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L E T T E R  OF TRANSMITTAL 

The following letter was  sent  to the Secretary of State, Washington, D.C., 
by the Secretary of the United States Section of the International Joint Com- 
mission, and  to the Secretary of State for External Affairs, Ottawa, Canada,  by 
the  Secretary of the Canadian  Section of the International Joint  Commission: 

12 May, 1953. 

Sir, 

I have the honour  to  transmit a copy of Report of the Inter- 
national  Joint Commission  to the Governments of Canada and the 
United States of  America  on  remedial  works  necessary to preserve 
and enhance  the  scenic beauty of the  Niagara  Falls and River,  dated 
5 May, 1953. 

Under the Reference of 10 October,  1950,  the  Commission  was 
directed  by  the  two  Governments to investigate and make a report 
containing  recommendations  concerning the nature and design of the 
remedial  works  necessary to enhance  the beauty of the  Falls  in  the 
Niagara  River, in  accordance  with  the  objectives  in the Final Report 
of 11 December,  1929,  by  the  Special International Niagara  Board, 
and bearing  in  mind  the  provisions of the Treaty of 2 7  February, 
1950,  respecting the uses  of the  waters of the  Niagara River; recom- 
mendations  concerning  the  allocation of the  task of construction of 
remedial  works;  and  estimate of the  costs of such  remedial  works. 

Copies of the Repxt of the International Niagara  Falls En- 
gineering  Board (Main Report and  Appendices  A, B, C, D, E, 
F, G, H and J )  are enclosed. 

I have the honour to be, 

Sir, 

Your  obedient  servant, 

JESSE  B. ELLIS, 
Secretary,  United  States  Section 

E. M .  SUTHERLAND, 

INTERNATIONAL JOINT COMMISSION 
Secretary,  Canadian  Section 
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ARTICLE 1) 
,411 water specified in Article 111 o f  this  Treaty in excess o f '  water  reserved Cor scenic 

purposes in Article 11' may be  diverted  for  power  purposes. 

ARTICLE VI 

T h e  waters made available for power  purposes by the  provisions o f  this  Treaty ~ h a l l  be 
divided  equally  between  the  IJnited  States o f  America and Canada. 



INTERNATIONAL  JOINT  COMMISSION 
Report  to the Governments of the United 
States of America and  Canada on Remedial 
Works Necessary to Preserve and Enhance  the 
Scenic Beauty of the Niagara Falls and River. 

This  report  to  the  <hvernrnents ot‘ the  IJnited States of America  and  Canada,  with  recom- 
mendations, is wbmitted  pursuant t o  a Rel’erence to  this Commission  embodied  in  identical  letters 
dated  October 10, 1050, and  signed by the  Under Secretary of State of the  united States and  the 
Acting  Secretary o f  State  for  External  Affairs  for  Canada. T h e  fu l l  text of tlle  Reference is 
(]lloted  below: 

“ I  have  the  honour  to  inform you that  the  Governments o f  Canada  and  the  United 
States of America  have  agreed  to  request  the  International  Joint  Commission  to  investigate 
and  make  a  report  containing: 

(1) Recommendations  concerning  the  nature  and  design o f  the  retnedial  works necessary 
to  enhance  the  beauty of the Falls in  the  Niagara  River by distributing.  the  waters so as 
to  produce  an  unbroken  crestline  on tlle  Falls, in  accordance  with  the  objectives  envisaged 
in  the  final  report  submitted  to  Canada  and  the  IJnited  States of Amer’ica on  December 
1 I ,  1929, by the Special International  Niagara h a r d  and  bearing  in  mind  the  provisions 
I’or tlle diversion of the  waters of the  Niagara  River  and  the  apportionment  thereof, which 
have  been  agreed  upon by the  two  Governments  in  the  Treaty of February 2 7 ,  1950, 
respecting  the uses of the  waters o f  the  Niagara  River. 

(2) Recomlnendations  concerning  the  allocation of the task of construction of remedial 
works as between  Canada  and  the  United  States of America,  having  regard  to  the 
reconlrnendations  made  under  paragraph (1) . 

( 3 )  An estimate of the costs of such remedial works. 
I n  the  conduct o f  its investigations,  and  otherwise in the  performance of its  duties  under 
this reference,  the  International  Joint  Commission may utilize  the services o f  engineers 
and  other specially  qualified  personnel of technical  agencies o f  Canada  and  the  IJnited 
States, and will so far as possible,  make use of information  and  technical  data  which has 
been  acquired by such  technical  agencies  or  which  may  become  available during  the  course 
o f  the  investigation,  thus  avoiding  duplication of effort  and  unnecessary  expense.” 

The  Treaty  referred  to  in  paragraph (1) of the  Reference  respecting  the uses o f  the  waters 
0 1  the  Niagara  River was signed at Washington, D.C. on February 27, 1950, approved by the 
Canadian  Parliatnent  on J u n e  14, 1950, consented  to by the  United  States  Senate  on  August  9, 
1950, and  put  into force by an  exchange of ratifications  at  Ottawa  on  October 10, 1950. 

I n  the  preparation of this  report  the  Conlmission has  been  particularly  concerned  with  Articles 
I 1  to VI inclusive o f  the  Treaty, which  read: 

A R T I C I X  I1 

T h e  LJnited  States of America  and  Canada  agree  to  complete  in  accordance  with  the 
objectives  envisaged  in  the  final  report submitted  to  the  IJnited States of America and 
Canada  on  December 11, 1929, by the Special International  Niagara  Board,  the  remedial 
works  which are necessary  to enhance  the  beauty of the Falls by distributing  the waters so as 
to  produce  an  unbroken  crestline  on  the Falls. T h e  [Jnited  States of America and  Canada 
s l d l  request  the  International  Joint  Commission  to  make  recommendations as to  the  nature 
and design of such  rernedial  works  and  the  allocation of the task of construction as hetween 
the  lJnited States of America  and  Canada.  Upon  approval by the  United States o f  America 
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(a) T h e  Chippawa-Grass  Islalld  Pool level would  drop as much as four  feet  below  its  present 
normal  elevation,  thereby  exposing  considerable  areas o f  the  river  bed  presently  covered, 
particularly  in  the  vicinity o f  the  head o f  Goat  Island. T h e  general  lowering o f  this 
I’ool would result  in  sonle  lowering of levels of Lake  Erie. 

( I ) )  ‘The lowering o f  the Ctlippawa-(;rass Island Pool level would  reduce  the flow over  the 
American Falls well be lo rv  tllat necessary for a satisfactory  scenic spectacle. 

(c) linder  future n1aximllnl permissible  diversions  the llow over  Horseslloe Falls during 
tourist season days  \voultl I)e concentrated  towards  tlle  center  leaving  unsatisfactory 
conditions a t  the  flanks;  and  during the non-tourist season and the  night  hours of the 
tourist season, the f l o w  over the Horseslloe Falls would be so  concentrated near tlle  center 
01’ the  crest as t o  leave the flanks dry. 

((1) rille necessary r.llange in the (:llippawa-(;rass Island Pool level to  increase  the  flow over 
tlle 1;alls I‘rom 50,000 t o  1 0 0 , 0 0 0  cubic feet per  second  and vice versa, w o u l d  require so 
rnucll time  that  only a small  part o f  tlle  extra  diversion  autlloriyed at night  during tlle 
tourist season cx)uld be used. hloreover,  the  lowering o f  tlre P o o l  w o u l d  slightly redllce 
t l l c .  output o f  existing  power  plants. 

o l ~ J l ~ : l i v I . s .  

I n  (x)nducting  the  studies f o r  tllis report  it W ; ~ S  considered  imperative  that tlle rcnledial works 
I)e designed to  inlprove  the  c1istril)ution o f  f l o w  along the crest o f  the  Horseshoe Falls, rnaintain 
tlle present sntist’actory conditions  at  the  American Falls, and control  the levcls o f  the  Chippawa- 
(;rass I s l and  Pool. r1711e n1ain:enanc~e o f  the  present  relationsllip between river f l o w  and I’ool 
level is considered  essential. Such regulation  would  preserve  the  existing  conditions  and  appear- 
ance of the  Niagara  River  upstream from the Pool and r v o u l d  ensure  that  Lake  Erie levels and 
corresponding  outflows  would  remain  unaffected,  thus  protecting  interests  upstream  which  other- 
wise might be affected adversely by a general  lowering or rapid  variation  in  the Pool level. I n  
addition,  adequate flow down  the  American  Rapids  and  over  the Falls would  be  assured. Full 
advantage  could be taken of the  additional  water  available for power  diversions  in  the  night hours 
o f  the  tourist season as well as at  all  other  tin~es.  Therefore,  it is consiclered that  the  renledial 
works should ensure: 

(a, A dependable  flow o f  water  over  the  American Falls and  in  tlle  vicinity of Three Sisters 
Islands,  approximating  the satisfactory f l o w  under  existing  conditions; 

(l)) ,A dependable adequate  flow  over  both  flanks o f  tlle  Horseshoe Falls sufficient t o  provide 
an unbroken  crestline: 

(c)  hlaintenance o f  tile present  relationship  hetween the total  river f l o w  and  the level o f  
the  Chippawl-Grass  Island Pool; and, 

([I) Ability to meet  promptly  the changes in per1nissiI)le power  diversions  while  assuring 
f l ~ ~  o f  either 50,000 or 100,000 cubic  feet  per  second  over  the Falls. 
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DESCRIPTION OF THE NIACARA FAILS AREA. 
T h e  Niagara  River,  about 36 miles  in  length,  connects  Lake  Erie  and  Lake  Ontario. T h e  

river  carries  the  outflow  from  the  four  upper  lakes of the  Great  Lakes system averaging  about 
200,000 cubic  feet  per  second. T h e  fall  from  lake to lake is 326 feet,  about half of which  is  con- 
centrated  at  Niagara  Falls, 21.6  miles  below the  head of the  river. 

In h e  one-mile  reach  irnnlediately  above  the  Falls,  the  river  drops  about 50 feet  tllrougll 
cascades a n d  rapids. <;oat Island  divides  the  river  into  two  parts,  the  larger  leading t o  the 
Horscslloe Falls on  the  Canadian  side  and  the  sn~aller  to the American Falls. 

‘l’lle distance from shore t o  shore at  Horseshoe  Falls in 1200 I’eet but  the  total  length oF crest 
around tile “IlorsesIloe” is 2500 feet. T h e  central  portion of the crest has heen  receding  faster 
t l lan the I’lanks, with  the  result  that  in  the last 100  years the  crest  length has increased about 100 
teet. 71’11e deptll of water  flowing  over tlle  crest  near each shore is less than  one  foot and this 
portion :)I’ tlle falling  sheet o f  water  usually  appears  white.  Toward  the  center of tlle  Horseshoe 
tllc crest depth increases  to  a maximum o f  12 feet  and  the  falling  sheet o f  water has a darker, 
greenish  appearance. 

Tlle American Falls has a relatively l o w  flow distributed  quite evenly along  its 1100  feet of 
crest and has receded very slowly as compared  with  the  Horseshoe Falls. 

NAI‘ZJKE AND FS’I-EN.1 OF T H E  PKOBLEIZf. 

T h e  vast storage  capacity of the  upper  <;reat  Lakes results in an unusually unil’ornl  flow in 
the  Niagara. T h i s  flow and  the  concentration of fall at Niagara  have  created a scenic  spectacle 
o f  unusual  beauty  and a hydroelectric  power  resource o f  great value. I3oth  Canada  and  the 
IJnited  States  have  given  attention over the years to  the  preservation and use ol‘ these  assets. 

I n  the 13oundary Waters  Treaty of 11 January, 1909, the two countries  agreed  to  permit  diver- 
sion of up  to 56,000 cubic feet per  second o f  the  Niagara  River flow For power  purposes. T o  
forestall  possible  adverse  effects on the scenic beauty, a Special  International  Niagara h a r d  was 
t‘ormed  in 1926 to consider  tlle  problem. The 12oard reconmended early  construction o f  an 
initial  phase o f  renledial works and  outlined  the  I’urther  measures to he  considered  for  preservation 
01’ tlle beauty o f  the falls under  conditions which would  permit  more  complete  utilization of the 
Ilyclroelectric potential. 

Wit11 the  growing  need  for  power for defense  activities  the  Governments o f  Canada and  the 
IJnited  States  concluded  agreements  in 1940 and 1941 t o  utilize  on a temporary hasis an  additional 
26,500 cubic. feet  per  second 01 Niagara f l o w  for power  purposes. Pwsuant to  these  agreements 
the initial  phase o f  remedial works  recornrnended by the Special International  Niagara IZoartl  was 
nc~c~onlplislled by construction of a sulm1erged  weir  in the  Niagara  River  about  one  mile  above  the 
ITorseslloe Falls during  the  period 1042 to 1947. T h e  weir has suhstantially  compensated for tlle 
lowering  effect o f  the power  diversions on the Cllippawa-(;rass Island Pool and has greatly 
increased  the f l o ~  over  tlle American Falls; but o f  course  it Ilas not  improved tile conditions  on 
tlle flanks of the  Horseshoe Falls. 

In 1944 and 1948 the  earlier  agreements  were  modified 1 0  provide for small  additional 
temporary  diversions, and discussions  wllich  led to the  Treaty o C  February 27, 1950, were  corn- 
rnencetl. IZy means ol‘ tllis Treaty  the two Governnlents put into  effect a revised  permanent 
schedule o f  permissible  power  diversions  under which the  flow over the Falls may be  reduced 
t o  not less l h a n  100,000 cubic  feet  per  second  during  the  daylight  Ilonrs  of tlle tourist SeaSon and 
t o  not Icss than 50,000 cul,ic I‘eet per  second at any other  time. Analyses and tests by the  Board 
indicated tl1;lt under these flow conditions  the  following  objectionable  conditions  lvould  result 
if rcnlcdial works were not provided: 
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'1-1le 111;ljor pllase O F  tile engit?eering  studies necessary lor design o f  the remedial works .\vas 
;tccorrlpIisIlecl b y  means o f  hydraulic  rnodel  studies.  In  order  to cover all aspects o f  the  problem 
and to utilize f u l l y  tile available  teclinical  forces in  both  countries, two  models  were built.  One 
Inode1 LV;IS constructecl I)y the (h rps  o f  Engineers  at its Waterways  Experinlent  Station  at Vicks- 
burg, Mississippi. This  model covered the  cntire  upper  Niagara  River  from  Lake  Erie to and 
including tlle Palls. The  other  model was constructed 117 T h e  Hydro-F,lectric  Power  Cornmission 
01' Ontario  at  Islington,  near  Toronto. T h i s  model was built  to cover at  the  largest  practicable 
scale the Falls proper  and  the Cascades and Pool area  immediately  above  the Falls. 

I<y usc o f  the two rnotlels, complenlentary in  coverage and  providing  a means 01' checking 
various  tests, the full  range o f  river  cwnditions and  nlmlerous possible variations of remedial works 
were  analysed and testetl. T h e  Commission is convinced  that use o f  this important  engineering 
tool  nlattc  possible  the  design o f  the  remedial works in a minimunl o f  time  and  with  ntaximum 
ilssurance 0 1  their  adequacy. 

As the  model tests and design o f  remedial works neared  completion, the Commission  invited 
representatives o f  parks  commissions and  other  interested agencies in  both  Canada  and  the 'CJnited 
States  to  witness  tests at  the  Islington  model  under typical conditions  to  be  expected  with  and 
witllout  tlle  proposed  remedial works. As a  result o f  these  demonstrations,  representatives  of  these 
interests in general  expressed  their  concurrence  in  the  proposals for remedial works to  preserve 
and enhance  the scenic heauty of tlle  Falls. 

R E G O h l  illI.:NDEI) PLAN O F  KEXIEDIAI. \ IvOKKS.  

'The reconlmended  plan o f  remedial works was developed as described  in  Section V o f  the 
I h l r d ' s  report.  The  complete  plan consists ot' three  separate works wl1ich, in  the  opinion o f  the 
lEoarc1, are necessary to ensure  that  the  terms  and  intent o f  the 1950 Treaty will  be fully  met: 

(a)  4 Cllippawa-Grass  Island Pool control  structure. 

( I ) )  -411 excavation in  tlle  Horseshoe Cascades  lying immediately 11pstream from the <:anadian 
flank,  and  a  crest f i l l  100 feet long  on  the  Canadian  flank  extending Out from the  shore. 

(c) A n  excavation  in  tlle  Horseshoe  Cascades  lying  immediately  upstream from  the  Goat 
Island  flank,  and  a  crest Fill 900 feet  long  on  that Flank extending  out From the  shore. 

The  location o f  tlle  Cllippawa-Grass  Island Pool structure is shown in  general  on  Plate 3 
and  in  detail  on  Plate 6 o f  the  Board's  report. The  structure w o d r l  extend  out  from  the  Canadian 
shore sotnc- 1,500  leet  into h e  river  on a line  parallel  with  the  present  submerged  weir  and 200 
to 250 feet  downstream  therefrom.  With  the  exception  of  an  approach fill adjacent to the  Chadiarl 
shore.  the  structure  would consist entirely o f  piers  and  movable  control gates. 

T h e  excavation  in  the  Horseshoe Cascades  in the  area  upstream  from  the  Canadian  flank will 
tap  the  deep  stream  that flows down  the  Canadian  side  of  the Cascades and divert flow to the 
<:anadian flank  in  quantities  adequate  to cover the  flank  and preserve  the  spectacle  under all 
ft1t1lre conditions. The  extent  and  grade of the excavation  are  shown  in  detail  on  Plate 7,  the 



Falls by the diversion of water  from  the  deep  channels  leading  into  the  central  portion of the 
Horseshoe w i l l  reduce  the  rate o f  recession in  tlle  central  portion. 

(a) Engineering  studies  and  model tests show conclusively that remedial works are  required 
to  prevent  impairment o f  the scenic beauty o f  Niagara Falls and  River  under F l o w  
conditions t o  he  expected  when  withdrawals  are  made  for  power  purposes to the extent 
pern1issil)le under the Treaty o f  February, 1!)50. 

( I ) )  Hydroelectric  power works already  under  construction and scheduled  for  completion 
and  operation  within tlle next few years could  not be fu l ly  utilized  without  detrimental 
cl'fects on the I)e;tuty O F  the Falls unless remeclial works are provided. 

(c) I n  view o f  tlle  urgent  need for the  power t o  he  produced h y  generating  facilities  already 
under c.onstruction and otller facilities t o  I)e constructed,  initiation a s  soon as possible this 
year and completion .rvithin lour years, o f  the  renledial works authorized b y  the 1050 
Treaty is a matter o f  urgency  in  tlle  national  interest ol I m t h  countries. 

r l l l e  (Ihn~nission  recon~rnends tlle  construction o f  tlle remedial  works  described  in tllis report 
and  in tlle I3oard's report which is attached  hereto a n d  made a part  hereof, wit11 such  minor 
nlodificxions as the  Commission may deem  advisable  at the time o f  construction,  the works t o  
include: 

(a) A C:llipparva (;rass Island  Pool  control  structure,  extending o u t  from  the  Canadian sllore 
approximately 1550 feet i n t o  the  Niagara  River, parallel to  the existing submerged Tveil- 
md about 225 feet  downstrean1  therefrom; 

( I ) )  An excavation  in  the  Horseshoe Cascades lying  irnmediately  upstream  from the Canadian 
flank o f  the  Horseshoe Falls and a crest f i l l  on  that  flank  about 100  feet long; and, 

(c)  An  excavation  in  the  Horseslloe Cascades lying  immediately upstream from  the (;oat 
Island  flank o f  the Horseshoe Falls and a crest Fill on that Flank about 500 Feet long. 
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estimated  quantity  involved  being  sonx  64,000  cubic yards o f  rock. As shown on  Plate 7, the 
crest I'ill o f  100 feet on  the  Canadian  flank  adjacent  to  the  Canadian shore would  extend  upstream 
almut 1 0 0  feet where  it  would  merge  with  the  present  shoreline. It is contemplated  that a concrete 
retaining w a l l ,  Faced with  stone  to  blend  into  the  surroundings,  would enclose this  fill.  Inside  the 
\ \ .a l l ,  I ' ill  woulcl 1)e placed  to  tlle  grade of the adjacent  improved  park  area,  and  the  whole  Iand- 
scapcci to  provide  an  attractive area For viewing the Cascades ancl F ~ I I S  at close range. 

r l l ~ e  excavation  in  tlle Horseshoe Chcades  on  tlle  (;oat  Island  flank will divert  an  atlequate 
\.oll1lnc o f  t'low over  that t'lank under a l l  future  conditions  in a nnanner similar  to  tllat on the 
(:maclian side. Tlle extent a n d  grade o F  this  excavation is shown in  detail  on  Plate 7, the 
estimated  cluantity  involved being 24,000 cubic yards o f  rock. T h e  ,300 foot  crest f i l l  adjoining 
(;oat Islarltl would  merge \\lit11 the  existing  shoreline a1)out 3OO feet upstream. T h e  extent o f  this 
t i l l  is sllown in  detail  on  Plate 7. A concrete  retaining \\.all suitably f;lcc<l wit!) rock would surround 
tlle f i l l  which \ v o u l d  be s o  graded as t o  be accessible from <;oat Island.  This area, suitably  land- 
scaped. \voulcl provide a mucll needed vantage point  from which t o  view tlle  Cascades and Falls. 
71'llis I ' i l l  is very sinlilar  to a n  improvement  which  it is understood has been  under  consideration 
b y  the N iagara  Frontier  State  Park Cornrnission. 

K ~ s r : ~ : r s  ' 1 ' 0  HE I',SPI',CTED I<KOXT REMEDIAL TYOKKS. 
From tlle  exhaustive  and  comprehensive  series o f  engineering  studies and model tests carried 

o:lt on the  proposed  plan o f  remedial works at both Vicks1)urg and  Islington,  the  Commission 
is (.ontident  that  the  proposed  plan  would  fulfill  the  terms  and  intent o f '  tlle 1050 Treaty. By 
operation OF the p t e s  in  the  proposed (:hippawa-(;rass Island Pool control  structure,  the  same 
P o o l  level would be maintained  in the future,  under power  diversions  permitted b y  the 19.50 
'1-reaty, as would  result  from  conditions above Niagara Falls since the completion  in 1947 ol tl;: 
exist ing s u h e r g e d  weir,  and  under  present  power  diversions. Sllcl1 regulation  would  preserve 
the reginlcn o f  the  river  in  the Cllippawa-c;rass Island Pool and  upstream  thereof  and would 
ensure  tllat  Lake  Erie levels and  outflows  would  remain  unaflected.  Such  regulation also would 
Inaintain  sul'ficient f l o w  over  the  American Falls to preserve the  present satisfactory appearancc 
wllich has prevailed  since  completion of the  existing  sulmlerged  weir  in 1947. Adequate  and 
scenically satislactory flow conditions  would  exist  at  the head of (;oat  Island  and  in  the  vicinity 
0 1  tlle Three Sisters Islands. 



D l V l S l O N  O F  C O S T S .  

IJnder  tlle provisions o f  Article I1 o f  the  Treaty  the cost o f  the remedial works and the 
expense of operating  and  maintaining  them  are  to  be  lm-nc by the  IJnited States and  Canada  in 
eqwd  moieties. 

Signed this fifth  day o f  May, 1953. 



.'{. 'I'Ile Conllnission  further  recommends tIlat the  construction of the proposed  remedial 
Fvorks be initiated a t  the earliest possible moment and be pressed to  completion as rapidly as 
possible. I t  is especially important  that  construction o f  the Chippawa-Grass  Island Pool control 
structure be conmlenc:ed immediately  and  that  it be constructed  to  its  ultimate  length of approxi- 
mately 1550 feet unless during  the  course 01: construction  the  status ol' prospective  additional  power 
diversion sllordd permit  (:onsideration ol' a shorter  structure  initially. 7'11e excavation  and f i l l  on 
eitller  flank o l  the Horseslloe Falls sI1ould I)e started as soon a s  possible and  suhstantially  completed 
before \vork is begun on excavation and fill  on  the  other  flank  in  order t o  minimize  temporary 
;~dverse eftects on the scenic  spectacle during  the construct ion  period. 

4. 'l'lle (:ommission  also  recommends  tllat the t w o  <;overnnlents  authorize  it t o  cstal)lish ;I 

Control 1Eoard to supervise  the  operation o f  the  proposed control structure t o  ensure  accomplish- 
ment o f  its intended  purposes  and to  ensure  that  the levels of the Niagara  River  and  Lake  Erie 
will l lo t  l)c adversely  affected.  These  functions,  deemed  properly  within  tlle  purview o f  the 
<:on~mission, are closely related  to  the  function o f  deterlnining  the  amount of water  available lor 
the pL1rposes o f  the  Treaty o f  February 27, 1950. Accordingly,  it  would seem desirable  and in  
the  pul)lic  interest  tllat  the  representatives o C  the  IJnited States and  Canada t o  be designated 
p:lrsuant to  Article VI1 0 1  the  Treaty be appointed b y  the  Commission to  serve also as members 
o f  the (:ontrol I$oard rvhich the  (krnmission desires t o  esta1)lisIl and h o l d  responsible lor the 
operation o f  the C;llippawa-Grass Island Pool control  structure. 

CIlippawa-(;rass Island Pool Control 
Structure, 1550 Feet Long . . 

I'xcavation and Fill in the Cascades on the 
Canadian  Flank o f  the Horseslloe F-alls 

I;,xcxvation and Fill in  the Cascades on t.he 
Goat Island Flank of the  Horseshoe Falls 

Total 

I;,stimated Annual  (hst o f  Operation and 
Maintenance of the Remedial  IVorks 

$14,594,000 

1,582,000 

% 100.000 

<:ertain  preliminary costs have  been  incurred  under  the  terms o f  the  Reference for surveys o f  
the  Niagara  River  between  1,ake  Erie  and  the Falls and  for  other field investigations; also for  two 
hydraulic  models  simulating  the  Niagara  River  above  the  Falls, one at  Islington,  Ontario,  and  the 
other  at  Vicksburg, Mississippi, and for much  experimental  work  accomplished by the use o f  these 
models  in  connection  with  the  design of the  remedial works hereinbefore  recommended;  and  for 
office  studies and other  activities  incidental  to  determination of the  most  suitable types of remedial 
works. Inasmuch,  however, as a  part of this  preliminary  cost,  particularly  the costs incurred  in 
connection  with  the  hydraulic  models, is chargeable  to  power  development  in  both  Canada  and 
the  lJnited States, the  duty of segregating  the part thereof  properly  chargeable  to  remedial works, 
and  determining  the  Canadian  and  United  States costs properly  chargeable  thereto, is a duty which 
now devolves upon  the  Commission. 





1 March, 19.53. 

Kespectf’ully submitted, 

Members for the  IJnited  States 

<:OI,ON EI. W E N D E I L  P. TROWER,  
Division En&’  rmeer, 
(ireat Lakes  Division, 
<h rps  o f  Engineers, 
Chicago, Illinois. 

FRANCIS I,. ADAMS, 
<:hiel, 15ureau o f  Power, 
Federal Power  Commission, 
IVas!lington, D.C. 

Members For Canada 

T .  hl. PATTERSON, 
Assistant Chief, 
Water Kesources  Division, 
Department o f  Resources and  Development, 
Ottawa,  Ontario. 

G. A. LINDSAY, 
Special  Adviser to the  Minister, 
Department of ‘Transport, 
Ottawa,  Ontario. 
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2. In  a reference  dated  October 10, 1950, the  (hvernments  of  Canada  and FJnited  States 01' 
America  requested  the  International  Joint  (:ommission  to  investigate  and  make a report  containing: 

' ' (1) Recommendations  concerning  the  nature  and  design of the  remedial works necessary 
to  enhance  the  beauty of the Falls  in the  Niagara  River by distributing  the waters so as to 
produce  an  unbroken  crestline  on  the Falls, in  accordance  with  the  objectives  envisaged  in 
the final report  submitted  to  Canada  and  the  IJnited States of America on December 11,  1929, 
by the  Special  International  Niagara  Board  and  bearing  in  mind  the  provisions For the  diver- 
sion of the  waters of the  Niagara  River  and  the  apportionment  thereof,  which  have  been 
agreed upon by the  two  Governments in the  Treaty o f  February 27, 1950, respecting  the uses 
of the  waters o f  the  Niagara  River. 

" (2)  Recommendations  concerning  the  allocation of the task of construction of remedial 
works as between  Canada  and  the  United  States of America,  having  regard  to  the recom- 
mendations  made  under parag?-aph (1) . 

" (3) An estimate of the costs of such  remedial works." 

3.  T h e  reference  continues: 

"In  the  conduct of its investigations,  and  otherwise  in  the  performance of its duties  under 
this  reference,  the  International  Joint  Commission may utilize  the services of engineers  and 
other specially qualified  personnel of technical  agencies o f  Canada  and  the  IJnited States, 
and w i l l  so far as possible,  make use o f  information  and technical  data  which has been  acquired 
by such  technical  agencies or which  may become  available  during  the  course o f  the  investigation. 
thlls avoiding  duplication o f  effort and unnecessary  expense." 

4. 'I-mmrs o~ IIEI;ERI<NCI< H W A I  INERNATIONAI, , J O I W  < :oa~h~rs s~o lu .  - IJnder  the  authority tllus 
given i t ,  the  Commission  created  the  International  Niagara Falls Engineering  Board, all members 
of which  were  drawn  from  the  technical  agencies of the  two  governments.  In  the  letter o f  reference 
from  the  International  Joint Cornmission, the  International  Niagara Falls Engineering  Board was 
directed t o  undertake  the  engineering  investigation of the  Niagara Falls and  River necessary under 
the  terms of the  Treaty  and t o  submit  an  adequate  report  to  the  Commission  including  pre- 
liminary  designs of the  recommended  remedial works and  an  estimate of cost thereof. The  Com- 
mission  also desired  the  Koard's  recommendations  concerning  the  allocation of tasks of construction 
of the  remedial work  as between  Canada  and  the  lJnited States. T h e  Board  appointed  a 'tVorking 
Committee  and assigned to i t  the task of conducting  the necessary  investigations  and  compilation 
o f  data. 

5. [ ~ I P O S I I I O N  OF INVESI'IGATION I H ) D I ~ : S .  - I Ile International N iagara  Falls Ilngineering 
Board is composed of two  representatives  from each government.  Colonel  Wendell P. Trower, 
Division  Engineer,  Great 1,akes Division,  Corps of Engineers,  and  Mr.  Francis I.. Adams,  Chief, 
I%ureau of' Power,  Federal  Power  Commission  are  the  IJnited  States  members".  Mr. '1. M .  Patter- 
son, Assistant Chief,  Water  Resources  Division,  Ilepartment o f  Resources and  Development,  and 
Mr.  Guy A. I,indsay, Special  Adviser t o  the  Minister,  Department o f  Transport,  are  the  (hnadian 
representatives". 

_ -  

( j .  'I'he l3oard appointed a Working  (:ommittee which  comprises  (:olonel Philip i<. (iarges, 
1)istric.t F,nginecr, IZufFalo I)istrict,  (:orps o f  Engineers ( w h o  succeeded (hionel H. LV. Scllull, Jr.) , 
;11ld Mr.  W. K. Farley, Chief o f  the 1)ivision of I ,icerlsed  I'rojects,  I3ureau o f  Power,  I~ctlcral J'ower 

"'Previous  members of the  board  were:  For  the  United  States,  Brigadier  General W. E. 
Potter  and  Brigadier  General C. H. Chorpening,  Corps of Engineers,  and  Mr.  Robert 
de  Luccia,  Federal  Power  Commission;  and f o r  Canada,  Mr.  Norman  Marr,  Department 
of Resources  and  Development. 



PRESERVATION AND ENHANCEMENT OF NIAGARA FALLS 
S E C T I O N  I 

I N T R O D U C T I O N  

I .  A t w w r u w .  - A treaty  concerning the uses o f  water o f  the Niagar:t River 1)etween the IJnited 
States  and  (:anada was signed  at  Washington, I).[;. on  February 27, 1950, approved b y  the <:anadian 
Parliament  on .June 14, 1950, ratified by the IJnited  States  Senate  on  August 9 ,  1950, and  put  into 
f o r w  b y  ; I n  exchange o f  ratifications between the  two  governments  on  October  10, 1950. T h e  initial 
paragraph o E  the  treaty  states  that  the t w o  governments  recognile  “their  primary  obligation t o  
preserve  and  enhance  the scenic beauty 01’ the   Niapra  Falls and River”.  Article  I1 o f  the  treaty 
states “7’11e IJnited  States o f  America  and  Chnada  agree t o  cunplete  in acc:ordance with the 
objectives  envisaged  in  the  final  report  submitted  to  the  IJnited  States o f  America and Canada on 
1)kcerrlI)er 1 1 ,  1929, by the Special International  Niagara 13oard, the  remedial  works  which  are 
necessary t o  enhance  the  beauty o f  the Falls by distributing  the  waters so as t o  produce an unbroken 
crestline on the Falls. The  United States o f  America  and  Canada  shall  request  the  International 
Joint  (hllrnission  to  make  recommendations as to  the  nature  and design o f  sucll remedial  works 
and  the  allocation o €  the task o F  construction as between  the ITnited States o f  America  and 
Canada . . . ” Articles 111, IV, V and  VI  are  quoted  in ful l  below to  furnish  a  clear  understanding 
of the  provisions for the  diversion of the  waters of the  Niagara  River  which  must  he  considered 
in  investigating  remedial  works  which  are necessary t o  enhance  the  beauty of the  Falls: 

“Arlicle 111. The  amount  of water  which  shall he available  for  the  purposes in- 
cluded  in  Articles  IV  and V of this  Treaty  shall  be  the  total  outflow  from  Lake  Erie to the 
\Vellantl Canal and the  Niagara  River  (including  the Black Rock Canal) less the  amount of 
rvatcr  sed and necessary for dornestic  and  sanitary  purposes  and  for  the service of canals 
lor tlre purposes o f  navig;~tion. Waters which are  being  diverted  into  tlle  natural  drainage 
o f  tllc (ireat  I,akes System through  the  existing Long 1.x-Ogoki works shall  continue to he 
governed by the  notes cxclnnged between  the  <;overnment o f  the  IJnited  States O F  America 
ant1 tllc (;overnment of Canada  at  iVashington on Octoher 14 and 3 1  and  November 7, 
1!)40, and shall not be included  in tlle waters alloc:atcxl under the provisions o f  this ‘Treaty.” 

‘ ‘ A r / k l ( ~  I V .   I n  order t o  resel-ve sufficient ;unounts  0 1  water in tlle  Niagara  River 
l o r  sc.cllic. purposes, no diversions 0 1  the  water  specifictl  in  ilrticle I 1 1  o f  this  Treaty  sllall be 
ulatle I’or power purposes ~ v l l i c ~ h  l v i l l  reduce  the i ’ l o w  over N i a p r a  Falls t o  less than  one 
I~rrnd~.ctl tllousantl cubic feet per  second each clay betrveen the hours of eight a.m., K.S.T., 
and tcn p . m . ,  F,.S.‘T., during  the  period o f  each year l q i n n i n g  April 1 and  ending  September 
15, I ) o t I l  dates  inclusive,  or t o  less than  one  hundred thousand  cwl)ic: feet per  second each  day 
l)et\vcen t l ~ e  hours of eight  a.m., E.S.T., and eight p . n l . ,  E.S.T., tlnring  the  period of each 
year I)cginning Septrrn1)er I ( i  ar1d ending  0c.tol)er .3 I ,  b o t 1 1  dates i~ l c l~~s ive ,  or to less than 
I‘ i l ty  tllousand cul)ic feet per second at any other  time;  the m i n i n ~ u ~ n  rate o f  fifty  thousand 
cxbic. l ee t  per- second to be increased when additional  water is required for flushing ice above 
t l~c  Falls or rhrough the rapids  l~elow  the Falls. N o  diversion o f  tlle amounts of‘ water. 
specified in  this  Article  to f l o w  over the I’i1lls, shall l)c made I’or power  purposes IletTveen the 
Ialls  and I.ake Ontario.” 

“Arziclr iT. All water  specified i n  Article I I I  ol‘ this Treaty  in excess o f  water 
rcscrved for scenic purposes in Article IV nlay be diverted for power  purposes.” 

“Article VI. T h e  ~ a t e r s  made  available  for  power  purposes by the  provisions o f  
this ‘I’reaty shxll be divided  equally  between the IJnited  States o f  ,4merica and Canada.” 

7 
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Commission,  from  the  IJnited  States; Dr. Otto  Holden, Assistant General Manager-Engineering, 
Hydro-I’lectric  Power  Commission of Ontario,  and Mr. C .  G .  Cline,  Senior Assistant Fhgineer, 
LVater Kesourccs Division,  Department of Resources and  I)evelopment,  from Canada. T h e  Hoard 
recwgnizes and acknowledges  tlre major contribution  that  the  Conlmittee and its  assistants made 
tllroughout the s tudy  and i n  the  preparation o f ’  the report. 

8. ~’ [JKPOSE A N D  SCOPE OF T H I S  KI’POKI‘. - ‘I’he purpose o f  this  report is t o  make recommend- 
ations  concerning  the nature and design o f  remedial works necessary to preserve and enhance the 
scenic: lxauty o f  Niagara Falls b y  distributing  the flow o f  N i a p r a  River  waters so as to  produce 
an unbroken crestline irl ac:c-ordance wi t l t  the  instructions  from  the  International  Joint  Commission. 
’The I5oard interpreted  the  instructions  to  include works to  compensate for the effects of additional 
diversions for power purposes on water levels above  the Cascades and  the  consequent effects on 
tlte scenic spectacle o f  the Cascades and  Falls. There is reconlrnended  herein a plan that w o u l d  
;u,ornplisll these objectives  together wit11 rec.olnrnendations as t o  the  allocation o f  tasks o f  con- 
struction  between  the t w o  governments. 



S E C T I O N  I 1  

D E S C R I P T I O N  

14. IJPPEK NIAGAKA KIVKK. - T h e  Niagara  Kiver flows north o u t  o f  the northeast cornel 
o f  I,ake Erie  near I3uRalo Harl)our through a funnel-sl~aped  entrance much obstructed by shoals. 
For tlte first t w o  miles, i t  is little more than 1,500 feet wide with a maximum  depth ol' 20 Feet 
and velocities as high a s  eight  miles  per  hour. The Peace I3ridge crosses near the head o f  the 
river  and  the International Railway  1)ridge  spans it  two  miles farther downstream. T h i s  part 
o f  the river is paralleled by the Illack Rock Canal, wit11 a lift o f  SOIIIC Five feet, which permits 
the passage o f  vessels between 1Sul'falo Harbour and the  Niagara  River near the Coot o f  Squaw 
Island. 
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adds  greatly  to  the  appearance. T h e  colour is uniform  wllere\w  the  depth is greater  than  five  feet. 
This  matter of  the  colour of the Falls is discussed in  considerable  detail  in  Appendix D of  the 
1928 report. 

21. l'lle Horseshoe Falls is at  the  head of a  gorge  that has been  formed b y  the recession o f  
the Falls. As explained  in  detail  in  Appendix E of the 1928 report, the upper layers of  rock at  the 
crest  are o f  limestone,  hard  and  resistant,  whereas  the  lower layers are clliefly  shales and  sand- 
stones,  cwnpratively weak and easily eroded. As the  sol'ter rock is ~vorn  arvay below,  the  hard 
upper beds are  undermined and from  time to  time  sections  hreak away and t l le crest is modified. 
I n  the  central  portion o f  the  Horseshoe,  the  rate of recession was 4.2 feet per year from 1842 to 
1!N5-06 and 3.2 feet  per year From 1905-06 t o  1927. Plate 4 s l ~ o w s  a n1aximutn recession o f  50 
feet Iron1 1927 to  1950,  which is at  the  rate of 2.2 feet per year. These Figures indicate  that  the 
rate h a s  been less since 1906 than it  was during  the  preceding GO years. In  the 1928 report,  it 
was noted  tllat  the  tendency  would  be for the  rate o f  recession to  decrease in the  future,  except 
possibly during  the I'ollowing 50 years, mainly  because  tlle  limestone  strata  are  thicker  upstream 
and 1)ecause the  two  main  streams  which once actually  joined  near  the  toe o f  tlle Horseshoe are 
k i n g  separated  more  and  more as tlle Falls recede. 7'11e increase i n  the  diversion f o r  poweI 
from 1 0 , 0 0 0  cubic: feet  per  second  in 1906 t o  about H5,OOO in 1049 h a s  n~ade  ;I corresponding 
tlecnxsct in  the flow over  tlle Falls. This  reduction in Falls flo.cv, coincident  with the reduction 
in thc rate o f  recession, is confirnlation o l  the  theory  that  tlle  rate o f  recession varies with  the 
f l O \ V  over  the Falls. 

22. Since tlle American  and  the  Horseshoe Falls parted c o m p a n y  as the  latter  receded  up- 
strt:am,  the recession at  the  American Falls  has lxen very slow.  T h e  relatively small  flow is tlis- 
trihutecl very evenly  along  the 1,100 feet o f  crest so  tlmt  the  discharge per foot rarely exceeds 2 0  
cubic feet per  second as compared  with  a  maxinlum o f  200 at  the  Horseshoe.  TlIis srnall rate o f  
Flow is not  sufficient to cut  through  the  sandstone  stratum  at  the  toot o f  the Falls so  that  the 
tnasses of rock  that  fell From the cliff accumulated t o  form a talus on this shelf. The  undermining 
o f  the  capping  limestone,  which is essential t.o maintain  the  vertical  cllaracter of the Falls, is still 
cmntinued hy the  action of the  falling  water  and  wind-driven  spray.  lJntil 1931 the crest. o f  the 
Falls had  not  receded  much faster than  the  weathering of  the adjacent  dry walls ol the  gorge. 
On  January 17, 1931, a  large mass o f  rock  fell  near  the  center o f  the Falls. This  sudden recession 
extended  along  the crest for SO0 feet  with  a  nlaxinlwn  depth of 70 leet, as shown by the space 
between  the 1927 and 1950 crestlines  on  Plate 5. The debris  piled on top o €  the  original  talus 
and  increased  its  height  at  this  point by some 25 feet. 

2 3 .  I t  should be pointed  out  that  this  sudden fall o f '  rock was not caused b y  the  increase 
in How due  to  the  submerged  weir, because  it  occlmed 1 0  years before  the  weir was started. 
It is a dramatic  illustration o f  the fact that  the recession  at both Falls occurs as sudden  breaks, 
of  greater or lesser extent,  rather  than as a steady grinding away of  the  crest. On  that  account, 
tho amount o f  erosion  observed  during  a  period o f  10 or 10 years, or even more,  might  not give 
a  reliable  measure o f  the  actual  mean  rate o f  recession. 

24. MAII)-OF-THE-MIS.I. Poor.. - T h e   N i a p r a  Gorge extends  for seven miles  downstream 
from the Horseshoe Falls to  the  foot o f  the  escarpment  at  Q,ueenston  where  it is tllought  that  the 
Falls originatetl. The  upper  two  and  one-quarter  miles of  river  extending  downstream Iron1 the 
Falls t o  the railway  hridges is known ;IS the  Maid-of-tlle-Mist P o o l .  I t  I ~ a s  ;I fall o f  only five leet 
; r n d  is naviga1)le for practicxlly the  entire distanc:c. Soundings s11o\v maxilnunl  depths o f  from 150 
t o  1H7 leet,  though  there  are  spots  where  great nlasses of rock come within a I'elv feet o l '  the  surface. 
T h e  elevation o f  the  water  in  the  Pool is regulated by the constriction  in tlle channel  at  the  I~e;~tl 
o f  LVllirlpool Rapids. 
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17. 1)uring the years 1!)42 t o  1937, tlle sul)merged  weir ~nentioned i n  paragraph 9 (i) was 
l)uilt  near  the  lower entl o f  the P o o l  in the  main  cl~annel  leading to the Horseshoe  Falls as slmvn 
on Plate :{. T h e  weir was built t)y dropping large blocks o f  rock from a cableway 2,600 feet  long 
spanning  this  part o f  tile river.  One  tower o f  tlle cableway was erected  on  the  Canadian  shore 
a n d  the other  on  an artific:ial island, knolvn as Tower Island, wllicl1 was built  in sllallow water 
2,000  feet  upstream  from  the  upper entl o f  <;oat Island  and  connected  with  it by a temporary 
causeway. T h e  weir was built t o  restore  the major portion o f  t he  lowering of the Clhippawa-(;rass 
Island Pool which had been  caused by diversions.  It has improved  intake  conditions, especially 
during ice runs,  and has increased  the flow over the  American Falls. ‘The mean  elevation o F  the 
crest of the  weir is 553.5  feet  above mean title  at New York (IJ.S.I,.S. 1935 datum)  and a t  ordinary 
stages there  are six feet o f  water  flowing  over the crest. Full details of tlle  design  and  construction 
o f  the weir are given in a report  titled  “Niagara  Kiver  Remedial LYorks, Submerged  Weir”,  dated 
September 1,  1948, whi~11 was submitted b y  a construction  subcomrnittee  to  the  IJnited  States 
St. Lawrence Advisory Committee and  the (hnadian  ‘femporary  Great 1,akes-St. I,a~vrence Basin 
<:ornmittee. 
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32. A light run o f  ice may be carried  downstrean1 and over the l a l l s  without  being  held  up 
at  any  point,. iVitl1 a westerly  wind, much of the ice will I>e b l o w n  into  the ‘I’onawanda channel. 
With a heavy run or  a strong  southwesterly  wind, ice may  collect  along the 1Jnited  States  side 
of the river  in  the  Chippatva-(;rass  Island Pool and  at  times  this Ilas caused a temporary  reduction 
in the power output at the Adanls and  Schoellkopf  plants on that  side o f  the river. A t  the  Chip- 
pawa intake  on the (hnadian side  there has been no trouble Fro111 ice. 

35. I’r;u.tic;llly every  winter, ice that has come over the Falls collects i n  tlle Maid-oC-the-Mist 
Pool opposite tlle American Falls to  form  what is known a s  the “Ice l<ridge”. ‘The ice often  extends 
upstrean1 almost t o  the  foot of t h e  Horseshoe Falls hut it rarely  extends a s  far downstream as the 
Sclloellkopf  power  plant  except  when  it is breaking LIP and  moving  downstream. On  t w o  occasions, 
April !I, 1909 and January 28, 1938, ice a n d  water Flowed in  through the windows and  flooded  the 
Ontario Power  plant. Also, on the  latter  date,  the ice rose so high it  destroyed  the  International 
Railway  Company  Hridge. T h e  footings  for  the  present  Rainbow  Bridge have been  set  at  a  much 
higher  elevation  to escape danlage  from ice. 



9 0 .  I C E  C O N D I T I ~ I V S .  - IJsually b y  the last week in  I)ecenll)er, tile temperature OF the surface 
water in 1,ake Erie  and  the  Niagara  River  drops to  freezing and ice starts t o  form. The  amount  
o f  ice and the  amount o f  trouble  resulting from it  depends  upon  the  temperature, and the force 
a n d  direction o f  the wind,  but very little  difficulty has been experienced from ice  that forms in 
the  river. Ice formed on I A e  Erie  during  periods o f  l o w  temperature is sometimes broken up  by 
natural causes and  carried towards the head o f  the river by the set o f  tlle current and  the  action 
o f  the prevailing  winds. A strong  wind from the west or southwest usually raises the  elevation o f  
the water a t  12uffalo and this allows the ice t o  pass over  tlle s l~oa l s  and go down the  river.  This is 
the ice ~vllich causes the  greatest  difficulty  in  the Falls region. 

3 I .  However, if the  water level a t  12uffalo remains  norrnal,  nluch o f  the ice will lodge  on 
the shoa l s  and gradually build  up a jam a t  tlle Ilead of the river.  IYhile ice rakes  themselves  may 
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(I,) Znterrr1f,tlitl/r 1)eriod. - For tlle  purposes o f  this  report, tlre intermediate  period 
is defined a s  the  period  I)etween the completion o f  the cwmmt construction ol' the Canadian  Sir 
Adam Beck No. 2 plant  scheduled to deliver  power in 1954 and tlle completion o f  the  proposed 
Conners  Island-1,ewiston  plant  not yet anthorized.  (hpacity  diversions or the nlaximunl  water 
demand  through  Canadian  power  plants  during  this  intermediate  period w i l l  be about 100,000 
cubic  feet  per  second o f  which  64,000 will be  diverted  through  plants whose intakes are located 
in the CIlippawa-(:r;lss Island Pool and 36,000 through  the  plants  with  intakes  in  the Cascades. 
Capacity  diversions  through  IJnited  States  plants  would  be  82,500  cubic feet per second as at  present. 
W i t h  these capacity  diversions, the flow over  the Falls will  be 100,000 cubic  feet  per  second for 92 
percent ot' the  tourist season days and sonlewllat  higher for the  remaining  eight  percent. T h e  f l o w  
over the Falls  will be  50,000  cul)ic feet per second for 16 percent o f  the  non-tourist season and 
tollrist season nights and above  50,000  cubic feet per second for X4 percent o f  tile time. The  average 
Flow over the Falls will be 101,000  cubic  feet  per second during  the  tourist season days and 
70,000  cubic feet per second at  all other  times. 
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S E C T I O N  I 1 1  

S X .  I,oN(; L A K E  - OGOKI RIVER. - Diversions into 1,ake Superior f rom the  Hudson Bay water- 
shed via the  Long Lake project  and  Ogoki  project  began i n  1 9 3 9  and 1943,  respectively. Water 
diverted  from tlle Ogoki  River is retained in Lake Nipigon  until  required  for  generation of power 
in Nipigon  River.  The water  diverted  fronl  1,ong 1,akc is used at a power  development in 
Aguasabon  River.  I)i\.ersions  have  averaged  5,000  cubic  feet per second in recent years and this 
rate is used  for  tlle purpose of the  design o f  remedial works  in  this report. 

39. CHICAGO SANITARY AND S H I P  C A N A I ,  , - The Chicago  Sanitary  and  Ship <:anal between 
the  Chicago  River  and  the Des Plaines  River  lorms a portion o f  tlre Illinois  Iliaterway  con- 
necting  Lake  Michigan  and  the Mississippi Kiver. T h e  flow o f  water  in  the  canal is controlled by 
a dam  and gates at  Lockport,  Illinois. The  annual average  diversion  from I a k e  Michigan  through 
the  Chicago  Sanitary  and  Ship  Canal is limited, by the  decree of the  lJnited  States  Supreme  Court 
on  April 21, 1930, to  1,500  cubic  feet  per  second in addition t o  donlestic  pumpage.  Present  total 
diversions  are  approximately  3,100  cubic  feet  per  second  and this rate is used for  the  purpose 
o f  the  design oE remedial works in  this  report. 

40. NEW YOKK S.rATE (:ANALS. - ?"he New York State 1Sarge Canal forms a shallow draft 
connection  between  1,ake  Erie, Lake Ontario,  and  the  Hudson  River.  Water is diverted  from  the 
Niagara  Kiver  at  Tonawanda  and  returned  to I,ake Ontario. IVllile no record o f  diversions is 
kept, it is estimated  that  the  amount o f  diversion  during  the  navigation  and  winter seasons is 
1,100 and 750 cubic  feet  per  second,  respectively. These rates are used  for the  purpose of this 
report. 

41. W E L I A N D  CANAL. - T h e  Welland Canal between  Port  Coltmrne on Lake Erie  and  Port 
ilieller on Lake  Ontario  forms a deep  draft  connection between  the  two lakes. The  summit is 
at the level of 1,ake Erie  and  water is diverted  from  the lake for the  operation of the  canal. 

17 
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54. A reservoir  below the  model  contains  the  water  supply  which is pumped  up  to  a  constant 
head  tank  and  released  into  three  channels  at  the  upstream  end of the  model  through  three  pipes, 
each of which is equipped  with  controlling  and  measuring devices. These  channels  represent  the 
three  parts  into  which  the  river is divided by Grand  and Navy Islands  and  the  flow  through  each 
channel is kept  regulated  to  the  proper  proportion of the  total  river flow  as determined by current 
meterings  on  the  prototype. T h e  water,  after  it flows through  the  model, is returned  to  the 
reservoir  to  be  used  again.  A  more  detailed  description of this  model  and of the  verification tests 
of the  portion  above  the Cascades is given in  Appendix E; the  verification of the Cascades  section 
of both  models is described  in  Appendix  F. 

.55. APPEARANCE OF MODELS. - Because of the  great  width of the  river  and  the  relatively 
shallow depth,  it was necessary  to distort  the  vertical scale of both  models  in  order  to  reproduce 
the  proper flow pattern  and  to  enable  depths  td  be  measured  with  greater  accuracy. T o  reproduce 
the  proper  river  bed  roughness  in  the  area  above  the Cascades, a  wire  screen was fitted  to  the  bed 
of each  model.  In  the Cascades area,  it was found necessary to  embed  small,  upright  metal  strips 
to give the  required  degree of roughness so as to  reproduce  a  turbulence  similar  to  that  in  the 
prototype.  These  mechanical  additions,  while necessary €or  hydraulic  reasons,  mar  the  appearance 
of the models. This  unavoidable  limitation  must  be  kept  in  mind  when  comparing  the  appear- 
ance of model  and  prototype. T h e  model is an  instrument,  primarily,  for  measuring  distribution 
of flow, not  €or  direct  comparison of natural  beauty. If the  model shows a  certain flow  over the 
Falls, the best way to judge  the  corresponding  appearance is to  inspect  photographs  showing  the 
same  flow,  or  nearly the same, in  the  prototype. 

56. EFFECTS OF INCREASED DIVERSIONS. - Following  the  satisfactory  verification  of  the  two 
models, tests  were made  to  determine  the  conditions  which  would  exist  under  future  increased 
diversions  permitted  under  the  Treaty of 1950 if no  remedial works  were  constructed.  These 
tests are  reported  in  detail  in  Appendices D and E. T h e  conditions  which  the  model tests indicate 
would  occur  without  remedial  works  under  future  maximum  permissible  diversions  outlined in 
paragraph 42 (c) are  described  in  paragraph 62. 



49. '1-HE USE 0 1 . -  l l \m!uuI . Ic  M ~ D E I , S .  - I n  previous  reports,  investigators were o f  the  opinion 
that i t  is Ixacticable t o  design and  construct  works  in  the Cascades  with a view to redistributing 
the flow  over the  crest o l  the Falls. However,  there was serious  difference of opinion as to  the 
utility ot' hydraulic  models  for  making such designs and  in  particular  about  the  possibility  of 
making  surveys  of  the  river  bed  in  this  area  unless  it  could be unwatered.  There was even  some 
doubt  whether  experiments  upon  an  accurate  model  could  be  expected  to give more  than a 
general  idea 01' the effects  which would lollow any  given  design of remedial  works, especially 
where weirs  were involved. 13ecause of this,  the 1928 report  recommended  a  step by step process 
of construction of a cwmbination of s1lbmerged  weirs and excavations  with  observation o f  tlle 
results  alter each step  to  guide in the design o f  the  next  step. 

44. I n  recent  times,  however,  the  hydraulic  model has gained  recognition as a new and 
v;lluable  tool o f  engineering  design. Successful methods  and  techniques have been  developed 
and  an  impressive  record o f  accomplishment has proven  the  reliability o f  conclusions  drawn  from 
model  studies.  Where  applicable, sucll studies  constitute  a  reliable  method o f  solving  hydraulic 
problems a t  a minimum  expenditure of time  and  money. 

45. T h e  advantage of using this new tool in  the  investigation of the  Niagara  remedial works 
was evident.  Any  given  river  flow,  past,  present  or  future,  could  be  simulated  at  will.  Remedial 
works in lrliniat1n-e could  be  inserted  in  the  model  and  their  performance  studied  under  the  full 
range o f  river  conditions,  It was necessary to  settle  two  important  questions: (1) luture  con- 
ditions in  tlle river if no  remedial works  were constructed; (2) the  location  and design o f  remedial 
works that  would  correct these conditions so as to  preserve and  in some  measure  enllance  the 
beauty o f  tlle Falls. ?'he Engineering  Ijoard was  of the  opinion  that  only hy model tests could 
relia1)Ic information o f  this nature he obtained. 

4 .  In view of  tlle  far-reaching  importance ol the rnat.ters at issue and because ol the unique- 
ness and c:otnplexity o f  tlle problem, i t  was realized that  using  two  models  would  offer  many  ad- 
vantages. ' I h e  preservation o f  Niagtra Falls is an  international  matter  and  lmth  countries  must b: 
satisfied as t o  the validity o f  the  solution  proposed. Also, i t  would  be  unwise  not  to  make use o' 
a l l  the Iacilities  availa1)le  in bot11 countries. The   me o f  two  models,  similar but  not exactly  the 
same, 1vould make possible a  constant check on test findings  and  assure  the  certainty  and accuracy 
o f  tllc rescclts obtained. OtlIcr advantages O F  t w o  modcls are indicated in paragraph 49. 

47. SURVE:~.S. - Tile problenls o f  ohtaining  the  water  surface  and  river  bed surveys  for the 
models  were  unprecedented.  Conventional survey methods  coupled  with  the use of an  echo  sounder 
were  suitat)le  for tlle  section o f  tlle river  from  IAake  Erie  to  near the head of the Cascades but  the 
section I'roln there t o  the crest o f  the Falls required  a totally  new  approach  because  the  great  width 
of the  river c:ombined  with a drop o f  50 feet  in less than  a  mile  with  the  consequent  high velocities 
and  turbrllence  made  ordinary  survey  metllods  impossible. The  problem was solved by developing 
unusual survey methods  which  conlbined  modern science with, ingenuity in making use of  heli- 
copters,  balloons  and  searchlights, as described  in  detail in Appendix 13. 

48. HYDRAULIC  STUDIES. - In  addition  to  the surveys referred  to  above,  it was necessary to 
have  accurate  information  on  the  hydraulic  characteristics of the  prototype so that  the  models  could 
be  adjusted  to  perform  in  the  same  manner. T h e  factors  affecting  the levels at each of the  existing 
automatic  gauge  installations  were  studied  and  equations  were  derived which  expressed the levels 
i n  terms of these  factors. I t  was then  possible to  determine water  surface  profiles under various 
river  discharges and  amounts of  diversions. This  study is described  in  detail  in  Appendix C .  In 
this  same appendix  there is also a  study o f  the  division o f  flow around Croat Island. 
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second  tl1tring the  daylight hours o f  the  tourist scason a n d  t o  50,000  cubic feet per second at  other 
times a s  indicated  in  paragraph 42 (cj . Tests on t he  models under these f l o w  cmdtions,  presented 
i n  detail i n  Appendices 1) and I<,  indicate  that  without  additional  remedial works the  following 
c.ontlitiolls w o u l d  occur: 

( a )  T h e  (:llipparva-(;rass  Island Pool level would  drop 21s nluch as four  feet below its 
present  normal  elevation,  thereby  cxposing  considerable  areas o f  the  river bed  presently  covered, 
particularly in  tlle  vicinity of the head of Goat  Island.  During  the  tourist season  days, the  drop 
w o u l d  vary tronl zero t o  three  feet  depending  on  river  discharge,  and  during  the  non-tourist 
season and the  tourist season nights Iron1 two to €our feet. The general  lowering  of  this Pool 
would  result in sonle lowering o f  levels o f  Lake  Erie. 

(I))  Hecause o f  the  lowering of the Pool  level,  the  flow  over the American  Falls  would 
drop well below that necessary  for a satisfactory  scenic  spectacle. IJnder  present  conditions with 
an average  river  discltarge of 200,000 cubic  feet per second, the flow  over the  American Falls is 
about 11,500 cubic  feet  per  second.  IJnder  future  maximum  pernlissible  diversions,  the flow 
over  the  American Falls  with the  same  river  discharge  would be only 4,600 cubic  feet  per second 
during  the  tourist season  days and  2,500  cubic  feet  per  second  at  other  times. 

( c )  [Jnder  I'uture  maximum  perrnissihle  diversions  the  Horseshoe Falls would have a 
f l o w  of only  about  95,000  cubic feet per second during  tourist season  days, making  the  conditions 
at  the  tlanks unsatisf'actory. During  the  non-tourist season and  the  night  hours of the  tourist 
season,  the f l o r v  over the  Horseshoe Falls would  be  only 47,000 cubic feet per  second at average 
river  disclm-ge  leaving  the  flanks  dry.  Even  under  existing  conditions tlle  flow  over the  Horseshoe 
Falls avel-ages 105,000 cubic feet per  second  for  which Ilow the flanks are  inadequately  covered. 

(d) T h e  necessary change in  the <:Ilippawa-<;rass Island Pool level to  increase  the flow 
over the Falls from  50,000  to  100,000  c~1I)ic  feet  per  second and vice versa,  would require so long a 
period  that  only a small part o f  the  extra  diversion  authorired  at  night  during  the  tourist season 
by tlle 'I'reaty o f  1050 could I)e used. Experiments  on  the  Vicksburg  model  indicate  that  while 
about one-half the  required  clmlge  could 1)e accomplisl1ed in  the  first  hour, it would  require  about 
12 I1otlr-s lor  the  complete  cllange.  Accordingly, after a lmut  one 1 0  t w o  I I O I I T S  01 the extra night- 
time  di\ewions, i t  would I)e necessary t o  start  reducing  the  diversions  in  order t o  build  up  the Pool 
to  the level required for ;1 f ' l o w  o l '  100,000 cubic  feet  per second  over the Falls by 8:OO a.m.  the 
followinx  nlorning. I n  addition,  the  lowering o f  the Pool whic.11 would  result  would  affect  ad- 
versely the outpllt o f '  existing ponm  plants  withdrawing water  from the Pool by reducing  head- 
water levels. 

63. \'IEWS 01' THE 1NwK~'nwoNAI. NIAGAKA I A I J . S  ENGINEEKING IJOAKD. - Tlle present  Inter- 
national  Niagara Falls Engineering I h r d  considers i t  to he imperative  to  provide works that 
w i l l  improve  the  distribution o f  I ' l o w  along the crest of the  Horseshoe Falls and  to  control tlle 
levels o f  t i l e  (:hippa\va-C;rass Island  Pool. T h e  maintenance 01' the present  relationship  between 
river t l o w  and P o o l  level is cwuideretl  essential.  Such  regulation  would  preserve the existing 
conditions and appearance 01' the  Niagara  River  upstream  and  would  ensure  that 1,akc Erie levels 
and outflows ~vould remain  un;~ffected,  thus  protecting  interests  opstreanl w 1 1 0  otherwise nlight. 
I ) e  afl'cctcttl ;dversely I)y ;I gcncral  lowcling  or  rapid  variation  in  the Pool level. In  addition, 
adec1u;lte flow over  the Arneric;ln Rapids  and Falls would bc assured. Full advantage  could be 
Laken o f  the  additional  water  available I'or power  diversions i n  the  night hours ol' the  tourist 
season. 'I'llerefore,  tllc I<oard considers  that  satisfactory  remedial works should  ensure  the I'ollowing: 
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52. T h e  horizontal scale of  thle Vicksburg  model is 360 feet  to  one  foot  and  the  vertical 
scale, 60 feet  to  one  foot. T h e  model is 260 feet  long  and has a maximum  width of 125 feet. It 
represents  the  Niagara  River  from  two  miles  above  the Peace Bridge  to  one  mile  below  the Falls. 
T h e  model  reproduces  accurately  the  flow  entering  the  river  from  Lake  Erie  and also the  division 
of water around  Grand  Island.  The  construction of this  model  and  the  verification of the  portion 
above  the Cascades are  described  in  greater  detail  in  Appendix D; the  verification of the Cascades 
section is described  in  Appendix F. 

53. T H E  I s L I N c x o N  MODEL. - Late  in 1950, a  building was erected  at  Islington  to  house  the 
Islington  model. T h e  floor of the  model consists of a reinforced  concrete slab with  supports 
running  down  to  hardpan  to  prevent  settlement  or any disturbance  due  to  the  action of frost. 
Plywood  templates,  shaped  to  the  correct  contours of the,  river  bottom, were set upright  on  the 
floor  slab,  sand was compacted  between  them  to  within  three  inches of the  top  and  then  a shell 
of concrete was poured to bring  the  model  flush  with  the  tops of the  templates. T h e  model is 
95 feet  long, 37 feet  wide and  ,four  feet  high  and  represents  a  section of river  from  the  lower  end of 
Grand  Island  to  the  Rainbow  Bridge  to  a scale of 250 feet to one  foot  horizontally  and 50 feet 
to one  foot  vertically. 

Figure 2. THE ISLINGTON MODEL 
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TYPE AND  LOCATION OF REMEDIAL WORKS CONSIDERED 

G G .  K E ~ I E D I A I .  WORKS I N  I I I E  (:HIPPAWA-(;KASS I S I . A N D  1'001,. - To rcnletly conditions  in  the 
(:llippa\va-(;r;lss Island Pool as clescrilxcl in  paragraphs 60, 61 and 62 ,  the  rcmedial works to be 
located  in  the Pool s l lould  be capable 0 1 '  performing  thc following. functions: 

(a) Regulate  the P o o l  under  luture  conditions of diversion  to  the same levels that now 
cxisc f(1r t l ~ e  same total river flow. 

