


PRESENTED TO THE LIBRARY 

BY THE GOVER MENT OF 

THE DOMINION OF CANADA 

c 

MC:~JLL 
UNIVERSITY 

LIBRARY 
ACC. NO. 229828 DATE 1926 





t , 



REPORT OF 

JOINT BOARD OF ENGINEERS 

ON 

ST. LAWRENCE WATERWAY PROJECT 

DATED NovEMBER 16, 1926 

OTTAWA 
F . A . ACLA D 

PRINTER TO THE KING'S MOST EXCELLEJ:\T MAJESTY 
1927 



/C'-/~7 

5:3 5~ 
ifcJ0 

Jffc , 



CONTENTS 

MAli'{ REPORT 
P AGE 

Constitution of the Board . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

In~tructions to Board . . .. . ..... ........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

D e cription of the Great Lakes y.st m. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

P rior Reports. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
9 

Report of 1921 .. .. ..... .... ..... . ... . ...... . .................. .. . .... . . . ... . ..... .. 9 

Recommendation of International Joint Commi ~ion........ . ................... ..... 11 

\r ork done by the Joint Board of Engineer~ .... .. ........... . . .. .. ..... ...... . ..... 11 

Impro,·ement of levels and outflow~ of the Great Lake . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 

Effect of regulatmg work , t. lary Ri,·er .... . .. . . .... . .... ...... .... . . . . . . . . . . 14 

Dive1 ~ion of Chicago anitary Di trict .......................... .... .... .. . . : . . . 15 

Black River di,·er ions... . ... . .... .. . .. .... . . . . ... ..... . . . . . ... .... ... ..... ..... 15 

Di,·ei ions from Lake Erie. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 

Chan()'es m t. Clair Ri,·er .................. . . . ........ . .. . .. . . . ... . . . . .... . . .. 16 

Chan()'e ~ in Detroit River................... . ....... . .............. . .. . .. ... .. . 17 

Change~ m ~Tiagara Ri,·er. ...... . ... . . . ..... . ....... . ............ . . . .. . ........ 17 

Chang ~ in t. Lawrence Ri \·e r. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 

Control of dredging ~nd and gr:wel in outlet rin'r".................. . .... . .. .. 1 

... mmary of effect of di,·er~ion~ and out.) et change~... . ... .. .. . ..... . . ....... . .. . 18 

Regulation of Lake Ontario...................... . .................... . ........ 19 

Regulation of other lake . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 

Regulation for lake navigation......... . ...... .. ............... . .. . ... . .... .... . 20 

Regulation for power. . ........................... . .............. . .. . . . .. . . ... . . 21 

General a pect~ of regulation . ... . ..... .. ........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 

Corn pen ating \\~ ork . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 

::\fia()'ara Ri,·er .. . ... ......... . .. . .. . ............................. . .......... 22 

t. Clair Ri,·er . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 

Con truction period. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 

mpen ation for authorized cli,·erions only. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 

Co t of deepening channel through and between the lake;;;...... . . . . . . . . . . . . . . . . . . . . 23 

ImprO\·e~en.t on the t. La"Tence Ri,·er............... . ... . . . ........... .. . ...... 25 

De cnpbon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 

General featur of Plans. . ........... . .............................. . .. . . .... . . 25 

Navig'ltion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 

hannel depths. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 

tandard · for channel~ anJ lock ~ . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 

apacity of waterway. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 

Power installation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 

Winter power operation.. .. ........... . ................. . . . . . . . . . . . . . . . . . . . . 27 

Thcu and Island ection........ .. ..... . . .. ........ . . . . . ........................ 2 

Intematio_na~ Rapids ection. . ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 

De cl'lpbon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 

P rior· plan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 

P lans propo ed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 

Available heads ingle- ta()'e plan.. . . . .. ... . . .. .. ...... .. ..... .. . . . .. . . . . . . 30 

Available heads-Tw tage plan. . ........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 

iaximum in t.alled capacities. . ................ . . .. ... . ... . . ..... .... . ...... 31 

\\~inter operation- ingle- tage plan... .. . . . . ... . .. . . . . . ... . .. ... ......... ... 31 

Winter oper.lltion-Two-St.age plan........... . . . ....... . . . . . ............. ... 31 

Control of ferry operation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 

Co t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
32 

R ecommendations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 

Location of Barnhart I land dam and power howe . . . . . . . . . . . . . . . . . . . . . . . . . 32 

ontrol of flow. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 

Alternative rbn~ con idercd. . .. . ........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 

I mprovement for na,·igation only. . ........... . . . ...... ... . .. .... . ..... . . . .. . 34 

, ummary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 

Lake St. Francis Section. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 

45827-A 

229828 



11 Contents 

oulano-e Section-

~r1~~:~~\i~!. : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
Improvement for navigation and power .. .... ... .. ..... ... .... · . · · · · · · · · · · · 
Complete river development . ... .............. . ...... . ·· . .. · ... ·· ··· ········ 
Improvement for n:.wigation alo!le ... . . ...................... : ... . · · · · · · · · · · · 
Conclu ion . ......... .. ............. ... ........ . ....... · · ...... ·. · · · · · · · · · · 

Lachine Section-
D e cription ........... ..... .... ..... ... . . .......... ................. ~ ..... . 
Prior plans ...... .. . ............ . .. ... ............ . . ........ ... ······· ···· · · 
Plan recommended by Board ..... ... . .. . .... . .. . ..... .......... · · · · · · · · · · · · 
Po\ver development ...................... . .. . ....... .. . · · ...... . · · · · · · · · · · · · 
J oint improvement for navigation and power ..... . ... . .. ... . .. . .. . ........ . 

General ummary----iliake Ontario to Montreal Harbour~with cost . ... .. . ...... . 

PAGE 

35 
36 
36 
37 
38 
38 

39 
39 
39 
40 
41 
42 

St. LawTence River at and below Montreal-
46 
46 
47 
48 
49 
56 

D e cri•ption ... . . ............ ... ................. .... .. .... ... .. . .............. . 
Elffect of diversion of water .... . ..... . ................ . .. .... .......... . ...... . 
R e toration of navigable depths ........ .... .... ..... ...... ... .. .. .. .... .. . . . . ·. · 
Control work with locks below Montreal. . ..... ................... . ...... . ... · · 

Finding on question contained in the instruction to the Jo int Board of Engineer .. 
MEMORANDUM RE AJPPE T[)IC(E ...... .... ......... .......................... . 

APPENDIX "A" 

FLELD AND OF:F'ICE LKVE rriGATIO S 

I nve tio-ation by Canadian Section-
Staff . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57 
Borings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57 
Survey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58 
T emperature mea urements. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59 
Inve tigation of ice jam~ and pack . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59 
Experiment on strength of ice. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59 
Di.setharo-e mea urements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59 

Inve tigations by United tates Section................. ... . .. ................. . ... 60 
D e ign and e timates ... . . . . ... . ... . .. , .................... . ............ ... . .... 60 
Sunrey-Olayton to Brockville . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 

urvey-Chimney Point rto Cardinal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 
Survey-Barnhart I land.............. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 
Boring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 

pecial Exploration of the dam ite at Long ault Rapid . . . . . . . . . . . . . . . . . . . . . . 61 
SynOJP i of Geological and Boring inf·ormation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64 

Thou and I land Section. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64 
International Rapid Section. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64 

Galop R apid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65 
Ogden I~ land . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65 
Crysler I land...... .... ... .. ... ..... ...................... . ............. ... 66 
Long Sau[t Rapids..... .. .. ... . . ................................ ... .... ... .. 66 

Lake t. Francis Section. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69 
oulanrres Section. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69 

La chine ection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71 

APPENDIX "B" 

LAKE LEVEL A D OUTFLOWS 
D escription-

Area and storao-e capacity. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73 
upply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73 

Outflow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74 
Annual fluctuation in lake level . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75 
Temporary o ciliation of lake urface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75 
Level prior to 1 60 . ..... ......... . ...... ... . . ............ ....... ......... ::::: 75 
Earth tilt .................. .. ......... ..................................... . .... 75 



ontents 

D iYer ions and outle ~ enlaraements affectina lake l e,·el~-
Diversions and regulation work , t. 1aryn Ri,·er ....... .. .. ...... . ...... .. ... . 
Outlet enlargement~ and di,·er~ions, Lake 1ichigan and Huron .... . .... ....... . 

Di charge formula, t. Cbir-Detroit Ri,·er~ ... ............ .. .. .. ... .. ... . .. . 
Effect. of a drver ion from Lake 1ichig3.n· ........ ......... . .... ..... .... .. . 
Black Ri,·er di,·er ~ion . . .. ...... .. ... ............. . .......... . ... · · · · · · · · · · · 
Effect of dinr~ion ~ from Lake Erie on level' of Michio-.an-Hmon .... ...... . . 

bange in di~charo-e C3.pacity of t. Clair Ri,·er ....... . ....... . ........ . .. . 
Di,·ersions, Lake Erie ......... ... .. ... . ..... ... .. .. .............. ... ..... ······· 

Effect of di,·er-ion~ ............. ........ .................................. · . 
Effect of di,·ersion , Ln.ke Ontario ............................................. . 

ummary of effect of di,·er~ion .... . ................. .. .... . . .. . . .. . .......... ... .. . 
I mpronment of lake level' and outflow- . ........ ... . . ..... .. . ... .. ...... ...... ... ·. 

cope of inY ~tigations ............................ ... .......................... . 
Prior proposal .............................................. .... . ......... , ... . 
Compari on of benefit from regulation and compen-ation ...... .. . .. . ...... ... .. . 
D etailed tu die~ of lake reo·ulation ... .. ... ...... ... ..... ......... . ............. . 

upplie to the l.ak ~ ........................................ . . .. ...... ... .. . ..... . . 
P ermi ~ible hi o-h le,·el~ of lakes ............... . ... . ................................ . 
M aximum di~charge capacity of outlet ................... . ........................ . 

Iinimum permi~~ible di~charge through outlet ... . ......... ... ................... . . 
Program of regulation to ecure maximum benefit~ to lake le,·eln ................... . 

y tern adopted ........ .. ..... . ..... . ........... . ... ... ........................ . 
D etails of computation ................................... .. .... . ... . .... . ..... . 
R ~uJtn ecured .. .............. . ..... .. ............................... . ..... .. . . 
Effects on lake le,·el .......... ... ...... . .................................. . ... . 
Effect on outflow . . ......... . ............................... . ........... .. .... . . 

D e-ign and eo t of regulating works ................. ........ .... ..... . ............ . 
\Yorks on t. Clair Ri,·er .................................................. . . . . 

Point Edward by-pa .............. ... : .................................. . . 
tag !;;:land contraction . ................................................... . 

\Yoodtick I ~]and contraction .................... ...... ... ........ .......... . 
Contraction at delt.a .................. .... .... ..... .... ... .......... ...... . 
ummar~· ··t. la:r Ri,· r ...... . .......................... .. ......... ... .. . 

, Alt~rna!~,-e plan .of dam with lock ........................... .............. . 
\\ ork 1n _ ragara Rr,·er ............................... . ........ .. ............. . 
ummary .. ... ............................. . .................. .... .. ....... .. . . 
omparati,·e co ~ t of compen~ating work- with dredgino- .. ........ .. ............ . 
onclu ion ................................. . ...... .. .............. ..... ...... . 

Regulation with partial control of the t. lair Rinr ......................... . 
Re. ult ~ erured ............................ ................................ . 

\\'ork. in t. lair Ri,·er only ................................ ... .... ... ....... . 
ombined regulation of Lake.- Erie and Ont.'1rio .............. . ......... . ...... . 

Regulation of Lake- :\Iichigan. Huron and Erie forth<> benefit of power dcnlopment. 
Program directed to raising Lake Ont'1rio I n•l -............................... . 
Regulation of Lake Erie for Xiagar3. Power ..................... .. . . ....... ... . 

Corn pen- }ing wor~-
On _ ragara RrYer ......... . ............................. ...................... . 

E. timated eo t .... ...................... ............ ....................... . 
Effect on o.-cilbtions at Buffalo .... . ..................... . .................. . 
Adaptibili:ty to ~hanging condition' ............... ..... .. ... ... .. .......... . 

on ~tructron penod ........................................................ . 

On ~ns~~~i~·ti~~,-~:~i~d:::::::::::: : :::::::::::::::::::::::::::::::::::::::::: : : 
lternatn·e plan .. . ......................................... . ............. . 

Effect of ice gorging .. ....... .... . ...................................... . .. . 
Compen ation for enlarged na,·igation channel. .. ........ ........... .. .. . . . 

Effect of control of lake ]e,·eJ~ on co t of interlake channel .. ..... . .... ... ... .. ... . 
Datum plane=- ..................... ......... ................................... . 
Co~t of channel~ from Lake Erie to Lake '1.1perior ......... ... .. .. ..... . ....... . 

Regulat ion of Lake Ontario only .. .. ...... ................................. .. ..... . . 
Ends ecured by propo:ed prowam ........................................... . . . 
L ake Huron correction .. ...................... ................ ................. . 
R lt ecured ................................... .... .......... .. ............. . 

45827-A} 

lll 

PAGE 
76 
79 
79 
79 
80 
81 
81 
82 
83 
83 
84 
85 
85 
85 
86 
87 
88 
91 
93 
95 
95 
96 
97 

100 
100 
101 
102 
102 
102 
102 
103 
103 
103 
104 
104 
105 
105 
105 
107 
108 
109 
109 
110 
111 
111 

111 
113 
113 
113 
113 
113 
114 
114 
115 
115 
116 
117 
117 
11 
11 
11 
120 



iv Contents 

Tables-
1. Local ~upply to Lake Superior ................... ...... · · · · · · · · · · · · · · · · · · · · 
2. Total supply to Lake Michigan-Huron .. .... . .... . .. · · ... · · · · · · · · · · · · · · · · · · 
3. Local supply to Lake 1ichigan-Huron ..................... · ·. · · · · · · · · · · · · · 
4. Total upply to I,ake Erie . . ... .... .. .. . .. . ....... . .... . · · · · · · · · · · · · · · · · · · · 
5. Local supply to Lake Erie .. . .... ................ . . . ...... · · · · · · · · · · · · · · · · · 
6. Total supply to Lake Ontario . . ....... .. ................ · · · · ·. · · · · · · · · · · · · · · 
7. Local supply to Lake Ontario . ........ . .. . ....... . . .. ... ··············· · ··· 
8. Effect of pre ent regulation of Lake uperior ................. ...... ·. · · · · · 
9. Effect of regulation-Lake uperior ........................ . ....... · · .. · · · · · 

10. Effect of regulation-Lake Michigan-Huron .................. . .. . ...... . · · · · 
11 . Effect of regulation-Lake Erie ....................... .. ... .. .. . ..... · · · · · · · 
12. Effect of regulatwn-<Lske Ontario ... ... ...... ..... ................. · · · · · · · 
13. Partial li t of damage- which would re~ult from high water in Lakes Michigan 

and Huron ....................... ...... ............................... . 
14. Partia l li t of dam:1ges which would result from high water in Lake Erie: . . . 
15. P all'tial list of damages which would result from high water in Lake OntariO . . 
16. M aximum safe stages for regulation ...................... ......... ... ..... . 
17. torage at determining point on storage distribution curves, for regulation 

with complete control of St. Clair Rinr .. ... ... . .. ................... . 
18. Typicaq computation, propo ed regulation of Lake Ontario only . . ...... ..... . 
19. Effect of proposed program for regulation of Lake Ontario alone ... . ..... . . . 
20. Detail of cost of works for regulation with complete control of St. Clair River. 

Plates-

P AGE 
121 
122 
123 
124 
125 
126 
127 
78 

128 
143 
159 
176 

192 
193 
194 
96 

197 
119 
198 
215 

1. Effect of present regulation of Lake S1.1Jperior ...... . ...... ... ............... . 217 
218 
219 
220 
221 

2. Ma diagram of total supply to the Great Lakes ....... . . .. . . .... ......... . . 
3. tages in all lake with probable frequency of once in 8, 20, and 50 years . .... . 
4. Maximum allowable di charge of t. Lawrence River . ... ... .. ..... .... .... . . 
5. Predicted supplie. for program of regulation ............................... . 
6. upply to Lake uperior, Mny, s'howing relart:ion to supply during previous 

month . . ... ................. . ......... . ... . ..... ................... . 
7. Typical storage di tribution curves ............. ... .... .. .... .. ........ .... . 

Regulation with complete control of St. Chir River-
S. Comparative levels and discharge ---!Lake uperior and Miohigan-Huron ... . 
9. Comparative 1evel and di charge -<Lakes Erie and Ontario . ...... ......... . 

10. Stage duration curves of variou schemes of regulation ...... .... ........... . 
11. Discharge duration eurve of various schemes of regu11ation ............... . 

Regulation with partia•l control of t Clair River-
12. Rule for controlling outflow of Lake Superior ... . . .. .... .. ... .... ......... . . 
13. Rule for controlling outflow of Lake Michigan-Huron . ................ ..... . 
14. Rule for controlling outflow of Lake Erie .... ... . ... . ..................... . 
15. Rule for controlling outflow of Lake Ontario ............................... . 
16. Comparati,·e le,·els and discharges-Lake uperior ........................ . . 
17. Comparative levels and discharge'-Lake Michigan-Huron ........... .. .... . 
18. Comparative levels and di charge~-Lake Erie ...... . ......... . .... ... ..... . 
19. Compa.rative level and discharge -Lake Onrtario . ......................... . 
20. Propo ed compensation work. in UJPPell' St. Clair River ........ .... . ...... . . . 

Proposed regulation of Lake Ontario alone-
21. Rule curv€ ........ .......... . . ....... ............ . ... ................ ..... . 
22. Duration curves of di ~charge and levels-Lake Ontario .... . ................ . 

APPENDIX "C" 

DETAILED PLA1\S AND E TIMA TES FOR THE IMPROVEME T OF THE 
T. LAWRE CE 

222 
223 

224 
225 
226 
227 

228 
229 
230 
231 
232 
233 
234 
235 
236 

237 
238 

Unit eo ts............ . .. . ............. ..................................... 239 
T a viga tion standards. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 240 

Power house design. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 241 
Dyke . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 241 
Admini lration and continrrencies................................................... 241 
Da turn plan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 241 
Thou and I land ection. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 241 



Contents 

Inte~:~t~~i~~}o~~~~ .. ~~~~~~: : : : :: : : : : : :: : :: : :: : : : : :: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
P re ent naYigation ........ ...... ... ............... . ..... .. ......... . . . ... . ... .. . 
To'l\nS and village . . .. . ...... . . . . . . ............... . . .. ...... . . . .. . ... . ... . .. .. . 
P re ent power development .......... .. . ..... .... .. . ................ ... ... . . . . . 
Plans for improvement .. . . . . ....... . ... ... .. . . ................................ . 

Full ingle tage Plan .................... . .......... . .... . ....... .. .. .... . 
T"·o tage Plan~ .. .... ..... ... . .. .... .. . .. . ... ...................... . .... . . 

Ogden I land-224 . . .. .. .... . ....... ................................... . 
rysler I land Two tage Plan ................................... .. . .. . . 

Partial ingle t ge Pbn . . .. .... .............................. .... .... .. . . . 
Impro,·ement for .1.. -a,·igation alone ................ .... ...... . ............. . 

Lake t. Franci ection ....................... . ............ . .. . ................. .. . 

"oultng c~ipt~~~o~: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : . : : : : : : : : : : : : : : ::: : : : : : : : : : : :: : : : 
Proponed plan of impTO\'ement ...... . .......................................... . 
Economic con -ideration ..... . ..... . . . ... ......... ......... . .................... . 
Impro\·ement for na,·iaation alone ..................................... . .... . .. . . 
Impro,·ement for power alone ............................................... . .. . 

La chine ection. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........ ....... ....... . ...... . .. . . 
De cription ............. .................................................... . . . 
Plan for impro,·ement .......... .... . . ........................................ . 
Plan recommended ...... ............. . . . ........................ . .............. . 
.-i.lternatiYe plans ....................................... ... ............... . .... . 
Po'l\er de,·elopment . .. ......................................................... . 
Alternatin plan~ for ,ide canal. .. ...... ............ ... ................... ..... . 

TABLE 

Table X o. Dcta;ilcd K·timate 
In ternational Rapid ...,ection-

1. inale taae cheme (242) ... . . .... .......... ... ....... . .................. . 
2. ingle taae cheme with d1m at H:1wkin · Point. .................... . ... . . 
3. inale t·1ge cheme with dam at Long ault ite ................... ...... . 
4. Two tage development,....--'Ogden :Hand-224 ....................... ........ . 
5. Cry ler Isbnd-Two tage development-217 ........................ ...... . 

ee al o Table ~To. 40. (P aae 392a). 
6. ingle tage development-23 ............ .... ............................ . 
7. Impro,·ement for naviaa ion alone ................................... . .... . 

Lake t. Franci ection-
. Recommended Project ..................................... . ............ . .. . 

oulange- ection-
9. Recommended Project-cl tail ............................................ . 

10. Recommended Project-.. umm1ry ................ .. ..................... ... . 
11. Recommended Project-o,·er all co.t, pow.f'r m uketed at 40.000 H.P. per year. 
12. Recommended Project-power marketf at 75.0 0 H.P. per year ........... . 
13. Recommended Project-po"er m1rketed ::1t 150,000 H.P. per year ........... . 
14. Hungry Bay- IelocheYille Project for navig:1tion alone-detail- ............. . 
15. Hunary Bay-:Vleloch Yille Project for na,·ig:ltion alone-~ummary .......... . 
16. Lateral anal on ~ orth ._ ide of Ri,· r for n:n·igation alone-dct i·l ........ . 
17. Lateral anal on ~ Torth 'ide of Ri,·er for navigation alone- ummary ..... . 
1 . ~ Tavigation combined with all rinr deYelopmen --Centre pool elev. 115-

detail ................................................ .... ....... . ... . 
19. ~ Taviaation combined with all riYer d£>\·elopment-C nt·e pool lev. 115-

\' 

P AGE 
242 
242 
243 
243 
243 
244 
244 
250 
250 
254 
256 
257 
260 
261 
261 
262 
264 
269 
270 
270 
270 
273 
273 
275 
277 
27 

2 1 
2 
290 
296 
310 

319 
326 

330 

331 
3-H 
341 
342 
342 
343 
346 
347 
350 

351 

35 summary .......................................... . ...... .. ...... .... . 
20. ~ Tavigation combined with all ri,·er deYelopm nt- entre pool ele\'. 115-

35 over all eo. t ......................................... .. ....... .... .. .. . 
21. ~ avigation combined with all ri,·er de,·elopment- entre pool elev. 125-

detailn ............ . ............................ . ......... . .... ..... . . . 
22. 1\avigation combined with all rin'r de,·£>lopmrnt-Centre pool £>lev. 125-

ummary .......................................... . ................. . . 
23. Power alone a in R ecommended Project-detail . .. ... . ...... . ....... . .. . . 
24. Power alone a in Recommended Project-:~ummary ...................... . . 
25. Navigation combined with partial power den•lopment-Hungry Bay~Meloche-

ville Route-Di\'CI ion for pmn~r-31 , 00 c.f .. -detail ................. . 

359 

363 
364 
36 

369 



I 

Vl Contents 
PAGE 

26. avigation combined with partial power development-Hungry Bay-Meloche-
ville Route-Diver ion for power-15,500 c.f .. --summary .. .. . . ... ..... ·· 374 

27. Navigation combined with pa~Ttial power development-Hungry Bay-Meloche-
ville Route-Diver ion for power-31,800 c.f.s----<SUmmary . ...... .. .... .. 374 

28. avio-ation combined with partial power development-Hungry Bay-Meloohe-
ville Route-Diver ion for power-66,700 c.f .-summary. . .......... ... 375 

29. Over all eo t of variou~ schemes of impro,·ement . ...... .............. . ..... · 375 
Lachine ection-

30. R ecommended Project-~a,·igation alone-detail . . . . . . . . . . . . . . . . . . . . . . . . . . . 376 
31. Recommended Project- a\•irration alone-summary .............. .. .. . ... ·.. 382 
32. Power development, sub equent to ~avigation-detail . . . . . . . . . . . . . . . . . . . . . . 383 
33. Pov; er development., sub equent to N a\·igation-summary....... . . . . . . . . . . . . 387 
34. Power development, ub. equent to N a vigation-o,·er all eo t .... . ... · · . . . . . . 387 
35. ~avigation alone without control dam-detail ~ ......... ............. . ... .. . 388 

P o,....er Hou e I•n tallations-
36. Internationa•l Rapids Section . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 389 
37. oulan~e~ ection..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 390 
38. La chine Section. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 391 

Flooded Land -Variou che.me-
39. International Rapids ection . .. . ......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 392 

APPENDIX "D" 

RIVER LE.VE\LS A::.\D DI CHARGES AT Ai\D BELOW MO~T:RE.AL 

Di charrre tage relation curves....... . .. . .... . .............. ............... .... .. .. 393 
Effect of Chicago Diversion on water level . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 396 
Compen ation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 396 

Dredo-ing Montreal Harbour.:.................. .... ............................. 397 
Pier and dock walls. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 397 

ummary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 397 
Table o. 

1. D erivation of D i charge- tage relation for Lock 5-Lachine-Period 1904 to date 398 
2. D erivation of Discharrre-Stage relation for Lock 5-Laohine-Period 1860 to 1877 401 
3. D erivation of Dischai,ge--Sbge relation f.or Lock 1-Laohine. ..... .. ........... 401 
4. D erivation of Discharge- tage relation~ at V.aTenne and Sore!.... . . . . . . . . . . . . 404 

APPENDIX "E" 

ICE FORMATIO 0 .. THE , T. LA\\ RENCE .AJ W OTHER RIVE.R 

Ice pressure. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 406 
Ice formation in rapid water . ... ... .. . . . ........ .. . ..... .. . . . . . . . . . . . . . . . . . . . . . . . . . 407 
Effect on power impro,·ement.......................... .. .......................... 407 
Factor- affecting ice cover~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 407 
Limitinrr velocitie for ad\·aruce of icP pack . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 409 
Rates of ice production. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 409 

lopes ~through ice covered ection. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 412 
~...:ummary of conclu ions. ...... . ... ........ .. . .. .. ... ... . . .. ... . . . ..... . ... . .... . ... 414 

Table No. TABLES 

1. Ice formation condition between Lanoraie and orel on t he St. Lawrence River 415 
2. Condition under whioh ice bridrre or packs h:l.Ve advanoed on the St. Lawrence 

Rinr 416 
3. Condition ~·~ci~~ ·;hi~h ·i·c·e· b.ridg~· ·~1: ·P~~k~ };;~~ ·I:~~e·d~d ·~~ · th~ ·st.· i·a·~-~~~~ 

Ri,·er . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 417 
4. Amount of frazil or lu h form '='d under variou~ condition . . . . . . . . . . . . . . . . . . 418 
5. D errree day of freezi·nrr to whicili water urface a~t Montreal and Kina ton are 

exPO ed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 418 
6. verage air temperature at certain station for winter month . . . . . . . . . . . . . . . 418 
7. a lue found for "V" and "M" in Bazin formula....... . . . .... ..... ... .... 419 

Valu found for "V" and "M'' in Bazin~ formula. . .............. ..... ... . .. 420 
9. Relation bet\_veen slope in feet per mile and curvature in degree per mile 

through 1ce packs...... .. .......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 421 
10. D etermination of the rat~ of hea~ lo in expo ed wate~T urface, durinrr cold 

weather, between ,-anou tatwn on the t. Lawrence River............ 422 



Contents Vll 

APPENDIX "F" 

EXPERLME4 "T 0 STRE TGTH OF ICE P AGE 

Object of tests. .. ........ ..... ....... ..... ............. . . ... ... . . . ................. 423 

Apparatu u ed. . .... .. .. .. .. . ............ . ....................... ... . . ...... ...... . 424 

Continuou ) ieldina of ice under mall pre~~ure... . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 425 

'tandard method of loadinrr in compre~ ~ion te;;t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 426 

Direction of applied load, and determination of modulw of ela~ticity.......... .. .... 426 

ornpres'ion t ~ t at 2 °F. to 30°F. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 427 

Compre.:~ion te't.s at 14° F. to 16°F .............. ..... .. ..... ...... .... .............. 42 

Compre.:'ion te t at 3°F . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 429 

Tables showing deformation of compre 'ion blocks............ . ..... .. . . ........... 429 

..... ummary of compre ' ion tes ~ at different loading rate at temperatures ranrrinrr from 

about 30°F. to 3°F.. .............. . .... . ......... ..... ......................... 435 

D eformation under ·ustained loads at 14°F. to 16°F.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 436 

Bendinrr t ~modulu' of ela -ticity and modulu ~ of rupture........... .. . . . .. ..... . 437 

ornpre 'ion Or CTU hinrr octrength of ice..... ............ ................. . . . . . . . . . . . 441 

I i cellsneou' te~t'............................................ ...... ..... .. ... .. ... 444 

Yf eight of ice. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 444 

Deflection of beam under ~mall ;:-u,..tained lo:ld' ............... ..... ... .......... . 444 

Deflection of beam' under their own weig:ht..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 445 

cknowledrrn1en ' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 445 

PLATE 

Plate 1- 7-Re ult of eA--perirnenL on physical properti ' of ice................. . .. 446 

-Apparatu u ed in experiment'............ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 453 

APPE. DI "G ' 

0~. TR TI 4.,. PROGfu 1\I 

on ~truction 'ch 454 

Thousand I 'land ection. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 457 

In ternational Rapid ection......... .... .... ... ....................... ......... ... . 457 

Impro,·ernent by Two ta P Project '. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 

Cry-ler Island Project. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 

Lake t. Franci ' et ion. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 459 

oulange- ection. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 459 

Lachine ection. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 459 

THE FOLLOW! C PLATES TO ACCOl\tP . Y APPE DICES "C", "D" AND "E" ARE 

I THE BOX ACCOl\IPANYI G THE REPORT 

Plate .... "o. 
APPEXDIX ' cu 

1. Plan and ection of Typical Lock. 
2. Diagram -bowing relation bet~·een Quantity of oncrete in Power Hou e and 

Heirrht-Draft Tube floor to coping. 
3. Diagram bowing relation betw en eo. t of Generator , Turbine Exciters und 

o\·ernor , and Maximum pemting He'ld . 

4. Diarrram howmrr relation between eo t of ~witching per Horse Power and Maximum 

Operating Head. 
5. Diagram hawing relation between R.P.M. and eo t of G nerator and Exciter . 

6. Diagram howinrr relation betwe n Reacl and co~t of Turbine and GoYernor . 

7. Diagram howin relation b tween Head, .f.'. per unit, and Throat Diameter. 

Diagram howinrr relation between Head, peed and Throat D iameter. 

9. Typ of Bank adopted for e timating purpo e . 

1G-16. Thou nd I land ection-Brocb·ille to Clayton. 

17- 24. 
25. 

26-33. 
34-3 . 
39-43. 
44- 45. 

IxTERXATIO:".\L RAPID , E TIO 

ingle tage cheme-242. 
Relation between urge· on Lake ntario and Barometric Pr('' ure. 

Two tage DevelOtpment-224. 
Two tage D enlopme-nt-217-Cry. ler I ' iand . 
, inrrle tage Developrnent-23 . 
Diagram . hawing re ult~ of Backwatf'r calculation. 



Vlll Contents 

LAKE ST. FnA ·c1s SEcTIO 

46-4 . Project R ecommended. 

49--50. 
51. 

52-53. 
54-55. 
56-57. 
58-59. 
6o-61. 

U I,ANUES ECTIO?{ 

Project R ecommendecL--1st t.age of Ile alL'<: Vaches Proj ect. 
Subsequent Stages of Ile aux Vache Proj ect. 
All R iver D evelopment- C€ntre Pool Elev. 115. 
All Ri,·er D evelopment---Dentre Pooll Elev. 125. 

avigation and P ower Combined. Hungry Bay-Melocheville Route. 
Alternati,·e :Navigation Proj ect. Hungry Bay-Melocheville Route. 
Alternative X avigation Project. Later!ll Ca.nal on North ide. 

L ACHINE SECTIO~ 
62-64. Proj ect R ecommended. 
65-66. Power D evelopment Sub equent to Proj ect R ecommended. 

APPE DIX "D" 

1. D eri,·ation of Di charge Stage relation for Lock To. 25. 
2. R elation between Gauge re!lding at Lock 25 and di charge of St. Lawrence River. 
3. R elation between Gauge reading at Grenville, Que., and discharge of the Ottawa River. 
4. R elation between Gauge readino- a't pper t. A·nne Lock and discharge of Ottawa 

River into Des Prairies and MiJ.le Iles Rivers. 
5. Relation betJWeen Gauge reading at Upper t. Anne~ Lock and discharge of Ottawa 

Ri,·er into Lake t. Louis. 
6. D erivation of D ischarge , tage for Lock ·O. 5, Laohine. P eriod 1860-1877. 
7. D erivation of Di oharge tage for Lock o. 5, Lachine. P eriod 1904 to date. 
8. Relation between Gauge r·eading at Lock o. 5, Lachine, and discharge of St. 

Lawrence River. 
9. Relation between Gauge R eadiDg at Pointe Claire, Que., and di charge of St. 

Lawrence RiYer. 
10. D erivation of D ischarge tage for Lock -o. 1, Lachine. 
11. Typical Discharge Stage •relation for Lock o. 1, Lachine. 
12. D erivation of Di charge tage for Varenne , Que. 
13. Derivation of Di ohai1ge Stage for Sorel, Que. 

APPEu."\f!D[X "E" 

1. Air and W ater T emperature 
1922 and 1923. 

at various points. Lake Onta rio to Montreal, 1921, 

2. Air and Water Temperature at various point~. Lake Ontario to Montreal, 1924, 
1925 and 1926. 

'l Effect of nowfall and cold weather on height of ICe jams St. Lawrence River, u. In 
1913, 1916 and 1920. 

4. Effect of nowfalls and cold weather on height of ice jams m St. Lawrence River, 
191 , 1922 and 1923. 

5. Effect of snowfalls and co,ld weather on height of 
1923 and 1925. 

ice j.ams in St. Lawr.ence River, 

6. Effect of nowfal•ls and cold weather on height of 
1924, 1925 and 1926. 

ice jams m St. Lawrence River, 

7. R elation between slope through ice packs and curvature of river. 
8. lu h section , St. Lawrence River--n inter of 1923-24. 
9. Slush sections, St. Lawrence River-Winter of 1923-24. 



REPORT OF JOINT BOARD OF ENGINEERS 

ON 

ST. LAWRENCE WATERWAY PROJECT 

1. The Joint Board of Engineer appointed by the Governments of the 

United State and Canada pre ent herein it report on the improvement of the 

St. Lawrence Ri' er between Lake Ontario and :11ontreal, and on related questions 

referred to it by the two countrie . 

2. The report i ubdivided into the following part :-

Part I-Con titution of Board· In truction to Board; General Description 

of Great Lake and t. Lawrence; Prior Reports; Work Done by 

Board. 

Part li-The Great Lake · Exi ... ting DiYer ion and their Effects; Remedial 

Mea ure ; The o t of Improving the Lake Channels to conform to 

the Improvement of the t. Lawrence. 

Part Ill-Improvement of the t. Lawrence above :11ontreal; The Plans 

Recommended by the Board for Impro' ement fo~ Navigation and 

Power. 

Part IV-The St.. Lawrence at and below lY1ontreal; Effect of Diversions; 

Remedial Mea ure ; Effect of the Propo ed Improvement of the Upper 

St. Lawrence on the Lower River. 

Part V -Specific An wer to Que tion contained in the In tructions to the 

Board. 

~827-1! 



4 St. Lawrencb Waterway Project 

PART I 

CONSTITUTION OF THE BOARD 

3. The President of the United State appointed, on March 14, 1924, a 
national committee of nine members, de ignated as the St. Lawrence Commis
sion of the United States, hR.ving as its chairman the Hon. Herbert Hoover, 
Secretary of Commerce, to act as an advisory committee to the Government on 
all questions that might arise in the con ideration of the project for the improve
ment of the St. Lawrence. 

4. The Government of Canada on May 7, 1924, appointed a Na .ional 
Advisory Committee of nine members, having as its chairman the Hon. George 
Perry Graham, Minister of Railway and Canals, to advise that Government 
on the matters relating to the project. 

5. Following a recommendation of the International Joint Commission in 
a Report on the Improvement of the St. Lawrence River, dated December 19, 
1921, it was agreed by the two countries that a Joint Board of Engineers, con
sisting of three members representing Canada and three members representing 
the United States, should be constituted to review the plans then formulated and 
to report on additional related matters referred to it with the mutual approval 
of the two countries. 

6. The United States Government de ignated as members of the United 
States Section of the Board and as ::tdviser to the St. Lawrence Commission 
of the United States, the following officers, assigned to that duty by orders of the 
War Department, dated April 2, 1924:-

Major General Edgar Jadwin, Chief of Engineers (then Colonel, Corps 
of Engineers). 

Colonel William Kelly, Corps of Engineers. 
Lieut.-Col. George B. Pillsbury, Corps of Engineers. 

7. The Gover.nment of Canada appointed on recommendation of the Privy 
Council, approved by the Governor General, May 7, 1924, the following mem
bers of the Canadian Section of the Board, who also act as advisers of the 
National Advisory qommittee of Canada:-

Mr. Duncan W. McLachlan, of the Department of Railways and Canals, 
Ottawa. 

Mr. Olivier 0. Lefebvre, Chief Engineer Quebec Streams Commission, of 
Montreal. 

Brig.-General Charles Hamilton Mitchell, C.B., C.M.G., of Toronto. 

8. INSTRUCTIONS TO BoARD. The instructions to the Joint Borurd of Engi
neers were agreed to by the two Governments by an exchange of notes dated 
February 4 and March 17, 1925, and are as follows:-

The Govern:ments of Canada and the United States have accepted the recommendation, 
made by the International Joint Commi sion in its report dated December 19, 1921, that 
the question of the development of the St. Lawrence river for navigation and for the supply 
of power be referred to an enlarged joint board of engineers. 

It is desired that the new board hould review the report dated June 24, 1921, made 
by the late Mr. W. A. Bowden and Cot W. P. Wooten, and that it should extend its 
inquiries to certain additional matters with a view to supplying the technical information 

T 
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likely to be relevant to the proposals made in the report of the International Joint Com

mission above refened to. The new board is therefore changed at this time with reporting 

upon the following:-

1. Is the cheme for the !rruprovemenrt of the St. Lawrence waterway, ,presented ·by the 

board in ri.ts report of June 24, 1921, practicable and does it provide to the bet advantage, 

at this time and ultimately, for the development of the capacities and possib~lities of the 

waterway? 
2. What alternative cheme, if any, would be better adapted to secure the ends desired, 

due consideration being given-
(a) To any special international or local !interests having an importance juStifying 

exceptional consideration; and 
(b) To the extent and character of the damage through flooding and the probrublle 

effect of the works upon the formation of ice and the consequent effect on the 

flow of the river? 

3. Should the estimates of co t be revi ed and, if o, what are the revised estimates of 

cost having regard to alternative ~cheme ? 

4. In order to a i t either Government to allocate the amounts chargeable to naviga

tion and power, what would be the respective estimated co ts for improving the river for 

navigation alone and for power alone? 

5. To what extent ma,y water leYels in the St. Lawrence river at and below Montreal, 

as well as the river and lake level genera'lly, be affected by the execution 0\f the project? 

6. (a) To what extent and in what manner are the natural water level in the St. Law

rence river and on the lakes affected by diver ions authorized by license by either 

Canada or the United tate , from or in the t. Lawrence river watershed? 

(b) By what measures could the water levels or navigable depths affected by the 

diversions referred to in ~ection 6 (a) be restored, and what would be the cost 

thereof? 
(c) How much power could be developed on the St. Lawrence river with the wate!r 

diverted from the watershed referred to in ection 6 (a) under-

(1) The plaoo recommended. 
(2) Alternative plans providing for a full practical development of the river? 

(d) Without considering compen ation by the pre ent relative diversions of water from 

the Niagar!l river and from lake Erie, and without prejudice to a future consider

ation thereof, what works, if any, could be con tructed to recover on the St. Law

rence river the amount of power determined under section 6 (c), and what would 

be the cost of uch works? 

7. Having regard to economy of construction and maintenance, expedition of construc

tion and efficiency of operation,-

(a) Which of the work hould be con tructed under the technical supervision 'of an 

international board and what other works, if any, might advantageousy be con

structed under uch upervi ion? 

(b) Which of the work hould be maintained and operated by an international board 

and what other works, if any, might advantageously be o maintained and operated? 

8. What, if any, readju tments in the location of the international boundary are neces

sary or desirable to place 'POWer structures belonaina to either country within its borders, 

as recommended by the International Joint Commi ion? 

9. If the board i, of the opinion that it would be advantageous to provide in the first 

instance for channel depth other than 25 feet, but less than 30 feet, for what draft of 

vessel should provision be made? 

10. Having regard to the recommendation of the International Joint Commission that 

the new Welland hip canal hould be embodied in the cheme and should be treated as a 

part thereof, and to the fact that if a greater depth than 21 feet be adopted for the initial 

project depth of the t. Lawrence, uch greater depth would not be available to the upper 

lake ports without further work in the navigation channels in the lake , what would be the 

cost of improving the main navigation channels between and through the lakes so as to 

provide, without impairina the pre ent lake level for (a) a depth of 25 feet a~d (b) for 

such other depth not exceeding 30 feet, as may be determined by the board to be that f.or 

which it would be most advantageou to provide on the St. Lawrence river? 

11. What is the time required to complete the propo~ed works, the order in which they 

should be proceeded with, and the proare which hould be made yearly toward the com

pletion of each in order to ecure the greatest advantage from each of the works and from 

the development of the waterway a a whole? 
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It is desired that the report be a'ccompanied by uch drawings as are necessary for 
showing the location and general character of the works proposed. 

It is also de ired that in the preparation of the report, due regard should be had to 
any diversions from or in the St. Lawrence River waterffied which, at the date of the 
report, are authorized by license by either Canada or the United States. 

It is de ired that the board report, from time to time, on the matters referred to it 
as the progre of its inquiries permits, and that the e inquiries be so prosecuted that, if 
practicable, the boarq should have reported on all ~uch matters by the end of April, 19,26. 

9. Fund for the work of the Canadian Section of the Joint Board were 
voted by the Hou e of Common of Canada yearly a required. Funds for the 
American Section were provided by the Deficiency Act of March 4, 1925, which 
made available for that purpo e, under the direction of the Pre ident, not 
exceeding $275,000 of fund appropriated for maintenance and improvement 
of river and harbour works. 

DESCRIPTION 

10. The Great Lake are the ource of the St. Lawrence, and form with it 
a waterway y tern extending from the interior of the continent to the ea. 
Lake Superior, the uppermost and large t of the Great Lakes, discharges into 
lake Huron through the rapid of St. Marys fall and the St. Marys river. Lake 
Michigan is connected with lake Huron by the wide and deep straits of Macki
nac. Lake Huron di charge into lake Erie through the St. Clair river, lake 
St. Clair, and the Detroit river. Lake Erie di charges into lake Ontario through 
the Niagara river. From lake Ontario, the St. Lawrence flows 533 miles north
east to Father Point, which mark it transition into the gulf of St. Lawrence. 
The first 115 miles of the river i on the international boundary between Canada 
and the United State ; the remainder of its cour e is through Canadian territory. 
The city of Montreal is 183 mile downstream from lake Ontario. 

11. The distances by the ordinary vessel routes from Duluth, Minn., and 
Port Arthur, Ont., at the head of lake Superior, to Kingst on, Ont., at the head 
of the St. Lawrence, are re pectively 1,160 and 1,038 statute miles. The distance 
from Chicago to the head of the St. Lawrence is 1,067 miles. 

12. The fall, at mean stage , betV\ een lake Superior and lake Huron is 21 
feet. Lake Michigan and lake Huron are at the ame level. The fall from lake 
Huron to lake Erie averages 8. 5 feet, taken up in the slopes of the connecting 
rivers. The fall from lake Erie to l&.ke Ontario i 326 feet, of which approxi
mately 165 feet is concentrated in the drop at Niagara falls proper. The fall 
from lake Ontario to 1\!Iontreal harbour averages approximately 226 feet, and 
from Montreal to the sea about 20 feet, the latter distributed through the 160 
miles of river between Montreal and Quebec. 

13. PRESE T NAVIGATIO . Navigation from lake Superior to lake Huron 
passes through the locks at St.. 1arys falls. Channels have been excavated 
through the St. Marys river above and below the locks, and through the St. 
Clair river, lake St. Clair, and the D etroit river, to afford a minimum · depth of 
20 feet at the lake levels that have been adopted as the standard for improve
ments. The extreme low stages reached by the lakes during the last few years 
have been generally below these levels, with the result that the channel depths 
are less than 20 feet. In the l&.tter part of the navigation season of 1925, the 
depth available was 18 feet, and at no time during that year did the maximum 
draft that could be carried from lake Superior to lake Erie exceed 19 feet. 
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14. The dredged channel between lake Superior and lake Erie aggregate 

nearly 100 miles in length. Their co t, for capital account only, including the 

costs of the locks in the St. Marys river, ha been as follows:-

Expended by the United States (to June 30, 1926).......... 44,721,319 69 

Expended by Canada (to March 31, 1925).................. 5,560,009 00 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $50,281,328 69 

15. Navigation from lake Erie to lake Ontario pa e through the Welland 

canal, constructed and operated by the Dominion of Canada. The present 

Welland canal afford a depth of 14 feet at normal lake level . The new Welland 

ship canal, under con truction by Canada, i 25 miles in length, with 7 locks each 

having a lift of 46~ feet, and one guard lock. The portion of this canal first 

excavated were given a depth of 25 feet; the later contract provide for a depth 

of 27 feet. The depth over the ill of the lock i 30 feet, to provide for sub

sequent enlargement of the canal reache . The co t of the new Welland ship 

canal to March 31, 1925, ha been $50,772 092.77, and the e timated total cost 

when completed i $114,526,484. The e figure do not include intere t during 

construction. 

16. Navigation on the t. Lawrence river from lake Ontario to Montreal 

is provided by i alated channel improvement and a eric of side canals around 

the rapids (al o con tructed and operated by Canada), which afford 14 feet 

depth. 

17. The channel between Montreal and the ea have been dredged to a 

depth of 30 feet and a project to provide a 35-foot depth i about half com

pleted. 

18. Navigation on the Great Lake and the t. Lawrence at the present 

time falls into three categories:-

(a) Lake navigation, operating normally on 20-foot draft, on and between 

all of the lake except Ontario. 

(b) Canal navigation operating normally on 14-foot draft, between lake 

Erie ports and Montreal through the '' elland canal, lake Ontario, 

and the St. Lawrence. 

(c) Deep- ea navigation, from Montreal to the ocean. 

19. The completion of the new Welland 'hip canal will open lake Ontario 

to lake navigation, which will then be eparated from deep- ea navigation by 

the 183 mile of the St. Lawrence above Montreal. 

20. The pre ent lake commerce i upward of 100,000,000 tons per annum. 

The bulk cargoes, principally iron ore, coal, and grain, are moved in a special 

class of ves els developed for that purpo e, of great length in proportion to their 

draft, o de igned that they can be loaded and unloaded rapidly by special 

machinery in tailed for that purpo e at terminal ports. 

21. The pre ent canal commerce through the Welland and St. Lawrence 

canal is carried by maller ve els of similar de ign. The e vessels are rela

tively high powered, to meet the wifter current on the St. Lawrence. This 

commerce has been increa ing rapidly in recent year ; that on the St. Law

rence canals amounted to 6,206,988 ton in 1925. Nearly all of the grain reach

ing Montreal harbour in recent year is transported by this route. 
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22. NAVIGATION SEASoNs. The average dates of opening and closing navi
gation on the inter-connecting channels of the Great Lakes and on the St. 
Lawrence river during the la t twenty years have been as follows:-

Great Lakes above Welland canal, April 1R to December 19. 
Welland canal, April 18 to December 16. 
St. Lawrence canal above Montreal, April 26 to December 9. 

The average date of the arrival of the fir t ve sel from the sea into the port of 
Montreal during the last ten year ha been April 28; the average date of the 
la t departure for the sea, December 7. 

23. THE ST. LAWRENCE.. The part of the St. Lawrence with which this 
report is particularly concerned lies between lake Ontario and Montreal. The 
river here runs in deep slow-flowing reaches and lake-like expansions, readily 
improved for navigation, with intervening reaches of rapids and swift currents. 
For the fir t 67 miles from lake Ontario the river i a deep low-flowing stream. 
It then pa e through the remaining 49 mile of the international border in a 
succe ion of rapids and wift water. Leaving the border, the river expands 
into the quiet waters of lake St. Franci . From this lake it drops in a suc
cession of rapids to lake St. Loui , and from lake St. Louis drops through more 
rapids to Montreal harbour. 

24. As it is fed from the great re ervoirs formed by the lakes, the St. 
Lawrence ha a remarkably steady flow. The mean discharge out of lake 
Ontario during the past 66 years has been 246,000 cubic feet per second, the 
maximum average di charge for any month 318,000 cubic feet per second, and 
the minimum average di charge for any month 174,200 cubic feet per second. 
Except where affected by ice gorging in winter, the fluctuations in the river sur
face nowhere exceed a few feet. The bed and banks are not subject to erosion 
and the river is free from silt. 

25. Geologically, the St. Lawrence i a new river. Rock surfaces exposed 
indicate the pas age of the continental glaciers acros the valley, and the bed 
of the wifter portions is paved with boulders from them, mingled with those 
formed from the country .rock. The rock it elf, as determined by borings, is 
generally uniform in contour, but is broken by valleys and ridges which strike 
across it northward . These are sometimes intersected by depressions from 
pre-glacial drainage . . In the upper reaches the rock disclosed by borings is 
crystalline limestone of a firm character and close texture, mostly quite suit
able for supporting hydraulic structures. Between lakes St. Francis and St. 
Louis rock i a hard limestone and a hard sand tone, equally sound. In the 
lower reache around Lachine and ,Montreal, there are igneou intrusions amongst 
lime tone and shale which, while providing firm foundations, would require 
special protection against scouring. 

26. The main banks and islands of the river are formed of mixtures of 
clay, sand, gravel, and boulders, lying or deposited on the rocky floor of the 
valley. The e materials are mixed in strata and irregular bodies but, in gen
eral, tight enough to form fairly watertight foundations for hydraulic struc
ture under low head . The high point on both i land and mainland are 
eapped with extensive but shallow boulder deposits . . 
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PRIOR REPORTS 

27. On the 21 t of January, 1920, the Government of the United States 

and Canada referred to the International Joint Commi ion, created by the 

treaty of the 11th of January 1909, bet\\·een the Government of the United 

States and Great Britain, que tion relating to the improvement of the St. 

Lawrence river between lake Ontario and l\llontreal for the purpo e of making 

it navigable for deep-draft ve el , and ecuring the greatest beneficial use of 

the water for power. 

28. Each of the Government al o de ignated an engineer to co-operate in 

the urvey nece ary to plan for impro\ ement, and in the preparation of plans 

and e timates. The e engineers were in tructed to submit the surveys, plans 

and e timate to the International Joint Commi ion. 

29. Colonel William P. \Vooten Corp of Engineers, United States Army, 

was de ignated a the eno-ineer for the nited tate , and the late Mr. W. A. 

Bowden, Chief Engineer D epartment of Railway and Canal was designated 

as the engineer for Canada the e officer receiving identical instruction from 

their re pective Government . 

30. REPORT OF 1921. Their report wa ubmitted to the International Joint 

Commi ion on June 24, 1921. It i hereinafter referred to in thi report as the 

Report of 1921. The alient conclu ion and recommendations in that report 

are a follows:-

(1) That the phy ical condition (o~ the t. Lawrence) are favourable for 

improvement for navigation 1\ hich will be permanent, and will have very low 

upkeep eo t . 
(2) That improvement of the entire reach from 11ontreal to lake Ontario 

for navigation alone i fea ible, but the lo of the power that can be generated 

as a by-product in ... ome reache i not warranted. 

(3) That the development of nearly all the potential power in the river, 

amounting to approximately 4 100 000 hor e-power, can be made a co-ordinate 

part of cheme for the improvement of navigatimJ. 

( 4) That the imultaneou de\'elopment of uch a va t quantity of power 

i not a ound economic procedure a a market to take thi output i not now 

in exi tence, and cannot be expected to '"' pring into being at once. 

(5) That the ound method of procedure i to improve for navigation 

along tho e reache where ide canaL and lock can mo ... t economically be u ed, 

and where the development of the power at ome future time i not interfered 

with by the propo ed improvement~ ; and in that part of the river where the 

con truction of lock and dam offer the mo t fea ible mean of improving 

navigation to provide for the development of the incidental power obtainable a 

a re ult of the head created by the dam . 

(6) That the impro\ ement undertaken afford a na\ igation channel 25 feet 

in depth, with lock ill 30 feet in depth, o built a to permit the eventual 

enlargement of the channel to that depth. 

(7) That the improvement be ecured by the combined development for 

navigation and for power of the rapid ··ection on the international boundary, 

side canal around the other rapid ection , and the neces ary channel excava

tion elsewhere. 
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31. The estimated eo t of the entire work to provide a 25-foot channel and 
to develop 1,464,000 hor e-power wa · a follow :-

First division-side canal from iontreal H arbour to deep watet> 
in lake St. Louis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55,783,000 

Second division-side canal from deep water in lake St. Louis 
to deep water in lake t . Francis . . . . . . . . . . . . . . . . . . . . . . . . 36,590,000 

Third division-channel dredging in lake St. Francis. . . . . . . . . . . 1,158,000 
Fourth division-combined navigation and power development 

in international section, with annual power output of 
1,464,000 horse-power (total installed capacity approximately 
1,850,000 horse-power) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159,097,200 

Fifth division-navigation improvement above rapid section.... 100,000 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $252,728,200 

32. The estimated co"'t of increa ing the navigable depth throughout the 
entire stretch to 30 feet at a later date wa $17,986,180. 

33: The report considered, but did not recommend, plans for power develop
ment in the Fir t and Second divi ion , re pectively. 

34. Of the total e timated co t of the project, $159,097,200 waSt ,for the 
combined navigation and power development on the international section of 
the river. A head of 74 feet was to be developed by a dam across the river at 
the Long Sault rapids. A second dam was to be constructed 23 miles upstream at 
Ogden island, ju t upstream from Morrisburg, to provide navigation through 
the upper rapids of the reach, afford control over the flow of the river and insure 
suitable winter operation. The head of approximately 8 feet available at this 
dam in summer wa not to be developed. The main dam and related tructureE 
were, however, to be so de igned that they could be raised subsequently so aE 
to utilize fully whatever head the operation of the works might show to be 
economically practicable. 

35. It was e timated that if the improvements were carried on simul
taneously it would be po sible to complete them in eight years from the time 
the work wa begun, if fund were made available a· fast as needed. 

36. The report pointed out that the con truction of the upper dam pro
po ed (at Ogden i land) and the enlargement of the di charge capacity of the 
upper reaches of the river would afford control over the level of lake Ontario 
and the flow in the St. Lawrence river. This control can be so exercised as to 
rai e the mean level of the lake without eau ing it to fluctuate beyond the limits 
previou ly reached. The studies made did not show, however, that any very 
great increa e in the natural low-water flow can be made for the benefit of 
either power or navigation in Montreal harbour, or the ship channel below. 

37. The engineers of the two countrie united in all of the recommenda
tions contained in the Report of 1921, except as to the program of regulation 
of the levels and outflow from lake Ontario which should be pillt into effect 
aftelf the project wa completed, each ubmitting a program regarded as most 
suitable to that end. The e sential difference between the two was that the 
program proposed by the Canadian engineer provided for a greater restriction 
of the winter flow, with a view to creating more de irable ice conditions. With 
this re triction it was not po ible to ecure quite as favourable re ults from 
regulation a would be afforded by the program proposed by the United States 
engineer. 

38. The plans pre ented in the Report of 1921 were made the subject of 
public hearings before t,he International Joint Commi,_sion. At these hearings 
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several alternative plans were p['e ented for the consideration of the commis
sion, e pecially with relation to the development of power in the International 
Section. 

39. RECOMME DATIONS OF I.1: TERNATIO AL JOINT CoMMISSION. The report 
of the International Joint Commi ion included the following recommenda-
tions :-

(1) That the Governments of the United States and Canada enter into an arrangement 
by way of treaty for a ~cheme of improvement of the St. L3-wrence river between Montreal 
and lake Ontario . · 

(2) That the new W elland ship canal be embodied in said scheme and treated as a 
part thereof. 

(3) That the ,propo ed work between Montreal and lake Ontario be based upon the 
report of the engineering board-(Report of 1921)--but that before any final decision is 
reached the report of the board, together with such comments, criticisms and alternative 
plans as have been filed with the commi "ion be referred back to the board enlarged .bY 
other leadino- members of the engineering profe:: ion , to the end that the whole questwn 
be given th;t further and complete tudy that its mao-nitude and importance demand, and 
that after completion the admini trative feature~ of the improvement be carried out as set 
forth in recommendations 7 and 8 hereof. 

(4) That there hall be an exhau tive inve~tio-ation of the extent and character of the 
damage through flow!lge involved in the plan of development finally adopted. 

(5) That, a.s~uming the adoption of rhe plans of the engineerirug board, or of other 
plans also involving a readjustm ent of the international boundary, in order to bring each 
of the power hou es on its own side of the boundary, appropriate steps be taken to transfer 
to one country or the other, a the ea e may be, the light acreaJge of ubmerged ~and 
involved. 

(6) That Canada proceed with the work nece ry for the completion of said new 
Welland ship canal in accordance with the plans already decided upon by that country. 

(7) That uch "navigation works" a do not lie wholly within one country or are not 
capable of economic and efficient con truction, maintenance and operation within one 
country as complete and independent ull.'it , be maintained and operated by a board here
inafter called "the International Board," on which each country shall have equal repre
sentation. 

(8) That such "na\ igation work " a lie wholly within one country and are capable 
of economic and efficient construction, maintenance and operation a complete and inde
pendent units be maintained and operated by the country in which they are located with 
the rio-ht of inspection by the aid international board to in ure economy and efficiency. 

(9) That '' power works" be built, installed and operated by and at the expense of 
the country in which they are located. 

(10) That, except a ~ et forth in recommendation (11), the cost of all "navio-ation 
works" be apportioned between the two countries on the basi~ of the benefits each wiU 
receive ~rom the new waterway : Provided , That dming the period ending five years after 
completwn of the work -and to be known a the Construction Period-the ratio fixing the 
amount chargeable to each country hall be determined upon certain known factors, such 
as the developed re ource and foreio-n and eo twi e trade of each country within the ter
ritory economically tributary to the propo~ed waterway. and that that ratio shall be 
adjusted every five years thereafter and ba ed upon the freight tonnage of each country 
actually using the waterway during the previgus five-year period. 

(11) That the eo t of "navigation work " for the combined use of navigation and 
power over and above the cc t of work necessary for navigation alone should be appor
tioned equally between the two countries. 

WORK DONE BY THE JOINT BOARD OF ENGINEERS 

40. A program of the field work and office inve~tigation to be undertaken 
respectively by the two ection of the Board wa adopted at a meeting held 
at Ottawa, April 13-16 1925. Thi embraced urveys of the sections of the 
river not previou . .Jy covered in detail, and borings to determine foundation 
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conditions at site-- of proposed structures, with a special examination by shafts 
and borings at the site of the dam proposed in the Report of 1921 at the Long 
Sault rapids. 

41. The Canadian Department of Railway and Canals, having available 
the data collected for the Report of 1921, continued inve tigations on the St. 
Lawrence river through the year" 1922 and 1923 until the appointment of this 
Board in the pring of 1924. Through 1:he remainder of that year the C~adian 
Section of the Board further continued the e investigations, and in Aprli, 1925, 
after the adoption of the Board's program, both of the ections vigorously prose
cuted exten ive survey and discharge meterings together with numerous borings, 
completing the e in the ummer of 1926. The Umted States Section devoted 
itself mainly to surveys and boring in the International Section, including the 
... pecial work at dam site around Long Sault rapids. The two sections together 
have made upwards of 400 boring covering the most critical portions of the 
St. Lawrence river between the Galop and Lachine rapid ; these included a 
set of boring acro the river in the wift water at the head of the Cedars 
rapid . The Canadian Section carried out in November and December of 1924 
and 1925 ,an extended "et of temperature mea urements to determine the rate of 
loss of heat in the river, and in February and l\1arch, 1926, a set of experiments 
to determine the re i tance of ice a bearing on the de ign of dams in the river. 

42. Each ection employed a competent and extensive engineering force in 
office and field to carry out it inve tigation . The office staff of the United 
States Section was maintained at the United State Lake Survey, Corps of 
Engineers, United State Army, at Detroit, and the Canadian, at the Depart
ment of Railway and Canals at Ottawa. The United States Section engaged 
the services of the engineering; firm of Viele, Blackwell and Buck as consulting 
engineers on features relating to power development. 

43. The Board had available for its u e a large volume of data obtained 
from other sources. Thi con i ted not only of topographic and hydraulic 
information concerning the lakes and river, but a great number of boring 
determination a well as construction and price data useful for estimating 
purpo. es. · The variou departments of the Canadian and United States Govern
ment contributed a large part of this. Other ource of information were the 
report of the United States Board of Engineer on Deep Waterways of 1900 
and the Georgian Bay Canal Survey of 1908, and data uppl.ied by the St. 
Lawrence Power Company, the Canadian Light and Power Company, and the 
Montreal Light, Heat and Power Con olidated, and by the Hydro-Electric 
Power Commi ion of Ontario which for several years has carried on extensiv6 
investigations in the vicinity of Morris~burg and the Long Sault rapids. The 
Board has had a special advantage with re pect to navigation cost data in the 
current prices e tabli hed on the new Welland ship canal, a similar work now 
under construction. The Board has al o received much valuable data from 
operating power companies and manufacturers of hydraulic and electrical 
machinery in both countries. 

44. The Board held frequent meetings at various points on the river and 
Great Lake , to study and di cu the problem involved in the improvement. 

45. The results of the ... e various investigations are set forth in appendices 
to this report. 
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PART 11 

IMPROVEMENT OF LEVELS AND OUTFLOW OF THE GREAT LAKES 

46. This part of the report deal with,-

(a) The extent to which the levels of the Great Lake are affected by 

diver ... ion of water (Que tion 6a of the instructions to this board). 

(b) The fea ible mea ure for rai ing the le' el of the lake to correct the 

effect of authorized diver ion , and to reduce the cost 'of improving the 

lake channel (Que tion 6b and 10). 

(c) The eA.'ient to which the outflow from the lake can be improved by 

the manipulation of their level ~ (Que tion 6d). 

(d) The co ~ t of deepening the channel through and between the lake 

(Que tion 10). 

DESCRIPTION 

47. The Great Lake erve two great economic u e ; a navigation route of 

vital concern to the two countrie ; and a a re ~en'oir to equalize the flow of the 

St. Lawrence river. 

48. The supply of water to the Great Lake i furni hed by the inflow of 

the many relatively mall river of their drainage ba in , increa ed by the rain

fall on the lake them .... elve ·, and decrea ed by the evaporamon from the lake 

surface . The total area of t he drainage ba in of the lake is approximately 

300,000 quare mile of which nearly one-third i occupied by lake urface. 

Computations how that the average upply received from the land areas about 

equals that received a rainfall on the lake , but that roughly 40 per cent of 

this total gro upply i lo t by evaporation. The net upply varie widely. 

The record how rate of net upply to the whole lake ystem exceeding 800,000 

cubic feet per econd for a month; and they aLa how months during whiich the 

evaporation from the lake exceeded the water receivC;d from all ource , with a 

con equent negative net upply. The average monthly net upply for the 

months of April and :May i at a rate exceeding 500,000 cubic feet per second; 

and the average net upply for the month of November is at a rate of less than 

20,000 cubic feet per econd. 

49. N otwith tanding thi wide variation in upply the monthly mean out

flow from the lake during the pa t 65 year ha ranged between the narrow limits 

of 318,000 cubic feet per econd and 174 000 cubic feet per econd. But even thi 

minimum wa due partly to ice retardation. The minimum monthly mean di -

charge with open-river condition wa 194,000 cubic feet per second. 

50. The lake ab orb the g;reat variati n in upply becau e of the ri e and 

fall of their level . When the upply i high they ri e and store water; when 

it is low they fall and deliver the tared water. The average annual ri e and 

fall of the variou lake due to the ea anal variation in upply is from It feet 

to 2 feet; but extreme variation in ea anal upply have eau ed fluctuations in 

lake levels ranging from 2. 67 feet on lake Superior to over 4 feet on lake 

Ontario. Extreme high and low lake level are reached at the ends of periods 

of exce ive or deficient upply extending over e' eral year . The m, x1rrnno 

ranges of the montly mean level of the variou lakes since 1860 vary from 3. 5 

feet on lake Superior to a litt le more than 6 feet on lakes Michigan and Huron. 
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51. The period of low rainfall occurring during the past few years has 
brought down the levels of the lakes, and with other factors mentioned later has 
created record low levels on lakes Michigan, Huron and Erie. The rains of the 
summer of 1926 have, however, started the levels upward, and the lakes will 
return to their ordinary levels if the increased rainfall continues. 

DIVERSIONS AND OUTLET ENLARGEMENTS AFFECTING LAKE 
LEVELS 

52. It is evident that as the level of a lake fall , that of its outlet river will 
fall also, and the discharge capacity of the outlet river will be reduced: When 
water is diverted from the outlet, the lake levels will be steadily lowered with 
respect to their natural levels until the discharge capacity of the outlet has been 
reduced by an amount corresponding to the diversion, after which the effect of 
the diversion on lake levels cea es to increa e. Thus, at mean stages of lake 
Erie, a fall of 6 inches in it level will reduce the discharge capacity of its outlet, 
the Niagara river, by 11,000 cubic feet per second. After a diversion of 11,000 
cubic feet per second has lowered lake Erie by 6 inches, it will be balanced by 
the reduced outflow, and from then on the lake levels will remain substantially 
6 inches below the levels that they would have if the diversion were not in 
existence. 

53. The relation between the volume of flow of the various outlet rivers and 
tihe elevation of their water surface, or stage, has been accurately determined 
by repeated current-meter mea urements made during the past quarter century, 
and the amounts by which the various existing diversions have affected the lake 
levels can be stated with a urance. 

54. The time required for the decreasing outflow to reach an equilibrium 
with the decreased supply due to a diversion depends on the area of the lake in 
relation to its outlet capacity. Under present condition , approximate equilibrium 
is reached on lakes Erie and Ontario in about a year, but several years are required 
to establish thi equilibrium on the great reservoir formed by the combined areas 
of lakes Michigan and Huron. 

55. It is obvious that any enlargement of the outlet channel will lower thr 
levol of a lake in the same manner as a diversion of water. 

56. The levels of the Great Lakes have been affected by the following arti
ficial factors:-

(a) The operation of the regulating works con tructed to correct for the 
power diversion in the St. Marys river at the outlet of lake Superior. 

(b) The diversion of the Chicago Sanitary District from lake Michigan. 
(c) Diversions from lake Erie for power and mwigation through the Wel

land canal and from the Niagara river. 
(d) Changes in the discharge capacity of the St. Clair river at the outlet of 

lake Huron, and of the St. Lawrence river affecting lake Ontario. 

57. EFFECT OF REGuLATING WoRKs, ST. MARYS RIVER. The extensive diver
sions of water for power development at St. Marys falls, amounting to approxi
mately 50,000 cubic feet per second, has made necessary the installation of gates 
across the river, at the head of the falls , to control the outflow and levels of lake 
Superior. The gate are operated and the diver ions are controlled by an Inter
national Board of Control in accordance with conditions laid down by the Inter
natjonal Joint Commission, May 26-27, 1914. Their operation substitutes artifi· 
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cial for natural control of the levels of lake Superior, and has, in general, increased 

the levels of that lake at low water, and omewhat diminished those at high 

water. The control of the outflow of lake Superior for power and for navigation 

at St. Mary fall has therefore, in general, been beneficial rather than injurious 

in its effect on the level of lake Superior. 

58. The operation of these regulating works has affected somewhat the 

levels of the other lakes; ince the controlled di charge from lake Superior into 

them is at times greater than the natural di charge, and at times le . A com

putation shows that the maximum effect ince the regulation wa begun was 

reached in 1922 and 1923, when lake lVIichigan and Huron were lowered by 

4! inche , and lakes Erie and Ontario by 3 inche,. From 1923 to 1925 the 

release of water from lake Superior wa in exce of the outflow that would have 

occurred under natural condition with the con equence that by January, 1926, 

the other lakes were lightly higher than they would have been had there been 

no regulation of lake Superior. 

59. DIVERSION OF CHICAGO A ITA.RY DISTRICT. The diver ion by the Sani

tary Di trict of Chicago of an average yearly flow of 8 500 cubic feet per second 

from lake Michigan through the Chicago Drainage canal into the ba in of the 

Mississippi river ha been authorized b the United ate under the terms of 

a revokable permit i ued by the ecretary of War effective March 3, 1925. 

The permit wa i ued ubject to the condition , among other , that the Sani

tary Di trict hould con"'truct exten ive ewage purification work , and control 

works in the river, within five year and provide that the authorization shall 

terminate on December 31 1929 unle pecifically extended. The e timated 

co t of the sewage purification work required under the permit is $92,000,000. 

It is reported that the e work are 46 per cent completed. 

60. The diversion by the Sanitary Di trict authorized by the permit is 

exclusive of the water pumped by the city of Chicago into it water-supply 

system and thence pa ..,ing through the ewer into the Drainage canal. The 

amount so diverted in 1924 wa reported a about 1 200 cubic feet per second. 

The permit wa made contingent upon the adoption by the city of Chicago of 

an extensive program for metering it water ervice and the execution of thi 

program within ten year . The metering which i e~timated to cost $15,000,000, 

will reduce the amount of water diverted through the city water- upply ystem, 

and will expedite the sewage purification by reducing the volume to be treated. 

61. The official report of the War Department how that the total diversion, 

including that diverted via the water- upply r tern, ha averaged 8 660 cubic 

feet per second during the pa t five ear . The ecretary of War, in issuing 

the permit, informed the anitary Di trict that the diver ion of water hould 

be reduced to rea onable limits with utmo t de patch. It was appreciated that 

the desired reduction could not be made in tantaneou ly, but the conditions 

required under the permit were drawn with a view to making a substantial 

reduction by the time the permit expire . 

62. The diversion of the Chicago Sanitary Di trict authorized by license 

by the United States is taken in the pre ent report as the diver ion of 8,500 

cubic feet per second pecifically authorized in the permit i sued by the Secre

tary of War. 

63. BLACK RIVER DrVERSIO . There i a mall diversion from lake Huron 

into the Black river, which di charges into the St. Clair river below the head 

of the latter. Its effect on lake levels is negligible. 
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64. DIVERSIONS FROM LAKE ERIE. On the Welland canal, in addition to 
the water required for lockages, etc., diversions for power purposes aggregating 
the equivalent of a total of 2,050 cubic feet per second have been authorized by 
the Department of Rai1lways and Canals of the Dominion of Canada. T~~e 
best measurements available indicate a total present average flow of 3,100 cubic 
feet per second for both navigation and power. More water · will be required 
for the large locks of the new deep-draft canal now under construction. The 
Board is informed by the Chief Engineer, Department of Railways and Canals 
of the Dominion of Canada that the total average flow will not exceed 5,000 
cubic feet per second after the new canal is put in operation. 

65. On the Niagara river a diver ion for navigation purposes through the 
Black Rock canal, operated by the United States to carry lake shipping past 
the rapids at the head of the river, ha a mall effect on the levels of lake Erie. 
There is a diver ion of approximately 1,500 cubic feet per second through the 
New York State Barge canal, including 275 cubic feet per second for power 
purposes. This water is drawn from the Niagara river at Tonawanda below 
the rapids at the head of the river and is discharged into lake Ontario. Its 
effect on lake levels is negligible. The effect of the considerable diversions for 
power on the Niagara river has been compen ated for, at least to a large degree, 
by intake structures and the depo it of excavated material. The effect of the 
power diversions op the levels -of lake Erie, if any, is also regarded as negligible. 

66. The diversions via the Welland canal and the Black Rock canal affect 
not only the levels of lake Erie, but also to a small degree the levels of lakes 
Michigan and Huron. 

67. CHA GES I ST. CLAIR RIVER. The St. Clair river (the outlet of lake 
Huron) is the o:pe outlet of the Great Lakes system "Those discharge capacity is 
not controlled by a natural weir of rock. The river ha a sand and gravel bed. 
Any change in the slope of the river has an effect on the level of lake Huron. At 
the entrance from lake Huron it is contracted in a deep and narrow channel 
known as the Port Huron rapid , changes in the cross-sectional area of which 
have a much greater effect than those in any other similar length of the river. 
There is every reason to believe that this contraction was formed by the drift 
of beach gravel from lake Huron. 

68. A detailed analysis of all available gauge records made by the United 
States Lake Survey. indicate that between 1890 and 1900 di charge capacity 
of the St. Clair river increased po ibly to the extent of 0. 34 foot of stage of 
Huron. The que tion has been raised as to whether this was due to the dredg
ing of navigation channels in the river. Mo t of such dredging was done, how
ever, through the delta of the St. Clair, where the river flows with a fiat slope 
through a number of channel into lake St. Clair, and the extent of the dredg
ing was in ufficient to produce any ensible increa e of the discharge capacity 
of the river as a whole. A more probable explanation of the apparent increase 
in di charge capacities during that period is the natural erosion of the gravel 
bed of the Port Huron rapids. 

The di charge measurements subsequent to 1899 afford a more definite 
ba ·is for determining the changes in the di charge capacity of the river since 
that year. The shoaling eau ed by the wrecks of two schooners in the Port 
Huron rapid in 1900 reduced the discharge capacity by 0.1 foot of stage, 
leaving a net change of 0.24 foot to that date. No further change is indicated 
by the discharge measurements until after 1908. 
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69. The computations of the United States Lake Survey show that, between 

1908 and 1925, the discharge capacity again enlarged to the extent of 0. 38 foot 

of stageJ and that thi increase occurred in the contracted section near the head 

of the river. Its computations show no indication of any sensible increase in 

the discharge capacity except in this section. They do not show that the 

dredging done for the improvement of navigation during this period ( embrac

ing the removal of a shoal opposite Port Huron to the depth required for navi

gation), or the dredging of gravel for commercial purposes downstream from 

this contracted section, which ha been permitted by both the United States and 

Canda, has sen ibly affected the di charge capacity of the river. 

70. In order to improve the navigable depth to the Point Edward docks, 

at the foot of the Port Huron rapid , the Department of Public Works of the 

Dominion of Canada authorized the licensees of the province of Ontario to dredge 

gravel in thi contracted section. The records of the province show a total of 

1,519,000 cubic yard dredged from this locality during the period. A survey 

made in 1925 di clo ed that thi dredging had been carried on by the licensees 

and others to suc'h an extent as to create a material enlargement of the cross

sectional area of the river through a di tance of about 6,000 feet, such enlarge

ment for about one-half thi di tance amounting to more than 30 per cent of the 

original area. Thi urvey bowed an apparent !'emoval of 2,400,000 cubic yards. 

The computed effect of the enlargement i 0. 29 foot and agrees reasonably 

clo~ely with the ob erved increa e in the di charge capacity during the period. 

The survey showed that the narrow ection above the location of the dredging 

had contracted during the period, lea\ ing thi dredging as the only assignable 

cause of the increa e in the di charge capacity of the river. 

71. From the abo' e figure , the total effect of the enlargement of the dis

charge capacity of the river i taken at 0. 6 foot of tage. 

72. Precise information a to the effect of gravel dredging in the part of the 

river below Point Edward cannot be given at the writing of the report, but a joint 

survey i being made by the officer of the two countries covering the upper

most six mile of the river. From thi urvey further information will become 

available in regard to thi matter. 

73. C.HA GES IN DETROIT RIVER. The Detroit river has a wide sill of 

ledge rock acro it lower reache . The enlargement of the natural channels 

through this section of the river wa commenced in 1876 and has been pro

gressive since that time. In the lack of contemporaneous di charge measure

ments, the effect of the earlier excavation rannot be determined, but the 

amount of this excavation i in ufficient to have eau ed any material increase 

in the di charge capacity of the St. Clair-Detroit outlet as a whole. In 1907 

the excavation of a new straight channel, known as the Living tone channel, 

was begun, but in the execution of the work the excavated material was so 

deposited as to compen ate for the enlargement. The di charge measurements 

and computations made by the United State Government engineer in charge 

of the improvement since the opening of the 0hannel have convinced the Board 

that the compensation for all channel excavation since 1901 was accomplished. 

74. CHA TGES IN NIAGARA RIVER. The Niagara river has had various 

minor contractions by bridge pier, shore encroachment , etc., and enlargements 

through the dredging of gra\ el for commercial purpo e . Recent discharge 

measurements show that these have o clo ely balanced each other that the dis

charge capacity of the river ha been sub tantiE- lly unchanged. 
45827-2 
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75. CHANGES IN ST. LAWRENCE RIVER. In the St. Lawrence river, the 
works undertaken by the Canadian Government in connection with the present 
14-foot navigation included the closure of a minor channel at the head of the 
Galop rapids by what is known as the Gut D s.m. This work was undertaken 
for the purpose of improving navigation at the rapids, but caused a reduction 
in the discharge capacity of the outlet uf lake Ontario, which, in addition to 
counteracting minor channel enlargements made in the same period, raised the 
levels of the lake by somewhat more than 0.4 foot. 

76. CoNTROL OF DREDGING SAND AND GRAVEL IN OuTLET RivERS. The 
estimates of the cost of the channels of specified depths through and between 
the lakes, herei11after presented, are based on the premise that the lake levels 
will not be lowered by the further enlargement of their outlets through the 
dredging of sand and gravel for commerci&.l purposes. The control of this 
dredging to prevent injurious enlargements is now being considered in corre
spondence between the two countries. 

77. SUMMARY OF EFFECT OF DIVERSIO rs A ~D OuTLET CHANGES. Omitting 
the small and varying changes resulting from the regulation of lake Superior, 
the effect of the varim:.s diversions and outlet changes is found to be as follows. 
The minus sign indicates a lowering of lake levels and the plus sign a raising of 
lake levels. 

Amount of 
diversion, 

Effect, in feet, 
on levels of Lakes 

Cause cubic feet 1-----·------

Authorized Diversions:-
Chicn.go Sanitary District . ......................... . 
Power divErsions, ~ elland canal. ... . ............... . 

All present diversions and outlet changes:-
Chicago Sanitary District .......... .... .. ... ....... . 
Welland canal. . .. .................................. . 
Black Rock canal ..... . .......... .. . .. . ........ ... . . 
Changes in St. Clair river outlet-

per Michigan 
second and Huron 

8,500 
2,050 

8, 660 
3,100 
1,000 

-0·5 
-0 ·025 

-0·5 
-0·04 
-0·01 

Prior to 1908. . .. .. ................... ........... . . . . . . . . . . . . -0·3 

Erie 

-0·4 
-0·1 

-0·4 
-0·15 
-0·05 

Sub~equent to 1908.... ...... ... ........... . ..... . . . . . . . . . . . . -0·3 .... ... . . 
Gut Dam .......... .. ....... . . ........ . . .. .................. .. .. .. . ................ . 

Total . .... ........... .... ... ... . -1·15 *-0·6 

Ontario 

-0·4 
0 

-0·4 
0 
0 

+0·4 

0·0 

*Upon the opening of the new Welland Ship Canal the lowering of the level of Lake Erie will be 
increased to 0.7 feet. 

IMPROVEMENT OF LAKE LEVELS AND OUTFLOW 

78. CoMPENSATI G AND REGULATING WoRKS. The levels of the Great Lakes 
can be raised by works in their outlet rivers, which may be wholly in the form 
of fixed weirs and contractions or may be provided with sluice gates. The first 
of these have come to be termed compensating works, while the second are 
termed regulating works. 

79. The effect of compensating works is to raise both the high and low lake 
levels in substantially the same degree, the fluctuation of levels remaining un
changed. After the lake levels have adjusted themselves to the new regimen of 
the outlet, the outflow from the lake will likewise be substantially the same as 
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if the compensating works had not been built. By operating the gates of regu

lating works, the di charge from a lake and con equently the levels of the lake, 

can be controlled \Yithin limits to be discu ed later. 

80. REGULATIO OF LAKE 0 TARIO. The regulation of Lake Ontario is an 

inherent part of the plan for the improvement of the St. Lawrence river for 

navigation and power, propo ed in Part III of this report, since these plans 

include a major enlargement of the rock sill at the head of the Galop rapids, 

which now controls the outflow from the lake, and provide for the control of 

outflow by luice gate . The program for the regulation of lake Ontario recom

mended by the Board is pre ented in Appendix B. 

81. REGULATIOr OF OTHER LAKE . Since regulating work are already in 

operation at the outlet to lake uperior, as a con equence of the large power 

diversions at St. 1\1arys fall there remain only the con ideration of corn

pen ating or regulating work at the outlet of lake Huron (controlling also the 

levels of lake Michigan) and of lake Erie. 

82. A wide pread belief ha ari en amono- member of the engineering pro

fession as well as among the public at large, that a remedy for low lake levels 

and di charo-e can be found throuo-h a comprehen i' e tern of regulation of 

the e lake . The Board ha gi\ en the que tion .. earching tudy, and has turned 

to compen ating "ork in the outlet Jf lake Huron and Erie only after it was 

found that the re ult that can be ... ecured from regulating work are entirely 

incommen urate with their eo t. 

83. LIMITATIONS OF LAKE REGULATION. To many of the persons concerned 

in the level of the Great Lake the apparent remedy for uch low-water levels 

as are now occurring i the con truction of regulating \\·ork acro their outlets, 

with gate which can be clo ... ed at lO\\'-\Yater period ~ to hold back the water 

which now run out in exce~ of the upply and which can be opened when the 

supply again become normal. It i the exce... di ... charge during low-water 

periods howe er that furni ... he the bulk of the flow of the Niagara and St. 

Lawrence riYer . There have been time~ "·hen for t\\·o months con ecutively, 

practically all of the water flo\\·ing out of the lake into the St. Lawrence came 

from the rece ... ion of lake level . The lake level 1\·ould therefore have to be 

allowed to recede, when the rainfall i deficient, to maintain the natural low

water flow in the N iagara and t . La·wrence ri\ er . 

84. Similarly, when the lake reach high tage it is not possible to hold 

back more water for torage again t a future low upply, without raising the 

Lakes to such extent as would do great damage to industries and lands on the 

lake shores. 

85. The operation of regulating work mu ... t therefore be limited to holding 

back water in torage when the upply i in exce of the requirements of the 

Niagara and St. Lawrence river.. and the tao-e of the lake are at the same 

time such that the water can be tored without ri k of eau ing exces ively high 

levels. The water stored can ... ub equently be u ed for maintaining the outflow 

of the Niagara and t. La" rence during period of deficient supply without 

drawing down the Lake a far a they \Yould fall under pre ent conditions. 

86. The lake levels can be rai ed by compen .. ating works to the extent 

regarded as justifiable 1\·ith re ... pect to high lal e level . With regulating works 

the range of stage can be reduced, so that, "ith the ...,ame high le\ els, the low 

levels will be higher than tho e ..,ecured by compen ... ating works. 

45827-21 
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87. REGULATION FOR LAKE NAVIGATION. To determine the extent of the 
benefit, a program of regulation was formulated by the Board, which was 
designed to secure, with as complete a control over the outflow of the lakes as 
is at all practicable, the maximum improvement in lake levels, and at the same 
time assure a minimum discharge of 176,000 cubic feet per second out of lake 
Erie and 200,000 cubic feet per second into the St. Lawrence river. The natural 
discharge heretofore has fallen below these figures but 5 pBr cent and 15 per 
cent of the time, respectively. This program was then applied to conditions 
that actually occurred on the lakes during the period from 1894 to 1925, inclusive. 
Considering only the levels affecting navigation, and eliminating the fluctua
tion in the natural stages which were due to progressively increasing diversions 
and outlet enlargements, the results are as follows:--

Range of Range stage of in stage Gain by Lakes if not regulation as regulated regulated 

Lakes 

Feet Feet Feet 
Superior........ . .... ..... ................... . . . . . . ......... . . . 2·4 2·8 0·4 
Michigan-Huron... . . . . . . ... .. ..... . .. . ................. . ....... . 2·4 3·5 1·1 
Erie . . .. .. .. . .................. ......... .... .... . . . ......... ... .. . 2·8 3·3 0·5 
Ontario ...... .. . ...... .. ..... .. ...... ... ..... . ............... .... . 2·8 4·2 1·4 

88. The mnimum cost ·of regulating works necessary to put the program 
into effect is estimated at $36,400,000. The cost of .securing the same improve
ment in lake channels and harbours by compen ating works supplemented by 
dredging is $13,400,000, it being a umed that the dredging is undertaken in 
both cases as a part of the comprehensive project for channel enlargement. It 
is clear, therefore, that the construction of regulating works for the benefit of 
lake navigation is not economically justified. 

89. Moreover, regulation works in the St. Clair river will necessarily be a 
burden to its present intensive water traffic. A preliminary investigation indi
cates that the control oveT the discharge of the river necessary to regulation 
could be obtained by a series of works, each with an open navigable pass having 
a width, depth, and current velocity suitable for navigation, and the estimate 
of $36,400,000 is based on such a scheme. The scheme involves the main
tenance of many miles of channel at the predetermined dimensions necessary to 
accomplish the result, and its practicability is not assured. It would certainly 
afford a waterway less convenient fo·r navigation than are the present free 
channels. The somewhat more expens·ive plan thr.i has been advanced, of 
works in which locks would be provided to pass vessels at the regulating works, 
would be more certain of operation, but would inflict a serious loss on present 
commerce through the delay of lockage. The total delay for each vessel pass
age, including the time lost in appifoaching the lock and delays awaiting lockage, 
would be approximately one hour. The aggregate economic loss resulting from 
such a delay to the great ves el movement through the waterway would be in 
the vicinity of $1,000,000 per annum. 

90. Furthermore, an analysis of the outflow from the lakes afforded by the 
program of regulation tested shows that, while the lowest outflow would be 
somewhat increased, the discharge would be held down to a lower flow than 
now occurs for nearly half the time, in order to build up the lake levels. As 
explained in Appendix B, a prolongation of the periods of low discharge dis
proportionate to the increase in the minimum dischn.rge is an inevitable conse-
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quence of the re tricted di charge capacity of the lake systems. Aside from 

the effect on the future development of power, such long-continued low dis

charges would have seriou consequences in reducin~ the water levels in Mont

real harbour. 

91. Various modified programs for regulation were tried out, but all with 

the same result; such improvement in lake levels as could be secured was at a 

cost greatly in exce s of the aving effected in future channel and harbour 

dredging, and at the expense of prolonging the periods of low flow in the St. 

Lawrence. 

92. REGULATION FOR PowER. While the general regulation of the Great 

Lakes is clearly inadvisable for the purpo e of improving the lake levels for 

lake navigation, there remained a que tion whether it might be ju tifiable for 

the purpo e of increa ing the flow for power on the St. Lawrence. A study was 

made, therefore, to determine the re ults that could be expected if the opera

tion of the work wa directed toward that end, in tead of toward reducing 

the fluctuations in the level of the lake . While the outflow could be thus 

redistributed to increase the primary power potentially available, no program 

of regulation was found that would increa e materially the total output of 

plants with an in tailed capacity ufficient to utilize the mean flow of the river. 

The advisability of undertaking the reo-ulation for the benefit of the power on 

the St. Lawrence depend , therefore wholly on the nature of the market for 

power that may develop as the in tallation of power works proceeds. The 

regulation of lake Ontario alone will afford a ufficent control over the flow of 

that river for the advantageou development of power until at least the 

enormous amount available without further regula!-ion is absorbed. There is, 

therefore, no pre ent ju tification for the great expenditure nece ary to pro

vide regulating work in the intere t of power production. 

93. GENERAL A PECTS OF REGULATION. Regulation works could be admin

istered to erve either of two divergent purpo es. They could be used to 

decrea e the fluctuation in the lake level~ for the benefit of navigation and of 

riparian intere t on the Lakes, at the expen e of the outflow into the St. Law

rence; or they could be u ed to impro' e the outflow into the St. Lawrence for 

the benefit of power production and of navigation in the lower river, at the 

expense of the level of the Lake . The predominant intere ts concerned in the 

levels of the Great Lake are in the United States; the predominant interests 

concerned in the outflow into the St. Lawrence are in Canada. Lake regula

tion might therefore, create point of difference between variou interests in 

the two countrie . It i not even po ible to fix in advance a definite allocation 

of such benefit a might accrue from lake regulation, because any program 

of regulation mu t be ba ed on pa t experience a to the supply of water to the 

lake system. If a future deficiency in upply hould exceed pa t records in 

extent and duration, the que tion would ari e whether the emergency should be 

met by holding back water in the lake at the expense of the St. Lawrence, or 

whether the navigable depth in :rv:Iontreal harbour is to be maintained at the 

expense of lake navigation. 

94. The regulation of lake Superior has been sati factory to tJhe two coun

tries for the rea on that the fluctuations introduced in discharge from that 

lake are ab orbed in the great re ervoir formed by lakes Michigan and Huron 

without greatly affecting the level of the latter or materially affecting the 

di2charge of the Niagara and the St. Lawrence river . The recent great defi

ciency in supply to lake Superior, which was not anticipated when the program 

for regulation was drawn up, gave rise, therefore, to no special complications. 
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The regulation of lake Ontario, proposed as a necessary part of the improve
ment of the St. Lawrence, affects but one lake only, which has but 8 per cent 
of ·the area of the Great Lakes ._y tern. Its regulation will not affect in any 
substantial manner divergent national interests, and is a relatively minor prob
lem, whose solution offers no , eriou difficulties. The regul_ation of the lakes . 
as a whole is an entirely different matter. 

95. CoMPENSATING WoRKS. The investigations made by tJhe Board show 
that it is advi able to con truct compen ating works in the Niagara and St. 
Clair rivers to counteract the effect of all diversions and ·outlet enlargements 
on the levels of lakes Michigan, Huron, and Erie. 

96. WoRKS PROPOSED, NIAGARA RIVER. The works proposed in the Niagara 
river are located just afbove the contracted secJtion of the river at Fort Erie, 
and ·n effect merely prolong thi contracted reach. A longitudinal dyke, 
approximately one-half mile in length, i to be constructed to secure the required 
contraction. It is to be connected with the Canadian shore by a weir witJh its 
crest slightly below low-water-level, which will force practically all of the 
flow through the contraction at low lake levels, and a less proportion of the 
flow at high lake levels. The structures will not interfere with the free passage 
of ice, nor with such ligiht-draft navigation as follows the river instead of 
using the Black Rock canal. In view of the approaching opening of the new 
Welland ship canal, with an increased diversion for its operation, they are 
designed to raise the low levels of lake Erie by 0. 7 foot and the high levels by a 
slightly less amount. Should the amounts of the present or prospective diver
sions be reduced, the works can be altered at small cost to balance the reduced 
diversion. The cost of the e works is estimated at $700,000. 

97. WoRKS PROPOSED, ST. CLAIR RIVER. The works proposed on the St. 
Clair river are a series of ubmerged rock ills with crests 30 feet below the 
low-water stage of the river. It has been shown in paragraph 77 that present 
diversions and outlet enlargements have lowered the levels of lakes Michigan 
and Huron by 1.15 feet. The Board regards it .as safe to restore them to the 
extent of one foot. The back-water effect of the compen ating works proposed 
in the Niagara river is computed as 0.15 foot on lake Huron. It is estimated 
that 31 sills in the St. Clair river, will secure the remaining 0. 85 foot of com
pensation proposed, at a co t of $2,700,000. 

98. This form of compensating works is selected primarily for the reason 
that the sills will -not reduce the navigable width of this important waterway, 
nor will they increase the cost of providing a channel depth of 30 feet. While 
these works once built cannot be altered readily to meet a future reduction 
in the amount of the Chicago diver ion, yet on account of the commercial value 
of the gravel in the river bed, it would not be costly to again enlarge the 
capacity of the river to meet such a reduction. 

99. CoNSTRUCTION PERIODS. To avoid an unwarranted reduction in the 
flow of the Niagara and St. Lawrence rivers while the lakes are being raised 
by the compen ating works, the construction on the Niagara river should be 
spread over two years, and on the St. Clair river over four years' time, and 
~he prosecution of the latter hould be suspenaed during any extreme low-water 
periods that may occur at the ·time they are undertaken. 

100. CoMPENSATION FOR AuTHORIZED DrvER'IONS ONLY. The jproposed 
compensating works will counteract not only the effect of diversions authorized 
by license in the United State and Canada, but also the effect of outlet enlarge
ments, diversions for navigation, and diversion not covered by license. The 



. 
St. Lawrence Waterway Project 23 

lake levels could be re tared by similar but le s exten ive works to the extent 

that they have been reduced by diver ions authorized by licen e in the two 

countries. The co t of ..,uch works would be nearly proportional to the amount 

of compen ation of le' el effected and i e timated a follows:-

Cost of works Cost of works 

Diversion compensated for in Niagara in St. Clair 
River River 

s 

Chicago Sanitary District ................................................ . 

s 
400 ,000 
100,000 

1, 350,000 

Power diversion , Welland Canal. ........................................ . 

COST OF DEEPENING CHANNELS THROUGH AND BETWEEN THE 

LAKES 

101. An uncompen...,ated enlargement of the navigation channels through the 

St. Clair and Detroit ri\ ers would lightly increa e the di charge capacity of 

these rivers and hence will tend to lower the levels of lakes Michigan and Huron. 

On the Detroit river an enlargement can be compensated by the deposit of the 

excavated material. On the t. Clair river ome additional compensating works 

will probably be required. The co t of the e to counterbalance the excavation 

of a channel to a depth of 25 feet, i e timated at $200,000. 

102. The co t of improving the channel between lake Erie and lake Superior 

to secure a depth of 25 feet below the level which past experience indicates 

will be availc.ble 99 per cent of the time during the navigation season, after 

compensating works have been con tructed, i a follow 

TWENTY-FIVE FooT CHA~ 'EL. 

Cost of compensating works. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3,600,000 

Cost of excavation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41,100,000 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $44,700,000 

The present project for the new \\ elland hip canal, when completed, will give 

this depth of 25 feet between lake Erie and lake Ontario. 

103. The estimate are ba ed on the deepening of pre ent channels, with 

such minor enlargement and traightening a experience with these channels 

has proved neces ary. The lake level on which the depths are based are :-

Lake Superior . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. . 601.0 

Lakes Michigan and Huron. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 579.0 

Lake St. Clair . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
 573.75 

Lake Erie . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . 571.0 

The estimates do not include a new lock in the St. Marys river, since the avail

able depth in two lock~ la t built by the United States, the Davis and Fourth 

locks, is 24 feet when lE..ke Huron i at the le el cho en a a basi for this 

improvement. The additional depth proYided in the 25-foot channels is no more 

than is required for safe and con\ enient navigation. 

104. The e timate how that a aving of approximately $1 250 000 will be 

effected in providing channeL 25 feet in d&pth through and between the lakes by 

including compen ating work in the project a propo ed, rather than by securing 

the depth by dredging only. The con truction of the"e compen ating works will 
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afford also increased depth in all the harbours, large and small, on .lakes Michi
gan, Huron, and Erie, and will reduce the cost of improving such harbours as 
may be deepened to correspond with the enlarged interl&ke channels. Moreover, 
without compensating works, the low-water depth in the Davis and Fourth 
locks at St. Marys falls will be but 23 feet. The construction of compensating 
works is therefore fully justified. · 

105. The costs of channels 27 and 30 feet deep, respectively, through and 
between the lakes at the same lake levels a those on which the channel 25 feet 
deep is based, are as follows:-

FoR A TwE ~TY-SEVE ~-FooT CHANNEL 

Compensating works, Niagara and St. Clair rivers ............. . 
Channel excavation, lake Erie to lake Superior ................. . 
Lock in St. Marys river ...................................... . 
New Welland ship canal, in addition to present project ..... .... . 

Total ............................................. . 

FoR A THIRTY-FOOT CHA EL 

3,700,000 
54,900,000 
6,500,000 
1,100,000 

$66,200,000 

Compensating works, Niagara and St. Clair rivers............ 3,800,000 
Channel excavation, lake Erie to lake Superior. . . . . . . . . . . . . . . . 75,900,000 
Lock in St. Marys river. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6,500,000 
New Welland ship canal, in addition to present project........ 14,100,000 

-----
Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $100,300,000 

The studies made by the Board relating to lake levels and outflow, and to works 
for their control, will be given at length in Appendix B. 
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PART Ill 

THE IMPROVEMENT OF THE ST. LAWRENCE RIVER 

106. This part of the report sets forth the plans presented by the Board tvr 

the improvement of the St. Lawrence river for navigation and power, between 

lake Ontario and Montreal H arbour. 

DESCRIPTION 

107. For convenience of reference, the Board will use the following names 

to designate the five ection into which this part of the river naturally divides 

itself. In order down tream the e are:-

The Thousand I land Section (Fifth Divi ion of the Report of 1921), 

embracing the deep, lake-like reache of the river, 67 mile in length, from lake 

Ontario to the first swift water at Chimney point, 3 miles downstream from 

Ogden burg, N.Y., and Pre cott, Ont. 
The International Rapid Section (Fourth Divi ion of the Report of 1921), 

embracing the 48 mile of rapids and swift water between Chimney point and 

the head of lake St. Francis. 
The Lake St. Franci Section (Third Division of the Report of 1921), 

extending 26 miles through that lake to the end of deep water at its foot. 

The Soulange Section (Second Divi jon of the Report of 1921), embracing 

the 18 miles of rapids and hoal water from lake St;. Francis to lake St. Louis. 

The Lachine Section (Fir t Divi ion of the Report of 1921), embracing lake 

St. Louis and the rapid and shoals from this lake to Montreal Harbour, a length 

of 23 miles. 

108. The first two section lie along the international boundary, between 

the province of Ontario and the state of New Y ark. The remaining three lie 

in the province of Quebec. The improvement of the Thousand Islands &c

tion and of the Lake St. Francis Section is solely a question of excavating 

channels for navigation. The other three sections can be improved for power 

in addition to navigation. 

GENERAL FEATURES OF PLANS 

NAVIGATION 

109. FUNDAMENTAL PRINCIPLES. The plans have been prepared in accord

ance with the recognized principle that the interests of navigation on the St. 

Lawrence are paramount. A full observance of this principle does not inter

fere with the beneficial use of the flow of the river for power generation. On 

the contrary, the improvement of the rapid ections of the river for the joint 

benefit of navigation and power affords, as a rule, much better naviga.tion than 

could be secured by the improvement now economically justifiable in tJhe inter

est of navigation alone. 

110. In accordance with its in tructions, the schemes presented by the 

Board are designed to provide to the best advantage at this time and ulti

mately, for the development of the capacities and possibilities of the ~aterway. 

The magnitude of the interests in the two countries that would be affected 
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by the improvements if the project be adopted have been fully ·Considered. The 

Board has vi ualized the fulle t ultimate development of the navigable capacity 

of the watenyay commen .. urate "ith co t. The endeavour has been made to 

provide the maximum amount of open-river navigation, with ru minimum of 

locks and of canal navigation. For the initial improvement it has adopted 

the minimum standards hereinafter set forth, but the plans are so drawn that · 

the navigation improvements can be enlarged, at the least economic loss, as 

the traffic ju tifies further improvement. Plans that would restrict tJhe best 

eventual development of the waterway for navigation have therefore been 

discarded. 

