was constructed  between 1954 and 1957 
i n  a s e c t i o n  where t h e   r i v e r  was approximd$ely  3,800  feet   wide.  The toCal 
l eng th   o f   t he   s t ruc tu re  was 1 , 5 0 0   f e e t .  

D u e  to   the   expans ion  of power f a c i l i t i e s ,  which were p u t  i n t o   o p e r a t i o n  
i n  December 1961, t h e  c o n t r o l   s t r u c t u r e  was found  to  provide  inadequate con- 
t r o l .  A s  a r e s u l t ,  5 addi t ional   100-foot   gates  were constructed  between 1961 
and  1963. A man-made i s l a n d ,  now c a l l e d  Tower I s l a n d ,  was placed  during 'con-  
s t r u c t i o n  and  has  been  permanently  retained a t  the   end   of   the   S t ruc ture .  It  
extends  about  150 f e e t   o u t  from t h e   g a t e d   s t r u c t u r e .  

The con t ro l   s t ruc tu re ,   i n   combina t ion   w i th   t he  power d i v e r s i o n s ,  i s  
operated by the power e n t i t i e s  s o  t h a t  a flow  of  not less than  100,000  cfs 
is maintained  over  the F a l l s  dur ing   the   dayl ight   hours  of t h e   t o u r i s t   s e a s o n  
and a flow of not  less than 50,000 c f s  a t  o t h e r  times. The I n t e r n a t i o n a l  
Niagara  Board  of  Control 's   Directive,   dated  June  30,  1955,  required  the power 
companies t o   o p e r a t e   t h e .   c o n t r o l   s t r u c t u r e   s u c h   t h a t   t h e   d a i l y  mean s tage   o f  
t he  Chippawa-Grass Is land  Pool   did  not   vary more than  0.50  foot , nor  monthly 
mean s t a g e  more than  0.30  foot  from  the  pre-1953  hydraulic  regime. 

The Board  of Control ' s   Operat ing  Procedures  were r e v i s e d ,   e f f e c t i v e  
March 1, 1973,   according  to   procedures   def ined  in  a new d i r e c t i v e   t o   t h e  
Power En t i t i e s   da t ed   Februa ry   27 ,  1973. In   e s sence ,   t he  new operat ing  pro-  
cedures  are des igned   to   main ta in   the   l eve ls  of  Chippawa-Grass I s land   Pool  
as near  as may b e   p r a c t i c a b l e   t o  i t s  long-term mean n a t u r a l   l e v e l   o f  561.00 
f e e t  (IGLD) as recorded a t  Material Dock gauge. The impl i ca t ions   o f   t h i s  
new procedure on the  methodology is de ta i l ed   i n   Sec t ion   4 .4 .3 .  

4.1.3 Power F a c i l i t i e s  and  Flows 

Data on t h e   e x i s t i n g  power developments are summarized  on  Table 6 6 .  
A l l  power d ive r s ions  are made i n  compliance  with  the 1950 Niagara  Diversion 
Treaty so t h a t   t h e  c r i t e r i a  as out l ined  in   paragraph  4 .1 .2   above are met. 
A b r i e f   d e s c r i p t i o n   o f   t h e   p l a n t s  and the   cor responding   d ivers ions   fo l lows .  
A d e t a i l e d   d i s c u s s i o n  on these  is g iven   i n  Appendix F,  Power. 

United  States Power Plants: The Robert Moses P l a n t  , which is opera ted  
by t h e  Power Au thor i ty   o f   t he   S t a t e  of New York (PASNY), d i v e r t s  water from 
Chippawa-Grass Is land  Pool   above  the  control  structure v i a  two covered  con- 
d u i t s   t o   t h e  power p lan t   forebay .  From the   fo rebay ,  water may b e   e i t h e r  
discharged  through  the  main  plant  to  the  Niagara  River  downstream of the  
Whir lpool   o r  pumped t o  a s to rage   r e se rvo i r   and  later used by t h e  main p l a n t  
and/or  the  Lewiston  Pumping-Generating  Plant  for  peaking  operations.  Opera- 
t i o n  of the  Robert  Moses p l a n t  began i n  1961. I n   r e c e n t   y e a r s ,   t h e  monthly 
mean divers ion  has   ranged  f rom  41,900  cfs   to  87,500 c f s  . This   p l an t   has  
d ive r t ed  up to   105 ,000   c fs  . 

Canadian Power PZants: There are a t o t a l   o f   s i x   p l a n t s   o p e r a t i n g  on 
the  Canadian  s ide.  They are: ( 1 )   S i r  Adam Beck P lan t   ( cons i s t ing   o f   Un i t  1 
and Unit 2) ; (2)   PumpinglGenerat ing  Plant ;   (3)   Ontar io   Plant ;   (4)   Toronto 
Plant  (deactivated In April 1974);   (5)  Rankine P l a n t ;  and (6)  DeCew Falls 
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TABLE 6 6  

EXISTING HYDRO-ELECTRIC  POWER  DEVELOPMENT 
NIAGARA RIVER 

Power P l a n k  - 
Net Head 

S o u r c e  of No. of Used f o r   I n s t a l l e d  Diversion 
Owner - Water s u p p b  h i t s  Power - C a p a c i t y   C a p a c i t y  

Robert Moses  Niagara PASNY N i a g a r a  River 

L e w i s  t o n  Pump G e n e r a t i n g  PASNY N i a g a r a  River 

S i r  Adam Beck No. 1 HEPCO N i a g a r a  River 

S i r  Adam Beck No. 2 

Pump G e n e r a t i n g  

Ontar io   Power  

c3 

c1 
I 
c1 
o\ 

HEPCO N i a g a r a  River 

HEPCO N i a g a r a  River 

HEPCO N i a g a r a  River 

Toronto Power HEPCO N i a g a r a  River 
( d e a c t i v a t e d   A p r i l  1974) 

Ran ki ne CNPC N i a g a r a  River 

DeCew F a l l s  (2  p l a n t s )  HEPCO Wel l and   Cana l  

13  300  1,950,000) 
1 105,000 

12  85 240,000) 

10 294  403,900) 
) 70,000 

16 292  1,223,000) 
1 

6 60-85  176,700) 

12 20 5 101,500 10, 7002 

7 134 64,800 15, 3002 

11 126  94,700 10, 6002 

a 266 & 283  147,100  6,400 
““__“l__ 

’PASNY - Power   Author i ty  of t h e   S t a t e  of New York 
HEPCO - Hydro-Electr ic   Power  Commission of O n t a r i o  
CNPC - Canadian   Niagara   Power  Company 

’Because of t h e   g r e a t e r   e f f i c i e n c y   a n d   h e a d  of t h e   S i r  Adam Beck p l a n t s ,   t h e s e   p l a n t s   n o r m a l l y  
do no t   deve lop   power   un le s s   excess  water is ava i l ab le .  



P l a n t s .  A l l  t h e s e   p l a n t s  are owned and operated by Ontar io  Hydro wi th   the  
exception  of  the  Rankine P l a n t  which is owned and operated by Canadian 
Niagara Power Company. 

The S i r  Adam Beck P l a n t s   d i v e r t  water from  Chippawa-Grass I s land   Pool  
above   t he   con t ro l   s t ruc tu re   t o  a common forebay.  Water is c a r r i e d   t o   t h e  
forebay by a s e t  of  twin  tunnels  and  an  open  canal  which is l o c a t e d ,   i n   p a r t ,  
i n   t h e  Welland  River. The f low  in   the  Welland  River  is reve r sed   ove r   t h i s  
s h o r t   d i s t a n c e .  The Beck P l a n t s   a l s o   h a v e  pumped s t o r a g e   f a c i l i t i e s   a n d  
opera te  them i n  a way similar to   t ha t   o f   Rober t  Moses Pumping-Generating 
S t a t i o n .   I n   r e c e n t  years, the  monthly mean d ivers ion   has   ranged  from 38,000 
c f s   t o  63,400 c f s .  

The Ontar io ,   Toronto and  Rankine  Plants,   which are a l s o   c a l l e d   t h e  
Cascades   P l an t s ,   d ive r t  water f rom  be low  the   con t ro l   s t ruc tu re   t o   t he  Maid- 
of-the-Mist  Pool. The O n t a r i o   P l a n t   d i v e r t s  water from the  River a t  
Duf fe r in   I s l and  by means of  a ga ther ing  weir and  conveys i t  t o   t h e  power 
p l a n t ,   l o c a t e d  below t h e   f a l l s ,   v i a   c l o s e d   c o n d u i t s .  The Toronto  and  Rankine 
P l a n t s   a l s o   d i v e r t  water from t h e   r i v e r  by means of a ga ther ing  weir extend- 
ing  from the   p lan ts   themselves ,   then   d i scharge  i t  through  tu rb ines   loca ted  
i n  a wheel p i t   u n d e r   t h e   p l a n t .  Water is then  conveyed by tailrace tunnels  
t o   o u t l e t s   u n d e r   t h e   F a l l s   w h e r e  i t  is d i scha rged   i n to   t he  Maid-of-the-Mist 
Pool. The use of  the  Cascades  Plants  depends upon t h e   a v a i l a b i l i t y   o f  water 
surp lus   for   d ivers ions   to   the   h igh   head  p l a n t s  at-Queenston.  Their  opera- 
t i o n  is the re fo re   spo rad ic   and   i r r egu la r .   Dur ing  1971, t he  maximum dive,r- 
s i o n s  a t  the  Toronto,   Ontar io   and  Rankine  Plants  were 2,500 c f s ,  8,300 c f s  
and 9,100 c f s ,   r e s p e c t i v e l y .  The Toronto   P lan t  was d e a c t i v a t e d   i n   A p r i l  
1974 due t o   t h e   d e t e r i o r a t e d   c o n d i t i o n   o f   t h e   p l a n t .  

The DeCew Fa l l s  Power P l a n t s   d i v e r t  water from  Lake Erie through  par t  
of Welland  Canal  and  discharge i t  through  Twelvemile  Creek t o  Lake Ontar io .  
During  the past 20-year per iod ,   the   d ivers ion   has   approximated  5,900 c f s  
( f o r  power genera t ion   on ly) .  

4.1.4 Navigation Fac i l i t i es  and  Flows 

Through t r a f f i c  between  Lake Erie and   Lake   Ontar io   u t i l i zes  the Welland 
Canal. The Black Rock Canal   para l le l s   the   upper   reach   of   the   Niagara   River  
from  Buffalo  Harbor  to  the  downstream  portion  of Squaw I s l a n d  a t  which  point  
the  natural   channel   has   been  deepened,   extending  to  Tonawanda, New York. 
The New York State   Barge  Canal   extends from  Tonawanda t o   t h e  Hudson River  
w i th   an   ex tens ion   t o  Lake Ontar io  a t  Oswego. The fo l lowing   subsec t ions  sum- 
m a r i z e   t h e   e x i s t i n g   n a v i g a t i o n   f a c i l i t i e s   a n d   f l o w s   i n   d e t a i l .  

WeZland Canal: The Welland  Canal,  with a minimum depth  of  27 f e e t ,  
connects  Lake E r i e  a t  Port   Colborne,   Ontar io ,   approximately 18 miles west 
of  the  head  of  the Niagara River ,   wi th   Lake  Ontar io  a t  P o r t  Weller, On ta r io ,  
9 miles  west of   the mouth o f   t he  river. The cana l  is approximately 27 miles 
long  and  overcomes a d i f f e r e n c e   i n   l e v e l   o f   a b o u t  326 f e e t  by a series of 7 
l i f t   l o c k s  and 1 guard  lock.  Ships 730 f e e t  or less i n  ove ra l l   l eng th   and  
80 f e e t  or less in   w id th  may t r a n s i t   t h e   c a n a l .  The opera t ion   of   the   cana l  
r e q u i r e s  a flow  varying  from 100 t o  2,100 c f s .  Over t h e   p a s t  20-year pe r iod ,  
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t he   f l ow  has   ave raged   1 ,200   c f s .   Toge the r   w i th   t he   wa te r   fo r   t he  DeCew F a l l s  
Power P lan t ,   t he   ave rage   d ive r s ion   t h rough   t he   Wel l and   Cana l   ove r   t he  past  
20-yea r   pe r iod   has   ave raged   7 ,100   c f s .   Fo r   pu rposes   o f   t h i s   s tudy ,   t he  mean 
monthly  divers ion  has   been  approximated a t  7,000 c f s .  

Black Hock Canal: The Black Rock Canal   has  a depth  of   about  2 1  fee t .  
I t  provides   an  a l ternate  rou te   a round   t he   cons t r i c t ed   and   sha l low  r each  a t  
the  head  of   Niagara River.  Extending   f rom  Buffa lo   Harbor   to   the   r iver   above  
S t r a w b e r r y   I s l a n d ,   t h e   c a n a l  is s e p a r a t e d   f r o m   t h e   r i v e r  by a series of s t o n e  
and   concre te  walls and by Squaw I s l a n d .  The Black Rock Lock,  which  has a 
l i f t   o f   a b o u t  5 f e e t ,  is loca ted   near   the   lower   end   of   the   cana l .   Opera t ion  
o f   t h e   l o c k   r e q u i r e s  a f low  usage  of   about  10 c f s .  

The n a v i g a t i o n   c h a n n e l   r e j o i n s   t h e   r i v e r   b e l o w  Squaw I s l and   where   t he  
river widens  and  becomes  placid. A nav iga t ion   channe l   w i th  a minimum depth 
of   21  feet   below L.W.D. is main ta ined   be tween   t he   sou the rn   t i p   o f  Squaw 
I s l a n d  and  Tonawanda, New York. From Tonawanda t o   N i a g a r a   F a l l s ,  New York, 
o p p o s i t e   t h e   S o u t h e r n   t i p   o f   G r a n d   I s l a n d ,  a nav iga t ion   channe l   w i th  a mini- 
r m m  depth  of  1 2  f ee t   be low L.W.D. is maintained.  

?leu York S t a t e  Barge CanaZ: The New York Sta te   Barge   Canal   has  a depth  
of  about 12 f e e t .  It  extends  eastward  from  Tonawanda, New Y o r k ,   l i n k i n g   t h e  
Niagara   River   wi th   the  Hudson River near   Albany,  New York. Near Syracuse ,  
New York,   an  extension  runs  northward  into  Lake  Ontar io  a t  Oswego, New York. 
The d ive r s ion   f rom  the   r i ve r   ave rages  800 c f s  on an   annua l   bas i s   w i th  a mini- 
mum of   1 ,100 c f s  b e i n g   d i v e r t e d   d u r i n g   t h e   n a v i g a t i o n   s e a s o n .   T h i s   d i v e r s i o n  
is c o n s i d e r e d   r e l a t i v e l y  small, a n d ,   s i n c e  water is withdrawn  downstream  of 
t h e  constricted p o r t i o n   o f   t h e   r i v e r   n e a r   t h e   P e a c e   B r i d g e ,   t h e   e , f f e c t  on 
t h e   l e v e l s   o f  Lake Erie is c o n s i d e r e d   t o   b e   n e g l i g i b l e .  

4.1.5 B r i d g e s ,   F e r r i e s ,  Docks a n d   O t h e r   F a c i l i t i e s  

Two b r i d g e s   l i n k i n g   t h e   P r o v i n c e   o f   O n t a r i o   a n d   t h e   S t a t e   o f  New York 
are l o c a t e d  a t  the  Upper  Niagara  River.   The  Peace  Bridge  (Highway)  crosses 
t h e  river and the   Black  Rock Canal near i t s  i n l e t  a t  Lake Erie. The I n t e r n a -  
t i o n a l   R a i l r o a d   B r i d g e   c r o s s e s   t h e   r i v e r   a n d   t h e   c a n a l   a b o u t   1 . 5  miles down- 
stream of t h e  Peace Bridge. The North  and  South  Grand  Is land Highway Br idges  
t r a v e r s e   t h e  Tonawanda Channel a t  Kenmore and   Niagara   Fa l l s ,  New York.  Cur- 
r e n t l y ,   t h e r e  are no f e r r i e s   i n   o p e r a t i o n  on t h e  Upper Niagara   River .  

Docks f o r   r e c r e a t i o n a l   c r a f t s  are l o c a t e d  a t  many p o i n t s   a l o n g   t h e   u p p e r  
Niagara   River   wi th  a p a r t i c u l a r l y   h i g h   c o n c e n t r a t i o n   a l o n g  Grand I s l a n d .  
There are commerc ia l   docks   for   bu lk   commodi t ies   a long   the   Uni ted   S ta tes  
shore l ine   be tween  the   lower   end  of Black Rock Canal  and  North Tonawanda. 
The C i t y   o f   N i a g a r a   F a l l s ,  New York,  has a municipal  dock a t  the  downstream 
end  of   the   12- foot   naviga t ion   channel .  

There are s e v e r a l   m u n i c i p a l   a n d   i n d u s t r i a l  water i n t a k e s   a n d   o u t f a l l s  
i n   t h e   u p p e r   r i v e r .  Some o f   t h e s e   h a v e   s t r u c t u r e s   e x t e n d i n g   a b o v e   t h e  water 
s u r f a c e .  The Buffa lo   sewage   t rea tment   p lan t  is l o c a t e d  on the   upper   end   of  
Squaw Is land   be tween  the   Black  Rock Canal a n d   t h e  r iver.  
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4.1.6 Ice Problems 

D u r i n g   w i n t e r ,   t h i n  ice s h e e t s  may form i n   s h a l l o w  areas o f   t h e   r i v e r  
n e a r   s h o r e .   B u t   t h e   p r i n c i p a l   p r o b l e m  arises f rom  the   b reakup   o f   t he  ice  
f i e l d   i n  Lake Erie, r e s u l t i n g   i n   t h e   s u b s e q u e n t   p a s s a g e   o f   b r o k e n  ice  down 
t h e   r i v e r .   L a k e  ice  may be   b roken  up by e i t h e r  wind  and/or   wave  act ion  dur-  
i n g   t h e   w i n t e r   m o n t h s   o r   s p r i n g   t h a w s .   T h e  l a t t e r  c a s e   p r e s e n t s  more d i f f i A  
c u l t i e s .  Ice f l o e s   w i t h   t h i c k n e s s e s  up to  20 f e e t   h a v e   b e e n   o b s e r v e d   i n  
t h e  upper  r iver .  The Power E n t i t i e s ,  PASNY and HEPCO, employ   i ceb reake r s  
i n   t h e   v i c i n i t y  of t h e i r   i n t a k e s  as w e l l  as clear an i c e   p a s s a g e   a r o u n d   t h e  
e n d   o f   t h e   c o n t r o l   s t r u c t u r e .   F r a z i l   a n d   a n c h o r  ice c o n d i t i o n s   o c c u r   p e r i -  
o d i c a l l y ,   c a u s i n g   r e d u c t i o n s   i n   t h e   c r o s s - s e c t i o n a l  area o f   t h e   r i v e r   c h a n n e l  
and   power   i n t ake   open ings ,   t hus   r educ ing   f l ows   ava i l ab le   fo r   power   gene ra t ion .  
However, f r a z i l   a n d   a n c h o r  i ce  problems are c o n s i d e r e d   s e c o n d a r y   t o   t h o s e  
caused  by the   b reakup   o f   t he   Lake  Erie ice  f i e l d .  

I n  1 9 6 4 ,   w i t h   t h e   a p p r o v a l   o f   T h e   I n t e r n a t i o n a l   J o i n t   C o m m i s s i o n ,   t h e  
Power E n t i t i e s   i n s t a l l e d  a f l o a t i n g   t i m b e r  ice boom i n  Lake Erie,  n e a r   t h e  
head  of   the  Niagara  River .   The boom i s  f a s t e n e d  a t  i n t e r v a l s   t o   a n c h o r s   i n  
the   rock   bo t tom.  I t  is n o r m a l l y   p l a c e d   i n  December  and  removed i n   A p r i l .  
I ts  purposes  are t o  f a c i l i t a t e   e a r l y   f o r m a t i o n   o f   a n  i ce  cove r  a t  t h e   o u t l e t  
of  Lake Erie and to r e t a i n  ice  f l o e s   t h a t  may b e   c r e a t e d  by  mid-winter  break- 
up o f   t he  ice  c o v e r .   U n d e r   s t r o n g   w i n d s ,   t h e  boom is  des igned   to   submerge  
t h e r b y   a l l o w i n g  some o f   t he  i ce  cove r  t o  p a s s .  When t h e   p r e s s u r e  is r e l e a s e d ,  
t h e  boom emerges to p r e v e n t   c o n t i n u i n g   p a s s a g e   o f  i ce .  I t  has   been   gener -  
a l l y   s u c c e s s f u l   i n   p r e v e n t i n g  i ce  jamming i n   t h e   N i a g a r a  River. Normally,  
by t h e  time t h e  ice  boom is  removed, a i r  t e m p e r a t u r e s  are high  enough t o  
c a u s e  a r a p i d   d e t e r i o r a t i o n   o f   t h e  ice c o v e r .  A s  a r e s u l t ,   t h e   t h r e a t   o f  a 
s e r i o u s  i ce  jam i n   t h e   r i v e r   a n d  a t  t h e  power   i n t akes  i s  s u b s t a n t i a l l y  re- 
duced. 

4 . 1 . 7   S h o r t   P e r i o d  Water Levels F l u c t u a t i o n s  

Of t h e   f i v e  Great Lakes,  Lake Erie i s  t h e   s h a l l o w e s t   w i t h   a n   a v e r a g e  
depth   o f  62 f e e t .  The p r e v a i l i n g   w i n d   o v e r   t h e   L a k e  Erie b a s i n  i s  sou th -  
w e s t e r l y   w h i c h   c o i n c i d e s   w i t h   t h e   l o n g i t u d i n a l  axis o f   t h e   l a k e   c a u s i n g   s i g -  
n i f i c a n t   w i n d   a n d  wave  set-up. Of more s i g n i f i c a n c e ,   h o w e v e r ,  is t h e  oscil-  
l a t i o n   o f   t h e   l a k e   s u r f a c e   p r o d u c e d   b y   c h a n g e s   i n   w i n d   a n d / o r   b a r o m e t r i c  
p r e s s u r e  commonly r e f e r r e d  t o  as a s e i c h e .  Wind p r o d u c e d   s e i c h e s   f o l l o w  
c e s s a t i o n  or s h i f t   i n  w i n d   d i r e c t i o n   a f t e r  a p e r i o d   o f   r e l a t i v e l y   s t e a d y  
wind i n  one d i r e c t i o n .  A rise i n  water s u r f a c e   e l e v a t i o n ,   d u e   t o   s e i c h e ,  
o f  5 f e e t   a b o v e   t h e   p r e s t o r m   l e v e l   c a n   b e   e x p e c t e d   a n n u a l l y  a t  B u f f a l o .  
The maximum r e c o r d e d   s e i c h e  a t  the   Buffa lo   gauge ,   based   on  a 15-minute  in- 
s t a n t a n e o u s   s t a g e ,  was 8 f e e t   a n d   h a s   b e e n   u t i l i z e d   i n   t h e   d e s i g n   o f   r e g u -  
l a t o r y   w o r k s   h e r e i n .  

4.2  Assumptions 

Assumptions made i n   s t u d i e s  of Lake Erie r e g u l a t o r y   w o r k s  are: 

(1 )  The level of Chippawa-Grass I s l a n d  Pool w i l l  be   ma in ta ined  i n  ac- 
c o r d a n c e   w i t h   t h e   o p e r a t i n g   p r o c e d u r e s ,   d i r e c t e d   b y   t h e  In t e rna t iona l  Niaga ra  



iJoard of C o n t r o l ,  as d e t a i l e d   i n  i t s  Order of June 30, 1955. Revised   opera t -  
i ng   p rocedures  were i n s t i t u t e d   a f t e r   t h e   R e g u l a t o r y  Works s tud ie s   had   been  
comple ted .   (See   Sec t ion  4 . 1 . 2 . )  

( 2 )  Flow d ive r s ions   t h rough   t he   Wel l and   Cana l  w i l l  not   change.  

( 3 )  The ice  boom w i l l  be k e p t  i n   o p e r a t i o n .  

( 4 )  E x i s t i n g   l a k e   s t a g e - r i v e r   d i s c h a r g e   r e l a t i o n s h i p s  w i l l  be   main ta ined  
th rough   any   cons t ruc t ion   pe r iod .  

(5)  Due t o  a l t e r a t i o n s   t o   t h e   e x i s t i n g   h y d r a u l i c   r e g i m e   w h i c h  would  be 
r e q u i r e d  for r e g u l a t i o n  of  Lake Erie,  r e t a r d a t i o n   o f   N i a g a r a   R i v e r   f l o w s ,  
wh ich   has   been   caused   i n   t he   pas t   by  ice  and weed conditiorls,   would  be  minimal.  

No a s s u m p t i o n s   o f   p o s t - p r o j e c t   s t a g e - d i s c h a r g e   r e l a t i o n s h i p s   i n   o t h e r  
r eaches   o f   t he   uppe r   N iaga ra  were made; r a t h e r ,  i t  was d e c i d e d   t h a t   s t a g e s  
r e s u l t i n g   f r o m   p r o j e c t   i m p l e m e n t a t i o n ,   a n d   o t h e r   c a u s e - e f f e c t   r e l a t i o n s h i p s  
w o u l d   b e   q u a n t i t a t i v e l y   d e t e r m i n e d ,   t h e i r   i m p a c t s   o n   n a v i g a t i o n   a n d   o t h e r  
i n t e r e s t s   e v a l u a t e d ,   a n d   s u c h  impacts then   r epor t ed .   The   e f f ec t s   o f   changed  
r e l a t ionsh ips   cou ld   t hen   be   mod i f i ed  by p l an   r e fo rmula t ion   o r   cou ld   s imply  
b e   w e i g h e d   a g a i n s t   p r o j e c t e d   p l a n   b e n e f i t s .  

4 . 3  Methodology - T o t a l   R e g u l a t i o n  

The fo l lowing  is a b r i e f   d e s c r i p t i o n  of the  methodology  employed. A 
more d e t a i l e d   a c c o u n t   o f   t h e   m a t h e m a t i c a l   m o d e l s   d e v e l o p e d   a n d   t h e i r   a p p l i c a -  
t i o n s  may be   found  in  a r e p o r t   e n t i t l e d ,  "Development,   Calibration  and 
Applicat ion  of   Mathematical   Models   of   the   Connect ing  Channels   of   the  Great 
Lakes ,"   an   abs t rac t   o f   which  is c o n t a i n e d   i n  Annex C o f   t h i s   A p p e n d i x .  

4 . 3 . 1  Steady-Sta te   Mathemat ica l  Model 

A s teady-s ta te   mathemat ica l   model  was developed   for   the   Upper   Niagara  
R i v e r   e x t e n d i n g   f r o m   C h i p p a w a - G r a s s   I s l a n d   P o o l   t o   t h e   h e a d   o f   t h e   r i v e r  a t  
B u f f a l o ,  New York .   Essen t i a l ly   t he   mode l  is a computer  program  which  per- 
forms   backwater   computa t ions   under   s teady-s ta te  flow condi t ions .   Fundamenta l  
open   channel   f low  equat ions  were a p p l i e d   u s i n g   t h e   s t a n d a r d   s t e p   m e t h o d   o f  
back-water   computa t ions .   Cross   sec t ions ,   t aken  a t  h y d r a u l i c a l l y   s t r a t e g i c  
l o c a t i o n s ,  were obta ined   f rom  the  most r e c e n t   h y d r o g r a p h i c   s u r v e y s   o f   t h e  
r i v e r .  The mathematical  model was c a l i b r a t e d   u s i n g   f l o w s   a n d  levels ob- 
ta ined   by   jo in t   measurement   p rograms  conducted  by Water Survey of Canada, 
Environment  Canada,  and  Lake  Survey Dis t r ic t ,  U. S. Army Corps of Enginee r s ,  
during  1967,  1968  and  1969. 

Objectives: The p r i m a r y   o b j e c t i v e  of the  mathematical   model  was t o  
d e t e r m i n e   t h e   n a t u r e   a n d   e x t e n t  of c h a n n e l   e x c a v a t i o n   r e q u i r e d   t o  meet t h e  
h y d r a u l i c   r e q u i r e m e n t s   o f   a n y   g i v e n   r e g u l a t i o n   p l a n   i n v o l v i n g   t h e   r e g u l a t i o n  
of  Lake Erie. The  model was a l s o   u s e d  t o  d e t e r m i n e   t h e   l e n g t h   a n d   l o c a t i o n  
o f   t h e   f l o w   c o n t r o l   s t r u c t u r e   a n d   t h e   a s s o c i a t e d   s h o r e   p r o t e c t i o n   w o r k s .  
For any   g iven   s cheme ,   t he   r e su l t i ng  water s u r f a c e   e l e v a t i o n s   a n d   a v e r a g e  
d i s c h a r g e   v e l o c i t i e s ,   b e l o w   t h e   s t r u c t u r e ,  were c o n s t r a i n e d ,   w i t h i n   t o l e r a b l e  
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limits, so t ha t   t hey   wou ld   no t   exceed   t hose   wh ich   wou ld   occu r   unde r   na tu ra l  
c o n d i t i o n s .  

Parameters and Constraints: A s  ind ica ted   above ,   the   mathemat ica l   model  
is e s s e n t i a l l y  a computer  program  which  performs  back-water  computations 
employ ing   t he   s t anda rd   s t ep -me thod   and   s t anda rd   pa rame te r s .  Head losses be- 
tween   s ec t ions  were computed  using  Manning 's   equat ion.  In  a d d i t i o n ,   v a r i a b l e  
c o e f f i c i e n t s  were u s e d   t o   c o m p e n s a t e   f o r   h e a d   l o s s e s   d u e   t o   e x p a n s i o n   a n d  
c o n t r a c t i o n   o f   t h e   r i v e r   c h a n n e l ,   a n d   f o r   s u d d e n   c h a n g e s   i n   w i d t h   a n d   d e p t h .  
A l l  v e l o c i t y   h e a d s  were a d j u s t e d   b y  a k i n e t i c   e n e r g y   c o e f f i c i e n t   t o   a c c o u n t  
f o r   u s i n g   t h e  mean v e l o c i t y  a t  e a c h   s e c t i o n .  

The e x i s t i n g   r i v e r   p r o f i l e  was c l a s s i f i e d  as a mild (MI) p r o f i l e   w i t h  
n o   o n e   s e c t i o n   o r   r e a c h   o f   t h e   r i v e r   h a v i n g  100 p e r c e n t   o f   t h e   h y d r a u l i c  
c o n t r o l .  To ensu re   t ha t   t he   backwa te r   computa t ions  were c a r r i e d   o u t  i n  t h e  
d i r e c t i o n   o f   c o n t r o l ,  c r i t i c a l  d e p t h  was checked a t  e a c h   s e c t i o n .  

Due t o   t h e   p r e s e n c e   o f   i s l a n d s   i n   t h e  Upper   Niagara  River ,   such as Grand 
I s l a n d ,  Tonawanda I s l and   and  Navy I s l a n d ,   a n  i terat ive t echn ique  was devel-  
o p e d   t o   d e t e r m i n e   t h e   d i v i s i o n   o f   f l o w   i n   e a c h   o f   t h e   c h a n n e l s .  

Development and Calibration: C r o s s   s e c t i o n s   o f   t h e   r i v e r   c h a n n e l   e x -  
t end ing   f rom  the   S l a t e r s   Po in t   gauge ,   l oca t ed  a t  the  head  of  Chippawa-Grass 
P o o l ,  t o  Lake Erie were i n c o r p o r a t e d   i n t o   t h e   m a t h e m a t i c a l   m o d e l .  A t  e ach  
s e c t i o n ,   b a s i c   d a t a   s u c h  as c r o s s - s e c t i o n a l  area, top   w id th ,  L.W.D.  e l e v a t i o n  
and t h e  d i s t ance   f rom i t  t o   t h e   a d j a c e n t   u p s t r e a m   s e c t i o n  were e x t r a c t e d   a n d  
used as input   to   the   model .  The l o c a t i o n s   o f   t h e  water l e v e l   g a u g e s   a n d  
c r o s s   s e c t i o n s   u s e d   f o r   p r o v i d i n g   d a t a   f o r   t h e   m o d e l  are shown  on F igu re  G-62. 
The major i ty   o f   d i scharge   measurements  were t a k e n   i n   t h e  l a t e  s p r i n g ,   e a r l y  
summer and l a t e  f a l l   p e r i o d s   w h i c h  are assumed t o   b e   g e n e r a l l y   f r e e   o f  ice 
and weed r e t a rda t ion .   Measu remen t s   t aken   du r ing   t he  mid-summer months were 
used   on ly  as a qua l i t a t ive   check   on   t he   mode l .  

Flow measurements were g rouped   i n to   pe r iods ,   t he   du ra t ion   o f   wh ich   de -  
pended  on  the  consis tency  of   f low.   Manning 's   In '  was computed f o r   e a c h   r e a c h  
us ing   the   mathemat ica l   model .   In  some r e a c h e s ,   p a r t i c u l a r l y   t h o s e   f r o m  
Frenchman's Creek a t  Grand I s l a n d  t o  B u f f a l o ,  i t  was found  tha t   Manning ' s   ' n '  
v a r i e d   s i g n i f i c a n t l y   w i t h   l e v e l   a n d   f l o w ,   a t t r i b u t e d   t o  weed  growth  during 
t h e  summer and f a l l  months.   Figure G-63 i l l u s t r a t e s   r e s u l t s   o f   t h e   c a l i b r a -  
t i o n  a t  each  of   the  gauges.   Commensurate   with  the  determinat ion  of   Manning 's  
' n ' ,   t h e   v a l u e s   o f   t h e   v a r i a b l e   c o e f f i c i e n t   u s e d   t o   d e f i n e   h e a d   l o s s e s   d u e  
t o   c o n t r a c t i o n   a n d   e x p a n s i o n  were ana lyzed .  

Since  the  model  was c a l i b r a t e d   o v e r  a narrow  range  of   f low  (200,000 - 
2 3 5 , 0 0 0   c f s ) ,  i t  was n e c e s s a r y   t o   v e r i f y  i t s  performance  over  a wide r   r ange .  
This  was  done  by  computing  the  prof i le   f rom  recorded  monthly  f lows.  Tests 
made f o r  a random s a m p l i n g   o f   d a t a   i n d i c a t e d   t h a t   t h e   m o d e l   s a t i s f i e d   t h e  
n a t u r a l   c o n d i t i o n s ,   w i t h i n   a n   a c c e p t a b l e   t o l e r a n c e ,   o v e r  a wide  range  of  
f low  condi t ions .   Based  on t h e s e   f i n d i n g s ,  a s t a g e - d i s c h a r g e   r e l a t i o n s h i p  
was developed   for   the   Buffa lo   gauge .  A compar i son   o f   t he   r e l a t ionsh ip   w i th  
the   p re -1953   s t age -d i scha rge   equa t ion  is i l l u s t r a t e d  on  Figure G-64. Water 
s u r f a c e   p r o f i l e s   f o r  high, medium and  low  f low  condi t ions  are shown on 
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Figure   G-65 .   S ince   t he   hydrau l i c   r equ i r emen t s   o f   any   g iven   r egu la t ion   p l an  
are met by r egu la to ry   works  as determined  by  the  mathematical   model ,   the  
s tage-d ischarge   re la t ionship   deve loped   f rom  the   model  was u s e d   t o   e v a l u a t e  
t h e   d e g r e e  of channe l   capac i ty   i nc rease   and   dec rease   r equ i r emen t s .  

Application: The mathematical model was used   t o  select  t h e   l o c a t i o n   o f  
t h e   f l o w   c o n t r o l   s t r u c t u r e .  Two a l te rna te  s i t e s  f o r   t h e   l o c a t i o n  of t h e  con- 
t r o l   s t r u c t u r e  were inves t iga t ed ;   name ly ,   t he   "uppe r  s i t e "  l o c a t e d  some 
3,600 feet ups t r eam  ( sou th )   o f   t he  Peace Hiphway Bridge,   and  the  " lower s i t e "  
l o c a t e d  some 1,000 feet ups t r eam  ( sou th )   o f   t he   In t e rna t iona l   Ra i lway   Br idge .  
A map of   the  area,  i l l u s t r a t i n g   t h e   r e l a t i v e   l o c a t i o n   o f   e a c h  s i t e ,  is shown 
o n   F i g u r e   6 6 2 .  

The  model was a p p l i e d   i n  a similar manner   for   bo th  si tes.  Backwater 
computat ions were i n i t i a t e d  a t  Chippawa-Grass   I s land   Pool   us ing   the   l eve l  
d e t e r m i n e d   f r o m   t h e   S l a t e r ' s   P o i n t   s t a g e   d i s c h a r p . e   r a t i n g   s t a t e d  as f o l l o w s :  

S l a t e r ' s   P o i n t  = 560.58 + 0.301  (Niapara  River   Flow - 160,000)/10,000 

A t  t hose   s ec t ions   where   channe l   improvemen t s  were deemed n e c e s s a r y ,   t h e  
c r o s s - s e c t i o n a l  area w a s  i n c r e a s e d  by the   appropr ia te   amount .   Computa t ions  
were t e rmina ted  a t  the   p roposed   con t ro l   s t ruc tu re   l oca t ion   wh ich   wou ld   be  a 
h y d r a u l i c   c o n t r o l .  Head l o s s   t h r o u g h   t h i s   c o n t r o l  was c a l c u l a t e d ,  as out-  
l i n e d   i n   S e c t i o n  4 . 3 . 3 ,  and  backwater  computations were cont inued   ups t ream 
to  the   Buf fa lo   gauge  a t  Lake Erie. 