(I))  Maintain  sufl'icient flow over the  American Falls to  preserve  its  present satisfactory 
appearance. 

((:) Regulate tlle con1l)inetl f l o w  over tlrc two Falls to 50,000 or 100,000 cubic feet per 
second 21s required,  at  any  normal Pool level,  without  any  change  in  tlle level of the  Pool. 

(d) Pass ice with a nlininlum o f  obstruction. 
(e)  Provide  sufficient llow over  the  area  around  the  Three Sisters Islands  and  the  area 

upstream  from (;oat Island  to  preserve  their  appearance. 

(j7. T h e  only  type of structure  that  could successfully fulfill  all  these  requirements is one 
with  movable  gltes.  Any  alternative scllenle is open  to  serious  objections.  A  fixed  overflow  weir 
similar  in  principle to  the  present submerged weir b u t  farther  downstream  or  with  a  higher  crest 
elevation, would not satisfy requirements ((1) and (d) , paragraph 66. Similarly,  dredging  a  channel 
from  deep  water  in  the Pool to  the  head O E  the  channel  leading  to  the  Anlerican  Falls,  while  it 
would  satisfy  requirement (I,) , would  certainly  not satisfy tlle  others. 

68. 'rhe I<oard recognizes the advantage o f  locating  this  control  structure as near  to  the 
downstream  end o f  tlle P o o l  as possible.  Such a  location  would  keep  the  appearance of most of the 
Pool um.llanged and w o u l d  materially assist in  covering  the  Three Sisters Island  area  and  the  area 
upstream  fronl (;oat Island with  an  adequate f l o w  ol' water. Also a l l  power  plants  with  intakes 
located upstream  from  the  control  structrlre would benefit  from the regulated Pool levels. 

6 9 .  KEMI.:I)IAI. W O R K S  I N  THE (:ASCADES. - I n  considering  the works that  would be required 
to rernetly the  deficient F l o w  near  tlle  two  ends o f  the  Horseshoe  Ialls  under  the  rninimum flows 
stipulated  in  the 1950 Treaty, it is evident  that  water must he diverted  from  the t w o  deep  channels 
iylli(.ll c.onverge near  tlle  center o f  the  Horseshoe  and he directed  to  the  two flanks. 

26 
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C O N D I T I O N S  T O  B E  I M P R O V E D  

57. KEFEKENCE: I N  r l - ~ ~ ~ ~ ~ \ .  01.‘ 1950. - T h e  1950 Treaty calls for the  completion  in  accordance 
with  the  ohjectives  envisaged  in  the  final  report  submitted  to the IJnited  Statcs  and  Canada  on 
December 1 1 ,  1929 b y  the Special International  Niagara I h r d ,  o f  the  “remedial  works  which  are 
necessary t o  enhance  thc  beauty o f  the Falls b y  distributing  the  waters so  as to  produce  an  unbroken 
crestline  on  the Falls”. 

58. VIEWS 01.. SPECIAI. INTEKNAIIONAI, NIAGAKA I ~ A K D .  - T h e  Special International 
Niagara IZoard’s objective was to  remedy  the  following  conditions  which  prevailed  at  the  time o f  
its  report  in 1928: 

(a) T h e  flow over  the  (;oat  Island  shelf  at the 1Tnited States  flank o f  the  Horseshoe 
Falls was deficient  and  would  eventually cease altogether unless restored  and  maintained b y  
remedial  works. 

(1)) T h e  flow over  the  Canadian  flank of the Horseshoe Falls was deficient  and was 
becoming  more so.  ‘The conditions  at  the  flanks  were  caused hy the  natural  upstream  movement 
of the  central  portion o f  the  Horseshoe  and by diversions of water  for power and  other  purposes. 

(c) T h e  flow in  a few other  parts of the  rapids a h v e  tlle Horseshoe Falls, particularly 
in  the  vicinity of the rI-tn-ee Sisters Islands, was not s11fficient to  nlaintain  the  unique spectacle ol’ 
the  rapids  in  its  full  grandeur. 

( d )  ‘I-lle l’low in  the  rapids  above  the  American Falls was deficient,  leaving  exposed 
ledges to  nlar  the  spectacle, especially at  low river stages. 

(e) T h e  f l o w  over  the  American Falls at  l o w  stages was  so small as to give a marked 
itrpression of thinness. 

59. ( ~ H A N G E S  I N  C O N D I T I O N S  SINCE 1928 KEPOKT. - Tl le  present l h a r d  concurs  in  general 
with  tlle views of the Special International  Niagara  Board.  However, several important  changes 
have occurred  since 1!)2H whicll have altercd to  a consit1eral)le extent  the  problenls  involved  in 
preserving  and  enhancing  the scenic heauty 0 1  the  Falls. These changes are described  in  the 
following  paragraphs. 

6 0 .  International  agreements  in 1040, 1941, 1944 and 1!)48 atlthorized temporary increases 
in  diversion o C  water lor power  from  the 56,000 cubic feet pcr sccontl permitted by the 12oundary 
\Vaters Treaty o f  1 W!), up to  a total 01’ 89,000 cubic I‘cet per  second. These agreements  were 
in  effect  until superseded b y  the 1950 Treaty.   The t w o  1!)41 agreenlents  authoriying increases 
in  diversions o f  water for power  recognized  the  need  for  the  imnediate  construction of remedial 
works. Pursuant to  the ahove  agreements,  the  two  governments  authorized  in 1942 the  construc- 
tion o f  the  submerged  weir  in  the  Cllippawa-Grass  Island Pool which was one o f  the  remedial 
works envisaged  in  the 1028 report. T h e  increased  diversions  had  the effect o f  reducing  the f l o w  
over h t h  Falls.  Construction o f  the  weir was commenced  in 1942 and cwmpleted in 1947. T h e  
.tveir I ~ a d  tlle  effect of  restoring  the  major  portion ot‘ the  lowering 0 1  the C:hippawa-(;rass Island 
Pool rv11ic.h had heen  caused hy the  diversions,  and  inlproving  the flow over tlle American Falls 
and  in tlle vicinity of the  Three Sisters Islands;  however, i t  resulted also in  a small further  decrease 
in  the l l o w  over  the Horseshoe Falls, thus  making the conditions  at  the Clanks somewhat n o r e  
unsatisfactory. 

61. ‘I-IIe continuing recession of the  Horseshoe  Falls,  resulted  in a lengthening  of  its  flanks, 
and  a  redllction  in the intensity of the flow of water  in  these  areas. 

23 
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77. O f  the cxc:avation  schemes tested,  the  hest WIS f o u n d  t o  be one consisting ot two excava- 
tions, o n c '  on the <:anadian flank designated CE in  Appendices (; and H antl one on the <;oat Island 
flank  designated R17, and  with 100 feet of fill a t  the  (hnadian  end o f  the Horseshoe  Falls and 300 
feet a t  tllc (;oat  Island  end.  This  scheme  proved to  be  entirely  satisfactory.  For a combined flow 
over  the t w o  Falls o f  100,000 cubic  feet  per  second,  the  intensities o f  F l o w  mentioned  in  paragraph 
64 were  exceeded  on h t l l  flanks.  For  a  flow of 50,000 cubic Feet per  second,  there was a  complete 
curtain 0 1  water Trom shore to shore. Ldesser amounts of excavation at either Flank were sufficient 
to  produce  the  required  intensity of flow  for 100,000 cubic feet per second but  did not give the 
un1)roken crestline for 50,000 cubic  feet  per  second. 

78 .  As a result of the tests with weirs, two alternative schemes  were developed which gave 
the  required crest  flow. One scheme  involved  two  weirs, one  upstream  from each flank  and  no 
excavation. The second  included two similar weirs and also  some  excavation. Bot11 schemes  in- 
cluded tile Fills at  the two  ends of the crest.  However,  both schemes required weirs  which  were so 
high as to give a  distinctly  artiiicial  appearance. I t  is evident that the  construction  hazards  would 
be greater  for weirs than for excavations  alone because  weirs m u s t  extend  farther  into  the  river. 
Tlle weirs would  be  subjected  to  the  impact Fronl large masses o f  ice moving a t  high  velocity and 
i t  is p~-ol)able tllat they would  require  maintenance which w o u l d  involve  expensive  unwatering. 
Economic studies showed that the weir schemes would  be as costly as the  excavation scherne men- 
tioned i n  p;lrag-raph 77. Consequently  the schemes involving weirs Lvere rejected. 
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with  stone to  blend  into  the  surroundings,  would  enclose  this  fill.  Inside  the  wall, f i l l  would  be 
placed  to  the  grade of the  adjacent  improved  park  area,  and  the  whole  landscaped  to  provide  an 
attractive  area for  viewing the Cascades and Falls at close range. 

84. ~ , S C : A V A T I O N  I N  CASCADES UIWKEAXI FROM (;()AI. ISLAND FLANK. - The  extent  and  grade 
of this  excavation is shown  in  detail  on  Plate 7, the  estitnated  quantity  involved  being 24,000 
c.ul)ic  yards OF rock. T h e  function o f  this  excavation is to  divert an adequate  volume o f  flow  over 
the <;oat Island flank under  all  future  conditions in a  manner  similar t o  that  on  the  Canadian 
side. 2 'rsts on  the Inode1  have indicated  that  the  cofferdam  location  should he a s  shown on Plate 7. 

85.  (hA.1. 1 ~ 1 . ~ ~ 1 )  E-I.ANK CREST ~ 1 1 . 1 . .  - On  the  Chat  Island flank o f  the  Horseshoe Falls, the 
proposed .3OO-foot crest  fill adjoining  Goat  Island  would  merge with the  existing  shoreline  about 900 
feet  upstream. The  extent o f  this f i l l  is shown in detail  on  Plate 7. A concrete  retaining wall 
suita1)ly faced wit11 rock would  surround  the fill which w o u l d  be so graded as t o  be  accessible  from 
Goat  Island. T h i s  area,  suitably  landscaped,  would  provide a much  needed  vantage  point  from 
wllich  to view the (hcades   and  Falls. This  fill is very similar  to  an  improvement  which it  is 
understood is under  independent  consideration by the  Niagara  Frontier  State  Park  Commission. 

86. ~ ~ ' I M A - I ' E I )  coNs'muc-rIoN COSTS. - T h e  basis of design and estimates and  the  detailed 
estimate o f  construction costs at  July 1952 price levels for  each  feature  are  given in Appendix J .  
While f o ~ ~ r  types of gates  were  investigated,  only  the  estimate for the "Bascule"  type is given in 
Appendix J ,  (Table J -1) .  A summary of the  total  construction costs  for  each feature of the 
proposecl i t a n  follows: 

FEATURE EST1 MATED COST 
Chippawa-(;rass  Island  Pool control  structure (IZascule type) $14,B4,000.00 
Canadian  flank  excavation  and  crest  fill . . . . . . . . . . . . .  . . . .  1,582,000.00 
Goat  Island Flank excavation  and  crest  fill . . . .  . . . . . .  1,360,000.00 

Estimated  total . . . . . . . . . . . . . . . . . . . . .  . .  $1 7,536;OOO.OO 
"""_" 

87. ESI'IRIATED ANNUAI.  COSTS. - It is estimated  that  an  annual COSt Of abOLlt $loO,ooo woLtld 
be incurred  in  the  operation  and  maintenance of tlle Chippawa-Grass  Island Pool control  structure. 
N o  operation  or  maintenance  should  be  required  in  the  other  features of the  proposed  remedial 
works, and i t  is proposed  that  the  filled  areas  be  transferred  to  the  Parks  authorities  for  development 
as they see f i t  For use as observation  areas. 
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71. Also it appeared to the 13oard that  a  moderate  shortening of each flank by fills  at  the 
ends  should  be  investigated.  Such  fills  suitably  retained  and  landscaped  would  be  valuable  im- 
provements in tllemselves, as they  would  provide  exceptionally  fine  vantage  points From which 
the Falls and Cascades could be viewed at close range. In  addition, they  would  help  to  intensify 
tlle flow at  the  llanks  and  reduce  the  amount o f  other work required. 

72. <;ENERAI. oun.INE OF MODEL s run~~cs  OF REMEDIAL WOKKS. - In the  studies of the  remedial 
works on Imth  models,  the  general  procedure was to  study  first  the  control  structure  in  the  Chip- 
pawa-<;rass  Island Pool and  then  the  remedial  works  near  the  Horseshoe  Falls, because the design 
and  location o f '  the  upper works  has  some  effect on  the lower  ones. A detailed  description o f  these 
stIldies and o f  the  results  obtained is given  in  Appendices G and H and  the  findings  are  summarized 
in the  following  paragraphs. 

75. MODEI. STUDIES OF CONTROL SI'RIJCTIIKE IN CIfIPPAWA-(;KASS ISI.AND POOl,. - I t  Was Con- 
sidered  that  the best location  for  the  control  structure  would  be  somewhere  between  the  line  of 
the  present  submerged  weir  and  the  head of the Cascades. Tests  were  carried  out  with  gated  dams 
located  both  on  the  line o f  the  submerged weir and  at several locations  farther  downstream.  These 
tests indicated  that  the  performance  at all  these  various  locations was essentially  the  same.  From 
the  standpoint of feasibility and economy  of  construction, t.he darn should  be  located  between 200 
and 250 feet downstream  from  the  submerged  weir  and on a  line  parallel  with  the  weir. T h e  tests 
indicated  that i t  should  start  from  the  Canadian  shore  because  the  deep  channel which must  be 
intercepted  to  provide  efficient  control lies near  this  shore.  It is in this  channel  that  the  existing 
su1)rnerqetl  weir was placed. T h e  deeper  channel also oflered less likelihood of ice grounding in 
tlle channel in the vicinity of the  dam. 

74. Intensive  testing was done to determine  the  optimum  length ot' th i s  control  structure. 
Structures  extending from the  (hnadian  shore for various  lengths  were  tested,  including  one 
extending across the n~hole river. In 211 these  tests the  entire  control  structure  consisted of piers 
with sluices 100 feet  in  widtll between  them, sills at  elevation 555.5 and with ;I mova1)le gate  in 
e;\c:I~ sluicc. Also, in certain tests  in w h i c l l  the  dam  extended  only  part way across the  river, 
experiments were n ~ d e  by adding  a sllort structure  extending  out frorn the  llnitetl  States  shore 
into  the  channel  leading t o  the  American Falls. 

55. I n  general the results  obtained were as follotvs: 
(a) For the  main  control  structure t o  be built  out Iron1 the  (;anadian  shore, a nlininlum 

length 0 1  1,550 feet w o u l d  he necessary to  keep the Pool at  the  same levels as exist at  present for 
the same river  flow,  which is the  requirenlent  stated in paragraph fi(i (a)  and w o u l d  be sufficient 
to permit  the flow  over the 1~alls  to  be  changed From 100,000 to  50,000  cubic feet per  second,  and 
vice versa, without  a  cllange in  Pool  level  which is the  requirement  stated in paragraph 66 (c) . 

(I))  Although  not necessary  for Pool c:ontrol, a  structure some 450 feet in  length  near 
tlle IJnited States  shore  composed  entirely of gates without  intervening  piers was found  to  be of 
some  value in controlling  the flow into tlle channel  leading to the  American Falls,  especially at 
high  river flows. However, i t  was concluded  that  the cost would  be  out  of  proportion  to  the 
resulting  Ixnefits  and  that this feature  did  not  warrant  further  consideration. 

76. MODEL STUDIES OF REMEDIAL  WORKS I N  (:ASCADES. - In  an effort  to  find  successful  remedial 
schemes utilizing  submerged  weirs, 11 different  designs were  tested in  the Cascades above  the  flanks 
of the  Horseshoe  Falls,  some  with weirs alone  and some with  weirs  in  combination  with  excavation. 
Also srhenles  involving  excavation  without  weirs  were  developed  and  tested. I n  general,  the tests 
cotnnlenced with snlall amounts of excavation and these  were  progressively  increased  llrltil the 
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TIMING  AND ALLOCATION OF TASK OF CONSTRUCTION OF 
PROPOSED REMEDIAL WORKS 

92. 'TIMING 01; KEhlEDIAt. WOKKS C O N S I R U C T I O N .  - Two periods have  been defined in  this 
report wi th  respect  to  the inc:reased power  diversions  permitted by the 1950 'Treaty. These have 
been designated  the  "intermediate  period" m d  the  "future  period"  and  are  defined  in Section I11 
of the report. In tlle intermediate  period,  the new diversions  would be confined to those  utilized 
by  the  Sir  Adam  Heck-Niagara  (;encrating  Station No. 2, now  under  construction,  while  in  the 
future  period  the new diversions  would  include also those  utilized by the  proposed  Conners  Island- 
Lewiston  plant. The new  Sir  Adam Beck plant is sc:heduled t o  begin  delivering  power  in 1954 
and  be  fully  completed by the  end of 1955 or  early in  1956. T h e  proposed  plan of remedial works 
is designed  for  the  future  period,  when  all  permissible  diversion will be fully  utilized. I t  was 
established  in  this  investigation that. o f  the 1,550  feet of control  structure  required  in  the  Chippawa- 
Grass  Island Pool  for the future  period,  1,200  feet  would  be  sufficient for the necessary regulation 
in  the  intermediate  period. 

93. T h e  1km-d wishes to ernpllasize the  urgency of  commencing  construction of the control 
structure a t  tlle earliest  possible  date. T h e  1950 Treaty provides  that  the  recommended  remedial 
works shall be  completed  within  lour years after  the  date  upon which Canada  and  the  lJnited 
States o f  America  shall  have  approved  the  recommendations of the  International  Joint Commission 
a s  t o  the nature  and design of remedial works. I t  is the opinion o f  the 1Soard that  the  remedial 
works can be completed  within tlle four year period.  Diversions of water lor power  are now 
governed I)y the  terms o f  the 1950 Treaty. W i t h o u t  the  control  structure  or  equivalent, effect From 
temporary  construction  works,  the level ol Cllippawa-Grass  Island Pool will be lowered by increased 
diversions with respect  to  present  relationship  between  total  river flow and the level of the Pool,  
with  c:onsequent impairment 01' the appearance of the American Falls. The lowering o f  the 
(:llipl"'~"a-(;rass  Island P o o l  will also  increase current \relocities and reduce  depths for navigation 
i n  the  river al)ove the Falls. I t  is tlle 23oard's opinion  that  the  schedule for construction of the 
c.oatro1 structure sllould I)e co-ordinated  with  the  increasing  diversions s o  as to reduce t o  21 

~ n i n i n ~ u m  any  ;dverse effects of tllesc  increased  diversions. T o  do this, it is necessary that con- 
struction o f  tlle control  structw-e ?)e colnnlen(:ed at  the  earliest  practicahle  date  in  order t.o meet 
the sclledule for increased  diversions. I n  addition, b y  an  early  start,  advantage may be taken o f  
construction plant and facilities now available adjacent to this  site, thus assuring  efficient a n d  
econolnic;ll constrwtion. I t  is also the 1)oartl's opinion  that whcn the  construction o f  the 1200 
linear feet o f  control str1lc:turc required for the intermediate  period  nears  completion,  consider- 
ation nl;ty be given to deferring  completion o f  the structure t o  its  ultimate  length  until the dates 
0 1 '  incre;lsed IJnited  States  diversions are known. 7'he I3oard is 01' the further  opinion  that :i more 
precise tietermination o f  tlle ultimate  length of the  control  structure sllould be based on  operating 
experience w i t h  completed increments o f  the  structure. 

94. 7'11e remedial works in tlle (:;lsc;des, that is, tlle excavations and fills, are required 
tIrll,ing tllc internletlintc  period to  enable tlle additional power diversions  autllorizetl b y  tlle 1950 
'1're;lty 1 0  Ijc lltilized  witllout ;Itlvc.rsely affecting  the scenic heauty o f  the  Horseshoe Falls. Wit11 
tllc. cxp:.(.tcd  tlivet-sions during tllc intermediate  period as set forth  in  paragraph 42, a Falls f l o w  
0 1  ~ 0 0 , 0 0 0  cubic I'ect per second, tllc nlinimunl F l o w  permitted i n  the daytime tollrist season b y  
tile .['reacy, w o u l d  occur [ ' o r  !)2 pelx'ent 01' the  tourist se;uon d a y s  and r v o u l d  be exceeded 
rIt1ring tlle renlaining eigllt pelxxmt. ?l'lle Ininirntun Falls f l o w  o f  50,000  c.ul)ic  feet  per second 
r v ~ r l l d  (>(.cur f ( r  1 f i  percent 01' the norl-tourist season and tourist season nights a n d  w o u l d  I)e 
ex(ye&d for  84 percent o f  the  time.  Since  it would be advisable  that o n l y  one o l '  the  excavations 
I)c ~ln(lcl. ~ ; l y  a t  one time  and si11c.e e x h  w o u l d  require one construction  year,  the work should 
cotnnlence a s  soon a s  pr:rctic;ll>le. 



S E C T I O N  V I  

DESCRIPTION OF PROPOSED PLAN OF REMEDIAL WORKS 

80.  ( : E I I P P A w A - ( ; K A s s  I S I A N I )  1'001, C:ONTKOI,  S 'IXUCIXJRE.  - T h e  location of the  proposed 
structure is shown  in  general on  Plate .!I and  in  detail  on  Plate 6. ?'he structure  would  extend  out 
lrom the <;anadian shore solne  1,550 l'eeL into  the  river o n  a line  parallel with the present s u b  
merged  weir and 200 to 250 feet  downstream  therefrom.  With  the  exception of an approach f i l l  
adjac.ent  to  the Canadi;~n shore, the  strwure would  consist entirely o f  piers  and mova1)le control 
g;1tes. 

X I .  On Plate 6 is sl lown thc  general  arrangenlent o f  the  control  structure  tested in the  models 
and  considered desira1)le by the  I<oard. Sllown  on the  plate are thirteen 100-foot  wide  sluices, the 
mininlum  width considerecl desirahle in  passing ice during ice runs.  However, i t  is the  total  length 
o f  strwturc  rather  than tlle  partic:ular  sluice widths  that  governs  the tleg-ree o f  Pool control  that 
(.an ?)e obtained. The  final  selection o f  s1uic.e and  pier  widths will be governed by economic  and 
structural  considcrations when the structure is designed  in  detail. Four types of gates for the 
rontrol structure were investiplted by the  Board,  and  while each has its  individual  merits,  the 
"I~ascule" type,  whicll  lowers t o  open, is considered  functionally  most  suitable  to  the  conditions 
peculiar  to tlle Niagara  Kiver,  and is the  type  shown  on  Plate 6 and covered b y  the  estimates in 
paragrapll 86. The  other  three types  investigated  are  shown on Plate 1-1, Appendix J. I t  is the 
opinion ol' the Board that a service  deck spanning  the  piers is essential For access, operation  and 
maintenance. For aesthetic: considerations,  the  operating  machinery  should  be enclosed in  the 
piers  and  the service  deck might  take  the  form o f  a series of flat arches. I t  is c:ontemplated  that 
h i s  structure  would be constructed in  stages,  each including as many  complete sluices as could 
he built  in  one  construction season. [Jnwatering  would be necessary for each  stage but cofferdams 
w o u l d  be  conlined  to  one  stage  at a time. 

82. EXCAVATION I N  CASCADES u P s n w A h 1  FROM C A N A D I A N  F L A N K .  - This excavation  would  lie 
in the Horseshoe C:ascades in the  area  upstream  from  the  Canadian  flank.  Its  purpose  would be 
t o  tap  the  deep  stream  that  flow  down  the  Chnadian side oE the Gascades. and  divert flow to  the 
Canadian  flank  in  quantities adec111ate to  preserve  the  spectacle under all future  conditions. T h e  
extent  and  grade o f  the  excavation  are  shown  in  detail  on  Plate 7, the  estimated  quantity  involved 
being  some  64,000  cubic  yards of rock. On Plate 7 is shown  the  location o f  the  cofierdam  found 
necessary on  the  rnodels t o  dewater tlle area and  enable  the  excavation  to be performed  in  the  dry. 

83.  C ~ N A D I A N  F L A N K  CKEST FILL. - As shown on  Plate 7, the  crest fill o f  100 feet  on tlre 
<:anatlian  flank  adjacent t(J the Canadian  shore  would  extend  upstream about  100 feet where i t  
w o u l d  merge  with  the  present  shoreline. I t  is contemplated  that a concrete  retaining  wall,  faced 
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C O N C L U S I O N S   A N D   R E C O M M E N D A T I O N S  

96. C O N C I . U S I O N S .  - T h e  I3oard concludes  that  the  objectives for preservation  and  enllance- 
rnent of Niagara  Falls, as  set  forth  in the 1950 Treaty, can  best  be  accomplished by the construc- 
tion o f  a  control  structure  at  the  head of the Cascades and by construction of remedial works on 
the  flanks of the  Horseshoe Falls o f  the nature  and  extent  described  in Section VI of this report. 
N o  lesser plan  would be adequate. 

97. I he  c.onstruc.tion costs o f  tllese works are  estimated  to  total  $17,536,000,  at  July 1052 con- 
struction c o s t  levels. T h e  subdivision of this total  amount  among  the  various  items is given i n  
Section V I  and in detail i n  Appendix J. T h e  annual cost oE operation  and  maintenance is estirnated 
t o  be  approximately  $100,000. 

98. K E C ~ M  M E N D A I I O N S .  - 
(a) T h e  Board  recommends tlle construction of remedial works  shown  in general  on 

Plate 3 ;md in detail  on  Plates 6 a11d 7 and  described  in  Section VI o f  this  report  with  such  minor 
~~~odil ' ications a s  arc  deemed  advisable a t  the  time o f  construction. 

(1)) T h e  h a r d  strongly  recornmends  that  the  construction o f  the  remedial works  in the 
<:asc:ades ahove  the  Horseshoe Falls, and  the  Chippawa-Grass  Island Pool control  structure  he 
started  without  delay. 

( c )  T h e  Board  recommends  that  the task of construction  be  divided  between  the two 
countries on the basis that each  c:ountry would  construct,  generally,  those  portions of the work that 
lie  within  their  national  lmundaries.  On  this basis, the  IJnited States would  construct tlle  excavation 
and crest fill on  the  Goat  Island  flank of' the  Horseshoe Falls (including  the  small  amount of 
excavation on the  Canadian  side of the  boundary) , while  Canada  would  construct  the  excavation 
and crest f i l l  on  the  Canadian  flank of the  Horseshoe Falls and also the  Cllippawa-Grass  Island 
Pool  control  structure. 

INTERNA'I'IONAI.  NIACARA  FALLS  ENGINEERIN<; LSOARL): 

T .  M. PAT1'E:RSON 

Assistant Chief, JYater  Resources  Division, 
1)epartnlent o f  Kesources and Develop- 
ment,  Ottawa,  Canada. 

(,'anadinn M e m  brr 

CX>LONEI, WENDI<I,I, P. TROWEK 

Division  Engineer,  (;reat  Lakes  Division, 
Corps o f  I: 4 n g' lneers. 

United States Member 
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89. T h e  design of the  control  structure is such that Falls Flows  of either  50,000  or 100,000 
cubic  feet  per  second as specified  in the 19.50 Treaty may be produced  expeditiously  at  any  time 
tl1roug.h the  full  range of Chippawa-Grass  Island Pool levels without  affecting  the level of the 
Pool,  thereby  making  available  for  power  purposes  the  maximum  amount of water. T h e  control 
structure sluices equipped  with pates  which  lower to  open can  be expected  to pass low and  normal 
runs of  ice while  maintaining  proposed Pool  levels, but in the  event of an  unusually heavy ice 
arun, i t  is envisaged that a11 sluices  would  remain fu l ly  open  during  the  run  to  minimize  any 
obstruction  to  the l'loes. During such  periods,  which  are  usually o f  short  duration,  the  normal 
regulation of the Pool would  be suspended as the safe  passage o f  ice is the  more  important 
consideration. 

00. T h e  proposed  plan of excavations and crest fills in the  Horseshoe Falls  Cascades would 
ensure  that  in  the  daytime o f  the  tourist  season,  when  a  minimum of 100,000 cubic  feet  per second 
is to  be  discharged  over  the Falls, an  unbroken  crestline  on  the  Horseshoe Falls would  extend  from 
shore  to  shore  and  the  intensity of flows on  the  flanks  would always be  sufficient  for  a  satisfactory 
scenic  spectacle  as  defined  in  paragraph 64. In  the  other  periods ot the  year,  when a Falls  flow 
as  low as 50,000  cubic feet per  second is permitted by the I950 Treaty, these  works would  ensure 
that  an  unbroken  crestline  would always exist,  and  that  the  intensity o f  flow would  be  such  that  an 
impressive  spectacle  would  result. Jn  Plates 8, 9, and 10 are shown the  expected  distributions of 
flow along  the  crest o f  the  Horseshoe Falls  for both these periods  under  minimum,  average,  and 
maximum  river flows,  respectively. These plates  also show the  distributions tflat would  exist if 
no  remedial works  were provided. It will  be noted  that  the  llow over the  Horseshoe Falls is larger 
for  the  minimum  river flow than for the  maxinlum  river flow. T h i s  is due t o  the  regulation of 
the Pool level resulting  in  an  increase  in flow  over the  American Falls and  a  corresponding  re- 
duction  in  the  Horseshoe Falls flow. The increasing of the flow over the flanks of the  Horseshoe 
Falls by the  diversion of water  from  the  deep  channels  emptying  into  the  central  portion of the 
Horseshoe  will  reduce  the  rate of recession in  the  central  portion. 

91. T h e  Board  considers  that  the  results  to  be  expected  from its proposed  remedial works 
1s described  in  paragraphs 88 to 90  inclusive  will  fulfill  the  objectives  set  forth in paragraph 63. 
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!)5. :\I,I,OC:AITON OF 'I'ASK o~ C O N S I ' K U C : T I ~ N .  - I t  is the opinion o f  tlle Board that,  in  general, 
the Inost s;rtisl;lctory division of the work w o u l d  be lor each comtry  to assume  the  construction of 
that  portion 0 1  tllc  proposed  rerncdial works that. w i l l  lie  \vithin its own  national  boundaries. 
Because two o f  the main  items will lie wllolly within (:ana& and  one, tile excavation  on  the Goat 
Island [lank, will lie almost  entirely on tlle IJnited States side o f  the boundary and will be 
;Ic.cessil,le o n l y  from t h a t  side, i t  is recornmended  that  tlle task 01 c-onstmction be divided as follows: 

(a) Work t o  t)c done hy (hnada:  

( I )  (hlstruction of the complete Chippawa-(;rass Island Pool control  structure, 
including  all necessary rofferdams. 

(2) (:onstruc:tion o f  the  flank  excavation  in the Horscslloe Falls Cascades adjacent 
t o  the Canadian shore, including tlle necessary cwft'erdams and  inclttding also the 100- 
l o o t  crest f i l l  on the (:madim end o f  the Horseshoe Falls crest. 

(11) FVork to  be  done by the  lJnited States: 

(1) Construction oE the  flank  excavation  in  the  Horseshoe Falls  Cascades adjacent 
to Goat Island,  including  the necessary cdferdams,  and  including also the 300-foot cresf 
Fill adjacent  to (;oat Islavcl. 
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PRESERVATION AND ENHANCEMENT 
OF NIAGARA FALLS 

H O R S E S H O E  FALLS 
C R E S T  FLOW D l S T R l B U T l O N  
200,000 C F S  RIVER FLOW 

INTERNATlONAL  NIAGARA  FALLS  ENGINEERING BOARD 

NOTE:-All  data shown are means 
of measurements of same test on 
lslington and Vicksburg models. 

To accompany report dared I March 1953 
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NOTE:-All  data shown are means 
of measurements of same test on 
Islington and  Vicksburg models. 
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7 .  I n  199 I additional  nleasurements ol discllarge were made by the 1J.S. Lake Survey a t  a 
new section  estahlislled ;IS the “I5lack Rock  Section”  in  the  general  vicinity o f  the “Open  Section”. 
T h e  1J.S. Lake Survey Inade 141 nleasurenlents ol the f l o w  at  the “lllack Rock Section”  covering 
a  range  in  stage at I Z u f F a l o  Iron1 570.23 feet t o  572.50 feet. The  1J.S. 1,ake Survey also made 14 
measurements at  the  “Split  Section”  in 19.31, T h e  measurements at the “Split  Section”  and “I5lack 
Rock Section” are shown in Tables A-I, A-2 and A-3. Additional  lneasurernents of discharge  were 
tnade  in ,June and  July 1952 by the 1J.S. Lake Survey  in the general  vicinity of the “Open Section”, 
which  conlirm  tlle  present  Niagara Ri\,er discllargc  equation ( 1 )  given  in paragraph 8 below. Final 
analysis and results O F  these n1e;lsuretnents were not  completed i n  time lor inclusion  in  this  report. 

T A B L E  A - 1  
DISCHARGE  MEASUREMENTS  AT  “SPLIT  SECTION“ - CANADIAN  CHANNEL 

MEASUREMENT  WATER  SURFACE  ELEVATION (1) 
MEASURED 

Buffalo  International  DISCHARGE 
No. Date, 1931 ft.  Bridge,  ft.  CFS 

1 Sept.  21 571.38 566.32 102,490 
2 Sept.  21 571.21 566.23 100,659 
3 Sept.  21 571.36 566.28 102,858 
4 Sept.  23 571.26 566.27 100,560 
5 Sept.  23 571.07 566.16 97,614 
6 Sept.  23 570.96 566.04 97,813 
7 Sept.  25 571.12 566.10 100,560 
8 Sept. 25 570.86 566.00 96,910 
9 Sept. 25 570.91 565.94 96,908 

10  Sept. 25 571.16 566.03 97,471 
11 Sept. 29 571.M 566.14 98,867 
12  Sept. 29 571.22 566.18 99,758 
1 3 Sept. 29 571.21 566.18 100,932 
14  Sept. 29 571.29 566.22 100,714 

(1) U.S.L.S. 1935 Datum 
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A P P E N D I X  A 

FLOW AND HYDRAULIC CONDITIONS IN  THE NIAGARA 

C O N T E N T S  
Subject  Paragraph 

L I S T  O F  T A B L E S  

Title 
1)ISCHAKGE %lI.:ASIJREhlEN'IS A'l' "sPI.I'1 SECIION" - 

C A N A D I A N  (:HANNEI.  . . . . . . . . . . . . . . . 

1)ISCHAKGE 51 EASUREMENI'S A T  "SPLIT SECTION" - 
AMEKICAN <:HANNEI,  . . . . . . . . . . . . , . . . . . . . . . . . 

1!)8 1 DISCHARGE  h lEASUKEMENI'S  AT "1ZLACK ROCK SEC.1'ION'' 

<:HICAW SANITAKY A N D  SHIP CANAL - 
MEAN MON'I'HL\' A N D  YEAK1.Y DIVERSIONS . . . .  . . ...... 

W E I > I . A N D  (:ANAI> - MEAN  YEAKLY DIVERSIONS - 
1860 'ro 1926 . . . , . . . . , . . . . . . . . . . . . . , 

WF,I,I.AND (:ANAL - X1E:AN MON'1HI.Y A N D  

YEARI.Y DIVEKSIONS - 1927 1-0 I95 1 . . . . . . . . .  . 

MEAN MOIV'IHI.1. DIVEKSIONS FROM HUDSON 13AY 
DKAINAGE BASIN . .  . . . . . . . . . . . . . . . . 

MoN.I-HI.\. 11EAN DECREASE I N  F I . 0 W  OF NIAGARA R I V E R  

DUE ' I O  DIVEKSIONS  ABOVE  kIEAD OF KIVEK . . . .  . .  . . .  

MONTHI,Y \ lEAN  DIVEKSIONS I'KOM NIAGAKA RIVEK 
HE'TWELN 1.13 IiEAD A S D  NIAGAKA FAI.LS , . . .  . . . .  . .  . .  

SIIMMAK). 01; DJSCIIAKGE DATA - 
NIAGAKA RIVEK NONTHLY MEANS . . . .  . . . . . . .  . . .  . . . .  . . . .  

DURATION o~ ~ 1 , o w  OVEK FALLS , . ,  . . .  , . . . .  . . . .  . .  . . . . . . . . .  

53 

RIVER 

Page 
55 
55 
56 
57 
58 
59 
5 9 
60 
60 
6 2 
62 

67 
73 
77 
7 8  

Page 

5 6 

57 
57 

59 

6 1 

6 1 

6 2 

6 3 

67 

74 
79 



58 A P P E N D I X  A 

11. I t  can be seen by r.onlp;lring Eq. ( 3 )  with Eqs. (2) , (4) and ( 5 )  . that  the  change in 
stage at tlle ISuffalo gauge for ;I given  change  in  discharge is not ;IS large as ;It  the gZ7llgeS i n  the 
Maid-of-the-Mist Pool and  the IVltirlpool.  Chuges  in  the Chippaw-Grass  Island Pool are rarely 
used  for determining  the flow o f  the river,  particularly  since  the  water level here is affected by 
changes  in  the power diversions.  IVhenever  there is an ice jam  at 13uffalo, the stage-discharge 
relationship at Buffalo is disturbed  and I<qs. ( 1 )  and ( 5 )  w i l l  not shorv the  correct discl~arge. 
The water level near the lower end of the  Maid-of-the-Mist Pool is not affected by ice except 
for a few minutes a t  a time when large masses o f  ice are  moving  downstream From the Pool. 
B y  neglecting  these  cllaracteristic  short,  sharp  peaks  whenever tlley occur, tlle Morrison  and 3A 
gauges, Eqs. (2) and (4) , give reliahle  records during the  winter as well as the summer. I n  
1909 the ice jam in the lower river  extended upstream to  the  JVhirlpool,  and  in 1925 it came 
lvitllin I ~ l f  ;I mile o f  the \Vhirlpool but  except for such exceptional c.ases, the \Vhirlpool  gauge, 
E q .  ( ~ 5 )  gives ;I reliable record o f  discharge both winter and sumIner. 



PRESERVATION AND ENHANCEMENT OF NIAGARA FALLS 

A P P E N D I X  A 

FLOW AND HYDRAULIC CONDITIONS IN THE NIAGARA RIVER 

1. S(:orx - This  appendix is concerned wit11 tlle rliscllar-ge o f  the Niagara  River ;rnd a l l  
diversions  from  and  into  the  river al)ove N i a p r a  Falls. Records o f  f l o w  a t  tllc Falls, both as it 
occurred  and a s  it w o 1 1 1 d  have  been  in  nature,  were synthesized l ' r o m  existing  gauging  records 
and  records o f  power  diversions.  Duration  curves for tlle flow o f  the Falls and  (hscades  for 
conditions  prior t o  the  efl'ective  date of tlle 1!)50 Treaty  and  under  certain future conditions 
of development  under  the  terms o f  the  Treaty were prepared and are included  in  this  appendix. 

S .  1,ake Erie  is  the  initial pool and  the  elevation o f  the water a t  the  gauge in 1)uft'alo Harbour 
is the main  factor  in  determining  the  :mount o f  water  that will f l o w  down  the  river  and  this,  in 
turn,  detcrmines  the  elevation o f  the  water  at the gauges in  the  lower pools. Over a long  period, 
the  elevation o f  the water  in L,ake Erie  and  the I ' l o w  of the Niagara  Kiver depend  upon tlle amormt 
o f  surplus  water  available,  that is, upon  the excess o f  runoff  into the lake  from all sources  over  the 
losses by  e\zaporation and  the  amount o f  water  diverted from the lake  and  river. T h e  an~oun t  of 
this surplus varies from season to season and  from year t o  year. I t  reaches a I I I ~ X ~ I T ~ I I I ~  each  year 
some time  during  June  or  July  and  drops to a  rninirnum  during  the  winter. l h e  actual  quantities 
vary f r o m  year to  year,  though  usually  the  swing  lrom  high to  l o w ,  and vice versa, is gradual  and 
extends  over several  years  hecause of tlle  great  storage  capacity 01 the  upper lakes. 

4. However,  the flow o f  the N i a p r a  River- at  any given instant  depends,  not  upon  the 
average  elevation o f  Lake Erie, but  upon  the  elevation  at  the IZufFalo end o f  the  lake. T h u s  upon 
the seasonal variations  mentioned  above,  there  are  superimposed  variations  in  river flow due  to 
the  Fluctuation a t  1~11Ffalo ahove and tlelow the  mean  lake  level. 'I'hese fluctuations  are caused 
mainly by variations  in  tlle velocity and  direction o f  the  wind  and by  clil'ferences in  the  barometric 
pressures  over  the  lake.  During a severe storm  the water may  rise or tall several  feet at Buffalo 
within ;1 few hours  and  this causes a cwrresponding  increase or decrease in the f l o w  O F  the river. 
However,  during  periods 01 fair  weather,  the  fluctuations arc srn;~ll and after  every  storm the 
fl1lctuations  tend  to  diminish  and  die out .  

5. 12ecause o f  the  relatively small amount 01' fall from 1,ake Erie t o  tlle  foot ol Squaw Island 
near I%lack Rock, the rock ledge  at the head 01' tlle river  functions ;IS 21 sr1l)merged weir: the dis- 
charge is (:ontrolled  mainly b y  the  Ileadwatcr  elevation ;IS recorded  at  the 1Zuffalo gauge but  it 
is influenced t o  some  extent by the tailwater elevation as rec:orded a t  IZlack Rock *luge. Tempor- 
ary  changes  in  elevation  at ISlack Rock  above  or helow tlle  elevation that is  norrnal  for  any  given 
river  discharge  may  he  caused by sudden  fluctuations  in  discllargr.  Permanent  changes rnay 1)e 
caused b y  dredging  or  other  artificial cllang-es in  thc  river  bed  in  the  section o f  river  between 
1)lac.k Rock and  the lower end o f  the C:hippawa-<;rass Island Pool, such as the  construction o f  
intakes  for power plants.  Semi-permanent cllangcs  may 1)e caused by changes  in  the power diversions 
in the P o o l .  The weirs a t  a l l  the other pools function as ordinary  hroad-crested weirs and  are  not 
affected by the  elevation o f  the  tailwater. 

55 
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16. NEW YORK SI.ATE  CA.KAI,S. - T h e  diversion o f  water b y  the New  York State  Canals 
began  in 182<5, at rvllic.11 time  water was taken at Uird Island  opposite  the foot of Porter  Avenue, 
1 3 u f I ' a l o .  N.Y.,  at a point  where  the  river surl'ace  has a n  elevation  ahout 0.6 foot  lower than  Lake 
Erie. T h e  water was carried b y  a canal to  Tonawanda  where i t  joined  the  canalized  section of 
Tonarvnnda  Creek. T h i s  diversion was ultimately  discharged into  Lake  Ontario  at  various  points. 
Between 1836 and 1862, the  canal was rvidened and  deepened,  and  larger locks  were provided.  In 
1869-70, the  Bird  Island  pier rvhich separated  the  original  canal f r o m  the  Niagara  River was 
extended  upstream as far as Hudson  Street,  and  in 1892 a  further  extension o f  90.0 feet brought 
i t  t o  hlaryland  Street.  Here  the  water is practically  at  the  elevation of the  lake. T h e  New York 
State  Barge  Canal  project was adopted  in 1903 and  completed  in 1918.  Since that  time  the  diversion 
has been  taken  from  the  Niagara  River at Tonawanda. N o  records of diversion  are  kept. Based 
on several flow measurements  made  in  the  period 1923 to 1927, i t  is estimated  that  the  amount 
of diversion  during the navigation  and  winter seasons is 1,100 cfs and 700 cfs, respectively,  exclusive 
of 275 cFs diverted  for  power up  to  October 1928. T h e  estimated  monthly  diversion  from  Niagara 
River  from 1860 to 1917, inclusive, is given  in Table 1, Appendix F of the 1928 report;  from 
1918 to 1926, inclusive, the  monthly  diversion is given in  Table 2,  Appendix I; of the  same  report; 
and  from 1927 to 1951, inclusive,  the  monthly  diversion is given in Table A-9 of this  present  report. 

17. W E L L A N D  C A N A L .  - T h e  original  IVelland  Canal was built  in 1829 between  Port  Dal- 
housie  on  Lake  Ontario,  and  Port  Robinson  on  the  Welland  River.  This  canal  in  conjunction 
with  the  Welland  and  Niagara  Rivers  furnished  the  first  complete  navigation  between  Lake  Erie 
and  Lake  Ontario. The  summit level  which was about  8  feet  higher  than  Lake  Erie was supplied 
through  a  feeder  canal  from  the  Grand  River,  a  tributary of Lake  Erie,  the  river  being  dammed 
at  Dunnville for that  purpose. T h e  canal was extended  and  deepened several  times during  the 
next  50 years and  in 1881 the  summit  reach was lowered  to  Lake  Erie  level. This  marked  the  begin- 
ning o E  diversion o f  water  via the  Welland  Canal  directly  from  Lake  Erie. A portion o f  this 
diversion is used  for  power development  at DeCerv Falls. Table A-5 shows the  mean yearly diversion 
from  the  Niagara  River  and  Lake  Erie  through  the FVelland Canal for the  period 1860 to 1926, 
inclusive,  and  the  mean  monthly  and  mean yearly diversions  from 1927 to 1951,  inclusive,  are  shown 
in Tahle A-6. These  data  do  not  include  about 300 second-feet  diverted  from Lakc Erie  and 
discharged  into  the  Welland  River  which is tributary to Niagara  River,  a  short  distance  above  the 
Falls. 
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T A B L E   A - 2  
DISCHARGE  MEASUREMENTS  AT  "SPLIT  SECTION" - AMERICAN  CHANNEL 

MEASUREMENT  WATER  SURFACE  ELEVATION ( 1 )  
- MEASURED 
Buffalo,  International  DISCHARGE 

No. Date, 1931 ft.   Bridge,  ft.   CFS 

1 Sept. 22 571.52 566.43 77,131 
2 Sept. 22 571.81 566.58 77,636 
3 Sept. 24 571.03 566.28 67,435 
4 Sept. 24 571.47 566.30 73,731 
5 Sept.  24 571.44 566.33 73,295 

7 Sept. 28 571.03 566.04 71,543 

9 Sept. 30 571.04 566.09 70,915 
10 Sept. 30 571.18 566.13 72,818 
11 Sept. 30 571.25 566.17 72,821 
12  Sept.  30 571.19 566.17 72,858 

6 Sept. 28 571.02 566.07 70,465 

8 Sept.  28 571.14 566.09 71,077 

13 Oct. 1 571.70 566.78 74,779 
14 Oct. 1 571.28 566.52 71,748 
(1) U.S.L.S. 1935 Datum 

T A B L E   A - 3  
1931 DISCHARGE  MEASUREMENTS  AT  "BLACK ROCK SECTION" 

~~ 

Fall   to  ~- 
Number  Water  surface  International  Black  Measured 

of elevation  Bridge Rock discharge 
Measurements  Buffalo, ft. ( 1 )  Ft. Ft. cf s 

5 
6 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
6 
4 

572.33 
571.94 
571.80 
571.69 
571.62 
571.56 
571.48 
571.39 
571.34 
571.21 
571.07 
570.91 
570.80 
570.73 
570.60 
570.39 

5.23 
5.20 
5.15 
5.17 
5.11 
5.07 
5.07 
5.08 
5.04 
5.03 
4.98 
4.97 
4.96 
4.93 
4.87 
4.92 

5.18 
5.15 
5.10 
5.13 
5.07 
5.03 
5.03 
5.04 
5.00 
4.99 
4.94 
4.93 
4.92 
4.89 
4.83 
4.88 

199,700 
191,200 
187,700 
185,000 
183,200 
183,300 
181,100 
179,000 
178,800 
176,600 
174,300 
170,700 
169,200 
166,600 
164,500 
160,600 

( I )  U.S.L.S. 1935 Datum 

QM = 768 (Morr. - SOl.10) 3~ . .  . . . . (2) 
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18. I)LvE:KsIoN IN?'o GREAT L A K E S .  - L)iversions into h k e  Superior  from  the  Hudson ISay 
drainage  hasin via the  Long 1,ake Project  commenced  in 1939 and via the  Ogoki  project  in 1943. 
Measurements o f  these  diversions  are  made  at  or  near  the  divide  between  the  Hudson Bay and 
Great I.akes drainage basins. In  the case of the  Ogoki  diversion,  the  water is retained  in  Lake 
Nipigon  until  required  for  generation of power in  Nipigon  River  and the monthly  variation  in  the 
oatI'low From Lake  Nipigon is fairly well equalized  throughout  the year. A similar  equalization 
occurs i n  the  Long  Lake  project wllere the water is used at  a  power  development  on  Aguasabon 
River. T h e  mean  monthly  and yearly recorded  diversions  arc  given  in  Table A-7. 

T A B L E  A - 7  
MEAN  MONTHLY  DIVERSIONS  FROM  HUDSON  BAY  DRAINAGE  BASIN  IN  C.F.S. 

Year  Jan.  Feb.  Mar. Apr. May June Ju ly  Aug. Sept. Oct. Nov. Dec. Mean 

1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 

0 
212 

1,235 
1,466 
3,978 
2,882 
3,312 
5,075 
3,550 
3,705 
5,025 
4,755 

0 
723 
939 

1,143 
3,384 
2,052 
2,872 
3,990 
2,835 
3,435 
4,420 
3,725 

0 
612 
725 
866 

2,663 
1,937 
2,785 
2,950 
2,165 
3,515 
3,875 
3,065 

0 
668 
724 
705 

2,439 
2,574 
3,777 
2,425 
2,560 
4,855 
3,470 
2,550 

578 
1,489 
1,780 
1,607 
4,663 
3,608 

10,061 
7,635 
8,200 

10,265 
8,930 
4,645 

847 
1,621 
2,307 
2,281 
8,026 
7,113 

12,484 
8,500 
9,315 

10,430 
2,290 
2,970 

105 
1,122 
1,402 
1,927 
3,152 
7,362 
8,696 

10,627 
9,845 
9,075 
5,435 
2,315 
3,575 

365 
1,281 
1,216 
1,607 
4,209 
2,962 
6,388 
5,652 
5,180 
7,590 
4,745 
2,115 
4,700 

369 
881 

1,288 
1,270 
5,053 
2,317 
3,767 
3,807 
4,950 
4,565 
3,610 
6,985 
3,980 

190 
0 

1,205 
550 

5,468 
3,837 
3,733 
4,669 
4,035 
3,335 
3,645 
3,550 
7,575 

0 
0 

1,737 
2,092 
5,316 
2,816 
3,980 
7,351 
3,390 
3,330 
4,595 
6,845 
7,540 

0 
0 

1,550 
1,876 
4,530 
2,563 
3,697 
7,287 
3,720 
4,700 
4,940 
6,665 
9,440 

171 
392 

1,144 
1,419 
2,983 
3,917 
4,202 
6,224 
5,141 
5,102 
5,265 
4,706 
4,877 

10. EFFECT OF DIVERSIONS ABOVE THE HEAD OF NIACARA  RIVER. - The diversion of Water 
I'rom or  into  the  Great Lakes  above  Niagara  River  does  not  produce a simultaneous  and  equal 
change  in  the flow of N i a p r a  River. Because of  the  large  storage  area  in  Lakes  SuperioT, 
Michigan, Huron  and  Erie,  many  months  must elapse  before  the  full  effect of the  diversion 
appears in  the  Niagara  River. T h e  effect on the flow of Niagara  River of diversions  through  the 
Chicago  Sanitary  and  Ship  Canal,  the  Welland  Canal,  and  Long  Lake-Ogoki was determined 
in  a  n~anner  similar  to  that  described  in  the 1928 report,  Appendix I' for  the  Chicago  Sanitary 
and  Ship  Canal. The Long  Lake-Ogoki  diversion was treated as a  diversion  directly  into Lakes 
Huron-Michigan. No  appreciable  error is introduced by this  assumption as diversions  into 
Lake  Superior  are passed down  to  Lake  Huron  in  a  comparatively  short  time  and  with  little 
modification due  to  the  regulation of the levels of Lake  Superior. T h e  mean  monthly effect 
in  the flow of Niagara  River  due  to each of the  diversions  for  the  period 1860 through 1926 is 
given  in Table 1, Appendix F, of the 1928 report,  and  for  the  period 1927 to 1951 is given in 
Table A-8  below. 
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14. ILLINOIS A N D  MICHIGAN  GAPV'AL. - T h e  Illinois  and  Michigan  Canal  extended  from  the 
South 1Sranch of the  Chicago  River  at  Chicago,  southwesterly to LaSalle  where  it  entered  the 
[llinois  River. This  canal was completed  in 1848 and was used to  supply  water  needed  for  oper- 
ating locks and  serving  other  needs of navigation. Soon after  the  opening of the canal  it was 
found  that  the  operation o f  the lift wheel,  pumping  water  from  the  Chicago  River  into  the  summit 
level, was causing  sufficient  current  in  the  South  lh-anch o f  the  Chicago  River  to  make  the  water 
perceptibly cleaner. T h i s  led to  an  arrangement  with  the  Canal <:ornrnissioners in 1865 by which  it 
was agreed t o  pump water from  the  river  at  certain  times  for  the  relief of the  City  from  the  serious 
nuisance of a badly  contaminated  river. The  pumping was done chiefly  in the  summer  and  early 
fall  when river  conditions  were  at  their  worst.  This  canal has fallen  into  disuse  and  poor  repair 
and has fleen abandoned.  The  diversion o f  water  through  the  canal ceased in 1910, and since  that 
time such water as  has been used in  certain  sections of the canal has been  part of the  diversion 
through  the  Chicago  Sanitary  Canal. 

15. < : t ~ I ( : , u ; o  SANITAII~ .  ANI)  S H I P  <:ANAI..  - T h e  <:hicago  Sanitary and  Ship (:anal  forms t h e  
connection  between  the  Chicago  River  and  the Des Plaines  River  and is a portion of the  Illinois 
Llraterway connecting L,ake Michigan  and  the  Missisippi  River. T h e  flow of water in  the  canal 
is (:ontrolled by a bear  trap  dam  and a g-ro~~p oE sluice  gates  on  the  northwest  side of the  canal 
at  Lockport,  Illinois.  This  canal has been  in  continuous use  since 1900. The  annual average 
diversion  from  the  Lake  Michigan  watershed  through  the  Chicago  Sanitary  and  Ship  Canal is 
limited by the  decree of the CJnited States  Supreme Court dated 21 April 1930  to  1,500 cubic  feet 
per  second in addition  to  domestic  pumpage. T h e  mean  monthly  and yearly diversions  from 1900 
through 1926 are  shown in Appendix 1; of the 1928 report  and  from 1927 through 1951 are shown 
in Table A-4 o f  this present  report. 

T A B L E  A - 4  
CHICAGO SANITARY  AND  SHIP  CANAL-MEAN  MONTHLY  AND  YEARLY  DIVERSIONS  IN  C.F.S. 

Year  Jan.  Feb. Mar. Apr.  May  June  July  Aug.  Sept.  Oct. Nov. Dec. Mean 

1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 

1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 

1950 
1951 

8,520 7,850 
8,455 9,775 

10,105 10,170 

8,120 7,655 
7,745 7,910 

8,003 7,420 
7,120 6,820 
7.281 7.144 
81312 8i325 
6,256 6,597 
6.257 5.599 
6;388 7,359 
2,901 3,949 

2,930 2,766 
2,580 2,540 
2.734 3.447 
21478 21620 

2,915 2,852 
3,206 2,633 

2,846 2,886 
2,904 2,789 

2,474 2,380 
2,586 2,506 

2,500 2,551 
2,659 2,731 

10,005 10,005 
9,110 7,840 

7,790 6,470 

8,885 9,743 
7,575 7,565 
7,130 7,799 
7,660 8,195 
7,004 7,955 
8,235 8,375 
6,626 6,826 
5.437 6,305 
7;582 7,664 
3,169 2,695 

3,099 2,960 
2.832 2.732 
2;924 2,859 
2,742 2,672 
3,179 3,126 
2,746 3,449 
3,019 2,589 
2,877 4,011 

2,434 2,480 
3,096 2,361 

2,601 2,981 
2,695 2,976 

6,790 
10,055 

5,785 

8,200 
7,990 
8,190 
7,225 
8,413 
8,291 

5,815 
6,298 
2,605 

3,226 
3,590 

4,489 
3,077 

3,022 
3,907 
4,099 
3,064 
2,896 
3,436 
2,482 
3,185 

7,593 

6,555 
10,265 
10,035 

8,355 
8,500 

8,140 
8,545 
8,762 
8,214 
6,425 
6,724 
6,673 
4,211 

2,823 
3,958 
3,111 
3,696 
3,330 
3,690 
3,579 
3,474 
3,453 
4,132 

3,930 
3,765 

7,835 9,115 10,045 9,795 10,245 7,675 8,448 
10,020 10,325 10,060 10,045 10,310 10,235 9,963 
9,080 9,475 11,015 11,435 11,070 10,135 9,381 
8,195 10,370 
7,945 9,005 
7,735 8,645 
8,925 8,750 
8,710 8,700 
8,024 7,732 
7,002 7,086 
7,303 7,675 
6,509 6,729 
2,873 2,899 

3,571 3,876 
3,724 3,608 
3,285 3,547 
4,095 3,569 
3,278 3,316 
3,257 3,322 
3,774 3,516 

3,918  4,446 
2,930 3,986 

4.244 4,113 
4,053 3,990 
3,785  3,862 

8,915 
8,815 
8,865 
8,525 
8,657 
7,217 
7,193 
6,921 
7,222 
2,826 

3,093 
3,379 
3,733 
3,291 
3,081 

3,200 
3,201 

3,992 
2,967 

3,708 

3,750 
3,903 

7,420 
8,770 
8,835 

8,239 
7,690 

7,824 
5,887 
7,171 
5,501 
3,018 

3,159 
2,784 
2,841 
2,973 
3,136 
2,848 
2,653 

3,132 
2,600 

3,007 

2,951 
3,191 

7,160 7,235 
8,455 7,905 
8,300 8,105 
8,095 7,965 
8,266 8,365 

6,495 4,904 
8,752 7,734 

7,388 7,252 
5,852 5,460 
2,816 3,465 

2,800 *4,937 
2,270 3,279 
2,750 2,936 
2,310 2,321' 
3,346 2,993 
2,496 2.326 
2,713 2,256 
2,382 3,406 
2,475 2,821 
2,396 2,812 
2,397 3,088 
2,437 2,091 

8,357 
8,180 
8,098 

8,125 
7,960 

8,086 
6,574 
6,654 
6,603 
3,119 

3,270 
3,106 
3,103 
3,105 
3,137 
3,085 
3,095 
3,116 
3,140 
3,134 

3,106 
3,106 

:b The U.S. Supreme  Court  authorized  an  increase  in  diversicn  from  Lake  Michigan  watershed  from 1,500 C.F.S. 
to  10,000 C.F.S.  in  addition to  domestic  pumpage  for  one  continuous  period  from  an  appropriate  hour on Dec. 2. 
1940 to  the  same  hour on  Dec. 12,  1940. 
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T A B L E  A - 8  
MONTHLY  MEAN  DECREASE  IN  FLOW OF NIAGARA RIVER DUE TO DIVERSIONS 

ABOVE  HEAD OF RIVER, IN C.F.S. 1933 - 1938 
~ 

Welland Welland 
Canal  Chicago Long Canal  Chicago 

navlga-  Sanitary  Lake 
Long 

navlga-  Sanitary 
tion 

Lake 
and  and 

and  Ship  Ogoki 
tion  and 

Net 
and 

Month  power 
and  Ship 

Canal  increase  decrease  Month  power 
Ogoki  decrease 

Canal  increase  Net 

~~~ ~~ 

Jan. 2,100 8,500 
Feb. 2,000 8,500 
Mar. 1,900 8,400 
April 2,000 8,400 
May 2,000 8,400 
June 2,000 8,400 

10,600 July 2,100 8,400 
10,500 Aug. 2,200 8,400 
10,300 Sept. 2,300 8,400 
10,400 Oct. 2,300 8,400 
10,400 Nov. 2,300 8,300 
10,400 Dee. 2,300 8,300 

10,500 
10,600 
10,500 
10,700 
10,600 
10,600 

1934 
Jan. 2,200 8,300 10,500 July 2,200 8,300 10,500 
Feb. 2,200 8,300 10,500 Aug. 2,300 8,300 10,600 
Mar. 2,100 8,300 10,400 Sept. 2,300 8,300 10,600 
April 2,100 8,300 10,400 Oct. 2,300 8,300 10,600 
May 2,200 8,300 10,500 Nov. 2,300 8,200 10,500 
June 2,200 8,300 10,500 Dec. 2,300 8,200 10,500 

1935 
Jan. 2,200 8,200 10,400 Ju!y 2,200 8,200 10,,400 
Feb. 2,100 8,200 10,300 Aug. 2,200 8,200 10,400 
Mar. 2,000 8,200 10,200 Sept. 2,200 8,200 10,400 
April 2,100 8,200 10,300 Oct. 2,30G 8,200 10.500 
May 2,100 8,200 10,300 Nov. 2,300 8,200 10,500 
June 2,100 8,200 10,300 Dec. 2,400 8,200 10,600 

1936 
Jan. 2,300 8,200 
Feb. 2,200 8,100 
Mar. 2,100 8,100 
April 2,200 8,100 
May 2,200 8,000 
June 2,300 8,000 

10,500 July 2,300 8,000 
10,300 Aug. 2,300 8,000 
10,200 Sept. 2,400 7,900 
10,300 Oct. 2,400 7,900 
10,200 Nov. 2,400 7,900 
10,300 Dec. 2,500 7,900 

10,300 
10,300 
10,300 
10,300 
10,300 
10,400 

Jan. 2,400 7,800 
Feb. 2,300 7,800 
Mar. 2,100 7,800 
April 2,200 7,700 
May 2,300 7,700 
June 2,300 7,700 

10,200 J u l y  2.400 7,700 
10,100 Aug. 2,500 7,600 
9,900 Sept. 2,500 7,600 
9,900 Oct. 2,500 7,600 

10,000 Nov. 2,500 7,500 
10,000 Dec. 2,600 7,500 

10,100 
10,100 
10,100 
10,100 
10,000 
10,100 

1938 
Jan. 2,500 7,500 
Feb. 2,400 7,500 
Mar. 2,200 7,400 
April 2,300 7,400 
May 2,300 7,400 
June 2,400 7,400 

10,000 July 2,400 7,400 
9,900 Aug. 2,500 7,300 
9,600 Sept. 2,500 7,300 
9,700 Oct. 2,500 7,300 
9,700 Nov. 2,600 7,300 
9,800 Dec. 2,600 7,200 

9,800 
9,800 
9,800 
9,800 
9,900 
9,800 



T A B L E  A - 5  
WELLAND  CANAL - MEAN YEARLY DIVERSIONS - 1860 T O  1926 

Yearly Yearly Yearly Yearly 
mean mean mean mean 

diversion diversion diversion diversion 
Year cf s Year cf s Year cf s Year cf s 

1860 
1861 
1862 
1863 
1864 
1865 
1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 

85 
85 
85 
85 
85 
85 
85 
85 
85 
85 
85 
85 
85 
85 
85 
85 
85 
85 
85 
85 

1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 

85 
85 

185 
237 
288 
340 
392 
443 
484 
526 
567 
609 
650 
670 
689 
709 
728 
759 
790 
821 

1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 

852  1920 2673 
883 1921 2486 
914  1922 2427 
945 1923 2434 

1048  1924 2279 
1151 1925 2252 
1254  1926 2326 
1348 
1243 
1538 
1625 
1701 
1835 
2065 
1952 
2188 
2417 
2584 
2380 
2503 

T A B L E  A - 6  
WELLAND  CANAL - MEAN  MONTHLY  AND YEARLY DIVERSION  IN C.F.S. - 1927 T O  1951 

~~ 

Year  Jan.  Feb.  Mar.  Apr.  May  June  July  Aug.  Sept.  Oct. Nov. Dec. Yearly 
~~ 

1927 
1928 
1929 

2240 
2090 
2350 

2240 
2090 
2350 

2260 
2060 
2300 

2410 
2240 
2370 
2170 
2040 

2460 
2290 
2390 

2430 
2330 
2410 

2450 
2230 
2410 

2400 
2300 
2460 
2430 
2090 

2500 
2380 

2480 
2350 
2350 
2540 
2150 

2490 
2530 
2440 
2290 
2260 

2280 
2360 
2090 
1930 
1760 
1780 
2000 

2070 
1860 

2386 
2294 
2362 
2292 
2031 
2106 
2177 
2222 
2218 

2440 
2510 
2430 
2530 
2130 

2410 

2510 
2100 

2530 
2390 

2450 
2480 

2430 
2750 
2660 
2670 

2940 
3120 

3220 

1930 
1931 
1932 
1933 
1934 
1935 
1936 

1938 
1937 

1939 
1940 
1941 
1942 
1943 

2070 
1730 
1560 
1.590 
1800 
1770 
1870 
1670 
1950 
1920 
2040 

2610 
2310 

2510 

2040 
1800 
1640 

1880 
1620 

1830 
1940 

1860 
1680 

1900 

2000 
1800 
1540 

2540 
2280 

1870 
1780 
1920 

2390 
2420 
2500 

2450 
2390 

2500 
2600 
2420 

2380 

2480 
2620 
2530 

2400 

2570 
2570 i510 

1800 
1620 

2430 
2440 

- ~" 

2030 
2010 
2330 
2330 
2110 
2330 
2800 
3070 
2720 
4840 
4920 
4960 
5000 
5090 
5110 

2430 
2650 
2660 

2390 
2520 
278n 

2100 
2540 

2550 
2540 

2680 
2730 

2700 
2790 
2770 
2880 
2920 
3220 
3530 
3050 
5070 
5240 
5150 
5450 
5260 
5420 
5350 

7760 
7930 

1750 
1970 

2290 
2140 
2180 
2150 

2338 
2426 
2438 
2413 

2660 
2580 
2590 

2820 
2810 
2760 

2880 
2860 
2830 

islo 
1920 

. . ~  
2730 
2500 

2590 
2690 

2130 

2630 
2370 

1990 

2450 
2260 

2560 

2980 

2960 
3199 

3040 

3130 

3200 
3200 

2920 

3240 
3170 

3040 
4780 
5110 
4810 

5090 
4460 

5130 
5240 
7690 

3100 
3080 
3040 
3250 
5200 
5190 
4950 

3510 
3160 
3040 

2520 
2980 
2600 
4630 
3830 
3780 
5000 
5560 
6000 
5910 

7300 
7280 

2749 
2916 
2925 

2430 

4730 
4540 

4770 
4270 

5990 
6740 
7030 
5800 

3030 2980 
5240 
5130 

3323 
4782 
4884 

1944 
1945 
1946 

4420 
4790 
2160 
4900 

4660 
4510 

5180 
5190 
4870 
5170 

4300 
4790 
5920 
6730 
6950 
6050 

5040 

5160 
4740 

5210 

5250 
7860 

5310 
5370 
5390 
5340 

6810 
7990 

4675 
5028 
5443 
5668 

6214 
7382 

1947 
1948 
1949 
1950 
1951 

5120 
5100 
5370 

6000 
6710 
6830 
6760 

5070 
5180 
5300 
7810 

5080 
5240 

5510 
7730 

5290 
7780 

5300 
7900 
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T A B L E  A - 8  
MONTHLY  MEAN  DECREASE  IN FLOW OF NIAGARA RIVER DUE TO DIVERSIONS 

FROM GREAT  LAKES  ABOVE  HEAD OF RIVER,  IN  C.F.S. 1927 - 1951 (Cont'd.) 