111. CHANNEL DEPTH. Conforming to the tenor of the instructions, the 

estimates are ba ed on navigation channels 25 feet in depth. The sills of all 

locks and fixed truoture. are placed at 30 feet depth to permit of the future 

enlargement of the waterway. The Board has given careful consideration to 

the que tion "hether it would be advantageou to provide initially for a chan

nel depth other than 25 feet (Que tion 9 of In~tructions). A majority Df tho 

Canadian Section favour thr initial excavation to a depth of 27 feet. This is 

the depth to which the new Welland ship canal is being carried under the 

present contracts, and to which the sections of tJhe canal previously excavated 

can be enlarged at relatively mall cost. A majority of the United States Sec

tion regard the depth of 25 f~et as sufficient initially, in the view that a pro

ject for a greater depth through the interlake channels above lake Erie is not 

foreseen for a long period. To afford full information on which to base the 

determination of this broad que tion of economic policy, the Board presents, 

in the summaries at the end of this part of the report, the estimates of the addi

tional eo" t of excavating the channels initially to 27 feet; of the saving effected 

with an initial depth of 23 feet; and of the cost of subsequently enlarging the 

channel from 25 feet to 30 feet. E timates for channels 23 feet deep are in

cluded, since such channel would accommodate comfortably all hipping that 

can u e the existing interlake channels above lake Erie. The designs herein 

presented, and the alignment of the channels, are not affected by the depth 

to which the channel are excavated initially. 

112. To remove any confusion between the depth of tha channels and the 

draft of the vessels which can u e them, the Board points out that channels 

25 feet in depth are suitable for . afe and convenient navigation by vessels of 

not to exceed 23 feet alt-water draft, and channels 27 feet in depth by vessels 

of 25 feet sa lt-water draft. For ves el of this size fresh-water draf·t exceed~ 

salt-water draft by from 6 to 7 inches. 

113. STA DARDS FOR CHA ELS AND LocKs. The Board recommends and 

has adopted the following standards for navigation improvements: 

Channel for navigation have a minimum width of 450 feet, except in canal 

seotion , where they have a bottom width of 200 feet (at 25-foot depth). Open 

channels are widened where advi able on account of cross currents and at 

bend , and are both widened and deepened as required to afford suitable cur

rent velocitie for navigation. The minimum radius of curvature of tJhe chan-

nels is 5,000 feet. -
The locks conform in dimen ion with those in the new Welland ship canal, 

and have chamber 859 feet in length between inner quoin posts, and 766 feet 

between brea t wall and fender . T he clear width of the locks is 80 feet, and 

the depth over the ill 30 feet. Duplicate sets of gates are so provided that 

two gate may alway be clo ed again t the upper level. Fenders will afford 

an additiona l afety precaution, and guard gate or emergency dams are pro

vided when neces ary to afford a means for stopping tJhe flow that would resuH 
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from the accidental de truction of any lock gates. The plans are so drawn 

that all locks can be duplicated as commerce requires additional facilities, and 

the e timate include the foundation for duplicating all flight locks, since 

the e have le ultimate traffic capacity than single locks. 

114. CAPACITY OF WATERWAY. The 25-foot 1\·aterway as de igned has an 

estimated traffic capacity of 24,000 000 ton per annum after any flight locks 

included in the adopted plans have been duplicated. Flight lock are included 

in alternative plan for the improvement of the Soulange Section only. With 

these alternative plan~ the initial capacity of the "aterway would be 16,000,000 

tons per annum until the duplicate lock of the flight were completed, after 

which the traffic capacity would be 24 000,000 ton , e tabli hed by the capacity 

of the separate lock of the sy tern having the highe t lift. 

PowER 

115. PowER lNSTALLATIO s. The plans provide for an initial construction 

of power plants ba ed on con ervative e timate of the rate at which power can 

be marketed under re triction a to exportation. The demand for power the 

world over is growing rapidly and the great potential power of the St. Law

rence river may well become an important factor in t he economic welfare of the 

two countrie . The Board ha therefore dra\\ n it plans with especial view to 

the eventual utilization of the complete power re ource of the river. 

116. The 'ariou po\\"er hou e have the capacity for the de' elopment of 

the maximum flow which the Board con ider a utilizable in the future. The 

intere t of navigation require that the flow down the St. Lawrence be main

tained at a high degree of uniformity and prevent the maximum u e of water 

for power by fluctuating the hourly flow to meet the fluctuating power demand. 

An in tailed capacity well in exce of the minimum flow of the river ha been 

provided, however, ince the increa._ing value of power will ju tify it eventual 

development from the flow available during high-water periods only. 

117. The ultimate in tallation propo..,ed by the Board in the International 

Rapid Section is omewhat le.._ than the in tallation propo ed by ome of the 

applicant for authority to develop power in thi ection. The exce in tailed 

capacity provided in the plan of the e applicant would afford little return on 

account of the limit inherent in the regulation of flow required in the intere t 

of navigation and of po\\ er down tream. 

118. The initial in tallation of power machinery in each power hou e will 

depend on the market available when the work are put in operation. For pur

pose of e timating the initial expenditure required the initial in tallation i 

taken at 50 per cent of the eventual capacity of the power hou es fir t con-

tructed. 

119. WrxTER PowER 0PER. TIO . A full tudy ha been given to the winter 

operation of power plant . The fundamental problem i found to be the main

tenance of the winter di charge capacitv of the river "ithout exce ive loss of 

head from gorging with ice rather than the local problem~ of handling the ice 

at the power plant them .. elve . 

120. The power eetions of the river now have o rapid a current that (with 

an exception el ewhere noted in thi report) the. alwa run open throughout 

the winter. ·From the time that the water reache the freezing point, in late 

December or early January, until the end of winter the e exposed reaches are 

continuously lo ing heat and making ice, in the form of frazil and anchor ice. 
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Frazil is the term applied to the particles of ice forming in water where the 
current prevents the formation of a surface ice sheet. These particles agglomer
ate in pans of soft, snow-like ice, which float down the surface of the river. 
Anchor ice is the ice forming on the bed of the river, due to the loss of heat by 
radiation. It rises to the surface when loosened by the heat of the sun, and 
floats downstream in masses resembling frazil ice. The term " slush ice " is 
often applied to both. The ma ses of slush ice are carried down by the current 
and pack under and against the ice sheet formed over the quiet water at the 
foot of the reach, gorging the channels to such an extent that rises in the water 
level of from 10 to 30 feet occur in winter at the foot of each open section. 

121. The construction of a dam in any of the power sections for the dual 
purpose of concentrating head for power development and of improving the river 
for navigation will, in the general case, create a deep slow-flowing pool, certain 
to freeze over early in the winter. The situation to be guarded against is the 
throttling of the river by the gorging of the channel at the upper end of this 
frozen pool. It i e tabli hed by the Board from measurements of the loss of 
heat from the river, confirmed by measurements of the ice actually formed, 
that, with the temperature obtaining in the region, from 15 to 20 cubic feet of 
ice will be made in the course of a severe winter for every square foot of open 
water. It is found, however, that in all cases wherB the current velocity ,is as 
low as 2. 25 feet per second, the frazil and anchor ice c-onsolidates on the sur
face when it meets an ice sheet, and extends this sheet upstream, without the 
excessive gorging and throttling of the river that occur at higher current veloc
ities. The plans for power development are therefore based on enlarging the 
upper reaches of the power sections by excavation where necessary to insure, 
with the discharges that must be maintained in winter, current velocities not 
exceeding 2. 25 feet per second, except through short distances at the upper 
ends of the power reaches where the remaining · area of open water could not 
produce enough ice to be of seriou con equence. Such ice as may be formed 
in these short distances would be stowed in nearby enlargements of the river 
below. 

With an ice sheet extending down to the intakes of the power houses, the 
operation of the power plants will be nearly, if net entirely, free fTom ice 
difficulties. 

122. MoDIFICATIO r OF PLANS DURING CoNSTRUCTION. In such an extensive 
project as that for the improvement of the St. Lawrence it is not posSJible, even 
in the time consumed by the Board in its inve tigations, to arrive at the best 
possible design of all featuTes of the project, both fo!' navigation and for power. 
The estimates are based on safe and adequate structures and channels, but it 
is expected that the responsible authorities in eharge of the construction will 
exercise the usual latitude in making uch alteration~ as are found to be desir
able in consequence of more detailed studies, and the development of the art. 

123. DATUM PLANE "GSED IN REPORT. All elevations in this report are ele
vations above mean sea-level. The precise reference planes used are described 
in Appendix C. 

THOUSAND ISLANDS SECTION 

(Fifth Division of Report of 1921) 

124. This ection, 67 miles in length, extends from Tibbets point, taken 
as marking the end of lake Ontario, to Chimney point, 3 miles downstream 
from the towns of Ogden'"' burg, N.Y., and Prescott, Ont. The river is generally 

• 
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broad, deep and slow flowing, with a total fall at mean stage of but about one 

foot. Between Clayton, N.Y. (mile 20) and Brockville, Ont. (mile 52) a num

ber of granite reefs endanger navigation and the narrow deep channels through 

the Thousand Islands and the Brockville group require ome straightening for 

safe and convenient navigation by deep-draft ve sel . The improvement pro

posed is the removal of twelve reef and 'the cuttir.g back of four projecting 

points, all to a depth of 25 feet below a datum plane corre ponding to elevation 

242.5 on lake Ontario. The co t determined from a detailed survey made by 

the present Board, is $1,100,000. Detail of the estimate are given in Appendix 

c. 
125. The work recommended follows the ame lines as that proposed in the 

Report of 1921, but the e timated co t i greatly increa ed on account of the 

more accurate data secured ince that report. 

INTERNATIONAL RAPIDS SECTION 

(Fourth Division R eport of 1921) 

126. DESCRIPTION. This section extend from Chimney point (mile 67) to 

Colquhoun island (mile 115), oppo ite St. Regi , at the head of lake St. Francis, 

a distance of 48 mile . The river here runs in a uccession of rapids, beginning 

with the Galop rapid , near the head of the ection and ending with the Long 

Sault rapids (miles 103 to 104), with the Rapide Plat ju t above Morrisburg, 

about midway between. wi ft current predominate in the reache between the 

rapid and extend to the middle of Cornwall i land (mile 111). The total fall 

through the ection at mean river tage i 92 feet, of which approximately one

third occur in the fir t 18 mile above the foot of the Rapide Plat at Ogden 

i land, and the remaining two-third below that point. The present 14-foot 

navigation on the river i carried around the rapid ~ by a erie of ide canals 

along the Canadian shore. 

127. PRIOR PLAN . The improvement propo ed in the Report of 1921 was 

the construction of a dam in the LonO' 'ault rapid Khich would rai e the water 

level to elevation 231, creating a pool reaching into the Rapide Plat at Ogden 

i land. At Ogden i land a econd dam with a lock wa to be con tructed, which 

with suitable channel enlargement would carry naYigation through the upper 

part of the section. A canal along the Canadian bore, 8 miles in length, with 

two lock , was to carry navigation from the pool formed by the lower dam back 

to the river at the town of Cornwall. The plan included the development of 

power at a Canadian and an American power hou e located at the foot of Barn

hart i land, with a head of 74 feet and a total in ~t.alled capacity of 1,777,360 

hor e-power. In addition a econd power plant with a capacity of approxi

mately 60,000 hor ... e-power located near the head of Long Sault i land, was to 

develop the surplu head of 29 feet created in the diver ion which feeds the 

power plant of the t. Lawrence River Power Company at Mas ena, N.Y. The 

head available at the upper dam at Ogden i land amounting to about 8 feet 

during the ice-free month wa not to be developed for power. It was e timated 

that most of this head would be ab orbed in winter by the increa ed river slope 

due to ice condition . The tructure creatinO' the lower pool were, however, to 

be so designed that the pool level could be rai~ed to recover a part or all of the 

head lost at the Ogden i land dam, if de ... ired at a future time. 

128. PLANS PROPOSED. The pre ent Board concurs in the opinion that the 

improvement of the International Rapid ection hould include the develop

ment of power. Its length is such that a side canal for navigation would be 

extremely costly and would impose an unnecessary hindrance to shipping. 
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129. The Board has given extended study to various plans for improving 
the river for power and navigation, including those presented by the Hydro
Electric Commission of Ontario and others to the International Joint Commis
sion in 1921 and those recently submitted by American Corporations to the 
Water Power Commi si on of the State of New York. 

130. The Board is of the opinion that the plan presented in the Report of 
1921, although in a general sen e practicable, should be modified to secure 
more dependable winter operation and to assure the fullest practicable utiliza
tion of power resources of the river. 

131. Two plans meeting the~e requirements have been prepared by the 
Board, one for a single- tage development, with a dam and power houses in 
the vicinity of Barnhart i land, at. the foot of the reach, but with control gates 
at Galop island at the head of the reach, except across the channel provided 
for navigation.* The second scheme is for a two-stage development, with two 
pools, the upper pool formed by a dam and power hou e at Ogden island, just 
above Morrisburg, and the lower pool (at normal elevation 224) by a dam and 
powerhouses at Barnhart island.** 

132. NAVIGATION. With the single-stage development, navigation enters 
the pool through a free channel from the upper river, and passes from the 
lower end of the pool through a canal, with two locks, on the United States 
side of the river, which lead to the south channel at Cornwall island, thence a 
free channel leads to lake St. Francis. vVith the two-stage development navi
gation similarly enter, the upper ·pool through a free channel, passes from the 
upper to the lower pool through a lock at Odgen island, and from the lower 
pool to the south channel at Cornwall i land by a canal with two locks as in the 
single-stage scheme. The two-stage scheme requires one more lock than the 
single stage. 

133. AvAILABLE HEADS, SINGLE STAGE PLAN. The levels of the pool of the 
single-stage development, during the ice-free months, after the full estimated 
channel enlargements have been made, will vary normally between the limits 
of elevations 240 and 244, depending on the level of lake Ontario and the flow 
of water determined by the program of regulation. The tail-water elevation 
will be about elevation 157. Further channel enlargement below the power 
houses may lower the tail-water somewhat and add to the head, but the increased 
power made available is not con idered in this report. The normal summer 
head at the power houses of the single-stage development will therefore be 
about 85 feet. The increased slope of the pool in winter due to ice retardation 
is expected to amount to about 6 feet, and a rise of about 4 feet in the tail
water levels is anticipated from the increased slopes below the power house, 
so that the net winter head e:Arpected is about 75 feet. 

134. AvAILABLE HEADS, Two-STAGE PLAN. With the two-stage develop
ment, the lower pool will be kept closely to elevation 224, both summer and 
winter, giving a summer head of 67 feet and a winter head of 63 feet. The 
summer levels of the upper pool at the Ogden island power houses will range 
between elevations 241 and 245. On account of the slopes of the lower pool 
the summer head at the Ogden i land power houses will be about 17 feet. A 
winter head of 12 feet i · expected. The plans and estimates provide for the 
utilization of a head of 21 feet temporarily during the period between the com
pletion of the upper and lower plants, respectively. 

*The plans provide for partly closing the navigable channel by control gates, leaving a free opening 
for navigation at least 450 feet in width. 

** Attention is directed to an alternative two-st~ge project which was prepared after P ar. 131 to Par. 

1Ji6 of this Report was presented in ovember, 1926. In the alternat~'ve project, the upper dam is placed 

at Crysler Island instead of at Ogden I sland. It is described in Appendix "C," Par. 120 to Par. 134. 
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135. MAXIMUM INSTALLED CAPACITIES. The maximum flow which the Board 

regards as eventually utilizable at the Barnhart i land power houses is 245,000 

cubic feet per second at ~inter head. The equivalent capacity at summer head 

in the single- tage development will be 261,000 cubic feet per second, and 1n 

the two-stage development 252,000 cubic feet per second. The utilization of 

such large flows will not be economicall ju tified at the Ogden island power 

houses of the two- tage development. and the ultimate in tallation at these 

power houses is ba ed on a flow of 212 000 cubic feet per second at winter head, 

equivalent to 240,000 cubic feet per second at ummer head. The installed 

capacity of the power hou es of the ingle-stage development based on the 

summer head and flow and, including pare~, i 2,326 000 horse-po~ er. The 

installed capacity of the two-stage de' elopment, on the same basis, Is as 

follows:-

Lower power house, Barnhart i land. . . . . . . . . . . . . . . . 1,808,600 horse-power 

Upper power house, Ogden island. . . . . . . . . . . . . . . . . . . . 406,400 horse-power 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2,215,000 horse-power 

136. T he fact mu t be appreciated that the additional capacity proposed 

in the single-stage development i not a mea ... ure of poweT which can be 

delivered. Except for the lightlv le efficiency of the machinery of the Ogden 

island power hou es, which would not materially affect the total, the power 

that can be delivered depend on the flow of "-ater available, which will be 

less than the in tailed capacity of the plant for the considerable part of the time. 

137. Wr TER OPERATION, SI -aLE-STAGE PLAN. A for winter operation, the 

pool formed by the single-stage development is so wide and deep as far upstream 

a Ogden island that an ice cm er will form over it promptly. The plans and 

estimates provide for the e' entual enlaro-ement of the constricted portions of the 

river from Ogden i land a far up tream a Lotu i land (at the foot of the 

Galop rapids), to the extent nece sary to secure current velocities not exceeding 

2. 25 feet per second, in order to a . ure ati factory ice conditions in winter. The 

contracted section from the foot of Lotu" i land to the head of Galop i land, 2. 5 

miles in length, is to be given the area required for ... ati factory navigation only, 

and is expected to have an open channel in winter; but the extent of this open 

water would be too limited to be of eriou con equence in winter operation. 

138. The amount of channel enlargement required to as ure satisfactory 

winter operation cannot be predicted in advance with certainty. It is proposed 

to execute initially only uch enlargement a i nece ary to in ure sati factory 

navigation condition , and to pro ecute thi enlargement after the pool has been 

created, when dredging can be done more advantageously until satisfactory 

winter operation i ecured. The control of the head through the section afforded 

by the control gate at the Galop will afford a mean for insuring the winter dis

charge capacity of the river during this period. 

139. WINTER OPERATION, Two-STAGE PLAN. In the two-stage develop

ment some enlargement of the channels in the 8-mile reach betV\ een Ogden island 

and Weavers point is required to secure the de ired low current velocities to assure 

winter operation. Above Ogden island the enlargement required will be identical 

with that required in the single- tage development. This enlargement must be 

completed before the complete scheme is put in operation, in order to ensure 

control of the winter flow and provide uninterrupted power at the Ogden island 

plant. 
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140. CoNTROL OF FERRY OPERATION. Is is assumed that proper control will 
be exercised over the ferries operating between Ogdensburg and Prescott to 
prevent the ice situation from being aggravated by the breaking up of the ice 
sheet between these towns and Galop island by these agencies. 

141. CosTs. The cost of the single-stage development, including the full 
channel enlargement to in ure satisfactory winter operation, · is estimated at 
$235,000,000. The cost of the two-stage development is estimated at $264,600,000. 

142. RECOMME JDATIONS. The United States Section of the Board recom
mend the single-stage development as affording better navigation by eliminating 
one lock, and obtaining slightly more power, at a cost of $29,600,000 less than 
the cost of a two-stage development. 

143. The Canadian Section of the Board recommends the two-stage develop
ment on the ground that it can be carried out in two parts, so that the power from 
the upper development can be developed and marketed before the whole of the 
improvement is completed. It believes that for this reason its overall cost, 
including interest charges, will not be as greatly in excess of the silllgle-stage 
development as appears from the comparative costs without interest charges. It 
believes that the control over the flow of the river will be better assured. The 
fiowage of land will be reduced from about 28,000 acres to about 18,000 acres.* 

144. LocATION oF BARNHART IsLAND DAM AND PowER HousES. Whatever 
plan be adopted, there is a choice of sites for the dam and power houses in the 
vicinity of Barnhart island that create the pool of the single-stage development, 
or the lower pool of the two-stage development. A suitable site for the dam 
exists at the foot of the Long Sault rapids, on an arc extending from the head of 
Barnhart island to the foo t of Long Sault island and thence to the United StateE 
shore. With a dam at this ite, the channel between Barnhart and Sheek islands 
would be utilized as a forebay channel to the power houses, which would be 
located at the foot of Barnhart island. This general arrangement was contem
plated in the Report of 1921. For the 224 two-stage development it is proposed 
to supplement the capacity of this forebay channel by utilizing also the channel 
known as Bergen lake, between Sheek island and the Canadian shore. The low 
banks prevent the use of this channel for that purpose at the high levels of the 
single-stage development. 

145. With the dam built at the foot of Long Sault island, the navigation 
canal from the pool would leave the river at the middle of Long Sault island. It 
would be 6. 9 miles long. 

146. The second site for the dam is across the main river at the foot of 
Barnhart island. The foundation rock is here quite deep. With a dam at this 
site the navigation canal would leave the river at Robinson's bay, and its length 
would be reduced to 2. 9 miles. The power houses would be adjacent to the dam. 
Two alignments for the dam and power houses at this location are shown on the 
plans, either of which is regarded as satisfactory. 

147. The United States Section prefers the location for the dam at the foot 
of Barnhart island, since it reduces the length of the navigation canal, reduces 
the chance of local ice difficulties in winter ( ince the section of the pool above 
the power houses is ample to insure a firm ice cover), and simplifies operation 
through the juxtaposition of the dam and power houses. The Canadian Section 

• The abov€' acreages include all lands the purchase of which is contemplated in the estimates. The 
area. of land ota1 ua.lly inundated at maximum emergency levels, including the inundated portions of island~>, 

will be 22,000 acres and 12,000 acres respectively. 
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prefers the location at the foot of Long Sault island on account of the higher rock 

foundations there found, which it believes will les ·en construction difficulties. 

The choice between the two locations is regarded as a matter of detail, to be 

settled 'by the constructing agencie after the general type of development has 

been determined. 

· 148. The plans for the ingle-stage development submitted with this report 

show the dam across the main river channel at the foot of Barnhart island. Those 

for the two-stage development how it at the foot of Long Sault i land. In the 

opinion of the Board either location can be used with either development. 

149. CoNTROL OF FLow. Whether the single-stage or the two- tage develop

ment is finally selected a be t meeting the joint intere t of the two countrie , the 

Board points out that the use of water at the power houses and the operation of 

the sluice gates, which with the wheels control the flow of the river, should be 

under the control of an international board. That board should be clothed with 

full authority to take such mea ure as will insure the regularity of flow that is 

nece sary in the intere .. t of navigation in the lower river and of the power houses 

downstream; and to in ure such flow as will maintain the levels of lake Ontario 

within proper limit , while pre ervinO' the volume of flow required to prevent 

injury to navigation at and below :Montreal. 

150. ALTERNA'l'IVE PLAN CoN IDERED. Of the variou alternative plans for 

the improvement of the International Rapid Section submitted to the Inter

national Joint Commi ion in 1921 the one requiring e pecial consideration at 

this time i that for navigation and power development proposed by the Hydro

Electric Commission of Ontario and de ignated a Scheme "B ". This provided 

for a two-stage development broadly on the same lines as those proposed by the 

Canadian Section herein, except that the lower pool was to be held at elevation 

210, or 14 feet below the elevation proposed in this report. At this low elevation a 

large amount of excavation would 'be required to secure suitable channels for 

navigation through the lower pool; and an enlargement to secure the low velocities 

regarded as necessary for sati factory ice-covered winter operation would be 

exce ively costly, and was not contemplated by the proponent . On the other 

hand, the higher head at the Ogden i land power plant amounting to about 30 

feet, reduced materially the cost per horse-power of development of the upper 

head. 

151. The operation of thi scheme was based on maintaining an open chan

nel through the river during the winter, and only such channel enlargements 

were pr.oposed as would be nece sary for navigation. 

152. The cost on e timate paralleling tho e herein presented for a single.

stage and two-stage development, would be $254,000,000. 

153. The studies of the Board and its inve tigations of power plants oper

ating under similar climatic conditions, show conclusively that it is neither 

feasible nor desirable to maintain an open channel through this section in winter 

when it i improved for power. Even with the present current velocities the ice 

has at various times caught acro the river in the quieter reaches of the section, 

.starting an ice pack which quickly attained large proportions and raised the 

river level by as much as 10 feet. The likelihood of the ice catching to form 

ice jams would be increased after the river has been improved, on account of the 

greatly reduced current velocities. It is certain that an open channel through 

this 35-mile stretch could not be maintained without ice breakers; and all experi· 

45827-3 
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ence shows that a reasonable number of ice breakers could not be depended upon 

to keep open continuou. ly so long a channel under these conditions. If, how

ever, an open channel were maintained by such means, the accumulation of ice 

below the power house of the lower pool at Barnhart i land would raise the tail

water level at the e power hou es to such an extent that their output would be . 

greatly curtailed. 

154. Other alternative plans presented to the Joint Commission in 1921 were 

for two-stage developments with the upper dam at Crysler island (6 miles down

stream from the foot {)f Ogden i land), and at Cat island (10 miles downstream 

from the foot of Ogden island). The further borings made at the Crysler island 

site show that the foundation conditions are not as good as were first supposed,* 

and the proponents of the Cat island dam site now prefer a full single-stage 

development broadly on the lines of that proposed by the United States Section 

herein. 

155. IMPROVEMENT FOR NAVIGATION ONLY. The least expensive method 

developed for improving the river for navigatoin alone is through the con

struction of a side canal on the American shore from the Galop rapids to Ogden 

island. Navigation wo~ld there enter a pool, with water level at elevation 220, 

to be formed by a dam at the head of the Long Sault rapids, and from this 

pool pass to the south channel of the river at Cornwall island through a canal 

on the same line as that proposed for the two-stage development. The navigation 

provided by such a plan would be far inferior to that provided by either the 

single or the two-stage developments respectively proposed. The estimated cost 

is $79,000,000. 

156. SuMMARY. Two alternative schemes for the improvement of the Inter

national Rapids Section in the joint interest of navigation and power are pre

sented by the Board as best providing for the development of the capacity and 

possibilities of this section. 

Their respective estimated costs are as follows:-

( 1) Single-stage Development-
Works solely for navigation............................ 22,000,000 
Works common to navigation and power.................. 106,500,000 
Works primarily for power-

Substructures and head and tail race excavation...... 42,000,000 
Superstructures and machinery. . . . . . . . . . . . . . . . . . . . . . . 64,500,000 

Total cost (2,326,000 installed horse-power) . . . . . . . . . . . . . . . $235,000,000 

Initial cost with installation of 1,163,000 horse-power 
(remaining installation deferred awaiting growth of 
market) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $203,000,000 

Estimated initial expenditure to open navigation and 
provide 1,163,000 installed horse-power before channels 
are enlarged to ensure ·winter operation (See par. 
13i, 138) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $190,000,000 

(2) Two-stage Development-
Upper Pool-

Works solely for navigation ...... ,..... 8,093,000 
Works common to navigation and power.. 53,726,000 
Works primarily for power-

Substructures, head and tail race 
excavation . . . . . . . . . . . . . . . . . . . . . 23,737,000 

Mnchi:u.er:;- a~d superstructure........ 33,829,000 119,385,000 

*"Additional borings , ,made since the preparation of this paragraph, have changed the conclusions of 

the Canadian Section of the Board, in regard to the Crysler Island dam site. See Appendix "C," Par. 120 

to Par. 134." 
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(2) T'Yo-stage Development-Concluded. 
Lower Pool-

\Vorks solely for navigation. . . . . . . . . . . . . . .25,388,000 
Works common to navigation and power.. 37,130,000 
Works primarily for power-

Sub tructures, head and tail race 
excavation . . . . . . . . . . . . . . . . . . . . . 36 866.000 

Machinery and super tructure. . . . . . . 45,777,000 145,161,000 

Total cost {2,215,000 installed 
horse-power) . . . . . . . . . . . . . . . . . . . . . . . . . . . $264,546,000 

Rounded total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $264,600,000 

Estimated initial e:A-penditure to open navigation and provide 
406,400 horse-power in upper plant and 756,600 horse-power 
in lower plant (remaining in tallation in lower plant 
deferred awaiting growth of market)........ . ........... $238,400 ,000 

Estimated initial e)...-penditure to open navigation and provide 
1,163,000 horse-power at lower plant (remainina in tallation 
at lower plant and all that of upper plant being deferred). $214,500,000 

35 

The e e timate exceed those given in the Report of 1921 becau e they pro

vide a fuller power development and more elaborate mea ure to ensure satis

factory winter operation be ide being ba ed on the higher unit costs indicated 

by the detailed tudie made by the pre ent board. 

LAKE ST. FRANCIS SECTION 

(Third Division of Report of 1921) 

157. This ection extend from Colquhoun i.Jand oppo ite St. Regis (mile 

115) to deep water at the foot of lake t. Franci (mile 141). The currents 

through the lake are luggi h, and the total fall through the ection is about one 
foot. While the lake contain many hoal , deep channel extend through it. 

The work propo ed i the dredging nece ary to ecure a '"'uitable channel. It is 

on ub..,t&ntially the ame line a wa recommended in the Report of 1921. The 

estimated co t, for a channel 25 feet deep below a datum plane having an eleva

tion 151 .5 at the head of the lake and 150.5 at it foot, i $980,000. The e ti

mate differ by a small amount from tho e hown in the Report of 1921, prin

cipally because the limit of the ection are lightl changed to conform to the 

modification of the project in the International Rapid ection. 

SOULANGES SECTION 

(Second Division of Report of 1921) 

158. DESCRIPTION. Thi section, 18 miles in length, extends from deep 

water in lake St. Franci (mile 141) to deep water in lake St. Louis (mile 159) . 

The river falL from lake t. Franci to lake t. Louis in a succession of rapids, 

the Coteau rapid at. the head, the plit Rock and Ca cade rapid at the foot, 
and the Cedars rapids about midway. The total fall through the section a.t 

present mean stages of the two lakes is 83 feet. 

159. Present 14-foot navigation passes through the Soulanges canal, par

alleling the river on the north. 

160. There are a number of exi ting power developments in this section, 

which are described in Appendix C. The mo t important i that at the Cedars 

rapids where a third of the low-water flow of the river is diverted through a 

headrace canal to a p<>wer house with an installed capacity of 197,000 horse

power, at 32-foot head. 
45827-3! 



36 St. Lawrence Waterway Project 

161. PRIOR PLANS. The improvement proposed in the Report of 1921 was 

a lateral canal, 15 miles in length: for navigation only, on the south side of the 

river, designated as the Melocheville-Hungry Bay Route. The report outlines 

a plan for navigation in conjunction with complete development of power, but 

contains the opinion that the rate of growth of the market for the large block 

of 1,560,000 horse-power afforded by 'the development was insufficient to justify 

its adoption. 

162. IMPROVEMENT FOR NAVIGATION AND PoWER. The Board finds thrut it 

is practicable and advantageous to combine the improvement for navigation in 

this section with the development of power on a progressive program of con

struction of power plants, only the fir t part of the power development being 

undertaken in conjunction with the work required to carry navigation through 

the section. 

163. In brief, this plan provides for a dam at the head of the Cedars rapids, 

which will create a pool having a level from 1! feet to 5 feet below the level 

of lake St. Francis. The shores of that lake are so low that the raising of its 

high-water levels would destroy large areas of agricultural land and, aside from 

the large cost involved, is highly undesirable. The plans therefore include an 

extensive enlargement of the discharge capacity of the Coteau rapids to insure 

that the ba.ckwater slope wHl not raise the high levels of the lake. Navigation 

pas~.es from lake St. Francis to the pool by a canal around the Coteau rapids, 

3 miles in length with a low lift lock. Even with the enlargement proposed, the 

currents in these rapids will be too swift for safe navigation, and especially for 

safe passage through the draw in the railroad bridge which here crosses the 

river. The canal has, however, been given euch an a1lignment that it can be 

converted into· an open channel when the traffic; justifies. the large additional 

cost. A second canal, 5 miles in length, with two lift locks, carries navigation 

from the pool to lake St. Louis. These locks ma.y be either in flight nr separated 

by a short pool. The difference in cost in favour of the separate locks is small. 

164. The first part of the power development is the generation of a total 

of 382,000 horse-power at a power house with 22-foot head incorporated in the 

dam. The present Cedars plant will be continued in operation, water being 

fed into the headrace through sluice gates. 

165. The second part of the progressive development now envisaged is the 

generation of 500,000 horse-power at 75-foot head at a power house located 

on the shore of lake St. Louis north of Cascades point, a.nd near the Chamberry 

gully. It will be supplied through a headrace ca.nal formed, in part, by the 

enlargement of the navigation canal. 

166. The third part is the construction of a da.m and power house, with 

a 53-foot head, at the Cascades rapids, at the foot of the section, which will 

develop a total of 974,000 horse-power. The present Oeda.rs plant will then 

be put out of commis ion. 

167. The e~timated cost of these works is as follows:-

First part, including navigation works ...................... . 

Second part ............................................... . 

Third part ....................................... ......... . 

Total ...................•.•...................... 

103,945,000 
37,291,000 
63,816,000 

$205,052,000 
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168. The installed capacities in these plants, including spa,res, at normal 

summer heads are:-
First part ......................................... . 
Second part ....................................... . 
Third part ....................................... . 

Total ................................... . 

404,300 horse-power 
545,000 horse-power 

1,030,400 ~orse-power 

1,979,700 horse-power 

169. If but one-half of the hydro-electric machinery is insta.lled when the 

first part of the program is initially constructed, leaving the other ha.lf to be 

installed as the demand for power develops, the initial expenditure required to 
open navigation and provide 202,000 hor e-power becomes $92,000,000. 

170. CoMPLETE Rn"ER DEVELOPMENT. An alternative scheme which affords 
the maximum open river navigation warrants description. In this scheme two 

dams with power houses would be constructed initially, the upstream dam 

substantially on the line of the dam propo ed in the first part of the recom
mended scheme, and the second dam and po-n er hou e at the Oascades rapids 

at the site of the structure forming the third part of the progressive power 
development therein contemplated. Navigation would pass from lake St. 

Francis to the pool formed by the up tream dam a in the recommended 

scheme. From this pool it would pa s through a short canal and lock to the 
pool formed by the Cascade dam and power houses, thence through a lock 
directly to lake St. Loui . The 5-mile canal provided in the recommended 

scheme between the upper pool and lake St. Louis thereby would be eliminated. 

171. The pool of the Ca cades dam would be held at elevation 115, giving 
a 43-foot head between this pool and lake St. Loui , in tead of the 53-foot head 

contemplated in the third part of the recommended project. This change would 

reduce the difference of levels to a conservative lift for a single lock. The power 

houses at the upstream dam would be so located as to develop the remaining 

30 feet of head available in the section. 

172. The scheme would entail the reconstruction of the existing Cedars 

power plant as a part of the initial work, instead of permitting a postponement 

until the last part of the power development program. Arrangement would have 

to be made to supply the present customers during the reconstruction period. 

173. The total cost of this alternative scheme, with a complete eventual 
installed capacity of 1,948,000 hor e-power, would be $194,317,000 exclusive of 
interest charges, or approximately $10,700,000 le... than the cost with the plans 
recommended. On the other hand, the initial expenditure would exceed largely 
the initial expenditure required with the recommended plan. The initial power 

installation must include, in addition to such new power as i provided, an 
in tallation of 207,000 hor e-power to replace po·wer lo t at existing plants, this 
being 197,000 horse-power at the pre ent Cedars plFlnt, and 10,000 at other 
plants. The initial expenditure required to open naYigation and to provide an 
installation of 404,300 hor e-power of new power, together with this replace
ment of power at exi ting in tallation , would be $123,400,000, again t the 
minimum initial expenditure of $103,945,000 required with the same installation 
of new power under the recommended plan. Unless power can be sold more 

rapidly than the Board is led to believe, the intere t charge on the $19,455,000 
increased initial co t would overbalance the $10,700,000 difference between the 
ultimate costs of the completed projects indicated by the foregoing estimates. 
The scheme makes a maximum u e of the river and merit erious consideration 
if a market for the large amount of power can be developed within a reason
able period. 
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174. IMPROVEMENT FOR NAVIGATION ALONE. The schemes studied by the 

Board for providing navigation alone are:-

(a) 

(b) 

A lateral canal on the south side of the river extending from Hungry 

bay to Melocheville, sub tantially a'"' recommended in the Report of 

1921. Its estimated cost i now $33,640:000. 

A lateral canal on the north side of the river, so designed as to cori· 

form to an ev.entual combined improvement of the river for navigation 

and P.OWer on the lines recommended by the Board. Essentially, 

this scheme embraces the con truction of the upper and lower lateral 

canals proposed in the combined improvement: with a land canal con

necting them, the latter to be abandoned when the river is improved 

for power. The estimated cost of the canal, complete, is $40,378,000. 

The part of the land canal that would be abandoned for naviga

tion would be used in part for drainage. Its estimated cost is $6,382,000. 

The .estimated cost of the river connections is $1 .. 922,000. 

(c) A river improvement as proposed in the recommended scheme, with 

substructures for power plant, but without power installation. Its esti

mated cost is $78,515,000. 

175. Conclusions. The Board unites in the view that the navigation 

improvement combined with the progressive development of power (paragraphs 

162 to 169) hereinbefore set forth better provides for the present and future 

development of the waterway than any scheme for navigation alone, and is 

therefore the desirable scheme, if arrangements are made whereby power interests 

bear a fair proportion of the cost of the initial expenditure requjred. 

176. If it be found imposE<ible to arrange for such co-operation in meeting 

the initial cost, a majority of the Canadian Section favour the construction of 

the lateral canal on the south side of the river (lVIelocheville-Hungry Bay pro

ject) which is the least expensive means for providing navigation. The United 

States Section submits the view that a route designed to serve so large a terri· 

tory will demand eventually the freer navigation of an open river. It believes, 

therefor.e, that even if arrangements cannot be made for the participation of 

power development in the initial improvement. it will be better to adopt the 

river development (navigation scheme c) or a canal on the north side capable 

of conversion into a river development (navigation scheme b) rather than the 

Melocheville-Hungry Bay route, the investment in which would largely be lost 

when a river development is adopted. 

177. A detailed description of the works proposed in the combined naviga

tion and power project recommended, including those nece~ sary to prevent undue 

fiowage, with detailed estimates of cost, and a discus ion of alternative schemes 

and their relative economic values at various rate.s of power consumption, are 

given in Appendix C. A general analysis of the estimated cost of the initial 

part of the recommended combined navigation and power project is as follows:-

Works solely for navigation.................................. 31,594,000 

Works common to navigation and power...................... 34,686,000 

Works primarily for power-
Substructures, and head and tail race excavation......... 13,079,000 

Superstructure and machinery. . . . . . . . . . . . . . . . . . . . . . . . . . . 24,586,000 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $103,945,000 

Cost with initial installation of one-half of power machinery.. $92,000,000 



St. Lawrence Waterway Project 

LACHINE SECTION 

(First Division of Report of 1921) 

39 

178. DESCRIPTION. This section extend from deep water at the head of 
lake St. Louis (mile 159) to Montreal harbour (mile 183). The fir t 11 miles 
are through the deep water in the upper part of the lake; the next four miles are 
through the shoal water at its foot. From the foot of the lake, the river runs 5 
miles with wift current , through a channel badly obstructed with rock reefs, 
to the Lachine rapids. It drops through the e rapids to the La Prairie ba in, a 
wide expan e of hoal water, 5 mile in length; thence fall through a mile of 
shoal, swift running channels, to Montreal harbour. The total fall through the 
section is about 48 feet, of which 9 feet is between the upper end of lake St. Louis 
and the head of the Lachine rapid , 24 feet through the e rapids, 4 feet through 
the La Prairie basin, and 11 feet between the La Prq,irie basin and Montreal. 

179. The cour e of the river from lake St. Loui to Montreal harbour 
describes a wide bend to the south. The pre ent 14-foot navigation passes 
through the Lachine canal, which cut through the city acro thi bend. 

180. ~n thi section the St. Lawrence begins to receive water from the Ottawa 
river. The Ottawa di charge into the lake of Two Mountains, which lies just 
north of lake St. Louis, and is at a lightly higher level. That lake discharges a 
part of the flow through two outlets into lake St. Louis and the remainder into 
the St. Lawrence below Montreal, through two rivers lying to the north of the 
city. On account of the widely varying flow of the Ottawa, the range in the 
levels of lake St. Loui i abont 8 feet. 

181. The winter I,jse of U1e river due to the ice gorging raises the water in the 
La Prairie basin by 10 feet or more. 

182. PRIOR PLANS. The improvement proposed for thi section in the Report 
of 1921 was a ide canal, 9 miles in length (10 mile to the end of the Lachine 
breakwater), with two lift lock and one guard lock, extending from the upper 
entrance to the pre ent Lachine canal acro the bend in the river to a point on 
the hare 3 mile above Montreal harbour (avoiding the built up portion of the 
city), thence along the hare to the harbour. The eventual increase in depth 
from the 25 feet provided in that report to 30 feet wa to be ecured by a dam in 
the Lachine rapid , which would raise the low-water level of lake St. Louis and 
the upper canal level by 5 feet. The report con idered, 'but did not recommend, 
an alternative project for combining navigation and power by constructing a 
dam and power works in the Lachine rapids. 

183. PLAN RECOMMENDED BY BoARD. The Board has examined with care 
the feasibility of utilizing the contracted section of the river above the Lachine 
rapids for navigation, in connection with power development at these rapids, 
but finds that, without an exce ... ive amount of co tly excavation, the currents 
created by the concentration of the flow in the excavated channels would be 
exce sive for navigation even if the railroad bridge which here crosses the river 
were raised, at large co ... t, to provide overhead clearance. A side canal affords, 
therefore, the most suitable route for navigation between Montreal harbour and 
lake St. Louis. 

184. The westward growth of the built up sections of the city of Montreal 
has already enoroached on a part of the route selected for the canal in the Report 
of 1921. It is highly advi able to build the canal on a location that will not 
interfere with the future growth of the city and will eliminate the difficult problem 
inherent to the crossing of land and water traffic with the consequent incon-
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venience and delay to both. The route now proposed, therefore, follows close to 

the river bank throughout and con equently cuts off no area capable of urban 

development. Its length and its cost are substantially the same as on the route 

recommended in the Report of 1921. The canal has three lift locks and a 

guard gate, instead of the two lift locks and the guard lock proposed in that 

report. But 4 miles are in land cut with minimum section. The remaining 6 . 

miles (counting the length to the end of the Lachine breakwater) have a minimum 

width of 300 feet. The additional lock assures the minimum alterations in 

sewerage and water supply systems, including the Montreal aqueduct. When the 

project is adopted, details can be modified to conform to any projected changes 

in these public utilities. 

185. The excavation of the upper level of the canal, and through the long 

shoals at the foot of lake St. Louis, can be reduced by the construction of a con

trol dam in the river at the head of the Lachine rapids, above Heron island, to 

raise the low-water levels of lake St. Louis to elevation 71 during the navigation 

season. Since at low stages this would back the water up into the lake of Two 

Mountains and slightly raise also the low-water levels of the latter, it is necessary 

to construct supplementary control works at the two northerly outlets of that 

lake (Mille Iles and des Prairies rivers) in order to preserve the present distri

bution of the flow of the Ottawa, and to prevent a reduction in the flow in the 

main channel of the St. Lawrenee past Montreal. The cost of the entire system 

of control works is. about $2,000,000 in excess of the saving in excavation costs; 

but these works will reduce the cost of a future development of power at the 

Lachine rapids, besides being of benefit to local navigation on the two lakes. 

Their con truction is therefore de irable, and is included in the plans of the 

initial improvement for navigation. 

A detailed description of the improvement proposed is given in Appendix C. 

Its complete cost is estimated at $53,000,000. 

186. PowER DEVELOPMENT. The Board concurs in the views expressed m 

the Report of 1921 that the feasible power production in this section is limited 

to the development of the head of a little more than 30 feet available above the 

foot of the Lachine rapids. The winter rises of the river drown out the remain

ing head, and the upper level of a power development cannot be carried below 

the foot of these rapids without causing widespread flood damage. 

187. To assure the safe and dependable winter operation of a power develop

ment at the Lachine rapids, the discharge capacity of the contracted reaches 

above these rapids should be so enlarged that the maximum winter current 

velocities will not create ice gorging. The alternative of a development based 

on maintaining an open channel through the river in winter is rejected as 

hazardous for the same reasons that such a proposal is rejected in the Inter

national Rapids Section (paragraph 153). 

188. The most feasible method of enlarging the discharge capacity of the 

river is found to be the construction of a deep, concrete-lined headrace canal 

on the south side of the river. The plans for improving the river for power 

provide, therefore, for a development in two parts. The first part is the 

construction of such a power canal along the south shore, from the foot of lake 

St. Louis to the Lachine rapids, designed to carry a flow of 120,000 cubic feet 

per second at so high a velocity that an ice cover cannot catch across to form 
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an ice jam. The water would be delivered to a power house on the south shore 

at the foot of the rapids, di charging into the La Prairie basin, and would 

develop 391,000 horse-power. 

189. A control dam in the river, with auxiliary tructures at the outlets of 

the lake of Two Mountain i required with the fir"t part of the development, 

to prevent the lowering of lake St. Loui by the large diver ion, and to secure the 

maximum allowable head at the power-hou e. The main control dam in the river 

would be at the head of the Lachine rapid , at the ame location as the dam 

hereinbefore propo ed to regulate the levels of lake St. Louis for the benefit of 

navigation, and the normal regulated level of the lake would be at elevation 71 

in both ea es. The auxiliary control structures would be identical. The main 

control dam would, however, require a different de ign. The dam propo ed in 

connection with navigation impro\ ement is de igned with wide openings to be 

left clear in winter, in order to prevent the danger of the formation of an ice 

jam. With the power canal in operation, the currents in the main river would 

be o reduced a to eliminate the danger of an ice jam, but the openings mu t 

be reduced to . uch dimension a will afford safe and convenient winter 

operation of the gate . A dam con tructed initially for navigation purpo es 

would therefore require alteration when the fir ,t par of the power development 

is undertaken. The cost of the e alteration" i e timated at $281,000. 

190. The e timated co t of thi fir t part of the development i $88)31,000 

if no control dam ha been built for navigation purpo e , and $81 247 000 if uch 

a dam has been built, the latter figure including the nece ary modifications in 

the dam. 

191. The second part of the improvement for power i the development of 

422,000 horse-power from the remaining flow of the river, at a power hou e to 

be con tructed in the main river at the foot of the Lachine rapid adjacent to 

the power hou e con tructed in the fir t part of the development. The headrace 

to this power house would be formed by a longitudinal wall extending down tream 

from the control dam previou ly con tructed, to the new power hou e, and by 

opening the portion of the control dam bet"·een thi wall and the outh hare. 

The estimated co t of the econd part of the development i $41,966,000. 

192. JOINT hrPROVK\IE TT FOR N AYIGATIO A .. D PowER. If the fir t part of 

the power development be undertaken imultaneou ly with the navigation 

improvement, the estimated combined co t would be $133,358,000. 

193. If the first part of the power development be undertaken ub equently 

to the navigation improvement, requiring the alteration of the control dam 

initially constructed for the latter purpo e, the combined co t would be 

$134,247,000. 

194. The economic saving from combining power development with the 

1mprovement of the Lachine ection for navigation is therefore but $889,000, 

and this saving would be soon counterbalanced by the intere t charge on the 

large investment nece ary to secure it unle the power could be marketed 

promptly at remunerative rates. For thi rea on, and on account of the high 

cost of developing power in this section as compared with it co t in the Sou

langes Section, the Board doe not include po"'er development in its plan for the 

intial improvement of this section. The development of power can be undertaken 

when found economically ju tifiable from the standpoint of power production 

alone. 
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195. In summary, the estimates for this section are as follows:

Recommended project for navigation alone . . . . . . . . . . . . . . . . . . . . $ 53,000,000 

Power alone--1st part, 435,000 installed horse-power. 88,131,000 
2nd part, 488,000 installed horse-power. 41,406,000 

Total, 923,000 installed horse-power. . . . . . . . . . . . $129,537,000 

Power subsequent to navigation-
1st part, 435,000 installed horse-power. 81,247,000 
2nd part, 488,000 installed horse-power. 41,966,000 

Total, 923,000 installed horse-power. . . . . . . . . . • . $123,213,000 

GENERAL SUMMARY 

LAKE ONTARIO TO MoNTREAL HARBOUR 

196. IMPROVEMENT PROPOSED. In summary, the plans r·ecommended by the 

Board for the improvement of the river will provide to the best advantage for a 

navigation route through t.he 183 miles of river and lake from lake Ontario to 

Montreal harbour, with a total not exceeding 25 miles of restricted canal 

navigation, and with not more than nine locks. It will be crossed 'by but eight 

bridges. The plans include power houses with an ultimate installed 'capajcity of 

from 2,619,000 to 2,730,000 horse-power, a.bd permit the .eventual deve'lopment 

with installed capacity of approximately 5,000,000 horse-power which is the full 

power potentiality of the river. · 

197. INITIAL ExPENDITURE REQUIRED. The -estimated expenditures required 

to open navigation with c·hannel · 25 feet in depth, with an initial power develop

ment having one-half the ultimate installed capacity of the power houses first 

constructed (the in tallation of the remainder 'being deferred to await the growth 

of the market), is as follows:-

(la) Total cost of improvement if with a single-stage development 
in the International Rapids Section ( 1,365,000 horse-power 
initially installed) ................... .. ................. $350,100,000 

or 

(lb) Above improvement before channels are enlarged to ensure 
winter operation ........................................ $337,100,000 

or 

(2) Total cost of improvement if with a two-stage development 
in the International Rapids Section ( 1,365,000 horse-power 
initially installed) ...................................... $385,500,000 

or 

(2b) Above improvement if the initi al power installation in the 
International Rapids Section is all made at the lower 
(Barnhart island) plant ..•............•........••.......• $361,600,000 

198. CosT OF WoRKS Co 1PLETE. After all of the machinery in plants 

recommended by the Board has been installed, these costs will become 

respectively:-

(1) If with a single-Gtage development of the International Rapids 
Section (2,730,000 installed horse-power) ............... , .... $394,000,000 

or 
(2) If with a two-stage development of the International Rapids 

Section (2,619,000 installed horse-power) .................... $423,600,000 

199. ALTERNATIVE PLANS. The Board has considered it advisable to present 

alternative plans and estimate in several instances for the reason that a choice 

between them rests on broad question~ of policy rather than upon stri·ctly 

engineering considerations. 
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200. EFFECT OF CHANNEL DEPTH ON CosT. The estimated cost of 

additional channel excavation required to provide channel initially 27 feet deep 

from lake Ontario to Montreal in tead of 25 feet deep is $5,800,000. 

201. The estimated saving in the eo t of channel excavation ·through 

providing channels initially 23 feet deep inst-ead of 25 feet deep is $5,350,000. 

202. The e timated cost of sub equently enlarging to 30 feet depth channels 

initially excavated 25 feet in depth is $24,400,000. 

203. CosT OF ADDITIONAL WoRKS FOR FULL DEvELOPMENT OF PowER. The 

e timated eo t of additional work required to complete the full practicable 

development of power in the river, with work having an in tailed capacity of 

2,500,000 hor e-power i approximately $225,000,000. The total eventual power 

in tallation visualized i therefore approximately 5,000 000 horse-power; and the 

total eventual co t of developing this po"' er and of providing navigation with 

channel 25 feet in depth, i in round numbers from $620,000,000 to $650,000,000, 

depending upon the form of improvement adopted in the International Rapids 

Section. 

204. ANALYSIS OF CosTs. A general analy i of the e eo t i hown in the 

following tables:-

TABLE I 

RECOMMENDED Plan with Single-Stage Development m International Power 
Section 

(a) (b) (c) (d) (e) (f) (g) 

Cost o£ 
Complete 

Cost of 
Cost o£ Total cost Ini tial cost in tailed 

works sole- works works joint- wi t h corn- if one half capacity of 

Sect ion lyfor primarily ly for plete initial ini t ial power initial works, 

navigation. for power and power in tallation provided 
power. navigation. in tallation . is deferred. in e timate 

column (e) 

s s s s h.p. 

Thousand Islands ... ... 1, 100,000 ·· ·· ·· · ·· · · · · · ·· · · · ··· · · 1' 100,000 1, 100,000 · ·· ·· ·· · ···· ·· 

International Rapids .. . 22,000,000 106, 500,000 106,500,000 235,000,000 203,000,0001 2,326,000 

Lake t. Francis ... . ... 980 , 000 . ..... .... . . . ... .. . . . .. . 9 c, 000 980 ,000 . . · · ···· ·· ··· · 

Soulanges . .... . . .... ... 31,594,000 37' 665,000 34,686,000 103' 945, 000 92,000 ,000 404,300 

Lachine ............. . . . 53,000,000 · · · ····· ·· · · · · · · ····· ·· · 53,000,000 53,000,000 · · ·· · · ··· · · · ·· 

Total .......... .. 108,674,000 144, 165 ,000 141,186,000 394,025,000 350,0 0,0001 2, 730,300 

1 Including $13,000,000 for channel enlargement to assure winter operation. 
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TABLE II 

RECOMMENDED plans with Two-Stage Development in International Power Section 

(a) (b) (c) (d) (e) (f) (g) 

Complete . 

Cost of Cost of Cost of Total cost Initial cost installed capa-
works with if one half city of 

Section 
works works jointly for complete initial power initial works 

solely for primarily power and initial power installation provided 
navigation for power navigation installation is deferred in estimate 

column (e) 

$ $ $ $ $ h.p. 

Thousand Islands ...... . 1,100,000 ... .... . . . . . .. . . . ... . . 1, 100,000 1, 100,000 .... .... ... ... 

International Rapids .. . 33 ,481,000 140,209,000 90,656,000 264,546,000 238,400,000 I 2,215, 000 

Lake St. Francis ....... 980,000 ············ ............ 980,000 980,000 ........... ... 

Soulanges ..... ....... . .. 31,594,000 37,665,000 34,686,000 103,945,000 92,000,000 404,300 

Lachine .... . .. : . ... . . . . 53,000, 000 .... ....... . · ····· ·· ···· 53,000,000 53,000,000 ·· · ··· · · .. .... 

Total . .. ..... . 120, 155,000 177,874,000 125,542,000 423,571,000 385,480,000 2 2, 619,300 

1 This becomes 8214,500,000 if installation is at Barnhart island powerhouses. 
2 Thi s becomes $361,580,000 if init ia l installa tion in International Rapids Section is at Barnhart ialand 

powerhouses. 
TABLE Ill 

EsTIMATED cost of additional works to complete the full practica·ble develop

ment of power in the river 

Section 

Soulanges Section-

Installed 
Horsepower 

$ $ 

First part included in Tables I and II. . . . . . . . . . . . . . . . . . . . . . ....... .. .. .... . .. . 

Second part.......... . ................................... 545,000 37,391,000 

Third part................ . .............................. 1,030,000 63,816,000 

Lachine Section-
First part . ... . .. . .. ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 435,000 81,247,000 

Second part. .. . . .. . . . ......... . .. . .... .. . . . . . . . . . . .. . . . . 488,000 41,966,000 

1---------------1---------------
Total . . . ... .. ....................... . 2,498,000 224,420,000 

TABLE IV 

EsTIMATED cost of improving the river for power alone, with power development 

as provided in the recommended jorint navigation and power improve

ment (14 foot navigation maintained). 

Section 
With the two-stage With the single-

development of stage development 
the International of the International 

Rapids Section Rapids Section 

$ $ 

International Rapids Section ................ . ...... . .......... 231,800,000 213,000,000 

Soulanges Section .... . ....... . ..... .. ........... . ............ 77,172,000 77,172,000 

Total ....................... . ....... . 308, 972, 000 290,172,000 
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TABLE V 
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E TIMATED cost of improving the river for navigation alone, under the least 
expensive alternaJtive plan 

Thousand Islands Section ...........•........ ....... ......... 
International Rapids SN:tion. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 

1,100,000 
79,000,000 

980,000 
33,640,000 
53,000,000 

Lake St. Francis Section ................................... . 
Soulanges Section ...................... . ........... •... ..... 
Lachine Section ........................................... . 

Total ...............•...•...•.................... $167,720,000 

TABLE VI 

TABULATED EsTIMATES of cost of providing channels of various depths from 

the head of the Great Lakes to Montreal, including the installation of 
1,365,000 horse-power on the St. Lawrence and the entire cost of the 
new Well and ship canal. 

Great Lakes-

23 feet 
depth 

s 

25 feet 
depth 

Connecting channels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41,100,000 
St. Mary River Locks . . . ...... . .. ... . ................................. . 
Compensating Works ......... . . .. .. ... .......... 3,400,000 3,600,000 
Welland Canal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114,500,000 114, 500,000 

t. Lawrence River to Montreal.......... . ......... . 344,700,000 350,100,000 

27 feet 
depth 

s 

30 feet 
depth 

s 
54,900,000 75,900,000 

6, bOO, 000 6,500, 000 
3 t 700 1 000 3 1 800 t 000 

11516001000 128,6001000 
355 t 900 t 000 *37 41 5001 000 

462,6001000 50913001000 536,600,000 589,300,000 

*Based on subsequent deepening from 25 feet. 
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PART IV 

ST. LAWRENCE RIVER AT A.~ BELOW MONTREAL 

205. This part of the report deals with the effect of the diversion of water 

from the Great Lakes system on the water levels at and below Montreal and 

with measures for restoring these lev,els (Question 6). It also considers the 

effect of the proposed improvement of the St. Lawrence on these levels (Ques

tion 5). 
DESCRIPTION 

206. Montreal harbour is a highly developed port, with 9 miles of improved 

wharf frontage, grain elevators with a total storage capacity of twelve million 

bu hel , and an extensive warehousing sy tern. The commerce through the port 

in 1925 amounted to 9,137,281 tons, including 166 million :bushels of grain. 

The water levels in Montreal harbour during the navigation season range 

generally between 18 and 28 feet above mean sea-level, depending upon the 

flow of the St. Lawrence and the Ottawa rivers, the higher stages being due 

to the spring floods in the Otta~a. In winter, the increased slope of the river 

due to ice retardation raises the water surface 1by from 10 to 20 feet, and ice 

jams occurring during the break-up season in April have raised the water to 

the stage of 52 feet above mean sea level. 

207. The wharves in Montreal harbour are of exceptionally massive con

struction, to re i8t damage by ice at the high winter and spring levels. They 

are built typically with hig'h masonry walls founded on wooden cribbing. The 

vessel berths at the wharves in the upper portion of the harbour are generally 

excavated in rock. Extreme low-water level ~, which would expo e the wooden 

foundations of the wharve , with con.__equent danger of decay, are regarded as of 

seriou consequence; and the berths at wharves cannot be deepened readily to 

meet a reduction in the water levels. 

208. l\tiontreal lies 53 statute mile upstream from lake St. Peter, a wide 

expanse of shallow water, which is the head of the tide in the St. Lawrence. 

Below the city of Quebec, 160 miles downstream from Montreal, the river is a 

tidal e tuary, with its mean level substantially at mean sea-level. The river 

below Montreal has been improved by dredging to afford a channel with 450 

feet minimum width, 30 feet deep at water levels corresponding to a stage at 

the head of Montreal harbour, 18.4 feet above mean sea-level (low -n Rter of 

1897 as modified). The water level rarely fall below this datum. This channel 

i now under enlargement to 35 feet depth. The expenditures by Canada on 

the improvement of the channel below Montreal, to March 31, 1925, have 

been as follows:-
Dredging, field cost. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17,434,683 66 

Plant, shops, ~urveys, etc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10,268,461 52 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $27,703,145 18 

EFFECT OF DIVERSION OF WATER 

209. An accurate determination of the relation between the river discharge 

pa t Montreal and the river stage is complicated by the fact that these stages 

are modified by the varying discharge of the tributaries entering the river 

below Montreal, including the main part of the discharge of the Ottawa, and 

are affected by the long period tidal fluctuations. 
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210. A detailed analy i of the relation between gauge heights and discharge, 
given in Appendix D, show , however, that a diminution of the flow pa t Mont
real reduces the water level in the harbour, at the rate of one foot for each 23,000 
cubic feet per second of flow. The authorized diver ion of 8,[100 cubic feet per 
second through the Chicago Drainage canal reduces the levels in Montreal har
bour, therefore, by 0. 37 foot. A similar analy i "'how the following effects at 
points below Montreal:-

Locality 

Amount by which 
Statute miles levels are lowered 

below 
Montreal by diversion of 

Montreal . .... ..... ... ....... .. ....... . .... . ...... ...... .... .. . .. .. . 
Varennes ... ......................... .. ......... . ............ ... · · · · 
Sorel .... . .. .. .. ....... ..... ............... ...• . .................. . 
Batiscan . ........ . ..................................... · · · · · · · · · · · · 
Lotbiniere . ....................................................... . 
Platon .......... .... . .. . ........... . ..... ...... ....... ... ........ . . 
Quebec ..... ... ...... ... . ............ ... ..... ... · ·. : · · · · · · · · · · · · · · · 

0 
13 
45 

100 
117 
125 
160 

RESTORATION OF NA\ IGABLE DEPTHS 

8,500 cfs. 

0·37 foot 
0·35 " 
0·28 " 
0·24 " 
0·24 " 
0·17 " 
0·03 " 

211. CHANNEL BELOW ~1oNTREAL HARBo"Lrn.-Thc na\ igable depths of the 
channel below Montreal harbour can be re~tored by dredging. An analy is of 
the gauge record how that the dredging heretofore done ha lowered the levels 
in Montreal harbour at the rate of 0.15 foot. for each foot of navigable depth 
gained, and ha lowered the level of the riYer between Varenne and Quebec 
by an average of 0. 06 foot for each foot of navigable depth gained. The e ti
mated co t of increa ing the effective depth of the channel below 1\1ontreal by 
the amounts found in the foregoing tabulation, if done a a part of the pre ent 
project for a general increa e in depth, and at the current co of uc'h dredging, 
i a follow :-

3,168,ooo cubic yards dredging at 42.5 cents per cubic yard. . . . . . 1,346,400 
Plant, shops, urvey , etc.-Average proportional co t ince 

beginning of work, 60 per cent............................ 807,600 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $2,154,000 

212. MoNTREAL HARBO"L"R.-The navigable depth in lVIontreal harbour can 
be re tared by imilar dredging. The e timated co t of thi dredging neces ary 
t.o compen ate for a diver ion of 8,500 cubic feet per "'eeond L a follows:-

Shale rock, 87,350 cubic yards at $3.50 .....................•.. 
Earth, 289,000 cubic yard' at $1 ................................ . 
Engineering and admini tration, approximately 10 per cent ....... . 

Total ............................................... . 

305,725 
2 9 000 

59.275 

$654,000 

213. The unit co ts are ba ed on the execution of the work a a part of a 
general project for deepening the harbour. The removal, as a eparate. under
taking, of the 5-inch layer required to compen ate for the diver ion would be 
much more expen._ive. 

214. A comprehensive project for ·deepening the harbour would, however, 
require the reconstruction of a large amount of dock wall. An e timate of the 
part of the co t of recon truction chargeable to diver ... ion of "ater obviou ly 
pre ent difficulties. Thi"' diver ion is but a contributing cau ... e to the need for 
enlargement, for there ha been a lo of 1.15 feet in depth in the harbour ince 
1895 due to other causes. The older dock walls will require reconstruction in 
the not distant future on account of deterioration. The Canadian Seetio~l of 
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the Board has prepared an estimate of $1,800,000 as the part of the cost of 

rebuilding dock walL due to the lowering of the level~ by a diversion of 8,500 

cubic feet per econd, the details of which are set forth in Appendix D. The 

American Section accepts this e timate with the under tanding that it is subject 

to further inve tigation and revision. 

215. A study was made of the possibility of con tructing contraction works 

in the river below Montreal harbour to compensate for the effect of such a 

diver ion. No sub tantial aving was indicated by this cour.se. 

216. SuMMARY. In summary, the cost of re~toring the navigable depths at 

and below JVIontreal to the extent that they have been affected by the authorized 

diver ion of 8,500 cubic feet per second is as follows:-

Dredging, Montreal Harbour .................................. . 

Reconstruction of dock walls, Iontreal Harbour ............... . 

Dredging, below Montreal Harbour ............................ . 

Total ......................................
....... . 

654,000 
1,800,000 
2,154,000 

$4,608,000 

217. CoNTROL WoRKS WITH LocKs BELOW MoNTREAL. The suggestion has 

been advanced that, in tead of securing the desired channel depth at and below 

lVIontreal by further dredging, control works with twin locks could be con-

tructed in the river below · Montreal to rai e the water levels to the extent 

required for that purpose. Such a structure mu. t be o designed that it would 

not aggravate ice conditions in winter, and therefore would be costly. It would 

afford incidentally a complete remedy for the 10\' ering of the water in Montreal 

Harbour due both to channel enlargement and to the diversion of water, and 

al o would afford an opportunity for the fuller development of power, especially 

in the Lachine Section, since the re triction a to maintaining uniformity of 

flow could be made le stringent. The con ideration 0f such a scheme is beyond 

the scope of the in tructions to the Board. 

EFFECT OF PROPOSED IMPROVEMENT OF THE ST. LAWRENCE 

RIVER 

218. The improvement of the St. Lawrence river could affect the water 

levels at and below Montreal to the extent only that the works might be so 

operated as to modify the rate of discharge of water down the river. The pro

gram for the regulation of lake Ontario recommended by the Board (Appendix 

B) is so drawn as to afford mean di charges during the critical month~ of Sep

tember, O~tober and November at lea t equal to t1w di charges that occur in 

nature; and discharges in the first half of April, when the river has its maximum 

flood level : no greater than those that would occur with equal frequency with

out regulation. There remains the pos ibility of the introduction of fluctuations 

in the di charge of the river through the fluctuation- jn the discharges through 

the power plants to meet their changing load . 

219. Any necessary uniformity of di charge pa..,t the various power struc

tures can be secured by opening sluice gates as the power load and power house 

discharge diminishes. Power can be profitably generated at the various plants 

recommended by the Board without eau ing any greater hourly and daily fluc

tuations in the water levels at Montreal than now occur from natural causes, 

and suitable government supervision, both over the plants in the International 

Sec~ion and over those in the province of Quebec, can assure this result. 

220. lr. short, all the works of the improvement of the St. Lawrence river 

must be so operated as to have no injurious effect on the water levels at and 

below Montreal. 



St. Lawrence Waterway Project 49 

PART V 

FINDINGS ON QUESTIONS CONTAINED IN THE INSTRUCTIONS TO 
THE JOINT ,BOARD OF ENGL~ERS 

221. Answering pecifically the que tions contained in its instructions, the 
Board finds:-

QUESTION 1 

" I the cheme for the improvement of the St. Lawrence waterway, pre
sented by the board in it report of June 24, 1921 (herein referred to as the 
Report of 1921), practicable and does it provide to the be t advantage, at 
thi time and ultimately for the de' elopment of the capacities and po sibili
tie of the waterway? ' 

222. A WER. The cheme a pre ented in the Report of 1921 is, in its broad 
line , practicable; but hould in the opinion of thi Board be modified to provide 
to the be t pre ent advantage at thi time and ultimately, for the development 
of the capacitie and po'"' ._,ibilitie of the waterway. 

QUESTION 2 

"What alternative cheme if any, would be better adapted to secure the 
ends de ired, due con ideration being given,-

" (a) To any pecial international or local interests having an 
importance justifying exceptional con ideration; and 

" (b) To the extent and character of the damage through flooding and 
the probable effect of the work upon the formation of ice and the conse
quent effect on the flow of the rh·er?' 

223. A swER. The plan recommended by the pre ent Board are set forth 
in Part Ill of thi report, and are de cribed in detail in Appendix C. 

224. The plan pre ented in the Report of 1921 are altered in their broader 
features as follow :-

225. In the International Rapid ection (Fourth Division of the Report of 
1921) the plan now pre ented provide for the development of the entire power 
possibilitie of the ection without ub equent alterations in the works. Two 
alternative cheme for accompli hing thi re ult are presented, one for a two
stage development, the other for a ingle-stage development. 

226. In the Soulange ection (Recond Divi ion) the Board recommends a 
scheme for navigation correlated with a progre sive development of power instead 
of a side canal for navigation only. 

227. In the Lachine ection (First Divi ion) the alignment of the navigation 
canal is changed to ecure a minimum interference between land and water 
traffic, and a control dam to regulate the level of lake St. Louis has been 
included in the initial development. 

228. The plans propo ed have been drawn with full regard to all interests 
concerned. Flowage damage is in eparable from a practicable development of 
power on the St. L9,W1:ence, ince freedom from floods has led to the occupation 
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of its banks almo t to the water edge. The plan have been drawn to reduce 

to a minimum the flowage con equent to the plan proposed. They have been 

prepared with pecial care to meet ice conditions affecting the flow of the river. 

QUESTION 3 

cc Should the e timate of co t be revi ed, and, if so, what are the revised 

estimates of cost having regard to alternative schemes?" 

229. ANSWER. T he e timate hould be revised. The estimates of the works 

proposed by this Board, with hydro-electric machinery completely installed, 

exclusive of interest during construction, are a follows:-

(1) If a single-stage development be adopted iu International R apids Section- ' 

Works solely for navigation...... . .......... ....... . . . ... 108,700,000 

Works common to power and navigation. ..... . . .......... 141,200,000 

\Vorks primarily for power.. . . . .. . ............. . ....... . 144,100,000 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
 . $394,000,000 

Installed capacity 2,730,300 horse-power. 

(2) If a two-stage development be adopted in International Rapids Section-

Works solely for navigation..... . . .... . .. .. ... . .. . ....... 120,200,000 

Works common to power and navigation. . .... . .. . . .. .. . . . 125,500,000 

Works primarily for power. ....... ............ . .... . .... 177,900,000 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
 . $423,600,000 

Installed capacit.y 2,619,000 horse-po·wer . 

230. The Board con iders that sound busine . management will dictate the 

initial installation of but a part of the hydro-electric machinery with it hbu ing 

and acces orie . With a total initial in tallation of 1,368,000 hor e-power, the 

init ial co ts, including all feature required for navigation and with complete 

channel enlargement for winter power operation, becomes respectively $350,100,-

000 and $385,500,000. 

231. The plan pre ented by the Board outline a subsequent complet8 

development of the power re ources of the ri' er, by the con truction of additional 

power work with an in tailed capacity of approximately 2,500,000 horse-power, 

at an additional co t of approximately $225,000,000. 

232. The total ultimate development vi ualized on the St. Lawrence river 

by the Board amount therefore to approximately 5,000,000 hor e-power at a 

total cost of from $620,000,000 to $650,000,000, including navigation works. 

Further details of estimate are given in Pa.rt III, paragraphs 200 to 204. 

QUESTION 4 

cc In order to as i t either Gm ernment to allocate the amounts charge

able to navigation and power, what would be the respective estimated costs 

for improving the river for navigation alone and for power alone?" 

233. ANSWER. The e timated cost for the initial improvement of each 

river section, (a) on plan recommended by the Board for both power and 

navigation, (b) on imilar plan for the development of the same amount of power 

without any navigation works other than to maintain the exi ting 14-foot navi

gation, and (c) on alternative plan for practicable, though inferior, navigation 

through the power sections, are shown in parallel columns as follows:-
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(1) If a single-stage de' elopment is adopted in the International Power 
section-

Section (a) Plans (b) Power alone (c) Navigation 
recommended alone 

pper International ................................. . 111001000 . .. ....... . ..... 11 1001000 
International po" er ................................ Po. 235 1 000 1 000 213 1 Q001 000 7910001000 
Lake t. Francis . ................................... . 981)1 000 . .... .. . .. . ..... 9801000 

oulanges .... ..... . .... ....... ............. ......... . 103 1 945 1 000 7711721000 3316401000 
Lachine ..................... .. .. . ................. . 53 , 000 ,000 ····· · ·· · · ······ 53,000,000 

Total. .. .. ....... . .......................... ··· 83u4, 025 I ooo 8290, 172, 000 $167,7201000 

(2) If a two-stage development is adopted in the International Power 
Section-

ection (a) Plans (b) Power alone (c) Navigation 
Recommended alone 

Upper International. ........ ................... .... . . 1, 100,000 . ...... . ........ 1, 100,000 
International power .... ....... ........... . .......... . 264,546,000 231,800,000 79,000,000 
Lake t. Franci . ............................. . ..... . 9 0, 000 . ............... 980,000 

oulanges .................. ...... ..... ..... ... ...... . 103,945,000 77,172,000 33,640,000 
Lachine ......... ...... ........ . . .................... . 53,000,000 ············ ·· ·· 53,000,000 

1-----------1----------1-----------
Total. .................. ................ . ...... . 8423 ,571,000 $308,972,000 $167' 720,000 

QUESTION 5 

"To what extent may water level in the St. Lawrence River at and 
below J\1ontreal, as well a the river and lake level generally, be affected 
by the execution of the project? " 

234. ANSWER. The irre pon ible operation of the power work proposed 
by the Board, or indeed of any power work however de igned, that develop 
fully the power re ource~ of any ection of the river would affect injuriou ly the 
water level in the t. Lawrence river at and below J\1ontreal; but it i feasible 
to operate the e work under Go' ernment upervi ion in uch manner that they 
will neither lower the ummer level in the lower river nor rai e the winter 
and spring level . With uch control the improvement propo ed will have no 
injuriou effect "hate' er on the water level of the t. Lawrence at and below 
l\1ontreal. 

235. The high level on lake Ontario of the upper reache of the St. Lawrence 
river, extending 67 mile from that lake, and of lake St. Francis and lake St. 
Louis, will not be rai ed by the improvement. The low level of lake Ontario 
and of the e upper reaches of the t. Lawrence will not be made lower. The 
low level of lake St. Franci will be rai ed about a foot and of lake St. Loui 
about 5 feet. The dam~ propo ed in the po" er reache of the St. Lawrence will 
create material local change in the level of the e reache only. 

236. The level of the Great Lake above lake Ontario cannot be affected 
by any work in the St. Lawrence proper. Work to re tore the effects of 
channel enlargement and of diver ion from lakes above lake Ontario, are dealt 
with under the replies to Que tion 6 (b) and 10. 

QUESTION 6 (a) 

"To what extent and in what manner are the natural water levels in 
the St. Lawrence river and on the lake affected by diversions authorized 
by licen e by either Canada or the United State from or in the St. Law
rence river watershed? ' 
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237. ANSWER. The diver ion by the Chicago Sanitary Di trict of 8,500 

cubic feet per econd from the lake ba in through the Chicago Drainage canal, 

authorized by licen e by the United State , lower the water level on the Great 

Lakes and the St. Lawrence river a follows:-

L akes Michigan and Huron .. . . . .... ...... ...... ... ... ..... .... . 

L ake Erie ................. .. . .. .......................... . . . . . 
0.5 foot 
0.4 foot 

L ake Ontario . ..................... ... ....... . .... ....... ... .. . 0.4 foot 

St L awrence rrver between lake Ontario and Montreal-

At Prescot.t .. ........ ...... . ........ . ............... . .... . . 0.4 foot 

At Lock 25 (Iroquois) ... . .... ... .... .. ..... . ... .. . ....... . 0.6 foot 

At Lock 23 (::\[orrisburg) ....... .. ..... .. .... .............. . 

At Lock 21 (Dickensons Landing) . . . .... . ... .............. . 
0.5 foot 
0.4 foot 

At Lock 15 (Cornwall) ............. ...... ............. ... . 0 . 3 foot 

Lake St. Francis ...... . . .. ............ . ...... .. .. . ..... .... . 0.2 foot 

Lake St. I;ouis ........................................
.... . 0.3 foot 

St. Lawrence river at and below Iontreal- , 

At Montreal harbour. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
0. 37 foot 

At V arennes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
 . . . . . . . 0. 35 foot 

At Sorel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
 . . . . . . . . . . . 0. 28 foot 

At Batiscan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
 . . . . . . . 0 . 24 foot 

At Lotbiniere . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
 . . . . . . 0. 24 foot 

At Platon ... .. .. .......... . .... .......... .... ........ ..... 0.17 foot 

At Quebec . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
 . . . . . . . . . 0. 03 foot 

238. The diversion of 2,080 cubic feet per econd from lake Erie via the 

Welland canal for power u e by corporation and municipalitie author]zed by 

license by Canada lower the level of the Great Lake as follows:-

Lakes Michigan and Huron . .. .. .. .......... , .................. 0. 025 foot 

Lake Erie . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
 . . . . . . . . . . . . 0 .1 foot 

239. The foregoing are the only authorized diver ions found by the Board 

to affect appreciably the level of the lakes and the St. Lawrence. The effect 

of all diversion~, including tho e for navigation purpo e , and of other factors, 

is described in Part II of this report. 

QUESTION 6 (b) 

"By what measures could the water level of navigable depths affected 

by the diver ion referred to in section 6 (a) be re tared, and what would 

be tpe cost thereof?" 

240. ANSWER. The water le\ el of lake ]\1ichigan, Huron and Erie can be 

restored most advantageously by compensating works in the St. Clair and Niagara 

rivers, which should, however, be so designed a to off et all exi ting diversions 

and outlet enlargements, as well as the diver ions authorized by license. The 

total cost of these works is estimated at $3,400,000. The cost of similar but 

less extensive work de igned to restore the effect of authorized diversions only, 

is estimated as follows:-
Diversion compensated for- Cost of Works 

Chicago diversion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
 1.750,000 

Power dinrsions, Wellancl canal. . . . . . . . . . . . . . . . . . . . . . . . . . $ 100,000 

241. The, effect of the diver ion on the level of lake Ontario and of the 

St. Lawrence river above Montreal will be removed by the work provided for 

the improvement of this part of the St. Lawrence. 

242. The effect of the authorized diversion on the level of the St. Lawrence 

river at and below Montreal can be re tared by dredging and acce ory works 

at e timated co t as follows:-

Dredging Montreal harbour ...... .......... ..... .............. . 

Reconstruction of dock walls, Montreal harbour . ............ . 

Dredging below Montreal . ............ ..... ............ .... . .. . 

Total ......................................
....... . 

654,000 
1,800,000 
2,154,000 

$4,608,000 
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Qu~ TION 6 (c) 

"How much power could be de' eloped on the St. Lawrence river with 
the water diverted from the water hed refer-red to in ection 6 (a) under-

( 1) The plan recommended? 
(2) Alternative plan providing for a full practicable de elopment of 

the river? " 

243. Ax WER. The follmYing amount of 24-hour power could be developed 
on the St. Lawrence river with the authorized di er ion of 8 500 cubic feet per 
second from the water hed throuah the Chicago Drainage canal:-

(l) .At the average head available at the power plant initially 
recommended-

Horse-power 
In the International Power ection ( 2. 5 feet average head) . . 70,125 
In the Soulanges ection (22 feet average head)............ 18,700 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 ,875 

(2) At the a>erage head aYailable at the power plant recommended 
for the e>entual full practicable deYelopment of the riyer-

In the International Power ection ( 2. 5 feet average head) .. 
In the oulange ection (7.> feet average head) ...... ... .. .. . 
In the Lachine ection (32 feet aYerage head) . ..... . ........ . 

Total ...................................... . ........ . 

Q1."E TIOr 6 (d) 

Hor e-power 
70,125 
63,750 
27 200 

161,075 

"Without con ..... idering compen ..... ation b} the pre ent relative di er ions 
of water from the _ Tiagara river and from lake Erie and without prejudice 
to a future con ideration thereof what work if an could be con~tructed 
to recover on the t. La"rence river the amount of power determined under 

ection 6 (c) and what "·ould be the co ..... t of uch work ? ' 

2-14. A T WER. The Board find that after the t. Lawrence river ha been 
fully developed for power production no work can be con tructed which 
would recover on he t . Lawrence the power lo t by the diver ion of water from 
the water hed. 

QUE TION 7 

"Havina reaard to economy of con truction and maintenance, expedi
tion of con truction and efficiencv of operation--

" (a) Which of the work~ hould be con tructed under the technical 
supervi ..... )on of an international board and what other work , if an), might 
advantageou ..... ly be con. tructed under uch upervi ion. 

" (b) Which of the work" ..... hould be maintained and operated by an 
international board and what other work , if any might advantageou ly be 
so maintained and operated? " 

245. Ax WER (a) Co TRUCTIO~ OF WoRK . All dams, emhankments, 
power hou e ub~tructure "·ater-pa age gate and channel enlargements 
within the International ection hould be de igned and con tructed under the 
technical upervi ion of a ingle international authorit . 

246. The purpo e of thi L to make ure that the different part of the works 
will not be .__o pro ecuted a to interfere with each other and that safe and 
equitable regulation of both winter and ummer flows of the river will be pos ..... ible 
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both during and after con truction; as well as to secure uniformity, economy 

and expedition by co-ordinating design and construction programs. 

247. The same authority should co-ordinate for the entire river, from lake 

Ontario to Montreal, the programs of con truction and the channel dimensions 

and clearances for works nece ary to 'ecure through navigation. 

248. (b) MAINTENA CE AND 0PERATIO OF WoRKS. The Board regards . it as 

essential that an international control board ·be created with full power to 

regulate the use of water at the power plants in the International Section in 

order that uch use may be prevented from creating conditions harmful to navi

gation in any part of the St. Lawrence, and in order that the operation of th[e 

various power plants be conducted with full regard to the use of water at other 

power plants on the river. 
All locks and other navigation structures will necessarily lie in the territory 

of one country or the other, and can be most advanta.geously maintained and 

operated by the usual government agencies of the two countries. 

QUESTION 8 

"What, if any, readju tments in the location of the international 

boundary are nece ary or de irable to place power tructures belonging to 

either country within its borders, as recommended by the International 

Joint Commi sion?'' 

249. ANSWER. Readjustments in the international boundary are necessary 

only in the International R apid Section and depend upon the plan adopted for 

the improvement of that section. 
A change in the boundary in the vicinity of Barnhart island is necessary 

irrespective of whether the single-· tage or the two-stage scheme be adopted in 

this Section. If, with either of these general schemes, the dam is located at the 

foot of Long Sault island and both powerhouses at the foot of B arnhart i"land, as 

shown on the plans of the two- tage development, a change i neces ary between 

Turning Points 10 and 14 to bring the power hou es within the borders of the 

two countries. If , on the other hand, the dam and power hou es are at the foot 

of Barnhart island, with the United States power house on the mainland of the 

United States, as shown on the plans of the single stage dervelopment;, it is 

desirable to so change the boundary between Turning Points 10 and 21 as to 

bring all of Barnhart island into Canadian territory. Thi island is separated 

from other American territory by the main channel of the St. L awrence. The 

estimates include the acqui ition of the entire i land in connection with power 

development, and the land remaining unsubmerged can, with this plan, be put 

to beneficial use only in connection with the Canadian power house located 

there on. 

250. With the two-stage scheme, a slight change is needed also in the 

boundary north of Ogden i land, to bring the power houses at that locality 

within the borders of the respective countries. 

251. A detailed description of the nece sary changes will be given in 

Appendix C. 
QUESTION 9 

" If the Board is of the opinion that it would be advantageous to pro

vide in the fir t instance for channel depths other than .25 feet, but less than 

30 feet, for what draft of ve el should provision be made?"-

252. ANSWER. A explained in paragraph 111, P art III, the Board is not 

agreed on the advantage of any depth other than 25 feet. 
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QuESTION 10 

"Having regard to the recommendation of the International Joint Com
mission that the new Welland hip canal hould be embodied in the scheme 
and should be treated as a part thereof, and to the fact that if a greater 
depth than 21 feet be adopted for the initial project depth of the St. Lawrence, 
such greater depth would not be available to the upper lake ports without 
further work in the navigation channel in the Lake , what would be the cost 
of improving the main navigation channels between and through the lakes, so 
as to provide without impairing the pre ent lake levels, for (a) a depth of 25 
feet and (b) for uch other depth not exceeding 30 feet, as may be determined 
by the Board to be that for which it would be most advantageous to provide 
on the St. Lawrence river?" 

253. ANSWER. The co t of improving the main navigation channels between 
and through the lakes, o a to provide a depth of 25 feet, including all com
pensating works con tructed in furtherance of the work, is estimated at 
$44,700,000, not including the co t of the new Welland ship canal. 

QUESTION 11 

"What i the time required to complete the proposed works, the order 
in which they should be proceeded with, and the progres which should be 
made yearly toward the completion of each in order to ecure the greatest 
advantage from each of the work and from the deYelopment of the water
way a a whole?" 

254. AN WER. It i e timated that the waterway can be opened to naviga
tion in from even to eight year from the time that active work ha been begun. 
All work hould be o pro ecuted a to in ure the completion of navigation 
works at the ame time. A complete program for the pro ecution of the work 
will be pre ented in Appendix G. 

APPENDICES 

255. The investigations by the Board are et forth more fully in appendices 
as follows:-

Appendix A-Field inve tigation . 
" B-Lake level and outflows. 
" C--Detailed plan and e timate for the improvement of the 

St. Lawrence. 
" D-River levels and di charge at and below Montreal. 
" E--Ice formation on St. Lawrence. 
" F-Experiments on strength of ice. 
" G-Con truction program. 

Unded States Section 
EDGAR JADWIN, 

lvi ajar General, Chief of Engineers. 

WILLIAM KELL Y, 
Colonel, Corps of Engineers. 

G. B. PILLSBURY, 
Lieut. Colonel, Corps of Engineers. 

WASHINGTON, D.C., November 16, 1926. 

Canadian Section 
DUNCAN W. McLACHLAN, 

OLIVIER 0. LEFEBVRE, 

CHARLES HAMILTON MITCHELL. 
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Memorandum re Appendices 

to accontpany 

Report of Joint Board of Engineers 

Since the completion of the Main Report dated November 16, 19261 the 
Board has completed Appendice as follow :-

Appendix A-Field Inve tigations 
" B-Lake Level and Out Flows 

C-Detail plans, and estimates of Projects 
D-River levels and discharges at and below Montreal 

" 
" 
" E-Ice formation on the St. Lawrence 

" F-Experiments on the Strength of ice 

" G-Con truction program 

In these Appendices alternatives are pre ented to those described in the 
main report. Attention is invited to the Crysler Island two-stage project 
prese·nted by the Canadian Section for the International Rapids Section. This 
project is described in. paragraphs 121 to 134 of Appendix C. 

United States Section: Canadian Section: 

EDGAR JADWIN, DUNCAN W. McLACHLAN. 

J.VI ajar General, Chief of Engineers. 

WILLIAM KELLY, OLIVIER 0. LEFEBVRE. 

Colonel, Corps of Engineers. 

G. B. PILLSBURY, CHARLES H. MITCHELL. 

Lieutenant Colonel, Corps of 
Engineers. 

DETROIT, MrcHIGAN, July 13, 1927. 
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APPENDIX A 

FIELD AND OFFICE INVESTIGATIONS 

INVESTIGATIONS BY CANADIAN SECTION 
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1. The Canadian Section of the Board wa appointed on May 7, 1924. On 
that date fund were available for the work. A central office wa et ablished in 
Ottawa and an organization wa already in the :field. After May, 1'924, the 
personnel in both :field and office wa increa ed and work wa pro ecuted with 
energy from that time until the end of 1926. 

2. STAFF. Throughout the progre of inve tigation a field office was 
maintained at Cornwall. lVI.r. Ru ell Yuill, B.Sc. wa in local charge of this 
office and al o directed all boring and urvey partie at work in the field. 

3. J\1r. Guy A. Lind ay B. c., upervi ed the preparation of detail plans 
and e timates in Ottawa a well a the greater part of the hy.draulic computa-
tions made. 

4. Mr. J. K. Wyman: B. c. developed tage relation diagrams for the St. 
Lawrence above and below Montreal and determined the effect of outlet change 
at a number of critical point in the Great Lake y tern. He developed a 
number of chemes for reo-ulation of the Great Lake , including that of Lake 
Ontario. 

5. J\1r. A. L. J\1udo-e B. c. had charge of the a embly and preparation of 
tentative lay-out plan for power hou e and the a embly of data obtained 
from manufacturer of hydraulic and electrical machinery. 

6. Mr. W. Cha e Thorn on, J\1.E.I.C. prepared outline plan and detail 
e timate for a large number of brido-e at variou point on the river. Other 
member of the taff of the anadian Section did much u eful work in connec
tion with the compilation of data the working out of de ign , and the prepara-
tion of e timate . 

7. Mr. D. W. J\1cLachlan B . c., Chairman of the Canadian Section, was 
in general charge of all in\ e'"' tigation made by the Canadian ection. 

8. BoRING . A very important part of the work done by the Canadian 
Section wa the boring made to determine the character of foundations. 

9. Previous to the appointment of thi Board, but ub equent to the filing 
of the report of 1921, the Canadian Government put down 63 boring , in the 
years 1922 and 1923. Almo t all of the e were in the International Section of 
the river. 

10. During the year 1924, the Canadian ection put down 15 borings jn 
the International ection and 15 in the Lachine ection. 

11. For drilling in deep .. wift water one trong pud cow wa built at 
Cornwall and a lighter pud cow for drilling in quiet water was rented in the 
spring of 1925. The fir .. t cow wa equipped with a churn drill and with 
a Calyx core drill and the econd cow wa equipped with a churn drill only. 
The e two outfit were put to work in the Canadian ection of the river early 
in the ummer of 1925, and worked continuou ly during the open ea on of 
1925. They clid much difficult work in that ea on in the Cedars and Lachine 
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rapid . The rented scow wa not u ed during 1926, but the specially built 

cow wa also u ed throughout that eason, part of the time by the United 

State Section in the deep swift water at the foot of Barnhart island. 

12. In the years 1925 and 1926, taken together, 22 borings to rock were 

put down in the International Section and 144 in the part of the river below lake 

St. Francis. In 1927, 8 borings were put down in the International Sectio~. 

13. The number of boring made in the Soulanges Section was 88. Of this 

number, 17 were along the north shore of the river between Coteau and Cas

caries, 14 along the south hore of the river between Clark island and St. 

Timothee, 25 were along the route of a canal between Hungry Bay and Meloche

ville, 12 were in the river at Cedar , 17 in the Ottawa arm of lake St. Loui , 

and 3 in Hungry bay. 
14. The number of borings put down in the Lachine Section in 1925-26 

was 51. Of these, 13 were at the foot of Lake St. Louis, 16 in the LaPrairie 

Ba in, 18 along the north shore of the river between the town of Lachine and 

the hore of the river at Verdun, and 4 were on the south shore of the river 

above Lachine rapids. 
15. In 1926, 5 borings to rock were made by the Canadian Section in the 

St. Lawrence river below Montreal. 

16. In 1924 and 1925, the Hydro-Electric Power Commis ion of Ontario 

put down 128 borings in the International Section of the St. Lawrence. 

17. A large number of core were obtained in connection with the borings 

made. The core obtained by the Canadian Section are being preserved at 

Cornwall for future reference. In almo t all ca"es in which borings were ma0e, 

solid rock was penetrated a distance of from 10 to 15 feet in order to make sure 

that a boulder wa not mi taken for solid rock. W a h boring equipment was used 

only in a very few ea e by the Canadian Section. 

18. The following summary hows the linear feet of borings made by the 

Canadian Section in 1924, 1925, 1926, and 1927:-

Section Borings Length 
Length in rock 

Total 
made in earth ncored Cored length 

ft. ft. ft. ft. 

Below 1ontreal. ....... . ...... . .... . . . ........ .. . . 5 218 4 24 246 

Lachine .. ........ ....... . . . .. . . ........ ... . . .. . . . . 66 1,370 1,168 . ..... .. . . 2,538 

oulanges . . .. . .. . . . ... ..... .... .... ... ... . . . ... .. . 88 1,922 320 127 2,369 

International Rapids .. ... , ............... . . . ..... . 45 1,954 409 187 2,550 

19. A detailed de cription of the material penetrated in each hole is on file 

in the Department of Raj}ways and Canals at Ottawa. The rock elevations 

found and the location of all boring made are shown in the plan accompany

ing Appendix "C". 

20. SURVEYS. In the summer of 1924, the surveying of an uncharted por

tion of the St. Lawrence riYer, between the town of Lachine and the foot of the 

Lachine rapid , was undertaken and partially completed. This work was origin-

ally plotted at a scale of 400 feet to 1 inch. ~ 

21. In the. years 1925-26, contour urveys of all island in the river between 

lake St. Franc1s and ~1ontreal were made. Topographical information formerlv 

o.btained along the river in the oulanges Section was greatly extended, par~

tiCularly on the north hore between lake St. Francis and lake St. Louis. 

_, ~1 
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22. In the Soulange Section a number of water level profiles were made 
on both shores of the riYer and around the larger i land . 

23. In a number of ea e in thi section, ba ic data from plans of power 
companies wa ecured and replotted 0 that the plans filed with this report 
show all the data extant in the .. ection. 

24. During 1925-26, the survey of Lachine rapid and LaPrairie ba in, 
begun in 1924, were completed and topographical information formally derived 
was extended on both shore of the river so that all area of interest to the St. 
Lawrence project were covered. 

25. Detail plan hawing all buildings and improyements in the village of 
Caughnawaga and in the highl developed territory between the town of 
Lachine and Verdun were prepared. 

26. In the International Section of the St. Lawrence river, a number of 
small surveys were made by the staff of the Canadian Section. The e embraced 
the outh bore of the riYer between Lotu i land and Iroquoi point, the high 
portions of Ogden island the lower part of the channel outh of Long Sault 
island, the river bed in the Little Long Sault rapid , and a .. erie" of summer 
cross-sections of the ri' er bet" een Morri burg and the Long Sault rapids. 

27. A comprehen ive valuation of all property and building affected by 
the proposed improvement on the Canadian ide of the International Section, 
and in the Long Sault and Lachine Section , "a made in 1926. 

28. TEMPERATURE 11EAS -REMENT .-In the autumn month of 1924, an 
elaborate serie of water temperature mea urement between lake Ontario and 
lake St. Loui were undertaken. Thi inve tigation extended through the early 
months of winter and furni hed much needed data upon heat tran fer between 
water and air in cold weather. 

29. A series of water temperature mea urement in the Ottawa river, 
between Grenville and the head of lake t. Loui , were completed during the 
month of November, 1924. 

30. INVESTIGATION OF leE JA r AND PACKS. During 1925, a careful survey 
of the hanging dam at the head of lake t. Loui wa made and the progre 
of the ice pack a the built up from the foot of lake St. Peter to Montreal 
and from the head of lake t. Franci to the Long Sault rapid , was carefully 
recorded. 

31. At the reque t of the Board a pecial urvey of an unu ual ice jam in 
the Niagara river was made in the winter of 1924-25, by the taff of the Welland 
Ship Canal. 

32. During the winter of 1924-25 and the two succeeding winters, record 
was kept of the movement of variou ice jam and pack as they occurred 
at many points in the St. Lawrence river, between the foot of lake Ontario and 
the head of lake t. Peter. 

33. EXPERIMENT ON TRENGTH OF I cE. In the winter of 1925-26, the use 
of two rooms in the refrigeration plant of the Harbour Comrni ion of Montreal 
was secured and in these room a great many te t of the strength of ice were 
made. The information obtained from the e te t i given in appendix "F". 

34. DISCHARGE MEA URK\1E rTs. During the open water period of 1924, 
and again in 1925, man metering of the t. Lawrence were made above 
Iroquois Point. During the winter of 1925, careful mea urements of the flow 
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of the river at the head of lake St. Francis were made. These, along with 

measurements made in the winter of 1923 and 1924, and data compiled by the 

United States Lake Sun ey, enabled a clo e determination of flow out of lake 

Ontario to be made both for winter and for summer. 

35. In addition to meterings mentioned above Iroquois Point, measure

ment of river flow V\ ere al o made oppo ite the mouth of the .Montreal Acque

duct, at Boucherville island, and at Vercheres island, and also on the Richelieu, 

Ottawa, St. Regis and Raquette river . 

INVESTIGATIONS BY UNITED STATES ·sECTION 

36. The United State Section e tabli..,hed a field office at Ogden burg, N.Y., 

continuing from April, 1925, to January, 1926. Lieut. Joseph H. Stevenson, 

Corps of Engineer was in charge to July, 1925, when Col. C. W. Sturtevant 

assumed charge. Mr. F. W. Maltby was later engaged to collaborate with Col. 

Sturtevant on the studie of the propo ed work . 

37. DESIGNS AND EsTIMATES. EA'ten ive studies of hydro-electric develop

ment in the International Rapid Section were made for the United States 

Section of the Board by the firm of Viele, Blackwell and Buck, engaged as 

con ulting engineers on this feature of the improvement. Designs and estimates 

for various schemes for improving the International Sections of the river were 

prepared by a special force organjzed in the United States Lake Survey Office 

at Detroit, in the winter of 1925-26, under Mr. Roger B. McWhorter. 

38. SURVEY, CLAYTON TO BRoCKVILLE. All shoal areas in this critical 

section of the proposed navigation route through the upper St. Lawrence were 

determined by sweeping with a wire drag, set at a depth of at least 33 feet. 

The work followed the sweeping methods developed by the United States Lake 

Survey, and was done by a party from the Survey. All shoal spots were 

sounded at 50 feet intervals. The areas wept, and the hoal found, are shown 

on the map accompanying appendix "C". The detailed soundings of the shoal 

areas are on file in the United States Lake Survey. 

39. Probings of the hoal spots Vi ere made with a teel rod in the course 

of the survey, and showed that these were principally solid rock (granite) or 

boulders. 

40. SURVEY, CHIM 'EY POINT TO CARDI AL. On account of the great 

importance of thi section of the river in all plans for improvement, a detailed 

hydrographic survey of this territory Vi as made and plotted on a scale of 400 

feet to the inch. 

41. SURVEY, BAR :rnART IsLA D. A new detailed hydrographic survey was 

made from Robinsons' bay to Massena point, and was also plotted on a scale 

of 400 feet to the inch. 

42. BoRINGS. Under a contract entered into Vi ith Clarke Brothers Mays

ville, Kentucky, 93 wa"'h . borings were made to determine the characte~ of the 

material between Chimney _point and Point Three points, in the upper part of 

the river, and 61 boring , mo t of which were cored, were made to determine 

the elevation of suitable foundation for power hou e ,, locks, etc., at the · foot 

of Barnhart i land, near the mouth of the Grass river, and at other points. In 

~dd!tion, 28 holes were drilled in this region with rented drills and on a footage 

baSIS. 
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43. To determine the elevation of the rock at the dam site near the foot 

of th~ Long Sault rapid upplementing the pecial inve tigations by test pits 

and horizontal boring later de cribed a rented diamond drill, mounted on 

cow, wa placed with ome difficulty on the mid-channel hoal at the locality, 

and 5 vertical hole were drilled into rock. The rock elevation at the abut

ments of a dam at thi ite were explored by 8 diamond drill boring . 

44. It wa found that the wa h boring made under contract in the upper 

portion of the river did not afford a reliable indication of the quantity of ledge 

rock to be handled in the execution of the propo ed improvement, and the 

critical area were therefore re-examined \\·ith diamond and heavy well-drill . 

The e further inve tigation howed that ledge rock lie , at a number of place , 

at con iderably lo\\·er ele' ation,. than wa indicated by the wa h boring above 

de cribed or tho e made by the Deep Waterway Board in 1898 and 189'9. A 

few wa h boring were al o made in the Lake Rt. Franci Qection. 

45. J\1o t. of the boring operation were made during 1925 but a few sup

plementary boring were made in 1926 to e tabli h the foundation condition 

at ite for tructure, developed by the office tudie . The Canadian Section 

put it drill barge at the di. po al of the United tate ection for exploring the 

propo ed dam ite near the foot of Barnhart i land during the latter season. 

46. The followina i a ummary of the boring made:-

Total 
Class Tumber length 

Boring cored into rock (total length cored approximately 1,100 feet) ... . ......... . 102 5,2 5 

Well drill boring ... ..... .............................. . ..................... . ... . 24 1,2 3 

Other borings- 21 579 
96 1,600 Reaching desired grade . ......... . ........................................... . 

·ot reaching desired grade ........... .. ..... . .. .... .............. ... ..... . .. . 

Total .. .. ................ . .................... . .............. . .. ... . . . 243 8, 767 

47. The location of the Yariou boring,, except uch wa .. h boring a were 

rejected i hown on the detailed map accompanying Appendix "C". A 

detailed de cription of the boring i on file in the office of the United States 

Lake urvey at Detroit. 

48. SPECIAL ExPLORATION OF THE DA~r SITE AT LoNG SAULT RAPID . At 

thi ite, the river flow in two channel on either ide of a mid tream bar. The 

wift current and heayy breaking "ell in the. e channel render ordinary 

boring inordinately expen ive, if not impo ible. Ate t haft wa th.erefore sunk 

on the shore on each side on Barnhart and Long ault i land re pectively, and 

horizontal boring driven under the river from the bottom of the e haft . A 

prcviou ly de cribed, vertical boring were made on the bar with a diamond 

drill. 

