


B R I E F  

TO THE 

INTERNATIONAL JOINT COMMISSION 

PROPOSED REDUCTION OF SHOAL 

NEAR 

TOWER ISLAND 

N I A O A R A  R I V E R  

APRIL 24, 1963 

The Power Authority of 
the State of  New York 

The Hydro-Electric Pov 
Commission o f  Ontario, 



NIAGARA RIVER 

REPORT ON 
PROPOSED REDUCTION 

OF 
SHOAL NEAR TOWER ISLAND 

Purpoee of Brief  

1. The purpose of t h i s  Br ief  i s  t o  reques t  approval 
of cons t ruc t ion  opera t ions  t o  reduce t h e  e levat ic  In of 

move 
a 
t h e  shoal  now e x i s t i n g  near  Tower I s l a n d  and thus  i m l  

ice-discharge capac i ty  of  t h e  Chippawa-Grass I s l a n d  Po 
The reduct ion  o f  t h i s  shoal  i s  considered by t h e  Power 
Authority o f  t h e  S t a t e  of New York end The Hydro-Elect 
Power Commission of Ontario a s  an e s s e n t i a l  p a r t  of  t h  
discharge p lan ,  and i s  necessary t o  reduce the  possibi14+- 
of i c e  jamming i n  t h e  Pool and upstream with t h e  
danger of f looding.  The reduct ion  of  t h i s  shoal  m u  

a s s i s t  during i c e  runs  i n  t h e  maintenance of  t h e  e s t a b  

quent  
LL--- 

pool l e v e l  range, It i s  proposed t h a t  t h i s  work be c a r r l e d  
out  during t h e  open water season i n  1963 by t h e  cons t r  
f o r c e s  of Ontario Hydro, who a r e  a t  p resen t  completing 
extension t o  t h e  Control S t ruc tu re  i n  t h i s  a rea ,  I n  t 
Brief a r e  given t h e  reasons f o r  t h e  reduct ion  of the  snoar  
and engineering da ta  with r e spec t  t o  i t s  removal. 

General 

Workr 
i o n  tc 

2, I n  an Order dated 15  August 1961, t h e  I n t e r n a t i o n a l  
J o i n t   omission approved an  extension t o  t h e  Remedial s 
i n  t h e  Niagara River,  s p e c i f i c a l l y ;  a f ive-ga te  ex tens  D 

t h e  Control S t r u c t u r e ;  a downstream t r a i n i n g  wa l l  and end 
weir;  an  upstream a c c e l e r a t i n g  wal l ;  and removal of t h e  aub- 
merged rock weir. This approval followed submission o 
reques t  by t h e  Power E n t i t i e s  and a l s o  followed recomrn ion 



of t h e  I n t e r n a t i o n a l  Niagara Board of Control. One purpose 

of t h e  Control S t ruc tu re  extension was t o  provide a d d i t i o n a l  
f a c i l i t i e s  t o  c o n t r o l  t h e  l e v e l s  of t h e  Grass I s l a n d  Pool 
requi red  fol lowing t h e  coming i n t o  s e r v i c e  of t h e  Robert 
Moses Niagara Power P l a n t ,  but  another purpose was t o  provide 
a means f o r  t h e  s a f e  discharge of i c e  from t h e  Pool on t h e  
Canadian s ide .  The purpose of t h e  o t h e r  approved works was 

p r i n c i p a l l y  t o  provide s a f e  i c e  discharge f a c i l i t i e s .  I n  

t h e i r  Order of Approval, t h e  I n t e r n a t i o n a l  J o i n t  Commission 

r e t a i n e d  j u r i s d i c t i o n  over t h e  sub jec t  mat ter  of t h e  approval. 
It was considered by t h e  Power E n t i t i e s  t h a t  t h e  plan pro- 
posed f o r  s a f e  i c e  passage was t h e  bes t  t h a t  could be 

developed a t  t h a t  t ime, but it was recognized t h a t  r e f i n e -  
ments t o  t h e  plan might be requi red  a s  a r e s u l t  of a c t u a l  
experience under i c e  condi t ions.  