Welland  Chicago  Long  Welland  Chicago 
Canal  Sanitary 

Long 
Lake  Canal  Sanitary  Lake 

tion  and  Ship 
navlga-  and 

Ogoki 
and 

Net  tion  and  Ship 
navlga-  and  and 

Ogoki  Net 
Month power' CanaI  increase  decrease  Month  power  Canal  increase  decrease 

1945 
Jan. 4,700 3,700 1,800 6,600 July 4,900 3,600 2,200 6,300 
Feb. 4,700 3,700 1,900 6,500 Aug. 5,000 3,600 2,200 6,400 
March 4,700 3,700 2,000 6,400 Sept. 5,000 3,600 2,300 6,300 
April 4,800 3,600 2,000 6,400 Oct. 4,900 3,500 2,300 6,100 
May 4,800 3,600 2,100 6,300 Nov. 4,900 3,500 2,400 6,000 
.Tune 4.900 3.600 2,100 6,400 Dec. 4,800 3.500 2,400 5,900 

1946 
Jan. 4,600  3,500  2,500  5,600 July 4,600 3,400 2,900 5,100 
Feb. 4,400  3,500 2,600 5,300 Auy. 4,700 3,400 3,000  5,100 
March 4,300  3,500  2,700 5,100 Sept. 4,700 3,400 3,100 5,000 
April  4,400 3,500  2,700  5,200 Oct. 4,800 3,400 3,200 5,000 
May  4,500  3,500 2,800 5,200 Nov. 4,900 3,400 3,200 5,100 
June 4,600  3,400 2,900 5,100 Dee. 5.000 3.400 3.300 5.100 

1947 
Jan. 4,900  3,400  3,400 4,900 July 5,000 3,300 3,700 4,600 
Feb. 4,900  3,400  3,400 4,900 Aug. 4,900 3,300  3,700  4,500 
March  4,900 3,400 3,500 4,800 Sept. 4,900  3,300  3,800 4,400 
April  4,900 3,300  3,500 4,700 Oct. 5,000 3,300 3,800  4,500 
May  5,000  3,300 3,600 4,700 Nov. 5,000  3,300  3,900  4,400 
June 5,000  3,300  3,600  4,700 Dec. 5.100 3,300  3,900  4,500 

1948 
Jan. 5,200  3,300  3,900  4,600 July 5,300 3,200 4,100  4,400 
Feb. 5,400  3,300  4,000  4,700 Aug. 5,300 3,200 4,100 4,400 
March 5,500  3,300  4,000  4,800 Sept. 5,200  3,200  4,200  4,200 
April  5,400  3,300 4,000  4,700 Oct. 5,300 3,200  4,200  4,300 
May 5,400  3,300  4,100  4,600  Nov. 5,300 3,200  4,200  4,300 
June 5,300  3,300  4,100  4,500  Dec.  5,400  3,200  4,300  4,300 

1949 
Jan. 5,600  3,200  4,300  4,500 July 5,600  3,200 4,400 4,400 
Feb. 5,800  3,200  4,300  4,700 Aug. 5,500 3,200 4,400 4,300 
March 6,000  3,200  4,300 4,900 Sept. 5,400  3,200  4,500  4,100 
April  5,900 3,200  4,300  4,800  Oct. 5,500 3,200 4,500 4,200 
May  5,700  3,200  4,400  4,500  Nov. 5,500 3,200  4,500 4,200 
June 5,600 3.200 4.400 4.400 Dec. 5,500  3,200 4.500 4.200 

1950 
Jan. 5,700 3,200 4,500 4,400 July 5,700 3,200  4,600  4,300 
Feb. 5,900  3,200  4,500  4,600 Aug. 5,600  3,200  4,600 4,200 
March 6,100  3,200  4,600  4,700 Sept. 5,500 3,200 4,600 4,100 
April  6,000 3,200 4,600 4,600 Oct. 5,800 3,200 4,600 4,400 
May  5,900 3,200  4,600 4,500 Nov. 6,100 3,100 4,600 4,600 
.Tune 5,800  3,200  4,600  4,400  Dee.  6,300  3,100 4,600 4,800 

1951 
Jan. 6,300  3,100  4,600  4,800 July 7,100 3,100 4,700 5,500 
Feb. 6,300 3,100 4,600 4,800  Aug. 7,200 3,100 4,700 5,600 
March  6,300  3,100 4,600 4,800 Sept. 7,300 3,100  4,700 5,700 
Alsril 6.500 3.100 ,4.700 4.900 Oct. 7.400 3.100 4.700 5.800 
Miy  61700 3j100 4j700 51100 Nov. 7;500 3 ; l O O  4;700 5;900 
.June 7,000 3,100 4.700 5.400 Dec. 7,500  3,100  4,700  5,900 
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T A B L E  A - 8  
MONTHLY  MEAN  DECREASE  IN FLOW OF NIAGARA RIVER  DUE TO DIVERSIONS 

ABOVE  HEAD OF RIVER,  IN C.F.S. 1927 - 1951 

Welland 
Canal  Chicago 

navlga-  Sanitary 
Long 
Lake 

Welland 
Canal  Chicago 

navlga-  Sanitary 
Long 
Lake 

tion  and  and 
and 

tion 
Ship  Ogoki  Net  and  Ship 

and 
Ogoki 
and 

Net 
Month  power  Canal  increase  decrease  Month  power  Canal  increase  decrease 

1927 
Jan. 2,400 8,300 
Feb. 2,400 8,300 
Mar. 2,300 8,300 
April 2,300 8,300 
May 2,400 8,300 
June 2,400 8,300 

10,700 July 2,400 8,300 
10,700 Aug. 2,400 8,300 
10,600 Sept. 2,400 8,300 
10,600 Oct. 2,400 8,300 
10,700 Nov. 2,400 8,300 
10,700 Dee. 2400 8,300 

10,700 
10,700 
10,700 
10,700 
10,700 
10,700 

Jan. 2,400 8,300 
Feb. 2,300 8,300 
Mar. 2,200 8,400 
April 2,300 8,400 
May 2,300 8,400 
June 2.300 8.400 

10,700 July 2,300 8,500 
10,600 Aug. 2,300 8,500 
10,600 Sept. 2,300 8,500 
10,700 Oct. 2,300 8,500 
10,700 Nov. 2,300 8,600 
10,700 Dee. 2.400 8,600 

10,800 
10,800 
10,800 
10,800 
10,900 
11,000 

1929 
Jan. 2,400 8,600 11,000 July 2,400 8,800 11,200 
Feb. 2,400 8,600 11,000 Aug. 2,400 8,800 11,200 
Mar. 2,300 8,700 11,000 Sept. 2,400 8,800 11,200 
April 2,400 8,700 11,100 Oct. 2,400 8,800 11,200 
May 2,400 8,700 11,100 Nov. 2,400 8,800 11,200 
June 2,400 8,700 11,100 Dee. 2,300 8,900 11,200 

1930 
Jan. 2,300 8,900 
Feb. 2,300 8,800 
Mar. 2,200 8,800 
April 2,300 8,800 
May 2,300 8,800 
June 2,300 8,800 

11,200 July 2,300 8,800 
11,100 Aug. 2,300 8,800 
11,000 Sept. 2,400 8,800 

11,100 Nov. 2,300 8,800 
11,100 Dee. 2,300 8,800 

11,100  Oct. 2,400  8,800 

11,100 
11,100 
11,200 
11,200 
11,100 
11,100 

1931 
Jan. 2,200 8,800 
Feb. 2,200 8,800 
March 2,100 8,800 
April 2,100 8,700 
May 2,100 8,700 
June 2,100 8,700 

11,000 July 2,100 8,700 10,800 
11,000 Aug. 2,100 8,700 10,800 
10,900 Sept. 2,100 8,700 10,800 
10,800 Oct. 2,100 8,700 10,800 
10,800 Nov. 2,100 8,600 10,700 
10,800 Dee. 2,100 8,600 10,700 

1932 
Jan. 2,000 8,600 
Feb. 1,900 8,600 
Mar. 1,900 8,600 
April 1,900 8,600 
May 2,000 8,600 
June 2,000 8,600 

~~ ~~~~ ~ 

10,600 Ju ly  2,100 8,500 
10,500 Aug. 2,100 8,500 
10,500 Sept. 2,200 8,500 
10,500 Oct. 2,200 8,500 
10,600 Nov. 2,200 8,500 
10,600 Dee. 2,200 8,500 

~~ ~~~ 

10,600 
10,600 
10,700 
10,700 
10,700 
10.700 
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. - ~  

T A B L E  A - 9  
MONTHLY  MEAN  DIVERSIONS  FROM  NIAGARA  RIVER  BETWEEN  ITS  HEAD  AND 

NIAGARA  FALLS,  IN C.F.S. 1927 - 1951 (Cont'd.) 

Hydro-Electric  Power 
New York  Niagara  Canadian  Commission of Ontario ~- Inter- 

State  Mohawk  Niagara Sir  Adam  national 
Barge 

Month  Canal 
Power 
Corp. 

Power Ontario  Toronto  Beck  Railway 
co.  Plant  Plant  Plant  No. 1 Co. Total 

1929 
Jan. 700 19,995  9,764  7,116  2,985  14,791 209 55,560 
Feb.  700  19,997  10,008 7,362 2,489 14,950 222 55,728 
March 0 19,925  9,786  7,177  2,559  14,565  199  54,211 
April  1,000  19,948 9,380  7,366  3,478  13,823 196  55,191 

June 19,997  10,063 6,597 3,685  13,805  211 55,458 
July 1,100  19,992 10,083 7,016  2,808  13,688 207 54,894 
Aug.  1,100  19,997 9,888 7,277 3,422  14,189  209  56,082 
Sept.  1,100  19,997 10,140  6,880  2,666  14,971 207 55,961 

Nov. 1,100 19,997 10,170 7,010 2,608 15,305 200 56,390 
Dee. 775 19,905 9,679 6,897 2,344 14,311 195 54,106 

1930 
Jan. 700 19,998  9,990  7,009 2,900 14,517  226  55,340 
Feb. 700 19,978  9,875  7,240  2,378  14,878  2  14  55,263 
March 0 19,983  9,776  6,827  2,140  14,650  203  53,579 
April  900 19,994  9,414  6,995  2,511  14,136 181 54,131 
May  1,100 19,990  9,669  6,541  3,241  13,591 197 54,329 
June 1,100  19,983 9,646 6,149 2,728  13,338  208 53,152 
July 1,100  19,983  9,773  4,993 2,634 11,575  210  50,268 
Aug. 1,100  19,997 9,974 5,104 2,424 11,919  209 50,727 
Sept.  1,100 19,997  9,653 5,441 2,845  14,008 204 53,248 
Oct.  1,100  19,965  9,340  5,067 3,774 14,258  196  53,670 
Nov. 1,100  19,997 9,354 4,255  3,281  13,569 200 51,756 
Dee.  800  19,997  9,255 4,376  3,735  13,386 210 51,759 

1931 
Jan. 700 19,997  9,226 4,707 3,683  13,185 225 51,723 
Feb . 700 19,997 9,119 4.750 3,245  12,741  223 50,775 
Mar. 0 19,997  9,018 2,542 3,365  12,798 216 47.936 
Apr. 1,000 19,763 8,380 389 7,526 10,589 197 47.844 
May  1,100  19,179 7,235  924  5,722  9,440  195  43,795 
June 1,100  19,415  7,643 700  5,773  9,546 209 44.386 
July 1,100  19,553  7,691  727  5,303 9,077 210 43,661 
Aug.  1,100  18,711 8.024 563  563 10,456 211 39,628 
Sept. 1,100  19,406  8,186  628  796  11,322 197 41,635 

Nov. 1,100 18,935 7,438 3,124 684 9,416 154 40,851 
Dec. 900 18.369 6.510 3,051 1,263 9,489 158 39.740 

1932 
Jan. 700  17,735  5,866  3.213  1.445  9.298  159 38.416 
Feb.  700 18,184  5,679  3,544  1,394  9,141  162 38,804 
Mar. 100 18,635  5,821  4,252  1,369  9.305  160  39.642 
Apr . 900  17,990 5.605 ,193 1.1 07 10.771  146 36,912 
May 1,100  15,875  6.015  515  854 8.738 153 33.250 
June 1,100  16.315 6 04,2 321 824  8,953  164 33.721 
July 1,100  15,960  5.722 SO9 1,217  8,462 176 32.946 
Aug. 1,100  17.009  6,090 327 771 8,996 173 34.466 
Sept. 1,100  18.477 6.480 487 791  9,847 
Oct. 1,100  18.639  6.042 607 813 9,420 36,621 
Nov. 1,100  18.240  5.388  668  812  9,091 35,299 
r)ec. 850  18,141 5.282 525  814 9,022 34,634 

May 1,100 
1,100  19,996  9,995  6,543  4,083  13,978  199  55,894 

Oct.  1,100  19,998  10,162  6,467  2,801  14,131  197  54,856 

Oct.  1,100  19,712  8.524  9 29 806  11,419  182  42,672 

176:!' 37,358 

*Franchise  expired  Sept.  12. Mean  diversion  is for  12  days. 
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T A B L E  A - 8  
MONTHLY  MEAN  DECREASE IN FLOW  OF  NIAGARA RIVER DUE TO DIVERSIONS 

FROM  GREAT LAKES  ABOVE  HEAD OF RIVER, IN  C.F.S. 1927 - 1951 (Cont'd.) 

Welland  Welland 
Canal  Chicago  Long  Canal  Chicago  Long 

naviga-  Sanitary  Lake  navlga-  Sanitary  Lake 
tion  and and tion and and 
and  Ship Ogoki Net  and Ship Ogoki  Net 

Month  power Canal  increase  decrease  Month  power  Canal  increase  decrease 

Jan.  2,500 7,200 
Feb. 2,400 7,100 
Mar. 2,300 7,000 
April 2,300 7,000 
May 2,300 6,900 
June 2,300 6,800 

9,700 July 2,400 6,800 
9,500 Aug. 2,500 6,700 
9,300 Sept. 2,500 6,600 
9,300 Oct. 2,500 6,500 
9,200 Nov. 2,500 6,500 
9,100 Dec. 2,600 6,400 

9,200 
9,200 
9,100 
9,000 
9,000 
9,000 

~~~~ ~ 

1940 
Jan. 2,500 6,300  8,800 July 2,600 5,900  100 8,400 
Feb. 2,400 6,300 8,700 Aug. 2,700 5,800 100 8,400 
Mar. 2,300 6,200  8,500 Sept. 2,800 5,700 100 8,400 
April 2,400 6,100  8,500  Oct. 2,800 5,700 100 8,400 
May  2,500  6,000  8,500 Nov. 2,800  5,600 100 8,300 
June 2,500 6,000  100  8,400 Dec. 2,900  5,500 100  8,300 

1941 
Jan. 2,800 5,500 100 8,200 July 2,900 5,100 200 7,800 
Feb . 2,700 5,400 100 8,000 Aug. 2,900 5,100 200 7,800 
Mar. 2,600 5,300 100 7,800 Sept. 2,900 5,000 300 7,600 
April 2,700 5,300 200 7,800 Oct. 3,000 4,900 300 7,600 
May 2,800 5,200 200 7,800 Nov. 3,000 4,900 300 7,600 
June 2,800 5,200 200 7,800 Dee. 3,100 4,800 300 7,600 

1942 
Jan. 3,000 4,800 300 7,500 July 3.000 4,500 500 7,000 
Feb. 2,900 4,800 400 7,300 Aug. 3,000 4,500 500 7,000 
Mar. 2,800 4,700 400 7,100 Sept. 3,000 4,500 500 7,000 
April 2,900 4,700 400 7,200 Oct. 3,000 4,400 500 6,900 
May 2,900 4,600 400 7,100 Nov. 3,000 4,400 600 6,800 
June 2,900 4,600 400 7,100 Dec. 3,000 4,300 600 6,700 

1943 
Jan. 2,900 4,300 600 6,600 July 2,900 4,100 900 6,100 
Feb. 2,800 4,300 700 6,400 Aug. 2,900 4,100 900 6,100 
March 2,800 4,200 700 6,300 Sept. 3,000 4,100 1,000 6,100 
April 2,800 4,200 800 6,200 Oct. 3,200 4,000 1,000 6,200 
May 2,800 4,200 800 6,200 Nov. 3,500 4,000 1,100 6,400 
June 2,800 4,100 800 6,100 Dec. 3,800 4,000 1,100 6,700 

1944 
Jan. 3,900 3,900 1,200 6,600 July 4,500 3,800 1,500 6,800 
Feb. 4,000 3,900 1,200 6.700 Aug. 4,600 3,800 1,600 6,800 
March 4,100 3,900 1,300 6,700 Sept. 4,700 3,800 1,600 6,900 
April 4,200 3,900 1,300 6,800 Oct. 4,700 3,700 1,700 6,700 
May 4,300 3,900 1,400 6,800 Nov. 4,700 3,700 1,700 6,700 
June 4,400 3,800 1,400 6,800 Dec. 4,700 3,700 1,800 6,600 
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T A B L E  A - 9  
MONTHLY  MEAN  DIVERSIONS FROM NIAGARA  RIVER  BETWEEN ITS HEAD  AND 

NIAGARA  FALLS,  IN  C.F.S. 1927 - 1951 (Cont'd.) 

Hydro-Electric  Power 
New York Niagara  Canadian  Commission of Ontario __ Inter- 

State  Mohawk  Niagara Sir Adam  national 
Barge  Power  Power  Ontario  Toronto Beck Railway 

FIonth ~ Canal Cor . Co. 
1937 

Total 

Jan.  700 19,997 9,520 7,260 3,572 14,144 55,193 
Feb. 500  19,997 9,730 7,360 3,467 14,522 55,576 
Mar. 100  19,997 9,486 7,332 3,543 14,930 55,388 
Apr. 900  19,997 9,952 7,211 3,238 14,789 56,087 

June 1,100 19,997 10,241 7,531 4,449 13,209 56,527 
July 1,100 19,997 10,140 7,108 5,004 12,781 56,130 
Aug. 1,100 19,997 10,029 7,184 4,129 13,890 56,329 
Sept. 1,100 19,971 10,065 7,317 3,144 14,948 56,545 

Nov. 1,100 19,997 9,618 7,535 3,381 14,173 55,804 
Dec. 700 19,997 9,710 7,250 3,205 13,534 54,396 

1938 
Jan. 700 18,518 9,177  5,383  4,594  12,743 51,337 
Feb. 600 19,618  9,172 Down 11,830  11,647 52,767 
Mar. 0  19,997 9,210 137  11,030  11,756 52,130 
Apr. 750  19,997  8,918 340 10,738  11,391 52,134 
May 1,100  19,998  9,671  1,053 10,122  11,297  53,241 
June 1,100  19,997  9,833  1,938  9,250  11,145  53,263 
July 1,100  19,997  9,601  2,378  7,539  11,062 51,677 
Aug. 1,100  19,982 9,507 4,842  2,464  11,706  49,601 
Sept.  1,100  19,971  9,580 5,959  2,638  12,633 51,881 
Oct.  1,100  19,997  9,660 5,926 2,632  13,006  52,321 
Nov. 1,100  19,997  9,475 6,579 2,862 12,585 52,598 
Dee. 750  19.997 9.363 6,227 2,771  12,589  51,697 

1939 
dm. 700  19,998  9,482  6,123 2,590 12,523  51,416 
Feb. 575 19,997 9,640  6,638  2,195  13,344  52,389 
Mar. 0 19,997 9,554 6,103 2,169 12,439 50,262 
Apr. 650 19,997  8,838  3,821  5,891  10,974  50,171 

1,100  19,997  9,246 5,954 6,735 9,760 52,792 
June May 1,100  19,997  9,195  5,786  6,978  10,224  53,280 
July 1,100  19,981 9,400 5,170  6,669  9,718  52,038 
Aug.  1,100  19,997 9,639  5,702  6,596  10,786  53,820 
Sept. 1,100  19,970  9,887  7,105 4,377 13,300 55,739 
Oct.  1,100 19,996  9,681  7,526  4,332  13,907  56,542 
Nov. 1,100 19,997  10,083  7,547  3,821  14,179 56,727 
Dee. 750  19,997  10.251 7,760 3,146  14,396 56.300 

1940 
Jan. 700 19,260  10,006  8,209 3,006 14,509  55,690 
Feb.  625  19,997 9,557  8,616  3,080 14,568 56,443 
Mar. 0  19,996  10,233  8,463  2,504  14,615  55,811 
Apr. 325 19,997  10,068 7,934 2,759 14,633 55,716 

June 1,100 19,997 9,719 7,728 3,814 14,518 56,876 
July 1,100 19,997 9,764 7,768 4,075 13,914 56,618 
Aug. 1,100 19,997 10,070 8,732 3,440 13,612 56,951 
Sept. 1,100 19,970 10,214 8,420 3,366 13,825 56,895 
Oct. 1,100 19,996 10.247 8,556 3,181 13,905 56,985 
Nov. 1,100 19,997 10,202 9,155 6,904 13,911 61,269 
Dee. 700 19,997 9,931 9,326 6.983 14,095 61,032 

May 1,100  19,997  10,093  6,981  3,977  13,236 55,384 

Oct. 1,100  19,997  10,127  7,481  3,400  14,612  56,717 

May 1,100 19,996  9,836  7,615  3,498  14,60,4 56,649 
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20. D I v E K s I o N s  HEI’WIXN m E  HEAD OF NIAGARA RIVER AND NIAGAKA FALLS. - Power  diversions 
above  the Falls and diversions through the  New York State  Barge  Canal  for the  period 1886 - 1926, 
inclusive, are summarized in Table 2, Appendix F, of the 1928 report,  and for the  period 1927 
t o  1951 are shown in  Table A-9 below. 

T A B L E  A - 9  
MONTHLY  MEAN  DIVERSIONS FROM NIAGARA RIVER  BETWEEN ITS  HEAD  AND 

NIAGARA  FALLS,  IN C.F.S. 1927 - 1951 
-~~ ~ 

Hydro-Electric  Power 
New York Niagara  Canadian  Commission of Ontario  Inter- 

State  Mohawk  Niagara  Sir  Adam  national 
Barge  Power  Power  Ontario  Toronto Beck Railway 

Month  Canal  Corp.  co.  Plant  Plant  Plant co. Total 
(1) No. 1 (2)  

1927 
Jan. 975 19,714 8,791 6,859 3,393 13,589 196 53,517 
Feb. 975 19,645 9,398 6,193 2,704 13,872 164 52,951 
Mar. 600 19,601 9,064 6,548 3,028 12,947 194 51,982 
Apr. 1,100 19,606 9,277 6,377 3,279 12,336 176 52,151 

June 1,375 19,664 9,808 6,459 3,409 12,50,4 196 53,415 
July 1,375 19,391 9,555 6,396 2,505 11,453 186 50,861 
Aug. 1,375 19,649 9,850 6,655 2,969 12,713 183 53,394 
Sept. 1,375 19,706 9,970 6,781 3,059 13,564 181 54,636 
Oct. 1,375 19,709 10,072 6,630 3,280 13,968 181 55,215 
Nov. 1,375 19,693 9,988 6,603 2,679 14,449 184 54,971 
Dee. 975 19,654 9,942 6,606 2,719 14,276 198 54,370 

May  1,375  19,625  9,381 6,134 3,088  11,849  190 51,642 

Jan. 
Feb. 
Mar. 
Apr. 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dee. 

975 
975 
500 

1,050 
1,375 
1,375 
1,375 
1,375 
1,375 
1,100 
1,100 

700 

19,709 
19,671 
19,698 
19,573 
19,628 

19,563 
19,661 
19,698 
19,993 
19,997 
19,960 

19,4,49 

9,709 
9,861 
9,686 
9,686 
9,586 
9,376 
9,562 
9,856 
9,422 

10,076 
10,027 
10,034 

6,770 
6,704 
6,681 
6,617 
6,839 
6,976 
7,250 
6,726 
6,839 
6,544 
6,868 
6,830 

2,492 
2,229 
2,583 
3,305 
3,361 
3,714 
3,755 
3,244 
2,780 
3,032 
2,950 
2,575 

14,273 
14,858 
14,477 
13,414 
13,719 
13,244 
11,602 
13,629 
14,131 
14,824 
14,564 
14,368 

210 
212 
206 
197 
191 
213 
213 
211 
208 
195 
200 
209 

54,138 
54,510 
53,831 

54,699 
54,347 
53,320 
54,702 
54,453 
55,764 
55,706 
54,676 

53,8,42 

(1) Period from Jan. 1927 to  Sept. 1928  includes 275 cfs f o r  power. 
(2)  Formerly called  Queenston  plant. 
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T A B L E  A - 9  
MONTHLY  MEAN  DIVERSIONS  FROM  NIAGARA  RIVER  BETWEEN ITS HEAD  AND 

NIAGARA  FALLS,  IN C.F.S. 1927 - 1951 (Cont'd.) 
Hydro-Electric  Power 

Niagara  Canadian ___ C o m m i s s i o ~ o f  Ontario--.-.._ ~n te r -  
New  York  Mohawk  Niagara  Sir Adam national 

State  Barge  Power Power Ontario  Toronto Beck Railway 
Month  Canal Corp. co.  Plant  Plant  Plant No. 1 C o .  Total 

19.4 5 
Jan. 700 30,719 10,284 10,519 13,678 15,015 80,915 
Feb. 575 31,772 10,308 10,534 13,943 14,818 81,950 
Mar. 50 31,552 10,500 10,583 13,871 15,234 81,790 
Apr. 1,075 31,446 10,559 10,430 14,089 15,278 82,877 

June 1,100 31,876 10,438 9,761 13,870 15,208 82,253 
July 1,100 31,645 10,601 10,177 12,652 14,185 80,360 
Aug. 1,100 31,365 10,575 9,681 13,680 14,387 80,788 
Sept. 1,100 31,728 10,56',1 10,031 13,796 14,775 81,994 

Nov. 1,100 31,974 10,536 10,666 12,872 14,211 81,359 
Dee. 850 31.943 10,496 10,724 14,111 14,176 82,300 

1946 
Jan. 700 31,872  10,512  10,609  14,224 1,4,576 82,493 
Feb. 600  32,146  10,534  10,554  13,834  14,241  81,909 
Mar. 0 31,557  10,531  10,175  13,335  14,293  79,891 
Apr. 700  31,640  10,359 9,980 13,795  14,742  81,216 

June May 1,100 31,817 10,609 9,715 13,650 14,416 81,307 
July 1,100 31,944 10,582 10,226 13,754 13,714 81,320 
Aug. 1,100 32,127 10,626 9,786 1,4,248 14,042 81,929 

May  1,100 31,686 10,601  9,661  13,869 14,986  81,903 

Oct. 1,100  31,587  10,548  10,630  13,258  13,907  82,030 

1,100  31,788  10,579  9,431  12,769  14,721  80,388 

Sept. 1,100 32,028 10,454 9,804 14,389 14,361 82,136 
Oct. 1,100 31,793 10,109 10,699 13,983 14,522 82,206 
Nov. 1,100 32,000 10,486 10,777 14,107 14,547 83,017 
Dec. 700 31,948 10.586 10,805 13,860 14,527 82,426 

1947 
Jan. 700 31,074 10.284  10,289  14,366  14,245  80,958 
Feb. 600  27,472  10,258  10,420  14,422  14,446  77,618 
Mar. 75 31,745  9,722  10,630  14,724  14,520  81,416 
Apr. 750  27,966  10,028 9,998 13,947  14,735  77,424 

June 1,100 28.276 10,426 9,396 13,154 15,265 77,617 
July 1,100 28,576 10,011 9,838 14,036 14,675 78,236 
Aug. 1,100 31,507 10,629 10,083 14,639 14,266 82,224 
Sept. 1,100 31,413 10,616 10,433 14,655 1,4,445 82,662 

Nov. 1,100 31,765 10,421  10,872  14,776  14,066  83.0?0 

1948 
.Jan. 700 31,413  10,218  10,512  14.331 1.1.215 81,389 
Feb. 550 31,862  10,306  10,442  14,581  14,178  81.919 
Mar. 0  31,555  10,430  10,470  14,042 14,642 81.1 29 
Apr. 700 31,060 10,522  10,348 14,355  15,043  82.025 

June 1.100 31,027 10.651 10,221 1,4,690 14,456 82.145 

Aug. 1,100 31,166 10,636 10,155 14,817 13,963 81.857 
Sept. 1,100 31,396 10,631 10.715 14.794 13.993 82.629 

Nov. 1,100 31,457 9,671 10,933 15,043 14,310 82.514 
Dee. 225 31.017 10.192 11.000 14.430 14.362 81.226 

May 1,100  28,084  10,093 9.143 13,720  15,262  77,402 

Oct . 1,100 31,796 10,523 10,631 14,745 14,035 82,830 

Drc. 800 31.861 10.536 10,798 14,502 14,290 82.787 

May  1,100  31,327  10.266  10,169  14,189  15,051  82,102 

July  1,100 30,976 10,628  10,238 14,950  14,087 81,979 

Oct. 1,100 31,440 10,539 10.4843 14 987 14,029 82.577 
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T A B L E  A - 9  
MONTHLY MEAN  DIVERSIONS  FROM  NIAGARA RIVER  BETWEEN ITS  HEAD  AND 

NIAGARA  FALLS,  IN C.F.S. 1927 - 1951 (Cont'd.) 

Hydro-Electric  Power 
New York Niagara  Canadian _______ Commission of Ontario 

State  Mohawk  Niagara  Sir  Adam  national 
Barge  Power 

Month 
Power 

Canal 
Ontario 

Corn. 
Toronto 

Co. 
Beck Railway 

Plant  Plant  Plant No. 1 Co. 
1933 

Total 

Jan. 700 16,765 5,483 521  817 8,529 32,815 
Feb. 625 16,907 5,758 566 821 10,118 34,795 
Mar. 100 15,900 5,636 557  787 10,325 33,305 
Apr. 1,000 15,150 5,184 500 680 10,278 32,792 

June 1,100 19,680 7,768 669 819 8,840 38,866 
July 1,100 19,825 9,351 712 4,177 8,310 43,475 
Aug. 1,100 19,930 9,539 2,125 828 8,9,45 42,467 
Sept. 1,100 19,99,4 9,397 4,320 91 1 9,173 44,895 

Nov. 1,100 19,996 9,685 5,192 878 11,668 48,519 
Dee. 850 19,927 9.195 5,890 878  11,841 48.581 

1934 
Jan. 700 19,846  8,820 5,960 924  12,279  48,529 
Feb. 700 19,924  7,825  6,963  1,659  14,223  51,294 
Mar. 225  19,981 8,196 5,446 4,237 14,165 52,250 
Apr. 650  19,522  6,198  708  7,197  10,124 44.399 
May  1,100  19,952  8.651  1,416 9,706  8,431 49,256 
June 1,100  19,998  8,708  2,881  9,640  8,502  50,829 
July 1,100 19,995  8,103  3,456  8,745  7,903 49,302 
Aug.  1,100  19,996  8,947 6,884 914 9,179 47,020 
Sept.  1,100  19,961  8,914  6,849 939 8,808  46,571 
Oct.  1,100  19,967  8,848  6,569 1,187 8,602  46,273 
Nov.  1,100 19,9,44 8,523  6,338  1,281  9,459 46,645 
Dee. 700 19.938 8.904 6,704 1,679  9,770 47.695 

1935 
Jan. 700  19,970  8,156  6,662  2,315  11,066  48,869 
Feb. 700 19,997 7,977 7,176 1,232  12,615 49,697 
Mar. 0 19,902  8,194  6,921  1,236  10,707 46,960 
Apr.  850 19,772  7,691 6,290 1,196  10,170 45,969 
May 1,100  19,795  8.575 7,079 1,159 9,282 46,990 
June 1,100  19,956  8,168  7,416  1,167 9,244 47,051 
July 1,100  19,908  8,2,40  5,447  2,656  8,655 46,006 
Aug. 1,100  19,993  9,505  7,163  1,363  9,253  48,377 
Sept. 1,100  19.971  9,510  7,416  1,632  10,444  50,073 
Oct. 1,100 19,997  9,917  6,594  3,259  12,475  53,342 
Nov. 1,100  19,998  10,013 6,686 3,459 14,478 55,734 
Dee. 700  19,998 9.559 6,715  3,509  14,590 55.071 

1936 
Jan. 700 17.544 8,650 7,225 ,4,138 14,852  53,109 
Feb . 625  15,337  6,037  8,469  7,300  13,218  50,986 
Mar. 0 19,986 7,685  7,515 4,266 13,617 53,069 
Apr.  850 19,997  8,896  7,263  3,097  13,058  53,161 

1,100 19,995  9,518  6,531  3,303  13,108  53,555 
June 19,997 10,162 6,968 3,621 13,044  54,892 
July 1,100  19,994  9,628 6,932 3,994  12,843  54,491 
Aug.  1,100 19,994  10,177  6,996  3,588  13,721  55,576 
Sept.  1,100  19,970  10,161  7,451 3,387 13,956  56,025 
Oct. 1,100  19,997  10,097  7,415  3,848  13,984  56,441 
Nov. 1,100  19,997  10,048  7,339  3,982  13,787  56,253 
Dee. 700  19,997  10.225  7,249 3.710 14,072 55.953 

Inter- 

May 1,100 18,234  5,829 594 746 9,044  35,547 

Oct.  1,100  19,998  9,442 3,907 889  10,074 45,410 

May 1,100 
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T A B L E  A - 1 0  
SUMMARY OF DISCHARGE  DATA - NIAGARA  RIVER  MONTHLY  MEANS  IN C.F.S.  1927 - 1951 

Additions fnr divers ion!  ~ -:&E Addjtgnn-fEy  eversions :J:G 
Actual Aho’ve head of Relow head of nrcurred had 

~~ - ~ ~~ 

Actual Abu;e head of Below head of occurred h?d  

Month Fall; (From Table 8 )  (From Table 9 )  no diversion Month  F’alls ( F r o m  Table 8 )  (From ‘Table ‘J) no diver7ion 
flow o \er  Niawara River. Niarara  River  there  been flow over Niarara River Niagara River  there been 

1927 

Jan. 122,300 10,700 53,500 186,500 July 144,700 10,700 50,900 206,300 
Feb. 119,700 10,700 53,000 183,400 Aug. 138,300 10,700 53,400 202,400 
Mar. 123,700 10,600 52,000 186,300 Sept. 132,900 10,700 54,600 198,200 
Apr. 133,600 10,600 52,200 196,400 Oct. 127,300 10,700 55,200 193,200 
May 143,900 10,700 51,600 206,200 Nov. 128,500 10,700 55,000 194,200 
June 145,500 10,700 53,400 209,600 Dec. 148,600 10,700 54,400 213,700 

1928 

Jan. 139,600 10,700 54,100 204,400 July 155,000 10,800 53,300 219,100 
Feb. 127,000 10,600 54,500 192,100 Aug. 148,600 10,800 54,700 214,100 
Mar. 129,400 10,600 53,800 193,800 Sept. 144,300 10,800 54,500 209,600 
Apr. 133,500 10,700 53,800 198,000 Oct. 139,200 10,800 55,800 205,800 
May 140,500 10,700 54,700 205,900 Nov. 143,100 10:900 55,700 209,700 
June 151,900 10,700 54,300 216,900 Dee. 145,500 11,000 54,700 211,200 

~ ~ ~ ~ 

1929 

Jan.  137,700 11,000 55,600 204,300 July 182,700 11,200 54,900 248,800 
Feb. 134,400 11,000 55,700 201,100 Aug. 172,900 11,200 56,100 240,200 
Mar. 150,100 11,000 54,200 215,300 Sept. 164,600 11,200 56,000 231,800 
Apr. 169,600 11,100 55,200 235,900 Oct. 159,400 11,200 54,900 225,500 
May 188,800 11,100 55,900 255,800 Nov. 166,100 11,200 56,400 233,700 
June 185,100 11,100 55,500 251,700 Dee. 160,300 11,200 54,100 225,600 

1930 

Jan. 165,400 11,200 55,300 231,900 July 173,300 11,100 50,300 234,700 
Feb. 158,700 11,100 55,300 225,100 Aug. 161,800 11,100 50,700 223,600 
Mar. 169,800 11,000 53,600 234,400 Sept. 156,200 11,200 53,200 220,600 
Apr. 164,000 11,100 54,100 229,200 Oct. 148,100 11,200 53,700 213,000 
May 178,800 11,100 54,300 244,300 Nov. 147,000 11,100 51,800 209,900 
June 178,800 11,100 53,200 243,100 Dec. 142,800 11,100 51,800 205,700 

1931 

Jan. 134,700 11,000 51,700 197,400 Ju ly  140,300 10,800 43,700 194,800 
Feb. 125,400 11,000 50,800 187,200 Aug. 141,400 10,800 39,600 191,800 
Mar. 123,100 10,900 47,900 181,900 Sept. 136,800 10,800 41,600 189,200 
Apr. 132,300 10,800 47,800 190,900 Oct. 132,400 10,800 42,700 185,900 
May 140,900 10,800 43,800 195,500 Nov. 133,500 10,700 40,900 185,100 
June 139.900 10,800 44,400 195,100 Dee. 135.900 10,700 39,700 186,300 
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T A B L E  A - 9  
MONTHLY  MEAN  DIVERSIONS  FROM  NIAGARA  RIVER  BETWEEN ITS HEAD  AND 

NIAGARA FALLS, IN C.F.S. 1927 - 1951 (Cont'd.) 
Hydro-Electric Power 

New  York  Niagara  Canadian - Commission of Ontario 
State  Mohawk  Niagara  Sir  Adam  national 

___________ Inter- 

Barge 
Month 

Power 
Canal 

Power 
Corp. 

Ontario 
co. Plant 

Toronto 
Plant  Plant No. 1 Co. 

Beck Railway 
Total 

1941 
Jan. 700  19,997  9,644  9,144  7,412  14,281 61,178 
Feb.  575 19,997 9,987 9,255  7,226  14,402 61,442 
Mar. 0 19,997  10,115 9,636 6,495  1,4,471  60,714 
Apr. 550  19,997  10,175  9,859  6,069  14,392  61,042 
May  1,100  19,996  10,066 9,906 6,552  14,087 61,707 
June 1,100 22,934 9,797  9,738  7,965  13,725  65,259 
July 1,100 2,4,996 10,042  9,659 9,630 13,384 68,811 
Aug 1,100  24,996  10,030  9,635  10,574  13,379  69,714 
Sept. 1,100 24,996 10,244  9,315  10,662  13,503  69,820 
Oct.  1,100  24,996  10,221  9,838  10,290  13,466  69,911 
Nov. 1,100  25,241  10,161  10,259  10,176  13,608  70,545 
Dec.  800  31,105  10,123  10,512  13,763  13,496  79,799 

1942 
Jan. 700 27,234 9,515  10,407  14,045  13,626  75,527 
Feb. 600  31,319  9,188  10,261  13,963  13,336  78,667 
Mar. 0 31,163  9,824  10,112  13,917  13,678 78,694 
Apr . 1,050  31,078  9,600  9,538  13,960  13,617  78,843 
May  1,100  31,297  9,939  9,763  14,078  13,420  79,597 
June 1,100  31,209  9,982  9,085  12,476  13,538  77,390 
July 1,100  30,993  10,607  9,158  10,527  13,214  75,599 
Aug.  1,100 31,513 10,666 9,652 11,507  13,216 77,654 
Sept.  1,100 31,459  10,304  10,494  13,150 13,623 80,130 
Oct.  1,100 31,438 10.502 10,791 13,381 13,942 81,154 
Nov. 1,100  31,418  10,310  10,711  13,391  14,163  81,093 
Dee. 850 31.647 10,415  10,627  13,469  14,341  81,349 

1943 
Jan. 600  31,612  9,917  9,727  12,495  14,305 78,656 
Feb.  575  31,777  10,353 10,230  12,530  14,808  80,273 
Mar. 50  31,648  10,352 9,875 11,636  14,973  78,534 
Apr.  975  31,830 9,926 10,320 11,158 14,891  79,100 
May 1,100  31,268  10,560  10,291 10,803 14,777  78,799 
June 1,100 31,100 10,631  8,877  10,723  14,136 76,567 
July 1,100  31,401  10,643 9,182  10,666  14,364 77,356 
Aug.  1,100  31,562  10,654  10,046  10,002  14,332  77,696 
Sept. 1,100 3 1,727  10,674  10,066  8,434 14,818 76,819 
Oct.  1,100 31,699  10,678  10,830 6,339 14,937  75,583 
Nov.  1,100 31,844 10,358  10,757  8,028  14,830  76,917 
Dec. 850 31.961  10.568  10,289 10,191  14,519 78.378 

1944 
Jan. 700  31,967  10,445  10,225  11,409  14,675  79,421 
Feb. 500  32,070  10,292  10,120  12,112  14,730  79,824 
Mar. 
Apr. 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dee. 

100 
700 

1,100 
1,100 
1,100 
1,100 
1,100 
1,100 
1,100 

700 

32,019 
31?633 
31,725 
31,683 
31,227 
31,189 
31,101 
31,395 
32,066 
31.880 

10.413 
10;222 
10,563 
10,639 
10,671 
10,649 
10,574 
10,490 
10,405 
10.615 

10;417 
10,182 

9,264 
9,239 
8,764 
9,307 
9,109 

10,245 13,089 

10,797 14.674 
10,804 13,818 

11,714 
10,964 
11,684 
12,631 
11.277 
11:661 
12,127 

14,851 
14,707 

14,317 
14,395 
14,788 
14,949 
15,055 
14,931 
14.778 

1,4,348 

79,514 
78,408 
78,684 
79,609 
77,434 
78,694 
78,960 
81,374 
83,124 
83,444 
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T A B L E  A - 1 0  
SUMMARY OF DISCHARGE  DATA-NIAGARA  RIVER  MONTHLY  MEANS  IN C.F.S. 1927-1951 (Cont'd.) 

Additions for divelaions __ would have 
Flow  which 

now over Niagara  River Niagara River  there been 

Additions for diversions w3cld have Flow  which 

Actual  Above head of Bebw head of occurred  had Actual Above  head of Below head of occurred  had 

Month F-alls (From Table 8 )  (From Table 9 )  no  diversions Month Falls (From Table 8) (From Table 9 )  no diver-ions 
fiow over Niagara River  Niagara River there been 

1939 
Jan. 121,400  9,700  5 1,400 182,500 July 143,200 9,200 52,000 204,400 
Fel). 116,700  9,500 52,400 178,600 Aug. 141,600  9,200 53,800 204,6iO 
Mar.. 129,300  9,300 50,300 188,900 Sept. 132,000  9,100 55,700 196,800 
Apr. 135,800 9,300 50,200 195,300 Oct. 129,600  9,000  56,500  195,100 
May 145.200 9,200 52,800 207,200 Nov.  123,800 9,000 56,700  189,500 
June 146,900 9,100 53,300 209,300 Dee. 127,400  9,000 56,300 192,700 

1940 

Jan. 109,200 8,800 55,700 173,700 JUIY 139,200 8,400 56,600 204,200 
Fell. 105,700 8,700 56,400 170,800 Aug. 130,700 8,400 57,000 196,100 
Mar. 113,100 8,500 55,800 177,400 Sept. 133,200 8,400 56,900 198,500 
Apr. 130,500 8,500 55,700 194,700 Oct. 126,400 8,400 57,000 191,800 
May 134.200 8,500 56,700 199,400 Nov. 126.200 8,300 61,300 195,800 
June 143,000 8,400 56,900 208,300 Dec. 127.200 8,300 61,000 196,500 

1941 
Jan. 125,600 8,200 61,200 195,000 July 112,300 7,800 68,800 188,900 
Fcb. 121,100 8,000 61,400 190,500 Aug. 108,800 7,800 69,700 186,300 
Mar. 116,900 7,800 60,700 185,400 Sept. 105,900 7,600 69 800 183,300 
Apr. 119,700 7,800 61,000 188,500 Oct. 102,900 7,600 69,900 180,400 
May 121,500 7,800 61,700 191,000 Nov. 108,100 7,600 70,500 186,200 
June 117,300 7,800 65,300 190,400 Dec. 93,000 7,600 79,800 180,400 

1942 
Jan.  87,900 7,500 75,500 170,900 July 123,300 7,000 75,600 205,900 
Feb. 84,300 7,300 78,700 170,300 Aug. 121,800 7,000 77,700 206,500 
Mar. 96,900 7 100 78,700 182,700 Sept. 117,203 7,000 80,100 204,300 
Apr. 110,700 7,200 78,800 196,700 Oct. 112,600 6,900 81,200 200,700 
May 118,900 7.100 79,600 205,600 Nov. 117,200 6,850 81,100 205,100 
June  123,500 7,100 77,400 208,000 Dec. 117.700 6,700 81,300 205,700 .- - 

1943 

Jan. 107,500 6,600 78.700 192,800 Jcly 152,600 6,100 77,400 236,100 
Feb. 112,400 6,400 80.300 190,100 Aug. 149,300 6,100 77,700 233,100 
Mar. 116,700 6,300 78.500 201,500 Sept. 142,900 6,100 76,800 225,800 
Apr. 118,600 6,200 79,100 203,900 Oct. 134,200 6,200 75,600 216,000 
May 141,800 6,200 78,800 226,800 Nov. 135,100 6,400 76,900 218,400 
.lune 1F;8,400 6,100 76,600 241,100 Dee. 129,600 6,700 78,400 214,700 

1944 
Jan. 112,100 6,600 79,400 198,100 July 135,600 6,800 77,400 219,800 
Feb. 108,600 6,700 79,800 195,100 Aug. 127,800 6,800 78,700 z13,3u0 
Mar. 112,400 6,700 79,500 198,600 Sept. 124,200 6,900 79,000 209,900 
Apr. 126.400 6,800 78,400 211,600 Oct. 116,200 6,700 81,400 204,300 
May 1:G,900 6,800 78,700 224,400 Nov. 109,600 6,700 83,100 199,400 
June 140,400 6,800 79,600 226,800 Dee. 112,300 6,600 83,400 202,300 

194.5 

Jan. 116,700 6,600 80,900 204,200 J u l y  136,800 6,300 80,400 223,500 
Fch. 99,600 6,500 82,000 188,100 Aug. 135,700 6,400 80,800 222,900 
Mar. 116,800 6,400 81,800 205,000 Sept. 129,600 6,300 82,000 217,900 
Apr. 125,300 6,400 82,900 214,600 Oct. 141.000 6,100 82,000 229,100 
May 135,400 6,300 81,900 223,600 Nov. 134,000 6,000 81,400 221,400 
June 136.500 6.400 82,300 225,200 Dee. 131,200 5,900 82,300 219,400 
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T A B L E  A - 9  
MONTHLY  MEAN  DIVERSIONS  FROM  NIAGARA  RIVER  BETWEEN  ITS  HEAD  AND 

NIAGARA  FALLS, IN  C.F.S. 1927 - 1951  (Cont'd.) 
Hydro-Electric  Power 

Niagara  Canadian - ~ ~ ~ ~ ~ _ _ _ _ _ _ _ _  ~ 

Commission of Ontario 
~~~ ~~~ ~ ~~~~ Inter- 

New  York  Mohawk  Niagara  Ontario  Sir  Adam  national 
State  Barge  Power  Power  Plant  Toronto Beck Railway 

Month  Canal  Corp. Go. Plant  Plant No. 1 Co. Total 
1 9.4 9 

Jan. 325 28,498 10,587 10,991 14,970 14,475 79,846 
Feb. 700 31,895 10,541 10,779 14,821 14,432 83,168 
Mar. 100  30,216 10,540 10,873 14,749 14,593 81,071 
Apr. 700 30,736 9,675 10,595 13,86,4 14,734 80,334 

June 1,100 30,562 10,604 10,307 14,042 13,834 80,449 
July 1,100 31,113 10,421 10,224 14,112 13,489 80;459 
Aug. 1,100 31,952 10,350 10,455 14,236 13,364 81,457 
Sept. 1,100 32,028 10,552 10,956 14,828 13,601 83,065 
Oct. 1,100 31,829 10,528 10,974 14,801 13,603 82,835 
Nov. 1,100 32,212 10,608 10,922 14,842 13,764 83,448 
Dee. 700 32,367 10,508 10,920 M.805 13,985 83,255 

1950 
Jan. 700 32,136  10,603  10,917  14,849  14,359  83,564 
Feb. 700 32,057  10,611  10,820  14,804  14,342 83,3391 
Mar. 350  32,018  10,278  10,701  14,745 14,385  82,447 
Apr . 300  31,821  10,428  10,378  14,129  14,716  81,772 

June 1,100 32,243 10,122 10,861 14,921 14,270 83,517 
July 1,100 31,743 10,248 10,515 14,322 13,850 81,778 
Aug. 1,100 32,324 10,649 10,494 14,282 13,542 82,391 
Sept. 1,100 32,348 10,629 10,782 14.528 13,584 82,971 

Nov. 1,100 32,092 10,662 10,911 15,129 13,779 83,673 
Dee. 800 32.161 10,628 10,838 15,043 14,050 83.520 

7 951 
Jan. 0 31,970 10,454  10,743  14,8,43  14.252  82,262 
Feb. 575  32,174  10,521  10,652 14,743  14,340  83,005 
Mar. 700 32,015  10,399  10,659  14,330  14,634  82,737 
Apr. 950  31,679  10,137  9,865  13,240  14,805 80,676 
May  1,100  31,952  9,582  10,775  14,218  14,730  82.357 
June 1,100  31,395  10,228  11,024  13,932  14,20,4  81,883 
July 1,100  31,887  10,627  10,782  13,728  13,845 81,969 
Aug. 1,100  32,131  10,651  11,014  14.985  13,979  83,860 
Sept.  1,100 31,938  10,659  11,079  14,777  14,058  83,611 
Oct.  1,100 31,931 10,657  11,119  15,015  13,887  83,709 
Nov. 1,100  31,900  10,520  11,107  14,999  14,048  83,674 
Dee. 700 32.050 10.658  11.068  15.047  14.086 83.609 

May  1,100  31,991  10,222  10,589  14,224  14,420 82,546 

May  1,100  32,002  10,608  10,302  14,490  14,719  83,221 

Oct.  1,100  32,110  10,632  10,977 15,028 13,656  83,503 

21. NIAGAKA  KIVEK F I ~ W  HAD TEIEKE R E K N  N O  DIVERSIONS. - 'Thc previous discussion and 
t;lbtll;ltion o f  diversions  from  the  Great 1,akes and  their effect on the Flow o f  the  Niagara  River 
is preparatory t o  a determination of the flow  which would have occurred  at  Niagara Falls if no 
diversions  from  or  into  the  Great 1,akes had  been  in eEEect. To determine  this  flow,  it is necessary 
first o f  al l  to  find the flow that  actually  occurred  at  Niagara Falls. Then  the necessary corrections 
can  be  applied to give the Flow if there  had  been  no  diversions. For the period 1860 through 1926, 
the  data  for  the  actual flow over  the Fillls and  the flow  which  would  have  occurred  had  there 
heen no diversions  were taken as listed  in Table 3,  Appendix F of the 192X report where the 
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Noven~t)er through  March.  These basic duration curves  were  then used to derive  duration  curves 
For the l l o r v  over N i a p r a  Falls under  conditions  just  prior  to  the 1950  'Treaty and for  certain 
cwlciitions o f  power  development  under  the  terms of the 1950 Treaty, a s  discussed in  paragraph 
2.3. T l ~ e  (lata  for  the  duration  curves of flow over the Falls nre given  in Table A-11 and shown 
graphically 011 Plate  A-4. 

[Tnited States  power  diversions: 
Srhoellkopf and Adarns  plants 52,100 C.F.S. 

<:atladian power  diversions: 
'roronto Power  plant . . 14,700 c.1.s. 
<:anadi;m  Niagara  Power  plant  10,500 r:.f.s. 
Ontario  Power  plant . . . .  . . .  . .  . . .  . . 10,700 c.f.s. 
Sir  Adam Beck No. 1 plant . . . . .  14,100 c.f.s. 

Long  1,ake-Ogoki Basin . . .  . . . . .  -5,000 c.f.s. 
DeCew plant . . . . . .  6,400 c.f.s. 

Total power  diversions . . . . .  . . .  83,500 c.f.s. 

Diversions other  than  power: 
Sanitary  District of Chicago . . . .  . . . . .  . .  3,100 C.E.S. 
New York State  Barge  Canal . . . .  . . . . .  900 c.f.5. 
Welland  Canal . . . . . .  1,100 c.f.s. 
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T A B L E  A - 1 0  
SUMMARY OF DISCHARGE  DATA-NIAGARA  RIVER  MONTHLY  MEANS  IN  C.F.S. 1927-1951 (Cont'd.) 

I"low which Additiuns for  diversions would have 
Actual Above head of Below  head of wxurred had 

Flow  which Additions for  diversions would have 

Row over  Niaaard  River Niarrara River  there hcen flow over  Niaqard  River  Niaaara  River  there been 
Actual Above  head of Below head of occurred  had 

Month P'alls ( F r o m  'I'eble X )  (Yrom Tahle 9 )  no  diversions Month Walls (IG"rn Tahle 8 )  (From Table 9 )  no  diversions 

1932 

Jan. 152,000 10,600 38,400 201,000 July 155,100 10,600 32,900 198,600 
Feb. 154,900 10,500 38,800 204,200 Aug. 146,700 10,600 34,500 191,800 
Mar. 145,300 10,500 39,600 195,400 Sept. 137,300 10,700 37,400 185,400 
Apr. 149,500 10,500 36,900 196,900 Oct. 134,800 10,700 36,600 182,100 
May 158,000 10,600 33,200 201,800 Nov. 133,500 10,700 35,300 179,500 
June 156,700 10,600 33,700 201,000 Dee. 137,300 10,700 34,600 182,600 

1933 

Jan.  143,100  10,600 32,800 186,500 July 140,800  10,500 43,500 194,800 
Feb. 131,300  10,500  34,800  176,600 Aug. 134,800  10,600 42,500 187,900 
Mar. 130,200  10,300 33,300 173,800 Sept. 127,400 10,700 44,900 183,000 
Apr. 140,200  10,400 32,800 183,400 Oct. 123,200 10,700 45,400 179,300 
May 159,700  10,400 35,500 205,600 Nov.  116,800  10,600 48,500 175,900 
June 155,600 10.400 38.900 204,900 Dec. 112,600 10,600 48,600 171,800 

~ _ _ _ _ _ ~ ~ ~  ~ 

1934 

Jan.  109,800 10,500 48,500 168,800 July 107,100 10,500 49,300 166,900 
Feh. 03,000 10,500 51,300 154,800 Aug. 110,100 10,600 47,000 167,700 
Mar. 95,700 10,400 52,200 158,300 Sept. 109,400 10,600 46,600 166,600 
Apr. 115,900 10,400 44,400 170,700 Oct. 108.800 10,600 46,300 165,700 
May 113,000 10,500 49,300 172,800 Nov. 104,200 10,500 46,600 161,300 
June 109,600 10,500 50,800 170,900 Dee. 105,900 10,500 47,700 164,100 

1935 

Jan. 103,800 10,400 48,900 163,100 July 120,800 10,400 46,000 177,200 
Feb. 96,700 10,300 49,700 156,700 Aug. 121,400 10,400 48,400 180,200 
Mar. 105,300 10,200 47,000 162,500 Sept. 114,200 10,400 50,100 174,700 
Apr. 111,100 10,300 46,000 167,400 Oct. 107,200 10,500 53,300 171,000 
May 118,900 10,300 47,000 176,200 Nov. 102,600 10,500 55,700 168,800 
June 122,000 10,300 47,100 179,400 Dec. 103,100 10,600 55,100 168.800 

_____ 

1936 
Jan. 91,100 10,500 53,100 154,700 July 117,300  10,300  54,500  182,100 
Feh. 68,200 10,300  51,000  129,500 Aug. 110,900  10,300 55,600 176,800 
Mar. 105,500 10,200 53,100 168,800 Sept. 107,200 10,300 56,000 173,500 
Apr. 120,300  10,300  53,200  183,800 Oct. 110,600 10,300 56,400 177,300 
May 120,800  10,200 53,600 184,600 Nov. 113,600  10,300 56,300 180,200 
June 122,500 10,300 54,900 187,700 Dee.  105,100  10,400 56,000 171,500 

19.17 

Jan. 122,700 10,200 55,200 188,100 Ju ly  150,400 10,100 56,100 216,600 
Feb. 130,300 10,100 55,600 196,000 Aug. 142,800 10,100 56,300 209,200 
Mar. 123,700 9,900 55,400 189,000 Sept. 133,600 10,100 56,500 200,200 
Apr. 132,000 9,900 56,100 198,000 Oct. 126,000 10,100 56,700 192,800 
May 144,400 10,000 55,400 209,800 Nov. 125,100 10,000 55,800 190,900 
June 144,600 10,000 56,500 211,100 Dee. 120,800 10,100 54,400 185,300 

1938 
.Jan.  109,100  10,000 51,300 170,400 July 142,000  9,800 51,700 203,500 
Feh. 111,100 9,900 52,800 173,800 Aug. 147,700  9,800 49,600 207,100 
Mar. 127,100 9,600 52,100  188,800 Sept. 137,300  9,800 51,900 199,000 
Apr. 141,200 9,700 52,100 203,000  Oct.  131,700 9,800 52,300 193,800 
May 143,700 9,700 53,200 206,600 Nov. 132,700  9,900 52,600 195,200 
June 142,000 9,800 53,300 205,100 Dee.  132,700 9,800 51,700  194,200 

~ ~~ 



PLATE A-1 



F L O W   A N D   H Y D R A U L I C   C O N D I T I O N S   I N   T H E   N I A G A R A   R I V E R  77 
" ~ - ~~ 

..~ 

Additions for  diversions 
E'low which I''low whlch 
would have Additions for  diveysions- would have 

Actual Above  head of Bekw head of occurred had 
h w  o v e r  Niasara  River Niarrara River  thrre been flow  over' Niaaara  River  Nia4ara  River there been 

Month Valls 1 I'rrrm 'I':jhle 8 )  (From Table 9 )  no diversions Month Fkll.; (From Table 8 )  (From Table 9 )  no diversions 

___ . "~ 

Actual Above head of Below head of occurrrd had 
~ 

1946 

Jan. 124,300 5,600 82,500 212,400 July 131,700 5,100 81,300 218,100 
Feb. 113,600 5,300 81,900 200,800 Aug. 129,400 5,100 81,900 216,400 
Mar. 122,100 5,100 79,900 207,100 Sept. 119,700 5,000 82,100 206,800 
Apr. 127,000 5,200 81,200 213,400 Oct. 114,600 5,000 82,200 201,800 
May 128,000 5,200 80,400 213,600 Nov. 116,400 5,100 83,000 204,500 
June 134,500 5,100 81,300 220,900 Dee. 115,600 5,100 82,400 203,100 

1947 

Jan. 109,200 4,900 81,000 195,100 July 153,100 4,600 78,200 235,900 
Feb. 102,500 4,900 77,600 185,000 Aug. 140,500 4,500 82,200 227,200 
Mar. 106,900 4,800 81,400 193,100 Sept. 137,400 4,400 82,700 224,500 
Apr. 110,400 4,700 77,400 192,500 Oct. 125,400 4,500 82,800 212,700 
May 143,400 4,700 77,400 225,500 Nov. 126,800 4,400 83,000 214,200 
June 162,800 4,700 77,600 245,100 Dee. 126,200 4,500 82,800 213,500 

1948 

Jan. 113,900 4,600 81,400 199,900 July 138,800 4,400 82,000 225,200 
Feb. 119,300 4,700 81,900 205,900 Aug. 134,000 4,400 81,800 220,200 
Mar. 125,300 4,800 81,100 211,200 Sept. 123,600 4,200 82,600 210,400 
Apr. 139,300 4,700 82,000 226,000 Oct. 117,700 4,300 82,600 204,600 
May 148,200 4,600 82,100 234,900 Nov. 119,600 4,300 82,500 206,500 
June 144,700 4,500 82,100 231,300 Dec. 116,000 4,300 81,200 201,500 

1949 

Jan.  121,000 4,500 79,800 205,300 July 115,800 4,400 80,500 200,700 
Feb. 120,700 4,700 83,200 208,600 Aug. 110,800 4,300 81,500 196,600 
Mar. 120,700 4,900 81,100 206,700 Sept. 108,300 4,100 83,100 195,500 
h p r .  124,300 4,800 80,300 209,400 Oct. 100,400 4,200 82,800 187,400 
May 122,300 4,500 82,500 209,300 Nov. 98,700 4,200 83,400 186,300 
June 119,200 4,400 80,400 204,000 Dec.. 98,600 4,200 83,300 186,100 

_______~~ 

1950 
Jan. 113,600 4,400 83,600 201,600 July 125,100 4,300 81,800 211,200 
Feb. 116,900 4,600 83,300 204,800 Aug. 117,700 4,200 82,400 204,300 
Mar. 119,700 4,700 82,400 206,800 Sept. 115,000 4,100 83,000 202,100 
Apr. 128,200 4,600 81,800 214,600 Oct. 112,500 4,400 83,500 200,400 
May 135,100 4,500 83,200 222,800 Nov. 116,700 4,600 83,700 205,000 
June 132.000 4.400 83.500 219,900 Dec. 123,700 4,800 83,500 212,000 

~_________ ~~~ 

1951 
Jan.  122,200 4,800 82,300 209,300 July 138,800  5,500  82,000 226,300 

Mar. 124,300 4,800 82,700 211,800 Sept. 127,900 5,700 83,600 217,200 
Apr. 145,500 4,900 80,700 231,100 Oct. 124,000 5,800 83,700 213,500 
May 147,700 5,100 82,400 235,200 Nov. 128,400 5,900 83,700 218,000 
June 144.800 5.400 81.900 232.100 Dec. 132.900 5,900 83.600 222,400 

F,','>. 118,200  4,800  83,000 206,000 Aug. 131,200 5,600 83,900 220,700 

22. I ~ J K A T I O N  CIIKVES OF FLOW I N  NIACARA RIVEK. - The  duration curves  for  the  flow o f  
Niapra  Kiver at Niagara Falls were computed, based on  the  record of  montllly  mean flows 
from 1860 to  1951, as they would have  occurred  had  no  diversions  been  in  effect.  Separate  duration 
curves  were  constructed  for  the  tourist season, April  through  October  and  the  non-tourist season 
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percent a n d  84 percent o f  the time  during  the respective  periods.  Acc:ordingly,  the f l o w  over the 
Falls during the intermediate  period will be 100,000 cfs for 92  percent of the tourist season  days 
and somewllat higher  for the remaining  eight  percent o f  the  time,  and  during  the  tourist season 
nights ; m d  non-tourist season  tlre flow  over  the Falls will be  50,000 cfs for 16 percent of  the  time 
and above 50,000 cfs for 84 percent o f  the time. 