49. BARNHART IsLAND ~-..HAFT . The Barnhart i land haft wa located on 

a bench about thirty-five feet above the rh er m·face, and 100 feet from the 

water's edge. Act ive work on ,inking the shaft wa begun July 15, 1925. The 

collar wa et at elevation 210. A timbered haft wa carried to bed rock, which 

wa reached July 25, at elevation 148. The haft wa continued without tim

bering, to elevation 121. A ump, with a depth of nine feet, was then excavated 

and the whole was completed on September 9, 1925. 
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50. The material penetrated was as follows:--

Elevations Description of Material 

210 to 207 ..................... Heavy black loam. 

207 to 206 · 5 ....... .... ........ Coar e sand. 

206·5 to 205·5................ . and and loam. 

205·5 to 173 ................... Bluish clay and sand with small rock mixed, turning to a hardpan towards 

the end. 
173 to 150 ........ . .... . ....... Sh 1le hardpan. This material was very hard, requi.ing shooting to 

loosen it up. It seemed to lay in layers and while it could be picked, 

much better progress was made by light charges of 40 per cent powde1 . 

150 to .148·5 ................... Blue limestone with large amount of fossils showing. Sloped about 1 to 

12 to the south and varied in thickness from 12· to 1811
• 

148·5 to 148 ................... Haropan with excess sand. 

148 to 145 ................. ... . Blue limestone with seams i" to 1" thick of pure sand running both horizon· 

tally and vertical. 

145 to 138 · 5 . ... . . ..... ..... ... Blue limestone. Very hard with tight seams running both vertical and 

horizontal. Shatters easily under 60 per cent powder. There was a 

small open seam at elevation 141. 

138 · 5 .............. .. ... . . . .... Seam 3" thick of soft shale laying almost level and extending clear across 

· the hole. 

138 · 2 to 125 .... ........ ...... . Hard blue limestone. 

125 to 121 ..................... Blue limestone but softer and showing large amount of fo:ssils. Lighter in 

color. 
121 to bottom of sump, approx. 

112 ........................ Hard blue limestone. 

51. The work was done by hired labour and was under the supervision of 

Junior Engineer W. B. Anthony. 

52. LoNG SAULT IsLAND SHAFT. This shaft was located at the foot of Long 

Sault island, on the shore, about seventy-five feet from the water's edge. Sink

ing operations commenced on Augu t 13, 1925, and were completed on Sep

tember 20. The collar of the shaft was placed at elevation 183. 6. The timber

ing was carried down from the surf ace and was bedded at elevation 159.2 on 

a limestone stratum. 

53. It was found that this lime tone stratum was about ten inches thick, 

underlain by a four-foot layer of shale and separated therefrom by an open 

seam. When this seam was penetrated, the flow of water produced in the drill 

hole indicated that the pumping equipment would be insufficient to handle the 

water if the seam was fully opened. Grouting was therefore resorted to, and 

the shaft was then successfully completed. 
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54. The material penetrated was as follows:-

From To 
elevation elevation 

1 0·9 171·6 
171·6 162·1 
167·0 162·1 

162·1 161·15 
161·15 159·25 
159·25 15 ·45 
15 ·45 154·15 

154·15 151·5 
151·5 147·6 
147·6 145·2 
145·2 143·1 
143·1 141·7 
141·7 13 ·7 
13 ·7 135·9 
135·9 133·9 
133·9 131 ·5 
131·6 131·2 
131·2 12 ·3 
12 ·3 126· 
126· 123·5 

123·5 122· 
122· 122·7 
122·7 119·6 

Description 

River graYel and sand. 
Grayi h, fine-grained marine clay, containing considerable fine and. 
Blui h-gray, thick-bedded lime tone. 
XoTE.-This formation was encountered on the west ide of the haft and extended 

about one-quarter of the way acro s the shaft. 
Blui h-gray. fo iliferous lime tone. 
Bluish-gray shale. 
Blui h-gray lime tone. 
Blui b-gray shale. The contact between this shale and the overlying limestone 

tratum i an open water earn and wa grouted a described above. It is thought 
that there i a change in the rock serie at this contact. 

Blui b-gray, baly, fo iliferou lime tone. 
Bluish-gray, fo iliferous lime tone. 
Light bluish-gray, crystalline lime tone with shale partings. 
Blui b-gray, fo iliferous limestone. 
Blui h-gray, arenaceou lime tone. 
Blui b-gray, cry talline limestone, with bale parting . 
Light-gray, dense, cry talline limestone with hale partings. 
Blui h-gray, cro -bedded, haly lime tone. 
Gray, den e cry talline lime tone. 
Blui h-gray, cry tal line lilllestone, with shale partings. 
Dove-colored , dense, cry talline lime tone. 
Blui h-gray, coar e, cry talline lime tone. 
Blui h-gray, coar e, cry talline, cro s-bedded lime tone with shale parting , with 

quartz deposition on joint planes. 
Blui h-gray, cro s-bedded, finely cry talline limestone with shale parting . 

ame a Ko. 21, but lower bale partings. 
Blui h-gray, dense, crystalline limestone. 

55. The work wa done by hired labour three hift being employed. Mr. 

W. W. Gruber, Junior Engineer wa in local charge of the work during the 

period of organization and preliminary con truction. ~Ir. E. L. Lull, Junior 

Engineer, wa in local charge during the inking of the haft. 

56. Horuzo TTAL Boru~ G . The horizontal boring were driven under con

tract with the Penn .. ylvania Drilling Co. by diamond drill from chamber 

excavated near the bottom of the haft. The deflection of the hole from the 

horizontal wa mea .. ured every 100 feet by mean of etching .... olution on gla 

tube in erted in the hole · and the deflection in direction by compa needle 

in a congealing olution. It wa. found that all hole tended to dip downward. 

The boring from the Long ault haft wa driven 690 .7 feet with a total cal

culated downward deflection of 15 . 7 feet. The fir t hole driven from the 

Barnhart I land haft when it had penetrated 660 feet, had uch a downward 

inclination that it wa apparent that further information from this hole would 

have little value. A _econd hole wa tarted VI ith an upward inclination of 11 
per cent. Thi hole aLo dipped do·wnward to uch an extent that, at the end 

of 350 feet, it wa deemed de irable to d1 continue it. A third hole wa tarted 

with an upward inclination of 3 per cent, and reached a di tance of 760 feet, 

with the elevation at the end of the hole 4 feet below the point of tarting. 

The end of the hole wa then approximately 600 feet from proved rock e tab

li hed by a drilled hole on the mid tream bar. 

57. The material penetrated by all horizontal boring "a lime tone 

bedded horizontally, with tight . hale earn . No evidence of vertical seams or 

cavities was shown by any of the hole , and the leakage from all holes was 

in ignificant. 
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SYNOPSIS OF GEOLOGICAL AND BORING INFORMATION 

58. As previou ly de eribed, various borings, down to and in~o rock, hav~ 

been carried out by both section , di trjbuted throughout the entire length of 

the river under inve tigation. 
59. In this appendix, it is thought de8irable to outline ·more in detail the 

nature of the several rock formation and their over-burden, and at the s::tme 

time to include ome typical record of rock boring to indicate the character 

and arrangement of the trata of the various material encountered in the 

more critical localitie . The. e typical records have been selected from those 

on file in the re peetive government office at Ottawa and Detroit. 

60. The country rock, apart from the river influences, displays character

i tics, including triation , indicating a outherly pa age of glaciers. . There 

are in addition, indication of pre-glacial ero ion and definite channels which 

cut acros the glacier track in an ea terly direction, not ea y to trace or con

nect with any definite sy tern. There are repeated series of ridges and valleys 

in the rock urface, eutting southerly acro the pre ent river throughout its 

whole cour e. The foregoing condition have given rise to the statement 

expres ed in the Main Report that "geologically the St. Lawrence is a new 

river" (para. 25) . 
61. Indications of the _changes which the river has undergone are frequent. 

While it appears generally to have pre erved its uniformly straight course from 

Lake Ontario to Montreal, there are frequent instances of local variations as 

disclosed by rock borings, which may have some bearing upon future con

struction on the river. Modern theorie of river hydraulics may explain these 

variatjons by change in discharge, by some rock and earth erosion, by ice 

gorging, etc., but thi river, with its, great volume of water, appears to have 

kept very closely to it relatively straight course. 

62. THOUSAND IsLA D SECTION. The rock surfaces through this section, 

as found by hydrographic surveys are very irregular. The shoals to be exca

vated are granite, characteri. tic of this region. 

63. INTERNATIO AL RAPIDS SECTION. General: The material overlying 

the rock throughout thi section i. generally a mixture of clay, sand, gravel, 

and boulders, with clay predominating. The e are compacted into occasional 

m as es of hard pan: Boulder occur frequently; they commonly form a pave

ment on the bed of the river e pecially where the current is swift; they are 

also frequently found in layer ]n the bodies of the islands and on the mainland, 

and almost invariably form the upper trata. and caps of the high spots or 

knolls. As excavation work proceeds it is po ible certain deposits of both 

sand and gravel may be found suitable for construction but these are likely 

to be limited. 
64. The rock in the International Rapid Section a indicated by borings, 

is O"enerally limestone of variou degree of hardnes and varying thickness of 

strata with occa ional seam of hale and and tone. A good portion of the 

rock, where excavated, may be u ed for different cla e of construction but 

only a limited quantity i uitable for concrete or other u es where unifdrmly 

hard and durable rock i. required. 
· 

Geological record (Geological Survey of Canada, Ottawa and Cornwall 

Sheet, No. 120, 1906), 8how calciferou dolomite between Chimne Point and 

Ogden I~land and a~ Farran Point and in the Long Sault Rapid . They show 

hazy limestone with oceurrence of Chazy shale with bands of sandstone 

between Og?en Isla~d ~nd the foot of the ection. No geological faults have 

been found m the di tnct. All rock encountered in thi section appear to be 

quite strong and imperviou . 
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65. GALOP RAPIDS. The head of Galop Rapids is formed by a rock ridge 
V\ ith its uneven surface filled in by boulder pavement. This ridge, which con
stitutes the control for the level of Lake Ontario and virtually forms the bed of 
the river, may be said to vary acros the two channel , between Elev. 22~ and 
228. 

66. The following boring record i given in order to present an idea of the 
typical character of the rock and its overburden in this general locality. 

0 GAL.QP ISLAND 

Loootion ............... On North side of Galop i land, near bore in large bay, wbout 
3,000 feet below upper bore of i land (on centre of pro
po ed channel). 

Done . . . . . . . .June 16, 1926, by Ull'ited States Section with "Well" Drill 
(Boring No. S. 14, Index 'o. P. 144). 

Elevation.. . .255. 7 Ground surface 
255.7 to 247.6 Clay 
239.0 Normal water level 
247.6 to 220.7 Hardpan with boulders 
220.7 Rock surface 

Medium blue limestone 
210.7 Bottom of drilled hole 

67. 0GDEN I LAND. At Ogden I land a rock sill cro es the north channel 
at Elev. 202 and a imilar rock ill cro. e the outh channel at Elev. 214. At the 
lower end of the i land the general level of rock appears to range around Elev. 175 
while further down belo" Canada and Clark Island, it i more irregular varying 
under the river bed, between Elev. 150 and 170. Exten ive boring data is avail
able in thi locality. 

68. The following boring record are herewith given a typical in thi 
locality, the two ..,elected being on the North bore of Ogden I land and along ide 
the main channel of the river. 

Location ... 

Done .... 

Elevation .. 

Location ... 

Done .... 

Elevation .. 

45827-5 

OGDEN ISLAND 

.. On Porint North side of O!Tden I land, upper side of deep bay 
and about 4,500 feet from lower end of i land . 

. . SeptemlbE>r, 1923, by Can. Dept. of R. & C. wi·th cc Well" 
drill (Boring No. 9, Index No. 116) . 

. . 24D.8 Ground surface 
240.8 to 230.3 Clay 
230.3 to 221.8 and and Gravel with Boulders 
218.0 Normal Water Level 
221.8 to 202. 5 nd and gravel 
202.5 to 198.6 Gravel with tones 
198.6 to 196.6 cc Hard" and " oft" rock (limestone) 
196.6 Rock Surface 

Limestone 
190.3 Bottom of dTilled hole 

OGDEN ISLAND 

.. Near shore, north ide of Ogden I land, about 800 feet above 
lower end of island . 

. . . . July, 1923, by Can. Dept. of R. & C. with cc Well" drill 
(Boring No. 3, Index No. 108) . 

. . . . . . 226.4 Ground Surface 
215.0 Normal water level 
226.4 to 197.9 Sand and gravel with boulders 
197.9 to 195.9 Boulder, limestone 
195.9 to 191.4 Sand and gravel 
191.4 to 174.4 Sand and gravel with clay 
174.4 to 173.7 Sand 
173.7 Rock Surface 
173.7 to 171.5 Medlium and soft limestone 
171 . 5 to 164.2 Medium hard limestiQne 
164.2 Bottom of drilled hole. 
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69. CRYSLER IsLA_:_ D. At and in the vicinity of Cry ler I sland about forty 

borjng have been made, thi being an alternative location for a dam and power 

hou...,e. The boring , hawed marked irregularity in the underlying rock surface 

and water under pre sure wa..., found in everal hole . The core borings made 

after the completion of the Main Report, however di clo e more favourable 

foundation condition further down stream. · 

70. Typical rock boring. , above and below Cry. ler I land are a folloV\ s: --

Location ... 

Done . . .. 

Elf ra tion .... 

CRY LER I LA ... D 

.. At hore upper end of Cry ler I ~] and , midway b etween mam 

bank~ of river . 
. . Od ober, 1921. by Can. D eprt. of R . & C. wi th " W ell " drill 

(Boring No. 1. Index .r o. 106) . 
. . 213. 0 Ground urface 

208.0 Normal water level 
213.0 to 181.0 H ardpan wi th boulders 
181.0 to 176.0 H ard pan wi th small tone 
176.0 to 165.5 Clay hardpan (Boulder at 168.0) 

165.5 to 159.0 Sand gravel and a liHle d ay 
159.0 t o 155.7 Quicksand 
155.7 to 142.0 H ardpan 
142.0 t o 140.2 Sand and fin e gra \'el 
140. 2 Rock surfa ce 
140.2 -to 139.2 Slate rock 
139.2 t o 135.9 Lime~one rock 
135.9 Bottom of drill ed hole. 

CRY LER ISLAND 

Location... . . . .In river, 100 feet below lower poin t of Cry ler I land, midway 

be·tween main banks of ri\ er. 

Done . . . . . ... October, 1924, by Cana dian ection wi th core drill (Boring 

No. 11, Index o. 104) . 

Eleva tion. . . . . . . .207 .4 \Vater urface 
192.5 River bed 
192.5 t o 183.1 Loo e and and gravel 
183.1 to 174.8 Sand and loo e granl 
174.8 to 167.5 Fin.e sand and coa1· e gravel 
167.5 to 158.7 Sand 
158. 7 Rock surface 

Limestone 
141.6 Bottom of cored hole. 

71. LoNG SAULT RAPIDS. The river bed forming the head of Long Sault 

rapids con ists of a limestone ill or ridge with it ere. t at about Elev. 180, 

which it is to be ob erved is higher than the rock at Chry ler i land, twelve mile 

upstream. At the proposed dam ite, oppo ite the head of Barnhart island, 

the rock drop off to elevations ranging between 150 and 160. The exploration 

of thi site, by method hereinbefore de cribed in detail, shows that the rock 

has ample bearing power for a dam structure. 

72. The overburden in the banks and in the i lands in the locality of this 

upper Barnhart I land Dam ite , is of the u ual boulder clay formation. The 

mid tream shoal at this point i. hard blue clay, with a paving of cobbles and 

boulders. 
73. The propo ed dam and power hou~ e site at the foot of Barnhart jsland 

was explored for foundation condition , both in the river it elf, on the mainland 

and on Barnhart i land. Within the river, ix cored borings were sunk to 

depths of from 10 to 30 feet into the rock. The rock, at the genera} elevation 

of from 107 to 111, was lime. tone and drilling record indicate it to be impervi

ous. The overburden in the river, about 30 feet in thickne , is clay, sand, 
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gra\ el) and boulder generally hard and dry but \\ith ome water bearing 
earn . On the nited tatc mainland on the powerhou e ite, the rock range 

from Elev. 104 to 109 and on the Canadian power hou e ite on Barnhart 
i.land from about EleY. 110 to 125. 

74. Con iderina the l nited tate mainland both above and below 
Hawkin point much attention wa paid to in\ e tigation of the overburden 
becau e upon it impermeability will depend the ecurity of thi portion of the 
development if water i rai"ed by a main dam acro the ri\ er at the foot of 
Barnhart i land. Variou borina were put down along the river hore which 
indicate that the rock L lower around Hawkin point than further down at the 
po\\·er house and dam ite. 

75. A tudv \\·a aLo made of the character of thi area compri ing a 
tretch of about three mile in lenoth and e"peciall of that lying under the 

o\ al contour 200 extending above and below Hawkin point. Particular atten
tion wa paid to the water bearing ..., trata a di clo eel by the numerou well 
on the farm in the locality. The top portion of knoll here around Elev. 
220 and 225, have the ame predominating cap and hallo\\ layer of boulder 
a el ewhere along the river, the boulder being embedded in a cla or hard-pan 
cru t which hold rain and "urface water in "mall pond~ or wamp . There 
are and and gravel ~ tra a below the e, alternatina with la er of hard pan 
and boulder . The water be~rina trata hereabout lie between Elev. 165 ju t 
about the urface of the \\·ater in the river and Ele'. 185 which i about the 
elevation of the top of the main clay or hardpan bed . 1o t of the water 
trata down river from Hawkin. point are found about Elev. 165 and tho e 

above Ha\\·kin poin at Elev. 175 to 185. It i con idered that for con truction 
purpo e" thi long contour can be made rea .. onably impen iou for the head 
that may be impo eel care beina taken to ecure tight connection to the main 
hardpan tratum at about Elev. 185. 

76. On Barnhart i land a imilar ituation would be created and in like 
manner pecial attention wa paid to inve tigating both rock and overburden. 
The mo t critical portion of Barnhart i .. land in thi re pect i the lower third, 
a it i here that the i .. land \\·ill be called upon under any method of power 
de' elopment to act a an earth dam having a dyke on it ere t to hold water 
above it pre ent around ... urface. uch nece i y rai e the que tion of the 
imperviou character of the material overlying the rock. 

77. Barnhart i land i characteri, tic of all the ~- t. La\\Tence i land in 
thi ection. lay i..., mixed with and gravel and boulder~ but in quite irre-
gularly formed ~trata and at different le' eL. 

78. electing 13 typical boring in he lower third of the i land with pecial 
reference to the material overlying the rock the following everal feature 
emerge: In only one locality doe ... water occur at an ele' ation abO\ e the river; 
thi appear to come from pond and urface ource . There i nothing in 
the boring..., or ... urface indication to eau e a u pi cion that river water find 
it way in .., ignificant quantity from the high r to the lower reache by mean ... 
of underground channel either in or beneath the i land. The higher le\ el 
carry boulder with coar .... e ara\ el and and and ... ome clay which occur in 
pocket..... Intermediate level carry ..., and and ravel with ome trata of clay; 
the. e are ometime compacte l into hard pan. The lower le\ el , next to rock, 
invariably are of and and fine gravel inter per eel "'ith la er of coar e 
material and ometime found tightly compacted. The ame condition prevail 
on heek i land where imilar inve ... tigation were carried out. 

45827-5! 
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79. Considering the lower portion of Barnhart island where it will be 
called upon to sustain water at a high level, the borings indicate that the 
materials overlying the rock will be satisfactory for the foundation of the earth 
dykes, provided they are properly prepared. 

80. Borings along the navigation canal route between Robinson Bay and 
Grass river were made to supplement those made in 1900 by the Deep Water
ways Board. Those at the Robinson Bay lock site showed continuous hardpan 
to rock which is at Elev. 122. Seven boring cored into rock were made at the 
Grass River Lock site; the overburden is soft blue marine clay, in general 
extending to rock which is at about Elev. 104. 

81. In order to convey some idea of the characteri tics of these several 
critical localities at and about Long Sault rapids, five typical borings in addition 
to the two. shafts already de cribed, have been selected and their reco-rds are 
as follows:-

BARNHART ISLAND AND LO 7G SAULT RAPIDS 

I 

Location ... 

Done .... 

Elevation .. 

Location ... 

Oone .... 

Elevation .. 

Location ... 

Done .... 

Elevation .. 

. . South side Barnhart I land near shore about 3,000 feet below 
Point oppo lite Robin ·on Bay . 

. . May 8, 1923, by Oanadian D ept. of R. & C. with cc Well n 

drill (Boring o. 17, Inde:x K•o. 48) . 
. . 196. 5 Ground surface 

196.5 to 191.5 Clay 
194.5 to 187.5 Sand and gravel with boulders 
187.5 rto 178.5 and and gravel 
162.0 ~-'Orrnal water level 
178.5 to 119.5 Sand and gravel with clay 
119.5 Rock surface 

Limestone 
116.5 Bottom of drilled hole. 

II 
. . . . . . . . . . . . Centre of lower portion of Barnhart Island 2,500 feet up from 

the lower end and in the forebay of "Tw.o Stage " Power 
House site . 

. . . . March 20, 1922, by Canadian D ept. of R. &. C. with "Well" 
drill (Boring ~ o. 4, Index To. 4.1) . 

. . 210.0 Ground surface 
210.0 to 182 .5 Sand and gravel with boulders 
182 .5 to 170.0 Gravel with clay 
170.0 to 159.0 Sand and gravel 
159. 0 ·oo 154.0 White sand and coar e gravel 
154.0 to 152.0 "Layer of limestone" (Boulder?) 
152.0 to 151.6 Sand and gPavel 
151.6 to 146.3 Clay hardpan 
146.3 to 145.9 Sand and gravel 
145.9 Rock surface 

" H ard " limestone 
133.9 Bottom of drilled hole 

Ill 
.. Midstream, Main Channel, southeast of and opposite lower 

end IQf Barnhart Island, on cc Single Stage ,, D am and 
P·ower Hou e site . 

. . M ay, 1926, by United States Section, wit h core drill (Boring 
No. R. 1, Index o. P. 53) . 

. . 159.0 Water urface 
141.1 River bed 
141.1 to 131.1 Sand and gravel 
131.1 to 122.5 Sand and gravel, with clay 
122.5 to 112.8 Sand and gravel, with clay and water 
112.8 to 110.7 Sand and gtavel, with water 
110.7 Rock surface 

llimestone 
89.5 Bo1:1tom of cored hole. 
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Done ..... 
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IV 

............ On United States mainland, near bore in bay 3,500 feet below 
Hawkins Point on "Single Stage" Power House site. 

. . . .April 6, 1925, by "L"nri.ted tates Seotion, W!ith oore drill. (Boning 
No. P. 5, Index No. P. 59). 

Elevation .... . . . . . .186. 0 Ground surface 

Location ... 

Done .... 

Elevation .. 

159.0 Water level 
1 6.0 to 105.8 Sand and clay, with boulders. Material re-

qlllired blasting at some places down to Elev. 137.0 to drive 
ca$ng. 

105. 
105. ' to 100. 
100. to 0.8 

0.8 

V 

Rock surface 
Blue limestone ' hai:ltered to ome exttenlt" 
Blue limestone, " hard and olid " 
Bottom of cored hole. 

. . . . On Canal Line, near Robin on Bay Lock Site about 3,000 feet 
below Robinson Bav . 

. . May 14, 1926, by United tate~ eciion with core drill. (Boring 
To. P. 6, Index No. P. 64). 

. .100. Ground urface 
190. to 182.8 Soft clay 
163.0 X ormal water level in Robin on Bay 
1 2. to 122.4 Hard pan with boulders 
122.4 Rock surface 

Blue limestone 
104. 0 Water lost 
97.4 Bottom of cored hole. 

82. LAKE ST. FRANCIS SECTION. In lake St. Francis some deposits of sand 
were found near its head, but, in general, the material to be removed in the 
channels con ists of soft mud overlying sand and gravel. The land area south
east of the lake consi ts of layers of peat overlying clay. 

83. SoULANGES SECTION. The material overlying the rock surface through
out this section is boulder clay in the ridges and marine clay in the fiat por
tions. The marine clay appears to have been depo ited after the boulder clay; 
in some cases both material \\ere fotmd in the same boring. 

84. The overburden at the upper end of thi ection i not very deep and 
in many cases the rock is clo ... e to the ground surface. This is especially so in 
the Coteau rapid while at the upper end of Grande ile there i much rock out
crop, and most of the wells on this i land are quite shallow. The overburden 
on Grand!e ile i boulder and marine clay and no and or gravel was encoun
tered in any of the borings except at the east end of the island. 

85. Between Cascades point and Cascades i land, and on the latter, the 
solid rock surface is exposed but it falls off rapidly toward the Ottawa arm of 
lake St. Louis. 

86. In Coteau rapids, cry talline limestone is expo ed and is of a specially 
hard gritty nature. In Cedars rapids, dolomite is exposed and in Caseades 
rap]ds, Potsdam sandstone. 

87. On the south side of the river, along the line of the Hungry bay
Melocheville canal locat]on as propo ed in the report of 1921, the overburden 
is marine clay overlying gravel and sand, except along the St. Louis river, where 
rock outcrops and boulder clay ridges rise through the surf ace of the marine 
clay. The high ground between the St. Louis and St. Lawrence is heavily 
capped with boulder beds. At l\1elocheville, solid sandstone rises to the surface 
and has been quarried in some places. 
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88. Along the north hore of the river from Coteau to Ca cade , the over
burden i all marine clay although ome and and gravel is found in borings 
made near Coteau Landjng. On lle J uillet and 1le aux V ache , clay, and and 
gravel overlie the rock. Some and and gravel were al o found in the borings 
put down in the river above 1le Juillet . 

89. Boulder and boulder paYements on the ri' er bed and the i lands are 
frequent throughout the whole . eetion. When the ri\ er bed wa exposed during 
the con truction of the Cedar Rapid Power works, the bed of the head canal 
wa found to be covered V\ ith boulder ." 

90. In general the rock surface in and on the shores of the river above 
Gateau rapid is about elevation 126. Similarly, it i at about elevation 100 at 
the upper end of Cedars rapids and from elevation 80 to 85 at the top of Cas-
cade rapid . 

91. Four typical boring in this ection have been elected as indicating 
the character of rock and overburden. Their record are as follows:-

CO TEA U DU LAC 

I 

Location. . . . . . . . . . . . . . .1'\ ear hore, nm th ~ide of r:ver above Coteau du Lac, 
oppo. ite Pri oner' i land (at mile 145 and on Coteau 
du Lac lock ite·). 

Done . . . . . . . . Lw 13, 1925, by Canadian ection with " Well " drill. (Bor-
ing 1 o. 11, Index -o. 29) 

EleV'a:tion . . . . 1!50. 2 GPound urface 
150.2 to 146 .7 Clay 

Loca•tion ... 

Done ..... 

Elevation .. 

Location ... 

Done ... . . 

Elevation .. 

14.3.0 -ormal water level 
146.7 to 138.7 and and gra,·el 
138.7 to 131.2 Sand and gravel with clay 
131.2 to 129.4 and and clay 
129.4 Rock m·face 

Limestone (" Fairly hard ") 
111.9 Bottom of drilled hole. 

ILE JUILLET 

II 
. . In Piver, 1000 feet up-tream from Ile Jutlllet. (On line of 

propo ed dam) . 
. . Octoher 30. 1925, by Canadian ecLion with core drill 

(Boring No. 4, Index~ o. 50) . 
.. 126.4 \Yater trrfacc 

11 .4 River bed 
11 .4 to 105 .0 , 'and and coarse gravel 
105.0 to 101.0 ~and and gravel with clay 
101.0 Rock urfaoe 

Lime tone 
84 .3 Bottom of cored hole 

HEAD OF CEDAR RAPID 

Ill 
. . In river, mid~tream, :300 feet north of lower end of Ile Juillet, 

toward Ile aux Vachc~. (On power hou e site) . 
. . Tovember 10. 1925 by Canadian Section with core drill. 

(Bm:ing _To. 6. Ind ex Nio. 55) 
. . 125. 1 \Ya tC'l' urfacc \ wift) 

115.1 River bed 
115.1 to 103 .9 and and coar e gran! with clay 
103.9 to 100.8 , and and coarse gravel 
100.8 Rock urface 

Limestone 
90.1 Bottom of cored hole. 
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CHAMBERRY GULLY 

IV 

71 

Location... . .. ... I n Chamberry Gully, on canal location below Chamberry 
Gully l•ock (at mile 155) 

D one ................. April 21; 1921 , by Canadian Dept. R . & C. with "Well" drill. 
(Boring No. "S ', Index No. 19) 

Ele,·ation. . . . . . 9 . 0 Ground surface 
9 .0 to 7 .5 Clay 
7 .5 to 62. ' Gravel 
62.8 R ock surface 

Hatd andstone 
5-t:. Bottom of drilled hole. 

92. LAC HI E ECTION. The material overlying the rock in this ection i 
mo tly of clay with mall amount of .., and and gravel, u ually near the rock 
and in comparatively thin la er . From above Lachine to the mouth of the 
_1ontreal Aqueduct and from the foot of Lachine rapid to J\.1ontreal, the river 
i trewn and paved with boulder . In the boring , however, e pecially along 
the bore very fe1Y boulder were encountered. 

93. The urface of the rock i expo ed in man place throughout thi 
ection both on the bore and on the i land and in the form of hoal and 

ridge in the river and rapid ..., . On the north bore between Lachine and 
\ erdun the rock ..,urface L aboYe the bed of the river but it drop off ea t of 
Verdun and from there to 1ontreal i generall below the bed of the river. 

94. The rock found in the boring in the ea tern end of lake St. Loui wa 
hale or oft lime tone. There i a large outcrop of Chazy lime tone along 

the bore at Caughnawaga "bile ea of thi point it i. Trenton lime. tone, :1l o 
expo ed. Further ea ... t thi. i ~ replaced b Utica hale. In the Lachine rapid 
there are frequent igneou" dyke or intru ion through the hale running acro 
the river northwe_terl) · theue outcrop on H eron i land and on both main bore . 
T he hale di integrate Yer rapidly on expo ure but the igneou rockweathff. well. 

. 95. The general ~ urface of the rock oppo ite Lachine i at about Elev. 50 
and thi approximate level hold until near the head of Lachine Rapid . The 
general level at the foot of Lachine rapid i bet" een Elev. 18 and 24 which 
hold along the north bore to \ erdun. The rock along the propo ed canal route 
then ri e ... following the . hore until near Victoria bridge where it i about Elev. 
30. Thence it rapidly fall to about Elev. minu 6 in the upper end of Montre::1.l 
harbour. 

96. Three typical borino- have been elected for thi ection, the records 
of which are a follo"· :-

L CHL TE RAPID 

Location... . .On south hare at head of Larhine rapid , oppo ite upper 
end of Ile au D iable (near dam site) . 

Done . ... .. ... . ....... February 2. 1925, by Canadian ection wi.th \Yell ' drill. 
(Index To. 67). 

Elevation. . . . . . . )9. 2 E::ui.b uriace 
57.0 ~ ormal water level 
59.2 to 54.2 Earth and tones 
:'54. 2 Rock surface 
54.2 to 52.2 late rock 
. 2.2 to 47.3 hale and -late 
47.3 to 46.1 late rock 
46.1 to 40.2 hale and slate 
40.2 to 3 .2 Hard late 
a .2 to 33.2 •. hale 
33.2 to 16 .2 late 
16.2 to -3. Black hale and clay 
-3. to -5.3 late 
--5. 3 to -20.0 Black hale and clay 

-20.0 to -25 . .5 Lime~ one 
-25.5 Bottom of drilled hole. 
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Location ... 

Done ..... 

Elevation .. 

Location ... 

Done ..... 

Elevation .. 

J 
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LACIDNE RAPIDS 

. .Island, north side of river about 2,000 feet west of present 
Lachine power house and 1,300 feet from river (near 
guard gate site) 

. .August 10, 1925, by Canadian Seciion wath "Well" drill. 
(Index No. 60). 

. . 66.9 Ground surface 
66.9 to 63.9 Hard sand 
63.9 to 59.9 Sand and clay 
59.0 ormal wa.ter level (head canal) 
59.9 to 56.9 Clay 
56.9 to 54.2 Gravel and stone 
54.2 to 50.0 Slate gravel 
50.0 Rock surface 
50.0 to 39.5 Slate rock 
39.5 Seam of sand and water (!-'inch) 
39. 5 to 34. 9 Rock, very hard 
34.9 to 31.7 RJock (softer) 
31.7 Bottom of drilled hole. 

AT VERDUN 

. .At shore, north side of Nun's I land opposite Verdun pump 
house (on canal location, mile 180) 

.. February 19, 1924, by Canadian Section, with "Well" drill. 
(Index No. 10). 

. . 40.7 Water surface (winter) 
33.3 Normal water level (summer) 
32. 9 River bed 
32.9 to 23.5 Sand and gravel 
23.5 Rock surface, shale 
23.5 to 18.3 Shale 
18. 3 Rock surface, sla.Jte 
18.3 to -6.8 Slate 
-6.8 Seam of sand 
-6. 8 ·to -11. 4 Slate 

-11.4 Bottom of drilled hole. 

97. Information concerning the geology of the St. Lawrence river, between 
Prescott and Lachine, is contained in a "Report on Structural Materials" in 
this section, published by the Canadian Department of Mines, 1922. Refer
ences to other geological reports are given on pages 12 and 13 of that publica
tion. 

Adopted by Board, June 2, 1927. 
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APPENDIX B 

LAKE LEVELS AND OUTFLOWS 

1. This appendix sets forth the data and computations on which the con
clusions relating to the Great Lakes in Part II of the Report are based. 

DESCRIPTION 

2. AREAS AND STORAGE CAPACITY. The areas of the Great Lakes are as fol
lows:-

Square Miles 

Lake Superior (including St. :Marys river above St. Marys falls).... 31,820 
Ll!ke Iichigan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22,400 
Lake Huron-(including t. Iarys river below St. Marys falls) . . . . 23,010 
Lake St. Clait' (including t. lair river) . . . . . . . . . . . . . . . . . . . . . . . . 460 
Lake Erie (including Detroit river) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9,940 
Lake Ontario (including iagara river and St. Lawrence river to 

Galop rapids) ........ :. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7,540 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95,160 

3. The Great Lakes form an enormous re ervoir system which equalizes 
the flow of the St. Lawrence river. In this system lakes Michigan and Huron 
are a single unit, since they are joined by the broad and wide straits of Mac
kinac and have alway sub"tantially the same level. Lake t. Clair can be 
included, without material error, in the re ervoir capacity of lake Erie. 

4. The flow of water that would be furni hed by drawing down the several 
lakes by one foot, or conversely the flow required to increase the depth on the 
lakes by one foot, is as follows:-

Cfs. for One Month 

LaLe Superiot' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 337,100 
Lakes JUichigan-Huron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 481,200 
Lake Eric . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110,200 
Lake Ontario . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80,000 

1'otal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,008,500 

5. A draw down of one foot on the lake system as a whole would provide 
the entire average flow delivered to the St. Lawrence for more than four months. 
It is of interest to note that the entire flow of the Mi sissippi river past New 
Orleans at flood time would rai e the Great Lakes at the rate of but little more 
than one foot per month. 

6. SUPPLY. The water supply of the Great Lake i furnished by the inflow 
of the many relatively small river of their drainage basins, increased by the 
rainfall on the lakes them elve , and decrea ed by the evaporation from the 
lake surfaces. The total area of the drainage basin of the lakes is approxi
mately 300,000 square miles, of which nearly one-third is occupied by the lakes 
themselves. Computations show that the average supply received from the 
land areas about equals that received as rainfall on the lakes, but that roughly 
40 per cent of this total gross supply is lost by evaporation. (Table 45, pp. 
367-368, Report on Diversion of Water from the Great Lakes, 1919.) 

7. The net supply to any lake, from month to month, can be determined 
from the inflow from the lake above, the outflow from the lake, and the change 
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in level during the month. The annual supply to the entire lake basin, from 

1860 to 1925, as determined by such computations (par. 72 to 89), has varied 

from a maximum of 342,000 cf . per annum in 1873 to a minimum of 145,700 cfs. 

per annum in 1895, with an average for the entire period of 242,000 cfs. 

8. The sea anal variation in upply wing between much wider limits. It 

is highe t in the pring month of April to June, and lowe t in the fall months, 

October to December. The average net supply of the lake basin by months 

from 1861 to 1925 has been as follows:-

Spring and Summer 
Cfs. 

1arch . . . . . . . . . . . . . . . . . . . . . . 367,800 

April . . . . . . . . . . . . . . . . . . . . . . 533,900 

May . . . . . . . . . . . . . . . . . . . . . . . 538,900 

June . . . . . . . . . . . . . . . . . . . . . . . 445,300 

July . . . . . . . . . . . . . . . . . . . . . . . 304,900 

Average . . . . . . . . . . . . . . . . . . . . 438,200 

Fall and Winter 

August .................... . 
September ................. . 
October ................... . 
No,Tember ................. . 
December ................. . 
January ................... . 
February .................. . 
Average ................... . 

Cfs. 
178,600 

89,200 
41,300 
19,700 
61,400 

110,400 
208,500 
101,300 

9. During the high year of 1873 the supply for the month of April was at 

the rate of 825,500 cf . During the low year of 1895, the lake system as a 

whole lost during the two months of October and November more water from 

evaporation than it received from all sources, the deficiency being 51,500 cfs. 

per month and 35,500 cfs. per month respectively. 

10. The monthly supplies to the individual lakes, from 1860 to 1925, are 

given "in tables 1 to 7, appendix B. 

11. OuTFLOW OF THE LAKE BASI . The average yearly outflow from the 

Great Lakes ba in, including the outflow through the canal of the Chicago 

Sanitary Di trict, has ranged from 285,400 cf . in 1861 to 205,500 cfs. in 1895. 

The monthly · outflow has ranged from an average of 318,000 cfs. in lVIay, 1870, 

t.o an average of 174,200 in February, 1872. This minimum was due to ice 

retardation. The minimum di charge with open-river conditions was in 

November, 1895, and amounted to an average of 194,000 cfs. for the month. 

The average total outflow from 1861 to 1925 has been 246,100 cfs. The apparent 

di. crepancy between the mean upply given in par. 7 and the mean outflow is 

reconciled by the relative lake level at the beginning and end of the period. 

12. The recorded maximum and minimum monthly outflows occurred prior 

l:.o the opening of the Chicago Drainage canal, and the figures given represent 

therefore, the limits of variation of di charge into the St. Lawrence. ' 

13. The total outflow through the Chicago Sanitary District canal are 

given in the following tabulation, extracted from the Report on the Illinois 

River published in House Document 4, 69th Congre s, 1st Session:-

Yearly Mean 

Year Discharge, Cfs. 

1900 • • • • 0 • • •• • • •• 0 0 •• 0 •• 0. 0 0. 2,990 

190.1 •••• 0 0 ••• 0 •• 0 ••• 0 ••• 0 •• 0 0 4,046 

1902 0 •••• 0 0 •• •• •••• 0. 0 0 0 0 •• 0. 4,302 

1903 •• 0 ••••••• 0 •• 0 0 •••• •••••• 4,971 

1904 0 0 • ••• 0. 0 • • •• 0 ••• 0 ••• 0 ••• 4,793 

1905 0 ••• 0 ••••••••• 0 •••••••• 0. 4,480 

1906 0 •••• • • 0 •• 0. 0 0 0 . 0 •••••• 0. 4,473 

1907 0 ••••••••••• 0 . 0. 0 ••••••• 0 5,116 

1908 0. 0 •••••••• 0 ••••••••• 0 •• 0 6,443 

1909 •••• 0. 0 ••• 0. 0 0 0 0 •••• 0 0 •• 0 6,495 

1910 •• 0. 0 0 0 •• 0 ••••• 0 0 0 . 0 ••• •• 6,833 

1911 •••••••• 0 0 0 0 0 •••• 0 . oo •••• 6,896 

1912 ••• 0 0 ••• 0 0 ••••• •• •••••••• 6,938 

Year 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 
1921 
1922 
1923 
1924 
1925 

Yearly Mean 
Discharge, Cfs. 

. . . . . . . . . . . . . . . . . . . . . . . . . 7,839 

......................... . 7,815 

. . . . . . . . . . . . . . . . . . . . . . . . . 7,738 

. . . . . . . . . . . . . . . . . . . . . . . . . 8,200 

. . . . . . . . . . . . . . . . . . . . . . . . . 8,726 

. . . . . . . . . . . . . . . . . . . . . . . . . 8,826 

. . . . . . . . . . . . . . . . . . . . . . . . . 8,595 

. . . . . . . . . . . . . . . . . . . . . . . . . 8,346 

. . . . . . . . . . . . . . . . . . . . . . . . . 8,355 

. . . . . . . . . . . . . . . . . . . . . . . . . 8,858 

. . . . . . . . . . . . . . . . . . . . . . . . . 8,348 

. . . . . . . . . . . . . . . . . . . . . . . . . 9,465 

. . . . . . . . . . . . . . . . . . . . . . . . . 8,277 
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14. ANN AL FLUCTUATION r LAKE LEVEL . The annual fluctuation of the 

lake le\ el in ab orbing the ea anal irregularitie of upply ha been a fol

low :- .A>erage :Maximum 
Feet Feet 

Superior . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l :i 
iiiie;higan-Huron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l :i 
Eri c : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l i 
Ontario . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

2.67 
2.5 
2.99 
4.17 

15. EXTRE~IE RANGE OF l\IoKTHLY l\1EA LAKE LEVEL Extreme high 

and low water are reached at the end of period~ of exce ive or deficient uppl 

extending over ..,everal year . The mean hio·he~t and lowe t average monthly 

level of the Great Lake between 1860 and 1925 in feet abm e mean ea level, 

are hown in the following tabulation:-

uperior at Iarquette .............. . . .... . 
Michigan at Iilwaukee . . ................. . 
Huron at Harbor Beach .................. . 
Erie at leveland ........ ................. . 
Ontario at 0 wego ... ..... ................ . 

Iean 
elevation 

602·24 
5 1·02 
5 1·02 
.'>72·46 
246·11 

Maximum Minimum 

1911 ) 
1925) 
J925) 
1925) 
] 95) 

Range 

3·54 
6·10 
6·05 
4 ·13 
5 ·45 

16. TE).IPORARY 0 CILLATIO T OF LAKE RFACE . uperimpo ed on the ri e 

and fall of the level urface.., of the lake ... "hown by the monthly mean le' el ,. 

there are occa~ ional a ... ciliation due to \Yind and barometric pre ure, by "hich 

the \Yater i rai .... ed temporarily b} everal feet in a part of the lake and depr ed 

by an equivalent amount in another. Lake Erie particularly i ~ ubject to .... uch 

di turbance~. It fluctuation reach their maximum at Buffalo, due to the con

figuration of the ... hare line at the ea.., t end of the lake. During a we terl gale 

the "ater ha rLen 8 feet above it monthl mean level at Buffalo· and the water 

at Buffalo ha been kno\\11 to fall -! feet belm"~; it monthly mean level. "bile 

the e extreme are uncommon fluctuation of one or two fee la ting for a few 

hour ... are not uncommon and more or le ... rY hmic fluctuation .__ of everal inche ... 

known a ... eiche are nearly alway occurdng on all the lake except Ontario. 

17. LEVEL. PRIOR TO 1860. The ·<Y"tematic recording of the level of the 

lake wa not begun until 1860. The gauge recor prior to that date are gener

ally not continuou ... , and the datum to which . ome are referred i not cer ain . 

The lake reached an unu ually high leYel in 1838 and thi ..., hio-h "·ater level wa 

for year u ~ed a a reference plane for lake leveL . The high water level of 

1838 on lake Erie i ... e tabli, bed at 575.11 which i 0. 6 feet above the highe t 

monthly mean level ince 1860 · on lake ~Iichigan. the hi o-h water of 1838 i 

584.69, which i 1 .1 feet above the maximum monthly m an level ince 1860. 

The high water of 1838 on lake .... uperior and Ontario wa e tabli ... hed b infer

ence rather than by record.... but ha been carried a 605.32 for lake uperior 

and 248.98 for lake Ontario. For Superior thi high water datum plane i 1. 2 

feet above the highe t monthly mean level recorded ince 1860 · on Ontario the 

monthly mean level for l\Iay 1870 wa. prac icall. at the 1838 high-water plane. 

The old record further indica e that in 1819 the lake may have been at 

.... ub .__tantiall} the low level of 1925. 

18. EARTH TILT. The record .... of the .. eYeral water-level gauge ~ on the Great 

Lake ..... how a gradual .__ teady ri .... e of the arth .... m·face on the northerly ... bore of 

the lake relati, e to that on the "outherl .... hor . Thi movement of 'the earth' 

.. m·face is in the ame direction a. tha "·hich occurred in pa .... t ag .... a ... ho"·n 

by the level of old beache . The axi of the pre ent tilting a a whole i 



76 St. Lawrence }V aterway Project 

approximately 20 degrees north of west, and the rate of tilting is in the vicinity 
of one-half foot per hundred miles per hundred years, with indications of a 

somewhat greater rate in the northern areas. 
The effect of thi local tilting on the water levels and depths of water at 

any locality on any lake varie with the di tance of this locality from an axis 
drawn through the controlling ill of the outlet to the lake: · 

The maximum effect of thi movement of the earth's surface on Great 
Lakes levels should be felt in the lower St. Mary river, which is ome 200 miles 
from an axis drawn through the outlet of lake Huron. If the tilting of the earth 
continues at the pre ent rate it i to be expected that the depths in the channels 
and in the lower entrances to the locks in that river may be reduced by one foot 
in a hundred years. It is to be expected that the channels and lock structures 
will be deepened to meet the growing demands of commerce long before any 
sub. tantial effect is felt from thi low movement of the earth' surface. 

Detailed di cus ions of the subject are contained in an article entitled 
" Tilt of the Earth in the Great Lakes Region ·" by Mr. Sherman Moore, 
Assistant Engineer, United State Lake Survey, published in the Military 
Engineer, May-June, 1922, pages 153 et seq.; and in a paper "Recent Earth 
Movement~ in the Great Lakes Region" by Dr. G. K. Gilbert, printed in Part II 
of the Report of the United State Geological Survey, 1896, pages 595 to 647. 

DIVERSI·ONS AND OUTLET ENLARGEMENTS AFFECTING LAKE 
LEVELS 

19. DIVERSIONS AND REGULATING WoRKS, ST. MARYS RIVER. The outlet of 
lake Superior is the St. Marys River, the natural control section of which is 
the rock ill at the head of the 17 to 20-foot incline at St. Marys falls. Diver
sions of water into power canal , which draw water from above the falls and 
discharge it below the falls, was begun in 1895 and sub equently increased until 
at the present time nearly the entire flow of the river at low stages is drawn 
through the canals. 

20. The existing diversion are a follows:
A-Jn the United Siaies-

(1) By the Mtiehigan ... m·thern Power Company under leases granted under authority 
of section 12, River and H arbour Act of March 3, 1909. 

By lease dated May 28, 1914. and expiring June 30, 1944, 25,000 cfs. primary 
water and 5,000 cfs. secondary water. . 

By lease dated September 10, 1918, and ex:piring June 30, 1944, 3,000 cfs. additional 
secondary water. 

(2) By the Edi on Sault Eleciric Company a a part of lea e of power works dated 
June 25, 1912, and expiring June 30, 1942, issued under authori,ty of section' 11 of 
River and Harbour Act of March 3, 1909; sufficient water to operate said works with 
adcLi·tJions, not exceeding an aggregate total capacity of 5,335 horsepower at 14-foot head 
over and above the power required by the Uruited States for i·ts own use. 

(3) By the navigational canals and locks operated by the United States. 

B-In Canada-
(1) By the Great. Lakes Power Company, under grant from the D epartment of 

Land and Forests, P rovince of Ontario, by virtue of Orders in Council of June 20, 1914, 
Seprtember 4, 1914, and March 11, 1919, covering the right 1'0 u e 20.000 cfs. 

(2) By the Canadian Government for the operation of the navigamon canal and lock . 

21. The mean flows during 1925 were as follow~ :-

Power diversion, Michigan Northern Power Co .................... . 
Power diversion, Edi on Sault Electric Co ........................ . 
Navigatjon canals, United States ..................... : . . . .... . 
Power diversion, Great L akes Power Co .......................... . 
Navigation canal, Canada ....................................... . 
River ........ .. .................. : ............................. . 

Total .................. , .................................. . 

29,983 
1,411 

796 
19,344 

106 
4,846 

56,486 
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22. Obviously these power canals have greatly enlarged the natural discharge 

capacity of the river. The natural capacity had previou ly been somewhat 

reduced by the construction of the piers and embankments of a railroad bridge 

at the head of the rapids. As the diver ion for power increa ed its effect on 

the levels of lake Superior wa fir '"' t compen ated for by contracting the river. 

There was a limit however to which uch contractions could be carried. The 

flow through the natural outlet had ranged from about 50,000 cfs. at low stages 

to 130 000 cfs. at high tage , and thi variation in di charge mu t be preserved 

to hold lake Superior within it natural range of stage . If the channel were 

contracted, say to one-half, in order to permit the diversion of 25,000 cfs. 

without diminishing the low tages of the lake the di charge capacity at high 

tages would be not far from one-half of 130,000 cfs. plus the diversion of 

25,000 cfs.; a total of but 90 000 cf . The high levels of the lake would there

fore be increa ed. 
23. To overcome this ituation the power companies were required to 

install gates by which the low-water di charge over the falls could be curtailed 

without curtailing the total high-\\ ater discharge. The gate now extend com

pletely acro s the river. With the control gate and the power canals, the dis

charge from lake Superior can be varied at will from no discharge up to 

approximately 100}000 cf . at low lake stage , and from no discharge up to 

130 000 cfs. at high lake tage . The contractions made in the river reduce its 

capacity at high stage to approximately the ame extent that the power canals 

have increa ed this capacity o that the gro di charge capacity is now sub

stantially the same at high stage a originally. 

24. The control gate are operated under a Board of Control in accordance 

with conditions laid down by the International Joint Commi si on. Applica

tion having been made by the 1\!Iichigan Northern Power Company and the 

Algoma Steel Corporation, re pectively, for approval of the obstruction, divers

ion, and u e of the water of the St. l\Iarys river, the Commission, in parallel 

Orders and Opinions dated :l\1ay 26 and :l\1ay 27, 1914, after reciting that the 

equal division of the water between the United tate and Canada was con

ceded upon the hearing by their duly appointed repre entatives, granted the 

applications, subject to condition , some of the more important provisions of 

which are as follows:-
All compen ating work heretofore bUJilt and all such work built under this order of 

approval and all power canal . includi_ng their head-gate and by-pa e~, hall be o operated 

as to maintain the level of lake Supenor as nearly as may be between levels 1302.1 and 603.6 

above said mean tide at -ew York, and in uch manner as not to interfere with navigation. 

The operation of all the aid works, canal , head-gart:e and by-pa ~se for the above purposes 

hall be under the direot control of the board he!·einafter authorized, which board hall be 

known as "ThP Board of Control.'' 
The officer of the Corp of Englinee1 charged with the improvement of the fall of the 

St. M ary's river on the Amencan side and an officer appointed by the Canadian Govern

ment shall form aid board whose duty it hall be to formulate rule~ under which the com

pensating works and power canals and their head-gate~ and by-pa ~e hall lbe operated o 

as to secure as nearly as may. be the regulations of lake Superior as set forth herein. It 

~hall be the further duty of a1id board to ee any rule or regula ions now or hereafter 

made by proper authority for the control of said work are duly obeyed. 

To guard against unduly hiuh .tages of .~ater in .lake ~uperior .the rules formulated by 

said board, when tested by the phy 1cal comlltwn whJCh exrted durmg any year of recorded 

high water iin lake. Superior, when the mont.hly mean elevation of the lake exceeded 603.6 

above said mean t1de at New York hall g1ve no monthly mean level of the lake greater 

than the maJqimum monthly mean actually experienced in ru:d year. 
To guard again t unduly high tage of water in the lower t. 1ary river, the e."<ce ' 

di charge at any time over and abon that which would have occurred at a like tage of 

Lake uperior prior to 1 7, flhall be re tricted o that the elenLtion of the water surface 

immediately below the lock hall not be greater than 5 4. 5 above said mean tide. 

At all times sand board shall determine the amount of water available for power pur

poses. Sruid board will oau-e the amount of water o u ed to be reduced whenever in it 
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opinion uch reduction~ :1re neceusary in order to pre\·ent unduly low tage of water iL 

lake uperior. and will fi," the amount~ of uuch reduction, ; Provided. that whenever the 

monthly mean level of the lake is le than 602.1 above said mean tide of ew York, the 

iota] di charge permiltted hall lbe no greater t han tha'L which ~t would have been at the 

prevailino- tagc and under the di charge conditlions which obtained prior to 1 87; proYided 

further, before any flow of primary water on eith er ide of the riYer i reduced the u e 

of a ll econdary \\ater shall be di continued. 
" Primary wa<ter '' a u ~ed here~· n hall be understood to mean the amount of waier 

which i continuou ly av~ilabl e for use for power purpo e . "Secondary water " shall be 

underutood to me3.n an amount of water, over and above that designated as primary wa t er, 

i, ~ntermi-ttently available for use for power pmpo e . 

25. The operation of the regulating work ha affected the le\ el of lake 

Superior, and al o the le' el of the lower lake , since the controlled di charge 

out of the lake i at time greater than the natural di charge and at times les . 

To evaluate effect of thi variation, it i" nece ary to know what the natural 

di charge \\ ould have been. Since the outflow of the St. Mary river had been 

modified by 'ariou work prior to it fir t di charge measurement , in 1896, 

its original di charge can be inferred only. For thi rea on the regulated 

di charge were compared with the di charge that would have taken place 

under condition exi ting in 1902, prior to the completion and operation of the 

~ontrol gate , when the di charge relation wa \\ell e tablished. On this ba i 

of compari on) it i found that during the fir t period of operation of the regu

lation work , until 1917 an exce of water wa di charged, with the conse

quence that the .level. .of lake Superior were lowered, and tho e of the lower 

lake rai ed. From 1917 to 1922 water.\\ a generally held back in lake Superior, 

with the con equence that it level were rai ed, and tho e of the lower lakes 

made lower than would otherwi e have occurred. From 1923 to date the relea e 

ha been again above normal , with the con equence that, by January of 1926, 

lake Michigan-Huron were 3 inches, lake Erie 1! inche , and lake Ontario 1 

inch above what they would have been without the regulation of lake Superior. 

26. The re ult are et forth in the following tabulation, and graphically 

on plate 1, appendix B. ' 

TABLE 8-EFFECT OF PRE E T REGULATIO OF LAKE UPERIOR, 
1914-1925 

Lake Superior Lake Mich.-Huron Lake Erie Lake Ontario 

Change due to 
regula Lion Amount D ate Amount D<~.te Amount Date Amount Date 

1aximum tage 
with regulation .. 603 ·81 Sept., 1916 581 92 June, 

Maximum Stage 
1918 573 ·85 July, 1917 247 ·95 June, 1919 

without R egula-
tion ..... ........ 604·18 Oct., 

Minimum Stage 
1916 581·80 July, 1918 573 .79 June, 1919 247 ·84 July, 1919 

Mar., with R egulation . 600·74 1925 577.61 Dec., 1925 570·39 Dec., 1925 244·22 Jan., 1925 

Minimum tage 
without R egula-
tion . ... ...... .. . 600·51 April, 1924 577 ·41 D ec ., 1925 570·29 Dec., 1925 244·26 Nov., 1925 

Maximum Increase 
in tag;e (ft.) .... 0·85 D ec ., 1922 0·37 July, 

Maximum 
1917 0·25 Sept., 1917 0·24 Jan., 1918 

D ecrea e in 
Stage (ft.) ....... 0·81 July } 1917 0·38 Nov., 1922 0·26 Dec., 1922 0·25 April, 1923 

Aug . 
Maximum Increase 

in Discharge 
iAug ., Sept., ( ec. ft .) . . .... . . 25,000 1920 6,390 .June 1917 5,420 1917 4,970 Jan., 1918 

Maximum D e-
crease in Di -
charge ( ec. ft.) 18,000 D ec., 1918 1 6, 530 Oct., } 1922 5, 630 Dec. 1922 } 5,220 April., 1923 

Aug., 1919 
1

Nov. Jan. , 1923 
July, 1921 J 
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27. DESCRIPTIO . The outlet of lake Michigan-Huron i through the St. 

Clair river, lake St. Clair and the Detroit river into lake Erie. The total fall 

from lake Huron to lake Erie average about 8. 5 feet of which 5. 5 feet take 

place in the t . Clair ri' er and 3. 0 feet in the Detroit river. 

28. The St. Clair river i approximately 40 mile in length. At the entrance 

from lake Huron, the ri' er i contracted in a deep and narrow channel known as 

the Port Huron rapid through \\ hich the i:nean velocity reache to from 5 to 

6 feet per econd. The fall through thi ection i omewhat le than 1 foot 

in a di tance of two mile . The ri\ er then flo" for 25 mile with . a mean 

depth of about 30 feet, a mean 'elocity of about 2t feet per second, and with 

a lope of 0.15 feet to the mile. It then divide and enter lake St. Clair 

through everal delta channel the one improved for navigation being 13 

mile in length. The fall through the delta ection of the river i about one 

foot. The bed and bank of the t. Clair river are generally and and gravel. 

It ha no controlling rock ill. 

29. The Detroit river i about 31 mile in length. Through the upper 13 

mile the ri' er i a deep .Jow flowing tream. The lower part of the river i 

wide plit by i land and i cro .._ed by a \Vide .,ill of ledge rock. 

30. Both the t. Clair and the Detroit ri' er are ubject to ice gorging in 

winter which reduce the flow by var ino- amounts not unfrequently to one 

half of the ummer flow for the ame tage and fall. 

31. DI CHARGE FoR r "LA, T. CLAIR-DETROIT RivER . The di charge from 

lake Huron, durino- the ire free month with the pre ent regimen of the river , 

i given b the following formula derived from recent tudie made by the 

United State Lake urvey of all di charge mea urement . 

(1) Q=87 .98 [ (HB-554.25 + 0.8 ( l-554.25)] 1 · (HB-Cl) o · 5 

Where Q=di.., charo-e in cubic feet per econd 
HB=elevation Lake Huron (Harbor Beach gage). 

Cl=elevation lake Erie (Cleveland gage). 

32. EFFECT OF A DIYER IOr FRO r LAKE :t\1ICHIGAN. A diver ion from lake 

Michigan or Huron will e\ en ually lower the level of the e lake ufficiently 

to reduce the di charge capacit of the t. Clair-Detroit river by the amount 

of the diver ion. The effect of uch a di' er ion if the diver ion i mall in 

compari on with the total flow of the river can be derived directly from the 

di charge equation and i -

(2) 6 H=D (Q/ 2F + Q/ R) + 6 h (R-1. 6F) I (R+2F) 

6 H=effect of diver ion on lake Huron, 
D i the amount of the diver ion. 
F=fall, HB-Cl. 
R= .556(HB-554.25) + .444(01-554.25) 

6 h=effect of diver ion on lake Erie a determined by regimen of 

Niagara river. (Par. 59). 

33. From equation (2) it i apparent that the effect of a given diver ion 

from lake Michigan on the level of lake 1\Iichigan and Huron depend on the 

elevation of the e lake and of lake Erie. Three repre entative levels are a 

follow :-

Low level· ........... . 
:Mean levels. . . . . . . . . . 
High levels. . . . . . . . . . . . 

Lakes 
)Iichigan-Huron 

. . . . . . . . . . . . . . . . 578 .0 
. . . . . . . . . . . . . . 5 1. 0 
. . . . . . . . . . . . . . . . 5 ' 2 .6 

Lake 
Erie 

570 .25 
572.5 
573.8 
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34. The computed effect of the authorized diversion of 8,500 cfs. from 
lake Michigan by the Chicago Sanitary Di trict (par. 59-62 of Report) is then 
as follows:-

At low levels. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 56 foot 
At mean leYels. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 49 foot 
At high levels. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 45 foot . 

It will be noted that the influence of the lake elevations on the effect of 
the diversion is not great. The preci e effects computed would be realized only 
if the lakes remained constantly at the respective elevations and in an ice free 
condition for several years. The levels t aken as low lake levels have not 
extended over a sufficiently long period of time to exercise their full influence 
on the .effect of the diversion. The greatest refinement regarded as justifiable 
is: that the effect of a diversion of 8,500 cfs. from lake Michigan is to lower 
lakes Michigan and Huron by 0. 5 foot, or 6 inches. 

35. The actual effect of the present diversion of the Chicago Sanitary 
District on the levels of lakes Michigan-Huron is subject to the uncertainty 
as to extent to which ,this effect is modified by the winter ice gorging of the 
river. When the outflow js dimini hed by ice gorging, a given lowering of the 
levels of lake Huron probably diminishes the discharge capacity of the river 
by a less amount than under ice free condition . The lowering of the levels of 
lake Michigan and Huron required to reduce the average annual dischaJ.'Ige 
capacity of the river by the amount of a given diversion should therefore be 
somewhat greater than the amount computed for continuous ice free conditions. 
A reasonable procedure is to take the value of Q in formula (2) par. 32, as the 
average annual flow, as determined by the best evidence as to winter retarda
tion. On this basis, the computed effect of the total reported diversion, during 
each of the past five years, if continued indefinately at the mean lake levels of 
those years, would be as follows:-

Year 

1921 ........... . ... ...... .. . .... . .. . . . . . 
1922 . . . .............. . .... . . . ... . ..... . . 
1923 ... . ..... . . . . .. .... . .. .. . . . . .. . .. . . . 
1924 ...................... .. ... . . .. . . .. . 
1925 ...... . ......... . .................. . 

Amount 
of 

diversion 

8,355 
8,858 
8,348 
9,465 
8,277 

Estimate 
average Average elevation 

discharge 1--------1 

from Lake Huron Erie 
Huron 

175,900 
175,500 
169,600 
163,900 
153,800 

580·03 
579·89 
579·28 
579·02 
578 ·14 

572·30 
572·00 
571·41 
571· 68 
570·87 

Computed 
effect 

of 
diversion 

(feet) 

0·54 
0·57 
0·54 
0·62 
0·56 

Average. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 · 566 

The estimated present effect of the actual diversion is therefor 0. 56 feet. 

36. These results are greater than those found in earlier studies, first because 
they are based on lower lake levels, and second because recent low-water dis
charge measurements have afforded better data on the relation between the 
discharge of the St. Clair-Detroit rivers, their stages, and fall. 

37. BLACK RIVER DIVERSION. There is a minor diversion of water from 
lake Huron through a small canal into the Black river, which discharges into 
the St. Clair river at Port Huron. The diversion is for flushing sewage out of 
the river. It was authorized by the United States by a permit issued by the 
Secretary of War, May 14, 1901. A current-meter measurement made in 1926 
showed a discharge of 150 cfs., and the capacity of the canal is insufficient to 
carry a materially greater amount. The effect of this diversion on the levels 
of lakes Huron and Michigan is inappreciable. 
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38. EFFECT OF DIYERSIOXS FROM LAKE ERIE ON LEVELS OF MICHIGAN
HURoN. The back-water effect of the diver ion from lake Erie on the levels 
of lakes Huron and Michigan i given by the formula:-

6 H= 6 h (R-1. 6F) I (R+2F) 
where 6 H i the effect on lake Huron-Michigan, 

6 h is the effect on lake Erie. 
R nncl F are a indicated in par. 32. 

Within the ranges of level normally occurring, the effect on lakes Huron-
1\llichigan 'aries generally between 22 per cent and 27 per cent of the effect on 
lake Erie. At the average level obtaining during the la .... t 5 years, the per
centage is 25. 6. The effect of the authorized diver ion through the Well and 
Canal (par. 52) on the levels of lake l\1ichigan-Huron is therefore 0. 025 foot, 
or approximately t inch. The effect of all pre ent diversion from lake Erie 
(par. 53) is approximately 0. 05 foot, "-hich may be increa ed to 0. 07 foot after 
the new Welland hip canal i opened. 

39. CHANGES IN DISCHARGE CAPACITY OF ST. CLAIR RIVER. The bed of 
the St. Clair river i not inherently table and an unchanging regimen of the 
river cannot be taken for granted. 8) tematic di charge mea urement of the 
river were not begun until 1899. hange prior to 1899 can only be inferred. 

40. As explained hereafter (par. 77 to 79) the derivation of the di charges 
from lake Huron made for the purpo e of determining the ~upply factors during 
these early year , disclo ed an apparent increase between 1890 and 1900 in 
the discharge capacity of the t. Clair river relative to the Detroit rh er. Since 
the discharge capacit) of the Detroit ri-ver cannot v. ell have decrea ed during 
thi period, it mu t be a ... umed that the di charge capacity of the St. Clair 
increa ed. Thi~ increa-. e in di ... rharge capacity i repre ented by the two equa-
tions:-

(3) Prior to 1890; Q=100 [(H-5.S2l.84J+0·6(h-552.84)']1.8(H-h)0.5 
(4) 1895 to 1900· Q=100 [(H-552.J2)+0 ·6(h-552.12)]L (H-h)0.5 

Where H is the elevation of Lake Huron (Harbour Beach gage); h is 
the elevation of Lake St. Clair (St. Clair Flats gage). 

It i found that at representative ele\ ation in the vicinity of 575.75 on Lake 
St. Clair and 581·0 on Lake Huron the econd of the e equations will give the 
same values of Q a the first, if the alue of H is decrea ed by from 0·3 to 0·4 
feet. The two equation repre ent therefore an increa e in di charge capacity 
equivalent to between 0·3 and 0·4 feet of stage on Lake Huron during the 
period. 

41. The deduction ju t made i open to the doubt a to tability of the St. 
Clair gage during the period since preci e le\ el line on the delta of the t. 
Clair run ub equently to 1900 how progre ive ub idence of bench mark in 
the locality. A rea ... onable a .. umption a to the rate of ettlement prior to 1900 
is in itself ufficient to explain the apparent increa e in the di charge capacity 
of the St. Clair Ri\'er above inferred. On the other hand, if an increa e in the 
discharge capacity of the Detroit River occurred during the period, the increa e 
in the discharge capacity of the St. Clair would be greater than was deduced 
in the preceding paragraph. 

42. The change in the di charge capacity ub equent to 1900 are di -
cu .. ed at some length in the body of the r port where they are found to be 
equivalent to a decrease of 0 · 3 feet in the stages of Lake Huron. The changes 

45827-{1 
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in terms of changes in tage on Lake Huron are derived from. the changes in 
the con tant of the di charge formula given in paragraph 77, in the ame man
ner a indicated in paragraph 40. 

The computation"' of the Canadian Section, based on data largely supplied 
by the United State Lake Sun ey, indicate 0·61 feet of lo.wering of ~tage of 
Lake Huron due to channel enlargement between the year 1899 and 1925. 
The computations of the Canadian Section how that 0.29 feet of thi change in 
stage can be explained by channel enlargement in the Port Huron rapids, 
oppo ite Point Edward. 

DIVERSIONS, LAKE ERIE 

43. DESCRIPTION.-The outlet of lake Erie is the Niagara river. A broad 
sill of ledge rock extends acro s the entrance to the river from the lake. Below 
the rapids, formed by this ill, there is a reach of quietly flowing river, which 
terminates in the rapids just above Niagara Falls. Diversions upstream from 
the latter rapids have some effect on the levels of Lake Erie. 

44. The diversion of the Chicago Sanitary District reduces the supply of 
Lake Erie by exactly the a,mount of thi diver ion, and lower the lake levels 
cDrre pondingl: . Other diversion affecting the le' el of Lake Erie are made 
through: 

The Well and Canal, 
The Black Rock Canal. 

45. The following diver, ion for power purpo e:' have been authorized on 
the Welland Canal by the Department of Railway and Canal of the Domin
ion of Canada :-

Hamilton Cataract Power, Light and Traction Co., leases totalling .. 
Corpontion of St. Catharines ....................... . 
Provincial Paper Mills, Ltd. . . . . . . . . . . . . . . . 

1,010 cfs 
50 " 

760 " 

Total. . . . . . . . . . . . . . . . . . . . . . . . 1,820 " 

All of these diversions discharge into lake Ontario. In addition, diversions 
aggregating 260 cfs . ha' e been authorized from the Welland Canal to the Wel
land river, 'vhich enter. the Niagara river at the foot of the Gras I land pool. 
About 10 per cent of the effect of thi" diversion on Lake Erie level i thereby 
restored. 

46. The actual total flow from lake Erie into the present Well and Canal, 
for both power and navigation purpo e , a determined by random di charge 
mea uren:ents made by the Department of Railways and Canals in 1922, 1923, 
and 1924, i ... appr.oximatcl) 3.400 cfs. during the navigation ea on and 2,500 
cf . during the remainder of the year, an averag€ throughout the year of 3,100 
cfs. 

47. The new V\ elland Ship canal for deep-draught ve el i o de igned 
that a flow of 6,000 cL . can be drawn from lake Erie IYithout interfering with 
it u e by ~hipping. The Chief Engineer. D epartment of Railway and Canal , 
authorize the tatement that ~he diver ion through the ne" V\! elland Ship Canal, 
including both the water reqmred for lockage and that for power purpo ·e , will 
not exceed 5,000 cfs. 

48. The Black Rock canal i a naYigation canal along ide the upper part 
of the Niagara river. It i operated by the nited State Government to carry 
navigation pa t the rapid at the head of the ri' er to the indu tries on the river 
below them, and to the entrance of the preuent New York State Barge canal at 
Tonawanda. The diver ion from Lake Erie through thi canal i approximately 
1 000 cf ., much of which find it way into the Niagara river through the river 
~all of the canal. The remainder i di charged into the Niagara river at the 
lock at. the foot of the canal. 

• - ,1 
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49. The New York State Barge canal divert a flow e timated at 1 500 cf . 
from the Niagara river at Tonawanda, the water being e' entually di charged 
into lake Ontario. Of thi total a flow of 275 cubic feet per econd i cla ified 
as for power purpo ... cs. The effect of thi diver ion on the level of lake Erie 
i negligible. 

50. P ower companie in the united State and Canada divert con iderable 
quantitie of '\Yater from the river up~tream from the rapid at the head of the 
Fall · under the treat~' of 1909. The e diver ion have been compen ated for 
at lea t to a con iderable degree by intake ~tructure and the depo it of dredged 
material. The remaining effect on the level of Lake Erie i negligible. ( ee 
page 381 Report on Diver ion of Water from the Great Lake and N iagara 
River, 1921.) 

51. EFFECT OF DrYER rox. . The di charge formula for the Niagara River 
is: 

Q=3904(H-558·37) 1.5 

~ bere H i the ele' ation of Lake Erie on the Buffalo gage. 

From thi formula it i ea ily hown that the rate of increa e in the di charge 
capacity of the Niagara river per foot ri e of Lake Erie, commonly called the 
increment for the Tiagara river i a follow :-

At lake elevation 570.25 (low level).. . . . . . . . . . . . . . . . . 20 ,190 cfs 
At lake elevation 572.5 (mean level) . . . . . . . . . . . . . . . . . . 22,000 " 
At lake elention 573.8 (high level) . . . . . . . . . . . . . . . . . . . . 23,000 " 

52. The authorized diver ~ions have the following effect on the levels of 
Lake Erie:-

Effect in feet at 
Amount 

- of Low level iean level High level 
diversion (elcv. (elev. (elev . 

. 570·25) 572·5) 573 ·8) 

Chicago anitary District .... .. .. .................. . 8,500 0·42 0·39 0·37 
Power lea es on ~ elland Canal. ..................... . 2,0 0 0·10 0·09 0·09 

Total. . . .................... : ............ ............ 0·52 0·48 0·46 

53. The actual pre ent diver ions have the following effects on Lake Erie :-
Chicago Sanitary Di trict ( 8,660 cfs) . . . . . . . . . . . . . . . . . . . 41 
Welland Canal (3,100).. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .15 
Black Rock Canal . . . . . . . . . . . . . . . . . . . . . . . 04 

Total .... . . . . . ... . . . 60 

The increa ed di' er ion required for the operation of the new Welland Ship 
canal is expected to bring the total to 0 . 68 foot. 

EFFECT OF D IVERSIONS LAKE ONTARIO 

54. D E CRIPTIOK.-The outlet to lake Ontario is the St. Lawrence river, 
the control ection of which is the limestone ledge forming the sill of the Galop 
rapids. The Galop canal, for 14-foot navigation, lies along the river bank at 
these rapids. 

45827-61 
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55. The levels of lake Ontario have been affected by the diversion of the 

Chicago Sanitary Di"'trict, by diversions for power and navigation through the 

Galop canal, and by a contraction of the Galop rapids known as the Gut Dam. 

The diversions authorized by license from the Galop canal amount to 988 cfs. 

56. EFFECT OF DrvER ro s.-The formula developed by the United States 

Lake Survey for the flow into the St. Lawrence river is as follows:-

Q=3428(H-229 .13) 1.5 

Where H is the elevation of lake Ontario (Oswego gage). 

for the St. Lawrence has the following values:-
The increment 

At lake elevation 244.5 (low level) ............................. . 

At lake elevation 246.0 (mean level) ........................... . 

.At lake elevation 24 7. 5 (high level) .................•............ 

Cfs. 
20,160 
21,120 
22,040 

The computed back-water effect of the small diversion at the Galop 1s 75 

per cent of the effect i.f. made directly from lake Ontario. 

57. The effect of authoTized diversions on the levels of lake Ontario is 

therefore as follows:-

Effect in feet at 
Amount 

- of Low level Mean level High level 
diversion (elev. (elev. (elev. 

244·5) 246·0) 247·5) 

Chicago Sanitary District . . .. . .......... . .. . . . . . . . . . 8,500 0·42 0·40 0·39 

Galop Canal ...... .. .. ... . . . ... . . ... . .. .... .. .. . . . . . . 988 0·04 0·03 0·03 

Total. ......... .. . . .. . .... ... ... ... ..... . .. . ... . . ... . 0 ·46 0·43 0·42 

58. As explained in the body of the report the Gut Dam in the Galop 

rapids has raised the levels of lake Ontario by somewhat more than 0.4 feet. 

SUMMARY 

59. The results are summarized as follows:-

Amount 
of 

Effect, in feet, on levels of Lakes 

Authorized diversions-

Cause diversion, 
cubic feet 
per second 

Chicago anitary District. . ....................... 8 ,500 
Power diversions, Welland Canal. . . ... . ............ 2,050 

All present diversions and outlet changes-

Michigan 
and 

Huron 

-0·5 
-0·02.5 

Chicago anitary District ..... . ............. . ..... 8 , 660 -0 ·5 
WE>lland Canal. ................ . . . . . ....... . ....... 3,100 -0·04 

Black Rock Canal. ....... . .. . ... . ..... . ... . . . ..... 1,000 -0·01 

Changes in St . Clair River outlet-
Gravel dredging.... ... . . . .. .. .... . ...... . .... . .. . . . . . . . . . . . . -0·3 

Erie Ontario 

-0·4 -0·4 
-0·1 0 

-0·4 -0·4 
-0·15 0 
-0·05 0 

Other changes . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -0 · 3 .. . . . ... . . . .. .. . . ...... . 

Gut Dam . . .. . .. ... ..... . . . ................. . ... .. ....... . . . .. .. . . ... . .. .. .... . ... . .. . +0·5 

Total. ..... .. . ... .. .............. . ............ .. . . .. . -1·15 *-0 ·6 +O·l 

*Upon the opening of t he new Welland hip Canal the lowering of the level of Lake Erie will be in· 

creased to 0 · 7 foot. 
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Il\1PROVE~1ENT OF LAKE LEVELS AND OUTFLOWS 

60. CoMPENSATI TG WoRKs.-As explained in the body of the report, the 

levels of the lakes can be raised bv fixed contractions in their outlet rivers. 

Such works will rai e the high levels substantially as much a the low levels. 

If the high levels of the lake are not to be increased, the work must therefore 

be only ufficient to correct the effect of exi ting diversion and outlet enlarge

ments. They are therefore termed compen ating works. After the lake levels 

!:lave adju ted them elve to the new regimen of the outlet, the outflow from 

the lake will be sub tantially the same after a, befo-re compensating works have 
been built. 

61. REGULATING WoRKJ .-Regulating work are e entially dams with sluice 
gates constructed in the outlet to the lnke o a to control the outflows and 

hence the lake levels. 

62. ScoPE OF I TVESTIGATIONs.-Regulating works are already in operation 

in the St. Mary's river at the outlet to lake Superior. The regulation of la~{:e 

Ontario i an inherent part of the plans for the improvement of the St. Lawrence 

proposed in the report. The pre ent investigation is therefore limited to deter

mining-
(a) The benefits and eo t of a comprehen"' ive ~ tern of lake regulation 

with works at the outlets of lake l\1ichigan-Huron and of lake Erie. 
(b) The benefit and eo. t of corn pen ating work at these outlets. 
(c) A uitable program for the regulation of lake Ontario alone. 

63. PRIOR PRoPOSAL .-In 1900, the Board on Deep Waterways, in presenting 

plans and e timate for securing deep draft navigation from the Great Lakes to 

New York harbour (Hou e Dec. 149, 56th Congress, 2d Session) included regulat

ing work at the head of the Niagara river which were de igned to hold lake Erie 

to a ub tantially uniform level at ele' ation 574. 7. Thi propo al wa reviewed 

by the International Waterway Commi ion, a joint board of Canadian and 
American engineers, who ubmitted a report in 1910 ( e ional Paper No. 19a) 

3 George V, p. 775 et seq · and H. Doe. 779 61...t ong. 2d e .) , after an 

elaborate study extending over e\ eral year . This report pointed out that, on 

account of the irregularity of upply to the lake, it wa impo ible to hold 

lake Erie to a fixed level· but that it \'/ ould be held by regulating work between 

the limits of 572.0 and 574.5; thereby rai ing the low water le\ el by 1. 4 feet 

without increasing the high water level . uch regulation would however have 

increa ed the fluctuation in lake Ontario and reduced the extreme recorded 

water level of that lake by 4 inches with con equent reduction in the extreme 

low open-river di charge of the St. Lawrence. The Board recommended that 

the regulation of lake Erie be not undertaken, but in a upplementary report 

recommended the construction of compen ating work in the Niagara river 

about a mile and a half above the rapid at the head of the fall , o designed 

as to raise the low levels of lake Erie by 0. 45 foot, and the high levels by 0. 38 

foot. 
64. In a comprehensive report on the Diver ion of Water from the Great 

Lakes and the Niagara River made b Col. J. G. Warren in 1919 in accord

ance with a re olution of the Congre of the United State , it wa recommended 

that compen ating works con. Lting of ubmerged rock ill be placed in the 

N iagara and St. Clair rivers to correct the re ults of exi ting diver ion. In the 

review of this report by the Board of Engineers for River and Harbour , pref

erence was expre sed for regulation work in lieu of compen .. ating works at the 

outlet of lake Erie. 
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65. Finally, an Engineering Board of Review engaged by the Sanitary D·is

trict of Chicago ha presented a scheme for the regulation of the Lakes as a 

whole. The work propo ed include a dam with gate at the foot of the Gra s 

Island Pool in the Niagara River, for the regulation of the outflow from Lake 

Erie; and a dam with gate and locks in the St. Clair River, for the regulation 

of the outflow from Lake Michigan-Huron. By the operation of these works, 

together with the operation of exi ting work at the outlet of Lake Superior, 

and of work in the St. La Vi rence built in connection with the improvement of 

that river for navigation and power, it Vi a"' propo ed to hold the levels of the 

lakes normally between the limit ho\\ n in the ubj oined tabulation. The 

actual maximum and minimum le\ el occurring ince 1860 are placed in a 

parallel column for comparison. 

Lakes 

Superior ................................ . ... . 
1\Iichigan-Huron. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Erie .. ...... . ........ . ............... · . · · · · · 
Ontario .............. . ..................... . . 

ormal r egu
lated r ange 

proposed by 
Engineers 

for anitary 
District 

002-604.5 
581--583.5 
573-574.5 
246--248 .5 

Actual 
range of 

stage 
since 1860 

600.5-604.1 
577.5-583.7 
570.4-574.5 
243.4-248.95 

66. The report recogni;e that the lake could not be held within the limits 

stated during period. of extreme rainfall. At ... uch time they would rise above 

the limits fixed; but it "as computed that no period of high rainfall that ha 

occurred sub equent to 1860 would rai e the levels above the high-water datum 

of 1838. It apparentl} Vi a not recognized that with the lakes normally held 

at such high levels, the rainfall which produced the high Vi ater of 1838 would 

raise the lakes above the le' el it then had. The report indicates, however, that 

the regulated levels to be finally cho en hould be based on further investiga

tion of the damages that might be caused thereby. The di charge of the Niagara 

river was to be kept normally between 180,000 and 200 000 cfs. with di chargBs 

of 250,000 cfs. at time of high rainfall. The monthly mean di charge of the 

Niagara river proper has Yaried between the limit of 162,000 cfs . and 253,000 

cfs. 
67. CoMPARISO~ oF BENEFITS FROM REGULATIO A'l. n CoMPENSATIO . It 

will be noted that prior proposal for the construction of compensating works 

have been limited to correcting the effect of exi ting diver ions, so that the 

high levels of the lake would not be rai ed above the levels that would occur 

without these diversion'" . Obviously, riparian interest on the Great Lakes 

would be injured to exactly the ame extent by high levels created by regulating 

works, as by the same high level created by compen ating work . The benefits 

to be derh ed from regulating work in compari, on with compensating works 

must be evaluated therefore by con idering the reduction in the fluctuation of 

lake level , together with the improvement of outflow that can be secured 

through the operation of the. e work ince the reduction in fluctuation measures 

the amount by which the low level of the lake can be raised without increa ing 

the high levels. 
68. PossiBILITIES OF REGUI.ATION I TDICATED BY MAss C RVE. On Plate 2, 

Appendix B, is shown a ma" curve of t he supply to the Great Lake , from 1860 

to 1925, under the supposition that a diver ion of 8 500 cfs. were made from the 

lake basin during the entire period. From this diagram it can be seen that 

provided there were no limitation on the maxim'um discharge on the St. Law

rence or of the interlake rivers the following results could be obtained by a 

complete system of regulation:-
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With a fluctuation of 5. 75 feet on all the lake a uniform di charge of 
233,000 cfs. could be maintained. 

With a fluctuation of 4-0 feet on all the lakes a minimum di charge of 
230,000 cfs. could be maintained. 

With a fluctuation of 3-0 feet on all the lake a minimum discharge of 
220,000 cf . could be maintained. 

\Vith a fluctuation of 2 -3 feet a minimum di charge of 210,000 cubic feet 
per econd could be maintained. 

With a fluctu~tion of 2-0 feet a minimum di charge of 20D 000 cubic feet 
per second could be maintained. 

69. The actual :fluctuation of the -- eYeral lake during the period i given 
in paragraph 15. But it ha been hown that lake l\1i1chigan and Huron were 
lowered by di' er ions and outlet enlargement of 1-15 feet during the period 
between the recorded high and recorded low water · and Lake Erie by 0-6 feet 
during thi period. Correcting the fluctuation by the e amount and weighting 
the fluctuations of the individual lake by their area it i found that the 
weighted average fluctuation of all the lake , exelu"ive of the increa ed fluctua
tions to progre"si\ e diver ion and enlargement" i 4-3 feet. The apparent 
possibilitie of regulation, except as limited by the discharge capacities of the 
several outlets i therefore a._ follmY" : 

~he low water level could be rai ed b · 2-3 feet and a minimum di charge 
of 200 000 cf . maintained. 

The low \rater leYe] ~ could be rai ed b 2-0 feet and a minimum di charge 
of 210 000 cL. maintained. 

The low water leveL could be rai ed by 1-3 feet 'and a minimum di charge 
of 220 000 cf . maintained. 

A minimum di"charge of 230,000 cf . could be maintained without rai ing 
the pre ... ent high level or lowering the pre~ent low level . 

70. The re ult gi' en in the preceding paragraph are impo ible of attain
ment on account of the limitation of outlet rli charge. Thu , to main-

. tain a di charge of 220,000 cL with a fluctuation of 3 feet in the lake le' el it 
would be nece ary throughout the year 1920 and 1921 to limit the di charge 
to that figure. In the early month of the e ~"ear the lake would have been 
within 1. 2 feet of their maximum le\ el. . But if the lakes had been allowed to 
ri e to within 1. 2 feet of their maximum leYel during the early month of 1912 
or of 1913, then a _ub~equent average yearly di charge of 300 000 cf down tbe 
St. Lawrence "ould not have kept the level within the maximum. Having 
regard to winter limibtion" of di charge capacity an average yearly di charge 
of 300,000 dmYn the St. La" rence i regarded a exce. sive rather than practic
able. It would have been impo ible to foretell in the pring of 1920 that a 
period of 6 years of deficient upply would occur, or prior to 1912 that a period 
of two year of exce... upply would occur and without thi forekno" ledge the 
apparent result derivable from regulation could not be achieved with the 
limited discharge capacity of the t. Lawrence. Phy ical limitation on the 
discharge capacity of the Niagara, t. Clair-Detroit and t. Marys river imi
larly curtail the results indicated by a tudy of a general ma s curve. 

71. DETAILED STl.TDIES OF LAKE RlWDLA'!'ION. To determine the true po si
bilities of lake regulation, it is nece sary· to work out in detail the results that 
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would be secured by the best programs of regulating the discharges of the lakes, 
had such programs heen in effect in the past. The data required for that pur-
pose include-

(a) The supplies to each lake from 1860 to 1925. 
(b) The permissible high water levels of each lake. 
(c) The maximum and minimum outflows of each ouUet river physically 

practicable or permi sible. 

'SUPPLIES TO THE LAKES . 

72. GENERAL At'PECTS. The total net supply to a lake for any month is 
the outflow corrected for the gain or loss of storage in the lake. The local 
~upply is the total supply less the inflow from the lake above. 

73. On account of the oscillation of the lake surfaces, the gage records on 
any day do not give the true lake level for that day. For Pl}rposes of deter-_ 
mining the monthly g::tin or loss of storage in a lake, the elevation of the lake 
at the first of each month is taken as the mean of the monthly mean levels of 
the given and preceding months. 

74. The reliability of the cleterminations of total and local net supply 
depends upon the relinbility of the computations of the monthly discharge. 
Systematic discharge measu·rements of the outflow from the various lakes .were 
not begun before the late 90's. The earlier discharges must be based on an 
estimate of prior changes in the gage-discharge relation due to changes in the 
di scharge capacity of the river. 

75. LAKE SUPERIOR. The d1scharges of the St. Mary 1s river and the 
monthly supplies to lake Superior from 1860 to 1907 were computed by the 
International W aterwa.ys Commission from measurements made .between 1896 
and 1902, and by a detailed analysis of the prior changes in the outlet capacity 
of the river (par. 2f) to 58, and tables 19 and 24, of Appendix to Report of 

· Jan. 8, 1910). These were reviewed and extended to 1909 by Messr . Noble and 
Woodward, Consulting Engineers, in an unpublished report dated June 29, 1912, 
to the Michigan Lake Superior Power Company, which was used as a ba is for 
the present regulation of lake Superior. Slight modifications ·were made in the 
prior determinations on account of later data regarding the capacity of the side 
channels at the control section of the riYer. The determinations of Messrs 
Noble and Woodward are used in the present report and are extended to 1925, 
inclusive, from the records of discharge through the power canals, navigation 
canals, and in the river, which are maintained by the United States Engineer 
Office at Detroit in connection with the operation Of the navigation works at. 
St. Mary's Falls and the supervision, on the part of the United States, over the 
control workR. The supply to lake Superior is given in table 1 of this appendix, 
and the discharge of the St. J\1ary's river in table 9. 

76. LAKES MicHIGAN-H"L"RO -. The discharge out of lake Huron through 
the St. Clair ri er, lake St. Clair, and the Detroit ri\ er depend upon the eleva
tions of both lake Huron and lake Erie. The di charge measurements, which 
commenced in 1899, show that changes in the discharge capacity, have occurred 
subsequent to 1899, and gage records prior to that date indicate some instability 
in the regimen of the outlet. (See par. 39 to 42.) 

77. The United States Lake Survey has made an extended study of the 
present and past discharges from lake Huron. This study i not yet completed 
but has progressed sufficiently to warrant the modification of prior determina~ 
tions. 
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The discharge formula for the St. Clair river while ice free, as developed 
from this study, is:-

(1) Q==100 [(H-B)+0.6 (h-B))l. (H-h)0.5 
Where Q:.=di charge in cubic feet per ~econd, 

H=elevation of Lake Huron (H arbour Beach gage). 
h=ele' ation Lake St. Clair (St. Clair Flat gage). 

B= i" a constant. 

The values of B a~ derived from the di charge mea urement are a follow 
To July, 1900 ........................ .... .. 
August, 1900, to D ecember, 1908.. . . . . . . . . . . . . . . 
J anuary, 1909, to December, 1909 ............ .. .. 
January, 1910, to D ecember, 1911 .. . . ... . . .. .. . . . 
January, 1023. to D eceruber, 1925.. . . . . . . . . . . . . . . 

No meter mea urements were taken 'between 1911 and 1923. 

552 .12 
552.38 
552 .32 
551.96 
551 . 58 

78. The corre ponding relation between the flo-w and the elevations of Lake 
St. Clair (St. Clair Flat gage) and Lake Erie (CleYeland gage) is 

(2) ~597. 6 [ 0. 5 (h-555. 60) + O. 5 (G---555. 60)] 1. ·th-e) o. 5 
where h i ~ ele' ation on t . Clair Flat gage and 

C is elevation on Cle\ eland gage. 

Thi. relation is not applicable to the period between 1907 and 1912 when the 
regimen of the Detroit river wa modified by the cofferdams of the Living tone 
channel. 

79. The formula for the flow prior to 1899 (ice-free month ) i ba ed on 
the a umption that there wa ... no change in the regimen of the D etroit ri er. 
The value of the con tant B in equation (1) corre ponding to the flow derived 
from equation (2) are a follows:-

1 60 to 1890.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
1891 to 1894.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
1895 to 1899. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

552. 4 
552.48 
552 .12 

Equation (1) was u ed to determine the flow during the ice-free month except 
during the period 1912 to 1922, in which equation (2) wa u ed. 

80. F or the period prior to the e tabli hment of the Harbour Beach gage in 
1875, the 11ilwaukee gage wa sub tituted therefor. The early elevation of 
the St. Clair Flats gage are the computed eleva ion publi hed in the Annual 
Report of the Chief of Engineer for 1904. 

81. To determine the di charge during the winter month , imilar formulas 
\Vere derived for ·each pair of con ecutive gage for which record are available 
the discharge for the winter month computed from every uch pair and the 
minimum di charge so determined wa taken a he winter di charge on the 
a. ·umption that in at lea t one of the reaches approximate open-water regimen 
would exist. For the period ub equent to 1900 uch records are available 
through reaches with minimum ice retardation, and the determination are 
regarded as fair. Prior to 1899 the record of onl • three gages are available 
lake Huron, lake St. Clair, and lake Erie. o hat when, a was often if not 
generally the case, the flow of both the St. Clair and the Detroit rivers was 
retarded by ice, the computed flows for the winter months are much in exce s 
of those that actually occurred. 

82. The warning mu t therefore be giYen that the winter di charge under 
natural conditions prior to 1899, hown in table 10 are too large, that the 
supplies to lakes Michigan-Huron during the winter months in table 2 and 3 
prior to 1899 are too large; and that the ·upplie to lake Erie during the winter 
months in tables 4 and 5 are too mall by the same amount . A comparison 

.... 
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of the average local supplie to lake Erie for January, February and March 
for the period from 1860 to 1900, with the average for the same months during 
the period from 1901 to 1925, hm,Tn in table 5, incheates clearly the extent of 
the errors introduced by the lack of data on which to base the effect of ice 
retardation during the earlier period. 

83. The errors introduced by the lack of data on winter retardation in. the 
St. Clair-Detroit rivers affect only the distribution of the upply between lake 
Erie and lakes Michigan-Huron. The total upply to the three lake is not 
affected. In the computation ... hereinafter de cribed of the effect of programs 
for regulation, it i assumed that the winter discharge through the regulating 
·works would be retarded in the n.me percentage a i the unregulated discharge 
during the month. The error introduced in the computations of regulated outfiov.r 
and lake levels is therefore reduced to the difference between the true and the 
apparent retardation applied to the difference between the regulated and natural 
flow, and is not regarded as of sufficient con equence to alter the conclusionR. 

84. For purposes of computing ... torage, the elevfLtion of lakes Michigan and 
Huron wa taken as the mean of the filVi aukee and Harbour Beach gages 
since thee tablishment of the latter in 1875, and the Milwaukee gage previously. 

85. LAKE ERIE. ucces .... ive metering have hown no change in the dis-
charge capacity of the Niagara river, and the outflow from lake Erie wa derived 
from the formula:-

Q==3904 (H-558.37) 1
·

5 

in which H i the elevation of lake Erie, a hown by the Clevelano 
gage records from 1860 to 1886, inclu ive, and by the Buffalo gage 
records from 1887 to 1925. 

;To the discharge so computed the following W? added 
through the diversion via the Well and canal and the 
.river:-

From 1860 to 1880. . . . 
1881 to 1905 ... . 
1906 to l910 ... . 
1911 to 1915 ... . 
1916 to 1925. . . . . . . . . . . . 

a the estimated fiovv 
head of the N iagara 

86. LAKE ONTARIO. The outflow and supplies, tables 6, 7, and 12, to 
lake Ontario were ba ed on a study made by Mr. D. W. McLachlan, 
Department of Railway and Canal , Chairman of the Canadian Section of 
-the Board. 

87. The tor age in lake Ontario has been deri" eel from records of the 
Oswcgo gage. The discharge values ·were obtained from gage readings at the 
various locks along the St. Lawrence canals, especially Locks No. 21, 23, 24, 
and 25. A deduction of 6 per cent ha been made for ice retardation in all 
values derived for January February, and March except those obtained from 
records of gage reading at Lock No . 27. For the 'latter an extra deduction of 
·6,000 cfs was madre for these month . 

88. The di charge rating for the variou lock gage were re' i ed in March, 
1926, and are based on mea urement · of the D nited State Lake Survey madE> 
in 1908, 1911, 1913 and 1914, and of the Canadian D epartment of Railway~ 
and Canals in 1923, 1924, and 192'5 

89. CoRRECTIO FOR CHICAGO DrvERSIO . The upplies are those which 
would have occurred had a diversion of 8,500 efs. from lake Michigan taken 
place throughout the period. To this end the total upplie. to lakes Michigan
Huron, Erie, and Ontario were dimini hed by 8,500 cfs le fl the actual diver
ISions given in par. 13. 
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PERJ\1ISSIBLE HIGH LEVELS OF LAKES 

90. An extended inY tigation to determine ho"· hio-h the variou lakes 
might be rai ed without un"·arranted damage to the indm:trie" citie and 
land along their hare wa m·ade at the reque"t of the Board by the Di trict 
Engineer in charge of harbour "Tork on the lake in Canada and the United 

tates. A tabulation of the proba·ble damage reported i giYen in table" 
13 to 15. A ummary of the conclu ion "' reached i" given in the fol
lowing para!ITaph . In thi ummary it i con,·enient to u ,_,e the term 'flood 
level" to indicate the level at "·hich material damage beginN. 

91. LAKE S PERIOR. On lake uperior the flood level "·aN fixed at eleva
tion 603.6 by the International Joint Commi sion in 1914, after hearing repre
entative of citie to"·n and indu trie on that lake; and the rule for the 

regulation of the lake prm ide that it 1 ,·el "hall be permitted to ri e above 
that limit only under "' uch condition of extraordina.r} rainfall a "ould eau e 
uch a ri e without rerrulation. 

92. In eptember 1916 lake Superior had a mean .. tage of 603.88. At this 
time, ba .. emenL of a num'ber of "·arehou e and manufacturing e tablLhment' 
along the water front in Duluth "·ere flooded and trouble wa experienced in 
the ewer "y~tem of ~uperior Wi . In reportino- on thi ituation the United 
State Di trict Engineer at Duluth tate" :-

I am quilte confident that had the monthly mean 1eYel of Lake uperior reached its 
ma>.:1mum of 603.6 durino- the time th3.t it ha been under complete reo·ulation there would 
have been a strong movement from many of the intereNt about Lake uperior to have that 
maximum lowered, for there i- no doubt that many propertie would be eriou ly affected 
not o much by that actual mean height, but the heio-htN to which it would ri e temporanily 
under ceT'tain wind n.nd ba.rometric condi-tion . 

93. From plate 3 it "·ill be "een that lake uperior will reach 603.6 about 
once in twenty year". Thi cun e i ba"ed upon the record of the year 1901 
-to 1925 inclu ive, but the re ult for thi lake i the .. ame if the entire period 
i u ed. 

94. LAKES MrcHJGA._ -H1ffio~. Some damage would re ult IOn lake. 
Michigan-Huron at a low an ele,·ation a 5 0. 5. If the lake ro e aboYe 
681.0 there would be damao-e to dock ba .. ement.::;, and se"·age y tern m 
.Green Bay, Wi ., Alpena 11ichio-an and arnia, Ont. The po"·er output oi 
the hydro-electric plant at ault te. Iarie "·ould be reduced. Damage might 
result in Chicago and vicinity, a many of the ewer are now overloaded and 
flood ba .... ement durino- hea' rain which flooding would be increa .. ed by anv 
rai ing of the lake le\ el abo\ e their outlet . The ground-water leYel in the 
city would al o be raLed making con .. truction more difficult. At b.ke le\ el 
above 581.6 damage would re ult to jettie of the Chicao-o di~trict, anrl from 
liding of high bank... Damao-e would re ult to dock in arnia and Port 

Huron, and the operation of dock and elevator .. of the Canadian at]onal 
Railway at Port Edward and Goderich would be interfered with. Lake le\ eL 
above elevation 582 would interfere with operation of plant at Port Huron 
and of mo t of the tructure between the French and t. 1ary river , al o 
with whan es at Alpena, J\1u kegon and Green bay. Lake level above ele\ a
tion 583 would flood ba ement in downtown l\Iilwaukee and J\Ianito"·oc and 
would eau e unwarranted damage at Alpena Holland and l\1uskegon Mich. 
and Racine, Wi . Level above elevation 583_. 5 would flood dockN at Alpena 
and 1Mackinac I land and would interfere "·ith operation of the municipal 
lighting plant at the latter place. Level above 583.7 would flood dock in 
Port Huron. 
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95. In view of t'he foregoing information, the flood level of these lake~ 

~hould not be placed above 582. 2, and under the regulated condition the lakes 

:..;hould not exceed this level in height, frequency, or duration to a greater extent 

than in the past. F ram plate 3 it will be seen that on the ba is of the records 

of the last 25 years, a stage of 582.2 would probably be reached once in twenty 

years and has the same probability a the elevation selected for lake Superior. 