Experience and Actions t o  Date 

3 Experience during the  winter  of 1961-62, the  f irst  
winter  under changed condi t ions ,  ind ica ted  t h a t  t h e  genera l  
ice-passage plan appeared t o  opera te  with reasonable success ,  
p a r t i c u l a r l y  on t h e  Canadian s ide .  However, with heavy runs ,  
i c e  grounded and stopped i n  shallow a r e a s  of t h e  Pool. These 
groundings were viewed with 'concern i n  t h a t  they  could and 
d id  form t h e  b a s i s  f o r  jams which extended upstream. I n  t h e  
spr ing  of 1962 a complete new sub-aqueous survey was made of  
the  Pool and t h e  shallow a reas  charted.  From t h e  survey 
r e s u l t s  and from observat ions during t h e  previous winter ,  it 
was decided by t h e  Power E n t i t i e s  t h a t  a shoal  o f f  the  S i r  
Adam Beck i n t a k e s  should be reduced, and t h e  i c e  f l u s h i n g  

channel on the  United S t a t e s  s i d e  widened, these  a r e a s  being 
indica ted  on Drawing No. 210-b-1002. The Niagara Board and 
t h e  I n t e r n a t i o n a l  J o i n t  Co~nrnission were advised of  t h e s e  



dec i s ions  a t  t h e  Apr i l  1962 meeting of t h e  Commission, and 

t h e  Board and Commission agr   at, as t h e s e  measures did 
not  a f f e c t  t h e  Remedial Work,, ,, s p e c i f i c  approval by t h e  

Commission was net rk was c a r r i e d  ou t  and 
p a r t i a l l y  completc nmer of  1962. Also, i c e -  
breaking v e s s e l s  were c uctea f o r  each Power E n t i t y  t o  
a i d  i n  ice-discharge OF ons . ronstr 

) e r a t i  

4. The winter  of 1962-63 proved t o  be severe ,  and  
very l a r g e  q u a n t i t i e s  of i c e  entered  and were discharged 
from t h e  Pool. It was observed t h a t  t h e  ice-passage f a c i l -  
i t i e s  on t h e  Canadian s i d e  were most success fu l  and i n  f a c t  
discharged t h e  g r e a t  major i ty  of t h e  i c e  during t h e  winter .  
On t h e  United S t a t e s  s i d e ,  where t h e  problems a r e  much more 
d i f f i c u l t ,  t h e  ice-discharge f a c i l i t i e s  were not  a s  success- 
f u l .  The o u t l e t  from t h e  Pool became blocked r e l a t i v e l y  
e a r l y ,  and a t  one s t a g e  a jam e x i s t e d  from Tower I s l and  
along t h e  United S t a t e s  shore and f o r  t h e  f u l l  l e n g t h  of t h e  
East Channel t o  t h e  head of Grand Is land.  For tunate ly ,  a 
s i g n i f i c a n t  discharge of Lake Er ie  i c e  d id  not occur dur ing  
t h i s  per iod,  but it was obvious t h a t  a d d i t i o n a l  work i s  
necessary t o  improve Pool o u t l e t  condi t ions  on t h e  United 
S t a t e s  s ide .  

Need f o r  Reduction 
of Shoal off  Tower I s l and  

5.  An ice-escape-channel was provided a long the . 
United S t a t e s  s i d e  of t h e  Pool and, a s  mentioned above, i s  

being widened t o  improve i t s  i c e  car ry ing  capaci ty .  This 
widening i s  scheduled f o r  completion t h i s  year.  Experience 
now has  shown, however, t h a t  i t s  e f f e c t i v e n e s s  during heavy 
i c e  runs i s  reduced because of a shallow shoal  downstream 



from i t s  e x i t .  This shoal .  shown on Drawings 210-b-1002 and 
210-b-1003 i s  on t h e  UI S t a t e s  s i d e  and immediately 

upstream of Tower I s l a ~ l u .  i n  some a r e a s  t h e  shoal  extends 
above Elevat ion 560 a s  may be seen i n  t h e  two a e r i a l  views' 
included i n  t h i s  B r i e f ,  and i s  almost above water a t  low 

pool l e v e l s .  The shoal  a c t s  a s  an e f f e c t i v e  b a r r i e r  f o r  
heavy i c e  f l o a t i n g  down t h e  i c e  channel o r  f o r  i c e  from t h e  
cen te r  of t h e  Pool discharging on t h e  United S t a t e s  s i d e  of 
Tower Is land .  The i c e  stopped by t h e  shoa l  forms an anchor 
f o r  a jam forming upstream and f o r c e s  a l l  i c e  from t h e  Pool 
t o  be discharged through t h e  Control Dam. For t h e s e  reasons 
it i s  considered e s s e n t i a l  t h a t  t h i s  shoa l  be reduced t o  
improve t h e  ice-discharge capaci ty  o f  t h e  Pool. 