((1) F u t u r e  period. - The  future  period  for tlle purposes o f  th i s  report is defined as the 
period  after  the  completion o f  the  proposed  Conners  Island-I,ewiston  development.  Capacity 
diversions  through  linitcd States plants, a11 from  the (:llipp;l~Y;l-(;rass Island Pool,  would  then be 
a b o u t  100,000  cubic: fect  per  second  consisting o f  92,500  through tlre existing  IJnitetl  States pl;lnts 
and (j7,500 tlrrougll  the  proposed  Conners  Island-Imviston  development.  Capacity  diversions 
through  C~rr~adi;~n  plants  would be the  same ;IS for the  intermediate  period, a maximum o f  about 
100,000 CIS.  Accordingly, the future maximum total  power  diversion  will  be  about 200,000 cfs. 
Since the highest monthly mean f l o w  o f  the  Niagara  River as i t  would  have  been  had  there  been 
no diversions was 255,800  cfs, and in view o f  diversions o f  nl)out  5,100 cfs for  purposes  other  than 
power, i t  is anticipated  that, in general,  there w i l l  be  sufficient  hydro-electric  installed  capacity  to 
utilize a 1 1  N i a p r a  River f l o w  in exccss o f  that  required  for  the Falls as speciEied by tlle 1950 
Trcaty. The  duration curves For the flow  over the Falls ~ ~ n d e r  these  conditions for the  tourist 
season clays ant1 for the  tourist season nights  and  non-tonrist season are therefore  straight  lines 
w i t l r  ordinates o f  100,000 cfs and 50,000 cfs, respectively. Tllese data, as for the  intermediate  period, 
;Ire I~ased on present  capacity  diversions  through  the Cascades plants. 

T A B L E  A - 1  1 
DURATION OF  FLOW OVER  FALLS 

Niagara  River 
discharge 
with  no 

diversions, 
cf s. 

" " . 
Corresponding flow over  Falls,  cfs 

Under 1950 Treats  and  Under 1950 Treats   and 
intermediate - development  future  development 

Prior to  
1950 

Tourist Tourist  season Tourist Tourist  season 
season nights  and  non- season nights  and  non- 

Trea ty   daw tourist  season days tourist  season 

." .. . 

Duration  in 
percent of time 

Tourist Non tourist  
season  season 

- 

130,000 
135,000 
140,000 
145,000 
150,000 
155,000 
160,000 
165,000 
170,000 
180,000 
190,000 
200,000 
210,000 
220,000 
230,000 
235,000 
240,000 
245,000 
250,000 
255,000 

41,000 
46,000 
51,000 
56,000 
61,000 
66,000 
71,000 
76,000 
81,000 
91,000 

101,000 
111,000 
121,000 
131,000 
141,000 
146,000 
151,000 
156,000 
161,000 
166,000 

100,000 
100,000 
100,000 
100,000 
100,000 
100,000 
100,000 
100,000 
100,000 
100,000 
100,000 
100,000 
100,000 
100,000 
100,000 
100,000 
102,000 
107,000 
111,000 
116,000 

50,000 
50,000 
50,000 
50,000 
50,000 
50,000 
50,000 
50,000 
50,000 
50,000 
55,000 
64,000 
74,000 
83,000 
92,000 
97,000 

102,000 
107,000 
111,000 
116,000 

100,000 
100,000 
100,000 
100,000 
100,000 
100,000 
100,000 
100,000 
100,000 
100,000 
100,000 
100,000 
100,000 
100,000 
100,000 
100,000 
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PLATE h-4 
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Sounding  apparatus consists 
o f  1,500 ft .  of 0.026-in.  steel 
music  wire  wound  on  alumi- 
num  reel, 8-11). counterweight, 
and 12-lb. discus-shaped  lead 
sounding  weight. 

Figure  1 

Helicopter  sounding  appara- 
tus  attached on right side 
near  front,  within easy reach 
o f  co-pilot. 

Figure  2 



PRESERVATION AND ENHANCEMENT OF NIAGARA FALLS 
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S U R V E Y S  

1. SCOPE. - T h e  accumulation of cornplete  survey  data  over  the  entire  water  area  and  banks 
o f  Niagnra  River  from 1,ake Erie  to  the  crest o f  Niagara Falls was a prerequisite  to  the  constrwtion 
o f  ;I scale model  and  studies  in  the  planning  and  design of remedial works  for the  preservation 
and  enhancement of the scenic beauty of Niagara Falls. It was decided  that  the  following survey 
information would be required  and  that  all of the  data should be  accurate  and  referenced t o  a 
c o n ~ ~ n o n  horizontal  plane  and  origin in a geographic  grid system: shoreline  topography  along tlle 
banks o f  the  river,  river bed elevation,  distribution of flow, aerial  photography  and  water  surface 
elevations,  with  particular  emphasis  on  the Cascades area  immediately  upstream of the crest. This 
appendix describes  the  survey  methods used and  presents  the  data  obtained.  Plate 15-1 indicates 
the areas  covered hy the  survey. 

2. A V A I I . A B I . E  DAIA. - Considerable  inlornlation was available  from  previous surveys by the 
I3uffalo District,  Corps o f  Engineers;  the U.S. Lake  Survey;  the  International 13oundary Com- 
mission; T h e  Hydro-Electric  Power  Commission of Ontario;  and  the  Niagara  Mohawk  Power 
(:orporation.  These  included  detailed  topography  and  depths  in  the 1Sl;lck Rock Canal,  accurate 
Ilorizontal  control  along  both  banks of Niagara  River  with well monumented  stations  established 
at  about  one-mile  intervals;  permanent  bench  marks at about  five-mile  intervals;  navigation  charts 
showing  general  depths,  and  detailed  records of discharge  measurements. 

8 .  P R I M A R Y  AND SECONDARY CONTROI.. - The  International  Boundary Commission  had  estab- 
lished and  monumented  triangulation  stations  along  the  Canadian  shore  and  part of the  lJnited 
States  shorc o f  the  Niagara  River in 191.3 and  the  IJnited  States 1,ake  Survey  had  establislled and 
tnonnmented  numerous  triangulation  stations  along  the  remainder of the  tJnited States  shore. 
‘I’tle descriptions of these  stations  are  contained  in  Publication  No. 766 dated 1941 by the  Inter- 
n;rtional 15onndal-y Chmmission. The  geoLgraphic  positions o f  these  control  points  are  referred  to 
the  Nortll  American  Datum o f  1927. 

4. ‘I-he control  points  which cwuld be  occupied  advantageously  were  located at al)out one-mile 
illtervals. To meet  the  requirements of this survey, i t  was necessary  only to  establish  a  stadia 
traverse  between the  primary  stations.  Intermediate  hubs  were  established  at  about fjOO-foot 
intervals  and  the  geographic  positions  computed. T h e  traverse was n m  along  asphalt  surfaced 
Ilighways adjacent  to  the  river  banks  where  practical,  and  the  points mar!:ed by a “PK” nail  and 
a one  and  one-quarter  inch  aluminum  washer  with  the  number o f  the  point  stamped  thereon.  In 
addition, tlle points  were  marked hy a  guard  stake wi th  a  red  top  for ease  in finding  the  points. 
All primary  triangulation  control  points were temporarily  marked by a two-inch by two-inch  pole 
eigllt-fcet. long  with  signal clot11 attached  to  the  upper  end. T h i s  made  it possible to select a  long 
I)ack sight I’rom any hub  occupied and ;I definite  colour  pattern  made i t  easy to  identify  the  point 
1)ac.k sighted. 

5. Permanent  bench  marks  had  been  established by the [J.S. Lake  Survey  at  intervals of 
approximately  five  miles.  Approximately 80 miles of levels  were run between  these  bench  marks 
and temporary  bench  marks  marked by a “PK” nail  driven  into  the  pavement and circled  in 
yellow paint were set at  about 500-foot  intervals. 

6. SHOKEI.INE SURVEY AND CHECK SECTIONS. - T h e  [J.S. Lake  Survey  charts  furnislled  con- 
siderable  information on river  bottom  elevations  and  shoreline  topography.  However,  due to 
changes  in  the  river  banks,  shoaling  in  certain  reaches  and  a lack of  detail  between  the  shoreline 
and  the  eight-foot  depth  contour,  the  following  surveys were made: 

89 
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One 80 cubic  foot  “kytoon”  and  two 40 cubic foot “kytoons” 
grouped  to  lift  six-pound  weight. ‘Target (wind sock) and 
weight  are  shown  below  “kytoon”. 

Figure 4. 
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1 1 .  ‘I’he boundaries o f  the  lour  areas  described  above  and  the  location of the  lines o f  echo 
soundings  are  shown  on H.E.P.C. drawing No. (;.S.D. 85. 

It‘. SIJKVEY o p  <:ASCADES, - Tha t  section of tile Niagara  River  extending  from  the  crest  of 
the Falls upstream  for a distance  of  ahout  4,000  feet  presented  a  very  difficult  prol)lem  in  the 
overall  survey. In  tllis reach  thcre was very little  available  data  which  could be used and  the  area 
was entirely  inaccessible because of the  strong  currents  and  turbulence  in  the Cascades. This  
particular  scction was o f  paramount  importance  in a model  study.  Many schemes  for obtaining 
bottom  elevations  were  considered hut  most  proved  impracticable  or  prohibitive  in  cost.  It 
appeared  that the survey  might be done by using a helicoptcr or “kytoons”.  After  much  experi- 
mentation,  a  definite  plan was developed  involving  the use of both  the  llelicopter  and  “kytoons” 
and  equipment  designed  and  constructed. 

I S .  HmIcoI~nx  SIJKVEY OF C ~ S C A D E S .  - A helicopter  with  pilot  and  co-pilot was rented  from 
the Hell Aircraft  Corporation  and  the  operation  proceedcd as follows:  Fifteen hundred feet of 
0.02G-inch  stcel nlusic wire was Ivound on a ncarly  frictionless ;Iltlrnint1m reel  having  an  outside 
ciiarneter o f  seven incllcs. To the  free  end o f  tile wire was attached  a  discus-shaped  lead  weight 
wciglling  approximately If!  pounds. (See Figure 1 )  . T h i s  apparatus w a s  thcn t,olted t o  a lxacket 
and mounted on the  right  side of tllc  helicopter  at ;I location avit.hin  easy reach o C  the  co-pilot. 
(See Figure 2) . 1 he  helicopter was then  flown t o  a predetermined  position  over  the Cascades 
where i t  \vas made  to  hover  at  a  height of a l m u t  2,000  leet,  whereupon the co-pilot  began  lowering 
IIle sounding weiglr,t hy relcasing  a  hand  brake afEixed to  the reel.  At a point  in  the  wire  exactly 
50  feet  from the  Imttom o f  the  12-pound  weight, a target  resembling a wind sock about  one foot 
in dianlecer and two feet long  and  construc:tetl o f  orange  signal cloth was attaclled to a ring  which 
Ilild previously  been  attached to the  wire.  After  (Inrecling the entire  1,500  feet o f  wire, ;In eight- 
pound  counterweight was attached  to  the  end  and  the  wire  suspended  over  the  reel  in a 0.040-inch 
groove  which  had  becn  machined  in  the  circumference of the  reel so that the reel  could also serve 
as :I pulley. T h e  llelicopter was then  lowered  until  the  12-pound  weight  touched  the  bottom  and 
the cotlnterweight  I)egan to desccnd. (See Figure 3 ) .  A wire  guide  attached  rigidly to  the  counter- 
weigllt and  circling the sounding  wire  kept the counterweight  from  swinging  like  a  pendulum.  At 
the instant  the  sounding  weight  touched the river  bottom,  the  co-pilot  signaled each of four 
transitmen  over  an  air  to  ground  and  ground to  ground  radio  network. 

_ _  

14. ‘I’he transit  positions were esta1)lished so  that good intersections c o u l d  be obtained. T h e  
target, w a s  maintained  in  position  for  about 15 seconds  to  allow  the  instrumentmen  to  read  both 
Irorizontal and  vertical  angles. T h e  helicopter was then  elevated  until  the  sounding  weight was 
clear of the  water,  after  which  it was moved  approximately 300  feet  horizontally  and  the  pro- 
cedure  repeated.  After  each  run,  which was limited  to  about  one-half  hour by extreme  cold  since 
the  door was removed  from  the  helicopter,  or  when the sounding  weight  snagged  on  the  bottom, 
the  wire was cut  and  allowed  to  drop  into  the  river  along  with  the  weight.  This was found  to 1x2  
more  economical  than  attempting to reel  in  the  line  because  it  cut  down  hazardous  flying  time. 
A second  reel was always ready  with  new  wire  and  weights  for  another  run.  A  height of operations 
; I t  1,500 Feet above  the  river was fixed by reasons of safety  since  it was necessary to be able to  glide 
t o  a landing  area  in  an  ernergcncy. 

15. A recorder was assigned to  each instruInentm~~n t o  operate  the  radio  antl  record  the 
readings. The horizontal  angles were plotted  for each sounding  and  location  fixed by the  point 
o f  intcrscction of the  four  angles.  Then  with  the scaled distance Crom each  transit  station  antl 
the  vertical  angle,  the  elevation of the  target was computed.  ‘The  bottom  elevation  in  each case 
was 50 feet less than  the  target  elevation.  It was generally  found  that  at least three  of  the  vertical 
angles o f  the  four  turned to  each  target  position  resulted in computed  elevations wllicll checked 
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22. Velocity and  direction  determinations  were  made  at .'I6 rmdom positions  in  the  area 
covered b y  tlle echo  sounding  operations o f  September 1950  which  are mentioned  in  paragraph 
8. These were obtained by current  meter  and  trailing float, the position of the  anchored  boat 
being  determined h y  instrumental  intersection on t he  boat picket From shore survey stations. 
In  addition,  current velocity and direction  measurements were n ~ a d e  along  the  southern half 
o l  tlle river in  the area fxtween Navy Island ant1 the uppermost cascades by means o f  free 
floats observed  from shore instrument  parties. All tlle lvork outlined  in  paragraphs 21 and 22 
was donc b y  field  crews of the H.E.P.C. and  arc  recorded on fI.E.P.(:. drawing No. NF28-e-2006. 

23. K l v m  SI.OPE. - On April 25 and May 2, 1951, simultaneous staff gauge readings were 
taken  at  eight  different  points  on the Niag.ara River  from  Lake  Erie to Niagara Falls to determine 
the slope o f  the water surface for use in  verification  and  adjustment o f  the  model  at  Vicksburg. 
o n  May 10, 1951, the H.E.P.C. made  observations of water  surface  elevations at 25 points  located 
in the Cascades along  the  Canadian  and  Goat  Island  shorelines. T h e  location of the  points  and 
the observed  levels are given in Appendix F. 
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Sounding  in Cascades just  above  Horseshoe Falls by helicopter 
which  drops  weighted  line.  Transitmen  on  shore  take  readings 
on  target  fixed 50 ft. above  sounding  weight.  Line is run  
over  reel  and  counterweighted  since  helicopter  cannot  be 
kept  absolutely  still.  Counterweight  hangs  just  below  heli- 
copter  at  right of sounding  line. 

Figure 3 

within 0.2 foot. If any  one of the  lour  differed  appreciably,  it was not used and  an average was 
taken of the  elevations  computed  from  the  remaining  vertical  angles  to  obtain  a  final  elevation. 
In  all, 252 elevations were obtained  in  the  Canadian  channel  between  December 7 and  December 
27,  1950, in 21 hours of actual  flying  time.  Check  readings  over  an  area  previously  covered by 
conventional  survey  methods  proved  that tlle results  obtained by helicopter  were  correct  within 
one-half  foot. 

16. “KY.rOoN” SUKVEY OF CASCADES. - Elevations  over  the Cascades in  the  American  Channel 
upstream  lrom  the  crest  could  not  be  obtamed by helicopter  because of heavy tree  growth  along 
the  banks,  making  an  emergency  landing  impossible.  Therefore,  another  method was employed 
using  dirigible-shaped  balloons  called  “kytoons”  to  replace  the  helicopter.  “Kytoons” of both 40 
cubic  feet  and 80 cubic  feet  capacity  were  used. They were  constructed  with  a  nylon  cover  and 
contained  a  rubber  bladder  which was inflated  with  helium.  Numerous  trials  were  made  before 
an  arrangement  could be found which  would  lift  a  sounding  weight. I t  was determined  that  two 
of the 40 cubic  foot  capacity  “kytoons”  fastened  together  side by side  with an 80 cubic  foot  capacity 
“kytoon”  bridled  almve  the  other  two  would  lift  a  six  pound  lead  weight  in  about  a  10-mile  wind. 
(See Figure 4) . T11e specific  fastenings  were  improvised and  perlected  only  after  many  trials. 

T h e  “kytoons” were flown in tlle  same manner as a  kite  and,  although  the  lifting  force was small, 
the  pull  on  the  flying  line was strong  and  increased  with  the  wind velocity. I t  was found  that 
a  nylon  cord  such as is used on  parachutes  and  which has a  tensile  strength of 100 pounds,  would 
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serve ;IS ;I satistactory  flying  line  wllen  used  double. This  line, a s  finally  used, was approximately 
2,000 feet long and ‘\vas womtl  on a sturdy  Iland  reel. T l ~ e  sanle  type  line used  singly was used 
t o  control the sounding l e ; d  Music wire of 0.016 inch  diamcter was used in  the 9 0  feet  immedi- 
ately al)ovc tlle sounding  lead  in  order  to  keep  the  resistance  to tlle strong  current  to  a  minimum. 
‘1’11e sounding  line ~ t ~ a s  run over ;I srnall macl~ined  pulley w h i c . 1 1  was fastened t o  the  bridle  line 
holcling the three  “kytoons”  and  then wound on a sturdy  hand  reel. As in  the  helicopter  method, 
a target I V ~ S  fastened t o  the sounding  line. 

17. Alter  the  eqt~iprrlent w a s  assembled,  the  “kytoons”  were  flown  over  the Cascades area 
and tllc sounding lead dropped  to  the  I)ottom by paying  out  the  sounding  line. (See Figure 5) . 
T h e  nylon  cord w a s  quite elastic  when several hundred feet I l a d  I)een mreeled  and  it was possible 
to keep the slack otlt ol the  line  and also to  be  sure  tllat  the  weight was on  the  bottom. T h e  
operation was carried on from  either  side of the  river,  depending on the  wind  direction  and  it 
was possible  to obtain  depths  at distances o f  almost one-I1aIC mile.  Transits  were  used, as in  the 
helicopter  method, wit11 all  operations  synchronized by radio.  From  horizontal  and  vertical  angles 
obtained and trigonometric  computations,  the  elevation o f  approximately 500 points  on  the  river 
bottom  were  obtained  during  January  and  February 1951. As the construction o f  the scale  models 
progressed, i t  was decided  that  greater  detail was required  in  certain  sections of the Cascades in 
tlle Chladian  cllannel  and  in  November  and  December 1951, approximately 500 additional  sound- 
ings  wcre taken by the  “kytoon”  method.  This  method  proved to  be  accurate  within  one-half  foot. 
It was particularly  adaptable  for use in  the specific area  which was otherwise  inaccessible. T h e  
subaqueous  contours  determined  from  data  obtained by the  helicopter  and  “kytoon”  surveys  are 
shown  on  Plate 11-2. 

18. W A m a  SIJIWACE E L x v A n o N s  I N  C A S C A D E S .  - Two independent  aerial surveys  were made 
to determine water  surface  elevations  in t l~e  turbulent  (hscades  above  the  crest o f  the Falls. Both 
surveys  were  made  in  December  1950;  one  under  contract  with the H.E.P.C.  and  the  other  under 
contract  with tlle I3ufL‘alo District of the  Corps o f  Engineers. T h e  water  surface  contour  maps 
developed  independently I‘ronl each of the  aerial surveys  differed  among  themselves  and  also  indic- 
ated  elevations  at specific points wl1ic.11 were  considered to be  erroneous.  It was concluded  that  both 
surveys  produced  results of doubtful accuracy, prolx~bly because the  elevations of the surFace o f  the 
swif t ly  moving  water  were  determined  from  consecutive  exposures  not  made  at  the  same  instant  and 
therelore  not  true  stereoscopic  pairs.  Rather  than use a  more  elal~orate  and costly  system of aerial 
survey wllicll w o u l d  produce  true stereosc:opic pairs,  an  entirely new and  different  method of 
obtaining water  surface  elevations was devised and used. T h i s  survey is desc:ribed in  the  paragraph 
w11icl1 f o l l o ~ v s .  

I!). shuux1.Ic;Irr S I J K V ~ C Y  OF CASCADES.  - Buffalo  District  personnel  and H.E.P.C. personnel, 
working  in t w o  separate  groups,  made  a  detailed  survey o f  the water  surface o f  the  Canadian 
Cascades using  a  new and mique  method in  November 1!)51. Two 800,000,000-candle  power  lights, 
one for  each group, were  set up at several  carefully  selected  stations  on  the  Canadian  shore  and  on 
Goat  Island.  Then,  with the beam  directed  approximately  horizontally across the Cascades in  a 
&Finite orientation, vertical  angles  were  read t o  the  line oF heam reflection  from  three  different 
transit  stations  with  the  transits i d s o  definitely  oriented. T h e  light  beam was held  in  position  until 
eacll transitnlan  had  read  vcrtical  angles to the  beam  reflection  on  the  water  at  about  five-degree 
Ilori/ontal  increments ;dong the  light 1)eam. For  each reading bot11 the  Ilorizontal and vertical 
anglcs ~vc re  recwrclecl. After a 1 1  tr;msitmcn had completed a n  angular crossing along  the  light  beam, 
tlle bcaln WIS moved horizontally  two  degrees  and 30 minutes  and  another set oC transit  readings 
were m ; ~ l e .  ‘I’llis operation was continued  until the entire  area  vas completely  covered,  the  light 
beam  directions were plotted  and each horizontal  reading of tlle  transits was plotted  to  intersect 
this  line. Wit11 scaled  distances I’rom the transit  station t o  these intersections  and  the  vertical 
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4. I)A.I.A FOR GAIJGE KEL.A'I'10N S'IYJDIES. - I n  order  to  be  able to use Eq. (1)  at any  gauge, i t  is 
necessary to  know  the  numerical values ol t he  fo l i r  unknowns: K ,  a, h ,  and c. T h e  data available 
Cor t.llis purpose  consists o f :  the mean  daily g ; ~ r ~ g c  l~eights as recorded  at the automatic  water  stage 
recorders a t  Morrison Street ant1 a t  the upper river gauge location;  the  mean  daily  power  diversions 
as recorded at  the  various powc~- plants. T h e  gauge heights for  each day must  be  the  mean of 24 
readings  recorded  ~~utonlnt.ically e;lcIl  Ilo11r clurillg t h c  day,  not  just  single staff readings.  Similarly 
the clivcl.sion records m u s t  consisl o l '  111c mean o f  the 24 hourly  readings for  the  day. Also there 
I I I I I S ~  be a c~orlsit1eral)le ~ x l g e  ol' indepcntlent ~,ari;~tion in river  discharge and in each of the 
diversions c l ~ ~ r i ~ l g  tllc period c.overcc1 I)y tlle study. It' tlIe records used cover  several different years, 
there wil l  be sufficient  variation i n  ri\*er I ' l o ~ v  for the  accurate  determination of the  discharge 
coel'l'icient. During  the early years ol the power  diversions, there was considerable  reduction i n  
tlle diversions  during  Sundays  and llolitlays, as is shown for 1925 by the  Imttom  graph  in Plate I!), 
Appendix F of the  report  on "Tl~t: l'rescrvation and Irnprovetnent of N i a p r a  Falls and  Rapids" 
publislled  in C h a d a  21s "The Preservation o f  Niagara Falls" by the Special International  Niagara 
13o:1rcI ( t o  be referred t o  as "the 1028 report"  hereafter for brevity) . This  reduction still occurred 
in 1932, b u t  b y  1941 i t  I m l  tlis;tppc.;lred lrom tlle IJnited States  diversions bcca~~se  by  that  time 
the l o a c l  llad incwxsctl and the hydro-electric,  plants  were  kept  loatled  all  week up t o  the limit 
allowctl h y  law and internatiot1;ll agrccment,  the  fluctuations  in  load  being  carried by the  steam 
plant.  However,  during 1941, there were two permanent increases  in the allowable diversions, one 
in J (me  a n d  one in  November. T h u s ,  before the end oE 1941, there was sufficient  variation  in  the 
power  diversions to make  it possible to find acctlrate values of the  diversion  coefficients  but  since 
1941. the variations  have  been too small. 
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T A B L E  c-2 
VALUE OF ELEVATION  CONSTANT IN  APRIL 1942 AND RISE DUE T O  WEIR 

Gauge 
Rise in K due to 

K - April 1942 (1 )  weir, April 1951 

Black  Creek 
Raters  Point 
# 5 (Material Dock) 
# 3  
#51 
#45 
Ontario  Intake B 
Toronto  Forebay 
Canadian  Niagara 

Forebay 
Conners  Island 
Gras-;  Island 
Willow Island 

564.10 
562.68 
562.24 

560.17 
558.52 
558.22 
532.82 
517.71 

562.3,4 

562.70 
561.33 
560.05 

0.53 
0.55 

1.00 

0.85 

(1) Elevations  are t o  U.S.L.S. 1935 Datum. 
~~~~~ ~ ~ 
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T A B L E  C - 3  
ELEVATION  CONSTANTS  AND  DISCHARGE  COEFFICIENTS  FOR  NOVEMBER 1950 (1) 

Gauge a 

Slaters  Point 
# 5 (Material Rock) 
#51 
Black Rock 
Huntley 
Tonawanda 
Conners  Island 
Grass  Island 
Willow Island 

562.84 
562.11 
560.64 
566.04 
565.24 
564.63 
562.87 
561.35 
559.74 

0.221 
0.222 
0.220 
0.303 
0.281 
0.270 
0.237 
0.217 
0.182 
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X. Nll2.IEKIC:Al. VAI.1JES O F  COEFI;IC:IWI'S. - Table ~ l - 1  sI1ows the  numerical  values  obtained 
for the  various  discharge  and  diversion coefficients tor each of the  upper  river  gauges  listed. 
These  represent  months  of  tedious  work. T h e  discharge  coefkient a shows the  change in 
decimals o f  a f o o t ,  corresponding to a change o f  one  foot  at  Morrison  Street  gauge. T h e  
diversion  coeficients h ,  c, d, e, and f show the  change in water level at  each gauge due  to each of 
the  pertinent  diversions, all the  diversions  being  expressed in  units o f  10,000 cubic  feet  per  second. 
Except for the  Queenston coeflicients at a few of the gauges,  as  explained  in  paragraph 10 below, 
a11 diversion coefficients are  negative, as is to be  expected  because  an  increase  in  the  diversion 
causes a  drop in  water  level.  Since the  range of stage  in  the Pool is relatively  small, it is safe to 
allow the  values of all the coefficients in  Table C-1 to  remain  constant  for  all  river stages. 

T A B L E  C - 1  
DISCHARGE  AND  DIVERSION  COEFFICIENTS  IN  GAUGE  RELATION  EQUATIONS (1) 

Gauge a b c d e f 

Black Creek 
Slaters Point 
# 5 (&Saterial Dock) 
+k 3 (Hog Islai~d) 
$51 
$45 
Ontario Intake 13 
Toronto Forebay 
Cmadian Niagara 

Forebay 
Comers Is!and 
Gras; Island 
Willow island 

0.264 
0.221 
0.222 
0.235 
0.220 
0.161 
0.165 
0.114 
0.144 

0.237 
0.217 
0.182 

-0.079 t0 .142  
"0.156 +0.045 
-0.201  -0.052 
-0.273 
-0.240 
-0.184 
-0.184 
-0.150 
-0 210 

-0.111 $0.044 
-0.310 
-0.385 

-0.291 
-0.840 
-0.222  -0.942 
-0.226 -0.410 -1.270 

( I )  C;.H. =k' + I I  (111 - 3.36) + 1) U.>S. + c Qn + d O.P. f e T.P. + [ C.N. where 
C.H.  =Computed  gauge  height 
hf =Morrison Street gauge height 
U.S. =United States  Diversion 
Qn =Queenston  diversion  (Sir  Adam Beck No. 1)  
0.1'. ===Ontario  Power  diversion 
T.P. =Toronto  Power  diversion 
C.N. =Canadian  Niagara  diversion  (Rankine  plant) 

and all diversions  are  expressed  in  units of 10.000 cubic  feet  per  second. 

!). From the n~ethod by which  they  were  derived,  it is evident  that  the  numerical  values o f  
the coeflicients  listed  in Table C-1 depend solely upon  the  stability o f  the gauges and  the  consistency 
o f  tllc gauge and diversion  records  and do not  depend  upon  the  accuracy of the  discharge  lormula 
for thc .  Morrison  Street  gauge, Eq.  (2) i n  Appendix A. However, by using  this  discllarge  formula 
in  c.onlbination  with tlle  coefticients  listed in  Table G I ,  additional  information  can be obtained. 
For example, i t  ( : an  be lound from Eq. (2) in  Appendix A that  at  mean  river stage a change of 
10,000 cubic feet per  second  in  river flow rncans a change o C  1.4 feet a t  Morrison  Street  gauge. 
Since  any o f  the  values o f  (1 listed in 'Table C-1 sl~ows the  amount of change  in  river  stage  at  an 
llpper  river  gauge  corresponding to a  change of one Coot at  Morrison  Street,  the  product 1.4 x cc 



T A B L E  C - 5  
DATA FOR  RATING UPPER CASCADES 

1 2 

Date  Gauge 
Wing  Dam 

Feet 

3 
Discharge 

Morrison St. 
c.f.s. 

4 5 
U.S. Flow over 

diversion Upper Cascades 
c.f.s. Col. 3-c31. 4 

c.f.s. 

1947 
Nov. 5 
Nov. 7 
Nov. 10 
Nov. 12 
Nov. 14 
Nov. 20 
Nov. 21 
Nov. 26 

1948 
May 12 
May 18 
May 19 
May 81  
May 26 
May 28 
June 2 
June 4 
June 9 
June 11 
Nov. 3 
Nov. 5 
Nov. 12 
Nov. 19 
Nov. 24 
Nov. 26 

194!) 
May 6 
May 13 

558.38 
558.10 
558.08 
558.28 
558.20 
558.10 
557.95 
558.46 

558.58 
558.63 
558.63 
558.58 
558.53 
558.53 
558.58 
558.68 
558.73 
558.78 
557.78 
557.68 
557.88 
557.63 
557.83 
557.88 

558.18 
557.88 

195,600 
191,400 
194,100 
196,100 
190,400 
185,100 
184,100 
204,000 

214i400 
219,400 
217,900 
221,900 
214,900 
214,600 
213,100 
213,600 
215,600 
214,200 
176,500 
179,300 
184,600 
172,500 
180,900 
183,300 

191,500 
187,200 

31,900 
32,000 
33.,700 
31,700 
31,800 
32,100 
32,200 
31,800 

31,500 
31,500 
31,700 
31,600 
31,100 
31,600 
31,400 
31,300 
31,300 
31,200 
31,700 
31,700 
31,500 
30,600 
31,800 
32,200 

31,800 
31,900 

163,700 
159,400 
162,400 
164,400 
158,600 
153,000 
151,900 
172,200 

182,900 
187,900 
186,200 
190,300 
183,800 
183,000 
181,700 
182,300 
184,300 
183,000 

147,600 
153,100 
141,900 
149,100 
151,100 

14,4,800 

159,700 
155,300 

2"Z. I<AT~NG CURVE: I'OR AMERICAN (IlHANNEL. - The  rating  curve for  the  channel  leading  to 
the  American  Falls,  plotted  agninst  Wing Darn gauge, is shown  in  Plate C-2 and is  based on  the 
1946 m t l  1947 meterings.  These  meterings  locate  the  upper  part of the  graph. T o  get a reasonable 
location for the  lower  part,  the  meterings  were  plotted  on  logarithmic  paper  and a straight  line was 
drawn  through  them. \Vhen changcd to Cartesian  coordinates,  this 1)ecame the  following ex- 
ponential  equation.  which \vas used to  locate  the <qaph in  Plate C-2: 

Q = 1,068.8 (LVing Dam - 554) 1.729 . . . . . . . (3)  

23. RATING CURVE FOR UPPER  CASCADES. - By the same  process, the  data  listed in Table C-5 
\vas u:xd to locate  the  graph  in  Plate  C-3  which shows the  total  discharge  over  the  Upper Cascades 
plotted  against  the LVing Dam gauge,  the  equation  for  the  graph  being as  follows: 

Q = 6,745.3 (Wing Dam - 552) . . .  . .  . . . . . . . (4) 

21. FLOW I N  AMERICAN  CHANNEL AS PERCENTAGE OF FLOW OVER UPPER  CASCADES. - For  various 
selecttrd elevations  at LVing Dam  gauge, a number of sets of corresponding  American  Channel  and 
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I f ; .  'l-he 1Sl;lc.k Rock, Huntley antl '1-onarv;mtla gauges are so far upstream  that  it was 
d i l t i c u l t  t o  compute  ;u:Ilrate values lor the  diversion coeCCicients for them,  particularly  since  the 
records a t  Hrlrltley and 'I'onawanda gayges do not  extend back much hefore 1941. Accordingly, 
in order to inc111tle them  in  the  river  prolilcs,  an  equation was used which  did  not  include  the 
terms for the diversions, a s  follows: 

C;.H. = k'l + /L ( ~ \ f  - 336) . . .  . .  (2) 
where  all  the syrnbols have  the same significance as in  paragraph 3 above  except K I  takes the place 
o f  K ant1 w i l l  have 21 different  nurnerical  value because it  includes  the  effect o f  the  submerged weir 
and the  power  diversions. By proper  management,  it is possible t o  omit  the  diversion  terms  in  this 
way because in  recent  years  the  diversions  do  not  change  much  from  day to day. 



118 A P P E N D I X  C 

U 
W > 
U 
- 

a a 
a 
a (3 

2 
- 

ui 
5 
0 
t 

0 
o! 

1 

W 
J 
0 > 
0 

v) 

wz 
-"1 

(3 z 
5 
v) 
3 

W a 

U 
Q, 
t 
3 
P 
E z  0 .  

I) 
" 

0 

PLATE C-1 



H Y D R A U L I C  STUDIES 115 
__ 

Slaters  Point 
# 5 (Material Dock) 
# 3  
# 51 
#45 
Ontario  Intake B 
Toronto Forebay 
Conners  Island 
Grass  Island 
Willow Island 

561.4 1 
560.71 
560.02 
559.33 
556.48 
555.53 
529.61 
561.62 
560.11 
558.58 

562.13 
561.43 
560.75 
560.00 
556.97 
556.09 
530.06 
562.35 
560.77 
559.1 6 

562.83 
562.13 
561.47 
560.65 
557.46 
556.63 
530:48 
563.05 
561.41 
559.78 

563.50 
562.82 
562.18 
561.29 
557.93 
557.17 
530.91 
563.73 
562.02 
560.34 

564.31 
563.64 
563.01 
562.05 
558.49 
557.79 
531.40 
564.53 
562.76 
561.02 

565.11 
564.43 
563.82 
563.79 
559.03 
558.40 
531.87 
565.33 
563 48 
561.68 

over the IJpper Cascades. T11e method o f  preparing this  graph is explained  in pwagraphs 21 t o  
2 A  h = l o w .  
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PLATE C-3 
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T A B L E  C - 4  
WATER  SURFACE  ELEVATIONS  AFTER  CONSTRUCTION OF SUBMERGED WEIR (1) 

Total  river flow - cubic  feet  per second 

Gauge 140,000 160,000 180,000 200,000 225,000 250,000 

Slaters  Point 561.41  562.13 562.83 563.50 564.31  565.11 
# 5 (Material Dock) 560.71  561.43  562.13 562.82 563.64 554.43 

563.01 563.82 
562.05 562.79 

$ 3  560.02  560.75 561.47 562.18 
# 51 559.33 560.00 560.65 561.29 
#45 556.48 556.97 557.46 557.93 558.49 559.03 
Ontario  Intake B 555.53 556.09 556.63 557.17  557.79  558 40 
Toronto  Forebay 529.61 530.06 530.,48 530.91 531.40 531.87 
Conners  Island 561.62 562.35  563.05  563.73 564.53 565.33 
Grass Island 560.11 560.77 561.41 562.02  562.76 563 48 
Willow Island 558.58 559.1 6 559.78 560.34 561.02 561.68 

20. BIVISION 01:  r:r.ow AROUND GOAI, ISIANI).  - It  is important  to  know how the ilow o f  the 
river is divided  around  Goat  Island ;It present. I n  [wilying  the  nlodcls,  this was used a s  one 
i n t l i c . a t i o r 1  ;IS t o  wlletller cl~ey agreed wit11 rl~e prototype. Also in tlc.signing works t o  (.ontl-ol the Icvel 
in the  Chippawa-<;rass  Island Pool, i t  is necessary to  know  what  the flow over  the  American Falls 
will be a t  v a r i o ~ ~ s  river stages s o  as to ensllr-e t h a t  i t  w i l l  he suCficient to  provide a satishctory 
scenic  spectacle.  Consequently,  a  study was  macle of existing  data with the  result  that  the  graph 
in Plate C-4 was drawn to show t.lle florv over the  American Falls as a percentage of the  total flow 
over  the IJpper Cascades. Tl le  method 01' preparing  this graph is explained  in pnrngraphs 21 t o  
2 A  ?)ClO\V.  
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Upper Cascades  discharges were scaled from  Plates C-2 and C-3 or  computed  from Eqs. (3)  and (4) . 
For  each set,  the flow in the  American  Channel was reduced  to  a  percentage of the  total flow over the 
Upper Cascades and these  were  plotted  against  the flow in  the  Upper Cascades to  give  the  graph 
in  Plate  C-4. Each model,  when  adjusted  to  agree  with  the  upper part of this  graph  which is well 
located, gave results  that  agreed  reasonably  well  with  the  lower  end of the  graph. 
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VICKSBURG MODEL 
DESCRIPTION, VERIFICATION AND PRELIMINARY  TESTS 
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ditions  could  be  readily  changed to represent  any of the  proposed  improvement  plans. Surveys 
used in  the  model  to  define  river  bed  elevations  and  shoreline  topography  are  described  in  detail 
in Appendix  l<.  The new and  proposed  power  intakes  along  the  river  were precisely  located in  the 
model  and were  constructed of wood.  Flow into each intake was controlled by a  standard  gate valve 
and was measured by a  Van  Leer  weir.  Provision was also made  for  measurement of the flow in 
the  channels  around  Grand  Island  and  the flow  over the  American  and  Horseshoe Falls. Water 
surface  elevations  were  observed  at  the 18 manometer-type  gauges  shown  on  Plate D-1. Water 
surface  elevations in  special  problem  areas  were  measured by means of portable  point  gauges.  During 
the  course of the tests, it was found  desirable  to  measure  the flow  over the  Horseshoe Falls in 100- 
foot inc.1 cnlcnts  along  the  crest. Th i s  was accomplished 1)y a specially constructed scoop  which 
diverted  the flow through  one of the I'an Leer  weirs  for  measurement. 

V E R I F I C A T I O N  OF T H E  M O D E L  
5. The verification of this  type  of  hydraulic  model is accomplished by careful  adjustment 

o f  channel  roughness  until  an  accurate  and  detailed  reproduction o f  all  observed  hydraulic 
phenomena of the  prototype  river is obtained.  The results  obtained at the  culmination of this 
hydraulic: adjustment phase  demonstrated  the  de<pee of accuracy and  reliability  which  could  be 
expected  from tests of proposed  plans of improvement.  Verification of the  Niagara  River  and Falls 
model Falls naturally  into two separate  operations:  first,  verification o f  the  relatively low-velocity 
channel  upstream 1:rom the Cascades, including  verification of the  distrihution of flow around 
Grand and (;oat Islands  and  second,  verification of the relatively  high-velocity  Cascades and Falls 
section. A description o f  the verification of the  reach  upstream of the Cascades is presented  in 
the  following  paragraphs; a description of the  verification of the Cascades and Falls area is ~ 0 1 1 -  

tained  in  Appendix I;. 

6 .  T h e  first  step  in  the  verification of the  Niagara  model  above  the Cascades was to  adjust 
the  water  surface  elevations at the 18 gauges  shown on Plate D-1 to  agree  with  simultaneous 
readings  made  in  the  prototype at these gauge  locations on 25 April 19.5 1. T h e  prototype  obser- 
vations  were  made  at  a  time  when  there was very little  fluctuation  in  river levels and discharge 
(225,500 cfs) and  during  the season of the year when  the  river was not yet  affected by the  seasonal 
weed  cycle. T o  insure  that  the  model was adjusted for the  entire  range of discharges  which  would 
be used later  in  the  testing  program,  the  water  surface  elevations  at  all  standard gauges  were  checked 
against  elevations  computed by gauge-relation  formulae as described  in  Appendix C for flows ranging 
lrorn 150,000 cfs to 240,000 cEs. 

7. Kesults of the  verification tests are  presented in Plate 1)-2. Examination of this  plate shows 
that  the  rnodel  water  surface  elevations  with  a few exceptions check both  the observed and  computed 
prototype  elevations  at all gauges within  about 0.1  foot  to  0.2  foot.  Such  agreement is considered 
to I K  satisfactory  in  models of this  type. 

8. At the  conclusion  of  the  verification,  observations were made  to  determine  the  division 
o f  flow  l)etwecn  the  American  and  Canadian  Channels  around  Goat  Island.  Plate D-3 presents 
the  rcsults o f  these ohservations  compared with the  prototype  division o f  flow as computed by tlle 
rrletllod described  in  Appendix C .  Examination of Plate D-8 indicates a reasonable  agreernent 
?)etwc.en the model  and  prototype  values. 

T E S T S  A N D  R E S U L T S  
9 .  1'uwosE OF 'I'ESI'S. - Following  the  verification of the  model,  a series of tests was con- 

duct,cd and model  data  were  collected  to  supplement  known  data  and  to  extend  the  present  know- 
ledge o f  the  hydraulics  of  the  Niagara  River  over  a  wider  range of flow conditions.  These tests 
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15. .I\ tlesc,ription 0 1  the information  obtained  in  these tests 1ollo~z.s: 
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VICKSBURG  MODEL,  DESCRIPTION,  VERIFICATION AND PRELIMINARY  TESTS 

I N T R O D U C T I O N  

I .  ‘ I ’ w o  models o f  Niagara Falls and Cascades and  portions o f  the  river were constructed  to 
assist in  the  design of remedial  works:  one by the  Corps o f  Engineers,  United  States  Army,  at  the 
Waterways Experiment  Station,  Vicksburg, Mississippi, and  the  other by T h e  Hydro-Electric  Power 
Commission o f  Ontario  at  Islington,  Ontario.  The  purpose of the  model  study was to  aid  in  the 
determination o f  the  nature  and design of remedial works required  to  preserve  and  enhance  the 
scenic beauty o f  Niagara Falls and  bearing  in  mind  the  provision  for  the  diversion of thc  waters of 
Niagara  River  and  the  apportionment  thcrcof  which  have  been aLgreed upon by the  two  Governments 
hy the  Treaty of 1950 respecting  the uses of  the  waters of the  Niagara  River. T h i s  appendix  presents 
a  description of the  wnstruction  and  verification o f  the  Vicksburg  model,  together  with  results of 
preliminary tests t o  determine  the effects on  existing  river  conditions of the  additional  authorized 
diversions.  Other  reports on the  Vicksburg  model  are  contained  in  appendices F and G. Correspon- 
ding  reports  on  the  model  study  conducted  at  Islington may be  found  in  appendices E, F,  and H. 

T H E  M O D E L  
2. A R E A  w l ’ m D u c m .  - T h e  prototype  area  reproduced  in  the  model is shown on Plate D-1 

ant1 a general view o f  the  model is shown  in  Figure 1 following  paragraph 51 of the  main  report. 
’I’hc rnodel reproduces  about 26 miles o f  the Niagara  River  extending  from  approximately 11,500 
feet al)ove the Peace  l3ridge to  Iiainbow  Midge  about 5,000  feet  below the Falls. T h e  upper  limits 
ol tlle nlodel  extend  far  enough  into 1,ake Erie to  provide  accurate  reproduction of flow entering 
t l ~ e  Niagara  River  from  the  lake,  and  the  lower  limits of the  model  include  the  gorge  below  the 
Falls lor  pictorial  purposes  only. I3etween  these extremities  are  reproduced  the Falls and Cascades, 
the  existing  and  proposed  power  intakes,  Goat  Island  and  Grand  Island,  and  other  important  topo- 
graphical  features. 

3 .  SCALE KAI‘IOS. - T h e  Niagara  River  and Falls model was constructed  to  linear scale ratios, 
rnodel-to-protoype, of 1 : 360 horizontally  and 1 :GO vertically,  with  a  geometrically  resultant  slope 
scale of 6 :  1. T h e  selection of these  scale ratios was based upon  the  following  considerations:  (a) 
previous  experience  with  similar  problems  indicated  that  such  a  model  would  furnish  satisfactory 
solutions o f  the  problems  presented,  and  would  be  considerably  more  economical  to  construct  than 
a11 undistorted  model;  and (I)) known physical and  hydraulic  characteristics of the  Niagara  River 
indicated that such a model  would  accurately  reproduce  (to  the  proper  Froudian scale relation- 
ships)  the  proper  roughness  factors  and  hydraulic  characteristics of the  prototype  without  appreciable 
alteration of the  model  channels. Scale ratios,  model  to  prototype,  in  accordance  with  Froudian 
relationships  are  presented  in  the  following  tabulation: 

Dimension 
Horizontal 
Vertical 
Velocity 
Discharge 
T ime  

Relationship 
1 : 360 
1:60 
1:7.74 
1 : 167,328 
1 : 46.48 

4. CONSTRUCTION AND APPURTENANCES. - T h e  model is of the  fixed-bed  type,  with  all  channel 
and  overbank  areas  being  moulded  in  concrete. T h e  concrete  forms  a  thin  shell  about  two  inches 
thick  and,  in  certain  areas,  removable  concrete  blocks  were used so that  the  existing  channel  con- 
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T A B L E  D - 2  
TEST CONDITIONS 

Tests 101 to 116 - Without Remedial Works 

Discharge  in cfs 

Test Test Test Test Test Test Test Test 
101 102 103 104 106 106 107 108 

HnfIo\v 
Buffalo  200,000 200,000 200,000 200,000 180,000  200,000 200,000 200,000 

l'. S. IPiversions 
Connc1.s Island 30,000 30,000 30,000 30,000 55,000 65,000 55,000 40,000 
Adams  Sta. 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 
Schoellkopf 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 

('anadian  Diversions 
Sir Adam Beck # 1  25,000 20,000 15,000 15;300 28,000 28.000 28,000 28,000 
Sir L4tian1 Beck #2 25,000 20,000 15,000  27,000 27,000 27,000 27,000 
Torocto 15,000  15,000 
Ontario  10,000  10,000  10,000  10,000 10,000 10,000 
Canadian Niagara 10,000  10,000 10,000 10,000 

Outflow 
Total flow at head 100,000 110,000 120,000 135,000 50,000 60,000 70,000 85,000 

American Falls Flow 4,900 5,400 6,800 8,600 1,100 1,700 2,600 3,500 
of Cascades 

Total  Falls flow 100,000  100,000  100,000  100,000 50,000 50,000 50,000 50,000 
Hursnshoe Falls Flow 

Computed 95,100 94,600 93,200 91,400 48,900 48,300 47,400 46,500 
Measured 95,500 94,500 93,500 91,400 48,600 48,600 47,700 46,800 

Inflow 
Buflalo 
IT. S. Iliversions 

Conners Island 
Adalns Sta. 
Srhoelll~opf 

('anadian  Diversions 
Sir Adam Beck #1 
Sir  Adam Heck # 2  
Toronto 
Ontario 
Canadian Niagara 

outflo\v 
Total flow at  head 

of Cascades 
American Falls Flow 
Total Falls flow 

Horseshoe Falls Flow 
Computed 
Measured 

Test Test Test Test Test, Test Test Test 
I09 110 111 112 11:I 114 115 116 

200,000 200,000 250,000 250,000 200,000 200,000 200,000 200,000 

5,000 5,000 30,000 :10,000 55.000 45,000 45,000 45,000 
10,000 10,000 10,000 10,000 10,000 10,COO 10,000 10,000 
10,000 10,000 10,000 10,000 10,000 1n,ooo 1o,noo 10,000 

15,000  15,000  15,000 15,000 28,000 28,000 23,000 15,001) 
10,000  15,000 27,000 27,000 22,000 15,000 

10,000  10,000  10,000  10,000  10,000  10,000 
10,000 10,000 10,000  10,000 

15,000 15,000 

150,000 160,000 170,000 185,000 70,000 80,000 90,000 105,000 

10,250 11,810 13,050 15,250 2,460 3,160 3,990 5,020 
150,000 150,000 150,000 150,000 70,000 70,000 70,000 70,000 

139,750 138,190 136,950 134,750 67,540 66,840 66,010 64,980 
139,500 138,000 137,000 134,600 67,600 67,000 66,100 65,000 
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were a l l  conducted  with  existing  river  conditions (i.e. remedial lvorks not  installed)  for  river f lows 
ranging  from  140,000 CIS to  240,000 cfs. T h e  tests were especially  designed  to  provide  much-needed 
information  about the effect  future power  diversions would have  on  Niagara  River stages and ,:lis- 
(.h;lrg:.cs without  remedial works. 

I O .  I ' I ~ . : C : . I .  OF D I V K K S I O N S  ON RIVER FLOW. - A series of 20 tests was run to  determine  the 
effects on  the  Niagara  River  discharge o f  changes  in  diversions  from  the  Chippawa-Grass  Island 
P o o l .  'l'hese tests involved four basic river flo.t.vs: 140,000 cfs, 180,000 cfs, 200,000 cfs, and 
240,000 cfs. For each basic discllarge, the river  stage at Buffalo was held constant by regulation 
o f '  the river  inflow  while the diversion l ron l  the  Chippawa-Grass Island Pool was varied  from 0 
1 0  149,000 cfs. 'These tests were I)asec-l on the premise that under  existing  river  conditions  an 
incxase in  diversions would lower the elevation o f  Chipparva-Grass  Island Pool. This  lowering 
01' the P o o l  r v o n l d  result  in a steeper  water surface slope 1)ctwt'cn <:llipI)"wa-(;rass Island Pool and 
I ~ k e  lx ie  1vllic.h in turn ~vould cause an increase  in  discllarge from  the lake. 
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T A B L E  D - 4  
WATER  SURFACE  ELEVATIONS - CASCADES  GAUGES 

Tests 101 to 116 - Without Remedial  Works 

Water  Surface  Elevations in f t  USLSD 

Test  Test 
101 

Test 
102 

Test 
103 

Test 
104 

Test 
105 

Test 
106 

Test 
107 108 

a 532.1  532.2 532.5 532.0 530.4 530.3 530.9 529.3 

k) 

c 

d 

515.0 515.2 514.6 514.4 512.2 512.2 510.7 509.0 

507.6 507.9 507.8 507.8 506.0 506.1 506.1 dry 
554.3 554.7 554.7 555.4 552.3 552.5 553.1 553.7 

e 517.6 518.1 518.0 517.2 514.3  514.2 514.4 513.0 
f 

r 
h 

514.5 514.7 514.8 514.0 512.0 511.7 510.3 509.6 

508.7 508.7 508.5 508.1 504.6 505.1 504.5 504.7 

519.5 519.3 519.9 520.4 516.9 517.3 517.6 518.2 

J 551.5 551.8 552.5 553.0 548.5 548.8 549.7 550.3 
k 

1 
m 
n 

520.3 520.3 521.0 521.3 517.5 518.3 518.6 520.0 

517.2 517.3 517.8 518.0 514.2 514.8 515.5 516.2 

508.7 508.5 508.8 508.7 507.6 506.5 507.6 508.0 

529.2 529.7 529.7 530.2 525.9 526.4 529.1 528.2 

0 512.8 512.8 513.1 513.0 511.5 511.2 511.7 512.2 

P 537.5 537.2 537.8 536.9 535.4 535.3 535.6 536.3 

Cascades  Test  Test  Test 
Gauges 4: 

Test 
109 110 111 115 11G 

Test 
112 

Test 
113 

Test 
114 

Test 

a 584.0 534.0 534.0 53:,.7 530.5 530.8 531.4 530.5 

h 517.2 517.2 51  6.3 516.0 513.8 514.1 512.5 512.3 
C 509.3 509.0 509.1 508.9 506.4 506.5 506.3 506.1 
d 556.0 556.2 556.1 556.4 553.7 553.4 554.0 554.2 
e 520.9 520.7 520.7 520.3 515.7 515.7 516.1 514.5 
f 51 6.9 516.9 515.9 515.7 513.3 513.5 512.7 511.8 

R 511.2 511.8 511.4 510.8 506.4 607.1 506.1 505.8 

h 521.5 521.4 521.7 521.5 518.2 518 3 518.5 519.0 

J 553.2 553.8 554.2 554.2 549.6 550.4 551.0 551.0 

k 522.4 522.1 522.2 562.3 519.2 519.5 520.1 520.3 
1 519.1 519.1 519.5 519.:: 515.9 516.2 516.5 516.8 

m 511.0 511.3 511.8 511.8 507.9 508.5 508.7 508.8 
n 530.5 530.5 530.7 5:30.(; 527.7 E.28.2 528.5 528.8 
0 515.9 514.1 514.0 514.0 511.7 512.1 512.0 512.2 

P 539.5 5:39.3 539.7 540.3 5:36.2 5:iG.:% 536.5 537.0 

* For location of gauges  see  Plate  F-18 
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T A B L E  D - 1  
SUMMARY OF POWER  DIVERSION - RIVE9  DISCHARGE  TESTS 

Without Remedial Works  

Test  Number 
54A  55A 56A  57A 58A 59B 60B 61B  62B 63B 

River Inflow 
Conners  Island  Intake 
Schoellkopf Intake 

Sir Adam  Beck  #2 
Sir  Adam Beck #1 

Falls Outflow 

Gauges 
Buffalo 
Pcace  Bridge 
Black Rock 
Huntley 

Tonawanda Isle 
Hickory 

Upper  Cayuga 
Edgewater 

Lower Cayuga 
Ccnners I d s  
Grass  Isle 
Willow Isle 
Millcrs Creek 
Black Crcek 

Slaters  Point 
1,ittle Six Creek 

Material Dock 
Gauge  51 

River  Inflow 
Conners Island  Intake 
Schoellkopf Intake 
Sir Adam Beck # I  
Sir  Adam Reek #2 
Falls  Outflow 

Gauges 

Peace  Bridge 
Bcffalo 

Black  Rock 
Huntley 
Irickory 
Tonawanda  Isle 
Edgewater 
Upper  Cayuga 
I ower  Cayuga 
Ccnners  Isle 
Grass  Isle 
Willo-w Isle 
Millers  Creek 
Black Creek 

Slaters  Pcint 
Little Six Creek 

Material Dock 
Cauge  51 

Flow and Diversions  in 1,000 cfs 
138.5 140.0 142.5 141.6 141.0  177.5 179.0 180.0 181.5 181.5 

20.0 30.0 63.6 
20.0 20.0 30.0 24.3 

20.0 30.0 30.2 
20.0  20.0 26.0 24.3 

20.0 30.0 53.0 
20.0 20.0 30.0  40.0 

20.0 30.0 30.0 
20.0  20.0 26.0 26.0 

139.0 99.6 61.9 27.4 00.0 177.4 138.4 100.6 66.5 32.9 
Water  Surface  Elevations  in  feet USLSD * 

569.8 
566.8 
565.2 
564.7 
564.5 
564.4 
564.0 
563.2 
563.1 
563.0 
562.1 
560.4 

569.8 569.8 
566.7 566.6 
564.8 564.4 
564.2 563.7 
564.0 563.5 
563.9 563.4 
563.5 562.9 
562.4 561.2 
562.2 560.9 
562.1 560.6 
560.7 558.9 
559.4 558.2 

569.8 
566.4 
564.1 
553.4 
563.2 
563.1 
562.6 
560.4 
560.2 

557.0 
559.7 

556.2 

569.8 
566.3 
563.7 
553.0 
552.8 
562.7 
562.1 
559.2 
558.8 
556.7 

571.6 
568.4 
566.6 
565.0 
565.7 
565.6 
565.1 
564.3 
564.2 

563.1 
564.0 

561.3 

571.6 
568.3 
566.4 
565.7 
565.4 
565.2 
564.8 
563.7 
563.6 
563.3 
562.1 
550.3 

571.6 

565.9 
568.1 

555.2 
564.9 
564.8 
564.2 
562.8 
562.6 
552.2 
560.7 
559.3 

571.6 
568.2 
565.8 
564.9 
564.7 
564.5 
563.9 
562.0 
561.8 
561.2 
559.2 
558.3 

571.6 
568.2 
565.5 
564.7 
564.4 
564.2 
563.6 
561.1 
580.7 
559.7 
556.5 

564.5 564.1 563.5 563.1 552.7 565.9 565.6 554.9 564.8 564.4 
564.1 563.6 562.8 562.4 561.8 565.4 565.0 564.3 564.1 563.6 
563.4 562.7 561.6 560.9 560.0 564.6 564.0 563.1 562.5 561.7 
562.8 561.9 560.4 559.5 557.9 564.0 563.2 562.1 561.2 559.9 
562.5 561.5  559.7 558.3 553.3 553.6 562.7 561.3  560.1 558.5 
561.3 560.0 558.4 556.5 562.3 561.4 560.0 555.8 556.3 

Test  Number 
64C 65C 66C 67C 6% 69D 70D 71D 72D 73L) 

197.0 

196.5 

572.4 

567.2 
569.0 

566.6 
566.2 
566.1 
565.6 
564.8 
564.7 
564.4 
563.5 
561.6 
566.4 
565.9 
565.0 
564.3 
564.0 
562.6 

Flows  and  Diversions  in 1,000 cfs 
197.5 200.5 200.0 200.5 235.0 

25.0 30.0 35.0  46.5 
20.0 35.0 46.5 

25.0 30.0 30.0 30.0 
20.0  28.0  25.0 

146.0  100.0 73.0 52.5 236.0 
Water  Surface  Elevations  in  ft USLSD:!: 

572.4 572.4 572.4 572.4 574.1 
569.0 568.9 568.8 568.8 570.8 
566.9 566.6 566.3 566.3 558.7 
566.1 565.8 565.5 565.4 568.0 
565.8 565.4 565.0 554.9 587.6 

565.1 564.6 564.2 564.1 566.9 
565.7 565.3 564.9 564.8 567.3 

564.0 563.1 562.4 561.9 566.0 
563.9 562.9 562.1 561.7 536.0 
563.fi 562.5 561.5 5sl .n 51;h.c ~- ~ ~~ ~ ~ . 

562.2 560.8 559.4 558.4 564.6 
560.4 559.2 558.3 557.2 562.5 
566.0 565.6 565.2 565.0 567.8 
565.4 564.9 564.4 564.3 567.2 
564.3 563.5 562.8 562.5 566.3 
563.5 562.4 561.5 561.0 565.5 
563.0 561.5 560.4 559.7 565.1 
561.5 560.2 559.0 558.0 563.7 

237.0 

25.0 

25.0 
188.0 

574.1 

568.4 
570.6 

567.6 
567.2 
567.0 
566.4 
565.3 
565.1 
564.9 
563.4 
561.5 
567.4 

565.5 
566.8 

564.7 
564 2 
562.7 

239.0 
25.0 
25.0 
25.0 
25.0 

140.0 

574.1 

568.0 
570.5 

567.1 
566.6 
566.4 
565.7 
564.3 
564.0 
563.6 
562.1 
560.4 
566.0 
566.1 

563.5 
564.6 

562.7 
561.5 

240.0 
35.0 

26.0 
35.0 

30.0 
114.4 

574.1 

567.8 
570.5 

566.9 
566.4 

565.5 
566.2 

563.7 
563.6 
563.0 
561.2 
559.6 
566.6 
565.8 
564.2 
562.9 
562.0 
560.7 

211.0 
46.5 

26.0 
46.5 

30.0 
92.1 

574.1 

557.7 
570.6 

566.7 
566.3 
566.0 
565.3 
563.3 
563.1 
562.4 
560.3 
558.8 
566.4 
555.7 

562.4 
563.9 

561.3 
559.9 

* United  States  Lake Survey Datum 
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T A B L E  D - 6  
CUMULATIVE FLOW - CREST OF FALLS 

Tests 101 to 116 - Without Remedial Works 

Cumulative  Discharge  in cfs measured  in  100-ft.  stations 

Test Test Tcst l‘cst Test  Test  Test Test 
101 102 10:: 1 0 4  PO5 1 OB 107 108 

620 

2,180 
1,180 

2,980 
6,250 

23,IiOO 
133,000 

:3:3,8:30 

61,910 
58,990 
(xi,6(;0 

42,960 

74,620 
88?720 
91.570 

730 
1,350 

3,200 
2,400 

6,360 
13,290 
23,890 
34,120 
43,250 
52,200 
59,280 
66,850 
74,!)10 
8!),010 
91.960 

51io 
1,070 

2,720 
1,990 

12.600 
5,670 

30 
70 

2:37 
404 
874 

3,624 
8,(i44 

14,204 
18,!X+l 
24,084 
27,134 
31,244 
36,394 
46,444 
47,944 
48,554 
49,0233 
49,113 

30 
70 

180 
347 4 

5 

7 
6 

8 

10 
9 

11 
12 
13 
14 
15 

817 237 
:3,667 

14.707 
8,547 

1,200 
4,700 
9.430 

2,31420 
33,070 
41.830 1!).177 1 4 h  0 
50;5!)0 
57,340 
64,760 
71,990 
86,090 

90,770 
89,040 

92,810 
92,340 

93,070 
93,160 
93,250 
93,300 

93,400 
93,350 

93,450 

47;8:<0 

(i1,810 
5-1,5>10 

(;8,uon 
82,9!)O 

87,760 
x5,940 

89,490 
90,000 
90,:3 10 
90,477 
90,567 
90,642 
90,692 
90,742 
90,817 

18:660 

25,750 
31.750 

21,020 24:577 
29,047 
34.197 
45;017 
46.51 7 

43;340 
45,070 
45,990 
46,790 
47,050 
47,217 
47,:307 

471907 

48,727 
48,217 

48.757 

16 
17 
18 

94,870 
9:3:140 

95,380 

93;460 
95,120 
95,590 

47:077 
47.807 
47,927 
47,957 19 05,590 

95,710 
95,800 
95.850 
95,900 
95,950 
96,000 

95,850 
95,950 
96,050 
96,100 
96,150 

96,250 
96,200 

20 
21 
22 
2 3 
24 
25 

Test Test 
109 

Test 
110 

Test 
111 

Test 
112 

Test 
113 

Test 
114 

Test 
115 116 Station :: 

1 
2 
:I 
4 
6 
f i  
7 

1,570 
3,140 
5,600 
8,870 

13,600 
23,250 
37,570 
51.230 

1,570 
3,140 
Ti.m 

1,500 
3.070 

1,570 
3,140 
5.715 

120 
287 
597 

120 
240 
500 
970 

2,390 
6,500 

2 1,480 
13,730 

28,230 
34,980 
40,000 
45,420 
50,980 
63,180 
65,000 
(x.000 

90 
120 
330 
740 

1,740 
5.590 

3 0 
60 

180 
347 

1,207 
4.707 

51250 
8J00 

12,770 
g770 

22.520 
13,3!40 

$465 

23.245 
13,195 

1,067 
2,567 
7.037 22,640 

36,300 
50.400 

36,620 
50.510 20,090 

121520 

26,400 
32,850 

8 
9 

1 0  
63&0 

84.910 
75.040 

96,300 
108,500 
126,670 

(i21400 

82,350 
73,220 

621235 
72,085 
81,565 

281447 
35,1!V7 
40 21 7 11 37.580 341817 

1 2  
1 3 

9:3;:350 
104,740 
122,910 
127.530 

921385 45.637 43;140 
49,140 
61,760 

40;817 
46,817 
59.867 

108;575 
122,025 
126.755 

51;057 
63,257 1 4  

15 
1 6 
I7  

63,670 

65,640 
64,720 

66,120 
66,000 

66.150 

62.227 
131 :A40 130.745 63j567 

64,907 
65,377 

i341490 
136,220 

133;495 

185,055 
134,495 

1f35.222 

m i 8 6 0  

67,260 
67,170 

. .  
18 
1 If 
20 

139.800 
140.4i9 65,587 

65,754 
65,754 
65,784 
65,814 
65.814 
65,844 

140.779 1:37.959 
21 
22 
2:: 
24 
25 
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T A B L E  D - 3  
WATER  SURFACE  ELEVATIONS - RIVER GAUGES 

Tests 101 to 116 - Without Remedial  Works 

Water  Surface  Elevations  in f t  USLSD 

River Test Test Test Test Test Test Test Test 
Gauges ::: 101 102 103 104 105 106 107 108 

Buffalo 
Peace  Bridge 
Black  Rock 
Huntley 
Hickory 
Tonawanda 
Edgewater 
Upper  Cayuga 
Lower  Cayuga 
Conners  Island 
Grass Island 
Willow Island 
Gauge 51 
Material  Ilock 
Slaters  Point 
Little  Six  Creek 
Black Creek 
Millers  Creek 

572.38 
568.96 
566.50 
565.72 
565.24 
565.06 
564.28 
562.96 
562.66 
562.24 
560.62 
559.12 
560.02 
561.22 
562.18 
563.38 
564.76 
565.42 

572.38 
569.02 
565.62 
565.84 
565.42 
565.24 
564.52 
563.20 
562.96 
562.54 
561.04 
559.48 
560.38 
561.64 
562.48 
563.62 
564.94 
565.60 

572.38 
568.96 
565.62 
565.84 
565.36 
565.24 
564.46 
563.26 
562.96 
562.66 
561.22 
559.72 
560.56 
561.88 
562.54 
563.68 
564.94 
565.60 

572.38 
569.02 
566.68 
565.90 
565.48 
564.30 
564.58 
563.44 
563.26 
562.90 
561.70 
560.14 
560.92 
562.24 
562.84 
563.86 
565.12 
565.72 

571.48 
568.24 
565.60 
564.76 
564.34 
564.22 
563.44 
561.58 
561.22 
560.50 
558.58 
557.56 
557.98 
559.60 
560.62 
562.18 
563.74 
564.46 

572.32 
568.90 
566.20 
565.30 
564.82 
564.70 
563.80 
561.94 
561.52 
560.74 
559.00 
557.86 
558.46 
559.72 
560.92 
562.54 
564.28 
565.00 

572.38 
568.90 
566.26 
565.36 
564.94 
564.76 
563.92 
562.12 
561.76 
561.10 
559.36 
558.22 
558.82 
560.08 
561.10 
562.72 
564.34 
565.12 

572.38 
569.08 
566.50 
565.66 
565.18 
565.00 
564.22 
562.72 
562.42 
561.82 
560.20 
558.82 
559.60 
560.80 
561.88 
563.20 
564.64 
565.35 

River Test Test Test Test Test Test Test Test 
Gauges 'I' 109 110 11 1 112 113 114 115 116 

Buffalo 
Peace  Bridge 
Black  Rock 
Huntley 
Hickory 
Tonawanda 
Edgewater 
Uppcr  Cayuga 
Lower  Cayuga 
Conners  Island 
Glass Island 
Willow  Island 
Gauge 51 
Material Dock 
Slaters  Point 
Little  Six  Creek 
Black  Creek 
Millers  Creek 

572.38 
5c9 20 
666.98 
566.26 
565.78 
565.66 
565.00 
554.04 
563.86 
563.50 
562.12 
560.55 
561.40 
562.78 
563.44 
564.40 
565.48 
566.02 

572.38 
569.08 
566.92 
566.20 
565.78 
565.60 
565.00 
564.10 
553.85 
563.62 
562.30 
560.G8 
561.52 
562.84 
563.44 
564.34 
565.42 
565.90 

574.36 
570.82 
568.30 
567.40 
566.80 
566.62 
565.84 
564.70 
564.45 
564.10 
562.66 
560.98 
561.85 
563.38 
564.04 
565.1 8 
566.50 
567.22 

574.42 
571.00 
568.42 
567.58 
566.92 
566.74 
566.02 
554.34 
564.64 
564.26 
562.96 
561.40 
562.12 
563.55 
564.22 
565.30 
566.62 
567.34 

572.26 
569.02 
566.32 
565.48 
566.00 
564.82 
563.98 
562.50 
561.94 
561.28 
559.54 
558.3-2 
559.00 
5!%.20 
561.34 
562.84 
564.40 
565.12 

572.32 
569.02 
566.44 
565.60 
565.12 
564.94 
564.16 
562.54 
562.24 
561.69 
559.96 
558.70 
5n9.42 
560.62 
561.64 
563.02 
564.58 
565.30 

572.32 
568.90 
556.38 
565.54 
565.06 
564.94 
564.10 
562.60 
562.30 
561.76 
560.20 
5j3.88 
559.60 
560.80 
561.70 
563.02 
564.52 
565.24 

572.32 
569.02 
566.50 
565.66 
565.18 
565.06 
564.28 
562.90 
562.60 
562.12 
560.74 
559.30 
560.14 
561.46 
562.18 
563.33 
564.76 
565.48 

::' For  location of gauges  see  Plate D-1 
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T A B L E  D-8 
DEPTH OF FLOW - CREST OF FALLS 

Tests 101 to 116 - Without Remedial  Works 

Station"' 