96. LAKE ERIE. Some damage would re~ ult on lake Erie at elevations 

below 573, prin0ipaliy through ero ion on the lake ~bores. Above 573; th~ dock 

of the Detroit .~.nd Cleveland Navigation Co. in Detroit and the operatiOn of 

the power plant. of the Cleveland Ele1ctric Illuminating Co. would be incon

venienced. Lake levels above 573. 5 would damage some docks in Detroit, 

Rondeau, and Purt Stanley. Level ~ at 574.0 or slightly above would interfere 

with the operations of the Maple Leaf J\1Ii1ling Co. at Port Colborne, Ont., the 

Pittsburgh and Conneaut Dor.k Co. at Conneaut, Ohio, the Solvay Process Co. 

and the Michigan Central Railroad at Detroit, the unloading plants of the Erie 

R ailroad at Cleveland, and the elevators of the Wa hburn-Crosby Co. at 

Buffalo. They would also damage the works of the Ohio Public 'Service Co. 

at Lorain, Ohio, interfere with the drainage works of the Bethlehem Steel Co. 

at Lackawanna, and flood the turn-table pit of the Canadian National Rail

ways at Dover, and some of the rlock of the Detroit Sulphite and Paper Co. at 

Detroit. Lake levels above 574.5 would interfere with operations of t:he 

Candler Dredge and Dock Co. at Detroit. Lake levels above 575 would inter

fere with unloading operations of the Pennsylvania Railroad at Buffalo, Erie, 

Sandusky, Ashtabula, and Cleveland. of the Buffalo Creek Railroad at Buffalo, 

interfere with the operations of the National Tube Co. at Lorain, Ohio, and the 

Commercial Milling Co. at Detroit flood some docks of the Standard Oil Co. 

and Candler Dredge and Dock Co. at Detroit, and damage the property of the 

Hammermill Paper Company at Erie. 

97. From a consideration of the above inform.ation, elevation 573.9 was 

selected as the flood level, which should not be exceeded more frequently than 

in _the past. This elevation has the same frequency probability, as shown by 

the records of the past 25 years, as the ]eYels selected for the other lakes. 

98. LAKE ONTARIO. On lake Ontario, damage below elevation 247 is 

uncertain but probably small. Above elevation 247, drainage of cellars in the 

lower part of Kingston would be affected and the dock and canning factory of 

the Port Millford Parking Co. at Port 1\IIillford would be flooded. Lake levels 

above elevation 247.5 would flood wharves~ coal sheds, warehou es, etc. in 

Kingston, Brockville, Prescott, Port l\1jlford 1 Bath, South Bay, Ogdensburg, 

and Charlotte. They would affect the LaSalle Cau eway at Kingston and the 

Kingston dry dock. At lake level above 2'18, damage would result as follows: 

Docks, storehouse , and factories in addition to those before mentioned would 

be flooded or interfered with in Kingston, Wellington, Port Millford, Clayton, 

Cape Vincent, Sackett Harbour, 0 ... wego, Fairhaven, Little Sodu Bay, Sodus 

Point, and Charlotte and on the lower Niagara river. Such levels would render 

less efficient or damage the breakwaters and other aids to navigation at Sackett~ 

harbour, Little Sodus bay, Great Sodu bay, Oswego, Charlotte, and O}cott. In 

addition to this, damage would probably he done to a numbeT of other docks, 

roads, bridges, an electric railway, and several beac'hes. Above 248. 5, damage 

would be done to additional docks, coal shed , and factories in Kingston Red

nersville, Wellington, Massagana, Northport, and Forester Lt. Lake' levels 

above elevation 249 would seriously damage a number of other important inter

ests in Gananoque, Kingston, Green Island, Prescott, anrl Ogdensburg. 

. . .. 
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99. After con idering the foregoing information, elevation 248 .1 was 
elected as the flood level for lake Ontario, which should not be exceeded by 

the regulated level to a greater e:-..rtent. than was the ea e in the past. The data 
on flooding damage i more nearly complete on lake Ontario than on the other 
lakes and indicate that a great deal more damage would re ult than is shown 
by the data for the other lake". Plate 3 how that, for this elevation also, the 
probable frequenc}, indicated by the la t 25 years of records, was once in 20 
) ears. 

100. SuMMARY. The flood le' els on the several lakes may be taken, there-
fore, as follows:-

Lake Superior . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 603.6 
Lakes Michigan-Huron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 582.2 
Lake Erie . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 573.9 
Lake Ontario . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 248 . l 

101. It will be ob erYed that the damages, a~ a rule, are not due to the 
dead level of the lake iLelf, but to the temporary fluctuations a;bove that level 
caused by winds and barometric pre sure, to the flooding of ewers by heavy 
rains which may happen to oecur when the high lake le' els have reduced their 
outlet capacity, and to the rai ing of flood height.: of tream entering the lake. 
The riparian interests affected are not o directly concerned with the maximum 
height to which the monthl) mean elevations of the lake,_, are rai..,ed a with the 
frequency with which the lake reach the level., which expo e them to serious 
hazard of damage. As long a the frequency with which the lake levels ri e 
above the flood level i... not increa ed by the con truction of JC.Ompen ating 
work , or by the operation of regulating work,, no damage can be con idered 
to result from their construction or operation. 

102. A tudy of the nature of the damage done by increasing the frequency 
of high lake level how that it i ~o \Vide ... pread and diver e th!Lt compen ation 
to the industries and 1ndi,·iduals affected is out of the que tion. Communities 
have adju ted them ... elves to the lake levels that have actually exi ted, and 
cities and towns ha\ e built their ewage ... y terns accordingly. The damage·· 
would not be met by merely pa~ ing for the flowage of uch land" a might be 
actually flooded by the ri ~ e of lake.. . It mu,t be empha ized, moreover that 
the inquirie did not bring to light all of the damages that would re ult' from 
h1gh water, for the rea: on that many of the citizens concerned and many of the 
re pon ible executive do not belieYe that a propo al to rai e the high water of 
the lakes will be seriously considered. 

MAXIMUI\1 DI HARGE CAPACITY OF OUTLETS 

103. LAKE PERIOR. The di ... charge capacity of the St. 11ary's river, the 
outlet of lake Superior ha.__ already been enlarged b the power canals at the 
falls to such an extent that little benefit would be ecured by further enlarge-
ment. 

104. LAKES 1\IIcHTGAN-H 'RO . The t. Clair ri\ er i nearly 40 miles in 
length, with a small and fairly ~venly di .tributed lope, except at the Port 
Huron rapids at the head of the nver. Wh1le at fir t glance there seem to be 
an opportunity to provide a considerable increa e in di charge capacity by the 
enlargement of thi contracted ection detailed computations how that a 
by-pa s canal if built with a depth of 35 feet and width of 700 feet, entailing 
the excavation of 7 800,000 cubic yard would increa e the di charge capacity 
e>f the river by only 8

1
000 cf ., i.e., by about 4 per cent of its pre ent capacity. 



J 

94 St. Law1·ence Waterway Project 

It may seem paradoxical that the one lake outlet that has been enlarged i~ 
1 ecent years by the action of nature and man should be the least su ceptible 
to further material enlargement. It will be noted, however, that the total 
enlargement accounted for to date effects an increa e of only about 5 per cent 
to 8 per cent in the cti charge capacity at high tages, and that this is the 
cumulative effect of actions taking place over a period of 35 years. As has 
been previou ly pointed out the di .. charge capacity of the river is much cur
tailed in winter but thi" i not the sea on when large di charge are desirable 
from the tandpoint of regulation. 

105. LAKE ERIE. A large increa e of the di charge capacity of the Niagara 
river, at the outlet of lnke Erie, can be secured, although at large cost, by the 
excavation through the rock sill at its head. The program for complete regu
lation hereinafter con idered i ba ed on an enlargement of the discharge 
capacity by 40 000 cfs. 

106. ST. LAWRE CE RIVER. The di ... charge capacity of the St. Lawrence 
river i limited by sea. anal conditions. For the purpo e of testing a program 
for complete reguln.tion, the limitation "ere taken a hown on plate 4. The 
rea ons for the e limitation~ are a follows :-

(1) The di ·charge at any time mu t not exceed the amount that can be 
passed through t.he enlarged _channel without creating exce sive currents for 
navigation and without requiring a head that would seriously reduce the head 
available for power. Thi ... limitation restric.t di charge from lake Ontario t o 
amounts varying from 223,000 cf . with the lake at elevation 244.0 to 330,000 
cfs. with the lake a little below elevation 248. 

(2) The di"charge must not create such tages in the St. Lawrence river 
as will eau e seriou damage to riparian property. The areas where such 
damage would occur are the lands bordering lake St. Francis and lake St. Louis. 
After the outlet of these lake· have been enlarged as a part of po" er develop
ment in the rapids below them, a maximum discharge of 330,000 cfs. should be 
possible. 

(3) During the period in which the Ottawa river is in flood, in May and 
June, the maximum discharge should be limited to 300,000 cf . in order to 
prevent exce sive level~ in lake St. Louis. 

( 4) The ice jams during the spring breakup, usually occurring in April 
cause the highest rit!e of the water at l\1ontreal. The higher the di charge of 
the St. Lawrence at uch time, the higher the water is likely to ri e. Large 
3ums have been expended to prevent the flooding of the lower lying portions 
of the city at such times. The regubted discharge of the St. Lawrence ha· 
therefore been limited in April to an amount not exceeding the present discharge 
at the same stage. 

(5) During the winter months of J anuary, February, and March the 
discharge .capacit-y: of the riv:er will be red~ced to an amount materially belo'iY 
that poss1ble ~urmg or:en-nver mo~ths. The ucce .sful operation of power 
plant on the nver reqmres the creation and preservatiOn of an ice cover wher
ever it can be secured at reasonable expense. Since the formation of an ice 
cover .depend" upon current of ~1fficiently 10\·~:. velocitie , the proper winter 
operatiOn of the power plants reqmres that the d1 charge be re tricted. 

107. The further tudie .. , made before adopting a definite program for the 
regulation of lake Ontario alone, ha" indicated some de irable modification of 
the e limitation . but the e modifications are in ufficient to alter materially the 
re ult to be obtained from a comprehen ive sy tern of regulation of the Great 
Lakes. 
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MINIMUM PERMISSIBLE DISCHARGE THROUGH OUTLETS 

108. The minimum di"charge adopted in te ting the programs for the com
plete regulation of the lake~ were a follow :-

St. Lawrence ri1er ................ . ... ..... . 
_ iagara (including W elland canal) .......... . 
1 t. Clair river (except when the natural dis-

Minimum 
Regulated 
D i charge 

200,000 
176,000 

Minimum 
N atural :M:onthly Mean 
Discharge with Same 
Diversions (Summer ) 

185,000 
167,000 

charge ,ya. les ) . . . . . . . . . . . . . . . . . . . . . . . . 150,000 151,000 
"'t. Ma1 y's river . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50,000 49,000 

109. The minimum di charge for the St. L awrence and the Niagara were 
set \\-ith a vie\\ to affording a reliable flow for power purpo e'" . It i nece ary 
to maintain an ample fio\\- through the St. Clair and D etroit river to prevent 
the rever al of the current of he la ter when torm rai e it outlet into lake 
Erie, since such a re\ er al of flo\\ would bring ewage-contaminated water to 
the water-~upply intake~ of tlw city of Detroi . Preliminary computation indi
cated that a minimum flow of 150,000 cf . could be proYided without substantial 
injury to the level obtained by regulution. A later explained an analy i of 
the re~ults obtained indicate that ome light improvement in lake levels could 
be ecured by fixing thi minimum at 140,000 cf . The minimum flow of 50 000 
cfs. in the St. Mary s ri\ er i de igned to maintain the full navigable depths in 
that river and to afford \Yater for the exi ting po\\·er plant . 

110. Low WATER Dr ~ cHARm~ REQuiRED 'TO :i\I.uxTAI l\Io ... TREAL HARBOuH 

LEVELS.. The fw'ther .. t udy made before adopting a d finite program for the 
regulation of lake Ontario alone. in connection with the improvement of the 
St. Lawrence, shows that a fixed minimwn of 200,000 cf . is in ufficient to main
tain the ordinary low leYeL of l\Iontr al harbour during the "'ummer and fall 
month . The actual month lv mean tlow down the :::>t. Lawrence ha fallen 
below 200,000 cfs. but once dliring the navigation ea on of the past 65 year . 
This wa in Nm ember and Decemb r, 1895, \\'hen the flow wa 194,000 cL. 
Even had a diversion of 8,500 cL. occwTed continuou ly during the pa t 65 
years, the unregulated monthly me:1n :fio\\- down the ~t. Lawrence during the 
navigation ea ... on would not have fallen below 200 000 cL. except during October, 
November and December, 1895 with a minimum flow of 185,000 in Nm ember and 
December of that year. P a ... t record "how that for at lea t 70 per cent of the 
time, unregulated outflow down the ' t . Lawrence in eptember October and 
November exceeding the following amount are to be anticipated. 

September . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 237,000 cfs. 
October. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 228,000 " 
N" ovember. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 222,000 " 

It is shown in paragraph 210 of the main report that a diminution of the 
flow past Montreal reduce the water level in the harbour at the rate of one foot 
fo r each 23 000 cubic feet per econd. T he adoption of a minimum flow of 
200 000 might therefore be e>.:pected to reduce the ordinary low water level m 
the harbour by about a foot during the fall months. 

PROGRAivi OF REGULATION TO ECURE MAXIMUM BENEFITS TO 
LAKE LEVELS 

111. To determine the benefit to be anticipated from a complete y tern of 
regulation of the Great Lake a program " a drawn up which wa de igned to 
..,ecure uch re ult while maintaining the minimum outflows et forth in the 
preceding paragraph . The lake levels and outflows that would have resulted 
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from its application from 1894 to 1925 were determined, the suitability of the 
. y tern being te ted by applying it al o to the high and fluctuating discharges 
recorded between 1869 and 1876. 

112. The computations were based on the supply of water to the various 
lakes that would have occurred had 8,500 cfs. been diverted continuou.sly by 
the Chicago Sanitary District. 

113. SYSTEM ADoPTED. The program was designed to hold the lakes at the 
maximum afe level "henever the water supply permitted. The '' maximum 
safe tage " of each lake for each month of the year was determined from a study 
of their sea anal fluctuation in levels, ·as being the stage which, on the basis of 
levels reached during these months during the la:st twenty-five years, would be 
reached once in 8 years, as shown on table herewith. 

TABLE 16.-"MAXIMUM: SAFE STAGES" FOR REGULATION 

Month 

January 1 .. . ... . ......... . ...... .. . . ................ . 
February 1 .. .... . ....... . .. . ... . ....... .. .... .. .... . 
March 1 ... ......................................... . 

~~r: r .·.:::::::::::: ::: :::: ::: ::::: : :·::::::::::::::: 
June 1. .. ............... ·. · · · · · · · · · · · · · · · · · · · · · · · · · · · 
July 1 . ........ . . . ... . . ... . .. .... . .... . . . ........ . .. . 
Augu t 1 ..... .. ......... . ........ .. ....... . .. . .. . ... . 
September 1 ..... .................... . .............. . 
October 1 .. . ..... .................. . ................ . 
November 1 .... . .. . . ... . . .. . ..... .... ..... . ... .... . . 
December 1 ... .. . ...... .. . . ..... . ....... . ... . ..... . . 

Superior 

602·21 
602·21 
602·42 
602 ·78 
603·00 
603 ·18 
603·30 
603 ·30 
603 ·15 
602 ·92 
602·69 
602·42 

Michigan
Huron 

580·64 
580·95 
581·33 
581·64 
581 ·82 
581·78 
581·63 
581·42 
581·16 
580·90 
580·73 
580·63 

Erie 

572·20 
572·57 
573 ·25 
573·50 
573·53 
573·37 
573 ·15 
572·66 
572·53 
572·26 
572·20 
572 ·14 

Ontario 

246·19 
246·57 
247 ·37 
247·67 
247 ·71 
247 ·58 
247 ·15 
246·66 
246·33 
246·08 
245·99 
246·08 

V\:"hen the 'lakes were below these stages at the beginning of a month, the 
outflow to the St. Lawrence was so reduced that the expected supply to the lakes 
during the month would bring them to the maximum safe levels at the end of the 
month, if this re ult could be accomplished without reducing the outflow below 
the established minimum of 200,000 cf . ; if not, the outflow wa et at this 
minimum. Whenever the levels of the lakes were above their maximum afe 
stages the outflow was increased as nece sary, up to the maximum di'~ charge 

capacity to bring them back to maximum safe stages. In either ea e the di -
oharge between the lakes was regulated, within the maximum and minimum 
limit , to ecure at .low levels the be t equalization of the channel depths at the 
pre ent improvement planes, and at high levels the distribution of exce s water 
which would minimize the hazard of flood damage. 

114. During high stage , therefore, the lakes were kept a nearly as possible 
at equal stages from the tandpoint of flooding, and in time of low water at 
equal stages from the standpoint of navigable depth. Between high and low 
water a transition zone is necessary. The upper limit of this zone was taken at 
the highe t safe tage, and the lower limit at that stage giving equal navigable 
depths and a total storage in all the lakes of one million second feet months 
le than the highe t safe tage. 

115. The di charge capacity of the various channels and the allowable 
minimum flows limited the regulation so that very rarely was it possible to 
secure the condition of highe t afe stage in all the lake at the same time, and 
onlv occasionally could the same relative stage in all five lakes be secured. 
when the ideal condition could not be secured, the nearest approximation to it 
was obtained. If, for example, the capacity of the St. Clair river wa inadequate 
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to discharge sufficient water to bring all the lakes to the same relati' e level, the 
maximum di charge poN ible wa allowed in the St. Clair river; the Niagara 
river wa·· regulated to give the "ame relati' e stage in lakes Erie and Ontario, 
and the St. J\1ary river wa regulated to give the ame relative tages in lake. 

uperior and Michigan-Huron. Becau e of the danger of flooding due to run 
off from the local drainage area no lake "·a permitted to ri e above its highe. t 
.3afe stage if it could be preYented without rai ing ome lower lake to a rel_atively 
hibher Ntage. For example more than 200 000 cf . minimum wa frequently 
discharged from lake Ontario during the 'ery low period of the last few years 
because, although the upper lake were much below their highest safe stages, 
lake Ontario, with the minimum allowable flow coming in from lake Erie, and 
the probable local inflow, would exceed the highest safe stage and therefore be 
in danger of being flooded by a heavy local inflow unle s more than the 
minimum flow wa drawn out. 

116. Becau e of the rapidity "ith which the relative levels of the lakes 
changed with r pect i.o each other, ~md hecau e to do ... o "·ould ha' e adver ely 
affected navigable depths, no attempt wa made to draw any of the lakes 
below their hi()'he"'.t ... afe bge in ord€r to haYe ~pace available for "·ater from 
lake .... higher up "·hich were above their hi()'lhe t afe tage, but could not be 
immediatel. equalized with the lo"·er lake beeau .... e of the di charge limilba
tion of the interlake channeL. For example if lake 1ichigan-Huron and 
.._'uperior were too high but could not be equalized wi1..h lake Erie and Ontario 
on account of the limited capacity of the t. Clair riYer, lake" Erie and Ontario 
were not drawn down on account of the excess supply in the Michigan-Huron and 
Superior, but were kept a nearly a po __ ible at their highe t safe tage. 

117. DETAILS OF Co:\IPUTATIONS. The effect of applying this system was 
computed by monthly period on the form sheet hown herewith. It was 
assumed that at the fir"'t of each month the elevation of each lake could be 
determined from gauge reading . The probable local inflows for each lake were 
estimated from diagram..., (plate 5) con tructed from pa t records to give the 
probable inflow for the month a indicated by the local inflow to that lake 
during the pa t month. It Wf\ , found by a tud. of the pa t upplie (one of 
which i hown on plate 6) that a month of large runoff wa likely to be 
followed by another month of high runoff, and a month of low runoff by 
another of lo" runoff and that from the dia!ITam .... much better re ul ~ could 
be ...,ecured than by a .... uming tha average conditio would probably oocur 
in any given month. The outflow of the variou lakes were computed which 
would give at the end of the month the be t di tribution of the storage 1f the 
probable inflow occurred, and the gate~ ~ere .... et to give thi , outflow from the 
lakes during that month. With the known stage and storage at the beginning 
of the month, and the..:e outflo" the .... torage and bge were computed which 
would have resulted at the end of the month, with the inflows which actually 
o,ocurred in that month. The tep in detail are a follow :-

118. In line (1) wa entered the elevstion of each lake at the first of the 
month, and on line (2) the corre ponding storage in each lake and the total 
storage above an assumed datum (two feet below the present improvement plane 
of the lake). Unit of torage equivalent o the flow of a thou and ... econd feet 
for a month were u::;ect, and flow were expre ~ ect in unit of a thou and econd 
feet. In line (3) were entered tilw probable net loral inflow into each lake for 
the month and the probable total inflo\\ a determined from the inflow diagrams. 
Line ( 4) is the sum of line (2) and (3) and repre ent the probable storage 
at the end of the month if there were no outflow. In line (5) is recorded the 

45827-7 (Continued on page 99) 
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TYPICAL COMPUTATION FOR REGULATION WITH COMPLETE CONTROL OF ST. 
CLAIR RIVER-JANUARY, 1870 

(1) Elevations of lakes at first of month ......... . 
(2) Storage in lakes at first of month . .. ..... . ... . 
(3) Probable local inflow for month ............. . 
(4) Sum .. .......................... . . 
(5) Total storage danger stage end of month ..... . 
(6) Outflow to give danger stage .. . .......... . . . . 
(7) Limits of outflow from system-Maximum . . . 
(8) Minimum . . . . 
(9) Outflow selected . . .... ....... . .... . ......... . 

(10) Desired distribution of storage ....... . ..... . . . 
(11) Desired net outflow .. .. . ........... .... .. . .. . 
(12) Desired gross outflow . .. . ....... .. .......... . 
(13) Limiting outflow-Maximum ... ............. . 
(14) Minimum .. ... . . . ........ . 
(15) Outflow adopted-Net .. ................. . .. . 
(16) Gross .......... ....... . 

SUPERIOR-MICHIGAN-H URON SYSTEM 
(17) Total storage plus inflow ..... . ... . .......... . 
(18) Trial outflow ..... .. .. . ....... . .............. . 
(19) Total storage, end of month ..... . . . . .. . .. . .. . 
(20) Storage in system at danger stage .. ...... .. . . . 
(21) Desired distribution of storage ............... . 
(22) Outflow- et ....... ....... ... ..... . . ...... . . 
(22) Gross .. . ..... . . . . . . : ....... . . . .... . 

SuPERIOR SYsTEM 
(24) Total storage plus inflow . ......... .. .. .... . . . 
(25 ) Trial outflow .... ....... . ................. . .. . 
(26) Total storage, end of month ................. . 
(27) Storage in system at danger stage . . .... .. .. .. . 
(28) Desired distribut ion of storage .. .. ... . .... ... . 
(29) Outflow-Net .. ... .......................... . 
(30) Gross .... ... . .. . . . ... . ............ . 

MICHIGAN-HURON-ERIE SYSTEM 
(31) Total storage plus inflow . ............ . ..... . . 
(32) Trial outflow . . . . ... .... . ..... . ........... ... . 
(33) Total storage, end of month ........ . . .. ... .. . 
(34) torage in system at danger stage ......... . . . . 
(35) Desired distribution of storage ........ ...... . . 
(36) Outflow- et .. .... ........................ . . 
(37) Gross . .. . ................ . . . .... .. . 

MICHIGAN-HURON SYSTEM 
(38) Total storage plus inflow .......... . ....... .. . 
(39) Trial outflow ..... .. ...... . . . .............. .. . 
(40) Total storage, end of month .. ............... . 
(41) Storage in system at danger stage ... ..... . ... . 
(42) Desired dist ribution of storage .. . .... . . . . .... . 
(43) Outflow-Net .... .. ... ...... .. . .. .......... . . 
(44) Gross . ... ......... . ....... . .... .. . . 

ERIE-ONTARIO SYSTEM 
(45) Total storage plus inflow ..... . ............ . . . 
(46) Trial outflow ....... .......... . .............. . 
(47) Total storage, end of month . .. ..... . ....... . . 
(48) torage in sy tern at danger stage ......... . .. . 
(49) Desired di t ribution of storage ... . ........... . 
(50) Outflow-Net .... .. ...................... ... . 
(51) Gross . . ..... ....... . ........... . .. . 
(52) Storage, first of month ... .... . ........... . .. . 
(53) Local supply factors ........................ . . 
(54) Sum .............. . ..... . ... . .. .. . 
(55) Outflow used-Net ................ ..... . . .. . . 
(56) Storage, end of month-Approximate . .. .. ... . 
(57) Stage, end of month-Approximate . .... ..... . 
(58) Discharge, end of month-Approximate .. . ... . 
(59) Discharge, fir t of month . .. . .. . ... ....... ... . 
(60) Mean discharge ........................ . . . .. . 
(61) Storage correction . ..... ............. . ....... . 
(62) Storage, end of month-Corrected ... ...... . . . 
(63) Stage, end of month-Corrected ... ........ .. . 
(64) Outflow used-Gross .. ............... .. . ... . . 

Superior Michigan- Erie 

602·93 
1,129 

-3 
1,126 

1,115 
11 
11 

124 
50 

1,126 

1,027 
39 
39 

1,126 

1,076 
50 
50 

50 

50 

50 

50 

1,129 
9 

1,138 
50 

1,088 
602·82 

1,088 
602·82 

50 

Huron 

581·30 
1,777 

68 
.1,845 

1, 781 
64 
75 

222 
150 

1,845 

1,734 
111 
150 

1,845 

1,791 
54 

104 

1,845 

1,745 
100 
150 

150 

150 
1 ,777 

118 
1,895 

100 
1,795 

581·34 

1, 795 
581·34 
150 

5'12 ·79 
442 

66 
508 

435 
73 

148 
260 
176 

508 

436 
72 

176 

508 

474 
34 

184 
442 

65 
507 

34 
473 
573·07 

473 
573 ·07 
184 

Ontario 

246·60 
326 
75 

401 

338 
63 

211 
211 
200 

401 

374 
27 

211 
326 

62 
388 

27 
361 
247 ·02 
215 
211 
213 

2 
359 
247 ·01 
213 

Total 

3,674 
206 

3,880 
3,062 

818 
211 
200 
211 

3,669 

2,971 
150 

2,821 
2,408 

282 

1,126 
50 

1,076 
950 

1,076 

2,403 
176 

2,227 
1,826 

1,895 
150 

1,745 
1,458 
1,745 

1,059 
211 
848 
654 
848 

3,674 
254 

3,928 
211 

3,717 

3,715 
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total torage in the lake f3Y tern if all lake were fil'led to the hiO'h ~t afe tage 

for th?t month. Line (6) the difference between lin ( 4) and (5) i the out

flow "-hich would be nere ... :ar. from the lake f3y. tern to have ju :t ufficient 

storage in the y tern at the end of the month to bring all the la.k to tJhei.Jr 

highest afe stage. In line (7) i~ enteTed the maximum fio" of the t. Lal'nrence 

river for the ele\ ation of lake Ontario at. the beO'inning of the month, a indicated 

by plate 4, and in line (8) the minimum flow for the scheme of regulation tmder 
con ideration. A compari...on of the figure .._ in line. (6) and (7) hvw that it 

is not possible to draw all the lakes down to their highest safe stage in this 
month, and therefore the neare t po .. ,jbJ.e re_ult to thi .. will be obtained or the 

outflow selected line (9) "ill be the maximum pos.ihle a._ entered in line (7). 

If the figure in line (6) had been le.._ . than 200. the minimum flo" of 200 would 

ha Ye been u ed in line (9). and if beb\ een 'the maximum and minimum, i:Jhe 

outflow in line (6) "ould be u ... ed in line (9). 

119. In the la .. t column of line (10) i entered the total storage remaining 

in the y tern at the end of the month if the outflow "' elected (211 thousand 

econd feet) were withdrawn. Thi... L di tributed beh\·een the lak 3'c.cording 

to diagram. a plate 7 one for each month whi h 8how the . torage in each lake 

which for any given total ... torage will brinO' aU of the Lak to the ame 

relative "'tage. From plate 7 with 3669 a ... the total ..,torage is found the ""torage 

in each of the lake shown in the other column of line (10). The values of 

the torage corr ponding to the critical point on the torage di tribution curves 

are given in Table 17. All cun e cro through t.he origin of co-ordinate a. plate 

7. The values of net outflow from each of the lakes, line (11), which will bring 

about the de ired di.Aribution of , torage. are the difference between the value 

in lin ( 4) and (J 0) and line (12) give,_ 'the gro outflow, or the ummation 

of net outflow . In line (13) and (14) are entered the maximum outflow pos ible 

in the interlake channel with the enl·ar!remen and control work and with the 

tage of the variou Lake. the first of the month. In ea e of ice retardation 

in the St. Clair River, the ... ame per cent of reduction "a. applied to the 

maximum unobstructed discharge with the enlargement a occurred in the 

natural river. In line (14) are entered the minimum allowable flows, for the 

system of regulation under consideration. 

120. By comparing the value in lin ~ (12) (13), and (14) it will be seen 

that to secure the desired di tribution of torage, a flow le than the minimum 

allowable would be nece ary out of lak ... uperior l\1ichigan-Huron and Erie, 

and 1ines (15) and (16) cannot be u ed in thi ea e. It i nece ary therefore 

to ~ecure a nearly a po ib1e the de~ired di tribution with the limitations of 

outflow. The difference between the de ired and allowable flow i greate t in 

the Michigan-Huron outfloiV, and it therefore is probably a controlling relation. 

Lines (17) to (23) treat lake uperior and l\1ichigan-Huron a a eparate system, 

in the ame manner as the whole lake y tern was treated in lines (14) to (14), 

u ing the appropriate ca,le of ordinate on the right ide of the ~torage di tri

bution diagram (plate 7). The value in line (17) are the individual torage 

of the lake of the Superior-l\1ichigan-Huron ~ tern from line (4), and the 

inflow from lakes above (in thi ea e zero), the urn of them being entered in 

the la t column. The value in line (20) ha no ignificance in thi ea e, but has 

in cases where the storage in the y tern i near that required to fill all the lakr,s 

to their highe t safe torage. The value in line (23) how that to bring 

Michigan-Huron and Superior to the ame relative tage at the end of the 

45827-7! 
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month would require a flow les than the minimum a·llowab1e out of Lake 
Superior. Lake Superior is therefore treated a a separate system in lines (24) 
to (30), and a trial computation made in lines (31) to (37) shows that if lakes 
rv1ichigan-Huron and Erie are brought to the same relative elevation with the 
minimum outflow neces~ ary from Lake Superior, the outflow from Lake Michigan 
·would be below the allowable limit. Lakes Michigan-Huron are therefore treated 
as a eparate system in lines (39) to (44), using the minimum al1owab1e out
flow, and •lines ( 45) to (51) show that with this outflow lakes ETie and Ontario 
can be brought to the same relative tage within the limitations of outflow from 
lake Erie. To obtain the nearest po sible re ult to the highest safe stage in 
all the Lakes with the probable inflow for the month and with the flow 
limitations of the interlake channels and the St. Lawrenee river, it is therefore 
neces ary to take the minimum allowable flow out of Lakes Superior and 
l\1ichigan-Huron and 184,000 econd feet from Lake Erie, and the maximum 
possi'ble out of lake Ontario. The regulating gates would therefore be held 
during the month to give flow of 50,000 . second feet from Superior, 150,000 
second feet from Michigan-Huron, 184;000 "econd feet from Eri·e and 211,000 
second feet from Ontario. With the e outflow , and the 1ocal inflows entered in 
line (53) which actually occurred during the month, the 'storage in each ~ake 
and the stage at the end of the month is computed on lines (56) and (57). 
A correction is made in lines (58) to (62) on account of the increase which is 
possible in the outflow of rake Ontario due to the increase in stage in that lake 
during the month. In 1ines ·62) to (64) are entered the storage and stage at 
the end of the month and the gross outflow from all the fakes. 

121. The example given above represents one of the more .difficult cases and 
involves much more computation than the average. Large-sca..le diagrams were 
used to how the storage distribution relation for the various months, of which 
plate 7 illustrat-es the princi'Ple. The nurr1erical work contains a very complete 
series of checks which reduce the probability of error to a minimum. 

122. RESULTS SECURED· The lake 1evels and outflows resulting from this 
ystem of reguJ.ation are giv·en in tables 9-12 and aTe shown graphically on 

plate 8 and 9. The re ult are be t summarized, however, on plates 10 and 11, 
which give the relative length of time at which the level" during the navigation 
sea on, and the discharges throughout the year, would be realized. 

123. EFFECTS ON LAKE LEVELS. In evaluating the beneficial effects of 
:Degulation on lake level it i misleading to deal with the· absolute minimum 
levels reached. Present bulk-cargo lake commerce, with its short voyages and 
Lighly organized manag€1lllent, is benefitted by a ri e in the mean levels of the 
lake to almo t a great a degree a by a ri e in the minimum ·levels; and even 
commerce entering the lake from the ea, as a con equence of the improvement 
of the St. Lawrence, will not be vitally concerned with low levels which rarely 
occur. The ba is of compari on adopted is therefore the l-evel below which, on 
the basi of pa "t experienc·e a lake wHl not fal'l during more than 2 per cent of 
the time. 

124. The foHowing tabulation ~ives, on this ba is, the range of levels of the 
various lakes, during the navigabon season, which would be secured by the 
program of regulation described, during the period from 1894 to 1925, as com
pared with the range, on the ame ba is, that the lake levels would have had 
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during the ame period \'\ ith the outlet in their pre ent condition and with the 
present diversions (and a total diversion of 5,000 cfs. through the Welland 
Canal):-

Regulated 
Lake 

Unregulated 

Highest Low Range Highest Low Range 

feet feet 
Superior . . .. .. .............. 603·7 601·3 2·4 603·8 601·0 2·8 
Michigan-Huron .... ........ 5 2·5 5 0·1 2·4 5 1·8 578·3 3·5 
Erie . . ...... ............... . 574·3 571·5 2·8 573·8 570·5 3 ·3 
Ontario ....... . ... . .. . ..... 248·6 245· 2· 248·4 244·2 4·2 

125. Since the level of the lakes can be rai ed equally well by compensat
i1lg work to the maximum attained by thi y tern of regulation, without 
increa~ing the pre ent range between maximum and low age , the advant.age 
of regulation from the tandpoint of navigation, lie in the reduction in the 
range of stage. This is as follows:-

Su:verior.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 . 4 feet 
1.1 " 
0.5 " 
1.4 " 

hli~higan-Huron : ........................... .. 
Er1e ........... ............... · · · · · · 
Ontario.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

126. Taking the whole period from 1860 to 1925 on the a umption that 
the maximum tage under regulation would occur in 1870 or 1876, the total 
fluctuation of stage in the regulated and unregulated condition is:-

Lake 

Superior ... ....... . ...... .. .............................................. . 
Michigan-Huron . ........ . ................ .... .. ......................... . 
Erie . ... .... . ........ . .. . ......... . ..... . . . ······························· 
Ontario . . .... ............ . ............................................... . 
Weighted average ..... ...................... .. ........................... . 

Total fluctuation 

Regulated 

3·41 
3·52 
3·29 
3 · 3 
3·47 

nregulated, 
with pre ent 

diversions 
and outlets 

3·54 
4·92 
3·53 
5·54 
4 ·35 

127. In paragraph 68 it was hown that a tudy of the mass curve of supply 
indicated that a minimum outflow of 200,000 cf . could be maintained with a 
fluotuation of 2. 0 feet on the lakes. The difference between thi figure and 
the average fluctuation of 3. 47 re ulting from the detailed program of regulation, 
i · due to the limitation impo ed by the di charge capacitie of the outlet. 

128. EI<'FECT ONo TFLOW. An examination of plate 11 shows that the result 
of applying the program -would have been to hold the outflow down the t. 
Lawrence to the minimum of 200,000 cf . for nearly half the time in order to 
build up lake level . The unregulated flow falls below 200,000 cf . for a very 
small percentage of the time, but exceed that figure mo t of the time. A 
detailed analy is of the effect of the regulated flow on the low water levels of 
... 1ontreal harbour during the period 1913 to 1924 confirms the general analysi 
given in par. 110 that the program would lower the ordinary low water level 
by approximately one foot. It i apparent moreover, that the result ecured 
would be unfavorable rather than beneficial from a power standpoint. A 
similar condition would be created in the Niagara river by the scheme studied. 
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DESIGN AND COST OF REGULATING WORKS 

129. The design of regulating work that will atisfactorily meet ice condi
tion in the Niaga.ra river, and will accomodate the great volume of hipping in 
the St. Clair river, offer many complication . The de igns forming the basis of 
the e timate of the eo t herein pre ented are intended to afford only a reliable 
indication of the minimum eo t which might be incn~ased materially by elabora
tion deemed nece ary to meet the unu ual requirements. 

130. vVORKS I ST. CLAIR Rn ER. Becau e of the delay which locks would 
eau e to the heavy traffic on the St. lair and Detroit rivers, it i desirg,ble to 
control the flow in the e river by ome mean in which they are not required. 
The · tudie and e timate of eo t indicate that ufficient control may be obtained 
by channel contraction to ecure ub tantially a good resu'lts in lake control at 
about the ame eo t as would be po ible with locks and dams. The method of 
re tricting the outflow in the St. Clair riv·er wa to ·select a location where the 
river wa divided into t" o or more channel by i lands, placing control gates 
acTo all but one chann 1, thu allowing the navigation to pas unobstructed 
through this channel. By clo ing the gate the entire flow could be forced 
through the one channel, which would r trict the flow. Where natural divisions 
in the river were ab ent or in uffici·ent, they were artifically constructed by 
longitudinal dikes. 

131. POINT EnwARD BY-PASS. To provide additional discharge capacity in 
the St. Clair river, a by-pa channel was provided around the Port Huron 
rapids at the town of Point Edward, where the St. Olair river leaves Lake Huron. 
The channel would extend from the Point Edward range lights at the hea;d of the 
"t. Clair river to arnia bay, and along the we t ide of this bay entering the 
St. Clair river at Bay point. It would have a length of about 8,000 feet; a 
bottom width of 700 feet, and a depth of 35 feet. Investigation showed that a 
greater increa e in · ize would not ecure ufficient increa e in St. Clair river 
flow to ju tify the additional eo t . The control work would consist of concrete 
floor, piers, and a·butment with Stoney luice gate . As it would be neces ary 
to provide railroad and highway acce to the dock to the west of the canal, 
the control works would be combined with a railroad and a highway bridge. 
vVith all the gate open, thi by-rpa would increase the flow in the St. C!tair 
river by about 8,000 cf . The total co t o.f the canal and control works is 
e timatcd at $2,770,000. 

132. STAG IsLA D Co TRACTIO r. The fir t contraction works would be 
located at Stag Island, near the town of Marysville, about 8 miles below Lake 
Huron. The length of Stag I land is in ufficient to give the desired reduction in 
flow, and dividing dike would be extended from the upstream end of the island 
to oppo ite the town of South Park, and down tream from the lower end of the 
i~land to Oakland Dock, about 2,400 feet below the mouth of Pine river, near 
the town of St. Clair, the total length of river thu divided being about 46,000 
feet, or lightly more than 8 mile . The control gates would be located across 
the channel ea t of Stag i land, and were similar to those on the Point Edward 
Canal. Navigation would pa through the we t channel, which would hs.ve a 
minimum width of 1,080 feet. To prevent the enlargement of this channe1 by 
the higher velocitie whi,ch would result fro.m clo ing the regulation gates, rock 
sill 10 feet wide and 3 feet average thickne · could be placed on the bottom 
extending acro the river at lOO-foot interval . The Stag i..Jand control works 
a ... thu outlined, with no deepening of the pre ent channel would increase the 
·tage nece ary in Lak Michigan-Huron for a di charge of 180,000 cfs. by 
1. 54 fer.t and would co t about $10,120,000. 



St. Lawrence Waterway Project 103 

133. WooDTICK I. LAND CoNTRACTION. The econd control would be at 

Woodtick I land, near Marine Cjty, about 22 miles below lake Huron. At this 

point the flow to the eant of the i land i o mall hat clo ing it off would eau 2 

little effect, and a dividling dike would be built in the west channel -extending 

the entire length of th-e control work from a 1p0int oppo ite the center of l\Iarine 

City to a point oppo ite the plant of the Michigan Sault Manufacturing Com

pany, a di tanc-e of about 11,000 feet. Two control gate structure would be 

nece ary, one extending from the dike to W nodtick Island and the other acro 

the channel ea t vf thi i land. The e wouUd be imilar in construction to tho e 

designed for the Point Edward Canal. The channel to the west of the dividing 

dike would be protected again t enlargement in the same manner a propo ed 

for Stag i land. The minimum wic:Lth of the navigation channel i 1,040 feet. 

The co t of thi control i estimated at about $3 730,000 and the effect in the 

lake would be about 0. 51 foot. 

134. CoNTRACTION AT DELTA. Near the to\"\ n of Algonac, the St. Clair river 

divides into a number of mouth which pa through a delta into lake t. Clair. 

Where the river divides into two channels, control works would be built across 

one branch by which more water coulld be forced through the other (the .. outh 

channel), thus increa ing its lope and reducing the total di charge of the river. 

Since thi channel i omewhat narrow, but mu t carr all the through navigation 

of the St. Clajr riYer, and becau e of the ea ily eroded character of the soH, the 

:1mount of water forced through thi branch would be limited to that which 

would produce a mean velocity of 3 feet per econd. To prevent enlargement, 

sills of loose rock, averaging 10 feet wide and 3 feet thick, would be placed 

acro the channel at 200-foot intervall . Thi mouth contain a ·bad bend, 

which would be cut off by a channel of 600 feet bottom width. The e timated 

eo t of the works i $6,150 000 and their effect on the level of Lake Michigan

Huron i~ 1 . 25 feet. 

135. ince all the other mouth are cut off from Lake t. Clair by bars 

which have formed at their outlet into thi lake, the control work acro s their 

upper end would cut off the acce of boat to them. A 200-foot channel "ould 

therefore be excavated through one of the e bar to let navigation pa~s up 

through one of the e mouth and from it into the other.., which are cut off. 

136. SuMMARY, ST. CLAIR RrVER. In ummary the contraction works 

designed for the control of the t. Clair river for complete regulation, and their 

effectiveness in feet of fall, are a follows:-
EstimateJ Increased 

Location cost head 

Stag Island. . . . . . . . . . . . . . . . . . . . . . $10,120,000 1. 54 

Woodthick Islaud.. . . . . . . . . . . . . . . 3,730,000 .51 

Delta. . . . . . . . . . . . . . . . . . . . . . . . . . 6,150,000 1. 25 

Total. . . . . . . . . . . . . . . . $20,000,000 3. 30 

The works could be operated to reduce the outflow from lake Huron by roughly 

JO per cent when o de ired. 

137. The total length of the contracted channels in this cheme of control, 

counting the delta channel as 7 miles in length, i 18 mile , and the success 

of the scheme depend on preventing an enlargement of their section with the 

jncreased current velocitie created by the contraction . The estimates provide 

for what is regarded a ample protection of the bed again t cour below a depth 

)f 30 feet, but there is no precedent for determining the extent to which this 

protection would have to be carried. 
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138. ALTER ATIVE PLA T OF DAM WITH LocKs. An alternative is to con-
truct control gates with lock at a suitable point in the river. Since a minimum 

flow of approximately 140,000 cf . mu t be maintained, the gates need not 
entirely close the river, and a navigable pa could be left through which the 
lighter shipping could pa down tream. It is not believed that the lake cargo 
freighters (which are normally carrying their full loads downstream) could use 
such a pa s, and the lock hould be ufficient to pa all ves els of that class. 
In 1925, the total number of steam-ve el pa ages through the St. Marys falls 
canal , exclusive of tug , yacht , etc., wa 18,718. The number of vessel pas-
age - through the Detroit river during the same year was 18,146, exclusive 

of and carriers and pa enger steamer , tug , yachts, etc. The lock capacity 
provided in any works in the St. Clair river hould be at least equal to that 
which has been found n~ces ary at the St. Marys falls canals, which is a 
capacity to pass six lake freighters simultaneously. Three double-length 'locks 
would therefore be required. The co t of the lock , approaches, dam and pass 
is estimated at not le than $30,000,000. 

139. The average time required in 1925 for pa age through the United 
States canal, including one loek and li miles of canal, was 1 hour and 9 
minutes. The average time, up and down bound, to pass through the canal is 
17 minutes. The average time of lockage only, including delays, is therefore 
52 minute . The average freight carried per ve el passage was 4,370 tons, and 
the average rate per ton-mile was 1. 08 mill . Assuming that a delay of 52 
minutes i equivalent to 9- miles of travel, the average cost per vessel passage, 
light and loaded, in terms of revenue producing capacity of the vessel, becomes 
$42, and for 18,146 ve el passage $762,000 per year. The economic loss 
would increase with increa ing traffic on the waterway. This economic loss 
would ju tify heavy maintenance co ts on an open-channel scheme. Despite 
the uncertainty of the latter, it has been con idered advisable to present it as 
a ba i for regulation works. 

140. WoRKS r NIAGARA RIVER. The works designed for controlling the 
outflow of lake Erie "'ere located at the upper end of the Niagara river at 
Buffalo. A longitudinal dike would be built in the river, extending from Bird 
i land, opposite the Buffalo Water Work pumping station, down the river to 
Ferry street, a distance of about 7,000 feet. It would be roughly parallel to the 
pre ent dike along the we t ide of the Black Rock canal and would be on the 
average about 700 feet farther out in the river. It would reduce the minimum 
width of the river from approximately 1;600 to 1,000 feet. At the upper end 
of this dike, Stoney gate control works would be located by means of which 
the flow through· the channel in ide the dike could be shut off, thus reducing 
the flow out of lake Erie. To increa e the outflow, 4,300,000 cubic yards of 
rock from the controlled channel and from Limekiln reef opposite its upper 
end would be excavated. The maximum hold-back capacity of this control 
on lake Erie as compared with present condition would be 2. 50 feet, and the 
increase in discharge which is possible a a result of the excavation is 40 000 
cf . The cost was estimated at $13,650,000. ' 

141. Much of the excavation could be done more economically by using 
the longitudinal dike as a cofferdam. However, it would not be possible to 
entirely clo e off the entire area at once, a thi would raise Lake Erie toe 
high; but another cofferdam could be built fir t between the location of the 
longitudinal dike and the bank, and a channel excavated behind this. This 
channel could then be opened, the longitudinal dike built, and the rock between 
the first cofferdam and the longitudinal dike excavated. 
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142. SUMMARY. In summary, the estimated eo t of the works required 
for the program of complete regulation i a follow :-

Niagara ri>er. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
t. Clair river cor,trol works. . . . . . . . . . . . . . . . 

Point Edward by-pass. . . . . . . . . . . . 

Total ................... . 

$13,600,000 
20,000,000 

2,800,000 

$36,400,000 

143. It is of intere t to note that the e timated eo t of the work proposed 
by the Engineering Board of Review for the Chicago Sanitary District, as given 
by l\1r. John R. Freeman in an appendix to that report, i a follow :-

Works in iagara river .. 
Works in St. Ulair ri\·er .. 

'.fotal. . . . . . . . . . 

$ 8,174,000 
25,312,000 

$33,486,000 

These estimates do not include howe' er, certain protective work in the 
Niagara river, nor the enlargement of it di charge capacity required for effect
ing its regulation in the lower range of le' el now found nece(l ary, and the 
provision made for navigation in the t. Clair river may be criticized as inade
quate. 

144. Co:MPARATIVE CoT OF CoMPE SATING WoRKS WITH DREDGING. In 
comparison the co t of ecuring the ame increa e in the navigable depths of 
the channel and harbour of the lake affected by compen ating works sup
plemented by dredging; L hereinafter hown to be as follow 

Cost of compenf'ating works. . . . . . . . . . . . . . . . . . . . . . . . 
Additional co t of dredging lake channels. . . . . . . . . . 
Additional co t of dredging harbours .... 

Total .... . .................... . 

$ 3,400,000 
5,000,000 
5,000,000 

$13,400,000 

145. CoNCLUSIONS. In view of thi bowing, the con truction of regulat
ing works a a mean for improving navigation is regarded as economically 
unju tifiable. It therefore ha been con idered unnece ary to give to the 
de .. ign on which the above e timate are ba ed the earching tudy that would 
be required if their con..,truction wa to be recommended. 

146. biPROVEl\-IE" T Po IBLE 1 THE PROGRAM FOR Co).IPLETE REGULATION. 
-In view of the di a'Ppointing re._ ult attained by the program for reguJation 
that wa .. te ted, a tudy wa made of the po ibility of a program that would 
yield better re u1t . It i found that the "maximum afe tages" cho en on 
1\llichigan-Huron and Erie in the preceding study were somewhat too conserva.
ative, and that the level on 1\Iichigan-Huron could have been rai ed 0. 3 foot, 
and on Erie, 0. 4 foot, without rai ing the regulated high-water level above the 

natural high-water level~. Thi would not change the rano-e in tage, except 

in so far as the increased discharge capacity due to the higher le' els might. offer 
the mean for a reduction. Analy i of the critical period how that the effect 
on the range would be trifling. A reduction in the capacity artificia•lly provided 

in thP Niagara would become permis ible, but further works in the St. Clair 
river would be required to secure the increa ed stage , the saving on the one 

hand and the co t on the other about balancing each other. The minimum 

discharge of 150,000 cfs. set for the St. Clair River (except when in winter 
the natural dLcharge i les ) i at a few hort cribcal period a little more than 

is necessary to afford the minimum di charge set for the Niagara; but a reduction 
in flow during the e "hort period would effect but a trifling improvement in the 

• 
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low levels of Michigan and Huron. By reducing th€ mm1mum set for the 
discharge of the St. Mary's River the range of stage on lake Superior could be 
decreased at the co t of increa ing the range on Michigan-Huron, but no material 
advantag<e would result therefrom. 

147. An entirely independent program of regulation, ba. ed on fixed rule
curve for determining the regulated monthly outflow , was tested over a portion 
of the period and found to give ub tantially the same results as those secured 
b) the more elaborate progra-m that ha been described. 

148. FinaLly, it may be noted that the re"ults secured are not out of Ene 
with those predicted from the cheme of regulation advanced in the report of 
the Engineering Board of Review for the Sanitary District of Chicago. Putting 
the upper limit of the normal range of level suggested in that report at the flood 
levels found in paragraph 100 of this report, the normal regulated low-water 
level of the lakes under the two schemes become as fol'lows :-

Lakes 

Superior ...................... . ........ . 
Michigan-Huron. . . . . . . . . . . , . . . . . . . . . . . . . . . . 
Erie ................................ . 

Regulation pro
posed by 

Engineering Board 
of R eview fol' 

Chicago Sanitary 
District 

601.1 
579.7 
572 . 4 

Complete pro
gram of regu
lation studied 
in this report 

(corrected as in 
par. 144) 

601.0 
580.4 
571.8 

The higher .level ecured in the one cae,e on lake Erie is at the expense of a 
-lower level on l•akes Michigan-Huron. The comparison is not satisfactory, since 
it c.ompare" " normal " tages, which may not mean the ame thing in the two 
cases; but this Board has not the detai-led tabulation of the levels under the 
program of regulation had in view by the engineers for the Sanitary District 
on which to · ba e a more exact comparison. \Vhile the program indicated by 
them afforded a higher minimum flow to the Niagara River, it did not take into 
consideration the limitations that must be imposed on the discharge through the 
St. Lawrenc..e. 

149. The program for regulation was ba ed, a is u ual, on maintaining a 
fixed dLcharge -each month. determined by the lake l.evels at the beginning of 
the month. It has been thought that materially better results could be secured 
if the discharge were varied during the month in accordance with the ·lake 'levels 
that actually developed during the month. An examination of a few criticU~1 
periods indicates,. however, that the improvement would be slight. The differ
ence between the •a·ctual and expected supplies may indeed resUJ.lt, in rare cases, 
in .lake level's at the end of a month differing as much as six inches from those 
predi·cted at the beginning of the month. The extreme high levels are, however, 
the re~mlt of a period of high supply lasting for several months, during all of 
which the program for regulation would provide the maximum ai:lowable dis
charge. The best tha.t could be done by adju~ting the discharge to the levels 
during a month would be the tarting of the maximum discharge say two weeks 
earLier. Since high di charges are put in effect a the lake levels approach the 
maximum afe stage 1 the gain by tarting the fuH maximum permis"ib'le dis
charge two weeks earlier would be very small. Si·mHarly, e~treme low levels 
occur at th-e end of long periods of low supply , during which the regulated 
discharge is held down each month to the permissible minimum in any event. 
The actual experience with the regulation of lake Superior confirms the con
clu ion that no material improvement could be realiz-ed by the refinement of 
changing the di charge during a month. 

Ab,., L,i..,a' 
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150. REGULATION WITH PARTIAL CoNTROL OF THE ST. CLAIR RIVER.-In view 

of the great cost of works in the St. Clair river, required to effect the degree of 

control over its flow, neeessary to the complete program of regulation herein

before described, and the uncertain tie a to the co, t of preventing the enlarge

ment of the many mile of contracted channel in the St. Clair river contemplated 

by the design, with con equent los of effectivene , a program of regulation was 

worked out which could be put in effect with le s extensive works. 

151. The works in the St. Clair river, contemplated in the modified scheme, 

are control tructure at tag i land (8 miles bel'Ow the hea>d of the river) and 

at Woodtick Island (22 mile below the head of the river). The works at Stag 

i land are imilar to tho e propo ed at thi ite for complete control (par 130), 

but the longitudinal dike extend only to the ends of the natural bar extending 

up and down stream from the island, giving a total length of 17,000 feet of con

tracted channel. Their e timated cost is $2,560,000 and their effectiveness, with 

the gates clo ed, i. mea ured by 0. 50 foot of head on lake Huron. The works 

at Woodtick i land are identical with tho ... e propo~ed for complete control (par. 

131). Their estimated co"'t i $3,730 000 and their €ffectiven i measured by 

0. 51 foot on lake Huron. The total eo t of the work i therefore $6,290,000 a,nd 

theill' total effectivene i 1. 01 feet on lake Huron. The clo inng of the gate 

at both works would reduce the di charge capacity of the St. Clair-Detroit 

river by roughly 10 per cent. 

152. The contemp'latecl work~ for the Niagara River are imilar to .tho e ·con

sidered for regulation with complete control of the St. Clair river ( ~ ee :paragraph 

140), but with less outlet enlargement. The enlargement proposed requires the 

excavation of 2 100 000 cubic yard and give an increa e in di charge ca.pacity of 

25 000 cf , a compared ·with 4,300 000 C'Ubic yard and 40,000 cfs in the com

plete control ch€me. The co t i estimated at $8,575,000. The e works if 

continuou ·ly clo"ed would rai e lake Erie 1 . 25 feet. 

153. The program of regulation i ba ed on the "ame limitations a to 

minimum flow and floDd level a governed that for complete regulation. The 

operation of the gate wa howe' er, ba ed on et rule curve , in tead of budget

ing the water between the lake . The. e rule were in the form of diagrams as 

, hown on plate 12 to 15. Plate 12 the diagram for lake uperior outflow gives 

the number of gate" in the control work at t. Mary fall which hould be 

opened during each month for he 'ariou tage in the lake on the fir t of the 

month, and curve hawing the di charge which uch gate opening would pro

duce. Plate 13 give the rule by which the gate of the Stag and Woodtick 

I land contrDl in the t. Clair river would be regulated, and diagram , bowing 

the di charge of the t. Clair river fDr the variou tage in lake Huron and 

Erie, with all the gate of the e two control both open and clo ed. The ame 

per cent of retardation from ice wa a umed for the controlled flow a exi ted 

for the natural flow. Plate 14 and 15 give the di charge to be allowed during 

the month for the variou tage on the first of the month in the Niagara and 

Bt. Lawrence re pectively. 

154. This system of regulation materially changes the outflow of lake 

Superior·, reducing the flow in the earl part of the ear and ub tantially 

increa ing it in the fall. Thi eau e the lake to ri e mDre rapidly in the early 

part of the year, and thu produces greater depth in the lake; and the increased 

ftow in the fall reache lake l\1ichigan-Huron at a time when their level are 

beginning to drop, and thus tends to keep them up. Looking from a different 

angle, it may be said that the heavy inflow into lake Superior take place later 

• 
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in the year than in the other lake . By reducing the outflow during the first 
part of the year lak£ Superior i made to ri e more nearly synchronously wit.h the 
other lake , and by di charging larger quantities in the latter part of the year, 
the falling levels are also more nearly synchronized. This tends to keep the 
depths of water in the navigation channel of all the lake more n_~arly the 
same. 

155. The application of the rule curves of the St. Clair river, is such that 
over long periods of years the gates remain closed, except for an adjustment 
period immediately after completing the work. Two of these long periods are 
1863 to 1874, inclusive_J and 1889 to 1903, inclusive, 12 and 15 years, respec
tively. 

156. RESULTS SECURED BY REGuLATION WITH PARTIAL Co TROL oF THE ST. 
CLAIR RIVER. The lake level and discharges secured by this less completr. 
contml are hown in table 9 to 12 and are hown graphically on plates 16 to 19. 
The results are ummarized in the duration curves shown on plates 10 and 11. 

157. Eliminating as before the low levels occurring less than 2 per cent of 
the time, the range in level during the navigation seasons in the period between 
1894 and 1925 would have been a follow , had the ystem been in effect during 
that period:-

Lakes 

Superior ........ ..... .. . ... ... .. ... ............ . ........ . . .. .. . .. . 
Michigan-Huron ...... ...... .. ... . .. . ... . . ..... . ...... ...... . . ... . 
Erie . . .... . ...... . ........... .. .. .. .. .. ... . . . . . .. ~ - . ... ... . .. . .. . 
Ontario ..... . .. ..... ... .. .... .. .. . ...... . . ..... . .. ...... . . .. .... . 

High 

603·4 
582·3 
574·5 
248·0 

Low Range 

600·6 2·8 
579·2 3·1 
571·3 3·2 
244·6 3·4 

158. These ranges compare as follows with those heretofore found (par. 124) 
for comp}ete regulation and for the unregulated flow through the present out
lets:-

Lakes 

. 

Superior ... . .. .. . .. . . .............. . .. . ... ..... ... . .. . ....... . . . . . 
Michigan-Huron ........ . . .. .... .. .......... . ........ . . .. ..... . . . 
Erie . . .. . . . .................. ... . . ......... ..... .... . . . . . ..... .. . 
Ontario ..... . ...... . .... . ...... . ........ .. .. . ... . . .... . . ..... ... . 

Range in stage, 1894-1925 

With With partial Unregu-
complete control of lated, with 
regulation the St. Clair present 

2·4 
2·4 
2·8 
2·9 

River outlets 

2·8 
3·1 
3·2 
3·4 

2·8 
3·5 
3·3 
4·2 

159. As compared with the results secured by compensating works, tht: 
system of regulation with the works propo ed for the partial control of the flow 
of the St. Clair river would afford, therefore, but 0. 4 foot gain in the low lev£1~ 
on lakes Michigan-Huron and 0.1 foot on Erie, if the high levels were rai ed to 
the ame elevation in the two ea e . 

160. A in the ea e of complete regulation thi sy tern would increase some
'Vhat the minimum di charge of the Niagara and St. Lawrence rivers, but would 
prolong the period during which low discharges occur. The irregularity intro
duced in the flow of these rivers would not be nearly as far reaching as in the 

• 
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cn.s~ of the complete system of regulation. The effect on the ordinary levels of 
~1ontreal harbour a te ... ted from 1914 to 1924 would be a reduction of a few 

tenths only in the harbour level . A light modification of the rule curves would 
remPdy this effect. 

161. WoRKS IN ST. CLAIR RrvER ONLY. The Board ha con idered a ug

ge tion made by Mr. M. G. Barne Chief Engineer, Divi ion of Waterway 

State of Illinoi that work imilar to tho e ju ... t di cu sed be constructed in th~ 

St. Clair river onl for the purpo e of rai ing the low water tages of lakes 

Michigan-Huron without rai ing the high-water level corre pondingl}. The 

control over the flow in the St. Clair river ecured from the works suggested 

would P..ot be far clifferent from that ecured from tho e propo ed for the 
modified program of regulation pu t con idered. If the e work were operated 
a' proposed in that program to hold back water when it could be spared from 

lake Erie, the gain in the le\ el of l\1ichigan-Huron could not exceed that found· 

from the modified program described, amounting to a few tenths only in excess 
of the gain that can be provided by compensating work . It mu t be recollected 

that to rai e lakes l\1ichigan-Huron one inch in a month it would be neces ary 

to hold back a flow of 40 000 cf . during that period and that thi would lower 

the level of lake Erie by 4-1 inc.he . 

162. The pre ent natural retardation of the flow of the St. Clair and Detroit 

rivers by ice gorging in winter en es to rai e the level of lakes Michigan and 

Huron; and, since it occurs just prior to spring ri e in Erie, does not reduce the 
minimum navigation level on the latter. ince the amount of winter retardation 

varies from year to year the thought has occurred to engineers who have given 
lake level long tudy, that it would be useful to provide artificial work to 

insure thi retardation when nature fail to effect it. A tudy of the dLcharges 
of the St. Clair river under the prorrram for complete regulation, hown on plate 

8. di clo es that thi i ub tantially the effect brought abDut by that program. 
But to bring it about it i nece ary to con truct very elaborate and expcn ive 

works on the St. Clair. The re ult that can be secm·ed from less comprehensive 
work , which will at the ame time afford free channel of the capacity required 

for navigation are indicated by re ul predicted under the modified program of 
regulation hereinbefore di cu ed and would amount to a gain in the level of 

lakes Michigan and Huron exceeding by only a few tenths of a foot the gain that 
can be provided by fixed compen ating works. 

163. CO:MBI -ED REGl!LA.TIO. - OF LAKES ERIE A- D o_ -TARIO. An attempt was 

made to devise a program for the regulation of Lake Erie that could be put in 

effect in conjunction wi h the required rerrulation of lake Ontario to the mutual 

advantage of the level and outflow of the two lake . It wa found, however, 

that the program arrived at after con iderable tudv increa ed the maximum 

ran,ge of stage on lake Erie and the fluctuation in it di charge while at the 

same time the regulation of lake Ontario that could be ecured with the altered 

flow from lake Erie wa~ not a beneficial a that which could be ecured with 

the natural flow. The rea"on for thi ..... eeming anomaly i not difficult to dis

cover. The pre ent natural dLcharge from lake Erie to lake Ontario increa es 

gradually a lake Erie ri e , and decrea es gradually a it falls. Extreme 

fluctuation.s in Erie are therefore checked "bile at the ame time lake Ontario 
is not subjected to violent change in inflow. It i not difficult ·to work up a 

program that would improve the pre~ent jtuation during a given equence of 

unusually high or low upplie to the two lake ; but if uch extreme · happen to 

occur in a differen.t sequence, the program i apt to aggravate rather than to 
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improve the situation. To devi e a program that will best meet all extremes 
that have occurred is no "mall task; and it i well to recollect that such a 
program might not meet the combination of extreme conditions that may occur 
in the future. In any event: the only po ible way by which the presen,t 
fluctuations in the level of lake Erie can be reduced is by intensifying the 
fluctuations in discharge, and ~uch cour e cannot erve otherwi e than to render 
the regulation of Ontario more difficult in the long run and to decrease the 
benefits derivable from the regulation of that lake. 

164. REGULATIO OF LAKES MICHIGAN -H RO AND ERIE FOR THE BENEFIT 
OF PowER. DEVELOPME TT. The schemes for regulation of these lakes heretofore 
considered have been directed primarily to reducing the range of fluctuation of 
lake levels, in order to raiBe the low level for the benefit of navigation without 
raising the high levels to the detrim€nt of the citie and towns on the lake 
shores. It has 'been seen that the re ults attainable are small in, relation to the 
cost of the works necessary to produce them. While it is true that the systems 
proposed effect at the same time a small increase in the absolut€ minimum flow 
av.ailable in the power reache of the Niagara and the St. Lawrence, yet the 
systems greatly prolong the period during which low discharges occur. 

165. A study of the levels and outflows resulting from the program of com
plete regulation, shown on plate 8 and 9, indicat€s that during the period of 32 
years covered by the diagrams, a minimum flow of about 215,000 or 220,000 cfs. 
could have been maintained into the St. Lawrence (except during such times in 
winter as such .a draft might be inadvisable due to ice conditions), and a 
minimum flow of 186,000 cf . maintained out of lake Erie (Niagara River and 
Welland Canal combined) without causing a greater fluctation in the levels of 
the Lakes than actually occurred in their unregulated condition. Under such 
a progra,m the benefit to navigation on the Great Lakes, as compared with the 
benefits to be secured from compen ating works, would have been nil. The 
advantages, and disadvantage , to power on the St. Lawrence would have been 
roughly as follows:-

(I) For about one-th1rd of the time, during which the natural flows ranged 
from 186,000 to say 217,000 cf . the flow would have been increased to 217,000 
cfs. 

(2) For another third of the time, during which the natural flows ranged 
from 217,000 to 240,000 cfs., the flow would have been decreased to 217,000 cfs. 

(3) For the last third of the time the flow would have been in excess of the 
capacity of the ·power plants in e1ther ea e. 

166. Had the St. Lawrence river been fully developed for power, the output 
that might be cla sed a" strictly primary would have been increased by about 
15 per cent, but the total kilowatt hours that could have been delivered from 
hydro-electric plant.. with in talled capacity to utilize the natural mean fl_ow of 
the river would not ha' e been increa: ed materially if at all. 

167. The redistribution in flow would be of doubtful benefit to Montreal 
harbour. Taking the critical month -of October: it is found that a flow of 217,000 
cfs. would raise the extreme low harbour levels occurring 10 per cent of the time, 
but would depress the leveL occurring the remaining 90 per cent of the time. 

168. That any progr.am of regulation of the Great Lakes must prolong the 
periods of lower outflow i not gen.erally appreciated or even suspected; but is 
an inevitable consequence of the restricted discharge capacity of the outlets. 
An ordinary storage reservoir ha a spillway capacity sufficient to discharge all 
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of the water that reache..., it in floods, o that water can be tared at pleasure. 

The outlet of the Great Lake both eparatelv and as a whole, are insufficient 

to discharge the water whirh reaches the Lake during period extending over 

several month in each year, and enlargement po._, ible with the expenditure of 

millions of dollar will increa e the capacity but by a relatively small degree. 

To maintain lake tarre within their pre ent limit of fluctuation it is necessary, 

therefore, to pread an increa ed di charge over a range of tage o wide that it 

infringe on the beneficial .. torage re ulting from the pre ent outlet regime. The 

storage of water by regulation mu t be limited to periods when all or most of 

the natural outflow ha ome pre ent or pro~pective beneficial use. But the 

water so stored can be put to beneficial use onlv if the ub equent supply is 

below normal. If the .._ ub equent uppl i~ above normal the tored water must, 

be di charged at an accelerated rate, and ha no beneficial use. 

169. PROGRA::\1 DIRECTED TO RAI 1 :ro LAKE 0 TARIO LEVELS. Power on the 

International Section of the St. Lawrence might al o be benefited by a different 

program of regulation directed toward reducing the fluctuations of lake Ontario 

so that it could be held continuou ly at high levels. The head on the upper 

power plants could therefore be increa ed and better conditions realized for 

maintaining the winter flow without creating current velocities incompatible 

with the maintenance of an jce cover. Such a program would, in effect eliminate 

lake Ontario from the re ervoir y~tem of the Lake but ina much a its area i 

but about 8 per cent of the total lake area, it lo s would not curtail seriously 

such beneficial effect of regulation a may at ... ome future time be regarderl. 

as worth their eo t. Preliminar computation indicate that a program of 

regulation ba ed on the e line i practicable. 

170. REGULATION OF LAKE ERIE FOR NIAGARA PowER. The regu1ation of 

lake Erie for the primary purpo e of re tributing the daily flow of the Niagara 

to the be t intere ... t of the cenic beauty at the Fall and power re ources of the 

river has been ugge ted, but thi pha e of lake regulation is outside of the 

purview of the pre ent Board. It i enough to ay that there are a number of 

difficulties to be met in effecting ... uch regulation and the con truetion of works 

for the purpo e cannot be regarded a probable in the near future. 

171. REG1JLATION OF LAKE 0 TTARIO ALo E. The regula.t.ion of lake Ontario 

alone, in connection with the improvement of the St. Lawrence for navigation and 

power, form the ubject of a eparate tud , at the end of this appendix. 

COMPENSATIKG WORKS 

172. CoMPEN ATING ~ORK o- NIAGARA RIVER. It ha been, hown (para

graph 59) that the pre ent diver ion ~ from lake Erie have lowered it level by 0. 6 

foot, .and that it may be lowered by a total of 0. 7 foot after the new Welland 

Ship Canal i in operation. The rompen"atinrr work herein propo ed are designed 

to raise the low-"\\ ater le' el b. 0. 7 foot and the high levels a slightly les 

amount. The plans for the compen ating work are de~ igned to meet the winte.,._. 

ice conditions, and to fit in with works for regulating the outflow, should the latter 

be undBrtaken at ome future time. 

173. During the winter an ice heet form 0\ er the eastern end of lake 

Erie, up to the shoal water at the head of the Niagara river, but from these 

shoals to the Fall the river run open. Winter ... torm tele cope the ice sheet 

against the shore and hoal , building it up into thick ma ses, and occasionally 
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large areas of lake ice are broken up and driven into the river. The volume of ice set in motion at uch time may be judged from the fact that in December, 
1924, when, the run of ice created by one storm jammed at the outlet of the Niagara into lake Ontario, it. filled in two day the lower portion of the river to a depth of twenty feet or more for a distance of 7 miles, and b31cked up the water level at the upper end of the reach some 20 feet above the summer leveL If a jam should form in the portion of the river above the falls during a heavy run of ice, it would cut off the water . upply to existing power installation,s, and might so curtall the outflow from lake Erie as to cause a rise in lake levels that cause widespread flood damage. The Board regards it as essential that any compensating work.3 now constructed in the Niagara river, and any regulating works that may be undertaken in the future, be so located and designed that the danger of an ice jam in the upper riv.er will not be incurred. 

174. Some of the plans heretofore proposed for compensating and regulating 
works in the Niagara River have pla,ced these works just above the rapids at the head of the Fall . Since the level of the river at this point must be ra.ised from 4 to 5 feet to produce the desired rise of 0. 7 foot in the levels of lake Erie, the attempt to control the levels of lake Erie by works at this site would necessarily result in the slat::kening of the current through the pool by .about 25 per cent and consequently increa e the ri k of an ice sheet catching across the river, with the consequent formation of an ice jam. The future development of such works into regulating works would entail a still greater slacking of the 
current, and further increase the hazard. Aside from the question of fiowage of the low land bordering the Grass Island Pool , the works at its foot for the control of lake Erie are not regarded as advisable. 

175. The construction of submerged rock sills in the narrow and swift 
portion of the river between Fort Erie and Squa.w Island, as· proposed in the Warren Report, would accompli h the desired compensation without interfering with the free passage of ice. Such works would, however, greatly increase the cost of a controU.ed enlargement of the di charge capacity of the river, should the installation of regulating work ever become advisable. 

176. WORKS IN N IAGARA RIVER PRoPOSED BY PRESENT BoARD. The site selected for the compensating work now proposed is therefore just above the contracted section at the head of the river. The construction proposed is shown on the drawing accompanying the main report. It consists of a longitudinal dike, 2,400 feet long, with a riprap weir 1,670 feet long connecting the upper end to the Canadian shore. The crest of this weir is to be but slightly below the river surface at low stages, thus securing at such stages an effective contraction by the longitudinal dike; but at high stages a considerable flow will pass over the weir, reducing the effectiveness of the contraction. The high levels of the lake will be rai ed by an amount somewhat less than the low level . Four submerged rock sills are w be placed across the relatively deep hole in the maiu river channel opposite the dike, with crests at the ruling depth of this part of the river, which is 13 feet below the Lake Survey standard low-water datum. These sill are to have a top width of 15 feet and side slope of 3 horizontal to 1 vertical. The works proposed will not interfere with the light-draught navigation which occasionally passes through this section. Ordinary comme,rcial navigation will not be affected , since it passe through the Black Rock canal. There is no risk of lo s of effectiveness from the scouring of the contracted channel, since the river bed at the site is generally ledge rock. The structures will not interfere with the free passage of ice, nor produce any slacking of the current in the main river channel which would tend to cause ice jams. 
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177. EsTIMATED CosT OF PROPOSED WoRKS. The estimated cost of the pro
po ed works is as follo\\"s :-

Longitudinal dike: 
Crib" ork 22,360 cu. yd . at $8.00 ......... . .. . .... . . . . .. .. . 
Concrete cap, 5,450 cu. yd . at $12.00 . .. . ... . .. . .. . . . ...... . . 

Weir : Rock fill (up to 10-ton stone), 36,000 cu. yds. at $6.50 ..... . 
Submerged sills (up to 10-ton stone), 17,450 cu. yds. at $6.50 ..... . 

Engineering and contingencie , appro:\.imately 20 per cent . . 

Total ................................ . . .. ... . .. .. ... . 

$178,880 
65,400 

234,000 
113,425 

$591,705 
108,295 

$700,000 

178. EFFECT ON OsciLLATIONS AT B-cTFFALO. At various times in the past, 
objection has been made to the con truction of compensating or regulation 
works in the upper part of the Niagara under the theory that this portion of 
the river now acts as a afety valve to check an extreme ri e of lake Erie at 
Buffalo when we terly storms pile up the water at the ea tern end of the lake. 
Computation how that the relief afforded by the increa ing discharge of the 
Kiagara river at uch time mu t be quite mall and ince the discharge will 
increa e a little more rapidly with the compen"ating work than at pre ent, 
these works will raj e the extreme torm level by an amount a trifle less than 
that by which they raioe the normal le' el . The torm le\ el will therefore be 
no highe;r than they would have been had no diver ions been made from lakes 
J\Iichigan and Erie. Even if the compen ating work are eventually developed 
into regulating work , with a free pa age ub tantially as wide a the present 
re tricted ection of the ri\ er the effect on increa ing the torm fluctuations. of 
level at Buffalo would be negligible if the gate were not opened to meet the 
storm ri e; but by opening the gate~ , the pre ent ituation might be somewhat 
improved. 

179. ADAPTABILITY TO CHAKGIN G CoNDITIO TS. The degree of compensation 
afforded by the works herein propo ed can be controlled, within limits, by the 
elevation of the ere t of the weir. The computed ere t elevation required to 
provide the de ired ri e of 0. 70 foot in the level of lake Erie is approximately 
elevation 570 but di charge determination made as the work proceeds will 
permit adju tment of the elevation of the la t portion built. 

180. Should the diver ion affecting lake Erie be reduced in the future to 
an extent such that the e work would rai e unduly the high lake levels, a 
reduction in the amount of compen ation afforded can be secured by removing 
a portion of the weir. Should the construction of regulating works become 
desirable luice gate can be sub tituted for the weir to form a part of the 
control structure. 

181. CoN TRUCTIO PERIOD. The con truction of any control works entails 
a. reduction in the outflow from the lake while it is filling. If the construction 
i pread over two year , the reduction in outflow should not exceed 3,000 to 
4,000 cfs. at any time; and uch a reduction if not made at the culmination of 
a low-water period will have no noticeable effect on the flow and levels of the 
Niagara and the t. Lawrence. 

182. Co:\IPE ATI ~a \VoRK IN THE T. CLAIR RIVER. As previously shown 
(paragraph 59), the pre ent diver. ion and change in the outlet capacity of 
the St. Clair river have lowered the level of lake Michigan and Huron by 
approximately 1.15 feet and future exten ion of the diver ions may slightly 
increa e thi figure. The lowering ha been in progre for many years, and 
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has been in part discounted in constructions on the shores of the lake. The 
Board regards it as safe, however, to raise the levels of lakes Michigan and 
Huron by one foot. 

183. The compensating works proposed in lake Erie will raise the water 
levels of lake St. Clair by nearly 0. 4 foot: and, with the present river channels, 
would raise the levels of lakes Michigan and Huron by a little .less than 0. 2 
foot. The compensating works propo ed in the St. Clair river will, however, 
reduce this backwater effect on lakes Michigan-Huron to about 0.15 foot. In 
order to raise the levels of these lakes by one foot, it is necessary, therefore, to 
increase the fall of the St. Clair river by 0.85 foot. 

184. WoRKS PROPOSED oN ST. CLAIR RIVER. Compensating works in the 
St. Clair river must be designed with full regard to the great volume of com
merce that passes through the waterway. To this end, and to permit of the 
future deepening of the navigation channels to the maximum extent now fore
seen, the works recommended are a series of submerged rock sills, at the general 
locations shown on plate 20, with crests 30 feet below the low-water stage of 
the river. Eight of these sills are placed in the deep section of the river just 
below the gorge at its head, and are intended to compensate for the enlargement 
caused by gravel dredging in that locality, and to stabilize conditions in this 
controlling section of the river. A total of 23 more sills are distributed along 
the river from Port Huron-Sarnia to Marine City, at localities where the depth 
is in excess of 30 feet. 'l'he estimated quantity of rock required for the entire 
construction is 1,156,000 cubic yards. Since suitable rock for their construction 
is produced on a large scale for fluxing purposes, and is an article of the com
merce of the waterway, it can be secured and placed at moderate prices. The 
estimated cost of the works is $2,700,000. 

185. It is recognized that the number of sills required to produce the 
desired results cannot be foretold with a ... surance, for data on the effect of such 
deeply submerged weirs is meager. A study of all available data, including 
the actual effect of the \Vrecks of the two schooners sunk near the head of the 
river in 1900, indicates that the desired results possible may be secured with 
a fewer number of sills. It is not considered that conclusive data can be secured 
by experiments with small-scale models, or by further observations on dams in 
other streams when deeply submerged by floods, for existing data indicates 
that the effect of such weirs depends on the local conditions of flow. The con
struction of the sills should be prosecuted consecutively, their effectiveness 
determined by discharge observations as the work proceeds, such changes made 
in the location of the sills subsequently constructed as is dictated by the result 
of these observations, and the work stopped when the desired results are secured. 

186. CoNSTRUCTION PERIOD. The filling of lakes Michigan and Huron by 
one foot will require a reduction in the outflow from these lakes by an amount 
averaging 8,000 cfls. for a period of five years. Since the full effect of the last 
weirs constructed will not be realized for some years after their completion, no 
violent reduction in outflow will occur H the work is spread over four years 
time. To avoid accentuating the effect on existing diversions on the lakes below 
and on the St. Lawrence, the construction of the compensating works should be 
suspended during extreme low-water periods. 

187. ALTERNATrVE PLANS. The compensating works herein proposed run 
rontrary to the controlled enlargement of the river that will be required shoul:i 
the regulation of its outflow be undertaken at svme future time. For this reason 
the Board has given full consideration to a plan for effecting a part of the corn· 
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pensation by closing one of the channels at Stag island by a dike that could be 
removed at relatively mall eo t if regulation works were undertaken. There 
is, however, a trong likelihood that the concentration of the flow in one channel 
at Stag i land would re ult in the -enlargement of that channel by scour, with 
consequent lo of effectivene of the contraction originally secured; and the 
extent and eo t of works required to prevent uch enlargement can not be pre
dicted with certainty. At the pre ent time, north-bound traffic follows one of 
the channel at Stag i land and outh-bound traffic the other, eliminating any 
risk of colli ion at the particular locality. While it is true that the use of a 
single channel by both up and down commerce i not hazardous in any ordinary 
sense of the term yet the volume of traffic i o great that the unnecessary 
introduction of any additional ri k whatever i inadmissable. The desired 
amount of compen ation of le' el can be ecured at ubstantially the same 
probable eo t without di continuing the pre ent local eparation of traffic 1 

and 
it is clearly inadvi able to ubject important pre ent commerce to disadvanta
geou condition on the ~ light chance that ome money may be saved in the 
future by such a cour e. 

188. EFFECT OF leE GoRGING. The ice conditions on the St. Clair river are 
the oppo ite to tho ... e in the upper Niagara river. As has been pointed out, the 
upper Niagara ri\ er alwa run open o that no ice gorging occur . It is 
e .. ential that compen ating or regula ing work pre erve this condition, in 
order that the eriou ~ con equence of an ice jam may be prevented. The St. 
Clair river alway clo e in winter with a con equent throttling of the winter 
flow. The effect of the dimini hed outflow i a part of the normal regimen of 
the lake , to which all intere. t have adju ted them elve . Since, after an ice 
cover ha .. once formed any increa e in current velocitie tend to aggravate the 
ice accumulation , it i to be anticipated that the compen ating work , which 
will eau e local increa e in current 'elocitie , may increa e the retardation of 
the di charge in \\inter. Thi effect will tend to increa e the effectivene s of 
the work and if found at all marked, can be allowed for by omitting some of 
the sills included in the e timate. 

189. CoMPE ...{TION FOR ENLARGED NAVIGATION CHANNELS. The deepening 
of the navigation channel in the t. Clair and Detroit rivers will tend to increase 
their outlet capacitie and con ... equently to draw down the levels of lakes Michi
gan and Huron. To counteract. thi effect it will be nece ary to supplement the 
compensating work heretofore propo ed, in a degree depending upon the 
Jimen ion of the channel provided for navigation. The ituation does not 
ari e on any other of the lake for at no other outlet does an open deep-draft 
navigation channel pa through the portion of the outlet that controls the level 
of the lake. 

190. The enlargement of the di charge capacity of the St. Clair river con
~equent to any channel enlargement that now can be foreseen is much less than 
i" commonly uppo ed. The contracted ection at the head of the river, which 
has a major influence on the di charge capacity, affords a navigable channel 
exceeding 40 feet in depth. The remainder of the river has navigable depths 
generally exceeding 30 feet, o that dredging will be required at isolated shoal 
reaches only. The excavated material can be di posed of mo t economically by 
placing it in the portion of the .river that are larger than need be, o that a 
con iderable amount of compen ation will be effected automatically. The slope 
of the river are generally o light and the enlargements required for navigation 
at the variou hoal ection are o mall in proportion to the present section of 
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the river, that a convineing determination of the amount by which the~e slopes 
would be reduced on account of the dredging is scarcely attainable. A study 
·bows, however that an entirely uncompensated enlargement of the river to 
afford a navigable chann l 30 feet deep with ample width for navigation could 
not lower the level of lake Michigan-Huron by more than 0. 2 foot, and a 
channel 25 feet deep by more than 0.1 foot. After considering the compensation 
that can be effected by the dredged material itself, it is considered that the 
addition of 4 additional ill at a cost of $400,000 will fully compensate for the 
enlargement of the St. Clair river required to produce a navigation channel 30 
feet deep; a total of 3 additionall ills at a ·co t of $300,000 for that caused by a 
channel 2·7 feet deep; and 2 additional sills at a co"' t of $200,000 for a channel 25 
feet deep. The cost of compensating work becomes relatively more expensive 
as the amount of compensation of level increases. If the only compensation 
undertaken were for the increa e in the pre ent outlet capacity due to an enlarge
ment for navigation, the co t would be but about a quarter of the above figure. 

191. On the Detrojt river, it will be practicable to so place the material 
excavated in the enlargement of the channel for navigation as to prevent any 
sem~ible increase in the discharge capacjty of the river, and any consequent 
effect on lake levels. Thi cour e was pur ued in the excavation of the Living
stone Channel, which is the mo t recent and the major enlargement of the river 
for navigation, and subsequent discharge mea urements indicate that the desired 
result was accomplished . . Most of the material to be excavated in this river 
is rock, so that the spoil will be suitable for the construction of contraction 
works, and there are ufficient sites at which such contractions can be made 
without creating conditions detrimental to navigation. The cost of so placing 
the excavated material is included in the costs of the channels hereinafter 
presented. 

EFFECT OF CONTROL OF LAKE LEVELS ON COST OF 
INTERLAKE CHANNELS 

192. The cost of improving the main navigation channels between and 
through the lakes, so as to provide the depths required in conjunction with the 
improvement of the St. Lawrence, obviously depends upon .the levels at which 
the lakes are held. It is not possible to rai e the lake levels sufficiently to 
eliminate channel dredging for this purpose; all that can be accomplished is 
to reduce the amount of excavation required. Furthermore, the cost of channel 
dredging will not be reduced in full proportion to the reduction of the yardage 
of material excavated, as the unit costs of dredging increase as the depth of 
cut decreases beyond a certain point. 

193. T~e lak~ levels determined upon as datum planes for navigation 
channels w1th vanous systems of control are shown in the tabulation below. 
Those for channels secured by excavation only are the levels which would have 
~een av~ilable during the navigation season for at least 99 per cent of the 
t1.me ~urmg the past 66 years, had the preE.ent diversions and the prospective 

'd1v~rswn through the Well and canal been running continuou ly during that 
perwd, and had the outlets to the lakes been in their present condition. In 
other words they are the monthly mean levels which past experience shows will 
be exceeded except during one month in a hundred and through the entire navi
gation seasons of eleven years out of twelve. They are based on the construc
tion of the. such relatively minor compensating works in the St. Clair river ag 
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are nece sary to pre erve the pre ent levels of lake Michigan and Huron when 
that river i enlarged for navigation. The datum level with the proposed corn
pen ating work are obtained by adding the amount by which these works 
'vill rai e the low le' el of the lakes (paragraph 172 and 182). The datum 
level with regulating "ork are obtained by again adding the reduction in 
the range of stage anticipated from the operation of such works (paragraph 
125 and 159) it being a umed that the regulating work would be operated 
for the benefit of navigation under the program described and to keep the high 
levels of the lakes from exceeding the level reached by the compensating 
works. 

DATUM PLANES 

Michigan 
uperior and St. Clair Erie 

PROPOSED PLANE -
Without control works . . ....... . .. ... ..... . ... . . . 601·0 
With compensating works . . .... . ....... . .. . .. . .. . 601·0 
With complete regulation .......... . ...... . .. . .. . 601·4 
With modified regulation . . ...... .. ............. . 601·0 

PRESENT PLANE&-
United States datum for channel and harbour 

improvements ... .... . . . ............... . .... . 601·6 
Canadian datum for channel and harbour im-

provements . ..... .... . .... . ..... . ........... . 601·0 
For new Welland hip Canal. .. .... . ...... . ..... . ······ · ····· 

Huron 

57 ·0 
579·0 
5 0·1 
579 ·4 

579·6 

580 ·0 
··········· 

573·4 
573 ·75 
574·00 
573·8 

573·8 

· · ······· · · · 
············ 

570·25 
571·0 
571·5 
571·1 

570·8 

570·8 
568·0 

It will be noted that the propo ed datum plane for channel without control 
work are generally lower than the datum plane now adopted by the two 
countrie . The latter were fixed prior to the recent low-water period. 

194. The co t of ecuring channels of 25, 27, and 30 feet depths, respec
tively_, from deep water in lake uperior to deep water in lake Erie, at the lake 
levels indicated in the preceding paragraph, are hown in the following tabu
lations. These co t are ba ed on the deepening of exi ting channels, with 
uch enlargements and rectification a experience with the e channels has proved 

necessary. The e timate for channel 27 and 30 feet deep include the co t of 
a new lock in the t. l\1ary river with chamber 80 feet in width and 1,350 
feet in lemrth, and with 30 feet depth over the ill at the datum plane 
indicated. The Davi and Fourth lock already built will pa s vessels of 
23-foot draft for which the channel 25 feet in depth are de igned. 

CO T OF CHA_ EL FROM LAKE ERIE TO LAKE UPERIOR . 

TWENTY-FIVE FEET DEEP--
1. Without control w-orks . .... .......... . .... . .......... . . 
2. With compensating works ...... ... . .... . ... . . . ........ . 
3. With partial regulation ....... .. . ....... . ........ . ..... . 
4. With complete regulation .. .. . ....... . ....... . .... . .. . . 

TWE::-n'Y- EVEN FEET DEEP--
1. Without control works . .... .................. . ........ . 
2. With compensating works .. .... ....... . ........... .. .. . 
3. With partial regulations .. .... .. . ...... . ............... . 
4. With complete regulations . . .... . . ................. . .. . 

THIRTY FEET DEEP--
1. Without control works ... . . .. . ............ . ...... . ... . . 
2. With compensating works . ..... ........ . . . ...... · ...... . 
3. With partial regulation . ...... ......................... . 
4. With complete regulation .. ..................... . 

Cot of 
excavation 
and lock 

$45. 900. 000 
41,100,000 
39, 00,000 
36, 00,000 

66,500,000 
61,400,000 
60,000,000 
56,900,000 

88,100,000 
2,400, 000 

80,900,000 
77,400,000 

$ 

Cost of 
control 
works 

50,000 
3. 600,000 

14,900,000 
36,400,000 

100,000 
3, 700,000 

14,900,000 
36,400,000 

100,000 
3,800,000 

14,900,000 
36,400,000 

Total 
cost 

$ 45,950,000 
44,700,000 
54,700,000 
73,200,000 

66,600,000 
65,100,000 
74,900,000 
93,300,000 

88,200,000 
86,200,000 
95,800,000 

113. 800. 000 
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195. It will be seen that the cost of compensating works will be more than 
counterbalanced by the saving they effect in providing the main interlake 
channels. Their construction will effect also a saving in the cost of such 
enlargement of the harbours on the lakes as is undertaken in conjunction with 
the provision of deeper main channel . The amount of such enlargement that 
will be regarded as justifiable can only be roughly forecast, but general figures 
indicate that the raising of the lake levels by compensating works may save 
$5,000,000 in the cost of harbour work likely tD be undertaken by the two 
countries. 

REGULATION OF LAKE ONTARIO ONLY 

196. NECESSITY FOR PROGRAM OF REGULATION. All plans for the improve
ment of the International Rapids Section for the benefit of deep draft naviga
tion and power include a major enlargement of the present control section at 
the Galop rapids, and the control of the outflow through the wheels of the 
power plants and the sluice gate of the dams. A program for the regulation 
of the outflow is therefore requisite. 

197. A number of studies have been made by several engineers on the 
regulation of lake Ontario in connection with the development of power on the 
St. Lawrence and these studies have been considered by the Board. An 
exa.mination of the durat.ion curves of outflow through the application of the 
several programs to past supplies to lake Ontario shows that the benefit to. 
power operation obtained by any of them is not great. The minimum flow is 
increased only by decreasing the outflow available for a major proportion of 
the time. 

198. ENDS SECURED BY PROPOSED PROGRAM. The program herein presented 
by the Board is drawn up to secure the following results:-

(a) To keep the fluctuations of the levels of lake Ontario within the levels 
that it has had in the past. 

(b) To maintain, without impairment, the low water levels of Montreal 
harbour. 

(c) To maintain low flows during the winter period December 15 to March 
31, in order that the difficulties of winter power operation may not be 
aggravated. 

(d) To maintain flows during the first half of April no greater than would 
naturally occur, in order to avoid the danger of aggravating the spring 
rise during the breakup of the ice below Montreal. 

(e) To avoid any material increase in the amount and duration of the 
high discharges during May, in order not to aggravate high water 
heights in lake St. Louis during the Ottawa floods. 

(f) To hold back the natural excess outflow during the early summer 
months, in order to raise the ordinary levels of lake Ontario. 

(g) To secure the maximum dependable flow throughout the year for power 
operation. 

199. SPECIFIC PROGRAM PRoPOSED. The rule curves on which the program 
is based are shown on plate 21. The regulated outflow for any monthly or half 
monthly period is to be determined by applying to the rule curve for the month, 
the level of lake Ontario at the beginning of the period, as established by several 
gages, the discharge so found to be modified by a correction based on the mean 
level of lake Huron during the previou month. The controlling sluice gates 
are then to be so set as to maintain during the period the required discharge 
out of the lake, through the turbines and sluices. 

200. LAKE HURON CoRRECTION. The correction based on lake Huron levels 
is for the purpose of applying the forecast that these levels furnish on the supply 
to lake Ontario. The base levels of lake Huron are as taken as follows:-



St. Lawrence Waterway Project 11 9 

1860 to 1888 After 1889 1860 to 1888 After 1889 
April . . . . . . . . . . . 581.46 580.66 August . . . . . . . . . . 582.13 581.33 
May . . . . . . . . . . . . 581.78 580.98 September . . . . . . 581.95 580.15 
June . . . . . . . . . . . 582.04 581.24 October . . . . . . . . . 581.73 580.93 
July . . . . . . . . . . . . 582.18 581.38 ovember . . . . . . . 581.52 580.72 

When the monthly mean level of lake Huron is above its base level for the 
month the regulated di charge from lake Ontario for the following month, 
as determined from the rule curves, i increased at the rate of 10,000 cfs . per 
foot of excess of lake Huron level; when the monthly mean level of lake Huron 
is below its ba e level, the regulated di charge from lake Ontario is decreased 
at the same rate. The correction i not applied , however, to increa e the dis
charge during the first half of April nor to increa e the di charge during any 
month above 310,000 cf . No lake Huron correction is made in the winter 
month , December to March inclu ive, ince uch correction might unduly 
increa e the flow during the e month . 

201. Thus, in June 1876, the mean level of lake Huron was 583.22 or 1.18 
feet above the ba e for that month. The lake Huron correction for July, 1876 
would have been 12 000 cf . The regulated tage of lake Ontario at the end 
of June would have been 248.22. The di charge for July, from the diagram, 
would be 307 000 cf . The correction would bring the regulated di charge to 
319 000 cf . The rerulated di charge i therefore taken at the maximum of 
311{) 000 cfs. The computation of the effect of the program of regulation are 
illu trated in deta.il in table 18 which bows the deri' ation of the regulated 
level and outflows for the years 1860 to 1862, inclu ive. 

TABLE No. 18.-TYPICAL COMPUTATION, PROPO ED REGULATION OF LAKE 
0 TARIO 0 LY 

upply L. Huron to rage Level 
to Di- correc- Corrected for to rage at end 

Year Month Ontario charge tion di charge month (ft. ) month 
(a) (b) (b) (b) (a) 

1860 ..... .. ........ June . ......... ···· ·· ···· .......... .......... .......... ·········· 247 ·28 
July 264 268 +11 279 -15 -0·19 7·09 
Aug. 236 25 +11 269 -33 -0·41 6·68 

ept. 245 251 +11 262 -17 -0·21 6·47 
Oct. 254 247 +10 257 - 3 -0·04 6·43 -ov. 267 263 + 9 272 - 5 -0·06 6·37 
Dec. 24 300 ·········· 300 -26 -0·32 6·05 

216 ......... 216 +16 +0·20 6·25 
1861. .... .. ........ Jan. 229 210 . ...... .. . 210 +19 +0·24 6·49 

Feb. 257 223 ........ .. 223 +34 +0·42 6·91 
Mar. 270 242 .. ........ 242 +28 +0·35 7·26 
April 323 268 ·········· 268 +2 +0·35 7 ·61 

293 + 9 302 +10 +0·12 7·73 
May 350 291 +9 300 +50 +0·62 8·35 
June 307 310 +12 310 - 3 -0·04 8·31 
July 2 2 310 +13 310 -28 -0·35 7·96 
Aug. 265 2 +13 301 -36 -0·45 7·51 

ept. 273 2 9 +14 303 -30 -0·3 7 · 13 
Oct. 295 2 +15 303 - -0·10 7·03 
Nov. 276 304 +15 310 -34 -0·42 6· 61 
Dec. 259 310 .......... 310 -26 -0·32 6·29 

....... .. . .......... 218 .. .. ...... 218 +20 +0·25 6·54 
1862 ............... Jan. 214 212 . . ........ 212 +2 +0·02 6·54 

Feb. 242 224 ·· · ······· 224 18 +0·22 6·78 
Mar. 293 240 ........ . . 240 +53 +0·66 7·44 
April 355 272 ·········· 272 +42 +0·52 7·96 

310 +11 310 +22 +0·28 8·24 
May 331 310 +11 310 +21 +0·26 8·50 
June 297 310 +11 310 -13 -0·16 8·34 
July 287 310 +10 310 -23 -0·29 8·05 
Aug. 249 292 +9 301 -52 -0·65 7·40 

ept. 233 283 +9 292 -59 -0·74 6·66 
Oct. 235 256 + 9 265 -30 -0·38 6·28 

Tov. 244 247 +14 261 -17 -0·21 6·07 
Dec. 257 239 . ......... 239 + 9 -0·11 6·18 

217 .......... 217 +20 +0·25 6·43 

(a) In thousands of cubic feet per second. (b) In thousands of cubic feet per second per month. 
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202. REsULTS SEC1JRED. The program was tested by applying it to the 
conditions that would have obtained from 1860 to 1925 had a diversion of 8,500 
cfs. from the lake basin been continuous during the period. The resulting levels 
and outflows, month by month, together with the natural levels and outflows, 
are shown in table 19. The duration curves of outflows, and of lake levels are 
shown on plates 10, 11, and 22. 

203. An examination of the results from the proposed program shows:-

Maximum level Lake Ontario at end of 

Without regulation 

With 
actual 

diver ions 

With 
continuous 
diver sion 

of 8,500 cfs. 

Regulated 

any month ... .. ..... . . . . .. .. . . .. . .... .. 248 ·79 (May, 1870) 248 ·37 (May, 1870) 248 ·95 (May, 1870) 
Minimum level, Lake Ontario, at end of 

any month . . . ... . . . ... . ........... . .... 243 ·4.2 ( ov. , 1895) 243 ·00 (N ov., 1895) 243· 58 ( ov., 1895) 
Level of Lake Ontario exceeded 90 per 

cent of time during navigation sea ons . . 245·0 
Number of months in 65 years in which 

. . . ... ...... . ... .. .. 245 · 6 

stage of Lake Ontario exceeded 248 ·1 
(at end of month) .. .. ...... . ... .. .... .. 26 

Maximum monthly mean outflow .. .. . . . .. . 318,000 cfs. 
Minimum monthly mean outflow .. .... . . . 174,000 cfs. 
Outflow exceeded-

8 
310,000 cfs. 
166,000 cfs. 

90 per cent of time. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199 , 000 
70 per cent of time . . . . . . . . . . . . . . . . . . . . . . . . .. .. .. ....... . . . .. 223, 000 
50 per cent of time . . . . . . . . . . . . . . . . . . . . . . . .. . ... .. .. .... . . . .. 238, 000 

20 
310,000 cfs. 
182, 000 cfs. 

203,000 
212 ,000 
233,000 

204. The program would maintain the flow during the summer and fall 
months sufficiently to preserve completely the low water levels of Montreal 
harbour resulting from the unregulated flow. The regulated flows during the 
first half of April would not exceed, in amount or frequency, the unregula.ted 
outflow. The maximum, regulated flow for May would not exceed that which 
has occurred in nature. 

205. The regulation of lake Ontario, in such manner as to injure no 
interest, and at the same time to effect some improvement of lake levels and 
outflow, is therefore wholly practicable. 

206. AcKNOWLEDGMENTS. The program for the complete regulation of the 
lakes, described . in this report, was conceived and worked up by Mr. E. vV. 
Lane, temporarily employed as A sistant Engineer, and placed in charge of the 
investigations relative to regulation . The program £or the regulation with 
partial control of the St. Clair river, and the studies looking to raising the 
levels of lake Ontario, were conceived and worked up by Mr. F. G. Ray Senior 
Engineer, U.S. Lake Survey, assisted by Mr. Sherman Moore, A~sociate 
Engineer. Mr. Ray's intimate knowledge of the behavior of the Great Lakes 
gained by his long service in the United States Lake Survey, was drawn o~ 
throughout. 