6. From model t e s t  r e s u l t s  descr ibed l a t e r ,  and from 
observat ions i n  t h e  f i e l d ,  it appears t h a t  t h e  p r i n c i p a l  
c o n t r o l  of l e v e l s  i n  t h i s  a r e a  occurs downstream from the  
shoal.  This exp la ins  t h e  r e l a t i v e l y  low v e l o c i t i e s  and poor 
ice-car ry ing  capaci ty  ac ross  t h e  shoa l  and a l s o  permits a 
reduct ion  of t h e  shoal  without s i g n i f i c a n t l y  reducing the  
a b i l i t y  of t h e  Control S t ruc tu re  t o  con t ro l  Pool l e v e l s .  

Plan of Shoal Reduction 
7. The p o s i t i o n  of t h e  shoal  where reduct ion  i s  pro- 
posed t o  Elevat ion  555 i s  shown on Drawing 210-b-1002 and 
210-b-1003, The l i m i t  of t h e  excavation on t h e  United S t a t e s  
s i d e  i s  i n  l i n e  d t h  a p ro jec t ion  of t h e  i c e  escape charme& 
shore,  t h e  l i m i t  on t h e  upstream end and Canadian s i d e  i s  
along e x i s t i n g  555 contour. A t  t h e  downstream end, the  l i m i t  
i s  somewhat indeterminate  pending f u r t h e r  inforination. While 
higher  e l eva t ions  may occur downstream, the  considerable  



i nc rease  i n  v e l o c i t i e s  i n  t h a t  a r e a  a r e  be l ieved s u f f i c i e n t  
t o  discharge t h e  i c e .  

8. As depths a r e  too  shallow t o  use f l o a t i n g  equip- 
ment, it i s  planned t o  p a r t i a l l y  e n c i r c l e  t h e  a r e a  with a 
semi-impervious cofferdam open a t  t h e  downstream end f o r  
drainage. While the  a r e a  w i l l  not  be dry ,  depths w i l l  be 
reduced s u f f i c i e n t l y  t o  permit reduct ion  of t h e  s h o a l  by 

"in-the-dryw .methods. 

E f f e c t  of Shoal Removal 

9. The Power E n t i t i e s  a r e  conscious of the  need f o r  
determining whether t h e  proposed reduct ion  of t h e  shoal  
would have an adverse e f f e c t  on t h e  performance of t h e  
Remedial Works. Consequently, a s e r i e s  of  model tests has  
been run  on t h e  Niagara Model a t  Ontar io Hydro's l abora to ry  
a t  I s l ing ton .  Two s e r i e s  of t e s t s  were made; t h e  first t o  
determine t h e  e f f e c t  of t h e  completed shoal  reduct ion;  the 
second t o  determine any temporary e f f e c t s  during t h e  cons- 
t r u c t i o n  and use of  t h e  cofferdam. 

MODEL TESTS OF SHOAL REDUCTION 

Preliminarv Tes ts  
10,  I n  order  t o  determine t h a t  t h e  performance of  the  
model had not  changed i n  any way s i n c e  t h e  l a s t l C o n t r o l  
S t ruc tu re  performance t e s t s  had been run ,  t h e  condi t ions  o f  
flow and d ive r s ion  contained i n  Table I of the  "Brief t o  t h e  
Governments of Canada and t h e  United S t a t e s  on Proposed 
Extension t o  Niagara River Remedial Works" da ted  March 15,  



1 from 
Br ief  

1961, were a g a i n  s e t  up and t h e  r e s u l t s  checked. For com- 

p a r a t i v e  purposes t h i s  tab le  sgain i n  Table I 
h e r e i n  with t h e  a s soc ia ted  c-,,, panel discharges shown i n  
 able I A .  The da ta  obtainec t h i s  t e s t  s e r i e s  a r e  con- 
t a ined  i n  Table I1 of t h i s  and on comparison i t  may 
be concluded t h a t  t h e  model produced e s s e n t i a l l y  t h e  same 
r e s u l t s .  

Re-Verification Tes ts  

11. The 1962 f i e l d  survey ind ica ted  t h a t  the  model 
topography d i f f e r e d  i n  some a r e a s  of t h e  upstream end of t h e  
pool,  but t h a t  t h e s e  were r e l a t i v e l y  minor and it was con- 
s idered ,  based on p a s t  expsrience with t h e  model, t h a t  it 
was hydrau l i ca l ly  unnecessary t o  change t h i s  area.  