~~~~~ 

Depth of flow in ft."'" 
Test  Test 
101 

Test 
102 

Test 
103 

Test 
104 

Test 
105 

Test 
106 

Test 
107  108 

2 
1 0.8 1.1 1.1 0.4 0.8 

0.7 
1.1 

1.2 1.4 0.8 0.4 0.7 0.4 
0.3 

1 .9 1.5 1.9 0.7 0.7 
4 

1.6 
0.8 1.1 0.6  0.7  0.6  0.6 0.5 

0.4 

5 3.0 2.6 2.9  2.5 0.5 0.7 0.3 
3.7 6 3.8  3.9 3.1 

7 6.7 6.7 6.9 6.5 
1.8 2.1 1.9 1.1 

8 8.0 8.5 8.6 
4.4 

8.2 
4.5 4.1 3.1 

5.7 
6.0 5.8  5.3 5.5 

9 6.5 
1 0 7.2 

6.7 6.0  4.3  4.9  4.6 
8.1 

4.0 
8.1 

11 
7.8 6.0 6.1 

5.3 5.8 5.8 5.7 5.5 
6.4 

3.2 
6.4 

12 5.5 5.9 6.1 4.0  4.3 
2.6 

5.9 
1.9 

4.4 
4.8 

1 3 
5.3 

4.9 4.9 4.7 3.6 
1 4  

3.9 
14.1 13.6 14.3 14.3, 12.1  12.5 12.7 

3.8 4.1 

15 3.7 3.5 3.6 4.0 2.1 2.4 2.5 
12.9 

1 (i 3.7 3.3 3.9  4.0 1.3 2.0 
2.6 

1.2 
17 

2.3 

18 0.7 1.0 0.9  0.9  0.4 0.3' 
19 1.2 1.2 

0.6 0.7 
1.3 1.0 0.3 0.3 

20 1.6 
0.8 

21 0.3 
1.6 1.9 1.7 
0.4 0.6 0.7 

1.4 

22 0.6 0.4 0.4  0.5 

24 
2 3 0.5 1.2 0.5  0.F 

25 0.2 
0.4 

0.2 
0.2 

0.1 
0.4  0.4 

0.4 

1 .o 0.5 0.8 0.5 

Test  Test  Test  Test  Test  Test  Test 
109 

Test 
110 Station'" 111 112 113  114  115  116 

1 
2 

1.6 1.8 1.9 1.6 0.8  0.8 
2 .x 2.1 2.0  2.0 0.8 0.8 

0.5 
0.5 

0.6 
0.6 

> 2.6 2.8 2.9 2.6 1.2 1.1 
4 2.2 

0.5 0.9 
1.9 2.2 1.9 0.7 0.4 0.5 

5 3.8  4.0 4.1 4.2 1.5 1.3 1 . 3  1.0 
0.9 

6 5.6 5.5 5.6 5.4 2.9 2.7  2.7 
7 

2.4 

8 
7.9 
9,s 

7.5 7.5 7.8 
9 .o 

5.7 
10.2 10.1 8.0 7.5 

5.2 
7.8 

5.2 
8.0 

4.8 

9 7.6 7.5 7.5  7.4 
10 8 , 0 

5.7 
7.8 

5.0 5.5 
7.9 

5.1 
8.0  6.4  6.2  7.0 6.7 

11 6 . 9  6.4  7.0 7.0 4.8  4.5 
12 7.8 

4.4 
7.5 7.2 7.1 

4.3 

1 :1 5.7 
5.5 4.9 5.2 

5.8 5.4 5.6 4.4 4.1 
5.7 

14 15.3  15.8 15.4 
4.0 4.1 

1.5.4 
15 5.0 

13.1 
4.8 

13.1 13.1 13.4 
5.0 4.9 2.7 2.8 

1 6 5.4 
2.6 3.0 

17 
5.6  5.5  4.5 2.2 2.2  2.4 

1.0 
3.2 

18 
1 .:3 1.2 0.7 

1.1 0.7 1.0 1.8 0.6 0.4 0.4 
I9 1 .'i 1.5 1.6 1.8 0.5 0.7 

0.9 

20 2 7 2.0 2.4 1.7 0.9 
0.6 1.1 

21 
1.0 

1 1  0.'9 
1.1 1.5 

1 .o 1.2 
22 0.1; 0.4 0.4  0.5 
23 0.8 

0.4 

24 
0.7 1.0 0.9 

0.9 0.8 0.9  0.C 
0.5 

25 1.4 1 .:3 1.5 0.7 0.7 

~~ 

'!' For location of 100-ft.  stations  see  Plate D-11 
* +  1)cpth of flow measured 50 f t .  upst1,eam of crest 

a t   cen ter  of 100-Et. station. 
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T A B L E  D - 5  
FLOW DISTRIBUTION - CREST OF FALLS 
Tests 101 to 116 - Without Remedial  Works 

Discharge in  cfs  per  100-ft.  stations 

Test  Test  Test  Test  Test  Test  Test  Test 
Stations * 101  102  103  104  105  106 107 108 

1 
2 

4 
3 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

17 
16 

18 
19 
20 
21 
22 
23 
24 
25 

620 
560 

1,000 
800 

3,270 
6,750 

10,230 
10,600 

9,130 
8,950 

7,570 
7,080 

14,100 
8,060 

2,850 
1,570 
1,730 

510 
210 
120 
90 
50 
50 

50 
50 

730 
620 

1,050 
800 

3,160 
6,930 

10,230 
10,600 

9,130 
8,950 
7,080 
7,570 

14,100 
8,060 

2,950 
1,500 
1,660 

470 
260 
100 
100 
50 
50 

50 
50 

560 
510 
920 

2,950 
730 

6,930 
10,820 
9,650 
8,760 
8,760 
6,750 
7,420 

14,100 
7,230 

2,950 
1,730 
1,570 

260 
470 

90 
90 

50 
50 

50 
50 

470 
410 
860 
560 

2,560 
6,610 

10,050 
9,130 
8,590 
8,590 
6,750 
7,230 

14,100 
7,080 

2,950 
1,820 
1,730 

310 
510 

167 
90 
75 
50 
50 
75 

30 
30 

120 

470 
167 

2,850 
4,880 
6,160 
4,470 
5,020 
3,160 

5,150 
4,110 

9,870 
1,420 

510 
310 

30 

30 
40 

167 
167 
470 

2,750 
5,020 
5,560 
4,730 
5,150 
3,050 
4,110 

10,050 
5,150 

1,500 
410 
669 

90 

40 
30 

167 
1,910 
4,620 
5,420 
4,620 

2,750 
5,020 

4,470 

10,820 
5,150 

1,500 
560 
730 
120 
30 

1,200 
3,500 
4,730 
4,880 

2,360 
4,350 

4,730 
6,000 

11,590 
1,730 

920 
800 
260 
167 
90 

TOTAL 96,000 96,250 93,450 90,817 48,757 49,113 47,957 47,307 
~~ 

Test  Test  Test  Test  Test  Test  Test  Test 
109 Stations :I 110 111 112  113 114 115  116 

1 
2 

4 
3 

5 
6 
7 

10 
9 

12 
11 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
2 3 
24 
25 

8 

1,570 

2,460 
1,570 

3,270 
4,730 
9,650 

14,320 
13,660 
12,620 
11,190 

11,390 
9,870 

12,200 
18,170 
5,020 
4,110 
3 270 

730 

A10 
669 

310 
167 
167 

90 
90 

1,570 
1,570 
2,360 
3,270 
4,620 
9,130 

13,890 
14,100 

12,420 
11,000 

11,000 
9,300 

11,390 
18,700 
5,150 

2,950 
3,990 

669 
620 
260 
260 
120 
90 

90 
75 

1,500 
1,570 
2,180 
3,050 
4,470 
9,870 

14,100 
13,660 

12,000 
10,820 

11,000 
9,130 

11,390 
18,170 
4,620 

2,850 
4,110 

730 
669 
410 
310 
210 

90 
75 
90 

1,570 
1,570 
2,575 
2,750 

10,050 
4,730 

13,890 
14,100 
11,000 
9,850 
9,480 

11,190 
10,820 

18,450 
4,730 

2,750 
3,990 

1,000 
560 
167 
167 

90 
50 
50 

100 

120 
167 
310 
470 

1,500 
4,470 
7,230 
7,570 
6,610 
6,750 
5,020 
5,420 

12.200 
5,420 

1.820 
8fN 
920 
210 

90 

120 

260 
120 

470 
1,420 
4,110 

7,750 
7,230 

6,750 
6,750 
5,020 
5,420 

12,200 
5,560 

1,820 
1,000 

860 
310 

90 

90 
30 

210 
410 

1,000 
3,850 

7,570 
6,930 

6,310 
6,450 
4,730 
5,560 

12,620 
6,000 

1,910 
1,050 

920 
360 
120 
30 

30 
30 

120 
167 
860 

3,500 

7,230 
6,160 

6,310 
6,160 

4,250 
6,000 

13,050 
6,000 

2,350 
1,340 
1,340 

470 
210 
167 

30 
30 

30 

TOTAL 141,603  138,594  137,074 135,679 67.157 67.263 66,150 65,844 

* For. location of 100-ft. stations  see  Plate  D-11 



A M E R 1  C A N   C H A N N E L  

575 
575 

570 
570 

565 
565 

560 
560 

5 5 5  
555 

-FT STATIONS ALONG  CENTERLINE OF CHANNEL 

TEST CONDITIONS 

I N F L O W  

NiAGARA RIVER 223 480 ffs 
D I V E R S I O N S  

SCHOELLKOPF 
ADAM5 STREET 
QUEENSTON 
TORONTO 
CANADIAN NIAGARA 
ONTARIO 

83.351 CFS 
8.0 10 CFS 

15 250 CPS 
13,9 15 CFS 
9 720 CFS 
10,093 CFS 

O U T F L O W  

FALLS 142.553 CFS 

C A N A D I A N   C H A N N E L  
WATERWAYS  EXPERIMENT  STATION 

VICKSBURG MODEL OF 
NlAGARA  RIVER  AND  FALLS 

WATER SURFACE PROFILES 
VERIFICATION TEST 
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T A B L E  D-7 
WATER  SURFACE  ELEVATIONS - CREST O F  FALLS 

Tests 101 to 116 - Without  Remedial   Works 
-. ~~ ~~ 

Water  surface  elevations  in  ft.  USLSD** 
Test  Test  Test  Test  Test  Test  Test  Test 

Station'" 101  102  103  104  105  106 107 108 - 
1 503.4 503.7 503.7 503.7 503.0 503.4 502.9 
2 503.38 503.8 504.0 503.4 503.0  503.3 503.0 
3 504.0 503.6 504.0 5m.7 502.8 502.8 502.5 
4 502.5 502.8 502.3 502.4 502.3 502.3 502.2 
5  505.1 504.7 505.0 504.6 502.6 502.8 502.4 
6 505.0 505.1 505.2 504.4 503.1 503.4 503.2 
7 506.0 506.0 506.8 505.8 503.7  503.8 
8 

503.4 
504.5 504.7 505.0 505.1 502.5 502.3 501.8 

9 504.2 505.0 505.2 504.5 502.8 503.4 503.1 
10 503.1 504.0 504.0 503.7 501.9 502.0 
11 506.0 506.5 506.5 506.4  504.2 503.9 

502.3 
503.2 

12 506.7 507.1  507.1 507.3  505.2 505.5 506.0 
13 505.5 506.0 506.0 505.8  504.7 505.0 504.9 
14 508.0 507.5 508.2 508.2  506.0 506.4 506.6 
15 508.2 508.0 508.1 508.5 506.6 506.9  507.0 
16 505.5 505.1 505.7 505.8 503.0 503.1 503.8 
17 504.5 504.0 504.3  504.0 
18  502.8  503.1 503.0 503.0 502.5 502.4 502.7 

20 
19 503.7 

504.2 504.2 
503.7  503.8 503.5 502.8 502.8 

21  
504.5 504.3 

505.4 505.5 505.7 505.8 
22 505.7 505.5 505.5 
23 

505.6 
504.3 505.0 504.3 504.4 

24 504.5 504.3 504.5 
25 

504.5 
504.8 504.8 504.7  505.0 

502.4 
502.4 
502.0 
502.5 
502.3 
502.6 
506.5 
505.2 
506.8 
507.1 
504.1 

502.8 
503.3 
504.0 

Test  Test  Test  Test  Test Test Test 
Station':' 109  110 111 112  113  114  115  116 

Test 

1 504.2 504.4 504.5 504.2 503.4 503.4 503.1 
2 504.9 504.7 503.4 503.4 503.1 

503.2 
504.6 

3 
504.6 

504.7 504.9 505.0 504.7 503.3  503.2 
503.2 

4 503.6 503.9 503.9 503.6  502.4 502.1 502.2 
502.6 503.0 

5 505.9 506.1 506.3 603.6 503.4 
502.6 

506.2 
6 506.9 506.8 506.9 

503.4 503.1 

7 
506.7 

507.2 
504.2 

506.8 
504.0 504.0 

506.8 507.1 
503.7 

8 506.0 
505.0 504.5 504.5 

505.5 506.7 
504.1 

50fj.6 
9 506.1 506.0 506.0 

504.3 504.5 504.5 504.0 

10 503.9 
505.9  502.3 502.1 

503.7 503.8 
502.9 

503.9 
502.6 

504.2 
11 507.6 507.1 507.7 

503.5 504.0 503.6 

12 
507.7 505.5 505.2 

509.0 508.7 508.4 508.3 506.5 
505.1 505.0 

13 
506.1 

506.8 506.9 506.5 
506.4 506.9 

506.7 
14 

505.5 
509.3 

505.2 
509.2 

505.1 
509.7 509.3 

505.2 
507.3 

15 509.5 509.3 
507.0 507.0 

509.5 
507.3 

16 507.2 
509.4 507.2 507.3 

507.4 507.3 506.3 504.0 
507.1 507.5 

17 504.5  504.8 
504.0 504.2 

504.7 504.2 
505.0 

18 503.2 502.8 503.1 503.9 
19 504.1 504.0 

502.7 502.5 502.5 
504.1 504.3 503.0 503.2 

503.0 
20 504.7 504.6 

503.1 
505.0 

503.6 

21 506.2 
504.3 503.5 503.6 

506.0 506.1 506.3 
503.7 504.1 

22 
23 504.6 

rn.57 505 5 505.5 505.6 
504.5 504.8 504.7 

505.5 
24 505.0 504.9 505.0 504.7 504.3 
25 506.0 505.9 506.1 505.3 505.3 - 

For location of 100-ft.  stations  see  Plate D-11 
-.-* Elevations  measured 50 ft.   upstream of crest at 

renter of 100 ft.  stations. 
.._ . 
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DIVERSION  FROM  GRASS  ISLAND  POOL  IN 1,000 C F S  

DIVERSION FROM GRASS  ISLAND POOL IN 1,000 C F S  

NOTE: ABSCISSA A B  SHOWS THE INCREASE  IN MMRSlCN 
REQUIRED TO  EFFECT A DECREASE IN  FALLS 
DISCHARGE %OWN BY THE ORDINATE  CA. THE WATERWAYS EXPERIMENT STATION 
DIFFERENCE BETWEEN THE ABSCISSA AND THE VICKSBURG MODEL OF 
ORDINATE IS EQUAL TO THE INCREASE IN  TOTAL 
RIVER FLOW. 

NIAGARA  RIVER AND FALLS 

GRASS ISLAND POOL DIVERSION 
RIVER  AND FALLS DISCHARGE RELATIONSHIP 

PLATE D-4 
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LITTLE SIX C I S L A N D  

MODEL LIMITS 

GRAND ISLAND BRIDGE 

BLACK CREE 

INTERNITION4 BRIDGE 

WATERWAYS EXPERIMENT  STATIO 
VICKSBURG MODEL OF 

NIAGARA RIVER AND FALLS 

GAUGE LOCATION MAP 

MODEL I o %  
10 20 

PLATE D-1 
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PLATE D-G 
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S 3 a V 3 S V 3   U 3 d d n  M3hO Mold do L N 3 3  M3d SV 0 3 S S 3 U d X 3   M o l d   1 3 N N V H 3  NV31U3WV 

ID t N 
0 I 

N 0 10 O t  

F 3 0 V 3 S V 3   U 3 d d n  Y l h O  M o l d  4 0  I N 3 3  Mld SV  OlSC3AdY3 M o l d  13NNVH3  NV3IY3WV 

~~ PLATE D-3 



1,100 CFS 48,900 CFS 
TEST’ <X>NI)I‘TION 105 

Total River Flow 180,000 CFS Total  Falls Flow 50,000 CFS 

2,500 CFS 67,500 CFS 
TFS’I’ CX)NL)ITION 113 

Total Kiv’er Flow 200,000 CFS Total  Falls Flow 70,000 CFS 

PHOTOGRAPHS OF MODEL FALLS WITHOUT REMEDIAL WORKS 

PLATE D-8 
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PLATE D-: 
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T E S T  C O N D I T I O N  1 0 5  

TOTAL RIVER FLOW 180,000 CFS TOTAL FALLS  FLOW 50,000 CFS 

ms'r C : O N ~ ) I T I ~ N  101 

'1'0'1'A4L R I V E R  FLOW 200,000 CFS TOTAL FALLS FLOW 100,000 CFS 

STREAMLINES IN MODEL CASCADES  WITHOUT REMEDIAL WORKS 

PLATE D-10 



4,900 CFS 95,100 CFS 
'r~s-1- c o m r r I o N  101 

Total River Flow 200,000 CFS Total  Falls  Flow 100,000 CFS 

10,200 CFS 139,800 CFS 
T E S T  ( :ONDITION 109 

Total  River Flow 200,000 CFS Total Falls Flow 150,000 CFS 

PHOTOGRAPHS OF MODEL  FALLS WITHOUT REMEDIAL WORKS 

PLATE D-9 





LOCATIONS  OF 100-FT STATION5 
AROUND  CREST  OF 
HORSESHOE FALLS 

SCALES 

PROTOTYPE I - - 
MODEL 

100 0 100 0 300 400 FT 

0.5 1.0 FT 
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PRESERVATION AND ENHANCEMENT OF NIAGARA FALLS 
A P P E N D I X  E 

ISLINGTON  MODEL 
DESCRIPTION,  VERIFICATION  AND  PRELIMINARY  TESTS 

C O N T E N T S  
Subject  Paragraph 



156 A P P E N D I X  E 

(i . Sonlc  statistics o f  the  building  and  model  are as  follows: 
f5ttilding: - 170 feet by 70 feet. 
Model: - 96 feet by  37 feet. 
Alaterials in Model: - Sanc1-55O t o n s ;  ply~vootl--!),OOO hoard-Ceet ; concrete-2~5 c . u l ) i c .  yards. 
LVater System: - Recirculating-30,000 Imperial gallons  in sump. 

Maxirnurn  model  llow-al)ont  three and one-hlf  rul)ic,  feet per second. 

< : ~ N S . ~ R I I C . I . I ~ N  OF I A I , I . S  ANI) GORGE AREA 
7 .  'The gorge  area  in  the  model  extends  from  the  Horseshoe Falls downstream  to  the  Rain- 

bow  I3ridge and  reproduces  both  American  and  Horseshoe  Falls. As the  gorge is relatively  deep, 
c:onsiderable  water  pressure was expected  to  act  on  the  upstream  side of the  gorge  wall.  It was 
essential  that  leakage  should  not  occur  through  this wall and  that  the  wall  should  not be displaced 
I,y the  pressure. This was accomplished by first  building  a  brick  wall  three  courses  wide  from 
the model  floor  to  just  below  the  top of the  gorge  wall. T h e  height  varied  from seven  to  ten 
courses.  It'aterproofing w a s  placed on  the  upstream face of this wall and  in  the  joint  between  the 
w a l l  and  the model floor. T h e  gorge  wall, other  than  the sections  immediately  below  the  crest 
ol' the Iialls, was constructed by fixing  metal  framework  to  the  brick  wall,  shaped  to  the  profile 
o f  the prototype.  Metal  lath was then  wired  to  this  frame,  and  plaster  and  concrete  layers succes- 
si\.cly  :~l'i'ixecl t o  tlle lath. T h e  sections of w a l l  I)elo\v tlre Falls  crest 1ve1-e c.onstructi.cl  sinlilarly 
except that vertical  steel  rods  were used  to stiffen  the  framework.  After  the walls had  hardened, 
tlet;iils s11(.11 ;IS talrls slopes, l ' a l l c~~  r o c k ,  tllc <hn;tt l i ; l t1 NiagaIa  tut1ncl outlet, ;mtl tlre Ontario Power 
C:on1patly j) l; lnt were ;dtlctl. I n  order to  bring  the (:;~scxles I~etl cxxrec:tly t o  tlre l~ :d ls  crest, ;I male 
plywood  template was cut  to  reproduce  accurately  the Falls crestline  in  plan. T o  the  edge ol' this 
template a sheet  metal  strip was fastened  and  cut  to  the  profile of the crest in  the  vertical  plane 
'l'lris asacwrt)ly ~ v x  tlrcn positionctl a t  tllc corrcc.t ele\.ation i n  tlrc gorge t o  l)ring tlrr crcstlinc 
into  its  correct  location. T h e  concrete  bed was then  faired  into  this.  In  order  to  seplrate  the 
Horscslloe P7alls f l o w  from  the  American Falls  flow, a  waterproofed  brick wall was laid  on  the  model 
floor From Goat Island  to  the weir tanks  under  the  Rainbow f3ridge. 

SPECIAL CASCADES CONSTRUCTION 
8. Initially  the Chscades area was constructed as described  in  paragraph 5. However, as the 

remedial works  tests  progressed i t  became  desirable  to be able  to  remove  the  original  topography 
in certain areas and  replace  it by various  remedial schemes in\.olving  cxc;l\,ation. I t  was also 
desirablr  to  be able to replace any sucll scheme b y  the  original topograplry or by some other 
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IO. ELEVATIONS. ‘ i o  measure  water levels, ;I point  gauge is used  which  runs on a truss 
cspcc.ially tlesignetl Cor stiflrless. T h e  truss is sllpportcd by rails  on  the  model walls and can  travel 
the lengtl~ of the  nlotlcl.  ‘This  movable  point gaI1g.e is also used for setting templates  and for- 
tlctcrmining  topography  elevations. I’icmtncter opctlinps \\ere also built i n t o  the  rnodcl I)cd ; I t  
t h c  river  gauge  locations,  and  rubber  tuhes  conncc~ these openings  to  manometers  outside tt!c 
model. ‘I-llis  latter system o f  level rneasllremcnt is used only  for  quick  observation  when setting- 
I I ~  the nlodel and not  for  ;mxrate  nleasurcment. 

11.  FLOW. ‘ [he  me;rsurement of inflow into  the  model is accomplished by means of gravi- 
metrically  ralil)r:ltc(l  orilicc Ineter-s in the thrcc model s u p p l y  p i p s .  Thc oril‘icc tlilfercntial  head 
was  read  on  direct  reading  water  manometcrs  calibrated  to  indicate  directly in prototype flow 
units. T h e  o r r t l ‘ l o \ v  l’ron~ the potvcr plant  intakes is  rr1c;lsurcd in  most cases by six-inch  calibrated 
\’an 1,eer or  pipe weirs. T h e  Horseshoe  and  American Falls flows are  measured  separately  in 
c,;llil)rated  V-notch  weir  tanks. In  the  course of the tests i t  was fomd desirable  to  measure  the flow 
over each  100-foot hand of the Horseshoe Falls crest. This  is accomplished by the use of a specially 
constructed  scoop  whicll  intercepts  the flow in a 100-foot h n d  and  directs i t  t o  one of the 
c,nlihrated  V-notch weir tanks for measurement. 
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13. K E S ~ I L I S  OF ~ I F , A S U K E X I I W I S  
Flow in cfs and  Percentage of Total 

V E R I F I C A T I O N  O F  I S L I N G T O N  M O D E L  



diarllonti-sll;lped pattern were rolled into tlre rivcr bed concwtc,  and  expanded  metal  screening 
laid on top of the bed. Th i s  finding was substar1ti;~ted when tlle model was operated,  and  little 
I'urther rougllness adjl1strnent i n  this  section was found t o  be necessary. T h e  first  verification 
operation was t o  check the k n o w n  water levels in  tlle  river withocct ~ l ~ e  submerged  weir in place, 
cornpotetl ;IS indic.;~ted  in  Appendix (:, Tal)le (:-I. \Vhcw the model [vas adjusted  to give these 
levels correctly,  the st1l)nlerged \veir was adtletl, and the levels given in  Table C-4, Appendix C 
were checked. In  tabular form, tl~e cornpnrison o f  prototype  and  model  river  gauge levels for 
Four t o t a l  river flows is given in Table E l .  I t  is considered  that  this  agreement is satisfactory. 

\'EKIFI<:A'I'ION 01' 1)IVISiON 01; b"lW AllOliSI)  (;OA'l.  ISLAND 

17. In  Appendix (; is tlcsc.ribctl t l~e  n ~ c t l ~ o d  used in  determining  the  prototype  division of flow 
around (;oat Island. 'l-l~c rcsrllts o f  this  study are plotted in  Plate E-6, and  points  showing  the 
corresponding model dit'ision of f l o w  are also plotted. I t  is considered  that  this  plotting  indicates a 
satisfactory agreement hetween  the  model  and  prototype values. 

P I I E I . I h l l N A I l Y  \ ' E R l l I < X ' I ' l O X  01' CASCADES 

18. '1-he verification  of  the (:ascades area posed nlany diFfic:ult problems. T h e  5:  1 ratio 
between  the vertical and horizontal  model scales produc.ed a steep slope in  the  (hscades,  inducing 
high velocities in  this  region. '1'0 prot1uc.c the  correct nlodel velocities and levels, it was found 
necessary t o  employ  cx;~ggeratctl roughness in tlle form o f  sheet metal strips  one-half  inch  wide,  em- 
bedded  in  the  concrete hetl, and extending t o  the Ivater surface.  Keliable  records  and  observations 
o f  \vatel. levels, depths, velocities antl f ' l o \ v  tlistril)utions  are very meagre  and  difficult  to  supplement, 
~ I I C  pr in~;~ri ly  t o  the higll \.c.locitic.s antl violent ~ v a v e  action  in  the  prototype,  and  the  wide  expanse 
;Ind inxcessihility oI t I lc  (:;~st.;rtles ~ ~ g i o n .  However, as certain  information did exist,  a  preliminary 
vcrificntiorl was attempted. T h e  information used was  as follows: 

(a) \Yarer levels in Cascades power plant  intakes. 

( h )  A shoreline  \vatu  surface  PI-ofile,  Appendix 1;. 

(c) t$'ater  surface  contotlrs p r o d u c x d  by aerial  photography 

((1) I ; l o ~ v  patterns revcaletl by aerial  photographs  during ice runs. 

( e )  I k d  contoul's  developed by a previous float  survey, 1928 report. 
(I) I ' r ~ l i ~ l ~ i n a r y  I)cd soundings obtained by helicopter survey 

'I'his  preliminary  verification  produced  a  model  performance  which  appeared  to be in  general 
s i lniIar  t o  tile prototypc,  hut  quantitatively  intletern1inate due  t o  lack of prototype t lata .  ,A ~0111- 

p r i s o n  r v i t h  the  \Tic.ksl)urg  model  results  revealed  obvious  dissimilarities  in  performance  between 
the two  models.  An analysis of tlle  differences  indicated  that  they  were  largely due  to  different 
intet~~ret; l t ions oC tlle nleagre t h t a  avai1al)lc. 'I'here appeared to  be  evidence also that  the  high 
velocity I l o l v  had an arlverse effect  on  the  method of obtaining  water levels from  aerial p h o r o p p h y ,  
and the levels in  certain  areas  at  least lvere known to  be  erroneous.  In  addition,  many of the new 
hed soundings  disagreed  with  those  obtained  in  earlier surveys. It was r:oncluded that  more  reliable 
prototype  data  were  essential if a satisfactory verification was to be  produced. Uy methods descrilled 
in  Appendix B comprehensive  bed  contour  and  water  surface  contour  maps  were  produced wllic}1 
were  considered to be adequate for a suc:cessful verification. 

F I N A L .  <:ASCADES VERIFICATION 
1 9 .  In Appendix F of this  report is described  the  final  verification of the Cascades area  in 

both the Islington  and  Vicksburg  models.  Test  data  indicating  their  similarity  with  each  other 
and  with the prototype  are  given  in  detail. 



22. I~oIIowing t l l e  f i n a l  Cascades veril'ication, a revised  testing  programme was adopted to 
provide sin1il;tr inI'(~rtnation i n  the (hseades and Falls area. I-Jpon completion o f  this  series of tests. 
sul'l'icierlt inlc~rmation  existcd  on  future  river  conditions  without  remedial works, and  the  remedial 
rcquiretnents could be ;~sscssed. 

Tests to Determine  the  Location of the New Intakes 
for Sir Adam Beck-Niagara G.S. No. 2 

Grass  Island Pool Tests 

vi .  Discharge  tllrough cach  100-foot  panel  along  crest o f  Falls. 
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< ~ O X C ~ I . ~ f S l O N S  IIRAWN l.'ROXI 71'ES.l' KESU1.l .S 

29. 'I'llese findings suggested that in a  future  testing  programme,  the test runs might  be 
cwndensetl t o  cover  only tlle varying amomts  of flow diversion,  and  thus  eliminate tests where 
only  the points o f  diversion vary. Also the magnitude o f  the  drop  in Pool level  suggests tllat con- 
sideration s h ~ l d  be given t o  studying  remedial works ~ v h i c h  w o u l d  compensate for  these added 
diversions m t l  enable  existing P o o l  levels to  be maintained. Such works appeared  desirable  from 
a scenic standpoint  in view o f  the large Pool Iled  areas  exposed under  maximum  diversion  con- 
ditions,  and  the l o w  f l o w  over the  American  Falls, which  would produce a totally inadequate 
spectacle. 
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' I ' ~ , s r  KI:s~JI;I.s 
:$l. T h e  results o f  rllese tests are  given  in  tabular form in  Tables E-5 to  E-10  inclusive. 

1,evels ohserved  were also plotted  in  relation  to Cascades flow on Plates E - X  to E-15 inclusive. 
Although a complete set o f  photogl-aphs was obtained, o n l y  those sllowing the Falls for  Tests Nos. 
101, 105, 112 and 118, a n d  the Cascades for Nos. 101 and 105, Plates E-18, E-19, and E-20, are 
inc~l~~cted in  this  report. 
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T A B L E  E - 1  
CHIPPAWA-GRASS ISLAND POOL VERIFICATION 

Comparison of Model and Prototype  Water  Surface  Elevalions for Selected Flows 

River 
Gauge  Total  River  Flow cfs 

Water  Surface  Elevations U.S.L.S. Datum 

(See Plat:: 140.000  180,000  200,000  250.000 
E-4) Model Proto. Model Proto. Model Proto. Model Proto. 

S!aters Pt. 561.35 561.41 562.70 562.83 563.45 563.50 564.70 565.11 
#5  (Material Dock) 560.70 560.71 562.00 562.13 562.70 562.82  564.00  564.43 
#3 560.10 560.02 561.50 561.47 562.00 562 18 563.55 563.82 
#51 559.70 559.33 560.85  560.65 561.50 561.29 562.70 562.79 
#45 556.50  556.48 557.60 557.46  558 10 55'7.93 559.30 559.03 
Ontario Power "B" 555 35 555.53  556.65  556.63  557.20 557.17 558.35  558.40 
Conners  Island 561.55 561.62 562.90 563.05 563.60 563.73 564.85 565.33 
Grass  Island 560.25  560.11  561.45  561.41  562.20 562.02  563  45  553 49 
Willow Island 558.70  558.58 559.90 559.78 560.50 560.34  561.35  561.68 
Win?  Dam  556.90 556.45 557.80 557.50 558.30 558.00 559.15 560.05 

NOTE: 1. Prototype  water  levels  based on Table  C-4  (Appendix C ) .  

2. Power  Diversions  used in Verification Tests. 
United  St,ates 31,450 cfs 
Sir  Adam Beck No. 1 14,700 cfs 
Ontario  Power 10,450 cfs 
Toronto  Power 14,900 cfs 
Canadian  Niagara  Power 10,000 cfs 
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T A B L E  E - 2  
INITIAL TESTING  PROGRAMME  (CONDENSED) 
Test  Conditions  for  Total  River  Flow of 180,000 cfs 

Discharges  in  Thousands of cfs 

Sir  Adam Beck 
Test  Total  Upper  Schoell- 

Canadiar 
Ontario  Toronto  Niagara Conners No. 2 

No. Falls  Cascades ltopf Adams island No. 1 #1 Intake # 2  Intake  Power  Power  Powei 

9 
10 
11 
12 
13 

14 
15 
16 
17 
18 

19 
20 
21 
22 
23 

50 
50 
50 
50 
56 

76 
96 

100 
100 
100 

100 
100 
150 
150 
150 

59 
79 
61 
81 
91 

111 
131 
100 
104 
100 

111 
131 
150 
150 
150 

20 
20 
24 
24 
24 

24 
24 
20 
20 
24 

24 
24 
15 
15 
15 

0 
0 
9 
9 
9 

9 
9 
0 
0 
9 

9 
9 
0 
0 
0 

45 
45 
30 
30 
0 

0 
0 

20 
20 

0 

0 
0 
0 
0 
0 

16 
16 
16 
16 
16 

16 
16 
10 
16 
13 

16 
16 
5 
7 

15 

20 
20 
20 
20 
20 

20 
0 

15 
20 
17 

20 
0 
5 
8 
0 

20 
0 

20 
0 

20 

0 
0 

15 
0 

17 

0 
0 
5 
0 
0 

9 
10 
10 
10 
10 

10 
10 
0 
4 
0 

10 
10 
0 
0 
0 

0 
9 
0 

11 
15 

15 
15 
0 
0 
0 

0 
11 
0 
0 
0 

0 
10 
1 

10 
10 

10 
10 
0 
0 
0 

1 
10 
0 
0 
0 

T A B L E  E-3 
INITIAL TESTING  PROGRAMME 

OBSERVED  WATER  SURFACE  ELEVATIONS  AND  FALLS FLOWS 

Test Number 
Gauge 9  10 11 12  13  14  15  16  17  18  19 20 

Observed  Water  Surface  Elevations 
Slatzrs  Point 560.50 560.95 560.80 561.20 561.95 562.20 562.60 561.85 561.85 562.00 562.25 562.65 
Gauge No. 5 559.40 560.05 559.60 560.25 560.80 561.30 561.85 561.00 561.00 561.10 561.40 561.95 
Gauge No. 3 558.65 559.55 558.75 559.65 560.10 560.80 561.50 560.45 560.55 560.45 560.80 561.50 
G a ~ ~ g e  No. 51 558.35 559.05 558.50 559.10 559.70 560.10 560.85 560.00 560.00 560.00 560.10 560.80 
Gauge No. 45 555.40 556.20 555.50 556.40 556.85 557.45 558.00 557.50 557.35 557.55 557.00 558.00 
Ontario Powel. “E” 554.60 555.30 554.80 555.55 555.85 556.40 557.20 556.95 556.65 556.85 556.10 556.85 

Cor,ners 1sl:lnd 560.65 561.10 561.00 561.40 562.10 562.40 563.00 562.00 562.00 562.25 562.40 562.80 
Glass Island 558.80 559.00 558.7E 559.65 560.10 660.70 561.90 560.50 560.55 560.35 560.75 561.40 
T’Jillow Island 557.35 558.20 557.30 558.20 558.65 559.30 559.90 559.10 569.15 558.90 559.25 560.00 
Wing Dam 556.35 556.90 556.25 556.90 557.00 557.35 557.90 557.35 557.40 557.25 557.50 558.03 

Falls 1 ‘ 1 0 ~  Observed  Discharge  cfs 
Horseshoe  Falls 48,800 47,000 48,000 47,800 52,800 68,200 85,500 94,500 93,500 94,500 93,000 91,500 
,4merican  Falls 1,800 3,400 1,600 3,400 4,400  6,600 9,000 5,800  5,800 5,400 6,700 9,000 
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T A B L E  E - 4  
REVISED  INITIAL  TESTING PROGRAMME - TEST CONDITIONS 

Discharge in Thousands  of Cubic Fee t   per  Second 
Test  Number 

Item 101 102  103  104  105  106  107  108  109  110 111 112  113  114  115  116 

Total  River 

Can. Falls 
Flow 200 200 200 200 180 200 200 200 200 200 250 250 200 200 200 200 

(Measured) 96.5 94.5 93.0 91.8 49.8  48.0  47.6 48.1 138.5  140.8 136.3 135.2 68.8 66.9  65.0 64.3 
Am. Falls ’ 

Combined 

Computed Cas- 

(Measured) 5.0 5.7 6.6 8.0 1.2 1.8 2.6 3.5 10.1 11.1 12.3 13.8 2.6  3.3  4.0  5.2 

Falls  Flow 101.5 100.2 99.6 99.8 51.0 49.8 50.2 51.6 148.6 151.9 148.6  149.0 71.4  70.2 69.0 69.5 

cades  Flow 100 110  120  135 50 60 70 85 150  160  170  185 70 80 90 105 
Schoel and 

Adams 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 

Conners 30  30 30  30  55 65  55  55  5  5  30 30 55 45 45 45 
S.A.B. Nos. 

1 and 2 50 40 30 15 55  55  55 40 25 15 30 15 55 55 45 39 
Ontario 

Power 0 10 10 10 0 10 10  10 0 10  10  10 0 10  10 10 
Canadian 

Niagara 0 0 10  10 0 0 10  10 0 0 10 10 0 0 10  10 
Toronto 

Power 0 0 0 1 5  0 0 0 1 5  0 0 0 1 5  0 0 0 1 5  

T A B L E  E - 5  
REVISED  INITIAL  TESTING PROGRAMME 

OBSERVED  WATER  SURFACE  ELEVATIONS - RIVER GAUGES 
Test  Number 101 to 108 

Gauge 101 102  103  104  105  106  107  108 
Slaters  Point 561.9 562.1 562.3 562.5 560.1 560 5 561 .O 561.2 
Gauge No. 5 561.1 561.4 561.6 561.9 559.0 559.5 560.0 560 45 
Gauge No. 3 560.45 560.9 561.2 561.6 558.3 558.8 559.25 559 85 
Gauge No. 51 560.15 560.4 560.7 560.9 558 1 558 6 559.0 559.5 
Gauge No. 45 557.25 557.2 557.4 557.7 554.6 554.7 555  5 556.1 
Ont.  Power “B” 556.6 555.85 556.2 555.5 554.2 553.5 554.1 554 85 
Toronto  Power 531.5 531.4 531.6 530.1 530.0 529.9 530 4 528  2 
Can.  Niagara 515.35 515.3 513.85 513.7 513.8 513.6 511.0 509.8 
Conners  Island 562.0 562.2 562.4 562  6 560.2 560.6 561.0 561 3 
Grass  Island 560.6 560.9 561.2 561.5 558.5 558.9 559.45 559.8 
Willow Island 559.35 559.6 559.8 560 0 557.6 558.1 558.4 558  8 

Test  Number 109 to  116 

Gauge 109  110 111 112  113 114 115  116 
Slaters  Point 
Gauge No. 5 
Gauge No. 3 
Gauge No. 51 
Gauge No. 45 
Ont.  Power “B” 
Toronto  Power 
Can.  Niagara 
Conners  Island 
Grass  Island 
Willow Island 

563.1 
562.55 
562.1 
561.5 
558.8 
558.0 
532.85 
517.0 
563.2 
562.0 
560.6 

563.25 
562.6 
562.3 
561.7 
558.4 
557.3 
532.7 
516.8 
563.3 
562.3 
560.7 

563.8 
563.15 
562.7 
562.0 
559.0 
557.6 
533.1 
515.7 
563.8 
562 6 
560 85 

- 
564.0 
563.4 
563.0 
562.3 
559.5 
558.0 
531.4 
515  5 
564.0 
562  9 
561.1 

560.9 
560.0 
559.3 
559.0 
555.85 
555.35 
530.7 
514 55 
561.0 
559.4 
558.4 

561.25 
560 25 
553.75 
559.45 
555.8 
554.5 
530.7 
514 5 
561.4 
559.9 
558.65 

561.4 
560 6 
553 0 
559.65 
556.0 
554 7 
531.0 
512.8 
561.4 
560.0 
558.9 

561.7 
561 1 
520.; 
560 2 
556.9 
555 5 
539.5 
512  2 
561.8 
560.7 
559.3 
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T A B L E  E - 6  
REVISED  INITIAL TESTING  PROGRAMME 

OBSERVED  WATER  SURFACE  ELEVATIONS - CASCADES  GAUGES 
Test  Number 

Gauge 101  102  103  104  105  106  107  108 

531.7 
515.3 
507.5 
555.4 
518.5 

531.5 
515.4 
507.2 
555.0 
518.2 

514.7 
508.8 
518.9 
551.0 
521.1 

531.5 
515.0 
507.2 
555.4 
519.0 

531.2 
514.5 
506.8 
555.9 
517.7 

530.2 
514.2 
505.5 
552.7 
515.5 

530.0 
513.8 
505.7 
552.5 
515.4 

530.4 
512.2 
505.0 
553.2 
515.3 

529.2 
511.0 
504 8 
554.1 
514.1 

514.7 
508.5 
519.2 
551.5 
521.4 

513 9 
508.5 
519.3 
551.8 
522.1 

512.7 
505.8 
517.2 
548.9 
517.9 

512.3 
505.1 
517.2 
548.9 
517.7 

511.3 
505.1 
517.5 
549.,4 
518.5 

510.2 
504 8 
518.0 
549.9 
519.2 

514.8 
509.0 
518.8 
551.1 
521.3 

516.2 
510.2 
526.5 
511.7 
538.3 

516.2 
509.8 
526.4 
511.5 
537.2 

516 5 
509.8 
527.2 
511.8 
537.5 

517.0 
510.0 
528.0 
511.9 
538.0 

513.2 
507.1 
dry 

510.5 
536.0 

513.1 
507.1 

dry 
510.4 
535.9 

514.0 
507.7 
526.0 
510.7 
536.3 

514.8 
508.2 
526.2 
511.2 
536.5 

1 
m 
n 
0 

P 

Test  Number 

Gau,ge 109  110 111 112 113 114 115 116 

532.8 
517.0 
509.5 
556.5 
522.0 

532.9 
517.1 
509.5 
556.5 
522.0 

533.0 
516.8 
509.3 
506.7 
522.0 

532.3 
516.6 
509.3 
557.1 
520.9 

516.1 
511.4 
521.0 
553.3 
524.2 

531.0 
514.4 
506.1 
554.0 
516.8 

513.4 
506.8 
518.0 
550.0 
519.3 

530.8 
514.5 
506.0 
553.5 
516.5 

513.0 
507.1 
517.6 
549.8 
519.2 

530.8 
513.8 
505.6 
554.0 
516.3 

512.9 
506.2 
517.9 
549.4 
519.8 

530.2 
513.1 
505.4 
554.6 
515.5 

512.3 
505.9 
518.2 
550.7 
520.6 

515.7 
509.0 
526.4 
511.4 
536.4 

516.4 
511.4 
520.0 
552.5 
523.7 

517.8 
511.9 
528.9 
512.5 
538.5 

516.3 
511.3 
520.1 
552.6 
523.8 

517.8 
511.5 
528.9 
512.7 
538.3 

516.3 
511.8 
520.4 
552.8 
524.1 

517.5 
511.6 
529A 
512.5 
537.4 

518.7 
511.7 
529.9 
512.7 
538.9 

514.5 
508.5 
526.2 
511.2 
536.1 

514.6 
508.4 
526.2 
511.0 
536.1 

515.0 
508.5 
526.3 
511.3 
536.2 

1 
m 
n 
0 

P 
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T A B L E  E - 7  
REVISED  INITIAL  TESTING PROGRAMME 

OBSERVED  CREST  PANEL  DISCHARGE  IN C F S  PER F O O T   O F  CREST 

Panel  Test  Number 
Number  101  102  103  104  105  106  107  108 109 110 111 112  113  114 115 116 

24 
G.I. 25 

dry 1 2 2  2 
dry 2 2 2  

TOTALS 993 957 944 925  501 483 487 483 1384 1393  1392  1368 691 678  653 642 
(W  indicates  trace of flow) 

- 

T A B L E  E - 8  
REVISED  INITIAL  TESTING PROGRAMME 

OBSERVED  CREST  PANEL  DISCHARGE 
Cumulative  Crest  Panel Discharge to Panel  Point in Hundreds of cfs 

- ~~ 

Panel  Test  Number 
Number  101  102  103  104  105  106 107 108 109  110 111 112  113  114  115  116 
Can. 1 

2 
3 
4 

10 
1 

21 
24 

109 
44 

227 
365 
454 

597 
516 

678 
758 
918 
951 
975 
984 
985 
990 

993 
993 

993 
991 

993 
993 

1 
8 

2 1 
7 

0 0 0 0 8 
0 0 32 
0 0 57 
0 
1 

0 82 
0 128 

23  19 232 
87 67 403 

158 132 582 

32 
8 

56 
80 

11 
35 28 

8 

60  50 
75 

120 
217 
379 
560 

0 
3 

0 
3 
7 
7 

11 
54 

0 
2 
4 
4 

44 
8 

0 
1 
3 
3 

38 
6 

20 
11 

24 
40 

102 

1 

3 
3 

5 

2 
4 18 

21 
38 

102 

15 
15 
29 

7 
7 

13 
56 

87 
136 
241 
400 

4 
6 

32 
100 

-~ 
124 
223 
390 

5 
6 
7 

88 31 
103 

229 
183 

263 
308 
344 
379 

220 
354 
440 

579 
501 

657 
737 

921 
887 

944 
952 
953 

331 
215 

413 
476 
550 
626 
704 
861 
894 
921 
932 
936 
941 
944 
944 
944 
944 
944 
944 

322 
196 

404 

149 
251 
147 

310 
353 

222 
127 

277 

375 
321 

118 

260 
206 i? 

9 
10 
11 

i7pI 
222 
256 
298 
333 

692 
569 

780 
881 

1088 
986 

577 
700 

254 
314 
359 
418 

" _  
201 172 702 
235 207 789 
273 243 892 
306 277 995 

686 

868 
768 

. .. 

783 
885 

464 
533 

303 
351 
397 
454 

410 
461 12 606 

681 
842 
877 
907 
915 
918 
923 
925 
925 
92.5 

925 
925 

925 

1085 
986 

1066 
967 

1267 1247 
1316 1295 
1356 1334 

1344 
1348 
1354 
1356 
1358 
1362 
1364 
1366 
1368 

470 
525 
650 

423 
477 
609 

645 
629 

650 
650 

1 3 
14 
15 

367 

479 
467 

48 3 
483 

483 
483 

483 
483 
483 
483 
483 
483 

345 324 1090 
455 443 1266 

514 
637 
659 
672 

. .. 
481 

501 
49 5 

501 

1269 
1318 
1357 
1368 

511 
633 
613 

639 

473 461 1314 
~~ ~ 

482 475 1352 
485 480 1366 

. ~ .  
671 
685 
689 

16 
17 
18 

20 
19 

21 
22 
22 

1367 
1371 

676 
676 501 

501 
487 480 1370 1373 

137R 
689 
691 
691 
69 1 
69 1 
691 
691 
691 

640 
956 
957 
957 

487 493 1374 
487 483 1378 
487 483 1379 

" . 
1378 

1383 
1381 

678 
678 
678 

" .  
653 

653 
653 

653 

642 
642 
642 

." 

501 
501 

-~ - 

1383 
1381 

1386 957 
957 

501 
50 1 
,501 
501 

407 483 1381 
487 483 1383 
487 483 1384 
487 483 1384 

1386 
1388 
1390 
1392 

678 642 
642 1389 

1391 
1393 

678 
678 
678 

653 

653 
653 24 

G.I. 25 

. .  

957 
957 

642 
642 
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T A B L E   E - 9  
REVISED  INITIAL  TESTING  PROGRAMME 

OBSERVED WATER  SURFACE  ELEVATIONS  AT  CREST OF HORSESHOE  FALLS 
Elevations  Observed  on  Panel  Centre Line 50 Feet Upstream from Crest 

Panel  Test  Number 
Number 101  102  103  104 105  106 107 108  109  110 111 112  113 l i 4  115  116 

Can. 1 503.7 503.6 503.6 503.6 dry 503.8 503.5 dry 504.4 503.7 504.6 504.8 503.2 dry  dry 503.8 
2 503.1 502.6 503.1 503.1 602.7 502.6 502.5 502.5 505.0 504.0 504.6 505.7 503.0 502.7 50 1.2 502.6 
3 504.7 504.7 504.4 504.0 503.5 503.1 503.1 502.5 505.8 505.6 50ti.0 506.0 503.4 503.7 503.4 508.3 
4 50:$.1 503.1 503.4 503.0 dry dry dry dry 503.6 503.5 503.8 503.6 dry dry dry dry 
5 503.1 502.8 502.7 502.6 wet dry dry d tg  505.0 504.3 505.5 504.8 502.2 503.5 dry dry 

7 506.2 505.8 505.6 505.3 503.4 503.5 503.2 501.7 506.7 506.4 507.0 507.1 504.3 503.7 503.5 503.4 
8 505.7 505.9 505.0 504.7 503.2 503.0 503.0 502.1 507.2 506.9 507.0 507.1 504.0 504.2 503.5 503.4 
$1 507.8 507.0 506.7 506.7 504.1 504.1 503.7 502.9 508.4 508.0 508.6 508.3 504.9 504.0 504.0 503.7 

10 507.0 506.0 506.2 505.5 503.9 502.7 504.1 504.2 509.6 509.6 509.6 509.6 505.9 505.2 505.4 ,504.6 
11 506.3 506.1 505.8 506.7 504.r; 504.5 504.4 504.1 508 8 507.9 508.4 508.0 505.3 505.2 505.3 505.0 
12 508.7 507.:{ 507.4 507.3 505.6 504.0 505.4 506.2 509.5 509.1 509.5 509.8 505.8 506.5 506.3 505.2 
1 3 507.4 507.2 506.9 506.8 505.6 505.4 505.5 505.8 508.5 508.0 508.2 508.1 506.3 506.3 505.9 505.2 

15 507.8 507.8 507.6 507.6 505.7 505.6 505.9 506.2 508.7 508.3 508.6 508.6 506.5 506.7 506.6 506.3 
1 ;  505.4 505.4 505.5 505.6 503.8 5L'3.:$ 503.8 504.4 E06.0 505.9 506.3 50G.2 504.4 503.9 504.3 504.7 

13 r.0:j.z 503.0 502.9 503.1 502.5 502.7 502.7 503.1 503.4 503.3 503.5 503.4 502.9 503.0 503.0 503.3 
1 9 50:{.5 503.3 503.3 503.3 502.6 502.6 502.7 503.2 503.4 503.5 503.:; 503.4 502.9 503.0 503.3 503.3 
20 rO3.4 503.5 503.4 503.6 dry 503.0 503.1 50'%.3 503.4 503.3 503.5 503.6 503.2 503.2 503.3 503.4 
21 535.1 505.1 505.0 505.0 dry dry dry dry 505.1 505.0 505.5 505.3 dry 504.5 504.6 504.6 
22 504.6 tiry dry 504.8 dry dry dry 504.7 505.0 dry 505.0 505.3 dry dry dry 504.7 
2.1 506.0 506.0 506.0 505.7 dry dry dry 3ry E06.2 506.5 506.5 506.5 dry dry dry dry 
24 505.8 505.9 505.9 506.1 dry dry dry dry 506.1 506.3 506.2 506.1 dry dry dry 505.2 

6 504.8 504.8 504.3 504.5 503.1 51~2.8 5U2.4 5 0 ~ . 1  605.5 505.1 506.0  505.6 503.2 504.1 503.2 506.2 

14 508.7 508.7 508.3 503.5 506.2 505.7 506.3 507.0 510.1 509.4 510.0 509.7 507.2 507.0 507.4 507.3 

17 dry dry  dry  dry  dry  dry  dry  dry  dry  dry  dry  dry  dry  dry  dry  dry 

G.I. 25 505.4 505.4 505.6 505.9 dry  dry  dry  dry 506.2 506.1  506.0 506.7 dry  dry  505.3 505.2 

T A B L E   E - 1 0  
REVISED  INITIAL  TESTING  PROGRAMME 

OBSERVED  DEPTH OF FLOW AT  CREST OF HORSESHOE  FALLS 
Depths  Observed  on  Panel  Centre Line 50 Feet  Upstream from Crest 

Panel  Test  Number 
Number 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 llti 

Can. 1 0.7 0.6 0.6 0.6 0 0.8 0.5 0 1.4 0.7 1.6 1.8 0.2 0 0 0.3 
2 0.8 0.3 0.8 0.8 0.4 0.3 0.2 0.2 2.7 1.7 2.3 3.4 0.7 0.4 0.9  0.3 
3 2.1  2.1 1.8  1.4  0.9  0.8  0.5  0.2  3.2 3.0 8.4  3.4 0.8 1.1 0.8 0.7 
4 0.4 0.4 0.7 0.3 0 0 0 0.9 0.8 1.1 0.9 0 0 0 9 
5 l.1 0.8 0.7 0.6 0 0 0 0 :$.0 2.3 3 . 3  2.8 0.2 1.5 0 0 
6 4.0 4.0 3.5 3.7 2.3  2.0  1.6 I.:; 4.7 4.3 5.2 4.8 2.4 3.3 2.4 2.4 
7 9.4 9.0 8.8 8.5 6.6 6.7 6.4 4.:) 9.9  9.6  10.2 10.3 7.5 6.9 6.7 6.6 
8 9.f; 9.8 8.9 8.6  7.1 6.9  6.9 6.3 11.1 10.8 10.9  11.0 7.9 8.1 7.4 7.3 
9 10.3 9.5 9.2  9.2 6.6 6.6  6.2 5.1 10.9 10.5 11.1 10.8 7.4 6.5 6.5 6.2 

10 7.4 6.4 6.6 5.9 4.:; 3.1 4.5 -1.6 10.0 10.0 10.0 10.0 6.3 5.6 5.8 5.0 
11 6.4 (;.2 5.9 6.8 4.7 4.6 4.5 1.2 8.9 8.0 8.5 8.1 5.4 5 .3  5.4 5.1 
12 8.1 7.2 6.8 6.7 5.0 3.4 4.8 5.G 8 9 8.5 8.9 9.2 5.2 5.9 6.3 4.6 
1: 6.7 6 5 6.2 6.1 4.9 4.7 4.9 5.1 7.8 7.3 7.5 7.4 5.6 5.6 5.2 5.6 
11 15.0 15.0 14.6 9.8 12.5 12.0 12.6 13.3 16.4 15.7 16.3 16.0 13.5 13.3 13.7 12.6 
15 3.4 3.4 3.2 3.2 1.3 1.2 1.5 I.'? 4.3 3.9 4.1 4.2 2.1 2.3 2.2 2.4 
1 'i 4 2 4.2 4.:3 4.4 2.1 2.1 2.6 f3.2 4.8 4.7 5.1 5.0 3.2 2.7 3 . 1  ;{.5 

1 c ,  0.8 0.6 0.5 0.7 0.1 0.3 0.!j 9.7 1 . 0  0.9 1.1 1.0 0.5 0.6 0.6 0.6 
1') 1 r, I :<  1.3 1.3 o.(; 0 . ~  0.7 1.2 I 4 1.5 I.:$ 1.4 0.9 1.0 1.0 I.:{ 
20 0 . 6  0 . 7 -  0.6 0.8 0 0.2 0.3 0.5 o.!; 0.5 0.7 0.8 0.4 0.4 0.5 0.G 
*' 1 0 7  0,7  0.G O.G 0 0 0 0 0 7  o.(; 1.1 n.!) o 0 . 1  0.2 0.2 
,l ~ 

0 1 0 0 0.:; 0 0 0 0.2 0.5 0 0 .5  0.8 0 0 0 0.2 
2 ; o ! )  o.!) 11:) o.!; n 0 I1 0 1 . 1  1.4 1.1 1.4 0 0 0 0 
2 I 1 .; 1 .-I 1 ..! 1 .(i 0 0 0 0 I . t i  1.8 1 .$ 1 . f i  0 ( I  0 3.7 

r :  I , )5  0 ,  I 0 . 1  0.ri 0.11 0 0 0 0 1 .:! 1 ,1  1 0 1 .7 0 0 0.3 0.2 

171)ly (Onlsl)  - 

i) 1 
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Goat Island  Flank 

- 

Canadian  Flank 

ISLINGTON MODEL 

CELLULAR CONSTRUCTION IN HORSESHOE FALLS CASCADES 

PLATE E-3 
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\, ~ ' S L A T E R S  POINT . GAUGE 

I GAUGE '5' 
(MATERIAL DOCK GAUGE) 

Y GRASS 

J-rY I 
I 

POWER GAUGE  "A" 
I 
I 

/ I CANADIAN  NIAG3RA GAUGE "-- 
A T G ~ L  RAILWAY GAUGE 

I, - --+-x- 
E1.565  ~ 1 . 6 5 5  For detailed location of River  Gauges  see Plate E-5 P N  

I 
I S L I N G T O N   M O D E L  

HYDRO-ELECTRIC POWER COMMISSION O F  ONTARIO 

I LOCATION  PLAN OF RIVER GAUGES 

I AND PHOTOGRAPHIC  STATIONS 

PLATE E-4 
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1 , 

GAUGE GEOGRAPHICAL H.E.P.C. (QUEENSTON 
REFER TO PLATE  E-4 I GO -ORDINATES GO-ORDINATES ) T-I- ZERO 

I I I I LATITUDE j LONGITUDE LATI I IGE C E P A R T U R t  I 
5,284-5  E 
1,075.9 E 
1,265-7 W - 

GAUGE NO 4 5  N I 4 ,040.0  W 
GAUGE NO- B 4 , 8 6 6 - 0  W 

TORONTO POWER GAUGE 

10,180 * O  E 4,910 . O  N 79'00'30!'646 W 43'04'33!'380 N CONNERS ISLAND GAUGE + 
2 6 7 . 8  E 5,72  1.9 N 79'02'44'!189 W 43'04'  41'!000N GRASS ISLAND GAUGE 

3 ,309 .4  W 6  ,737.9  N 79'03'32!'389 W 43 '04 '  51'!035  N WILLOW ISLAND GAUGE 
3 , 9 9 7 . 0  W 6  ,847.0 N 79'03'411'653 W 43'04' 52!'1 12 N WING D A M  GAUGE 

8,693.2 W 5 ,71 I . 9  N 79'04'44v760 W 43'04'  40'.'309  N  INTERNATIONAL RAILWAY GAUGE 

8 ,588 .4  w 4 , 3 1 2 . 2  N 79'0443'!509 W 43'04'27'!076N CANADIAN  NIAGARA . GAUGE 
7 , 3 5 4 . 0  W 3 ,620 .3  N 79'04'26'!870 W 43'04'  20!'242N 

- 7" "" - - 
" 

- ~ .." 

_" . 

- 

" " . " - . .  