207. The program for ~he regulation of l~ke Ont~rio was formulated by 
Mr. D. W. McLachlan, Chairman of the Canadian Sectwn of the Board. Minor 
~od~ficati~n~ of the program were wo~ked out by Lt.-Co~. G. B. Pillsbury, that 
It might ngidly meet all of the requirements set forth m the preceding para
graphs. 
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TABLE 1-LOCAL UPPLY TO LAKE SUPERIOR 

In Thousand econd Feet 

- Jan. Feb. Mar. April May June July Aug. Sept. Oct. Nov. Dec. Average 

--------------------

1860 ....... ... 16 40 129 180 16 129 108 112 109 85 13 1 90·8 

1 61. ......... 12 9 123 266 235 162 133 91 99 5 -22 -30 94·7 

1 52 .......... -7 4 93 207 2l0 92 122 151 113 36 - 9 11 88·9 

1863 .......... 29 23 53 105 90 90 211 205 72 7 6 15 75·5 

1864 .......... -10 44 85 101 129 122 101 111 6 5 17 16 65·8 

1865 .......... 34 40 114 232 236 222 171 122 71 -23 -57 -20 95·2 

1866 ....... ... -11 28 142 19 159 174 1 5 97 53 45 51 63 98·7 

1 67 .......... 19 24 80 97 200 262 141 97 115 29 -36 5 86·1 

1868 .... ...... -45 25 166 1 0 142 112 L18 102 113 116 51 -22 88·2 

1869 .......... 4 -53 6 246 15 156 23 32 1 6 -27 -62 -5 100·2 

1870 .......... 9 13 99 157 116 9 126 123 99 37 -102 -103 57·8 

1871. ..... .... -41 7 217 246 1 9 123 112 119 99 66 -56 - 3 85·7 

1872 .......... 16 26 25 156 253 19 16 157 114 58 19 20 100·8 

1873 ......... . 7 18 84 159 212 192 17 145 101 65 24 -33 96·0 

1874 .......... 3 69 85 102 127 192 179 133 129 84 15 - 8 92·5 

1875 . ... .. ... . 26 81 6 124 1 9 160 115 155 123 57 40 19 97·9 

1876 ...... ... . 17 31 6 17 299 294 203 121 46 32 32 -10 109·3 

1877 .......... -10 - 2 31 69 117 193 171 4 67 61 42 55 73·2 

1878 ......... . 81 -45 60 114 171 146 79 3 63 61 - 9 37 56·3 

1879 ......... . 76 107 37 -75 42 14 133 76 69 75 - 7 -25 54·7 

1880 .......... 2 36 42 161 299 247 115 88 85 69 34 - 4 100·0 

1881 ........ .. 15 38 43 107 203 172 10 135 191 14 41 -11 99·2 

1882 .......... -1 10 42 87 112 166 1 7 121 71 60 54 14 75·5 

1883 ... ....... -13 1 113 118 91 142 130 92 46 26 37 52 71·0 

1884 ......... . 36 23 14 63 141 133 104 126 190 126 33 6 82·9 

1885 .......... 7 25 4 115 1 0 177 151 104 50 33 3 -10 73·6 

1886 ......... . 16 32 71 125 142 118 1 69 99 76 34 - 1 71·8 

1 87 ......... . 21 127 145 55 62 157 149 76 47 35 3 17 74·5 

1888 .......... 51 51 50 143 2 3 263 154 114 73 59 8 -34 101·3 

1889 ........ . . -1 - 5 40 129 156 135 1 0 140 82 5 -27 - 2 65·4 

1890 .. . ... ... 25 - 8 14 90 177 209 161 131 100 42 -19 -47 72·9 

1891. .. . .... .. -23 30 45 9 112 1L3 101 61 79 66 -15 1 54·9 

1892 ......... . 15 -1 31 113 1 3 143 99 103 68 29 - 9 -31 60·5 

1893 .......... - 9 41 74 11)7 234 216 138 75 56 44 8 - 4 85·8 

1894 . ....... .. 1 42 97 225 249 136 121 9 7 3 45 - 1 97·8 

1895 ......... . -12 1 24 115 191 173 129 120 124 54 -23 - 8 74·0 

1896 .. ...... .. 4 0 4 97 251 163 103 66 4 39 69 28 72·7 

1897 ......... . 10 12 61 135 190 194 161 103 45 4 -40 -59 68·0 

1898 ......... . -26 - 6 27 103 1 230 172 122 92 40 7 -21 77·3 

1899 ....... ... -26 35 66 182 2 2 213 159 149 95 45 37 - 8 102·4 

1900 .......... -13 2 19 84 114 126 179 232 197 103 25 -36 86·0 

Average-
1860-1900 . .. 7·2 26·3 69·7 135·0 177 ·6 167·9 142·5 119·3 92·2 51·/l 6·2 - 7·5 82·3 

1901. .... .... . -29 -17 24 109 141 179 1 81 62 71 11 -41 64·9 

1902 .. . . .. .... -28 - 2 42 125 169 163 116 84 63 55 36 -25 66·5 

1903 .......... -35 - 4 74 179 215 178 131 103 106 66 -23 -39 79·3 

1904 .......... - 6 22 41 112 176 150 115 123 141 108 - 2 -38 78·5 

1905 .......... -24 - 7 87 152 149 165 159 145 121 68 25 9 88·1 

1906 ... . ...... - 6 -15 27 121 1 6 15 113 96 73 38 17 6 67·9 

1907 .......... 9 19 46 99 174 183 148 167 131 40 -19 -48 79·1 

1908 .......... -35 2 25 115 225 221 146 75 29 - 8 -23 -15 63·1 

1909 .......... -22 - 2 25 100 167 164 150 11 63 57 68 38 77·2 

1910 ......... -16 -26 42 102 108 91 84 6 65 26 -19 -40 41·9 

1911 .......... -31 -24 - 9 78 175 194 195 155 77 37 13 12 72·7 

1912 .......... - 6 - 5 40 135 1 4 140 118 117 60 34 - 1 -26 67 ·5 

1913 ...... .... -43 - 9 70 158 187 167 140 105 133 69 21 - 7 82·6 

1914 .......... -11 -21 4 117 172 150 121 97 75 29 -23 -35 56·3 

1915 .... ...... - 1 2 5 88 170 1 2 151 103 140 143 70 38 90·9 

1916 .......... 24 -11 58 214 264 210 143 140 108 60 28 - 7 102·6 

1917 .. ....... . -28 11 63 98 145 13 102 72 33 -13 -29 56 ·7 

1918 .......... -15 - 1 18 81 166 155 111 10 79 72 51 10 69·6 

1919 .......... - 2 -17 43 115 126 112 77 45 35 45 28 -15 49·3 

1920 .......... -13 27 113 138 155 170 117 78 33 1 -17 -12 65·8 

1921.. ........ -29 -44 40 151 170 127 110 72 20 -23 -45 -52 41·4 

1922 .......... -51 -13 48 153 16 135 115 79 21 -12 -24 -34 48·8 

1923 ......... . -32 -27 16 85 102 105 117 78 54 38 - 1 -29 42·2 

1924 .......... -25 -37 - 1 74 96 83 108 133 91 26 -16 -53 39·9 

1925 .......... -35 - 8 32 79 117 131 97 59 43 17 -25 -49 38·2 

Average-
1901-1925 .. . -19·6 - 8·3 38·9 119·1 164·3 154·1 126·9 101·4 76·9 43·6 4·7 -19·2 65·2 

1860-1925 ... - 2·9 13·2 58·0 129·0 172·6 162·6 136·6 112·5 86·4 48·5 5·6 -12·0 75·9 
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TABLE 2-TOTAL SUPPLY TO LAKE MICHIGAN-HURON 

In Thousand Second Feet-8,500 Second Feet Deducted for Chicago Diversion 

- Jan. Feb. Mar. April May June July Aug. Sept. Oct. Nov. Dec. Average 
------ ----------

1860 .......... 202 196 225 255 262 262 200 136 102 59 96 135 177 ·5 
1861 . ..... . ... 197 301 324 331 347 293 307 209 119 140 120 122 234·2 
1862 .......... 121 198 321 297 302 221 189 195 166 103 79 153 195·4 
1863 .... ...... 202 211 189 251 269 218 162 129 132 82 171 228 187 ·0 
1864 . ..... .... 112 231 192 236 317 163 128 86 23 53 110 87 144·8 
1865 ..... ..... 130 219 334 350 235 300 307 175 llG 7 -30 46 181·9 
1866 .... ...... 52 129 287 331 290 313 260 164 128 135 95 106 190·8 
1867 .......... 195 242 278 314 311 310 218 112 50 5 -15 57 173·2 
1868 .......... 128 326 324 226 301 243 111 45 67 102 96 83 171·0 
1869 ..... ... .. 167 117 184 347 376 408 340 235 79 77 93 131 212·8 
1870 .......... 204 276 349 380 313 263 213 211 145 16 15 137 210·2 
1871. ......... 212 303 390 336 305 232 164 - 7 - 138 13 26 - 1 152·9 
1872 .......... 141 119 182 291 330 279 187 166 136 86 -53 8 156·0 
1873 .......... 179 257 378 452 467 350 214 180 142 137 130 174 255·0 
1874 .......... 212 244 203 167 272 284 185 148 134 43 79 115 173·8 
1875 ... ....... 123 189 272 366 375 294 242 222 162 133 109 142 219·1 
1876 .... .. . ... 237 276 298 405 440 423 304 197 94 108 136 80 249·8 
1877 .......... 154 178 188 233 183 242 210 138 137 178 174 169 182·0 
1878 ... .. ..... 146 168 219 279 325 255 164 107 134 157 111 48 176·1 
1879 .• ........ 79 119 186 223 243 231 167 130 114 95 151 196 161·2 
1880 .......... 179 162 206 292 396 383 255 142 71 60 99 126 197·6 
1881 .......... 233 309 215 289 347 264 200 137 221 278 177 128 233·2 
1882 .... ...... 130 223 294 277 288 298 265 205 103 83 88 88 195·2 
1883 ..... . . ... 140 216 222 363 427 436 362 186 88 110 162 142 237·8 
1884 .... .... . . 110 201 301 325 292 236 175 114 162 162 94 206 198·2 
1885 ........ .. 254 226 236 338 366 30.1 288 244 155 122 104 182 234·7 
1886 .... . ... .. 213 226 317 342 311 216 145 136 144 126 71 101 195·7 
1887 .......... 247 333 220 236 283 247 184 95 47 41 56 117 175·5 
1888 .......... 140 217 270 336 359 286 206 151 87 114 75 80 193·4 
1889 ........ . . 161 147 159 193 302 347 213 126 80 39 60 159 165·5 
1890 ......... . 181 145 224 298 340 324 216 135 97 91 40 75 180·5 
1891. ......... 107 151 249 299 225 185 157 119 46 12 77 173 150·0 
1892 ........ .. 200 152 163 256 347 333 237 164 88 57 52 78 177 ·3 
1893 .......... 128 185 294 390 364 289 180 86 70 75 71 146 189·8 
1894 .......... 182 224 269 341 348 279 186 86 67 85 62 47 181·3 
1895 ... . .... .. 85 131 207 242 227 181 140 110 48 31 51 139 132·7 
1896 . ....... . . 2"2 144 165 267 328 259 172 141 107 100 111 156 179·3 
1897 .......... 172 214 278 362 359 296 229 127 47 63 70 100 193·1 
1898 .......... 173 247 330 318 255 236 162 84 86 88 56 76 175·9 
1899 .......... 127 205 199 331 381 338 235 135 62 66 59 55 182·8 
1900 .... . ... .. 103 161 177 248 256 262 260 225 187 168 115 61 185·3 Average-

1860-1900 .. . 162·4 207·8 251·7 302·8 318·6 282·4 213·1 144·5 100·0 90·3 84·0 113·4 189·2 

1901 .. .. . ..... 81 134 248 283 269 248 238 165 78 58 51 45 158·3 1902 .......... 37 98 219 279 320 324 271 119 55 109 90 64 165·4 1903 ......... . 96 189 273 277 247 272 215 194 189 85 20 67 177 ·0 1904 ......... . 116 183 313 386 376 316 203 160 148 102 29 57 199·1 1905 .......... 41 101 251 348 359 344 232 177 97 61 75 125 184·3 1906 .. .. ...... 200 206 226 293 297 247 206 122 73 99 143 152 188·7 1907 ......... . 138 147 224 290 316 313 206 166 135 55 58 121 180·8 1908 .......... 88 137 201 373 364 304 222 82 6 -20 12 73 153·5 1909 ..... ..... 113 157 209 366 378 257 188 122 26 34 123 112 173·8 1910 .......... 83 143 247 290 263 190 136 140 129 80 37 30 147·3 1911. ......... 95 124 182 278 311 234 144 127 118 111 134 149 167 ·3 1912 .......... 83 122 196 333 414 308 220 240 165 129 136 106 204·3 1913 ..... ..... 109 139 350 413 285 244 203 120 74 83 93 90 183·6 1914 .......... 86 116 151 252 301 278 198 129 108 47 19 57 145·2 1915 ... ....... 108 178 132 173 243 239 257 194 103 72 85 104 157 ·3 1916 .... .. .... 153 179 241 393 439 377 216 97 74 174 205 140 224·0 1917 .... ...... 102 147 280 352 373 397 296 148 75 91 64 58 198·6 1918 .......... 131 222 304 277 327 271 172 108 71 103 168 130 190·3 1919 .... ...... 100 159 270 348 299 188 124 78 75 104 72 61 156·5 1920 ..... . .... 65 134 2 4 349 257 265 239 163 89 57 61 98 171·8 1921 .......... 125 122 280 344 236 163 101 95 111 81 92 95 153·8 1922 .......... 57 158 341 414 330 253 202 125 43 2 -13 49 163·4 1923 .......... 56 108 250 328 333 257 162 119 101 46 35 58 154·4 1924 .. .. .... .. 124 147 194 297 293 245 245 181 82 -13 -20 20 149·6 1925 ......... . 60 153 196 189 177 198 156 87 36 39 60 100 120·9 Average-
1901-1925 ... 97 ·9 148· 1 242·5 317 ·0 312·3 269·3 202·1 138·3 90·4 71·6 73·2 86·5 170·8 

1860-1925 ... 138·0 185·2 248·2 308·2 316·2 277 ·5 209·0 142·2 96·4 83·2 79·9 103·2 182·3 
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TABLE 3-LOCAL UPPLY TO LAKES MICHIGAN-HURON 

In Thousand econd Feet-8,500 econd Feet Deducted for Chicago Diversion 

- Jan. Feb. Mar. April May June July Aug. Sept. Oct. Nov. Dec. Average 
------------------

1860 ... ....... 108 108 138 162 160 156 94 28 - 4 -48 - 6 42 78·2 

1861 ...... .. . . 110 220 246 244 242 184 194 96 10 30 18 30 135·3 

1862 .... ...... 38 120 242 21 204 122 90 92 62 0 -16 66 103·2 

1863 . ... ...... 120 132 114 176 188 13 78 30 34 -12 86 146 102·5 

1864 .... ...... 38 162 122 166 240 82 44 2 -64 -28 34 16 67·8 

1865 .... ..... . 64 154 272 278 14 204 202 6 4 -94 -118 -34 95·7 

1866 .. . ....... -20 62 220 254 204 222 162 60 32 38 6 16 104·7 

1867 . . . ....... 112 162 202 234 228 212 112 - 54 -98 -108 -28 81·8 

1868 .. . ....... 48 260 250 14 210 154 16 -48 -2 8 - 2 - 4 84 ·3 

1869 .. . ....... 86 42 120 270 2 6 31 240 124 - 0 -40 -16 38 118·2 

1870 ...... .... 11 196 26 29 220 174 118 116 4 -78 -74 70 122·8 

1871 .......... 138 232 326 26 224 142 74 -100 - 232 -76 -58 -76 71·8 

1872 . . . ....... 72 52 120 230 24 194 92 64 32 -14 -150 -7 71·8 

1873 .......... 102 184 304 37 3 0 260 114 74 34 32 30 0 164·3 

1874 ... ....... 130 166 12 94 190 192 4 46 32 -62 -20 18 83·2 

1875 ......... . 36 10 192 2 0 2 2 194 140 120 54 2 10 56 125·0 

1876 ..... ..... 152 192 220 326 344 314 1 4 76 -28 - 6 2 -16 148·8 

1877 .... ...... 64 8 100 14 9 152 112 3 42 2 84 2 90·8 

1878 .. ........ 64 92 146 206 246 170 76 20 54 74 30 -2 95·8 

1879 . ... ...... 12 62 134 16 1 0 164 94 56 42 22 2 136 96·0 

18 0 .......... 124 108 154 240 326 296 162 52 -22 -2 10 44 122·2 

1881. ........ . 158 236 142 218 266 178 110 4 128 174 76 34 147·3 

1882 . . . ... .... 48 146 220 204 206 214 172 110 10 - 8 -2 4 110·3 

1883 .... ...... 66 144 150 290 354 354 276 90 0 26 80 66 158·0 

1884 ...... .. .. 36 132 234 262 220 1'62 96 34 80 7 8 126 122·3 

1885 ... ....... 178 152 166 271 286 213 196 147 64 35 18 103 152·4 

1886 .... ...... 142 159 250 275 233 135 60 4 59 40 -13 27 117·9 

1887 .... ...... 178 267 155 174 212 166 94 8 -37 -47 -26 44 99·0 

1888 .... ...... 71 156 20 274 2 3 190 107 52 -10 17 -18 2 111·0 

1889 ... .. . .... 9 81 92 126 224 265 126 39 - 7 -45 -18 89 88·4 

1890 ........ .. 110 85 164 239 272 244 129 50 14 9 -39 2 106·6 

1891 ...... .... 48 90 191 237 154 115 85 47 -25 -60 7 110 83·3 

1892 . .. ....... 138 97 112 202 2 2 261 162 89 12 -17 -16 15 111·4 

1893 .. . . .. . ... 76 136 245 336 299 214 102 6 - 7 - 1 - 4 81 123·6 

1894 ......... . 121 165 212 277 265 191 96 - 4 -21 - 4 -25 -34 103·3 

1895 .... ...... 10 58 138 174 151 97 52 22 -44 -63 -33 58 51·7 

1896 . .. ...... . 131 73 98 198 24 171 1 50 18 18 2 76 99·2 

1897 .... ...... 97 145 208 291 2 0 210 138 34 -43 -24 -16 24 112·0 

1898 ..... ..... 106 185 271 256 186 159 80 0 1 5 -25 - 4 101·7 

1899 . ... ...... 58 13 133 267 299 249 141 39 -3 -29 -33 -34 99·2 

190V . ... ... . .. 24 85 105 176 1 0 184 178 139 93 73 20 -24 102 ·8 

Average-
1860-1900 . .. 87·8 137 ·4 183·2 232·5 237·8 195·5 121·0 50·5 6 ·0 ..:... 2·3 - 4 ·4 32·7 106·5 

1901. .. . ...... 1 59 180 213 193 169 !51 75 - 9 -20 -27 -26 79·9 

1902 .... ...... -30 36 162 218 254 254 197 43 -22 34 15 - 6 96·3 

1903 ......... . 31 128 213 215 177 194 135 113 109 4 -61 - 7 104·3 

1904 ..... ..... 44 112 246 315 300 234 118 73 60 11 -59 -25 119·1 

1905 .. ........ -37 30 1 4 274 279 261 144 9 8 -33 -14 41 102·2 

1906 .. . . ...... 118 129 152 217 215 161 117 34 -15 12 5 73 105·9 

1907 ....... ... 64 76 158 219 243 234 121 77 42 -34 -30 39 100·8 

1908 . ... ...... 13 68 136 311 296 225 134 - 7 - 0 -102 -6 - 2 77·0 

1909 ........ .. 46 97 156 312 319 189 115 40 -57 -46 0 33 104·5 

1910 ... ....... 12 77 185 230 201 121 64 67 55 7 -32 -32 79·6 

1911. ........ . 40 73 133 228 257 178 85 65 56 49 74 92 110·8 

1912 .......... 27 68 143 279 355 245 157 173 97 60 67 41 142·7 

1913 ......... . 47 78 292 351 21 175 132 47 - 1 5 17 17 114·8 

1914 ...... .... 15 48 86 18 232 206 125 54 30 -42 -68 -13 71·8 

1915 ...... .... 42 111 66 110 173 167 180 116 27 - 3 8 31 85·7 

1916 .......... 83 110 172 319 356 278 117 - 8 -43 55 89 30 129·8 

1917 .. . ....... 11 59 194 262 2 1 306 209 72 0 13 -10 - 1 116 ·3 

1918 ......... . 71 164 245 219 26 206 114 47 4 34 104 75 129·3 

1919 .. . ....... 45 106 217 295 244 135 70 26 20 49 16 5 102 ·3 

1920 . .. ....... 8 78 228 294 1 3 18 158 63 - 2 3 43 104 ·3 

1921 . ......... 72 68 22 291 1 117 47 41 55 26 44 50 102·3 

1922 .. . ....... 15 114 297 370 286 212 159 81 0 -45 -61 1 119·1 

1923 . ......... 8 59 199 277 27 203 109 66 49 - 4 -14 8 103·2 

1924 .. .... .. . . 74 97 143 245 240 195 198 131 33 -63 -71 -30 99·3 

1925 .. ........ 8 102 144 135 122 145 103 30 -26 -27 - 3 41 64·5 

Average-
1901-1925 .. . 33·1 85·9 182·4 255·5 246·3 199·9 130 ·4 64·3 16·0 - 2·5 1·1 19·1 102·6 

1860-1925 . .. 67 ·1 117·9 182·9 241·2 241·0 197·2 124 ·6 55·7 9·8 - 2·3 - 2·3 27·6 105 ·0 
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TABLE 4-TOTAL SUPPLY TO LAKE ERIE 

In Thousand Second Feet-8,500 Second Feet D educted for Chicago Diversion 

Jan. Feb. Mar. April May June July Aug. Sept. Oct. Nov. D ec. Average 
--------------------

1860 . ....... . . 175 211 278 285 250 220 209 200 184 192 197 186 215·6 
1861 ........ .. 173 206 287 310 267 229 224 228 209 213 213 208 230 · 6 
1862 ...... .... 203 206 27.5 301 257 241 222 197 188 179 194 237 225·0 
1863 ..... .. .. . 261 242 231 246 237 215 217 200 170 161 173 179 211·0 
1864 . .••.. . .. . 182 215 239 276 26l 208 189 187 178 173 191 178 206·4 
1865 ..... . . . . . 135 160 240 273 244 208 204 200 189 164 165 168 195·8 
1866 . ••... . ... 160 196 242 247 233 234 208 l91 204 194 190 188 207·3 
1867 •........ . 165 195 238 253 164 230 193 176 161 150 46 158 194·1 
t868 ...•.. . . . . 145 181 257 271 254 237 188 163 160 155 166 171 195·7 
1869 ..•. . ..... 177 203 234 245 259 256 236 199 176 !57 190 235 213·9 
1870 ....... . .. 235 213 233 270 240 227 229 210 188 175 183 185 215·7 
1871 .... ...... 170 199 253 254 237 218 207 193 163 147 157 153 195·9 
1872 ..... . . . . . 162 154 179 213 232 216 194 178 166 160 148 154 179·7 
1873 .... . .... . 167 177 248 311 256 22l 2l3 190 168 172 207 245 214·6 
1874 . .... . . . .. 237 218 225 230 229 228 215 185 159 151 154 160 199·3 
1875 . . ... . . ... 158. 175 209 237 247 239 218 202 172 161 197 2.07 201·8 
1876 .. .. .... .. 226 279 290 282 267 245 223 211 195 196 208 174 233·0 
1877 ..... . . ... 175 178 208 244 230 232 224 202 188 179 205 214 206·6 
1878 ......... . 219 227 244 260 244 228 215 201 193 183 201 189 217·0 
1879 . . .. .... . . 171 191 220 236 223 217 201 175 168 158 172 230 196·8 
1880 .... .. . . . . 230 211 222 234 236 226 212 188 171 170 172 149 201·8 
1881 .... . .... . 164 210 246 268 252 231 200 176 182 189 202 240 213·3 
1882 .... ..... . 241 242 261 254 255 242 226 209 187 175 162 165 218·3 
1883 .. . .... . .. 202 224 223 "241 280 285 247 216 195 185 193 199 224·2 
1884 .. .. ..... . 202 240 259 275 257 228 213 196 177 167 1'10 186 214·2 
1885 . .... . . ... 174 170 226 292 290 261 232 226 217 215 218 223 228·7 
1886 . .. . . . . . . . 186 152 242 290 253 237 220 203 195 182 187 198 212·1 
1887 . ... . . .. . . 214 285 276 239 245 226 202 192 172 169 193 199 217·7 
1888 ..... .... . 181 182 234 257 231 230 224 186 164 188 199 202 206·5 
1889 . .... ... . . 198 180 201 229 237 248 210 173 159 155 191 233 201·2 
1890 ..... .. . .. 248 234 249 266 266 236 184 184 189 199 199 184 219·8 
1891.. .. ... .. . 190 226 222 188 200 202 185 174 162 141 163 193 187·2 
1892 .. ...... .. 174 161 207 266 287 269 211 179 159 152 160 159 198·7 
1893 .... . . . . . . 161 194 235 284 269 214 184 164 159 156 178 215 201·1 
1894 ...... .... 205 182 213 238 244 224 183 172 169 164 175 166 194·6 
1895 . .... .... . 155 154 186 199 199 183 173 169 148 143 170 185 172·0 
1896 .... ...... 175 165 188 219 222 193 197 188 155 146 160 175 181·9 
1897 ... . .. . .. . 194 209 235 244 229 212 195 177 152 151 178 188 197·0 
1898 .... . . . .. . 201 211 238 244 219 196 181 171 160 172 177 193 196·9 
1899 ... .. ... .. 187 192 224 224 221 202 181 157 154 167 164 174 187·3 
1900 . ....... .. 198 219 226 221 215 197 194 180 163 160 174 180 193·9 Average-

1860-1900 . . . 189·7 201·7 235·2 254·0 244·8 226·6 206·9 189·5 174·8 169·9 181·5 190·9 205·5 

1901. ... .. .. .. 157 144 185 198 201 221 194 177 164 153 174 176 178 ·7 1902 .... .... . . 152 158 219 236 223 244 243 188 177 182 171 172 197·1 1903 .... ... . .. 189 223 272 260 214 210 200 187 178 158 150 171 201·0 1904 ... .. . .... 174 222 284 289 245 233 204 188 179 169 162 165 209·5 1905 .... .... . . 166 156 207 261 266 250 217 194 182 170 178 203 204·2 1906 .... . .... . 206 178 200 234 228 219 210 190 177 191 216 236 207·1 1907 .... . . . . .. 221 175 216 246 246 245 213 189 196 194 189 218 212·3 1908 ..... . ... . 212 211 267 271 242 218 205 186 167 148 150 184 205·1 1909 ....... .. . 189 207 226 261 277 227 199 177 146 157 170 179 201·3 1910 ... . .... .. 172 204 239 248 241 199 186 178 177 167 161 165 194·8 1911 ..... . . ... 170 177 208 229 215 187 179 176 180 165 189 198 189·4 1912 ...... .... 171 176 243 278 230 208 198 206 189 172 173 220 205·3 1913 .... . . ... . 255 228 296 324 230 214 199 179 165 179 192 196 221·4 1914 ........ .. 177 161 209 280 262 213 190 183 176 150 163 168 194·3 1915 . ... . . . ... 178 198 191 197 211 213 227 213 182 161 164 202 194·8 1916 .... ...... 238 217 222 265 265 247 200 167 158 170 179 192 210·0 1917 ..... . ... . 187 186 262 289 272 282 244 202 186 207 206 156 223·3 1918 ..... .. . .. 154 216 238 195 220 232 214 204 199 189 205 206 206·0 1919 .... . ... . . 216 226 255 287 274 222 198 188 184 180 179 154 213·6 1920 ...... . . .. 126 147 222 269 249 228 222 196 175 177 193 210 201·2 1921 ..... . ... . 199 209 248 268 231 204 189 172 163 175 191 187 203·0 1922 ..... . . . . . 167 175 247 276 244 218 196 185 168 149 151 173 195·8 1923 ..... . ... . 168 165 215 234 223 210 180 167 161 152 179 206 188·3 1924 ..... . .. . . 205 179 208 245 233 223 203 178 173 146 141 162 191·3 1925 ..... . .... 156 187 221 204 175 173 176 167 149 147 167 133 171·3 Average-
1901-1925 . .. 184·2 189·0 232·0 253·8 236·7 221·6 203 ·4 185·5 174 ·0 168 ·3 175·7 185·3 200·8 

1860-1925 .. . 187 ·6 196·9 234·0 253·9 241·7 224·7 205·6 188 ·0 174·5 169·3 179·3 188·7 203·7 
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TABLE 5-LOCAL SUPPLY TO LAKE ERIE 

In Thousand Second Feet 

- Jan. Feb. Mar. April May June July Aug. ept. Oct. OV. Dec. Average 

--------------------

1860 .......... -31 66 92 94 45 - 2 -23 -28 -43 -17 -16 -13 10·3 

1861.. ....... . -23 31 76 106 57 12 2 2 -12 - 6 - 2 - 2 20·1 

1862 .. .. ...... 3 46 62 97 45 27 10 -16 -27 -36 -15 32 19·0 

1863 .......... 59 42 3 4 34 9 13 - 1 -30 -42 -22 -23 10·4 

1864 .... ...... -14 17 3 90 66 17 -4 - 3 - 8 - 9 12 6 17 ·3 

1865 .......... -22 14 57 4 57 21 6 2 - -29 -20 - g 12·8 

1866 .......... -11 25 69 73 56 54 23 4 19 13 8 17 29·2 

1 67 .......... -19 11 70 66 75 40 - 6 -19 -34 -39 -38 -16 7·6 

1868 . ....... .. -29 17 69 91 72 54 2 -17 -1 -21 -13 0 17·3 

1869 ..... ..... 2 41 75 75 3 72 4 4 -20 -32 1 55 33 ·7 

1870 . . .. .... .. 65 42 55 76 41 25 26 10 -20 -28 -12 2 23·5 

1871 .......... -2 34 51 50 26 8 - 5 -15 -30 -34 -26 -13 1·5 

1872 .......... -12 -20 5 40 53 34 8 - 5 -1 -19 -31 - g 2 ·2 

1873 ... ... .... - 3 10 77 137 67 19 13 -12 -32 -29 +9 52 25·7 

1874 .......... 81 91 36 35 37 22 12 -1 -4 -51 -38 -34 10 ·4 

1875 .......... -35 -17 17 4 4 34 10 - 5 -39 -46 -10 15 1·7 

1876 ... .... . . . 26 4 101 6 76 2 - 6 -1 -3 -29 -15 -31 22·0 

1877 .......... -30 -10 6 76 56 15 5 -15 -26 -30 - 3 8 9·5 

1 78 .......... 18 72 57 64 3 17 4 - -13 -25 - 7 6 18·6 

1879 .......... - 6 41 40 4 37 26 g -15 -24 -30 -17 45 12·8 

1 0 .......... 46 35 39 54 4 30 9 -13 -31 -26 -24 -32 11·3 

1 1 ...... .... -14 17 5 72 52 31 - 6 -25 -19 -21 -15 39 14·1 

1 82 .......... 41 56 66 56 57 37 23 5 -24 -33 -43 -29 17 ·7 

1883 ........ . . 6 25 44 44 71 75 32 - 5 -24 -29 -31 -13 16·3 

1884 .......... 44 70 52 63 40 13 - 5 -21 -37 -53 -46 -19 8·4 

1 5 .......... -33 -44 22 6 70 3 5 - 2 -11 -10 - 3 10 10 ·7 

1886 .... . ..... 12 - 1 48 90 2 1 -13 -26 -32 -42 -34 -11 1·6 

1 7 .......... 5 73 3 3 37 g -19 -24 -39 -39 -10 4 9·8 

18 .. ... ..... -11 - 9 49 62 3 1 14 -25 -44 -14 - 1 10 7 ·3 

18 9 .. .... .... g 13 33 5 53 54 11 -26 -39 -37 4 56 15 ·8 

1890 .......... 68 58 77 90 87 49 -10 -12 -4 10 13 6 36·0 

1891. ......... 17 50 67 13 22 13 - 5 -14 -24 -3 -11 21 9 ·3 

1892 . ...... ... 8 20 59 9 115 92 27 - 8 -25 -31 -22 -12 26·8 

1893 .......... 14 46 63 109 93 24 -10 -2 -29 -30 - 6 38 23·7 

1894 .......... 24 16 33 62 57 24 -21 -27 -2 -2 -17 -16 6·6 

1895 .......... -15 -11 11 36 28 - 1 -10 -11 -31 -33 0 24 -1·1 

1896 . .. .. . . ... 12 27 38 60 60 18 21 15 -19 -24 -13 11 17·2 

1897 .......... 26 49 70 78 54 25 4 -14 -36 -32 -4 14 19 ·5 

1898 .......... 29 64 69 72 45 10 - 8 -16 -27 -9 -4 19 20 ·3 

1899 .......... 18 24 119 69 37 12 -16 -37 -39 -19 -21 - 1 12 ·2 

1900 .......... 66 100 101 51 40 14 5 - 6 -2 -31 -19 - 3 24·1 

Average--
1860-1900 . . . 8·9 32·1 57·4 69·4 53·7 27 ·3 4·3 -12 ·0 -25·8 -27 ·0 -13·7 5 ·0 14·9 

1901.. ........ 1 42 59 77 31 23 - 6 -24 -32 -40 -18 23 11·3 

1902 .......... 41 41 47 63 40 58 57 - 1 - 3 -10 1 27 ·7 

1903 .......... 68 108 112' 84 32 26 12 - 1 -12 -34 -39 16 31·0 

1904 ........ .. 39 95 140 112 54 35 2 -14 -21 -31 -36 -18 29·8 

1905 .......... 73 58 61 70 71 49 13 - 9 -22 -30 -19 13 27·3 

1906 .......... 26 42 40 48 26 17 6 -11 -21 - 1 26 71 22 ·4 

1907 ........ .. 82 52 52 60 49 45 7 -13 - 7 - 4 -4 33 29·3 

1908 .......... 92 100 161 8 46 16 - 2 -17 -32 -43 -37 0 31·0 

1909 .......... 29 100 82 82 92 35 5 -14 -44 -27 -11 10 28·3 

1910 .......... 47 71 59 65 53 9 - 2 - 9 - 9 -17 -21 14 21 ·7 

1911. ......... 45 55 38 58 36 4 -4 - 5 3 -10 14 30 22·0 

1912 ......... . 46 49 99 110 47 22 11 18 - 4 -18 -20 29 32·4 

1913 .......... 80 100 138 146 43 25 1 -20 -30 -11 2 13 40·6 

1914 .......... 31 25 58 107 82 32 1 - 6 -16 -37 -20 7 22·0 

1915 ......... . 61 65 45 31 40 39 45 30 1 -18 -12 39 30·5 

1916 ... ... .... 85 94 100 116 81 55 3 -33 -40 -25 -14 7 35·8 

1917 ......... . 42 41 70 104 78 81 32 -10 -21 4 10 6 36·4 

1918 . ...... ... 28 73 69 64 20 24 1 - 8 -12 -13 4 10 21·7 

1919 .......... 26 48 73 100 78 24 - 6 -11 -14 -13 -11 0 24·5 

1920 .......... 18 29 67 81 63 37 22 - 4 -26 -12 11 27 26·1 

1921. ..... .... 18 84 86 86 51 19 - 2 -16 -26 - 9 16 18 27 ·1 

1922 .......... 39 49 81 100 60 28 - 1 -11 -26 -37 -30 - 8 20·3 

1923 ..... ... . . 27 50 50 68 40 23 - 6 -17 -32 -28 3 37 18·7 

1924 .......... 57 58 61 84 58 46 24 - 4 -11 -29 -30 15 27·4 

1925 .......... 28 55 71 44 11 10 11 6 -10 - 9 15 -22 17 ·5 

Average--
1901-1925 .. . 45·2 63·4 76 ·8 81·9 51·3 31·3 9·0 - 8 ·2 -18·5 -19·6 -9·21 4·8 26·5 

1860-1925 .. . 22·6 43 ·9 64·7 74·1 52·8 28·8 6·0 -10·6 -23·1 -24·2 -12·0 8 ·7 19· 3 
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TABLE 6-TOTAL SUPPLY TO LAKE ONTARIO 

In Thousand Second Feet-8,500 Second Feet Deducted for Chicago Diversion 

- Jan. Feb. Mar. April May June July Aug. Sept. Oct. Nov. Dec. Average 
--------------------

1861 .......... 229 257 270 323 350 307 282 265 273 295 276 259 282·2 
1862 . .. ..... . . 214 242 293 355 331 297 287 249 233 235 244 257 269 ·8 
1863 ...... ... . 246 239 268 320 312 283 249 243 245 234 249 244 261·0 
1864 ......... . 198 217 259 323 333 292 252 235 244 246 263 284 262·2 
1865 .......... 260 227 243 285 288 275 244 216 218 223 222 221 243·5 
1866 .......... 189 193 224 265 250 296 298 254 247 240 244 250 245·8 
1867 .......... 219 255 301 338 330 295 250 231 217 192 181 182 249·3 
1868 . .... ..... 193 190 238 287 283 280 240 230 212 206 228 237 235·3 
1869 .......... 207 202 217 299 303 295 295 275 264 252 254 295 263·2 
1870 ......... . 272 255 282 357 321 279 275 246 234 231 224 238 267·8 
1871 . .. .. ..... 213 220 266 302 284 261 24.2 226 215 205 198 199 235·9 
1872 . ......... 166 151 194 238 243 248 230 220 206 210 204 187 208·1 
1873 . . ........ 184 193 275 346 282 262 252 230 217 217 240 272 247 ·5 
1874 .... ...... 266 269 270 265 268 277 263 232 210 208 200 201 244·3 
1875 .......... 169 164 231 273 259 252 242 228 214 211 209 229 223 ·4 
1876 .......... 252 265 293 340 322 307 280 243 234 241 236 227 270·0 
1877 .......... 185 211 255 283 256 254 248 222 207 208 230 240 233·3 
1878 .......... 226 249 268 281 280 263 259 250 240 239 279 291 260·4 
1879 ... .. .. ... 211 216 235 280 269 268 240 219 209 200 211 232 231·7 
1880 .......... 234 238 244 262 269 268 239 214 219 212 234 200 235·2 
1881.. .. ...... 163 212 252 263 260 260 241 208 202 217 226 250 229·5 
1882 .......... 250 253 275 281 293 297 264 240 223 209 209 215 250·8 
1883 ..... . . ... 194 196 235 291 314 325 298 254 233 233 242 247 255·2 
1884 ...... .... 231 267 291 311 286 272 267 253 233 219 221 237 257·3 
1885 ..... ..... 208 182 216 292 311 293 273 253 249 253 270 288 257·3 
1886 .......... 265 25.5 281 323 296 267 251 244 243 230 236 243 261·2 
1887 ......... . 243 300 285 310 308 275 249 223 216 221 212 211 254·4 
1888 ......... . 187 190 235 272 252 254 248 228 211 214 227 239 229·8 
1889 .......... 231 216 228 263 268 278 260 223 204 196 233 280 240·0 
1890 .. ..... ... 264 258 266 292 315 306 253 230 237 246 252 229 262·3 
1891.. ........ 221 256 279 284 253 232 228 212 193 172 188 215 227·8 
1892 .... . ..... 197 181 211 248 250 281 270 235 220 205 211 206 226·3 
1893 ... . ... ... 175 189 240 316 322 272 236 222 218 202 208 232 236·0 
1894 .......... 230 207 235 252 276 273 224 197 201 203 193 194 223·8 
1895 ..... . . : . . 181 164 190 242 220 202 1 9 175 172 158 176 201 189·2 
1896 .. ..... .. . 211 208 223 262 227 215 207 194 179 181 190 191 207·3 
1897 .... ...... 173 191 230 264 256 245 233 213 174 179 203 217 214 ·8 
1898 .......... 217 235 248 259 249 233 211 199 192 205 216 218 223·5 
1899 .......... 195 195 234 265 253 243 213 187 180 185 198 215 213·6 
1900 .......... 214 216 227 268 246 236 227 206 194 195 218 225 222·7 
Average-

1861-1900 ... 214·6 220·6 250·2 289·5 282·2 270·2 250 ·2 228·1 218·3 215·7 223·6 232 ·5 241·3 

1901.. ........ 191 184 234 294 256 238 217 207 196 185 197 217 218·0 
1902 .... ...... 191 193 248 253 241 258 268 234 212 209 204 215 227·2 
1903 ..... ..... 217 237 273 286 257 256 253 232 233 207 200 191 236·8 
1904 .......... 183 229 283 329 302 284 265 245 231 218 197 196 246·8 
1905 . .. .. ..... 181 181 221 276 258 276 269 246 235 219 217 234 234·4 
1906 .......... 233 208 220 258 249 252 242 210 200 220 237 255 232·0 
1907 .......... 237 216 236 277 270 262 252 232 230 238 238 259 245·6 
1908 .... ...... 244 241 261 320 313 286 259 229 200 197 199 197 245·5 
1909 .......... 192 215 244 298 304 264 242 219 203 198 196 205 231·7 
1910 . .. .. .... . 187 219 249 262 265 242 228 217 203 202 199 199 222·7 
1911. ........ . 190 196 218 248 239 228 211 195 190 194 210 222 211·8 
1912 .......... 201 193 246 304 294 274 231 227 226 231 239 260 243 ·8 
1913 .......... 256 246 276 322 284 273 249 221 211 215 226 220 249·9 
1914 ... . ...... 211 204 237 300 262 245 225 220 211 196 196 192 224·9 
1915 .......... 204 214 208 217 224 219 234 239 218 204 203 216 216·7 
1916 . .. ....... 229 219 240 311 320 307 257 217 201 199 203 207 242·5 
1917 ..... ..... 192 201 253 296 274 295 283 247 230 243 242 220 248 ·0 
1918 .......... 198 233 274 279 254 248 234 223 225 229 235 238 239·2 
1919 . ......... 226 218 246 301 329 297 250 231 215 216 215 204 245·7 
1920 .......... 172 181 219 254 231 234 236 222 215 217 225 239 220·4 
1921 ......... . 217 219 259 282 262 239 220 201 195 197 199 210 225·0 
1922 .......... 192 201 256 302 278 267 251 215 201 198 181 184 227·2 
1923 ......... . 183 197 234 261 255 243 211 195 187 181 195 224 213·8 
1924 ......... . 214 196 216 273 275 247 232 216 208 197 184 179 219·8 
1925 .......... 163 215 249 243 221 208 199 190 184 191 214 207 207·0 
Average-

1901-1925 . .. 204·2 210·2 244. ·0 281·8 268·7 257·7 240·7 221·2 210·4 208·0 210·0 215·6 231·1 

1861-1925 ... 210·6 216·6 247 ·8 286·6 277 ·0 265·4 246·6 225·4 215·3 212·8 218·4 2226 ·0 237·4 



- Jan. 

1861 .... .... . . 25 
.1862 .. . . .... •• -8 
1863 .......... 24 
1864 .... . .. ... 7 
1865 .... ...... 70 
1866 .. .. ...... 6 
1867 .......... 20 
1868 .... . . .... 15 
1869 .......... 24 
1870 ... . . . .... 62 
1871 . ........ . 13 
1872 .. .. .... . . -14 
1873 ......... . 11 
1874 . ... ...... 56 
1875 .. ... .. ... -11 
1876 .......... 55 
1877 .......... -22 
1878 ... . ...... 19 
1879 ........ . . 9 
1880 .......... 34 
1881 .......... -18 
1882 . . .. ... ... 33 
1883 . . ........ 0 
1884 . .... ..... 25 
1885 ... ....... 13 
1886 ......... . 39 
1887 .. ... ... .. 39 
1888 . ••. ...... -17 
1889 . •• ....... 25 
1890 .... ...... 51 
1891. .. ..... . . 19 
1892 .. .. ...... 11 
1893 . . .. ...... -4 
1894 .... .... . . 33 
1895 . ......... -4 
1896 .... . . .... 36 
1897 . .. . ..... . -10 
1898 .... .... . . 30 
1899, ... ...... 3 
1900 . . .... . . . . 24 
Average--

1861-1900 ... 18·1 

1901. ........ . 11 
1902 .... ...... 8 
1903 ....... . .. 22 
1904 ... . ...... 8 
1905 ...... .. . . -9 
1906 ... .. . ... . 28 
1907 ....... ... 19 
1908 .. . ....... 26 
1909 ..... . . . . . 6 
1910 .... ... . .. 2 
1911. ... ... . .. 7 
1912 ... • ...... 11 
1913 . ... ...... 48 
1914 . .•. ..... . 9 
1915 .. .... .... 24 
1916 .. ... . . ... 23 
1917 .. ........ -2 
1918 .. . ...... . -5 
1919 ... .. ..... 13 
1920 . ... . .. ... -12 
1921 ..... ..... 14 
1922 .......... -5 
1923 . .... ..... -1 
1924 .......... 13 
1925 .. .. . ..... -1 
Average-

1901-1925 ... 10·3 
1861-1925 ... 15·1 
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TABLE 7-LOCAL SUPPLY TO LAKE ONTARIO 

In Thousand Second Feet 

Feb. Mar. April May June July Aug. Sep. Oct. 

------------------

60 63 94 110 64 47 27 40 68 
25 75 117 85 52 42 14 6 16 
12 40 99 76 51 20 15 28 27 
20 59 113 107 66 32 22 35 45 
50 59 84 75 62 33 8 9 21 
7 33 62 43 81 82 44 37 32 

65 101 131 112 69 29 16 12 -5 
12 56 86 75 60 23 23 10 16 
22 24 100 92 76 68 54 48 46 
41 71 132 91 49 46 16 11 18 
27 64 89 65 41 23 12 5 10 

-22 22 60 56 52 33 25 16 23 
20 101 143 66 43 34 14 9 16 
54 56 47 48 56 39 13 2 10 

-14 52 84 58 44 30 17 6 14 
55 66 104 7 60 35 5 -1 20 
10 57 75 47 40 30 5 -9 1 
36 56 59 49 34 32 27 19 26 
18 36 74 57 47 29 12 9 4 
36 40 53 53 51 20 -1 9 15 
28 62 56 43 39 21 -5 -3 14 
39 50 50 57 5 26 8 -3 -10 
-4 30 73 96 89 59 15 4 10 
52 74 0 50 35 34 24 12 6 

-10 2 5 90 60 40 19 17 26 
47 77 99 65 34 18 17 21 14 
87 56 81 75 37 16 0 -1 3 
-4 41 65 41 39 27 11 1 7 
14 37 62 65 63 44 9 1 3 
50 52 72 87 69 22 13 24 35 
56 75 78 52 31 23 13 -1 -15 
10 36 58 47 62 46 20 9 3 
13 57 119 110 50 1 17 20 3 
19 45 57 71 58 13 -3 3 

-7 20 68 3 18 7 -5 -8 -1 
35 57 87 40 30 16 -2 -7 2 
15 46 67 51 38 2 10 -21 -7 
51 55 54 41 26 6 -5 -2 14 
13 37 73 57 40 13 -6 -8 4 
31 38 73 43 34 24 8 -1 7 

27·0 52· 9 81·4 66· 6 50 ·2 30·7 13 ·2 9 ·0 13 ·3 

10 66 120 79 50 26 18 7 1 
24 77 70 51 61 58 25 10 6 
48 75 73 44 40 38 23 27 3 
46 90 114 77 54 3 26 16 10 

1 41 86 57 59 46 28 21 10 
13 31 62 47 44 33 2 -3 19 

6 36 65 54 39 26 11 17 22 
34 51 97 85 57 32 8 -15 -5 
23 53 99 88 42 22 6 -1 -1 
41 59 64 55 33 21 1 6 5 
18 40 64 44 31 16 4 7 6 
15 68 102 84 66 23 19 15 28 
31 69 82 46 34 16 -3 0 10 

9 52 99 47 27 13 9 7 -2 
32 22 32 34 25 32 33 15 2 
14 41 101 98 0 31 -1 -12 -13 
11 61 86 52 61 42 12 4 18 
38 70 78 52 39 20 12 10 22 

9 38 79 96 61 18 4 -6 6 
8 42 65 29 25 22 12 9 14 

19 60 67 43 19 5 -9 -10 0 
17 70 101 64 50 35 7 -2 1 
19 54 73 60 43 14 1 0 -2 
12 34 80 71 40 22 12 8 4 
47 74 61 38 47 18 12 9 8 

21·8 55·0 80·8 59 ·8 45·1 26·7 11·6 5 · 6 6·9 
25·0 53·7 81·1 64 ·0 48·2 29·2 12·5 7·6 10·8 

127 

Nov. Dec. Average 

--

47 38 56·9 
32 46 41·8 
51 45 39·9 
66 86 54 ·8 
29 30 44·2 
39 46 42·7 

-5 0 45·4 
40 55 40 ·0 
57 90 58·4 
17 34 49·0 
7 16 31·0 

23 13 23·9 
43 70 47·5 
11 16 34 ·0 
17 30 27·3 
12 11 41·7 
25 34 24·4 
71 83 42 ·6 
25 41 30·1 
27 10 28 ·9 
27 45 25·8 
0 15 26·9 

27 33 36 ·0 
19 3 37·4 
43 62 39·4 
2 36 41 · 3 
7 2 33·5 

24 30 22·1 
42 79 37·0 
37 20 44·3 

4 28 30·3 
15 12 27·4 
13 36 37 ·7 
1 6 25·9 

12 30 12 ·6 
9 15 26·5 

16 28 21·8 
21 25 26·3 
18 25 23·3 
26 35 28·6 

25 ·6 34 ·9 35·2 

16 35 36·6 
4 25 34·9 
4 -5 32·7 

-6 -3 39·2 
16 30 32·2 
33 50 29·9 
24 48 30·6 

-2 -1 30·6 
6 20 30 ·3 
6 10 26 ·7 

16 27 23 ·3 
32 56 43·3 
17 12 30·2 

-4 4 22·5 
4 24 23·3 
1 8 30·9 

20 2 30·6 
23 24 32·8 

3 -2 26·6 
22 30 22·2 
8 6 18·5 

-15 -2 26·8 
16 35 26·0 

- 8 -7 23·4 
36 29 31·5 

10·9 18·6 29·4 
19 ·9 28·6 33·0 
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TABLE 9-EFFECT OF REGULATION-LAKE SUPERIOR 

Year-Month 

(a) 

1860-
January .......... ... .... . 
February. __ ._. ___ ... _ . __ _ 
March ____________ ... ____ _ 
April. __ __ ____ __ _ . _. __ ___ _ 

MaY ------ ----- · -- · ---··-June . . .. _____ __ _____ __ . .. _ 
July . __ . ______ ._. __ __ _ . . __ 
August .. __ . . . ..... - _ .. .. . 

eptember. _____ . ....... . 
October .... .. .... . ...... . 

ovember. .. ... ... .. ... . 
December . .............. . 

1861-
January ................. . 
February ..... .. ....... . . . 
March .... .. . ... : . . . ... .. . 
April ....... . ..... ..... .. . 
May ... . . .. . ............ . 
June .. ... ....... ........ . . 
July ...... ... . ..... ...... . 
August . . . ... ... ......... . 
September .............. . 
October ...... .. . . . .. . .. . . 
November .............. . 
December ..... . ..... .. .. . 

1862-
January ................. . 
February ... ... . ... .. .... . 
I~iarch ................... . 
April .................... . 
May ... . . . .... .. .. .. . ... . 
June ...... ...... . . ....... . 
July ................... .. . 
August .. . ............... . 
September . .. . ... ..... .. . 
October ........ . .. .. .... . 
November . ... . ... . . .. .. . 
December . .. . . ........ .. . 

1863-
January .. ..... .. . . . . . . .. . 
February .... ... ... . ..... . 
J\llarch .. .... ............. . 
April .. . .... ............. . 
May ..... ..... ... . . ..... . 
June ... ..... . .... . .. . .. ··. 
July ...... .... .. . . ....... . 
August ....... . ...... .. .. . 
, eptember .. .. ..... . .. .. . 
October . . ............... . 
November ..... . . . ..... . . 
December . .. . . ..... .. .. . . 

1864-
January .. . . .. ...... . ... . . 
February ........ .... . .. . . 
March ........... .... .. .. . 
April .. . .. . ....... ... . . .. . 
May .. ..... . ... ... . . ... . . 

Stages in Feet Above Mean Sea Level 

Discharges in Thousand Second Feet 

Actual conditions 
occurring in past as 

given in record 

Monthly mean 

Stage 
(b) 

602 ·69 
602·44 
602·42 
602·69 
602·92 
603 ·09 
603·05 
603·10 
603 ·08 
603·12 
602·.:15 
602·60 

602·40 
602·15 
602·01 
602 ·42 
603 ·05 
603 ·20 
603·36 
603·32 
603 ·23 
603 ·26 
602·92 
602 ·54 

602·19 
602·00 
602 ·03 
602·09 
602 ·77 
602.76 
602·73 
602·90 
603·02 
602·95 
602 ·62 
602 ·35 

602·16 
602 ·03 
601·86 
601·90 
602 ·03 
601 ·95 
602 ·09 
602 ·71 
602·73 
602·56 
602·21 
602 ·10 

601·81 
601 ·60 
601·67 
601·69 
601·85 

Discharge 
(c) 

94 
88 
87 
93 

102 
106 
106 
108 
106 
107 
102 
93 

87 
81 
78 
87 

105 
109 
113 
113 
109 
110 
102 
92 

83 
78 
79 
79 
98 
99 
99 

103 
104 
103 
95 
87 

82 
79 
75 
75 
81 
80 
84 
99 
98 
94 
85 
82 

74 
69 
70 
70 
77 

Complete regulation 
system, assuming 
8,500 cfs. diversion 
at Chicago and new 

W elland Canal 
complete 

First 
of mean 

Stage 
(d) 

.... . . .... . . 
··· ·· · · ····· . .. .... . . ... 
· ··· · ·· ·· ··· 
·· ··· ·· ····· 
············ 
··········· · 
· ··········· . ... ..... ... 
··· ··· · ···· · ... .. ....... 
··· · ··· · ···· 

····· · ······ 
····· ······ · 
· · ··· · ·· · ··· 
·· ·· ·· · ·· ·· · ....... .. .. . 
........ . ... 
.. .... . ... .. 
.. . .... . . .. . 
············ . . . . . . .. .... 
... ... . . .. . . 
..... . . .. ... 

· ·· ········ · . .... ... .... 
.... .... .. . . 
......... . .. 
....... . ... . 
······· ···· · .... . .... . .. 
····· · ·· ···· 
············ 
·· ········· · .... .. ...... 
· ··· · ······ · 

· · ··· ······· ..... ..... .. 
... ... . .. . .. 
· ·· · ······· · .. ..... .. .. . 
. . .. . . . . .... 
······ · ··· · · . .......... . 
. .. . ........ 
............ 
··· ······ ··· ... . ........ 

............ 

. . ... . . . .... 

.. ... ... .... 

........ . ... 
············ 

Monthly 
mean 

Discharge 
(e) 

·· · ··· ····· · 
· ·········· · 
· ·· ··· ·· · ·· · 
··· ··· · ·· ·· · 
·· ·· ······ · · 
· · ··· ·· · ·· ·· . .. .. .. . ... . 
·· · · · ··· ·· ·· .. . .... .... . 
· · · · · ···· ·· · 
······· ·· ··· 
··········· · 

· · ···· ····· · . ..... . ... .. 
.... . ..... . . 
····· ·· · ··· · 
· ···· · ···· ·· 
··········· · 
· ··· · ······ · . ........... 
· · ·········· ... . ........ 
·· · · ······· · ...... ..... . 

·· · ··· · ··· ·· .. .......... 
· ······· ·· · · 
· ·· · ······· · 
· ······· ·· .. 
· ·· ··· ··· ·· · . .. ... ..... . 
............ 
. .. .... .. . .. 
· ··········· .... . .... . .. 
....... .... . 

............ 

. .......... . 

. ... .. ... ... 

. ..... .. .... 

............ 

...... . .. . . . 

............ 

. ....... .. . . 

............ 

............ 
···· · ···· · ·· .. ...... .... 

.. .. ... . . . .. 

.... ........ 
· ····· ···· ·· . .. .... .. ... 
............ 

Partial regulatioJl _ _ 
system, assuming 
8,5oo' cfs. diversion 
at Chicago and new 

W elland Canal 
comPlete 

First 
of mean 

Stage 
(£) 

602 ·80 
602.61 
602 ·48 
602 ·56 
602·73 
602·87 
602·88 
602·96 
602 ·97 
602·97 
602 ·90 
602·62 

602 ·32 
602·13 
601 ·93 
602·14 
602·68 
603·02 
603·12 
603·15 
603·25 
603·20 
603·05 
602· 66 

602·27 
602·09 
602·07 
802·20 
602·57 
602·84 
602 ·74 
602 ·87 
603·00 
603 ·00 
602 ·79 
602·45 

602·19 
602·12 
601·95 
601 ·96 
602·12 
602·23 
602·34 
602·82 
603·11 
603·00 
602·70 
602 ·41 

602 ·15 
601·97 
601·95 
602·05 
602 ·19 

Monthly 
mean 

Discharge 
(g) 

81 
80 

103 
120 
122 
122 
83 

109 
109 
109 
106 
103 

78 
76 
51 
79 

'"122 
125 
126 
127 
112 
111 
108 
103 

51 
51 
51 
79 

120 
122 
82 

109 
109 
108 
105 
101 

51 
76 
51 
51 
51 
51 
52 

109 
110 
108 
104 
101 

51 
51 
51 
51 
52 
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TABLE 9-EFFECT OF REGULATION-LAKE UPERIOR-Continued 

Year-Month 

(a) 

1864-
June .................. . . . . 
July .. .. ... ....... .. ..... . 
August .................. . 
September .. ... ...... . .. . 
October .... .. . ... .. ..... . 
November . ..... .. ...... . 
December . ...... .. . ... .. . 

1865-
January . ..... .. ......... . 
February .. ......... . ... . . 
March ................... . 
April .................... . 
1\iay . . ... ........... .... . 
June ..................... . 
July ..................... . 
August . . ...... .... .... .. . 

eptember .. .......... .. . 
October ... ... .. . . . .... . . . 
November . .. ......... . . . 
December . ... ......... . . . 

1866--- . 
January ................. . 
February . .. ............ . . 
March ............... .... . 
April .................... . 
May .................... . 
June ..................... . 
July ..................... . 
August .................. . 

eptember .............. . 
October ................. . 
November .............. . 
December ............... . 

1867-
January . . .. .. .... . . ... . . . 
February ................ . 
l\Iarch . ... .......... .. .. . . 
April. . .... ....... . . . .... . 
May .................... . 
June . .... ...... . .. . ...... . 
July ..................... . 
August .................. . 
September . .. .. ......... . 
October ................. . 
November .............. . 
December ........ ....... . 

1868-
January .. ...... . .. . .... . . 
February .. .. ............ . 
March ................... . 
April ..... ..... .. ........ . 
May ... ... ..... . ........ . 
June ..................... . 
July . ..... ...... . ...... .. . 
August . .. ..... ...... . . .. . 
September .............. . 

45827-9 

tages in Feet Above Mean Sea Level 

Discharges in Thousand Second Feet 

Actual conditions 
occurring in pa t as 

given in record 

Complete regulation 
ystem, assuming 

8,500 cfs. diversion 
at Chicago and new 

Welland Canal 
complete 

Partial regulation 
system. assuming 
8,500 cfs. diversion 
at Chicago and new 

W elland t Canal 
complete 

Monthly mean Fir t Monthly First Monthly 
mean 

tage 
(b) 

602·00 
602·09 
60'2 ·10 
662·25 
601 ·99 
601-.0 
601·65 

601·47 
601·46 
601 ·33 
601·77 
602·26 
602 ·67 
602·99 
603 ·07 
603 ·0 
602· 7 
602·34 
602·03 

6G1·74 
601 ·53 
601·53 
601·9 
602·23 
602 ·42 
602·71 
602 ·94 
602·67 
602·69 
602·36 
602·47 

602·20 
602·09 
601 ·90 
602·12 
602·12 
602·72 
603 ·05 
602 ·93 
603·01 
602·99 
602 ·56 
602·24 

602·08 
601·49 
601·85 
602·04 
602·44 
602 ·35 
602·57 
602·49 
602·62 

Discharge 
(c) 

1 
8:4 
84 
86 
&1 
76 
71 

66 
65 
62 
72 
7 

96 
105 
107 
106 
101 

80 

72 
67 
67 
77 

6 
91 
9 

104 
96 
97 
9 

90 

83 
0 

76 
80 
83 
9 

106 
104 
104 
104 
93 
85 

80 
66 
74 
78 
91 
9 

95 
93 
95 

of month mean• of month 

Stage 
(d) 

.. .. ... ····· 

...... .... 
.. . .. . . . ... 

.. ... ... .. 

.. .. . ....... 

.. ...... ... 
········ 

.. ... . . . . 
. . . ... .... 

... .... ..... 
... .... ... 

. . . ... ····· 

...... .. . . .. 
... ... 

.... .... . .. 
.. .... ... . 

...... .... 
.. ... .... 

... .... ... 

.. ... . .. . .. 
....... ... 

.... .... . . . 

..... ... .. 
... . .... .. 

···· · ······· 
.... ... ... 
.. .... ... 
... .... .. 
... ... .... 
..... ... ... 
...... .. .. 

.... ... ... 
.. . . . .. 

... .... ... .. 

.. ... .. .. 

... .. .. ... 

..... .... ... 

. .... ... .. 
... ... ... 

.... .. ... 
.. ... ... . 

....... . ... 

.. . .... .. . . 

.... ... .... 

.... ... .... 
.. .. .. 

. . . ... ... 

.. ... . . . . 

.. ...... ... 

.. ... .. 
. .. ... ... 

... .. .. .. ... 

Discharge 
(e) 

.. ... . ... 
.. . ...... .. 

······ ... .. 
. . ···· · ··· 

... ..... . .. 

... .. . .... . . 

... .. . .. .. 

. . ... .. . . .. 
·········· .. 
... .. . .... 

.. .. . . .. . . 

... ..... .... 

.. ... ... .. 
······· .. 

... .. .. ... 

.. ....... .. 
. ... ... .. .. 
. ... ... ... 

........ 

... ..... ... 

. ........ .. 
·········· .. 
. . ... ... .. 
.. ...... . . . 
... .. .... ... 
... . .. ... ... 
.. ...... .... 
.... .. .. .. 

. ... ... .. .. 
.. . ... . . .. 
... ····· ... 

.. . .. . . ... 

.. .. ... 
... . .. . . 

.. . .. .. .. 

. . ..... .. 
.... .. .. .. . . 
. .. . . .. .. 
..... . ... . . 

.. . .. .. 
.. .. . . ····· . .. . . ... .. 
. . . .. .. ... 
... . .. . .. 
.. .. . . . . . 

... . .. .. .. 
. .. . . .. 

.. ... . . 

.. .. ······ . . .. . . 
·· · ····· . . 

... . . . .. .. 

tage 
(f ) 

602 ·43 
602·63 
602·69 
602·76 
602-M 
602 ·35 
602·10 

601·93 
601 ·88 
601· 4 
602·03 
602 ·55 
602 ·90 
603·18 
603·31 
603 ·30 
603·17 
602·7 
602 ·31 

601 ·96 
601·77 
601·70 
601·9 
602·40 
602·64 
602·90 
603·21 
603·12 
602·95 
602·77 
602 ·60 

602 ·4 
602 ·31 
602·14 
602 ·16 
602·21 
602·66 
603·17 
603·22 
603·13 
603·14 
602·90 
602 ·4 

602·19 
601·91 
601·83 
602·1 
602·47 
602·66 
602 ·74 
602·85 
602·84 

Discharge 
(g) 

52 
81 
81 

106 
103 
100 
76 

51 
50 
51 
51 

121 
125 
127 
128 
112 
109 
104 
99 

51 
50 
50 
51 
80 

2 
4 

126 
110 
108 
105 
104 

79 
7 
77 
78 
52 

3 
127 
126 
111 
110 
105 
101 

51 
51 
51 
7 
80 
81 
82 

108 
108 
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TABLE 9-EFFECT OF REG LATIO -LAKE SUPERIOR-Continued 

Year-Month 

(a) 

1868-
October ... . .. . ....... . .. . 

ovember . . ............. 
December .. . ......... . ... 

1869-
January ..... . ......... . .. 
February .. . ...... . .... . . . 
:March ............... . . ... 
April. ....... . . . .... . .... . 
May ............. . ...... . 
June ..... . ........... . .... 
July .. ... .. .. . .. ..... . . . .. 
August .............. . .... 
September .. . .. . .. . ...... 
October .. . ............... 

Jovember ............... 
December ............... . 

187Q-
January .................. 
February ................. 
March ....... .. ........... 
April. .. .. ............... . 
May ....... : . .. .......... 
June .. .. ...... . .......... . 
July . . .... . .......... . ... . 
Augu t ......... ... ..... . . 
September ............... 
October ............. . . . . . 

ovember .......... . ... . 
December ...... . ......... 

1 71-
January .. . ... . ...... . . . . . 
February . .. .......... . .. . 
larch .......... . ..... .. . . 

April ........ . . . ......... . 
May .................. . .. . 
June ....... . ...... , . ..... . 
July ..... .. .............. . 
August . .................. 

eptember .......... . ... . 
October ....... . ... . . . .... 

ovember ............ . . . 
December .............. .. 

1872-
January . .. .......... . . . . . 
February ............... .. 
March .............. . ..... 
April. ..... . .............. 
May . ............... . .. .. 
June ...................... 
July . .................. . .. 
August ..... . ..... .. .... .. 

eptember .. . .. . ..... . .. . 
October . ............. . ... 

ovember ......... . . . . .. 
December .... . ..... .. . . . . 

1873-
January ...... . ........... 

tages in Feet Above Mean ea Level 

Discharges in Thousand econd Feet 

Complete regulation 
system, assuming 

Actual conditions 8,500 cfs. diversion 
occurring in past as at Chicago and new 

given in record W elland Canal 
complete 

Monthly mean First Monthly 
of month mean 

Stage Discharge Stage Discharge 
(b) (c) (d) (e) 

602·59 94 . ... .. ... . .. ············ 
602·75 98 ···· · ·· · · · ·· ··· ·· · · · · · · · 
602·32 87 · ··· · ·· · · · ·· ......... . .. 

602·10 81 602·68 78 
601·86 75 602·47 80 
601·41 64 602·04 60 
601·99 77 602 ·18 101 
602·39 90 602· 60 119 
602·40 90 602·72 52 
602 ·77 100 603·03 50 
603·23 111 603·58 132 
604·08 129 604·16 139 
603· 56 117 604·29 141 
603·22 109 603·79 122 
602·57 93 603·25 50 

602·32 86 602·93 50 
602·11 80 602·82 55 
602·12 81 602·78 96 
602·22 82 602·79 94 
602 ·55 93 602·98 72 
602·36 89 603 ·10 50 
602·55 95 603·22 50 
602·55 95 603·44 50 
602·72 97 603·66 70 
602·56 94 603·74 112 
602·38 89 603 ·52 125 
601·45 67 602·85 50 

601·36 74 602·41 50 
600·76 71 602·15 50 
601·18 64 602·10 50 
601·68 68 602·60 119 
602 ·21 81 602·96 124 
602·33 90 603·15 127 
602 ·40 90 603·14 55 
602·46 93 603·31 89 
602·56 94 603·40 130 
602·49 89 603·30 128 
602·42 85 603·13 126 
601· 68 75 602· 69 59 

601·47 69 602·17 62 
601·36 67 602·04 85 
601·24 62 601·87 71 
601·14 61 601·73 50 
601·79 82 602·05 70 
602·17 85 602·57 50 
602·44 95 603·03 125 
602·61 102 603 ·14 126 
602 ·77 104 603·23 128 
602· 67 100 603·18 121 
602 ·52 97 603·02 125 
602·22 87 602·69 121 

602·12 77 602·40 117 

Pa.rtial regulation 
system, assuming 
8,500 cfs. diversion 
at Chicago and new 

Well and Canal 
complete 

First Monthly 
of month mean 

Stage Discharge 
(f) (g) 

602 ·84 108 
602·87 107 
602·70 103 

602·33 78 
602·11 76 
601· 74 50 
601·85 51 
602·41 80 
602·65 81 
602·86 84 
603·32 132 
603·92 137 
604·05 135 
603·57 113 
603·06 107 

602·57 79 
602·36 78 
602·24 78 
602·31 116 
602·42 80 
602·53 80 
602· 55 52 
602·77 106 
602·83 107 
602·80 106 
602·59 101 
602·00 50 

601·54 49 
601·27 49 
601·23 50 
601· 73 51 
602 ·29 52 
602·71 120 
602·71 81 
602·80 107 
602·84 107 
602·81 106 
602·69 103 
602·22 76 

601·75 50 
601· 65 50 
601·58 50 
601·50 50 
601 ·81 51 
602·42 52 
602·84 83 
603·09 111 
603·24 112 
603·24 111 
603·08 109 
602·82 106 

602·56 79 
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TABLE 9-EFFECT OF REGULATIO I-LAKE UPERIOR-Continued 

Year-Month 

(a) 

1 73-
February ....... . . . . .... . . 
:March ........... . . ... .. . . 
April ... . . . .. ... ..... . .. . . 
May . . . ... . ... .. .. ... . . . . 
June ..... . . . . . ... . . . . .... . 
July . .. . . . . . . ..... . ...... . 
Augu t .. . . . . ...... . ..... . 

eptember . . ...... . .. . .. . 
October . . ...... . .. . ..... . 

ovember .. .... . . .. .... . 
December .. .. .. ...... . . . . 

1874-
January ... . .. .... . ...... . 
February ..... . ... ....... . 
:March ......... .......... . 
April . . . .. . . . . .. . . .. ..... . 
Jl.lay ..... . .. . ... . .. . .... . 
June .. . ..... . . . .. ........ . 
July . . ... . .. .. . ....... . .. . 
August .. .. ......... . .... . 

eptember . . .... .... . .... . 
October . . ... . ... . ...... . . 

ovember . . . ........... . 
December . .. ..... .. . .. . . . 

1875-
January . . .... .. . .. . . .... . 
February .. .. . . . .. ... .... . 
JI.Iarch . ...... . . .. . ....... . 
April . .... ..... . ....... . . . 
May ......... . ........ . . . 
June . . .. ...... .. .... .. ... . 
July . .. . ............ . .... . 
August .. . .. .. . . ......... . 

eptember . . . . .... . ..... . 
October .. . . ..... . .. . .... . 

ovember .... . . . .. . .. . . . 
December ......... . . . . .. . 

1876-
January ... ... . .. ... ..... . 
February ............ . . .. . 
March ... . . . .... . .. . .. . . . . 
April . . .. . ... .. . . ... . .. . . . 
May . . . ....... . .. ... . . . . . 
June . ... ... .. ... . . .. . .... . 
July .. . .. . ... . ......... . . . 
August .. . .... . . . ... . ... . . 

eptember . . .... . . ...... . 
October . . . . .. . .. . .. . .... . 
November ... . . .... . . . .. . 
December .. . .... . .... . . . . 

1877-
January . . .. . ... . . . . . . . .. . 
February ....... .. .. .. . .. . 
larch . . .. .. ..... . .... ... . 

April ... . .. .. . ... . .. . .... . 
Jl.1ay ....... . .... ...... .. . 
June .. .... . . . . ... .... . . . . . 

45827-9 

tages in Feet Above Mean Sea Level 

Discharges in Thousand Second Feet 

Actual conditions 
occurring in pa. t as 

given in record 

Complete regulation 
system 1 a suming 
8 1500 cfs. diversion 
at Chicago and new 

Welland Canal 
complete 

Partial regulation 
system 1 as uming 
81 500 cfs. diversion 

at Chicago and new 
V\ elland Canal 

complete 

Monthly m ean Fir t 
of month 

Mont hly Fir t Monthly 
mean 

t age 
(b ) 

601 ·80 
601 · 2 
601· 7 
602 ·31 
602 ·61 
602·90 
603·0 
603 ·14 
603 ·04 
602·90 
602 ·60 

602 ·14 
602·13 
602·09 
602 ·19 
602 ·26 
602·46 
602· 4 
602 ·93 
603 ·03 
603·09 
602 ·91 
602 ·60 

602 ·48 
602 ·27 
602·18 
602 .21 
602 ·75 
603·43 
603· 2 
603 ·93 
603 ·82 
603 ·49 
603 ·33 
603 ·05 

602·69 
602·45 
602·19 
602·11 
602·10 
602 ·32 

Discharge 
(c) 

m ean of month 

602 ·07 80 
601 · 7 50 
602·00 50 
602 ·32 50 
602 ·7 0 
603 ·12 93 
603 ·32 129 
603·41 111 
603 ·37 91 
603 ·31 92 
603·11 63 

602 · 3 
602·68 
602·73 
602 ·63 
602 ·5 
602 ·67 
603 ·10 
603 ·29 
603·31 
603 ·37 
603·25 
602·93 

602 · 2 
602·47 
602·37 
602·2 
602·32 
602·73 
602 ·93 
603·12 
603 ·42 
603·43 
603·26 
603 ·16 

602 ·87 
602·6 
602 ·60 
602 ·59 
602·92 
603 ·4 
603 ·9 
604 ·17 
604·11 
604 ·01 
603·84 
603 ·67 

603·34 

81 
60 
71 
66 

102 
131 
137 
140 

2 
7 

103 

t age 
(f ) 

602·35 
602 · 16 
602·1 
602·41 
602 · 1 
603·00 
603·17 
603 ·23 
603·19 
603 ·05 
602 ·80 

602 ·39 
602 ·17 
602·13 
602 · 15 
602·22 
602·45 
602· 5 
603·14 
603·17 
603 ·21 
603 ·13 
602· 5 

602 ·51 
602 ·36 
602·34 
602 ·30 
602 ·32 
602· 65 
602· 7 
602 ·97 
603·11 
603 ·14 
602 ·9 
602·78 

602·52 
602 ·34 
602 ·20 
602·17 
602·45 
603 ·11 
603 ·57 
603 ·7 
603·74 
603 ·4 
603 ·24 
603 ·02 

Discharge 
(g) 

78 
78 
78 
80 

123 
125 
127 
112 
111 
109 
104 

78 
77 
77 
78 
52 
52 
3 

126 
112 
111 
110 
105 

79 
7 

101 
116 
79 
82 

3 
109 
111 
110 
109 
105 

79 
78 
78 
78 

2 
128 
133 
134 
132 
113 
111 
108 

80 
7 
77 
51 
51 
52 
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TABLE 9-EFFECT OF REGULATIO -LAKE , UPERIOR-Continued 

Stages in Feet Above Mean Sea Level 

Discharges in Thou and econd Feet 

Complete regulation Partial regulation 
system, assuming system, assuming 

Actual conditions 8,500 cfs. diversion 8,500 cfs. diversion 

occurring in past as at Chicago and new at Chicago and new 
given in r ecord W elland Canal Welland Canal 

Year-Month complete complete 

Monthly m ean First Monthly First Monthly 
of month mean of month mean 

tage Discharge Stage Discharge Stage Discharge 

(a) (b ) (c) (d) (e) (f) (g) 

1877-
July . ... . .. .. .... ......... 602 ·70 98 .... . . . . .. .. ... . ... ... . . 602 ·69 82 

August .. .. ..... . ..... .. .. 602 ·76 100 . .. .... .... . . .. . . ... . ... 602·96 108 

eptember ... . ... . ..... . . 602· 60 95 ... . .. ... . . . . . .. . .. .... . 602·89 107 

October ..... . .. .. .. . . . ... 602·60 96 ·· ······ · ··· · · · ····· · · · · 602·77 105 

ov . . ... . . . .. ..... . . . .... 602 ·39 90 . . · · · ······ · ········ · ··· 602·64 101 

Dec ... . ... .. ............. 602·32 87 ... . ········ ... . . .. . . . . . 602·46 102 

1878-
. 

January ..... .. .. . . .. .. ... 602 ·20 82 .. ··· ···· · · · ··· · ····· · · · 602·33 78 

February . .. . . ............ 602·32 76 ······ · · ·· .. · · ·· · ···· · ·· 602·34 78 

March .. . ..... . ... . ....... 601·55 73 ·· · · · ··· · ··· · ····· ·· · · ·· 602·23 77 

April .... . . . .... . . .. . ... . . 601·52 73 ······· · · ··· · ·· · ···· · · · · 602 ·18 78 

May . .. . . ................ 601·79 79 ······· · ···· ·· · ···· ·· ··· 602·28 52 

June .. . ... . ... . ...... . .... 602·07 85 · ·· ··· ·· · · ·· ·· ···· ·· ···· 602 ·64 81 
July ....... . ... .. ... .. . . . . 602·14 88 · · · · ······ ·· ··· · ··· · · ·· · 602·82 82 

August ..... . . . ........... 602·02 87 ··· · · · · · ···· ······ · · · · · · 602·82 105 

eptember ... . . .... .. . . .. 601 ·85 80 · · ·· ·· ·· ···· ... . . . .. . ... 602·62 104 

October ........... . . . . . . . 601·92 83 · · ·· · · · ·· ·· · · · ··· · · · · ·· · 602·49 102 
ovember ... ....... . .... 601·72 81 ·· · · ·· · ·· · · · · · ····· · · · · · 602·37 100 

December . . . . ... .... . . . .. 601·40 76 · · ··· · ··· · ·· · · ······ · · · · 602·05 51 

1879-
January . . . . . · ..... . .. . .. . . 601·49 67 ······ · · · ··· . .. . .... .. . . 602·01 51 
February ....... .......... 601·46 57 ·· · ·· · · · ·· · ·· · ·· ·· ·· ·- · 602·09 51 
:March . . . . .... .. . ......... 601·76 52 ·· ·· ·· ·· · · ·· ···· · · ··· ··· 602·23 77 
April. .... ..... . . . .... . ... 601 ·37 55 .. . . . . .... . . · · · ···· · · · · · 602·11 50 
May .. . . . .... . ......... . . 601·01 63 ······· · · · ·· · · ··· · ·· · ··· 601·75 50 
June . .. ... .. ... . ... . . . .... 601 ·24 67 . · · · · ······· .... ... . . . . . 601· 72 51 
July . . .. ... . . . . ......... . . 601·48 73 · ··· · · · · · · ·· ···· · ··· · ··· 602·00 51 
August . . . ...... .. . .. .. . . . 601 · 60 74 ···· · ··· · ··· ······ · ·· · ·· 602·25 78 

eptember ....... . .. . . ... 601·49 72 · ·· ···· ·· ··· ···· ··· ··· · · 602·25 78 
October ........... . . .. ... 601·58 73 · ·· ···· · ·· · · .... . . ... ... 602·22 78 

ovember . . .. . .. .. . .... . 601·50 69 .. . ......... ·· · ···· · ···· 602 ·21 76 
December . . .. .. ..... .. ... 601·14 60 · · ·· · ·· · .. . . · ··· · ··· ·· ·· 601·97 50 

1880-
January . ..... .. . .. .. . .. . . 600·99 55 · ·· ··· · · · ··· ·· ·········· 601· 74 50 
February . ... . .. .. . ....... 600·9 54 .. . . . . · ·· · · · · ·· ···· · ···· 601· 68 50 
:March .. . .... .... . ........ 600 · 9 52 ..... . . . .. . . ·· · · · ····· · · 601·63 50 
April. . .. ...... . . . .. .. .... 600·92 52 · ······ · ···· ·· · · · ·· · · · ·· 601 ·61 50 
May . ... . .. .... .. .. .... .. 601·52 70 ··· · · ·· ····· ···· · · · ·· · ·· 601·93 51 
June . . .... .. .............. 602·30 87 ·· · ···· · ···· ···· ·· · ·· ··· 602·68 83 
July .. . ... ........ .. ... . .. 602·45 93 ·· · ·· · ···· · · ··· ·· · ······ 603·15 126 
August ....... . ........... 602 ·44 90 · ·· ······ . . . · ·· ···· · ···· 603·12 125 

eptember ...... . ........ 602 ·44 93 ........ . . . . .. . . . . . . .... 603·01 109 
October .. . ......... . .. . .. 602 ·39 88 ············ ............ 602·94 108 

ovem ber . . ........... . . 602 ·33 89 ············ ············ 602·83 106 
December . . . . . . ...... .. .. 602 ·07 82 .. .... . . .. .. · · ··· · · ·· ··· 602·61 103 

18 1-
January . .. .. . ...... . ..... 601· 81 75 · ··· ·· · · · ··· ·· · · · ··· · ·· · 602·29 51 
February ...... . . . .. ...... 601 ·71 73 ... .. . .. .... · ··· · ·· · ···· 602·19 77 
:March ... .. . . .. .. ......... 601 ·62 73 .......... . . ········· · . . 602·06 51 
April . . . ... .......... . .... 601·53 71 ·· · · ·· · · · ··· ···· · · ·· ···· 602·04 51 
May .. . .............. . ... 601· 83 81 ······· · ···· · ··········· 602 ·20 52 
June . . . .. . ........ . .. . .... 602 ·27 86 ············ ······ · · · ··· 602 ·66 82 
July . . ....... . ........ . . . . 602·33 90 ·· · ········· ········ ·· ·· 602 ·92 106 
Augu t ............ . ...... 602·3 89 ... . ........ ······ · ····· 602 ·93 109 

eptember .......... . .... 602 ·61 93 ······· · ···· ···· · ······· 603·01 110 
October . . . ... . ........... 602·95 104 ·· · ··· · ····· ·· · · ·· ·· ·· ·· 603 ·24 113 

ovem ber .... .... . .... .. 602·88 101 ··· · ···· ·· ·· ········ ··· · 603 ·35 112 
December ......... . .... .. 602 · 60 94 · ··· · ··· · ·· · ········ · · ·· 603 ·14 109 
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TABLE 9-EFFECT OF REGULATION-LAKE UPERIOR-Continued 

Year-Month 

(a) 

1 2-
January .. . . . ..... . .... .. . 
February .... . . . . ... . . . . . . 
March . .. . ... . ... . .. . .. .. . 
April ... ... . . . . . .. .... . . . . 
May ... . . . . .. . ...... . ... . 
June .... . .. .. ... ... . . .. .. . 
July . . . .. . ... .. . . .. . ..... . 
Augu t . .. ... . .......... . . 

eptember .. . .......... . . 
October ... . . . .. .. .... . .. . 

ovember ..... . ... . .... . 
December ... .... . . . . .... . 

1883-
January .. ... . .. . ... . .... . 
February .. .. .. . ......... . 
March .. . ... ...... .... . . . . 
April ....... . . . . .. . . . .... . 
Mjay .. . ........ .. .. . ... . . 
June . .. . .. . . ... . ......... . 
July . ... ...... . ... . .. .. .. . 
Augu t .. . .. . ............ . 

eptember .............. . 
October . .. . .... . . .. ..... . 

ovember . ... .. .. .. . .... . 
December .. . . . . ..... . . . . . 

1 4--
January .... . ...... . .... . . 
February .. . .. . ... .... .. . . 
March . .. . . .... ....... . . . . 
April .. . ...... . ... . ...... . 
May .. . .. ... ..... . . .. .. . . 
June . ...... ...... . ...... . . 
July .................... . . 
August .... . .... . ...... . . . 

eptember ..... . ...... .. . 
October ........ .. ..... . . . 

ovember . . ..... . ...... . 
December . . .. . .. ........ . 

18 5-
January . . ...... . ........ . 
February . . . .... ......... . 
March . . .. . ...... .... ... . 
April . . .... ........ . . .. . . . 
May ... . ....... . . ... . . .. . 
June . . . . . . . . .......... . .. . 
July . . .... . ... . .......... . 
August . . . ..... . ... . . .. . . . 

eptember . ............. . 
Oct ober .. .. ......... .. . . . 
November ... . . ..... .. .. . 
December ... . .. . . ... .. . . . 

1886-
January ... . .. ... ...... . . . 
February . . .. . .. ... . .... . . 
March .. .... . .. .......... . 
April . . .. ... . .. . .. . ...... . 
May .. . .... . . ..... .. . .. . . 

tages in Feet Above Mean ea Level 

Di charges in Thou~and econd Feet 

Actual conditions 
occurring in pa t as 

given in r ecord 

Complete regulat ion 
ystem, a uming 
,500 cfs. diver ion 

at Chicago and new 
IV elland Canal 

complete 

P art ial regulation 
y tern, a uming 

8,500 cf diYers.ion 
at Chicago and new 

Welland Cana l 
complete 

Monthly mean Fir t 
of mont h 

Monthly Fir t Monthly 
m ean 

tage 
(b ) 

602·25 
602·00 
601· 9 
601 · 1 
601 ·97 
601 ·99 
602·44 
602·56 
602·60 
602 ·43 
602 ·41 
602 ·22 

601 ·99 
601·70 
601 ·70 
601 ·95 
601·96 
602 ·06 
602·31 
602 ·33 
602 ·29 
602 ·09 
601 ·94 
601· 3 

601 · 72 
601·59 
601 ·53 
601·62 
601 ·87 

Discharge 
(c) 

82 
77 
74 
73 
2 
4 

93 
95 
93 
91 
90 
± 

74 
72 
72 
73 
73 

2 
6 

96 

-! 
82 
76 

74 
69 
67 
63 
72 
7-! 
79 
0 

82 
4 

86 
80 

76 
74 
70 
67 
80 

92 
97 
91 
87 

6 
79 

71 
67 
67 
67 
78 

mean of mont h 

tage Disch arge 
(d ) (e) 

tage 
(f) 

602 ·7 
602 ·49 
602·2 
602 ·18 
602 ·20 
602·3 
602·71 
603 ·03 
603 ·07 
602 ·95 
602· 1 
602 ·65 

602·3 
602·11 
60HH 
602 ·13 
602 -24 
602 ·36 
602 ·62 
602·77 
602 ·73 
602 ·55 
602 ·33 
602 ·14 

602 ·14 
602·10 
601 ·94 
601 · 4 
601· 7 
602 ·15 
602·3 
602 ·54 
602·68 
602 ·92 
602 ·9 
602·75 

602 ·46 
602·25 
602 ·09 
602 ·09 
602·27 
602·66 
602·93 
603 ·02 
603 ·01 
602· 4 
602 ·62 
602·33 

602·00 
601·90 
601·84 
601·90 
602·11 

Discharge 
(g ) 

81 
79 
78 
78 
51 
52 
82 

110 
109 
10 
106 
104 

7 
76 
51 
7 
52 
52 
81 

106 
105 
103 
100 

51 

51 
76 
51 
51 
51 
51 
52 
0 

106 
109 
10 
105 

79 
77 
51 
51 
52 
82 

124 
109 
10 
106 
103 

99 

51 
50 
51 
51 
51 
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TABLE 9-EFFECT OF REGULATION-LAKE SUPERIOR-Continued 

Year-Month 

(a) 

1886-
June . ... . .... . ...... ...... 
July . ... ... . . . ... . . .. . .... 
August ...... . . .. . . . .. .. . . 

eptember . . ... ... ... . ... 
October . ... .. .... . .. . . ... 
November .. ... .. .. . ..... 
December .. . .. . . ..... .. .. 

1887-
January ........ . ... . . .... 
February . .. ......... . . ... 
March . . .. .. ... . . . . ... ... . 
April . ........ . ... . .. . . ... 
May .. ...... .. . . . .. .. .... 
June .... . . .. . .. .. . ..... . .. 
July . .... .. . . .. .... . .. . . . . 
August . .. .... . .. .... . . . . . 

eptember .. ........ . .. . . 
October . .... .. .... ... . . . . 
November .. .. .... . ... . . . 
December . .. .. .. ... ... .. . 

1888-
January . ... . . . .. . ........ 
February .. . .. . . ...... .. .. 
March .. . ...... . . .. .. .. .. . 
April. ...... . .. . .. . . ... . .. 
May .............. .. . . ... 
June .... . .... . ......... . .. 
July . .. . . ... . . . ..... . ..... 
August .. . .. . .. . .......... 

eptember .... .. . . ..... . . 
October . ... . . . . .......... 

ovember . . .. ..... . ..... 
December .. .... .......... 

1889-
January ... .. .. .. .. . . .. .. . 
February .. . . .. . .... . ... . . 
March .. . ..... . ... ........ 
April. ..... ... . . . ......... 
May .. .. . ........ . .. . .... 
June . . .......... . . . ... ... . 
July .... ... . ......... . . . . . 
August .. . . .. . .. . ..... .. .. 

eptember . .... .. ........ 
October . . ...... . ......... 

ovember .. .. .... . . . .... 
December ... .. .. . ... . . . . . 

189Q-
January ............ . ..... 
February .... . ...... . .. . .. 
March .. .... .. . ... . . . . . ... 
April . .. .. . ............... 
May .. ... . ...... . .. . .. . .. 
June . ..... . . . . . . . .. .. ..... 
July ... . .. ... . ..... . ...... 
August .. . ......... . ...... 

eptember . . ...... . ... . .. 
October ..... . .. . . . ... . ... 

Stages in Feet Above Mean Sea Level 

Discharges in Thousand econd Feet 

Complete regulation 
system, assuming 

Actual conditions 8,500 cfs. diversion 
occurring in pa t as at Chicago and new 

given in record Well and Canal 
complete 

Monthly mean First Monthly 
of month mean 

Stage Discharge Stage Discharge 
(b) (c) (d) (e) 

602·01 81 · · · ····· · · · · ·· · ·· ·· ····· 
602·08 85 ·· · · · · · · · · · · ... . .. ... . . . 
601·99 88 ·· ··· · ··· ··· ·· · ·· · ·· · · · · 
601·97 85 · · ·· · · · ··· · · ·· ·· ···· ·· ·· 
602·07 86 · ·· ····· ··· · · ·· ··· ··· · · · 
601·92 84 .. . . . . . . . . . . · · · · · ····· · · 
601·78 74 ·· ·· · ··· ···· . .. ...... .. . 

601·47 69 · ·· · · · ··· · · · · ·· · · · ····· · 
601·49 66 ····· · · ·· ·· · ·· ····· · ··· · 
601·80 65 ·· · ·· ··· ·· · · · ···· · ····· · 
601·97 62 · ··· ··· ··· · · ···· ·· · ·· · ·· 
601·76 71 ·· ··· ··· ··· · · · ····· · ··· · 
601·92 81 ···· · ··· ···· ············ 
602·20 90 ···· · ··· · ·· · . .. ... ..... . 
602·28 87 ·· · ······ · · · ····· · · · ··· · 602·14 84 ·· · ·· · · · · ·· · ... . . ... ... . 
602·07 88 ·· · · ·· ··· ··· · · · · ··· ···· · 
601·83 82 ........ .. .. . . . .. .. ... .. 
601·61 73 ........ . . .. ..... .. . . .. . 

601·50 69 .. . ... . . . . .. . .... . ...... 
601·51 61 .. . . . . . . . . .. ... ... . ... . . 
601·44 62 . · ········ ·· . .... ... . .. . 
601·44 62 .. . ..... . . . . . .. . ...... . . 
601·91 76 .. . .... ... .. . .. ......... 
602· 69 96 · · ·· · ······· . ... ..... .. . 
602·88 99 ............ .. . ..... . ... 
603 ·02 99 · ········ · ·· · · · ·· · ·· · · · · 
602·97 97 . . . . .. . ... . . ... . ..... .. . 
602·88 97 ··· · ··· · ·· · · ·· · ·· ·· ····· 
602 ·74 93 . ......... . . .. . ..... . ... 
602 ·39 78 · ··········· ·· · ······ · ·· 

602·07 72 ········· ·· · .. . ...... . .. 
601·85 66 . . ...... . .. . .. .. ... . .. . . 
601· 68 67 · ····· · ··· · · .. ... .... . . . 
601·69 67 ... . ....... . .. .. ... .. ... 
602·04 78 ··· ··· ······ .... . .. . . . .. 
602·16 82 ··· · · ·· · ·· ·· . . ....... . .. 
602·35 87 .... . ..... .. · · · · ·· · ·· ··· 
602·54 87 ········· ·· · ········· ·· · 
602 ·67 87 ············ ·· ·· ······ · · 
602·51 84 · ·· ····· · · · · . .. ... . . ... . 
620·20 78 ....... .. ... · · · · ···· · · · · 
601·90 70 .......... . . · · ······ ·· · · 

601·76 71 · ·· · ······· · . .. ... . ..... 
601·63 60 · ·· · ··· ... . . · · ·· · · ······ 
601·39 60 · · · · ······ · · ... .. ....... 
601·36 59 · ·· ·· ·· · ·· ·· ··· ··· ··· · ·· 601·57 68 · · ········ · · ····· · ·· · ·· · 
602 ·02 80 · ·· · ········ ··· ·· ····· · · 602 ·32 87 · · ········ · . ········ · · · · 
602 ·47 85 · · ·· · ·· · ·· · · ···· · ···· ·· · 602·60 83 ....... . ... . .. . . . .. .. ... 
602·57 82 ·· ····· · · · ·· ·········· ·· 

Partial regulation 
system, assuming 
8,500 cfs. diversion 
at Chicago and new 

Welland Canal 
complete 

First Monthly 
of month mean 

Stage Discharge 
(f) (g) 

602·39 52 
602·58 52 
602·67 81 
602·64 105 
602·61 104 
602·54 102 
602·33 100 

602·03 51 
601·95 51 
602·14 78 
602·35 115 
602·16 51 
602·20 52 
602·50 52 
602·79 106 
602·71 105 
602·54 102 
602·34 100 
602·05 51 

601·96 51 
601·96 51 
601·95 51 
601·96 51 
602·22 52 
602 ·92 125 
603·31 129 
603·39 129 
603·35 127 
603·19 110 
603·03 108 
602·74 104 

602·33 78 
602·04 51 
601·88 51 
601·85 51 
602·07 51 
602·39 52 
602· 63 82 
602·84 108 
602·94 108 
602 ·86 106 
602·56 102 
602·18 51 

602 ·02 51 
601·95 50 
601 ·78 50 
601· 67 50 
601·79 51 
602·17 52 
602 ·62 81 
602·87 108 
602·94 108 
602·92 107 
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TABLE 9-EFFECT OF REGULATION-LAKE PE RIO R-Continued 

Year-Month 

(a) 

1890-
November ....... .. .. ... . 
December ..... . .. .. . .... . 

1891-
January .. .. . . ... .... . ... . 
February . .... . .. ........ . 
:March . ...... .. .. . .. . . ... . 
April .. . .. . ... . .. . . . . . . . . . 
May . . .. ... ... ........ . . . 
June . . . .. .. . . .. .. . . . .. .. . . 
July . . ..... . . . ... . . ..... . . 
August ......... ......... . 

eptember ... . .... . .. .. . . 
October .... . . .. . ... ... .. . 
November ... . . ..... . ... . 
December . .. .. .... .. . .. . . 

1892-
January .. . . . .. .. .. .. .... . 
February . . ... .. . ... . . . .. . 
March .. . . .... .. . ........ . 
April . .... .. . ... . ........ . 
fay .. .. .. .. . ........ . .. . 

June ... . .. .. .. . . ......... . 
July . .. ... ... . ........... . 
Augu t . .. .... . . . . . .. . . . . . 

eptember . .. . .......... . 
October ..... ..... . ...... . 

ovember ..... . ........ . 
December .. ... .......... . 

1 93-
January . . .. ........ . . . .. . 
February . ... ............ . 
:March . . . . . . . .... .. ...... . 
April .. . ... .. . . . . ........ . 
May . .. . . . . . ... . .. . .. . .. . 
June . ...... ........... . .. . 
July .. . ... ... . ...... . . .. . . 
Augu t . . .. .............. . 

eptember . . ............ . 
October ..... .. . .. ..... . . . 

ovember . ..... . .. . . . .. . 
December .. ..... .. ... . .. . 

1894-
January .. . ... ... ....... . . 
February . .. . . ...... . .... . 
1\<larch . . . .... . .... . ...... . 
April .... . . ... . ... .. ... . . . 
May . . . . . ..... ....... .. . . 
June ... . .. ...... . . . . . .... . 
July . . .. .. . ..... . ........ . 
August .. . ...... . .. , ..... . 

eptember .............. . 
Oct ober .. .. ......... . . . . . 

Tovember .............. . 
December . . . . ... . ....... . 

1895--
January . .. ........ . ... . . . 
February . . . ..... .. ..... . . 

tages in Feet Above Mean Sea Level 

Discharges in Thousand Second Feet 

Actual conditions 
occurring in pa t as 

given in record 

Complete regulation 
sy tern , a uming 
8,500 cfs. diver ion 
at Chicago and new 

W elland Canal 
complete 

Partial r egulat ion 
y tern, a uming 

8,500 cfs. diversion 
at Chicago a nd new 

\\' elland Cana l 
complete 

[ont hly m ean First 
of m onth 

Monthly Fir t Mont hly 
mean 

602 ·36 
602·00 

601 · 64 
601 ·51 
601 · 47 
601 ·43 
601· 63 
601· 6 
601 ·88 
601· 6 
601· 2 
601 · 91 
601·79 
601·42 

601·42 
601 ·14 
601·01 
601 ·02 
601·35 
601·73 
601 ·76 
601 · 
601·93 
601· 3 
601 ·66 
601 ·3 

601 · 5 
601· 67 
601 ·76 
601 ·91 
602 ·69 
602 ·91 
602·97 
603 ·10 
603 ·02 
603·04 
602· 99 
602 ·80 

602·50 
602·28 

Discharge 
(c) 

79 
73 

59 
61 
5 
62 
71 
70 
72 
72 
71 
72 
70 
63 

62 
55 
51 
54 
65 
72 
75 
75 
76 
74 
6 
63 

52 
49 
49 
54 
65 
75 
78 
0 

77 
76 
75 
65 

61 
1>9 
57 
64 
3 

8 
90 
90 
8 
89 
87 
81 

75 
73 

mean of m ont h 

Stage 
(d ) 

Discharge 
(e) 

70 
56 

119 
111 
120 
126 
56 
96 
99 
7 

128 
124 

602·60 92 
602·34 95 

tage 
(f) 

602·72 
602·36 

601·92 
601·70 
601 · 63 
601· 62 
601·73 
601·92 
602·10 
602 ·25 
602 ·21 
602 ·21 
602 ·18 
601 ·91 

601·76 
601 ·66 
601·47 
601·41 
601 ·59 
601· 79 
602 ·06 
602 ·20 
602 ·2 
602 ·24 
602·10 
601 ·92 

602 ·03 
601· 88 
601· 4 
601·9 
602 ·4 
602 ·99 
603 ·02 
603 ·01 
602 ·98 
602·89 
602· 2 
602·64 

602·33 
602·07 

Discharge 
(g ) 

105 
100 

50 
50 
50 
50 
50 
51 
51 
77 
78 
77 
76 
50 

50 
49 
49 
50 
50 
51 
51 
78 
78 
77 
51 
50 

50 
49 
50 
50 
51 
52 
83 

109 
108 
106 
103 
100 

51 
50 
51 
51 
1 

125 
125 
109 
109 
107 
106 
103 

77 
51 
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TABLE 9-EFFECT OF REGULATION-LAKE SUPERIOR-Continued 

Year-Month 

(a) 

1895-
March ........ ..... .. ..... 
April ..... . . . .. .. .. .. . .... 
May . .. . .. .... . ... ..... .. 
June ... . ... . .. .. . . . ....... 
July ... . .. . .... . . ... . .. . . . 
August . ... ..... . ......... 
September .... . ... .. ... . . 
October .... . ... . . .... . . . . 

ovember ....... .. . . ... . 
December ....... .... .. ... 

1896-
January .. . ....... . . .. . . .. 
February . .... ..... . . . ... . 
March .. . ...... . ... . . . . . .. 
April. .. ... . . . . ....... . . . . 
May . ..... . ... . . . ... ... . . 
June ........ .. . .... . .. . . .. 
July .......... . .. ..... .. . : 
August ... . .. . ... ... ... . . . 
September ... .. . . . . ... . . . 
October .. : .. ... . . . .. .. . . . 

ovember ... . .. .. . . . .. .. 
December . . ..... .. . .. . . . . 

1897-
January . . ... . . . .. . ... . ... 
February .. . .... ..... . .... 
March ......... . . . . ... . . . . 
April. . .... . . ... . . . ..... . . 
May .. .. . .. . .... . .... . ... 
June . . ...... .... . ......... 
July ........... .. .. ..... . . 
August .. . ... .. . . ........ . 
September .. .. .. . . ... . .. . 
October ..... .. .. ... . .. . .. 

ovember ... .. : . .. . .... . 
December ... . . .. ... . ..... 

1898-
January ... .. . ...... . ... . . 
February ..... .. . . .. . ... . . 
March . .... . .... . .. . ... ... 
April. .... .. ...... ..... . .. 
May .. . ... . . .... . ... . .... 
June ... . ..... . . .. . . .. ..... 
July . . . .......... .. . ..... . 
August . .. . .... . .. . .. . . . .. 
September .. . .. . .... . . . .. 
October .. . ..... .. . .. ... . . 
November . .... .. . .. .. ... 
December .... . . ... . .. . ... 

1899-
January .. . ... . . .. .. . ..... 
February .. . . . .. .. .. ...... 
March .... .. .. .. ... ... . . . . 
April. ..... . . ........... .. 
May ... .. . .. . . . ... ... ... . 
June . ....... ... . . . ........ 
Jul y . ...... ....... .. .. . . .. 