12. I n  t h e  c r i t i c a l  con t ro l  a r e a  adjacent  t o  Tower 
I s l and  and northward t o  t h e  American shore  some d i f f e r e n c e s  
were apparent which were l i k e l y  t o  a f f e c t  previously predic-  
t e d  Pool l e v e l s ,  F a l l s ,  flow s p l i t ,  and poss ib ly  c r e s t  d i s -  
charge d i s t r i b u t i o n .  I n  p a r t i c u l a r ,  a depression was found 

t o  e x i s t  immediately nor th  of ~ o w e r  I s l and  which would 
undoubtedly account f o r  t h e  d i f f i c u l t y  experienced i n  a 
previous r e - v e r i f i c a t i o n  of t h e  model t o  da ta  suppl ied by 

the  Niagara Control Board i n  November, 1957. I n  genera l  
terms, the  a rea  nor th  and e a s t  o f t h e  end of t h e  c o n t r o l  
s t r u c t u r e  was approximately two f e e t  lower than before,  
while t h e  a rea  immediately upstream of t h e  s t r u c t u r e  was 
approximately two f e e t  h igher  than  shown i n  t h e  previous 

survey, 

13  The model was rev i sed  over t h i s  f a i r l y  l a r g e  area 
(See Drawing No, 210-b-1002) t o  conform t o  the  1962 survey, 



and r e - v e r i f i c a t i o n  t e s t s  were made with t h e  November, 1957, 
prototype flows and d ivers ions .  The t e s t  r e s u l t s  a r e  shown 
i n  Table 111 t oge the r  with t h e  prototype condi t ions.  A more 
s a t i s f a c t o r y  s i m i l a r i t y  between model and prototype i s  
indica ted .  

Model Tes ts  Following 
Revisions t o  1962 Survey 

1 4  . Base Tes ts  - P r i o r  t o  determining t h e  e f f e c t s  of  
any proposed shoal  reduct ion  it was necessary t o  determine 
t h e  performance of t h e  Remedial Works under condi t  e x i s t -  
i n g  with t h e  new topography i n  t h e  v i c i n i t y  of Tower- ~ s l a n d .  
Accordingly, Tables I and I A  of  t h e  March 15,  1961, Br ief  
were again checked and t h e  new performance d a t a  i s  contained 
i n  Tables I V  and IVA. Table N conta ins  the model r e s u l t s  
i n  r e s p e c t  t o f l o w s  and l e v e l s  while Table IVA records  t h e  
measured c r e s t  panel discharges.  Complete c r e s t  d ischarge  
measurements were made f o r  one cond i t ion  only while  f o r  the  
o the r  f i v e  condi t ions  j u s t  t h e  f l a n k  c r e s t  discharges were 
measured. 

15 Test t o  Determine E f f e c t  of Proposed Shoal Reduc- 
t i o n  - Drawing No.210-b-1002 shows t h e  a r e a  where t h e  shoal  - 
reduct ion i s  proposed, With t h e  proposed plan i n  t h e  model 
the  same s e r i e s  of t e s t s  ahd c r e s t  discharge measurements 
a s  i n  paragraph 14  were run and t h e  r e s u l t s  t abu la ted  i n  
Tables V and VA. 

16. Candle Floa t  P i c t u r e s  - Candle f l o a t  p i c t u r e s  were 
taken showing t h e  path of i c e  moving down t h e  American Ice 
Channel f o r  a r i v e r  f low of  200,000 c f s  with 50,000 c f s  over 
t h e  F a l l s  before and a f t e r  t h e  shoal  r e d u c t i o n  was made. 
These photographs a r e  shown on P l a t e  1, 



evisec 
e l  pel 

Test  Resul ts  - 

17 . Base Tests - A comparison o f  Tables IV and I V A  of  
t h i s  r e p o r t  with Tables I and I A  of  t h e  March 15 ,  1961, 
Br ief  shows t h a t  with d topography only minor 

changes i n  t h e  originc r f  ormance of t h e  Control 
S t ruc tu re  and o t h e r  Remedial Works occurred, A very E t 
decrease i n  t h e  predic ted  a b i l i t y  of  t h e  dam t o  m a i n t ~  
l e v e l s  might be noted, but  t h e  maintenance of proper l e v e l s  
i s  s t i l l  wel l  wi th in  t h e  c a p a b i l i t y  of t h e  18-sluice s t ruc -  
t u r e .  A small decrease i n  t h e  flow down t h e  American 
channel i s  indica ted .  On t h e  o t h e r  hand, t h e  Horseshoe 

F a l l s ?  c r e s t  discharge f i g u r e s  show some inc rease  i n  f low 
over t h e  f lanks .  