.. - .". " " " i 
- 

PHOTOGRAPHIC STATIONS 
PN -AMERICAN  FALLS 

PO-  HORSESHOE  FALLS 
VPL-  VERTICAL  POINT 

PR - OBLIQUE FLOAT PHOTO 

" 

" 

8,347.5 w 

6.603-8 W 

43'04'33"227N 79'04'03'!811 W 4 , 9 3 5 . 0  N 
~~~ 

ISLINGTON  MODEL 

HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO 

DETAILED  LOCATION OF RIVER GAUGES 

AND PHOTOGRAPHIC STATIONS 

PLATE E-5 
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AMERICAN  CHANNEL  DISCHARGE 
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\ 

Hydro- Electric 

of Ontario 
Power 

a 
lu 
1 
\ 

a 

? 
T 
b 

z 

LOCATION OF TUBES 
Upper  tube at upper  end  Long. 79O03'03 '403 

Lower  tube at upper  end  Long. 79O03'1 I". 850 
Lot. 43O03'59'!913 

Lot. 43O03'55'1403 

Scale - hundreds  of feet 
l O l P 3 4 5  

PLATE E-7 
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DISCHARGE  OVER U P P E R   C A S C A D E S  
T H O U S A N D S  OF C .  F . S .  

I S L I N G T O N   M O D E L  
HYDRO-ELECTRIC POWER COMMISSION OF ONTARIQ 

WATER  SURFACE  ELEVATION 
SLATERS  POINT GAUGE 

IN   RELATION TO 
DISCHARGE OVER UPPER CASCADES 
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DISCHARGE OVER UPPER CASCADES 
THOUSANDS OF C. F S 

L 

ISLINGTON MODEL 
HYDRO-  ELECTRIC POWER COMMISSION OF ONTARIO 

WATER SURFACE ELEVATION 
GAUGE No. 5 

IN RELATION TO 
DISCHARGE OVER UPPER CASCADES 
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DISCHARGE  OVER UPPER  CASCADES 
T H O U S A N D S  OF G. f. S. 

I S L l N G T O N   M O D E L  
HYDRO-  ELECTRIC POWER COMMISSION OF ONTARIO 

WATER  SURFACE  ELEVATION 
GAUGE N 0 . 5 1  

I N   R E L A T I O N   T O  
DISCHARGE  OVER  UPPER  CASCADES 

6 ,  1 
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DISCHARGE OVER UPPER CASCADES 
THOUSANDS OF C .  F .S. 

ISLINGTON M O D E L  
HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO 

WATER  SURFACE  ELEVATION 
CONNERS  ISLAND  GAUGE 

IN  RELATION TO 
DISCHARGE OVER UPPER  CASCADES 

I 
- 
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WATER  SURFACE  ELEVATION (U.S. L.S.  DATUM) 
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Shutter  open 15 seconds;  closed 5 seconds  to  indicate  relative  streamline  velocities. 

Shutter  continuously  open. 

PHOTOGRAPHS  SHOWING STREAMLINES, GRAND ISLAND T O  CASCADES 

TEST 9 WITH TOTAL RIVER FLOW 180,000 C.F.S. 
VANTAGE  POINT  PR 

PLATE E-16 



Shutter  open 15 seconds; closed 5 seconds, to indicate  relative  streamline velocities. 

Shutter  continuously  opcn. 

PHOTOGRAPHS  SHOWING STREAMLINES, GRAND ISLAND T O  CASCADES 

TEST 15 WITH TOTAL RIVER FLOW lkl ,CaOO C.F.S. 
VANTAGE  POINT PR 

PLATE E-17 
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TEST No. 101 

Falls Flow 100,000 c.f.s. 
‘rota1 River Flow 200,000 c.f.s. 

ISLINGTON MODEL 

AMERICAN  AND  HORSESHOE FALLS WITHOUT HEMEDIAI. WORKS 

PLATE E-1E 
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TEST No.  105 TEST No. 101 

Falls Flow 50,000 c.f.s. Falls Flow 100,000 c.f.s. 

ISLINGTON MODEL 

AERIAL PHOTOGRAPHS SHOWING STREAMLINES  IN  HORSESHOE  FALLS CASCADES 



ISLINGTON M O D E L  

HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO 

LOCATION  PLAN OF CREST  PANELS 

HORSESHOE F A L L S  

PLATE E-21 
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PRESERVATION AND ENHANCEMENT OF NIAGARA FALLS 

A P P E N D I X  F 

VERIFICATION OF CASCADES SECTIONS OF MODELS 

L I S T  O F  P L A T E S  

Plate  No. Title 

I;-4 

1:- I 1 

Page 
197 
197 
198 
198 
199 

Page 
200 

200 
20 1 

20 1 

202 

203 

Page 
204 

205 

207 

209 
21 1 
212 
219 
214 
215 

2 16  

217 
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T A B L E  F - 1  
VERIFICATION  TEST  CONDITIONS - DISCHARGE  IN  CFS 

1927  Searchlight 
Survey Flow Test  105  Test 112 Item 

Inflow at Ruffalo 185,000 209,600 180,000 250.0'h)O 

U. S. Diversions 
Conners  Island 
Adams  Station 
Schoellkopf 

55,000 
10,000 
10,000 

30,000 
10,000 
10,000 

9,000 
10,700 

8,686 
23,840 

Canadian  Diversions 
Sir  Adam Beck Nos. 1 & 2 
Toronto  Power 
Ontario  Power 
Canadian  Niagara  Power 

15,000 
3,000 
6,500 

10,200 

14,037 
15,112 
11,136 
10,676 

55,000 15,000 
15,000 
10,000 
10.000 

Flow at head of Cascades 163,037 50,000 185,000 

American  Falls Flow. Measured 
Vicksburg Model 
Islington Model 

11,800 
11,200 

1,100 
1,200 

15,250 
13,800 

Horseshoe  Falls  Flow 
Computed 
(1)  Vicksburg Model measured 
(1) Islington Model measured 

123,000 
115,000 
115,000 

48,600 
49,800 

134,600 
135,200 

(1) Measured  total  Horseshoe Falls flow somewhat  different  than  accumulation of flows in 100-foot 
panels  shown  in  Table F-4 and on Plates F-6 and F-9 due  to  different  methods of measurement. 

~~ 

T A B L E  F - 2  
MODELS - PROTOTYPE  COMPARISON 

GRASS  ISLAND POOL GAUGES - ELEVATIONS  IN FEET (11 

Searchlight  Flow  Test 105 Test 112 

Proto-  Vicksburg  Islington  Vicksburg  Islington Vicksburg Islington 
Gauge  type Model  Model  Model  Model  Model  Model 

Conners  Island 564.0 563.98 563.6 560.50 560.2 564.22 564 0 
Grass  Island 562.4 562.48 562.3 558.58 558.5 562.96 562.9 
Willow Island 560.7 560.92 560.7 557.56 557.6 561.40 561.1 
Gauge  51 561.7 561.70 561.75 557.98 558.1 562.12 562.3 
Material Dock 563.2 563.14 562.9 559.60 559.0 563.56 563  4 
Slaters  Point 563.9 563.80 563.4 560.62 560.1 564.22 564.0 

(1) U.S.L.S. 1935 Datum 
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T A B L E  F - 3  
MODELS - PROTOTYPE  COMPARISON 

CASCADES  GAUGES - ELEVATIONS  IN  FEET (1 

Bed Elevation  Searchlight  Flow  Test  105  Test 112 
Gauge Vicksburg Islington  Proto-  Vicksburg  Islington  Vicksburg  Islington  Vicksburn  IsliWton 

Model  Model  type  Model  Model  Model  Model  Model  Model 

a 552.9  522.5  532-  533.0  531.8  530.4  530.2  533.7 532.3 

C 505.2 503.5 508.0 508.0 508.2 506.0 505.5 508.9 509.3 
d 545.4 542.9 557+ 556.4 556.5 552.3 552.7 556.4 557.1 
e 506.5 507.5 520- 518.7 519.4 514.3 515.5 520.3 520.9 

f 500.8 501.2 515- 515.2 515.4 512.0 512.7 515.7 516.1 
g 495.0 '494.3 510-1 508.5 509.7 504.6 505.8 510.8 511.4 
h 515.4 514.0 520f 520.9 519.8 516.9 517.2 521.6 521.0 
.i 547.5 543.9 553+ 554.0 552.5 548.5 548.9 554.2 553.3 
k 507.0 506.4 522 1 522.0 523.8 517.5 517.9 522.3 524.2 

1 503.2  503.7 519+  518.8 517.5  514.2  513.2  519.3  518.7 
m 501.8  500.7  512-  511.2  510.8  507.6 507.1 511.8  511.7 
n 526.0  525.7 5 3 0 5  530.7  529.0  525.9 Dry 530.6  529.9 
0 510.1  510.9 516-  513.3  512.5  511.5  510.5  514.0  512.7 
D 530.5  534.4  540-  539.3  535.4  536.0  540.3  538.9 

b 507.0  501.0 515+ 515.3  515.4  512.2  514.2  516.0  516.6 

T A B L E   F - 4  
COMPARISON OF VICKSBURG  AND  ISLINGTON  MODELS 

CREST FLOW DISTRIBUTION  IN  HUNDREDS OF CFS PER  100-FOOT  CREST  PANEI. 
Searchlight  Flow  Test  105  Test 112 

1927  Survey 
Vicksbura  Islington Vicksburr Islington 

Mmlel 
Vlcksburr 

Model Model Model 
Islington 

lMorlel Model 

Panel  Delta Q Ace Q Delta Q Ace Q Delta Q Ace 0 Delta Q Ace Q Delta Q Ace Q Delta 9. Acc Q Delta Q Acc Q 

Can. 1 
2 

2 
8 

3 17 
4 10 
5  31 
6  89 
7 154 
8 152 

10 83 
9 105 

11 82 

1 3  87 
12 100 

14 201 
15 66 
16 33 

2 
18 17 3 
19 2 
20 2 

22 
21 2 

2 
23 2 

G.I. 25 
24 

10 
2 

27 
37 
68 

311 
157 

463 
568 
651 
7 3 3  

920 
833 

1121 
1187 
1220 
1222 
1225 
1227 
1229 
1231 
1233 
1235 

18 55 10 32 2 4 0 3 27 
40 95 30 62 4 8 2 5 47 

124 302 135 283 49 86 72 103 139 
83 178 86 148 29 37 26 31 100 

124 426 151 434 61 147 80 183 141 
97 523 104 538 45 192 46 229 110 
95 618 71 609 50 242 34 263 98 
86 704 88 697 32 274 45 308 95 
88 792 86 783 41 315 36 344 108 

167 1048 175 1046 99 466 102 481 184 
89 881 88 871 52 367 35 379 112 

37 1085 42 1088 14 480 14 495 47 
30 1115 35 1123 3 483  6 501 40 
17  1132 11 1134 5 488 27 

10 
6 
2 

8 1140 5  1139 
5 1145 6 1145 
2 1147 4  1149 

1 1149 
1 1148 

2  1154 
3 1152 

1 1150  2 1156 
1 1151 2 1158 
1 1152 1 1159 

2 

16 
32 

85 
58 

132 
232 
371 
512 
622 
720 
815 
923 

1219 
1035 

1266 
1306 
133:; 
1343 
1349 
1351 

1354 
1353 

1355 
1356 
1357 

8 
20 
22 
25 
45 
97 

162 
181 
126 
82 

100 
99 

181 
99 

48 
39 
10 
4 
6 
2 
2 
4 
2 
2 
2 

8 
28 
50 
75 

120 
217 
379 
560 
686 
768 
868 
967 

1066 
1247 
1295 
1334 
1344 
1348 
1354 
1356 

1362 
1358 

1364 
1366 
1368 
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T A B L E  F - 5  
COMPARISON OF VICKSBURG  AND  ISLINGTON  MODELS -- 

DEPTH OF  FLOW  AT  CREST  OF  FALLS IN FEET (1) 

C r w t  € k l  Elev. Scarchlrght Flow 'I'rst 105 'I'Pt 1 1 2  
~ ' ~ ~ ~ l  Islington Vicksbura Model Islington Model Vicksbura Mudel lslinrrtr~n Model Vieksbnra Model Islinaton Modi.1 

Numlrrr  ~ ~ ~ , ~ l ~ l  MorleI w S  Elev.  Depth W S  Elev.  Depth W S  Elev. Depth w S  Elev.  Depth r v S  Elev.  Depth LVS Elev.  Depth 

C a n .  1 
2 
3 
4 
5 

(i 
7 
x 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 

G.I. 25 

502.6 
502.6 
502.1 
501.7 
502.1 

501.3 
49'3.3 
496.5 
498.5 
495.9 

500.7 
501.2 
501.1 
493.9 
504.5 

501.8 
503.5 
502.1 
502.5 
502.6 

505.1 
505.1 
503.8 
504.1 
504.6 

503.0 
502.3 
502.6 
502.7 
502.0 

500.8 
496.8 
496.1 
497.5 
499.6 

499.9 
500.6 
500.7 
493.7 
504.4 

501.2 
Island 
502.4 
502.0 
502.8 

504.4 
504.5 
505.1 
504.5 
505.0 

504.1 
503.9 
504.0 
503.3 
505.5 

505.7 
507.0 
505.9 
505.3 
504.5 

506.8 
507.8 
506.4 
508.9 
509.0 

506.4 
503.9 
503.6 
504.1 
504.3 

505.6 
505.7 
504.5 
504.7 
505.4 

1.5 504.2 
1.3 504.2 
1.9 505.6 
1.6 503.4 
3.4 504.4 

4.4 505.4 
7.7 506.0 
9.4 506.4 
6.8 507.5 
8.6 506.3 

6.1 507.0 
6.6 506.8 
5.3 507.4 

15.0 509.8 
4.5 508.5 

4.6 505.4 
0.4 Island 
1.5 503.5 
1.6 503.2 
1.7 504.0 

0.5 504.9 
0.6 506.2 
0.7 Dry 

0.8 
0.6 - 

1.2 503.0 
1.9 503.0 
3.0 502.8 
0.7 502.3 
2.4 502.6 

4.6 503.1 
9.2 503.7 

1 0 . 3  502.5 
10.0 502.8 
6.7 501.9 

7.1 504.2 
6.2 505.2 
6.7 504.7 

16.1 506.0 
4.1 506.6 

4.2 503.0 
- Dry 
1.1 502.5 
1.2 
1.2 

0.5 
1.7 
0 

0.4 Dry 
0.4 502.7 
0.7 503.5 
0 . 6  Dry 
0.5 Wet 

1.8 503.1 
4.4 503.4 
6.0 503.2 
4.3 504.1 
6.0 503.9 

3.5 504.6 
4.0 505.6 
3.6 505.6 

2.1 505.7 

1.2 503.3 
0 Dry 
0.4 502.5 

502.6 

12.1 506.2 I 

Dry 

0 
0.4 
0.9 
0 
0 

2.3 
6.6 
7.1 
6.6 
4.3 

4.7 
5.0 
4.9 

12.5 
1.3' 

2.1 
0 

0.1 
0.6 
0 

504.2 
504.6 
504.7 
503.6 
506.3 

506.7 
507.1 
506.6 
505.9 
503.9 

507.7 
508.3 
506.7 
509.3 
509.4 

506.3 
504.2 
503.9 
504.3 
504.3 

506.3 
505.6 
504.7 
504.7 
505.3 

1.6 
2.0 
2.6 
1.9 
4.2 

5.4 
7.8 

10.1 
7.4 
8.0 

7.0 
7.1 
5.6 

15.4 
4.9 

4.5 
0.7 
1.8 
1.8 
1.7 

1.2 
0.5 
0.9 
0.6 
0.7 

504.8 
505.7 
506.0 
503.6 
504.8 

505.6 
507.1 
507.1 
508.3 
509.6 

508.0 
509.8 
508.1 
509.7 
508.6 

506.2 
Dry 
503.4 
503.4 
503.6 

505.3 

506.5 
506.1 
506.7 

1.8 
3.4 
3.4 
O.!) 
2.8 

4.8 
10.3 
11.0 
10.8 
10.0 

8.1 
9.2 
7.4 

16.0 
4.2 

5.0 
0 
1.0 
1.4 
0.8 

0.9 

1.4 
1.6 
1.7 

(1)  5 0  f t .  upstream 



T A B L E  F - 6  
MODELS - PROTOTYPE  COMPARISON 

CANADIAN  AND  GOAT  ISLAND  SHORELINE  PROFILES -- MAY 10, 1951. 

TEST  CONDITIONS 
Discharge at Buffalo 217,200 cfs 

Diversions 
Sir  Adam Beck #1 14,900 
Schoellkopf 23,500 
Adams  Station 8,600 
Ontario 10,450 
Toronto 14,000 
Canadian  Niagara 9,750 

Total flow a t  head of Cascades 170,200 
Total  Falls flow 136,000 
American  Falls flow 13,400 
Horseshoe  Falls flow 122,600 

WATER  SURFACE  ELEVATIONS IN FT.  USLSD 

Gauge ( I )  Prototype Vicksburg 
Model 

Islington 
Model 

A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 
M 
N 
0 
P 
Q 
R 
S 
T 
U 
V 
Y 
Z 

552.13 
538.28 
534.24 
531.78 
531.98 
516.73 
516.02 
515.95 
516.09 
512.86 
513.08 
510.25 
508.81 
507.21 
505.70 
506.38 
512.15 
514.55 
519.61 
522.51 
528.09 
559.69 
557.32 

551.8 
537.6 
534.6 
533.9 
534.5 
519.0 
515.7 
516.2 
516.3 
513.8 
511.7 
511.5 
510.0 
508.1 
505.5 
Dry 

512.3 
514.2 
520.0 
524.3 
529.8 
559.8 
557.9 

551.0 
539.0 
534.1 
532.5 
533.1 
517.5 
516.3 
515.8 
515.9 
513.7 
512.7 
510.9 
508.8 
508.7 
505.3 
506.8 
511.0 
512.7 
519.0 
524.5 
528.2 
559.8 
557.0 

(1) For location see  Plate F-1 
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LOCATION  PLAN OF SHORELINE  GAUGES 

PLATE F-1 
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AERIAL PHOTOGRAPH OF PROTOTYPE, DEC. 29, 1950 

COMBINED  FALLS  DISCHARGE O F  113,000 c.f.s. SHOWING STREAMLINES 
PLATE F-2 
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PLATE F-5 
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INCREMENTAL CREST  DISCHARGE 
FOR TEST NO, 105 

Location o f  station O +  00 on the 
Canadian  end of  the Horseshoe 
Falls is shown in detail on 
Plate E-21.  
Horseshoe Falls flow 

1927 Survey 123,000 c . f . 8 .  
Islington Model 49,800 
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( hundreds o f  feet ) 

PLATE F-7 
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VICKSISIJRG MODEI, WITH 107,000 C.F.S. IXOW 

HORSESHOE FALLS WITH FLOW OF 107,000 C.F.S. 

PLATE F-11 
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VICKSBIJKC; hlOI)EI, WITH 114,300 C.F.S. F120W 

CANADIAN  CASCADES  WITH  SEARCHLIGHT FLOW 

PLATE F-12 
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ISLINGTON MODEL WITH 115,000 C.F.S. FLOW 

VICKSI<ITKG MODI'L WITH 114,300 (:.F.S. F1,OLV 

HORSESHOE  FALLS WITH SEARCHLIGHT FLOW 

PLATE F-13 
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IS1,INGTON MODEL WITH 49,800 C.F.S. FLOW 

VI(:KSI~T_JKG m m m ,  WITH 48,900 C.F.S. H.OW 

CANADIAN  CASCADES  WITH TEST 105 CONDITIONS 

PLATE F-14 
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1SI.INGTON MODEI, W I T H  49,800 C.F.S. FLOIV 

VI(:KSRIJK<; MODEI,  TiYITH 48,1100 G.F.S. FI,OW 

HORSESHOE FALLS WITH TEST 105 CONDITIONS 

PLATE F-15 



VICKSllT_JKCr MODISI~ WITH 134,750 C.F.S. FIJOIV 

CANADIAN  CASCADES  WITH TEST 112 CONDITIONS 

PLATE F-16 
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ISL,INGTON MODEL WITH 154,200 C.F.S. FLOW 

L7ICKSBIJRG MODEL WITH 134,750 G.F.S. FIJOW 

HORSESHOE FALLS WITH TEST 112 CONDITIONS 

PLATE F-17 
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LOCATION PLAN OF MODEL CASCADES  GAUGES 

PLATE F-18 
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PRESERVATIQN AND ENHANCEMENT OF NIAGARA FALLS 

A P P E N D I X  G 

V I C K S B U R G   M O D E L ,   S T U D I E S   O F   R E M E D I A L   W O R K S  

I N T R O D U C T I O N  

1 .  7 1 ’ w o  models o l  Niagara Falls ancl Cascades and  portions of the  river  were  constructed to  
u s i s t  i n  tile  design o f  rcnledial  works;  one by the  Chrps of Engineers,  IJnited  States  Army,  at  the 
LYatcrrv:iys Experiment  Station,  Vicksburg, Mississippi, and  the  other by T h e  Hydro-Electric I’ower 
Cornnlission of Ontario  at  Islington,  Ontario.  The  purposes of the  model  studies  were  to  determine 
the effects of the  additional  authorized  diversions  and  to  determine  the  nature  and  extent o T  
remedial works required  to  preserve  and  enllance  the scenic beauty of the Falls. This  appendix 
presents a description of the tests conducted  at  Vicksburg  to  develop  the  remedial works and  the 
results  obtained. A description of the  construction  and  verification  of the Vicksburg  model  and 
the tests to  determine  the effects of the  additional  authorized  diversions  are  contained  in  Appendices 
1) and 1;. Corresponding  data  on  the  Islil~gton model  may be found  in  Appendices E, F, and  H. 

N E E D   A N D   F U N C T I O N   O F   R E M E D I A L   W O R K S  
2. Results o f  tests o f  existing  conditions  presented  in  Appendix I1 indicated  that  the  addi- 

tional  diversions  atuhorized by the  Treaty of 1950 would  result  in  lower  Chippawa-Grass  Island 
Pool levels and  that this lowering  would  expose  considerable  areas o f  river  bed  presently  covered, 
particularly in the vicinity of the  head of Goat  Island,  and  would  result  in some lowering of levels 
o f  Lakc  Erie. T h e  lowering of the Pool elevations  also  would  reduce  the flow  over the  American 
Falls to such an  extent as to  impair  seriously  the  spectacle. T h e  model test  also indicated  that 
the  time  required  to  change  the Falls flow from 50,000 cfs to 100,000 cfs and vice  versa would be 
o f  such length  that  only  a small part of the  extra  diversion  authorized  at  night  during  the  tourist 
season could be utilized. I t  was obvious,  therefore,  that  consideration  had  to  be  given  to  con- 
struction o f  some  type of remedial works at  the  head of the Cascades  which would  compensate  for 
the  added  diversions  and  enable  the  existing  relation  hetween  river  flow  and Pool levels  to be 
maintained.  The model  tests under  existing  conditions  further  indicated  that  for  the 50,000 (:fs 
and 100,000 cfs flotvs over  the  Falls,  the flows at  the  flanks  of  the  Horseshoe Falls would be  even 
less than  existing flows  which are  already  inadequate  for  a  satisfactory scenic  spectacle. Therefore, 
consideration  had  to  be  given  also  to  some type  of remedial works that  would  properly redistribute 
the flow over  the  Horseshoe Falls. 

TESTS OF  CONTROL STRUCTURE  AT  HEAD OF CASCADES 
3 .  PUIWOSE OF TESTS. - Tests  under  existing  conditions  indicated  that some  type of structure 

at  the  head of the Cascades would  be necessary to  maintain  existing 1’001 levels with  added  diver- 
sions and  to  reduce  the  amount of time  required  to  change  the Falls  flow from 50,000 to 100,000 
cfs and vice  versa. Tests  to  develop  a  structure  or works to  accomplish  these  objectives  were under- 
taken  after  completion o f  the  verification of the  upstream reach of the  model. 

4. HYDKAUI.IC DESIGN C R I T E R I A .  - It was decided  that  a  structure  with  openings as wide a s  
possible would  be  desirable,  such  a  structure  to be  located  downstrean]  from  the  existing  submerged 
weir  which  would  be  left in place.  In order  to  minimize  interference  with  the  free passage of ice, 
the sills o f  the  proposed  structure  should  not  be  placed  at  an  elevation  above  the  bed of the  ri\/er 
except in the  portion  opposite  the  existing  submerged  weir  where  the sill elevations  should  not 
exceed  the  present  weir  crest. In all tests at Vickslmrg,  sluice  openings 100 feet  wide,  separated 
b y  piers 10 feet  wide,  were  used. 

231 
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5.  I t  was further  affreed  that  the  remedial  works,  when  in  place,  should  cause  no  higher  water 
levels upstream  therefrom,  under  a  high  river flow o€ 320,000 cfs and  certain  conditions  of  sluice 
openings  and  new power plant  diversions,  than  under  existing  conditions  with  the  same  river  flow. 
Two  sets of operating  conditions  were  specified as follows: 

(a) All sluices  fully  open  and  new  power  plants  using 25 percent of their  combined  dis- 
charge  capacity. 

( 1 ) )  Tlnree  sluices  closed and  others  fully  open  and new  power  plants  using 50 percent 
o f  their  cornbined  discharge  capacity. 

6. I;,I,.FECIS OF con'mor, SI'KIJCTIJRE ON KIVER I.EVEI.S. - Preliminary tests of a  control  structure 
extending  completely  from  the  Canadian  shore  to  the  IJnited  States  shore  on  a  line  located 250 
feet donmstream  from  the  existing  suhmerged  weir, as  shown on  Plate G I ,  were  conducted  to test 
conformity with tlne criteria  stated  in  paragraph 5. Sluices  were numbered 1 through 40 with 
sluice No. 1 located  adjacent to the  Canadian shore. Test  conditions  for tlle hydraulic  design 
criteria and the  resulting levels at  upstream  gauges  are  given  in  Table G l .  In these  tests, the 
elevations o f  tlle sluice  sills  were  at  the  maximum levels permitted  under  the  criteria  stated in 
paragraph 4. 

7. Additional tests  were conducted  to  determine tlne effect of the  structure on river levels 
under  normal  river flows. Three  conditions of river flow and  diversion  were  selected  and for each, 
river levels at  upstream  gauges  were  determined  for (a) existing  channel  conditions, (h) control 
structure  in place with sills flush  with the river  bottom,  and  (c)  control  structure  in  place  but 
wi t ln  sills at  the  maximum IeLrels permitted  under  the  criteria  stated in paragrapll 4. Tests 
cwnditions and  results  are given in Table <;-2. 

8. I t  is indicated by the test results  that  with  the sills of the sluices flusln with  the  channel 
bottom  and all  sluices  fully open,  no  significant  changes  in  river levels  were recorded.  Raising  the 
sills to  elevation 553.5 feet in  the  Canadian  channel  caused  a  rise  in stage of about 0.3 to 0.5 foot 
in the  Chippawa-Grass  Island Pool, but  operation of new  power  plants  at 25 percent of their  dis- 
charge  capacity  compensated  for the  channel  restriction  caused by the  structure  with  all sluices 
Fully open.  Iikewise,  operation of new  plants  at 50 percent o f  their  discharge  capacity  compensated 
for the c.lnannel restriction  caused by the  structure  with  three  sluices closed. 

9. LF,NGIH 01; STKIJCTUKE R E Q U I R E D  TO REGULATE POOL LEVEIS. - Tests  were  conducted  to 
deternnine tlne n11m11eI of sluices and  sluice  combinations  required  to  be closed in  order  to  maintain 
the  <:hil)p"~v;l-<;rass  Island Pool at  the  same level under increased  diversions as under  present 
diversions.  Tests  were c:onducted also to  determine  the  effect  of  opening or closing  sluices  near 
the <:;nmdian shore on the  distribution of flow over  the  Horseshoe Falls. Test  conditions rind 
results 01' the tests are shown  in 1'al)le ( i - 3 .  Keslllts oi these  tests indicated  tllat tlnc opening 01' 
closing 0 1  gates near the  shore I l a d  no measurahle effect on  the  distribution 01' f l o w  over tlne Horse- 
slroe Falls and 1 I I a t  normal P o o l  levels could  be  maintained b y  operating  only  the gates  in the 
Chnadian c.llannel tll1ts making a structllre  extending cwmpletely acn-oss tlle river Imnecessary. Tests 
were  tllell made t o  determine tlle  nunnher o f  gates  necessary t o  nlaintain tlle desired P o o l  levels wi th  
only tlne gates in the  C:an;dian clnannel i n  operation. I est conditions  ;tnd  results O F  these  tests are 
presented  in Tahlc (;-4. Tests of the  partial  structure  indicated that  15%  sluices  or 1,705 feet 
o f  structure  would  he  required  to  maintain Pool levels. T h e  Board, 011 September 23, 1952, de- 
cided  that 1,550 fect of control  structure  would  be used initially  to  regulate Pool levels and  that 
after its construction  this  length  could be increased if found necessary, A third series of tests was 
then conr1uc:ted to  determine Pool levels that  would  obtain  with 1,550 feet  of  control  structure 
in the  Canadian clnannel. 'l-cst  conditions  and  rcsults sllown  in Table (;-5 indicated tlnat Pool 

? -  
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levels wo1lld he f ron~ 0 . 1  loot below the required level with a  river flow of 200,000 cfs to 0.5 foot 
helow for- a river flow o f  240,000 cfs. 

T E S T S  O F  H O R S E S H O E   F A L L S   R E M E D I A L   W O R K S  

I O .  I’IJRPOSE: OF . IKSIS.  - ?’lie Treaty of 1950 specified  that  Canada  and  the LJnited  States 
recognize “their  primary o1)ligation to preserve and  enhance  the scenic beauty of the  Niagara Falls 
and  Kiver”.  Since tests under  existing  conditions as reported  in  Appendix D indicated  that  the 
I ‘ lo~\~s  o f  50,000 and 100,000 cfs over the Horseslloe Falls were not  sufficient  to  maintain  the existing. 
spectacle,  tests  were undertaken to  devise  remedial works which  would  redistribute  the  availallle 
t l o ~ v  over  the Falls. 

1 1 .  l)v,sI(;N (:i<l’l’l*:KlA. - ‘l‘lle design  criteria wllicl) was used t o  deter-mine tlle adequacy o f  
t l ~ e  remcdial works  tested  specified that  the works shou ld  produce  a l ’ l o w  o f  six  to eight cfs per  foot 
on tlle (;oat  Island  flank  and  a flow of 10 to 12 cfs per  foot  on  the  Canadian  flank  with  a  total 
Falls f l o w  o f  100,000 cfs. T h e  design  criteria  further  specified  that  for  a  total Falls  flow of 50,000 
cfs the  remedial works should  provide  complete  coverage of both flanks and  an  unbroken crest- 
line flow a t  all  times. 

12. ‘1-YPES o~ WORKS TESTED. - I t  was decided  to test  works consisting of excavations of the 
flanks,  s~~I)rnerged weirs in  the  deep  streams in  tlle central  portion of the  Horseshoe,  and  sllorten- 
ing o f  the  crest  length by means of fills at  the  extreme  ends of the  Horseshoe.  It was decided  to 
test  I’irst, remedial works consisting o f  excavations alone and  then t o  incorporate crest fills t o  
determine  the  reduction  in  the  volume of excavation  which  could he accomplished  thereby.  From 
an examinntior! o f  the  configuration of the  shoreline,  it  appeared  that  a  fill of 300 feet on  the 
<;oat  Island Clank and 100 feet on  the  Canadian  flank  would  be  desirable  and  fills of these 
dimensions  were  tested  on the Vicksburg  model.  Vpon  completion of tests on  plans  including 
excavations, i t  was proposed to test  works  consisting of submerged  weirs  both  alone  and  in 
combination  with  excavations. Based on  the  results of preliminary tests and  on  data  from  similar 
hut  more  extensive tests on  the  Islington  model,  it was decided  that  although  the  desired 
distri1)ution of flow could  he  accornplishetl  with  submerged weirs,  they would  be  difficult  and 
extremely  hazardous  to  construct  and  maintain  and  would  mar  the  natural  appearance of the Falls. 
(:onstruc.tion costs would be as  much as for the excavation plans.  Accordingly, i t  was derided to 
make  no f1n-ther  tests o f  plans  including  submerged weirs. 

13 .  ‘TEsn ON ExcAvA-rIoN PLANS. - In  arriving  at  an  adequate  remedial  plan o f  excavation 
on  the  flanks o f  the  Horseshoe  Falls,  excavations were  progressively  increased in  depth  with 
increments of one to  two  feet and, by trial-and-error  methods,  the  location  and  depth of dredging 
W;IS \-arietl  until  the  criteria  described  in  paragraph 11 were  reached. Each plan was developed 
w i l l  a  river flow of 200,000 cfs and power  diversions  that  resulted  in  total Falls flows o f  50,000 cfs 
; ~ n t l  100,000 CIS. T h e  plan  requiring  the  minimum  amount of excavation, as determined  from  these 
tests, and  meeting  the  criteria  set  forth  in  paragraph 11 except  for a break in the  crest flow near 
a n  island  al,out 900 feet  from the  Goat  Island  end of the  Horseshoe is shown  on  Plate G-2 as 
Plan R-l 1. T h e  plan o f  excavation  including  the  crest  fills  referred  to  in  paragraph 12 is sho~rn  
on Plate G-3 as Plan R-12. This  plan was developed by the  same  method as Plan R-1 1 and gave 
; I b o u t  tlle same results,  including  the h e a k  in  crest f l o w .  Conlparahle plots of the distri1)ution 
o f  I’loxv a l o n g .  the  crest of the Falls for Plans R-I1 and R-12  are  shown  on  Plates (;-4 and G 5 .  
Examin;ttion o f  these  plots  shows  that  Plan Kll! including  crest fills increased  the I‘low over tlle 
(:;m;dian  [lank  and gave about  the same  results on the (;oat Island  flank ;IS Plan R-l  1, with  con- 
~it leral)ly less excavation. 
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14. 1'0 eliminate the break in the crest flow near  the  island  referred to above  and to  lurther 
incwasc tlle f l o w  over h t l l  I'lanks, Plan K-17, shown on Plate (3, comprising  excavation K-17 
011 tllc (;oat Island  flank,  excavation (:E on the  Canadian  flank, and the  crest fills, was developed. 
Tl1is \V;IS ;ux)mplished I)y increasing tlle dredging on both flanks o f  the  Horseshoe  Falls and 
drldgit1g in the vicinity ol tlle Island. Plan R-17 gave the  desired  results  for a complete range o f  
ri\,er l ' l o w s  and tlivcrsions ;IS sllown b y  tests rel'erred to in the next two  paragraphs. 

18. <:OFFERDAM 1'1.7sI.s. - Eight tests  were conducted to  determine  the  location,  length,  and 
Ileigllt 01' the col'ferdarn  necessary to  protect tlle remedial works  excavation (during  construction) 
on the (;oat Island flank. T h e  various  plans  were  developed  with  the  cofferdam  on  the  Canadian 
flank (as  developed on  Islington  rnodel)  installed  in tlle model as  shown on Plates (;-2l through 
(;-24 and with river f lows o f  320,000 cfs and 209,000 cfs and  total Falls  flows of 240,000 cfs and 
126,000 cfs, respectively. T o p  elevations o f  the cofferdam  were  such  that  they  were not overtopped 
by the Cascades  flow. Two typical plans  tested  are  shown  on  Plates G-21 through G-24. Results 
O F  the tests indicated that in  order  to  protect  completely  the  area to be  excavated,  the  cofferdam 
w o u l d  Ilave to extend t o  the crest o f  the Falls. Plan 2, shown  on  Plates ( ; -23 and G-24 would  prob- 
a l ~ l y  be the hest  plan  since  the  cofferdam  would be located in shallower  water and  would be shorter 
t lnn fot plan 1 ;  however,  either  would  be  satisfactory. 



V I C K S B U R G   M O D E L ,   S T U D I E S  O F  R E M E D I A L   W O R K S  235 





V I C K S B U R G   M O D E L ,   S T U D I E S  O F  R E M E D I A L   W O R K S  237 

T A B L E  G - 1  
CONTROL  STRUCTURE  FROM U.S. SHORE  TO  CANADIAN  SHORE 

EFFECT O N  RIVER  LEVELS  UNDER HIGH RIVER FLOWS 

Item 
Existing 
channel 

condition 

Control 
structure 

21 & 22 closed, 
with  sluices 

others  fully 
open 

Control 
structure 

with  sluices 
5, 6, 7, 21 & 22 
closed,  others 

fully  open 

Inflow 
Buffalo 

U. S. Diversions 
Conners  Island 
Adams Sta. 
Schoellkopf 

Canadian Diversions 
Sir Adam Beck No. 1 
Sir  Adam Beck  No.  2 
Toronto 
Ontario 
Canadian  Niagara 

Gauge 
Buffalo 
Peace  Bridge 
Black  Rock 
Huntley 
Hickory 
Tonawanda 

Edgewater 
Upper  Cayuga 
Lower  Cayuga 
Conners  Island 
Grass  Island 

Gauge  51 
Material Dock 
Shters  Point 
Little  Six  Creek 
Black  Creek 
Millers  Creek 

Flow  in  cfs 
320,000  320,000  320,000 

0 15,000 30,000 
6,810  6,810  6,810 

23,450 23,450 23,450 

15,258  15,258  15,258 

13,915  13,915  13,915 
10,093  10,093  10,093 
9,728  9,728  9,728 

0 10,000 20,000 

River  levels  in  feet  above U.S.L.S. 1935  Datum 
576.70 576.70 576.70 
573.40 573.22 573.28 
570.64 570.52 570.52 
569.62 569.56  569.56 
568.90 568.84 568.84 
568.72 568.60 568.60 

567.88 567.70 567.76 
566.92 566.74 566.80 
566.74 566.56 566.56 
566.38 566.14 566.14 
564.82 564.70 564.94 

563.80 563.98 564.64 
565.60 565.42 565.54 
566.26  566.02 566.14 
567.28 567.10 567.10 
568.66 568.54 568.54 
569.44 569.32 569.32 
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T A B L E  G - 2  
CONTROL  STRUCTURE  FROM U.S. SHORE  TO  CANADIAN  SHORE 

EFFECT O N  RIVER  LEVELS AND  FALLS  FLOW 

(a)   Exis t ing condition - no  control  structure 

(c)  Control  structure - sluice  sills at maximum  levels  under 
Channel  condition ( b )  Control  structure - sluice  sills  flush  with  river bed 

Item  criteria  stated  in  paragraph 4 

( a )  ( b )  ( C )  ( a )  ( h )  ( C )  ( a )  ( k ) )  ( C )  

Inflow 

U. S. Diversion 
Buffalo 

Conners  Island 
Adams 6i Schcellkopf 

Canadian  Diversion 
Sir Adam Eeck No. 1 
Sir Adam Beck No. 2 
Cascadrls plants 

Falls F l O I \ S  
American 
Horseshoe 

Buffalo 
I'eacc Eritlge 

IIuntley 
Mack Rock 

Tonnwarrda 
Hickory 

Up:,er ( h y u g a  
Edgewater 

Conners  Island 
Lower  Cayuga 

Grass Island 
Gauge 51 
Material Dock 
Slatcrs Point, 
Little  Six  Creek 
131 x l c  ( : l w l i  
P" Illers Creek 

Gauge 

209,600 

32,526 

14,037 

36,924 

12,000 
115,000 

572.80 

557.40 
5159.62 

566.62 
566.14 
566.02 
563.% 
564.40 
564.22 
563.98 
562.48 
561.70 
563.14 
563.80 
6G4.70 
,565.84 
566.38 

209,600 209,600 200,000 200,000 200,000 200,000 

65,000 65,000 65,000 5,000 
32,526 32,526 20,000 20,000 20,000 20,000 

14,037  14,037 28,000 28,000 28,000 15,000 
27,000 27,000 27,000 10,000 

36,924 36,924  10,000 10,000  10,000 

115,000 115,000 48,600 48,600 47,700 139,500 
12,000  12,000  l,(ifi0 1,650 2,450 10,250 

572.80 572.80 572.32 572.32 572.26 572.38 
569.44 569.50 568.90 568.91; 568.84 569.20 
567.22 567.34 566.20 566.14 566.08 566.98 

River  levels  in  feet  above U.S.L.S. 1935 Datum 

5i6.50 566.iG 565.30 565.24 565.12 566.26 
566.02 566.14 564.82 564.76 564.70 565.78 
565.90 566.02 564.70 564.64 564.58 565.66 
565.18 
564.28 
564.16 
563.86 
562.42 
561.70 
553.08 
563.68 
564.58 
565.66 
566.26 

565.36 
564.58 
564.34 
564.04 
562.84 
562.21 
563.44 
564.04 
564.76 
565.84 
566.44 

563.80 563.80 563.74 
561.94 561.94 561.94 
561.52 561.52 561.52 
560.74 560.62 560.74 
559.00 559.03 559.36 
558.46 558.52 559.06 
559.72 559.72 559.90 
560.92 560.80 560.86 
562.54 562.48 562.48 
564.28 564.10 564.04 
565.00 564.88 564.82 

565.00 
564.04 
563.86 
563.56 
562.12 
561.40 
562.78 
563.44 
564.40 
565.48 
566.02 

200,000 

5,000 
20,000 

15,000 
10,000 

10,250 
139,500 

569.08 
572.38 

566.80 
566.08 
565.66 
565.54 
564.88 
563.92 

563.44 
563.74 

562.12 
561.40 
562.72 
563.32 

565.24 
564.22 

565.84 

200,000 

5,000 
20,000 

15,000 
10,000 

11,810 
138,000 

569.08 
572.32 

566.86 
566.14 

565.60 
565.73 

564.94 
564.04 
563.86 
563.56 
562.42 
561.82 
562.96 
563.50 
564.34 
565.36 
565.90 

T A B L E  G - 3  
CONTROL  STRUCTURE  FROM U.S. SHORE TO CANADIAN  SHORE 

SLUICE  CLOSURE REQUIRED FOR 'POOL  CONTROL 
Sluices  required 
to be closed for 

indicated  in 

Discharge  in  cfs 
(1) Elevation of Pool elevation River  Diversions 

Test  at  Conners  Adams & Sir Adam  Cascades Falls Pool  at Material preceding column 
Number Buffalo Island Schoellkopf Beck 1 & 2 Plants Dock Gauge 

2 
1 140,000 33,000 36,000 21,000 50,000 561.04 3 thru 6 

140,000 33,000 36,000 21,000 50,000 561.04 1 th ru  4 
3 
4 

140,000 25,000 20,000 45,000 50,000 561.04 
140,000 25,000 20,000 45,000 50,000 561.04 1 th ru  9 

3 thru  10 

5 200,000 65.000  20,000 55,000 20,000 50,000 563.08 3 thru  15 
6 200,000 56,000  20,000 
7 200,000 55,000 20,000 

55,000 20,000 50,000 563.08 1 thru 13 
64,000 11,000 

8 
50,000 

200,000 
563.08 

55,000 20,000 64,000 11,000  50,000 563.08 1 thru  141/2 
3 thru  16% 

9 
10 

233,000 60,000 33,000 55,000 31,750 53,250 563.98 
233,000 60,000 33,000 55,000 

3 thru  15% 

11 
30,800 

240,000 
54,200 

60,000  33,000 
563.98 1 thru  14 

12 240,000 60,000 
62,000 

33,000 
31.500 53,500 

62,000 
564.22 

31,850 53,150 564.22 1 thru  14% 
3 thru  16 

(I) Elevation  under  present  conditions  for  the  river  flow  indicated,  elevation  in  feet U.S.L.S.  1935 datum. 
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T A B L E  G - 4  
CONTROL  STRUCTURE  FROM  CANADIAN  SHORE  TO  TOWER  ISLAND 

SLUICE  CLOSURE  REQUIRED  FOR  POOL  CONTROL 
~ 

Discharge in cfs ( 1,) Number of Rluices 
'I'<.St River at Diversions l%dls Elevation of required t o  be closed 

Pool at Mater- f o r  elev. indicated in Numtrrv l3UlTEIl,,, Sir Adam Cas1 a c k  
1J.S. Reck 1 I 2 nlants  American  Horseshoe ryotal ial Dock Gauge preceedinp column 

1 170,000 35,000 35,000 7,200 92,800 100,000 562.1 
2 170,000 60,000 59,000 1,000  8,900 41,100 50,000 562.1 
:1 200.000 50.000 5o.000 12.000 88.000 1oo.000 563.0 
4 z0o;ooi 75;oOO 61,000 14,000  i2;8oo 37,200 50j000 563.0 

,. . . 

5 240,000 70,000 64,000  6,000 18,000  82,000 100,000 
240,000 95,000 64,000 23,800 18,500 38,700 

564.2 
6 57,200 564.2 

4 
13% 

( I )  Elevation of Pool under  present  conditions  for  indicated  river flow, elevations  in  feet U.S.L.S. 1935 Datum. 

T A B L E  G - 5  
1,550-FOOT  LONG  CONTROL  STRUCTURE STAGE - DISCHARGE  RELATIONSHIP 

Dischama  in cfs Elevation of Pool at Material 
Diversions 1'alls Dock gauge 

Test River at Sir Adam  Cascades 
Number Buffalo U.S. Beck 1 & 2 plants  American  Horseshoe Total Conditions structure in place and Present w ~ t h  control 

(1) all sluices closed 

1 170,000 60,000  59,000 1,000 9,000 41,000 50,000 562.1 
~~ 

2 200,000 75.000 61,000  14.000 12.100 37.900 50.000 563.0 
3 220:OOO 85.000 62:OOO  23:OOO 13:600 36:400  50.000 563.6 
4 23O;OOO 9O;OOO 631000 271000  141600  351400 5O;OOO 563.9 
5 240,000 95,000 64,000 26,800 15.500 38,700 54,200 564.2 

563.5 
563.7 

(1) Elevation of Pool under  present  conditions  for  indicated  river flow, elevations  in  feet U.S.L.S. 1935 Datum. 

T A B L E  G-6  
TEST CONDITIONS 

Tests 117 through  122 (1) - Without  Remedial  Works 

Item Test  Test 
117  118 

Test 
119 

Test  Test 
120 

Test 
121 122 

Inflow 
Buffalo 

U. S. Diversions 
Conners  Island 
Adams  Sta. 
Schoellkopf 

Canadian  Diversions 
Sir Adam  Beck # 1 
Sir  Adam Beck #2 
Toronto 
Ontario 
Canadian  Niagara 

outflow 
Tot.al flow at head 

of Cascades 
American  Falls 

flow 
Total  Falls F1m 

170,000 170,000 200,000 200,000 240,000 240,000 

15,000 40,000 

20,000 20,030 

25,450 
9,550 

42,900 
16;lOO 

1,000 

100,000 51,000 

100,000 50,000 
2,000 5.500 

30,000 55,000 

20,000 20,000 

13,600 
36,400 40,000 

15,000 

10,000 
10,000 

100,000 70,000 

100,000 
5,500 

50,030 
3.500 

50,000 

20,000 

17,500 
46,500 

6,000 

106,000 

6,000 
100,000 

62,500 
12,500 
20,000 

17,500 
46,500 
11.000 
10;000 
10,000 

81,000 

4,000 
50,000 

Horseshoe Falls Flow 
Computed 94,500 48,000 94,500 
Measured 94.500 48,000 94,000 46,000 

46,500 
94,500 

94,003 
46,500 

46,000 

(1)  Test  conditions  for  tests  101  through  116  given  in  TaYe  D-2,  Appendix D. 
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T A B L E  G - 7  
WATER  SURFACE  ELEVATIONS - CASCADES  GAUGES 

Tests 117 through 122 (1) - Without Remedial Works 

Water  surface  elevations in feet, U.S.L.S. 1935 Datum 
Cascades  Test  Test 

118 gauges ( 2 )  117 
Test 
119 

Test 
120 

Test  Test 
121  122 

a 532.4 530.8 532.4 529.7 532.4 530.0 
b 515.5 513.0 515.2 511.7 515.2 509.1 
c 508.0 Dry 508.0 Dry 508.0 Dry 
d 554.5 552.6 554.2 552.5 554.2 553.2 
e 516.5 514.5 516.5 513.2 516.3 513.4 

f 514.8 512.4 514.8 511.0 514.8 509 2 
g 509.7 506.2 509.5 505.3 509.4 505.0 

I 551.4 548.3 551.5 548.8 551.9 550 0 
h 518.7 517.0  519.3  517.8 518.8 517.8 

k 521.7 519.0 521.7 519.8 521.6 520.1 

1 516.5 514.9 517.2 515.2  516.9 515.7 
m 509.8 508.0 510.0 508.3 510.0 508 6 
n 529.6 526.2 529.3 527.1 529.6 527.7 
0 513.8 512.5 514.1 512.6 514.1 513 1 
P 537.3 535.7 537.2 536.0 537.3 536 1 

(1) Data for tests  101  through 116  given in Table D-4, Appendix I). 
(2)  For location of gauges  see  Plate F-18, Appendix F. 
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T A B L E  G - 8  
FLOW DISTRIBUTION - CREST OF FALLS 

Tests 117 through 122 (1) - Without Remedial Works 

Discharge in cfs per 100 ft.   station 

Test  Test  Test  Test  Test  Test 
Station ( 2 )  117  118 3 19 120 121  122 

Can. 1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 

G.I. 25 

Total 

210 
860 

1,200 
860 

2,090 

5,420 
8,250 
9,650 

10,420 
8,420 

8,420 
8,590 
8,060 

13,890 
3,050 

2,270 
1,910 

470 
210 
170 

30 
90 
30 
0 

30 

30 
30 
30 
30 

360 

2,270 
3,850 
5,420 
5,420 
5,560 

4,470 
3,990 
4,730 
9,870 
1,500 

620 
510 
30 
30 
3 0 

410 
1,050 
1,280 

920 
2,090 

5,420 
8,420 
9,300 

11,000 
8,250 

8,420 
8,760 
8,420 

12,820 
3,050 

2,270 
1,820 

510 
210 
170 

30 
90 
30 
30 
30 

30 
30 
30 
30 

360 

2,000 
3,620 
4,730 
5,150 
5,420 

4,250 
3,850 
5,020 

10,050 
1,500 

730 
670 
90 
30 

310 
920 

1,280 
920 

2,090 

5,420 
7,930 
9,130 

10,600 
8,250 

8,420 
8,590 
7,930 

14,550 
3,050 

2,180 
1,820 

470 
210 
120 

30 
90 
30 
30 
30 

30 
30 
30 
30 

170 

1,3413 
2,660 
3,850 
4,350 
5,020 

3,270 
4,350 
5,720 

11,000 
2,183 

1,120 
1,050 

210 
90 
33 

30 
30 

94,600 48,780 94,800 47,590 94,400 46,590 

(1) Data  for  tests 101 through 116 given in Table D-5, Appendix D. 
(2)   For  location of  100-ft.  stations  see  Plate D-11,  Appendix D. 
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T A B L E  G - 9  
WATER  SURFACE  ELEVATIONS - CREST OF FALLS 
Tests 117 through 122 (1) - Without Remedial Works 

Water  surface  elevations  in  feet U.S.L.S. 1935 Datum ( 3 )  

Test  Test  Test  Test 
Station ( 2 )  117 118 119 120 121 122 

Test Test 

Can. 1 
2 
3 
4 
5 

504 3 
504.4 
504.9 
503.5 
503.5 

Dry 
Dry 
503.2 
Dry 
Dry 

504.6 
50,4.4 
505.0 
504.5 
503.5 

504.3 
504.2 
504  5 
504.3 
503  2 

503.5 
505.0 
504.6 
502 8 
504.1 

501.4 
503.0 
501.9 
502.2 
502.5 

504.2 
505.6 
505.6 
505.1 
500.7 

501.4 
502.6 
501 8 
501.7 
502.1 

504.1 
505.8 
505.4 
503.5 
503.7 

501.4 
502.2 
502.0 
501.2 
502.1 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

506.5 
506 9 
505.2 
505.6 
507.4 

504.2 
505.6 
503.0 
505.5 
506.0 

506.5 
507.3 
505.7 
506.5 
507.3 

504.5 
505.4 
503.3 
506.0 
506:4 

506.4 
507.2 
505.5 
506.5 
507.7 

503.3 
505.8 
503.0 
505.6 
506.4 

16 
17 
18 
19 
20 

506 2 
504.5 
502.7 
504.5 
504.3 

504.4 
503.9 
502.8 
502.9 
503.5 

506.1 
505.4 
503.8 
50.1.3 
504.3 

504.7 
504.2 
502.8 
503.5 
504.1 

506.2 
505.1 
503.4 
504.2 
504.3 

505.1 
504.0 
503.2 
503.7 
504.0 

21 
22 
23 
24 

G.I. 25 

505.5 
505.3 
505.5 
506.0 
507.3 

505.7 
506.4 
506.0 
506.3 
507.7 

505.5 
506.4 
506.0 
506.2 
507.7 

(1) Data  for  tests  101  through 116 given  in  Table D-7, Appendix D. 
( 2 )  For  locations of 100-ft  stations  see  Plate D-11, Appendix D. 
( 3 )  Elevations  measured  50-ft  upstream of crest at center of 100-ft  stations. 
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T A B L E  G - 1 0  
DEPTH OF FLOW - CREST OF FALLS 

Tests 117 through 122 (1) - Without Remedial  Works 

Depth of flow in feet  (3)  

Test 
117 118 119  120 1 2 1  122 

Test 
~~ 

Test  Test  Test 
Station ( 2 )  

Test 

Can. 1 
2 
3 
4 
5 

1.7 
1.8 
2.8 
1.8 
1.4 

0 
0 

1.1 
0 
0 

2.0 
1.8 
2.9 
2.8 
1.4 

1.7 
1.6 
2.4 
2.6 
1.1 

6 
7 
8 
9 

10 

2.2 
5.7 
8.1 
.4.3 
8.2 

0.1 
3.7 
5.4 
3.7 
6.6 

2.9 
6.3 
9.1 
6.6 
4.8 

0.1 
3.3 
5.3 
3.2 
6.2 

2.8 
6.5 
8.9 
5.0 
7.8 

0.1 
2.9 
5.5 
2.7 
6.2 

11 
12 
13 
14 
15 

5.8 
5.7 
4.1 

11.7 
2.9 

3.5 
4.4 
1.9 

11.6 
1.5 

5.8 
6.1 
4.6 

12.6 
2.8 

3.8 
4.2 
2.2 

12.1 
1.9 

5.7 
6.0 
4.4 

12.6 
3.2 

2.6 
4.6 
1.9 

11.7 
1.9 

16 
17 
18 
19 
20 

4.4 
1.0 
0.6 
2.0 
1.7 

2.6 
0.4 
0.7 
0.4 
0.9 

4.3 
1.9 
1.7 
1.8 
1.7 

2.9 
0.7 
0.7 
1.0 
1.5 

4.4 
1.6 
1.3 
1.7 
1.7 

3.3 
0.5 
1.1 
1.2 
1.4 

21 
22 
23 
24 

G.I. 25 

0.4 
0.2 
1.7 
1.9 
2.7 

0.6 
1.3 
2.2 
2.2 
3.1 

0.2 
0.1 

0 
0 
0 

0.4 
1.3 
2.2 
2.1 
3.1 

0.5 
0.4 

0 
0 
0 

(1) Data  fcr  tests  101  through 116 given  in  Table D-8, Appendix D. 
( 2 )  For  locations of 100-ft.  stations  see  Plate D-11, Appendix D. 
( 3 )  Depth of flow measured  50-ft.  upstream of  crest   at   center of 100-ft.  stations. 
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T A B L E  G - 1 1  
TEST  CONDITIONS 

Tests 101 through 122 with 1,550-foot Control  Structure and Excavations R-17 and CE 

Discharge  in  cfs 

Test  Test  Test  Test 
l O l R  102R  103R 104R 

Test  Test  Test  Test  Test  Test  Test 
105R  106R 107K 108R 109R l lOR 1 l l R  

Inflow 
Huff alo 

C.S. Diversions 
Conrrers Island 
Atiams  Sta. 
Schoellkopf 

Canadian 
Diversions 
Sir Adam Beck 

#1 
Sir Adam Heck 

#2 
Torontci 
Ontario 
Canadian 

Niagara 
outflow 

Total flow a t  
head of 
Cascades 

Amwican 
Fal ls   fow 

Hcrseshoe 
Falls Row 

Total  Falls flow 

200,003 200,000 200,000 200,000 180,000 200,000 200,000 200,000 200,000 200,000 250,000 

30,000 30,000 30,000 
10,000 10,000 10,000 
10,000 10,000 10,030 

55,000 
10,000 
10,000 

65,000 
10,000 
10,000 

55,000 
10,000 
10,000 

40,000 
10,000 
10,000 

10,000 
5,000 

10,000 
10,000 
5,000 

10,000 

30,000 
10,000 
10,000 

30,000 
10,000 
10,000 

28,003 

27,000 
12,000 
10,000 

6,600 

15,000 

10,000 

15,000 15,030 

15,001) 

10,009 

10,000 

25,000 

25,000 

20,000 15,000  15,000 

20,000 15,000 

10,000  10,000  10,000 

10,000 10,000 

15,000 

28,000 

27,000 

28,000 

27,000 

10,000 

28,000 

27,000 

10,000 

7,600 

10,000 

50.000 60.000 70,000 85,000 150,000 

12,000 

138,000 
150.000 

160,000 170,000 100,000 

12,000 

110,000  120,000  135,000 

12,800  12,500  12,500 

87,200 87,500 87,500 
100,000  100,000  100,000 

8,900 

41,000 
50,000 

11,000 

39,000 
50.000 

13,200 

39,200 
52.400 

13,400 

43,000 
56.400 

12,000 

138,000 
150.000 

20,030 

150,000 
150.003 

88,000 
100,000 

Test  Test  Test  Test 
112R  113R 114R 115R 116R 117R  118R  119R  120R  121R 122R 

Test  Test  Test  Test  Test  Test  Test 

Buffalo 
Inflow 

250,002 2oo,ooo 200,000 200,000 200,000  170,000  170,000 200,000 200,000 240,000 240,000 

lJ.S. Iliversicms 
Conners Island 30,000  55,000 45,000 45,500 45,000 15,000  40,000 30,000 55,000 50,000 62.503 
Adams  Sta. 10,000 10,000 10,000  10,000  10,000 12,500 
Schoellkopf 10,000  10,000 10,000 10,000  10,000 20,000 20,000 20,000 20,000 20,000 20,000 

Canadian 
Diversions 
Sil,  Adam  Beck 

Sir  Adam Beck 

Toronto 15,000 15,000 10,000 11,000 
10,000 10,000  10,000 Ontario 10,000 1,000 10,000 6,000 10,000 

#1 15 030 28,000 28,000 23,000 15,000 9,550 16,100 13,600  15,000  17,500  17,500 

#2 27,000 27,000 22,000 15,000 25,450 42,900 36,400 40.000 46,500 46,503 

Canadian 
Niagara 10,000 10,000 10,000  10,000 

Outflow 
Total flow at 

head of 
Cascades  185,000 70,000 80,000 90,001) 105,000 100,000 51,000 100,000 70,000 10G,000 81,001 

American 
Falls flow  20,000  12,500  13,500  13,000  13,000 7,200 8,900  12,000  12,200 18,000 15,8CO 

Horseshoe 
Falls flow 139 620 57,500 56,500  57,000  57,000  92,800 41,100 88,000 37,800 82,000  43,033 

Total  Falls flow  150,000 70,000 70,000 70,000 70,000 100,000 50,000  100,000 50,000 100,000 55,800 
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T A B L E  G - 1 2  
WATER  SURFACE  ELEVATIONS - RIVER GAUGES 

Tests 101 through 122 with 1,550-foot Control  Structure and Excavations R-17 and CE 

Water  Surface  elevations in ft .  USLSD 
River Test Test  Test  Test  Test Test  Test Test Test Test Test 
Gauges lOlR 102R 103R 104R 105R 106R 107R 108R 109R llOR l 1 l R  

Buffalo 
Peace  Bridge 
Black  Rock 
Huntley 
Hickory 
Tonawanda 
Edgewater 
Upper Cayuga 
Lower Cayuga 
Conncrs  Island 
Grass  Island 
Willow  Island 
Gauge  51 
Material Dock 
Slatcrs  Point 
Little  Six Creek 
Black  Creek 
Millers  Creek 

572.50 
569.08 
566.74 
566.14 
565.78 
565.66 
565.00 
564.10 
563.86 
563.56 
562.72 
561.04 
562.72 
563.02 
563.56 
564.28 
565.18 
565.78 

572.50 
569.08 
566.80 
566.20 
565.78 
565.66 
565.06 
564.10 
563.98 
563.68 
562.78 
561.16 
562.72 
563.02 
563.62 
564.40 
565.24 
565.84 

572.50 
569.08 
566.80 
566.14 
565.84 
565.66 
565.06 
564.10 
563.92 
563.68 
562.72 
561.10 
562.66 
563.02 
563.62 
564.34 
565.24 
565.84 

572.50 
569.08 
566.80 
566.20 
565.84 
565.66 
565.06 
564.10 
563.92 
565.62 
562.72 
561.04 
562.48 
563.02 
563.68 
564.40 
565.24 
565.84 

571.72 
568.36 
565.90 
565.30 
564.94 
564.82 
564.22 
563.08 
562.84 
562.48 
561.88 
560.32 
562.00 
562.06 
562.60 
563.38 
564.34 
564.94 

572.50 
569.08 
566.68 
566.02 
565.60 
565.42 
564.76 
563.62 
563.50 
563.02 
562.54 
560.92 
562.60 
562.66 
563.14 
563.98 
565.00 
565.60 

572.50 
569.08 
566.74 
566.14 
565.72 
565.60 
564.94 
563.98 
563.74 
563.44 
562.90 
561.28 
562.96 
563.02 
563.50 
564.22 
565.18 
565.78 

572.50 
569.08 
566.86 
566.20 
565.84 
565.66 
565.06 
564.16 
563.98 
563.68 
562.96 
561.40 
563.02 
563.02 
563.68 
564.40 
565.30 
565.90 

572.50 
569.08 
566.86 
566.26 
565.90 
565.72 
565.06 
564.28 
564.10 
563.86 
562.60 
560.98 
562.06 
563.02 
563.74 
564.52 
565.36 
565.96 

572.56 
569.14 
566.92 
566.26 
565.96 
565.78 
565.18 
564.34 
564.16 
563.92 
562.60 
560.98 
562.00 
563.08 
563.80 
564.52 
565.42 
566.02 

574.60 
571.06 
568.60 
567.88 
567.40 
567.22 
566.56 
565.66 
565.48 
565.12 
564.16 
562.48 
564.10 
564.52 
565.12 
565.90 
566.92 
567.52 

River 
Gauges 

Test Test Test Test Test Test Test Test Test Test Test 
112R 113R 114R 115R 116R 117R 118R 119R 120R 121R 122R 

Buffalo 574.60 572.50 572.50 572.50 572.50 571.24 571.24 572.50 572.50 574.12 574.12 
Peace  Bridge 571.00 569.14 569.14 569.14 569.14 568.00 567.94 569.14 569.08 670.58 570.58 
Black  Rock 568.60 566.80 566.80 566.80 566.80 565.72 565.72 566.86 566.68 568.12 567.88 
Huntley 567.88 566.20 566.20 566.20 566.20 565.12 565.12 566.20 566.02 567.46 567.22 
Hickory 567.34 565.78 565.78 565.78 565.78 564.82 564.76 565.84 565.66 566.98 566.74 
Tonawanda 567.16 565.60 565.66 565.66 565.66 564.70 564.64 565.66 565.48 566.86 566.56 
Etlgennter 566.50 564.88 565.00 565.06 565.06 564.16 564.10 565.06 564.82 56G.14 565.78 
IJpper Cayuga 565.66 563.98 564.10 564.04 564.04 563.20 563.14 564.l(j 563.86 565.30 564.76 
Lower  Cayuga 565.42 563.80 563.86 563.86 563.86 563.02 562.96 563.98 563.62 ,565.06 564.64 
Conners Island 565.06 56:3.:38 563.56 563.50 563.50 562.78 562.60 563.68 563.26 564.70 564.16 
Grass  Island 564.10 562.84 562.00 562.84 562.84 561.58 s(j1.94 562.78 562.66 563.98 563.38 
wil low ISlanj 562.42 561.34 561.40 561.34 561.28 559.84 560.26 561.10 561.04 562.42 561.88 
Gauge 51 563.92 562.96 563.02 562.96 562.84 561.28 562.00 562.72 562.72 564.10 563.56 
Material Dock 564.52 563.02 563.02 563.02 563.02 562.12 562.12 563.02 562.90 564.22 563.68 
Slaters  Point 565.06 563.44 563.56 563.56 563.50 562.72 562.66 563.68 563.32 564.76 564.22 
Litt le  six (:I,eek 565.84 564.22 564.34 564.28 564.28 563.38 563.82 564.40 564.10 565.48 565.12 
Black Creek 566.86 565.12 565.24 565.24 565.24 564.22 564.22 565.30 565.12 566.50 566.20 
Millers Crcek 567.46 565.78 565.78 565.78 565.78 564.76 564.76 565.84 565.66 567.10 566.80 
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T A B L E  G - 1 3  
WATER  SURFACE  ELEVATIONS - CASCADES  GAUGES 

Tests 101 through 122 with 1,550-foot Control  Structure and Excavations R-17 and CE 
-~ 

Water  Surface  elevations  in  ft. USLSD 

Cascades Test Test Test Test Test  Test Test Test Test Test Test 
Gauges .r l 0 l R  102R 103R 104R 105R 106R 107R 108R 109R 110R l l l R  

a 
b 
C 

d 

e 
f 
0. 
D 

h 

1 

k 
1 
m 

n 
0 

P 

531.7 
514.5 

5Q4.2 

553.3 

516.5 
51  4.2 

507.7 
518.5 
551.7 

521.3 

51fi.6 

509.4 

529.4 
510.1 
537.1 

531.8 
514.3 

504.1 

553.0 

516.0 
514.0 

507.5 
518.8 

552.1 

521.4 

516.8 

509.4 
529.4 

510.1 
537.6 

531.9 

514.2 

504.3 

553.4 

516.2 
513.8 

507.7 
519.1 

552.4 

521.8 

517.0 

509.5 
529.4 

510.1 

537.9 

532.1 

514.0 

504.2 
554.1 

516.0 
513.7 
507.5 
519.8 

653.3 
52:?.1 

517.6 
509.6 

529.9 

510.7 

538.3 

529.9 

511.0 

502.3 

551.0 

512.8 
510.4 
504.4 
517.3 
550.4 

518.7 

514.2 

507.2 

526.2 

509.1 

535.1 

529.4 

510.4 

502.1 

550.4 

512.5 
510.0 

504.0 

517.4 
550.6 

518.8 
514.2 

507.6 

526.1 
509.2 

534.8 

529.8 

508.1 

501.7 

550.7 

512.7 
508.4 

503.3 
517.7 
550.8 

519.4 
514.8 

507.9 
526.8 

509.2 
535.4 

526.3 

507.5 

501.6 

551.6 

511.8 
507.7 
503.2 
517.9 
551.4 

520.3 

515.5 

508.2 

527.6 

509.4 

536.2 

534.0 
516.0 

507.2 

555.4 

518.8 

516.1 
510.3 
520.9 
554.1 

523.0 

518.2 

512.0 

530.8 
511.0 
539.2 

534.1 

516.5 

507.5 

555.4 

518.6 
516.1 

510.8 
521.1 
554.0 

522.9 
518.2 

512.1 

530.8 

511.2 
539.5 

534.1 

515.5 

506.5 

554.7 

518.4 
515.2 

511.4 
521.0 

555.0 

522.9 

517.8 

511.3 

530.5 

511.7 
539.5 

533.5 
516.0 

507.0 

554.5 
518.2 
515.1 
510.3 
521.2 

555.1 

523.0 
517.8 
511.3 

530.5 

512.3 
540.0 

530.3 

513.0 

503.5 

552.3 
514.6 
512.5 
505.9 
518.0 
551.0 

520.2 
515.2 

508.5 

527.5 
509.5 

535.8 

520.6 

512.9 

593.4 

552.4 
514.2 
512.3 
505.7 

518.0 
551.1 

520.0 
515.3 

508.4 

527.4 
509.6 

535.8 

530.0 
512.2 

503.9 

551.8 

513.5 
511.6 
505.6 

518.0 
551.5 

520.6 
515.8 

508.6 

528.9 
509.5 
536.3 

530.4 

509.6 

503.0 

552.7 

513.6 
510.0 
505.7 

518.2 
552.1 

521.2 
516.4 

509.9 

528.8 
510.2 
537.0 

532.3 
514.9 

504.4 
554.2 

516.0 
514.5 
508.1 
519.0 

551.4 
521.3 
517.0 

509.8 
529.0 
510.1 

537.0 

529.9 
511.0 

502.2 
551.2 

512,9 
510.3 
504.3 
517.3 

550.3 

519.0 
514.4 

507.5 

526.0 
509.0 

535.1 

531.9 528.6 
514.6 509.7 
534.4 501.8 
553.2 550.3 
516.0 511.7 
514.3 509.1 
508.0 503.6 
518.8 517.3 
552.1 551.1 
521.4 519.3 
516.7 514.6 
509.5 507.5 
529.1 526.1 
510.6 509.2 
537.3 535.0 

531.5 526.4 
514.3 507.2 

504.0 501.4 
552.5 551.0 

516.2 511.4 
513.6 507.6 
507.5 502.7 
518.7 517.7 
552.8 551.6 

521.7 520.4 
516.5 515.4 

509.3 508  2 

528.4 527.3 

510.3 509.4 
537.3 536.1 

:I: For location of gauges  see  Plate F-18, Appendix F. 
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T A B L E  G - 1 4  
FLOW  DISTRIBUTION - CREST OF FALLS 

Tests 101 through 122 with 1,550-foot Control Structure and Excavations R-17 and CE 

Discharge  in c f s  pel. 100-ft. stations 
~~~~ 

Stations .. 1OlR  102R  103R  104R  105R  106R  107R  108R  109R  llOR l l l R  
Test  Test  Test  Test  Test  Test  Test  Test  Test  Test  Test 

Can. 1 
2 
3 
4 
5 
c 
7 
8 
9 

10 
11 
1" 
13 
14 
15 
li  
17 
13 
19 
20 
21 
22 

2,360 
2,750 
3,160 
2,560 
4,880 
9,480 
9,480 
5,280 
6,930 
6,610 
6,930 
5,720 

12,000 
2,360 
1,050 
1,340 
1,500 
1,050 
1,200 
1,120 
1,120 

2,270 
2,660 
3,160 
2,360 
4,880 
8,950 
9,300 
5,420 
6,750 
6,610 
6,750 
5,660 

12,000 
2,360 
1,120 
1,340 
1,420 
1,000 
1,120 
1,120 
1,200 

2,270 
2,660 
3,270 
2,460 
4,730 
8,760 
9,300 
5,420 
6,930 
6,610 
6,610 
5,720 

12,200 
2,360 
1,120 
1,280 
1,340 
1,000 
1,200 
1,120 
1,200 

2,270 
2,750 
3,050 
2,270 
4,730 
8,760 
9,300 
5,420 
6,750 
6,930 
6,610 
5,280 

12,000 
2,660 
1,120 
1,570 
1,660 
1,050 
1,280 
1,280 
1,340 

560 
620 

1,050 
560 

1,120 
3,270 
4,470 
2,360 
3,850 
2,660 
3,750 
3,750 
8,420 
1,200 

260 
620 
860 
470 
560 
620 
560 

410 
470 
920 
410 

1,120 
2,950 
4,470 
2,270 
3,500 
2,180 
3,750 
3,270 
8,590 
1,120 

260 
560 
860 
410 
560 
510 
470 

360 
170 
670 
170 
800 

2,270 
3,850 
2,090 
3,400 
1,730 
4,350 
3,850 
8,950 
1,420 

510 
730 

1,050 
620 
670 
730 
620 

310 
170 
620 
210 
860 

2,270 
3,850 
2,180 
3,270 
2,000 
4,730 
4,250 

10,420 
1,820 

730 
1,050 
1,200 

670 
920 

1,050 
860 

. .  . 
5,020 
5,150 
7,230 
5,720 
9,130 

12,200 
13,660 
9,130 
9,300 

10,050 
10,420 
9,650 

14,320 
4,470 
2,090 
2,460 
2,360 
1,340 
1,500 
1,660 
1.810 

4,880 
5,280 
7,080 
5,720 
9,650 

12,000 
13,450 
9,130 
9,130 

10,230 
10,820 
9,480 

14,100 
4,470 
2,180 
2,460 
2,460 
1,420 
1,500 
1,660 
1.810 

4,620 
5,150 
6,930 
5,020 
8,250 

11,190 
12,420 
8,590 
8,950 
9,840 
9,650 
8,250 

14,320 
4,250 
2,000 
2,180 
2,270 
1,500 
1,500 
1,500 
1,910 

Test  Test  Test  Test  Test  Test  Test  Test  Test  Test  Test 
Stations ::: 112R  113R  114R  115R  116R  117R  118R  119R  120R  121R  122R 

Can. 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

4,620 
5,280 
6,930 
5,020 
8,250 

11,190 
12,420 
8,590 
8,950 
9,870 
9,650 
8,060 

14,320 
4,250 
2,000 
2,360 
2,360 
1,420 
1,570 
1,660 
2,000 

. .  