Stages in Feet Above Mean Sea Level 

Discharges in Thousand Second Feet 

Complete regulation 
system, assuming 

Actual conditions 8,500 cfs. d1version 
occurring m past as at. Chicago and new 

given in record W elland Canal 
complete 

Monthly mean First Momhly 
of month mean 

Stage Discharge Stage Discharge 
(b) (c) (d) (e) 

602·11 69 602·06 60 
602·01 68 601·96 50 
602·38 76 602·16 50 
602 ·70 84 602·57 119 
602·90 88 602·73 121 
602·95 88 602·75 121 
603·09 92 602·75 121 
603·14 94 602·66 120 
602·85 84 602·57 119 
602·52 81 602·15 79 

602·32 71 601·88 50 
602·12 71 601·75 50 
601·92 67 601· 60 50 
602 ·01 69 601·59 50 
602·66 80 602·03 112 
603·04 88 602·44 117 
603·10 91 602·58 95 
603·12 91 602·60 74 
602·95 89 602·58 56 
602·63 82 602·43 50 
602·70 83 602 ·38 50 
602·55 80 602·45 70 

602·39 75 602·33 97 
602·16 69 602·12 60 
602·08 70 601·93 50 
602·11 71 601·94 50 
602·45 79 602·21 50 
602 ·78 86 602·63 86 
603·08 91 602·95 119 
603 ·20 93 603·07 80 
603 ·14 90 603·13 70 
602 ·94 87 603·07 78 
602·64 86 602·84 50 
602·21 76 602·57 50 

601·83 67 602·25 56 
601·65 62 602·04 50 
601·46 59 601·87 50 
601·46 62 601·80 50 
601· 70 69 601·93 50 
602·18 77 602·35 50 
602·59 82 60..:: ·89 123 
602·72 84 603·03 101 
602 82 85 603 ·10 95 
602·76 83 603 ·08 72 
602·56 81 602·99 50 
602·33 80 602 86 72 

601·96 69 602·59 68 
601·76 67 602·31 50 
601·79 66 602·27 91 
601·76 64 602·18 92 
602 ·47 82 602·47 118 
602·96 89 602·95 124 
603·19 94 603·21 124 

Partial regulation 
system, assuming 
8,500 cfs. diversion 
at Chicago and new 

Welland Canal 
complete 

First Monthly 
of month mean 

Stage Discharge 
(f) (g) 

601·92 50 
601·84 51 
602·02 51 
602·45 52 
602·79 82 
602·94 109 
602·98 109 
603·02 109 
602·85 105 
602·48 101 

602·15 51 
602·01 51 
601·86 51 
601·86 51 
602·28 52 
602·88 123 
602·99 123 
602·93 109 
602·81 105 
602·51 102 
602·32 100 
602·22 77 

602·08 51 
601·96 50 
601·84 50 
601·88 51 
602·12 51 
602·54 81 
602·86 83 
603·10 110 
603·08 109 
602·89 110 
602·57 102 
602·16 76 

601·76 50 
601·53 50 
601· 36 49 
601·30 50 
601·45 50 
601·87 51 
602·38 52 
602·74 106 
602·80 106 
602·75 105 
602·55 102 
602·27 77 

601·98 51 
601· 75 50 
601· 70 50 
601·75 51 
602·12 52 
602·82 123 
603·07 12 6 
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TABLE 9-EFFECT OF REGULATIO_ -LAKE UPERIOR-Continued 

Stages in Feet Above Mean ea Level 

Year-Month 

(a) 

1899---
Augu t ... . .... ... . . ..... . 
September .............. . 
October ........... .. .... . 
~ovember .............. . 
December ............... . 

190o-
January . .... .. ... ....... . 
February ................ . 
n-Iarch ................... . 
April ..... .. . ............ . 
May .................... . 
June ............. ..... . .. . 
July ......... ... . ........ . 
August ... ............... . 

eptember .......... ..... . 
October ... .. . . .... . .... . . 
November .............. . 
December ........ ....... . 

1901-
January . ..... ..... . ..... . 
February .... .. . ......... . 
March ................... . 
April ..... ............... . 
May .. . . .... . ... .. ...... . 
June .. .... ............... . 
July ..................... . 
Augu t .. . .......... .. .. . . 

eptember .............. . 
October ................. . 
November .. . ........... . 
December ......... . . .... . 

1902-
January ................. . 
February . ...... ... . .... . . 
March ......... .... . ..... . 
April. .... ......... ...... . 
May .. .......... . . . ..... . 
June .......... .. .. ....... . 
July ..................... . 
August .................. . 

eptember .... . .... ..... . 
October . .. .............. . 
November .............. . 
December. ....... . . ..... . 

1903-
January .. ..... .. .. . .... . . 
Februa-ry . ....... ........ . 
March . ....... ........... . 
April ..... ... . .. ..... .... . 
n-1ay .................... . 
June ..... ... . . ........... . 
July ...... .............. . . 
August .. . ............... . 
September ... .......... . . 
October ................. . 
November . .. ........... . 
December ........ ...... . . 

Discharges in Thousand econd Feet 

Actual condition 
occurring in pa t as 

given in record 

fonthly mean 

603 ·35 
603·51 
603 ·32 
603·21 
603·00 

602·78 
602·4 
602·2 
602·22 
602·51 
602·61 
603·09 
603·22 
603·04 
603 ·07 
603·00 
602·6 

602·24 
601·9 
601·88 
602·07 
602·56 
602·94 
603·14 
603·25 
603·27 
603·40 
603 ·18 
602·80 

Discharge 
(c) 

96 
100 

95 
92 
9 

79 
76 
72 
72 
76 
78 

2 
6 

94 
95 
95 

5 

80 
75 
68 
70 
76 
'79 
87 
90 
87 
7 
7 
72 

67 
62 
57 
61 
66 
70 
74 
76 
77 
75 
75 
70 

65 
61 
60 
62 
70 
78 

0 
81 
80 
81 

1 
74 

Complete regulation 
y tern 1 a uming 
1 500 cf . diversion 

at hicago and new 
Welland Canal 

complete 

Partial regulation 
ystem 1 a suming 

81500 cfs. diver ion 
at Chicago and new 

"ell and Canal 
complete 

Fir t 
of month 

Monthly First Monthly 
mean 

tage 
(d) 

603·31 
603 ·33 
603·41 
603·17 
603·03 

602·63 
602·3 
602·15 
602·03 
602·13 
602·32 
602·54 
602· 9 
603·43 
603·49 
603·40 
603·09 

602·77 
602·45 
602·1 
602·11 
602·24 
602·56 
602·94 
603 ·13 
603·00 
603·03 
603 ·10 
602·75 

602·45 
602·22 
601·9 
601·93 
602·15 
602·50 
602· 0 
602·96 
603·07 
603·07 
603·02 
602·97 

602·56 
602·30 
602·13 
602·22 
602·4 
602·78 
602·94 
603 ·11 
603·26 
603·42 
603·36 
602·90 

mean of month 

Discharge 
(e ) 

0 
131 
129 

0 
125 

70 
5 

5 
50 
50 
50 
50 

110 
131 
131 
130 
75 

77 
6 
52 
50 
50 
50 

124 
126 
50 
50 

126 
62 

50 
61 
57 
50 
50 
63 
60 
50 
59 
74 
50 

115 

57 
50 
50 
84 

11 
122 
74 
50 
54 
87 

129 
59 

tage 
(f) 

603·17 
603·24 
603·19 
603·00 
602·7 

602·45 
602·1 
601·96 
601· 7 
601 ·96 
602·15 
602·36 
602·75 
603·12 
603 ·36 
603·34 
603·0 

602·65 
602·33 
602·05 
601·97 
602·14 
602·41 
602·77 
603·09 
603·01 
602· 7 
602·77 
602·49 

602·07 
601· 3 
601· 67 
601·65 
601· 6 
602·22 
602·54 
602·73 
602·67 
602·54 
602·40 
602·21 

601·90 
601·65 
601·49 
601·56 
601·93 
602·42 
602·79 
602·94 
602·92 
602·91 
602·79 
602·42 

Discharge 
(g ) 

127 
112 
110 
10 
105 

7 
76 
51 
51 
51 
52 
52 

10 
112 
113 
112 
10 

0 
7 
51 
51 
52 
52 

3 
110 
10 
107 
105 
101 

51 
51 
50 
51 
51 
52 
52 

106 
104 
103 
101 
76 

51 
50 
50 
50 
51 
52 

2 
10 
108 
108 
104 
100 
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TABLE 9-EFFECT OF REG LATIO -LAKE UPERIOR-Continued 

Year-Month 

(a) 

1904-
January ........ .. ..... ... 
February ................. 
March ...... ...... . ..... .. 
April. .. . ... ..... . ...... .. 
May ..................... 
June ................. ... .. 
July .... ................ . . 
August ................... 

eptember .. ..... .... ... . 
October .. .. ...... . ....... 
November . . . ............ 
December ............... . 

1905-
January .................. 
February ........... . . .... 
March ........ .. ... .. . .. . . 
April ..................... 
May ... ...... . .. ......... 
June .... .. .. ...... . ..... . . 
July ....... . . .... .. ..... . . 
August ....... , ...... .. . . . 
September .. . ........ . . .. 
October .. .. ..... .. ...... . 

ovember ... ............ 
December ................ 

1906-
January .... .............. 
February ............ . ... . 
March ........ ............ 
April .............. .... ... 
May .. . . . ........ ........ 
June ... ... . . .............. 
July .. .. ... . ....... . ...... 
August ................... 

eptember .......... . .... 
October .. .. . . ......... . .. 
November .............. . 
December .... ... ......... 

1907-
January . . ........... . .... 
February .. ... ... ....... . . 
March ...... . .. . .... ...... 
April. .... .. . . . ..... ... .. . 
May . ... .... ............. 
June . .. .. . . . .............. 
July ...................... 
Augu t ... ....... . . ...... . 

eptember .............. . 
October . .... .... . ........ 
November ............... 
December . ........ ....... 

1908-
January ... ............... 
February ....... . . ........ 
March ............. ....... 
April. ................ .... 
May ...................... 

Stages in Feet Above Mean Sea Level 

Discharge in Thousand Second Feet 

Complete regulation 
ystem; a suming 

Actual condition 8,500 cfs. diver ion 
occurring in past as at Chicago and new 

given in record Well and Canal 
complete 

Monthly mean First Monthly 
of month mean 

tage Di charge 8tage Di charge 
(b ) (c) (d ) (e) 

602·50 72 602· 61 64 
602·33 71 602·41 78 
602·23 67 602·24 81 
602·17 71 602·15 50 
602·47 76 602·33 50 
602·77 82 602 ·70 50 
602·86 85 602·99 50 
602·95 87 603 ·17 50 
603·08 88 603·40 115 
603·26 91 603 ·48 50 
603·19 88 603· 65 133 
602·74 82 603 ·25 128 

602·47 78 602·77 53 
602·13 71 602·54 100 
602·04 67 602·23 74 
602·25 74 602·27 124 
602·49 80 602·35 55 
602·67 83 602· 62 50 
602·97 88 602·96 50 
603 ·10 88 603·28 114 
603 ·32 89 603-37 113 
603 ·33 94 603·42 130 
603·17 89 603·23 124 
602·96 84 602·94 90 

602·72 82 662 ·';0 69 
602·43 77 602·48 50 
602·22 74 602·29 50 
602·15 76 602·21 50 
602·48 82 602 ·43 76 
602·78 86 602·76 . 122 
602·90 89 602·87 64 
602·93 88 603-02 50 
602·95 88 603·15 76 
602·84 87 603·13 83 
602·66 85 602·98 50 
602·45 79 602·90 50 

602·22 74 602·76 59 
602·06 71 602· 62 91 
601·94 66 602·40 108 
601·94 71 602·21 57 
602 ·10 73 602·34 50 
602·55 79 602·71 75 
602·70 85 603·03 69 
602·93 89 603·26 94 
603·17 93 603·50 131 
603·15 89 603·50 130 
602·88 88 603·20 50 
602·53 82 603·00 64 

602·10 75 602· 66 50 
601· 7 69 602·43 51 
601·72 65 602·27 77 
601· 63 62 602·12 50 
602·03 68 602·30 50 

Partial regulation 
sy tern; as uming 
8,500 cfs. diver ion 
at Chicago and new 

Welland Canal 
complete 

Fir t Monthly 
of month mean 

tage Discharge 
(f) (g) 

602·00 51 
601·83 51 
601·75 50 
601· 72 51 
601 ·89 51 
602·27 52 
602·55 52 
602·74 106 
602·79 107 
602 ·89 108 
602·89 106 
602·57 102 

602 ·15 51 
601·93 51 
601 ·76 51 
601·87 51 
602·16 52 
602·46 52 
602 ·78 82 
603·01 110 
603 ·13 111 
603 ·17 110 
603·05 108 
602·80 105 

602·52 79 
602·27 77 
602·00 51 
601·93 51 
602·13 52 
602·53 81 
602·75 82 
602·85 107 
602·82 106 
602·72 105 
602·52 102 
602·27 77 

602·06 51 
601·94 51 
601·84 51 
601·83 51 
601·96 51 
602·33 52 
602·71 82 
602·91 109 
603 ·09 110 
603·14 110 
602·94 106 
602·56 101 

602·12 51 
601·86 51 
601·72 50 
601·65 50 
601·83 51 

~=-··-·.-~· .. , 
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TABLE 9-EFFECT OF REGULATIO -LAKE UPERIOR-Continued 

Y ear-Mont h 

(a ) 

1908-
June .. .. . . ... ... . ......... 
July ... . .. ... . .... . ....... 
August .. . ................ 

eptember ............... 
October .... .............. 

ovember .. .. ........... 
D ecember ... . ........ . ... 

1909-
January .. .. .. .. . ......... 
F ebruary . . .... ........... 
March . . ... . .. . . .......... 
April .. ... ................ 
May ...... . ........ . ...... 
June .. .. . .... ..... . ....... 
July . . ... . ... . ............ 
Augu t .. . ................ 

eptember ........ .. ..... 
October . ................. 
November .... . .......... 
December ............... 

1910-
January .......... . ....... 
F ebruary .. . ........ . ..... 
March .. .. . .. ............. 
April . .. . .... . ............ 
May . .................... 
June . . .... .. . . ..... . ...... 
July . ... . . .. . ............. 
August ................... 

eptember ............... 
October .. .. ............ . . 

ovember ............... 
D ecember ................ 

1911-
January . . ................ 
February .. . . .. . .......... 
March .. .... . . .. . . . ....... 
April .... . .......... · ...... 
May ..................... 
June .. . ..... . . ...... . ..... 
July ... . .......... . ....... 
Augu t . . ......... . ....... 

eptember .... . .. . . . . . ... 
October .. ... ..... . ....... 
November . . . ............ 
D erember .. ...... .... .. .. 

1912--
January .................. 
F ebruary . . . .... .... . ..... 
:March . . . .... .. . .......... 
April. . . . ....... .. .. . ... . . 
May .. ... . ... . ... . ... . ... 
June .. . ... ....... . ...... . . 
July . .. . ............ . ..... 
August . . . ..... . . . ........ 

eptember .. .. . . ......... 
October .... ... .. .. .. . . . .. 

St ages in Feet Above Mean ea Level 

Di charges in Thousand econd F eet 

Complete regulation 
ystem ; a um ing 

Actual condit ions ,500 cf . diver ion 
occurring in pa t as a t Chicago and new 

given in record \Velland Canal 
complete 

Monthly m ean Fir t .Mont hly 
of m ont h mean 

tage Discharge tage Di ch arge 
(b) (c) (d ) (e) 

602-57 79 602 ·82 122 
602 · 5 88 603·12 127 
602 ·92 89 603·19 59 
602·77 86 603 ·23 67 
602 ·59 82 603·11 79 
602·23 80 602 ·87 77 
601·99 75 602 ·56 83 

601· 69 67 602 ·27 61 
601 ·46 60 602 ·02 50 
601· 35 53 601 ·87 50 
601·29 54 601 ·81 50 
601 · 62 59 601· 93 50 
601·94 68 602 ·30 50 
602 ·18 73 602 ·63 50 
602·40 82 602· 93 66 
602·40 83 603 ·07 98 
602 ·29 80 602 ·98 103 
602·26 73 602 ·83 99 
602· 26 79 602·75 79 

602·01 71 602 ·63 77 
601·74 66 602 ·35 84 
601· 51 &2 602 ·03 50 
601· 62 60 602·00 50 
601·75 62 602·15 50 
601 ·90 69 602 ·33 50 
601· 72 602· 45 50 
601 ·97 73 602 ·55 50 
601· 96 74 602 · 66 50 
601·92 73 602·70 50 
601 ·6 69 602·63 50 
601·41 62 602 ·43 51 

601 ·07 55 602·15 59 
600· 89 51 601· 7 50 
600 ·66 49 601 ·65 50 
600 ·54 50 601·48 50 
600· 2 54 601·57 50 
601· 27 56 601 ·93 50 
601 ·62 59 602 ·36 65 
602 ·09 62 602· 74 121 
602·18 62 602 ·85 123 
602 ·18 62 602·73 64 
602·03 61 602 ·63 50 
601· 90 57 602·53 50 

601· 76 56 602 ·41 50 
601· 53 54 602·23 78 
601·43 53 602·00 50 
601·45 54 601 ·98 50 
601 ·90 59 602·22 50 
602·20 63 602·63 58 
602 ·35 63 602·87 50 
602 ·53 67 603·07 50 
602 · 65 68 603· 26 50 
602· 60 69 603 ·35 53 

P ar t ial regulation 
ystem; a um ing 
,500 cf . diver ion 

at Chicago and new 
Welland Canal 

complete 

Fir t Mont hly 
of m onth m ean 

tage Di ch arge 
(f) (g) 

602·36 52 
602·84 83 
603·03 109 
602·94 107 
602 ·70 104 
602· 37 100 
602·00 51 

601 ·81 50 
601· 60 50 
601·44 50 
601·37 50 
601 ·51 50 
601·86 51 
602-19 52 
602·49 80 
602· 60 104 
602·48 102 
602·35 101 
602·24 78 

602·13 51 
601· 93 51 
601·71 50 
601· 68 51 
601· 83 51 
602·00 51 
602·12 51 
602 ·22 78 
602·25 78 
602 ·21 77 
602 ·06 51 
601·85 50 

601 ·58 50 
601 ·34 49 
601·13 49 
600· 96 49 
601 ·04 49 
601·42 50 
601· 3 51 
602·27 79 
602· 50 80 
602·4 102 
602-29 78 
602·10 51 

601 ·99 51 
601 ·82 50 
601·66 50 
601·63 50 
601·87 51 
602 ·27 52 
602 ·53 52 
602·73 106 
602 ·76 106 
602 ·68 104 
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TABLE 9-EFFECT OF REG"GLATIOK-LAKE PE RI OR-Continued 

Year- :lonth 

(a) 

1912-
ovember ............... 

December ................ 
1913-

January .................. 
February ......... . ....... 
March .... . ............... 
April. .................... 
May . .................... 
June ... . . ...... .. ........ . 
July ...................... 
August . .................. 

eptember ... .... ........ 
October .................. 

ovember . ....... ....... 
December ................ 

1914-
January .................. 
February ................. 
March ....... . ............ 
April ... .. ............ .... 
May ........ . . ....... . . .. 
June .......... : ........... 
July ...................... 
August ......... ... ....... 

eptember ............... 
October .................. 

ovember ........ ..... . . 
December ....... : ........ 

1915-
January .................. 
February ................. 
March . .. . ................ 
April. .................... 
May ..................... 
June ...... .. ...... ...... .. 
July ................. · ..... 
August ................... 

eptember ............... 
October .. .. .............. 

ovember ............... 
December ................ 

1916-
January .................. 
February .. . .............. 
March ....... . ............ 
April. · .................... 
May . .................... 
June ...................... 
July ...................... 
Augu t ..... . ............. 

eptember ............... 
October .................. 

ovember ............... 
December ................ 

1917-
January .................. 
February ..... ............ 

tages in Feet Above 1ean ea Level 

Discharge in Thousand econd Feet 

Complete regulat ion 
system; as uming 

Actual condition ,500 cfs. diver ion 
occurring in pa t a at Chicago and new 

given in record Well and Canal 
complete 

Monthly mean I First 1onthly 
of month mean 

Stage Di charge tage Di charge 
(b) (c) (d ) (e) 

602·44 69 603·22 60 
602·20 65 603·11 53 

601·89 62 602·89 82 
601 ·57 61 602·52 50 
601·51 58 602·58 73 
601· 64 62 602·57 50 
602·07 67 602· 65 50 
602·36 69 603·05 125 
602·64 71 603 ·18 79 
602·78 73 603·36 73 
602·83 75 603·46 93 
603 ·02 7 603·.56 131 
602·88 76 603·39 125 
602·70 73 603·07 67 

602 ·40 71 602·87 82 
602·21 68 602·59 98 
601·92 65 602 ·23 52 
601·84 64 602·08 50 
602 ·23 69 602·29 59 
602·46 72 602· 63 83 
602·68 73 602·83 50 
602·75 75 603·03 56 
602·81 78 603·16 74 
602·73 89 603·14 58 
602·45 87 603·07 99 
602·09 70 602·72 66 

601·82 66 602·41 50 
601,69 67 602 ·26 82 
601·47 66 602·03 50 
601·32 63 601·90 50 
601· 61 70 602·01 50 
601·92 72 602·36 85 
602·25 77 602·65 50 
602·36 78 602·94 124 
602·40 76 602·87 50 
602·73 75 603 ·15 127 
602·81 77 603 ·19 127 
602·69 73 603·03 125 

602· 60 70 602·76 93 
602·41 69 602·58 100 
602·15 69 602·24 50 
602·34 74 602·27 75 
602·96 83 602 ·67 121 
603·43 99 603·09 126 
603·60 99 603·33 71 
603·69 105 603·56 83 
603· 1 117 603·73 134 
603· 64 119 603·64 133 
603 ·45 116 603·43 73 
603 ·13 110 603·28 54 

602·75 91 603·12 126 
602·42 8 602· 67 51 

Partial regulation 
ystem; assuming 

8,500 cf . diver ion 
at Chicago and new 

Well and Canal 
complete 

First 1onthly 
of month mean 

Stage Di charge 
(f) (g) 

602·47 101 
602·17 76 

601 ·87 50 
601·59 50 
601·42 50 
601 ·48 50 
601·79 51 
602·20 52 
602·53 52 
602 ·80 106 
602 ·80 107 
602·86 107 
602 ·75 105 
602·50 101 

602·18 51 
602·00 51 
601·79 50 
601 · 65 51 
601 ·84 51 
602·21 52 
602·49 52 
602 ·70 81 
602·74 105 
602·65 104 
602·43 100 
602·06 51 

601·81 50 
601·65 50 
601·51 50 
601·37 50 
601 ·48 50 
601·83 51 
602·21 52 
602·50 80 
602·57 105 
602·66 106 
602·78 106 
602· 66 104 

602·46 79 
602·30 77 
602·04 51 
602·06 52 
602·53 121 
602·96 125 
603 ·20 126 
603 ·25 128 
603.29 112 
603· 27 111 
603·12 109 
602·87 106 

602·54 79 
602·22 77 
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TABLE 9-EFFECT OF REGuLATION-LAKE "GPERIOR-Continued 

Year-~Ionth 

(a) 

1917-
~Iarch ..... .. . .. . ... .. .. . . 
April . ..... . . .. .. ... . . . .. . 
May .. . ..... . .... ... .. . . . 
June .... .. .. . .. ... . . .. .. . . 
July ...... ..... .... . . .... . 
Augu t . .. .. . .. .... . . .. . . . 

eptember . . .... ....... . . 
October .... . . . . ... . ..... . 

ovember . ... ....... . .. . 
December ......... ...... . 

191-
January .. ... . . . ......... . 
February . . . .... . . ....... . 
March ......... .. .. ...... . 
April ... . . .... . ... . .. . ... . 
May . .... . .... . . . .... . .. . 
June ......... . . . . .... . . . . . 
July ...... ..... . . .. ... . . . . 
Augu t ... ...... .. .. . . ... . 

eptember . .. ... . . . . . . . . . 
October .... .. . .. . .... . .. . 

ovember . ... .. . .. . .... . 
December .... . . . . . . .. . .. . 

191-
January .... ... .. ..... .. . . 
February .. . ..... ........ . 
March . ....... . .. ... .. .. . . 
April ..... . . . . .. . ........ . 
May . ... . . . ... . . ... . .... . 
June ........ ... . .. . ... . .. . 
July ........ .. .. ...... . .. . 
Augu t ...... . . .. . . . .. . .. . 

eptember .. .. . . ...... .. . 
October ..... .. . .... . . . .. . 

Tovember .... .. . . .. ... · · 
December ....... . . . . . .. . . 

1920-
January ..... . .. .. .... ... . 
February ............ . .. . . 
March .......... . .. ... ... . 
April. ........... . ...... . . 
:May . .. ..... . . . .... . . . . . . 
June ......... .. . . ... .. ... . 
July ....... . ... .. ... . .... . 
Augu t ... . .... . .. . ...... . 

eptember .. . .. . .. . . . .. . . 
October .... . . . .. . ... . .. . . 

ovember .............. . 
December .......... . .. . . . 

1921-
January ............. . . .. . 
February ............ ... . . 
March ........ .. . . . . ... . . . 
April ........ . ........ ... . 
May ... . . . ... . ... ... .... . 
June ............. . .. ... .. . 
July ......... . ........ . .. . 

tage in Feet Above Mean ea Level 

Di charges in Thousand econd Feet 

Actual conditions 
occurring in pa t a 

given in record 

~Ionthly mean 

602·33 
602·2 
602·3 
602·60 
602·65 
602· 69 
602·73 
602·67 
602·46 
602·16 

601·93 
601·71 
601·61 
601·-16 
601·74 
602·10 
602·26 
602·42 
602·!i4 
602·49 
602·55 
602·43 

602·28 
602·09 
601 ·90 
602·03 
602·26 
602·46 
602·60 
602·60 
602·56 
602·4 
602· 50 
602·32 

602.07 
601·90 
601·91 
602·25 
602· 39 
602·74 
602 ·93 
602·96 
602· 0 
602·6 
602·47 
602·24 

602·07' 
601·75 
601·54 
601·68 
602·11 
602·42 
602·58 

55 
53 
53 
53 
55 
53 
54 
52 
55 
55 
56 
56 

57 
56 
56 
55 
74 
77 
81 

100 
81 
59 
58 
55 

53 
54 
52 
53 
4 
46 
54 

Complete r egula tion 
y te rn; a uming 
,500 cl . diver ion 

at Chicago and new 
Welland Canal 

complete 

602·55 
602·37 
602·41 
602·6 
602·94 
603·10 
603·21 
603·2 
603·17 
602·97 

602·73 
602·-16 
602·30 
602·20 
602·29 
602·63 
602·9-1 
603·11 
603·2 
603·27 
603·23 
603 ·0 

602·59 
602·3 
602·20 
602· 25 
602·32 
602·60 
602·94 
603·04 
603 12 
603 ·07 
602·93 
602·73 

602·54 
602·30 
602·03 
602·00 
602·30 
602·66 
602· 

119 

50 
50 
50 
50 
50 
69 
55 
57 

72 
56 
50 
50 
50 
50 
53 
0 
2 

84 
103 

67 

90 
97 
50 
54 
50 
50 
50 
50 
50 
50 
50 
60 

5 
7 

9 
115 
50 
65 
86 
50 
50 
50 
50 
50 

50 
50 
50 
50 
50 
50 
74 

Partial regulation 
y tern; a uming 
,500 cf . diYer ion 

at Chicago and new 
Well and Canal 

complete 

602·02 
602·06 
602·19 
602·47 
602·72 
602·7 
602·73 
602·63 
602·42 
602·09 

601· 5 
601·65 
601·50 
601·41 
601·49 
601· 4 
602·14 
602·32 
602·41 
602·41 
602·32 
602·17 

601·9 
601· 2 
601· 62 
601·60 
601·79 
602·02 
602·19 
602·27 
602·17 
602·05 
602·03 
601·96 

601·77 
601·5 
601· 51 
601·70 
601·95 
602· 26 
602· 60 
602·71 
602· 64 
602·42 
602·13 
601·85 

601· 67 
601·43 
601·17 
601·14 
601·43 
601· 0 
602·01 

Ionthly 
mean 

51 
51 
52 
52 

1 
106 
105 
103 
100 

51 

50 
50 
50 
50 
50 
51 
51 
79 
79 

102 
100 

67 

51 
50 
50 
50 
51 
51 
51 
7 
77 
51 
51 
51 

50 
50 
50 
51 
51 
52 

1 
105 
104 
101 
76 
51 

59 
49 
49 
49 
50 
51 
51 
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TABLE 9-EFFECT OF REGULATIO -LAKE SUPERIOR-Concluded 

Year-Month 

(a) 

1921-
August . .. . .. . . . . . . . . .. . . . 
September . . . . .. . ... ..... 
October .... . .. . . . ... . ... . 

ovember . ........ . . . .. . 
December . ...... . ... .. . .. 

1922-
January .. . ..... . ... . ... .. 
February ....... . .. .. .... . 
March . . . ......... . .. . . ... 
April ................ . .. .. . 
May .. . . ..... . .. .. . .. .... 
June .... . ... ... . ... . . ... . . 
July ........ . .......... . . . 
August ... . . .. ... .. . . . .... 
September .. .. ..... . . . . .. 
October ............ ... . . . 
November ... . .... ....... 
December ........ . . ...... 

1923-
Januar · ... . ...... . . .. .. .. 
February ....... . .. . . ..... 
March ... .. .. . . ...... . . ... 
April .. . .. .. .. .. ... .. . . . .. 
May . . . . ... .. .. . .... ..... 
June . .............. . . . . .. . 
July ...... . .. . ... . . ....... 
August ... .... . . .... .. . ... 
September .. . .. . ...... .. . 
October .... .. . . .. ... . .... 

ovember .... .. . ...... . . 
December ........ . .. . . ... 

1924-
January . . .. . . .. . .. ... . ... 
February ........... . .. . . . 
March ......... . ... . . . . . . . 
April ...... ... . . . ... . ..... 
May . .... . . . . .. . .. ...... . 
June . ...... .. ..... .... . ... 
July ........ .... .. . . . .. ... 
August ... ..... ... .. . . . .. . 

eptember . .... . . . ..... . . 
October ....... . ... ..... . . 

ovember ... . ... . . . .. ... 
December ....... . . . . ..... 

1925-
January .. . . . . .... . ....... 
February .......... . . ..... 
March ........ ... ... ... . .. 
April. . . .. ....... . .. . ... .. 
May . ..... . .... ... .... . . . 
June . . . . ..... . . ........... 
July .. . .. . . .. . .... . . . ..... 
August .. ..... . .. .. . . .... . 

eptember .. . .. ..... . . . . . 
October . .... . ....... ..... 
November . .. . .... ... . . . . 
D ecember . .... . . .. . ... . . . 

tage in Feet Above Mean ea Level 

Discharges in Thou and econd Feet 

Complete regulation 
system; a suming 

Actual conditions 8,500 cfs. diver ion 
occurring in pa t as at Chicago and new 

given in record Well and Canal 
complete 

Monthly mean First Monthly 
of month mean 

tage Di charge Stage Discharge 
(b ) (c) (d) (e) 

602·76 54 602·98 91 
602·69 56 602·93 50 
602·55 55 602·82 50 
602·22 4.8 602·59 50 
602·01 45 602·33 50 

601· 64 42 602·03 50 
601·45 44 601·72 50 
601·33 44 601 ·57 50 
601·47 44 601·55 50 
601·96 44 601·85 50 
602·22 41 602·20 50 
602·51 43 602·45 50 
602· 65 44 602 ·65 50 
602·72 43 602 ·74 50 
602·52 47 602·65 50 
602·37 48 602·46 50 
602 ·10 48 602·23 50 

601·88 48 602·00 50 
601 !62 49 601·75 50 
601·47 51 601 ·53 50 
601·41 51 601·43 50 
601· 67 55 601 ·53 50 
601·69 54 601·67 50 
601·97 53 601·85 50 
602·08 53 602·04 50 
602 ·12 52 602·13 50 
602·09 50 602·04 50 
602·05 49 602·10 50 
601·80 50 601·94 50 

601 ·58 50 601 ·72 50 
601 ·35 50 601·44 50 
601·09 51 601· 23 50 
601·04 52 601·09 50 
601·22 53 601 ·15 50 
601·30 50 601·30 50 
601·41 47 601 ·39 50 
601· 67 50 601·57 50 
601 ·91 49 601·73 50 
601· 91 50 601 ·93 50 
601·77 51 601·86 50 
601·52 50 601·67 50 

601·15 52 601· 36 50 
601·00 51 601·11 50 
600·83 52 600·88 50 
600·88 54 600·88 50 
600·97 55 600·97 , 50 
601· 25 53 601·17 50 
601·42 53 601· 40 50 
601·52 57 601·55 50 
601·43 62 601·58 50 
601·41 66 601·55 50 
601·14 63 601·44 50 
600·90 59 601· 24 50 

Partial regulation 
sy tern; a uming 
8,500 cf . diversion 
at Chicago and new 

Welland Canal 
complete 

First Monthly 
of month mean 

tage Di charge 
(f) (g) 

602·19 51 
6b2·26 77 
602·09 51 
601·87 50 
601·59 50 

601·28 49 
600·99 49 
600·81 49 
600·81 49 
601·10 49 
601·46 50 
601·71 51 
601·90 51 
601·99 51 
601·90 51 
601·72 50 
601·50 49 

601· 25 49 
601·01 49 
600·79 48 
600·70 48 
600·80 49 
600·96 49 
601 ·13 49 
601·33 50 
601·42 50 
601·43 50 
601·40 49 
601 ·25 49 

601·02 49 
600·80 48 
600·55 48 
600·41 48 
600·48 48 
600·63 48 
600·73 49 
600·91 49 
601 ·16 49 
601·28 49 
601· 21 49 
601·02 49 

600· 62. 48 
600·39 47 
600·29 47 
600·23 47 
600·33 48 
600 ·56 48 
600·82 49 
600·99 49 
601·02 49 
601·00 49 
600·83 48 
600·60 48 
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TABLE 10.-EFFECT OF REGULATION-LAKE MICHIGAN-HURON 

Year-Month 

(a) 

1860---
January . .. ...... 
February ........ 
March .......... 
April ............ 
May ........... . 
June ............. 
July ............. 
Augu t .......... 
, eptember ...... 
October ......... 
November ...... 
Derember ...... . 

18tH-
January ......... 
February ........ 
March ........... 
April ............ 
fay ........... . 

June ............. 
July ........ ..... 
August ... ..... .. 

eptember ..... . 
October ........ . 

ovember ..... . 
Decemher ...... 

1862-
January .... ..... 
February ....... . 
March .. . ....... 
April ....... ..... 
May ............ 
June ............. 
July ............. 
August ... .. ..... 

eptember ... ... 
October ...... ... 
November ...... 
December ..... . 

1863-
January ......... 
February ........ 
March .......... 
April ............ 
May ............ 
June ............. 
July ............ . 
August .......... 

eptember ...... 
October ......... 
November ...... 
December ...... 

1864-
January ... ... ... 

tages in Feet above Mean ea Level 

Discharges in Thou and econd Feet 

Complete regulation 
ystem; 

occurring a uming ,500 c.f. 
in pa t a diversion at 

given in record Chicago and 
ew Welland Canal 

complete 

mean 

tage Discharge 
(f) (g) 

582·51 214 5 1·36 206 ·········· .......... 
5 2·69 154 5 1·54 141i ·········· ·········· 
582·72 194 581 ·57 1 6 ·········· ... ... .... 
582· 5 200 5 1·70 191 .......... ·········· 
5 2·97 213 5 1·82 205 ·········· ·········· 
583·09 231 581 ·94 222 ·········· ·········· 
583·13 240 5 1·98 232 ·········· .......... 
582·94 237 581·79 22 ·········· .......... 
582·74 235 581·59 227 .......... .......... 
5 2·43 21 5 1·2 209 ·········· .......... 
582·10 221 5 0·95 213 .......... .......... 
58J ·94 209 5 0·79 199 ·········· ... .. ..... 

581·83 J.96 ·········· ·········· 
581·92 175 .......... .......... 
582·31 211 ·········· ·········· 
5 2·41 204 ·········· ...... . ... 
582· 3 210 ·········· ·········· 
5 2·99 217 .......... .......... 
583·12 222 .......... ·········· 
583·36 226 . ········· ·········· 
583·05 221 ...... .. .. ·········· 
582·93 219 ·········· .......... 
5 2·70 215 .......... .......... 
582·53 210 .......... .......... 

582·33 20 5 1·18 200 ·········· ········· · 
5 2·1 169 5 1·03 160 ·········· .......... 
5 2·4 221 5 1·33 213 ·········· .......... 
582·64 213 5 1·49 204 ·········· .......... 
582·89 220 5 1·74 212 .. . ....... .......... 
5 3·02 223 5 1· 7 214 ·········· ·········· 
5 2·92 220 581·77 212 ........ .. .......... 
582·91 222 5 1·76 213 ······ · ··· . ......... 
5 2·84 223 5 1·69 215 .......... .......... 
5 2·73 224 5 1·5 215 .......... .......... 
582·34 217 5 1·19 209 .. . ....... . .. ....... 
582·20 214 5 1·05 205 ·········· ·········· 

582·13 210 5 0·98 202 ·········· ······· ... 
5 2·18 209 581·03 200 ·········· ·········· 
582·17 201 5 1·02 193 .......... .......... 
582·17 207 581·02 198 . ......... .......... 
5 2·3 211 5 1·23 203 ·········· .......... 
582·47 215 581·32 206 .......... ·········· 
582·42 212 581·27 204 ......... . .......... 
5 2·29 210 581·14 201 ·········· .......... 
582·11 20 5 0·96 200 .......... ......... . 
582·02 212 5 0· 7 203 ·········· ·········· 
581·58 203 5 0·43 195 ........ . . ... ....... 
5 1·92 211 580·77 202 .......... ·········· 

581·69 204 580·54 196 ·· ········ .......... 

Partial regulation 
y tern; 

as uming ,500 c.f. 
diversion at 
Chicago and 

ew Welland Canal 
complete 

Fir t of Monthly 
month mean 

tage Discharge 
(h) (i) 

5 1·50 195 
581·49 137 
581· 59 175 
581·74 181 
581· 94 195 
5 2·13 210 
582·27 234 
5 2·16 231 
5 1·97 228 
581·71 221 
581·38 2J.7 
581·13 .93 

581·03 194 
5 1·03 168 
5 1·26 198 
5 1·48 198 
5 1·73 201 
582·09 208 
5 2·29 236 
5 2·4 237 
582·45 236 
582·22 231 
5 2·03 228 
581· 2 224 

581·63 194 
581·43 155 
5 1·44 200 
581· 65 200 
581·85 204 
5 2·21 209 
5 2·28 232 
5 2·23 231 
5 2·17 22 
5 2·05 229 
581· 0 224 
5 1·52 219 

5 1·42 195 
581·3 194 
5 1·39 187 
581·35 193 
581·41 195 
581·51 196 
5 1·50 196 
5 1·37 195 
581·25 194 
581·15 193 
580·95 193 
5 0·94 193 

581·06 193 
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TABLE 10.-EFFECT OF REGULATIO -LAKE MICHIGAN-HURON-Continued 

Year-Month 

(a) 

1864-
F ebruary . . .. . . . . 
March . .. . .. .. . . 
April . . ... . . . ... . 
May .. ... . ... ... 
June ... .. .. . . . . . . 
July . ....... . . . . . 
August .. . . . ..... 
September . .. .. . 
October .. . ... ... 

ovember . . . . .. 
December .. .. . . 

1865-
January . . . .. . . . . 
F ebruary ...... . . 
March ......... . 
April .. .. .. . . .. . . 
May . .. . ... .... . 
June . . . · ·· ·· ' . . .. 
July .. ..... ... ... 
August . .... . . ... 
September .. . . .. 
Oct ober . . . .. . . .. 
November . . .. . . 
D ecember . .. ... 

1866---
January . .. . .. ... 
F ebruary ... . . . .. 
March . . . . . . . . . . 
April .. .. .. . . . .. . 
May . ..... . ..... 
June ........ ..... 
July .... .. .. .. .. . 
August . . ... . . ... 
September .. .. .. 
October . ... . . . .. 
November .. ... . 
December . . . . .. 

1867-
Ja nuary . .... . . .. 
F ebruary . ... . . . . 
March . . . . . . .. . . 
April ... . . . ..... . 
May . .. . ..... . . . 
June . ...... .. .... 
July ....... . ... .. 
August .. .. . .. ... 
September .. .. . . 
October . . .... . . . 
November .... .. 
D ecember ... . .. . 

1868-
January ... ...... 
F ebruar y . .. .. . .. 

Stages in F eet above M ean S ea Level 

Di scharges in Thousand Second Feet 

Computed condit ions 
for present r egimen 
wit hout r egulation Complete regulation 

Actual conditions ew W elland Canal system , 
occurring assumed complete assuming 8,500 cfs 
in past as Chicago diversion diversion at 

given in record assumed at8,500 c.f.s. Chicago and 
Ot h er lowerings from IN ew W elland Canal 

data compiled by complete 
u.s. Lake Survey 

Monthly Monthly Frrst of Monthly 
m ean m ean month mean 

Stage Discharge St age Discharge Stage Discharge 
(b) (c) (d ) (e) (f) (g) 

581·55 207 580 ·40 198 · ···· · · ·· · . . . ··· · ·· · 
581·80 209 580 ·65 201 . .. . . . . . . . ·· · · · · · ··· 
581·51 195 580·36 L86 . . .. ... .. . · · · · ······ 
582·02 203 580·87 195 · ·· ·· · ··· · · · ··· · · ··· 
582 ·01 200 580·86 191 ··· · ····· · · ·· · · · · · · · 
581 ·91 201 580·76 193 .. . . . .... . . . . . . .. . . . 
581·73 199 580·58 190 . . .. . . . . .. . .. . . . . ... 
581·46 194 580 ·31 186 ··· · ··· · · · .. ... . ... . 
581·07 191 579·92 182 .. ... . ... . · ·· · · ···· · 
580 ·90 187 579·75 179 . . .. . ·· · · · . .. .. .. . .. 
580·77 181 579·62 172 . ... . . . . . . . .. .. . .. . . 

580·56 165 579·41 157 . . ..... . . . · · · · ···· ·· 
580·65 155 579·50 146 .. .. . .. . . . · · · ·· ···· · 
580·82 191 579·67 183 · · ··· · · ·· · ... . . . .. . . 
581·31 198 580·16 189 · · · · · ··· ·· ..... . ... . 
581·47 195 580·32 187 · · · · · ···· · · ··· · · · ·· · 
581·51 196 580·36 187 . . . . ... . . . . ....... . . 
581·94 206 580·79 198 . . . . ...... ... . ..... . 
581·96 207 580·81 198 . .. . . ·· · · · ...... .... 
581 ·84 205 580 ·69 197 · ·· ···· · ·· . . . . . .... . 
581 · 60 202 580 ·45 193 . . ... . ... . . .. .. .. .. . 
581·04 193 579 ·89 185 · · ··· · · · · · · ··· · ·· · ·· 580·73 186 579 ·58 177 · ·· · · ··· · · ........ . . 

580·47 179 579·32 171 ·· · · · ·· · ·· . .... . . ... 
580· 23 180 579 ·08 171 · ·· ·· · · ··· . .. ...... . 
.580·28 181 579·13 173 . · · · · · · · · · . . . . .. . . . . 
580·73 183 579 ·58 174 . . . . .. .... . ..... .. . . 
580·91 185 579 ·76 177 ···· · ····· . ·· · ·· · · ·· 581 · 20 189 580·05 180 .. . .. .. . . . ....... . . . 
581·46 193 580·31 185 .... . . . . . . . .. ... .. . . 
581 ·52 196 580·37 187 · · · · ·· · ··· · ·· · · · ·· · · 
581·37 193 580·22 185 ·· · · · · ··· · · · · ·· ··· · · 581 ·26 190 580 ·11 181 . . . . ..... . · · ·· · ··· ·· 
581·17 190 580·02 182 .. . ... . ... . . ... . . ... 
580·91 180 579·76 171 · · ·· · · · ·· · · ··· · .. . . . 
580· 89 192 579·74 184 .. . . . . .... . ... .. ... . 
580 ·94 193 579·79 184 . .. . .. . .. . . .. . . .. . .. 
581·12 176 579 ·97 168 ...... .... ·· ·· ·· · · ·· 581·41 196 580·26 187 · · · · ······ ·· ·· · ·· · ·· 581· 63 197 580·48 189 · ·· ·· ·· · ·· · ··· · · · ·· · 581·94 199 580·79 190 . ......... ... . . .. .. . 
582·09 207 580 ·94 199 .. ... ..... . . .. .. . . .. 
582·02 204 580·87 195 . .. . . . . . . . · ·· · ·· · · ·· 581·75 203 580·60 195 ·· · ·· · ·· · · · · · ··· · ·· · 581·42 198 580·27 189 · · · · · . . . .. . .. ... .. .. 
580·96 192 579 ·81 184 .. ... . .... .. .... ... . 
580 ·61 183 579·46 174 . . .. ..... . .. . ... .. .. 

580·45 182 579 ·30 174 · · · · · · · ·· · . ·· ····· · · 580 ·41 173 579 ·26 164 .. ... . .. .. . . . .. . 

Partial regulation 
system , 

assuming 8,500 cfs 
diversion at 
Chicago and 

New W elland Canal 
complete 

First of Monthly 
month mean 

Stage Discharge 
(i) (h) 

580·84 190 
580·87 189 
580 ·85 185 
580 ·91 186 
581·15 188 
581·03 188 
580·91 185 
580 ·70 183 
580·41 178 
580 ·19 176 
580·11 173 

579·94 152 
579·87 137 
579·98 179 
580 ·30 180 
580 · 60 182 
580 ·79 185 
581·09 194 
581· 38 197 
581 ·38 197 
581·21 192 
580·84 186 
580 ·43 179 

580·19 176 
579·89 170 
579·76 171 
579·98 171 
580·26 175 
580·50 178 
580·75 184 
580·89 185 
580·90 187 
580·81 185 
580 ·73 185 
580·58 181 

580·45 181 
580·48 180 
580·57 164 
580·82 186 
581 ·08 190 
581· 28 192 
581·49 197 
581·58 198 
581·45 198 
581·16 192 
580·78 186 
580 ·39 179 

580·17 178 
580 01 164 
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TABLE 10.-EFFECT OF REGULATION-LAKE MICHIGA -HURO -Continued 

Atages in Feet above Mean Sea Level 

Year-Month 

(a) 

186-
March . .... . ... . 
April. ........ . . . 
May ......... . . . 
June .......... . . . 
July ........... . . 
August ......... . 

eptember ..... . 
October ........ . 
November ..... . 
December ..... . 

1869-
January ..... . .. . 
February ....... . 
March ......... . 
April ........... . 
May .. .. ....... . 
June ............ . 
July . .......... . . 
Augu t ...... . .. . 

eptember ..... . 
October ........ . 

ovember ..... . 
December ... . . . 

1 70-
January ........ . 
February ....... . 
March .. ....... . 
April . . ......... . 
May . ... ..... . . . 
June ........... . . 
July ............ . 
Augu t . ........ . 

eptember .. .. . . 
October ........ . 

ovember ..... . 
December . .. . . . 

1871-
January ... .. .. . . 
February ....... . 
March .. ....... . 
April .. ...... .. . . 
May ... . .... ... . 
June .. .. ..... . . . . 
July . .... .. ..... . 
Augu t .. . ...... . 

epterober .... . . 
October ... . .... . 

ovember .. . .. . 
December . . . .. . 

1872-
January . . ...... . 
February .. .. . .. . 
March . .. . . . .. . . 

45827-10 

Di c:harges in Thousand Second Feet 

Actual condit;ions 
occurring 
in pat as 

given in record 

Monthly 
mean 

Stage Discharge 
(b) (c) 

581·09 
580·99 
581·27 
581·4 
581·51 
581·l7 
580·93 
580·70 
5 0·63 
5 0·35 

580·25 
580·32 
580·06 
5 0·43 
580·76 
581·29 
581·67 
581·93 
581· 2 
581·46 
5 1·34 
581·06 

581·12 
5 1·21 
5 1·51 
5 1·93 
5 2·27 
5 2·41 
5 2·52 
5 2·43 
5 2·57 
582·17 
581·77 
581·42 

581·57 
581·49 
582·09 
5 2·29 
5 2·64 
582· 68 
5 2·71 
582·4 
5 1· 81 
581·12 
581·07 
580·4 

580·36 
580·35 
580·13 

196 
189 
190 
192 
194 
189 
186 
185 
187 
1 0 

183 
171 
167 
179 
184 
193 
196 
204 
204 
19 
197 
189 

178 
180 
1 6 
203 
207 
211 
211 
209 
216 
212 
203 
192 

206 
174 
210 
213 
2l9 
219 
220 
217 
201 
190 
191 
175 

182 
183 
182 

Computed conditions 
for present regimen 
without regulation Complete regulation 

ew ". elland Canal system, 
a sumed complete assuming 8, 00 c.f.s. 
Chicago diversion diversion at 

a • umed at , 00 c.f.s. Chicago and 
Other lowering from New Welland Canal 

data compiled by complete 
U. . Lake urvey 

Partial regulation 
system, 

as uming 8,500 c.f.s. 
diver ion at 
Chicago and 

New Welland Canal 
complete 

Monthly 
mean 

Frrst of Monthly F1rst. of Monthly 

tage Discharge 
(d) (e) 

579 ·94 
579· 4 
5 0·12 
5 0·33 
580·36 
5 0·02 
579·78 
579·55 
579·48 
579 ·20 

579·10 
579·17 
578·91 
579.28 
579·61 
5 0·14 
5 0·52 
5 0·7 
5 0·67 
5 0·31 
5 0·19 
579·91 

5 0·42 
5 0·34 
5 0 ·94 
581·14 
5 1·49 
5 1·53 
5 1·56 
581·33 
5 0 ·66 
579 .97 
579 ·92 
579 ·33 

579·20 
579·20 
578 ·98 

188 
180 
182 
183 
186 
180 
178 
176 
179 
171 

175 
162 
159 
170 
176 
1 4 
1 8 
195 
196 
189 
189 
1 0 

170 
171 
178 
194 
199 
202 
203 
200 
208 
203 
195 
183 

198 
165 
202 
204 
211 
210 
212 
208 
193 
181 
1 3 
166 

174 
174 
174 

month mean month mean 

tage Discharge 
(f) (g) 

580·75 163 
5 0·74 198 
580· 60 150 
5 0·63 108 
581·17 203 
5 1·59 172 
582·00 227 
5 2·12 225 
5 2·18 23 
5 1·88 198 
5 1·6 214 
f> 1·47 165 

1 0 
1 0 
203 
231 
175 
192 
244 
191 
241 
237 
230 
219 

581·08 203 
581·03 187 
581·23 221 
581·56 226 
581· 6 232 
582·12 237 
5 2·29 240 
581·88 233 
581·45 150 
5 0·94 150 
580·75 154 
5 0 ·55 1 0 

5 0·15 151 
5 0·10 204 
579·96 183 

tage Discharge 
(i) (b) 

580·29 
580·55 
580·63 
580·87 
580·97 
580·79 
580·47 
580·27 
5 0 · 14 
579·99 

579·84 
579·83 
579·74 
579·77 
580·08 
5 0·50 
5 0·95 
581·25 
581·11 
5 0·90 
5 0 ·71 
580·53 

5 0·45 
5 0·50 
5 0·69 
5 1·07 
5 1·35 
581·75 
581·85 
581·79 
581 ·84 
581·73 
581·37 
581·03 

579-87 
579-77 
579·62 

184 
183 
183 
184 
185 
182 
180 
177 
176 
172 

172 
158 
159 
167 
172 
179 
187 
192 
190 
188 
186 
181 

178 
166 
169 
192 
199 
200 
203 
203 
205 
201 
196 
191 

191 
188 
197 
200 
204 
206 
208 
204 
194 
185 
182 
175 

172 
171 
171 
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TABLE 10.-EFFECT OF REGULATION-LAKE MICHIGAN-HURON-Continued 

Year-Month 

(a) 

1872-
April ..... . ... . .. 
May . . . . . . ..... . 
June .. . .. .. ... .. . 
J uly . . .. . . . . .... . 
August ... . . . .. .. 
September . . . . .. 
October .. .. .. ... 
November ... . . . 
December . . . . .. . 

1873-
January .... .. . .. 
February ...... · .. 
March ... . . .. . .. 
April.. .... . ... .. 
May ..... . . . .... 
June . . .. . . .. . ... . 
J uly .. . .. ... . ... . 
August ...... .. .. 
September ..... . 
October . . . .. . .. . 
November .... .. 
December . .... .. 

1874-
January . ... . .. .. 
February .. . ... . . 
March . . . . . . .. . . 
April. . . . . . .. . ... 
May .. ..... . .. . . 
J une . ..... . .. .. . . 
July .. .. ... .. . . . . 
August ........ . . 
September ..... . 
Oct ober ........ . 
N ov ember. .. ... 
D ecember . ...... 

1875-
January .. . .. . .. . 
F ebruary .. . . . ... 
March . . . . . . .. . . 
April .. .. ...... . . 
May . . . .. . . .. . . . 
June .. . . .. . .. . . . . 
July .... . ...... .. 
August . ...... . . . 

eptember .. . . .. 
October ... . . ... . 
November ... ... 
D ecember .... . . . 

1876-
January .. . . .... . 
F ebruary ... . .. . . 
March .... . . . . .. 
April . . . .. . .. . .. . 

Stages in Feet above Mean Sea Level 

Discharges in Thousand Second Feet 

Computed conditions 
for present regimen 
without regulation Complete regulation 

Actual conditions New Welland Canal system, 
occurring assumed complete assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at 

given in record assumed at8,500 c.f.s. Chicago and 
Ot h er lowerings from IN ew W elland Canal 

data compiled by complete 
U.S. Lake Survey 

Monthly Monthly First of Monthly 
me<~.n m ean month mean 

Stage Disrharge Stage Discharge Stage DischargP. 
(b ) (c) (d) (e ) (f) (g) 

580·38 182 579·23 173 580 ·00 169 
580·63 187 579·48 179 580·21 174 
581·00 191 579·85 182 580 ·52 150 
581 ·03 194 579·88 186 580 ·71 168 
581 ·01 192 579·86 183 580 ·80 176 
580·94 192 579 ·79 184 580 ·85 195 
580-82 18~ 579 ·67 179 580-77 186 
580 ·52 187 579· 38 179 580 ·60 169 
579 ·87 172 578·72 163 580·21 150 

579-87 178 578·72 170 579 ·98 174 
579 ·91 176 578·76 167 .180· 08 192 
580· 22 179 579·07 171 580 ·11 185 
580 ·79 183 579·64 174 580·56 156 
581·35 197 580·20 189 581·14 150 
581 ·98 211 580-83 202 581·70 229 
581 ·94 208 580·79 200 581 ·95 233 
582 -04 211 5 0 -89 202 581 ·90 231 
581 ·85 208 580 ·70 200 581·81 231 
581·79 210 580 -64 20.1 581 ·65 230 
581 ·56 206 580 ·41 198 581 ·43 227 
581 ·52 202 580 ·37 193 581·21 183 

581 ·48 164 580· 33 156 581 · 12 182 
581·77 136 580·62 127 581 ·15 144 
581·92 197 580·77 189 581·27 150 
581·82 204 580 ·67 195 581·49 210 
581-80 200 580·65 192 581·50 150 
582·17 215 581 ·02 206 581·77 168 
582·10 211 580·95 203 581· 90 231 
582 ·11 212 580 ·96 203 581·85 227 
581 ·86 215 580·71 207 581·75 230 
581 ·51 211 580 ·36 202 581·57 229 
581 ·31 200 580 ·16 192 581-21 212 
580-97 203 579· 82 194 581-00 212 

580·77 201 579· 62 193 580·75 213 
580·70 201 579·55 192 580·56 210 
580·76 200 579 ·61 192 580 ·60 212 
581·12 198 579·97 189 580· 60 210 
581 ·68 207 580·53 199 581·19 184 
581·92 214 580·77 205 581·50 167 
581· 89 216 580·74 208 581·71 153 
582·06 216 580 ·91 207 581·81 208 
581·99 219 580 ·84 211 581·75 230 
581·84 216 580·69 207 581·62 229 
581·63 215 580-48 207 581·43 228 
581-44 201 580 ·29 192 581·14 213 

581·39 20' 580 ·24 200 581·06 208 
581· 59 204 580·44 195 581·22 174 
5 1 ·92 197 5 0 ·77 189 581· 28 150 
582·12 205 580 ·97 196 581· 58 163 

Partial regulation 
system, 

assuming 8,500 c.f.s. 
diversion at 
Chicago and 

New Welland Canal 
complete 

First of Monthly 
month mean 

Stage Discharge 
(i) (h) 

579·62 171 
579·84 175 
580 ·12 176 
580·26 178 
580· 26 176 
580 ·26 178 
580· 19 176 
580 -02 172 
579·59 166 

579 ·30 166 
579·34 166 
579·51 173 
579 ·96 175 
580·53 189 
581·12 198 
581·EO 199 
581 ·59 200 
581 ·59 203 
581 ·48 200 
581·36 199 
581 ·24 194 

581·23 160 
581·34 128 
581 ·55 188 
581·59 196 
581 ·54 199 
581 ·64 200 
581 ·73 202 
581 · 66 201 
581·61 202 
581·49 200 
581 ·18 195 
580·96 192 

580·82 191 
580·66 189 
580 ·64 191 
580·86 196 
581·27 201 
581·62 203 
581·77 205 
581- 82 206 
581· 87 228 
581·74 224 
581·57 223 
581 ·35 192 

581·29 198 
581 ·37 196 
581 ·50 197 
581·72 199 
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TABLE 10.-EFFECT OF REGULATION-LAKE MICHIGAN-HURON-Continued 

Year-Month 

{a) 

1876-
May . . . ...... . . . 
June .......... . . . 
July ......... ... . 
August . ........ . 

eptember .. . . . . 
October . .... . .. . 
November . .... . 
December ...... . 

1877-
January ........ . 
February ....... . 
March ... . .. . .. . 
April ........... . 
May .. . . . . ..... . 
June . . .......... . 
July ............ . 
August .. .. . .... . 

eptember . .. . . . 
October . ... .. . . . 

ovember ... . . . 
December .. .... . 

187-
January . ... . ... . 
February ....... . 
March ........ . . 
April .. . . .... ... . 
May .. . ...... . . . 
June .. .. . . .. . . . . . 
July .. . ..... .... . 
August .... .. . . . . 
September . . . .. . 
October . ..... . . . 
November .... . . 
December . ..... . 

1879-
January ...... . . . 
February ...... . . 
March .. . . . .... . 
April . .. ...... . . . 
May .. .. .... . .. . 
June . ... ..... .. . . 
July . . .. ..... .. . . 
August . . .. .. ... . 

eptember . . ... . 
October. ... ... . . 
November . .. .. . 
December . . ... . . 

1880-
January . .... .. . . 
February ...... . . 
March .... . .. .. . 
April ... .... . .. . . 
May .. ..... .. .. . 

45827- 10! 

Stages in Feet above Mean Sea Level 

Discharges in Thousand Second Feet 

Actual conditions 
occurring 
in past as 

given in record 

Monthly 
mean 

Stage Discharge 
(b) (c) 

5 2·74 
583·15 
583·49 
583·42 
583·37 
5 2·79 
582·89 
582·42 

582·28 
582·29 
582·29 
582·67 
582·56 
5 2·63 
5 2·60 
582·4 
582·27 
5 2·2 
5 2·16 
582·10 

581·9 
5 1·91 
5 2·07 
582 ·09 
582 ·39 
rj 2·53 
5 2 ·54 
582· 22 
5 2·02 
5 1·91 
5 1·7 
581·46 

581·15 
5 1·16 
5 1·20 
5 1·19 
581·32 
581·39 
5 1·48 
581 ·29 
581·17 
580·95 
580·73 
580·76 

580·80 
5 0·71 
5 0·75 
580·92 
581·26 

213 
197 
14 
177 
182 
226 
227 
226 
222 
218 
216 
215 

209 
164 
195 
205 
214 
220 
219 
21 
214 
217 
216 
192 

185 
159 
1 8 
197 
194 
200 
200 
199 
200 
197 
197 
194 

192 
185 
191 
189 
196 

Computed conditions 
for present regimen 
without regulation 
New Welland Canal 
a umed complete 
Chicago diversion 

as umerl at8,500 c.f.s 
Other lowering from 

data compiled by 
U. Lake urvey 

Monthly 
mean 

tage Discharge 
(d ) (e) 

581· 59 
582·00 
5 2·34 
5 2·27 
5 2·22 
5 1·64 
581·74 
5 1·27 

581·13 
581·14 
581·14 
581·52 
581·41 
581·48 
5 1·45 
5 1·33 
581·12 
581·13 
5 1·01 
5 0·95 

5 0·83 
5 0·76 
580·92 
5 0·94 
581·24 
5 1·3 
5 1·39 
5 1·07 
5 0 ·87 
5 0·76 
5 0·63 
5 0·31 

5 0 ·00 
5 0·01 
5 0·05 
5 0 ·04 
5 0·17 
5 0·24 
5 0·33 
5 0·14 
5 0·02 
579·80 
579·5 
579·61 

579·65 
579·56 
579.60 
579·77 
580·11 

191 
217 
229 
229 
233 
225 
223 
205 

205 
188 
140 
168 
174 
217 
219 
217 
214 
209 
20 
206 

201 
155 
1 7 
196 
206 
211 
211 
209 
206 
208 
20 
183 

177 
150 
180 
188 
1 6 
191 
192 
190 
192 
188 
189 
185 

184 
176 
183 
180 
188 

Complete regulation 
system, 

assuming 8,500 c.f.s 
diversion at 
Chicago and 

ew Welland Canal 
complete 

Partial regulation 
ystem, 

a uming 8,500 c.f.s 
diversion at 
Chicago and 

New Wellanrl Canal 
complete 

First of Monthly First of :Monthly 
month mean month mean 

tage Discharge , tage Discharge 
(f) (g) (i) (h) 

582·04 
5 2·54 
5 2·94 
583·07 
582·98 
5 2·57 
582·21 
581·96 

581·65 

214 
244 
252 
259 
255 
249 
243 
238 

582·14 
582·65 
583·10 
583·25 
583·17 
582·86 
5 2·58 
582·36 

582·06 
581·93 
581·87 
581·96 
582·02 
581·99 
581 ·98 
581·96 
581· 3 
581·67 
581·60 
581·52 

581·45 
5 1·35 
5 1·37 
581·47 
581 ·65 
581·86 
581·96 
581·87 
581·70 
581·61 
581·52 
581·33 

581·00 
580·78 
5 0·70 
5 0·78 
580·84 
5 0·94 
5 0·99 
5 0·91 
580·80 
580·66 
580·49 
580·43 

580·45 
580·43 
580·39 
5 0·45 
580·68 

192 
219 
251 
253 
252 
245 
212 
236 

212 
186 
139 
165 
170 
207 
207 
207 
227 
224 
223 
219 

194 
152 
180 
197 
201 
203 
206 
204 
204 
222 
220 
199 

172 
168 
177 
185 
186 
187 
189 
188 
187 
185 
184 
181 

186 
173 
177 
179 
186 
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TABLE 10.-EFFECT OF REGULATION-LAKE MICHIGAN-HURON-Continued 

Stages in Feet above Mean Sea Level 

Discharges in Thousand Second Feet 

Computed conditions 
for present regimen 
without regulation Complete regulation Partial regulation 

Actual conditions New Welland Canal system, system, 
occurring assumed complete assuming 8,fi00 c.f.s. assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at diversion at 

given in record assumed H.t 8,500 c.f .s. Chicago and Chicago and 
Year-Month Other lowermgs from New Welland Canal New Welland Canal 

data compiled by 
U.S. Lake Survey 

complete complete 

Monthly Monthly First of Monthly First of Monthly 
mean mean month mean month mean 

Stage Discharge Stage Disrharge Stage Discharge Stage Discharge 
(a) (b) (c) (d) (e) (f) (g) (i) (b) 

188Q-
June ...... ..... .. 581·77 205 580·62 196 . .. .... ... ······ ·· ·· 581·09 192 
July . .. ..... . ... . 581·99 211 580·84 203 · · · ··· · · · · .... ...... 581·47 200 
August ... . .... . . 582·02 210 580 ·87 201 ········ · · . ····· · · ·· 581·67 201 
September ...... 581·72 210 5-80·57 202 .......... ·········· 581·62 201 
October ......... 581·38 205 580·23 196 ····· · · ··· ······ ···· 581·38 198 
November ..... . 581·06 204 579·91 196 ··· · ·· ···· ....... .. . 581·14 194 
December.-.... 580·89 192 579·74 181 ···· · .... . ........ .. 580·98 192 

1881-
January ... . .... . 580·90 186 579·75 178 ········· · ·· ········ 580·89 179 
February ....... . 581·11 0 02 579·96 193 ·· ···· ···· ... ... .... 580·96 188 
March .......... 581·40 196 580·25 188 . ... ...... ... .. ... . . 581·18 186 
April ............ 581·31 205 580·16 196 · · · ······· .... . ..... 581·21 193 
May ........... . 581·82 208 580.67 200 ······· · ·· ··· ···· ··· 581·36 197 
June ............. 582·05 209 580·90 200 ...... .... . ······ · · · 581· 62 199 
July ............ . 582 ·02 214 580·87 206 . .. . .... . . · · ·· ··· · · · 581·75 202 
August .... . ... .. 582·02 210 580·87 201 .... .... .. · · ········ 581·79 204 
September ..... . 581·79 209 580·64 201 .. ...... .. · · · ·· · ··· · 581·69 206 October ........ . 582·12 219 580·97 210 ·· · · ···· · · . ··· · · · · · · 581·76 228 
November ..... . 581·95 225 580·80 217 . ..... .. . . · · ·· · · ··· · 581·89 230 
December ... .. .. 581·85 210 580·70 

1882-
201 ···· ·· ··· · ·········· 581·80 220 

January ..... .. . . 581·63 208 580·48 200 .. .. . . ... . · ·· · ····· · 581·65 201 
February .. .. .. .. 581·62 195 580·47 186 . ···· ·· · · · · ········ · 581·50 188 
March ......... . 581·99 203 580·84 195 · ···· ··· · · ···· · · · ··· 581·55 199 
April.. .... .. .. .. 582·12 207 580·97 198 ... . .... .. · · ···· ··· · 581·77 201 
May . .. ........ . 582· 22 206 581·07 198 .. . ....... ...... ... . 581·93 205 
June ...... .... ... 582·49 214 581·34 205 · ·· · ······ · ·· ······· 582·05 205 
July ....... . .. . . . 582· 62 211 581·47 203 ··· · ······ ·· ··· ···· · 582·17 210 
August .......... 582·81 213 581·66 204 .. . ... . ... .. . ....... 582·28 233 
September ...... 582·69 219 581·54 211 · ········· ·· ····· · · · 582·26 233 
October .... .. . . . 582·28 217 581·13 208 ······ ···· · · · · ····· · 582·03 227 
November . .. . .. 582 ·07 213 580·92 205 .. . ····· · · · ··· ···· ·· 581·76 224 
December ...... . 581·74 203 580·59 194 . .. ... . . . . ······ ... . 581·51 219 1883-
January . ....... . 581·48 204 580·33 196 ········ · · · ·· ·· ···· · 581·28 197 
February ....... . 581·52 208 580 ·37 199 ···· ····· · ······· ·· · 581·18 195 
March . ......... 581·61 187 581·46 179 ········· · · ·· ··· ·· ·· 581·21 177 
April. .......... . 581 ·82 206 580·67 197 ········· · · · · ····· ·· 5R1·26 196 May .. .. .. . ... . . 582·30 217 581·15 209 . ..... . ... ·· · · · · ··· · 581·59 204 June ...... .... .. . 582·66 219 581·51 210 ········ · · ·· ·· ··· ··· 582 ·03 209 July ..... .. .. . ... 583 ·26 223 582·11 215 ··· · ···· ·· ·· ·· ···· · · 582·43 238 August .... ..... . 583 ·23 230 582·08 221 · ····· ·· ·· ·· · · · ····· 582·69 239 September ...... 583·04 227 581·89 219 ·· ··· · ···· . · ·· ···· · · 582· 61 238 October ........ . 582·82 223 581 ' 67 214 ·· ········ · · ······ · · 582·33 233 November . . .... 582·37 232 581· 22 224 . ······ .. . · ··· ··· ··· 582·12 233 December .. .... . 582 ·29 221 581·14 212 ·········· ··· ··· ···· 582·01 225 Ul84-
January ....... . . 582·07 166 580·92 158 .......... ······ .... 581·79 152 February ........ 5 2·19 179 581·04 170 ·········· ·········· 581·66 165 March ...... . . . . 5 2·44 215 581 ·29 207 ········ ·· ········ · · 581·74 205 A,pril . .... .. . ... . 5 2·62 221 581·47 212 ······ · ··· ·· ········ 581·92 206 May ..... . ..... . 582 ·83 225 581·68 217 · · ········ ··· ·· ····· 582·13 209 June .......... ... 582·99 224 581·84 215 .......... ··· · ······ 582 ·27 210 
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TABLE 10.-EFFECT OF REGULATION-LAKE MICIDGAN-HURON-Continued 

Stages in Feet above Mean Sea Level 

Year-Month 

(a) 

1884-
July . ...... ... .. . 
August ......... . 
September . . . .. . 
October ... ..... . 
November . ... . . 
December ... .. . 

1885--
January ........ . 
February ....... . 
March .... . .. . . . . 
April ...... ... . . . 
May .... ....... . 
June ... . .. . ..... . 
July .. . ..... . ... . 
August .... .... . . 

eptember ..... . 
October ........ . 

ovember .. . .. . 
December ..... . 

1886-
January .... .... . 
February ....... . 
March ...... .. . . 
April ...... ..... . 
May ........... . 
June .... . . ...... . 
July ...... . ..... . 
August . ... . .... . 
September ..... . 
October ........ . 
November ..... . 
December .... . . 

1887-
January ........ . 
February ...... . . 
March .. . . . .... . 
April ........... . 
May ........... . 
June ........... . . 
July ......... .. . . 
August . .. ...... . 
September ... .. . 
October .. .... .. . 
November ..... . 
December .. . .. . 

1888-
January ....... . . 
February ....... . 
March . .... .... . 
April ...... ..... . 
May .......... . . 
June .......... .. . 
July ............ . 

Discharges in Thousand Second Feet 

Actual conditions 
occurring 
in past as 

given in record 

Monthly 
mean 

Stage Discharge 
(b) (c) 

582·83 
582·69 
582·44 
582·44 
5 2·08 
582·05 

582·06 
582·29 
5 2·25 
5 2·44 
5 2· 0 
5 3·01 
583·10 
583·31 
5 3·17 
5 3·03 
5 2·73 
5 2·44 

5 2·67 
5 2 ·69 
5 2·97 
583·24 
5 3·50 
583·57 
583 ·38 
583·15 
582 ·91 
582·81 
582 ·47 
582·14 

582·06 
582·43 
582·59 
582·54 
582·74 
582·87 
582·81 
582·67 
582·33 
581· 8 
581·55 
581·43 

581· 25 
581·20 
581·38 
581·59 
581·97 
582·24 
582·25 

226 
226 
222 
229 
224 
214 

215 
223 
212 
215 
22 
232 
235 
237 
236 
234 
229 
222 

182 
162 
202 
209 
233 
245 
241 
238 
235 
233 
230 
218 

217 
221 
201 
210 
216 
226 
229 
225 
219 
217 
211 
204 

200 
200 
193 
204 
201 
221 
218 

Computed condition 
for present regimen 
without regulation 
New Welland Canal 
a sumed complete 
Chicago diver wn 

as umedat8,500c.f.s. 
0 t.her lowering from 

data compiled by 
U. . Lake urvey 

Monthly 
mean 

581·68 
5 1·54 
5 1·29 
5 1·29 
5 0·93 
5 0·90 

581·52 
5 1·54 
581·82 
582·09 
5 2·35 
5 2·42 
5 2·23 
582·00 
581·76 
581·66 
5 1·32 
580·99 

5 0 ·92 
5 1·29 
5 1·45 
5 1·40 
5 1·60 
5 1·73 
581·67 
5 1·53 
5 1·19 
5 0·74 
5 0·41 
580·29 

580·11 
5 0·06 
580·24 
5 0·45 
580·83 
581·10 
581·11 

218 
217 
214 
220 
216 
205 

207 
214 
204 
206 
220 
223 
227 
228 
22 
225 
221 
213 

174 
153 
194 
200 
225 
236 
233 
229 
227 
224 
222 
209 

209 
212 
193 
201 
208 
217 
221 
216 
211 
208 
203 
195 

192 
191 
185 
195 
193 
212 
210 

Complete regulation 
system, 

asf;uming 8,500 c.f.s. 
diversion at 
Chicago and 

ew Welland Canal 
complete 

Partial regulation 
system, 

assuming 8,500 c.f.s. 
diversion at 
Chicago and 

New Welland Canal 
complete 

Fir t of Monthly First of Monthly 
month mean month mean 

Stage Discharge 
(f) (g) 

tage Discharge 
(i) (h ) 

582·28 
582·11 
581·88 
581·79 
5 1·71 
581·49 

581·56 
581·67 
581·69 
581·72 
581·96 
5 2·24 
5 2·41 
5 2·60 
5 2·64 
5 2·49 
5 2·30 
582·07 

582·01 
582·07 
582·16 
582·40 
5 2·67 
5 2 ·82 
5 2·74 
582·48 
5 2·26 
582 ·11 
581·93 
581·64 

581·45 
581·52 
581·71 
581·82 
582·02 
582·15 
582·17 
582·05 
581·81 
581·49 
581·19 
580·94 

580·75 
580·62 
580·65 
580·83 
581·11 
581·43 
581·67 

232 
227 
227 
226 
225 
201 

206 
208 
207 
205 
209 
212 
238 
241 
242 
237 
233 
231 

171 
151 
190 
196 
218 
222 
243 
237 
235 
231 
228 
222 

202 
201 
185 
193 
204 
208 
210 
228 
224 
198 
194 
189 

187 
185 
176 
188 
185 
198 
203 
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TABLE 10.-EFFECT OF REGULATION-LAKELMICHIGAN-HURO -Continued 

Stages in Feet above Mean Sea Level 

Discharges in Thousand Second Feet 

Computed conditions 
for present regimen 
without regulation Complete regulation Partial regulation 

Actual conditions ew W elland Canal system, system, 
occurring assumed complete assuming 8,500 c.f.s assuming 8,500 d.s 
in past as Chicago diversion diversion at diversion at 

given m record assumed at8,500 c.f.s Chicag:o and Chicago and 
Year-Month Other lowerings from New W elland Canal New Welland Canal 

data compiled by complete complete 
u. Lake Survey 

Monthly Monthly First of First of Monthly 
mean mean month mean month mean 

:M-.--~ ""'i:!. : 'l 

Stage Discharge Stage Discharge Stage 

I Monthly 

Di charge Stage Discharge 
(a) (b) (c) (d) (e) (f) (g) (i) h) 

18 -
August .. .. ... .. . 582·13 220 580·99 211 . . ..... . .. ···· ··· ··· 581 ·75 203 

eptember ..... . 581·98 216 580·84 208 ··· ·· ····· ·········· 581· 71 204 
October ........ . 581·73 211 580·59 202 .......... ·· · · · ····· 581·53 220 

ovember . . .. .. 581·68 208 580·54 200 .......... ·········· 581·34 216 
December . ..... 581·10 201 579 ·96 192 ·········· · ·· ······ · 581·08 189 

1889-
January ........ . 581·08 197 579 ·94 189 ..... ···· · ........ .. 580·91 191 
February .. . ... . . 581·05 176 579 ·91 167 ...... . ... .......... 580-87 166 
March .......... 581·03 176 579 ·89 168 ·········· ······ · ··· 580·78 J63 
April. ....... .. . . 581·04 180 579 ·90 171 ·· ····· ··· ····· ···· · 580·74 169 
May ............ 581·12 192 579 ·98 184 ·········· .... . .. .. . 580·76 180 
June ......... .... 581·58 203 580·44 194 ... ······ · .. ....... . 580·96 189 
July ............. 581·76 207 580·62 199 ········· · .. ........ 581· 22 193 
August . ... ...... 581· 52 208 580·38 199 ..... ····· .... ...... 581·27 193 
September ...... 581·35 206 580·21 198 .......... ........ . . .181·17 193 
October ..... .. . . 581· 10 201 579·96 192 ···· · ··· . . · ······· .. 580·98 189 

ovember .. . ... 580·75 195 579 ·61 187 ········· . ... ...... . 580·71 186 
December ...... 580·57 186 579·43 177 .... . . ... . · ········· 580·50 177 

1890-
.January ...... ... 580· 65 188 579·51 180 ·········· ·· ······· · 580·43 179 
February ........ 580· 61 185 579 ·47 176 ········· · ···· ······ 580·40 174 
March . ...... . . . 580·59 180 579·45 172 ·· ·· ······ ······ ·· · · 580·30 171 
April ....... ..... 580·91 185 579 ·77 176 ······· · ·· . .... ..... 580·40 174 
May ......... ... 581·14 187 580·00 179 ·· ······· · .... . ..... 580·64 177 
June ... .. ........ 581 ·55 196 .180 ·41 187 ········ · · . · · ······· 580·95 184 
July ............. 581· 62 202 580·48 194 . ··· ····· · ······ . . . . 81·18 190 
August .......... 581·54 205 580·40 196 ..... .... .. ······ · ··· 581· 23 192 
September .. .... 581·34 201 580·20 193 ···· ····· · 0 ••• ••• •• • 

581·16 193 
October ....... . . 581·23 198 -580·09 189 ......... . ••••• 00 • •• 581·02 190 
November ...... 580·89 194 579.75 186 ····· ··· ·· .......... 580·87 186 
December ..... . 580·54 187 579·40 178 · ······· ·· ......... . 580·62 183 

1891-
January ......... 580·52 181 579·38 173 .... .. .... .. .... .... 580·45 177 
February ........ 580·28 185 579 ·14 176 ···· · ·· ·· · . ···· · ··· · 580·30 175 
March .. ... . . ... 5 0·47 163 579 ·33 155 . ·· ······· .. ....... . 580·20 Hi9 
April ..... . ..... . 5 0·78 184 579·64 175 . ......... .......... 580·38 175 
May ............ 580·88 186 579·74 178 . .. . ... ... ·········· 580·61 175 
June ............. 581·03 198 579·89 189 · ·· · · ····· ···· · · · ··· 580·68 183 
July ............. 580·86 198 579·72 190 ·········· ... . ..... . 580·64 183 
August .......... 580·79 197 579.65 188 ... .... . . . .. ....... . 580·55 181 

eptember ...... 580·56 194 579·42 186 · ······ · · · ··· ······· 580 ·43 180 
October ......... 580·20 188 579·06 179 · ········ . . ... ..... . .180·17 174 
November ..... . 579·80 182 578·66 1'14 ········· . . ······ ·· · 579·84 172 
December ..... . 579 ·74 181 578·60 172 .. . . ...... .......... 579·66 169 

1892-
January ......... 579·86 174 578·79 166 .. ........ .. . ....... 579·65 165 
February ........ 5 0·05 150 578·98 141 .......... .. . ..... . . 579 ·70 142 
March ... ...... . 579·95 156 578·88 148 ....... .. . · ·· · · · · ·· · 579·70 148 
April .. .... .... . . 580·01 177 578 ·94 168 ······ · ··. ····· ..... 579·74 169 
May ... ......... 580·43 180 579 ·36 172 ... . ... . . . ·········· 579 ·91 171 
June . ... . ........ 580·88 186 579 ·81 177 ·· ········ ... ······ 580·25 173 
July ............. 580·89 192 579·82 184 .. . ····· · 580·54 178 
August .......... 580·97 196 579·90 187 ... 5 80 62 180 
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TABLE 10.-EFFECT OF REGULATION-LAKE MICHIGAN-HURON-Continued 

Year-Month 

(a) 

Stages in Feet above Mean Sea L evel 

Discharges in Thousand Second Feet 

Actual conditions 
occ.urring 
in past as 

given in record 

Monthly 
mean 

(b) (c) 

Computed condition 
for present regimen 
without regulation 
_ ew Welland Canal 
assumed complete 
Chicago diver ion 

a sumed at ,500 c.f.s. 
Other lowering from 

data compiled by 
U.S. Lake urvey 

Complete regulation 
system, 

a -suming ,500 c.f.s. 
diversion at 
Chicago and 

ew Welland Canal 
complete 

Partial regulation 
system, 

assuming 8,500 c.f .s. 
diversion at 
Chicago and 

New Welland Canal 
complete 

Monthly First of Monthly 
mean month mean 

tage Discharge tage Discharge 
(f) (g) (i) (h) 

Stage ~ Discharge 

-----------l--------i--------l-------·l-------l-------1-------l------l-------
1892-

eptember .. .. . . 
October ..... .. . . 
November ..... . 
December ..... . 

1893-
January . .... .. . . 
February ....... . 
March ... .. ... . . 
April. ......... . . 
May . . .. . .. . ... . 
June .......... .. . 
July ..... . .... .. . 
Aug . ... . . .... . . . 
September ... . . . 
October . .... .. . . 
November ..... . 
December .. ... . 

1894-
January ... . . .. . . 
February . .. . ... . 
March .. .. . ... . . 
April. ..... ..... . 
May .. ... .... . . . 
June ..... . .... .. . 
July ....... .. . .. . 
August .. .. .. ... . 

eptember .. ... . 
October . . . ..... . 
November ..... . 
December . .. .. . 

1895-
January ...... . . . 
February ... .. .. . 
March . .... .. .. . 
April.. ......... . 
May .. . . . ... . . . . 
June ......... . . . . 
July ............ . 
August ....... . . . 
September . . .. . 
October ..... . .. . 
November ..... . 
December ..... . 

1896-
January ........ . 
February ....... . 
March . ...... . . . 
April ...... .. . . . . 
May .......... . . 
June ............ . 
July .. .. ..... . .. . 
August . ... . .... . 
September .. . .. . 

5 0·77 
5 0·53 
580·26 
579·99 

579·98 
5 0·12 
580·23 
580·69 
580·99 
581·32 
581·34 
581·17 
580·85 
580·71 
5 0·32 
580·25 

580·26 
5 0·29 
5 0·55 
580·70 
!181·24 
581·40 
581·43 
581·35 
580·92 
580·71 
580·44 
580·09 

579·91 
579·80 
579·77 
579·97 
580·13 
580·18 
580·07 
579 ·95 
579·6 
579·31 
579 ·09 
578·98 

579·06 
579·10 
579 ·11 
579·29 
579·57 
579·89 
579·83 
579·76 
579.66 

192 
192 
190 
1 0 

155 
157 
180 
184 
184 
199 
202 
201 
196 
195 
192 
1 6 

189 
175 
188 
1 5 
195 
209 
212 
208 
205 
201 
200 
191 

178 
174 
183 
172 
179 
193 
191 
189 
187 
185 
1"7 
170 

171 
147 
158 
16 
170 
184 
184 
182 
182 

579· 70 
579 ·46 
579 ·19 
578 .92 

57 ·97 
579 ·11 
579·22 
579 ·6 
579·9 
5 0·31 
5 0·33 
5 0·16 
579 ·84 
579·70 
579 ·31 
579·24 

578·99 
578· 
578·85 
579 ·05 
579.21 
579.26 
579 · 15 
579 ·03 
.578·76 
578·39 
578·17 
578·06 

578·18 
57 ·22 
578.23 
578·41 
578·69 
579 ·01 
578·95 
578· 8 
578·78 

1 4 
1 3 
1 2 
171 

147 
148 
172 
175 
176 
HlO 
194 
192 
188 
186 
184 
177 

181 
166 
180 
176 
1 7 
200 
204 
199 
197 
192 
192 
182 

170 
165 
175 
163 
171 
1 4 
183 
180 
179 
176 
170 
161 

163 
138 
150 
159 
162 
175 
176 
173 
174 

580·73 153 
580·82 181 
580·90 210 
581·15 206 
581·52 215 
5 1· 6 229 
5 2·03 232 
5 1·90 232 
5 1·60 173 
5 1·40 162 
581·23 222 
580·97 217 

ii80·72 213 
5 0·47 169 
5 0·44 1 1 
580·4 150 
5 0·62 150 
5 0 ·73 1 0 
5 0·82 192 
5 0·77 177 
580·70 181 
5 0·49 183 
580·35 204 
579 ·98 150 

579·95 150 
5 0·02 170 
579 ·90 150 
579 ·90 150 
5 0·10 150 
5 0·52 150 
580·82 183 
5 0·81 150 
580·75 150 

5 0·60 
5 0·41 
5 0·16 
579·87 

579·6!1 
579·63 
579·70 
579 ·96 
580·40 
580·79 
580·96 
580·96 
580·81 
5 0·63 
580 ·47 
580·29 

5 0·30 
580·29 
580·37 
580·57 
580·89 
581·24 
581·49 
581·54 
581· 34 
581·12 
580·93 
580·71 

580·47 
5 0·28 
580 ·12 
5 0·15 
580 ·27 
580·35 
580·29 
580·20 
580·11 
579·89 
579·62 
579·43 

579·42 
579·46 
579·42 
579·42 
579·60 
579 ·90 
580 ·15 
580 ·21 
580·18 

182 
17 
176 
169 

139 
142 
172 
174 
166 
183 
188 
189 
188 
189 
183 
179 

179 
163 
175 
172 
184 
194 
199 
199 
197 
193 
190 
185 

182 
179 
178 
162 
168 
179 
178 
176 
175 
171 
168 
166 

166 
137 
151 
163 
162 
172 
176 
175 
176 
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TABLE [10 .-EFFECT OF REGULATIO -LAKE( MICHIGA -H RON-Continued 

Stages in Feet above Mean Sea Level 

Discharges in Thousand Second Feet 

Computed conditions 
for present regimen 
without regulation Complete regulation Partial regulation 

Actual conditions ew W elland Canal system, system, 
occurring assumed complete assuming 8,500 c.f.s. assuming 8,500 c.f.s . 
in past as Chicago diversion diver ion at diversion at 

given in record as umed at8,500 c.f.s. Chicago and Chicago and 
Year-Month Other lowerings from ew W elland Canal New Welland Canal 

data compiled by complete complete 
U . . Lake Survey 

Monthly Monthly First of Monthly First of Monthly 
mean mean month mean month mean 

Stage Discharge Stage Discharge Stage Discharge Stage Discharge 
(a) (b) (c) (d) (e) (f) (g) (i) (h) 

1 96-
October . ........ 579· 61 179 578 ·73 170 580·60 170 580·08 174 

ovember . ..... 579·39 181 578·51 173 580·37 171 579·97 174 
December ..... . 579·34 173 578·46 164 580·19 169 579·87 168 

1897-
January ........ . 579·33 176 578·48 168 580·20 160 579·85 172 
February ... . .... 579·41 169 578·56 160 580· 21 187 579 ·80 169 
March .......... 579·72 173 578·87 165 580 ·25 150 579·83 170 
April.. ..... . .... 579·89 175 579·04 166 580·47 150 580·03 166 
May ......... . . . 580·38 183 579·53 175 580·87 153 580·38 173 
June ............ . 580·65 196 579·80 187 581 ·24 183 580·73 184 
July ............. 580·84 199 579·99 191 581·48 194 580·95 189 
August ..... . .... 580·78 200 579·93 191 581· 62 173 581·02 190 
September ..... . 580·53 196 579.68 188 581 ·49 163 580·93 189 
October ......... 580·24 192 579·39 183 581·20 178 580·68 185 
November . .... . 579.98 190 579·13 182 580·94 174 580·47 182 
December . . ... . . 579.76 183 578·91 174 580·65 150 580·27 178 

1898-
January .. . ..... . 579·72 180 578·90 172 580·49 150 580·11 176 
February ....... . 579·86 156 579 ·04 147 580·51 150 580·08 151 
March .......... 580·18 177 579·36 169 580 ·68 150 580·22 172 
April. .. . ....... . 580·50 181 579·68 172 581·04 210 580·54 172 
May . . .... . .. . .. 580·78 182 579·96 174 581· 25 152 580·82 175 
June ....... . .. . . . 580·91 195 580·09 186 581·42 1 0 580·95 186 
July ......... . ... 580·89 197 5 0·07 189 581·54 185 581·00 189 
August .......... 580·69 196 579·87 187 581·57 169 580·89 188 
September ..... . 580·34 195 579·52 187 581·44 163 5 0·72 186 
October ......... 580·33 190 579·51 181 581·30 182 560·56 183 

ovember ...... 579 ·92 189 579·10 181 581·07 150 580·41 180 
December ....... 579 ·58 183 578·76 174 580·82 150 580·20 175 

1899-
January ........ . 579-53 177 578·73 169 580·65 162 579·99 168 
February ....... ·. 579 ·61 177 578·81 168 580·57 166 579·87 166 
March .......... 579 ·81 113 -4i79·01 105 580·62 134 579 ·89 90 
April .... . ....... 580·08 164 579.28 155 580·81 150 580·09 157 
May ............ 580·52 192 579 ·72 184 581 ·24 204 580·42 181 
June .. . .......... 580·83 199 580·03 190 581 ·70 227 580·79 188 
July ............. 581·04 205 580·24 197 582 ·00 233 581·17 195 
August ......... . 580·96 203 580·16 194 582·07 236 581·33 198 
September . . ... . 580·82 201 580·02 193 581 ·82 232 581· 26 196 
October ........ . 580·49 195 579·69 186 581·53 225 581·01 191 
November. .... . 580·31 193 579·51 185 581·28 220 580·78 188 
December ....... 579·81 184 579·01 175 580·92 210 580·55 186 

1900-
January ... . ..... 579·66 137 578·88 132 580· 67 155 580 ·33 132 
February ........ 579·77 125 578·99 119 580·54 150 580·27 118 
March ......... . 579·94 130 579 · 16 125 580·59 146 580·35 135 
April ............ 580·07 176 579 ·29 170 580·62 150 580·41 171 
May .. . ........ . 580·31 180 579.53 175 580·78 150 580·53 175 
June . ........... . 580·42 189 579·64 183 580·95 150 580·65 182 
July ....... .. . . .. 580·53 194 579·75 189 581 · 12 151 580·76 187 
August .... .. ... . 580·70 193 579·92 187 581·27 208 580·86 190 

eptember ... . . . 580·65 196 579 ·87 191 581·37 201 5 0·99 193 
October ......... 580·66 197 579·88 191 fi81·42 224 581·01 193 



St. Lawrence TV aterway P1·oject 153 

TABLE 10.-EFFECT OF REGULATION-LAKE MICHIGAN-HURO - Continued 

Year- Ionth 

(a) 

1900--
November ..... . 
December . . ..... 

1901-
January . ... ..... 
February ....... . 
March . .. ... . ... 
April. .... ....... 
Mn.y .. . .. ... . ... 
June . ... . .. . . .. . . 
July . . .... . ...... 
Augu t .. . ...... . 
September . . .... 
October . ...... . . 
November . . . ... 
December .. . . . . . 

1902-
January .. . .... . . 
February .. .. .. . . 
March .. . ...... . 
April. . ... ..... . . 
May . ........ . .. 
June .. ...... . .... 
July . ...... . . . . . . 
August ... . .... . . 

eptember ...... 
October ........ . 
November . . . ... 
December .. . ... . 

1903-
January . . .. .... . 
February ..... . . . 
March . . .... . ... 
April.. ... . ..... . 
May .. . . ...... . . 
June ..... . ... . .. . 
July ............. 
August ......... . 
September .. .. .. 
October . .... . . .. 
November .. . .. . 
December ...... . 

1904---
January ... . .... . 
February ....... . 
March . .. . .... . . 
April ....... . ... . 
May ... .. .. ... . . 
June ............ . 
July ......... .. . . 
August ...... .... 

eptember ..... . 
October ...... ... 

ovember ..... . 
December . . .... . 

Rta~Ps in Feet above Mean Sea Level 

Discharges in Thousand Second Feet 

Complete 
Actual condit ions 

occurring, 
in pa t a 

given in record 

Mont hly 
Mean m ean 

Stage 
(b ) 

580·52 198 579·74 193 5 1·37 
580·19 189 579·41 1 3 581·22 

579 ·95 579 ·24 156 
579·92 579 ·21 102 
580·34 579 ·63 126 
580·49 579·7 121 
580·92 5 0·21 170 
5 0·97 5 0 ·26 19 
5 1·06 5 0·35 200 
581·11 5 0 ·40 210 
5 0·92 5 0·21 196 
5 0·56 579·85 193 
5 0·23 579·52 192 
579·95 579.24 153 

579·76 579·09 111 
579·61 578·94 117 
579·84 579·17 172 
579 ·91 579.24 173 
5 0·30 579.63 183 
5 0·50 579·83 186 
580 ·83 5 0·16 1 6 
580 ·85 5 0·18 189 
5 0·48 579·81 185 
580 ·33 579 ·66 179 
580 ·22 579 ·55 181 
579·93 579·26 171 

579·72 124 579 ·0 121 5 0·65 
579 ·90 '119 579·26 115 5 0 ·52 
580 ·0.9 163 579·45 160 5 0 ·61 
580 ·36 1 0 579·72 176 5 0·88 
580·45 185 579·81 182 581·16 
580 ·63 188 579 ·99 184 581·45 
580·81 191 5 0·17 188 5 1·77 
580·71 192 5 0·07 188 581·80 
580·79 193 580·15 190 581·73 
580· 62 196 579·98 192 581 ·58 
580·26 192 579 ·62 189 581 ·32 
579·94 159 579 ·30 155 580 ·98 

579 ·99 138 579 ·38 135 580·70 
579·98 131 579·37 127 580· 61 
580·26 147 579 ·65 144 5 0·70 
580·72 181 580·11 177 581·11 
581·09 194 5 0 ·48 191 581·56 
581·47 202 580·86 198 581·98 
581·48 205 5 0·87 202 582·08 
581·38 206 580·77 202 581·94 
581·31 203 580·70 200 581·71 
581·18 204 580·57 200 581 ·60 
580·88 201 580·27 198 581·42 
580·54 187 579·93 183 581·10 

regulation Part ial regulation 
ystem; 

a uming ,500 c.f .. 
diversion at 
Chicago and 

Welland Canal 
complete 

Mont hly First of Mont hly 
m ean mont h m ean 

224 581·00 193 
217 580·88 182 

176 155 
120 102 
146 128 
150 120 
157 189 
177 198 
177 199 
215 19 
1 2 19 
156 193 
196 191 
155 154 

129 5 0·55 111 
134 580 ·36 116 
15.0 580 · 29 174 
150 5 0·3 175 
150 580 ·57 185 
164 5 0·84 187 
150 581·0 191 
150 581·21 191 
150 5 1·13 191 
150 5 0 ·91 187 
171 580 ·80 187 
210 580 ·66 176 

146 5 0·44 123 
137 5 0 ·36 115 
150 5 0 ·47 163 
150 5 0·69 178 
150 5 0·87 183 
171 580 ·97 184 
190 5 1·10 191 
198 581·17 192 
230 581· 23 195 
227 581·28 196 
223 581·10 193 
185 580 ·79 158 

158 5 0 ·66 138 
149 5 0·57 127 
150 5 0·63 147 
150 5 0·96 185 
150 581·33 193 
233 581·67 198 
234 5 1· 5 202 
233 5 1·79 203 
229 581·74 205 
150 581 ·67 223 
226 5 1·45 219 
214 581·10 184 
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TABLE 10.-EFFE CT OF fREGULATIO N- LAKE MICHIGAN-HURON-Continued 

Stages in Feet above M ean Sea Level 

Disch a r ges- in Thousand Second Feet 

Computed cond it ions 
for pre ent r egimen 
without regulation Complete r egulation Part ial regulation 

Actua l condit ion ew W elland Cana l system ; system ; 
occurring assumed complete assuming 8,500 c .f.s . assuming 8,500 c .f.s. 
in pa t as Chicago diver ion diversion a t diversion at 

given in record a sumed at8,500 c.f .s. Chicago and Chicag:o and 
Year-Mont h Ot her lowering from IN ew W elland Canal IN ew W elland Canal 

data compiled by complete complete 
U.S. Lak e urvey 

Monthly Mont hly Fir t of Mont hly First of Monthly 
Mean mean m onth m ean month mean 

Stage Di ch arg tage D isch arge tage Discharge Stage Discharge 
(a) (b ) (c) (d ) (e) (f) (g) (h ) (i) 

1905-
January . ... . .... 5 0·39 97 579·81 93 580 ·87 110 580 ·87 93 
F ebruary .. ... . .. 580· 31 103 579 ·73 98 580·67 114 580 ·71 96 
March ....... . .. 580·45 150 579·87 146 580·72 168 580 ·67 147 
April .. . . . ....... 580 ·83 196 580 ·25 191 580· 90 217 580·87 191 
May . ... . ....... 581 ·09 199 580 ·51 195 581 ·28 179 581 · 14 194 
June ..... . . . ..... 581·48 206 580 ·90 201 581·58 173 581·44 196 
July . . .. .. . ..... . 581 ·62 208 581 ·04 204 581 ·87 231 581 · 68 200 
August .. . . ... . .. 581·59 . 208 581·01 203 581 ·79 230 581·74 202 
September . . .... 581·49 208 580·91 204 581 ·74 230 581·74 204 
October .... . .... 581·05 205 580·47 200 581·53 227 581·57 219 
November .. . . .. 580·78 201 580 ·20 197 581 ·26 222 581·27 195 
D ecember .. . .. .. 580 ·63 195 580·05 190 581· 01 218 581· 06 192 

1906-
January . ........ 580·61 184 580 ·03 180 580 ·83 163 580 ·97 181 
F ebruary . ...... . 580 ·76 141 580 ·18 136 580 ·89 156 581· 01 136 
March .. . ....... 580 ·91 164 580·33 160 580·93 176 581·13 158 
April. .... . ...... 581·09 191 580·51 186 580·98 196 581 ·24 187 
May ...... -. . ... . 581· 35 206 580 ·77 202 581·13 172 581·40 199 
JuPe . . .. . . .... . .. 581·47 207 580 ·89 202 581 ·37 190 581·55 199 
July .. . .... .... . . 581·48 208 580·90 204 581·57 155 581 · 64 202 
AU <lllSt . . . . . .. ... 581·45 206 580 ·87 201 581·63 159 581 · 64 201 

eJ. t.em'Ler .. .. . . 581·10 202 580 ·52 198 581·47 166 581·52 200 
Oct ober . ... . .... 580 ·91 197 580· 33 192 581· 23 164 581·29 195 
November . ... .. 580 ·75 194 5 0·17 190 581·08 150 581·13 193 
D ecember ..... . . 580 ·70 170 580·12 165 581 ·06 161 581 ·06 167 

1907-
January .. . .... . . 580· 64 142 580 ·05 139 580·92 1 ~0 581 ·03 139 
F ebruary ....... . 580 ·68 127 580 ·09 123 580 ·86 140 580·99 122 
March .......... 580·74 167 580·15 164 580·91 178 580·99 162 
April. . . .. . . . ... . 581·00 190 580 ·41 186 581 ·10 195 581 ·09 184 
May . . .......... 581·16 200 580 ·57 197 581·27 151 581 ·26 194 
June . ... ....... .. 581· 52 204 580 ·93 200 581·57 166 581 ·48 197 
July . . .. . .. ...... 581·52 209 580·93 206 581·86 173 581· 66 200 August .. . .... . .. 581·44 206 580·85 202 581·87 232 581 ·68 201 September ...... 581·42 206 580·83 203 581·73 229 581·65 203 October ... .. .... 581·17 202 580 ·58 198 581·63 227 581·55 218 November .. .... 580 ·76 196 580·17 193 581 ·36 150 581·25 194 December .. ..... 580 ·65 189 580 ·06 185 581·08 214 581 ·01 190 1908-
January . . . ...... 580 ·48 122 579 ·90 120 580· 86 139 580 ·91 119 F ebruary . . ... . .. 580·57 114 579 ·99 111 580 ·69 126 580·80 108 March .... . .... . 580 ·64 108 580 ·06 106 580·68 119 580 ·81 103 April . .. . ........ 580· 94 1 6 5 0 ·36 183 580 ·86 150 580 ·99 182 May ............ 581 ·50 198 5 0 ·92 196 581·32 181 581·36 194 June ... . ......... 581· 64 205 581· 06 202 581·66 226 581·69 199 July ............. 581·83 209 581·25 207 581·91 232 581 ·85 205 Augu t .......... 581·72 206 581· 14 203 581·97 233 581·88 204 eptember . . .... 581 ·28 201 580 ·70 199 581·60 156 581· 67 201 October ......... 580 ·92 194 580·34 191 581·24 154 581·31 194 Novem ber ...... .580 ·27 1 9 579·69 187 580· 87 170 580·91 189 D ecem ber .. . . ... 580 ·13 187 579·55 184 580 ·57 197 580 ·59 184 1909-
January ... .... .. 579 ·88 162 579·31 160 580·30 170 580·31 159 
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TABLE 10.-EFFECT OF REGULATIO -LAKE MICHIGA -HURO -Continued] 

Stages in Feet above Mean Sea Level 

Year-Month 

(a) 

1909--
February .. . .. . . . 
March ......... . 
April ........... . 
May . .. .. . . .... . 
June ............ . 
July .......... . . . 
August ......... . 

eptember ..... . 
October ........ . 
November ..... . 
December ..... . 