Because   p l ans   o f   r egu la t ion  were i n i t i a l l y   n o t   a v a i l a b l e ,  a range  of 
hydrau l i c   cond i t ions   wh ich   wou ld   l i ke ly   encompass   t hose  of t h e   s e l e c t e d   p l a n s  
were s imula t ed   and   u sed   fo r   des ign   pu rposes .   Because   t he   s i ze   and   l oca t ion  
o f   t he   con t ro l   s t ruc tu re   and   t he   ex ten t   o f   channe l   improvemen t s  are i n t e r -  
r e l a t e d ,   o p t i m i z a t i o n   s t u d i e s  were c a r r i e d   o u t   t o   d e t e r m i n e   t h e  minimum c o s t  
o f  a l l  r egu la to ry   works .  The des ign   and   cos t  estimates of   regula tory   works  
are p r e s e n t e d   i n   S e c t i o n   4 . 3 . 3 .  

4 .3 .2   Uns teady   S ta te   Mathemat ica l  Model 

A very   l imi t ed   uns t eady  s t a t e  mathematical   model  was d e v e l o p e d   f o r   t h i s  
s t u d y .  Its purpose was t o   d e m o n s t r a t e   w h e t h e r  or not   Lake Erie se iches   would  
p roduce   t he   " t i da l   bo re ' '   bu i ldup  phenomenon  which h a s   b e e n   o b s e r v e d   i n   o t h e r  
areas h a v i n g   t o p o g r a p h i c a l   c o n f i g u r a t i o n s  somewhat similar t o   t h o s e   o f   t h e  
semi -enc losed   bas in   t ha t   wou ld   be   c r ea t ed   by   cons t ruc t ion   o f  a r e g u l a t o r y  
s t r u c t u r e   i n   t h e  Upper Niaga ra   R ive r .  The o b j e c t i v e  was t o   d e t e r m i n e   w h e t h e r  
or n o t  a h i g h e r  crest e l e v a t i o n   w o u l d   b e   r e q u i r e d   t o   p r e v e n t   o v e r t o p p i n g  of 
t h e   s t r u c t u r e   i f   t h i s  phenomenon were t o   o c c u r .   T h e   m o d e l   u t i l i z e d  two 
sepa ra t e   bu t   complemen ta ry   t echn iques   t ha t   p roduced  similar c o n c l u s i o n s .  
I t  d e m o n s t r a t e d   t h a t   t h e   r i v e r   w o u l d  rise a l o n g   w i t h   t h e   l a k e ,   b u t   w i t h   t h e  
d i s c h a r g e   a n y w h e r e   i n   t h e   a n t i c i p a t e d   r a n g e ,   t h e   r e s u l t i n g   f r i c t i o n   g r a d i e n t  
would  produce a r i v e r   s t a g e  somewha t   l ower   t han   t he   l ake   s t age .   Add i t iona l  
c a l c u l a t i o n s   t o   e x p l o r e   t h e   p o s s i b i l i t y   o f   r e s o n a n t   o s c i l l a t i o n s   i n   t h e   r e a c h  
a b o v e   t h e   r e g u l a t o r y   s t r u c t u r e s   i n d i c a t e d   t h e   p e r i o d   o f   f r e e   o s c i l l a t i o n   t o  
be such  that l a k e   w i n d   t i d e s   w o u l d   n o t   l i k e l y   g e n e r a t e   r e s o n a n t   o s c i l l a t i o n .  
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A more comprehensive  unsteady s t a t e  model  would b e   r e q u i r e d   i n   o r d e r  t o  
e v a l u a t e   t h e  e f f ec t s  o f   s h o r t   p e r i o d   f l u c t u a t i o n s   i n   t h e  Upper Niagara   River ,  
such as wi th in- the-day   power   var ia t ions .  The  main  purpose o f  such  a model 
wou ld   be   t o   de t e rmine   t he   r e su l t an t  s tages  a n d   v e l o c i t i e s   a l o n g   t h e   r i v e r  
s y s t e m ,  and,  i f  n e e d   b e ,   t o   d e t e r m i n e   t h e   n a t u r e   a n d   e x t e n t   o f   a d d i t i o n a l  
r e g u l a t o r y  f a c i l i t i e s .  

4.3.3 Desipn  and  Cost  Estimates 

As i n d i c a t e d   i n   S e c t i o n  4 . 3 . 1 ,  two a l t e r n a t e  s i tes  f o r   t h e   l o c a t i o n  o f  
t h e   c o n t r o l   s t r u c t u r e  were i n v e s t i g a t e d .   I n   o r d e r   t h a t  a va l id   compar ison  
of   cos t   be tween  the  two sites could  be  made, common d e s i g n   c r i t e r i a   w e r e  
u t i l i z e d   t h r o u g h o u t .  The   des ign   and   cos t  estimates were p r e p a r e d   t o :  (1)  
d e t e r m i n e   t h e   b e t t e r  s i t e  l o c a t i o n ,  ( 2 )  prov ide  a set  o f   c o s t   c u r v e s   t o   b e  
used as i n p u t   d u r i n g   t h e   f o r m u l a t i o n   o f   r e g u l a t i o n   p l a n s ,   a n d  ( 3 )  t o  form a 
b a s i s   f o r   t h e   e v a l u a t i o n   o f   s e l e c t e d   r e g u l a t i o n   p l a n s  (as p r e s e n t e d   i n  
S e c t i o n  6). The f o l l o w i n g  is a summary o f   t h e   s t u d i e s   c a r r i e d   o u t :  

(.‘ontrol Structures: The fo l lowing   pa rag raphs ,   un le s s   o the rwise   no ted ,  
are g e n e r a l i z e d   f o r   b o t h  sites i n v e s t i g a t e d   i n   l i g h t   o f   t h e  common d e s i g n  
cri teria u t i l i z e d .  

1. Topograph ic   and   Ceo techn ica l   Cha rac t e r i s t i c s   o f   t he  Upper S i t e .  
A t  the   upper  s i t e ,  t h e   c o n t r o l   s t r u c t u r e   w o u l d   b e   s i t u a t e d  on t h e   n a t u r a l  
r o c k   l e d g e   w h i c h   p r o t r u d e s   i n t o  Lake Erie. T h i s   r o c k   l e d g e   p r o v i d e s   v i r -  
t u a l l y   f u l l   h y d r a u l i c   c o n t r o l   o f   t h e   N i a g a r a   R i v e r   d i s c h a r g e .   T h i s  s i t e  
is l o c a t e d  a t  the   funne l - shaped   en t r ance  of t h e   r i v e r   w h e r e  i t s  wid th  is 
approx ima te ly  3,660 feet ,  bounded  by   the   Canadian   shore l ine   and   Bi rd   I s land  
P i e r .  The e l e v a t i o n   o f   t h e   r i v e r   b e d  varies from 548 feet i n  mid-channel 
t o  565 feet nea r   t he   Canad ian   sho re   and   t o  566 f e e t   n e a r   B i r d   I s l a n d  P ie r .  
Very l i t t l e  overburden is e v i d e n t   i n   t h i s   s h a l l o w   r e a c h   o f   t h e   r i v e r .  Rock 
o u t c r o p p i n g s  are in   ev idence   t owards   B i rd   I s l and   P i e r   unde r   l ow water condi- 
t i o n s .  A c r o s s - s e c t i o n a l   v i e w   o f   t h e  s i t e  i s  shown  on F igu re  G-66. 

The d e s c r i p t i o n   o f   t h e   b e d r o c k   t h a t   f o l l o w s  i s  based   upon  v i sua l  
examina t ion  of o n e   d r i l l   h o l e   l o c a t e d  a t  B i r d   I s l a n d   P i e r ;   h o w e v e r ,  d r i l l  
h o l e s   t a k e n   f o r   o t h e r   p r o j e c t s   i n   t h e  area f u r t h e r   s u b s t a n t i a t e   t h i s   e v i d e n c e .  
In   mid-channel   the   bedrock  is exposed a t  e l e v a t i o n  552 f e e t .  Towards  the 
C a n a d i a n   s h o r e l i n e ,   t h e   r o c k  is o v e r l a i n   b y  4 t o  5 feet  of   sand  and  gravel  
w h i l e   t o w a r d s   t h e  U. S .  s h o r e l i n e   ( B i r d   I s l a n d   P i e r )   t h e   r o c k  i s  exposed   wi th  
ou tc ropp ings   p ro t rud ing   du r ing   l ow  f low  cond i t ions .   The   bed rock  is d e n s e ,  
c r y s t a l l i n e   l i m e s t o n e   w i t h   c h e r t   a n d  ca l c i t e  n o d u l e s   t h a t   f r e q u e n t l y   d i s p l a y  
a marb led   appea rance   man i fe s t ed   i n   f l ow- l ike   l i nes .   The   rock  is c h a r a c t e r i z e d  
t h . r o u g h o u t   w i t h   s t y l o l i t i c   p a r t i n g s ,  a few of  which are open.   The  par t ings 
are g e n e r a l l y   s e a l e d   d u e   t o   r e c r y s t a l l i z a t i o n   a l o n g   b e d d i n g   p l a n e s   o f  irre- 
g u l a r   a m o u n t s   o f   i n s o l u b l e  matter. With   the   except ion  of more f r e q u e n t   c o r e  
p a r t i n g s  near t h e   s u r f a c e ,   t h e   b e d r o c k  i s  considered  competent   throughout  as 
a medium o n   w h i c h   t h e   s t r u c t u r e   c a n   b e   c o n s t r u c t e d .  

2 .  Topograph ic   and   Geo techn ica l   Cha rac t e r i s t i c s   o f   t he  Lower S i t e .  
A t  t h e  lower s i te ,  t h e   c o n t r o l   s t r u c t u r e   w o u l d   b e   l o c a t e d   i n  one of the   deep-  
est a n d   n a r r o w e s t   s e c t i o n s   o f   t h e  Upper Niagara River. The   w id th   o f   t he  
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sec t ion   ex tend ing   be tween   t he   Canad ian   sho re   and  Squaw I s l a n d  is  approx ima te ly  
1,8110 f e e t .  The r i v e r   b e d ,   w h i c h  i s  d i s t i n c t l y  V-shaped,  ranges i n   e l e v a t i o n  
from 525 f e e t   i n   m i d - c h a n n e l   t o  585 on   the   Canadian   shore   and  565 on Squaw 
I s l a n d .  A r o c k - f i l l   d y k e   r u n n i n g   a l o n g  Squaw I s l a n d   p r o t e c t s   t h e   s a n i t a r y  
l a n d   f i l l  f rom  e ros ion .  A c r o s s - s e c t i o n a l   v i e w  of  t h i s  s i t e  i s  shown  on 
F i g u r e  G-67. 

The d e s c r i p t i o n   o f   t h e   b e d r o c k   t h a t   f o l l o w s  i s  b a s e d   u p o n   t h e   v i s u a l  
e x a m i n a t i o n   o f   s e v e r a l   d r i l l   h o l e s ,   f o u r  of which were t a k e n   a l o n g   o r   n e a r  
t h e   a x i s   o f   t h e   c o n t r o l   s t r u c t u r e ,   w h i c h  was c a r r i e d   o u t  by William Trow and 
A s s o c i a t e s   ( H a m i l t o n )   L i m i t e d .  The s u r f i c i a l   b e d r o c k   o f   t h e   r i v e r   c h a n n e l  
a t  e l e v a t i o n  525 f e e t  is  a n h y d r i t e / g y p s u m ,   d o l o m i t e / a n d   s h a l e  of t h e   S a l i n e  
f o r m a t i o n .   T o w a r d s   t h e   C a n a d i a n   s h o r e ,   t h e   s u r f i c i a l   b e d r o c k ,   v a r y i n g   i n  
e l e v a t i o n  from 530 t o  545 f e e t ,  is  a n h y d r i t e / p y p s u m ,   d o l o m i t e / l i m e s t o n e   a n d  
s h a l e   o f   t h e  Bass I s l a n d   f o r m a t i o n ,   w h i l e   o n   t h e   U n i t e d   S t a t e s   s h o r e ,   t h e  
bedrock  is g e n e r a l l y   d o l o m i t e   o f   t h e   A k r o n   f o r m a t i o n .   T h e   s u r f i c i a l   b e d r o c k  
is s l i g h t l y   w e a t h e r e d   e x h i b i t i n g  stress r e l i e f   j o i n t i n g  and is water b e a r i n g  
f o r  a depth -o f   app rox ima te ly   10   f ee t .  While t h e   b e d r o c k  is g e n e r a l l y  compe- 
t e n t ,   t h e r e  is  a p o s s i b i l i t y   o f  loss o f   s u p p o r t   i n  case o f   a n y   i n t e r n a l  
e r o s i o n   o f   t h e   a n h y d r i t e / g y p s u m   c a v i t i e s .  I t  i s  b e l i e v e d   t h a t  low p r e s s u r e  
g r o u t i n g   u p   t o   a b o u t  30 f e e t   b e l o w   t h e   s t r u c t u r e  w i l l  c o n s o l i d a t e   t h e  
f o u n d a t i o n   a d e q u a t e l y .  

3. H y d r a u l i c   D e s i g n .   I n   v i e w   o f   t h e   f a c t   t h a t   t h e   d e s i g n   s t a g e s  
and   f l ows   had   no t   been   fo rmula t ed   p r io r  t o  t h e s e   s t u d i e s ,   t h e   s t r u c t u r e  had 
t o  be   des igned   and  cost estimates made f o r  a number  of   combinat ions  of   channel  
c a p a c i t y   i n c r e a s e   a n d   d e c r e a s e   c o n d i t i o n s .  I t  was g e n e r a l l y   a c c e p t e d   e a r l y  
i n   t h e   s t u d y   t h a t   c o m p l e t e   c o n t r o l  of Niaga ra   R ive r   f l ow i s  n o t   r e q u i r e d   i n  
view of t h e   f l o w   r e q u i r e m e n t s  as set f o r t h   i n   t h e   N i a g a r a   D i v e r s i o n   T r e a t y  
o f  1950. A s  a r e s u l t ,   c o n s i d e r a b l e  cost s a v i n g s  were ach ieved .  A minimum 
d e s i g n   f l o w  of 1 2 5 , 0 0 0   c f s  a t  a Lake Erie stage of 568.7 f e e t  was s e l e c t e d  
s u c h   t h a t :   ( 1 )  a l l  c o n c e i v a b l e   r e g u l a t i o n   p l a n s   w o u l d   b e   s a t i s f i e d ,   a n d  (2) 
w i t h i n - t h e - d a y   p o w e r   v a r i a t i o n s ,   a l t h o u g h   n o t   s p e c i f i c a l l y   c o n s i d e r e d   i n  
t h e   d e s i g n   s t a g e s ,   c o u l d   b e   a c h i e v e d .  I t  was la te r  shown t h a t   i n s i g n i f i c a n t  
savings would b e   a c h i e v e d  by i n c r e a s i n g   t h i s  minimum flow.  The maximum d e s i g n  
f low was t aken  as 280,000 c f s  a t  a Lake Erie s t a g e   o f  573 f e e t ,   r e p r e s e n t i n g  
a c h a n n e l   c a p a c i t y   i n c r e a s e   o f  30,000 c f s .  However, i n  view of t h e   c o n s i d e r a t i o n  
t h a t  a r e g u l a t i o n   p l a n  may r e q u i r e  a g r e a t e r   c h a n n e l   c a p a c i t y  increase and 
t h a t   w i t h i n - t h e - d a y   p o w e r   v a r i a t i o n s  may b e   e v a l u a t e d ,  a maximum d e s i g n  flow 
of  320,000 c f s  a t  t h e   a b o v e   s t a g e  was also c o n s i d e r e d .  

Due t o  r e l a t i v e l y   h i g h  tailwater e l e v a t i o n s  a t  e i t h e r  s i t e ,  submerged 
u n c o n t r o l l e d  flow c o n d i t i o n s  were a s s u m e d .   T h e   h y d r a u l i c   l e n g t h   o f   s t r u c t u r e  
u n d e r   t h i s   f l o w   c o n d i t i o n  is d e f i n e d  as f o l l o w s :  

L = Q/ (Cshs q H )  

Where: L = H y d r a u l i c   l e n g t h   o f   s t r u c t u r e   i n   f e e t  

Q = N i a g a r a   R i v e r   f l o w   i n   c f s  
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C = S u b m e r g e d   d i s c h a r g e   c o e f f i c i e n t s   t a k e n  as 0.90 

h = T a i l w a t e r   d e p t h   r e f e r r e d   t o   t h e  c res t  i n  f ee t  

g = A c c e l e r a t i o n   d u e   t o   g r a v i t y   t a k e n  as 3 2 . 2  f ee t  

S 

S 

p e r  second p e r  second 

H = D i f f e r e n t i a l   h e a d   a c r o s s   s t r u c t u r e   i n   f e e t  

The above  formula was programmed in to   t he   N iaga ra   R ive r   ma themat i -  
ca l  model  and a h y d r a u l i c   l e n g t h  was c a l c u l a t e d   f o r   e a c h   f l o w   c o n d i t i o n .  On 
examinat ion   of   the   above   formula ,  i t  is a p p a r e n t   t h a t   t h e   s i z e   o f   s t r u c t u r e ,  
t h e  s i l l  e l e v a t i o n  and   t he   l oca t ion   o f   d redg inR  ( a f f ec t s  tai lwater e l e v a t i o n  
i n  some i n s t a n c e s )  w i l l  a f f e c t   t h e   c h a n n e l   c a p a c i t y   i n c r e a s e  and  hence  the 
requi red   vo lume  of   channel   excavat ion .   This  i s  t h e   s u b j e c t   o f   t h e   p a r a g r a p h  
e n t i t l e d   " O p t i m i z a t i o n   S t u d i e s "   h e r e u n d e r .  

The crest prof i le   was   de te rmine   based   on  a s t u d y  of s e v e r a l   p r o f i l e s  
f o r  similar s t r u c t u r e s   t e s t e d   a n d   b u i l t   b y   t h e   U n i t e d   S t a t e s   B u r e a u   o f  Re- 
c l ama t ion .  The geometry  of  the crest  was based on monographs  employing  di- 
mens ion le s s  parameters which a re  based on t h e   d i f f e r e n t i a l   h e a d   a c r o s s   t h e  
s t ruc tu re .   In   v i ew  o f   t he   l ow  F roude  Number ( l e s s   t h a n  2.0), t h e   c o n c r e t e  
s i l l  b lock  was ex tended   t o   p rov ide  a s t i l l i n g   b a s i n   l e n g t h ,   d o w n s t r e a m   o f  
t h e   g a t e  s i l l ,  equa l   t o   2 .5  times t h e   o p e r a t i n g   h e a d   o v e r   t h e   c r e s t .   T h i s  
was c o n s i d e r e d   a d e q u a t e   f o r   t h e   d i s s i p a t i o n   o f   t h e   h y d r a u l i c  jump and may 
b e   d e c r e a s e d   s u b j e c t   t o   f u r t h e r   m o d e l   e x p e r i m e n t s .  

In   view  of   the f ac t  tha t   main tenance   o f  a g a t e  may have   t o   be   ca r -  
r i e d   o u t   u n d e r   h i g h   f l o w ,   s e i c h e   a n d /  or ice f l o e   c o n d i t i o n s ,   o n e   a d d i t i o n a l  
g a t e  was p r o v i d e d   f o r   t h i s   p u r p o s e .  

4. Gate Type. The f o l l o w i n g   c o n s i d e r a t i o n s  were t a k e n   i n t o   a c c o u n t  
when s e l e c t i o n  of t h e   g a t e   t y p e  was made: (1 )   t he   ga t e   mus t   be   capab le   o f  
p a s s i n g  i ce  up t o  20 feet  i n   t h i c k n e s s ,  ( 2 )  the   normal   opera t ing   head  i s  i n  
t h e   o r d e r   o f  5 feet ,  ( 3 )  a t  times, u n d e r   s e i c h e   c o n d i t i o n s ,   t h e   o p e r a t i n g  
head may i n c r e a s e   t o  15 f e e t ,  and   the   ga tes   mus t   respond  such   tha t   opening  
a n d / o r   c l o s i n g   c a n   b e   c a r r i e d   o u t   q u i c k l y   t o   a v e r t   e m e r g e n c y   s i t u a t i o n s .   I n  
v iew  of   these  c r i t e r i a ,  s u b m e r s i b l e   t a i n t e r   g a t e s  were s e l e c t e d .  The maximum 
p o s s i b l e   s p a n   w o u l d   b e   s e l e c t e d   s u c h   t h a t  minimum o b s t r u c t i o n   t o  ice would 
be  achieved.  Based  on a l i m i t i n g   d e s i g n   f o r c e   o f   3 , 0 0 0   k i p s  per t r u n n i o n ,  
t h e  maximum p o s s i b l e   s p a n s   o f  100 f e e t ,   f o r   t h e   u p p e r  s i t e ,  and 75 feet  f o r  
t he   l ower  s i te were s e l e c t e d .   I n   v i e w   o f   t h e i r   s u b m e r s i b l e   o p e r a t i o n ,   a n  
a d d i t i o n a l   s k i n   p l a t e  was p rov ided   t o  a c t  as a s p i l l w a y   d u r i n g   t h e   p a s s a g e  
of ice. Synchronized e l ec t r i ca l  m o t o r   h o i s t s ,   w h i c h   u t i l i z e  Galle c h a i n s  
f o r   l i f t i n g ,  were p rov ided  a t  each   end   of   the   t a in te r   ga te .   Each   ga te   would  
be prov ided   w i th  a p o s i t i o n   t r a n s m i t t e r   w i t h  a m a t i n g   r e c e i v e r   i n d i c a t o r  
a t  t h e   c e n t r a l   c o n t r o l   p o i n t .   S i d e  seal  hea te r s   wou ld   be   p rov ided   t o   pe rmi t  
w i n t e r   o p e r a t i o n   o f   t h e   g a t e s .  

S t o p l o g  recesses are provided  upstream  and  downstream of e a c h   g a t e  
to  e n a b l e   d e w a t e r i n g   o f   t h e   g a t e  area f o r   r e p a i r s   a n d   m a i n t e n a n c e .  A stoplop, 
crane is prov ided  on the   deck   ove r   t he   ups t r eam  s top log  recesses w h i l e  down- 

G - 1 3 1  



stream s t o p l o g s   w o u l d   b e   i n s t a l l e d  by f l o a t i n g   p l a n t .  Upstream s t o p l o g s  
would   be   s tored   in   the   body  of   the  dam, a c c e s s i b l e   b y   t h e   s t o p l o g   c r a n e ,  
whi le   downst ream  s top logs   would   be   s tored   on   shore .  Details  o f   t h e   t a i n t e r  
g a t e  are shown on  Figure G 6 8 .  

5 .  S t r u c t u r a l   D e s i g n .   T h e   c o n t r o l   s t r u c t u r e ,  is  a series of p i e r  
b u t t r e s s e s   s u p p o r t i n g   t h e   t a i n t e r   g a t e s   a n d   e x t e n d i n g   t o   t h e   b o t t o m  of t h e  
s i l l .  The wid th   o f  p i e r ,  based on a l i t e r a t u r e   s u r v e y  of e x i s t i n g  practice 
was t aken  as 15 fee t  f o r   e a c h  s i t e .  A s t a b i l i t y   a n a l y s i s   o f  a mono l i th  corn 
p r i s i n g   o n e  p ie r  and   ha l f  a bay  on e i t h e r   s i d e  was c a r r i e d   o u t   a s s u m i n g :  ( 
a n   u p l i f t   f o r c e   o n   t h e   b a s e   c o r r e s p o n d i n g   t o  100 percent   head  a t  normal   lakl  
l e v e l ,  ( 2 )  a n  ice l o a d i n g  of 10 k i p s   p e r   l i n e a l   f o o t   a c t i n g   o v e r  a four-foo,  
s e c t i o n   b e l o w   t h e  maximum headwater   l eve l ,   and  (3 )  a n   e a r t h q u a k e   w i t h  a ho r :  
z o n t a l   i n t e n s i t y   e q u a l   t o  0.lg (zone 1) .  The load ing   cond i t ions   examined  
were: (1)  S t o p l o g s   i n   p l a c e ,   g a t e  area dewatered,  maximum headwa te r   l eve l ,  
minimum. tailwater l e v e l   a n d   f u l l   u p l i f t ,   ( 2 )   C o n d i t i o n  1 p l u s  i ce ,  and (3) 
Cond i t ion  1 p l u s   e a r t h q u a k e .   R e s u l t s   o f   t h e   s t a b i l i t y   a n a l y s i s  are s u m a r i :  
on Tab le  G-7. A t  e i t h e r  s i t e  a 20 - foo t   t h i ck   b lock   o f   conc re t e  was requ i r e1  
f o r   t h e   b a s e  of t h e   s t r u c t u r e   t o   p r o v i d e   a n   a d e q u a t e   s a f e t y   f a c t o r   a g a i n s t  
f l o t a t i o n .  

6 .  Layout.  The l a y o u t   o f   t h e   c o n t r o l   s t r u c t u r e  i s  b a s i c a l l y   t h e  
same a t  e i t h e r  s i te .  The d imens ions   o f   course  are dependent   on  the site l o  
t i o n   a n d   r e g u l a t i o n   p l a n .   R e f e r r i n g   t o   t h e   g e n e r a l i z e d   l a y o u t  as shown  on 
F i g u r e  G-68, t h e   c o n t r o l   s t r u c t u r e   c o n s i s t s  of t h e   f o l l o w i n g   f a c t o r s :  (1) 
a t w o - s t o r e y   c o n c r e t e   c o n t r o l   b u i l d i n g ,   w i t h  a f l o o r  area of 5 , 0 0 0   s q .   f t . ,  
l o c a t e d  011 t he   Canad ian   sho re l ine   and   cons t ruc t ed   on   t he   p l a t fo rm  used   fo r  
c o n s t r u c t i o n  of t h e   c o n t r o l   s t r u c t u r e ;  ( 2 )  a r o c k - f i l l   d y k e ,   e x t e n d i n g   f r o m  
t h e   C a n a d i a n   s h o r e l i n e   t o   t h e   a b u t m e n t   o f   t h e   c o n t r o l   s t r u c t u r e ,   w h i c h  is 
o v e r l a i n  by a g r a v e l l e d   r o a d   s u r f a c e ;  ( 3 )  t h e   c o n t r o l   s t r u c t u r e   w h i c h   c o n s i :  
of ga t ed   and   unga ted   s ec t ions   r e s t ing   on  a f o u n d a t i o n   c o n s i s t i n g   o f  a 20- 
f o o t - t h i c k   b l o c k   o f   c o n c r e t e ;  ( 4 )  t h e   p i e r s   a n d   a b u t m e n t s ,   w i t h   b o t h   u p s t r e  
and  downstream  s toplog recesses, which are 15 f e e t   i n   t h i c k n e s s  and  extend 
f r o m   e l e v a t i o n  585.0 f e e t  and 584.0 f e e t   t o   e l e v a t i o n  502 f e e t  and 485 f e e t  
a t  the  upper   and  lower sites, r e s p e c t i v e l y ;   w i n g w a l l s ,   s p l a y e d  a t  30° t o  t h  
f low,   wi th  a top   w id th   va ry ing   f rom 15 f e e t  to 5 feet are provided upstream 
of t h e   a b u t m e n t s ;  ( 5 )  a b r i d g e   d e c k   f o r m e d   b y   r e i n f o r c e d   c o n c r e t e   g i r d e r s  
p l a c e d   s u c h   t h a t  a g a p   o f   f i v e   f e e t ,   c o v e r e d   w i t h  a removable steel  deck,  
is a v a i l a b l e  for t h e   p l a c i n g   o f   s t o p l o p s ;  ( 6 )  a movable   gant ry   c rane  i s  p r o  
v ided   fo r   t he   p l ac ing   o f   ups t r eam  s top logs   wh ich  are s t o r e d   i n   t h e  body of 
t h e  dam;  and ( 7 )  a r o c k - f i l l   d y k e   e x t e n d s   b e t w e e n   t h e   e a s t e r l y   a b u t m e n t   a n d  
t h e   U n i t e d   S t a t e s   s h o r e l i n e .  

The ga ted   and   unga ted   s ec t ions  of t h e   c o n t r o l   s t r u c t u r e  were l o c s  
i n   t h e   d e e p e s t   p a r t   o f   t h e   c h a n n e l   t o   m i n i m i z e   l o c a l   d r e d g i n g   f o r   t r a i n i n g  
the   f l ow  th rough   t he   con t ro l   s t ruc tu re .   The   unga ted   s ec t ion   cons i s t s   o f  at 
even   mu l t ip l e   o f  a b a y   l e n g t h   s u c h   t h a t ,   i f   n e c e s s a r y   i n   t h e   f u t u r e ,   a d d i -  
t i o n a l   g a t e s  may be   added   w i th  ease. 

7 .  C o n s t r u c t i o n .  As s t a t e d   i n   p a r a g r a p h  4 .2 ,  t h e   e x i s t i n g   l a k e  
s t a g e - r i v e r   d i s c h a r g e   r e l a t i o n s h i p s  w i l l  be   main ta ined   th rough  any   cons t ruc  
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t i o n   p e r i o d .   I n   e s s e n c e ,   t h i s  means t h a t   a n y   p a r t   o f   t h e   r i v e r  is  c u t   o f f  
d u e   t o   t h e   c o n s t r u c t i o n  of t h e   c o n t r o l s   s t r u c t u r e  mus t  be   compensa ted   for  
by c h a n n e l   e x c a v a t i o n .  I t  is e s t i m a t e d   t h a t   c o n s t r u c t i o n   c a n   b e   c a r r i e d   o u t  
i n   t h r e e   a n d   f o u r   a n n u a l   s t a g e s  a t  the  lower  and  upper  sites r e s p e c t i v e l y ,  
p r o v i d e d   t h e   q u a n t i t y   o f   e x c a v a t i o n   d o e s   n o t   e x c e e d   f i v e   m i l l i o n   c u b i c   y a r d s .  
Ce l lu l a r  co f fe rdams ,  made up of 318 i n c h   t h i c k  s t ee l  p l a t e s ,  and f i l l e d   w i t h  
a v a i l a b l e   o v e r b u r d e n  are  p roposed .   Pe r t inen t   d imens ions   and   quan t i t i e s  a re  
g i v e n   i n   T a b l e  G - 6 .  A c o n s t r u c t i o n   p l a t f o r m ,  200 feet  by 200 fee t ,  c o n s i s t -  
ing  of   rock f i l l  is proposed   a long   the   Canadian   shore l ine .  A t  t he   l ower  s i t e ,  
a c c e s s  may a l s o   b e   p o s s i b l e   f r o m  Squaw I s l a n d .  A p o r t a b l e   c o n c r e t e   b a t c h i n g  
and   mix ing   p l an t   can   be   i n s t a l l ed   on   t he   p l a t fo rm.   Aggrega te s   can   be   e i the r  
ob ta ined   f rom  nea rby   qua r r i e s   o r   f rom  the   d redged  material which  would  be 
c rushed  as r e q u i r e d .  

8.  U n i t   C o s t s .   U n i t   c o s t s   f o r   p l a n t ,   l a b o r   a n d  materials were 
o b t a i n e d   f r o m   p a s t   p r o j e c t s   c a r r i e d   o u t   i n   t h e  area by  Ontario  Hydro  and  the 
U. S .  Army Corps  of   Engineers .  A l l  u n i t   c o s t s  are e x p r e s s e d   i n   1 9 7 1   p r i c e  
l e v e l s .  An estimate of  20 p e r c e n t  was a p p l i e d  as a n   a l l o w a n c e   f o r   c o n t i n -  
g e n c i e s   t o   o b t a i n   t h e   t o t a l   d i r e c t   c o s t s  of t h e   w o r k s .   I n d i r e c t   c o s t s   w h i c h  
i n c l u d e   a l l o w a n c e s   f o r   d e t a i l e d   i n v e s t i g a t i o n s ,   m o d e l   e x p e r i m e n t s ,   e n g i n e e r -  
i n g   d e s i g n ,  and c o n s t r u c t i o n   s u p e r v i s i o n   a n d   a d m i n i s t r a t i o n  were e s t i m a t e d  
a t  15 p e r c e n t   o f   t h e   t o t a l   d i r e c t   c o s t s .  Based  on a c o s t  estimate of p a r t i -  
c u l a r   l a y o u t s ,   u n i t   c o m p o n e n t   c o s t s  were developed as shown  on Tab le  G-9. 

9 .   Cost  Estimates. Based  on  the  above  uni t   component   costs ,   cost  
c u r v e s  were developed   for   each  s i t e  as  shown on  F igure  G-69. The c o s t  estimates 
f rom  these   curves  l a t e r  s e r v e  as  i n p u t   i n t o   o p t i m i z a t i o n   s t u d i e s  as e x p l a i n e d  
below. I t  s h o u l d   b e   p o i n t e d   o u t   t h a t   v a r i o u s  s i l l  e l e v a t i o n s ,   p a r t i c u l a r l y  
f o r   t h e   u p p e r  s i t e ,  were i n v e s t i g a t e d   b u t ,  by   and   l a rge ,   geo techn ica l   cons i -  
d e r a t i o n s  were f o u n d   t o   p r e v a i l .  

Channel Improvements: A s  ind ica t ed   i n   pa rag raph   4 .3 .1 ,   t he   de t e rmina -  
t i o n   o f   t h e  amount  and loca t ion   of   channel   improvements  was c a r r i e d   o u t   u s i n g  
the   Niagara   River   mathemat ica l   model .   Bas ica l ly ,   there  are two major areas 
f o r   c h a n n e l   e x c a v a t i o n ,   n a m e l y :   ( 1 )   t h e   c o n s t r i c t e d   r e a c h   b e l o w   P e a c e   B r i d g e ,  
and ( 2 )  the  entrance and exit   channels  of t h e  control   structure.  The follow- 
i n g   p a r a g r a p h s   s u m m a r i z e   t h e   s t u d i e s   t h a t  were c a r r i e d   o u t .  

1. Nature   and   Extent .  A series o f   t e n   c h a n n e l   e x c a v a t i o n   p l a n s  
were deve loped   fo r   each  s i te  r a n g i n g   i n  volume  from two t o   f i f t e e n   m i l l i o n  
c u b i c   y a r d s ,   w h i c h   f o r  a l l  p r a c t i c a l   p u r p o s e s ,  were c o n s i d e r e d   t o   b e   e n t i r e l y  
r o c k   e x c a v a t i o n .  The l o c a t i o n   o f   t h e   e x c a v a t i o n  was o p t i m i z e d   f o r   e a c h  of 
t h e s e   p l a n s   u t i l i z i n g   t h e   m a t h e m a t i c a l   m o d e l .   B a s e d   o n   t h e   r e s u l t s   o f   t h e s e  
p l a n s ,  a wid th   o f  800 f e e t  was s e l e c t e d  as the  most   opt imum.  This   width was 
mod i f i ed   i n   t he   app roach   and  e x i t  c h a n n e l s   o f   t h e   c o n t r o l   s t r u c t u r e .  

Each   o f   t he   t en   bas i c   excava t ion   p l ans  were combined w i t h   v a r y i n g  
s i z e s   o f   t h e   s t r u c t u r e  a t  each  s i te ,  because ,  as i n d i c a t e d  ear l ie r ,  t h e   s i z e  
o f   t h e   c o n t r o l   s t r u c t u r e   a n d   v o l u m e   o f   e x c a v a t i o n   c o n f l i c t   i n   t e r m s   o f   c h a n -  
n e l   c a p a c i t y   i n c r e a s e .   G r a p h s  were p r e p a r e d   f o r   e a c h  s i t e  and   each   des ign  
f low,   an  example  of   which is shown  on  Figure G-70. 
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Table  G-7 
DESIGN OF NIAGARA R I V E R  REGULATORY WORKS 

RESULTS OF STABILITY AiiALYSIS 

F a c t o r  of S a f e t y  

Condition  Upper S i t e  Lower S i t e  AcceDtable 

___ __- 
Sta te   Loading  

~ _ _ _  

F l o t a t i o n  - W 
1, 2 ,  3 1.28 1 . 2 4  1.1 

U 

S l i d i n g  - )I 
:j 

S h e a r   F r i c t i o n  
f A + c  A* 

H 
Mr** Over turn ing  - Mo 

Bearing 
Maximum (ks f ) 

1 
2 
3 

1 
2 
3 

1 
2 
3 

0.3  
0.55 
0.85 

10.0 
5 . 3  
3.96 

1.32 
1.22 
1.30 

12.50 

0.29 
0.51 
0.82 

10.0 
5.9 
3.55 

1.26 
1.20 
1.26 

14.70 

0.6 
0.75 
0.90 

5 .O 
4.0 
3.75 

1.20 
1.10 
1.10 

20.00 

*f ( c o e f f .  of f r i c t i o n )  = 0.6,  shear) = 20 ps i .   (2 .88  k s f )  
**The r e s u l t a n t   f a l l s   w i t h i n   t h e   m i d d l e   t h i r d   i n   a l l   c a s e s .  