1,200 
1,280 
1,820 
1,200 
1,820 
5,020 
6,610 
3,500 
5,020 
3,850 
4,470 
4,470 

10,050 
1,820 

670 
1,000 
1,050 

620 
920 
920 
800 

. . . . . .  
1,050 
1,120 
1,730 
1,200 
1,910 
5,020 
6,450 
3,500 
5,020 
3,850 
4,470 
4,250 

10,050 
1,660 

560 
1,000 
1,050 

620 
920 
920 
800 

. . . . . . . . 
1,050 
1,120 
1,500 
1,050 
1,730 
4,620 
6,160 
3,500 
5,020 
3,750 
4,730 
4,170 

10,230 
1,820 

730 
1,120 
1,120 

730 
1,000 
1,000 

920 

. . . . . . . . . . . . . . 
800 
920 

1,420 
860 

1,500 
3,990 
5,560 
3,270 
4,730 
3,500 
5,280 
4,620 

11,390 
2,090 

860 
1,050 
1,200 

920 
1,120 
1,050 
1,120 

. . . . ,  . 
2,850 
2,850 
3,400 
2,460 
5,280 
9,870 

10,050 
6,000 
7,080 
7,080 
7,080 
6,610 

11,810 
2,660 
1,200 
1,340 
1,500 

920 
1,050 
1,050 
1,120 

.. .... 
670 
560 
920 
620 

1,120 
2,950 
4,730 
2,660 
4,110 
2,360 
3,500 
3,620 
8,590 
1,200 

310 
560 
860 
470 
560 
560 
510 

. . . . . . . 
2,660 
2,750 
3,050 
2,270 
4,470 
9,300 

10,050 
5,720 
7,080 
6,750 
6,610 
5,720 

11,590 
2,270 

920 
1,340 
1,500 
1,050 
1,200 
1,200 
1,200 

... . 
470 
170 
620 
470 
800 

2,270 
3,850 
2,180 
3,270 
1,820 
3,400 
3,850 
8,590 
1,340 

470 
620 
920 
510 
620 
670 
620 

2,270 
2,270 
2,750 
2,090 
3,750 
8,420 
9,130 
5,150 
6,750 
6,610 
5,850 
5,560 

11,810 
2,460 
1,000 
1,200 
1,420 

860 
1,050 
1,120 
1.120 

. . . .  . . . . . . . . 
210 
210 
470 
210 
730 

2,000 
3,620 
2,000 
2,660 
1,910 
4,470 
4,470 

10,050 
1,660 

670 
1,000 
1,120 

670 
860 
860 
800 

* For location of 100-ft. stations  see  Plate D-11, Appendix D 
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T A B L E  G - 1 5  
WATER  SURFACE  ELEVATIONS - CREST OF FALLS 

Tests 101 through 122 with 1,550-foot Conirol StructuTe and Excavalions R-17 and CE 

Water  Surface  elevations in f t .  USLSD ** 
Test Test Test  Test  Test  Test  Test  Test  Test  Test  Test 

Station * l 0 l R  102R 103R  104R 105R l0SR 10711 1083 109X llOR  111R 
Can. 1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

502.8 
503.2 
502.2 
502.7 
502.8 
505.3 
502.8 
502.1 
503.1 
505.5 
506.4 
502.8 
506.4 
506.6 
503.6 
503.0 
503.2 
503.4 
504.9 
505.0 
FOS.0 

502.7 
503.0 
502.1 
502.0 
502.6 
505.1 
502.4 
502.2 
502.9 
505.3 
506.4 
503.9 
506.8 
506.6 
504.0 
502.8 
503.1 
503.4 
505.0 
505.1 
505.6 

502.9 502.5 
503.0 503.2 
502.4 502.1 
502.1 502.0 
503.0 502.1 
505.5 505.0 
503.0 502.9 
502.2 502.4 
502.8 502.3 
505.3 50F.0 
506.3 506.3 
504.0 503.4 
506.7 506.7 
506.6 506.9 
504.1 504.6 
502.7 503.0 
503.2 503.1 
503.6 503.5 
505.1 505.0 
505.2 50S.3 
505.0 506.2 

501.1 
501.5 
501.4 
501.2 
501.0 
501.6 
501.4 
500.1 
501.7 
503.3 
504.8 
502.8 
505.4 
506.0 
502.8 
502.5 
502.9 
503.3 
504.3 
505.0 
505.6 

501.1 
501.4 
501.1 
501.0 
501.0 
501.5 
501.1 
500.1 
501.6 
502.4 
504.6 
502.8 
505.2 
506.0 
502.9 
502.5 
503.3 
503.4 
504.5 
505.1 
505.8 

500.9 
501.2 
501.0 
500.8 
500.9 
501.4 
501.0 
500.1 
501.5 
502.1 
504.6 
502.8 
505.4 
506.1 
503.1 
502.6 
533.7 
503.5 
504.6 
505.2 
506.1 

. .  
500.5 
501.1 
500.9 
500.8 
531.0 
501.4 
500.8 
500.1 
501.6 
502.4 
505.4 
502.8 
506.4 
505.4 
502.7 
503.0 
503.0 
503.4 
504.7 
505.7 
505.1 

504.9 
505.1 
504.5 
505.3 
505.7 
506.1 
505.0 
504.8 
506.5 
507.5 
508.2 
506.2 
507.8 
508.3 
505.4 
503.8 
504.0 
503.8 
505.4 
505.5 
506.4 

504.8 
505.1 
504.4 
535.3 
506.0 
506.1 
505.0 
504.7 
505.0 
506.8 
508.4 
506.3 
507.9 
508.6 
505.4 
503.6 
504.2 
503.8 
505.4 
505.5 
506.3 

504.1 
504.3 
503.8 
504.3 
504.9 
505.8 
503.7 
503.7 
505 0 
537.4 
507.2 
505.8 
506.1 
507.5 
505.1 
503.8 
503.9 
503.7 
505.3 
505.2 
505.6 

'Test Test  Test  Test  Test  Test  Test  Test  Test  Test  Test 
Station 'b 112R  113R  114R 115R l l 6 R  117R 118R  119R  120R 1213  122R 

Can. 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

504.5 
505.3 

505.3 
505.7 
506.3 
505.2 
503.3 
506.5 
507.5 
507.4 
505.5 
506.6 
508.0 
505 2 
503.9 
504.0 
504.3 
505.5 
505.5 
507.0 

504.1 

501.9 
502.2 
501.6 
501.7 
501.4 
503.0 
501.7 
501.0 
502.5 
504.4 
505.0 
504.5 
50G.1 
506.3 
504.0 
503.1 
503.1 
503.5 
504.7 
505.4 
506.1 

502.1 
502.5 
502.3 
502.3 
501.5 
503.0 
501.!) 
501.3 
502.5 
504.7 
505.3 
504.6 
506.3 
506.3 
504.1 
503.1 
503.3 
503.6 
504.7 
505.6 
506.0 

501.6 
502.1 
531.6 
501.8 
501.5 
502.3 
501.8 
501.1 
502.4 
504.4 
505.1 
504.9 
505.9 
506.0 
503.9 
502.7 
503.2 
503.5 
505.0 
505.1 
505.3 

501.6 
502.1 
501.7 
501.5 
501.3 
502.1 
501.8 
501.0 
502.6 
504.0 
505.4 
503.1 
505.9 
506.1 
503.4 
502.5 
503.0 
503.4 
505.1 
505.2 
505.6 

. .  

503.0 
503.3 
502.4 
502.6 
503.4 
505.6 
502.0 
501.8 
503.5 
505.5 
506.4 
504.7 
506.1 
507.2 
504.0 
502.9 
503.1 
503.4 
505.1 
505.3 
506.0 

. .   . .  
501.1 
501.3 
501.4 
501.1 
501.0 
501.6 
501.1 
500.4 
501.6 
503.3 
504.8 
502.7 
505.2 
325.8 
503.2 
502.5 
503.2 
503.4 
504.3 
505.0 
505.4 

. ... 
503.0 
503.2 
592.4 
502.2 
503.2 
505.5 
503.3 
502.2 
503.4 
505.5 
506.4 
504.2 
506.8 
506.8 
593 5 
503.0 
503.2 
503.5 
505.1 
505.3 
506.1 

. .  . 
500.9 
501.3 
501.3 
500.9 
501.1 
501.6 
501.0 
500.5 
501.6 
501.8 
505.1 
502.6 
505.8 
506.1 
5c2.7 
502.6 
503.2 
503.4 
504.5 
505.0 
505.7 

. . .  . 
502.4 
504.0 
502.1 
501.8 
502.8 
505.2 
502.7 
502.1 
503.0 
505.4 
506.2 
503.6 
506.7 
506.6 
503.9 
503.1 
503.1 
503.5 
505.0 
505.3 
506.0 

. . . .  
500.5 
500.8 
500.8 
500.6 
530.8 
501.2 
501.0 
500.6 
501.6 
502.3 
505.2 
502.8 
506.0 
506.4 
503.0 
502.9 
503.4 
503.4 
504.6 
505.0 
505.5 

.. . . .  

:# For location of 100-ft.  stations  see  Plate  D-11, Appendix D. 
* +  Elevations  measured  50-ft.  upstream of crest at center of 100-ft. stations. 
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" ~~ - 

T A B L E  G - 1 6  
DEPTH OF FLOW - CREST OF FALLS 

Tests 101 through 122 with 1,550-foot Control  Structure and Excavations R-17 and CE 

Depth of Flow in Ft. ** 

Station * Test  Test  Test  Test 
1OlR  102R  103R  104R  105R  106R  107R  108R  109R 11OR 111R 

Test  Test  Test  Test  Test  Test  Test 

Can.. 1 
2 2.8 2.7 2.9 2 5  1.1 1.1 0.9 0.3 4.9 4.8 4.1 
3 3.2 3.0 3.0 3. > 1.5 1.4 1.2 1.1 5.1 5.1 4.3 
4 2.2 2.1 2.4 2.1 1.4 1.1 1 .o 0 9  4.5 4.4 3.8 
5 2.7 2.0 2.1 2.0 1.2 1.0 0.8 0.8 5.3 5.3 4.8 
6 2.8 2.6 3.0 2.1 1 .o 1.0 0.9 1.0 5.7 6.0 4.9 
7 6.0 5.8 6.2 4.7 2.3 2.2 2.1 2.1 6.8 6.8 6.5 
8 6.3 5.9 6.5 6.4 4.9 4.6 4.5 4.3 8.5 8.5 7.2 
9 3.6 3.7 3.7 3.9 1.6 1.6 1.6 1.6 6.3 6.2 5.2 

10 7.2 7.0 6.8 6.4 5.8 5.7 5.5 5.7 10.6 9.1 9.1 
11 4.8 4.6 4.6 5.3 2.6 1.7 1.4 1.7 6.8 6.1 6.7 
12 5.2 5.2 5.1 5.1 3.6 3.4 3.4 4.2 7.0 7.2 6.0 
13 2.7 2.8 2.9 2.3 1.7 1.7 1.7 1.7 5.1 5.2 4.7 
14  12.5 12.9 12.8 12.8 11.5 11.3 11.5 12.5 13.9 14.0 12.4 
15 2.1 2.1 2.1 2.4 1.5 1.5 1.6 1 9  3.8 4.1 3.0 
16 1.8 2.2 2.3 2.8 1.0 1.1 1.3 0.9 3.6 3.6 3.3 
17 1.5 1.3 1.2 1.5 1.0 1.0 1.1 1.5 2.3 2.1 2.3 
18 1.1 1.0 1.1 1 .o 0.8 1.2 1.6 0.9 1.9 2.1 1.8 
19 0.9 0.9 1.1 1.0 0.8 0.9 1.0 0.9 1.3 1.3 1.2 
20 2.3 2.4 2.5 2.4 1.7 1.9 2.0 2.1 2.8 2.3 2.7 
21 1.1 1.2 1.3 1.4 1.1 1.2 1.3 1.8 1.6 1.7 1.3 
22 1.7 1.3 1.7 1.9 1.3 1.5 1.8 0.8 2.1 2.0 2.3 

... 

Test  Tcst Test 
Station * Test Test  Test  Test  Test  Test  Test  Test 

112R 113H 114K 115R  116R l l 7 R  118R  119R  120R 121R 12iR 
Can.. 1 

2 
.... .... .... 

4.5 1.9 2.1 1.6 1.6 3.0 1.1 3.0 0.9 2.4 0.6 
3 5.3 2.2 2.5 2.1 2.1 3.3 1.3 3.2 1.3 3.0 0.8 
4 4.1 1.6 2.3 1.6 1.7 2.4 1.4 2.4 1.3 2.1 0.8 
5 5.3 1.7 2.3 1.8 1.5 2.6 1.1 2.2 0.9 1.8 0.6 
6 5.7 1.4 1.5 1.5  1.3 3.4 1.0 3.2 1.1 2.8 0.8 
7 7.0 3.7 3.7 3.0 2 .s 6.3 2.3 6.2 2.3 5.9 1.9 
8 8.7 5.2  5.4 5.3 5.3 5.5 4.6 6.8 4.5 6.2  4.5 
9 4.8 2.5 2.8 2.6 2.5 3.3 1.9 3 7  2.0 3.5 2.1 

10 10.6 6.6 6.6 6.5 6.7 7.6 5.7 7.5 5.7 7.1 5.7 
11 6.8 3.7 4.0 3.7 3.3 4.8 2.6 4.8 1.1 4.7 1.6 
12 6.2 3.8 4.1 3.9 4.2 5.2 3.6 5.2 3.9 5.0 4.0 
13 4.4 3.4 3.5 3.8 2.0 3.6 1.6 3.1 1.5 2.5 1.7 
14 12.7 12.2 12.4 12.0 12.0 12.2 11.3 12.9 11.9 12.5 12.1 
15 3.5 1.8 1.8 1.5 1.6 2.7 1.3 2.3 1.6 2.1 1.9 
17 3.4 2.2 2.3 2.1 1.6 2.2 1.4 1.7 0.9 2.1 1.2 
16 2.4 1.6 1.6 1.2 1.0 1.4 1 .o 1.5 1.1 1.6 1.4 
18 1.9 1.0 1.2 1.1 0.9 1.0 1.1 1.1 1.1 1.0 1.3 
19 1.6 1.0 1.1 1.0 0.9 0.9 0.9 1 .o 0.9 1.0 0.9 
20 2.9 2.1 2.1 2.4 2 5  2.5 1.7 2.5 1.9 2.4 2.0 
21 1.6 1.5 1.7 1.2 1.3 1.4 1.1 1.4 1.1 1.4 1.1 
22 2.7 1.8 1.7 1.0 1.3 1.7 1.1 1.8 1.4 1.7 1.2 

.... .... ... .... .... .... 

* For  location of 100-ft.  stations  see  Plate D-11, Appendix D. 
* *  Depth of flow measured 50 feet  upstream of crest at center of 100-ft.  statians. 
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SCALES 

PROTOTYPE ‘“01 I 2 
MODEL I - - 0.5 0.0 

PLATE G-2 
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PLATE G-4 



254 A P P E N D I X  G 

ul - r 



V I C K S B U R G   M O D E L ,   S T U D I E S  O F  R E M E D I A L  W O R K S  255 

REMEDIAL WORKS PLAN R-17 1 
SCALES 

PROTOTYPE m-&?...." 

MODEL I - - 
/ 

1 0 0  0 1 0 0  3W 400 FT 

0.5 0.0 0.5 1.0 FT 

PLATE G-6 
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5,500 CFS 

WITHOIJT 
94,500 CFS 

KEMEDIAI, WORKS 

7,200 CFS 92,800 CFS 
WITH PROPOSED KEMEDIAI, WORKS 

1,550-Foot  Control Structure and  Excavations R-17 & CE 

‘TEST CONDITIONS 117 

COMPARATIVE  PHOTOGRAPHS OF MODEL  FALLS 

RIVER FLOW 170,000 CFS TOURIST SEASON DAYS 

PLATE G-7 
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AMERICAN FAI,I,S HORSESHOE FALLS 

2,000 CFS 48,000 CFS 
WITHOUT  REMEDIAL  WORKS 

8,900 CFS  41,100 CFS 
IYITH PROPOSED REMEDIAI,  WORKS 

1,550-Foot Control Structure and Excavations R-17 & CE 

TEST’ ~ X ) N l ~ I T I O N S  118 

COMPARATIVE  PHOTOGRAPHS OF MODEL FALLS 

RIVER FLOW 170,000 CFS NON-TOURIST SEASON 

PLATE G-8 
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5,500 CFS 
IVITHOUT 

12,000 CFS 88,000 CFS 
\ V I T M  PKOPOSEI) REMEL)IAL WOKKS 

1,550-Foot  Control  Structure  and  Excavations  R-17 & CE 

T E S T  C O N D I T I O N S  119 

COMPARATIVE  PHOTOGRAPHS OF MODEL FALLS 

RIVER FLOW 200,000 CFS TOURIST SEASON DAYS 

PLATE G-9 
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AMERICAN FALLS HORSESHOE FALLS 

3,500 CFS 
WI‘I’HOIJT 

46,500 CFS 
REMEDIAI, WORKS 

12,200 CFS 37,800 CFS 
WITH PKOI’OSED KEMEDIAI, WOKKS 

1,550-Foot  Control  Structure  and  Excavations  R-17 & C‘E: 

7’EST C0NI)ITIONS 120 

COMPARATIVE  PHOTOGRAPHS OF MODEL FALLS 

KlVER FLOW 200,000 CFS NON-TOURIST SEASON 

PLATE G-10 



260 A P P E N D I X  G - 

AMERICAN FALLS HOKSESHOE FALLS 

6,000 CFS 94,000 CFS 
'CYITHOUT REMEDIAL WORKS 

18,000 CFS 82,000 CFS 
WITH PROPOSED REMEIIIAI, WOKKS 

1,550-Foot Control  Structure  and  Excavations R-17 & CE 

T E S T  CONII ITIONS 121 

COMPARATIVE PHOTOGRAPHS OF MODEL FALLS 

RIVER FLOW 240,000 CE'S TOURIST SEASON DAYS 

PLATE G-1 I 
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AMERICAN FAILS HORSESHOE FALLS 

14,000 CFS 
W I T H O U T  

46,000 CFS 
REMEDIAL  WORKS 

15,800 CFS 40,000 CFS 
WITH  PROPOSED  REMEDIAL WORKS 

1,550-Foot  Control  Structure and Excavations  R-17 & CE 

7’EST C 0 N I ) L T I O N S  122 

COMPARATIVE  PHOTOGRAPHS OF MODEL FALLS 

KLVER FLOW 240,000 CFS NON-TOURIST SEASON 

PLATE G-12 
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8,900 CFS  41,100 CFS  
T E S T  C O N D I T I O N  105 

‘Total  Kiver  Flow 180,000 CFS  Total  Falls  Flow  50,000  CFS 

With  1,550-Foot  Control  Structure and Excavation  R-17 & C E  

12,500  CFS  57,500  CFS 

T E S T  CONDITION 11.3 

Total  River  Flow  200,000  CFS  Total  Falls  Flow  70,000  CFS 

With  1,550-Foot  Control  Structure and Excavation  R-17 & C E  

PHOTOGRAPHS OF MODEL FALLS WITH  PROPOSED REMEDIAL WORKS 

PLATE G-13 
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12,000 CFS 88,000 CFS 
ms-r CONDITION 101 

Total  River Flow 200,000 CFS Total Falls Flow 100,000 C1;S 

With 1,550-Foot Control  Structure  and  Excavation R-17 & CE 

12,000 CFS 138,000 CFS 
T E S T  CONDITION 109 

Total  River  Flow  200,000  CFS Total Falls  Flow  150,000 CFS 
With 1.550-Foot  Control  Structure  and  Excavation R-17 & CE 

PHOTOGRAPHS OF MODEL  FALLS WITH  PROPOSED REMEDIAL WORKS 

PLATE G-14 
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PLATE G-16 
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PLATE G-17 
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PLATE G-19 
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NOTES: 

ALL ELEVATlONS ARE REFERRED 10 
U.S .L .S .  1936 DATUM. 

E l E V A l l O N S  II DREDOEQ AREAS, SHOWN THUS: ". 6 " 
A R E  TO B O T l U I  OF CUT AND ARE I N  F E E l  ABOVE A P L A I E  OF 
8 0  F T .  THE D O 1   I l D l C A l E S   L O C A T l O N  OF ELEVATIOI .  

E L E V A l l D n S  ALONG COFFERDW ARE TO WATER SURFACE  WITH COFFERDW I N  PLACE. L I D  ARE 
In F E E l   A I D   T E N l R S  ABOVE A PLANE OF 500 F l .  

WATERWAYS EXPERIMENT  STATION 
VICKSBURG MODEL OF NIAGARA RIVER AND  FALLS I EGEND 

DREDGED  AREA GOAT ISLAND  COFFERDAM-PLAN I 
FILLED AREA WATER SURFACE ELEVATIONS-126,000  CFS  FALLS FLOW - COFFERDAM SCALES 
LOCATION 

PROTOTYPE Irn- 2 1m-200 

MODEL L - - FT 

0.5 0.0 O S  1.0 FT 

PLATE G-21 
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PRESERVATION AND ENHANCEMENT OF NIAGARA FALLS 

A P P E N D I X  H 

I S L I N G T O N   M O D E L   S T U D I E S  O F  R E M E D I A L  W O R K S  

I N T R O D U C T I O N  

1. ‘Il le nloclel studies  leading  to  the  design of remedial works necessary  for the I’rcservation 
and Enhancement o f  N i a p r a  Falls  were carried  out on two  models,  one  at  Vicksburg,  Mississippi, 
by tlle (:orps of Engineers,  IJnited  States  Army,  and  the  other a t  Islington,  Ontario, I)y The  Hydro- 
Electric  Power  Commission 01’ Ontario.  This  appendix  contains a detailed  description o f  the tests 
carrictl o u t  on tlle Islington  model,  the  results  obtained,  and  the  relnedial  plans developed. A 
description of tlle Islington ~nodcl  and  an  account o f  the  verification tests carried o u t  may be found 
i n  Apperltlicn 1: and F. The  corresponding  Vicksburg nlodel infor~nation is given in Appendices 
(;, 1) and I; respec:ti\rely. 

2. 71’llc nlodel  investigation  described  in  this  Appendix  led to  the  design o f  reInedia1  works 
b o t h  in the  Chippanx-(;rass  Island  Pool  area,  and  in  the Cascades a1)ove tlle  Horseshoe  Falls. 
iVl1ile these  works are  somewllat  interdependent,  their  functions  are  generally  different,  and tlle 
tlescription o f  the  development o f  each is given separately. 

CHIPPAWA-GRASS  ISLAND  POOL  CONTROL  STRUCTURE TESTS 
I‘rINC’I‘lON 01: CONTROI.  S’I‘IIUCTURE 

3 .  ‘l’he larger  diversions  for power purposes  authorized by the  Treaty of 1950  would  pro- 
duce substantially lower  <:llippawa-(;rass Island  Pool levels, if control works  were not  constructed, 
as all  new diversions w o u l d  draw  from this Pool. As given  in  detail in Appendix E ,  measurenlents 
on  the  Niagara  model  at  Islington  determined  the  magnitude o f  this  lowering for various stages 
o f  development. Also, the  treaty  stipulates  that  while in the  winter  or  non-tourist season the flow 
over  the Falls need  not  exceed  50,000  cubic  feet  per  second,  during  a  defined  tourist season the 
flow between  prescribed  day-time  hours  must  not  be less than 100,000 cubic  feet  per  second,  but 
could  be  reduced  to 50,000 cubic  feet  per  second  during  the  remaining  night-time  hours.  An 
increase in flow  over the Falls from 50,000 cubic  feet  per  second  to 100,000 cubic  feet  per second 
or vice  versa would  require  a  corresponding  rise  or  fall  in  Pool  elevation,  and tests on  the Vicks- 
burg nlodel  indicated  that,  without a Pool  control  structure,  the  time  required  to effect  sucll a 
Pool level rise, as well as the  corresponding  fall at night, was s o  great that  only a small portion 
o f  larger  night  diversion  permitted by the  Treaty  could be utilized. 

4. T h e  function of a  control  structure,  therefore,  would  be  twofold: 

( I )  7’0 enable  the Pool  to  be maintained  at  its  present  range of levels at all times,  thereby 
preventing  the  adverse effects due to  a  lowering of tlle Pool as enumerated in Appendix E. 

(2) T o  enable  variations  to be n d e  in the flow  over the Falls from  50,000  to  100,000  cubic 
feet  per  second, and vice versa, without loss of time  or  suhstantial Pool  level change,  and 
tllereby permit Eull utilization of the  additional  diversion  allowed  during  the  night  hours. 

H\.DKAIII.IC DESIGN CKI’TEIIIA 

5. I t  was agreed  that  the  sluice sills of any  control  structure  on  the  Canadian  side of Tower 
Island sl lould not exceed  in  elevation  that o f  the  existing  submerged  weir,  i.e.,  553.5 U.S.I,.S. 
datum, 193.5 adjustment.  On tlle linited States  side of Tower  Island any  sills should  not  be  above 
river  I~ecl  level. These  requirements were to  minimize  the  danger of ice lodgement  against tlle sill.  
I t  was also considered  preferable  that  the  sluices  should  be 100 feet  wide, and tlle piers a s  narrow 
2 s  practic.able. In  the  Islington  model tests, piers 14 feet wide  were  used throughout  the  investigation. 

28 1 
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6. T h e  following  discharge  criteria for the  control  structure  were  adopted: 

(1) \Vith a  high  daily  average  discharge of 320,000 cubic  feet  per  second  and  present  normal 
diversions by existing  plants,  the  elevation  in  the  Pool  at  the  Material Dock Gauge (No. 
I )  wit11 the  control  structure  in  place,  all gates fully  open,  and  with  new  plants  taking  no 
more  than 25 per  cent of their  combined  discharge  capacity,  should  be no higher  than 
under  present  conditions of development  with  present  normal  diversions. 

(2) With all but  three sluices o f  the  control  structure  open,  the  diversion  through  the new 
plants  must  not  be  assumed  to  exceed 50 per  cent of their discharge  capacity  to  avoid 
similarly  exceeding  the  same 1’001 elevation. 

7. At a  meeting of the  International  Niagara Falls Engineering  Board  at  Islington  on June  
23, 1952, the  Hoard  considered a method of Pool  regulation  recommended by the  Working  Com- 
mittee.  Eriefly,  the  method  envisaged  maintaining  the  same  Pool levels in  the  future  that now 
exist  for  any  given  river  flow, by operation o f  the gates in  the  control  structure. T h e  Board  ex- 
pressed general  agreement  with this proposed  method. 

I,OCA’IION OF CON’I‘KOI. STRUCTURES  TESTED  AND OUTLINE OF TESTS 

X. I n  Plate  H-1  are  shown  the  locations of control  structures  tested  in  the  Islington  model. 
‘I’llese structrlres were all  control  dams  composed  entirely of 100-foot  wide  sluices  separated by 
14-foot  wide  piers.  Movable  control  gates  were  installed in all  the sluices. I h m s  designated “A”, 

“I)”, “M”,  are  on  the  line o f  the  existing  submerged  weir,  while Darn “E” is sonle  1,000 
feet downstream.  Dam “F” is 250 feet  downstream  from  the  sulmerged  weir.  After  some  pre- 
liminary tests on the  darns “A” and “E”,  the  opinion of construction  authorities was sought a s  to 
tlle morc t’avoural)le ol the  two  locations  from a construction  standpoint, as i t  appeared  that  either 
location w o u l d  yield about  the same  hydraulic  performance. T h e  opinion  at  that  time w a s  that 
a dam located either on or  near  the su1)merged  weir  would appear  to be preferable.  Consequently, 
all sul)seqnent intensive  testing  until  September 1952, \vas conducted on dams 011 the  line of the 
sul)lnergcd weir and  no  further  testing was done  on Dam “E”. l h r i n g  September 1952,  however, 
a  more  intensive  examination o f  the  site  indicated  that  a  line 250 feet  downstream  from  the weir 
would I)e more  l’avourable. A subsequent  model check on  the 13 sluice  dam in this new location, 
Dam “I;”, revealed that while  the  performance was not  identical  with  that  formerly  obtained, 
i t  was sufficiently c.losc t o  permit use of the previous  work. T h e  comparative  performance  of  this 
dam in the new location is  shown  in  Plate H-3. 

‘‘c;”, 

DESCRIP I‘ION 01‘ CON’IKOI, SI‘RUC I‘IJRES 

9 .  ‘The control  structure tests  were begun  following tlle  veril’ication of the  upper  portion of 
tile nloclel. T h e  first  tests made  were  to  determine  tlle  nlirlinlrm  number of sluices  necessary to 
fulfil  the  second  function,  paragraph 4. A  dam of ten  100-foot  sluices,  Dam “C”, Plate H-I, was 
found t o  satisfy this criterion. The  dam was then successively lengthened  to IS,  19 and 82 sluices, 
Dams “li”, “D”, and  “A”,  and  the  performance  in  regard  to  the  allility  to  regulate  the  Pool 
determined  in each case. All  these  dams were  tested  over the  full  range  in  river  flow,  and  the 
assumption \vas made  that f u l l  developrnent of the  river was i n  effect and  that  the  power  diver- 
sions would be  utilized  to  their  full  capacity. I t  was also  assumed  that  when l o w  river flows 
restricted  the  diversions,  the flow would  be  utilized in  tlle 1110st efl‘icient manner.  Following  these 
tests, the  number o f  sluices was determined which  would satisfy the  criteria  in  the  intermediate 
period; i.e.  the  period  in  which  the new diversions  would be confined  to  those  utilized by the 
new  Sir  Adam I3eck-Niagara Generating  Station No. 2. Their perforrnance  under these conditions 
was also determined. 
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Discharge  Capacity 
of New  Plants 

100,000 
40,000 

Change  in W.S. Elevation at Gauge 
No. 5 from  Levels  with  Present 

Normal  Diversion  and  No  Control  Dam 

(ii)  For the second criterion  with  three  gates closed and  the  remainder  open and  with  the 
n e ~ v  plants  diverting  50  per  cent of their  discharge  capacity: 

Discharge Capacity 
of New Plants 

100,000 
40,000 

Change in W.S. Elevation a t  Gauge 
No. 5 from  Levels  with  Present 

Normal  Diversion  and No Control  Dam 
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19. In  the  intermediate  period,  it was found  that  a  dam  consisting  of  ten 100-foot  sluices was 
required if the  ability  to  discharge  over  the Falls either 50,000 cubic  feet  per  second  or 100,000 
cul,ic  Ject per  second witl~out a P o o l  level change was t o  extend  to tlle  lowest river flow  tested  i.e. 
140,000 cubic  feet  per  second  (Pool  elevation 561.0) . As may  be noted  on  Plate H-2, however, 
nine sluices  were  sufficient  to  effect  the required Pool  regulation,  and  this  number was found to 
he the  minimum  for this purpose. IVi th  nine sluices, either 50.000 cubic  feet  per  second  or 
1 0 0 , 0 0 0  cubic feet per  second could he  clischarged  over  tlle  Falls without a Pool  level change  for  all 
river flows al)ove  150,000 cubic feet per seconcl, but for  flo\vs  helow  this [due  another  sluice  would 
he required t o  satisfy criterion ( e )  paragraph 4. 

14. ‘I’he results o f  tests  for the  first  capacity  criterion,  paragraph 6, indicate  no  increase  in 
levels  for hill power  development,  but show a  measurable  increase ol’ about 0.25 foot if the new 
Sir  Atlatn Ikck  plants  only  are  in  operation. T h e  second  criterion  indicates  a  decrease  in levels 
under f111l developnlent  bllt shows an  increase of about  0.5  loot if the  new  Sir Adan1 Beck plants 
only  are in operation.  It is considered  that  these  criteria  are  met  sulficiently closely  for  safety 
in operation. 

< ~ B S E K V A I ’ I O N S  O N  APPEAKANCE OF I’OOL. A N D  LIPPER [:ASCADES 

15. In  Appendix E: i t  was noted  that  without  remedial  works,  under  full  power  diversions 
authorized by the 1950 Treaty  and with  the Falls  flow reduced  to  50,000  cubic  feet  per  second, 
areas of the  Pool  hed  were  exposed,  particularly  upstream  from  Goat  Island. T h e  flow in  the  region 
of the ‘I’hree  Sisters Islands was ohserved  to  be  sharply  reduced  under  these  conditions.  With  the 
13-sluice  control  structure, Datn ‘‘13” or  Dam “F”, in  operation,  the  Chippawa-Grass  Island  Pool 
itself was regulated  to  present levels  for any  given  river  flow,  therefore  the  appearance of the Pool 
area  above  the  dam  would  be  the  same  under  regulation as i t  is at  present.  Under  conditions of 
maximurn  diversion,  closure of all or most of the gates in  the  control  structure,  depending  on  the 
river  disdlarge, w i l l  be necessary. ‘This will result in all or most o f  the  outflow  from  the  Pool 
passing between  the  outstream  end o f  the  dam  and  the  IJnited States  shore,  thus  providing  a satis- 
factory  cover of the  areas  adjacent  to  (;oat  Island. This will  provide  substantial flows in  the  Three 
Sisters  Island  channels.  With  the  control  structure  fully  closed,  the levels inmediately  downstream 
necessarily would  be  lower  than  those  existing  at  present, but  little lower than if no  dam existed 
under  the  same  diversion  conditions.  After  rounding  the  end of the  dam in the  fully closed postion, 
a  large  proportion of the flow would  move back toward  the  Canadian  shore  and  the  Ontario  Power 
Cornpany intake. 

EFFECT OF POOL REGULATION ON AMERICAN  FALLS  FLOW 
0RSERVE:D AMERICAN CHANNEL FLOWS 

16. In  Appendix C ,  an analysis was made of the  present  American  Channel flow. In Plate 
H-10, this flow is shown  plotted  in  relation  to levels in  the  Chippawa-Grass  Island  Pool.  Through- 
out thc  model tests on the  Pool  control  structures, o1)servations  were made of the flow in  the 
American Channel when  the  new  diversions  were i n  effect and  the P o o l  regdated to the same 
levels a t  (;auge No. 5 for the  same  total  river flow. I n  Plate  H-10,  the  observed  American  Channel 
f low under these wnditions is also  plotted.  Comparing  the  present  and  future flows, it may be 
noted  that they are  the  same for a total  river flow of 200,000  cubic  feet  per  second.  For  river f’lows 
above 200,000 cul,ic feet  per  second,  the  future  Anlerican  Cllannel flows are sornewlrat greater  than 
at  present  and  for flows  below  200,000 cubic  feet  per  second,  somewhat less. These divergencies 
Jrom  tlle present f l o w  appear  to be due  to  different  currents  and  slope  in  the  Pool  with  the  new 
diversion in  effect and the level regulated by the 1.3-sluke control  dam, even though  the  same level 
exists at  Gauge No. 5.  However,  from  the  standpoint of scenic appearance o f  the  American Falls, 
the future conditions may be  considered  essentially  the  satne as at  present. 



I S L I N G T O N   M O D E L ,   S T U D I E S  O F  R E M E D I A L   W O R K S  285 



283 A P P E N D I X  H 

TESTS O N  HORSESHOE  FALLS  REMEDIAL  WORKS 
CONSIDEKATION OF PKOBI.EM 

19.  Hy the  terms of the 1950 Treaty,  remedial works are  required which  will  "enhance the 
beauty  of  the Falls by distributing  the waters s o  as to  produce  an  unbroken  crestline  on  the Falls". 
In  the  preliminary  model tests described  in  Appendix E, it was establislled  that  without  remedial 
works  tlle flanks o f  the  Horseshoe Falls would be dry  at  the  minimum Falls  flow permitted by the 
Treaty,  i.e., 50,000 cubic  feet  per  second,  and  either  dry  or  inadequately  supplied  at 100,000 cubic 
feet  per  second,  the  minimum  permitted  during tlle daylight  hours of the  tourist season. T h e  
€unction of the  Horseshoe Falls remedial works would  be,  then,  to  cover  adequately  the  flanks 
with  water at these minimum flows and by so  doing  produce  an  unl)roken  crestline  from  shore  to 
shore. In observing  the  prototype  and  model Casc:ades, it  appeared  evident  that  the  only  avail- 
able  source of supply for the Flanks o f  the Horseshoe  Falls  would  be  the  two  deep  streams,  one 
on each side o f  the Cascades,  which converge  near  the  centre o f  the  Horseshoe. T o  accomplish 
the  diversion of water  from  these  streams  to  tlle  flanks,  it was considered  that  two  main types of 
remedial works should  be  investigated: ( I )  Excavations  on  the  flanks  extending  upstream  to  the 
deep  channels  to  induce  flow  to  the  flanks;  and (2) Submerged weirs in tlle  Cascades to  intercept 
the  deep  streams  and  deflect flow to  the  flanks.  It \vas  c:onsitlcred  also  tllat combinations o f  excava- 
tions  and  weirs  might  prove  effective  and  cconornical.  Crest fills t o  shorten  and  improve  the  flanks 
were also to be  investigated  in  conjunction  with  the  other  measures  investigated. 

A D E Q U A C I ,  CRII'EKIA 

20. I t  was originally  agreed  that  the  Horseshoe Falls remedial  works sllould prodlux  a flow 
o f  six I O  eight <:111)ic. feet pa-  second  per  foot  on  the  <;oat  Island I'lank and 12 cubic  feet  per second 
per foot on  the  Canadian  flank w i t h  a total Falls f l o w  of 100,000  cubic  feet  per  second.  Subsequent 
testing  indicated  that  this  might  ?)e  rcalized  without also producing an adcquate  unllroken  sheet 
from  shore  to  shore  at 50,000 cubic  feet  per  second Falls  flow.  At the  meeting o f  the  International 
Niagara Falls Engineering  lloard  at  Islington  on  June 23,  1952, i t  was decided,  therefore,  that  a 
satisfactory remedial  scheme  should  provide  complete  coverage of 1)otll flanks  with  an  untwoken 
sheet of water  at  a  total Falls flow o f  50,000  cubic  feet  per  second,  and also provide  the  target 
flows over the flanks  at 100,000 cubic  feet  per  second,  which  were  defined as being  six  to  eight 
cubic  feet  per  second  per  foot  on  the  Goat  Island  flank  and 10 to 12 cubic  feet  per second per  foot 
on  the  (hnadian  flank. 

G E N E K A I .   O U T L I N E  01; 'I'ESIS O N  1SI.INC;TON hlODEl. 

21. T h e  tests on  the 1slingt.on model  commenced  with  excavations  in  the Cascades above  the 
Flanks o f  the  Horseshoe Falls,  with  crest fills in  place. When these  had  progressed to  the  point 
where  the  feasibility of such schemes was indicated,  prelinlinary tests on  submerged  weirs  were 
made  which  showed  that  they  too  were  promising.  Tests  on weirs  were then  carried  through,  lmth 
alone  and  in  conjunction  with  excavations, wit11 crest  fills  in  place.  Essentially  successful  remedial 
schenles involving  sulmerged  weirs J v i t h  and  without excavations  were  developed, but  from  the 
standpoint of economy,  feasibility of construction,  and  appearance, they  were found  to  be  inferior 
to plans  involving  excavations  only.  Consequently, al l  further  effort was devoted  to  the  develop- 
ment o f  a successful  scheme involving  excavations and crest  fills  only. A plan  resulted  which is 
considered to be satislactory  in  every  reg.ard.  For  purposes of clarity  on  this  appendix,  the tests on 
the scllemes involving  excavations are descrit)ed  separately  from those involving  submerged  weirs. 

REMEDIAL WORKS  TESTS  INVOLVING  EXCAVATIONS  AND  CREST FILLS ONLY 
TEs.r PROGRAM M E  FOLLOWED 

22. T h e  general policy  followed  in  developing  remedial schemes, comprised of excavations 
on  the  flanks of the  Horseshoe  Falls, was to  start  with  light  excavations  which  were progressively 
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25. T h e  preliminary  remedial  schemes  CA, <;A and CB, G I 5  were  subjected to tests 101, 10.4, 
107, ; m t l  108, Table 13-1. Thereafter,  the  general  procedure was to  construct a scheme o f  excava- 
tion, install  it  in tlle model, and  vis~~ally  determine  \vhether i t  appeared  satisfactory  under  con- 
ditions o f  test  108. If so ,  the  remaining tests were completed  and  the  scheme was documented  if  it 
proved  satisfactory. Plan CD,  <;D \vas thus  tested,  and  then subjected to  the  greater flow range 
(:overed by tests 120, 121,  122,  and 123, Table H-I.  For the  final  plan (:E, (;E (R17) , a new  series 
o f  tests, 207 t o  212 inclusive, Table H-I, was developed,  which  covered  the  normal  range o f  river 
f l o w  and  included  the likely  diversions. A sinlilar  series of tests 201 to 206 inclusive, 'I'able H-1, 
was also made  without  the  Horseshoe Falls remedial  works in place and  wit11 tlle Chippawa-C;rass 
Island Pool  control  structure  fully  open. These were  made to provide  an  accurate  comparison of 
conditions  with  and  without  remedial  works. 
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26. T h e  cofferdams  for  scheme CE,  (;E (K17) ,  Plate  H-8,  were  tested  under  three  river 
flows, 210,000 c:ul,ic feet  per  second,  240,000  cubic  feet  per  second,  and  820,000  cubic  feet  per 
second,  and  present  power  diversions  only  were  assumed  to  be  in  elfect.  Tests  were  made  first  with 
one cofi'erdanl in  place o n l y ,  then  the  other  cofferdam  in place only,  and  finally  with  both coffer- 
dams  in place. IVater surface elevations  along  tllc  cofferdarns  were ol)served at 100-foot  stations, 
I'able 11-28. 

'171S'l' KKSIJI.'I'S 

27.  71'lle detailed  test  results  are  given  in  Tables H-2 to  H-l  1, €3-14 t o  H-17, and  H-20  to 
11-27, 'l'ahles 1.1-2 t o  11-1 1 inclusive rec.ord the perl'orn1anc.c o f  tlle  preliminary scllenlc CA, (;A 
and  Cl$, (;H, in  various  cwnl)inations  with each otllcr ant1 w i t h  tlle  natural  flank  lmttonl.  For 
convenience  in  comparison,  the  corresponding  perfornlance  with no remedial  works  in  place is 
repeaLed  in some of these  tahles.  Some  figures  are also  given to  s l ~ o w  tlle  effect of the Pool control 
structure wit11 no excavations  in place, and also with  excavations  in  place,  hut  with no Pool control. 
Tables  €1-14  to H-17  and  H-20  to H-23 inclusive  record  the  performance of schernes CD, GD, with 
and  witllout  crest fills. Tables  H-24  to  H-27  inclusive give the  results of the  comprehensive  testing 
on  the  tinal  excavation  scheme <:E, GE (R17)  and  also  record  the  comparable  conditions if no 
remedial works were  constructed.  Plates  H-1 1 to H-1.3 inclusive  are  graphic  representations o f  tlle 
crest flows measured  in  these tests in  the  final  scheme  evolved. T h e  results o f  the  cofferdam tests 
for  this  scheme  are  presented  in  Table  H-28,  and  photographs o f  the  cofferdam  in place with n 
tlow o f  210,000 cubic  feet  per  second  are  shown  in  Plate  H-23. 

28. IVhile  a  complete  set of photographs was taken for all tests on tlle  excavation schemes, 
only  the  following  are  included  in  this  report: 

( 1 )  PllotoLgraphs of the  performance of the  A, l), and I) excavation schemes, Plates  H-14  and 
5-15, wit11 200,000 cubic  feet  per  second  river flow and  with a flow over  the Falls of 
h t h  50,000  cubic  feet  per  second  and  100,000  cubic  feet  per  second,  test 107 and  test 
101 conditions respectively. T h e  American Falls flow is shown  only  for  the  A  scheme, 
as wit11 a regulated  Pool,  its flow and  appearance is identical  for  all  these schemes. 

(2) Pllotographs of the  final  scheme CE, (;E (K17) , Plates  H-17  to  H-22,  with  both  50,000 
cubic  feet  per  second  and  100,000  cubic  feet  per  second Falls  flow, for  river flows of 
170,000  cuI)ic feet  per  second, 200,000 cubic  feet  per  second,  and 240,000 cubic  feet  per 
second, test 207 t o  2 12 conditions. For comparison  purposes,  photographs  were  taken 
w i t 1 1  no Horseshoe 1;;llls remedial woIks  i n  place  for the s;llIle river flows and  corres- 
ponding  diversions,  test 201 to 206 conditions. I n  all  these latter tests, the  Chippaw;l- 
(;r;lss Island 1'001 control  danl w a s  in place but  fully open. 

L ~ N A l . ? ' 4 1 S  ANI)  l)IS(:USSION OF 'I'ESI KI.:SIJl.'I'S 

29. In  the analysis of the test  results, tllc (hrmadian flank was considered  to  extend ~ Y O K I I  Panel 
1 t o  Panel 5 inclusive,  Plate E-21. T h e  Goat Island flank was similarly  considered  to  extend  from 
Pmel I X t o  l'mel 25 inclusivc. T h e  measured f lows per foot over tllcse lengtlu were averaged, 
and tllis average w a s  considered  to be the  flank  average  which w o u l d  be comp;n-ed to the target 
f l o w .  1 1 1  a l l  tests up to and  including some o f  tlle 1) schemes, the  crest  fill  on  the  Canadian  flank 
extended 50 feet  out  into  Panel 1 ,  wllile the (;oat Island crest  fill extended  from  station 22+90 
to tlle end o f  Panel 25. In  August 1952, it was decided  that  these  tills  should  be 100 feet  and SO0 
feet  in  length,  respectively,  and  after  this  date  the  new f i l l  lengths  were used. 

I'l<I.:I,l b1 I NARY 1 E S I ' S  

80. In  Tables  H-2 to H-G inclusive  and  H-7  to  €4-1 1 inclusive, respectively, there  are  listed 
the  discharge  and  elevation  results of the  preliminary  excavation tests. I n  each  set  there  are  listed 
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SCHEMES CE, (;E (R17) . 
55.  To correct  these  deficiencies, CE, GE (R17) were  developed  and  tested,  Tables H-25 

and H-27. Before  these  schemes  were  tested, i t  was decided  that  on  the  evidence  submitted by 
the  two  models,  crest  fills  were necessary  for an  economic  solution,  therefore  the  fills  were  in place 
throughout  the tests on  the  final  excavation schemes. As may be  noted  from  the  tables,  at  all  river 
discharges the  target flows  were  exceeded on  both  flanks  with  a Falls  flow of 100,000 cubic  feet 
per  second.  IJnder  the  minimum Falls f l o w  conditions, tests  207, 209 and 21 1, a  complete and 
substantial cover  existed  from  shore t o  shore,  with no breaks  occurring  at  any  point. 

COFFEKDAM TESTS. 

34. T h e  cofferdam tests indicated  that  the  locations  shown  on  Plate H-8 would  be  satisfactory. 
I t  was noted  that  at  high flows,  when both  cofferdams  were  in  place,  the  cofferdam for (;E (R17) 
appreciably  raised  the levels along  the  cofferdam for CE  above those  which  were found when  only 
the  latter has   in  place. As the  depths  along  the  cofferdam  for  CE  are  relatively  great  and  the 
velocities high, i t  is recommended  that  only  one  cofferdam  be in  place at  a  time. 

CONCLUSIONS FKOM TESI'S O N  EXCAVAI'ION SCHEMES 

35. From these  test results i t  was concluded  that  excavations CE, G E  (K17) were the  mini- 
mum excavations  in  conjunction  with  crest fills that  would  produce  the  required  result.  It was 
concluded  that  these tests proved  that  any lesser excavations  would  be  deficient  under  the  full 
range of river f low.  

REMEDIAL WORKS TESTS  INVOLVING  SUBMERGED  WEIRS  AND  EXCAVATIONS 
SUMMARY OF TESTING PROGRAMME 

36. Preliminary tests o f  sulmlerged  wiers, by which some of the f l o w  in  tlle  deep Cascades 
streams was deflected  to tlle Horseshoe 1;alls flanks,  appeared  to  offer  considerable  promise.  It 
was decided,  therefore, t o  test  such  weirs, both  in  combination  with  flank  excavation  and by  
themselves,  to determine  whether  such corn1,inations might  result in a  more econon1ic:al scheme. 
In  selecting weirs I'or testing, no  plrticrllar  effort was made  to  limit  the weirs to those  helieved 
economical  or  practicable  from a construction  standpoint, tile nlain  consideration  being  their 
ability  to  produce a successful remedial  scheme. I n  d l ,  11 weirs  were  tested in this series, their 
extent  and  location  being  shown  on  Plate H-9. Four schemes  were developed,  using  combinations 
o f  weirs and excavations,  whicll  appeared t o  be essentially successful in satisfying the flank flow 
criteria  when  tested  with  the  average  river flow o f  200,000 cubic  feet  per  second  and  with  crest 
fills in place.  Conlprehensive  testing of these  schemes,  however, was not  carried out and  further 
refinements  were  not  made, as at this point  in  the  testing  programme it was decided,  for  the reasons 
given in  paraCqaph 41 below, that schemes involving weirs would  not  prove  satisfactory. 

TEST PROCEDUKE 

37. T h e  adequacy  criteria used in  the tests in  the  excavation schemes, paragraph 19,  were 
also  used in  this series of tests. T h e  test procedure was also the  same as that  described  in  para- 
graphs 24 and 25 for the  preliminary  excavation tests.  Again  only  those  schemes appearing visually 
acceptable  under  minimum flow conditions  were  tlloroughly tested and  documented. T h e  best 
weir locations  were  obtained by trial,  and  the  minimum  weir  lengths  to give the  target flows  were 
used in each  case. T h e  heights of the  weirs  were  adjusted so that  an  overfall  just  occurred  under 
minimum Cascades  levels. 

T E S T  KESIJLTS 

38. T h e  results of the tests involving  submerged  weirs  are  tabulated  in  Tables H-12, H-13, 
H-18 and  H-19.  While  photographs of all  the  weir schemes  tested  were taken,  only  those  showing 
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?'ES'I.S O N  CONTROL  S~I'IIIJCTUKE 

4'3. This  structure was placed  in  the  Islington  model  and a limited  series o f  tests carried  out. 
At  total river f l o w  of  200,000,  225,000 and  240,000  cubic  feet  per  second, tests were  made  with 
and  without  the  control  structure  in  operation  and  otwrvations  were  made ol' the following: 

( I )  'I'he flow diverted  from  the  American  <:hannel  to  the  Horseshoe I a l l s  b y  the  control 
structure. 

(2) 'I'he corresponding  increase  in f l o w  on I)otll flanks o f  the  Horseshoe  Falls. 

( 3 )  'I'he reduction  in  number of gltes  required  on  the  main  control  structure  to  keep  the 
same (:llippawa-(;rass Island Pool level. 

'1'0 obtain  strictly  comparable  results,  all  diversions, L'lows and P o o l  levels were  kept  exactly 
the samc  with  and  without  the  American  Channel  control  structrlre  in  operation.  Excavation 
scherne (:F,, (;E (K17) was in place,  the  thirteen  100-foot  sluice  main  control  structure was in 
operation,  and  the  minimum  future flow over  the Falls was produced. 

Total River Flow - cfs 
200,000 225,000 240,000 

Test 211 Test 209 
I T l o w  diverted fro111 American  Channel  to  Horseshoe 

Falls - cubic  feet  per  second , . . . . 4,900  6,000  7,100 
Increase  in f l o w  on  Goat  Island  flank  (Panels 18 - 22) . . 500  300  500 

Increase  in f l o w  on  Canadian  flank  (Panels 1 - 5) 1,000 1,375  1,250 

Reduction  in  number o f  gates  closed in  main 
control  structure . . . . . .  . . .  1/4 gate ?,$ gate M gate 

CONCLUSIONS FROM MODEL  STUDIES OF REMEDIAL WORKS 
46. I t  is concluded I'rorn a  study o C  the tests ant1 results  described  in  this  appendix  that 

remedial works have  been  developed which w i l l  preserve and c11l1anc.e tlle  beauty o f  Niagara Falls 
a n t 1  w i l l  satisfy tlle  terms  and  intent o f  the 1050 Treaty. The  specific renlcdial  works  found  to  he 
necessary are as follows: 
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48. Tlle tests on tlre Horseslloe Falls remedial works sllowecl that the two excavations <:E 
;rnd <;F, (K17) , with  tlleir ;rssoci;rted crest fills, ~ v o u l d  ensure a n  unbroken  crestline  from  shore 
t o  slwre under  the  minimurn Falls f l o w  permitted by the 1950 Treaty.  They would produce 
also crest flows adequate  for a scenic  spectacle under  the rninin1m-n total Falls flows stipulated 
hy the  ‘I’reaty  during  the  tourist  season. T h e  tests showed tl lat no lesser excavations would be 
;rdequate  over  the f u l l  range o C  river llows and diversions.  Tests  on  snbmerged  weirs in the 
(:asc:dcs ;IS an alternative t o  excavations  indicated  that  they  might be capable of producing  the 
desired  rcsult h u t  were  inferior  in  many  regards, and were  rejected also from the  standpoints of 
econonly and feasi1)ility. 
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Test 
No. 

T A B L E  H - 1  
A.  PRELIMINARY  REMEDIAL WORKS - TEST CONDITIONS 

W.S.E. 

River 
Flow 

Diversions Falls  Regulated 
Flow U.S. Pool  Can.  Pool  Can.  Cascades  Pool 

Ga. # 5  

107 
101 
108 
104 

121 
120 
123 
122 

201 
202 
203 
204 
205 
206 

207 
208 
209 
210 
211 
212 

200,000 50,000 75,000 55,000 20,000 

200,000 100,000 50,000 50,000 
200,000 50,000 75,000 40,000 35,000 

200,000 100,000 50,000 15,000 35,000 

140,000 50,000 45,000 45,000 
140,000 100,000 20,000 20,000 
240,000 50,000 95,000 60,000  35,000 

240,000 100,000 70,000 60,000  10,000 

B. FINAL  TESTING  PROGRAMME - NATURAL  CONDITIONS - 
170,000 50,000 60,000 54,000 6,000 
170,000 100,000 35,000 35,000 
200,000 50,000  75,000 57,700 17,300 
200,000  100,000  50,000  50,000 - 
240,000  53,200 95,000 56,800 35,000 
240,000 100,000 70,000 58,600  11,400 

C. FINAL  TESTING  PROGRAMME - REMEDIAL WORKS  CE  GE (R17) 

170,000  50,000  60,000 59,000 1,000 
170,000 100,000 35,000 35,000 
200,000  50,000 75,000 61,000 14,000 
200,000 100,000  50,000  50,000 
240,000  60,000 92,500 63,400 24,100 
240,000  100,000  70,000  63,400 6,600 

562.8 
562.8 
562.8 
562.8 

560.7 
560.7 
564.2 
564.2 

561.80 
561.80 
562.80 
562.80 
564.05 
564.15 
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T A B L E  H - 2  

OBSERVED  CREST  PANEL  DISCHARGES IN CFS PER F O O T   O F  CREST 

PRELIMINARY  REMEDIAL WORKS 
Test No. 107 

Crest 
Panel No Pool  Control  Regulated  Pool  No  Pool  Control 

Number 

Crest  Panel  Discharge  for  Condition  and/or  Remedial  Schemes  on  Flanks 

Natural  Bottom  Nat.  Btm. CA  GA CB GB CB GA CB  G  Nat. CA GA CA  GB 
::::::::::::::::::::::::::Blocked .......................... to 0+5,0 ~iiiiiiiiiiiiiiiiiiiiiiiiiii 

\ \ Can. 1 
2 
3 
4 
5 
6 
7 
x 
9 

10 
11 
12 
1 3 
14 
1 ?5 
16 
17 
18 
19 
20 
21 
22 
2 3  
24 

G.I. 25 

Can. Falls 
Amer. Falls 

- -(s 
-j4 1 
8 

36 
52 
3 9 
26 
16 
22 
38 

106 
16 
12 
3 

........... ........... Blocked from 22+30 iiiiii;:iii: ........... , .................................................................. .................................................................. .................................................................. 

47,600 38,900 37,200 38,000 
2,600 12,300 11,900 12,200 

12 
41 
54 
41 
28 
17 
26 
41 

112 
20 
14 
6 
1\ 
- 
-0l 

- 0  
". 

s 
- 4  
- 

- 

- 

38,400 
12,000 

;)a 
!f$ - 

14 
60 
69 
48 
39 
31 
28 
36 

108 
18 
12 
6 
2\  
2 

2 d  cc? 

2 4  
2 

-c- 

1,: 

- 

47,100 
2,400 
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T A B L E  H-3 

OBSERVED  CREST  PANEL  DISCHARGES  IN CFS PER FOOT OF CREST 

PRELIMINARY  REMEDIAL  WORKS 
Test No. 108 

Can. I 
2 
: 3  
3 

6 
7 
H 
9 

to 
11 
12 
1 3 
14 
15  
16 
17 
18 
19 
20 
21 
22 
23 
24 

G.1. 25 

Can. Falls 
Amer. Falls 

- ;> 

Crest 
Panel No Pool  Control  Regulated  Pool 

Number 

Crest  Panel  Discharge fo r  Condition  and/or  Remedial  Schemes  on  Flanks 

Natural  Bottom  Nat.  Btm. CA GB CB GB CB GA CB G Nat. 
.......................................... ........................................... .......................................... locked to  0+5? ii i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i  , 

4 
31 
48 
36 
24 
10 
28 
46 

118 
21 
17 
8 

'lo 
1 5 
3 2 
48 
36 
23 
8 

27 
41 

114 
18 
12 
4 

10 
.................... .................... .................... Blocked from 22+30iiiiiiiiii1iiiii~iiii .................................................................................... .................................................................................... .................................................................................... 

39,000 39,600 38,100 
12,000 12,000 12,000 

4 
3 4 
49 
37 
23 
9 

3 0 
46 

119 
23 
16 
6 

2 
21 

- 2  - 

- s 
- 4  
- 
- 

37,600 
11,800 
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T A B L E  3 - 4  

OBSERVED  CREST  PANEL  DISCHARGES IN CFS PER FOOT OF CREST 

PRELIMINARY  REMEDIAL WORKS 
Test No. 120 

Crest  Panel  Discharge  for  Condition  and/or  Remedial  Schemes on Flanks 

Panel 
Crest 

No Pool  Control  Regulated Pool 
Number Natural  Bottom  Nat. Btm:  CA  GA  CB  GB  CB  GA  CB G Nat. 