191G-
January .... . ... . 
February ....... . 
March ......... . 
April.. ......... . 
May ........... . 
June ............ . 
July ............ . 
August ..... . . .. . 
September ..... . 
October ........ . 

ovember ..... . 
December ..... . 

1911-
January ........ . 
February ....... . 
March ......... . 
April ........... . 
May ............ . 
June ............ . 
July ....... .. ... . 
Aug .. .... ...... . 

eptember ..... . 
October ........ . 
November ..... . 
December ..... . 

1912-
January ........ . 
February ... . ... . 
March ......... . 
April ........... . 
May ........... . 
June ............ . 
July ............ . 
August ..... . . .. . 

eptember ..... . 
October ........ . 
November ..... . 
December ..... . 

1913-
January ........ . 

Discharges in Thousand Second Feet 

Actual conditions 
occurring 
in pa t as 

given in record 

Monthly 
Mean 

5 0·02 
580·10 
5 0·36 
580·88 
5 1·0 
581·05 
5 1·07 
580·80 
5 0·32 
5 0·21 
580·17 

579 ·95 
579·94 
5 0·01 
5 0·37 
580·50 
580·57 
580 ·49 
580·33 
580·29 
5 0·10 
579·78 
579·46 

579·20 
579·40 
579·23 
579·50 
579·77 
580·05 
579·89 
579·85 
579·75 
579·65 
579·37 
579·48 

579·27 
579·29 
579·35 
579·52 
580·05 
580·46 
580·53 
580·63 
580·71 
580·41 
580·42 
580·18 

580·01 

110 
146 
182 
187 
195 
196 
194 
192 
1 7 
1 3 
172 

126 
135 
1 1 
1 5 
1 9 
192 
1 9 
1 9 
1 7 
1 6 
1 3 
153 

126 
124 
171 
173 
1 0 
1 5 
1 4 
183 
178 
177 
176 
170 

126 
129 
145 
170 
1 4 
188 
1 8 
190 
194 
192 
194 
193 

175 

Computed condition 
for pre ent regimen 
without regulation Complete regulation Partial regulation 

ew Welland Canal sy tern; ystem; 
a umed complete a uming 8,500 c.f.s. a uming ,500 c. f. . 

Chicago diver ion diver ion at diversion at 
a umed at ,500 c.f. . Chicago and Chicago and 
Other lowering from New Welland Canal ew Welland Canal 
data compiled by complete complete 

. Lake Survey 

Monthly 
mean 

579·45 
579 ·53 
579 ·79 
580·31 
5 0·51 
5 0·48 
5 0·50 
5 0·23 
579.75 
579·64 
579·60 

579 ·50 
579·49 
579·56 
579 ·92 
5 0·05 
580·12 
580·04 
579·88 
579·84 
579·65 
579·33 
579 ·01 

57 . 5 
579 ·05 
57d·8 
579·15 
579·42 
579·70 
579·54 
579·50 
579·40 
579·30 
579 ·02 
579·13 

578 ·94 
578·96 
579·02 
579·19 
579·72 
5 0·13 
5 0·20 
580·30 
4 0·3 
5 0 ·08 
580·09 
579·85 

579 ·69 

Discharge 
(e) 

107 
144 
179 
185 
192 
194 
191 
190 
1 4 
1 1 
169 

125 
133 
1 0 
183 
1 
190 
1 8 
1 7 
186 
184 
1 2 
151 

125 
122 
170 
171 
179 
183 
183 
181 
177 
175 
175 
168 

125 
127 
144 
168 
1 3 
186 
187 
188 
193 
190 
193 
191 

175 

First of Monthly First of Monthly 
month mean month mean 

5 0·17 
5 0·22 
5 0·33 
5 0·78 
5 1·23 
5 1·42 
5 1·45 
5 1·36 
5 1·07 
5 0· 0 
5 0·77 

5 0·62 
580·50 
5 0·52 
5 0·70 
5 9·97 
5 1·17 
5 1·23 
581·15 
5 1·0 
5 0 ·9 
5 0·71 
580·41 

580·12 
580·03 
579·98 
5 0·05 
5 0·33 
580·65 
5 0·82 
5 0·74 
5 0·78 
5 0·75 
5 0·67 
580·57 

580·55 
5 0·40 
580·39 
5 0·48 
5 0 · 5 
581·38 
581· 62 
581· 72 
581·81 
581· 64 
5 1·40 
581· 20 

580·95 

121 
150 
150 
150 
150 
150 
153 
179 
1 3 
15 
196 

143 
150 
150 
150 
150 
150 
150 
150 
150 
190 
160 
162 

146 
141 
150 
150 
150 
150 
1 4 
168 
1 8 
157 
171 
150 

150 
150 
150 
150 
150 
1 9 
165 
175 
230 
228 
222 
222 

150 

5 0·18 
580·25 
580·39 
580·76 
5 1·17 
5 1·27 
5 1 ·23 
581·0 
5 0·79 
5 0·52 
5 0·45 

579·59 
579·55 
579·54 
579·59 
579· 1 
5 0·11 
5 0·21 
5 0·14 
5 0·0 
580·00 
579 ·95 
579 ·91 

579 ·87 
579·7 
579·76 
579· 8 
5 0·21 
5 0·71 
5 0·94 
5 0·99 
581·18 
581 ·20 
581·14 
5 1·09 

580·94 

103 
143 
180 
185 
1 9 
191 
192 
191 
185 
1 4 
180 

118 
125 
172 
176 
180 
181 
182 
181 
1 2 
178 
175 
145 

113 
116 
164 
168 
172 
174 
177 
174 
175 
172 
173 
167 

120 
124 
139 
169 
175 
1 3 
1 8 
191 
194 
194 
194 
191 

176 
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TABLE 10.-EFFECT OF REGULATION-LAKE MICHIGAN-HURON-Continued 

Stages in Feet above Mean Sea Level 

Discharges in Thousand Second Feet 

Computed conditions 
for pre ent regimen 
without regulation Complete regulation Partial regulation 

Actual conditions ew W elland Canal sy tern; system; 
occurring assumed complete assuming 8,500 c.f.s. assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at diversion at 

given in record a sumedat8,500 c.f.s . Chicago and Chicago and 
Year-Month Other lowerings from IN ew Welland Canal New W elland Canal 

data compiled by complete complete 
U.S. Lake Survey 

Monthly Monthly First of Monthly First of Monthly 
Mean mean month mean month mean 

Stage Discharg Stage Discharge Stage Discharge Stage Discharge 
(a) (b ) (c) (d) (e) (f) (g) (h) (i) 

1913-
February ....... . 579·84 129 579·52 128 580·89 150 580·78 127 
March .... ..... . 580 ·13 158 579·81 158 580·84 150 580·76 159 
April . ... ... . .... 580·82 179 580·50 178 581· 28 150 581·16 183 
May . . . . . . . .. . .. 581 ·13 187 580·81 187 581·82 150 581· 61 193 
June .. ...... ..... 581 ·26 190 580·94 189 582·07 234 581·78 197 
July . . .... .. . .... 581 ·26 198 580 ·94 198 582·20 236 581· 63 201 
August .. . ....... 5 1·26 200 5 0·94 199 582·08 236 581·81 202 
September .. .. .. 580,98 -195 580·66 195 581·92 234 581·71 202 
October ..... .... 580 ·75 191 580·43 190 581·61 228 581·51 219 

ovember .. .... 580·44 190 580 ·12 190 581·41 224 581· 29 194 
December .. . . .. 580·30 184 579 ·98 183 581· 24 218 581·14 192 

1914-
January ..... . .. . 580·07 146 579·77 146 580·96 171 580·99 150 
February . . .. ... . 580·04 137 579·74 136 580·82 158 580·81 137 
March .. . . . .. . .. 579 .99 151 579·69 151 580·78 162 580·73 151 
April. . ..... ..... 580 ·15 174 579·85 173 580·73 150 580·70 183 
May .... . . . ..... 580 ·36 180 580·06 180 580·91 150 580·81 184 
June .... ..... .... 580 ·64 182 580·34 181 581·21 150 581·03 185 
July .. .. ... . . . . .. 580·79 189 580·49 189 581· 50 150 581·18 190 
August . . . ..... . . 5 0·69 190 580·39 189 581·56 171 581·16 191 

eptember .... .. 580·49 192 580·19 192 581·43 162 581·05 192 
October ..... . . .. 580·37 188 580 ·07 187 581· 30 168 580·93 189 

ovember ... ... 579 ·82 183 579 ·52 183 581·00 178 580·67 185 
December . ... .. 579 ·53 162 579·23 161 580·70 150 580·35 161 

1915-
January . .. .... .. 579 ·45 117 579 ·17 117 580·50 138 580 ·10 113 
February . . . .. . . . 579 ·67 134 579 .39 133 580·40 150 580 ·06 132 
March ...... ... . 579·60 146 579 ·32 146 580·48 150 580·10 142 
April ..... .. . .... 579·56 167 579·2 166 580·43 150 580 ·05 163 
May . ... . . . ..... 579 ·73 171 579·45 171 580·45 150 580·04 174 
June .. ...... . . . . . 579 .89 175 579.61 174 580· 59 150 580·15 174 
July ........ ..... 579 ·98 182 579·70 182 580·80 150 580·24 176 
August . .. . ...... 5 0·21 184 579·93 183 580·97 150 580·37 177 

eptember . .. . . . 580 ·01 181 579·73 181 581·15 150 580,41 180 
October .. . .... .. 579·81 180 579 ·53 179 581·01 157 580·32 177 

ovember .. . . .. 579·46 176 579 ·18 176 580 ·95 186 580·16 176 
December . . . ... 579·41 164 579·13 163 580·85 202 580 ·04 163 

1916-
January . . . . . ... . 579·16 153 578·90 153 580·72 150 579 ·98 152 
February .. .. . . . . 579 ·30 124 579 ·04 123 580·79 150 580 ·00 120 March . .. .... . .. 579 ·46 122 579·20 122 580·93 150 580·13 122 

pril ..... .... ... 579 ·95 150 5/9 ·69 149 581.;06 156 580·35 150 May . . ........ . . 580 ·49 184 5 0·23 184 581·56 200 580·80 188 
June ... . . . .... . .. 581·10 193 580·84 192 582·11 234 581 ·42 196 July . . . . . . . .. . . . . 581·31 197 581·05 197 582·47 215 581·85 204 August ...... . ... 581·06 201 580 ·80 200 582·41 243 581 ·94 204 eptember . ... .. 580·67 198 580 ·41 198 582·07 237 581 ·76 223 
October ..... . ... 5 0·50 196 580·24 195 581·75 231 581·45 199 ovember ..... . 580 ·65 193 580 ·39 193 581· 68 231 581 · 38 220 
December . ... . . 580·56 186 580·30 185 581·55 218 581.· 34 186 l917-
January .. . ...... 5 0 ·44 144 5 0·22 1.45 581 ·26 165 581· 23 142 F b ruar e y ... ... . . 5 0·36 145 5 0·14 145 581 ·20 166 581 ·1' 3 143 
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TABLE 10.-EFFECT OF REGULATION-LAKE MICHIGA -HURON-Continued 

Rtages in Feet above Mean Sea Level 

Discharges in Thousand Second Feet 

Computed conditions 
for present regimen 
without regulation Complete regulation Partial regulation 

Actual conditions New Welland Canal system; system: 
occurring assumed complete assuming 8,500 c.f .s. assuming 8,500 c.f.s. 
in pa t a Chicago diver ion diversion at diversion at 

given in record as umedat8 ,500c.L . Chicago and Chicago and 
Year-Month Other lowerings from ew W elland Canal New \V elland Canal 

data compiled by complete complete 
U.S. Lake urvey 

Monthly Monthly First of I Monthly First of Monthly 
Mean mean month mean month mean 

Stage Discharg tage Discharge 
(a) (b) (c) (f) (g) 

1917-
March .. .. ....... 580·49 191 5 0·27 192 220 5 1·10 195 
April. .... .... . .. 580·85 1 5 5 0·63 1 5 222 5 1·22 184 
May . . . ......... 5 1·18 193 580·96 194 190 5 1·48 196 
June .... ........ . 581·63 201 5 1·41 201 230 5 1·78 199 
July ............. 5 1·97 211 581·75 212 208 5 2·10 206 
Augu t .......... 581·91 212 5 1·69 212 239 582·29 230 

eptember ...... 581·71 206 5 1·49 207 234 582·19 229 
October ......... 581·39 203 5 1·17 203 228 5 1·93 223 

-ovember .. .... 5 1·20 195 5 0 ·98 196 1 4 5 1·71 220 

December .. ... . 580 ·77 150 580 ·55 150 16 5 1·44 149 
1918-

January ... ...... 580·82 125 580 ·60 126 580 ·85 136 5 1·23 122 

February . ....... 580·84 143 580·62 143 580·77 156 581·24 140 
March .......... 5 1·13 168 580·91 169 580 ·92 181 581·37 166 

April ........ .. .. 581·50 131 5 1·2 131 581 ·15 139 5 1 ·64 125 
May .. .. . .. . . ... 581·75 199 581·53 200 581·41 210 5 1·94 197 
June ... ....... ... 581·98 208 581·76 208 581 · 63 218 5 2·20 213 
July .. . .. ... ..... 581·97 212 5 1·75 213 5 1·70 155 5 2·29 235 
Augu t .......... 581·87 212 581·65 212 5 1·75 15 5 2·15 229 

eptember ..... . 581·49 210 581·27 211 5 1·62 174 5 1·94 227 

October ... ... ... 581·20 202 580·98 202 581 ·43 201 5 1·64 220 

ovember ...... 5 1·07 200 580·85 201 581·25 222 581 ·47 220 

December ...... 581·13 196 580 ·91 196 5 1·23 227 5 1·44 197 

1919-
January ......... 580·77 580 ·56 581·05 204 581 ·35 1 1 

February ........ 580·71 5 0·50 5 0 ·91 163 5 1·1 172 

March .. . ....... 580 ·81 580 ·60 5 1·06 1 1 5 1·12 177 

April. ........ .. . 5 1·14 5 0 ·93 5 1· 16 205 5 1·33 182 

fay . ... ........ 581·46 5 1·25 5 1·4 194 5 1·66 191 

June ............. 581·60 581 · 39 5 1·6 150 5 1·89 200 

July ............. 581·37 5 1·16 581·86 218 5 1·86 201 

Augu t .......... 581 ·12 580·91 5 1·66 152 5 1·70 199 
eptember ...... 580·77 580·56 5 1·49 150 5 1·50 198 

October ......... 5 0·68 5 0·47 5 1·33 173 581·29 195 

ovember ... . . . 5 0·42 5 0·21 5 1· 17 221 5 1·09 192 

December ...... 580 ·08 579 ·87 580 · 5 173 5 0·84 148 
192Q-

January ........ . 580·00 108 579 ·79 108 5 0 ·62 118 580·65 99 

February ........ 580·04 119 579 ·83 118 5 0·51 131 580·57 113 

March ....... .. . 580·19 155 579 ·9 155 5 0 ·5 170 5 0·59 152 

April. ........ .. . 580 ·57 1 9 5 0 ·36 188 5 0 ·92 217 5 0·86 194 

May ..... ....... 580·82 186 5 0 ·61 186 581·31 194 581 ·17 195 

June ........... 580 ·93 192 5 0 ·72 191 5 1·40 150 5 1·26 194 

July ............. 581 ·08 200 580 ·87 200 5 1·62 1 581· 35 196 

Augu t .......... 5 1·11 201 580 ·90 200 581 ·73 184 581·45 19 

eptember ...... 580·93 201 580 ·72 201 5 1·57 158 5 1 ·39 Hl7 

October .. ... .... 580·59 190 580 ·38 1 9 5 1·37 172 5 1·22 194 

~OV ........ . ... 580 ·32 1 2 580 ·11 182 581·11 152 581·02 190 

December ...... 580 ·10 184 579 · 9 183 580 ·91 163 580·79 1 0 

1921-
January ......... 579 ·91 181 579 ·71 181 580·76 177 580 ·61 178 

February .. ... ... 579 · 7 126 579·67 125 5 0 ·64 14! 580 ·44 119 

March .......... 579 ·96 162 579 ·76 162 580·53 166 580·43 160 
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'fABLE 10.-EFFECT OF REGULATION-LAKE MICHIGA - HURO -Continued 

Year-Month 

(a) 

1921-
April. ... . ..... .. 
May ... .. . . .. . .. 
June . . . ..... ... . . 
July . ...... . . .... 
August . . .. . .... . 
September ..... . 
October .... ... .. 
November . . .. .. 
December ....... 

1922-
January .. . . . . .. . 
February ........ 
March . .... .. . . . 
April. . ..... ..... 
May ... .. .. ..... 
June . ..... . ... . . . 
July ... ..... ..... 
August . .. . ...... 

eptember ...... 
Oc Lober ... . .. . .. 

ovember .. . . .. 
DecPmhcr . . . .... 

1923-
January ......... 
February . . ...... 
March .......... 
April. ........... 
May ... . ....... . 
June . ....... ..... 
July . . ... .. .. .... 
August ... ... .... 

eptember ...... 
October ... . ... . . 

ovember ...... 
D ecember . . . .. .. 

1924-
January .. . ...... 
F ebruary . ... . .. . 
March .......... 
April. . . .. . ...... 
May ............ 
June . . .. . .. . ..... 
July ...... . ...... 
August . .. . ...... 

eptcmber . ..... 
October . ........ 

ovember ...... 
D ecember ....... 

1925-
January .. . ..... . 
February .. .. .. .. 
March . . .. . ..... 
April. ..... . . . . .. 

Stages in F eet above Mean Sea Level 

Discbar~es in Thousand Second Feet 

Computed conditions 
for present regimen 
without regulation Complete r egulation 

Actual condition ew W elland Canal system; 
occurring a umed complete assuming 8,500 c.f.s . 
in pa t a s Chicago diversion diversion a t 

given in record a umedat8,500 c.f.s . Chicago and 
Other lowerings from New W elland Canal 
data compiled by complete 

u. . Lake Survey 

Monthly Monthly Fir t of Monthly 
Mean mean month mean 

Stage Discharge Stage Discharge Stage Discharge 
(b ) (c) (d) (e) (f) (g) 

580·44 183 580·24 182 580·78 165 
580·62 180 580·42 180 581·19 150 
580·65 186 580·45 185 581·37 150 
580 ·48 191 580·28 191 581·42 150 
580·1 189 579·98 188 581· 35 150 
580 ·03 189 579·83 189 581· 31 180 
579 ·87 ' 185 579·67 1 4 581·16 199 
579·69 175 579·49 175 580·90 1 0 
579·51 170 579·31 169 580·77 150 

579 ·29 127 579·10 128 580·68 153 
579 ·26 126 579·07 126 .180·41 148 
579 ·50 165 579·31 166 580 ·44 172 
580·04 176 579·85 176 580·85 191 
580·52 183 580· 33 184 581·37 213 
580· 62 190 580·43 190 581· 63 217 
580·73 196 580· 54 197 581·73 161 
580· 64 196 580·45 196 581·82 180 
580·43 193 580·24 .94 581·72 228 
580·02 186 579 ·83 J.86 581·35 159 
579 ·59 180 579·40 181 581·03 166 
579·14 181 578·95 181 580· 0 170 

579·10 141 578·91 141 580·41 170 
578·83 116 578.64 115 580·17 135 
579·04 165 578 ·85 165 580·15 150 
579 ·27 167 579·08 166 580·33 150 
579·70 183 579·51 183 580·70 150 
579 ·90 188 579.71 187 581·07 150 
579·96 186 579·77 186 851·2 196 
579·79 185 579.60 184 581· 20 171 
579·69 184 579· 50 184 581·09 183 
579·41 181 579·22 180 580·92 176 
579·09 176 578·90 176 580·65 164 
578·80 170 578· 61 160 580.37 150 

578·54 146 578 ·40 148 580·19 150 
578·77 120 578·63 121 580·13 143 
578·75 145 578 .61 147 580·14 150 
578·99 160 578 ·85 161 580· 23 150 
579·29 173 579 ·15 175 580·53 1.0 
579 ·45 176 579 ·31 177 580·82 150 
579·53 177 579· 39 179 581·03 150 
579.67 181 579· 53 1 2 581·23 150 
579 ·55 182 579 ·41 184 581·28 150 
579 ·30 174 579 ·16 175 581·17 150 
578·78 169 .57 ·64 171 580 · 2 150 
578 ·47 146 578 .33 147 580 ·45 150 

578· 30 127 578 ·26 12 580 ·19 1 0 
578·25 132 57 ·21 132 5 9·99 150 
578·33 149 57 ·29 150 580 ·02 150 
578 ·51 160 578·47 160 580 ·09 150 

Partial regulation 
sy tern; 

a suming 8,500 c.£. . 
diversion at 
Chicago and 

IN ew W elland Canal 
complete 

First of Monthly 
month mean 

Stage Discharge 
(h) (i) 

580 ·68 181 
581·01 186 
581·13 187 
581 ·08 188 
580 ·90 185 
580·71 186 
580· 60 183 
580·38 179 
580·21 166 

580·07 127 
579·94 126 
580·00 164 
580·39 174 
5 0·89 186 
581·22 192 
5 1·36 195 
E 1·40 195 
581·27 194 
580·97 188 
580·59 182 
580·19 176 

579 ·93 140 
579 .76 112 
579·74 164 
579·93 165 
580·25 180 
580·57 183 
580·71 185 
580·66 184 
580 ·52 183 
580.35 179 
5 0·07 174 
579.79 169 

579·55 145 
579·51 116 
579·56 143 
579.67 159 
579·94 170 
580· 20 171 
5 0·34 177 
580 ·50 179 
580·51 181 
580 ·30 175 
5 9·91 170 
579 ·51 144 

579 · 25 126 
579 ·11 131 
579 · 13 150 
579 .22 161 
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TABLE 10.-EFFECT OF REG LATIO -LAKE MICHIGA -HURO -Concluded 

Year-Month 

(a) 

1925-
May .. .......... 
June ...... .. ..... 
July ... . .. . ...... 
August . ..... .. . . 
September ..... . 
OctobE-r .. . ...... 
November ...... 
December ...... . 

Year-Month 

(a) 

1860-
January .. .. ..... 
February ........ 
March .......... 
April ............ 
May ............ 
June .. . .......... 
July ............. 
August .......... 

eptember ...... 
October. ........ 
November ..... . 
December ...... . 

1 61-
January ... ...... 
February ...... .. 
March .......... 

Stages in Feet above Mean Sea Level 

Discharges in Thousand Second Feet 

Computed conditions 
for present regimen 
without regulation Complete regulation 

Actual conditions New Welland Canal system; 
occurring assumed complete a suming 8,500 c.f.s . 
in past as Chicago diver ion diver ion at 

given in record assumedat8,500 c.f.s Chicago and 
Other lowerings from !New Welland Canal 
data compiled by complete 

U.S. Lake urvey 

Monthly Monthly First of .Monthly 
mean mean month mean 

Stage Discharge tage Discharge tage Discharge 
(b) (c) (d) (e) (f) (g) 

578·45 163 578·41 164 580·17 150 
578·50 163 578·46 163 580·21 150 
578·59 164 578·55 165 580·30 150 
578.52 161 578·48 161 5 0·30 150 
578·32 158 578·28 159 580·16 150 
577 ·92 156 577 ·88 156 579·91 150 
577 ·68 151 577 ·64 152 579· 64 150 
577 ·47 155 577 ·43 155 579·42 150 

TABLE 11-EFFECT OF REGULATION-LAKE ERIE 

Stages in Feet above Mean Sea Level 

Discharges in Thousand econd Feet 

Computed condicions 
for present regimen 
without regulation Complete regulation 

Actual condition ew Welland·Canal sy tern; 
occurring a umed complete as uming 8,500 c.f. 

in pa t a Chicago diver ion diversion at 
given in record a umedat ,500c.f. Chicago and 

Other lowering from X ew \Y elland Canal 
data compiled by complete 

U. . Lake urvey 
--

Monthly Monthly Fir t of Monthly 
Mea n mean month mean 

tage Di charg tage Discharge tage Discharge 
(b) (c) (d) (e) (f) (g) 

5'r3·26 224 572·44 217 ·········· · ········ · 
572·90 216 572·08 20 .......... ...... ... . 
573·30 225 572·48 218 .......... ······· .. . 
574·00 241 573 ·18 233 ·········· .. . ... . ... 
574·21 246 573 ·39 239 .......... .......... 
574·18 245 573·36 237 ........ . . ... . ...... 
573·92 239 573·10 232 ......... . .......... 
573·76 236 572·94 228 ·········· ·········· 
573·42 22 572·60 221 ...... ... . .......... 
573·12 221 572·30 213 · ········ . .. . ....... 
573 ·03 219 572·21 212 . .... ..... .......... 
572·87 216 572 ·05 208 ·········· .......... 

572·61 210 571·79 203 .......... ·········· 
572·33 204 571·51 196 ··· · ··· · ·· ······ · ··· 
572·77 213 572·01 206 .......... . ... ...... 

Partial regulation 
system; 

assuming 8,500 c.f.s. 
diver ion at 
Chicago and 

New \\ elland Canal 
complete 

First of Montnly 
month mean 

tage Discharge 
(h) (i) 

579·27 162 
579 ·29 162 
579·35 163 
579 ·34 161 
579 ·17 158 
578·89 153 
578·61 151 
578·40 138 

Partial regulation 
sy tern; 

a uming .500 c.f. . 
diver ion at 

hicago and 
New \Vell::tnd Canal 

complete 

Fir t of Monthly 
month mean 

tage Discharge 
(h) (i) 

572·50 197 
572.20 184 
572·35 190 
573·05 219 
573·54 235 
573·57 237 
573·29 240 
573·00 231 
572·72 222 
572·37 205 
572·35 203 
572·31 226 

571· 8 176 
571·82 176 
572·02 177 



160 St. Lawrence Waterway Project 

TABLE 11.-EFFECT OF REGULATION-LAKE ERIE-Continued 

Year-Month 

(a) 

1861-
April ........... . 
May ........... . 
June ......... .. . . 
July ........ ... . . 
August ......... . 
September ..... . 
October ........ . 
November ..... . 
December. ..... . 

1862-
January .. ...... . 
February ....... . 
March ......... . 
April. ..... ..... . 
May . ... ....... . 
June ........ .... . 
July ...... . ..... . 
Augu t . ........ . 
September ..... . 
October . ... . ... . 

ovemher. .... . 
December ...... . 

1863-
Jn.nuary . .. . . . .. . 
February . ...... . 
March .. . ..... . . 
April. .. . . .. . ... . 
May ........... . 
June ....... ..... . 
July ..... .. ... .. . 
August ......... . 
'-'eptember . . ... . 
October ........ . 
" ovember .. ... . 
December .. . ... . 

1 64-
January ........ . 
February ....... . 
March . .... .... . 
April. .......... . 
May ........... . 
June ......... ; . . . 
July ............ . 
August ........ . 

eptember .... . 
October .. .. . 

ovember ..... . 
December ...... . 

1865-
January .... .... . 
February ....... . 
March ......... . 
April. .......... . 

tages in Feet Above Mean Sea Level 

Discharges in Thousand Second Feet 

Actual conditions 
occurring 
in past as 

given in record 

Monthly 
Mean 

Computed conditions 
for present regimen 
without regulation Complete regulation Partial regulation 
rew 'Yelland Canal sy tern; sy tern; 
a sumed complete assuming 8,500 c.f.s. assuming 8,500 c.f.s. 
Chicago dh er ion diver ion at diver ion at 

a sumedat8,500c.f. Cnicago and Chicago and 
Other lowerings from New W elland Canal New Welland Canal 
data compiled by complete complete 
U.S. Lake urvey 

Monthly 
mean 

First of Monthly First of Monthly 
month mean month mean 

Stage Discharge Stage Discharge Stage Discharge Stage 
~) ~) W) ~) U) ~) ~) 

Discharge 
(i) 

573·81 
574·24 
574·31 
574·06 
574·10 
573·92 
573.69 
573·67 
573 ·44 

573 ·43 
573·14 
573.28 
574·18 
574·42 
547 ·42 
574·39 
574·01 
573 ·70 
573·32 
572·9 
573 ·01 

573·46 
573 ·75 
573·69 
573 ·81 
573 ·99 
573·85 
573.73 
573·65 
573·26 
572·82 
572·41 
572·38 

572·09 
572·24 
572·45 
572·95 
573.65 
573·60 
573·34 
573 ·07 
572·85 
572·54 
572·37 
572 ·44 

572·01 
571·43 
571·75 
572·47 

237 
247 
248 
243 
244 
239 
234 
234 
228 

228 
222 
225 
245 
251 
251 
250 
241 
234 
226 
218 
219 

229 
235 
234 
237 
241 
238 
235 
233 
224 
214 
205 
205 

198 
202 
206 
217 
233 
232 
226 
220 
215 
208 
205 
206 

197 
184 
191 
207 

572·99 
573·42 
573·49 
573·24 
573·28 
573 ·10 
572·87 
572·85 
572·62 

572·61 
572·32 
572·46 
573 ·36 
573·60 
573.60 
573 ·57 
573 ·19 
572·88 
572·50 
572 ·16 
572·19 

572.64 
572·93 
572· 7 
572·99 
573 ·17 
573 ·03 
572·91 
572· .~3 
572·44 
572·00 
571· 61 
571·56 

571·27 
571·42 
571· 63 
572·13 
572· 3 
572·7 
572·52 
572· 25 
572·03 
571 · 72 
571· 55 
571 · 62 

571·19 
570 · 61 
570.93 
571 · 65 

229 
240 
240 
236 
236 
232 
226 
227 
220 

221 
214 
218 
237 
244 
243 
243 
233 
227 
218 
211 
211 

222 
227 
227 
229 
234 
230 
228 
225 
217 
206 
198 
197 

191 
194 
Hl9 
209 
226 
224 
219 
212 
20 
200 
198 
19 

190 
176 
1 4 
199 

572·90 
573·70 
573 ·84 
573.60 
573·49 
573·29 
573·11 
573 ·00 
572·77 

572·54 
572·54 
572·54 
!'i73·11 
573.77 
573 ·81 
573.71 
573.60 
573 ·15 
572·86 
572·53 
572·43 

572·56 
573·07 
573·18 
573 ·17 
573·31 
573·29 
573·07 
572·83 
572.53 
572.04 
571·79 
571·73 

571· 68 
571· 69 
571·96 
572·41 
573·14 
573·40 
573 ·14 
572.64 
572· 27 
572.05 
571·97 
572·06 

571·90 
571· 55 
571 ·32 
571·86 

212 
241 
245 
248 
259 
242 
234 
248 
245 

198 
198 
198 
221 
243 
244 
252 
262 
235 
227 
218 
237 

199 
219 
225 
224 
229 
228 
233 
226 
217 
178 
176 
176 

176 
176 
176 
192 
222 
231 
235 
220 
198 
178 
176 
195 

176 
176 
176 
176 
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TABLE 11.-EFFECT OF REGULATION-LAKE ERIE-Continued 

Year-Month 

(a) 

1865-
May ... . . . . .. .. . 
June ..... . ...... . 
July . ...... . . ... . 
August .... . . . . . . 

eptember .. . .. . 
October .. ... . . . . 
November .... . . 
December .. .... . 

1866-
January ... . .... . 
February ....... . 
March . . .. .. . .. . 
April .. . ... . . ... . 
May .. .. . ..... . . 
June ......... .. . . 
July . . ........ . . . 
August . ...... . . . 

eptember .. . .. . 
October .. . .. .. . . 
November . .. .. . 
December . . ... . . 

1867-
JanuMy . .... . . . . 
February .... . .. . 
March . .. ... . . . . 
April ...... .. ... . 
May . ... . ..... . . 
June . ....... .... . 
July . . ...... . .. . . 
August . ... .... . . 

eptember . . .. . . 
October . ..... . . . 
November .. . . . . 
December .. .. .. . 

1868-
January ...... .. . 
February .. .. . .. . 
March . ... .. . . . . 
April . ..... .. . . . . 
May .. . .. . . ... . . 
June . . ...... .... . 
July . ........ ... . 
August .... . .... . 

eptember . . . .. . 
October .. .. .. . . . 
~ovember ..... . 
December ... . . . 

1869--
January .... .. .. . 
February .. . .. . . . 
March . .... .. .. . 
April . ....... . .. . 
May .. . .. . . .. .. . 

45827-11 

tages in Feet Above Mean Sea Level 

Discharges in Thousand Second Feet 

Actual conditions 
occurring 
in pa t as 

given in record 

Monthly 
Mean 

tage Discharge 
(b ) (c) 

573·05 
573·03 
572·99 
572·91 
572·87 
572·57 
572·19 
572·05 

571·78 
571· 62 
572·01 
572·59 
572·81 
573·07 
573·18 
572·93 
572·87 
572·86 

. 572·62 
572· 63 

572·34 
572·02 
572·42 
572·74 
573·26 
573·57 
573·38 
573·07 
572·68 
572·34 
571·84 
571· 62 

571·42 
571·04 
571· 63 
572 ·46 
572·91 
573 ·30 
573.27 
572·75 
572·48 
572 ·03 
571·87 
571· 66 

571-1)5 
571·58 
572·06 
572·36 
572 ·91 

220 
219 
218 
216 
216 
209 
201 
198 

192 
188 
197 
209 
214 
220 
222 
217 
216 
215 
210 
210 

204 
197 
200 
213 
224 
231 
227 
220 
211 
2C4 
193 
1 8 

184 
176 
1 8 
206 
216 
225 
224 
213 
207 
197 
194 
189 

189 
187 
198 
204 
216 

Computed conditions 
for present regimen 
without regulation Complete regulation Partial regulation 

New Welland Canal system; system; 
a sumed complete assuming 8,500 c.f.s. assuming 8,500 c.f.s. 
Chicago diversion diversion at diversion at 

a sumedat 8,500c.f.s. Chicago and Chicago and 
Other lowering from New Welland Canal New Welland Canal 
data compiled by complete complete 

. Lake Survey 

Monthly 
mean 

First of Monthly First of Monthly 
month mean month mean 

tage Di charge Stage Discharge Stage Discharge 
(d ) (e) (f) (g ) (i) (h) 

572·23 
572·21 
572·17 
572·09 
572·05 
571·75 
571·37 
571·23 

570·96 
570·80 
571·19 
571·77 
571·99 
572·25 
572·36 
572·11 
572·05 
572·04 
571·80 
571 ·81 

571·52 
571·20 
571·60 
571·92 
572·44 
572·75 
572·56 
572·25 
571·86 
571·52 
571 ·02 
570 ·80 

570 ·60 
570 ·22 
570·81 
571·64 
572 ·09 
572·4 
572·45 
571·93 
571·66 
571 ·21 
571·05 
570·84 

570·83 
570·76 
571·24 
571·54 
572·09 

213 
211 
211 
208 
209 
201 
194 
190 

185 
180 
190 
201 
207 
212 
215 
209 
209 
207 
203 
202 

197 
189 
199 
105 
217 
223 
220 
212 
204 
196 
1 6 
180 

177 
168 
181 
198 
209 
217 
217 
205 
200 
189 
187 
181 

182 
179 
191 
196 
209 

572·20 180 
572·06 198 
572 ·43 199 
572·67 194 
572·56 176 

572·65 
572·99 
572·89 
572 · 62 
572·43 
572·23 
571·93 
571·83 

571·77 
571· 65 
571·81 
572·39 
572·84 
573·02 
573 ·14 
572·86 
572 ·51 
572·40 
572·31 
572·22 

572·07 
571·90 
572·03 
572·54 
573·02 
573·43 
573·40 
572·90 
572·44 
572.01 
571·78 
571·52 

571·39 
571·13 
571·17 
571·87 
572·74 
573·18 
573 ·28 
572·78 
572 ·22 
571·91 
571·72 
571 ·58 

571·54 
571·50 
571·75 
572·35 
572·81 

202 
216 
228 
219 
210 
194 
176 
176 

176 
176 
176 
192 
210 
217 
235 
227 
216 
207 
200 
214 

179 
176 
178 
198 
218 
233 
243 
228 
211 
177 
176 
176 

176 
176 
176 
176 
206 
225 
240 
225 
193 
176 
176 
176 

176 
176 
176 
190 
210 
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TABLE 11.-EFFECT OF REGULATION-LAKE ERIE-Continued 

Year-Month 

(a) 

1869-
June .. ... .. ... . .. 
July ...... . . . . . . . 
August .. . . ..... . 
September ... . . . 
October ......... 
November .... . . 
December ..... . 

1870-
January .. .. . .. .. 
February ... .. ... 
March ....... ... 
April ............ 
May ....... . . ... 
June ........... .. 
July .. . ......... . 
August . ........ . 
September . ..... 
October .. . ...... 
November .. ... . 
December . .. . . . 

1871-
January .... . .. .. 
February . ....... 
March . .. .. . . . . . 
April ....... .. . . . 
May . ........... 
June .. ....... . ... 

· July .. . . . ..... .. . 
August ....... . . . 
September ... . . . 
October .. . ..... . 
November ...... 
December . ... .. 

1872-
January ... . . . . .. 
February ... ... .. 
March .. .... . .. . 
April ...... . ..... 
May .... ... .. ... 
June .......... . . . 
July . . ....... . . .. 
August ..... .. .. . 
September .. .. . . 
October . ..... . . . 
November ...... 
December .. . . .. 

1873-
January . . .. ..... 
February .... .. . . 
March .. . . . . . .. . 
tfaril .. .. . . .. . . . . 

ay . ... .. . . .... 

Stages in Feet Above Mean Sea Level 

Discharges in Thousand Second Feet 

Computed conditions 
for present regimen 
without regulation Complete regulation 

Actual conditions New W elland Canal system; 
occurring assumed complete assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at 

given in record assumed at8,500 c.f .s. Chicago and 
Ot her lowerings from New W elland Canal 
data compiled by complete 
U.S. Lake Survey 

Monthly Monthly First of Monthly 
Mean mean month mean 

Stage Discharge Stage Discharge Stage Discharge 
(b) (c) (d) (e) (f) (g) 

573 ·30 225 572·48 217 573·55 231 
573 ·58 232 572 ·76 225 573· 67 279 
573·48 229 572·66 221 573·63 246 
573 ·21 223 572·39 216 573·47 245 
572·76 213 571·94 205 573·23 222 
572 ·30 203 571·48 196 572·73 210 
572·65 211 571·83 203 572·77 218 

572 ·89 216 572·07 209 572·79 184 
573·12 221 572·30 213 573·07 190 
572·89 216 572·07 209 573·09 218 
573 ·54 231 572·72 223 573·45 231 
573·75 235 572·93 228 574·13 209 
573·72 235 572·90 227 574·20 225 
573·76 236 572·94 229 574·13 289 
573·71 235 572·89 227 573·95 242 
573·46 229 572·64 222 573·57 282 
573 ·08 220 572·26 212 573·04 256 
572·78 214 571·96 207 572·61 237 
572·66 211 571·84 203 572·45 248 

572·45 206 571 ·63 199 572·20 201 
572·12 199 571·30 191 571·98 176 
572·57 209 571·75 202 572·38 229 
573·05 220 572·23 212 572·77 222 
573·32 226 572·50 219 573·22 239 
573·35 226 572·53 218 573·41 230 
573·33 226 572·51 219 573·54 248 
573·12 221 572 ·30 213 573·43 249 
572·95 217 572·13 210 573·15 176 
572 ·28 203 571·46 195 572 ·65 176 
572·10 199 571·28 192 572 ·11 176 
571·66 189 570·84 181 571·69 176 

571·58 187 570·76 180 571·60 176 
571·34 182 570·52 174 571·25 198 
571·25 180 570·43 173 571 ·15 182 
571·45 185 570· 63 177 571 ·20 176 
571 ·89 194 571·07 187 571·50 176 
572·26 202 571·44 194 571·95 176 
572·25 202 571·43 195 572·01 176 
572 ·22 201 571·40 193 572 ·02 176 
571 ·99 196 571·17 189 571 ·98 176 
571 ·82 193 571·00 185 572 ·00 176 
571 ·49 186 570·67 179 571 ·90 176 
571·26 181 570·44 173 571 ·53 176 

571 ·16 179 570·34 172 571·27 176 
571·17 179 570·35 171 571·10 176 
571 ·24 180 570·42 173 571 ·43 176 
572·52 208 571·70 200 572·20 176 
573·19 223 572·37 216 573·25 229 

June .. ........... 573 27 225 572 45 217 573 15 231 

Partial regulation 
system; 

assuming 8,500 c.f.s. 
diversion at 
Chicago and 

New Welland Canal 
complete 

First of Monthly 
month mean 

Stage Discharge 
(i) (h) 

573·22 226 
573·42 243 
573·33 245 
572·87 227 
572 ·33 202 
571·89 176 
571·98 186 

572·42 193 
572·86 210 
572·80 208 
572·94 .214 
573·41 232 
573·46 233 
573·37 242 
573·23 238 
572·99 230 
572·56 217 
572·15 188 
572·10 200 

572·03 177 
571·88 176 
572·03 177 
572·67 203 
573·08 220 
573·15 222 
573·06 232 
572·76 224 
572·43 210 
571 ·98 176 
571·75 176 
571·56 176 

571 ·43 176 
571·27 176 
571·05 176 
571·04 176 
571 ·35 176 
571·82 176 
572·11 185 
572 ·10 18.4 
571·98 176 
571·83 176 
571 ·64 176 
571·41 176 

571·23 176 
571·09 176 
571 ·07 176 
571·74 176 
572 ·95 215 
573 31 229 
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TABLE 11.-EFFECT OF REGULATIO -LAKE ERIE-Continued 

Stages in Feet above Mean Sea L evel 

Di~cbarl!es in Thousand Second Feet 

Computed condit ions 
for present regimen 
without regulation Complete regulation Partial regulat ion 

Actual conditions ew ""elland Canal system; system; 
occurring a umed complete a suming ,500 c. f. s. assuming 8,500 c.f.s. 

in pa t a Chicago diver ion diver ion at diver ion at 

given in record a sumedat ,500c.f.s. Chicago and Chicago and 

¥ ear-Month Other lowering from IN ew ". elland Canal New Welland Canal 
data compiled by complete complete 
U.S. Lake UlTey 

Monthly Monthly First of Monthly First of Monthly 

Mean m eRn month mean month m ean 

tage Discharge Stage Discharge Stage Discharge tage Discharge 

(a) (b) (c) (d) (e) (f) (g) (i) (h) 

1873-
July ......... . ... 573·25 224 572·43 217 573·30 225 573·18 237 

Aug ...... . ..... . 573·19 223 572·37 215 573·50 262 572·93 229 

eptember ...... 572·79 214 571·97 207 573·11 237 572 ·55 217 

October ......... 572·49 207 571·67 199 572·77 225 572 ·11 185 

ovember . . .... 572·29 203 571·47 196 572·55 244 571·98 176 

December ...... 572· 66 211 571·8-1 203 572·-19 232 572·25 218 

1874-
January ......... 573 ·05 220 572·23 213 572·50 198 572·50 197 

February . .. ..... 573·10 221 572·2 213 573·08 202 572·91 213 

March .......... 573·13 221 572·31 214 573·39 218 572·91 213 

April .. .... ...... 573.30 225 572·48 217 573·10 204 572 ·99 216 

May ........... . 573·39 227 572·57 220 573·46 1 0 573·10 221 

June . . .......... . 573·46 229 572·64 221 573·52 1 4 573 ·21 226 

July . .. .. ........ 573·49 230 572·67 223 573·57 256 573·16 235 

Augu t ..... .... . 573·33 226 572·51 218 573·47 256 572·94 229 

eptember .. ... . 572·87 216 572·05 209 573·05 223 572·50 216 

October ......... 572·43 206 571-!H 19 572·67 200 571 ·92 176 

ovember . ... .. 572·01 197 571·19 190 573·46 201 571·66 176 

December ...... 571· 0 192 570·9 184 572·25 1 3 571·48 176 

1875-
January ......... 571·57 1 7 570.75 1 0 572·20 207 571· 31 176 

February . .... ... 571·40 1 -± 570·5 176 571·95 198 571·11 . 176 

March ......... . 571·54 1 7 570·72 1 0 571·71 201 571 ·08 176 

April ............ 571·94 195 571·12 1 7 572·15 176 571· 36 176 

May ............ 572·41 205 571·59 19 572·65 176 571·97 176 

June ............. 572·8-1 215 572·02 207 573·37 176 572·60 200 

July ............ . 572·97 21 572·15 211 573·45 191 572 ·92 228 

August .... .. .... 572·96 21 572·14 210 573·35 224 572·77 225 

eptember ...... 572· 2 214 572·00 207 573·15 248 572·53 217 

October .. ....... 572·33 204 571·51 196 572·65 205 572 ·26 197 

ovember ..... . 572·18 200 571·36 193 572·45 219 572·08 179 

D ecember ...... 572·40 205 571·58 197 572·45 252 572 ·36 232 

1876-
January . ........ 572·36 204 571· 54 197 572·24 248 572·12 180 

February ..... . .. 572·92 217 572·10 209 572·36 176 572·51 197 

March ......... . 573·57 232 572·75 225 573 ·10 209 573 ·22 ~26 

April ............ 574·09 243 573·27 235 573·40 232 573·87 246 

May ... ...... ... 574·41 251 573·59 244 573·62 245 574 ·20 256 

June .. ........... 574·52 253 573·70 245 574 0-t 272 574·30 259 

July ........ ..... 574·41 251 573· 59 244 57-1·04 268 574·17 266 

August .......... 574 ·11 244 573·29 236 573·56 258 573·91 269 

eptember ...... 573·94 240 573·12 233 573.68 278 573·58 261 

October . . ....... 573·41 22 572·59 220 573·12 265 573 ·12 234 

ovember . ..... 573 ·49 230 572·67 223 572·72 243 572·93 247 

December .. . . . . 573·15 222 572·33 214 572·60 266 572 ·72 243 

1877-
January . ... ..... 572·75 213 571·93 206 572·06 . ....... . . 572·34 190 

February .... .. .. 572·59 209 571·77 201 ·········· ········ ·· 572 ·24 186 

March .......... 572·36 204 571·54 197 ·········· . . ........ 572 ·16 183 

April ......... .. . 572·79 214 571·97 206 .... . ..... ···· · ·· ··· 572 ·41 192 

May ... ... ..... . 573·04 219 572·22 212 ·· · · ······ .. . ..... .. 572 ·85 211 

June . .... ........ 573 ·12 221 572·30 213 ·········· .. . .... ... 572 ·99 217 

.... ... 73·36 226 572·54 219 .................... 573 ·02 231 
July.. . ... 5 

45827-11! 
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TABLE 11.-EFFECT OF REGULATION-LAKE ERIE-Continued 

Year-Month 

(a) 

1877-
August . . . . .... . . 

eptember. . .... 
October. ........ 
November .... .. 
December . . . . .. 

1878-
January ...... ... 
February ..... . .. 
March . ........ . 
April .. ..... . . ... 
May ......... ... 
June ...... . .. . . .. 
July ........ . . . . . 
August . . ..... . . . 
September .. .. . . 
October ...... . . . 
November ..... . 
December .. .... 

1879-
January . . .. .. ... 
February .. . ..... 
March .... . . . ... 
April .. .. ....... . 
May .. . .... ... . . 
June .... . . . . . . . .. 
July ........ . ... . 
August . ... . .. ... 

ept ember .. .... 
October ........ . 

ovember ... .. . 
December . . .... 

l88Q-
January ... . .. ... 
February ... .. ... 
March .... .. .. . .. 
April. .. .. ... . . .. 
May .. ... . . ... . . 
June . .. ..... . . . .. 
July .. ...... . ... . 
August .. . ....... 
September . . .. . . 
October ........ . 
November . . .. .. 
December . . .. . . . 

1881-
January ... .. . ... 
February .. . .... . 
March ..... . . ... 
April ............ 
May .. .. . . .. . . . . 
June . . ... . . . .. . .. 
July .. ... . .. . .. .. 

Stages in Feet above Mean Sea Level 

Discharges in Thousand Second Feet 

Computed conditions 
for pre ent regimen 
without regulation Complete regulation 

Actual conditions ew W elland Canal system; 
occurring a sumed complete assuming 8,500 c.f.s. 
in pa t a Chicago diversion diversion at 

given in record a. sumed a t 8,500 c.f.s. 
!New 

Chicago and 
Other lowering from Welland Canal 

dat a compiled complete 
U.S. Lake urvey 

Monthly Monthly First of Monthly 
Mean mean month mean 

t age Discharge St age Discharge Stage Discharge 
(b ) (c) (d ) (e) (f) (g) 

573 ·22 223 572 ·40 215 ····· · ·· ·· · ········ · 573 -14 222 572-32 215 ····· · · ··· ·· ··· · ··· · 572·74 213 571-92 205 . . . .. . .. .. . . . .. ... . . 
572·66 211 571·84 204 ......... . ......... . 
572·74 213 571·92 205 . .... . . . . . . ..... . . .. 
572 ·82 214 572-00 207 ······· · ·· · ········ · 572·96 218 572·14 210 · · · ····· .. . ... . ..... 
573·09 220 572 ·27 213 ... . ... . . . · · ······· · 573·51 230 572-69 222 ..... . . ... . . .. . ..... 
573·77 236 572 ·95 229 · ········· ......... . 
573·77 236 572-95 228 . ...... . . . .......... 
573·77 236 572 ·95 229 ·········· .. . ...... . 
573 ·53 231 571·71 223 ········· · . ... . .... . 
573-40 227 572-58 220 . . ..... . . . .......... 
573 ·05 220 572·23 212 · · · ······ · ..... .... . 
572·85 215 572-03 208 ....... . . . ... ....... 
572·93 217 572-11 209 .......... .......... 
572-51 208 571· 69 201 . ......... · · ·· ···· ·· 572·37 205 571·55 197 . . .... .. . . . .. ... . . . . 
572·40 205 571·58 198 · ···· · ·· ·· . . . . .. ... . 
572·76 213 571·94 205 · · ····· · · · · · ···· ···· 572·91 216 572-09 209 ·· · · · · · · · · .... . . .. .. 
573 ·00 218 572·18 210 . . . . .. . . . . . . . . . . ... . 
573-03 219 572 ·21 212 . . ... .. . . . . . . . ..... . 
572·81 214 571·99 206 ·· ····· · · · ...... .... 
572·48 207 571·66 200 · · ·· ···· · · ... ...... . 
572·25 202 571·43 194 ·· · · · ··· · · · · · · ····· · 571·78 192 570 ·96 185 · ······ · · · . . .... ... . 
572·04 197 571·22 189 · · ·· ·· · · · · .. . ... ... . 
572·54 208 571·72 201 .. . ...... . ... .. . .. . . 
572·58 209 571·76 201 ····· · ···· . .. . . ... . . 
572·72 212 571·90 205 · · ···· · · · · · ···· ·· ·· · 572-88 216 572 ·06 208 · ·· ·· · · ·· · .. ... . . . .. 
573·15 222 572·33 215 ... .. .... . .. .. .... . . 
573·26 224 572·44 216 . . . . . . . ... ······ ·· ·· 573 ·35 226 572·53 219 ...... . . . . ·· ·· · ···· · 573·11 221 572·29 213 . . . ... . . . . .. .. . .. . . . 
572 ·88 216 572-06 209 · · ··· · · ··· ·· · ··· · · · · 572-44 206 571·62 198 ·· · ······· . ... . . .. . . 
572·36 204 571·54 197 · · ·· · · · ·· · . .... . . . .. 
572 -02 197 571·20 189 . .. . . . . . . . ·· · · · · · · · · 
571· 61 188 570·79 182 . . ........ ···· ·· ·· · · 571·72 190 570·90 183 · ·· ······· ·· · ··· ··· · 572·04 197 571·22 191 · · · · ··· . . . · · ·· · · · ··· 572 ·74 213 571·92 206 .. . . .. .. . . . ·· ····· · · 573·14 222 572·32 216 . ... . .... . ··· · · ···· · 573·38 227 572·56 220 · ·· · ·· ·· · · ···· ····· · 573·33 226 572·51 220 ··· · ·· · ·· · · · · · ··· · ·· 

Partial regulation 
system; 

assuming 8,500 c. · .s. 
diversion at 
Chicago and 

IN ew W elland Canal 
complete 

First of Monthly 
month mean 

Stage Discharge 
(i) (h) 

572·83 226 
572·50 216 
572·35 203 
572·25 197 
572·44 237 

572·35 190 
572·54 198 
572·74 206 
573·02 218 
573 ·39 230 
573·45 233 
573-31 240 
573-02 231 
572-68 221 
572·38 206 
572 ·28 199 
572-40 235 

572·04 177 
571·93 176 
572·02 177 
572·37 191 
572·74 206 
572·88 212 
572 ·87 227 
573·58 218 
572·15 187 
571-93 176 
571·72 176 
571-63 176 

572 ·15 183 
572-60 200 
572· 61 201 
572-74 206 
572·96 215 
573·11 221 
573·10 233 
572·86 227 
572·50 216 
572·07 181 
571·97 176 
571·91 177 

571·73 176 
571 · 61 176 
571 ·85 176 
572·47 195 
573 ·09 220 
573 ·34 230 
573 ·32 240 



St. Lawrence Waterway Project 165 

TABLE 11.-EFFECT OF REGULATION-LAKE ERIE-Continued 

Stages in Feet above ~Iean Sea Level 

Year-Month 

(a) 

1881-
August ......... . 

eptember ... . . . 
O{}tober ... .. . .. . 
November ..... . 
December ...... . 

1882-
January . . .. ... . . 
February ...... . . 
March . ....... . . 
April ....... . ... . 
May ... ... . ... . . 
June .......... .. . 
July ........ . . . . . 
August . ... . .. . . . 

eptember ... .. . 
October ... . .... . 
November .... . . 
December ...... . 

1883-
January ...... . . . 
February ....... . 
March . . . ..... . . 
April. ...... ... . . 
May ... . . ... . . . . 
June ... ... ... .. . . 
July .... . .. .... . . 
August .... .... . . 
September .. .. . . 
October ........ . 

Tovember ..... . 
December ...... . 

1884--
January ... .. . . . . 
February ....... . 
March ... .. ... . . 
April ....... . .. . . 
May .. . .... . . . . . 
June .......... . . . 
July ......... .. . . 
August ......... . 
September .. ... . 
October .. ...... . 
November ..... . 
December ...... . 

1885-
January ...... . . . 
February ....... . 
March .. . ... . . . . 
April ....... .... . 
May ... ........ . 
June ....... .... . . 
July . ...... . .. . . . 
August .. . ... . .. . 

Discharges in Thousand Second Feet 

Actual c.onditions 
occurring 
in past as 

given in record 

Monthly 
Mean 

tage Discharge 
(b) (c) 

573·01 
572·66 
572· 61 
572·43 
572·64 

573·11 
573 ·11 
573·56 
573·78 
573·98 
574·13 
574·06 
573·92 
573·65 
573·20 
572·88 
572·37 

572 ·28 
572·49 
572 ·68 
572· 0 
573.26 
573 ·96 
574·16 
5?4·10 
573·79 
573 ·47 
573·09 
573·12 

572·79 
573·05 
573·24 
573·79 
574·06 
574·14 
573·92 
573·76 
573·33 
573·00 
572·52 
572·45 

572·27 
572·06 
571·92 
572·74 
573·47 
573·98 
573·94 
573·95 

219 
211 
210 
206 
210 

221 
221 
231 
236 
241 
244 
243 
239 
233 
223 
216 
205 

202 
207 
211 
214 
224 
240 
245 
244 
236 
229 
220 
221 

214 
220 
224 
236 
243 
244 
239 
236 
226 
218 
208 
206 

202 
198 
195 
213 
229 
241 
240 
240 

Computed condit ions 
for pre ent regimen 
wit hout regulat ion Complete regulation P ar t ial regulation 

ew Welland Canal system ; syst em; 
a umed complete a suming 8,500 c.f.s . assuming ,500 c.f.s . 
Chicago diver ion diver ion at diver ion a t 

a umed at ,500 c.f. . Chicago and Chicago and 
Ot her lowering from N ew Welland Canal N ew Welland Canal 

data compiled complet e complete 
U . . Lake urvey 

Monthly 
mean 

tage Discharge 
(d ) (e) 

572·19 
571·84 
571·79 
571· 61 
571·82 

572·30 
572·30 
572·75 
572·97 
573·17 
573·32 
573.25 
573 ·11 
572·84 
572·39 
572·07 
571·56 

571·48 
571·69 
571·88 
572·00 
572 ·46 
573 ·16 
573 ·36 
573·30 
572 ·99 
572·67 
572·29 
572·32 

572·00 
572·26 
572·45 
573·00 
573·27 
573·35 
573·13 
572·97 
572·54 
572·21 
571·73 
571·66 

571·49 
571·28 
571·14 
571·96 
572·69 
573·20 
573·16 
573·17 

212 
205 
203 
200 
203 

215 
214 
225 
229 
235 
237 
237 
232 
227 
216 
210 
198 

196 
200 
205 
207 
218 
233 
239 
237 
230 
222 
214 
214 

208 
213 
218 
229 
237 
237 
233 
229 
220 
211 
202 
199 

196 
191 
1 9 
206 
223 
234 
234 
233 

Fir t of Monthly First of Monthly 
month m ean mont h mean 

tage Discharge 
(f) (g ) 

tage Disch arge 
(i) (h ) 

572 ·90 
572 ·44 
572·21 
572·33 
572·43 

572·63 
572·98 
573 ·18 
573·53 
573·70 
573·87 
573·81 
573·58 
573·34 
572·99 
572·64 
572·22 

571·99 
572·22 
572·51 
572·72 
573 ·02 
573·53 
573·93 
574·01 
573 ·65 
573 ·1 
572·84 
572 ·45 

572 ·21 
572·33 
572 ·71 
573·17 
573 ·55 
573.65 
573 ·50 
573·30 
572·95 
572 ·58 
572·15 
572 ·06 

571·92 
571·86 
571·77 
572·24 
573·18 
573·66 
573·72 
573.61 

228 
211 
214 
202 
237 

202 
216 
225 
235 
241 
246 
255 
262 
245 
230 
226 
214 

176 
185 
198 
205 
218 
237 
259 
271 
264 
237 
242 
237 

185 
190 
205 
225 
237 
239 
246 
243 
229 
218 
188 
195 

176 
176 
176 
186 
225 
240 
253 
262 
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TABLE 11.-EFFECT OF REGULATIO -LAKE ERIE-Continued 

Stages in Feet above Mean Sea Level 

Year-Month 

(a) 

1885-
September ..... . 
October .. . ..... . 
November ..... . 
December . . .... . 

1886-
January ....... ~. 
February ... . . .. . 
March . ........ . 
April ........... . 
May .... .. ..... . 
June ............ . 
July ..... .. ..... . 
August ......... . 
September ..... . 
October ........ . 
November ..... . 
December ...... . 

1887-
January . .... . .. . 
February ...... . . 
March . ........ . 
April .. . ........ . 
May ..... .. . .. . . 
June ............ . 
July ...... . ..... . 
Augu t. ...... ... . 

eptember . .... . 
October ........ . 
November ..... . 
December . ..... . 

1888-
January ........ . 
February ....... . 
March .. ... .... . 
April. .......... . 
May ... ...... .. . 
June ............ . 
July ............ . 
August ......... . 
September ..... . 
October ....... . . 
November ... . . . 
December ...... . 

1889-
January ........ . 
February . ...... . 
March ......... . 
April.. .. . . ..... . 
May . .......... . 
June .......... . . . 
July . ..... ..... . . 
August ......... . 
.. eotember ..... . 

Discharges in Thousand Second Feet 

Actual condition 
occurring 
in pa t as 

given in record 

Monthly 
Mean 

Computed conditions 
for present regimen 
without regulation Complete regulation Partial regulation 

ew " elland Canal system; system; 
as umed complete a uming 8,500 c.f.s. assuming 8,500 c.f.s. 
Chicago diver ion diversion at diversion at 

a umed at ,500 c.£. . Chicago and Chicago and 
Other lowerings from IN ew Welland Canal New Welland Canal 
data compiled by complete complete 
U.S . Lake Survey 

Monthly 
mean 

First of Monthly First of Monthly 
month mean month mean 

tage Discharge Stage Discharge Stage Discharge tage Discharge 
(b) (c) (d) (e) (f) (g) 

573·80 
573·70 
573·58 
573 ·53 

573 ·55 
572·82 
572· 63 
573·51 
573·81 
573·91 
573·89 
573·68 
573·44 
573·21 
572·80 
572·85 

572.62 
573·04 
573·85 
573 ·87 
574·05 
574·08 
573·84 
573·52 
573·29 
572·70 
572·43 
572·45 

572·27 
572·00 
572·10 
572·73 
572·98 
573 ·11 
573 ·26 
573 ·16 
572·72 
572·35 
572·41 
572·29 

572·31 
572·15 
571·99 
572·34 
572·52 
572·95 
573·15 
572· 4 
572·45 

237 
234 
232 
231 

231 
214 
210 
230 
237 
239 
239 
234 
228 
223 
214 
215 

210 
219 
236 
235 
240 
243 
239 
230 
223 
224 
212 
216 

211 
198 
199 
214 
217 
221 
226 
223 
216 
212 
208 
215 

211 
206 
19 
206 
209 
220 
221 
219 
210 

573·02 
572·92 
572·80 
572·75 

572 ·78 
572·05 
571·86 
572·74 
573·04 
573 ·14 
573·12 
572 ·91 
572·67 
572·44 
572·03 
572·08 

571·86 
572·28 
573·09 
573·11 
573 ·29 
573·32 
573·08 
572·76 
572·53 
571·94 
571·67 
571· 69 

571 ·52 
571· 25 
571·35 
571· 98 
572·23 
572·36 
572·51 
572·41 
571·97 
571· 60 
571·66 
571·54 

571·57 
571·41 
571·25 
571· 60 
571·78 
572·21 
572·41 
572·10 
571 ·71 

231 
227 
226 
224 

225 
207 
204 
223 
231 
232 
233 
227 
222 
216 
208 
208 

201 
212 
230 
228 
234 
236 
233 
223 
217 
217 
206 
209 

205 
191 
193 
207 
211 
214 
220 
216 
210 
205 
202 
208 

205 
199 
192 
199 
203 
213 
215 
212 
204 

(i) (h) 

573 ·37 
573·18 
573·19 
572·95 

572·86 
572 ·59 
572 ·14 
572·65 
573·40 
573·49 
573·37 
573.23 
572·97 
572·71 
572·38 
572·25 

572 ·17 
572·38 
573 ·06 
573·50 
573·46 
.573·51 
573·33 
572·84 
572.63 
572·30 
571·92 
571·98 

572·04 
572·01 
572·00 
572·44 
572·93 
573·00 
572·97 
572·83 
572·38 
571·95 
572·22 
572·40 

572·05 
572·22 
572·16 
572· 28 
572.63 
572 ·91 
573·15 
572·84 
572·29 

248 
225 
253 
248 

212 
200 
181 
202 
232 
234 
242 
238 
230 
222 
206 
218 

183 
192 
219 
234 
233 
235 
241 
226 
220 
200 
176 
186 

177 
177 
176 
193 
214 
217 
230 
226 
206 
176 
193 
235 

178 
185 
183 
188 
202 
214 
235 
226 
199 
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TABLE 11.-EFFECT OF REGULATION-LAKE ERIE-Continued 

Stages in Feet above Mean Sea Level 

Discharges in Thousand Second Feet 

Computed condit ions 
for present regimen 
without regulation Complete regulation Partial regulat ion 

Actual conditions New W elland Canal system; system ; 
occurring assumed complete assuming 8,500 c.f.s. assuming 8,500 c.f.s. 
in past as Chicago diversion diversion a t diversion at 

given in record assumed at8 ,500 c.f.s. Chicago and Chicago and 
Year-Month Ot her lowerings from New Welland Canal New Welland Canal 

dat a compiled by complete complete 
U.S. Lake Survey 

Monthly Monthly First of Monthly First of Monthly 
Mean mean m ont h mean mont h mean 

Stage Discharge Stage Discharge Stage Discharge Stage Discharge 
(a) (b) (c) (d ) (e) (f) (g) (i) (h) 

1889-
October ...... ... 572·03 199 571·29 192 ·· · ······· .......... 571·87 176 

November ..... . 571·76 199 571·02 193 ···· · ··· · · .. . . . ..... 571·64 176 

December ....... 572·02 206 571·28 199 .. . . ... ... .. . ... . ... 571·76 176 

1890--
January ... . ... .. 572·38 219 571·65 213 ···· · · · ··· ··· ·· ····· 572·29 188 

February ....... . 572·67 215 571·94 208 .. . . . . .. .. · ··· ···· · · 572·82 210 

March .. .... .... 572·79 220 572·06 214 .... . .. . . . · · ········ 572·97 216 

April.. ..... . . . . . 573·28 226 572 ·55 219 .. . ... . ... ··· · ······ 573·25 227 

May . .. . . ..... . . 573·62 234 572·89 228 . . . . . . .. . . ···· · ··· · · 573 ·56 237 

June ........... .. 573·99 242 573·26 235 ... .. .. ... ·· ··· ··· · · 573·78 244 

July ... . ... ... . .. 573·61 235 572·88 229 .... . .. ... ... .... . .. 573.65 251 

August .... . .... . 573·17 225 572·44 218 . . .. .. . . .. . . .... . . . . 573 ·01 231 

September .. .. . . 572·98 217 572·25 211 .. . . . ..... ··· ·· · ··· · 572·53 217 

October ... . ... .. 572·79 216 572 ·06 209 . . . . . . . ... . . . .. ... . . 572 ·25 195 

November ... . . . 572·76 221 512·03 215 ·· ··· · · ·· · ...... .... 5.2 ·28 198 

December ....... 572·53 215 571·80 208 ····· ·· ·· · ........ .. 572·28 222 

1891-
January ... . .... . 572·31 209 571·59 203 . .. . . . ... . ······ · · · · 571·96 176 

February ...... .. 572·29 206 571·57 199 ... ..... .. ... .. .. . . . 572·12 180 

March ..... ... . . 572·75 210 572·03 204 ...... . ... ··· · ···· · · 572 ·48 195 

April. ....... .. . . 572·62 212 571·90 205 ······ · · ·· · · ·· · ···· · 572·75 206 

May ... . . . .. .... 572·44 207 .571 ·72 201 . . . . .. .. . . ...... . . . . 5'i2 · 58 200 

June . .... . ... . .. . 572·58 207 571 ·86 200 .... . ..... .... . . ... . 572·53 198 

July ....... . . .. . . 572·48 211 571 ·76 205 ..... ... .. ········ · · 572·51 217 

August . .. ... . . . . 572·21 205 571·49 198 ·· · ······ · · · · ·· ····· 572·13 186 

September .. .. . . 572 ·03 201 571 ·31 ~95 ...... . .. . ·· · ····· ·· 571·95 176 

October .. . ..... . 571·65 193 570 ·93 186 ·· ··· · · · ·· ······ ·· · · 571·76 176 

November ..... . 571·21 191 570·49 185 .. . .. .. . .. .... . . . ... 571·39 176 

December ..... . . 571·28 192 570 ·56 185 .. ..... .. . ...... . . . . 571· 23 176 

1892--
January ... .. . . .. 571·31 190 570 ·60 184 .... ... ... ···· · · ··· · 571·35 176 

February .. . .... . 571·10 176 570·39 169 ..... . .. . . ·· · · · · · ·· · 571· 30 176 

March . .. .... ... 571·14 180 570 ·43 174 ·· ··· · ··· · .. ....... . 571·16 176 

April ...... .. ... . 571·70 198 570·99 191 ... .... ... ·· · · · · · · ·· 571·44 176 

May . . .. . . .. .. . . 572·50 207 571·79 201 .. . . ... . . . · ·· ·· · ·· ·· 572·24 186 

June .......... . . . 573·26 225 572·55 218 ········ · · · ······ ··· 573·13 222 

July . ....... . .. . . 573·38 230 572·67 224 .. . . .. . .. . .. . . . ... . . 573 · 49 245 

August ..... . .. .. 573·03 222 572·32 215 ·· ········ .... ...... 573·09 233 

September .. . .. . 572·71 216 572·00 210 ·· · · ·· · ·· · .......... 572·52 217 

October ......... 572·15 208 571·44 201 .. . . ..... . .. .... ... . 571 ·96 176 

November ...... 571·82 200 571 ·11 194 ···· ·· · ·· · ·· ·· ·· ···· 571·69 176 

December ..... . 571·55 200 570 ·84 193 .. ........ ······ ··· · 571·47 176 

1893-
January . . ...... . 571·17 183 570·47 177 ... ... ... . ......... . 571·37 176 

February ........ 571·25 182 570·55 175 ..... ..... .... ... ... 571·16 176 

March ..... . .... 571·47 188 570·77 182 . . ..... . .. ....... ... 571·23 176 

April. ...... . ... . 572·20 203 571·50 196 .... ... . . . ... .... ... 571·76 176 

May . .... . . .. . . . 573·04 219 572 ·34 213 . . . . .... .. ..... .... . 572·71 205 

June .. . ... . . ..... 573·23 226 572·53 219 ... .. . . ... · · ··· ···· · 573 ·21 225 

July .... . . ..... .. 572·95 224 572 ·25 218 · · ······· · · ···· ···· · 573 ·03 232 

August .. . . . ..... 572·61 210 571 ·91 203 . ... .... . . .... ..... . 572 ·51 217 

September . ..... 572·23 205 571·53 199 ···· ·· ··· · ... ...... . 571 ·98 176 

October ...... . . . 571·88 203 571·18 196 ......... . · ··· · · ·· ·· 571·81 176 
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TABLE 11.-EFFECT OF REGULATION-LAKE ERIE-Continued 

Stages in Feet above Mean Sea Level 

Discharges in Thousand Second Feet 

Computed conditions 
for present regimen 

Partial regulation without regulation Complete regulation 
Actual conditions ew W elland Canal y tern; system; 

occurring a sumed complete assuming 8,500 c.f.s. assuming 8,500 c.f.s. 
in pa t as Chicago diver ion diversion at diversion at 

given in record a umedat8,500c.f .s. Chicago and Chicago and 
Year-Month Other lowerings from IN ew W elland Canal New Welland Canal 

data compiled by complete complete 
U.S. Lake Survey 

Monthly Monthly First of Monthly First of Monthly 
Mean mean month mean month mean 

Stage Discharge Stage Discharge Stage Di charge Stage Discharge 
(a) (b) (c) (d ) (e) (f) (g) (i) (h) 

1893-
November ...... 571·48 202 570·78 196 .... ...... ........ . . 571·60 176 
December ...... 571· 56 202 570·86 195 .......... ....... .. . 571 ·60 176 

1894-
January ......... 571·84 202 571·14 196 572·20 200 571·97 176 
February . ..... . . 571·72 193 571·02 186 572·00 179 572 ·20 185 
March .......... 571· 75 196 571·05 190 572·16 205 572 ·13 181 
April. ........... 572 ·15 200 571 ·45 193 572·51 180 572·37 191 
May ............ 572·54 211 571·84 205 573·30 237 572·74 206 
June . . ........... 572·85 220 572·15 213 573·62 263 573 ·05 219 
July ............. 572·73 216 572·03 210 573· 62 258 573·02 231 
August . .. . ... . . . 572.36 206 571·66 199 573·20 210 572 ·52 217 
September . . .... 572 ·19 202 571·49 196 573·16 176 572 ·10 184 
October . . .... ... 571·87 202 571·17 195 572·88 176 571·96 176 
November ...... 571·63 198 570·93 192 572·50 232 571·85 176 
December ...... 571·66 195 570·86 188 572·25 224 571·82 176 

1895--
January . .. . ..... 571·23 192 570·53 186 572·05 212 571·75 176 
February ........ 571·00 177 570·30 170 571·91 178 571·65 176 
March . . . . ...... 571 ·01 176 570·3'1 170 571 ·72 182 571·58 176 
April ............ 571·26 180 570·56 173 57f·82 176 571·68 176 
May ......... ... 571·48 187 570·78 181 571·92 176 57i ·87 176 
June . .. .. . . ...... 571·57 190 570·87 183 571·94 176 572 ·05 177 
July ............. 571·46 190 570·76 184 571·97 176 572·05 177 
August .......... 571·38 186 570.68 179 572 ·00 176 571 ·95 176 
September ...... 571·28 186 570 ·58 180 571·93 180 571·84 176 
October ......... 570·80 182 570 ·10 175 571· 66 176 571 ·64 176 
November .... .. 570·70 171 570·00 165 571·42 217 571·29 176 
December ..... . 570 ·86 176 570·16 169 571· 30 176 571·20 176 

1896-
January ........ . 570·96 180 570·27 174 571·27 176 571·32 176 
February ........ 570·88 178 570·19 171 571·15 176 571·33 176 
March .. . ...... . 570·83 171 570·14 165 571·43 176 571·21 176 
April ............ 571· 28 181 570·59 174 571·54 176 571·32 176 
May ..... .. ... .. 571·66 192 570·97 186 571·85 176 571·73 176 
June ............. 571 ·93 192 571·24 185 572 ·15 176 572 ·15 181 
July ........... . . 571 ·81 196 571·12 190 572·09 176 572·23 194 
August ........ .. 572 ·02 201 571·33 194 572.34 176 572·23 194 
September ...... 571 ·70 192 571·01 186 572·23 176 572 ·18 191 
October ... .. .. . . 571·46 186 570·77 179 571·82 176 571 ·85 176 
November ... ... 571·09 186 570·40 180 571·56 176 571·71 176 
December .. . ... 571 · 12 182 570·43 175 571·40 176 571 ·56 176 

1897-
January ......... 571·09 190 570·40 184 571·43 176 571 · 59 176 
February ... ..... 571· 29 180 570·60 173 571· 52 218 571·78 176 
March ..... ..... 571· 66 191 570·97 185 571·68 176 572·12 180 
April . . .. .... .... 572·21 203 571·52 196 572·07 176 572 · 66 203 
May ... ..... . ... 572·54 212 571·85 206 572·55 176 573·02 217 
June ............. 572·64 212 571·95 205 572·83 185 573·10 221 
July . ......... ... 572·63 211 571·94 205 573·05 183 572·96 230 
August .......... 572·47 208 571·78 201 573·17 176 572.60 219 
September . . .... 572·19 201 571·50 195 573·02 176 572·19 191 
October . .... .... 571 ·70 191 571·01 184 572·58 187 571·83 176 
November ...... 571·57 192 570·88 186 572·21 182 571·61 176 
December ..... . 571·54 194 570·85 187 572·10 176 571· 61 176 
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!TABLE 11.-EFFECT OF REGULATIO_ -LAKE ERIE-Continued 

Stages in Feet above Mean Sea Level 

Year-Month 

(a.) 

1898-
January . .... . .. . 
February .. . . .... 
March . . .. .. .... . 
April . . . . . . . .. . . . 
May .. . .. ... . ... 
June .... ... .. .. . . 
July . ..... . ..... . 
August .. .. .. . . . . 

eptember ... ... 
October ........ . 
November .. . .. . 
December . . . ... 

1899--
January . ..... . . . 
February ... ..... 
March . .. .. . . ... 
April . . ... . ... . . . 
May .. . .... . .. . . 
June ......... . . . . 
July .. .. ... . .. . . . 
August . . . .. .. ... 
September . . .. . . 
October ... . .. . . . 
November ... . . . 
December ...... 

1900-
January ... .. . .. . 
February .. .. .. . . 
March ......... . 
April. ... ..... ... 
May ... . . .... .. . 
June ... .. . .... .. . 
July ... . ... . ..... 
August ... . ... . .. 
September . .. .. . 
October . .. . . . .. . 
November ..... . 
December ..... . 

1901-
January .... . .. .. 
February . .. . ... . 
March . ......... . 
April. ...... ..... 
May ... ... . ... .. 
June . . .. .... . . . . . 
July ..... . ..... . . 
August .. ... · r- . • . 
September .. . .. . 
October .. . ..... . 
November . .... . 
December . . . .. . 

1902-
January ... .... .. 

Discharges in Thousand Second Feet 

Actual condit ions 
occurring 
in pa t a 

given in record 

571 ·59 192 
571·79 1 9 
572 ·05 198 
572·6'3 211 
572 ·78 214 
572 ·81 214 
572·59 210 
572·39 209 
572·01 200 
571·81 197 
571 ·69 199 
571 ·52 200 

571·67 198 
571 ·46 1 
571·83 193 
572·13 197 
572 ·44 203 
572·56 208 
572·46 206 
572·21 198 
571·85 194 
571·61 1 5 
571·62 186 
571 ·34 196 

571·36 1 9 
571·57 1 8 
571·92 192 
572·23 200 
572·39 204 
572·47 205 
572 ·34 206 
572·31 203 
571·99 198 
571·75 190 
571·49 193 
571 ·45 192 

571·35 183 
571·00 175 
570·88 171 
571·29 176 
571·31 179 
571·72 190 
571·91 194 
571·78 190 
571·71 191 
571 ·33 1 6 
571·16 183 
571·19 183 

571·08 184 

Computed condit ions 
for pre ent regimen 
without regulat ion 
New W elland Canal 
a umed complete 
Chicago dive1 ion 

a, umedat ,500 c.f.. 
Other lowering~ from 

data compiled 
U. . Lake urvey 

570 ·91 186 
571 ·11 182 
571·37 192 
571·95 204 
572 ·10 208 
572 ·13 207 
571 ·91 204 
571·71 202 
571 ·33 194 
571 ·13 190 
571 ·01 193 
570 ·84 193 

570 ·99 192 
570 ·78 1 1 
571 ·15 1 7 
571·45 190 
571·76 197 
571 ·88 201 
571 ·78 200 
571·53 191 
571·17 ] 

570 ·93 178 
570 ·94 1 0 
570 · 66 1 9 

570 ·69 1 6 
570 ·90 1 4 
571 · 25 1 9 
571 ·56 196 
571 ·72 201 
571 ·80 201 
571 ·67 203 
571·64 199 
571· 32 195 
571·0 186 
570 ·82 190 
570 ·78 1 

570·72 181 
570·37 172 
570·25 169 
570·66 173 
570 ·67 177 
571 ·09 187 
571 ·28 192 
571·15 1 7 
571·08 189 
570·70 1 3 
570 ·53 181 
570·56 180 

570·50 182 

Complete regulation Partia l regula tion 
y tern; sy tern; 

a uming ,500 c.f. s. a uming ,500 c.f .s . 
diver ion at d iver ion at 
Chicago and Chicago and 

ew " elland Canal ew Welland Cana l 
complete complete 

572 ·00 179 176 
571 ·9 177 176 
572 ·33 1 1 8 
572 ·61 21 20 
573 ·17 185 220 
573 ·29 176 220 
573 · 15 176 226 
573 ·16 176 207 
572 ·95 176 177 
572 ·59 176 176 
5n·56 1 5 176 
572 ° 22 176 176 

572· 15 199 571 ·99 176 
572 ·06 195 572 ·07 179 
571 ·93 176 572· 1 184 
572 ·63 209 572 ·57 200 
572·72 176 572· 79 20 
573 ·30 216 572 ·86 212 
573 ·52 239 572 ·74 222 
573 ·31 230 572 ·32 202 
573· 04 205 571 ·92 176 
572·93 230 571 ·74 176 
572· 71 25 571 ·70 176 
572 ·17 202 571 ·60 176 

572 ·25 191 571 ·59 176 
572·52 216 571 · 0 176 
572 · 2 226 572 ·02 177 
573 ·00 231 572 ·49 195 
572·75 176 572 ·72 205 
572 ·86 176 572 · 0 208 
572 ° 76 176 572·6 221 
572·5 176 572 ·39 207 
572 ·80 176 572 ·15 188 
572 ·76 222 571 ·93 176 
572· 52 233 571 ·79 176 
572 ·27 221 571 ·76 176 

572 ·20 194 571 ·78 176 
572 ·05 176 571 ·59 176 
571 ·92 182 571 ·29 176 
572 ·13 176 571 ·40 176 
572 ·59 176 571 ·60 176 
572·70 176 571 ·81 176 
572·91 176 572 ·21 192 
572 · 7 176 572 ·20 191 
573· 00 176 572 ·04 178 
572·77 176 571 ·92 176 
572 ·23 177 571 ·71 176 
572 ·23 176 571·68 176 

572 ·26 178 571·69 176 
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TABLE 11.-EFFECT OF REGULATION-LAKE ERIE-Continued 

Discharges in Thousand Second Feet 

Stages in Feet above Mean Sea Level 

Computed conditions 
for present regimen 
without regulation Complete regulation Partial regulation 

Actual conditions New Welland Canal system; system; 
occurring assumed complete assuming 8,500 c.f.s. assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at diversion at 

given in record assumed at8,500 c.f.s, Chicago and Chicago and 
Year-Month Other lowerings from I New Welland Canal New Welland Canal 

data compiled by complete complete 
U.S. Lake Survey 

Monthly Monthly First of Monthly First of Monthly 
mean mean month mean month mean 

Stage Discharge Stage Discharge Stage Discharge Stage Discharge 
(a) (b) (c) (d) (e) (f) (g) (i) (h) 

1902--
February ........ 570·63 171 570·05 168 572·19 199 571·49 176 
March ......... . 570·94 174 570·36 172 571·96 176 571· 30 176 
April. ........... 571·49 186 570·91 183 572·15 176 571· 71 176 
May .. . ......... 571·86 191 571·28 189 572·49 176 572·26 187 
June .. .... .. .. . . . 572·12 198 571·54 195 572·61 176 572·59 200 
July .... .. ....... 572·74 212 572·16 210 573·02 176 572·99 230 
August ... . ... . . . 572·72 210 572·14 207 573·31 190 573·14 235 
September ...... 572·38 203 571·80 201 572·94 176 572·70 221 
October ...... . .. 572·29 205 571·71 202 572·63 176 572 ·33 202 
November .... .. 572·02 200 571·44 198 572·43 202 572·21 192 
December ...... 571·82 192 571· 24 189 572·04 207 572·05 194 

1903-
January ......... 571·72 196 571·18 195 572 ·10 176 571·89 176 
February .. , .... . 571·70 190 571·16 188 572·44 209 572·04 177 
March . . ...... . . 572·28 200 571·74 199 572·76 217 572·39 192 
April ............ 573·05 215 572.51 213 573·13 208 573 ·15 222 
May . . .......... 573·09 215 572 ·55 214 573·41 204 573·48 234 
June .. ...... ..... 573·05 217 572·51 215 573·20 176 573·29 228 
July ............. 572·98 218 572·44 217 573·39 195 573 ·11 234 
August .......... 572·76 210 572 ·22 208 573·45 225 572·80 225 
September ...... 572 ·59 208 572·05 207 573·20 254 572·48 214 
October ......... 572·25 204 571·71 202 572·87 244 572·18 190 
November ...... 571·77 197 571·23 196 572·42 219 571·91 176 
December ...... 571·43 197 570·89 195 572 ·10 176 571·70 176 

1904-
January ........ . 571·32 176 570·83 175 572·33 202 571·69 176 
February ........ 571·42 182 570·93 180 572·28 216 571·70 176 
March .......... 572.01 193 571·52 192 572·54 206 572·09 179 
April ............ 573·13 216 572· 64 214 573·31 220 573·09 220 
May .. .. ........ 573.33 224 572·84 223 573·68 224 573·76 242 
June ............. 573·52 230 573·03 228 573·53 245 573·79 243 
July ............ . "573·41 228 572·92 227 573·74 280 573·68 252 
August ......... . 573·10 221 572 ·61 219 573·34 243 573·22 238 
September ...... 572·84 215 572·35 214 573·13 235 572·76 245 
October ......... 572·49 210 572·00 208 572·88 176 572·18 190 
November ...... 572·12 203 571· 63 202 572.37 221 572·18 190 
December .. .. . . 571·77 199 571·28 197 572·10 197 572·10 200 

1905-
January ...... .. . 571·52 191 571·07 189 572·08 179 571·79 176 
February .... .. . . 571·31 180 570·86 177 572 ·12 232 571·73 176 
March .......... 571·18 182 570·73 180 571·58 185 571·50 176 
April ............ 571·83 192 571·38 189 571·98 189 571·80 176 
May .. .... ...... 572·46 205 572·01 203 572·86 176 572·56 199 
June ........... . . 572·98 218 572-53 215 573·53 220 573 ·16 224 
July ............. 573 ·06 225 572·61 223 573·54 271 573·34 241 
August .......... 572·87 220 572·42 217 573·30 241 573·07 233 
September ...... 572·63 215 572·18 213 573·12 240 572·69 221 
October ........ . 572·31 211 571·86 208 572·88 239 572·3l 201 
November ..... . 571·93 203 571·48 201 572·46 227 572·29 199 
December ....... 571·91 206 571·46 203 572·24 221 572·07 197 

1906--
January ........ . 571-94 205 57l·51 204 572·33 200 572·14 181 
February . ....... 571·93 195 571·50 193 572·22 180 572·36 191 



St. Lawrence Waterway Project 171 

TABLE 11.-EFFECT OF REGULATION-LAKE ERIE-Continued 

Stages in Feet above Mean Sea Level 

Discharges in Thousand Second Feet 

Computed conditions 
for present regimen 
without regulation Compler,e regulation Partial regulation 

Actual conditions -ew W elland Canal system; system; 

occurring assumed complete assuming 8,500 c.f .s. assuming 8,500 c.f.s. 

in past as Chicago diversion diversion at diversion at 

given in record a sumedat8,500c.f.s. Chicago and Chicago and 

Year-Month Other lowerings from New Welland Canal New Welland Canal 

data compiled by complete complete 

u. . Lake Survey 

Monthly Monthly First of Monthly First of Monthly 

mean mean month mean month mean 

Stage Discharge Stage Discharge tage Di charge Stage Discharge 

(a) (b) (c) (d) (e) (f) (g) (i) (h) 

1906--
March .......... 571·71 190 571·28 189 572·42 222 572·21 185 

April ........... . 572·13 198 571·70 196 572·36 189 572·25 186 

May . . .......... 572·40 202 571·97 201 572·85 176 572·69 204 

June ............ . 572·60 207 572·17 205 573·05 176 572·87 212 

July ............ . 572.64 209 572·21 208 573·33 176 572·89 228 

August ......... . 572·63 208 572·20 206 573·20 176 572·69 221 

September . . ... . 572·35 202 571·92 201 572·95 176 572·39 206 

October ........ . 572·21 202 571·78 200 572·64 176 572·12 186 

November ... . . . 572·17 204 571·74 203 572·53 188 572·19 191 

December ....... 572·42 206 571·99 204 572·40 241 572·42 237 

1907-
January ........ . 572·76 218 572·34 218 572·33 208 572·44 193 

February ...... . . 572·46 207 572·04 206 572· 60 217 572·70 200 

March .......... 572·24 201 571·82 201 572·37 215 572·43 193 

April ........... . 572·71 210 572·29 207 572·50 185 572·62 201 

May ..... . ...... 572·88 215 .572·46 215 573 ·14 . 176 573 ·00 217 

June ........... .. 573·27 222 572·85 221 573 ·35 176 573·23 226 

July ............. 573·31 226 572·89 226 573 ·62 208 573·36 242 

August ..... ..... 573·03 219 572·61 218 573·38 247 573·03 232 

eptember .. .... 572·77 214 572·35 214 573 ·12 234 572·61 219 

October .... ... .. 572·69 214 572·27 213 573·02 260 572·3 206 

November ...... 572·41 212 571·99 212 572·67 203 572·44 211 

December . .. . . . . 572·26 210 571·84 209 572·17 234 572·23 216 

1908-
January ......... 572·57 126 572·17 217 572·30 185 572·29 188 

February ...... .. 572·19 204 571·79 204 572·71 226 572·52 198 

March .......... 572·66 208 572·26 209 572·71 201 572·58 200 

April. ........ ... 573·27 222 572·87 222 573·43 273 573·19 220 

May ............ 573·51 228 573·11 229 573 ·10 199 573·61 238 

June ............. 573·51 228 573·11 228 573·35 228 573.62 238 

July ...... ....... 573·32 224 572·92 225 573·48 238 573·40 241 

August .......... 573·14 220 572·74 220 573·41 246 573·03 232 

September ...... 572·68 211 572·28 212 573·14 176 572.60 219 

October . .. .. .... 572·31 200 571·91 200 .572·67 176 572·12 185 

November ...... 571·71 200 571·31 201 572·09 176 571·80 176 

December ....... 571·42 196 571·02 196 570·70 176 571·57 176 

1909-
January ... . ..... E71·48 186 571·14 187 501·89 217 571·63 176 

February ........ 571·46 187 571·12 187 571·72 176 571·74 176 

March .......... 571·78 191 571·44 192 572·13 218 571·93 176 

April ... ... . .... . 572·08 197 571·74 197 572·25 176 572·35 185 

May ............ 572·90 215 572·56 216 572·77 176 573·03 218 

June .. ...... ..... 573·20 220 572·86 220 573·36 195 573·56 237 

July ............. 573 ·00 220 572·66 221 573·27 176 573·42 243 

August .......... 572·80 211 572·46 211 573·08 176 572·97 230 

eptember ..... 572·36 203 572·02 204: 572·75 176 572·47 213 

October ........ . 571·76 198 571·42 198 572·37 176 572·16 189 

. November ..... 571·61 189 57 j_•27 190 572·18 J.76 571·87 176 

December ....... 571·39 198 571·05 198 571·79 179 571·83 176 

1910-
January ..... .... 571·25 183 570·97 185 572·17 187 571·95 176 

February ....... . 571·16 176 570·88 177 572·20 216 571· 7 176 

March ... . ...... 571·66 187 571·38 189 572·25 183 572·01 177 
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TABLE 11.-EFFECT OF REGULATIO -LAKE ERIE-Continued 

Year-Month 

(a) 

1910-
April. .......... . 
May ... . . .. .... . 
June ............. 
July .. . ... . .. ... . 
August ..... . .... 

eptember . .. ... 
October ...... . . . 

ovember .. .... 
December ....... 

1911-
January ... . .. . . . 
February . .. .... . 
March .... .. ... . 
April . ... . . . . . . .. 
May ............ 
June .......... ... 
July ...... . . .. . . . 
August ........ . . 
•. eptember ...... 
October ......... 

ovember .. . .. . 
December ....... 

1912-
January . ........ 
February . . .... .. 
March .......... 
April ...... .... . . 
May ............ 
June ........ . .... 
J uly ... . .... ..... 
August . . . . ..... . 

eptember ... ... 
October ... .. .... 
November ...... 
December .... ... 

1913-
January ......... 
February ........ 
March .......... 
April ............ 
May ......... ... 
June . . . .. .. ...... 
July ............. 
August ..... .... . 

eptember ...... 
October ... ... ... 
November .... .. 
December ....... 

1914-
January .. . .... .. 
February . . .. . . .. 
March ...... . . . . 
April.. ....... . .. 

Stages in Feet above l\fean Sea Level 

Discharges in Thousand Second Feet 

Computed conditions 
for present regimen 
without regulation Complete regulation 

Actual condi,'tions ew W elland Canal system; 
occurring assumed complete assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at 

given in record assumed at8,500 c.f.s. hicago and 
Other lowerings from IN ew V\ ell and Canal 

data compiled by complete 
U.S. Lake urvey 

Monthly Monthly First of Monthly 
mean mean month mean 

Stage Discharge Stage Discharge Stage Discharge 
(b) (c) (d ) (e) (f) (g) 

572·08 196 571·80 197 572·48 176 
572 ·57 209 572·29 211 572·83 176 
572· 61 208 572 ·33 209 572·07 176 
572·40 205 572·12 207 572·93 176 
572·22 199 571·94 200 572·42 176 
572·02 193 571.74 195 572·35 176 
571·88 195 571·60 t96 572 ·03 176 
571·46 190 571 ·18 192 572·00 176 
571·34 186 571·06 187 571 ·67 176 

571·04 180 570·79 183 571·67 176 
571·09 173 570·84 175 571 ·82 195 
571·08 176 570·83 179 571·80 179 
571·61 182 571·36 184 571·90 176 
571·88 192 571·63 195 572 ·19 176 
571·94 193 571·69 195 572·28 176 
571·75 193 571·50 196 572·08 176 
571· 61 186 571·36 188 572·13 176 
571· 52 181 571· 27 184 572·00 176 
571·53 184 571·28 186 572·13 176 
571 ·13 192 570·88 195 571·87 176 
571·42 188 571·17 190 571·95 176 

571·28 186 571·06 189 571·99 189 
571 ·08 174 570·86 176 572·05 199 
571·23 174 571·01 177 572 ·05 178 
572·28 198 572·06 200 572·70 194 
572·59 206 572·37 209 573.29 216 
572·66 207 572·44 209 573 ·13 176 
572·56 205 572·34 208 573 ·44 176 
572·49 206 572·27 208 573·44 199 
572·50 206 572·28 209 573.38 273 
572·15 201 571 ·93 203 572·97 256 
571·92 204 571·70 207 572·54 223 
571·55 201 571·33 203 572·35 226 

572·23 204 572·04 208 572·58 l95 
572·41 210 572·22 213 572·89 211 
572·4.'5 204 572· 26 208 573 ·25 235 
574·03 234 573·84 237 573·72 239 
573·98 235 573 ·79 239 574·25 276 
573·86 233 573.67 236 573·50 231 
573·57 230 573.38 234 573·75 279 
573.24 219 573·05 222 573·37 246 
572·75 206 572·56 210 573 ·08 229 
572·43 202 572·24 205 572·87 234 
572·27 205 572·08 209 572·72 256 
572·14 203 571·95 206 572·41 250 

572 ·05 197 571 ·89 201 572·27 212 
571·71 191 571·55 194 572·17 196 
571·48 181 571·32 181'i 572·05 176 
572·18 197 572·02 200 572·45 176 

Partial regulation 
system; 

assuming 8,500 c.f.s. 
diversion at 
Chicago and 

ew Welland Canal 
complete 

First of Monthly 
month mean 

Stage Discharge 
(i) (h) 

572·51 197 
572·90 213 
573·07 220 
572·78 225 
572·35 204 
572·05 179 
571·98 176 
571·83 176 
571·62 176 

571 ·47 176 
571·37 176 
571·30 176 
571·53 176 
571·98 176 
572·26 187 
572·18 190 
572·00 176 
571·93 176 
571·93 176 
571·80 176 
571 ·89 187 

571 ·98 176 
571·91 176 
571 ·88 176 
572·45 194 
573 ·19 226 
573 ·14 222 
572·97 230 
572·66 220 
572·55 217 
572·29 205 
572·01 177 
571·98 186 

572·30 188 
572·91 214 
572 ·97 215 
573·71 241 
574·47 264 
574·20 256 
573 ·87 257 
573·34 246 
572·73 222 
572·26 197 
572·36 204 
572 ·27 220 

572 ·10 180 
572·11 180 
571·93 176 
572·24 186 
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TABLE 11.-EFFECT OF REG LATIO -LAKE ERIE-Continued 

Year-Month 

(a ) 

1914-
May . ... .. . ... . . 
June ......... .... 
July ............. 
August .......... 

eptember .. .... 
October . ........ 

ovember ...... 
December ... .. . . 

1915-
January .... ..... 
February ........ 
March ........ . . 
April. ........... 
lay ............ 

June ............. 
July .... ... . . .... 
August .... ...... 

eptember .. .... 
October ......... 

ovember ...... 
December ..... . . 

1910--
January ......... 
F ebruary .. . .... . 
~larch ..... . .... 
April. ........... 
May ............ 
June ............. 
July ............. 
August ... ... .... 

eptember ... . . . 
October ......... 
- ovember ...... 
December .... . . . 

1917-
January ......... 
F ebruary . ... .. .. 
March .......... 
April ... . ........ 
May .. .......... 
June ........ . .... 
July ............. 
August . . .. .. .... 

eptember ...... 
October ......... 
November .... .. 
D ecember ... .... 

1918-
January ......... 
February ........ 
March .......... 
April ............ 
May ............ 