E f f e c t  of Proposed Shoal Reduction 

18,  A comparison of Tables IV and I V A  with Tables V 
and VA shows t h a t  a t  F a l l s t  f lows of 50,000 c f s  an add i t -  
i o n a l  c losure  of one ga te  by one f o o t  a t  low flows and by 
four  f e e t  a t  high flows i s  necessary t o  maintain the  proper 
pool l e v e l  when t h e  shoal  is  reduced. S imi la r ly  a t  F a l l s t  

flows of 100,000 c f s  t h e  corresponding a d d i t i o n a l  g a t e  
c losure  necessary t o  maintain t h e  proper pool l e v e l  v a r i e s  
from somewhat over one full ga te ,  t o  f o u r  feet of one gate. 
With t h e  50,000 c f s  F a l l s ?  f low condi t ion  t h e  e f f e c t  o f  t h e  
shoal  reduct ion  i s  very small and w e l l  wi th in  t h e  opera t ing  
capaci ty  of t h e  Control S t ruc tu re ,  A t  F a l l s ?  flows of 
100,000 c f s  t h e  e f f e c t  i s  not  considered important s i n c e  
many a d d i t i o n a l  g a t e s  a r e  open and a v a i l a b l e  f o r  c o n t r o l  i f  

necessary. These t a b l e s  a l s o  show a s l i g h t  inc rease  i n  f low 
over t h e  American F a l l s  a s  a  r e s u l t  of  t h e  shoal  reduct ion  
and t h a t  t h e  flows over t h e  f l a n k s  of t h e  Horseshoe F a l l s  
remains q u i t e  s a t i s f a c t o r y  and i n  f a c t  a r e  genera l ly  improved. 



I 

Candle F loa t  P i c t u r e s  

19 The candle f l o a t s ,  P l a t e  I, show t h a t  t h e  r educ t ion  
of t h e  shoal  a s  proposed should a l te r  t h e  su r face  c u r r e n t s  

such t h a t  i c e  l eav ing  t h e  ice  escape channel can proceed, 
d i r e c t l y  across  t h e  shoal  area and i n t o  t h e  cascades l ead ing  
t o  t h e  Horseshoe F a l l s ,  

Conclusions from Model Tes ts  

20 The model t e s t s  i n d i c a t e  t h a t  while t h e  proposed 
shoal  reduct ion  w i l l  have a smal l  e f f e c t  on t h e  performance 
of t h e  Control S t ruc tu re ,  t h e r e  s t i l l  w i l l  be ample g a t e s  
t o  provide t h e  necessary l e v e l  con t ro l  and i c e  passage, The 
t e s t s  show a l s o  t h a t  t h e r e  w i l l  be no adverse e f f e c t  on 
F a l l s *  flows, The excavation w i l l  a s s i s t  i n  maintaining a 
c l e a r  channel f o r  i c e  coming down t h e  American i c e  channel 
and from t h e  Pool, 

MODEL TESTS.ON EFFECT OF PRCJPOSED COFFERDAM 

General Plan of 
C o f  ferdamming 
21 I n  order to  excavate t o  Elevation 555 the area 

shown on Drawing NO, 210-b-1002 which l i e s  downstream of 
t h e  Power Authority 's  i c e  escape channel,  i n v e s t i g a t i o n s  
have ind ica ted  t h a t  the  most economical a n d . s a t i s f a c t o r y  
method would b e " t o  cofferdam most of t h e  a r e a  and excavate 

: t h e  m a t e r i a l  i n  t h e  comparative dry. This would be accom- 
p l i shed  by a cofferdam b u i l t  upstream from Tower I s l and  
surrounding t h e  a r e a  t o  be excavated, wi th  a spur  l e g ,  
toward Goat I s l and  f o r  t h e  purpose of maintaining s a t i s f a c -  

\. f a c t o r y  American F a l l s *  flows. The cofferdam shown on 



Drawing No. 210-b-1003 would be open-ended t o  a l low the  

enclosed area  t o  drain 
and muck the  rock,  w i t  

depth shallow enough t o  d r i l l  
posal i n  Canada by t ruck  v i a  

Tower Is land and the  c  1 s t ruc tu re .  Some d i sposa l  
might be made i n  t h e  d rea upstream from the  cofferdam. 