Can. 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

G.I. 25 

Can. Falls 

Amer. Falls 

14 
61 

123 
133 
97 
66 
85 
70 
80 

155 
34 
27 
13 

4 

2 ,  

" 4  

4\ 

2g 
2 s  
- 
- 

96,500 

5,000 

........................................... ...........................................Blocked to 0+50 iiiiiiiiiiiii~iiiiiiiliiiliiiiiiiijiiiiii~ ........................................... 

11 
66 

117 
123 
94 
63 
76 
65 
74 

148 
32 
24 
11 

72 
121 
123 
93 
62 
82 
64 
73 

152 
29 
22 
10 

1.7 
74 

122 
123 
93 
64 
79 
67 
73 

149 
33 
24 
10 

..................... ..................... .................................................................................... ..................... Blocked from 22+3018iiiiiiiiiiiiiiliii .................................................................................... .................................................................................... 

94,500 95,900 96,700 

4,700 4,800 5,100 

12 

14 
6 1  

123 
133 
97 
66 
85 
70 
80 

155 
34 
27 
13 

96,500 

5,000 
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T A B L E  H - 5  

OBSERVED CREST PANEL  DISCHARGES  IN CFS PER FOOT OF CREST 

PRELIMINARY REMEDIAL WORKS 
Test No. 101 

Can. 1 
2 
3 
4 

6 
7 
8 
9 

10 
11 
1.2 
13 
14 
15 
16 
17 
18 
19 
20 
2 1  
22 
23 
24 

G.I. 2?5 

Can. Falls 

Amer. Falls 

- 
3 

65 
118 
138 
89 
62 
81 
81 
8 1  

159 
33 
24 
9 

5 
l\ 

3g 
-rl 
- d 
- 4  
- 
- 

96,500 

5,000 

9 '  

11 
63 

108 
115 
87 
63 
77 
62 
68 

150 
35 
23 
10 
4 
4 
1 L o  
2 4  
1 s  
- 4  
- 
- 

87,700 

Crest 
Panel  No  Pool  Control  Regulated  Pool  No  Pool  Control 

Number 

Crest  Panel  Discharge  for  Condition  and/or  Remedial  Schemes  on  Flanks 

Natural  Bottom  Nat.  Btm. CA GA CB  GB  CB GA CB  G  Nat. CA GA CA  GB 
........................... ........................... ........................... 

13 
6 i  d 

20 4 
72 

116 
114 

88 
60 
74 
6 0 
70 

141 
27 
22 
10 

66 
114 
113 
89 
6 1. 
72 
62 
69 

144 
32 
24 
9 

2 3f: 

6 
::::::::::::Blocked ............ from 22+30:::iiiiiiii: .................................................................. .................................................................. .................................................................. 

88,700 91,500 90,800 

11.500 10.800 10.600 

69 
115 
110 
85 
59 
73 
61 
67 

147 
29 
23 
9 
5 
3 

l.-r 
- 5  
- 4  

3Lq 

- 
- 

67 
126 
131 
99 
69 
83 
69 
75 

143 
33 
25 
11 
5 ' 
3 

3 @  
3 s  
3 0 1  

1-4 
1 
- 

12 6)$ 
6 0 

122 
127 
94 
64 
8 0 
66 
7 0 

148 
31 
22 
11 
4 
4 
3 LC? 
,5 " 
8 s  
6 4  
4 
21 

90,500 98,000  97,000 

10,700 4,900  4,800 
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T A B L E  H - 6  

OBSERVED  CREST  PANEL  DISCHARGES  IN CFS PER FOOT OF CREST 

PRELIMINARY  REMEDIAL WORKS 
Test No. 104 

Can. 1 
2 
:t 
4 

6 
7 
H 
9 

10 
11 
12 
1 3 
14 
15 
16 
17 
18 
19 
2 0 
21 
22 
23 
24 

G.I. 25 

Can. Falls 

Amer. Falls 

:[z 
8 ;j$ 

6 0 
11.0 
1s 8 
88 
66 
72 
63 
83 

154 
42 
27 
12 

89,000 

12,000 

Crest 
Panel No Pool Control  Regulated  Pool 

Number 

Crest  Panel  Discharge for  Condition  and/or  Remedial  Schemes on Flanks 

Natural  Bottom  Nat.  Btm.  CA  GA  CB  GB  CB  GA  CB G Nat. 
......................................... ........................................ ........................................ ........................................ ........................................ ........................................ 

47 
100 
SO6 
87 
61 
6 3 
57 
74 

157 
36 
28 
12 

14 
60 
98 

105 
84 
62 
62 
58 
72 

160 
37 
30 
10 

...................... ...................... ...................... Blocked from 22+30::::::::::::::::::::: ..................... .................................................................................... .................................................................................... .................................................................................... 

89,200 88,900 87,800 

11,200 11,100 10,800 

14 

106 
109 
81 
62 
63 
51 
76 

151 
35 
29 
8 

88,400 

11,200 
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"" "_ 

T A B L E  H-7 
OBSERVED  WATER LEVELS 

PRELIMINARY  REMEDIAL WORKS 
Test No. 107 

W.S. Elev. fo r  Condition andlor  Remedial  Scheme on Flank 

Gauge No  Pool  Control  Regulated  Pool 
Natural  Bottom  Nat.  Btm. CA  GA  CB GB CB GA CB  G  Nat. 

Slaters Pt. 
Ga. No. 5 
Ga. No. 3 
Ga. No. 51 
Ga. No. 45 
0. P. 'B' 
Tor.  Power 
Can.  Niagara 

561.0 
560.0 
559.25 
559.0 
555.5 
554.1 
530.4 
511.0 

Comers Isl. 561.0 
Grass  Island 559.45 
Willow Island 558.4 

563.1 
562.85 
562.6 
562.6 
554.4 
553.0 
529.6 
508.4 

563.1 
562.8 
562.55 
562.55 
554.5 
553.1 
529.6 
509.1 

563.1 
562.85 
562.6 
562.6 
554.5 
552.85 
529.2 
508 4 

563.1 
562.9 
562.7 
562.7 
554.6 
553.4 
529.8 
508.4 

563.1 5 563.05 563.15 563.3 
562.65 562.55 562.65 562.8 
560.9 560.95 561.0 561.1 

T A B L E  H - 8  
Test  No. 108 

W.S. Elev. fo r  Condition andlor  Remedial  Scheme  on  Flank 

No  Pool  Control  Regulated  Pool 

Gauge  Natural  Bottom  Nat.  Btm. CA GA CB GB CB GA CB  G  Nat. 

Slaters Pt. 
Ga. No. 5 
Ga. No. 3 
Ga. No. 51 
Ga. No. 45 
0. P. 'B' 
Tor. Power 
Can. Niagara 

Ccnners  Isl. 
Grass  Island 
Willow Island 

561.2 
560.45 
559.85 
559.5 
556.1 
554.85 
528.2 
509.8 

561.3 
559.8 
558.8 

563.05 
562.8 
562.55 
562.45 
5584.4 
554.2 
519.7 
507.2 

563.1 
562.6 
560.85 

563.1 
562.85 
562.6 
562.55 
555.4 
554.2 

563.1 
562.8 
562.55 
562.5 
555.4 
553.8 

508.45 
- 

563.2 
562.6 
560.95 

507.3 
-. 

563.15 
562.6 
560.95 

563.1 
562 85 
562.65 
562.6 
555.4 
553.9 

507.2 

563.15 
562.65 
560.95 

- 
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T A B L E  H - 9  
OBSERVED  WATER LEVELS 

PRELIMINARY REMEDIAL WORKS 
Test No. 120 

Gauge  No  Pool  Control  Regulated Pool 
W.S. Elev. for  Condition andlor  Remedial  Scheme  on  Flank 

Natural  Bottom  Nat.  Btm. CA  GA  CB  GB  CB  GA  CB  G  Nat. 

Slaters Pt. 
Ga.  No. 5 
Ga. No. 3 
Ga. No. 51 
Ga. No. 45 
0. P. ‘B’ 
Tor. Power 
Can. Niagara 
Conners  Isl. 
Grass  Island 
Willow Island 

561.5 
561.5 
560.5 
560.2 
557.2 
556.4 
531.6 
515.4 
561.55 
560.65 
559.45 

561.3 
560.95 
560.4 
560.1 
556.8 
556.35 
531.5 
515.4 
561.5 
560.55 
559.3 

561.5 
561.05 
560.55 
560.2 
557.15 
556.4 
531.55 
515.4 
561.6 
560.65 
559.45 

561.5 
561.05 
560.6 
560.2 
557.0 
556.5 
531.55 
515.4 
561.6 
560.6 
559.45 

561.45 
561.1 
560.6 
560.25 
557.2 
556.4 
531.6 
515.5 
561.6 
560.7 
559.4 

T A B L E  H - 1 0  
Test No. 101 

Gauge No Pool  Control  Regulated  Pool 
W.S. Elev. for  Condition and/or  Remedial  Scheme on Flank 

Natural  Bottom  Nat.  Btm. CA  GA  CB  GB CB GA CB  G  Nat. 

Slsters Pt. 
Ga. No. 5 
Ga. No. 3 
Ga. No. 51 
Ga. No. 45 
0. P. ‘B’ 
Tor.  Power 
Can. Niagara 
Ccnners 181. 
Grass  Island 
Willow Island 

561.9 
561.1 
560.45 
560.15 
557.25 
556.6 
531.5 
515.35 
562.0 
560.6 
559.35 

563.2 
562.8 
562.4 
562.35 
555.7 
555.9 
531.2 
515.2 
563.25 
562.5 
560.8 

563.2 
562.8 
562.4 
562.25 
556.7 
556.1 
531.3 
515.3 
563.25 
562.45 
560.80 

563.1 
562.7 
562.2 
562.1 
556.75 
556.25 
531.45 
515.35 
563.2 
562.35 
560.65 

563.1 
562.65 
562.2 
562.1 
556.7 
556.25 
531.4 
515.3 
563.15 
562.3 
560.65 

563.15 
562.7 
562.3 
562.1 
556.35 
556.25 
531.5 
515.4 
563.25 
562.4 
560.75 

T A B L E  H - 1 1  
Test No. 104 

W.S. Elev. for Condition and/or  Remedial  Scheme on Flank 
Gauge  No  Pool  Control  Regulated Pool 

Natural  Bottom  Nat.  Btm. CA  GA  CB  GB  CB GA CB G  Nat. 

Slaters Pt. 
Ga. No. 5 
Ga. No. 3 
Ga. No. 51 
Ga. No. 45 
0. P. ‘B’ 
Tor. Power 
Can. Niagara 
Conners  Isl. 
Grass  Island 
Willow Island 

562.5 
561.0 
561.6 
560.9 
557.7 
555.5 
530.1 
513.7 
562.6 
561.5 
560.0 

563.25 
562.8 
562.55 
562.25 
557.7 
556.3 
530.2 
513.5 
563.25 
562.45 
560.8 

563.15 
562.8 
562.4 
562.0 
556.9 
556.5 
530.2 
513.6 
563.2 
562.4 
560.65 

563.2 
562.85 
562.5 
562.0 
557.0 
556.6 
530.1 
513.8 
563.3 
562.5 
560.8 

563.1 
562.8 
562.5 
562.0 
557.5 
556.6 
530.1 
513.8 
563.3 
562.4 
560.7 

563.2 
562.85 
562.5 
562.0 
557.0 
556.6 
530.1 
513.7 
563.3 
562.45 
560.8 
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T A B L E  H-12 

OBSERVED  CREST  PANEL  DISCHARGES  IN  CFS PER FOOT O F  CREST 

PRELIMINARY REMEDIAL WORKS 
Tests Nos. 107 and 108 

Can. 1 
2 

1 
5 
6 
7 
H 
9 

10 
11 
12 
1 : 3  
14 
1% 
16 
17 
18 
19 
2 0  
21  
22 
2 3  
24 

G.I. 25 

Can.  Falls 

Amer. Falls 

a >  ,) 
W 

9 
2s 
3 5 
23 
11 
7 

25 
44 

103 
18 
4 
4 

Crest  Excavation  CA Excavations CB,  GB Excavations CB,  GB Natural  Bottom 
Panel  Weirs 11 & 7 Weirs 8 and 9 Weirs 10 and 9 Weirs 7 and 11 

Number  107 108 107  108 107 108 107 
........................................................ to O+5() .......................................................................................................... ......................................................... .......................................................................................................... ......................................................... ................................................. ................................................. ................................................. ........ ::::::::Blocked to  l+OL' i i I I i i i  

11 
/ .  

;$,' Blocked from 22+00 ................................................. ................................................. ................................................. ::::::::::::::::::::::::::::::::::::::::::::::::::::::Blocked from 22+30 i i i i i i i i i i i i i i i i i i i i i i i i i i i~ i i i~ i i i~ i i i i i i i i i i i i I i i i i i i i I i I i I I i i I I i i I i I i I i i i i I I i I i i i i~~ i i i~ i i i i~ i~ i i i  ....................................................... ...................................................................................................................................................................................................... ....................................................................................................................................................................................................... ....................................................................................................................................................................................................... 

37,700 38,800 37,100 37,400 38,900 39,600 37,400 

11,900 11,900 13,000 12,900 12,100 12,200 13,200 
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T A B L E  H-13 

OBSERVED  CREST  PANEL  DISCHARGES  IN CFS  PER F O O T   O F  CREST 

PRELIMINARY  REMEDIAL WORKS 
Tests Nos. 101 and 104 

Can. 1. 
2 
3 
4 
5 
6 
7 
8 
9 

S O  
11 
12 
13 
14 
15 
16 
17 
18 
19 
2 0 
21 
22 
2 3 
24 

G.1, 25 
Can. Falls 

Panel 
Crest  Excavation CA 

Weirs 11 & 7 
Excavations CB,  GB Excavations CB,  GB Natural  Bottom 

Weirs  10  and 9 Weirs 7 and 11 
101 

Weirs 8 and 9 
Number 101 104  101  104  101  104 

........................................................... ........................................................... ........................................................... Bloclted to  0+50 I i I i i i i i i i i i i I i i l i i i i i i i i i i I i i I i i i i i i i i i I i I i i i i i i i i i i i~i i i i i i~i i i i I i i i i i i i i i i i i i i i i I i I i i i i i i i i i i I i i i i i i i i~i i  ................................................ ................................................ ................................................ 

3 0  
74 
88 
64 
59 
53 
7 3  
9 0 

15,5 
34 
26 
12 

56 
84 
62 
58 
62 
75 
97 

168 
45 
24 
11 

... ................................................ ........................................................ ........................................................ Bl.cked from 22+30 ....................................................................................................... ................................................. : ...................................................... ................................................ ........................................................ :::::::::::::::::::::::::::::::::::::::::::::::::::::::,::~~:::~~::~::::::~::~:::~;:::~:::~:~~::::::::~~ .............................................................................................................................................................................................. ........................................................................................................................................................................................................... ................................................................................................... ., ............. 

90,600 89,000 88,500 88,500 90,500 90,500 86,400 

Amer. Falls 12,200 11,400 11,500 11,500  12,300 12,300 12,400 
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T A B L E  H-14 

OBSERVED  CREST  PANEL  DISCHARGES  IN CFS PER FOOT OF CREST 

PRELIMINARY  REMEDIAL WORKS - SCHEME CD AND GD 
Tests Nos. 107 and 108 

Crest 
Panel 

Excavation Only Excavation  Plus  Fills 

Numhcr 107 108 107 loa ................ ................ ................ Blocked .to 0+50iii;iiii:iiiiii 

4 
34 
47 
33 
21 
8 

24 
40 

110 
15 
12  
4 
2\ 
4 
2 u ?  
4 m  
8 s  
6 4  
3 
2 

39,200 

12,000 

4 
38 
4 9 
3 3 
22 
12 
18 
29 
96 

9 
7 
2 

............ ............ ........... Blocked from 22 + 30;i:i;ii:ii;; .................................................................. ................................................................... ................................................................... ................................................................... ................................................................... ................................................................... 

36,500 38,200 

12,000 12,100 
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T A B L E  H - 1 5  
OBSERVED  CREST PANEL DISCHARGES  IN CFS PER FOOT OF CREST 

PRELIMINARY  REMEDIAL WORKS - SCHEME CD AND GD 
Tests Nos. 101 and 104 

Panel 
Crest  Excavation  Only 

Number 101 104 

Excavation  Plus  Fills 
101 104 

Can. 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1.2 
13 
14 
15 
16 
17 
18 
1 9 
20 
21 
22 
23 
24 

G.I. 25 

Can. Falls 

Amer. Falls 

............... ............... ............... Blocked to  0+50:ii:iiii:::::::; 

20 

22 20 
60' 

103 
107 
81 
57 
62 
48 
57 

135 
26 
20 

8 

88,100 

11,400 

5 3  
103 
99 
75 
59 
59 
48 
62 

152 
31 
25 

8 

89,500 

11,500 

::::::::::::Blocked ............ from 22+30ii:iii:::i: .................................................................. .................................................................. .................................................................. ................................................................... ................................................................... ................................................................... 

89,000 88,200 

12,000 11,500 
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T A B L E  H - 1 6  

OBSERVED  CREST  PANEL  DISCHARGES IN CFS  PE9  FOOT OF CREST 

PRELIMINARY  REMEDIAL WORKS - SCHEME CD  AND GD 
Tests Nos. 120 and 121 

Can. 1 
2 
:t 
4 
5 
6 
7 
X 
9 

10 
11 
12 
13 
14 
1 5 
16 
17 
18 
19 
20 
21 
22 
23 
24 

(2.1. 2.5 

Can. Falls 

Amer. Falls 

11), 
19 00 

Crest Excavation Only Excavation Plus Fills 
Panel 

Number 120 121  120  121 

............... ,Blocked -to 1+00 ;:iiiiiii;iiii ............... I ............... I 

44,600 

4,900 

( W  indicates  trace of flow) 

93,700  44,300 

5,100 4,700 
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T A B L E  H - 1 7  

OBSERVED  CREST  PANEL  DISCHARGES  IN CFS  PER F O O T   O F  CREST 

PRELIMINARY  REMEDIAL WORKS - SCHEME  CD  AND  GD 

Tests Nos. 122 and 123 

Crest  Excavation  Only  Excavation  Plus  Fills 

Can. 1. 
2 
:3 
-1- 

6 
7 
8 
9 

10 
11 
1.2 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

G.I. 25 
Can. Falls 

Amer. Falls 

- 

3\ 1 
5 4 
4 3  23  710 5 m  

10 $ 85 
10 4 5 4  

m 

12 
........... . . . . .. . . . . . . . . . . . . . . . . Blocked from 22 + OOiii i i i iI i i !  

................................................................... 
.................................................................. 

. , , . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .............................................................. .... ' ................................................................. ., .................................................................. , .................................................................. .................................................................. . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
6 3 

I/ W 
. 

80,500 36,400 81,500 36,400 

18,300 17,000 19,200 17,000 

(W indicates  trace of flow) 
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T A B L E  H - 1 8  

OBSERVED  WATER  LEVELS  THROUGHOUT  THE  MODEL 

PRELIMINARY  REMEDIAL WORKS 
Tests Nos. 107 and 108 

Gauge 

Excavation 
CA 

Weirs 11 & 7 
107 108 

Excavations 

Welrs 8 & 9 
CB. GB 

107 108 

Excavations " 

CB. GB 

107 
Weirs 10 & 9 

108 

Slaters  Point 
Gauge No. 5 
Gauge  No. 3 
Gauge No. 51 
Gauge  No. 45 
O.P. 'B' 
T.P. 
C.N. 
Conners  Island 
Grass  Island 
Willow Island 

a 
b 
C 

d 
e 
f 
g 
h 
j 
k 
1 
m 
n 
0 

P 

563.05 
562.75 
562.5 
562.45 
554.9 
553.3 
530.0 
511.8 
663.0 
562.5 
560.85 
530.0 
512.9 
508.9 
551.8 
515.5 
512.7 
500.0 
517.3 
550.3 
518.6 
514.5 
508.6 
526.6 
512.7 
536.6 

563.1 
562.8 
562.5 
562.4 
555.7 
554.4 
- 

511.9 
563.1 
562.5 
560.8 
526.5 
512.5 
508.6 
552.8 
513.6 
512.5 
500.0 
517.6 
550.5 
519.4 
515.3 
508.7 
526.7 
513.6 
536.2 

563.05 
562.8 
562.55 
562.55 
554.4 
553.1 
529.6 
508.3 
563.1 
562.55 
561.0 
529.6 
510.0 
506.4 
551.3 
513.4 
509.3 
502.0 
517.1 
550.4 
519.0 
514.4 
506.5 
526.4 
510.2 
535.4 

563.1 
562.8 
562.6 
562.6 
555.0 
554.1 
- 

507.4 
563.1 
562.65 
560.9 
526.1 
508.9 
506.6 
552.5 
512.1 
508.7 
501.,4 
517.7 
550.5 
519.5 
515.1 
507.8 
526.2 
511.4 
536.0 

563.1 
562.8 
562.55 
562.5 
554.9 
553.4 
530.0 
510.7 
563.1 
562.5 
560 9 
530.1 
512.4 
507.3 
552.1 
514.8 
512.4 
502.2 
517.4 
550.5 
519.0 
514.7 
508.1 
526.5 
510.8 
535.8 

563.1 
562.8 
562.5 
562.45 
555.34 
554.6 
518.2 
511.3 
563.0 
562.5 
560.8 
526.6 
511.8 
507.5 
553.1 
513.7 
511.9 
501.8 
517.8 
550.6 
519.5 
515.4 
508.2 
526.6 
511.7 
536.1 



310 A P P E N D I X  H 

T A B L E  H - 1 9  

OBSERVED  WATER LEVELS THROUGHOUT THE  MODEL 

PRELIMINARY  REMEDIAL WORKS 
Tests  Nos. 101 and 104 

Gauge 

Excavation 
CA 

Weirs 11 & 7 
101 104 

Excavations 
CB. GB 

Weirs 8 & 9 
101 104 

Excavations 
CB. GB 

Werrs 10 & 9 
101 104 

Slaters  Point 
Gauge No. 5 
Gauge No. 3 
Gauge No. 51 
Gauge No. 45 
O.P. ‘B’ 
T.P. 
C.N. 
Cozners Island 
Grass Island 
Willow Island 

a 
b 
c 
a 
e 
f 
g 

h 

j 
k 
1 
m 
n 
0 

P 

563.2 
562.85 
562.5 
562.35 
556.6 
556.4 
531.5 
517.0 
562.3 
562.55 
560.9 
531.7 
517.0 
511.0 
554.8 
519.5 
516.6 
504.5 
518.7 
551.8 
521.0 
516.5 
511.0 
526.8 
514.3 
536.8 

563.2 
562.8 
562.5 
562.0 
557A 
556.7 
530.0 
515.7 
562.2 
562.4 
560.7 
531.2 
516.5 
511.0 
555.7 
519.2 
516.3 
503.8 
519A 
552.1 
522.5 
517.5 
511.2 
528.0 
514.5 
537.3 

563.1 
562.75 
562.3 
562.1 
556.2 
556.1 
531.3 
515.3 
563.1 
562.3 
560.7 
531.5 
515.3 
509.0 
554.7 
518.4 
514.8 
506.9 
518.7 
551.1 
521.0 
516.4 
509.4 
526.3 
512.6 
536.6 

563.15 
562.8 
562.5 
562.05 
557.5 
556.45 
530.2 
513.8 
563.2 
562.5 
560.85 
531.5 
514.7 
509.3 
555.7 
517.7 
514.2 
506.6 
519.5 
551.9 
522.5 
517.4 
509.5 
528.0 
513.4 
537.2 

563.2 
562.85 
562.5 
562.3 
556.7 
556.4 
531.5 
516.2 
563.3 
562.6 
561.0 
532.0 
516.6 
509.1 
555.0 
520.2 
516.4 
506.3 
518.9 
551.1 
521.4 
516.8 
510.6 
526.5 
513.0 
536.9 

563.25 
562.95 
562.65 
562.2 
557.2 
556.8 
530.3 
514.8 
563.4 
562.6 
561.2 
531.4 
515.7 
509.0 
555.8 
518.3 
515.8 
506.0 
519.5 
552.1 
522.0 
517.4 
510.5 
527.8 
513.1 
537.7 
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T A B L E  H-20 

OBSERVED  WATER  LEVELS  THROUGHOUT THE MODEL 

PRELIMINARY  REMEDIAL WORKS - SCHEME  CD  AND  GD 

Tests Nos. 107 and 108 

Gauge Excavation Only 
107 108 107 108 

Excavation 
Plus Fills 

Slaters  Point 
Gauge No. 5 
Gauge No. 3 
Gauge No. 51 
Gauge No. 45 
O.P. ‘B’ 
T.P. 
C.N. 
Conners  Island 
Grass  Island 
Willow Island 

a 
b 
C 

d 
e 
f 

g 
h 

j 
k 
1 
m 
n 
0 

P 

563.0 
562.8 
562.55 
562.55 
554.9 
553.3 
529.9 
508.6 
563.1 
562.6 
560.9 

530.0 
510.2 
504.0 
551.9 
513.5 
509.4 
503.0 
517.3 
550.4 
518.6 
513.5 
507.0 
526.1 
509.4 
535.6 

563.0 
562.8 
562.5 
562.4 
555.4 
554.6 
N.G. 
508.6 
563.1 
562.55 
560.85 

526.6 
509.6 
503.5 
552.8 
512.1 
508.8 
502.9 
517.6 
550.5 
519.3 
514.1 
507.5 
526.4 
510.0 
536.4 

563.0 
562.8 
562.5 
562.5 
554.7 
553.1 
529.9 
508.5 
563.0 
562.5 
560.9 

530.1 
510.2 
503.9 
551.8 
514.0 
509.2 
503.2 
517.4 
550.4 
518.6 
513.4 
507.3 
526.4 
509.3 
535.6 

563.0 
562.8 
562.5 
562.5 
555.5 
554.3 
508.0 
- 

563.1 
562.5 
561.0 

527.0 
509.1 
503.5 
552.8 
512.6 
508.8 
502.7 
517.8 
550.5 
519.5 
5M.4 
508.0 
526.2 
510.1 
536.2 
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T A B L E  H - 2  1 

OBSERVED  WATER LEVELS THROUGHOUT THE MODEL 

PRELIMINARY REMEDIAL WORKS - SCHEME  CD AND  GD 

Tests Nos. 101 and 104 

Gauge Excavation Only 
101 104 

Excavation 
Plus Fills 

101  104 

Slaters Point 
Gauge No. 5 
G,:uge No. 3 
G(auge No. 51 
Gauge No. 45 
O.P. ‘B’ 
T.P. 
C.N. 
Conners Island 
Grass Island 
Willow Island 

a 
b 
C 

d 
e 
f 
g 
h 

j 
k 
1 
m 
n 
0 

P 

563.1 
562.75 
552.4 
562.2 
556.2 
556.4 
531.4 
515.3 
563.1 
562.4 
560.7 

531.7 
515.3 
507.4 
554.7 
518.5 
514.0 
507.1 
518.5 
550.8 
520.3 
515.6 
509.4 
526.2 
511.0 
536.7 

563.2 
562.8 
562 5 
561.9 
558.5 
556.7 
530.5 
514.0 
563.25 
562.4 
560.9 

531.5 
514.9 
507.3 
555.7 
517.4 
513.6 
506.9 
519.2 
552.0 
522.3 
516.5 
509.8 
528.2 
511.4 
537.0 

563.2 
562.8 
562.45 
562.3 
556.0 
556.3 
531.5 
515.3 
563.3 
562.5 
560.85 

531.7 
515.4 
507.2 
554.8 
518.0 
514.0 
507.4 
518.3 
551.0 
521.6 
515.5 
508.9 
526.1 
511.0 
536.8 

563.2 
562.8 
562 5 
561.9 
557.8 
556.5 
530.3 
513.9 
563.3 
562.45 
560.65 

531.4 
514.4 
507.0 
555.6 
517.5 
513.5 
506.4 
519.2 
552.0 
522.1 
516.5 
509.6 
527.7 
511.3 
537.2 



I S L I N G T O N   M O D E L ,   S T U D I E S  O F  R E M E D I A L   W O R K S  313 

T A B L E  H-22 

OBSERVED  WATER  LEVELS  THROUGHOUT  THE  MODEL 

PRELIMINARY  REMEDIAL WORKS - SCHEME  CD  AND  GD 

'Tests Nos. 120 and 121 
~~ 

Excavation 
Plus  Fills Gauge  Excavation  Only 

120  121 120 121 

Slaters Point 
Gauge No. 5 
Gauge No. 3 
Gauge No. 51 
Gauge No. 45 
O.P. 'B' 
T.P. 
C.N. 
Conners  Island 
Grass  Island 
Willow Island 

a 
b 
C 

d 
e 
f 
!2 
h 
j 
k 
1 
m 
n 

0 

P 

561.3 
560.85 
560.4 
560.05 
556.6 
556.1 
531.3 
515.15 
561.4 
560.5 
559.2 

531.7 
515.4 
507.4 
554.8 
519.0 
513.6 
507.4 
518.5 
550.9 
520.7 
515.5 
509.3 
526.0 
511.0 
536.5 

561.15 
560.7 
560.5 
560.45 
55.4.3 
553.75 
530.2 
513.5 
561.3 
560.5 
559.3 

530.1 
513.5 
505.4 
552.15 
514.7 
511.5 
504.5 
517.35 

dry 
517.8 
512.6 
506.4 
526.0 
508.95 
535.8 

561.3 
560.85 
560.4 
560.05 
556.6 
556.1 
531.3 
515.15 
561.4 
560.5 
559.2 

531.7 
515.2 
507.5 
554.8 
519.0 
513.8 
507.5 
518.5 
550.9 
520.7 
515.5 
509.0 
526.0 
510.9 
536.5 

561.15 
560.7 
560.5 
560.45 
554.3 
553.75 
530.2 
513.5 
561.3 
560.5 
559.3 

530.1 
513.6 
505.5 
552.15 
514.7 
511.5 
504.5 
517.35 

dry 
517.8 
512.6 
506.5 
526.0 
509.05 
535.8 
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T A B L E  H-23 
OBSERVED  WATER LEVELS THROUGHOUT THE MODEL 

PRELIMINARY  REMEDIAL WORKS - SCHEME CD AND GD 

Tests Nos. 122 and 123 

Gauge Excavation Only 
Excavation 
Plus  Fills 

122  123 122 12: 

Slaters Point 
Gauge No. 5 
Gauge No. 3 
Gauge  No.  51 
Gauge No. 45 
O.P. 'B' 
T.P. 
C.N. 
Comers Island 
Grass Island 
Willow Island 

a 
b 
C 

d 
e 
f 
g 
h 
j 
k 
1 
m 
n 
0 

D 

564.3 
564.2 
563.65 
563.6 
554.45 
554.7 
530.65 
514.7 
564.3 
563.65 
561.7 

531.0 
514.9 
506.6 
553.7 
518.0 
513.5 
506.5 
518.35 
551.4 
521.1 
515.7 
509.0 
525.8 
511.0 
536.3 

564.3 
564.0 
563.8 
563.8 
554.8 
553.75 
N.G. 
506.7 
564.3 
563.8 
561.9 

526.1 
508.0 
502.8 
552.1 
511.75 
508.0 
502.0 
517.7 
551.35 
520.2 
515.0 
507.7 
526.5 
510.0 
535.85 

564.4 
564.15 
563.9 
563.85 
555.7 
554.8 
530.6 
514.6 
564.4 
563.9 
561.95 

530.8 
514.8 
506.7 
553.5 
516.7 
513.4 
507.0 
518.2 
551.5 
521.2 
515.8 
509.0 
526.0 
511.0 
536.1 

564.3 
564.0 
563.8 
563.8 
554.8 
553.75 
N.G. 
506.7 
564.3 
563.8 
561.9 

526.1 
508.25 
503.0 
552.1 
511.75 
508.0 
502.2 
517.7 
551.35 
520.2 
515.0 
508.2 
526.5 
510.4 
535.85 



I S L I N G T O N   M O D E L ,   S T U D I E S  O F  R E M E D I A L   W O R K S  315 

T A B L E  H-24 

OBSERVED  CREST  PANEL  DISCHARGES  IN CFS  PER FOOT OF CREST 

NO  CASCADES REMEDIAL WORKS - CONTROL  DAM FULLY OPEN 

Crest  Test Number 
Panel 
Number 201  202 203 204 205 

Can. 1 

206 

- 1 - 1 - 1 

2 W 8 6 
3 W 12 - 11 - 10 

4 W 4 - 2 

5 - 17 W 15 - 14 

6 25  71  21 73 13 68 
7 71 1 2,4 65 115 53 119 
8 75  134  71  127 66 121 
9  49  98  49  96 44 94 

10 40 69 40 67 35 66 
11 39 87 39 83 25  82 
12 27 71 29 67 30 66 

- 6 - 

- 4 

13 29  76 36 73 47  72 
14 96 155  107  152  127  150 
15 13 40 21 37 26 36 
16 5  25 11 23 17 24 
17 3 11 5 10 5 10 
18 - 3 w 4 1 4 
19 W 6 W 4 1 4 
20 - 2 1 W 1 
21 - 3 3 W 1 
22 - 2 - 1 

23 - 

24 - 

- 

- 

- 1 
- - - - - 

- - - - - 
G.I. 25 - - - - - - 

Can. Fal!s 47,600 95,700 46,900 93,500 48,200 93,500 
Amer. Falls 1,600 5,800 2,500 5,700 4,700 6,600 

( W  indicates  trace of l o w )  
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T A B L E  H - 2 5  

OBSERVED  CREST  PANEL  DISCHARGES  IN CFS PER FOOT OF CREST 

FINAL  REMEDIAL WORKS PLAN - SCHEMES  CE  AND GE (R17) 

Panel 
Crest  Test  Number 

Number 207  208 209 210 211 212 

Can. 1 
2 

3 
5 
6 
7 
H 
9 

1.0 
11 
12  
I:< 
14 
15 
16 
17 
18 
19 
2 0 
2 1  
22 
2 :3 
24 

G.I. 25 
Can. Falls 

Amer. Falls 

<> 
r )  

....................................................................... ......................................................................... ......................................................................... ....................................................................... .................................................................. ....................................................................... .......................................................................................................................................................................................... ........................................................................................................................................................................................... ........................................................................................................................................................................................... .......................................................................................................................................................................................... ~. ......................................................................................................................................................................................... .......................................................................................................................................................................................... .......................................................................................................................................................................................... .......................................................................................................................................................................................... 

.......Blocked from 23+00 

.......................................................................................................................................................................................... .......................................................................................................................................................................................... 
........................................................................................................................................................................................... ........................................................................................................................................................................................... 

43,700 94,100 37,000 88,900 43,700 82,100 

8,100 7,300 12,100 12,100 17,000 18,200 
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T A B L E  H-26 

OBSERVED  WATER  LEVELS  THROUGHOUT  THE  MODEL 

N O  CASCADES REMEDIAL WORKS - CONTROL  DAM FULLY OPEN 

Gauge 
Test Number 

201 202 203 204 205 206 

Slaters Pt. 
Ga. No. 5 
Ga. No. 3 
Ga. No. 51 
Ga. No. 45 
O.P. ‘B’ 
Tor.  Power 
Can.  Niagara 

Conners  Island 
Grass  Island 
Willow Island 

a 
b 
C 

d 
e 
f 

g 
h 

j 
k 
1 
m 
n 
0 

P 

560.75 
559.7 
559.05 
558.9 
554.3 
553.5 
530.1 
513.8 

560.75 
559.05 
557.75 

530.1 
513.8 
504.2 
552.2 
514.3 
512.0 
505.3 
517.0 
549.0 
517.4 
513.1 
506.5 

dry 
dry 

535.5 

562.15 
561.55 
560.95 
560.75 
557.15 
556.45 
531.7 
515.4 

562.3 
561.0 
559.6 

531.85 
515.5 
507.4 
555.2 
518.3 
514.8 
508.6 
U 

551.5 
521.5 
516.4 
510.0 
526.4 
512.0 
536.8 

561.25 
560.2 
559.55 
559.35 
554.95 
553.65 
529.3 
513.2 

561.25 
559.65 
558.2 

529.8 
513.4 

dry 
552.3 
514.3 
511.3 
514.4 

U 

549.1 
518.2 
513.8 
517.2 
525.8 
511.0 
535.8 

562.3 
561.55 
560.85 
560.7 
557.0 
556.4 
531.55 
515.35 

562.4 
560.95 
559.6 

531.8 
515.5 
507.4 
555.2 
519.2 
514.4 
508.4 

U 

551.4 
521.0 
516.1 
509.9 
526.2 
511.9 
536.6 

562.0 
561.1 
560.5 
560.35 
555.7 
554.7 
528.5 
509.2 

562.1 
560.6 
559.2 

529.5 
510.9 

dry 
554.2 
514.5 
510.2 
504.6 
U 

505.6 
519.9 
515.0 
508.4 
526.0 
511.6 
536.1 

562.75 
561.85 
561.2 
561.0 
556.9 
555.5 
531.6 
515.4 

562.65 
561.2 
559.7 

531.6 
515.5 
507.2 
5534.8 
518.2 
514.0 
508.1 

U 

551.3 
521.0 
516.1 
509.5 
525.9 
511.7 
536.7 

u - unobtainable 
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T A B L E  H - 2 7  
OBSEWED  WATER LEVELS THROUGHOUT  THE  MODEL 

FINAL REMEDIAL WOBKS  PLAN - SCHEMES  CE  AND  GE (R17) 

Gauge 
Test Number 

207 208 209 210 211 212 

Slaters Pt. 
Ga. No. 5 
Ga. No. 3 
Ga. No. 51 
Ga.  No. ,45 
O.P. ‘B’ 
Tor. Power 
Can.  Niagara 

Conners  Island 
Grass Island 
Willow !sland 

a 
b 
C 

d 
e 
f 

Y 
h 

j 
k 
1 
m 
n 
0 

P 

562 15 
561  8 
561  55 
561.5 
553 1 
553 1 
529.5 
512  6 

562.15 
561.6 
560.3 

529 :4 
512.5 
503.2 
551.3 
514.6 
510.6 
503.1 
527.0 

550.5 
528.5 
512.9 
506.5 
525.9 
509.4 
535.0 

5G2.23 
561 8 

561.25 
561.1 
556.85 
556.35 
531.55 
515.35 

562.3 
561.35 
560.0 

531.6 
515  4 
505.7 
555.0 
518.1 
514.3 
507.3 
518.5 

551.2 
520.8 
515.5 
508.5 
525.7 
511.2 
536.7 

563.0 
562.8 
562.5 
562 5 
553.8 
552  8 
527 3 
507.8 

563.0 
562.5 
561.0 

528.7 
510.0 
502.4 
550.5 
512.0 
509.7 
502.6 
517.0 

551.2 
518.9 
513.7 
506.7 
526.5 
509.9 
534.9 

553 2 
562.8 
562  5 
562 3 
556 7 
555  85 
531.25 
515 0 

563.25 
562 5 
561.0 

531  5 
515.5 
506 4 
554.6 
518 0 
514.4 
507.0 
518.7 

551 .O 
521.3 
515  8 
509.2 
526.5 
510.5 
536.7 

564 2 
563.9 
563 65 
563.65 
553.7 
552 5 
525.55 
507.95 

564.1 
563.65 
561.7 

527.2 
508.2 
502 2 
550.9 
511.6 
508.0 
502.1 
517.5 

551.8 
521.0 
515.3 
508.1 
526.7 
510.0 
535.2 

564.45 
56-2.15 
563.9 
563  9 
555.8 
555.05 
530.65 
514.55 

564 5 
563.8 
562.0 

530.5 
514 7 
505.2 
553 3 
516.9 
513.7 
506.4 
518 4 

551.9 
522.3 
516.2 
509 3 
526.6 
511 0 
536.2 
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_____ 

T A B L E  H-28 

OBSERVED  WATER  SURFACE  ELEVATIONS  ALONG  PROPOSED 

COFFERDAMS  FOR  FINAL REMEDIAL WORKS PLAN - SCHEME  CE  AND  GE (R17) 

Cofferdam  for 
CE  only 

Cofferdam In Place 
CE & GE (R17) 
Cofferdams for  

Both In Place 
GE (R17) Only 
Cofferdam  for 

In  Place 

Plate 11-8 
YYUYI". 

River flow in  Thousands of cfs 
210 240 320 210 240 320 210 240 320 

1 

2 

3 

4 
5 

6 

7 
8 
9 

10 

11 
12 
13 

1A 

14 

15 

16 

17 
18 
19 
20 
21 

22 
23 

24 
25 
25 
87 

514.2 
514.7 

514.2 
513.7 

512.7 

509.5 

510.4 

509.9 
510.5 

510.4 

509.6 
508.5 

505.4 

515.0 

517.0 

517.1 

516.2 
515.8 
514.8 

512.6 

513.2 

512.8 

512.8 

512.0 

512.3 

511.0 

506.5 

517.9 

520.5 
520.2 

520.0 
519.3 
518.3 

514.8 

516.5 

515.4 

516.0 

516.0 

517.3 

515.3 

509.6 

521.2 

515.8 

516.0 

515.7 
514.8 
514.8 

511.2 

511.6 

511.1 

511.6 

511.2 

511.1 

509.7 

506.7 

516.7 

523.9 

523.5 

522.5 
521.7 

520.7 
517.0 
516.7 
516.1 
514.3 

511.4 
509.2 
510.5 
508.9 
505.5 

518.4 
518.0 

517.8 
516.8 
516.1 

512.7 

513.7 

512.3 
513.5 

513.2 

513.6 

511.5 

506.8 

518.6 

525.9 

525.0 

524.3 
52'3.4 

522.0 
519.5 
517.3 
517.8 
515.4 

511.5 
510.4 
510.8 
509.5 
506.1 

521.4 
521.5 

521.4 

520.6 
519.7 

516.6 

518.5 

516.6 

517.5 

517.6 

518.7 

516.4 

510.8 

522.0 

528.8 

528.2 

527.8 
526.5 

525.9 
522.2 
519.1 
519.0 

517.5 
514.2 
512.5 
5  12.9 
511.4 
507.8 

524.3 

523.5 

522.5 

521.9 
520.5 
517.8 
517.0 

515.9 
514.3 

510.8 
508.8 
509.9 
508.3 

505.4 

525.6 

524.8 

524.1 

523.1 
521.8 
518.9 

516.9 
517.7 

514.6 
511.4 
509.3 
510.7 
509.2 

,505.7 

529.1 

527.8 

527.5 
526.5 

525.9 
523.2 
520.9 

519.2 
517.3 
514.5 
510.8 
511.9 
510.1 
507.0 

Note:  Present  Power  Diversions  in effect. 
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SCHOELLKOPF 

\ ONTARIO 

v TOR. POWER G.S. 

FALLS j 

AN. NIAGARA G.S. 

SCALE- FEET 
0 1000 2000 3000 4000 

I ~ 

I S L I N G T O N  M O D E L  

HYDRO ELECTRIC BOWER COMMlSSlON OF ONTARIO 

L O C A T I O N  OF 

CHIPPAWA- GRASS ISLAND POOL CONTROL DAMS 
TESTED IN MODEL 

PLATE H-l 
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Curves show maximum pool  levels  possible up to &lev. 564.5 with each dam 
consistent with obility  to  discharge 50,000 c.lls. or 100,000 c.fs. over the falls 
ot ony pool elevation , except where indicoted. 

Maximum  power  diversions for the I n t e r m e h t e  Period O f  Power Development 
ossumed to  be 

Total American  Diversion  Capacity = 32,500 cis. 
S. A . E. I1 I1 = 64,000 

= 10,700 
= 10,700 
= l5,200 

0. P. 
C. N. 
TF? 

,I I1 

I#  (1  

With no control dam , curves show observed levels for the  daytime - tourist 
season, and for the  remainder of the time. 

I S L I N G T O N   M O D E L  
HYDRO -ELECTRIC POWER COMMISSION OF ONTARIO 

CHIPPAWA -GRASS  ISLAND POOL  CONTROL  DAM 
PERFORMANCE OF CONTROL  DAMS 

INTERMEDIkTE PERIOD OF POWER DEVELOPMENT 

PLATE H-2 
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NOT€. 
Cur  Yes show maxlmum pool levels posslble up to €lev. 564.5 wifh eoch dom consistent with 

obllity to dischorge 50,000 CAS. or l00,m d s .  over the falls at ohy pool elevation. 
Moxlmum  power diversions for Full Power  Development  ossumed to be: 

Total  American  Diversion cap. = 92,500 c.fs, 
S . A . 8  .. = 64,000 *. 

0 . P  * *  .. 10,700 - *  

C . N  .. 10,700 - *  
T . P  * .  6 .  15,200 * *  

With no control d m ,  curves show observed levels for 50,W or /OO,ooO cats. over falls. 

I S L I N G T O N  MODEL 
HYDRO*ELECTRIC POWER COMMISSION OF ONTARIO 

CHIPPAWA -GRASS  ISLAND POOL CONTROL  DAM 
PERFORMANCE OF CONTROL DAMS 

FULL POWER DEVELOPMENT 

PLATE H-3 



I S L I N G T O N   M O D E L ,   S T U D I E S  O F  R E M E D I A L   W O R K S  323 

ISLINGTON M O D E L  
HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO .."-" 

CHIPPAWA -GRASS  ISLAND POOL CONTROL DAM 
DURATION  CURVE OF THE MAXIMUM LEVELS 

POSSIBLE WITH DAMS TESTED 









NOTE: 
BED  CONTOUR ELEVATIONS ARE TO  U.S.L.S 
LEVEL  DATUM - 1935- ADJUSTMENT. 

ISLINGTON MODEL 
HYDRO-ELECTRIC  POWER  COMMISSION OF ONTARIO 

EXCAVATION SCHEMES CE 81 GE(R171 

INCLUDING CREST FILLS 



X 
x 
U 

n 
2 
w 
a 
a 
4 

co 
N m 
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A”--- 
Block filled 
to existing 
shore  level 

PARTIAL BLOCK IN 
AMERICAN  CHANNEL 

Scale: I in. 1000 ft. 

ISLINGTON  MODEL 
iYDRO -ELECTRIC POWER COMMtSSION OF ONTARIO 

;HIPPAWA - GRASS  ISLAND POOL LEVELS 

AND  CORRESPONDING FLOWS 
PRESENT AND FUTURE CONDITIONS 

- 
t 

1 

* 
PLATE H-13 
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I50 

I40 

I30 

120 

110 

loa 

90 

80 

70 

60 

5c 

4c 

x 

2c 

IO 

0 

LEGEND 
"" TEST NO. 201 

TEST .NO 202 
0-- - TEST NO. 207 

TEST NO. 208 

CREST PANEL NUMBER 

ISLINGTON MODEL 
HYDRO- ELECTRIC POWER COMMISSION OF ONTARIO 

HORSESHOE FALLS 
OBSERVED CREST  FLOW DISTRIBUTION 

WITH  AND  WITHOUT  FINAL  EXCAVATION  SCMEME 
TOTAL RIVER FLOW 170,000 C.F:S. 

PLATE H-1 1 
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0 2 4 6 8 10 12 14 16 18 20 22 24 

CREST  PANEL NUMBER 

33 1 

LEGEND 
"" TEST NO. 203 

TEST NO. 204 ---- TEST NO. 209 
TEST NO. 210 

1SLINGTON MODEL 
YYDRO- ELECTRIC  POWER COMMISSION OF ONTARIO 

HORSESHOE FALLS 
OBSERVED CREST FLOW DISTRIBUTION 

WITH AND  WITHOUT FINAL EXCAVATION SCHEME 
TOTAL RIVER F U W  200,000 C.F.S. 

PLATE H-12 
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0 2 4 6 8 IO 12 14 16 18 20 22 24 

CREST PANEL NUMBER 

LEOEND ""- TEST NO. 205 
TEdT NO. 206 - --- TEST NO. 211 - TEST NO. 212 I ISLINGTON MODEL 

HYDRO - ELECTRIC. POWER COMMISSION OF ONTARIO 

HORSESHOE FALLS 
OBSERVED  CREST  FLOW DISTRIBUTION 

WITH  AND  WITHOUT FINAL EXCAVATION  SCHEME 
TOTAL  RIVER FLOW 290,000 GF*S 

b 

PLATE H-13 
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AMERICAN  FALLS  HORSESHOE  FALLS 

NON-TOURIST SEASON 

TEST 107 

T O U R I S T  SEASON DAYS 

TEST 101 

EXCAVATION  SCHEMES CA and GA 

Total River Flow 200,000 c.f.s. 

HORSESHOE FALLS REMEDIAL WORKS 

ISLINGTON MODEL PHOTOGRAPHS 

PLATE H-14 
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AMERICAN  FALLS  HORSESHOE FALLS 

NON-TOURIST SEASON 

TEST 107 

T O U R I S T  SEASON DAYS 

TEST 101 

EXCAVATION  SCHEMES C13 and (;I3 EXCAVATION  SCHEMES  CD and GD 

Total River Flow 200,000 c.f.s. 

HORSESHOE FALLS REMEDIAL WORKS 

ISLINGTON MODEL PHOTOGRAPHS 

PLATE H-15 
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" 

NON-TOURIST SEASON 
TEST 107 

WEIRS 7 and 11 

T O U R I S T  SEASON DAYS 
TEST 101 

WEIRS 8 and 9 

EXCAVATIONS CR and GI3 

Total River Flow 200,000 c.f.s. 

HORSESHOE FALLS REMEDIAL WORKS 

ISLINGTON MODEL PHOTOGRAPHS 

PLATE  H-16 
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AMERICAN  FALLS HORSESHOE FALLS 

N O  REMEDIAL  WORKS 

TEST 201 

REMEDIAL  EXCAVATION SCHEMES  CE and GE(R-17) 
TEST 207 

NON-TOURIST SEASON 

Total River Flow  170,000 c.f.s. 

HORSESHOE FALLS REMEDIAL WORKS 

ISLINGTON  MODEL  PHOTOGRAPHS 

PLATE  H-17 
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ARIEKICAN FALLS HORSESHOE FALLS 

NO  REMEDIAL ‘CYORKS 

TEST 202 

REMEDIAL  EXCAVATION  SCHEMES  CE and GE (R-17) 

TEST 208 

T O U R I S T  SEASON DAYS 

Total River Flow 170,000 c.f.s. 

HORSESHOE FALLS REMEDIAL WORKS 

ISLINGTON  MODEL PHOTOGRAPHS 

PLATE H-18 
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AMERICAN  FALLS HORSESHOE FALLS 

NO REMEDIAL  WORKS 

TEST 203 

REMEDIAL  EXCAVATION  SCHEMES CE and GE(R-17) 

TEST 209 

NON-TOURIST SEASON 

Total River Flow 200,000 c.f.s. 

HORSESHOE FALLS  REMEDIAL WORKS 

ISLINGTON  MODEL  PHOTOGRAPHS 

PLATE H-19 
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N O  REMEDIAL WORKS 
TEST 204 

REMEDIAL  EXCAVATION SCHEMES CE and GE (R-17) 
TEST 210 

T O U R I S T  SEASON DAYS 

Total River Flow 200,000 c.f.s. 

HORSESHOE FALLS REMEDIAL WORKS 

ISLINGTON MODEL PHOTOGRAPHS 

PLATE H-20 
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AMERICAN  FALLS  HORSESHOE  FALLS 

N O  REMEDIAL 'CVORKS 

TEST 205 

REMEDIAL  EXCAVATION  SCHEMES  CE and GE(R-17) 
TEST 211 

NON-TOURIST SEASON 

Total River Flow 240,000 c.f.s. 

HORSESHOE FALLS REMEDIAL WORKS 

ISLINGTON MODEL PHOTOGRAPHS 

PLATE H-21 
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AMERICAN  FALLS HORSESHOE  FALLS 

N O  REMEDIAL  WORKS 

TEST 206 

REMEDIAL  EXCAVATION  SCHEMES  CE and GE (R-17) 
TEST 212 

T O U R I S T  SEASON DAYS 

Total River Flow 240,000 c.f.s. 

HORSESHOE FALLS  REMEDIAL WORKS 

ISLINGTON  MODEL PHOTOGRAPHS 

PLATE H-22 



342 A P P E N D I X  H 

HORSESHOE FALLS 

COFFERDAMS  FOR CE and GE (R-17) 

BOTH IN  PLACE 

COFFERDAM FOR GE (R-17) 

O N L Y  I N   P 1 , A C E  

COFFERDAM FOR CE 

O N L Y  IN  PLACE 

Total River Flow 210,000 c.f.s. 

HORSESHOE FALLS REMEDIAL WORKS 

ISLINGTON  MODEL  PHOTOGRAPHS 

PLATE H-23 
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PRESERVATION AND ENHANCEMENT OF NIAGARA FALLS 

A P P E N D I X  J 

DESIGN AND CONSTRUCTION  FEATURES AND ESTIMATES 
OF COSTS OF PROPOSED REMEDIAL  WORKS 

D E S I G N   F E A T U R E S  

5. (;ATE DFsI(;N. - Gate designs are based on prelirnir~ary data furnished by experienc:ed gate 
nl;~n~ll';~c.turcrs or data from generally  similar  existing gates. T h e  lollo\ving  design types have 11ee11 
stutlicd: 

( I )  Overhead or lift type: 

(a) Tainter gates - 80-foot clear  openings. 

347 
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(b)  Standard vertical lift sluice  gates - 100-foot  clear  openings. 

(2) Submcrsible  or  overflow  type: 

(a) Bascule  gates - 100-foot  clear  openings. 

(b) Fishbelly or  flap  gates - 100-foot  clear  openings. 

6. I)ESIC,N Ci<ITERIA.- The  submersible gates are  assumed  to  incorporate  an  automatic  pressure 
release mechanism to  lolver the gates in  order  to  avoid excessive ice thrusts, a feature  which  cannot 
be  incorporatcd  in  overhead  or  lift  type of gate. It is also  assumed  that  the  stop logs  used for 
sluice  dewatering  purposes will not be  in  place during  the ice flow  season. T h e  stop logs, therefore, 
are  not  designed for  ice  forces.  All structures  and  gates  have  been  designed 011 the  following  criteria: 

Ice Thrust  

On piers:  40,000  Ibs.  per  foot,  acting  at  ice  level. 

On overhead  or 
lift. gates:  10,000 lbs.  per  foot,  distributed over  4-foot depth. 

On  submersible  or 
overflow  gates:  5,000  lbs. per  foot,  acting  at  crest. 

Steel  Stress 

Allowable,  for  ordinary  loadings: 

Allowable,  for ice loading: 

Elevations (U.S.L.S. 1935 datum.) 
T o p  of gate  in closed position: 

Vertical  lift  gate 

Others 

Sill,  all  gates: 

Maximum  headwater: 

Minimum  tailwater: 
Bridge  loading - To carry 60 ton  crawler  crane. 

18,000  psi. 

23,400  psi. 

567.5 

564.0 

553.5 

566.0 

5 5 .'!I .2 

Uplift - Full  uplift  under  structure. 

C O N S T R U C T I O N  F E A T U R E S  
7. I t  was first considered  that  the  structure  should  be  constructed  on  the  same  alignment as 

the  existing  rock  weir so as to  take  advantage of t h e  lower  water  velocities for  the  construction of 
the  upstream  cofferdams.  Futher  study  indicated  that  this  location  would  involve  underwater 
removal o f  the rock  weir in several  places to  allow  for  upstream-downstream  cofferdams. I t  was 
therefore  c~oncludecl  that  the  center  line o f  the  control  structure  should  be  located 200 to 250 feet 
downstream  from  the  center  line o f  the existing rock  weir. 

X. The natllre o f  the rock is such  that i t  will  likely require special  provisions  for  grouting, 
;IS experienced  in  the  unrvatcring ol' the  intake xrea for  the  Sir  Adam  Beck-Niagara  Generating 
Station No. 2 ahout 2,000 feet  upstream  from  the  site of the  proposed  Chippawa-Grass  Island Pool 
c.o:ltrol structure. T h i s  operation was considered  in  estimating  the cost of construction. 
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C O N S T R U C T I O N   F E A T U R E S  
16. 'I'he estimate for the  proposed <:ascntles remedial works on either  the  Canadian  or (;oat 

I s land  flank o f  the  Horseslloe Falls is based on one stage of construction  within  one  construction 
season. As a result of differences in lah0111 costs and  in avai1at)ility and costs of materials,  the 
estimates I'or cd€erdarn  construction  on  the (:anadian side  are based o r 1  rock-filled timber  cribs 
f'acecl t v i t l l  steel  sheet  piling,  and  on the [Jnited  States  side arc based on steel  frame  units  with 
s top  logs and precast concrete I)allast. Kock l ' i l l  dikes  were ligured for  reaches  in shallow water. 

17. Tllc 1);lsis o f  the  estimatc for the  tirnlxr  cril) c.of'ferd;m is the same as for the control 
structure (see p;lra. 9 )  . T h e  basis o f  the  estimate  for tlle  steel frame  cofferdaln is based generally 
on tlle method used for construction o f  the intake  for  the  Canadian-Niagara  plant  some 15 years 
ago. I'stirmtes  are  based  on  steel  frame  units  which  would be loaded  with  reinforced  concrete 
ballast I)loc:ks to provide  stability. 'The frame legs, cut to the  proper  lend1  on the basis o f  soundings 
t o  tlle existing  I)ottom, ~ v o u l d  be  pinned t o  the 1,ottom t o  er1sln-e agalnst  sliding  and  timlxr  stop 
logs w o u l d  be set in slots  provided in the frames. 

? 

18. T h e  area 0 1  excavation on tile (hnadian 1lank w o u l d  be 8.4 acres with an average c111 
ol approximately  4.7 I'eet and a rnaximunl c u t  o l '  9.5 teet. IVVhile a small portion o f  the  excavated 
material cx)uld he  deprsitetl  in tlle  adjace:lt  fill  area,  disposal ol' rock excavation, in general, 
\ v o u l d  involve an access bridge  and Ilaulage for a distance of' from one and  one-hall t o  tllree and  
one-l1all' miles, mostly tllrough  park  areas, whicll may involve  considerable costs for  road  restoration. 
( h t s  of' such  road  restoration  and  the access bridge  are  reflected  in  the  unit c o s t s  for rock excav- 
ation.  Fl'lle exc:avation on  the (;oat Island  flank is divided  into  two  quantities  at  different  unit 
prices 011 the basis that  14,000  cubic  yards o E  the  total o f  24,000 cubic yards of excavation would be 
deposited on the  adjacent  proposed  crest  fill  area  while  the  rernairlder would have  to be hauled 
approxirt1;ltely  live  miles to a spoil  area. 7'11e average  cut  over  the  5.4  acre  area of excavation  would 
be approsinlately 2.8 feet and  the  maxirnum c u t  6 feet. 

E S T I M A T E S  
19. Detailed  estimates o f  the  proposed  features o f  the  remedial  works  in  the C:asc:ades are 

given  in  Tables 5-2 and J-3. 
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T A B L E  J - 1  

ESTIMATED COST OF GRASS  ISLAND  POOL  CONTROL  STRUCTURE  WITH BASCULE GATES 

Item  Quantity  Amount  Total, say Unit 
Price 

Dewatering 
Cofferdam 
Pumping 
Grouting 

Excavation - rock 
Piers 

Concrete 
Cement 
Reinforcing  steel 
Steel  nosing  for  piers 

Sluices 
Concrete 
Cement 
Reinforcing 

Deck  slab  and  beams 
Superstructure 

Concrete 
Cement 
Reinforcing  steel 

Railing 

Retaining  wall at shore  end 
and  outer  gravity  wall 

Concrete 
Cement 
Reinforcing  steel 
Rock fill (shore  end) 

Gates  and  hydraulic  equipment 
Purchase  and  erection of gates 

and  machinery 
Contingencies  for  gate  design 
Stop  logs  (2  sets) 
Stop  log  handling  equipment 

Operating  Building 
Landscaping 
Siding  and  road  diversion 

Contingencies 
Indirect  costs 

improvement  and  repair 

Engineering 
Field  engineering 
Administration 

Total 

134,000 c.y. $ 25.00 
L.S. 
L.S. 

$3,350,000 
400,000 
500,000 

28,500  c.y.  15.00 

14,700 c.y. 60.00 
22,000 bbl. 4.25 

588,000 lb. 0.12 
80,000  lb. 0.20 

37,300 c.y. 40.00 
56,000  bbl.  4.25 

746,000  lb. 0.12 

4,000 c y .  160.00 
6,000 bbl. 4.25 

416,000  lb. 0.12 
3.000 1.f. 12.00 

882,000 
93,500 
70,560 
16,000 

1,492,000 
238,000 

89,520 

640,000 
25,500 
49,920 
36,000 

700 c.y. 60.00 
1,050 bbl. 4.25 

14,000  lb. 0.12 
4,200 c.y. 1.50 

42,000 
4,463 
1,680 
6,300 

3,674,000  lb. 0.52 
L.S. 

740,000 lb.  0.25 
L.S. 

L.S. 
L.S. 

L.S. 

1,910,480 
191,000 
185,000 
130,000 

$ 4,250,000 

427,500 

1,062,000 

1,819,500 

751,500 

54,500 

2,416,500 

50,000 
25,000 

100,000 
2,191,500 

263,000 
789,000 
394,000  1,446,000 

$14,594,000 
~ _ _ _  
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T A B L E  J - 2  

ESTIMATED COST OF EXCAVATION  AND  CREST  FILL ON CANADIAN  FLANK - SCHEME  "CE" 

Item Quantity  Amount  Total,  say Unit 
Price 

Cofferdam 
Timber  crib 

Steelframe,  including  purchase, 
placing  and  removal of frames, 
concrete  slabs,  and  stop  logs 

Rcck  Excavation 

Pumping  and  Drainage 

Retaining Wall 
Trimming rock surface  under wall 
Concrete 
Cement 
Reinforcing  steel 
Rock facing 
Railing 

Landscaping 

Contirgencies 

Indirect  costs 
Engineering 
Field  engineering 
Administration 

Total 

14,200 c.y. 

64,000 c.y. 

100 cay. 
950 c.y. 

1,425 bbl. 
19,000  lb. 
5,400 s.f. 

200 1.f. 

$ 25.00 

L.S. 

8.00 

L.S. 

12.00 
40.00 
4.25 
0.12 
5.00 
2.25 

L.S. 

$ 355,000 

205,000 .$ 560,000 

1,200 
38,000 
6,056 
2,280 

27,000 
495 

512,000 

25,000 

75,000 

15,000 

238,000 

29,000 
85,000 
43,000  157,000 

$ 1,582,000 
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T A B L E  J - 3  

ESTIMATED COST OF EXCAVATION  AND  CREST FILL O N  GOAT ISLAND FLANK - SCHEME "R17" 

Item Quantity  Amsunt  Total,  say Unit 
Price 

Cofferdam 
Drilling  and  Pinning 
Placing  frames incl. materials 
Removing  frames  incl.  salvage 
s top  logs 
Rock fill (dike) 
Access  roads  and  repair 

Excavation 
Drainage  ditches 
Rock excavation  and fill 
Rock  excavation  (haul) 

Retaining  Wall 
Trimming  rock  surface  under 

wall 
Concrete 
Cement 
Reinforcing  steel 
Rock facing 
Railing 

Landscaping 

Contingencies 

Indirect  costs 
Engineering 
Field  engineering 
Administration 

Total 

1,900 c.y. 

14,200 c.y. 
10,100 c.y. 

110 c.y. 
370 c.y. 
600 bbls. 

9,600 lbs. 
3,500 s f .  

770 1.f. 

L.S. $ 12,000 
L.S. 419,000 
L.S. 65,000 
L.S. 80,000 
12.00 22,800 
L.S. 75,000 $ 674,000 

L.S. 25,000 
10.00  142,000 
12.00 121,200 288,000 

15.00  1,650 
50.00 18,500 
4.25  2,550 
0,12 1,152 
5.00  17,500 
5.00 3,850 45,000 
~" 

L.S. 15,000 

204,000 

24,000 
73,000 
37,000 134,000 

$ 1,360,000 
" "- . - " ." - - 
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FISHBELLY GATE - 100-FT. SPAN 

STANDARD  SLUICE GATE- 100-FT. SPAN 

Travelling  Crane  Rails 

TAINTER GATE- 80-FT. SPAN 

P R E S E R V A T I O N  8 E N H A N C E M E N T   O F   N I A G A R A   F A L L S  
CHIPPAWA-GRASS  ISLAND  POOL  CONTROL  STRUCTURE 

ADOITIONAL  GATE  TYPES  CONSIDERED 
SCALE OF FEET  INTERNATIONAL  NIAGARA  FALLS  ENGINEERING  BOARD 
7 
IO 5 0 IO 20 To accompany report  dated 1 s t  Mardh 1953 

PLATE J-1 
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