Table  G-8 
DESIGN OF NIAGARA RIVER REGULATORY WORKS 

DETAILS OF CELLULAR COFFERDAMS 

Upper S i t e  Lower S i t e  

H e i g h t   ( f e e t )  35 55 
Diameter ( f e e t )  40 63 
S p a c i n g   ( f e e t )  46  69 
Steel  (Tons/Unit)  72.5  170 
F i l l   ( c u   y d / U n i t )  1900  5000 
Number of   Units   Required 30 21 

Table  G-9 
DESIGN OF NIAGARA RIVER REGULATORY WORKS 

UNIT COMPONENT  COSTS OF STRUCTURE 

Upper S i t e  Lower S i t e  

Rock f i l l   ( $ / l i n e a r   f o o t )  6 10 1,090 
Unga ted   Con t ro l   S t ruc tu res  

($ / l i nea r   foo t )*   17 ,500   25 ,100  
G a t e d   C o n t r o l   S t r u c t u r e  

($/Bay>**  3,550,000 4 ,'280,000 

**Bay, c e n t r e   t o   c e n t r e   b e t w e e n   p i e r s ,   e q u a l s  115 f e e t   f o r   t h e   u p p e r  s i t e  
*Inc ludes   abutments   requi red  a t  e i t h e r   s i d e  

a n d   9 0   f e e t   f o r   t h e   l o w e r  si te.  
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NOTE: VERTICAL STEPS  INDICATE  ADDITION  OF  A GATED BAY 
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NET HYDRAULIC LENGTH OF ALTERNATE CONTROL STRUCTURES 
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2.  Uni t   Cos t .  As i n d i c a t e d   i n   p r e v i o u s   s t u d i e s ,   t h e   c o s t   o f   e x c a -  
v a t i o n  was approx ima te ly  60 p e r c e n t   o f   t h e   t o t a l   c o s t   o f   r e g u l a t o r y   f a c i l i -  
t ies .  Bea r ing   t h i s   i n   mind ,   t he   un i t   cos t   o f   excava t ion   wou ld   have  a s i g n i -  
f i c a n t   e f f e c t  o n   t h e   o v e r a l l   c o s t .  

The f o l l o w i n g   c o n s i d e r a t i o n s  were t a k e n   i n t o   a c c o u n t  when s e l e c t i n g  
the  method  of   dredging  and  dredge  disposal :  (1) open-lake  dumping is gener-  
a l l y  more prac t ica l   than   on- land   dumping ,  ( 2 )  on c o n s u l t a t i o n   w i t h   v a r i o u s  
e n v i r o n m e n t a l   e x p e r t s ,   t h e   r o c k   i n   t h e   N i a g a r a   R i v e r  was found to  b e   c l e a n  
and  would  have  no  adverse e f fec ts  on   the   b io lop . ica1  regime of  Lake Erie,  ( 3 )  
t he   excava ted   rock   shou ld   be   pu t   t o  some u s e f u l   p u r p o s e ,  ( 4 )  v e l o c i t i e s   i n  
t h i s   r e a c h   o f  t h e  r i v e r  are i n   t h e   o r d e r   o f  12 feet  per   second.   Weiphing 
a l l  f a c t o r s   a n d  on c o n s u l t a t i o n   w i t h   v a r i o u s   c o n s u l t i n g / c o n t r a c t i n g   m a r i n e  
e n g i n e e r i n g  firms, open-lake  dumping  and  excavat ion  in- the-wet  were adop ted .  
The   excavated   rock   would   be   t ranspor ted   wi th in  a f ive -mi l e   r ad ius ,  dumped and 
r e h a n d l e d   t o   f o r m   a n   i s l a n d ,   a n d / o r   h a r b o u r   p r o t e c t i o n   w o r k s   o r   a n y   o t h e r  
u s e f u l   c o n f i g u r a t i o n .  

The f o u r   b a s i c   o p e r a t i o n s  are: (1) mob i l i za t ion   and   demobi l i za t ion  
of   equipment ,  ( 2 )  d r i l l i n g ,   b l a s t i n g   a n d   l i n e   d r i l l i n g ,  ( 3 )  l o a d i n g ,   h a u l i n ?  
and  dumping,  and ( 4 )  sweeping ,   c leanup  and   misce l laneous .  A sample of   equip-  
ment c o s t s  is shown  on Tab le  G-10 f o r   a n   a v e r a e e   a n n u a l   o u t p u t   o f  850,000 
c u b i c   y a r d s .  Of course ,   equipment   cos ts   vary   wi th   the   amount   o f   excavat ion  
and  the time f r ame   ava i l ab le .  Material c o s t s   v a r i e d   f r o m  $0.66 m i l l i o n   t o  
$0 .82   mi l l i on   depend ing   on   t he   quan t i ty   and   dep th   o f   excava t ion .   Mob i l i za -  
t i o n  and   demobi l i za t ion   cos t s   va r i ed   w i th   t he   equ ipmen t   u sed .  As an  example,  
i t  is es t ima ted   t ha t   t he   cos t   o f   mob i l i za t ion   and   demobi l i za t ion   o f   t he   equ ip -  
ment l i s t e d  on  Table G-10 would  be $1 m i l l i o n .   C o n t i n g e n c i e s  were e s t i m a t e d  
a t  20 p e r c e n t   w h i l e   i n d i r e c t   c o s t s  were e s t i m a t e d  a t  10  percent.   Based  on 
t h e s e   s t u d i e s ,  a p l o t   o f   u n i t   c o s t   o f   r o c k   e x c a v a t i o n   v e r s u s   q u a n t i t y   o f   r o c k  
e x c a v a t i o n  was deve loped ,  as shown  on  Figure G-71 ,  a n d   u t i l i z e d   i n   t h e s e  
s t u d i e s .  

Shore Protection Works: W i t h   t h e   c o n t r o l   s t r u c t u r e   l o c a t e d  a t  the   l ower  
s i t e ,  h i g h e r   t h a n   n a t u r a l  water levels would   occur   be tween  the   s t ruc ture   and  
Lake Erie ( f o r   t h e   s h o r e l i n e   d e v e l o p m e n t   a f f e c t e d ,  refer t o   F i g u r e  G-72). 
This i n v o l v e s   t h e   r a i s i n g   o f   e x i s t i n g   s h o r e   p r o t e c t i o n   w o r k s   a n d   t h e  con- 
s t r u c t i o n   o f  new works i n   o t h e r  areas. W i t h   t h e   c o n t r o l   s t r u c t u r e   l o c a t e d  
a t  the   upper  s i t e ,  i t  may be   advantageous  t o  i m p r o v e   e x i s t i n g   s h o r e   p r o t e c t i o n  
works;   however ,   the   costs   of   such  work  would  be  minimal   and is c o n s i d e r e d  
p a r t   o f   t h e   c o n t i n g e n c y  estimates. The   fo l lowing   paragraphs   summar ize   these  
s t u d i e s .  

1. E x i s t i n g  Works. Ex i s t ing   works   on   t he   Canad ian   sho re  are: (1) 
a s tone   masonry  wall ,  w i t h  concrete cap ,   ex tending   f rom  about  7,700 f e e t  
above   the   Peace   Br idge ,  a t  w h i c h   p o i n t   t h e   t o p   e l e v a t i o n  is 578.2 f e e t ,  to 
a p o i n t   a b o u t  800 feet   downstream of t h e   P e a c e   B r i d g e   w h e r e   t h e  wa l l  g r a d u a l l y  
s l o p e s   t o   e l e v a t i o n  572.9 f e e t ,   a n d  (2) masonry wall e x t e n d i n g   a b o u t  100 f e e t  
above   and   be low  the   In t e rna t iona l   Ra i lway   Br idge .   Ex i s t ing   works   on   t he  
U. S.  s h o r e l i n e  are: (1) a s t o n e   a n d   c o n c r e t e   b r e a k w a t e r ,  a t  o r   a b o u t  ele- 
v a t i o n  572 f e e t ,   e x t e n d i n g  from Lake Erie t o  a p o i n t   a b o u t  2,300 f e e t  down- 
stream o f   t h e   P e a c e   B r i d g e   s e p a r a t i n g   t h e  river from  Black Rock Canal ,  (2)  
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Table G-10 

DESIGN  OF NIAGARA RIVER REGULATORY WORKS 
EQUIPMENT COSTS  FOR CHANNEL EXCAVATION 

Costs* 
$ Mil l ions  

Operation  and  Equipment No. Required 9 Per  Hour Per  Year 

1. Drill, b l a s t  and l i n e   d r i l l  

(2 ,080  hrs /year)  
(90-110 l i n e a r   f e e t   p e r  
d r i l l b o a t   p e r   h o u r )  

D r i l l b o a t s  
Tugs  (1200  h.p.) 
Work b o a t s  

2.  Load,  Haul  and dump 

(4,032 hrs /yea r )  
(100-120 CU. yds.   per 
dredger  per  hour) 

Dipper  dredge ( 9  CU. yds.) 2 
Tugs  (1000  hop.)  2 
Dump Scows 6 

Launches 1 

Work b o a t s  2 

3 ,  Sweeping,  cleanup, misc. 
(4 ,032  hrs /year)  
(100-120 cu.  yds.  per 

Der r i ck   boa t s  
Tugs  (1200  h,p.) 

Deck scows 

dredger  pe r  hour) 

1 
1 
2 

2 16 
116 

1 4  

2 03 
105 
34 

33 
13 

1.35 
0.48 
0.03 

1.64 

0.85 
0.82 
0.13 
0.10 

88 0.35 
99 0.40 
20 0.16 

TOTAL $6.31 m i l l i o n  
Average  Annual  Output 0.85 million CU. yds. 
Average Unit Rate $7.42/cu.  yd. 

*Based on 1971 price l e v e l s  
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a 3,100 foot   long  concrete  wal l ,  a long  Squaw I s l and   w i th   t op   e l eva t ion   o f  
573   f ee t ,   p ro t ec t ing   Brodr i ck  P a r k  and  the  Buffalo Sewage t rea tment   p lan t .  
The concre te  wal l  is abou t   n ine   f ee t   h igh  and rests on a 20-foot  wide  timber 
c r ib   f i l l ed   w i th   c rushed   s tone ,   (3 )  a crushed  stone  breakwater  extends  from 
t h i s  wall forming  the  edge  of Squaw I s l a n d ,  and ( 4 )  masonry walls 100 f e e t  
above  and  below  the  abutment  of  the  International  Railway  Bridge. 

2 .  Works Required. The followin?  works are i l l u s t r a t e d  on Figure 
G-72. 

a. Canadian Shore: 

R a i s i n g   e x i s t i n g  masonry wall by removing  concrete 
cap and  forming  concrete on top 

Extens ion   of   th i s  wall downstream f o r  a d i s t a n c e  of 
1,750 f ee t   t o   p ro t ec t   shops   and   o the r   p rope r t i e s  con- 
s i s t i n g   o f  a conc re t e   g rav i ty  wall on t i m b e r   c r i b ,  
b a c k f i l l e d  and  landscaped 

Land a c q u i s i t i o n   o f   p r o p e r t i e s   f a l l i n g   i n s i d e   t h e  
above wall ex tens ion  

Rock f i l l  dyke  on top  of  abandoned  railway  siding 

Raising  and/or  widening  Niagara  Boulevard  along sec- 
t i ons   o f   sho re l ine  

Provis ion  of conc re t e   f ace   s l ab   fo r   dykes  (4) and ( 5 )  
above  keyed i n t o   b e d r o c k   t o  form impervious cu t  off 
t o   p r e v e n t   p o s s i b l e   r a i s i n g  of groundwater   t ab le   in  
For t  Erie 

Rais ing   of   ex is t ing   s torm Later o u t f a l l s ,   p r o v i s i o n  
o f   p r o p e r   o u t l e t s   a n d   f i l l i n g   o f   n o n - r e t u r n   v a l v e s   t o  
prevent   f looding  from r i v e r  

b .   Uni ted  States   Shore:  

(1)   Rais ing   of   the   ex is t ing   s tone /concre te   b reakwater  
above  and  below  the  Peace  Bridge 

(2)   Rais ing  of   the  concrete  wall a long Squaw I s l a n d  

( 3 )  Provis ion   of  a rock f i l l  dyke  on  top of e x i s t i n g  
crushed  s tone  breakwater   a long Squaw I s l a n d  

( 4 )  Provision  of  110-foot x 3 0 - f o o t   t a i n t e r   g a t e   i n  two 
f laps   across   Black  Rock Canal   to   p revent   f looding  
downstream  under  seiche  conditions;   this  would  not 
i n t e r f e r e   w i t h   n a v i g a t i o n   s i n c e  i t  u s u a l l y  is h a l t e d  
under   se iche   condi t ions .  
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( 5 )   M o d i f i c a t i o n s   t o   t h e   o u t f a l l   f a c i l i t i e s   o f   t h e   B u f f a l o  
Sewage  Treatment   Plant  

One o f   t h e   c o n s i d e r a t i o n s   a s s o c i a t e d   w i t h   t h e s e   p a r t i c u l a r   s h o r e  
p r o t e c t i o n   w o r k s ,   e s p e c i a l l y   o n   t h e   C a n a d i a n   s h o r e l i n e ,  i s  a e s t h e t i c s .  It  
is n o r m a l   p r a c t i c e   t o   a d o p t  a f i v e - f o o t   f r e e - b o a r d   f o r   d y k e s   o f   t h i s   n a t u r e ;  
however ,   in   view of  t he   impos i t i on   o f   mass ive  wal l s  a c t i n g  as a b a r r i e r  be- 
t w e e n   t h e   r i v e r   a n d   t h o s e   p e o p l e   i n h a b i t i n g  downtown F o r t  Erie, a f r e e b o a r d  
of one   foo t  was a d o p t e d .   T h u s ,   t h e   t o p   e l e v a t i o n s   o f   t h e   d y k e s   a l o n g   b o t h  
s h o r e l i n e s  are s l o p e d   f r o m   e l e v a t i o n   5 8 0   f e e t  a t  t h e i r   u p s t r e a m   e x t r e m i t i e s  
t o   e l e v a t i o n   5 7 8   f e e t  a t  t h e   c o n t r o l   s t r u c t u r e .  I t  may a l s o   b e   c o n s i d e r e d  
t h a t   a n y   e x t e n s i o n   a b o v e   t h e  maximum e l e v a t i o n   o f   t h e   e x i s t i n g  wal l ,  578.2 
f e e t ,   s h o u l d   n o t   b e   c h a r g e d   a g a i n s t   r e g u l a t i o n .  

3 .  Cost estimates. Cost estimates were f o r m u l a t e d   f o r   t h r e e  al- 
t e r n a t e   h e i g h t s   o f   s h o r e   p r o t e c t i o n   w o r k s  as shown  on  Table G - 1 1 .  The c o s t s  
i n c l u d e  estimates of  25% f o r   c o n t i n p e n c i e s   a n d  10% f o r   e n g i n e e r i n g   d e s i g n ,  
s u p e r v i s i o n  and a d m i n i s t r a t i o n .  The h e i g h t   o f  wall s e l e c t e d ,   v a r y i n g   f r o m  
5 8 0 . 0   f e e t   t o   5 7 8 . 0   f e e t ,  was i n t e r p o l a t e d  to  c o s t   $ 4 . 5   m i l l i o n .  I t  s h o u l d  
b e   p o i n t e d   o u t   t h a t   t h i s  is a f i x e d   c o s t ,   t h a t  i s ,  i t  d o e s   n o t   v a r y   w i t h   t h e  
t y p e   o f   p l a n   u n d e r   c o n s i d e r a t i o n   u n l e s s   o f   c o u r s e  a d r a s t i c   c h a n g e  is made 
on   t he   l eve l   r eg ime   o f   Lake  Erie. 

TABLE G-11 

DESICN OF NIAGARA RIVER REGULATORY  WORKS 
ESTIMATED  COST SHORE PROTECTIVE WORKS (1971 P R I C E  LEVELS) 

( $  MILLIONS) 

C a n a d i a n   U n i t e d   S t a t e s  
Top L e v e l   S i d e  Side" - Total 

584 3 .OO 3.49  6.49 

580  2.13  2.82  4.95 

578 1.87 2 .43  4.30 

Optimization Studies :  By u t i l i z i n g   t h e   g r a p h s   i n   c o r r e l a t i o n  of F i g u r e  
G-70, t h e  cost c u r v e  as p r e s e n t e d   i n   F i g u r e   6 6 9   f o r   v a r y i n g   l e n g t h   o f   s t r u c -  
t u r e   a n d   t h e   u n i t  cost  o f   r o c k   e x c a v a t i o n  as p r e s e n t e d   i n   c u r v e   f r o m   F i g u r e  
G 7 1 ,  t h e   t o t a l   c o s t s  of r e g u l a t o r y   f a c i l i t i e s   r e q u i r e d   t o  meet v a r i o u s  hy- 
d r a u l i c   r e q u i r e m e n t s  were o p t i m i z e d .  

1. P r o c e d u r e .   O p t i m i z a t i o n   o f   t h e   t o t a l   c o s t  of r e g u l a t o r y   f a c i -  
l i t i e s  was c a r r i e d   o u t  as f o l l o w s :  

( 1 )  The c h a n n e l   c a p a c i t y   i n c r e a s e ,   p l o t t e d  on t h e   o r d i n a t e   o f  
t h e   l o w e r   p a r t   o f   t h e   m o n o g r a p h ,   F i g u r e  G-70, was s e l e c t e d .  
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For  each  head lass a c r o s s   t h e   s t r u c t u r e ,   v a r y i n g   i n  magni- 
tude  from 0.50 f o o t   t o   3 . 0 0  f ee t ,  the  volume  of  channel 
e x c a v a t i o n   a n d   h y d r a u l i c   l e n p t h   o f   s t r u c t u r e  were s e l e c t e d  
as i l l u s t r a t e d   i n   F i g u r e  G-70. 

An ad jus tmen t  was made t o  the volume  of  channel  excavation 
s i n c e   t h e   l e n g t h  of  c o n t r o l   s t r u c t u r e   a f f e c t s   t h e   l o c a t i o n  
and   ex ten t   o f   channe l   excava t ion   r equ i r ed  a t  o r  n e a r   t h e  
s t r u c t u r e .  

The cos t   o f   channe l   excava t ion  was then   de te rmined  by 
a p p l y i n g   t h e   u n i t   c o s t   o f   r o c k   e x c a v a t i o n  as determined 
by F igu re  G - 7 1 .  

The c o s t   o f   t h e   c o n t r o l   s t r u c t u r e  was determined by a p p l y -  
i nF   F igu re  G-69. 

I n   t h e   c a s e   o f   t h e   c o n t r o l   s t r u c t u r e  a t  t he   l ower  s i t e ,  
a cos t   o f   $4 .5   mi l l i on  was a d d e d   t o   t h e   t o t a l   c o s t   t o  
a c c o u n t   f o r   t h e   r e q u i r e d   s h o r e   p r o t e c t i o n   w o r k s .  

The t o t a l   c o s t   o f   r e p , u l a t o r y   f a c i l i t i e s  was p l o t t e d   v e r s u s  
h e a d   l o s s   a c r o s s   t h e   s t r u c t u r e ,   a n d   t h e   o p t i m u m  was 
s e l e c t e d .  

S t e p s  1 through 7 were r e p e a t e d   f o r   e a c h   c h a n n e l   c a p a c i t y  
i n c r e a s e ,   r a n g i n g   f r o m  0 t o   6 0 , 0 0 0   c f s   i n   i n c r e m e n t s   o f  
10,000 c f s ,  and  for   f lows  f rom  160,000  to  320,000 cfs  i n  
inc remen t s   o f   40 ,000   c f s .  

2 .  Prel iminary  Cost   Curves.   Based upon the   p rocedure  as o u t l i n e d  
above, a set  o f   p r e l i m i n a r y   c o s t   c u r v e s  was p r e p a r e d   t o   b e   u t i l i z e d   i n   t h e  
f o r m u l a t i o n   o f   p r e l i m i n a r y   r e g u l a t i o n   p l a n s .  The c o s t   c u r v e s   f o r   t h e   l o w e r  
and  upper s i tes  are i l l u s t r a t e d   o n   F i g u r e s  G-73 and G-74, r e s p e c t i v e l y .  A 
comparison  of cost between  the  two si tes,  f o r  a des ign   f l ow of 280,000 c f s ,  
as  shown  on F igu re  6 7 5 ,  reveals t h a t  t h e  t o t a l  f irs t  c o s t  (1971 p r i c e   l e v e l s )  
o f   t he   l ower  s i t e  is approx ima te ly  $29 m i l l i o n   t o  $35 mi l l ion ,   dependent   on  
t h e   h y d r a u l i c   r e q u i r e m e n t s ,   l o w e r   t h a n   t h a t   f o r   t h e   u p p e r  s i t e .  The lower 
s i t e  was t h e r e f o r e   s e l e c t e d   f o r   f u r t h e r   d e s i g n   a n d   c o s t  estimates. 

4.4  Methodology - P a r t i a l   R e g u l a t i o n  

Various  methods were e x p l o r e d   f o r   r e d u c i n g   h i g h   l a k e   l e v e l s   o n   L a k e  Erie 
by i n c r e a s i n g   t h e   d i s c h a r g e   c a p a c i t y  a t  t h e s e  sites: 

1.  Welland  Canal 
2 .  New York Sta te   Barge   Canal  
3. Black Rock Canal 

Due t o   t h e   l i m i t e d   c a p a c i t y   a n d   e r o s i o n   p r o b l e m s   i n   t h e   W e l l a n d   C a n a l  
and t h e  New York S t a t e  Barge Canal, no f u r t h e r   c o n s i d e r a t i o n  was g iven  t o  
t h o s e  two sites as a means o f   " p a r t i a l   r e R u l a t i o n "   o f   L a k e  Erie l e v e l s .  
The most p romis ing   me thod ,   u t i l i z ing   t he   B lack  Rock Canal ,  i s  descr ibed   be low.  
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A promising measure, i n  terms of   channel   capaci ty   increase,  is the   d i s -  
charge  of   addi t ional  water down the  Black Rock Canal  thus  bypassing  the con- 
s t r i c t i o n  o f   t h e   r i v e r   a t   o r   n e a r   t h e   P e a c e  Highway Bridge.   There  are   essen-  
t i a l l y  t h ree   a l t e rna t ive   s chemes :  (1) breaching  Bird  Is land  Pier ,   which i s  
a stone/concrete  breakwater  founded on a t imber   c r ib   ex t end ing  from Squaw 
Island  upstream  to  Buffalo  Harbour,   and  (2)  excavating a divers ion  channel  
a c r o s s  Squaw I s l and   j u s t   ups t r eam of the  Black Rock Lock; ( 3 )  discharg ing  
water through  the  Black Rock Lock chamber  would increase   the   ou t f low  about  
15 ,000   c fs .   This  would require   changing  the t y p e  of gates p r e s e n t l y   i n  use. 
(Both sets  of gates   cannot   be  operated  s imultaneously  against   the  5-fOOt head 
wi thou t   i ncu r r ing   s t ruc tu ra l   changes . )  

I t  w a s  determined  that   an  uncontrol led  breaching of Bird  Is land Pier 
would s e r i o u s l y  hamper nav iga t ion   i n   t he   Cana l .  The cost   of   modifying  the 
Black Rock Lock ga te s  would cos t   about   $1 ,720 ,000 ,   exc luding   cos ts   for   p ro-  
t e c t i n g   l o c k  walls aga ins t   h igher   water   ve loc i t ies .   Accord ingly ,  t h e  a l t e r -  
na t ive   p roposa l   o f  a divers ion  channel   through Squaw Is land   wi th   an   a t tendant  
r e g u l a t o r y   s t r u c t u r e ,  was deemed t o   b e   t h e  more p r a c t i c a b l e  method of   dis-  
cha rg ing   add i t iona l  water through  the  Black Rock Canal. The fol lowing is a 
summary of s t u d i e s   r e l a t e d   t o   t h i s   p r o p o s a l .  

Introduction: The l o c a t i o n  of t h e  proposed  divers ion  channel  is shown 
on F i g u r e   6 7 6 .  The divers ion  f lows would be  routed  through  the  Black Rock 
Canal   and  thence  through  the  proposed  divers ion  channel   bisect ing Squaw 
Is land   be tween  the   In te rna t iona l   Rai l road   Br idge   and   Black  Rock Lock. A 
c o n t r o l   s t r u c t u r e  would be   l oca t ed   nea r   t he  downstream  end  of  the  diversion 
channel.  Thus, by c l o s i n g   t h e   s t r u c t u r e ,  Lake Erie outflows  could  be re- 
turned   to   p repro jec t   condi t ions  when l ake   l eve l s   and   supp ly   cond i t ions   f a l l  
be low  es tab l i shed   th reshold  limits. T h r e e   a l t e r n a t i v e  s izes  o f   t he   d ive r s ion  
channe l   and   con t ro l   s t ruc tu re  were inves t iga t ed   t o   p rov ide  a r e l a t i o n s h i p  be- 
tween  channel  capacity  increase  and  cost .   This  al lows  for  the  rapid  deter-  
mination of c o s t   f o r  a range   of   par t ia l   regula t ion   p lans   having  a var ie ty   o f  
channel   capaci ty   increase  requirements .  

Layout: The al ignment   of   each  of   the  three  schemes  differs   s l ight ly  
i n  o r d e r   t o   f i t   t h e   d i f f e r e n t  channel w i d t h s  i n t o   t h e  e x i s t i n g  topography.  
The layouts  of  each  of  the  three  schemes,  ranging  from  the smallest t o   t h e  
l a r g e s t ,  are shown on Figures  C-77,  G-78 and G-79. In   each   ca se ,   t he   d i s -  
tance between  the  confluence  of t h e  proposed  diversion  channel  with  the  Black 
Rock Canal  and  the  entrance  to  the  Black Rock Lock w a s  made as g r e a t   a s  pos-  
s i b l e   t o   e n s u r e   t h a t   e n t r a n c e   v e l o c i t i e s   t o   t h e   p r o p o s e d   d i v e r s i o n   c h a n n e l  
would  have  minimal  impact  on  navigation.  For  the same reason ,   t he   con t ro l  
s t r u c t u r e  was loca ted  as c l o s e  as poss ib le   to   the   Niagara   River .   Typica l  
cross-sections  of  the  proposed  diversion  channel  upstream  and  downstream  of 
t h e   c o n t r o l   s t r u c t u r e  are shown  on Figure G-80. Earth  dykes,   wi th  a top 
width  of 10 f e e t ,  would be   cons t ruc ted  on e i t h e r   s i d e   o f   t h e   d i v e r s i o n  chan- 
n e l   t o   e l e v a t i o n  580.0, ups t r eam  o f   t he   con t ro l   s t ruc tu re ,   t o   p rov ide  ade- 
quate   f reeboard.  Downstream o f   t he   con t ro l   s t ruc tu re ,   t he   ea r th   dykes  would 
be  constructed  to   e levat ion  575.0,   which is cons idered   adequate   in   v iew  of  
t he   d rop   i n   s t age   be tween  Lake Erie leve ls   and   those   o f   the   Niagara   River  a t  
i ts  confluence  with  the  proposed  divers ion  channel .  The d ivers ion   channel  
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Figure G-76 
PARTIAL  REGULATION OF LAKE ERIE-LAKE ERIE DIVERSION  VIA BLACK ROCK NAVIGATION  CANAL-LOCATION MAP 



c r  INDICATES RIPRAP 

Figure G-77 
LAKE ERIE DIVERSION VIA BLACK ROCK NAVIGATION  CANAL-SCHEME  A 
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Figure G-78 
LAKE ERIE DIVERSION VIA  BLACK ROCK NAVIGATION  CANAL-SCHEME B 
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Figure G-79 
LAKE  ERIE DIVERSION VIA BLACK ROCK NAVIGATION CANAL-SCHEME C 
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would   be   r i p rapped   o r   o the rwise   p ro t ec t ed  as n e c e s s a r y   t o   p r e v e n t   b a n k   e r o -  
s i o n  and   g radua l ly   t r a ined   t o   and   f rom  the   con t ro l   s t ruc tu re   t o   min imize   ex -  
ces s ive   head   l o s ses   due   t o   con t r ac t ion   and   expans   i on .  

Hydraulic  Considerations: The  capac i ty   o f   the   Black  Rock Canal--Squaw 
I s l a n d   d i v e r s i o n   c h a n n e l  was determined by a p p l y i n g   t h e   s t a n d a r d  s t e p  method 
o f   backwa te r   ca l cu la t ion   w i th   Mann ing ' s   equa t ion   be ing   app l i ed   t o  estimate 
f r i c t i o n   l o s s e s .   B e c a u s e  no p r o t o t y p e   d a t a  were a v a i l a b l e ,   a n  estimate of 
Manning ' s   roughness   coef f ic ien t  was made. Based on a r ev iew  o f   r e l evan t  
l i t e r a t u r e ,   t h e   r e l a t i v e   r o u g h n e s s   o f   t h e   d i v e r s i o n   c h a n n e l   a n d   o f   t h e   B l a c k  
Rock Canal   could  be  approximated by a Mann ing ' s   roughness   coe f f i c i en t   va ry ing  
from  0.025  to  0.030. The l a t t e r  v a l u e  was adop ted   fo r   des ign   pu rposes .  En- 
t r a n c e   l o s s e s  f rom  the   Niagara   River   to   the   Black  Rock Canal   and  f rom  the 
Black Rock Canal to  Squaw I s l a n d   d i v e r s i o n   c h a n n e l  were es t imated   by   apply inR 
a c o e f f i c i e n t   o f   0 . 2 5   t o   t h e   c h a n g e   i n   v e l o c i t y   h e a d   a c r o s s   t h e   e n t r a n c e .  An 
a n a l y s i s   o f   t h e   g e o m e t r y   o f   t h e   t h r e e   m a j o r   b e n d s   i n   t h e   B l a c k  Rock Canal-- 
Squaw I s l a n d   d i v e r s i o n   c h a n n e l   r e v e a l e d   t h a t   b e n d   l o s s e s  were i n s i g n i f i c a n t .  
Because   o f   t he   un i fo rmi ty   o f   t he   B lack  Rock Canal   and  the Squaw I s l a n d   d i v e r -  
s i o n   c h a n n e l ,   e x c e p t  a t  t h e   c o n t r o l   s t r u c t u r e ,   e n e r g y   l o s s e s   d u e   t o   e x p a n s i o n  
a n d   c o n t r a c t i o n  were c o n s i d e r e d   t o   b e   i n s i g n i f i c a n t .   T h e   c o n s e r v a t i v e  es t i -  
mate o f   t h e   M a n n i n g ' s   r o u g h n e s s   c o e f f i c i e n t   w o u l d   c o r r e c t   f o r   a n y   e r r o r s  
i m p l i c i t   i n   t h i s   a s s u m p t i o n .  

The channe l   capac i ty   i nc rease   fo r   t he   B lack  Rock Canal--Squaw I s l a n d  
d i v e r s i o n   c h a n n e l  was ob ta ined   by   ba l anc ing   t he   f l ows   t h rough   t he   cana l   and  
the   N iaga ra   R ive r   fo r   t he  water l e v e l   c o n d i t i o n s  a t  t h e i r   c o n f l u e n c e .  The 
c h a n n e l   c a p a c i t y   i n c r e a s e  was the re fo re   de t e rmined   u s ing   t he   N iaga ra   R ive r  
mathematical   model,  as d e s c r i b e d   i n   S e c t i o n   4 . 3 . 1 ,   i n   c o m b i n a t i o n   w i t h   t h e  
above   descr ibed   method  of   de te rmining   the   capac i ty   o f   the   Black  Rock Canal-- 
Squaw I s l a n d   d i v e r s i o n   c h a n n e l .  

One o f   t h e   f a c t o r s   t h a t   a f f e c t s   t h e   a b i l i t y   o f   t h e   d i v e r s i o n   s c h e m e s   t o  
d i s c h a r g e   a d d i t i o n a l   f l o w  is t h e   a v a i l a b l e   h e a d .  To p r e s e n t  a range  of  hy- 
d r a u l i c   c o n d i t i o n s   t h a t   m i g h t   r e s u l t   f r o m   p a r t i a l   r e g u l a t i o n   p l a n s ,  two 
Niagara   River   f lows   (ups t ream  of   the   conf luence) ,   200 ,000   c fs   and  248,000 
c f s ,  were u s e d   f o r   d e s i g n   p u r p o s e s .  The r e s u l t s   o f   t h e s e   i n v e s t i g a t i o n s   f o r  
t h r e e   a l t e r n a t i v e   s c h e m e s  are summarized  on  Table G-12. 

Design Considerations: A s u b m e r s i b l e   t a i n t e r   g a t e  was s e l e c t e d   f o r   d e -  
s i g n   p u r p o s e s .  Ice and   debr i s   could   be   passed   over   the   submerged   ga te   o r ,  
i f   d e s i r e d ,   c o u l d   b e   r e t a i n e d  by a p a r t i a l l y   r a i s e d   g a t e ,   t h u s   p r o v i d i n g  
o p e r a t i o n a l   f l e x i b i l i t y .  The t a i n t e r   g a t e  would   be   cha in   opera ted   wi th  
e lec t r ic  h o i s t s  and  provided  with seal  h e a t e r s   a n d   a n  a i r  bubb le r   sys t em 
f o r   y e a r - r o u n d   o p e r a t i o n .  The c o n t r o l   s t r u c t u r e   w o u l d   b e   o p e r a t e d   f r o m   t h e  
Black Rock S h i p  Lock  by r e m o t e   c o n t r o l ,   u s i n g   c l o s e d   c i r c u i t   t e l e v i s i o n   a n d  
e x i s t i n g   l o c k   p e r s o n n e l .  A c e n t e r l i n e   p r o f i l e   o f   t h e   c o n t r o l   s t r u c t u r e  is  
shown  on F i g u r e  6.81. The d ive r s ion   channe l   wou ld   be   r i p rapped   ups t r eam  and  
d o w n s t r e a m   o f   t h e   c o n t r o l   s t r u c t u r e  as n e c e s s a r y   t o   p r e v e n t   b a n k   e r o s i o n .  
Ea r th   l evees ,   cons t ruc t ed   t o   e l eva t ions   580 .0   and   575 .0   wou ld   be   ups t r eam 
and   downs t r eam  o f   t he   con t ro l   s t ruc tu re ,   r e spec t ive ly ,   wou ld   be   p rov ided   t o  
protect  against  overtopping  during  extreme  high levels. I t  was assumed that ,  
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fo r   t he   f l ows   cons ide red   i n   t h i s   s tudy ,  no p r o t e c t i v e  works to   p revent   e ro-  
s ion  or   undermining  a long  the  banks  of   the  Black Rock Canal  would  be  required. 
Removal of part of an e x i s t i n g  sheet p i l e  wall a long  the Black  Rock Canal 
and par t  of  an e x i s t i n g   s t o n e  dyke along  the  Niagara  River  would be required 
to   complete   the  divers ion  channel .   Miscel laneous items which  would  be required 
inc lude   the   fo l lowing:   (1)   s top   logs   to   p rovide   for   dewater ing   of   the   cont ro l  
s t r u c t u r e ,  ( 2 )  a foot   b r idge   across  t h e  c o n t r o l   s t r u c t u r e   t o   p r o v i d e  access 
for  maintenance  personnel,   and ( 3 )  a f l o a t i n g   l o g  boom a t  the  upstream end 
of the   d ivers ion   channel   to   p revent  small pleasure c r a f t  from en te r ing   t he  
channel.  

Cost Estimates: I n   o r d e r   t h a t  a valid  comparison  of  cost   between  each 
of t h e   t h r e e  schemes  could  be made, common d e s i g n   c r i t e r i a  were u t i l i z e d  
throughout.  Costs were based on p a s t  p r o j e c t s   i n   t h e   B u f f a l o   a r e a  expressed 
i n  1971 p r i c e   l e v e l s .  An estimate of 25 percent  was app l i ed  as an  allowance 
f o r   c o n t i n g e n c i e s   t o   o b t a i n   t h e   t o t a l   d i r e c t   c o s t s  of works .   Ind i rec t   cos t s  
which   inc lude   a l lowances   for   de ta i led   inves t iga t ions ,   foundat ion   explora t ions ,  
engineer ing   des igns   and   cons t ruc t ion   superv is ion  and admin i s t r a t ion  were 
es t imated  a t  15 pe rcen t   o f   t he   t o t a l   d i r ec t   cos t s   and  added to   ob ta in   t he  
t o t a l   e s t i m a t e d   f i r s t   c o s t s .  A summary of the   cos t  estimates fo r   each   o f  
t he   t h ree  schemes is shown on Table 6 1 3 .  A p l o t  of channel   capac i ty   increase  
v e r s u s   t o t a l   f i r s t   c o s t s  is shown on  Figure G - 8 2 .  I n  view of the  requirement 
fo r   w in te r   ope ra t ion ,   ope ra t ion  and  maintenance  costs are es t imated  a t  0.5 
p e r c e n t   o f   t h e   t o t a l   f i r s t   c o s t s .  The cons t ruc t ion   pe r iod  is es t imated  a t  
less than  one year and ,   t he re fo re ,   i n t e re s t   cha rges   du r ing   cons t ruc t ion  were 
neglected.  