I 

Model Test Resul ts  
22 . Model t e s t s  were conducted a t  a r i v e r  f f 
200,000 c f s  and gauge No. 5 (Material  Dock) l eve l  62.8 
(USLS datum)'with t h e  cofferdam, Drawing No. 210-b-103. 

'low 0 

. a t  5 
. - - -  

being added progressively i n  s t eps ,  A through I. D u r i  

each s t ep ,  t he  flow over t he  American F a l l s  was determznea 
with t h e  following results:  

Cofferdam American Fa l l s '  Control S t ruc tu re  
Port ion Added Flow - c f s  ga tes  open 

River flow 200,000 - 100,000 Fa l l s '  flow - 
Gauge No. 5 a t  562.8 

None 
A 
B 
C 
D 
E 
F 
G 
H 
I 

River flow 200,000 - 50,000 F a l l s c  flow - Gauge No* 5 a t  562a8 

I 8,700 1 - 6 (NO. 7 - 557.0) 

River flow .170,000 - 50,000 F a l l s '  flow - Gauge No. 5 a t  561.9 
I 6,700 1 - 6 ( N O .  7 - 558.0) 



Discussion of Resul t s  

23 The s e l e c t i o n  of t h e  200,000 c f s  r i v e r  flow f o r  
t h e  model t e s t  i s  based on a reasonable p red ic t ion  of  t h i s  
y e a r l s  flow while t h e  cofferdam i s  i n  e f f e c t ,  and i s  low 
because of t h e  low supp l i e s  forcas ted .  When t h e  ;offerdam 
i s  completed, t h e  American F a l l s t  f low during t h e  Tour is t  
Season days w i l l  be approximately 8,000 c f s  a s  it i s  t 
i n t e n t i o n  of t h e  Power E n t i t i e s  t o  maintain t h e  pool 1 
a t  o r  near  562,8 r e g a r d l e s s  of r i v e r  flow t o  f a c i l i t a t e  t h e  
dredging which w i l l  be i n  progress  elsewhere i n  t h e  Pool, 
The American F a l l s t  f low would, however, reduce t o  6,700 c f s  
if t h e  Pool l e v e l  was allowed t o  f a l l  t o  561,9 a t  Gauge No. 5, 
proper l e v e l  f o r  l70,OOO c f s  r i v e r  flow, i n  comparison t o  a 
f low of 6,300 c f s  f o r  t h i s  l e v e l  when t h e  c+ontrol  s t r u c t u r e  
extension i s  complete, The f low of 8,200 c f s  while  t h e  
cofferdam i s  i n  p lace  with Gauge No, 5 a t  562.8 compares 
favourably with t h e  flow of 10,300 c f s  f o r  t h i s  l e v e l  when 
t h e  con t ro l  s t r u c t u r e  extension i s  complete, and it i s  
bel ieved w i l l  produce a s a t i s f a c t o r y  spec tac le ,  

24. It should be noted, however, t h a t  during t h e  plac- 
i ng  of por t ions  F and G of the  proposed cofferdam, t h e  
American Fall 's '  f low is  reduced t o  5,000 c f s  temporari ly  f o r  
a few weeks which would correspond t o  a r i v e r  flow of approx- 
imately 160,000 c f s  under normal condi t ions ,  but with t h e  
a d d i t i o n  of por t ions  H and I i n c r e a s e s  t o  above 8,000 c f s  
where it w i l l  be normally maintained, Therefore,  it i s  con- 
s idered  t h a t  t h e  proposed cofferdam w i l l  enable t h e  work t o  
be executed i n  an e f f i c i e n t  and economical manner without 
s a c r i f i c i n g  the  scen ic  spec tac le  of t h e  Horseshoe and 
American F a l l s ,  



CONCLUSIONS 

25 A s  mentioned above, t h e  reduct ion  of  t h e  shoa l  
near Tower I s l and  i s  considered t o  be a necessary measure 
i n  improving t h e  ice-discharge capaci ty  of t h e  Grass I s l and  
Pool and i s  considered t o  be an e s s e n t i a l  p a r t  of  t h e  pres- 
e n t  ice-passage plan. Its reduct ion  w i l l  a s s i s t  during i c e  
runs i n  t h e  maintenance of t h e  e s t a b l i s h e d ' p o o l  1 range. 
The reduct ion  of t h i s  shoal  during 1963 i s  consider-au most 
d e s i r a b l e  and i t  i s  est imated t h a t  cons t ruc t ion  must s t a r t  
i n  May t o  e n s u r e  reduct ion  of t h e  shoa l  and removal of the  
cofferdam by t h e  end of t h e  open water season. From t h e  
engineering da ta  presented, t h e r e  may be a very temporary 
reduct ion i n  t h e  American F a l l s '  f low during t h e  construc- 
t i o n  of t h e  cofferdam, but t h e  reduct ion i s  not considered 
ser ious .  When completed, t h e  shoal  reduct ion  w i l l  not  
impair t h e  a b i l i t y  of t h e  remedial  works t o  maintain Pool 
l e v e l s  wi th in  t h e  e l eva t ions  s t i p u l a t e d  and t o  d i s t r i b u t e  
t h e  flows over t h e  F a l l s  a s  requi red  by t h e  1950 Treaty. 

Apri l  8, 1963. 



WIAGARA MODEL 

RIVER FLOW 

Fal ls  Flow - 

Diversions - 
SAB 
OP 
TP 
c m  
Waterlevels - 

Canadian 

American 
TOTAL 

American 
Canadian 

Cbntrol Structure 
Gates Closed 
Gates Open 

- 

Slaters Pt. 
Gauge 5 
Gauge !?l 
Conners 
Grass Isl, 

18 SLUICE CONTROL STRUCTURE 

PERFORMANCE TESTS 

9,000 8,400 12,500 
50 , 000 100 , 000 5G ,600 

. . (Reproduction of Table I i n  
w---? 15, 1961) 



TABLE 1A 

NIAGARA MODEL 

HORSESHOE FALLS CREST DISCHARGE 

18 SLUICE CONTROL STRUCTlJRE 

Panel - 
Can, 2 

R N E R  FLOW 

170,000 170,000 200,000 200,000 240,00( ) ,000 

Can. Falls 40,600 91,600 37,900 87,600 48,500 82,800 

Am. F ~ i l l s  9,000 8,400 12,500 12,400 17,200 17,300 

(Reproduction of Table I1 in 
Brief dated March 15, 1961) 



NIAGARA MODEL 
18 SLUICE COMTROL STRUCTURE 

PERFORMANCE TESTS 
RE-VERIFICATION OF TABLE I MARCH 15/61 BRIEF 

FLOW 

FALLS FLOW 

TOTAL 

DIVERSIONS AH. 
CAN, 
SAB. 
OP. 
TP. 
CN. 

WSE SLgTERS 
#5 #a 
c o m 0 R S  
GRASS 

COlqTROL D m  
GATES CLOSED 
GATES OPEN 



TABLE IXI July 26, 1962 

IVIAGARA RIVER MODEL 
REVERIFICATION TEST - 1957 CONDITIOIOS . , 

13 SLUICE CONTROL DAM 
MODEZ TOPOGRAFBY CHANGED TO CONFORM TO 1962 SURVEY 

DATA 
Proto 

Nov. 2. 1957 Model 
Broto Proto 

Nov. 10, 1957 Model Nw, 20. 1957 Model 
iver Flow 
a l l s  Flow 

177,100 177 , 000 199 , 800 ~OO,OOO 
68,200 68,100 89,900 221,600 

222,000 
ivers ions 108,900 108,900 90,100 

109,900 
109 , 500 109 , 500 

.So Adms 8,500 8,500 8,400 109 , 900 112,100 112,500 
choellkopf 6.500 6.500 8,400 6.700 6.700 

8,500 
6.600 

8,500 
T ~ A L  15,000 6.600 15,000 15,100 15,100 15,100 15,100 

S.A.B. 
t a r i o  Power 

oronto Power 
iagara Power 

TOTAL 

58,600 9,600 60,600 
10,700 

60,600 
10,700 

61,500 
10,700 10,700 10,800 61,900 

14,400 14,400 13,100 10,800 
J.0.200 

13,100 
J0.200 0 boo 

93 , 900 
10 400 

93 , 900 k m  g m r  u 149%0 97 , 000 

iauges No. 5 
Slaters 

562.09 562.15 563.16 563.15 564.26 
562.90 562- 95 563.86 563.85- 566.91 56.35 

No. 3 561.50 563 60 564.90 
NO. D 561.38 561.30 562.43 562.45 563.66 563.90 
Connors 563.12 563.15 564.02 564.00 56 5.11 