Add i t iona l   s tud ie s  are needed to   de t e rmine :  

1. A c t u a l   e f f e c t s   o f   i n c r e a s e d   c u r r e n t s   i n   t h e   c a n a l  on  navigat ion.  

2 .  E f f e c t s  of d i v e r t i n g   a d d i t i o n a l  water on the   opera t ion  of the  
Chippawa-Grass I s land   Pool .  

3. Erosion  of  shoreline  adjacent  and  downstream  of  the  diversion  channel.  

4.5 Data 

The following  paragraphs list the   da t a   pe r t inen t   t o   t he   des ign  and cos t  
estimates of  Lake Erie regulatory  works.  

4.5.1 Basic Data 

The fol lowing  paragraphs list t h e   b a s i c   d a t a  which e x i s t e d   p r i o r   t o   t h e  
s tudy   and   the   co l lec ted   da ta   ob ta ined   dur ing   the   course  of t he   s tudy .  

Existing Data : 

( 1 )   P l a n s   f o r   r e g u l a t i o n  of Levels  of  Lake Erie, Technical  Report  No. 2 - 4 6 ,  
U. S .  Army Corps  of  Engineers  Waterways  Experimental  Station,  Vicksburg, 
P l i s s i s s i p p i ,  June 1957. 
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Table  G-12 

PARTIAL  REGULATION OF LAKE  ERIE 
DETERMINATION OF CHANNEL  CAF'ACITY  INCREASE 

FOR  VARYING  SIZE OF SQUAW  ISLAND  DIVERSION  CHANNEL 

Scheme  A  Scheme  B  Scheme  C 

Q = 200,000  cfs 

Elevation  at  Black  Rock  Gauge* 565.65 566.01 566.18 
Elevation at Buffalo  Gauge 570.94 571.19 571.32 
Channel  Capacity  Increase  (cfs) 7,200 15,700 20,200 

Q = 248,000  cfs 

Elevation at Black  Rock  Gauge* 567.59 567.98 568.19 
Elevation  at  Buffalo  Gauge 573.23 573.50 573.67 
Channel  Capacity  Increase (cfs) 8,200 18,100 23,700 

*This  elevation  is  based  on  the  flow in the  Niagara  River  downstream of 
the  confluence  with  the  proposed  diversion  channel.  See  Figure  G-76  for 
gauge  location. 

Table  G-13 

SUMMARY OF COST  ESTIMATES - BLACK  ROCK  CANAL-SQUAW  ISLAND  DIVERSION SCHEMES 

, Estimated  First  Cost  (Dollars) 
I tem Scheme A I Scheme  B I Scheme C 

I 1 
1. Excavation:  Common 

4. Water  Control  During  Construction 
142,000 3.  Riprap 
295,000 2. Levee  Embankment 
73,000 Rock 
363,000 

76,000 9. Electrical  Facilities 
88,000 8. Tainter  Gate  Machinery 
270,000 7. Tainter Gate 
279,000 6. Steel  Sheet  Piling 

1,239,000 5.  Reinforced  Concrete 
221,000 

11. Miscellaneous  Items 162,000 
10. stop  Logs 125,000 

SUB-TOTAL  ,333,000 

397,000 

319,000 
197,000 198,000 
188,000 138,000 
520,000 

221,000  221,000 
298,000 

1,695,000 2,053,000 
260,000 260,000 
675,000 991,000 
132,000 199,000 

312,000 457,000 
184,000 19 3,000 

4,632,000  5,685,000 

101,000 108,000 

. - .._ " . . 

25  Percent  Contingencies 

TOTAL  DIRECT  COSTS 

15  Percent  Indirect  Costs 

TOTAL  ESTIMATED  FIRST  COSTS 
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( 2 )  Water Levels  of t h e  Great Lakes,   Report  on Lake   Regula t ion ,  U. S .  A m y  
E n g i n e e r   D i v i s i o n ,   N o r t h   C e n t r a l ,   C o r p s   o f   E n g i n e e r s ,   C h i c a g o ,   I l l i n o i s ,  
December 1965. 

( 3 )  Soundings of t he  Upper N i a g a r a   R i v e r ,  U. S .  Lake  Survey  Field  Chart  
1-1778, S c a l e  1/500. Sound ings   i n  fee t ,  U. S .  Lake  Survey,  1932.  1940. 

( 4 )  Hydrographic   Char t ,  Upper N i a g a r a   R i v e r ,  U. S .  Lake  Survey,  No. 312, 
S c a l e  1/30,000, 1968 E d i t i o n .  

(5 )  Topographic maps ,  N i a g a r a   F a l l s ,   F o r t  Er ie ,  Surveys  and Mapping Branch, 
Department o f  Energy,   Mines  and  Resources ,   Scale   1/25,000,   10-foot   contour  
i n t e r v a l .  

( 6 )  Pho togrammet r i c   mapp ing   o f   Un i t ed   S t a t e s   and   Canad ian   sho re l ines  of t h e  
Niaga ra   R ive r   be tween   t he   In t e rna t iona l   Ra i lway   Br idge   and   t he   head   o f   t he  
River ,   Department  of P u b l i c   W o r k s ,   S t a t e   o f  New York,  Scale  1"-200' ,   5-foot 
c o n t o u r   i n t e r v a l ,   S e p t e m b e r   1 9 6 2 .  

( 7 )  Aerial photographs   o f   the  Upper N i a g a r a   R i v e r   a n d   a d j a c e n t   s h o r e l i n e ,  
Survey  and  Mapping  Branch,  Department  of  Energy,  Mines  and  Resources. 

(8) P rob ings   ex tend ing   f rom  the   head   o f   t he   N iaga ra   R ive r   t o  two miles 
downstream, U. S. Army Corps   o f   Engineers .  

(9)  Hydraul ic   Design Criteria,  U. S .  Amy  Corps  of  Engineers,   Waterways 
E x p e r i m e n t a l   S t a t i o n ,   V i c k s b u r g ,   M i s s i s s i p p i .  

( 1 0 )   D i s c h a r g e   C o e f f i c i e n t s   f o r   I r r e g u l a r   O v e r f a l l   S p i l l w a y s ,   E n g i n e e r i n g  
Monograph No. 9 ,  U. S .  Bureau  of  Reclamation. 

(11)  Movable Barrier D a m s  A c r o s s   R i v e r s ,   1 0 t h   I n t e r n a t i o n a l   C o n f e r e n c e   o n  
Large D a m s ,  Rex Madoux, and   o thers ,   1970.  

( 1 2 )  Manual of S tanda rds   and   P rocedures   fo r   P l ann ing  Water R e s o u r c e s   P r o j e c t s  
i n   O n t a r i o ,  Canada--Ontario Committee on CWCAA Programs, July 1969. 

(13 )   Tab le   o f   Quan t i t i e s  f o r  Es t ima t ing   Ce l lu l a r   Coe f fe rdams-2870 ,   Spec ia l  
P ro jec t s   Branch ,   Min i s t ry   o f   T ranspor t ,   Augus t   1951 .  

( 1 4 )   E f f e c t s  of  Power Operat ions  on  the  Niagara  River   and  Lake Erie, Follow-up 
R e p o r t   t o   t h e   I n t e r n a t i o n a l   N i a g a r a   B o a r d   o f   C o n t r o l ,   A p r i l  1969. 

CoZ Zected Data 

( 1 )   P r e l i m i n a r y   F o u n d a t i o n   I n v e s t i g a t i o n s ,   N i a g a r a   R i v e r  Flow C o n t r o l   S t r u c -  
t u r e  and  Appurtenances,  William Trow (Hamil ton)   L imi ted ,  March  1970. 

(2)   Orthophotographic   Mapping  of   the Area f r o m   b e l o w   t h e   I n t e r n a t i o n a l  
R a i l w a y   B r i d g e   t o   t h e   h e a d   o f   t h e  r i v e r ,  Lockwood Survey   Corpora t ion   Limi ted ,  
S c a l e  1" = 400 f e e t ,  s e t  o f  two maps taken  on 8 A p r i l  1970. 
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( 3 )  Real Estate A p p r a i s a l  of land   ad jacent   to   the   Niagara   River   (Canada  
S i d e ) ,   P r o j e c t e d   t o  1975 p r i c e   l e v e l s ,  Canada  Department  of  Public  Works, 
June  1970. 

( 4 )  Flow measuremen t s   and   co r re spond ing   l eve l s   a t   s eve ra l   gauges ,  Lake 
Survey Dis t r ic t ,  U .  S .  Army Corps  of  Engineers,  and Water  Survey  of  Canada, 
Environment  Canada,  1967,  1968  and 1969. 

( 5 )   P r o f i l e   a l o n g   t h e   r i v e r   b a n k   a n d   a d j a c e n t   l a n d   a r e a  and d e t a i l s  of s torm 
d r a i n a g e ,  water in takes   and   sewage   d i sposa l   p ipe l ine .   Water   P lanning   and  
Management Branch,  Environment  Canada,  Field  Notes  1-71, September  1971. 

( 6 )   I n v e s t i g a t i o n   o f   S e i c h e   E f f e c t s  on the   R ive r ,  U. S .  Army Corps  of 
Eng inee r s ,   Wate rways   Expe r imen ta l   S t a t ion ,   V icksburg ,   Mis s i s s ipp i ,  December 
1970. 

4.5.2  Derived Data 

The fo l lowing  list of d a t a  was de r ived   f rom  bo th   t he   ex i s t ing   and   co l -  
l e c t e d   d a t a   l i s t e d   a b o v e .  

( 1 )   C r o s s - s e c t i o n a l  areas, l eng th   and   w id th  of  s e l e c t e d   c r o s s   s e c t i o n s   i n  
t h e  Upper Niaga ra   R ive r ,   De t ro i t  District ,  U. S .  Army Corps  of   Engineers .  

(2 )  Mannings   roughness   coe f f i c i en t s   fo r   t he   va r ious   r eaches   i n   t he  Upper 
Niagara   River ,  Water Planning  and Management Branch,  Environment  Canada. 

( 3 )  Topographic  and  hydrographic map of t h e  Upper Niagara River between t h e  
Black Rock gauge  and  the  head of t h e   r i v e r   a n d   a d j a c e n t   l a n d  area, Water 
Planning  and Management Branch,  Environment  Canada,  Scale 1" = 200 f e e t ,  
contour  interval 5 f e e t .  

(4)  Hydrographic map of   the Upper N i a g a r a   i l l u s t r a t i n g   r i v e r   b o t t o m   c o n t o u r s  
and   rock   con tour s ,  Water Planning  and Management Branch,  Environment  Canada, 
S c a l e  1" = 100 f e e t ,   c o n t o u r   i n t e r v a l  5 f e e t .  

(5 )   Re la t ionsh ip   be tween   dep th   o f   rock   excava t ion   and   un i t   cos t ,  Water 
Planning  and Management Branch,  Environment  Canada,  and U .  S .  Army Corps 
of Eng inee r s ,   Buf fa lo  District. 

( 6 )  R e l a t i o n s h i p s   b e t w e e n   c o s t   o f   g a t e d   s t r u c t u r e   v e r s u s   l e n g t h   a t   b o t h  
the  upper   and  lower sites, Water Planning  and Management Branch,  Environment 
Canada. 

( 7 )  Re la t ionsh ips   be tween   channe l   capac i ty   i nc rease ,   vo lume  of excavat ion  
a n d   l e n g t h   o f   s t r u c t u r e ,  Water Planning  and Management Branch,  Environment 
Canada. 

(8) R e l a t i o n s h i p s   b e t w e e n   c h a n n e l   c a p a c i t y   i n c r e a s e ,   a n d   t o t a l   f i r s t   c o s t  
o f  structure,  anc i l l a ry   works   and   channe l   excava t ion ,  Water Planning  and 
Management Branch,  Environment Canada. 
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Sec t ion  5 

ST. LAWRENCE RIVER SYSTEM 

5.1   Descr ip t ion  of the  System 

The S t .  Lawrence R ive r   fo rms   t he   na tu ra l   ou t l e t   o f   t he  Great Lakes 
Drainage  basin.  From i ts  headwaters on Lake Ontar io  a t  Kingston,  Ontario,  
t he   R ive r   f l ows   gene ra l ly   i n  a n o r t h e a s t e r l y   d i r e c t i o n   t o  i t s  o u t l e t  on  the 
Gulf  of S t .  Lawrence, a t  Fa the r   Po in t ,  Quebec, a d i s t a n c e  of some 530  miles. 
Between Kingston,   Ontar io   and  St .   Regis ,  New York, t h e   R i v e r   e s t a b l i s h e s   t h e  
internat ional   boundary  between Canada  and the   Un i t ed   S t a t e s .  Downstream of 
Cornwall ,   Ontario,   and  St.   Regis,  New York,  the  River lies whol ly   wi th in   the  
Province  of  Quebec. A l o c a t i o n  map o f   t he   S t .  Lawrence  River is shown on 
Figure (2-83. 

5.1.1  General 

The S t .  Lawrence River   possesses  some advantages  not   shared by many 
r ive r s   o f   comparab le   s i ze  and  importance. The r e g u l a t i n g   e f f e c t   o f   t h e  Great 
Lakes r e s u l t s   i n  a remarkably  uniform  flow i n   t h e   S t .  Lawrence; t h e   r a t i o  
of maximum t o  minimum flow a t  i t s  headwaters on  Lake Ontar io   being  about   2: l  
as compared,   for   example,   to   the  Mississ ippi   River   with a corresponding 
r a t i o  of  about 40:l. Over the   per iod  1900-1967, t h e  mean recorded  f low w a s  
232,000 c f s ,   t h e  maximum 305,000 c f s  and  the minimum 154,000 c f s .  

From i ts  o u t l e t   o f  Lake Ontar io  a t  Kings ton ,   Ontar io ,   to   Fa ther   Poin t ,  
Quebec,  which  marks i t s  t r a n s i t i o n   t o   t h e  Gulf of S t .  Lawrence, t h e   S t .  
Lawrence  River f a l l s   app rox ima te ly  245 f e e t .   T h r o u g h o u t   t h e   f i r s t  67 miles 
of i ts  l e n g t h ,   t h e   r i v e r  is cha rac t e r i zed  by numerous  rocky  islands  and  reefs 
from  which  the name, Thousand I s l a n d s  Reach, is derived.  With  the  construc- 
t ion   o f   the   S t .  Lawrence Seaway and Power Projects ,   between 1954 and  1959, 
the  physical   features   of   the   River   between  I roquois   and  Cornwall ,   Ontar io ,  
have  been  considerably  changed.  With  the  construction of t h e  Saunders-Moses 
h y d r o - e l e c t r i c   p l a n t s  and  appurtenances,  a l a r g e  man-made l a k e ,  named Lake 
St.  Lawrence, was formed f lood ing   ou t  areas where e n t i r e   v i l l a g e s   h a d   b e e n  
loca ted .   Inhab i t an t s  of the  area which were flooded were subsequent ly   re lo-  
ca t ed ,   t he   cos t s  of which were borne by t h e   p r o j e c t .  

Below the  power dam, t h e   r i v e r   d i v i d e s   i n t o  two channels  around  Cornwall 
I s land   which   then   reuni te   to  form  Lake S t .   F r a n c i s .  Downstream of  Lake St. 
Francis,   the  r iver  f lows  through  the  Beauharnois  Canal  and  Cedars  complex to  
Lake St .   Louis .  The Beauharnois  powerhouse i s  loca ted  a t  the   end   of   the  
cana l .  A t  t h e   o u t l e t   o f  Lake St .   Louis   the   r iver   d rops   th rough  the   Lachine  
Rapids   into  the  Laprair ie   Basin  and  thence  through  the  short ,   swif t   f lowing 
sec t ion   nea r   V ic to r i a   Br idge   t o   Mon t rea l   Harbour ,   f a l l i ng  a d i s t ance   o f   abou t  
50 f e e t .   I n   t h e  160 miles of   r iver   between  Montreal   and Quebec C i t y   t h e   f a l l  
is about  25 f e e t  a t  low t i d e .  The range   of   t ide  a t  Quebec Ci ty   averages  
about  16 feet ,   but   extreme  high  spr ing  t ides   have  exceeded 21 f e e t .  The 
t i d a l   e f f e c t   d i m i n i s h e s   u p s t r e a m  until t he   r ange  I s  only  about  1-1/2 f e e t  
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maximum a t  Tro i s   R iv ie re s  and 1/2 foot  maximum a t  the  upper  end  of  Lake  St. 
P e t e r .  Below Quebec C i t y  the   r iver   g radual ly   forms  i t s  t r a n s i t i o n   i n t o   t h e  
S t .  Lawrence e s t u a r y  and f i n a l l y   t h e  Gulf of S t .  Lawrence. 

In t e rna t iona l  Reach: For a d i s t a n c e  of about 112 miles from Lake Ontar io  
t o   S t .   R e g i s ,  New York, t he  S t .  Lawrence River is p a r t l y  i n  Canada  and i n   t h e  
Uni ted   S ta tes   and ,   therefore ,  is s u b j e c t   t o   t h e  terms of t h e  Boundary Waters 
Treaty of 1909 between  the two c o u n t r i e s .   I n  i ts  f i r s t  68 miles downstream 
t o  Chimney P o i n t ,  New York, t h e   r i v e r  f a l l s  only  about 1 foot .  The r i v e r  
v a r i e s  from  one t o  four  miles in   w id th  and is slow moving  and generally  deep. 
The numerous i s l a n d s  and s h o a l s  form t h e  Thousand I s l a n d s .   I n   t h e  44 miles 
from Chimney P o i n t   t o   S t .   R e g i s ,   t h e   r i v e r   f a l l s   a p p r o x i m a t e l y  92 f e e t .  
P r i o r   t o   t h e  S t .  Lawrence  Seaway  and  Power P r o j e c t ,   t h i s  amount was concen- 
t r a t e d   i n  a series of rapids  between Chimney Point  and Long S a u l t .  However, 
a f te r  the  completion of t h e   S t .  Lawrence Seaway and  Power P r o j e c t ,  a major 
por t ion   o f   the  f a l l  occurs  a t  t h e  Moses-Saunders  power  generation  station. 
Three  locks are provided  for   navigat ion,   one a t  Iroquois  and two i n   t h e  power 
development area. Channel   excavat ion   has   been   car r ied   ou t   in   th i s   sec t ion  
i n   o r d e r   t o  meet t h e   c r i t e r i a   i n   t h e   O r d e r  of  Approval i n  1955, i s sued  by 
t h e   I n t e r n a t i o n a l   J o i n t  Commission approving   cons t ruc t ion   of   the   p ro jec t .  
The p r o j e c t  was designed so t h a t  water v e l o c i t i e s  i n  t h e   s e c t i o n  do not  ex- 
ceed 4 fps   during  the  navigat ion  season o r  2.25 f p s  dur ing   the  winter i n   o r d e r  
t o   m i n i m i z e   t h e   d i f f i c u l t i e s  of  power genera t ion .  

Canadian Reach: Downstream  from the   In t e rna t iona l   Rap ids   Sec t ion ,   t he  
S t .  Lawrence River l ies whol ly   in  Canada  and a l l  improvements f o r   n a v i g a t i o n  
downst ream to  Montreal  have  been  carried  out by t h e   S t .  Lawrence Seaway 
Author i ty .  Below Cornwal l   I s land ,   the   naviga t ion   channel   c rosses  Lake S t .  
F r a n c i s   f o r  a d i s t ance  of 31 miles t o   t h e  head of the  Beauharnois Power Canal. 
The water l e v e l  of Lake S t .   F r a n c i s  is main ta ined   ve ry   c lose ly   t o  152 f e e t  
IGLD through  operat ion of the  Beauharnois  Cedars Complex by Hydro-Quebec. 
I n   a u t h o r i z i n g   d i v e r s i o n s  of water f o r  power purposes a t  Beauharnois ,   the  
Government of   Canada   passed   leg is la t ion   in  1932 s p e c i f y i n g   c e r t a i n   c o n d i t i o n s  
which  would  enable  the  power  canal  to  be  used  ult imately as p a r t  of t he  Seaway 
System.  Hydro-Quebec has   been   requi red   to   main ta in   the   cana l   to   g ive  a clear 
width of 600 feet on the bottom, a depth of 27 f e e t  a t  low water datum s t a g e ,  
and to   p rovide   adequate   c ross -sec t iona l  area so as to  produce  average  veloc-  
i t ies  not   exceeding 2.25 fps   under  any condi t ion  of opera t ion .  

Two Seaway locks  overcome the  84 f e e t   f a l l  between  Lake  St.  Francis  and 
Lake St .   Louis .  Downstream  of Beauharnois   the   r iver   widens   in to  Lake S t .  
Louis   which  extends  for   ten miles to   the   Lachine   Rapids .  Below t h e   r a p i d s  
t h e   r i v e r   w i d e n s   t o  form Laprair ie   Basin  and  then  passes   through a s h o r t ,  
swift-flowing  section  to  Montreal  Harbour  where water l e v e l s  are about 50 
fee t   lower   than   those   in  Lake St .   Louis .  The Ottawa River joins t h e   S t .  
Lawrence in the  area southwest of Montreal. A por t ion  of t he  Ottawa River 
f l o w  enters   through  the  Vandreui l   and  St .  Anne Channels t o  Lake St.   Louis 
and the   remainder   passes   nor th   o f   Mont rea l   I s land   and   jo ins   the  S t .  Lawrence 
below  Montreal.  Navigation  bypasses  the  Lachine  Rapids  and  reaches  Montreal 
through Seaway f a c i l i t i e s  which  consis t   of  two locks :  one a t  Cote  Ste .  
C a t h e r i n e ;   t h e   o t h e r  a t  S t .  Lambert. 
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5.1.2  Existing  Regulatory  and Power F a c i l i t i e s  

There are four  major i n s t a l l a t i o n s   i n   t h e   S t .  Lawrence  River  between 
t h e   o u t l e t  of Lake Ontario  and  Montreal.  These are the   I roquois  D a m ,  Long 
S a u l t  Dam,  Saunders-Moses Plants  and  Beauharnois-Cedars  complex.  In  addi- 
t ion ,   channel   en la rgements  were c a r r i e d   o u t  for t he  seaway  and  power  pro- 
j e c t s .  Each w i l l  be   b r i e f ly   desc r ibed   i n   t he   fo l lowing   pa rag raphs .  

Iroquois D a m :  About 1 ,980   fee t   long ,   I roquois  Dam extends from Poin t  
Rockway in   the   Uni ted   S ta tes   to   the   Canadian   shore   near   I roquois .  The 
s t r u c t u r e  is equipped   wi th   th i r ty- two  50- foot   s lu ices   des igned   to  pass a 
maximum lake outf low  in   excess   of   the  maximum flow of 310,000 c f s  as spec i -  
f i e d  by the   cu r ren t   r egu la t ion   p l an  (1958-D). The s l u i c e   g a t e s  are operated 
by two 350-ton t r ave l l i ng   gan t ry   c r anes .   E leva t ion  of top  of s i l ls  is 200.0 
f e e t  IGLD. I f   n e c e s s a r y ,   t h e  dam can  be  operated  to   control   and  regulate  
t he   ou t f low from  Lake On ta r io ,   r ep lac ing   t he   na tu ra l   con t ro l   p rov ided  by a 
rock  ledge  which  exis ted  near   Galop  Is land  pr ior   to   improvements   associated 
wi th   t he   p ro j ec t .  The p a t t e r n   o f   g a t e   s e t t i n g s   f o r   t h e  dam was developed 
from hydrau l i c  model tests and i t  has   been   se lec ted  so as t o  minimize  adverse 
cu r ren t s   i n   t he   nav iga t ion   channe l  a t  the  lower  approach  to   I roquois  Lock. 
During  per iods  of   s t rong  wester ly   winds,   the  gates may be  dipped  to   prevent  
excess ive   bu i ldup   of  water l e v e l s   i n  Lake S t .  Lawrence. The ga te s  are a l s o  
used  during ice format ion   to  assist in   promoting a s t a b l e  ice cover.  

Long Sault Dum: Long S a u l t  Dam is located  below  the  foot   of  Long S a u l t  
I s land ,   about  25 miles  downstream  of  the  Iroquois Dam. I t  measures  about 
2 ,960   fee t   a long  its curved axis.  Besides a non-overflow  section, i t  a l s o  
has a s l u i c e w a y   s e c t i o n   w h i c h   c o n s i s t s   o f   t h i r t y  50-fOOt s luiceways.  The 
s l u i c e s   d i s c h a r g e   f l o w s   i n  excess of  requirements a t  t h e  Saunders-Moses 
p l a n t s .  It a l so   can   e f f ec t ive ly   con t ro l   t he   r i ve r   f l ows   and  water l e v e l s  
w i th in   spec i f i ed   r anges   i n   t he   even t   t ha t   f l ows   canno t   be   d i scha rged   t h rough  
the  Moses-Saunders p l a n t s .  The sp i l lway crest e l e v a t i o n  i s  217.0 f e e t  IGLD. 

Saunders-Moses P h t s :  The  Saunders-Moses P l a n t s  are located  about  3.5 
miles downstream from Long S a u l t  Dam and about 2 miles west of  Cornwall, 
Onrario.  The semi-outdoor   plant ,  3,300 f e e t   l o n g ,   w i t h  a rated head of 81 
fee t   cons is t s   o f   th i r ty- two  57 ,000   k i lowat t   capac i ty   genera tors .   S ix teen  
gene ra to r s  are opera ted  by t h e  Power Author i ty   o f   the   S ta te  of New York whi le  
t h e   o t h e r   s i x t e e n  are operated by t h e  Hydro Electric Power  Commission of 
Ontar io .  Impounded behind   the   concre te   g rav i ty  dam of  the power p l a n t s  is  
t he  man-made Lake S t .  Lawrence,  which  extends  upstream  to  Iroquois Dam. 
The lake   has  a capac i ty  of about  750,000  acre-feet  a t  a normal   e levat ion  of  
241 .O feet .   Covering an area of 37,500 acres, i t  is confined by a system  of 
e a r t h  embankments a t  the   lower   end   to ta l l ing   about  16 miles i n   l e n g t h .  

Beauharnois and Cedars Complex: A t  the  lower  end  of  Lake  St.   Francis,  
about 32 miles  east of   Cornwall ,   Ontar io ,   the   major   par t   of   the   St .  Lawrence 
is diver ted   th rough a 15-mile naviga t ion  and  power c a n a l   t o  Hydro-Quebec's 
gene ra t ing  s ta t ion at  Beauharnois.  The Beauharnois   powerhouse  has   thir ty-s ix  
main g e n e r a t i n g   u n i t s   w i t h  a to t a l   capac i ty   o f   1 ,574 ,260   k i lowa t t s  a t  a r a t e d  
head of 80 f e e t .  The navigation channel i n  the  Beauharnois canal c o n s i s t s  
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of a s t r i p  600 feet wide   wi th  a minimum depth   o f  27 f e e t ,  runn ing   a long   t he  
l e f t  bank of. t h e   c a n a l .  Two l o c k s  a t  t he   conf luence   w i th  Lake S t .   Lou i s  
a l l o w   s h i p s   t o   e n t e r   t h e   c a n a l .  

The remain ing   por t ion   o f   S t .   Lawrence   f low  leaves   Lake   S t .   Franc is  
th rough  the   Coteau   Cont ro l  D a m  down t h e   n a t u r a l  r iver  channel .  Most of t h i s  
water i s  u t i l i z e d  by g e n e r a t i n g   s t a t i o n  a t  Cedars  which is a l s o   o p e r a t e d  by 
Hydro-Quebec.  The  Cedars  powerhouse  has 18 g e n e r a t i n g   u n i t s   w i t h  a t o t a l  
c a p a c i t y  of 162 ,000   k i lowat t s  a t  a r a t ed   head   o f  35 f e e t .  

c%anneZ Knlaroernents: An i n t e g r a l  p a r t  o f   the   S t .   Lawrence  Seaway - 
Power P r o j e c t  was t h e  c h a n n e l   d r e d g i n g   a n d   e x c a v a t i o n s   c a r r i e d   o u t   t o :  (1) 
p r o v i d e  a channel   depth ,   wid th ,   a l ignment   and  water v e l o c i t y   f o r   2 7 - f o o t  
n a v i g a t i o n ,  ( 2 )  r e d u c e   v e l o c i t i e s   t o   i n d u c e  ice  cover   over   most  of t h e   r i v e r  
t hus   min imiz ing   ope ra t iona l   p rob lems   and   enhanc ing   t he   channe l   ca r ry ing   capa -  
c i t y  o €  t h e   r i v e r   s u b s e q u e n t   t o   t h e  ice fo rming   pe r iod ,  ( 3 )  d i s t r i b u t e   t h e  
f l o w   i n   s u c h  a way as n o t   t o   i n t e r f e r e   w i t h   n a v i g a t i o n   a n d  ( 4 )  more impor t an t  
f r o m   t h e   s t a n d p o i n t   o f   l a k e   r e g u l a t i o n ,   r e d u c i n g   h e a d   l o s s e s  a t  s p e c i f i c  
p o i n t   t o   i n c r e a s e   t h e   c h a n n e l   c a p a c i t y   a n d   t o   m a x i m i z e   t h e   h e a d   a v a i l a b l e  
f o r   h y d r o - e l e c t r i c  power g e n e r a t i o n .  For t h e   m o s t   p a r t ,   c h a n n e l   e n l a r g e -  
m e n t s   c a r r i e d   o u t   f o r   o n e   i n t e r e s t  were b e n e f i c i a l   t o   t h e   o t h e r   i n t e r e s t s .  

The I n t e r n a t i o n a l   J o i n t  Commission, i n  i t s  1952  Orders   of   Approval ,  
s p e c i f i e d   t h a t   t h e  Power E n t i t i e s  were r e q u i r e d   t o   u n d e r t a k e   c h a n n e l   e n l a r g e -  
ments   which   would   ensure   tha t   ve loc i t ies   th rough  the   Galop   do   no t   exceed  4 f p s  
and  below  Galop d m  t o   M o r r i s b u r g ,   n o t  t o  exceed   2 .25   fps   dur ing   the  i ce  
forming   per iod .  Minimum depths   o f   29 .5   fee t   ups t ream of and 28.5 f e e t  down- 
stream of I r o q u o i s  were r e q u i r e d .  The  Power E n t i t i e s   c a r r i e d   o u t   c h a n n e l  
e n l a r g e m e n t s   i n  9 p r i n c i p a l  areas w h i l e   t h e   N a v i g a t i o n   A g e n c i e s   c a r r i e d   o u t  
d r e d g i n g   i n  3. The p r i n c i p a l   l o c a t i o n s   o f   c h a n n e l   e n l a r g e m e n t s ,   c a r r i e d   o u t  
by   t he   Power   En t i t i e s ,  were a t  Chimney I s l a n d ,   G a l o p   I s l a n d ,   L a l o n e - L o t u s  
I s l ands ,   Spa r row Hawk P o i n t - T o u s s a i n t s   I s l a n d ,   I r o q u o i s ,   P o i n t   T h r e e   P o i n t s ,  
Ogden I s l a n d ,   h e a d r a c e   o f  Long S a u l t  Dam and ta i l race  of  the  Moses-Saunders 
D a m .  The p r i n c i p a l   l o c a t i o n  of c h a n n e l   e n l a r g e m e n t s   c a r r i e d   o u t   s p e c i f i c a l l y  
f o r   n a v i g a t i o n  were a t  the   I roquo i s   Lock ,  W i l e y -  Dondero  Ship  Channel  and 
North  and  South  of   Cornwall   Is land.  

A t o t a l   o f   a p p r o x i m a t e l y  107 m i l l i o n   c u b i c   y a r d s  of material was exca-  
v a t e d .  The e x c a v a t i o n s   c a r r i e d   o u t   b y   t h e   p o w e r   e n t i t i e s   t o t a l e d  63 m i l l i o n  
c u b i c   y a r d s ;   t h e   m a j o r   l o c a t i o n s   b e i n g   i n   t h e   v i c i n i t y   o f   S p a r r o w   P o i n t -  
T o u s s a i n t s   I s l a n d  (12 m i l l i o n ) ,   G a i o p   I s l a n d  (16 m i l l i o n )   a n d   P o i n t   T h r e e  
P o i n t s   - 0 g d e n   I s l a n d  (11 m i l l i o n ) .   T h e   e x c a v a t i o n s   c a r r i e d   o u t  by t h e   n a v i -  
g a t i o n   a g e n c i e s   t o t a l l e d  4 4  m i l l i o n   c u b i c   y a r d s ,   w i t h   t h e   p r i n c i p a l   l o c a t i o n s  
being  Wiley--Dondero  Channel (25 mi l l i on )   and   no r th   and   sou th  of Cornwall  
I s l a n d   ( 1 5   m i l l i o n ) .  

A s  a n   e x a m p l e   o f   t h e   c h a n n e l   c a p a c i t y   i n c r e a s e   a t t a i n e d  by t h e   p r o j e c t ,  
a f low of 350,000  c fs  was d i s c h a r g e d   o u t   o f   L a k e   O n t a r i o   d u r i n g   p a r t   o f  1973. 
Dur ing   t he  l a t te r  p a r t  of t h e  summer of 1973, t h i s  was about  19,000 c f s  i n  
excess o f   t h e   f l o w   t h a t   w o u l d   h a v e   d i s c h a r g e d   p r i o r   t o   t h e   p r o j e c t .  More 
water cou ld  have  been  physical ly   discharged  out   of   Lake  Ontar io;   however ,  i t  
wou ld   have   had   ve ry   s e r ious   e f f ec t s  on n a v i g a t i o n ,   s h o r e f r o n t   p r o p e r t i e s  
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both upstream on Lake S t .  Lawrence  and  downstream to  Montreal  and on the 
genera t ion  of  power on t h e   S t .  Lawrence. 

5 .1 .3   Nav iga t ion   Fac i l i t i e s  

Works of   the  Federal  Seaway agencies  of  Canada  and  the  United  States 
provide a 27-foot  navigation  channel  through  the  r iver  between Lake Ontar io  
and  Montreal  Harbour. A t  and  below  Montreal a 35-foot  navigation  channel 
is maintained by the  Canadian  Ministry of Transpor t .  

S t .  Lawrence Seaway: From Montreal   to  Lake Ontar io ,  a v e s s e l   t r a v e l s  
182 miles and rises over  225 f ee t .   Th i s   d i s t ance  may be   cons idered   to  con- 
sist o f   f i v e   s e c t i o n s ,   t h r e e   o f  which a re   so l e ly   i n   Canad ian   wa te r s ,   t he  
o t h e r s   i n   i n t e r n a t i o n a l   b o u n d a r y  waters. 

The f i r s t   s e c t i o n ,   a b o u t  31 miles i n   l e n g t h ,   c o n t a i n s   t h e  S t .  Lambert 
and  Cote-Ste-Catherine  Locks,  which  enable s h i p s  to   bypass   the  Lachine Rapids  
and t o  rise 50 feet above  the  level  of Montreal  Harbour.  After moving  throuRh 
Lake St .   Louis ,   ships   enter   the  second  sect ion,   the   Soulanges  Sect ion,   which 
ex tends   fo r  a d is tance   o f  16 miles i n t o  Lake S t .   F r a n c i s .  The Lower and 
Upper Beauharnois Locks l i f t   s h i p s  a t o t a l   o f  82 f e e t  above  Lake St .   Louis .  
The t h i r d   s e c t i o n ,  Lake S t .   F r a n c i s ,  is 29 miles long and terminates  j u s t  
east of Cornwall ,   Ontario.  

The i n t e r n a t i o n a l   s e c t i o n  of t h e  Seaway is en te red  a t  the  upstream  end 
of Lake St .   Franc is   and   ex tends   to  a p o i n t   j u s t  east of  Ogdensburg, New York. 
It is  mainly  the man-made Lake S t .  Lawrence r e s u l t i n g  from the   cons t ruc t ion  
o f   t he  Moses-Sauqders  power  complex. The d i f f e r e n c e   i n   e l e v a t i o n  is over- 
come by the   Un i t ed   S t a t e s   Sne l l  and  Eisenhower  locks  near  Massena  and  the 
Canadian  lock a t  I roquois .  The remain ing   sec t ion   ex tends  from hereon  over 
68   mi l e s   i n to  Lake Ontar io .  I t  is a l s o  known as the Thousand Is land   Sec t ion .  

O f  the  seven  locks  mentioned  above,  f ive are operated by the S t .  Lawrence 
Seaway Author i ty  of Canada  and two are opera ted  by the   Un i t ed   S t a t e s  S t .  
Lawrence Seaway Development Corporat ion.  

Montreal Harbour and S t .  Lawrence Ship Channe 2: The Montrea l   seapor t ,  
l oca t ed  some one thousand  miles  from  the  Atlantic  Coast,  is opera ted  by t h e  
National  Harbours  Board, a semi-autonomous  agency  of the  Canadian  Marine 
Transpor ta t ion   Adminis t ra t ion ,   Minis t ry   o f   Transpor t .  Its deep  harbour 
(about 35 f e e t  a t  low water datum corresponding  to  a water s u r f a c e   e l e v a t i o n  
of   18.0  feet  I G L D ) ;  i t s  s t r a t e g i c   l o c a t i o n ;   a n d  i t s  f a c i l i t i e s   v a l u e d   i n  ex- 
cess of $150 mi l l i on ,   exc lus ive  of two major bridges  across  the  St.   Lawrence, 
have   a l toge ther  made Montreal   an  important   seaport   to  serve i ts  immediate 
popula t ion  of two mil l ion   and  a vas t   h in t e r l and .   The re  are about 6,000 
v e s s e l  arrivals pe r   yea r  on an average.  Cargo  tonnage  in 1970 was s l i g h t l y  
over  25 mill ion  tons.   Montreal   can  be  general ly   considered  open t o  sh ipping  
a l l  year   except   dur ing   the  =st seve re  climatic condi t ions  when i c e  jams i n  
t h e   r i v e r   b r i n g   n a v i g a t i o n   t o  a h a l t .  