563.75 
Grass Island Pool Dam 561.68 561.65 562.68 562.65 56 5.10 
U.S. Falls 557.65 557.55 558.3 5 563 78 558.35 

563.85 
Lewiston Intake 563.10 564.00 

559.11 559. 2 5 
56 5.00 

Iontrol Dam 
Gates Open no. 1 - 7 NO. 1 - 7 NO. 1 - 6 No. 1 - 6 No, 1 - 4 No. 1 - 4 
Intermediates No. 8 - 556.0 No. 8 - 556.0 No. 5 - 13 NO. 5 - 13 es Closed No. 9 - 13 No, 9 - 13 ~ o . 7 - 1 3  ~ 0 . 7 - - 1 3  

A can F a l l s  7,200 11,000 17 , 700 



9074 TABLE IV ~ u l y  30, 1962 

NIAGARA RIVER MODEL 
18 SLUICE COmTROL STRUCTURE 

PF;RFORBbBTSCE TESTS 
MODEL TOPOGRAPEK CHANGED TO CONFORM TO SURVEY SPRING 1962 

RIVER FLOW 

FALLS FLOW CAN, 
Am. 

TOTBL 

DIVERSIONS AM. 
cam. 
SkB. 
OP 
TP 
CN 

W,S.E. SLATERS 
c: 

GRASS 
U.S. FALLS 

CO??!l!ROL DAM 
GATES OPEN 
INTERMEDIATES 
GATES CLOSED 



I NL 9074 TABLE I V A  July 30/62 

NIAGARA RIV DEL 
HORSESHOE FALLS C 

t 
DISCHARGE 

18 SLUICE CONTRuu ULRUCTURE 
MODEL TOPOGRAPHY CHANGED TO CONFORM TO SURVEY SPRING 1962 

m M01 
REST 
n T  cmi 

RIVER FLOW 

- PANELS 170 170 200 200 . 240 260 

Can. Falls 41,600 93,700 38,500 89,700 48,000 84,300 
Am. Falls 8,400 6,300 11,500 10,300 16,500 15,700 

TOTAL 50,OOO 100,000 50,000 100,000 64,500 100,000 



T A B L E  V 

NIAGARA RIVER MODEL 
18 SLUICE CONTROL STRUCTURE 

555.0 EXCAVATED AREA UPSTREAM FROM TOWEX ISLAND 

R i v e r  F l o w  

Falls Flow Canadian 
American 
Total 

92,500 38,100 88', 600 
7,500 11.900 . -  11,400 

100,000 50, OGO 100,000 

Mversions American 
Canadian 
S i r  Adam Beck 
Ont. Power 
Tor, Power 
Can, Niagara 

V1.S .E. Slaters  
5 
51 
S,A.B. Intakes 
Acc . W a l l  
Ont. Power *B' 
Connors 
Grass 
U.S, F a l l s  

Control Dam Gates Open 
Intermediates 
Gates closed 

1 and 2 1 - 6  
3 - 560.5 -7 -  556.0 
4 - 18 8 - 18 

1 and 2 
3 - 557.0 
4 - 18 

No. 1 
2 - 557.0 
3 - 18 

,: March 26, 1963 



T A B L E  V A  

NIAGARA RIVER MODEL 
HORSESHOE FALLS CREST DISCHARGE 

18 SLUICE CONTROL STRUCTURE 
2 5 . 0  EXCAVATED AREA UPSTREAM TOWER ISLAND 

Can, 

G.. I a 

R i v e r  F l o w  
170 170 200 200 240 240 

Can. 
Falls 

Am. 
Falls  8,800 7,500 11,900 11,400 17,200 16,800 

Total 50,000 100,000 50,000 100,000 65,400 100,000 

March 26, 1963 



Fig. 1 
SURFACE FLOW PATH BEFORE EXCAVATION 

RIVER FLOW 200,000 cfs 

Fig. 2 
SURFACE FLDbV FATE AFTER EXCAVATION 

RIVER FLOW 200,000 c f s  

PLATE I 



OBLIQUE A E R I A L  PHOTOGRAPH OF S H O A L  A R E A  - MARCH 23. 1963 
VIEW L O O K I N G  DOTdNSTREAM TOWARD GOAT I S L A N D  