The S t .  Lawrence Ship  Canal ,  some 200 miles in l eng th ,  refers t o  the 
main s a i l i n g   c o u r s e  of the S t .  Lawrence  River  between  the  Port of Montreal 
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and 40 miles downstream  of  Quebec C i t y  a t  which p o i n t   t h e   r i v e r  is n a t u r a l l y  
deep. The main navigat ion  channel   has  a maintained  depth  of 35 f e e t  below 
low water datum  and a minimum width of 800 feet .  The normal f a l l  i n   w a t e r  
surface  elevation  between  Montreal  and  Quebec C i t y  is 25 f e e t .   V e l o c i t i e s  
r ange   f rom  e igh t   t o   t en   f ee t   pe r   s econd   i n   ce r t a in   c r i t i ca l   r eaches  of t h e  
sh ip   cana l   bu t  are as low a t  1.5 f e e t  p e r  second  in   the Lake S t .  Peter reach. 
The po r t ion  of t h e   S t .  Lawrence River  downstream of Lake S t .  Peter is  con- 
s i d e r e d   t i d a l ,   w i t h  a range  varying from 1 foo t   a t   T ro i s -R iv ie re s   t o  16 f e e t  
a t  Quebec C i ty .  A small t i d a l   e f f e c t  can  be  detected a t  Montreal. 

From t h e   P o r t  of Quebec  downstream t o  I le  aux Coudres, a d i s t a n c e  of 
approximately 60 adles, t h e  St. Lawrence Ship  Channel  passes  south  of I l e  
d'0rleans  and  then  swings  northward  through  the  North  Traverse  to  take  ad- 
vantage of the  deep water c lose   t o   t he   no r th   sho re .  The North  Traverse 
l ies i n  a s i l t a t i o n  area and  considerable  channel  dredging  has  been  required 
to   p rov ide  and  maintain  advertized  channel  depths.  Below t h i s   r e a c h   t h e r e  
is na tu ra l ly   deep  water. O t h e r   i n t e r e s t i n g  features of  the  Ship  Channel ire 
the  non-exis tence of l o c k s ,   t h e   s t a b i l i t y  of t h e   r i v e r   b e d ,   p r a c t i c a l l y  no 
s i l t a t ion   i n   t he   channe l   ups t r eam  o f   Quebec   C i ty ,  and the   vary ing   charac te r  
of t he   r i ve r   bo t tom from s o l i d   r o c k  a t  o r   c l o s e   t o   t h e   s u r f a c e   i n   s e v e r a l  
areas, t o   a n   o v e r l y i n g   s o f t   c l a y  material of   marine  or igin some 200 feet  
deep i n  Lake S t .  Peter. 

Recreational  iiavigation: There is recrea t iona l   boa t ing   th roughout  
t h e   S t .  Lawrence  River. Among t h e  most popular  areas are: Thousand I s l a n d s ;  
Lake S t .  Lawrence ; Lake S t .   F ranc i s  ; Lake S t  . Louis  and  various  reaches be- 
tween Montreal and  Quebec C i t y .  F a c i l i t i e s   s u c h  as marinas ,   launching ramps 
and p r iva t e   yach t ing   c lubs  are well e s t a b l i s h e d   i n   t h e s e  areas. Navigat ional  
a i d e s  are e s t a b l i s h e d  and  maintained  in  many of   the   sha l low  draf t   channels  
s e rv ing   r ec rea t iona l   boa t ing .   The re  are a t o t a l  of 36 marinas  and  yacht 
c lubs   a long   t he   S t .  Lawrence River.  

5.1.4 Bridges,   Wharves,   Ferries  and  Other Fac i l i t i es  

There are 15 br idges   spanning   the   S t .  Lawrence River a l l  of which  pro- 
vide a v e r t i c a l   c l e a r a n c e   o f  a t  least 120 feet   above  high water t o  accommo- 
date   commercial   vessels .  The Louis   Hippolyte   Lafontaine  tunnel   carr ies  
v e h i c u l a r   t r a f f i c   u n d e r   t h e   S t .  Lawrence River  a t  the  head of Bouchervi l le  
I s l a n d s ,  downstream of Mont rea l .   Ano the r   t unne l   ca r r i e s   veh icu la r   t r a f f i c  
under   the Lower Beauharnois  lock a t  Melocheville,   Quebec. 

Two cormnercial  wharves  with a depth   o f  27 f e e t  below  low water datum are 
loca ted   i n   Mon t rea l ,  namely P o r t   d e   V a l l e y f i e l d  and Lower Lakes  Terminal. 
There are 46 wharves  with a maintained  depth  of less than 27 f e e t ,   o f  which 
44 are l o c a t e d   i n  Canada  and two i n   t h e   U n i t e d   S t a t e s .  

There are a t o t a l   o f  11 f e r r y   r o u t e s   o n   t h e   S t .  Lawrence. Below Quebec 
C i t y ,   f e r r i e s  traverse the  River  between: Quebec City  and  Levis ; Riviere-Du 
Loup and  St .   Simeon;   Trois   Pis toles   and Les Escoumins;  Rimouski  and Baie 
Comeau; Matane and  Godbout  and S t e .  Anne-des-Monts and  Sept-I les .  Above 
Quebec C i t y   t h e r e  are fer ry   c ross ings   be tween:   Sore1   and   Ber th ie rv i l le ;   the  
City of Domal and Ile Domal; Kingston and Wolfe I s l a n d  wi th   s tops  a t  Simcoe 
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and  Garden  Islands;  Simcoe  Island  and  Wolfe  Island;  and  Wolfe  Island  and 
Cape Vincent,  New York. I n   a d d i t i o n ,   t h e r e  are seve ra l   s cen ic   boa t   t ou r s  
i n   ope ra t ion   du r ing   t he   t ou r i s t   s eason   t h roughou t   t he   r i ve r   sys t em.  

There are numerous  submarine  cable  and  overhead  transmission  l ines  across 
t h e   S t .  Lawrence River;   these  being 16 submarine  cables  and  four  major  over- 
head   t ransmiss ion   l ines .  

5.1.5 Ice Problems 

Ice problems i n   t h e   S t .  Lawrence  can i n   g e n e r a l   b e   r e l a t e d   t o   t h e  re- 
s t r i c t i v e   e f f e c t s  of t h e  ice on r iver   discharge,   the   magni tude  of   which 
va r i e s   f rom  r each   t o   r each   depend ing  on   the   conf igura t ion   and   hydraul ic  con- 
d i t i o n s   o f   t h e   r i v e r .  For example,   the  formation of i c e  jams upstream  of a 
g e n e r a t i n g   s t a t i o n  can se r ious ly   r educe   t he   f l ow  to   t he   t u rb ines ,   r e su l t i n?  
i n  a l o s s  of generated  power,   while a t  t h e  same time causing  f looding  above 
the  jam. There fo re ,   t o  overcome these  problems  the  formation  of a s t a b l e  
a n d   r e l a t i v e l y  smooth i c e   c o v e r  early i n   w i n t e r  i s  an  important   factor .  
Below Montreal  the  problem is somewhat d i f f e r e n t   i n   t h a t   t h e  aim is t o  main- 
ta in   an  open  channel  for navigat ion  and  f lood  prevent ion.  One of   the   a t ten-  
d a n t   d i f f i c u l t i e s  is t o   k e e p   f l u s h i n g   t h e  ice downstream  through areas where 
f l o w   v e l o c i t i e s  are low. 

Geneml: A t  t he   p re sen t  time the   on ly   measu res   t aken   t o   con t ro l   i ce  
i n   t h e   S t .  Lawrence  between  Lake  Ontario  and  Montreal relate t o   t h e   r e q u i r e -  
ments o f   hydroe lec t r i c  power development a t  t h e  Moses-Saunders p l an t s   and  
the  Beauharnois-cedars  complex. A t  and  downstream  of  Montreal,  operations 
are aimed a t  c o n t r o l l i n g  ice to   p reven t   f l ood ing  and t o  assist naviga t ion .  
The use  of f l o a t i n g  wooden ice booms is a proven method  of e s t a b l i s h i n g   s t a b l e  
ice cove r   cond i t ions   i n   ce r t a in  cr i t ical  r e a c h e s ,   p a r t i c u l a r l y  i n  r e l a t i o n  
t o  power  development.  Downstream  of  Montreal,  where  the  emphasis is on  main- 
t a i n i n g  an open  channel   for   f lood  control   and  navigat ion,   systematic   ice-  
breaking   opera t ions   p rovide   the  main con t ro l .  Some experimental  work with 
ice booms is a lso   be ing   conducted .  

Ice Boom i n  InternationaZ Reach: The S t .  Lawrence Power P r o j e c t  w a s  
p u t   i n t o   o p e r a t i o n   i n   J u l y  1958. D u r i n g   t h e   f i r s t   w i n t e r   p r e v a i l i n g  ice 
cond i t ions  were such   t ha t  a heavy ice jam formed near   Card ina l ,   Ontar io ,  re- 
s u l t i n g   i n   s e v e r e l y   r e s t r i c t e d   f l o w s   i n t o  Lake S t .  Lawrence. Water l e v e l s  
a t  t h e  Moses-Saunders  Power Dam dropped  about   four   feet ,   and  generat ion w a s  
reduced by as m c h  as 20 percent .  The e f f e c t   o f   t h i s  jam was a l s o   f e l t   i n  
the  Montreal  area, where ,   for  a s h o r t   p e r i o d ,   s e v e r a l  water i n t a k e s  were 
uncovered. 

To f o r e s t a l l  a recur rence  of t h e  ice r e s t r i c t i o n   e x p e r i e n c e ,  from J a n u a r  
through  to  March 1959, t h e  power e n t i t i e s   o b t a i n e d   a p p r o v a l  from t h e   I n t e r n a -  
t i o n a l   S t .  Lawrence River J o i n t  Board  of  Engineers, a Board e s t a b l i s h e d  by 
the  governments of Canada  and  United S t a t e s ,   t o   i n s t a l l  a series of booms 
t o   c o n t r o l   t h e  movement of  ice in   t he   r each   be tween  Ogdensburg  and  Cardinal. 
The f i r s t  boams were placed at the   beg inn ing  of t h e  1959-60 winter per iod  
and   an   addi t iona l  boom was i n s t a l l e d  a y e a r  later.  The o v e r a l l   l a y o u t   o f  
the booms has remained unchanged s ince  the winter of 1961-62 and cons is ts  of 
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a boom a c r o s s   t h e   r i v e r  a t  Ogdensburg-Prescott, a s h o r t   s e c t i o n .  a t  Chimney 
Point  and fou r  booms in  the  Galops  Reach. 

These boom i n s t a l l a t i o n s  have i n   g e n e r a l   s u c c e s s f u l l y   r e t a i n e d  ice  and 
have  aver ted ice jams such as those  experienced  during  the  winter  of 1958-59. 
The winter   d i scharges   p rescr ibed  by t h e   I n t e r n a t i o n a l   J o i n t  Commission plan 
of r e g u l a t i o n   f o r  Lake Ontar io   have   accord ingly   been   re leased   wi thout   d i f f i -  
c u l t y ,  and  no r e d u c t i o n s   i n  power generat ion  experienced.  

Ice Booms i n  Canadian  Reach: Ice booms are a t  p r e s e n t   u t i l i z e d   i n  two 
areas in  the  Canadian  reach.  Booms are placed  each  winter  in the  Beauharnois 
Canal by Hydro-Quebec,  and i n   t h e   S t .  Lawrence River  downstream of Montreal 
by the  Minis t ry   of   Transport .  

To prevent  ice gene ra t ed   i n  Lake S t .   F ranc i s   and   i n   t he   uppe r   r eaches  
of  the  Beauharnois  Canal from  moving  downstream t o  jam a g a i n s t   t h e  power- 
house  and in   t he   approach   t o   t he  Upper Beauharnois   Lock ,   resu l t ing   in  a con- 
s i d e r a b l e   l o s s   o f   e n e r g y   t o  Hydro-Quebec during  the  remainder   of   the   winter ,  
a series of e i g h t  booms were i n s t a l l e d   t o   s t a b i l i z e   t h e  ice cover.  Five  of 
t hese  booms extended   across   the   fu l l   wid th   o f   the   cana l   and   c losed   of f   the  
port ion  of   the  canal   used by naviga t ion .  . I n i t i a l   i n s t a l l a t i o n  of t h e  ice 
booms in  Beauharnois  Canal was made i n  December 1954. 

With the  advent  of winter   navigat ion  to   Montreal ,   addi t ional   measures  
are being  taken by the   Minis t ry   o f   Transpor t ,   in   conjunct ion   wi th   i cebreaking  
o p e r a t i o n s ,   t o   e f f e c t   b e t t e r   c o n t r o l   o f  ice i n   t h e   S t .  Lawrence Ship  Channel. 
About 50 miles downstream  of  Montreal  the  St.  Lawrence  widens t o  form a sha l -  
l ow  l ake   ca l l ed  Lake S t .  Peter, some e i g h t  miles wide  and  twenty miles long.  
The problem  here is t ha t   once  a channel  has  been  opened  by  icebreakers  there 
is a tendency   for   l a rge   p ieces   o f   the  ice  cover t o  break off through  waves 
generated by wind  and pass ing   sh ips .   These   l a rge  masses of ice then move 
in to   t he   channe l   and   e f f ec t ive ly   b lock  i t  a t  the   na r row  ou t l e t  of t h e   l a k e  
and  an ice jam may be  formed. To c o n t r o l   t h i s   b r e a k u p  of t he  ice  cover ,  a 
series of booms were i n s t a l l e d   i n   t h e  most c r i t i c a l  area on  an  experimental 
b a s i s   i n  November 1967 and  each  subsequent   winter .   Indicat ions are t h a t  
t hese  booms do materially c o n t r i b u t e   t o  ice c o n t r o l   i n  Lake S t .  Peter. 

As a fur ther   exper iment ,   an  ice boom h a s   b e e n   i n s t a l l e d  a t  L a v a l t r i e   t o  
c o n t r o l  ice moving through  the  channel   north of Vercheres   Is lands.  This 
boom w a s  i n s t a l l e d   f o r   t h e   f i r s t  time i n  November 1969. A l l  booms are removed 
and s t o r e d  on  land  each  spr ing.  

Montreal Ice  Control  Structures: Construct ion  of   the s i te  f o r  EXPO 67 
a t  Montreal,   involving  development  of  St .   Helen's  Island  and  the  creation  of 
I le  Notre Dame a long   t he  Seaway  Dyke, r e s u l t e d   i n   r e s t r i c t i n g   t h e   r i v e r  sec- 
t i o n   i n   t h a t  area. Although  compensating  dredging was c a r r i e d   o u t   t o   e n s u r e  
hydraul ic   condi t ions   dur ing   open  water remained  re la t ively  unchanged,  i t  w a s  
b e l i e v e d   t h a t   t h e   r i v e r   r e g i m e   h a d   b e e n   a l t e r e d   t o   t h e   e x t e n t   t h a t   t h e r e  was 
a danger of more seve re  ice jams in   Montreal   Harbour   which  could  resul t   in  
g rea t e r   f l ood ing .  For th i s   r ea son ,   t he  Ice Con t ro l   S t ruc tu re  was b u i l t   i n  
L a p r a i r i e  Basin following unanimous agreement by a Federa l   in te rdepar tmenta l  
committee  on  the  World's   Fair   Site.  
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Const ruc ted   in  1964-65 by the  Department  of  Public Works, t h e  Ice Control  
S t r u c t u r e  was p u t  t o  a pre l iminary  test  dur ing   the   win ter   o f  1965-66 and  taken 
over by the  Minis t ry  of Transpor t   in   October ,  1966. The s t r u c t u r e   s p a n s   t h e  
S t .  Lawrence  River  three miles above  the EXPO s i t e ,  pa ra l l e l   t o   and   approx i -  
m a t e l y  one  thousand  feet  ups t ream of t he  Champlain  Bridge. It  has  a t o t a l  
length  of   6 ,698  feet   between  abutments   and  consis ts   of  72 c o n c r e t e   p i e r s ,  
founded f i v e   f e e t   i n t o   b e d r o c k  and  designed  to  withstand  an ice thrus t   o f  
t en   K ips   pe r   l i nea l   foo t  of s t r u c t u r e .   T h r e e  spans,  both of which are ap- 
proximately 176 f e e t   i n   w i d t h ,   w e r e   i n c o r p o r a t e d   i n   t h e  Ice Con t ro l   S t ruc tu re  
t o  provide an ear ly open ing   channe l   fo r   evacua t ing   i ce   i n   t he   sp r ing .   F loa t -  
i n g  s t e e l  s top-logs,   measuring 6 f e e t  x 4 f ee t   and  83 f e e t  1 in .   long and 
weighing 40 tons  each are placed b e t w e e n   t h e   p i e r s .   R o l l e r s   f i t t e d   t o   t h e  
ends  of  the  stop-logs  allow them t o  move f r e e l y   i n   t h e   v e r t i c a l   g u i d e   s l o t s  
i n   r e s p o n s e   t o  water l e v e l   f l u c t u a t i o n s .  The s top-logs are des igned   for  an 
i c e   t h r u s t   o f   f i v e  K i p s  p e r  l i n e a l   f o o t   a n d  are ba l l a s t ed   w i th   conc re t e   t o  
f l o a t  w i t h  a d r a f t   o f   f o u r   f e e t .  When n o t   i n  use, the   s top- logs  are l i f t e d  
out  of t h e   g u i d e   s l o t s  and s t o r e d  on t h e   p i e r s .  

The ear ly   evacuat ion  opening  channel  is f i t t e d   w i t h   s p e c i a l   f l o a t i n g  
steel booms anchored   t o   t he   p i e r s  by 3-1/2 in .   d iameter   cab les .  

The i c e   c o n t r o l   s t r u c t u r e  is opera ted   in   conjunct ion   wi th  ice  breaking 
ope ra t ions  downstream  of  Montreal. The Montreal   harbour   sect ion  of   the  St .  
Lawrence River   does  not   f reeze  over   due  to   the  high  veloci ty   of   the   current .  
Laprairie Basin  and  the  lower part  of  Lake S t .   Louis   do   no t   genera l ly   f reeze  
over   bu t   p roduce   la rge   quant i t ies   o f   f raz i l   and   loose  ice,  which f l o a t  down 
p a s t  Montreal. 

Ice jams w i l l  form r e a d i l y   i n   t h e   s e c t i o n   i m m e d i a t e l y  downstream  of 
Montreal.   These  ice jams, i f   no t   b roken  up by i ceb reake r s ,  w i l l  proceed up- 
stream being  fed by f l o a t i n g   l o o s e  ice and f r a z i l  and w i l l  eventua l ly   reach  
the   Montrea l   harbour   sec t ion .   In   such   an   event ,   the  ice c o n t r o l   s t r u c t u r e  
can  be  operated  to  cause  an ice cover   to  form on L a p r a i r i e  Basin and  loose 
i ce   can   be   s to red   unde r   t he  ice cover   thus  s lowing down the  progress   upstream 
o f   i c e  jams and  giving more time to   t he   i ceb reake r s   t o   demol i sh  them. 

5.1.6  Current  Operating  Plan 

Appendix B ,  Lake R e g u l a t i o n ,   d i s c u s s e s   d e t a i l s  of t h e   c u r r e n t   o p e r a t i n g  
plan.  

5 .2  Assumptions 

A l l  r egu la t ion   p l ans  are des igned   t o  meet t h e   c a p a c i t i e s  of t h e   e x i s t i n g  
works i n   t h e   S t .  Lawrence River as d e s c r i b e d   i n  Appendix B. 

Based upon water s u p p l i e s   f o r   t h e   s t u d y   p e r i o d  1900-1967, t h e   e x i s t i n g  
regulatory  works  and  channel capacities of t h e   S t .  Lawrence River were judged 
to   be   adequa te   fo r   t he   r egu la t ion   o f  Lake Ontar io   under   the   ex is t ing   Orders  
of   Approval   o f   the   In te rna t iona l   Jo in t  Commission.  However, even  with  the 
e x t r a o r d i n a r y   d i s c r e t i o n a r y   d e v i a t i o n  from Plan  1958-D, it  was n o t   p o s s i b l e  
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t o  accommodate   the   record   h igh   suppl ies  of 1972-73 and meet a l l  t h e   r e g u l a -  
t i o n   c r i t e r i a   a n d   o t h e r   r e q u i r e m e n t s  of  t h e   O r d e r s .  Recent s t u d i e s  of t h e  
I n t e r n a t i o n a l  S t .  Lawrence  River  Board of Cont ro l   have   conf i rmed  tha t  i t  is 
n o t   p r a c t i c a b l e   w i t h i n   e x i s t i n g   p h y s i c a l   c o n s t r a i n t s   t o   d e s i g n  a plan   which  
w i l l  meet a l l  s u c h   c r i t e r i a   a n d   o t h e r   r e q u i r e m e n t s   u n d e r   t h e  maximum s u p p l i e s  
r e c e i v e d   t o   d a t e .  
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S e c t i o n  6 

COST EVALUATION OF SELECTED REGULATION PLANS 

6.1 I n t r o d u c t i o n  

Of t h e   n u m e r o u s   r e g u l a t i o n   p l a n s   d e v e l o p e d   d u r i n g   t h e   I n t e r n a t i o n a l  
Great Lakes   Leve l s   Boa rd   S tudy ,   s ix  were s e l e c t e d   f o r   d e t a i l e d   e v a l u a t i o n ,  
namely: SO-901, SMIiG-11, SEO-901, SEO-33, SEO-42P and SMHEO-38. The  alpha- 
b e t i c   d e s i g n a t i o n   s p e c i f i e s   t h e   l a k e s   t h a t   w o u l d   b e   r e g u l a t e d   u n d e r   t h e   p l a n ,  
e . g . ,  a SEO p l a n   s p e c i f i e s   t h a t   L a k e s   S u p e r i o r ,  Erie and  Ontar io   would  be 
r e g u l a t e d .   T h e   n u m e r i c a l   d e s i g n a t i o n  is u s e d   o n l y   t o   i d e n t i f y   t h e   p a r t i c u l a r  
p l a n   s e l e c t e d   f r o m   t h e   a r r a y   o f   p l a n s   d e v e l o p e d .   E a c h   r e g u l a t i o n   p l a n   h a s  
d i f f e r e n t   r e g u l a t o r y   r e q u i r e m e n t s   w h i c h  may inc lude :   channel   improvements ,  
r e g u l a t o r y   s t r u c t u r e s ,   m o d i f i c a t i o n s   t o   e x i s t i n g   r e g u l a t o r y   f a c i l i t i e s   o r  
combina t ions   o f   any   o f   t hese   t h ree .  A b r i e f  summary of r egu la to ry   works  re- 
q u i r e m e n t s   f o r   e a c h   o f   t h e   s e l e c t e d   p l a n s  i s  shown  on  Table G-14. The  f o l -  
l owing   Sec t ions   summar ize   t he   cos t  estimates o f   r e g u l a t o r y   f a c i l i t i e s   f o r  
e a c h   o f   t h e   s e l e c t e d   r e g u l a t i o n   p l a n s .  A l l  c o s t   f i g u r e s  are e x p r e s s e d  a t  
1971 p r i c e   l e v e l s .  

6.2 R e g u l a t i o n   P l a n  SO-901 

Of t h e  SO-series o f   r e g u l a t i o n   p l a n s ,  SO-901 was s e l e c t e d   f o r   d e t a i l e d  
b e n e f i t   a n d   c o s t   e v a l u a t i o n .   T h e   f o l l o w i n g  is  a d i s c u s s i o n   o f   t h e   h y d r a u l i c  
a n d   o p e r a t i o n a l   r e q u i r e m e n t s  of t he   p l an   and   t he   des ign   and   cos t  estimates 
o f   t h e   f a c i l i t i e s   n e e d e d  to meet t h o s e   r e q u i r e m e n t s .  

No m a j o r   m o d i f i c a t i o n s   t o   e x i s t i n g   c h a n n e l s   o r   r e g u l a t o r y   f a c i l i t i e s  a t  
S a u l t   S t e .  Marie were r e q u i r e d   f o r   t h e   i m p l e m e n t a t i o n   o f   t h e   s e l e c t e d   r e g u -  
l a t i o n   p l a n .   H o w e v e r ,   f r e q u e n t   a n d   r e l i a b l e   w i n t e r   o p e r a t i o n   o f   t h e   L a k e  
Supe r io r   r egu la to ry   works   wou ld   be   r equ i r ed .   The   hydrau l i c   capac i ty   o f   t he  
S t .  Marys R ive r .was   found   t o   be   adequa te .   The   r equ i r ed   mod i f i ca t ions   t o   t he  
e x i s t i n g   w o r k s   f o r   w i n t e r   o p e r a t i o n   a n d   t h e   r e s u l t s   o f   t h e   c h e c k   o n   t h e   a d e -  
q u a c y   o f   t h e   e x i s t i n g   r i v e r   c h a n n e l s  are  summarized i n  t h e   e n s u i n g   S e c t i o n s .  

The e x i s t i n g  L a k e   O n t a r i o   r e g u l a t o r y   f a c i l i t i e s  are a d e q u a t e   t o  meet 
the   changed   hydrau l i c   r eg ime   r e su l t i ng   f rom  the   r e - r egu la t ion   o f   Lake   Supe r io r  
u n d e r   P l a n  SO-901. 

6.2.1 M o d i f i c a t i o n s   t o   E x i s t i n g   R e g u l a t o r y  Works 

The  recommended f a c i l i t i e s   f o r   w i n t e r   o p e r a t i o n  are d i s c u s s e d   i n   d e t a i l  
u n d e r   S e c t i o n  2.3.4.  These   i nc lude :  e l ec t r i ca l  t u b u l a r   h e a t e r s   f o r   g a t e  
and   ga in   hea t ing ,  e l ec t r i c  p o w e r   a n d   t e l e p h o n e   l i n e s   t o   t h e   s t r u c t u r e ,  modi- 
f i c a t i o n s   t o   p r o v i d e   m o t o r i z e d   d r i v e s   f o r  a l l  16 sets o f   g a t e   h o i s t   m a c h i n e r y .  
a m e t a l - c l a d   e n c l o s u r e   o v e r  10 sets o f   g a t e s ,   a n d   h i n g e d   s h e e t  s t ee l  c o v e r s  
ove r   open   gea r ing  of a l l  16 g a t e s .  T h e   e s t i m a t e d   c a p i t a l   c o s t s   o f   t h e s e  work: 
i s  $574,000, which when a m o r t i z e d   o v e r  a p r o j e c t   l i f e   o f  50 y e a r s   a l l o w i n g  fo l  
r ep lacemen t   and   s a lvage  a t  a n   i n t e r e s t  ra te  o f  7% r e p r e s e n t s   a n   e q u i v a l e n t  



a n n u a l   c o s t  of $43 ,000 .  I t  is  es t ima ted   t ha t   t he   annua l   ope ra t ion   and   ma in -  
t enance   cos t s ,   I nc lud ing   hydrau l i c   mon i to r ing   and   communica t ions ,   wou ld   be  
$27,000.  The c o s t s  of t h e   r e q u i r e d   m o d i f i c a t i o n s   t o   t h e   L a k e   S u p e r i o r  con- 
t r o l  works are  summarized  on  Table G-15. 

6 . 2 . 2  Capac i ty  of E x i s t i n g   C h a n n e l s   a n d   R e g u l a t o r y   F a c i l i t i e s  

The c a p a c i t y   o f   t h e   e x i s t i n g   r e g u l a t o r y   f a c i l i t i e s   w o u l d   b e   a d e q u a t e  
b o t h   t o   r e t a r d   t h e   f l o w   d u r i n g   p e r i o d s   o f  low  supply  and  to pass t h e  maximum 
d i s c h a r g e   u n d e r   t h e   h y d r a u l i c   c o n d i t i o n s   r e q u i r e d  by P l a n  SO-901. The maxi- 
mum water s u r f a c e   e l e v a t i o n  a t  t h e  U. s .  S l i p  Gauge was computed t o   b e  
5 8 2 . 1  IGLD f o r  P l a n  SO-901 as compared t o   t h e  maximum a l l o w a b l e   e l e v a t i o n  
below  the  locks of 582.9 IGLD a s  s p e c i f i e d   i n   t h e  1914 IJC Orders   o f   Approval .  
T h e r e f o r e ,   t h e   c a p a c i t y   o f   t h e   l o w e r   S t .  Marys River   would   be   adequate   for  
P l a n  SO-901. 

6 .2 .3  Summary and   Cos ts  

No major c a p i t a l  e x p e n d i t u r e s   w o u l d   b e   r e q u i r e d  a t  the   Lake   Supe r io r  
compensatory  works  for   Plan SO-901. However, s i n c e   n o r m a l   w i n t e r   o p e r a t i o n  
of   the   cont ro l   works  a t  S a u l t   S t e .  Marie c o u l d   r e q u i r e   f r e q u e n t   c h a n g e s   i n  
g a t e   s e t t i n g s ,   m o d i f i c a t i o n s   w o u l d   b e   n e c e s s a r y  s o  tha t   such   changes   cou ld  
be made more e f f e c t i v e l y   a n d   s a f e l y .  The t o t a l   f i r s t   c o s t  of t h e   r e q u i r e d  
m o d i f i c a t i o n s  was e s t i m a t e d  a t  $574,000 which, when amor t i zed   ove r  a p r o j e c t  
l i f e  of 50 yea r s ,   a l l owing   fo r   r ep lacemen t   and   s a lvage ,  a t  an i n t e r e s t  rate 
of  71, c o r r e s p o n d s   t o   a n   a n n u a l   c o s t   o f  $43,000. The to t a l  a n n u a l  costs i n -  
c lud ing   Opera t ions   and   Ma in tenance   cos t s  were e s t i m a t e d  a t  $70,000. No 
c a p i t a l   e x p e n d i t u r e   w o u l d   b e   r e q u i r e d   f o r   t h e   L a k e   O n t a r i o   r e g u l a t o r y   f a c i -  
l i t i es  as they are a l r e a d y   a d e q u a t e   t o  meet the   changed   r eg ime   r e su l t i ng  
f rom  the   re - regula t ion   of   Lake   Super ior   under   P lan  SO-901. 

The c a p a c i t y   o f  a l l  e x i s t i n g   r e g u l a t o r y   w o r k s ,   i n   b o t h   t h e   S t .  Marys  and 
the  St .   Lawrence Rivers, were checked  and  found  to   be  adequate   to   accommodate  
the   l eve l   and   f l ow  r eg ime   t ha t   wou ld   r e su l t   f rom  the   imp lemen ta t ion   o f   P l an  
so-901. 

6 . 3  R e g u l a t i o n   P l a n  SMHO-11 

R e g u l a t i o n   P l a n  SMHO-11 was s e l e c t e d   f r o m   t h e  SMHO-series o f   r e g u l a t i o n  
p l a n s   f o r   d e t a i l e d   b e n e f i t   a n d   c o s t   e v a l u a t i o n .   U n l i k e   t h e   S O - s e r i e s ,   P l a n  
SMHO-11 r e q u i r e s   e x t e n s i v e   r e g u l a t o r y   w o r k s   i n   t h e   S t .   C l a i r - D e t r o i t  River 
s y s t e m .  The f o l l o w i n g   s e c t i o n s   d e s c r i b e   t h e  works r e q u i r e d ,   w i t h   c o r r e s p o n d -  
i n g   c o s t  estimates f o r   t h e   S t .  Marys  and S t .   C l a i r - D e t r o i t  River sys t ems .  

No m a j o r   c a p i t a l   e x p e n d i t u r e s   w o u l d   b e   r e q u i r e d   f o r   t h e   S t .  Marys River 
s y s t e m  to   ensure   compl iance   under   P lan  SMHO-11. W i n t e r   o p e r a t i o n  of t h e  
c o n t r o l   g a t e s  is r e q u i r e d  similar t o   t h e   r e q u i r e m e n t s   o f   P l a n  SO-901 and 
f o r  t h e  same c o s t s .  

The c a p a c i t y   o f   t h e  Lower S t .  Marys River was checked   and   found  to   be  
adequate .   The maximum e l e v a t i o n   b e l o w   t h e   l o c k s  was computed t o   b e  582.1 I G L D  
which i s  less t h a n   t h e  maximu& a l l o w a b l e   e l e v a t i o n  of 582.9 IGLD as s p e c i f i e d  in 
t h e  1914 IJC Orders   of   Approval .  
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Selec ted  
Regulation  Plan 

so-901 
SMHO- 11 
SEO-901 
SEO- 3 3 
SEO-42-P 
SMHEO-38 

Table  G-14 
SUMMARY OF REGULATORY WORKS  REQUIREMENTS 

S t .  Clair and 
S t .  Marys River   Detroi t   Rivers   Niagara  River  

394 0 0 
394 1 9 2  0 
394 0 1 
3 . 4  0 192 
394 0 1 9 2  
394 1 9 2  1 9 2  

LEGEND: 0 - No Regulatory Works Required 
1 - Channel  Improvements  Required 
2 - Regulatory  Structure   Required 
3 - Modif ica t ions   (Heat ing   and   Mechaniza t ion)   to   ex is t ing  

4 - Hydraul ic   cavaci tv  of River   and  Reeulatorv  Structures  
s t r u c t u r e   r e q u i r e d  

Table 6 1 5  
SUMMARY OF ESTIMATED  COSTS OF MODIFICATIONS 

TO LAKE SUPERIOR COMPENSATING  WORKS FOR PLAN SO-901 

Tota l  F i r s t  Costs  (1971 Price Levels)  $574,000 

I n t e r e s t  and  Amortization 
50-year   Project   Per iod a t  a 7% I n t e r e s t  Rate $ 4 3 , 0 0 0  

Annual Operation  and  Maintenance  Costs $ 27,000 

S t .  Lawrence R i l  

4 
4 
4 
4 
4 
4 

r egu la to ry  

TOTAL ANNUAL COSTS $ 70,000 
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The e x i s t i n g  Lake O n t a r i o   r e g u l a t o r y   f a c i l i t i e s  would  be  adequate  to 
meet t h e  changed hydrau l i c   r eg ime   r e su l t i ng  from the  regulat ion  of   Lakes 
Superior  and Michigan-Huron  under  Plan SMHO-11. 

6.3.1 Lakes  Michigan-Huron  Regulatory Works 

The design  and  cost  estimates of regulatory  works  required  for   the  regu-  
l a t i o n   o f  Lakes  Michigan-Huron t h a t  are summarized  below f o r   P l a n  SMHO-11 
were developed from the  methodology  presented  in   Sect ion 3 .  

Channel Capacity Increase iiequiremnts: The maximum channel   capaci ty  
i n c r e a s e s   f o r   t h e   S t .  Clair and  Detroi t   Rivers   under   Plan SMHO-11 were de- 
termined by comparing  the  regulated  f lows  with t h e  f lows  that  would be ob- 
ta ined   f rom  the   regula ted   l eve ls   under  1933 o u t l e t   c o n d i t i o n s .  The c r i t i c a l  
des ign   leve ls   and   f lows  are summarized on Table  6-16. 

The maximum channel   capac i ty   increase  for t h e   S t .  Clair  River ,   d i scussed  
i n   S e c t i o n  3.3.7, was determined  to  be 11,000 c f s .   S i n c e   t h i s  is a l r eady  
b u i l t - i n  due t o   t h e  25- and  27-foot   navigat ion  improvements   carr ied  out   in  
t h e   S t .  Clair  River   subsequent   to  1933, t he   ex i s t ing   channe l s  are considered 
adequate.  Consequently, no dredging would b e   r e q u i r e d   i n   t h e   S t .  Clair River  
for Regulat ion  Plan SMHO-11. 

S i m i l a r l y ,   t h e  maximum channel   capac i ty   increase   for   the   Det ro i t   River  
was determined  to  be 11,000 c f s .  However, only 6,000 c f s   o f   t h i s  amount is 
b u i l t - i n  relative t o  1933 ou t l e t   cond i t ions   because  of compensation  provided 
in   the   lower   Det ro i t   River  as d i s c u s s e d   i n   S e c t i o n  3.1.7. Therefore,   dredg- 
i n g  would b e   r e q u i r e d   i n   t h e   D e t r o i t   R i v e r ,   t h e  most op t ima l   l oca t ion   o f  which 
is i n  the  Trenton  Channel. 

Channel Capacity Decrease Requirements: The monthly mean r egu la t ed  
f l o w   r e s u l t i n g  from Plan SMHO-11 were compared wi th   the   f lows   tha t  would 
be   de t a ined   f rom  the   r egu la t ed   l eve l s   o f   P l an  SMHO-11 a p p l i e d   t o   t h e  1933 
o u t l e t   c o n d i t i o n s .  The c r i t i ca l  des ign   leve ls   and   f lows  are summarized i n  
Table G-17. 

The maximum channe l   capac i ty   dec rease   r equ i r ed   fo r   bo th   t he   S t .  Clair 
and   Det ro i t   Rivers  was computed t o  be 29,000 c f s .  However, a d d i t i o n a l  retar- 
d a t i o n  is requi red   to   compensa te   for   the  11,000 c f s   channe l   capac i ty   i nc rease  
requirements  of the   p lan .   Therefore ,   the  maximum channel   capaci ty   decrease 
requi red   for   P lan  SMHO-11 is 40,000 c f s   f o r   t h e   S t .  Clair and   Det ro i t   Rivers .  

Regulatory  Structures  Required: Tests made u t i l i z i n g   t h e   m a t h e m a t i c a l  
models   of   the   St .  Clair and   De t ro i t   R ive r s   i nd ica t ed   t ha t   t he  water s u r f a c e  
p r o f i l e s  (1933 o u t l e t   c o n d i t i o n s )   g e n e r a l l y  would  be  obtained by cons t ruc t ion  
o f   f o u r   s t r u c t u r e s   i n   t h e   S t .  Clair R i v e r   a n d   f i v e   s t r u c t u r e s   i n   t h e   D e t r o i t  
River.  The f o u r   s t r u c t u r e s   f o r   t h e   S t .  Clair River are those   loca ted  a t  
P o r t  Huron,   Stag  Is land,   St .  Clair and  North  and  Middle  Channels as shown  on 
t h e   l o c a t i o n  map, Figure 6-39. The f i v e   s t r u c t u r e s   f o r   t h e   D e t r o i t   R i v e r  
are those   loca ted  a t  Peach  Island  (North  and  South),  West Belle Isle, Zug 
I s l a n d ,  East Fighting  Island  and  Trenton  Channel also shown on the  l o c a t i o n  
map, F igure  639. 
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Table G-16 
SUMMARY OF CRITICAL CHANNEL CAPACITY INCREASE DESIGN CONDITIONS 

LAKES MICHIGAN-HURON REGULATORY WORKS 
PLAN SMHO-11 

A.  ST. C L A I R  R I V E R  
1. Lakes  Michigan-Huron  Regulated  Level ............... 579.39 f e e t  
2.  Lake S t .  Clair Design  Level ........................ 574.58  feet  

4 .  St. Clair River Flow* .............................. 195,000  c fs  
3 .  S t .  Clair  River  Regulated Flow ..................... 206,000 c f s  

5. Maximum Channel  Capacity  Increase .................. 11,000  c fs  

B. DETROIT R I V E R  
1. Lake S t .  Clair Design  Level ........................ 574.58 f e e t  
2 .  Lake Erie Design  Level ............................. 571.86 fee t  
3 .  Detroi t   River   Regulated Flow ....................... 211,000 c f s  

5. Maximum Channel  Capacity  Increase .................. 11,000  c fs  
4 .  Detro i t   River  Flow* ................................ 200,000 c f s  

*Rela t ive   to   1933  ou t le t   condi t ions   o f   Lakes  Michigan-Huron. 

Table G-17  
SUMMARY OF CRITICAL CHANNEL CAPACITY DECREASE DESIGN CONDITIONS 

LAKES MICHIGAN-HURON REGULATORY WORKS 
PLAN SMHO-11 

A. ST. CLAIR RIVER 
1. Lakes  Michigan-Huron  Regulated  Level ............... 578.51 f e e t  
2.  Lake S t .  Clair Design  Level ........................ 573.41 f e e t  
3 .  S t .  Clair River  Regulated Flow ..................... 165,000 c fs  
4. S t .  Clair River Flow* .............................. 194,000  c fs  
5. Maximum Channel  Capacity  Decrease .................. 29,000 cfs 

B. DETROIT RIVER 
1. Lake S t .  Clair Design  Level ........................ 573.41 f e e t  
2. Lake Erie Design  Level ............................. 570.27 f e e t  
3. Detroi t   River   Regulated Flow ....................... 170,000  c fs  
4 .  Detro i t   River  Flow* ................................ 199,000 c f s  
5. Maximum Channel  Capacity  Decrease .................. 29,000 c f s  

* R e l a t i v e   t o   1 9 3 3   o u t l e t   c o n d i t i o n s  of  Lakes  Michigan-Huron 
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The t o t a l  f i rs t  c o s t s   f o r  t h e  n i n e   s t r u c t u r e s  were estimated a t  $152.1  
m i l l i o n .  

YotuZ First, Capital  and lqu iua len t  A n n u a l  Cost of Re.platory Works: 
The t o t a l  f irst  c o s t s   o f   r e g u l a t o r y   w o r k s ,   d r e d g i n g   a n d   s t r u c t u r e s ,   r e q u i r e d  
i n   t h e   S t .  Clair a n d   D e t r o i t   R i v e r s   f o r   P l a n  SMHO-11 were e s t i m a t e d  a t  
$198.1 m i l l i o n .  A summary of t o t a l   f i r s t ,   c a p i t a l ,   a n n u a l   i n t e r e s t   a n d  
amor t iza t ion   and   Opera t ion   and   Main tenance   cos ts  are shown on  Table G-18. 

6 .3 .2  Summary and   Cos ts  

Modi f i ca t ions   t o   t he   ex i s t ing   compensa t ing   works  a t  S a u l t   S t e .  Marie 
are r e q u i r e d   t o   p e r m i t  safe and r e l i a b l e   w i n t e r   o p e r a t i o n   o f   t h e   c o n t r o l  
g a t e s .  The c o s t s   o f   t h e s e   m o d i f i c a t i o n s  are summarized i n   S e c t i o n  6 . 2 . 3 .  
The c a p a c i t y   o f   t h e   e x i s t i n g   c h a n n e l s   a n d   r e g u l a t o r y  f a c i l i t i e s  a t  S a u l t   S t e .  
Marie were checked  and  found  to   be  adequate .  

The   works   r equ i r ed   on   t he   S t .   C la i r -De t ro i t   R ive r   sys t em  cons i s t   o f  
n i n e   c o n t r o l   s t r u c t u r e s   l o c a t e d  a t  s t r a t e g i c   p o i n t s   a l o n g   t h e   r i v e r   s y s t e m  
and   d redg ing   i n   t he   T ren ton   Channe l   o f   t he   De t ro i t   R ive r .  The c o s t s  of  regu- 
l a t o r y   w o r k s   f o r   t h e   S t .   C l a i r - D e t r o i t   R i v e r   s y s t e m  are summarized  on  Table 
G18. 

No c a p i t a l   e x p e n d i t u r e   w o u l d   b e   r e q u i r e d  f o r  t h e   e x i s t i n g   r e g u l a t o r y  
f a c i l i t i e s  i n   t h e   S t .  Lawrence  River ,   the   capaci ty   of   which were checked  and 
found  to   be  adequate   to   accommodate   the  changed  inf low  regime as a r e s u l t  of 
regulat ing  Lakes  Superior   and  Michigan-Huron.  

The t o t a l   f i r s t ,   c a p i t a l  and   equ iva len t   annua l   cos t s   o f   r egu la to ry   work  
r e q u i r e d   t o  meet t h e   h y d r a u l i c   r e q u i r e m e n t s  of Regu la t ion   P l an  SHHO-11 are 
summarized on Tab le  G-19. The r e g u l a t o r y   w o r k s   r e q u i r e d   f o r  SMHO-11 would 
r e q u i r e  a t o t a l   c a p i t a l   i n v e s t m e n t   o f   a p p r o x i m a t e l y  $240 m i l l i o n   w h i c h ,  when 
a m o r t i z e d   o v e r  a 5 0 - y e a r   p r o j e c t   l i f e  a t  a n   i n t e r e s t  ra te  of  72,  would  be 
e q u i v a l e n t   t o   a n   a n n u a l   e x p e n d i t u r e   o f   a p p r o x i m a t e l y  $18 m i l l i o n   i n c l u d i n g  
o p e r a t i o n  and   main tenance   cos ts .  

6 . 4  Regu la t ion   P l an  SEO-901 

D u r i n g   t h e   c o u r s e   o f   t h e   s t u d y ,  i t  became   ev iden t   t ha t  a l a rge   p ropor -  
t i o n   o f   t h e   b e n e f i t s   a s s o c i a t e d   w i t h   t h e   r e g u l a t i o n   o f  Lake Erie would  not 
b e   ' ' r e g u l a t i o n   b e n e f i t s " ,   p e r  se, b u t   r a t h e r  would r e s u l t   f r o m  a lower ing  
of t h e   e n t i r e   r a n g e   o f   l e v e l s  on  Lake Erie,  w h i c h ,   d u e   t o   b a c k w a t e r   e f f e c t s ,  
a l s o   w o u l d   r e s u l t   i n  a minor   lowering  of   Lakes  Michigan-Huron.   Regulat ion 
P l a n  SEO-901 was s e l e c t e d   f o r   d e t a i l e d   b e n e f i t   a n d   c o s t   e v a l u a t i o n  as be ing  
r e p r e s e n t a t i v e  of t h i s   t y p e   o f   p l a n .   T h e   r e g u l a t i o n   o f  Lakes Super io r   and  
On ta r io ,   unde r  SEO-901 would   fo l low  the  same o p e r a t i n g   p o l i c i e s  as does   P lan  
SO-901 and   would   requi re   the  same modi f i ca t ions   t o   t he   compensa t ing   works .  

6.4.1 Lake Erie Regu la to ry  Works 

R e g u l a t i o n   P l a n  SEO-901 r e q u i r e s   t h a t   t h e   c h a n n e l   c a p a c i t y   o f   t h e  
Niagara River be increased by approximately 4,000 cfs re lat ive   to  the existing 



Table G-18 
SUMMARY OF ESTIMATED COSTS OF LAKES MICHIGAN-HURON REGULATORY WORKS 

REQUIRED FOR PLAN SMHO-11 

Tota l   F i r s t   Cos ts   (1971  Pr ice   Levels )   $198,100,000 

To ta l   Cap i t a l   Cos t s  (End of 6-year  Construction  Period)  239,700,000 

Annual I n t e r e s t  and  Amortization  (50-year  Project  Period  at7%)  17,369,000 

Annual Operat ion and  Maintenance  Costs 564 ,000 
TOTAL ANNUAL COSTS $17,933,000 

Table G-19 
SUMMARY OF ESTIMATED COSTS  OF REGULATORY WORKS REQUIRED 

FOR PLAN SMHO-11 ($ Thousands) 

LAKE OUTLET 

Michigan- 
Super ior  Huron Ontar io  - TOTAL 

T o t a l   F i r s t   C o s t s  
(1971  Pr ice   Levels)  

T o t a l  C a p i t a l  Costs a t  End 
of Cons t ruc t ion   Per iod  

Annual I n t e r e s t  & Amortization 
(50-year   Project   Per iod a t  7%) 
Annual Operat ion & Maintenance 

TOTAL ANNUAL COSTS 

57h 198,100 0 198.6; 

574 2 39 ,700 0 240,2i  

43  17,369 0 17 ,I1 
27 564 0 55 
70 17,933 0 18 ,O( 
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hydraul ic   regime.   Provis ion  of   this   channel   capaci ty   increase would resul t  
i n  a general   lowering of  Lake Erie l e v e l s  by 0.19 f o o t   a s   s p e c i f i e d  by Regu- 
l a t i o n   P l a n  SEO-901. To accompl ish   th i s ,   approximate ly  49,000 cu.  yds.  of 
rock  would  have  to  be  excavated  from  the Niagara River j u s t  below  the  Peace 
Bridge. The t o t a l   c a p i t a l   c o s t s  would  be $1,360,000 which when amortized 
o v e r   t h e   5 0 - y e a r   p r o j e c t   l i f e   a t   a n   i n t e r e s t   r a t e  of 71 a r e   e q u i v a l e n t   t o  
an annual   cos t  of $99,000. A summary of   cost  estimates f o r  Lake Erie regu-  
l a t o r y  works is shown on Table G-20. 

TABLE G-20 

SUMMARY OF ESTIMATED COSTS OF 
LAKE E R I E  REGULATORY WORKS REQUIRED 

FOR PLAN SEO-901 

Tota l  F i r s t  Costs  
(1971 Pr ice   Levels )  

To ta l  C a p i t a l  Cos ts  a t  end of 
2-year Construct ion  Per iod 

Annual In t e re s t   and   Amor t i za t ion  
(50-year   Project   Per iod a t  72) 

$1,270,000 

1,360,000 

99,000 

6.4.2 Summary and  Costs 

Modif icat ions  to   the  exis t ing  compensat ing  works a t  S a u l t   S t e .  Marie 
are r e q u i r e d   t o   p e r m i t   s a f e   a n d   r e l i a b l e   w i n t e r   o p e r a t i o n   o f   t h e   c o n t r o l  
g a t e s .  The cos t s   o f   t hese   mod i f i ca t ions  are summarized i n   S e c t i o n  6.2.3. 
The capac i ty  of t he   ex i s t ing   channe l s  and r e g u l a t o r y   f a c i l i t i e s  a t  S a u l t  S t e .  
Marie were checked  and  found to   be   adequa te .  

Approximately 49,000 cu.  yds.   of  channel  excavation would be   requi red  
in   the   Niagara   River   to   increase  i ts  d ischarge   capac i ty  by 4,000 c f s  as re- 
quired  under  Regulation  Plan SEO-901. The cos t  estimates of  Lake Erie regu- 
l a t o r y  works are summarized In   Tab le  G-20. 

No c a p i t a l   e x p e n d i t u r e  would be   requi red  a t  t h e   e x i s t i n g   r e g u l a t o r y  
f a c i l i t i e s   i n   t h e   S t .  Lawrence River .  The regime of outflows  from Lake Erie 
would  be e s s e n t i a l l y   t h e  same as f o r   P l a n  SO-901. 

The r egu la to ry  works r equ i r ed   fo r   Regu la t ion   P l an  SEO-901 would r e q u i r e  
a t o t a l   c a p i t a l   I n v e s t m e n t  of approximately $1,934,000 which when amortized 
over  a 50-year   project   per iod a t  a n   i n t e r e s t  rate of 7% I s  e q u i v a l e n t   t o  an 
annual   cos t   o f  $142,000. The ope ra t ion  and  maintenance  costs of t h e  Lake 
Super ior   regula tory   works ,   for   win ter   Opera t ion   has   been   es t imated  a t  $27,000 
b r i n g i n g   t h e   t o t a l   a n n u a l   c o s t   t o  $169,000. The cos t  estimates f o r   r e g u l a t o r y  
works  required  for   Regulat ion  Plan SEO-901 are summarized  on  Table G-21. 
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6.5 Regulat ion Plan SEO-33 

Of the  SEO-series  of  regulation  plans,   Regulation  Plan SEO-33 was 
se l ec t ed   fo r   de t a i l ed   bene f i t   and   cos t   eva lua t ion .   Un l ike   Regu la t ion   P l an  
SEO-901, Regulat ion  Plan SEO-33 requires, in   add i t ion   t o   channe l   excava t ion ,  
a r e g u l a t o r y   s t r u c t u r e  and shore   p ro t ec t ion  works such   tha t  Lake Er ie   ou t -  
f lows may be   re ta rded   dur ing   per iod   of  low l e v e l s .  T h e  r egu la t ion  o f  Lake 
Sup.erior,   under SEO-33, is similar in   ph i losophy  to  SO-901. 

No major cap i ta l  expendi ture  would be   requi red   for   the  S t .  Marys River 
System  under  Plan SEO-33. Winter   operat ion of  t he   con t ro l  works a t   S a u l t  
S t e .  Marie would be   acqu i r ed   s imi l a r   t o  t h e  requirements of Plan SO-901 and 
could  be  achieved  for   the same c o s t s .  

The c a p a c i t i e s  of the  Lower S t .  Marys River  and the  compensating  works 
a t  S a u l t   S t e .  Marie were checked and found  to  be  adequate.  The maximum e le -  
vat ion  below  the  locks was computed t o  be e leva t ion   582 .0  IGLD a s  compared 
t o   t h e  maximum a l lowable   e leva t ion   of  582.9 IGLD as s p e c i f i e d  by the  1914 
IJC Orders  of  Approval. 

The e x i s t i n g  Lake O n t a r i o   r e g u l a t o r y   f a c i l i t i e s  are adequate   to  meet 
t he  changed hydraul ic   regime  resul t ing  f rom  the  regulat ion of Lakes Super ior  
and Erie under  Plan SEO-33. 

6.5.1 Lake Erie Regulatory Works 

An a n a l y s i s  of  Lake Erie regula ted   l eve ls   and   f lows  was c a r r i e d  o u t  t o  
de te rmine   the  c r i t i c a l  des ign   condi t ions ,   the   resu l t s   o f   which   a re  shown i n  
T a b l e   6 2 2 .  I n  summary, t h e   r e g u l a t o r y   s t r u c t u r e  must be  capable  of  decreas- 
i ng   t he  Lake Erie outf low by 40 ,000   c fs  a t  a stage of  570.52 f ee t   and   t he  
channel must be   en la rged   t o  overcome the   head   l o s s   ac ross   t he   s t ruc tu re   wh i l e  
a t  t h e  same time providing a channel   capac i ty   increase   o f   27 ,000   c fs  a t  a 
s tage  of   570.61  feet .  

The t o t a l   f i r s t   c o s t s  of r e g u l a t o r y   f a c i l i t i e s  were opt imized ,   the  re- 
su l t s   o f   wh ich  are summarized a s  fol lows:  

(1) A c o n t r o l   s t r u c t u r e   c o n s i s t i n g  of :  (a)   an  ungated  sect ion  with a 
span of 255 f e e t ,   ( b )  8 g a t e s   ( 1   g a t e   f o r   s t a n d b y )   w i t h  15 f o o t  piers  90 fee t  
c /c ,  and  (c) a r o c k - f i l l  dyke  over  the  remaining 925 f e e t ;  a t  a t o t a l   f i r s t  
cost   of  $43,326,000. 

(2) Channel  excavation  amounting  to  2,570,000  cubic  yards  of  rock a t  
a t o t a l   f i r s t   c o s t   o f   $ 4 0 , 7 0 9 , 0 0 0 .  

(3)  Shore  protective  works a t  a t o t a l   f i r s t   c o s t  of  $4,952,000. The 
t o t a l   f i r s t   c o s t s  o f   r e g u l a t o r y   f a c i l i t i e s  would be  $88,986,000. The above 
c o s t  estimates are p r e s e n t e d   i n   d e t a i l   i n   T a b l e  G-23. 

Since  i t  is n e c e s s a r y   t o   m a i n t a i n   s u b s t a n t i a l l y   t h e   p r e s e n t  Lake Erie 
s t age -d i scha rge   r e l a t ionsh ip   du r ing   t he   cons t ruc t ion   pe r iod ,   t he   d redg ing  
and control structure construction program would have t o  be closely i n t e g r a t e c  
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Tab le  G-21 
SUMMARY OF ESTIMATED  COSTS OF REGULATORY WORKS REQUIRED 

FOR PLAN SEO-901 ( $  Thousands) 

LAKE OUTLET 

S u p e r i o r  - Erie O n t a r i o  TOTAL 

T o t a l  First  Cos t s  
(1971 Pr ice  Leve1.s) 574 1,270 0 1 ,846  

T o t a l   C a p i t a l   C o s t s  a t  Tnd of 
Cons t ruc t ion   Pe r iod   574   1 ,360  0 1 ,934  

Annual I n t e r e s t  6 Amor t i za t ion  
(50 -yea r   P ro jec t   Pe r iod  a t  7%) 43  99 0 162 

Annual  Operation  and  Maintenance 27 0 0 2 7  

TOTAL ANNUAL COSTS 70 99 0 169 

Tab le  G-22 
SUMMARY OF CRITICAL DESIGN  CONDITIONS 

LAKE E R I E  REGULATORY WORKS 
PLAN SEO-33 

DESIGN CONDITION 

Channel  Capacity  Channel  Capacity 
I n c r e a s e  Decrease 

Lake Erie Regulated Level 5 7 0 . 6 1   f e e t  

N iaga ra  River Regulated Flow 226,000  c fs  

Lake Erie N a t u r a l  Level 5 7 1 . 8 7   f e e t  

Niagara River N a t u r a l  Flow 1 9 9 , 0 0 0   c f s  

Hydrau l i c   Requ i remen t s   27 ,000   c f s  

570 .52   f ee t  

158 ,000   c f s  

5 6 8 . 5 5   f e e t  

198 ,000   c f s  

40,000 c f s  

F o r   t h e   p u r p o s e s   o f   t h i s   d i s c u s s i o n ,   " N a t u r a l   C o n d i t i o n s "   r e f e r s   t o   1 9 5 3  
p r e p r o j e c t   o u t l e t   c o n d i t i o n s   o f   t h e   N i a g a r a  River. 
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Table G-23 

ESTIMATE OF FIRST  COST (1971 PRICE LEVELS),  LAKE E R I E  CONTROL WORKS 
REGULATION PLAN SEO-33 

- - 

1, 

2 .  

3.  

4 .  

5 .  

6 .  

7 .  

8 .  

9 .  

10 

11 

12 

13 

- 

ITEM 

C O N T R O L  STRUCTURE 
D i v e r s i o n s  F1 C o f f e r d a m s  
a )  S h e e t   P i l i n g  
b) F i l l  
c )   Pumping  
d)   Removal  

E x c a v a t i o n  
a )   O v e r b u r d e n  
b )  Rock 
c )  Rock S u r f a c e   F r e p a r a t i o n  

G r o u t i n g  

C o n c r e t e   ( I n c l u d i n g   F o r m w o r k )  
a )  Base S l a b  
b )  Ro l lway  
c )  Piers  
d )   R e t a i n i n g  Wall 
e )  B r i d g e  

R e i n f o r c i n g   S t e e l  

G a t e s   a n d   H o i s t s  
a )   S t o p l o g   G a t e s  
b )  S t o p l o g   G u i d e s  
c )   S t o p l o g   C r a n e  
d )   T a i n t e r   G a t e s  
e )   T a i n t e r   G a t e s  - Embedded 

f )  T a i n t e r   G a t e s   H o i s t s  

Rock F i l l  Dam 
a )   S t r i p p i n g  Common 
b )  Rock F i l l  & R i p r a p  
c )  Gravel Roadway 

C o : n t r o l   B u i l d i n g  

- 

Parts  

( 5 , 0 0 0   s q .   f t . )  

M i s c e l l a n e o u s ,   M e c h a n i c a l  
a n d  E l e c t r i c a l  

C o n t i n g c n c i e s   a t   2 0 %  

E n g i n e e r i n g  Design, S u p e r v i s i o n  
a n d   A d m i n i s t r a t i o n  a t  1 5 %  

T o t a l  F i r s t  Cost 

- SHORE PROTECTION WORKS 
P r o p e r t y   A c q u i s i t i o n   a n d  

Land  Development  

G u a r d   G a t e   f o r   B l a c k   R o c k   C a n a l  
a )   S e c t o r  Gate 
b )   Embedded   Pa r t s  
c )   C o n c r e t e   G u i d e s  

r 
NUANT I TY 

2 , 6 1 5  
3 1 8 , 2 8 0  

3 0 , 0 0 0  

1 7 , 7 0 0  

4 7 , 7 5 0  

2 1 5 , 0 0 0  

1 2 7 , 0 0 0  
2 7 , 5 7 0  
6 7 , 3 5 0  
3 5 , 5 0 0  

3 , 0 9 5  

4 , 1 5 0  

780 
260 

3 , 8 0 0  

1 , 3 2 0  
8 

2 7 , 4 0 0  

6 , 7 1 0  
L O 5 , O O O  

175  
62 

U N I T  

t o n  

j o b  
j o b  

1 ,  y d .  

1 .  y d .  
1. )Id. 
I .  y d .  

1 . f .  

1.  y d .  
1.  y d .  
1.  y d .  
1.  y d .  
1. y d .  

t o n  

t o n  
t o n  
j o b  
t o n  

t o n  
u n i t  

u .  y d .  
u .  yd .  
9 .  Yd. 

j o b  

j o b  

j o b  

j o b  

j o b  

t o n  
t o n  
j o b  

LIS IT  
COST 

500.00  
1 . 0 0  

2 . 5 0  
6 . O O  
3 . 0 0  

8 . O O  

4 0 . 0 0  
115.00 
6 0 . 0 0  
55 .00  
7 0 . 0 0  

4 0 0 . 0 0  

1 , 3 6 0 . 0 0  
1,1100.00 

1 , 3 6 0 . 0 0  

1 , 4 0 0 . 0 0  
0 0 . 0 0 0 . 0 0  

0 .80  
6 . O O  
4 . 0 0  

1 , 3 6 0 . 0 0  
1 , 4 0 0 . 0 0  

:IPlOU9T 

s 

L ,  3 0 7 , 5 0 0  
319 ,300  
5 8 4 , 0 0 0  
325 ,000  

7 5 , 0 0 0  
1 , 2 9 0 , 0 0 0  

5 3 , 1 0 0  

382 ,000  

i , 0 9 0 , 0 0 0  
1, ’40,7@0 

I ,952 ,  500 
l , 0 4 1 , 0 0 0  

2 1 6 , 7 0 0  

1 , 6 6 0 , 0 0 0  

. , 0 6 1 , 0 0 0  
5 6 4 , 0 0 0  
4 0 0 , 0 0 0  

; , 1 6 8 , 0 0 0  

. , 5 4 8 , 0 0 0  
l , 4 0 0 , 0 0 0  

2 1 , 9 0 0  
6 3 0 , 0 0 0  

2 6 , 8 0 0  

1 5 0 , 0 0 0  

8 0 0 , 0 0 0  

1 ,279 ,100  

, 6 5 1 , 2 0 0  

2 8 4 , 0 0 0  

2 3 8 , 0 0 0  
8 6 , 8 0 0  

1 0 0 , 0 0 0  

TOT 11.7 

5 

7 , 5 3 3 , 5 0  

1 , 4 1 9 , l O  

3 5 2  , @ O  

L2 ,530 ,9@ 

1,660,OO 

1 , 2 5 1 , o o  

6 7 8 , 7 0  

150 .00  

800,OO 

6 , 2 7 9 , l O  

5 , 6 5 1 , 2 0 0  

3 , 3 2 5 , 8 0 0  

284 ,000  

4 2 3 , 8 0 0  
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T a b l e   G - 2 3  (Cont'd) 

ESTTXATE OF FIRST COST ( 1 9 7 1  P R I C E   L E V E L S ) ,   L A K E   E R I E   C O N T R O L  WOWS 
REGULATION PLAN SEO-33  

ITEM 

iaising  of  Concrete-masonry 
Wall ( C a n a d i a n  S i d e )  

3) Removal o f  existing  cap 
3 )  Concrete 
z )  Reinforcing  Steel 

Rockfill D y k e s  
3 )  Stripping 
3 )  Rockf i 1 1  
c )  Gravel Roadway 

loncrete  Facing 4 Kcy 
a) Face  Slab 

c) Reinforcing  Steel 

Crib Wall 
a) Timber  Crib 
b) Concrete  Cap 6 Wal l  
c) Reinforcing  Steel 

Concrete-stone  Breakwater 

Contingencies  at 259,  

Engineering  Design,  Supervision 

b)  Key 

and Administration  at 10; 

Total  First C o s t  

CHANNEL 
Rock  txcavation 

Contingencies  at 20; 

Engineering  Design,  Supervision 

" 

and  Administration  at 10% 

Total  First  Cost 

IIJANTII" 

8 , 5 0  
1 , 5 0  

1 

1 4 , 4 0  
2 1 8 , 3 0  

14,OO 

1 . 8 0  
5,20 

3 

10  , o o  
1 0 , 2 0  

9 

37 .40  

,570,OO 

US IT 

1 . f .  
cu.  yd 
ton 

c u .  yd 
c u .  yd 
S q -  Yd 

c u .  yd 
c u .  yd 
ton 

c u .  yd 
c u .  yd 
ton 

cu. yd 

j o b  

j o b  

c u .  yd 

j o b  

j o b  

UNIT 
COST 

2 . 0 0  
4 5 . 0 0  

4 0 0 . 0 0  

0 . 6 0  
6 . 0 0  
4 . O O  

4 5 . 0 0  
4 0 . 0 0  

4 0 0 . 0 0  

30 . O O  
5 5 . 0 0  

4 0 0 . 0 0  

6.00 

1 2  . o o  

r AMOUNT 
1 7 , 0 0 0  
6 7 , 5 0 0  

6 , 0 0 0  

8 , 6 4 0  
1 , 3 0 9 , 8 0 0  

5 6 , 0 0 0  

8 1 , 0 0 0  
2 0 8 , 0 0 0  

1 4 , 8 0 0  

3 0 0 , 0 0 0  
5 6 1 , 0 0 0  

3 8 , 4 0 0  

2 2 4 , 4 0 0  

900 ,300  

4 5 0 , 2 0 0  

0 , 8 4 0 , 0 0 0  

6 , 1 6 8 , 0 0 0  

3 , 7 0 0 , 8 0 0  

TOTALS 

$ 
~ 

9 0 . 5 0 0  

1 , 3 7 4 , 4 0 0  

. 3 0 3 , 8 0 0  

8 9 9 . 4 0 0  

2 2 4 , 3 0 0  

9 0 0 , 3 0 0  

4 5 0 , 2 0 0  

4 , 9 5 1 , 8 0 0  
c 

3 0 , 8 4 0 , 0 0 0  

6 , 1 6 8 , 0 0 0  

3 , 7 0 0 , 8 0 0  

4 0 , 7 0 8 , 8 0 0  - 

TOTAL  FIRST  COSTS FOR REGULATORY  WORKS $ 8 8 , 9 8 6 , 4 0 0  
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I t  is e s t i m a t e d   t h a t   t h i s   r e s t r i c t i o n  and those imposed by the   fo rces  of 
na tu re  would ex tend   the   cons t ruc t ion   per iod   to  6 yea r s .  A t  a n   i n t e r e s t   r a t e  
of 7X, t h e   t o t a l   c a p i t a l   c o s t  a t  t h e  end  of cons t ruc t ion  would be  $107,673,000 
which when amortized  over a 50-year  project   period  amounts  to  an  equivalent 
annual   cos t  of  $7,802,000. I t  is es t imated  t h a t  the   Operat ion and  Maintenance 
c o s t s  would  be  $287,000  increasing  the  annual  costs  to  $8,089,000. The cos t  
estimates fo r  Lake Erie r egu la to ry  works are summarized on Table G-24. 

6.5.2 Summary and  Costs 

Modif icat ions  to   the  exis t ing  compensat ing  works  a t   Saul t   Ste .   Marie  
a r e   r e q u i r e d   t o  p e r m i t  safe and r e l i a b l e   w i n t e r   o p e r a t i o n  of t h e  c o n t r o l  
g a t e s .  The c o s t s  of t hese   mod i f i ca t ions   a r e  summarized in   Sec t ion   6 .2 .3 .  
The capac i ty  of t h e   e x i s t i n g   c h a n n e l s  and r e g u l a t o r y   f a c i l i t i e s  a t  S a u l t  
S t e .  Marie were checked  and  found to   be   adequate .  

The r e g u l a t o r y   f a c i l i t i e s   r e q u i r e d   t o   s a t i s f y   t h e   h y d r a u l i c   r e q u i r e m e n t s  
of   Plan SEO-33 cons is t   o f  a c o n t r o l   s t r u c t u r e  composed of  ungated,  gated  and 
dyked sec t ions ,   channel   excavat ion ,   and ,   shore   p ro tec t ive  works along  both 
s h o r e l i n e s   t o   p r o t e c t  low ly ing  areas loca ted   be tween  the   s t ruc ture  and the  
head   of   the   r iver .  The c o s t s  of Lake Erie r egu la to ry  works a r e  summarized 
on  Table 6 2 4 .  

No cap i t a l   expend i tu re  would  be requi red  a t  t h e   e x i s t i n g   r e g u l a t o r y  
f a c i l i t i e s   i n   t h e   S t .  Lawrence River ,   the   capac i ty  of which were checked  and 
found  to   be  adequate   for   the water supp l i e s  1900-67. 

The r egu la to ry  works  required  for   Regulat ion  Plan SEO-33 would r e q u i r e  
a t o t a l   c a p i t a l   i n v e s t m e n t  of $108,247,000  which when amort ized  over   the 
5 0 - y e a r   p r o j e c t   l i f e  a t  an i n t e r e s t  rate o f  7% is equiva len t   to   an   annual  
cost   of   $8,159,000  including  Operat ion  and  Maintenance  costs  estimates a t  
$314,000. The cos t  estimates f o r   r e g u l a t o r y  works  required  for  SEO-33 are 
summarized  on  Table G-25. 

6 . 6  Regul i t ion   P lan  SEO-42P 

Of t h e   p a r t i a l   r e g u l a t i o n   p l a n s   d e v e l o p e d   f o r  Lake Erie Regulat ion,  
Plan SEO-42P was se lec ted   for   de ta i led   benef i t   and   cos t   eva lua t ion .   Unl ike  
Regulat ion  Plan SEO-33, Plan SEO-42P does  not   require  any  channel  capacity 
dec rease   r e l a t ive   t o   t he   ex i s t ing   hydrau l i c   r eg ime   o f   t he   N iaga ra   R ive r .  
However, t he   r egu la t ion   p l an   r equ i r e s   t ha t   f l ows   be   r e s to red   t o   p rep ro jec t  
cond i t ions  when l e v e l  and  supply  condi t ions  permit .  The regula t ion   of  Lake 
Super ior ,   under   P lan  SEO-42P is similar in   ph i lo sophy   t o   P l an  SO-901. 

No major   cap i t a l   expend i tu re  would be   requi red   for   the  S t .  Marys River 
System.  Winter   operat ion  of   the  control  works a t  S a u l t   S t e .  Marie i s  re- 
qui red  similar to   the  requirements   of   Plan SO-901 and  would be  achieved a t  
t h e  same c o s t s .  

The capaci ty   of   the   Lower 'St .  Marys River  and  the  compensating  works 
at  Sault S t e .  Marie were checked  and  found to b e  adequate .  The m a x i m u m  
e leva t ion   be low  the   locks  was computed to   be  582.0 IGLD as compared t o   t h e  
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Table G-24 
SUMMARY OF ESTIMATED COSTS OF LAKE E R I E  REGULATORY WORKS 

REQUIRED FOR PLAN SEO-33 

To ta l  First Costs  (1971  Price  Levels)  $88,986,000 

To ta l   Cap i t a l   Cos t s   a t   t he  End of 6-year  Construction  Period  107,673,000 

Annual I n t e r e s t  and  Amortization  (50-year  Project  Period a t  7%)  7,802,000 

Annual Operation  and  Maintenance  Costs  287,000 

TOTAL ANNUAL COSTS $8,089,000 

Table G-25 
SUMMARY OF ESTIMATED COSTS OF REGULATORY WORKS REQUIRED 

FOR PLAN SEO-33 ($  Thousands) 

LAKE OUTLET 
Super ior  Erie Ontar io  TOTAL 

T o t a l  F i r s t  Costs 
( 1 9 7 1  P r i ce   Leve l s )  5 76 88,986 0 89,560 

To ta l  C a p i t a l  Costs a t  End 
of Cons t ruc t ion   Per iod  5 74 107,673 0 108,247 

Annual I n t e r e s t  and  Amortization 
(50-year  Project  Period a t  7%) 43  7,802 0 7,845 

Annual Operat ion and  Maintenance 27 287 0 314 

TOTAL ANNUAL COSTS 70 .8,089 0 8,159 
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maximum a l l o w a b l e   e l e v a t i o n  of  582.9 I G L D  as s p e c i f i e d  by the  1914 IJC Orders 
of  Approval . 

The e x i s t i n g  Lake O n t a r i o   r e g u l a t o r y  f a c i l i t i e s  are a d e q u a t e   t o  meet 
the   changed   hydrau l i c   r eg ime   r e su l t i ng   f rom  the   r egu la t ion  o f  Lakes S u p e r i o r  
and Erie under   P lan  SEO-42P. 

6 .6 .1  Lake Erie Regu la to ry  Works 

R e g u l a t i o n   P l a n  SEO-42P r e q u i r e s   t h a t   t h e  Lake  Erie out f lows   be   in -  
c reased   by  8,000 c f s  when s u p p l y   a n d   l e v e l   c o n d i t i o n s  go beyond   ce r t a in  
t h r e s h o l d  limits. A t  o t h e r  times, Lake Erie ou t f lows   wou ld   be   r e tu rned   t o  
p rep ro  jec t  ( 1 9 5 3   o u t l e t )   c o n d i t i o n s .  The r e q u i r e d   r e g u l a t o r y   w o r k s   c o n s i s t  
of  a 1 ,500- foo t   l ong   d ive r s ion   channe l   t h rough  Squaw I s l a n d   w i t h  a bottom 
wid th  of 35 f e e t  a n d   a n   a t t e n d a n t   c o n t r o l   s t r u c t u r e   w i t h  a 35-foot  wide  sub- 
m e r s i b l e   t a i n t e r   g a t e .   E a r t h  levees would   be   cons t ruc ted  on b o t h   s i d e s   o f  
t h e   d i v e r s i o n   c h a n n e l   t o   p r o v i d e   a d e q u a t e   f r e e b o a r d .  The d i v e r s i o n   c h a n n e l  
a n d   e a r t h   l e v e e s   w o u l d   b e   r i p r a p p e d   o r   o t h e r w i s e   p r o t e c t e d   t o   p r e v e n t   b a n k  
e r o s i o n .  The t o t a l   c a p i t a l   c o s t s  of r egu la to ry   works  are e s t i m a t e d  a t  
$4,900,000.   Operat ion  and  maintenance  costs  are e s t i m a t e d  a t  $25,000. The 
t o t a l   a n n u a l   c o s t s  are e s t i m a t e d  a t  $380,000  over a 50 -yea r   p ro j ec t   pe r iod  
a t  a n   i n t e r e s t  ra te  of 7%.  The c o s t  estimates f o r  Lake Erie r egu la to ry   works  
r e q u i r e d   f o r   P l a n  SEO-42P are summarized  on  Table G-26. 

6 .6 .2  Summary and  Costs 

Modi f i ca t ions   t o   t he   ex i s t ing   compensa t ing   works  a t  S a u l t   S t e .  Marie 
are r e q u i r e d   t o   p e r m i t   s a f e   a n d   r e l i a b l e   w i n t e r   o p e r a t i o n   o f   t h e   c o n t r o l  
g a t e s .  The costs of t h e s e   m o d i f i c a t i o n s  are summarized i n   S e c t i o n s   6 . 2 . 3 .  
The c a p a c i t i e s   o f   t h e   e x i s t i n g   c h a n n e l s   a n d   r e g u l a t o r y  f ac i l i t i e s  a t  S a u l t  
S t e .  Marie were checked  and  found t o   b e   a d e q u a t e .  

The r e g u l a t o r y   f a c i l i t i e s   r e q u i r e d   f o r   L a k e  Erie c o n s i s t  of a ga ted  
d i v e r s i o n   c h a n n e l   t h r o u g h  Squaw Is land .   F lows   would   be   rou ted   th rough  the  
Black Rock Canal and t hence   t h rough   t he   d ive r s ion   channe l   t hus   bypass ing   t he  
c o n s t r i c t i o n  i n  t h e  Upper  Niagara River n e a r   t h e   P e a c e   B r i d g e .  The c o s t  
estimates f o r  Lake Erie r e g u l a t o r y   w o r k s  are summarized  on  Table G-26. 

No c a p i t a l   e x p e n d i t u r e   w o u l d   b e   r e q u i r e d  a t  t h e   e x i s t i n g   r e g u l a t o r y  
f a c i l i t i e s   i n   t h e   S t .  Lawrence River, t h e   c a p a c i t y  of  which were checked  and 
found to  be   adequa te .  

The costs of r e g u l a t o r y  works r e q u i r e d   t o  meet the   hydrau l i c   and   ope ra -  
t i o n a l   r e q u i r e m e n t s  of P l a n  SEO-42P are summarized  on  Table G-27 .  The  regu- 
l a t o r y   w o r k s   r e q u i r e d   f o r   R e g u l a t i o n   P l a n  SEO-42P wou ld   r equ i r e  a t o t a l  
c a p i t a l   i n v e s t m e n t  of $5 .5   mi l l ion   which  when amor t i zed   ove r  a 50-year  pro- 
j ec t  p e r i o d  a t  a n   i n t e r e s t  ra te  of  7% w o u l d   b e   e q u i v a l e n t   t o   a n   a n n u a l   c o s t  
o f   $ 4 5 0 , 0 0 0 ,   i n c l u d i n g   o p e r a t i o n   a n d  maintenance. 
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TABLE G-26 
SUMMARY OF ESTIMATED COSTS OF LAKE E R I E  REGULATORY  WORKS 

REQUIRED FOR PLAN SEO-42-P 

Tota l  F i r s t  Costs  (1971  Price  Levels)  $4,900,000 

Tota l   Capi ta l   Cos ts  a t  t he  End of l -year   Construct ion  Per iod  4 ,900,000 

Annual I n t e r e s t  & Amortization  (50-year  Project  Period a t  7%)  355,000 

Annual Operat ion & Maintenance  25,000 

TOTAL ANNUAL COSTS $380,000 

Table G-27 
SUMMARY OF ESTIMATED COCTS OF REGULATORY WORKS REQUIRED 

FOR PLAN SEO-42-P ($  Thousands) 

LAKE OUTLET 

Super ior  Erie Ontar io  TOTAL 

To ta l  F i r s t  Costs 
(1971  Pr ice   Levels)  5 74 4,900 0 5,474 

Tota l  Capi ta l  C o s t s   a t  End of 
Construct ion  Per iod 5 74 &,900 0 5,474 

Annual I n t e r e s t  & Amortization 
(50-year   Project   Per iod a t  7%) 43 355 0 398 

Annual Operat ion & Maintenance 27  25 0 52 

TOTAL ANNUAL COSTS 70 380 0 4 50 
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6.7  Regu la t ion   P l an  SMHEO-38 

P l a n  SMHEO-38 was s e l e c t e d   f r o m   t h e  SMHEO-series o f   r e g u l a t i o n   p l a n s  
f o r   d e t a i l e d   b e n e f i t  and cos t   eva lua t ion .   Un l ike   any   o f   t he   r egu la t ion   p l ans  
p r e v i o u s l y   d i s c u s s e d ,  SMHEO-38 r e q u i r e s   r e g u l a t o r y   f a c i l i t i e s   i n   t h e   o u t l e t  
r i v e r s   o f   e a c h   o f   t h e  Great Lakes i n c l u d i n g   L a k e   S t .  Cla i r .  The   fo l lowing  
S e c t i o n s   d e s c r i b e  t h e  ex ten t   o f   these   works   and   cor responding   cos t  estimates. 

No m a j o r   c a p i t a l   ' e x p e n d i t u r e   w o u l d   b e   r e q u i r e d   f o r   t h e   S t .  Marys River  
Sys tem.   Winter   opera t ion   of   the   cont ro l   works  a t  S a u l t   S t e .  Marie i s  re- 
q u i r e d  similar t o   t h e   r e q u i r e m e n t s   o f   P l a n  SO-901 and a t  t h e  same c o s t s .  

The   capac i ty  of t h e   S t .  Marys River  and  the  compensating  works a t  S a u l t  
S t e .  Marie were checked   and   found  to   be   adequate .   The  maximum e l e v a t i o n  be- 
l ow  the   l ocks  w a s  computed t o   b e   e l e v a t i o n  5 8 2 . 0  IGLD as  compared t o   t h e  
maximum a l l o w a b l e   e l e v a t i o n  of 5 8 2 . 9  IGLD as s p e c i f i e d  by t h e  1914 IJC Orders  
of Approval.  

The e x i s t i n g  Lake O n t a r i o   r e g u l a t o r y   f a c i l i t i e s  are a d e q u a t e   t o  meet 
the   changed   hydrau l i c   r eg ime   r e su l t i ng   f rom  the   r egu la t ion  of each   of   the  
upper  Great Lakes  under  Plan SMHEO-38. 

6 . 7 . 1  Lakes  Michigan-Huron  Regulatory Works 

The des ign   and   cos t  estimates o f   r egu la to ry   works   r equ i r ed   fo r   t he   r egu-  
l a t i o n  of  Lakes  Michigan-Huron  that are summarized  below  for   Plan SMHEO-38 
were developed   f rom  the   methodology  presented   in   Sec t ion  3 .  

Channel Capacity Increase Requirements: The maximum channe l   capac i ty  
i n c r e a s e   f o r   t h e   S t .  Clair and   De t ro i t   R ive r s   unde r   Regu la t ion   P l an  SMHEO-38 
were determined by compar ing   the   regula ted   f lows   wi th   the   f lows   tha t   would   be  
ob ta ined   f rom  the   r egu la t ed   l eve l s   unde r  1933 o u t l e t   c o n d i t i o n s .  The c r i t i c a l  
des ign   l eve l s   and   f l ows  are summarized on Table  G-28. 

The maximum c h a n n e l   c a p a c i t y   i n c r e a s e   f o r   t h e   S t .  Clair  R ive r  was com- 
p u t e d   t o   b e  11 ,000  c f s .   S i n c e   t h i s  is  a l r e a d y   b u i l t - i n   d u e   t o   t h e   n a v i g a t i o n  
i m p r o v e m e n t s   c a r r i e d   o u t   i n   t h e   S t .  Clair R ive r   subsequen t   t o  1933,  t h e  
e x i s t i n g   c h a n n e l s  are cons idered   adequate .   Consequent ly ,   no   d redging  is 
r e q u i r e d  in t h e   S t .  Clair  R i v e r   f o r   R e g u l a t i o n   P l a n  SMHEO-38. 

S i m i l a r l y ,   t h e  maximum c h a n n e l   c a p a c i t y   i n c r e a s e   f o r   t h e   D e t r o i t   R i v e r  
was computed t o   b e  1 1 , 0 0 0  c f s .  However,  only 6,000 c f s  of t h i s  amount i s  
b u i l t - i n   r e l a t i v e   t o  1933 o u t l e t   c o n d i t i o n s   b e c a u s e   o f   c o m p e n s a t i o n   p r o v i d e d  
i n   t h e   l o w e r   D e t r o i t   R i v e r  as d i s c u s s e d   i n   S e c t i o n  3 . 1 . 7 .  T h e r e f o r e ,   d r e d g i n g  
i s  r e q u i r e d   i n   t h e   D e t r o i t   R i v e r ,  the o p t i m a l   l o c a t i o n   o f   w h i c h   w o u l d   b e   i n  
the   Trenton   Channel ,  a t  a c o s t  of $46.0 m i l l i o n .  

Channel  Capacity  Decrease  Requiremnts: The  monthly mean r e g u l a t e d  
f lows   r e su l t i ng   f rom  P lan  SMHEO-38 were compared  with  the  f lows  that   would 
b e   o b t a i n e d   f r o m   t h e   r e g u l a t e d   l e v e l s   u n d e r  1933 o u t l e t   c o n d i t i o n s .   T h e  
c r i t i c a l  d e s i g n   c o n d i t i o n s  are shown on  Table  G-29. 
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Table G-28 
SUMMARY OF CRITICAL CHANNEL CAPACITY INCREASE DESIGN CONDITIONS 

LAKES MICHIGAN-HURON REGULATORY WORKS 
PLAN SMHEO-38 

A. ST. CLAIR R I V E R  
1. Lakes Michigan-Huron Regulated  Level ............ 578.99 feet 
2 .  Lake S t .  Cla i r  Design  Level ..................... 574.17 f e e t  
3 .  S t .  Clair  River  Regulated Flow .................. 203,000 c f s  

5. Maximum Channel  Capacity  Increase ............... 11,000 c f s  
h .  S t .  Clair  River Flow* ........................... 192,000 c f s  

B. DETROIT RIVER 
1. Lake S t .  Clair  Design  Level ..................... 574.17 f e e t  
2 .  Lake Erie Design  Level .......................... 571.39 feet  
3. Detroit  River  Regulated Flow .................... 208,000,cfs 
4 .  Detroit  River Flow”. ............................. 197,000 c f s  
5 .  Maximum Channel  Capacity  Increase ............... 11,000 c f s  

*Relative  to  1933  outlet   conditions of Lakes Michigan-Huron 

Table G-29 
SUMMARY OF CRITICAL CHANNEL CAPACITY DECREASE DESIGN CONDITIONS 

LAKES MICHIGAN-HURON REGULATORY WORKS 
PLAN SMHEO-38 

A. ST. CLAIR RIVER 
1. Lakes Michigan-Huron Regulated  Level ............ 577.91 f e e t  
2. Lake S t .  Clair Design  Level ........ i............ 572.84 feet 
3. S t .  Clair  River  Regulated Flow .................. 151,000 c f s  

5 .  Maximum Channel  Capacity Decrease ............... 37,000 c f s  
4 .  S t .  Clair River Flow* ........................... 188,000 c f s  

B.  DETROIT RIVER 
1. Lake S t .  Clair Design  Level ..................... 572.84 f e e t  
2.  Lake Erie Design  Level .......................... 569.59 feet 

4 ,  Detroit  River Flow* ............................. 193,000 c f s  
5 .  Maximum Channel  Capacity  Decrease ............... 37,000 c f s  

3. Detroit  River  Regulated Flow .................... 156,000 c f s  

*Relative  to  1933  outlet   conditions of  Lakes Michigan-Huron 
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The maximum c h a n n e l   c a p a c i t y   d e c r e a s e   r e q u i r e d   f o r   b o t h   t h e   S t .  Clair  
and Detroit R i v e r s  was computed t o   b e  37,000 c f s .  However ,   addi t iona l  re- 
t a r d a t i o n  is r e q u i r e d   t o   c o m p e n s a t e   f o r   t h e   c h a n n e l   c a p a c i t y   i n c r e a s e  re- 
qu i r emen t s  of  t he   p l an .   The re fo re ,   t he  maximum c h a n n e l   c a p a c i t y   d e c r e a s e  
r e q u i r e d   f o r   P i a n  SMHEO-38 is 48,000 c fs  f o r   t h e   S t .  Clair and   De t ro i t  
R i v e r s .  

Regulatory Structures  Required: Tests made u t i l i z i n g   t h e   m a t h e m a t i c a l  
models of   the  S t .  Clair a n d   D e t r o i t   R i v e r s   i n d i c a t e d   t h a t   t h e  water s u r f a c e  
p r o f i l e s  (1933  o u t l e t   c o n d i t i o n s )  would  be  obtained by c o n s t r u c t i o n   o f   f i v e  
s t r u c t u r e s   i n   e a c h   o f   t h e  two r i v e r s .  The f i v e   s t r u c t u r e s   f o r   t h e   S t .  Clair  
R ive r  are t h o s e   l o c a t e d  a t  P o r t   H u r o n ,   S t a g   I s l a n d ,   S t .  C la i r ,  and  North  and 
Middle   Channels ,  a l l  of which are i l l u s t r a t e d  on   F igure  G-39 w i t h   t h e   f i f t h  
s t r u c t u r e   l o c a t e d  a t  Fawn Is land   which  is  d i s c u s s e d   i n   t h e   f o l l o w i n g   s u b -  
s e c t i o n .  The f i v e   s t r u c t u r e s   i n   t h e   D e t r o i t   R i v e r  are t h o s e   l o c a t e d  a t  
Peach   I s land   (Nor th   and   South) ,  West Belle Isle, Zug I s l a n d ,  West F i g h t i n g  
Is land  and  Trenton  Channel  as shown  on F i g u r e  G-39. 

The t o t a l   f i r s t   c o s t s   f o r   t h e   t e n   s t r u c t u r e s  are e s t i m a t e d  a t  $183.1 
m i l l i o n .  

Fawn Island  Structure - St. Clair  River: T h e   h y d r a u l i c   s t u d i e s   c a r r i e d  
o u t   f o r   t h e   p r e p a r a t i o n   o f   t h e   p r e l i m i n a r y   c o s t   c u r v e s   c o n s i d e r e d  a s t r u c -  
t u r e   l o c a t e d  a t  Fawn I s l a n d .  However, t h e   s t r u c t u r e ,   i n c o r p o r a t i n E  a rela- 
t i v e l y   s h o r t   t r a i n i n g  wall, was found   t o  be r e l a t i v e l y   i n e f f e c t i v e  as a n   i n s t r  
ment t o   r e t u r n   t h e  water s u r f a c e   p r o f i l e   t o  1933 cond i t ions .   Fu r the rmore ,   t he  
r e m a i n i n g   f o u r   s t r u c t u r e s   p r o v i d e d   s u f f i c i e n t   r e t a r d a t i o n   f o r   w h a t  was assumed 
t o   b e   t h e   u p p e r  limit based   on   t he   economic   eva lua t ion   o f   ve ry   p re l imina ry  
r e g u l a t i o n   p l a n s .   S i n c e   t h e  maximum f l o w   r e t a r d a t i o n   r e q u i r e d   f o r   R e g u l a t i o n  
P l a n  SMHEO-38 exceeded   t h i s   uppe r  limit e s t a b l i s h e d   f o r   p r e l i m i n a t y   d e s i g n  
p u r p o s e s ,   t h e  Fawn I s l a n d   s t r u c t u r e  was m o d i f i e d   b y   e x t e n d i n g   t h e   t r a i n i n g  
wall. The d e s i g n  of t he   r equ i r ed   works   and   co r re spond ing   cos t  estimates was 
c a r r i e d   o u t   o n   t h e  same b a s i s ,   u t i l i z i n g   t h e  same basic elements, as f o r   t h e  
o t h e r   n i n e  sites d e s c r i b e d   i n   S e c t i o n  3 .  The l o c a t i o n   o f   t h e  Fawn I s l a n d  
s t r u c t u r e   t o g e t h e r   w i t h   p e r t i n e n t   h y d r a u l i c   d e s i g n   d a t a  are shown on F i g u r e  
G-b4. The t o t a l   f i r s t   c o s t   o f   t h e   s t r u c t u r e  was e s t i m a t e d  a t  $31.0 m i l l i o n .  

Total First, Capital and Equivalent Annual Cost of Regulatory Works: 
The t o t a l   f i r s t   c o s t s   o f   r e g u l a t o r y   w o r k s ,   d r e d g i n g   a n d   s t r u c t u r e s   r e q u i r e d  
i n   t h e   S t .  Clair a n d   D e t r o i t   R i v e r s   f o r   P l a n  SMHEO-38 were e s t i m a t e d  a t  
$229.1 m i l l i o n .  A summary of the  es t imated  costs   of   Lakes  Michigan-Huron 
r egu la to ry   works  is shown  on  Table 6 3 0 .  

6.7.2 Lake Erie Regu la to ry  Works 

An a n a l y s i s   o f   L a k e  Erie r e g u l a t e d   l e v e l s   a n d   f l o w s  was c a r r i e d   o u t   t o  
d e t e r m i n e   t h e  c r i t i ca l  d e s i g n   c o n d i t i o n s ,   t h e   r e s u l t s   o f   w h i c h  are shown i n  
Tab le  G-31. I n  summary, t h e   r e g u l a t o r y   s t r u c t u r e   m u s t   b e   c a p a b l e   o f   d e c r e a s -  
i n g   t h e   o u t f l o w  by 25,000 c f s  a t  a s t a g e   o f  569.78 fee t   and   the   channel   mus t  
b e   e n l a r g e d   t o   o v e r c o m e   t h e   h e a d   l o s s   a c r o s s   t h e   s t r u c t u r e   w h i l e  a t  the same 
time p r o v i d i n g  a c h a n n e l   c a p a c i t y   i n c r e a s e  of 22,000 c f s  a t  a s t a g e   o f  571.96 
f e e t .  



I I 
ST. CLAIR RIVER CHANNEL  DESIGN FOR 

REGULATION OF LAKE  MICHIGAN-HURON  (SMHEO-38) 

STRUCTURE (C.F.S.) WALL-FT. 

1,500 7,700 

'EXCEPT 2000 CFS THROUGH CONTROL  STRUCTURE FOR FLUSHING PURPOSES 

Figure G-84 
ST. CLAIR RIVER-PROPOSED  REGULATORY  STRUCTURE  AT FAWN ISLAND 
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Tab le  G-30 
SUMMARY  OF  ESTIMATED  COSTS  OF LAKES MICHIGAN-HURON REGULATORY WORKS 

REQUIRED FOR PLAN SMHEO-38 

T o t a l  F i r s t  Costs   (1971 Price Levels)   $229,100,000 

T o t a l   C a p i t a l   C o s t s  a t  End of   6-year   Construct ion  Per iod  277,211,000 

Annual I n t e r e s t   a n d   A m o r t i z a t i o n   ( 5 0 - y e a r   P r o j e c t   P e r i o d  a t  7%)  20,087,000 

Annual   Operat ion  and  Maintenance  Costs   687,000 

TOTAL ANNUAL. COSTS 20,774,000 

T a b l e  G-31 
SUMMARY OF C R I T I C A L  DESIGN  CONDITIONS 

LAKE E R I E  REGULATORY WORKS 
PLAN  SMHEO-38 

Channel   Capaci ty  Channel   Capaci ty  
I n c r e a s e  Decrease 

Lake Er ie  Regula ted   Level  

Niagara   River   Regula ted  Flow 

Lake Erie N a t u r a l   L e v e l  

Niagara River N a t u r a l  Flow 

Hydraul ic   Requirements  

571 .96   f ee t  

250 ,000   c f s  

5 7 2 . 9 5   f e e t  

228,000 c f s  

22 ,000   c f s  

5 6 9 . 7 8   f e e t  

158 ,000   c f s  

5 6 8 . 5 5   f e e t  

183 ,000   c f s  

25 ,000   c f s  

F o r   p u r p o s e s   o f   t h i s   d i s c u s s i o n ,   " N a t u r a l   C o n d i t i o n s "   r e f e r s  t o  1 9 5 3   p r e p r o j e c t  
outlet conditions of the Niagara River.  



The t o t a l  f i rs t  c o s t s   o f   r e g u l a t o r y  f a c i l i t i e s  were o p t i m i z e d ,   t h e  re- 
s u l t s  of which are summarized as f o l l o w s :  

(1) A c o n t r o l   s t r u c t u r e   c o n s i s t i n e ,   o f :   ( a )   a n   u n g a t e d   s e c t i o n   w i t h  a 
span   of  255 f e e t ,  (b )  8 g a t e s  (1  g a t e   f o r   s t a n d b y )   w i t h   1 5   f o o t   p i e r s   9 0  
f ee t  c / c ,   a n d   ( c )  a rock f i l l  dyke  over   the  remaining  925 f e e t ;  a t  a t o t a l  
f i r s t  cos t   o f   $43 ,326 ,000.  

(2)   Channel   excavat ion   amount ing   to   2 ,090 ,000   cubic   yards  a t  a t o t a l  
f i r s t  c o s t  of  $33,106,000. 

( 3 )   S h o r e   p r o t e c t i v e  works a t  a t o t a l  f i r s t  cos t   o f   $4 ,952 ,000 .  The 
above   cos t  estimates are p r e s e n t e d   i n   d e t a i l   o n   T a b l e  (2-32. The t o t a l  f i r s t  
c o s t s   o f   r e g u l a t o r y  f a c i l i t i e s  would  be  $81,384,000. 

S i n c e  i t  is n e c e s s a r y   t o   m a i n t a i n   s u b s t a n t i a l l y   t h e   p r e s e n t   L a k e  Erie 
s t a g e - d i s c h a r g e   r e l a t i o n s h i p   d u r i n g   t h e   c o n s t r u c t i o n   p e r i o d ,   t h e   d r e d g i n e  
and c o n t r o l   s t r u c t u r e   c o n s t r u c t i o n   p r o g r a m   w o u l d   h a v e   t o   b e   c l o s e l y   i n t e -  
g r a t e d .  I t  is e s t i m a t e d   t h a t   t h i s   r e s t r i c t i o n   a n d   t h o s e   i m p o s e d   b y   t h e  
f o r c e s   o f   n a t u r e   w o u r i   e x t e n d   t h e   c o n s t r u c t i o n   p e r i o d   t o  4 years.  A t  an 
i n t e r e s t  ra te  o f   7 2 ,   t h e   c a p i t a l   c o s t  a t  the   end   o f   cons t ruc t ion   wou ld  b e  
$92,778,000  which when amor t i zed   ove r  a 50 -yea r   p ro j ec t   pe r iod   amoun t s   t o  
an   equ iva len t   annua l   cos t   o f   $6 ,723 ,000 .  I t  i s  e s t i m a t e d   t h a t   o p e r a t i o n  
and   ma in tenance   cos t s   wou ld   be   $287 ,000   t he reby   i nc reas ing   t he   t o t a l   annua l  
cos t   t o   $7 ,010 ,000 .  The c o s t  estimates f o r  Lake Erie regu la to ry   works  are 
summarized on Tab le  G 3 3 .  

6 .7 .3  Summary and  Cos ts  

Modi f i ca t ions   t o   t he   ex i s t ing   compensa t ing   works  a t  S a u l t   S t e .  Marie 
are r e q u i r e d   t o   p e r m i t   s a f e   a n d   r e l i a b l e   w i n t e r   o p e r a t i o n   o f   t h e   c o n t r o l  
g a t e s .  The c o s t s   o f   t h e s e   m o d i f i c a t i o n s  are summarized i n   S e c t i o n   6 . 2 . 3 .  
The c a p a c i t y   o f   t h e   e x i s t i n g   c h a n n e l s   a n d   r e g u l a t o r y   f a c i l i t i e s  a t  S a u l t  
S t e .  Marie were checked   and   found  to   be   adequate .  

The works r e q u i r e d   i n  the S t .  C la i r -De t ro i t   R ive r   Sys t em  cons i s t   o f   10  
c o n t r o l   s t r u c t u r e s   l o c a t e d  a t  h y d r a u l i c a l l y   s t r a t e g i c   p o i n t s   a l o n g   t h e   r i v e r  
sys tem  and   channel   excavat ion   in   the   Trenton   Channel   o f   the   Det ro i t   River .  
The c o s t s   o f   r e g u l a t o r y   w o r k s   r e q u i r e d   f o r   t h e   S t .   C l a i r - D e t r o i t   R i v e r   S y s t e m  
are summarized i n   T a b l e  (2-30. 

T h e   w o r k s   r e q u i r e d   i n   t h e   N i a g a r a   R i v e r   c o n s i s t  of  a c o n t r o l   s t r u c t u r e ,  
s h o r e   p r o t e c t i v e   w o r k s   o n   b o t h   s i d e s   o f   t h e   r i v e r   c h a n n e l   b e t w e e n   t h e  con- 
t r o l   s t r u c t u r e   a n d   t h e   h e a d  of t h e  river i n   t h e   c h a n n e l   e x c a v a t i o n .  The 
c o s t s   o f   r e g u l a t o r y   w o r k s   r e q u i r e d   f o r   t h e   N i a g a r a   R i v e r  are summarized i n  
Tab le G- 33. 

No c a p i t a l   e x p e n d i t u r e  is r e q u i r e d  a t  t h e   e x i s t i n g   r e g u l a t o r y   f a c i l i -  
ties in   t he   S t .   Lawrence   R ive r ,   t he   capac i ty   o f   wh ich  were checked  and  found 
t o   b e   a d e q u a t e   f o r   t h e   c h a n g e   i n   i n f l o w   r e g i m e   r e s u l t i n g   f r o m   t h e   r e g u l a t i o n  
of t h e  ups t r eam  l akes .  
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T a b l e  G-32 

ESTIMATE OF FIRST COST (1971 P R I C E  LEVELS) ,  LAKE E R I E  CONTROL IJORKS 

REGULATION PLAN SMHEO-38 

- - 
1. 

2 .  

3. 

4 .  

5 .  

6 .  

7 .  

8. 

9 .  

0 .  

1. 

2 .  

3 .  

- 

ITEM 

CONTROL  STRUCTURE 
D i v e r s i o n s  E C o f f e r d a m s  
a )   S h e e t   P i l i n g  
b )   F i l l  
c )  Pumping 
d)  Removal 

E x c a v a t i o n  
a )   O v e r b u r d e n  
b )  Rock 
c)  Rock S u r f a c e  

G r o u t i n g  

C o n c r e t e   ( I n c l u d  
a )   B a s e   S l a b  
b )   R o l l w a y  
c )  P i e r s  
d )   R e t a i n i n g  Wa 
e )   B r i d g e  

P r e p a r a t i o n  

ing   Formwork)  

11 

R e i n f o r c i n g   S t e e l  

Gates a n d  Hoists 
a )   S t o p l o g   G a t e s  
b) S t o p l o g   G u i d e s  
c )   S t o p l o g   C r a n e  
d )   T a i n t c r  Gates 
e) T a i n t e r  Gates - Embedded 

f )  T a i n t e r  Gates H o i s t s  
P a r t s  

Rock F i l l  Dam 
a )   S t r i p p i n g  Common 
b) Rock F i l l  G R i p r a p  
c )   G r a v e l   R o a d w a y  

C o n t r o l   B u i l d i n g  
( 5 , 0 0 0  sq.  f t . )  

M i s c e l l a n e o u s ,   b f e c h a n i a l   a n d  
E l e c t r i c a l  

C o n t i n g e n c i e s  a t  2 0 %  

E n g i n e e r i n g   D e s i g n ,   S u p e r v i s i o n  
a n d   A d m i n i s t r a t i o n  a t  1 5 %  

T o t a l   F i r s t  Cost 

SHORE PROTECTION WORKS 
P r o p e r t y   A c q u i s i t i o n   a n d  

Land  Development  

Guard Gate f o r  B l a c k  Rock Canal 
a )   S e c t o r  Gate 
b )   E m b e d d e d   P a r t s  
c )   C o n c r e t e   G u i d e s  

JUANT I TY 

2 ,615  
318 ,280  

30 ,000  
215 ,000  

1 7 , 7 0 0  

47 ,750  

1 2 7 , 0 0 0  
27 ,570  
67 ,350  
35 ,500  

3 , 0 9 5  

4 , 1 5 0  

780 
260 

3 , 8 0 0  

1 , 3 2 0  
. 8  

2 7 , 4 0 0  

6,710 
1 0 5 , 0 0 0  

- 

175 
62 

UNIT 

t o n  
u .   y d .  

j o b  
j o b  

u .  y d .  
u .  y d .  
9 .  y d .  

1 . f .  

u .  y d .  
u .  y d .  
u .  y d .  
u. y d .  
u .  y d .  

t o n  

t o n  
t o n  
j o b  
t o n  

t o n  
u n i t  

cu .  yd 
u .   y d .  
9. Yd. 

j o b  

j o b  

j o b  

j ob 

j o b  

t o n  
t o n  
job 

U N I T  
COST 

S 

500 .00  
1 . 0 0  

2 . 5 0  
6 . 0 0  
3 . 0 0  

8 . 0 0  

4 0 . 0 0  
45 .00  
6 0 . 0 0  
55.00 
70 .00  

4 0 0 . 0 0  

1 , 3 6 0 . 0 0  
1 , 4 0 0 . 0 0  

1 . 3 6 0 . 0 0  

1 , 4 0 0 . 0 0  
00 ,000  .oc 

0 . 8 0  
6 . O O  
4 . 0 0  

1 , 3 6 0 . 0 0  
1 , 4 0 0 . 0 0  

AIIOUNT 

> 

I ,  3 0 7 , 5 0 0  
3 1 3 , 3 0 0  
5 8 4 , 0 0 0  
3 2 5 , 0 0 0  

7 5 , 0 0 0  
1 , 2 9 0 , 0 0 0  

5 3 , 1 0 0  

3 8 2 , 0 0 0  

5 , 0 8 0 , 0 0 0  
1 , ? 4 0 , 7 0 0  
4 , 0 4 1 , 0 0 0  

216 ,700  

1 , 6 6 0 , 0 0 0  

1 , 9 5 2 , 5 0 0  

1 , 0 6 1 , 0 0 0  
3 6 4 , 0 0 0  
400 ,000  

5 , 1 6 8 , 0 0 0  

1 , 8 4 8 , 0 0 0  
2 , 4 0 0 , 0 0 0  

2 1 , 9 0 0  
6 3 0 , 0 0 0  

26 ,  SO0 

1 5 0 , 0 0 0  

8 0 0 , 0 0 0  

6 , 2 7 9 , 1 0 0  

5 , 6 5 1 , 2 0 0  

2 8 4 , 0 0 0  

2 3 8 , 0 0 0  
8 6 ,  SO0 

1 0 0 , 0 0 0  

TOTAL! 
" 
" 

2 , 5 3 4 ,  

1 , 4 1 5 , :  

3 5 2 , (  

2 , 5 3 0 , s  

1 , 6 6 0 , C  

1 , 2 4 1  ,O 

6 7 3 , :  

1 5 0 , (  

800 ,: 

6 , 2 7 9 , :  

5 , 6 5 1 , ;  

13,325.8 

2 8 4 ,  

4 2 4 ,  

G-194 



T a b l e  G-32 ( C o n t ' d )  
ESTIMATE OF FIRST COST (1971  PRICE LEVELS),  LAKE E R I E  CONTROL WORKS 

REGULATION PLAN SXHEO-38 

I - 
14 

1 5  

1 6  

1 7  

1 8  

1 9  

2 0  

2 1  

22 

2 :  

ITEM 

Raising  of  Concrctc-masonry 
wall (Canadian  Sidc) 

a)  Rcmovnl  of  cxisting  cap 
b) Conc rc  tc 
c )  Reinforcing  Stccl 

Rockf i 11 Dykes 
a) Stripping 
b) Rockfill 
c )  Gravcl  Iload~ay 

Concrete  Facing & Kcy 
a )  Face  Slab 
b )  Key 
c) Reinforcing  Steel 

Crib Wall 
a) Timber  Crib 
b )  Concrctc  Cap & Val1 
c) Reinforcing  Steel 

Concrete-stone  Breakuatcr 

Contingencies  at 254. 

Engineering  Design, 
Supervision  and 
Administration  at 1 0 2  

Total  First  Cost 

CHANNEL 
Rock  Excavation 

Contingencics  at 200 

Engineering  Design, 
Supervision  and 
Administration  at 1 0 %  

Total  First Cost 

r 
IJANTI TY 

8.50C 
1.50C 

15 

1 4 , 4 0 (  
2 1 8 , 3 0 (  

1 4 , 0 0 (  

1,80(  
5 , 2 0 (  

3: 

l O , O O (  
1 0 , 2 0 (  

9( 

3 7 , 4 0 (  

,090,001 

I I N  I T 

1.f. 
,u. yc 
ton 

cu. yc 
c u .  yc 
s q .  Y' 

cu. yc 
cu. yc 
ton 

c u .  yc 
cu. yc 
ton 

c u .  y' 

j o b  

j o b  

cu. y' 

j o b  

j o b  

UNIT 
COST 

2 . o o  
4 5 . 0 0  

4 0 0 . 0 0  

0 . 6 0  
6 . 0 0  
4 . 0 0  

4 5 . 0 0  
4 0 . 0 0  

400  . O O  

3 0 . 0 0  
5 5 . 0 0  

4 0 0 . 0 0  

6 . 0 0  

1 2 .  00 

B U S T  

1 7 , 0 0 0  
6 7 , 5 0 0  

6 , 0 0 0  

8 , 6 4 0  
1 , 3 0 9 , 8 0 0  

5 6 , 0 0 0  

8 1 , 0 0 0  
Z 0 8 . 0 0 0  

1 4 , 8 0 0  

3 0 0 , 0 0 0  
5 6 1 , 0 0 0  

3 8  ,JOC 

2 2 4 , 4 0 C  

9 0 0 , 3 0 C  

450,2011 

5 , 0 8 0 , 0 0 0  

5 , 0 1 6  ,OOC 

3,010,OOC 

TOT.1I.S 

9 0 , 5 0 0  

1 , 3 7 4 , 4 0 0  

3 0 3 , 8 0 0  

8 9 9 , 4 0 0  

2 2 4 , 4 0 0  

9 0 0 , 3 0 0  

4 5 0 , 2 0 0  

4 , 9 5 1 , 8 0 0  

5 , 0 8 0 , 0 0 0  

5 , 0 1 6 , 0 0 0  

3 , 0 1 0 , 0 0 0  

i 3 , 1 0 6 , @ 0 0  

$ 8 1 , 3 8 3 , 6 0 0  TOTAL  FIRST  COSTS FOR REGULATORY WORKS 
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The r egu la to ry  works  required  for  Regulation  Plan SMHEO-38 would require 
a t o t a l   c a p i t a l   i n v e s t m e n t  of $371 m i l l i o n  which when amortized  over a SO-year 
p r o j e c t   p e r i o d  a t  a n   i n t e r e s t  rate of  7% is  equ iva len t   t o   annua l   cos t s  of 
$27,854,000 inc lud ing   ope ra t ion  and   main tenance   cos ts   es t imated   a t  $1,001,000. 
The e s t ima ted   cos t s   o f   r egu la to ry  works  required  for   Plan SMHEO-38 a r e  sum- 
marized on Table G-34. 
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Table G-33 
SUMMARY OF ESTIMATED COSTS  OF LAKE E R I E  REGULATORY WORKS 

REQUIRED FOR PLAN SMHEO-38 

To ta l  First Costs  (1971  Price  Levels)  $81,384,000 

To ta l   Cap i t a l   Cos t s   a t  End of 4-year  Construction  Period  92,778,000 

Annual I n t e r e s t  and  Amortization  (50-year  Project  Period a t  7%)  6,723,000 

Annual Operat ion and  Maintenance  Costs  287,000 

TOTAL ANNUAL COSTS $7,010,000 

Tab l e  G-34 
SUMMARY OF ESTIMATED  COSTS OF REGULATORY WORKS REQUIRED 

FOR PLAN SMHEO-38 ( $  Thousands) 

LAKE OUTLET 

Super ior  Huron Erie Ontar io  TOTAL 
Michigan- 

To ta l  First Costs 
(1971  Pr ice   Levels)  5 74 229,100  81,384 0 311,058 

Tota l   Capi ta l   Cos ts  a t  End of 
Construct ion  Per iod 5 74 2 7 7 , 2 1 1  92,778 0 370,563 

Annual In t e re s t   and   Amor t i za t ion  
(50-year   Project   Per iod a t  7%) 43  20,087  6,723 0 26,853 
Annual Operation  and  Maintenance 
c o s t s  2 7  687  287 0 1 ,001  

TOTAL, ANNUAL, COSTS  70 20,774  7,010 0 27,854 



ANNEX A 

September 2 1 ,  1967 

Terms o f   Re fe rence  

Regu la to ry  Works  Subcommit tee 

1. To p r e p a r e  a d e t a i l e d  work  program,  schedule   and  prel iminary estimates 
o f   s t u d y   c o s t s .  

2. To p r e p a r e   p r e l i m i n a r y   d e s i g n s ,   p l a n s ,   e s t i m a t e d   f i r s t   c o s t s   a n d   a n n u a l  
c o s t s   ( i n c l u d i n g   o p e r a t i o n  and   main tenance)   o f   regula tory   works   and  
a s s o c i a t e d   n a v i g a t i o n   l o c k s ,   a l t e r a t i o n s   t o   e x i s t i n g   w o r k s   a n d   t o   c h a n -  
n e l   d e s i g n  as may b e   r e q u i r e d   t o   d i s c h a r g e  c r i t i c a l  high  and c r i t i c a l  
low  flows a t  s p e c i f i e d   l a k e   l e v e l s   u n d e r   v a r i o u s   r e g u l a t i o n   p l a n s .   T h e  
works o r   a l t e r a t i o n s   t o   b e   c o n s i d e r e d  are i n   t h e   f o l l o w i n g  areas of t h e  
Great Lakes - St.   Lawrence  System: 

( a )   O u t l e t   o f   L a k e   S u p e r i o r ;  

(b)  Between  Lakes  Huron  and Erie; 

( c )   O u t l e t   o f   L a k e  Erie; 

( d )   I n t e r n a t i o n a l  Reach of S t .  Lawrence River; and 

(e)  Canadian  Reach of St. Lawrence River. 

3. To pe r fo rm  su r face   and   sub - su r face   su rveys  a t  t h e   p r o j e c t  sites as xt 
q u i r e d   t o   p r e p a r e   t h e   n e c e s s a r y   p r e l i m i n a r y   p l a n s ,   d e s i g n s   a n d   c o s t  
estimates . 

4 .  To c o o r d i n a t e  i t s  a c t i v i t i e s  wi th   the   Subcommit tees  on Naviga t ion   and  
Regulat ion  Subcommit tee .  
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ANNEX B 

MEMBERS  AYD  ASSOCIATES 
REGULATORY WORKS SUBCOMMITTEE (1967-1973) 

- N A M E  AGENCY " 

J. Bathurs t  

C. J .  R .  Lawrie 

K .  A .  Rowsell 

J. D. Keefe 

J. D. Bouchard 

B .  Malamud 

K.  Hal lock 

J. Raoul 

1 

2 

1 

I. M. k o r k i g i a n  (Deceased) 

C. A. Aune 

G. Millar (Deceased) 

N. H .  James 

V.  G .  Goelzer 

R. H .  Ga l l inge r  

A. E .  Wanket 

R.  B. McKee 

S .  H .  Fonda, Jr. 

2 

3 

3 

3 

Environment  Canada 

Minis t ry  of Transport  

Can.  Dept.   of  Public Works 

Environment  Canada 

S t .  Lawrence  Seaway Author i ty  

U. S .  Army Corps of   Engineers  

U. S .  Army Corps of Engineers  

U. S .  Army Corps of Engineers  

U. S .  Army Corps of Engineers  

U. S. Army Corps of Engineers  

Can. Dept. of Pub l i c  Works 

Environment  Canada 

U. S. Army Corps of Engineers  

U. S .  Army Corps of Engineers  

U. S. Army Corps of Engineers  

U. S. Army Corps of Engineers  

U. S .  Army Corps of Engineers  

d PERIOD  OF SERVIS 

FROM TO 

Sept  . 1967 Completion 

Feb. 1970 Completion 

June 1972 Completion 

Dec. 1971 Completion 

" - 

Sept  . 1967 Completion 

Feb. 1972 Completion 

May 1971 Completion 

May 1973 Completion 

Sept .  1967 Completion 

Sep t .  1967 Completion 

Sep t .  1967 June 1972 

Sep t .  1967 Dec. 1971 

Sep t .  1967 Apr. 1970 

Sep t .  1967 May 1970 

May 1970 Jan .  1972 

Apr. 1970 May 1971 

Sep t .  1967 Apr. 1973 

1 

'Long-Term Associates 

3Past  Chairman,  Respective  Section 

Chairman,  Respective  Section 

G-199 



ANNEX C 

ABSTRACTS 
CONTRIBUTARY REPORTS TO APPENDIX G 

"__I"" 
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Winter  Operations a t  t h e  Lake Superior   Regulatory Works, 
S a u l t   S t e .  Marie, WINTERS  OF 1968-69,  1969-70, 1970-71 and 
1971-72, Regulatory Works Subcommittee,  Annual  Reports ..... G-202 

Lake Super ior   Regula tory   S t ruc tures ,   Repor t  on Present  
Condi t ions and Terms o f   Re fe rence   fo r   Feas ib i l i t y   S tudy  
of  Winter  Operations,  Ad Hoc Group, Regulatory Works 
Subcommittee, May 1971............................ ......... G-203 
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Pre l iminary   Subsurface   Inves t iga t ion ,   Proposed  F l o w  
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1971....... ................................................ G-208 

S t .   C l a i r - D e t r o i t  Rivers, Concept  of  Regulatory  Struc- 
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S t .  Clair-Detroit Regulatory Works,  Report on Channeliza- 
t ion  Requirements   for   the  St .   Clair-Detroi t   River   System, 
Ad Hoc Group,  Regulatory Works Subcommittee,  January  1974.. G-210 
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Development, Calibration and Application of Mathematical 
Models for the S t .  Clair ,   Detroit  and Niagara  Rivers, 
Regulatory Works Subcommit t e e ,  January 1974.. .............. G-211 

Preliminary  Foundation  Investigation, NiaRara River F l o w  
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WINTER OPERATIONS AT TllE LAKE SUPERIOR REGULATORY WORKS, 
SAULT STE. MARIE,  WINTERS OF 1968-69,  1969-70,  1970-71 
AND 1971-72, REGULATORY WORKS SUBCOMMITTEE,  ANNUAL  REPORTS 

ABSTRACT 

Win te r   ga t e  tests were conducted a t  the   Lake   Supe r io r  compen- 
sating  works  during  the  1968-69,  1969-70,  1970-71  and 1971-72  win- 
ter p e r i o d s   t o   d e t e r m i n e :   ( 1 )  i f  a maximum win te r   f l ow  o f   85 ,000  
c fs  is t o o   c o n s e r v a t i v e ,   a n d  i f  s o ,  can i t  b e   i n c r e a s e d ? ,   ( 2 )  i f  
t h e   S t .  Marys Rive r   can   ca r ry   h ighe r   f l ows   du r ing  t h e  w i n t e r  per i -  
od o r   d u r i n g   p a r t   o f  i t ,  and i f  s o ,  when and  to   what  limit?, and 
( 3 )  i f  i t  is p r a c t i c a l   t o   c h a n g e   t h e   g a t e   s e t t i n g s   a n d   v a r y   t h e  
f low as a norma l   p rocedure   du r ing   t he   w in te r   mon ths ,   and  i f  s o ,  by 
what  means  and how  much would i t  c o s t ?  The r e p o r t s   d e s c r i b e   t h e  
equipment   used ,   the   main tenance   car r ied   ou t   and   the   equipment   p rob-  
lems encountered  and how they were so lved .   The   hydro logic   condi -  
t i o n s   l e a d i n g  up t o   t h e  tests were out l ined   and   rev iewed  f rom  the  
c o n t e x t   o f   t h e   o v e r a l l   p l a n n i n g   f o r   e a c h   w i n t e r   p e r i o d .   T h e  hy- 
d rau l i c   mon i to r ing   and   communica t ion   sys t em  e s t ab l i shed   t o   i den t i -  
f y   i n c i p i e n t  ice  jamming cond i t ions   and  i t s  a p p l i c a t i o n  are de- 
s c r i b e d .  The a c t i o n s   t a k e n   u n d e r   w i n t e r   c o n d i t i o n s  are o u t l i n e d  
a n d   d i s c u s s e d .   I n   g e n e r a l ,   t h e s e   i n c l u d e d   p r e l i m i n a r y  tes ts  on 
the   mechan ica l   equ ipmen t   t o   ensu re   t he i r   adequacy ,   an   i nc reased  
f low test  whereby   the   f low was increased  beyond  85,000 c f s  when 
f e a s i b l e  and a s i m u l a t e d   e m e r g e n c y   g a t e   c l o s i n g   o p e r a t i o n   t o   d e -  
t e r m i n e   i f   t h e   g a t e s   c o u l d   b e   c l o s e d   i n   s u f f i c i e n t  time t o   o v e r t  
an ice jam. During  the lat ter two w i n t e r   p e r i o d s ,   a c t u a l   e m e r g e n -  
cies a rose   and  were responded  to   adequate ly .   Hydrologic ,   hydrau-  
l i c ,  me teo r log ica l   and  ice s u r v e y   d a t a   c o l l e c t e d   d u r i n g   t h e   g a t e  
tes t  program are presented  and  analyzed.   The time t a k e n   t o   c a r r y  
o u t   e a c h   g a t e  movement o p e r a t i o n  was a n a l y z e d   i n   l i g h t   o f   t h e   p r e -  
v a i l i n g   c o n d i t i o n s  a t  the   compensa t ing   works .   The   cos ts   o f   the  
w i n t e r   g a t e  test program are p resen ted   and   d i scussed .  The c o s t s  
o f   each   ga t e  movement were ana lyzed  so as t o   p r o v i d e  a b a s i s   f o r  
t h e   c o s t i n g   o f   t h e   s e l e c t e d   r e g u l a t i o n   p l a n s .  
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LAKE SUPERIOR REGULATORY STRUCTURE, REPORT ON PRESENT 
CONDITION AND TERMS OF REFERENCE FOR FEASIBILITY STUDY 
OF WINTER OPERATIONS, AD HOC GROW,  REGULATORY WORKS 
SUBCOMMITTEE, MAY 1971 

ABSTRACT 

The Regulatory Works Subcommit tee   es tabl ished  an Ad Hoc Group 
to '   (a )   p rovide  an assessment of the  present   condi t ion  and  remain-  
i n g   l i f e   o f   t h e  Lake Supe r io r   Regu la to ry   S t ruc tu re ,  and  (b) t o   f o r -  
mulate  Terms of   Reference  for  a s t u d y   t h a t  would i n v e s t i g a t e  alter- 
n a t e  method  of winter   operat ion  and  other   modif icat ions  which would 
improve   the   sa fe ty  and e f f i c i e n c y  of the  compensating  works. A 
f i e l d   i n s p e c t i o n  was c a r r i e d   o u t  on  December 16, 1 7 ,  1970. A b r i e f  
d e s c r i p t i o n  of the  compensating  works is provided.  The g a t e s ,   p i e r s ,  
mechanical  equipment  and sills were inves t iga ted   and   repor ted   on .  
Photographs are provided to document f ind ings .  I t  was concluded 
t h a t   t h e   r e m a i n i n g   l i f e   o f   t h e   s t r u c t u c e   s h o u l d   b e  50 y e a r s  i f  n o t  
i n d e f i n i t e   p r o v i d e d  a maintenance  program  be  undertaken to  b r ing  
the  Canadian  port ion of t h e   s t r u c t u r e  up t o   t h e  same s t a n d a r d s  as 
t h e  American p o r t i o n .  Terms of   Reference   for  a study  of   modif ica-  
t i ons   t o   t he   compensa t ing  works t o   p e r m i t   s a f e  and r e l i a b l e  winter 
o p e r a t i o n  are a l s o   i n c l u d e d .  
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LAKE SUPERIOR REGULATORY STRUCTURE, FEASIBILITY STUDY 
FOR IMPROVEMENTS TO LAKE SUPERIOR CONTROL WORKS, ACRES 
CONSULTING SERVICE, MARCH 1972 

ABSTRACT 

The Consul t ing  Engineer ing F i r m  of  Acres  Consultinp,  Services 
were  engaged by the   Subcommit tee   to   inves t iga te   a l te rna te   methods ,  
and t h e i r   c o r r e s p o n d i n g   c o s t s ,  of modifying  the Lake Super ior  com- 
pensat ing  works  to   permit   safe   and  re l iable   winter   operat ion of 
t h e   c o n t r o l   g a t e s .  The methods  examined f o r   h e a t i n g   t h e   g a t e s  
andlor   ga ins   inc luded  Hot Air, Electric Tubular   Heaters ,  Air Bub- 
blers ,   Radiant   Heat ing  and  Steam  Heat ing  or   combinat ions  thereof .  
Each  method was examined  from the   po in t   o f   v i ew  o f   e f f i c i ency ,  
p rac t i cab i l i t y ,   ene rgy   sou rce ,   s a fe ty   and   cos t s   and   r e l a t ed   t o   t he  
problem a t  hand. Electric tubu la r   hea t e r s   fo r   bo th   ga t e   and   ga in  
hea t ing  was se l ec t ed   p r imar i ly   fo r   e f f i c i ency   and   cos t   r ea sons   bu t  
a l s o   i n  view of t he i r   pas t   pe r fo rmance   i n  climates no t   un l ike   t hose  
of S a u l t   S t e .  Marie. Various  methods  of  energy  supply  to  the s i te  
were examined  including e lectr ical  power  from the  Great Lakes Power 
Company and /o r   Ed i son   Sau l t   E lec t r i c  Company, Natural gas  from 
North  Central  Gas Corp.  Ltd.,  Steam Power and Diesel Generator 
Power. Electrical  energy  from  the Great Lakes  Power Company L i m i t e d  
was s e l e c t e d  on t h e   b a s i s   o f   c o s t  and r e l i a b i l i t y   a s  well as s a f e t y  
reasons .  The c o s t  of t e l e p h o n e   s e r v i c e   t o   t h e   s i t e  was determined. 
An electr ic  motor   dr ive was chosen  over   the  gasol ine  engine  dr ive 
t o   m o t o r i z e   t h e   e x i s t i n g  manual ga t e  moving  equipment  on  the  basis 
of r e l i a b i l i t y  and o p e r a t i o n a l  ease. The ga tes   could   be  moved ei- 
t h e r  from a c e n t r a l   c o n t r o l   p a n e l  or from the   b r idge   w i th   t he  man- 
ua l   sys t em  r e t a ined  as back-up. A l l  open  gear  machinery  would  be 
covered  with  hinged  sheet  s teel  covers .  The h o i s t   b r i d g e   f o r   t h e  
middle 10 g a t e s  would b e   f u l l y   e n c l o s e d   i n  a continuous,   weather- 
proof  housing. A prepa in ted  metal c lad   enc losure  was s e l e c t e d  
over   the   asbes tos   c lad   enc losure  on t h e   b a s i s   o f   d u r a b i l i t y  and 
l o w e r   c a p i t a l  and  maintenance  costs .   Various  prel iminary Lake 
Superior   Regulat ion  Plans were costed  based on t h e  recommended 
f ac il it ies . 
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PRELIMINARY  SUBSURFACE  INVESTIGATION,  PROPOSED  FLOW 
CONTROL STRUCTURES, ST.  CLAIR RIVER ONTARIO, 4 VOLS . , 
WILLIAM TROW AND ASSOCIATES  (HAMILTON) LIMITED, APRIL 
1971 

ABSTRACT 

Part I is a summary o f   t he   subsu r face   so i l   i nves t iga t ions   pe r -  
formed for   the   Subcommit tee   a long   the   S t .  Clair River  between  Pt.  
Edward and  Sombra,   Ontario,   for  four  proposed Flow Control   Struc-  
t u r e s .  The s t r u c t u r e s  are t o   b e   l o c a t e d  a t  Point  Edwards,   Stag 
I s land   (Corunna)   S t .  Clair ,  Michigan (Mooretown) and a t  Fawn I s l a n d  
(Sombra). The s u b s u r f a c e   s o i l   i n v e s t i g a t i o n s   d e t e r m i n e d   t h e  geo- 
t echn ica l   cond i t ions  a t  each s i te .  The d a t a  is p r e s e n t e d   i n   t h i s  
r e p o r t .  The r epor t   a l so   cove r s   p re l imina ry   founda t ion   des igns  a t  
t h e   s t r u c t u r e s  and inc ludes   p re l iminary   des igns  of var ious   types  
o f   t r a in ing  walls for   each   s t ruc ture .   Cons t ruc t ion   methods   for   the  
foundat ions and t r a i n i n g  walls are d iscussed .  The cha rac t e r  of t h e  
material to  be  dredged is given i n  t h e   r e p o r t .  The material t o   b e  
dredged  can  be  summarized as loose   t o   ve ry   l oose   s ands ,   g rave l s  and 
s o f t   t o   s t i f f   c l a y s .  The   chemica l   cha rac t e r i s t i c s  of the  ground 
water as water i n  a conc re t e  mix was i n v e s t i g a t e d .   P a r t  11 of 
William Trow Associa tes  work is a set of drawings  showing  where  the 
s u b s u r f a c e   s o i l   i n v e s t i g a t i o n s  were made. The r e p o r t   c o n s i s t s  of 
seven  drawings.   Par t  111 is a set of s ix   d rawings ,   t h ree  of which 
are geo techn ica l   p ro f i l e s   and   t h ree  are drawings   tha t   conta in  a 
g r a p h i c a l   r e p r e s e n t a t i o n  of each   bo r ing .   Pa r t  I V  con ta ins  a gra-  
p h i c a l   r e p r e s e n t a t i o n  of each   bor ing   wi th   shear   s t rength   da ta   and  
n a t u r a l   m o i s t u r e   c o n t e n t   d a t a   p l o t t e d   o p p o s i t e   t h e   b o r i n g   l o g .  
T h i s   p a r t  of t h e   r e p o r t   a l s o   c o n t a i n s  a l l  t h e   d e t a i l e d   l a b o r a t o r y  
p l o t t e d  test d a t a .  
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SUBSURFACE INVESTIGATION, PROPOSED REGULATORY STRUCTURES 
BETWEEN LAKE HURON, LAKE ST.  CLAIR AKD LAKE E R I E ,  U .  S .  
ARMY CORPS OF ENGINEERS, NOVEMBER 1971 

ABSTRACT 

Th i s   r epor t   cove r s   t hose   Regu la to ry   S t ruc tu res   and   t he   d redg-  
i n g  areas between  Port   Huron  and  Lake Erie t h a t  are l o c a t e d  i n  
U n i t e d   S t a t e s  waters. The r e p o r t   c o v e r s  s i t e  g e o l o g y   f o r   t h e   S t .  
Clair and  the Detroit Rivers a n d   t h e   s u b s u r f a c e   s o i l   i n v e s t i g a t i o n s .  
Boring logs w i t h   t h e   c o r r e s p o n d i n g   s o i l   d a t a   p l o t t e d   a d j a c e n t   t o  
t h e   b o r i n g   l o g s   a n d   i n d i v i d u a l   l a b o r a t o r y  test  d a t a   r e s u l t s  are i n -  
c l u d e d   i n   t h e   r e p o r t .   T h l s   r e p o r t   a l s o   c o v e r s  a f o u n d a t i o n   a n a l y -  
sis and  recommendat ions   for   foundat ion   des ign   for   the   f low  cont ro l  
s t r u c t u r e s .   a n d   t r a i n i n g  wa l l s .  The r e p o r t   d i s c u s s e s   t h e   t y p e  of 
material t o  be d r e d g e d   i n   t h e   c h a n n e l s   t h a t  are p r o p o s e d   t o   b e  
deepened. The m a j o r i t y   o f   t h e  material t o   b e   d r e d g e d   i n   o r d e r  t o  
a c h i e v e   r e q u i r e d   c h a n n e l   d e p t h s ,  w i l l  be  a l o o s e  to medium dense 
s a n d   t o   s i l t y   s a n d s  and s o f t   t o  medium c l a y s .  
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SUPPLEMENT, PRELIMINARY SUBSURFACE INVESTIGATION, 
PROPOSED REGULATORY STRUCTURES FOR DETROIT RIVER,  
U. S . ARMY CORPS  OF ENGINEERS, DECEMBER 197 1 

ABSTRACT 
* 

T h i s   r e p o r t  was p r e p a r e d   t o   s u p p l e m e n t   t h e  November 1971 Sub- 
s u r f a c e   I n v e s t i g a t i o n   r e p o r t   a n d   c o v e r s   t h e   D e t r o i t   R i v e r   p r o p o s e d  
r e g u l a t o r y   s t r u c t u r e s .  The purpose of t h e   s u b s u r f a c e   s o i l   i n v e s t i -  
g a t i o n s  was t o   d e t e r m i n e   t h e   s o i l   c o n d i t i o n s  a t  e a c h   s t r u c t u r e  s i t e  
and t o   a n a l y z e   t h e   s u b s u r f a c e   c o n d i t i o n s  a t  e a c h  s i te .  The r e p o r t  
c o v e r s   s t r u c t u r e s  a t  t h e  Belle Isle, Zug I s l a n d ,   a n d  Grass I s l a n d  
l o c a t i o n s   a n d   t r a i n i n g   d i k e s  a t  e a c h   s t r u c t u r e   l o c a t i o n .   S i t e  Ge- 
o logy of t h e   D e t r o i t   R i v e r  Basin is i n c l u d e d   i n   t h e   r e p o r t .  Foun- 
d a t i o n   c o n d i t i o n s   a n d  recommended founda t ion   des ign ,   d redg ing   and  
c h a n n e l   e x c a v a t i o n   c o n d i t i o n s  are desc r ibed .   The  material t h a t  
wou ld   be   excava ted   cons i s t s   o f   an   a l luv ium  and   so f t   t o  medium g l a c i o  
- l a c u s t r i n e  material. T h e   a l l u v i u m   c o n s i s t s  of  sandy s i l t ,  s i l t y  
c lay   and   combina t ions  of s o f t  to  medium g r a y   c l a y .  
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REGULATORY STRUCTURES ON THE ST. CLAIR - DETROIT RIVERS,  
DEVELOPMENT OF CONCEPTUAL  DESIGNS, TERMS OF REFERENCE, 
AD HOC GROUP, REGULATORY WORKS SUBCOMMITTEE 

ABSTRACT 

The purpose  of  the "Terms of  Reference" was to   p rovide   po ten-  
t i a l  consul t ing  f i rms  the  background  fundamental   information  neces-  
s a r y  t o  develop  designs  and cost estimates o f   Regu la to ry   S t ruc tu res  
on t h e  S t .  Clair  - Detroi t   River   System. 

The document  included a b r i e f   d e s c r i p t i o n  of t h e   r e g u l a t i o n  
s t u d i e s ,  a desc r ip t ion   o f   t he   r i ve r   sys t em,   ob jec t ives   r equ i r ed  
f o r   d e s i g n ,   d a t a   r e q u i r e d   i n c l u d i n g   h y d r a u l i c   r e s u l t s ,   d e s i g n  cri- 
teria and f i n a l l y   g e n e r a l   a d m i n i s t r a t i v e   c o n d i t i o n s .  
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ST. CLAIR - DETROIT RIVERS, CONCEPT OF  REGULATORY 
STRUCTURES, VOLUME 1 - CONCEPTUAL DESIGN AND ESTI- 
MATES, VOLUME 11 - CRITERIA AND SELECTION  OF ELEMENTS, 
ACRES CONSULTING SERVICES, APRIL 1972 

ABSTRACT 

The n e c e s s a r y   e n g i n e e r i n g   s t u d i e s   t o   p r e p a r e   s t r u c t u r e   d e s i g n s  
and c o s t  estimates f o r   r e g u l a t o r y   s t r u c t u r e s   i n   t h e  St. Clair - 
Detroi t   River   System were provided by the   consul t ing   f i rm  of   Acres  
Consul t ing   Serv ices   L imi ted ,   Niagara   Fa l l s ,   Canada .  Terms of r e f e r -  
ence   fo r   t he   s tudy  and concepts  were provided by the   Regula tory  
Works Subcommittee i n  a document e n t i t l e d   " R e g u l a t o r y   S t r u c t u r e s  on 
t h e   S t .  Clair - Detroit Rivers, Development of Conceptual  Design, 
Terms of   Reference ,"   an   abs t rac t  of which is c o n t a i n e d   i n   t h i s   s e c -  
t ion  on  Appendix G . 

This   s tudy  was p r e s e n t e d   i n  two volumes. Volume 1, e n t i t l e d  
"Conceptual  Design  and Estimates," c o n t a i n s   t h e   l a y o u t s ,   c o n c e p t u a l  
des igns   and   cos t  estimates f o r   t h e   r e g u l a t o r y   s t r u c t u r e s   a n d   t h e i r  
a s s o c i a t e d  works  such as t h e  small boa t   passage ,   shore   p ro tec t ion  
works, e tc . ,  a t  each of n i n e  sites. Volume 11, e n t i t l e d  "Criteria 
and S e l e c t i o n  of   Elements ,"   presents   factors   and cr i ter ia  tha t   govern  
the   des ign  of t h e   p a r t s  or e l emen t s   o f   t he   s t ruc tu res .   Var ious  con- 
cepts   o f   the   e lements  of t h e   s t r u c t u r e s  are described,  and  background 
envi ronmenta l   cons idera t ions   and   cons t ruc t ion   methods   tha t  relate to 
the concepts  are referred  to. 
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ST. CLAIR-DETROIT REGULATORY WORKS, REPORT ON CHANNELIZATION 
REQUIREMENTS  FOR THE ST.  CLAIR-DETROIT R I V E R  SYSTEM, AD HOC 
GROUP, REGULATORY WORKS SUBCOMMITTEE, JANUARY 1974 

ABSTRACT 

T h e   p a p e r   p r e s e n t s   t h e   d r e d g i n g   r e q u i r e m e n t s   i n   t h e   S t .   C l a i r  
- D e t r o i t  River s y s t e m   i n   o r d e r   t o   i n c r e a s e   t h e   h y d r a u l i c   c a p a c i t y  
of   the  system.  Types of. material to   be  dredged  and  proposed meth- 
ods   o f   d redging  are d i s c u s s e d .  Maps showing   t he   l oca t ions  of r e a c h e s  
to be   d redged ,   and   loca t ions  of d r e d g e   d i s p o s a l  sites are shown. 
Disposa l  sites are s e l e c t e d  i n  o r d e r   t o   m i n i m i z e   t r a n s p o r t a t i o n   c o s t  
as well as adve r se   e f f ec t s   on   mar ine   env i ronmen t .   Me thods   t o   p repa re  
and   enhance   d i sposa l  sites are d i s c u s s e d .  The t o t a l   c o s t s  of  dredg- 
ing ,  which  include  haul ing,   dumping,  s i t e  p r e p a r a t i o n ,   u t i l i t y   r e l o -  
c a t i o n ,  e tc . ,  are summar ized .   The   pape r   a l so   d i scusses   t he   e f f ec t s  
of   d redging   and   proposed   regula tory   works  on the  environment ,   and 
conc ludes   w i th  a recommendation  that  a working  model be b u i l t   t o  ac- 
cess a n d   e v a l u a t e   t h e   e f f e c t s  of r e g u l a t i o n  on the  environment .  



DEVELOPMENT, CALIBRATION AND APPLICATION OF MATHEMATICAL 
MODELS FOR THE ST.  CLAIR,  DETROIT A!!D NIAGARA RIVERS, 
REGULATORY WORKS SUBCOMMITTEE, JAVUARY 1974 

ABSTRACT 

Mathemat ica l   models ,   o r   d ig i t ized   abs t rac t ions   o f   the   hydrau-  
l i c   c h a r a c t e r i s t i c s  of t h e  Upper Niagara and S t .  Clair/Detroit 
Rivers ,  were employed by t h e  Subcomnit tee   to   determine  the loca- 
t i o n ,   n a t u r e  and ex ten t   o f   r egu la to ry   works   r equ i r ed  to s a t i s f y  
ce r t a in   hydrau l i c   r equ i r emen t s .  Basic open   channel   f low  re la t ion-  
s h i p s  were used .   Manning ' s   roughness   coef f ic ien ts  were app l i ed  to  
estimate f r i c t i o n   l o s s e s   w h i l e   v a r i a b l e   c o e f f i c i e n t s  were app l i ed  
t o  estimate losses   due   to   expans ion   and   cont rac t ion .  A k i n e t i c  
e n e r g y   c o e f f i c i e n t  was appl ied   to   the   Veloc i ty   head  a t  e a c h   s e c t i o n  
to  approximate   for   the   use  of mean Veloc i ty .   The   bas ic   hydraul ic  
c h a r a c t e r i s t i c s  were determined a t  e a c h   o f   t h e   s e l e c t e d   s e c t i o n s  
based  on  the most up-to-date   hydrographic   and  topographic   data .  
The models were c a l i b r a t e d   u s i n g   r e c e n t   d i s c h a r g e  and correspond- 
ing  water l eve l   measu remen t s   t aken   i n   each   r i ve r .  The r e s u l t s   o f  
t h e   c a l i b r a t i o n  are i n d i c a t e d .  Tests were also made to determine 
t h e   a p p l i c a b i l i t y   o f   t h e  model over  a wider   range  of   f low  using 
adopted  open-water   gauge  re la t ionships .  The a p p l i c a t i o n   o f   t h e  
models i n   d e t e r m i n i n g   t h e   o p t i m a l   l o c a t i o n   a n d   q u a n t i t y  of the   pro-  
posed  dredging as well as the   loca t ion   of   the   p roposed   f low control 
and a p p u r t e n a n t   s t r u c t u r e s  is d i scussed   fo r   each   r i ve r   sys t em.  I t  
was assumed tha t   Manning ' s   roughness   coef f ic ien t  would not  change 
s ign i f i can t ly   unde r   s l i gh t ly   mod i f i ed   channe l   hydrography .  
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PRELIMINARY FOUNDATION INVESTIGATION, NTAGARA RIVER FLOW 
CONTROL STRUCTURE AND APPURTENANCES,  FORT E R I E ,  ONTARIO, 
WILLIAM TROW ASSOCIATES  (HAMILTON) LIMITED, MARCH 1970 

ABSTRACT 

The f i e l d  work cons i s t ed  of c o r e   d r i l l i n g  7 boreho les   i n to  
bedrock, 4 of  which were loca ted   nea r   t he  a x i s  of  the  proposed con- 
t r o l   s t r u c t u r e  a t  the  lower s i t e  and 3 along  the  Canadian  shorel ine 
where  shore  protective  works would  be r equ i r ed .   In   add i t ion ,  25 
boreholes  were augered   to   re fusa l   a long   the   Canadian   shore l ine .  
S o i l  and rock  samples were ana lyzed   to   de te rmine   the   t ex tura l   c las -  
s i f i c a t i o n  and  geologic   or igin.   Standard tests were conducted  to 
de te rmine   the   p reva i l ing   geotechnica l   condi t ions .  A l l  c o l l e c t e d  
and  analyzed  data are conta ined   in   the   repor t .   Three   types  of s o i l  
were encountered: (a) a l luv ium  cons is t ing   o f   very   loose  to  dense 
si l ts ,  sands and g r a v e l s ,   ( b )   g l a c i a l  till c o n s i s t i n g   o f   v e r y   s t i f f  
t o   h a r d   s i l t y   c l a y  and  clayey si l t  s a n d ,   ( c )   s a n i t a r y   l a n d   f i l l  on 
t h e  U. S .  s h o r e l i n e  on Squaw I s l and  and  sandy s i l t ,  a s h e s ,   b r i c k s ,  
e tc . ,  on a port ion  of   the  Canadian  shorel ine.  The s u r f i c i a l   b e d r o c k  
a t  t h e   s t r u c t u r e  s i te  cons i s t ed  of c y c l i c a l l y   d e p o s i t e d   a n h y d r i t e /  
gypsum, dolomite  and  shale  of t h e  s a l ina   fo rma t ion .  The top 10 f e e t  
is weathered, stress re l i eved  and water bear ing.   Considerable  quan- 
tities of  anhydrite-gypsum  evaporites are present   which may be  sub- 
j ec t  t o   i n t e r n a l   e r o s i o n  as a r e s u l t   o f  a d i f f e r e n t i a l  head a c r o s s  
t h e   s t r u c t u r e .  An echo  sounder and sparker   survey  was conducted  in  
t h e   v i c i n i t y   o f   t h e   f l o w   c o n t r o l   s t r u c t u r e   t o   e s t a b l i s h   t h e   r i v e r  
bot tom  and  bedrock  prof i les .  Recommendations concern ing   the   na ture  
o f   t h e   s t r u c t u r e   f o u n d a t i o n  and  shore  protect ive works were made. 



PRELIMINARY COST STUDIES, LAKE E R I E  REGULATION, 
ENVIRONMENT CANADA, APRIL 1972 

ABSTRACT 

The design and c o s t  estimates of two a l t e r n a t e   c o n t r o l   s t r u c -  
tures and appur tenances   requi red   for   the   regula t ion  of Lake E r i e  
outf lows are presented .  Common d e s i g n   c r i t e r i a  were used  through- 
ou t  so t h a t  a valid  comparison  could  be made. Both s t r u c t u r e s  were 
designed  over a wide  range  of   hydraul ic   requirements ,  +60,000 c f s .  
The Niagara  River  mathematical  model was used to   de te rmine  t h e  na- 
t u r e  and e x t e n t  of t h e  required  dredging and t o   a c c e s s   t h e   h y d r a u l i c  
adequacy  of   the  regulatory  works,   both  s t ructure  and dredging.  The 
predominant   forces   which  inf luenced  the  select ion  of   the  basic  com- 
ponents of t h e   c o n t r o l   s t r u c t u r e  were those imposed by i c e  and s e i c h e .  
A submers ib le   Ta in te r   ga te  was se lec ted   in   v iew  of   the   requi rement  
t o  pass i ce   w i th   t h i cknesses  up to  20 f e e t .  A t  each s i t e ,  the  span 
was made as  l a r g e  as p r a c t i c a b l e   t o   e n s u r e   t h e   p a s s a g e ,   t o   t h e  de- 
gree   poss ib le ,   o f  ice f l o e s .   I n   v i e w  of the  requirements  of the  
1950 Niagara  Diversion T r e a t y ,  an  ungated  sect ion of t he  s t ruc ture  
was d e s i g n e d   f o r   t h u s   r e a l i z i n g   s i g n i f i c a n t   c o s t   s a v i n g s   a n d   p r o v i d -  
ing  a r e l a t i v e l y   l a r g e   o p e n i n g   f o r   t h e   p a s s a g e  of i c e   f l o w s .  A s i l l  
block,  20 f e e t   i n   t h i c k n e s s ,  would be   requi red   for   the   base  of t he  
s t r u c t u r e   t o   p r o v i d e   a n   a d e q u a t e   s a f e t y   f a c t o r   a g a i n s t   f l o a t a t i o n .  
Other   fea tures  of t h e   c o n t r o l  s t ruc ture  included  15-foot  concrete 
piers  recessed  upstream  and  downstream  of   the  ta inter   gate   for   s top-  
l o g s   t h a t  would  be  required  for  maintenance. The layout  of t h e  
s t r u c t u r e  a t  e i t h e r  s i t e  would c o n s i s t   o f :  a r o c k   f i l l e d  dyke  ex- 
tending from the  Canadian  shore  overlain  by a g rave l  roadway f o r  
s i t e  access  and a series of p i e r s  and ta in te r   ga tes   over   which  a 
br idge  deck  and  crane would be  provided  and  an  ungated  section. 
The gated  and  ungated  sect ion would be  founded on a 20-foot  thick 
concre te  s i l l  t i e d   i n t o   s p l a y e d  wing walls a t  e i t h e r   e n d .  A con- 
t r o l   b u i l d i n g  would be   cons t ruc ted  on the  Canadian  shorel ine.   Uni t  
cos t s   fo r   bo th   t he   s t ruc tu re   and   channe l   excava t ion  were developed 
from p a s t   p r o j e c t s   c o n d u c t e d   i n   t h e  Great Lakes area. Cost  curves 
were deve loped   r e l a t ing   t he   l eng th  of ga ted   and   ungated   s t ruc ture  
r e q u i r e d   t o   t h e i r   c o s t .   T h e s e   c o s t   c u r v e s  were then   i n t eg ra t ed  
wi th   channel   excavat ion   cos ts   and   re la ted   to   the   range  of hydrau l i c  
requirements .  The lower s i te ,  1000 f e e t   s o u t h   o f   t h e   I n t e r n a t i o n a l  
Bridge, was s e l e c t e d  on t h e   b a s i s   o f  a cost   saving  of   approximately 
$30 mi l l ion .   Shore   p ro tec t ive   works  were required  a long  both  shore-  
l i nes   t o   p reven t   i nnunda t ion   o f  low l y i n g   p r o p e r t i e s  as a r e s u l t   o f  
t h e  changed hydraul ic   reg ime  ups t ream  of   the   cont ro l   s t ruc ture .  
These   s tud ies  formed a b a s i s   f o r   t h e   f i n a l   d e s i g n   o f   s e l e c t e d   r e g u -  
l a t i o n   p l a n s  as w e l l  as for   the  development   of   prel iminary  regula-  
t i o n   p l a n s .  
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