Stages in Fe>et above Mean Sea Level 

Di charges in Thousand Second Feet 

Complete regulation 
Actual condition y tern; 

occurring as uming ,500 c.f.s. 
in pa t a diver ion at 

given in record Chicago and 
ew Welland Canal 

complete 

Monthly 
mean mean mean 

tage Discharge 
(b) (c) 

572·90 212 572·74: 216 201 
573 ·03 215 572· 7 21 201 
572· 2 211 572·66 215 176 
572·56 206 572·40 209 176 
572·32 201 572·16 205 176 
572·06 194 571·90 197 176 
571·47 195 571 ·31 199 178 
571·41 1 5 571 ·25 1 8 17 

571·11 176 570·9 1 0 571·90 194 
571·36 177 571· 23 1 0 571·95 203 
571·41 1 1 571·2 1 5 572·06 1 0 
571·45 17 571 ·32 1 1 572·20 176 
571·6 1 5 571·55 189 572·25 176 
571· 5 ~ 9 571·72 192 572·37 ~76 

572·04 196 571·91 200 572·4 176 
572·31 201 572·1 204 572·6 176 
572-20 199 572·07 203 572·67 176 

71 ·97 197 571· 4 200 572·45 176 
571·45 195 571·32 199 572·1 1 2 
571·37 1 7 571·24 190 572 ·05 19 

571·66 19 571·56 203 572·44 
571·99 19 571· 9 202 572·64 
571· 7 191 571·77 196 572· 6 
572 -45 204 572-35 20 573 ·03 
572- 6 214 572-76 219 573·49 
573·2 221 573 ·1 225 573·51 
573·22 220 573·12 225 574·10 
572· 2 212 572·72 216 573·49 
572·29 205 572·19 210 573.25 
571· 9 199 571·79 203 !)72· 6 
571·67 194 571·57 199 572.65 
571·52 193 571 ·42 197 572.25 

571-60 190 571·52 196 572.20 204 
571·35 1 1 571·27 1 6 572· 22 220 
571·5 1 7 571·50 193 572 ·10 223 
572-60 204 572-52 209 572·70 229 
573·00 215 572·92 221 573·5 269 
573 ·53 227 573·45 232 573 ·57 277 

573· 5 236 573.77 24.2 573· 6 2 3 
573 ·57 229 573.49 234 573·39 25 
573 ·27 220 573-19 226 573.22 255 
572· 4 219 572·76 224 572·86 243 
572·98 216 572 ·90 222 572· 75 244 
572 ·56 212 572·4 217 572·30 22 

571·89 196 571·81 202 571·82 188 
571·65 187 571·57 192 571·60 198 
572·25 198 572·17 204 571·88 198 
572·26 195 572·18 200 572·35 176 
572·17 198 572·09 204 572·58 176 

Partial regulation 
sy tern; 

assuming ,500 c.f. . 
diver ion at 
Chicago and 

ew Welland Canal 
complete 

Fir t of Monthly 
month mean 

573 ·17 225 
573 ·54 237 
573 ·35 241 
572· 7 227 
572·46 213 
572·10 1 4 
571·80 176 
571·6 176 

176 
176 
176 
176 
179 
192 
217 
218 
213 
201 
176 
176 

571·89 176 
572·-14 194 
512·5 200 
572-79 20 
573-29 22 
573 ·65 239 
573 ·64 249 
573·23 238 
572·60 219 
572·26 197 
572·05 179 
572 ·28 222 

572·02 177 
572·10 1 0 
572·11 180 
572· 8 211 
573.56 237 
573· 9 246 
574·17 266 
573·90 25 
573 .53 247 
573·15 235 
573 ·07 251 
572·86 246 

572·03 177 
571·79 176 
572·08 179 
572·59 200 
572·51 197 
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TABLE 11.-EFFECT OF REGULATION-LAKE ERTE-Continued 

Stages in Feet above Mean Sea Level 

Discharges in Thousand Second Feet 

Computed conditions 
for present regimen 
without regulation Complete regulation Partial regulation 

Actual conditions ew Welland Canal system; system; 
occurring assumed corn plete assuming 8,500 c.f.s. assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at diversion at 

given in record assumed at8 ,500 c.f.s. Chicago and Chicago and 
Year-Month Other lowerings from ew Welland Canal New Welland Canal 

data compiled by complete complete 
U.S. Lake Survey 

Monthly Monthly First of Monthly First of Monthly 
mean mean month mean month mean 

Stage Discharge Stage Discharge Stage Discharge Stage Disch 
(a) (b) (c) (d) (e) (f) (g) (i) (h) 

1918-
June ... ..... . .... 572·54 204 572·46 209 573·06 177 572.68 204 
July .... ........ . 572·59 207 572·51 213 573·65 190 572·97 230 
August .......... 572·55 205 572·47 210 573·35 176 573·01 231 
September ...... 572·47 207 572·39 213 573·11 185 572·80 225 
October .. . ...... 572·30 202 572·22 207 572·90 231 572·69 221 

ovember ..... . 572·13 206 572·05 212 572·53 238 572·65 227 
December ....... 572·19 198 572 ·ll 203 572·44 253 572·60 240 

1919-
January ......... 572·18 208 572·11 214 572·27 207 572·29 188 
February .. ...... 572·21 201 572·14 206 572-45 203 572·46 195 
March .......... 572·59 203 572·42 209 572·52 227 572·64 202 
April ............ 573·05 215 572·98 220 572·77 232 573·08 220 
May ............ 573· 68 228 573.61 234 573·43 251 573·62 239 
June ............. 573.77 230 573·70 235 573 ·62 199 573 ·88 246 
July . .. .......... 573·44 225 573·37 231 573·37 223 573.67 251 
August .......... 573·14 221 573·07 226 573·29 176 573 ·14 235 
September ...... 572·75 213 572.68 219 572·97 176 572·70 221 
October ......... 572-47 205 572-40 210 572·61 176 572·34 203 

ovember ...... 572·22 206 572·15 212 572·47 241 572·14 186 
December ...... 571·87 198 571·80 203 572·18 187 572·08 198 

1920-
January ......... !171·30 180 571· 23 185 572·05 185 571·62 176 
February ..... . .. 570·78 167 570·71 t71 571· 61 1R3 571·00 176 
March .. ... ..... 570·85 170 570·78 175 571·40 178 570·70 176 
April ... . ........ 571· 62 183 571·55 187 57!·94 208 571·10 176 
May ............ 572·29 197 572 ·22 202 572·75 176 571·98 176 
June . . ....... .... 572·48 203 572·41 207 573·49 208 572·72 205 
July ............. 572· 62 208 572·55 213 573·29 210 572·94 229 
August .......... 572· 61 204 572·54 208 573·29 199 572·82 227 

eptember . . .... 572·38 201 572·31 206 573·12 176 572·50 216 
October ......... 572·08 198 572·01 202 572·72 176 572·08 183 

ovember ...... 571·93 196 571·86 201 572·57 176 572·07 183 
December ...... 571·93 204 571·86 208 572·47 241 572·22 214 

1921-
January .... ..... 571·94 197 571·88 202 572·00 201 572 ·16 183 
February ... ..... 571·88 192 571·82 1£6 571·94 187 572·29 188 
March ...... . ... 572 ·11 194 572·05 199 572· 60 236 572·37 191 
April ............ 572·79 208 572·73 212 572·60 176 572·88 212 
May ...... . ..... 573 ·08 214 573·02 219 573 ·12 185 573·35 230 
June . .... . .... ... 573 ·00 213 572·94 217 573 ·29 176 573 ·41 232 
July ............. 572·85 2l2 572·79 217 573 ·22 l't6 573·15 235 
August .......... 572·47 204 572·41 208 572·97 176 572·67 221 

eptember ...... 572·16 200 572·10 205 572·59 176 572·18 190 October ......... 571·74 192 571· 68 196 572·39 188 571·90 176 
ovember ...... 571·79 186 571·73 191 c72·41 183 571·87 176 December ...... 571·74 199 571· 68 203 572·27 214 572·02 190 1922-

January ......... 571·50 189 571·45 195 571·84 211 571·96 176 February .. ...... 571·17 177 571·12 182 572·05 202 571·83 176 March .......... 571·39 177 571·34 183 572·00 176 571·76 176 A.pril ............ 572.32 204 572·27 209 572·50 176 572·37 189 May ............ 572·74 208 572·69 214 573·35 260 573·20 225 
June . .. ..... . .... 572·87 212 572·82 217 573·47 245 573·38 231 
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TABLE 11.-EFFECT OF REGULATION-LAKE ERIE-Concluded 

Stages in Feet above Mean Sea Level 

Discharges in Thousand Second Feet 

Computed conditions 
for present regimen 
without regulation Complete regulation Partial regulation 

Actual conditions ew Welland Canal system; system; 
occurring assumed complete assuming 8,500 c.f.s. assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at diversion at 

given in record assumed at8 ,500 c.f,s. Chicago and Chicago and 

Year-Month Other lowerings from New Welland Canal New Welland Canal 
data compiled by complete complete 
U.S. Lake Survey 

Monthly Monthly First of Monthly First of Monthly 
mean mean month mean month mean 

Stage Discharge Stage Discharge Stage Discharge Stage Discharge 

(a) (b) (c) (d ) (e) (f) (g) (i) (h) 

1922-
July ............ . 572-74 209 572· 69 215 573 ·47 176 573 ·25 239 

August .......... 572·50 2.03 572·45 208 573·33 176 572·82 226 

eptember .. .... 572·32 197 572·27 203 573.26 250 572·43 211 

October ........ . 571· 8 193 571·83 198 572·83 176 572·03 178 

November ...... 571·42 188 571·37 194 572·35 176 571·77 176 

December ...... 571·11 180 571 ·06 185 571·08 183 571·54 176 

1923-
January .. ...... . 571·16 177 571·12 182 571·79 200 571·47 176 

February ........ 570 ·83 170 570·79 174 571·77 188 571·38 176 

March .......... 571·00 174 570·96 179 571·73 177 571·23 176 

April ........... . 571 ·49 182 571·45 186 571·95 176 571·55 176 

May .. .......... 571·82 189 571·78 194 572·32 176 572 ·06 178 

June ............. 572·00 195 571·96 199 572·46 176 572·42 193 

July ............. 571·99 192 571·95 197 572·42 176 572·53 217 

August .... .... .. 571·69 188 571·65 192 572·55 176 572·16 189 

September ..... . 571·51 182 571·47 187 572·35 176 571·95 176 

October .... .... . 571·23 177 571·19 181 572·22 176 571·79 176 

November ... ... 570·96 174 570·92 179 571·96 176 571·55 .176 

December ..... . ~71· 25 183 571·21 187 571·87 178 571·55 176 

1924-
January ........ . 571·27 194 571-26 201 571·95 176 571·81 176 

February ... . .... 571·31 176 571·30 182 572·25 206 572·04 177 

March . .. ... . ... 571·22 175 571·21 182 572·19 187 571·98 176 

April ........... . 571·77 186 571·76 192 572·41 176 572·24 186 

May . .. . ....... . 572·16 197 572·15 204 572·93 176 572·76 207 

June .... ..... .... 572·30 200 572·29 206 573·22 176 573·03 218 

July ............. 572·44 204 572·43 211 573·40 176 573·00 231 

August . .. . . ..... 572·15 198 572 ·14 204 573 ·37 176 572·71 222 

September ...... 571·95 192 571·94 199 573 ·11 176 572·26 197 

October . .... .... 571·70 187 571·69 193 572·78 176 572·00 176 

November .. ... . 571·06 185 57L·05 192 572·29 176 571·71 176 

December ... . .. 570·78 180 570·77 186 571·78 176 571·38 176 

1925---
January . ... ..... 570·62 164 570· 61 170 571·67 202 571·30 176 

February ........ 570·50 162 570·49 167 571·45 180 571·11 176 

March .......... 570·92 170 570·91 176 571·69 176 571·17 176 

April ....... . · ... . 571·32 175 571·31 180 572·07 176 571·57 176 

May ............ 571·31 178 571·30 184 572·26 176 571·81 176 

June ............. 571·18 177 571·17 182 572·12 176 571·76 176 

July ............. 571·12 176 !'i71·11 182 571·97 176 571·70 176 

August .......... 571·08 172 571·07 177 571·82 176 571·66 176 

September . .. .. . 570·94 170 570-93 176 571·65 176 571·58 176 

October ..... .... 570·60 169 570·59 174 571·33 176 571·32 176 

November ...... 570·45 171 570·44 177 571·01 176 571·02 176 

December ...... 570·39 172 570·38 177 570·91 176 570·91 176 
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TABLE 12.-EFFECT OF REGULATIONS--LAKE ONTARIO 

Year-Month 

(a) 

1860-
Janu,uy ...... .. . 
February . . ...... 
March ....... . .. 
April . ..... ... .. . 
May .......... . . 
June . .. ... .. .... . 
July .... ... ...... 
August . . ........ 

eptember ...... 
October ......... 

ovember ...... 
December .. .... 

1861-
January ......... 
February ........ 
March .......... . 
April ..... . ...... 
May ............ 
June ............. 
July ............. 
August . . ........ 

eptember ..... 
October ... . ..... 

ovember ...... 
December ...... 

1862-
January . . ... .... 
February ..... .. . 
March . .. .. . .. . .. 
April. ... . ..... .. 
May . ..... . ..... 
June .. . . . .. .. .... 
July ............ . 
August ... . .. . ... 

eptember ...... 
October ......... 

ovember . .. ... 
December ...... 

1 63-
January ........ . 
February ........ 
March ........ . . 
April. .. ... ...... 
fay ............ 

June ....... .. . .. . 
July ............. 
August .......... 
.._eptember . ... .. 
October ......... 
November ...... 
December ....... 

I 64-
J clnuary ... ..... 

Stages in Feet above Mean ea Level 

Discharges in Thousand Se,onrl Feet 

Computed conditions 
for pre ent regimen 
without regulation Complete regulation 

Actual conditions ew Welland Canal system; 
occurring a sumed complete assuming 8,500 c.f.s. 
in pat as Chicago diver ion diversion at 

given in record assumed at8,500 c.f.s. Chicago and 
Other lowerings from New Well and Canal 

data compiled by complete 
u. Lake urvey 

MonGhly Monthly First of Monthly 
mean mean month mean 

tage Di charge Stage Discharge Stage Discharge 
(b) (c) (d ) (e) (f) (g) 

246·58 .......... 246·80 ···· · ... ... . .... .... . ··· ···· · · · 246·72 ·········· 246·94 .......... .......... · ········· 246·77 ........ . . 247 ·00 ········ · · ·········· ·· · · ····· · 216·80 ... ...... . 247 ·03 .... ... . . . ..... .. . .. .... ..... . 
247 ·03 .... . ..... 247 ·27 ·· ··· ····· ······ · ··· ······ ···· 247 ·57 2 3 247 ·79 274 · · ·· ··· ··· ··· ··· · ·· · 247 ·82 2 5 248·05 277 .... . ... . . .... ...... 
247·26 283 247 ·51 274 ·· · · ··· · · · . ......... 
246·86 277 247 ·09 269 . .. ······· .... ······ 
246·67 267 246 ·89 258 ···· ··· · · · .. ........ 
246·75 273 246·98 264 ···· ··· · · · ... ....... 
246·73 269 246·95 260 .. . . .. .. . . .... . ..... 
246·44 244 246·65 235 ···· ··· · · · ·········· 246·56 243 246·78 234 ····· ···· · ··· ··· ·· ·· 247 ·01 251 247 ·25 243 ····· · · ··· · ·· ·· ····· 247 ·23 2 5 247·47 277 .......... ·· ········ 248·18 305 248·46 297 ·········· . . ... ........ 
248·54 310 248 ·84 301 ·· ·· ··· · · · ·· · · ··· ·· . 24 ·32 309 248 ·61 301 ······ · · · · · · ···· ··· · 248·07 302 248·35 294 ·········· ···· · · · · .. 247 ·60 293 247 ·86 284 ...... . . . . ······ ··· · 247 ·81 294 248·0 286 .... . . ... . ····· · ···· 247 ·82 292 248·09 2 4 ··· ···· · · · . .. . · ····· 247.61 297 247 ·87 288 .......... ·· · · · ·· ··· 

247 ·11 259 247 ·35 250 ·········· . ..... . ... 
246·69 24 246·91 239 ·········· . .. . ..... . 
247 ·18 247 247 ·67 238 ···· · · ··· · ····· ···· · 248·08 296 248·36 287 ·· · · ··· ··· · ····· · ··· 248·88 318 249·29 310 ·· · · ····· · ... ....... 
248·62 312 248·92 303 ·· · · ····· · .... ..... . 
24 ·72 310 249·02 301 . ········· ······ · ··· 248·26 301 248·55 293 ·········· ·········· 247 ·61 290 247 ·87 281 ··· ··· ··· · · ···· ·· ... 247·0 279 247.32 270 .. . ... . ... ····· ···· . 246·73 270 246·95 261 .. . .. ····· .......... 
246 ·62 264 246·84 256 .. . .. .. . .. · · ··· · · ·· · 

246·77 247 247 ·00 238 ·········· ···· · ····· 246·83 242 247·06 234 ······ ·· · · • ········· 246·91 245 247 ·14 236 · · ········ ·· ··· .... . 247 ·63 283 247 ·89 275 ········ · . . ········· 248·03 299 248·31 291 ······ ···· · ···· ·· · ·· 248·18 301 248·46 292 ···· · ····· ·· · ·· · ···· 247 ·77 293 248·06 2 4 ·········· ········· · 247 ·31 2 5 247 ·56 277 . . . ....... ..... .. ... 
246·93 276 247 ·16 267 ·········· ······ · · · · 246 ·74 266 246·96 257 ········ · · ·· ········ 246·56 264 246·7 256 ···· · ····· ········ ·· 246·57 261 246 ·79 253 ...... . ... ·········. 
246·33 223 246·53 214 . ......... ······ · ··· 

Partial regulation 
system; 

assuming 8,500 c.f.s. 
diversion at 
Chicago and 

New Welland Canal 
complete 

First of Monthly 
month mean 

Stage Discharge 
(i) (h) 

.. .. .. . . .. ·· ·· · · ··· · 
·· · · · · · · ·· ... .. ..... 
·········· .. . .... .. . 
······· ··· . ..... .... 
. . . . .... .. .. ........ 

247·20 266 
247 ·67 297 
247 ·35 296 
246· 63 2'i1 
246·32 274 
245 ·95 273 
245·76 279 

245·55 202 
245·53 204 
245·93 229 
24:6·07 245 
246·85 262 
247 ·96 286 
248·25 327 
247 ·85 322 
247 ·41 312 
247 ·03 314 
246·88 310 
246·70 303 

246·45 209 
246·21 209 
248 ·38 235 
246·85 259 
247 ·72 290 
248·19 291 
248·15 327 
247 ·83 321 
247 ·28 305 
246·49 286 
245·96 274 
245·66 280 

245·70 205 
245·92 207 
246·22 233 
246·62 260 
247 ·28 276 
247 ·64 278 
247·66 297 
247 ·12 284 
246·58 270 
246·27 271 
245·45 225 
245·48 271 

244·85 197 
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TABLE 12.-EFFECT OF REGULATION-LAKE ONTARIO-Continued 

Year-Month 

(a) 

1864-
February ..... ... 
March ......... . 
April ........... . 
May ........... . 
June .. . ... ... .... 
July ............. 
August ......... . 

eptember ..... . 
October ......... 
November ..... . 
December . . ..... 

1865--
January ........ . 
February ........ 
March .......... 
April ........... . 
May ........... . 
June ............ . 
July ............ . 
August ......... . 
September ...... 
October .... . .... 
November ..... . 
December. ...... 

1866--
January .. .... ... 
February ........ 
March .......... 
April ..... . ...... 
May ..... . ...... 
June . . ... .... .... 
July ............. 
August ....... ... 
September ...... 
October ......... 
November . .... . 
December ....... 

1867-
January ........ . 
February ...... .. 
March . .... ..... 
April ........... . 
May ............ 
June ............ . 
July ............ . 
August ......... . 
September ...... 
October ....... .. 

Iovember ..... . 
December ...... . 

1868-
January ...... ... 
February ........ 

Stages in Feet above Mean Sea Level 

Discharges in Thousand Second Feet 

Computed'conditions 
for present regimen 
without regulation Complete regulation 

Actual conditions New Welland Canal system; 
occurring a sumed complete assuming 8,500 c.f.s. 
il:l past as Chicago diver ion diversion at 

given in record a umedat8,500c.f.s. Chicago and 
Other lowerings from I New Welland Canal 

data compiled by complete 
u. Lake Survey 

Monthly Monthly First of Monthly 
mean mean month mean 

Stage Discharge Stage Discharge tage Discharge 
(b) (c) (d ) (e) (f) (g) 

246·17 22 246·37 220 ···· · ····· ... ....... 
246-26 242 246·46 233 .......... ...... . ... 
246·83 270 247·06 261 .......... ... . ... .. . 
247·82 291 248·09 281 .. ... ..... .......... 
248 ·12 301 248·40 293 ···· ······ ··· ······ · 
247 ·80 292 24 ·07 2 4 .......... .. ........ 
247 ·34 283 247·59 275 .... . ..... ......... . 
246·81 273 247 ·04 274 .......... .. ... ... . . 
246·58 266 246·80 257 .. ..... . . . ... ....... 
246·55 268 246·77 260 . ......... ·········· 
246·65 272 246·87 263 . .... . ... . ..... .... . 

247·08 245 247·32 236 ·········· ··· ······ · 
247 ·23 225 247 ·47 216 ·········· .. ........ 
247 ·38 242 247 ·63 234 ...... . ... .... . ..... 
247·46 2 4 247 ·72 275 ·········· ... .. . .... 
247 ·62 28 247· 2 0 .......... ···· ······ 
247 ·66 2 8 247 ·92 2 0 ·········· · ········ · 
247 ·51 283 247-77 275 ·········· .. ..... ... 
246·90 273 247 ·13 264 ·········· ··· ···· · · · 
246·29 260 246·49 252 .......... . ......... 
246·07 251 246·26 242 .......... ··· ······· 
245·82 246 245·99 238 .......... ···· ······ 
245·66 244 245·84 236 ·········· ·········· 

245·46 205 245·60 197 .. . . ... ... .......... 
245·47 200 245.61 191 .... ..... . ····· ···· · 
245·48 214 245·62 205 .......... ....... ... 
245·96 251 246·15 243 .......... ·········· 
246·02 260 246·21 252 ·········· ·········· 
245·92 272 246·10 263 ····· ···· · .. ........ 
246·84 274 247·07 266 .......... .......... 
246·74 270 246·96 262 ·········· .... ...... 
246·65 265 246·87 257 ·········· ·········· 
246·52 262 246·73 2!i4 ······ ···· ···· ······ 
246·28 265 246·48 2.56 .......... ·········· 
246·20 272 246·40 263 ·········· .. ....... . 

245·95 238 246·14 230 .......... ........ . . 
245·92 238 246·10 229 ···· ······ .......... 
246·62 246 246·84 237 .......... ........ . . 
247 ·52 2 3 247·78 274 ·········· . ........ . 
248·21 300 24 ·49 292 .......... · ········· 
24 ·48 307 24 ·78 299 ·· ········ .......... 
248•11 298 24 ·36 290 .... ...... .......... 
247 ·48 285 247·74 277 .... .. .... ··· ······· 
246·98 272 247 ·22 263 .... .. .... .......... 
246·33 256 246·53 248 · ········ · .......... 
245·59 249 245·74 241 .......... ·········· 
244·83 234 245·12 225 ......... . ·········· 
244·51 210 244·58 202 .... . ..... . ......... 
244·61 184 244·69 176 ·········· ........ .. 

Partial regulation 
system; 

assuming 8,500 c.f.s. 
diversion at 
Chicago and 

New Welland Canal 
complete 

First of Monthly 
month mean 

Stage Discharge 
(i) (h) 

244·68 196 
244 ·68 198 
245·15 215 
246·27 243 
247·35 270 
247 ·69 298 
247·31 294 
246·67 274 
246·16 265 
245·64 242 
245·63 279 

245·66 206 
246·17 209 
246·38 236 
246·37 247 
246·53 251 
246·85 254 
247 ·15 270 
247·04 280 
246·38 259 
245·87 246 
245·50 230 
245·19 227 

244·93 198 
244·74 196 
244·58 196 
244·74 199 
245·44 210 
245·98 210 
247 ·08 266 
247 ·71 314 
247 ·17 299 
246·59 293 
245·92 271 
245·54 274 

245·37 202 
245·34 203 
245·81 227 
246·46 258 
247 ·36 279 
248·00 286 
248·20 325 
247·54 306 
246·77 279 
246·06 258 
244·99 198 
244·66 195 

244·42 194 
244·39 194 
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TABLE 12.-EFFECT OF REGULATION-LAKE IONTARIO-Continued 

Stages in Feet above Mean Sea Level 

Discharges in Thousand Second Feet 

Computed conditions 
for present regimen 
without regulation Complete regulation Partial regulation 

Actual conditions New Welland Canal system; system; 
occurring assumed complete assuming 8,500 c.f.s. assuming 8,500 c.C.s. 
in past as Chicago diversion diversion at diversion at 

given in record assumed at8,500 c.f.s. Chicago and Chicago and 
Year-Month Other lowerings from New Well and Canal New Welland Canal 

data compiled by complete complete 
U.S. Lake Survey 

Monthly Monthly First of Monthly First of Monthly 
mean mean month mean month mean 

Stage Discharge Stage Discharge Stage Discharge Stage Discharge 
(a) (b) (c) (d) (e) (f) (g) (i) (h) 

1868-
March .. ... . ... . 244·88 210 244·97 201 · ········ · .. ... . ... . 244·43 196 
April ........ .. . . 245·52 246 245·66 237 .... . . . . . . .. . . ... . . . 244·88 201 
May ... . . ...... . 246·12 251 246·31 243 . . ... . .. . . ···· · ·· · ·· 245·66 222 
June . . ... . .... . . . 246·54 267 246·75 268 ··· · · · ··· · · ······ · · · 246·40 231 
July ....... . . . .. . 246·42 264 246·63 256 · ········ · ····· · · · · · 247·07 266 
August ......... . 246·13 258 246·31 249 ········ ·· .. .... . .. . 247·04 280 
September ..... . 245·94 252 246·12 244 ·· ······· · .. ........ 246·64 272 
October . .... ... . 24.5·35 243 245·48 235 ......... . ·········· 245·78 238 
November ... . .. 245·20 237 245·31 228 . . ...... . . ·········· 245·20 201 
December ....... 245·37 244 245·50 235 .. .. . ... . . . . ........ 245·39 258 

1869-
January ........ . 245·22 217 245·33 208 245·98 206 245·06 199 
February . ...... . 245·34 197 245·45 188 245·97 206 245·07 199 
March ........ .. 24!'1·56 196 245·71 188 246·13 213 245·06 199 
April.. ......... . 246·09 259 246·28 251 246·27 200 245·07 211 
May ........... . 246·75 276 246·98 268 247 ·42 236 246·07 237 
June .. .. ...... ... 246·97 282 247 ·21 273 247·80 300 246·88 256 
July ........... .. 247·29 288 247·54 280 247·89 330 247·45 286 
August ... . ..... . 247 ·35 288 247 ·60 280 248·09 330 247 ·77 318 
September .... .. 247 ·17 284 247 ·41 275 247·72 324 247·54 318 
October ......... 247 ·08 280 247 ·32 271 247 ·33 310 247 ·00 305 
November .... .. 246·68 272 246·90 264 246·82 297 246·29 286 
December ...... . 248 ·85 267 247 ·08 

1870-
259 246·44 296 245·63 278 

January . ...... .. 247 ·26 258 247·51 249 246·60 213 245·59 206 
February ... . .. .. 247·41 258 247 ·66 249 247 ·01 215 246·22 210 
March .. . ... . ... 247·41 253 247 ·66 244 247 ·20 252 246·72 241 
April.. .... .. .. .. 248·35 304: 248·64 295 247 ·67 291 247 ·21 277 
May ... . .. . .. . . . 248·95 318 249 .27 310 248·57 300 248·06 300 
June . ... . ..... ... 248·63 313 248·93 305 248·57 300 248·35 296 
July . . ..... . .. ... 248·31 309 248·60 301 248·25 330 248·18 323 
August .... . .. ... 247 ·97 296 248·25 288 248·31 325 247 ·74 316 
September .. . . . . 247·28 282 247 ·53 274 247 ·47 317 246·96 289 
October . . . ... . . . 246·95 276 247 ·19 268 247 ·17 307 246·37 278 
November ..... . 246·38 265 246·59 256 246·76 293 245·82 261 
December ...... . 246·13 260 246·32 251 246·26 287 245·12 217 

1871-
January .. .. . . . . . 246·06 231 246·21 222 246·20 208 245·33 201 
February ....... . 245·89 227 246·07 219 246·30 200 245·19 200 
March .. . . . .. .. . 246·09 243 246·28 234 246·92 244 245·23 202 
April. .... . ...... 246·67 270 246·89 261 246·93 280 245·71 233 
May .. . ..... .. .. 247·12 278 247 ·36 269 247·31 283 246·45 249 
June . ... .. .... . . . 247 ·06 278 247 ·30 270 247 ·58 266 246·90 257 
July . ..... .... .. . 246 ·91 275 247 ·14 266 247 · 64 278 246·98 262 
August . ... . . .. . . 246 ·46 265 24fi·69 257 247·56 297 246·90 274 
September ... ... 246·12 257 246·31 249 247 ·11 218 246·42 261 
October .. ..... .. 245·62 249 245·77 241 246 · 65 209 245·84 242 
November ... .. . 245·21 235 245·32 227 246·35 212 245·13 199 
December .... . .. 244·90 227 244·99 218 245·99 200 244·93 198 

1872-
January ...... . . . 244·73 190 244 ·81 182 245·90 200 244·86 196 
February ........ 244·51 174 244·58 166 245·42 200 244 ·43 192 
March . ... . . . . .. 244·35 189 244 ·42 180 245·13 200 243·95 191 
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TABLE l2.-EFFECT OF REGULATION-LAKE ONTARIO-Continued 

Stages in Feet above Mean Sea Level 

Discharges in Thousand Second Feet 

Computed conditions 
for present regimen 
without regulation Complete regulation Partial regulation 

Actual conditions New Welland Canal system; system; 
occurring assumed complete assuming 8,500 c.f.s. assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at diversion at 

given in record assumed at 8,500 c.f .s. Chicago and Chicago and 
Year-Month Other lowerings from New Welland Canal New Welland Canal 

data compiled by complete complete 
U.S. Lake Survey 

Monthly Monthly First of Monthly First of Monthly 
mean mean month mean month mean 

Stage Discharge Stage Discharge Stage Discharge Stage Discharge 
(a) (b) (c) (d) (e) (f) (g) (i) (h) 

1872-
ApriL .......... . 244·84 222 244·93 214 245·17 200 244·04 193 
May ........ . .. . 244·96 234 245·06 225 245·65 200 244·58 197 
June ............ . 245·29 241 245·41 232 246·01 200 245·02 200 
July ...... . ...... 245·35 242 245·48 234 246·36 200 245·37 202 
August .......... 245·19 237 245·30 239 246·49 200 245·56 206 
September ..... . 244·90 232 244·99 224 246·50 200 245·60 219 
October .... . .. .. 244·74 227 244·82 218 246·40 200 245·26 205 
November ...... 244·69 228 244·77 220 246·38 234 245·19 200 
December . . .. ... 244·35 211 244·42 202 245·96 200 245·18 226 

1873-
January ........ . 244·26 192 244·32 183 245·80 200 244·72 196 
February ........ 244·37 194 244·44 185 245·65 200 244·61 195 
March ....... . . . 244·50 200 244·57 192 245·51 200 244·62 199 
April ............ 246·40 254 246·61 246 246·55 264 245·59 231 
May ........... . 246·96 273 247 ·20 264 247·25 300 246·69 257 
June ......... . .. . 246·91 275 247 ·10 267 247 ·16 236 246·99 261 
July .. ..... ..... . 246·87 273 247 ·10 265 247·57 257 247 ·13 269 
August . . ........ 246·58 266 246·80 258 247·58 313 247 ·15 286 
September ... . . . 246·15 260 246·35 251 247.21 290 246·62 271 
October .. . .... . . 245·73 249 245·89 241 246·50 251 246·05 257 
November . .... . 245·62 246 245·77 237 246·39 291 245·35 215 
December ....... 245·79 251 245·96 243 246·33 292 245·40 259 

1874--
January ..... . .. . 246·37 238 246·58 229 246·45 212 245·77 207 
February . ...... . 246·74 239 246·96 231 246·99 216 246·34 213 
March ......... . 247 ·29 261 247 ·54 252 247 ·48 254 247·03 247 
April.. . ... . .. . . . 247 ·20 279 247·44 270 247 ·72 284 247·32 272 
May .. ..... . .. .. 247 ·17 273 247 ·41 265 247 ·31 200 247·20 274 
June ......... . .. . 247 ·28 284 247 ·53 275 247 ·68 215 247 ·15 265 
July ....... . .... . 247 ·22 282 247·46 274 248·00 321 247 ·36 281 
August .......... 246·97 276 247 ·21 268 247 ·65 317 247·28 293 
September ... .. . 246·34 262 246·.54 254 247 ·05 262 246·64 272 
October ..... . . .. 245·93 255 246·11 246 246·60 226 245·96 251 
November ...... 245·40 245 245·53 237 246·39 240 245·14 199 
December ....... 245·03 236 245·13 227 246·05 205 244·99 198 

1875-
January ....... . . 244·72 203 24fi·OO 195 245·96 200 244·91 196 
February ....... . 244·38 177 244·41) 168 245·92 200 244·52 194 
March . ........ . 244·65 197 244·73 188 245·71 200 244·12 194 
April .. . ... . ..... 245·41 23 245·54 230 246·39 200 244·55 198 
May .. ... . . .... . 245·70 250 245·86 242 246·70 201 245·33 205 
June .......... . . . 245·87 253 246·05 244 247 ·55 204 245·69 206 
July ...... . ..... . 245·93 255 246·11 246 247·75 230 246·17 220 
August .......... 245·75 250 245·92 242 247 ·65 285 246·65 261 
September ...... 245·55 242 245·70 234 247 ·10 293 246·41 261 
October ......... 245·27 238 245·39 229 246·60 235 245·94 294 
November ...... 245 ·10 233 245·20 224 246·04 264 245·47 226 
December ... ... . 244·90 229 244·99 220 246·05 281 245·09 211 

875--
January ......... 245·29 217 245·41 209 246·05 210 245·73 206 
February .. ...... 245·97 226 246·10 217 246·85 214 246·10 209 
March .......... 246·52 240 246·73 232 247·11 249 246·64 239 
April ............ 247 ·50 286 247·76 278 247·45 287 247·29 278 
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TABLE 12.-EFFECT OF REGULATION-LAKE~ONTARIO-Continued 

Stages in Feet above Mean Sea Level 

Discharges in Thousand Second Feet 

Computed conditions 
for present regimen 

Partial regulation without regulation Complete regulation 
Actual conditions New Welland Canal system; system; 

occurring assumed complete assuming 8,500 c.f.s. assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at diversion at 

given in record assumed at8,500 c.f.s. Chicago and Chicago and 
Year-Month Other lowerings from !New Welland Canal ew Welland Canal 

data compiled by complete complete 
U.S. Lake urvey 

Monthly Monthly First of Monthly First of Monthly 
mean mean month mean month mean 

Stage Discharge Stage Discharge Stage Discharge Stage Discharge 
(a) (b) (c) (d) (e) (f) (g) (i) (h) 

1876---
May .. . .... ..... 248·07 298 248·35 290 248·05 300 248·20 301 
June ........ . . ... 248·29 304 248·58 295 248·34 300 248·63 301 
July . ... . ........ 248·36 305 248·65 296 248·75 330 248·87 330 
August ... . ..... . 247·91 294 248·18 286 248·39 327 248·51 330 
September ...... 247·30 280 247·55 272 246·60 318 247·81 330 
October ......... 246·97 277 247·21 269 247·08 306 246·95 304 
November ...... 246 ·61 266 246·83 257 246·81 295 246·33 291 
December ... . .. 246·40 "265 246 · 61 256 246·32 287 245·93 282 

1877-
January ........ . 245·91 226 245·09 217 246·20 ...... . . . . 245·59 203 
February ........ 245·63 224 245 ·78 216 ......... . . ......... 245·17 199 
March ....... .. . 245·78 230 245·95 222 ........ . . .......... 245·12 202 
April ........... . 246·46 262 246·67 253 ......... . .......... 245 ·59 225 
May ............ 246·54 266 246·75 257 · ········· .......... 246·12 238 
June ............ . 246·42 265 246 ·63 256 ...... . ... .......... 246·36 230 
July ............ . 246·45 266 246·66 257 ..... .... . ······ · ··· 246·70 247 
August .. .. ...... 246·20 259 246 ·40 251 .......... .......... 246·88 272 
September ..... . 245·77 249 245·94 241 .. ........ .......... 246·36 258 
October ......... 245·37 238 245·50 229 ··· · ······ .......... 245·72 235 
November ..... . 245·25 237 245·37 228 ...... . ... ......... . 245·33 213 
December ...... 245·38 240 245·51 232 ····· ····· .......... 245 ·44 265 

1878-
January ......... 245·48 223 245·62 214 ······ · ··· .......... 245·51 201 
February ........ 245·68 220 245 ·84 212 .......... ·········· 245·60 205 
March .......... 246·38 238 246·59 230 ···· ··· ··· ·········· 245·96 230 
April . ...... ..... 246·64 267 246·86 258 ·········· ········· · 246·37 249 
May ............ 246·98 275 247 ·22 266 .......... ··· · · ····· 246·72 258 
June ............. 246·96 274 247 ·20 266 · ·· ··· · ··· .......... 246·99 261 
July . .. .... ...... 246·92 272 247 ·15 264 · · ········ .......... 247 ·07 266 
August .......... 246·88 272 247·11 264 ····· ·· ··· ·········· 247 ·15 287 
September ...... 246·59 269 246·81 260 .......... .... ...... 246·81 281 
October ......... 246·33 261 246·53 253 ·········· ....... ... 246·31 274 
November ... . .. 246·21 260 246·41 251 ········· · ·········· 245·78 257 
December ...... 247·00 276 247·24 267 ·········· .......... 245·94 293 

1879-
January ... ...... 246 ·80 243 247·03 234 ·········· ·········· 246·26 207 
February ........ 246·46 245 246·67 236 .......... ·········· 245·99 206 
March .......... 246·33 234 246·53 226 .... .. .... ....... . .. 245·84 227 
April .. .... ...... 246·70 267 246·92 259 ···· · ····· .......... 245·66 227 
May . .. ......... 246·81 272 247·04 264 ·········· ... ..... . . 246·13 238 
June ............. 246·81 272 247·04 263 ..... .... . ·········· 246·44 234 
July ............. 246·67 268 246·89 260 .......... · ·· ····· ·· 246·76 250 
August .......... 246·31 259 246·51 250 .......... ·········· 246·83 270 
September ...... 245·91 252 246·09 244 ·········· ·········· 246·34 257 
October ........ . 245·47 242 245.61 233 ·········· .......... 245·58 226 
November ...... 245·10 234 245·20 225 .......... ·········· 245·01 198 
December ...... 245·11 230 245·21 221 .......... ·········· 245·04 204 

1880-
January ......... 245·30 222 245·42 214 ...... .... ·········· 245·20 201 
February ........ 245·63 222 245·78 213 . .... ..... ·········· 245·39 203 
March ..... .. ... 245·95 232 246·14 223 ........ . . ·········· 245·80 227 
April. ........... 246·15 257 246·35 249 .......... ·········· 245·97 236 
May ............ 246·33 262 246·53 254 ............... . .... 246·26 243 
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TABLE 12.-EFFECT OF REGULATION-LAKE ONTARIO-Continued 

Stages in Feet abo\e Mean Sea Level 

Discharges in Thousand Second Feet 

Computed conditions 
for present; regimen 
without regulation Complete regulation Partial regulation 

Actual conditions ew W elland Canal system; system; 
occurring a sumed complete assuming 8,500 c.f.s. assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at diversion at 

given in record as umed at8,500 c.f.s. Chicago and Chicago and 
Year-Month Other lowerings from IN ew W elland Canal New Welland Canal 

data compiled by complete complete 
U.S. Lake Survey 

Monthly Monthly First of Monthly First· of Monthly 
mean mean month mean month mean 

Stage Discharge Stage Di charge Stage Discharge Stage Discharge 
(a) (b) (c) (d) (e) (f) (g) (i) (h) 

1880-
June ............. 246·53 266 246·74 257 ·········· ...... . . . . 246·57 241 
July ............ . 246·52 265 246·73 257 .... ...... ·· ······· · 246·97 261 
August .......... 246·09 255 246·28 246 · ···· · ··· · .......... 246·88 272 

eptember ...... 245 ·74 258 245·91 249 .......... .... .... .. 246·31 255 
October ......... 245·36 239 245·48 231 ···· · ····· ·········· 245·93 249 

ovember ...... 245·30 241 245·42 232 .... ... ... ........ . . 245·28 208 
December ...... 245 ·10 229 245·19 221 . ...... ... ·········· 245·22 232 

1881-
January .. .. ..... 244·73 186 244·81 177 .. ........ ... ....... 244·65 194 
February ...... .. 244·72 195 244·80 186 ·········· .......... 244·21 193 
March .......... 245·39 218 245·52 209 .......... ........ . . 244·35 196 
April ............ 245·80 248 245·97 239 . ......... .. ........ 244·88 200 
May ..... ....... 245·99 252 246·18 244 .... ... ... ........ . . 245·51 214 
June ...... . ... ... 246·20 257 246·40 249 ·········· ······· ··· 246·12 217 
July .......... ... 246·30 259 246·50 251 ............ ........ . . 246·78 251 
August .......... 245·98 252 246·17 243 · ·· ····· ·· ·· ········ 246·90 274 
September . ..... 245·39 242 245·52 233 ..... .. ... ···· ····· · 246·27 253 
October ........ . 245 ·19 235 245·30 226 ........ .. ··· ···· · · · 245·70 234 
November ..... . 245·19 235 245·30 226 ···· ·· ···· ........ . . 245·36 216 
December ..... . 245·20 236 245·31 228 .. ... . ... . ··· ······· 245·52 277 

1882-
January ......... 245·73 229 245·89 221 . ......... ... ...... . 245·58 205 
February ........ 245·91 231 246·09 222 ·········· .......... 245·95 209 
March ......... . 246·52 247 246·73 238 ·········· ........ . . 246·53 238 
April ........... . 246·81 269 247·04 261 ·· ····· ·· · ·········· 246·99 266 
May ............ 247 ·02 273 247 ·26 264 .... ... ... .. ....... . 247 ·23 274 
June ..... ........ 247 ·55 2 6 247·81 277 ········ ·· ·· ········ 247·52 274 
July ............ . 247 ·53 2 5 247·79 277 .... ..... . . ........ . 247·89 308 
August ......... . 247 ·19 278 247·43 269 . . ...... .. ·· ··· ····· 247·55 306 

eptember ...... 246·81 267 247 ·04 25 ... ...... . ........ .. 247 ·10 296 
October . . ...... . 246·30 255 246·10 247 ...... . . . . ········· · 246·42 282 
November ...... 245·87 245 246·05 237 .......... ······· ·· · 245·66 245 
December ...... 245·62 246 245·77 238 ...... . . . . ·· ···· · ··· 245·42 262 

1883-
January ......... 245·30 211 245·42 203 .. ..... ... ·········· 245·00 198 
February ........ 245·35 192 245·4 184 . ...... ... .. . .... .. . 244·73 196 
March .......... 245·60 213 245·75 204 ···· ······ .. ........ 244·54 197 
April ............ 246·15 253 246·35 245 .. ........ ·········· 244·93 204 
May ........... . 246·79 268 247 ·02 260 ······ · ··· ·· ······· · 245·84 227 
June ............ . 247 ·49 2 4 247·75 275 ........ . . .... . ..... 246·93 258 
July ............ . 248·03 293 248·33 2 4 .......... ·········· 247 ·77 302 
August ......... . 247 ·84 289 248·11 2 1 ···· ······ ...... .... 247 ·98 329 
September .. .... 247 ·37 279 247·62 270 .... ...... .......... 247·45 314 
October ......... 246·94 268 247 ·17 260 ...... .... .... . ... . . 246·87 311 
November ...... 246·69 265 246·91 257 · ········· ·········· 246·06 284 
December ..... . 246·56 263 246·78 254 ·········· ·········· 245·87 282 

1884-
January ........ . 246·51 226 246·72 218 ···· ····· · ·········· 245·71 204 
February ........ 246·91 234 247 ·14 225 ··· ······· ...... .... 245·78 206 
March .......... . 247 ·58 248 247 ·84 240 ·· ········ ···· ······ 246·23 233 
April ............ 248·16 294 248·44 285 .... ...... ... ....... 246·80 264 
May ............ 248·19 298 248·47 290 .......... .... ... ... 247 ·31 277 
June .... .. .... ... 248·09 293 248·37 285 ·········· ·········· 247·43 21a 
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TABLE 12.-EFFECT OF REGULATION-LAKE ONTARIO-Continued 

Stages in Feet Above Mean Sea Level 

Discharges in Thousand Second Feet 

Computed conditions 
for present regimen 
without regulation Complete regulation Partial regulation 

Actual conditions ew Welland Canal system; system; 
occurring assumed complete assuming 8,500 c.f.s. assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at diversion at 

given in record assumed at8,500 c.f.s. Chicago and Chicago and 
Year-Month Other lowerings from New Welland Canal New Welland Canal 

data compiled by complete comple~e 
U.S. Lake Survey 

Monthly Monthly First of Monthly First of Monthly 
mean mean month mean month mean 

Stage Discharge Stage Discharge Stage Discharg~ Stage Discharge 
(a) (b) (c) (d ) (e) (f) (g) (i) (h) 

1884-
July ... ... . ..... . 247·99 293 248·27 285 .. ... .... . ......... . 247·45 286 
August . .. . ... ... 247·64 287 247·90 279 ·········· ·· ·· ······ 247 ·38 298 
September .... .. 247 ·22 275 247 ·46 267 ·········· ········ · · 247·00 290 
October ......... 246·80 264 247 ·03 256 ·········· .......... 246·38 278 
November . .... . 246·30 256 246·50 248 ········· · · ·· · ··· ··· 245·71 250 
December ...... 246·15 .252 246·35 243 ·· ······· · ··· ·· · · ··· 245·18 226 

1885-
January ......... 246·15 228 246·35 219 .... ... ... ·· ····· ··· 245·28 200 
February ........ 245·88 212 246·06 204 ···· ·· ···· · ···· ····· 245·14 198 
March .......... 245·59 209 245·74 200 ··· ···· ··· · ········· 244·75 198 
April ......... ... 246 ·27 241 246·47 233 .......... . ......... 245·08 208 
May ... . . . . ..... 247 ·07 272 247 ·31 263 ····· ··· ·· ·· ········ 245·87 230 
June ............ . 247·44 281 247·69 273 ··· ·· ··· · · · · ········ 246·93 258 
July ............ . 247 ·58 283 247·84 274 · ·· ·· ····· . ........ . 247 ·45 286 
August . ..... ... . 247 ·44 276 247.69 268 .... . . . ... . ......... 247 ·54 306 
September .. .... 247·20 273 247·44 265 .......... ···· ·· ···· 247 ·24 302 
October ......... 247 ·02 268 247 ·26 269 · · ··· ··· ·· .... . .... . 246·77 305 
November .. . ... 247 ·07 269 247·31 260 ······ ·· ·· .. . . ..... . 246·09 286 
December . .... . 247 ·24 276 247 ·48 267 .......... ········ · · 246 ·21 298 

1886-
January ........ . 247·60 256 247·86 247 .. ... ..... .... . . ... . 246 ·37 211 
February ........ 247 ·67 256 247.93 247 .......... . ... . ... . . 246·87 215 
March ........... 247 ·81 259 248·08 251 ·········· · ·· · ····· · 247·27 249 
April. ...... ..... 248·43 298 248·72 290 ·········· ·········· 247 ·39 279 
May ............ 248·65 304 248·95 296 ·········· ·· ········ 247 ·67 289 
June .. ... . .... ... 248·41 300 248·70 291 . ········· ....... . .. 247 ·77 281 
July ........ ..... 248·04 293 248·32 284 ·· ·· ······ · ········ · 247.61 294 
August . .. . ... . . . 247 ·59 284 247 ·85 276 ......... . · ·· ······· 247 ·18 287 
September ...... 247·24 277 247·48 268 ·········· · ·· · ······ 246·77 279 
October ........ . 246·83 268 247·06 260 .......... . ......... 246·42 282 
November ..... . 246·51 266 246·72 257 ... . .. .... .... . ..... 245·86 265 
December ... ... 246·44 261 246·65 253 ········· · · · ········ 245·48 271 

1887-
January . ........ 246·16 233 246·36 224 ···· ·· ···· ·· · ·· · ··· · 245·27 202 
February ........ 246·92 258 247 ·15 249 ··· · ······ .......... 245·52 206 
March .......... 247 ·43 264 247 ·68 256 ......... . ···· · ····· 246·43 236 
April . ....... . .. . 247·64 288 247 ·87 280 ........ . . ·········· 246·92 268 
May ......... . .. 248·20 296 248·48 288 .... .. .... ·········· 247 ·52 285 
June ............. 248·16 296 248·44 288 .......... ·· ···· · ·· · 247 ·83 282 
July ....... ... .. . 247·88 289 248·15 281 . ........ . ·········· 247 ·70 298 
August ... . ...... 247 ·38 277 247·63 268 ···· ······ .......... 247·18 287 
September .... . . 246·76 265 246·99 256 .... ..... . ...... ... . 246·61 261 
October ......... 246·37 258 246·58 250 ·········· ... .... ... 245·89 246 
November .. .. . . 246·02 246 246·21 238 ·········· .......... 245·36 217 
December .. .... 245·75 242 245·92 233 ·········· ···· ····· · 244 ·94 198 

1888-
January .. ....... 245·45 2l4 245·59 205 .......... ········ · · 244·81 195 
February .. . . .... 245·30 194 245·42 186 . .. . . ... . . ···· · ····· 244·37 193 
March ........... 245·54 208 245·68 200 ....... ... ······ ··· · 244·12 193 
April ........... . 246·17 253 246·37 245 ... .. ..... ········· · 244·42 197 
May ... . . . ...... 246·31 256 246·51 248 . ......... ·········· 245·20 202 
June ............. 246·28 258 246·48 250 .......... ... . ..... . 245·85 207 
July .. ........... 246·34 258 246·54 250 .......... ··· · · ··· ·· 246·46 234 
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TABLE 12.-EFFECT OF REGULATION-LAKE ONTARIO-Continued 

Stages in Feet A hove Mean Sea Level 

Discharges in Thousand Second Feet 

Computed conditions 
for present regimen 
without regulation Complete regulation Partial regulation 

Actual conditions New Welland Canal system; system; 
occurring assumed complete assuming 8,500 c.f.s. assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at diversion at 

given in record assumed at8,500 c.f.s. Chicago and Chicago and 
Year-Month Other lowerings from New Welland Canal New Welland Canal 

data compiled by complete complete 
u.s. Lake Survey 

Monthly Monthly First of Monthly First of Monthly 
mean mean month mean month mean 

Stage Discharge Stage Discharge Stage Discharge Stage Discharge 
(a) (b) (c) (d) (e) (f) (g) (i) (h) 

1888-
August ......... . 246·24 257 246·44 248 ·········· ·········· 246·75 266 

September ... . .. 245·85 249 246·03 240 · ········· · ········· 246·39 259 

October ......... 245·49 239 245·63 231 ··· ······· ... .. .. ... 245·74 235 

November ...... 245·41 239 245·54 231 .... .... .. ··· ·· · ··· · 245·08 200 

December ....... 245·41 240 245·54 231 · ········· ···· ····· · 245·30 244 

1889-
January .... .. ... 245·62 226 245·77 217 ·········· ·········· 245·57 203 

February ....... . 245·77 212 245·94 204 · ·· ······· ··· ······ · 245·57 202 

March .......... 245·93 220 246·11 212 ··· ··· ···· ··· ······· 245·53 215 

April ......... ... 246·17 256 246·37 248 ·········· ·· ········ 245·58 222 

May .. .. ........ 246·32 258 246·52 249 ........ . . ········ · · 245·92 232 

June ............ . 246·63 267 246· 5 259 . ......... ···· · · ··· · 246·35 229 

July ............ . 246·82 270 247·05 262 · ········· ·········· 246·95 260 

August ... ... .... 246·57 265 246·79 256 .......... . ......... 247 ·19 288 

September .... .. 246·07 253 246·26 244 ······ ···· ·········· 246·52 266 

October ........ . 245·57 239 245·72 230 · ········· · ···· ··· · · 245·68 232 

November ..... . 245·18 234 245·29 226 ·········· ···· ····· · 245·02 199 

December ..... . . 245·72 245 245·88 237 ········ ·· ·· ········ 245·25 237 

1890--
January . ... .. . .. 246·26 239 246·46 230 ·········· ··· ······· 245·48 204 

February . .. ... .. 246 ·60 239 246·82 231 · ········· ··· ······· 245·92 208 

March .......... 246·97 252 247·21 243 ···· ··· · ·· ... ....... 246·56 238 

April ....... . .... 247 ·17 276 247·41 268 ········· · . ......... 246·93 266 

May .. .......... 247·52 285 247·78 276 .......... ...... .... 247 ·35 278 

June ............ . 428·16 295 24 ·44 2 6 ..... . .... . ......... 247·92 285 

July ............. 247·99 295 248·27 286 · ········· ·········· 248·27 328 

Augu t .......... 247·33 280 247·58 271 ·········· .......... 247·58 308 

September ... ... 246·97 273 247.21 265 .......... .......... 246·78 279 

October ......... 246·64 264 246 ·86 255 ··· ······· ·········· 246·30 274 

November ..... . 246·71 265 246·93 256 ......... . .. ........ 245·76 255 

December ....... 246·51 259 246·72 250 ··· ·· ··· · · .. ........ 245·50 274 

1891-
January ...... . .. 246·19 232 246·39 224 .......... ··· ·· · ··· · 245 ·10 199 

February ..... . .. 246·45 233 246·66 224 · ········ · · ···· ·· ·· · 245·05 201 

March .......... 246·99 247 247·23 239 ···· ····· · . ... ... ... 245·49 213 

April. ........... 247·47 283 247 ·73 274 . ... . ... . . .......... 246·21 246 

May ........... . 247·24 279 247 ·48 270 ··· ······· ········ · · 246·70 257 

June ...... .. ..... 246·83 268 247·06 260 ·········· ··· ······ · 246·64 244 

July ............. 246·55 266 246·77 257 . ......... .......... 246·45 234 

August ......... . 246·11 255 246·30 247 . ....... . . .......... 246·53 254 

eptember ...... 245·68 245 245·84 236 ·········· . ......... 245·83 230 

October ......... 245·04 230 245·14 221 ······· ··· ·········· 245·14 198 

November ...... 244·44 222 244·51 213 ·········· ·········· 244·68 195 

December ...... . 244·43 221 244·50 212 .......... ·········· 244·49 195 

1892-
January ........ . 244·51 202 244·58 193 . ......... ... . ...... 244·60 195 

February ....... . 244·48 187 244·55 178 . .. . ...... .......... 244·50 194 

March ... . ...... 244·61 190 244·69 182 . ......... .......... 244·39 194 

April. ........... 245·20 231 245.31 222 . .. ~ ...... . ......... 244·61 197 

May ..... . . ..... 245·25 234 245·37 225 ····· ····· .. ........ 245·07 201 

June ...... .. ..... 245·81 247 245·98 238 ·········· ········ · · 245·47 206 

July ............. 246·33 260 246·53 252 · ········· ·········· 246·45 234 

Au st .......... 246·25 255 246·45 246 ·········· ·········· 247·17 287 gu 
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TABLE 12.-EFFECT OF!,REGULATION-LAKEIO TARIO-Continued 

Stages in Feet Above Mean Sea Level 

Discharges in Thousand Second Feet 

Computed conditions 
for present regimen 
without regulation Complete regulation Par~ial regulation 

Actual conditions ew Welland Canal system; system; 
occurring assumed complete assuming 8,500 c.f.s. assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at diversion at 

given in record assumedat8,500 c.f.s. Chicago and Chicago and 
Year-Month Other lowerings from New Well and Canal New Welland Canal 

data compiled by complete complete 
U.S. Lake Survey 

Monthly Monthly First of Monthly First of Monthly 
mean mean month mean month mean 

Stage Discharge Stage Discharge Stage Discharge Stage Discharge 
(a) (b) (c) (d) (e) (f) (g) (i) (h) 

1892-
eptember ...... 246·04 254 246·23 246 ·········· · ········ · 246·75 278 

October ......... 245·60 242 245·75 234 ·········· .......... 246·10 260 
ovember ...... 245·32 236 245·44 227 ·········· · ········ · 245·09 199 

December ....... 245·20 232 245·31 224 · ···· ·· ··· .......... 244·99 198 1893-
1anuary ......... 244·87 201 244·96 192 ·········· ·········· 244·87 196 
February ....... . 244·77 183 244·86 174 ········· · ·········· 244·57 194 
March .... . ..... 245·25 199 245·37 190 ·········· ·· ··· ···· · 244·50 196 
April. ........... 245·99 249 246·18 240 .......... ·········· 244·96 208 
May ............ 247 ·13 275 247·37 266 ·· · ····· · · ·········· 246·05 236 
June .... . ... . . ... 247·37 282 247·62 274 ····· ····· ······· · ·· 247·04 262 
July ... . . ... ..... 247·11 277 247·35 268 ·········· ········ ·· 247·20 273 
August .......... 246·57 262 246·79 254 ········ · · ···· ···· ·· 246·91 274 

eptember ...... 246·31 259 246·51 250 ·········· ·········· 246·41 262 
October .. ....... 245·78 247 245·95 239 ······· ·· · ·········· 245·60 227 
November ...... 245·37 238 245·50 230 . .... . .... ·········· 245·00 198 
December ....... 245·23 233 245·34 225 ·········· ····· ···· · 244·89 198 1894-
January ......... 245·56 218 245·71 209 245·99 208 245·06 199 February ........ 245·75 197 245·92 188 246·28 209 245·18 200 
March .......... 246·05 230 246 ·24 222 246·16 219 245·23 202 
April . . .. .. ...... 246 ·10 251 246 ·29 243 246·51 200 245·54 220 May ...... . ..... 246·27 256 246·47 248 246·98 231 245·88 230 June ......... .... 246·80 269 247·03 260 247 ·96 300 246·47 235 July ............. 246·60 263 246·82 255 248·08 330 246·99 262 August .......... 246·03 250 246·22 241 247 ·32 233 246·77 266 September . . .... 245·51 240 245·65 232 247 ·00 200 246·11 245 October ......... 245·26 234 245·38 225 246·75 218 245·39 213 November . ..... 244·95 229 245·05 220 246·34 265 245·03 198 December ....... 244·57 220 244·61 211 245·95 227 244·77 196 1895-
January ......... 244·50 196 244·57 187 245·94 200 244·60 194 February ....... . 244·44 178 244·51 170 246·09 200 244·32 192 March .......... 244·33 181 244·39 172 245·72 200 244·03 191 April ............ 244·87 224 244·96 215 245·73 200 244 ·09 194 May ...... . ... . . 245·00 229 245·10 220 246·27 200 244·71 197 June ........ .... . 244·89 226 244·98 218 246·47 200 244·93 199 July ............. 244·59 220 244·77 211 246·39 200 244·89 196 August .......... 244·35 217 244·42 108 246·18 200 244·73 195 eptember ...... 244·00 208 244 ·05 200 245·81 200 244·43 193 October ......... 243· 67 200 243·70 192 245·48 200 244·12 190 November . ..... 243 ·41 194 243·43 185 244·92 200 243·73 189 December ....... 243·43 194 243·45 185 245·30 200 243·72 190 1896-
January ......... 243·80 187 243·84 179 245·37 200 243·93 191 February .. ...... 244·27 188 244·33 180 245·52 200 244·19 193 March ....... . . . 244·49 185 244·56 177 245·65 200 244·42 196 April ............ 245·41 233 245·54 225 246·08 200 244·88 201 May ...... ... ... 245·43 237 245·56 229 246·88 200 245·66 222 June ............. 245·34 237 245·46 229 247·07 200 245·59 203 July ............. 245·08 233 245·18 224 247 ·11 200 245·70 204 August .......... 244 ·94 228 245·03 219 247 ·00 200 245·78 216 eptember ...... 244·46 216 244·53 207 246·72 200 245·49 2 1 3 
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TABLE 12.-EFFECT OF REGULATION-LAKE 0 T ARIO-Continued 

Stages in Feet Above J\Iean Sea Level 

Discharges in Thousand Second Feet 

Computed conditions 
for present regimen 
without regulation Complete regulation Partial regulation 

Actual conditions ew Welland Canal system; system; 
occurring a umed complete a suming 8,500 c.f.s. assuming 8,500 c.f.s. 
in pat as Chicago diver ion diversion at diversion at 

given in record assumed at8,500 c.f.s. Chicago and Chicago and 
Year-Month Other lowerings from r ew Welland Canal ew Welland Canal 

data compiled by complete complete 
u. . Lake urvey 

Monthly Monthly First of Monthly First of Monthly 
mean mean month mean month mean 

Stage Discharge tage Discharge tage Discharge Stage Discharge 
(a) (b) (c) (d) (e) (f) (g) (i) h) 

1 96-
October ......... 244·23 209 244·29 200 246·31 200 245·13 198 

ovember ...... 243·97 209 244·02 200 246·06 200 244·87 197 

December ....... 243·99 204 244·0-! 195 245·85 200 244·72 196 
1897-

January ......... 243· 7 187 243·91 17 245·75 200 244·66 194 
February ........ 243· 3 1 2 243· 7 173 245·32 200 244·31 193 

March .......... 244·30 193 244·36 184 245·73 200 244·29 194 

April ............ 244·96 229 245·06 220 246·00 200 244·69 200 

lay . ........... 245·41 239 245·54 231 246·52 200 245·5 218 

June ............. 245· 62 245 245·77 236 246·89 200 246·21 222 

July ............. 245.61 242 245·76 233 247 ·1 200 246·69 246 

August ........ . . 245·60 242 245·75 233 247 ·30 211 246· 4 270 

eptember .... . . 245 ·10 22 245·19 220 246·9 209 246·33 256 

October ......... 244·47 215 244·54 207 246·31 200 245·26 214 

November ...... 244·41 211 244·48 203 246·0 200 244· 2 197 

December ....... 244·47 215 244·54 207 246·06 207 244·76 197 
1898-

January ......... 244·64 201 244·71 193 246·00 200 244·85 198 
February .. ...... 245·0 210 245·18 201 246·21 20 244·96 199 

March .......... 245·4 223 245·62 214 246·30 234 245.31 204 

April. ... .. ...... 245·92 244 246·09 235 246·41 223 245· 0 232 

May ............ 246·07 249 246·26 241 247 ·10 200 246·18 240 

June ............. 246·13 250 246·31 241 247 ·41 200 246·44 234 

July ............. 245· 5 244 246·03 236 247·42 200 246·59 241 

Augu t .......... 245·51 237 245·65 229 247 ·22 200 246·4 251 

eptember ...... 245·09 228 245·19 220 246· 6 200 245·66 232 

October ......... 244· 4 221 244·93 213 246·51 200 245·15 199 
ovember ...... 244· 8 221 244·97 213 246·40 233 245·04 19 

December ....... 244·90 224 244·99 215 246·08 215 245·02 202 

1899-
January ......... 244·9 205 245·0 196 245·90 200 245·01 198 

February ... ..... 244· 19 244·97 189 245·92 200 244·76 197 

March .......... 245·14 210 245·24 201 246.01 200 244·72 198 

April ............ 245·69 241 245· 5 232 246·30 200 245·14 210 

May ............ 245·94 247 246·12 23 247 ·32 210 245·92 232 

June ............. 246·07 251 246·26 243 247.61 251 246·34 228 

July .... . ........ 245·92 246 246 ·10 23 247·6 273 246·64 244 

Augu t .......... 245·46 234 245·60 226 247 ·40 259 246·53 254 

epterober ...... 244·95 224 245·05 216 246·97 221 245·79 228 

October ......... 244·55 215 244·63 207 246·6 255 245·04 198 

November . . .... 244·42 213 244·59 205 246·40 290 244· 2 197 

December ....... 244·36 215 244·43 207 246·22 247 244·78 197 

1900--
January ......... 244·63 199 244·71 193 245·96 200 244· 3 198 

February ........ 244· 199 244·97 194 246 ·12 207 244·86 19 

March ........... 245·19 204 245·30 19 246·62 242 244·9 199 

April ............ 245· 0 242 245·97 236 246·90 253 245 ·18 210 

May ............ 245·99 24 246·1 242 247·52 227 245·90 231 

June .. .. ......... 245·91 249 246·09 243 247 ·43 200 246·11 217 

July ............. 245·82 247 245·99 242 247 ·57 200 246·43 233 

August .......... 245·54 240 245·68 234 247 ·53 228 246·59 258 

eptember . . .. .. 245·12 232 245·22 227 247 ·00 209 246·06 242 
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TABLE 12.-EFFECT OF REGULATION-LAKE ONTARIO-Continued 

Year-Month 

(a) 

190G-
October ........ . 
November ..... . 
December ....... 

1901-
January ....... .. 
February ....... 
March .......... 
April. ...... ..... 
May ....... . . ... 
June ... .. ....... . 
July ............ . 
August .......... 
September ..... . 
October ........ . 
November ..... . 
December ..... . 

1902-
January .. .... ... 
February ....... 
March .. .... .... 
April ....... ..... 
May ... . ........ 
June ..... . ..... . 
July ............ . 
August ......... . 

eptember ..... . 
October ........ . 
November ..... . 
December ..... . 

1903-
January ......... 
February ...... . 
March ......... . 
April ........... . 
May ..... . ..... . 
June ....... ... .. . 
July ............. 
August .. ... . .... 
September ... ... 
October ...... ... 
November ...... 
December ..... . 

1904-
January ...... . .. 
February ........ 
March ..... . .. .. 
April ....... ..... 
May ........ .... 
June ............ . 
July .......... ... 
August .......... 

eptember ... ... 
October ........ . 

Stages in Feet Above Mean Sea Level 

Discharges in Thousand Second Feet 

Computed conditions 
for present. regimen 
without regulation Complete regulation 

Actual conditions ew Welland Canal system; 
occurring assumed complete assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at 

given in record assumed at8,500 c.f.s . Chicago and 
Other lowerings from !New Welland Canal 

data compiled by 
U.S. Lake Survey 

complete 

Monthly Monthly First of Monthly 
mean mean month mean 

Stage Discharge Stage Discharge Stage Discharge 
(b) (c) (d ) (e) (f) (g) 

244·72 223 244·80 218 246·60 247 
244·55 219 244·63 213 246·38 268 
244·84 226 224·93 220 246·26 281 

244·68 205 244·78 200 245·98 206 
244·62 200 244·72 196 245·95 200 
244·39 198 244·48 193 245·78 200 
245·63 237 245·80 233 246·38 200 
245·91 246 246·11 242 247 ·58 268 
245·99 249 246·20 245 247 ·40 210 
245·74 244 245·92 239 247 ·91 209 
245·42 237 245·57 233 247 ·50 226 
245 ·10 231 245·22 227 247 ·10 200 
244·65 223 244·83 219 246·57 207 
244·28 213 244·36 208 246·20 200 
244·36 216 244·45 212 246·10 212 

244·42 197 244·54 193 246·10 200 
244·30 177 244·41 172 245·91 200 
244·95 208 245 ·10 204 246·21 200 
245·40 237 245·58 232 246·88 255 
245·47 240 245·66 235 246·75 200 
245·55 24.2 245·75 238 247 ·09 200 
245·97 250 246·21 245 247 ·57 212 
246·11 251 246·35 247 247 ·81 297 
245·66 244 245·87 239 246·80 209 
245·42 237 245·60 233 246·51 206 
245·05 230 245·20 226 246·22 223 
244·89 225 245·03 221 246·00 219 

244·92 209 245·08 205 246·16 200 
245·16 207 245·34 204 246· 17 210 
245·75 225 245·91 222 246·72 246 
246·44 258 246·55 254 247 ·32 282 
246·56 261 246·62 257 247 ·28 235 
246·44 257 246·45 254 247 ·43 200 
246·59 260 246·55 257 247.67 227 
246·35 256 246·26 253 247·71 304 
246·07 251 245·93 248 247 ·02 303 
245·72 240 245·53 236 246·75 292 
245·36 227 245 ·12 224 246·20 234 
245·11 220 244·82 216 246·07 200 

244·72 192 244·41 188 245·72 200 
245·00 196 244·69 192 245·83 207 
245·63 207 245·32 203 246·50 245 
247 ·00 255 246 ·69 251 247 ·25 286 
247.61 270 247·30 266 247·90 300 
247·87 277 247·56 273 247 ·94 300 
247 ·89 279 247 ·58 275 247 ·91 330 
247 ·64 275 247 ·33 271 247 ·77 317 
247 ·25 266 246·94 262 247 ·17 296 
246·87 257 246·56 253 246·60 217 

Partial regulation 
system; 

assuming 8,500 c.f.s. 
diversion at 
Chicago and 

New Welland Canal 
complete 

First of Monthly 
month mean 

Stage Discharge 
(i) (h) 

245·37 212 
245·01 198 
245·05 206 

245 ·13 199 
244·98 198 
244·83 199 
245·36 219 
246·32 245 
246·45 234 
246·35 229 
246·21 238 
245·84 230 
245·28 206 
244·92 198 
244·85 198 

245·02 198 
244·85 198 
244·88 200 
245·54 220 
245·87 230 
245·98 210 
246·43 243 
247 ·18 287 
246·84 282 
246·20 267 
245·46 226 
245·08 210 

245·19 200 
245·17 201 
245·47 212 
246·16 246 
246·78 260 
247·01 262 
247 ·09 266 
247·17 287 
246·68 274 
246·26 271 
245·29 209 
244·93 197 

244·61 195 
244·47 196 
244·80 201 
245·65 235 
246·87 263 
247·56 275 
247 ·84 306 
247 ·65 312 
247 ·04 293 
246·64 296 
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TABLE 12.-EFFECT OF REGULATION-LAKE ONTARIO-Continued 

Stages in F eet Above M ean Sea L evel 

Discharges in Thousand Second F eet 

Computed conditions 
for present regimen 
without regulation Complete regulation Partial regulation 

Actual condit ions New Welland Canal system ; system ; 

occurring assumed complete assuming 8,500 c.f.s. assuming 8,500 c.f.s. 

in past as Chicago diversion diversion at diversion at 

given in record assumed at8,500 c.f.s. Chicago and Chicago and 

Year-Month Other lowerings from New Welland Canal New W elland Canal 
data compiled by complete complete 
U.S. Lake Survey 

Monthly Monthly First of Monthly First of Monthly 

mean mean month mean month mean 

Stage Discharge Stage Disch arge Stage Discharge Stage Discharge 

(a) (b ) (c) (d ) (e) (f) (g) (i) (h ) 

1904-
November .... . . 246·36 245 246·05 241 246 ·22 246 245·44 223 

December .. .... 245·81 223 245·50 219 245·83 200 244·95 198 

1905-
January . .. ... . . . 245·79 198 245 ·50 194 245·76 200 244·94 197 

February ..... . .. 245·49 205 245·20 201 245·38 200 244 ·57 194 

March . ... . .... . 245·29 199 245·00 195 245·79 200 244 ·35 194 

April . .. . .. . . .. . . 246·13 242 245·84 238 246·12 200 244·63 199 

May ... ... . . . .. . 246·25 244 245· 96 240 247 ·07 200 245·42 210 

June ......... ... . 246·59 251 246· 30 247 247·47 241 245·99 210 

July ....... . . ... . 246 ·98 260 246·69 256 247 ·95 330 246·89 257 

August .. . ... ... . 246·90 259 246· 61 255 247·78 320 247 ·47 292 

September ... ... 246·75 256 246 ·46 252 247 ·14 301 246 ·89 285 

October . .... . . . . 246 ·45 250 246 ·16 246 246 ·64 288 246 ·36 278 

November . ... . . 246·07 243 245 ·78 239 246·15 247 245 ·52 231 

December . .... . 245·88 237 245·59 233 246·10 255 245·31 246 

190!}-
January . .. .. . . . . 246 ·13 229 245· 86 225 246·07 207 245·07 199 

February . . . . .... 246·10 221 245· 3 217 246·31 208 245·20 200 

March ....... . .. . 245 ·91 218 245·63 214 246·13 227 245·25 201 

April . . ..... . . .. . 246·25 243 245 ·98 238 246·42 200 245 ·44 217 

May . ...... . .... 246 ·36 247 246· 09 243 247 ·08 200 245·85 227 

June . ... . .. . . ... . 246·41 249 246·14 245 247 ·35 200 246·14 218 

July . .. . .. .. .... . 246·58 252 246·31 247 247 ·60 206 246·62 242 

August ... . . .. .. . 246·27 245 246· 00 240 247 ·65 243 246 ·85 270 

eptember . . ... . 245· 81 236 245·54 232 246· 3 200 246 ·26 257 

October .... .... . 245· 52 233 245·25 229 246· 49 200 245 · 64 229 

November . ... . . 245·59 231 245·32 227 246·42 246 245·34 214 

December .. .. . . 245·71 229 245·44 225 246·10 2 2 245·47 270 

1907-
January .... ..... 246·34 212 246·10 209 246·21 208 245 · 68 204 

February ........ 246·47 218 246 ·23 215 246 ·40 210 245·79 205 

March .. . . .. .... 246·47 224 246 ·23 220 246·56 23 245·81 227 

April ...... . .. . . . 246 ·86 256 246·62 253 246· 70 200 245 ·84 234 

May .. . .... ..... 247 ·09 262 246· 5 259 247 ·34 200 246·24 242 

June . . .. ..... .... 247 ·12 263 246 · 8 260 247 ·70 216 246 · 61 242 

July ........ . . .. . 247 ·12 265 246· 88 261 247 ·70 229 246·89 257 

August .. . . .... . . 246·90 260 246·66 257 247 ·72 315 247 ·02 279 

..,eptember . . . .. . 246 ·50 251 246 ·26 247 247 ·00 271 246 ·57 269 

October .. . ...... 246 ·40 249 246·16 246 246·78 299 246·16 265 

November . . ... . 246·33 247 246 ·09 243 246·58 277 ?45 ·71 250 

December ...... 246·33 247. 246 ·09 243 245·94 267 245 ·52 274 

1908-
January . .. .... . . 246·73 221 246· 52 217 246·12 207 245 ·40 202 

February . ..... . 246·99 218 246·78 214 246·18 210 245·54 204 

March ......... . 247 ·39 223 247 ·18 220 246 ·80 242 245· 8 228 

April ... . . ...... . 248·02 2 1 247 ·81 277 246·93 2 5 246·17 24 

May .. . . . . ...... 248·46 292 248·25 289 24 ·00 300 247 ·03 268 

June . . . . . ... . . ... 248·62 294 248· 41 291 247 ·80 297 247 ·71 279 

July ... ... ....... 248 ·34 289 248· 13 286 247 ·63 279 247 ·90 309 

August .. .. ..... . 247 ·95 279 247 ·74 276 247 ·52 303 247 ·45 301 

eptember . .. .. . 247 ·14 264 246 ·93 260 246·91 201 246·69 274 

October .... . ... . 246·44 249 246·23 245 246 ·40 200 245·81 241 

November ... ... 245·92 239 245·71 236 246 ·08 200 245·05 198 

December . ..... 245 51 230 245 30 227 24573 200 244 76 195 
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TABLE 12.-EFFECT OF REGULATION-LAKE ONTARIO-Continued 

Stages in Feet .Above Mean Sea L evel 

Discharges in Thousand Second Feet 

Computed conditions 
for present regimen 
without regulation Complete regulation Partial regulation 

Actual conditions ew W elland Canal system; system; 
occurring assumed complete assuming 8,500 c.f.s. assuming 8,500 c.f .s. 
in past as Chicago diversion diversion at diversion at 

given in record assumed at8,500 c.f .s. Chicago and ohicago and 
Year-Month Other lowerings from Iew Welland Canal New Welland Canal 

data compiled by complete complete 
U.S. Lake Survey 

Monthly Monthly First of Monthly First of Monthly 
mean mean month mean month mean 

Stage Discharge Stage Discharge Stage Discharge Stage Discharge 
(a) (b) (c) (d) (e) (f) (g) (i) (h) 

1909-
January ......... 245·17 203 244·99 201 245·42 200 244·51 194 
February ...... . 245·28 197 245·10 194 245 ·72 200 244·36 194 
March .......... 245·70 211 245·52 208 245 ·70 200 244·43 196 
April ...... . .. ... 246·18 243 246·00 240 246·58 200 244·84 203 
May .... . ...... . 247 ·16 262 246·98 259 247 ·52 247 245·85 230 
June ... ....... ... 247 ·30 267 247 ·12 264 247 ·71 262 246·81 253 
July ........ ..... 247 ·16 264 246·98 262 247 ·40 200 247 ·13 269 
August ....... . . . 246·82 257 246·64 254 247 ·38 212 247 ·09 282 

eptember ...... 246·28 245 246 ·10 242 247 ·00 207 246·52 266 
October ........ . 245·84 237 245 ·66 235 246·61 203 245·85 243 
November . .. ... 245·35 225 245 ·17 222 246 ·27 200 245·16 199 
December .. .. .. 245·21 224 245·03 221 246·06 200 244·95 1~8 

1910-
January ......... 244·94 198 244·79 195 246·02 200 244·93 197 
February .. . .. . .. 245·03 188 244·88 186 245·90 206 244·69 198 
March .......... 245·75 214 245·60 212 246 ·52 238 244·93 200 
April. .......... . 245 ·97 238 245·82 235 246·56 204 245·38 216 
May ............ 246·42 249 246·27 246 247·02 200 245·94 232 
June ..... .... ... 246·46 250 246·31 247 247 ·40 200 246·39 230 
July ........ . ... . 246·29 247 246·14 244 247.51 200 246·67 246 
August .. .. ...... 246·05 243 245·90 241 247 ·48 219 246· 67 262 

eptember ..... . 245 ·70 232 245·55 230 247 ·19 232 246·17 248 
October ......... 245·38 227 245·23 224 246·56 205 245.39 213 

ovember . ..... 245 ·15 221 245·00 218 246·25 200 244·99 198 
D ecember ...... 244·98 216 244·74 214 246·02 200 244·80 196 

1911-
January ......... 244·77 194 244·64 192 245·87 200 244·67 195 
February . . ..... 244·86 191 244·73 188 245 ·65 200 244 ·52 194 
March .......... 244·96 197 244·83 194 245·80 200 244 ·11 196 
April. ... . ....... 245·44 225 245 ·31 223 246·07 200 244·76 198 
May .... ...... .. 245·60 232 245·47 230 246 ·52 200 245·28 202 
June .. .......... 245· 66 233 245 ·53 231 246·80 200 245·50 203 
July ............ . 245·54 232 245 ·41 230 246·80 200 245·69 204 
August .......... 245 ·19 224 245·06 221 246·78 200 245·72 214 

eptember ...... 244·88 215 244·75 213 246·52 200 245·30 203 
October ......... 244·62 212 244·49 210 246·32 200 245·05 198 
November .. . ... 244·50 213 244·37 210 246·08 200 244·85 197 
December ...... 244·63 214 244 ·50 211 246·00 203 244·79 198 

1912-
January ........ . 244·76 192 244 ·65 191 246·00 200 245·00 198 
February .... ... 244·87 181 244 ·76 180 246·00 206 244·87 198 
March .......... 245 ·10 189 244·99 187 246·08 200 244·79 199 
April. ........... 246·32 237 246·21 235 246·68 243 245·35 219 
May ....... ..... 246·82 254 246·71 253 247 ·33 274 246·32 245 
June .. ....... . ... 247 ·34 269 247 ·23 267 247.67 234 247 ·13 264 
July . . ........... 247 ·01 259 246·90 258 247 ·75 231 247 ·43 284 
August ..... ..... 246·66 253 246·55 252 247 ·35 233 247 ·05 281 

eptember ...... 246·3 248 246·27 246 247 ·16 309 246·53 266 
October ......... 246·17 244 246·06 243 246·90 301 246·10 260 

ovember ...... 246·08 242 245·97 241 246· 68 291 245.76 255 
December ...... . 246·11 244 246·00 242 246·26 286 245·18 226 

1913-
January .... . . . . . 246·51 232 246·42 230 246·20 209 245·38 203 
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TABLE 12.-EFFECT OF REGULATION-LAKE 0 TARIO-Continued 

Stages in Feet .Above Mean Sea Level 

Discharges in Thousand Second Feet 

Computed conditions 
for present regimen 
without regulation Complete regulation Partial regulation 

Actual conditions ew Welland Canal system; system; 
occurring a sumed complete assuming 8,500 c. f.s. assuming 8,500 c.f.s. 
in past as Chicago diversion diver ion at diver ion at 

given in record assumed at8,500 c.f.s. Chicago and Chicago and 

Year- Month Other lowerings from I New Welland Canal ew Welland Canal 
data compiled by :Jomplete complete 
u. . Lake Survey . 

ionthly Monthly First of l\Ionthly First of Monthly 
mean mean month mean month mean 

Stage Discharge Stage Discharge Stage Discharge Stage Discharge 
(a) (b) (c) (d) (e) (f) (g) (i) (h) 

1913-
February ..... . .. 246·75 239 2-!6. 66 238 246·61 212 245·79 206 

March ..... .... . 246 ·71 234 2-16· 62 232 246·9 250 246·27 234 

April .. . . .... .... 247. 6 273 247·77 271 2-!7. 67 2 9 246·90 269 

May ........ . ... 247 ·97 278 2-!7. 8 277 24 ·06 300 247-57 286 

June . .... .... ... . 248·02 2 1 247 ·93 278 24 ·33 300 247. 7 2 3 

July ... .... ...... 247 ·83 278 247·74 277 247.92 328 247·95 311 

August ... .. ..... 247.31 266 247.22 265 247·4 2 4 247·47 302 

eptember ..... . 246·74 253 246·65 252 246.97 264 246·73 277 

October ......... 246·29 244 246·20 242 246·57 256 246·05 257 

November ..... . 246·06 243 245·97 241 246·40 290 245·42 222 

December .... .. . 245·91 240 245·82 238 246·20 2 4 245·41 262 

1914-
Januar-y ... .. .... 245·60 214 245·53 213 245·95 200 245·04 198 

February ........ 245·87 202 245· 0 201 246·20 206 244·92 198 

March .. . . .. . .. . 245·67 203 245·60 202 246·20 200 244· 1 198 

April ........... . 246·75 250 2-!6. 6 248 246·55 200 245·18 213 

May . ........... 246·95 257 246· 256 247·47 269 246·08 237 

June .. . ... ... .... 246·91 257 246·84 255 247.21 200 246·52 238 

July ............. 246·72 253 246· 65 251 247·59 200 246:85 254 

August .......... 246·33 2-!6 246·26 244 247 ·45 206 246· 4 270 

eptember . ..... 246·09 241 246·02 240 247·20 222 246·42 261 

October ......... 245·59 230 245·52 229 246· 60 276 245·91 248 

ovember ..... . 245·25 227 245·1 226 246·18 200 245·09 198 

December ....... 244·83 216 244·76 215 245· 5 200 244·77 196 

1915-
January .. . . .... . 244·70 199 244·65 198 245·64 200 24-1·57 195 

February ....... . 244·99 191 244·94 190 245· 5 206 2-!4· 63 196 

'larch ......... . 245·27 208 245·22 207 2-16·15 211 244·78 197 

April ............ 245·04 222 244·99 221 246·11 200 244· 0 198 

May ............ 245·15 222 245 ·10 221 246·20 200 244·92 198 

June ..... .... .... 245·12 220 245·07 219 2-16·32 200 245·10 200 

July ............. 245·13 222 245·08 221 246·34 200 245.31 203 

August ......... . 2-15·43 22 245·38 227 246-43 200 245· 222 

September ...... 245·45 229 245·40 228 246·55 200 246·25 252 

October ......... 2-15·17 225 245 ·12 22-! 246·44 203 245·95 250 

November .. . ... 244·94 219 244· 9 218 246·15 200 245·36 216 

December ...... . 244·78 213 244·73 212 245·96 204 244·91 198 

1916-
January . ... . .... 245·05 205 245·02 204 246·21 209 244-94 198 

February ....... . 245·41 204 245·38 203 246·50 211 244·95 198 

March .. . ....... 245·46 201 245·43 200 2-16·79 245 245·08 201 

April ............ 246·40 246 246·37 245 247 ·13 284 245·5 230 

May ............ 247 ·13 262 247 ·10 262 247· 0 300 246·58 253 

June ... . .. .. ..... 247 ·86 276 247·83 275 248·31 300 247·49 274 

July .... .... ..... 247-93 278 247.90 277 24 ·60 330 248·05 317 

August .......... 247·36 267 247.33 266 24 ·21 323 247·60 309 

September . . .... 246 ·69 254 246·66 253 247.36 2 9 246·70 275 

October .. .. . .... 246·06 241 246·03 240 246·60 242 245·85 243 

November ...... 245·65 231 245·62 230 2-16·2 258 245·11 198 

December ....... 245·37 224 245·34 223 246·35 264 244·88 199 

1917-
January ... . ..... 245·26 204 245·25 203 246·01 200 245·27 199 

February ... .. ... 245·08 205 245·07 205 246·05 207 244·97 198 

March. . . . . . . . . . 245 17 207 24o 16 207 246 35 240 244 89 200 
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TABLE 12.-EFFECT OF REGULATION-LAKE ONTARIO-Continued 

Stages in Feet Above :Mean Sea Level 

Discharges in Thousand Second Feet 

Computed conditions 
for present regimen 

Partial regulation without regulation Complete regulation 
Actual conditions ew W elland Canal system; system; 

occurring assumed complete assuming 8,500 c.f.s. assuming 8,500 c.f.s. 
in past as Chicago diversion diversion at diversion at 

given in record as umed at8,500 c.f.s. Chicago and Chicago and 
Year-Month Other lowerings from INew Welland Canal New Welland Canal 

data compiled by complete complete 
u. . Lake urvey 

Monthly Monthly First of fonthly First of Monthly 
mean mean month mean month mean 

tage Discharge tage Discharge Stage Discharge Stage Discharge 
(a) (b) (c) (d) (e) (f) (g) (i) (h) 

1917-
April. ........... 246 ·24 243 246·23 242 246·90 280 245·40 221 
May ............ 246·51 246 246·50 245 247·33 300 246·35 246 
June ............. 246·98 258 246·97 257 247·60 300 246·89 257 
July .... . ........ 247·46 269 247 ·45 268 248·08 330 247 ·52 289 
August .......... 247 ·35 269 247 ·34 268 248·01 323 247·75 317 
September ...... 246· 93 258 246·92 258 247·35 308 247 ·17 299 
October ......... 246 ·68 254 246·67 253 246·75 283 246·57 291 
November ..... . 246·69 251 246·68 250 246·45 288 246·09 286 
December . . ... . . 246·45 . 246 246·44 245 246·16 271 245·89 279 

1918-
January .. .. . . ... 246·07 217 246·08 216 245·65 200 245·50 201 
February ....... . 245·98 212 245·99 211 245·45 200 245·14 201 
March .......... 246.61 228 246·62 227 245·88 209 245·31 204 
April ..... . ...... 247 ·17 259 247 ·18 258 246·64 223 245·88 236 
May ............ 247 ·13 261 247 ·14 260 247·02 200 246 ·41 248 
June . . ........... 247 ·01 260 247 ·02 259 247·35 200 246·42 233 
July ..... . ..... .. 246·85 258 246·86 257 247·57 213 246·55 239 
August ... . ..... . 246·43 249 246·44 248 247·42 219 246·69 262 
September ...... 246·20 244 246·21 243 247 ·15 230 246·45 262 
October ......... 246·00 238 246·01 237 246·70 274 246 ·10 260 
November ... . .. 246 ·00 240 246·01 239 246·44 287 245 ·90 268 
December . ..... . 245·89 236 245·90 235 246·13 284 245·68 279 

1919-
January ..... ... . 246 ·09 226 246 ·10 225 246·14 208 245· 61 203 
February ....... . 245·91 222 245 ·92 221 246· 32 209 245·58 203 
March .......... 246 ·01 226 246 ·02 225 246·35 235 245·59 218 
April ............ 246·43 252 246·44 251 246·71 240 245·86 238 
May ............ 247 ·27 269 247·28 268 247 ·62 300 246· 62 254 
June ... .. . . ..... . 247·95 279 247 ·96 278 248·20 300 247·62 277 
July ..... . ...... . 247 ·75 275 247·76 274 247 ·90 200 248·00 314 
August ......... . 247 ·33 267 247·34 266 247·60 225 247 ·43 300 
September .... . . 246·86 256 246·87 255 247·03 207 246· 67 274 
October . . . ...... 246·35 246 246·36 246 246·60 200 245·94 249 
November . . .... 246 ·11 241 246·12 240 246·36 273 245·45 225 
December ..... . . 245·74 236 245·75 235 246·00 200 245 ·00 198 

1920-
January ......... 245·31 201 245·32 201 245·81 200 244·97 196 
February ........ 245 ·01 192 245 ·02 192 245·45 200 244·47 194 
March .......... 245 ·05 197 245 ·06 197 245·38 200 244·35 194 
April ............ 245·55 232 245·56 232 245 .61 200 244·64 198 
May .... . ...... . 245· 60 231 245·61 231 246·50 200 245·18 200 
June ... .. ..... ... 245·56 230 245·57 230 246·58 200 245·24 202 
July ..... .. ...... 245 ·70 234 245·71 234 246·99 200 245·59 238 
August .......... 245· 62 231 245·63 231 247 ·40 235 246·16 236 
September. ..... 245 ·47 229 245·48 229 247 ·10 219 246·20 250 
October ......... 245·29 226 245·30 226 246·68 217 245·89 246 
November ..... . 245·23 220 245·24 220 246·32 218 245 ·28 208 
December ... . .. . 245·40 227 245·41 227 246·08 282 245·24 234 

1921-
January ......... 245·54 215 245·55 215 245·96 206 245·36 201 
February ....... . 245·46 210 245·47 210 246·11 202 245·31 202 
March .......... 245·79 222 245 ·80 222 246·10 237 245·38 207 
April. ........... 246·38 247 246·39 247 246·83 233 245 ·93 237 
May ............ 246·68 253 246·69 253 247·03 200 246·46 250 
June ... .......... 246·61 252 246·62 252 247 ·40 200 246·76 250 
July .......... . .. 246·37 247 246·38 247 247·32 200 246-77 250 
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TABLE 12.-EFFECT OF REGULATION-LAKE ONTARIO-Concluded 

Stages in Feet Above ~lean Sea Level 

Discharges in Thousand Second Feet 

Computed conditions 
for present regimen 

Actual conditions 
without regulation Complete regulation Partial regulation 

cw \Velland Canal sy tern; ystem; 
occurring a sumed complete as uming 8,500 c.f.s. assuming 8,500 c.f.s. 
in past a Chicago diversion diversion at diversion at 

given in record as umed at .500 c.f.s. Chicago and Chicago and 

Year-Month Other lowering from ~ew \Velland Canal ew W elland Canal 
data compiled by complete complete 

. Lake urvey 

Monthly Monthly First of Monthly First of fonthly 
mean mean month mean month mean 

tage Discharge tage Di charge tage Discharge tage Discharge 

(a) (b) (c) (d ) (e) (f) (g) (i) (h) 

1921-
August .......... 245·93 238 245·94 238 247·0 200 246·64 260 

eptember ...... 245·43 22 245·44 22 246·6 200 246·05 242 

October ......... 245·11 221 245·12 221 246·27 200 245·29 206 

November ..... . 244·85 210 244·86 210 246 ·10 200 244·92 197 

December ....... 244:· 3 215 244·84 251 246·00 230 244·76 197 

1922-
January ....... . . 244·73 197 244·74 197 245· 200 244·76 195 

February ........ 244·70 1 244·71 1 245·97 200 244·46 194 

March .......... 245·0 202 245·09 202 246·18 200 244·44 197 

April ............ 246·06 244 246·07 244 246·77 235 245·06 210 

May ........... . 246·55 250 246·56 250 247·27 300 246·06 236 

June .......... ... 246·75 253 246·76 253 247·57 2 2 246·72 248 

July ............. 246·92 258 246·93 25 247·74 221 247 ·13 269 

August .......... 246·56 250 246·57 250 247.61 243 247 ·19 2 8 

September ...... 246·03 239 246·04 239 246· 7 270 246·50 265 

October ......... 245.61 233 254·62 233 246·60 200 245· 0 240 

November ...... 245·15 220 245·16 220 246·30 200 245·04 197 

December ....... 246·64 210 244·65 210 245·82 200 244·59 194 

1923-
January ......... 244·50 190 244·54 190 245·60 200 244·34 193 

February ........ 244·47 188 244·48 1 8 245·5 200 244·12 192 

March ... . . . .... 244·74 199 244·75 199 245·67 200 244·16 194 

April ............ 245·33 227 245·34 227 246·03 200 244·62 198 

May ............ 245·62 230 245·63 230 246·65 200 245·25 201 

June ............. 245·93 236 245·94 236 247·08 200 245·72 206 

July ............. 245· 0 232 245· 1 232 247.32 200 246·11 217 

August .......... 245·41 226 245·42 226 247.21 200 246·29 242 

September .. .. . . 245·03 217 245·04 217 246·92 200 245·64 220 

October ........ . 244·65 208 244·66 208 246·62 205 245·09 198 

November ..... . 244·34 203 244·35 203 246·25 200 244·80 197 

December ....... 244·47 206 244·48 206 246·13 200 244·74 197 

1924-
January ......... 244·77 198 244·81 198 246·30 208 244·92 198 

February ........ 244·85 192 244· 9 192 246·07 206 244· 1 197 

March ..... . .... 244·88 196 244·92 196 246·22 200 244·71 197 

April ............ 245·36 224 245·40 224 246·48 200 244·87 201 

May ............ 246·10 239 246·14 239 247 ·19 204 245·69 223 

June ............ . 246·27 24:2 246·31 242 247·70 229 246·38 230 

July ............. 246.21 242 246·25 242 247 ·56 200 246·73 249 

August .......... 246·04 239 246·0 239 247·52 223 246·79 267 

eptember ...... 245·65 230 245·69 230 247 ·08 219 246·38 258 

October .... .... . 245·45 225 245·49 225 246·67 200 245·71 234 

November ...... 244·95 218 244·99 21 246·40 209 245·03 197 

December ....... 244·58 208 244·62 208 245·90 200 244·67 194 

1925-
January ......... 244·22 169 244·26 169 245·51 200 244·35 193 

February ........ 244·41 176 244·45 176 245·50 200 244·13 194 

March .......... 245·20 201 245·24 201 245·88 200 244·50 198 

April. ........... 245·61 226 245·65 226 246·48 219 245 ·15 204 

May ........... . 245·65 22 245·69 22 246·71 200 245·55 216 

June ............. 245·42 225 245·46 225 246·88 200 245·53 204 

July ............. 245·21 220 245·25 220 247 ·16 200 245·77 204 

August .......... 244·90 215 244·94 215 247 ·08 200 245·64 209 

September ...... 244·56 207 244·60 207 246·92 207 245·38 207 

October ......... 244·32 201 244·36 201 246·67 217 245 ·10 198 

November . ..... 244·31 205 244·35 205 246·28 203 244·92 198 

December ....... 244·55 208 244·59 208 246·39 258 245·09 211 



- -~-: -1.: ·s 

192 St. Lawrence Waterway Project 

TABLE 13.-REGULATION OF THE GREAT LAKE -PARTIAL LI T OF DAJ'.fAGE WHI CH 

WOULD RE ULT FROM HIGH "WATER I LAKES MICHIGA A D HURON 

Stage 

580·6 

581·0 

581·2 

581·6 

582 ·0 

582·1 

582·6 

583 ·0 

583·1 

583·5 

583·6 

583 ·7 

Authority 

This would flood some land along Main and Grand Calumet District Engineer, U.S . Engineer 
River . Office, Chicago, Ill. 

Above this would seriou ly affect sewerage system, flood District Engineer, U . . Engineer 
basements, flood docks of tandard Oil Co. and cause Office, Milwaukee, \Vis . 
unwarranted damage at Green Bay. 

Above this would: eriously affect sewerage systems of District Engineer, U.S. Engineer 
Chicago and vieinity, eau e excessive flooding of base- Office, Chieago, Ill. 
ments during hard rains, raise ground water level in low 
parts of city, reduce widths of bathing beaches, reduce 
clearance under bridges to the point where excessive 
number of openings would be necessary and thereby 
cause additional delay and confusion in street traffic. 

Above this w.ould affect operation of Great Lakes Power Di trict Engineer, Can. D ept . 
Co. Ltd., of ault te. farie, through loss of head, Public Works, ault Ste. 
unless present head was maintained by raising Lake Mane, Mich. 

uperior. 
Above thi might affect sewerage system of aval Training District Engineer, U.S. Engineer 

Station. Office, Chicago, Ill. 
U .S. Weather Bureau at Alpena state that this would cause District Engineer, U.S . Engineer 

unwarranted damage to riparian interests in that locality. Office, Detroit, Mich. 
This would partially submerge the jetties in the Chicago Di trict Engineer, U.S. E ngineer 

Engineer District and endanger riparian interests during Office, Chicago, I ll. 
storms by causing additional sliding along high banks. 

Above this would interfere with operations at docks and Vice-President, Canadian Nat' l 
elevators of Canadian ational Ry. Rys., Montreal, Que. 

Above this would interfere with operations at docks and District E ngineer, Can. D ept . 
elevators of Goderich Elev. & Transit Co., Goderich . Public Works, London, Ont. 

Above this would seriously affect sewerage system of Meno- District Engineer, U.S . E ngineer 
minee. Office, Wilwaukee, Wis. 

Above t.his would necessitate rai ing draw bridges of Michigan District Engineer, U .. E ngineer 
Central Railroad at Michigan City and Calumet. Office, Milwaukee, Wis. 

Above this would interfere with operations at maJority of District Engineer, Can. D ept. 
structures from French River to t. Marys River. They Public Works, ault Ste . 
are constructed to render greatest efficiency with mean Marie, Mich. 
level of 581 ·0. 

U .S . States Weather Bureau at Alpena states that this would District Engineer, Engineer U .S. 
interfere with operations of navigation and commercial Office, Detroit, Mich . 
interests in that locality. 

At Alpena, this would interfere with operations at wharves Di trict Engineer, U .S. Engineer 
of Huron Contracting Co. and cause unwarranted damage Office, Detroit, Mich. 
to riparian interests. 

At Mu kegon, this would interfere with operations at wharves District Engineer, U.S. Engineer 
of tandard Oil Co. Office, Detroit, Mich. 

At Green Bay, this would interfere with operations at wharves District Engineer, U . . Engineer 
of tandard Oil Co. Office, Detroit, Mich . 

Above this might damage city parks of Evanston ......... . District Engineer, .. Engineer 
Office, Chicago, Ill. 

This would affect sewarage system and flood some basements Di trict Engineer, U .. Engineer 
in Manitowoc. Office, '[ilwaukee, Wis. 

Above this would cause unwarranted damage at Racine ... . District Engineer, U . . Engineer 
Office, Milwaukee, Wi . 

This would cause unwarranted damage at Holland ......... . District Engineer, U . . Engzineer 
Office, Milwaukee, Wis. 

This would cause some damage due to flooding of basements City Engineer, Milwaukee, Wis. 
in downtown section of 1ilwaukee. 

U .. "eather Bureau at Alpena states that this would flood Di trict Engineer, U.S. Engineer 
docks and do unwarranted damage in that locality. Office, Detroit, Mich. 

At Mu kegon this would flood docks and do unwarranted District Engineer, U . . Engineer 
damage to tandard Oil Co. Office, Detroit, Mich . 

This would flood docks and cause unwarranted damage to District Engineer, U .. Engineer 
Huron Contracting Co., at Alpena. Office, Detroit, Mich. 

At Mackinac Island, this would: District Engineer U .. Engineer 
Flood docks and interfere with operations of {unicipal Office, Detroit,'Mich. 

Light and Power Co. 
Cause unwarranted damage to riparian interests. 

Above th_i , would fl<;>od docks ~nd eau e unwarranted dam~ge District Engineer, U . . Engineer 
and mterfere With operatwns of Huron TransportatiOn Office, Detroit, Mich. 

o. 
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TABLE 13.-REGULATION OF THE GREAT LAKES-PARTIAL LIST OF DAMAGES WHICH 

WOULD RE ULT FROM HIGH WATER IN LAKES MICHIGAN AND HURON-Concluded 

Stage Authority 

585·0 At Bay City, this would flood docks and do unwarranted District Engineer, U.S. Engineer 
damage and interfere with operations at wharves of Office, Detroit, Mich. 
Standard Oil Co. 

585·6 At Rogers, this would interfere with operations at wharves District Engineer, U.S. Engineer 
of Michigan Limestone and Chem. Co. Office, Detroit, Mich. · 

Above this would flood considerable lands on lake shore District Engineer, U .. Engineer 
north of Chicago. Office, Chicago, Ill. 

586· 6 At Rogers, this would flood docks and cause unwarranted District Engineer, U.S. Engineer 
damage to Michigan Limestone and Chem. Co. Office, Detroit, Mich. 

587·6 At Rogers, this would cause unwarranted damage to riparian District Engineer, U.S. Engineer 
interests. Office, Detroit, Mich. 

TABLE 14.-PARTIAL LIST OF DM1AGE WHICH WOULD RESULT FROM HIGH WATER 
IN LAKE ERIE 

Stage Authority 

571· 6 Below this would affect operation of Erie Lighting Go's Superintendent, Power Stations, 
Plant. Erie Lighting Co., Erie, Pa. 

571·1 Below this would affect operation of Cleveland Elec. Ill. Assistant to President Cleveland 
Go's Plant. Elec. Ill. Co., Cleveland, Ohio. 

572·3 Above this might inconvenience car ferry, Toronto, Hamilton Di trict Engineer, Can. Dept. 
and Buffalo Co., Port Maitla,nd. Pub. Works, London, Ont. 

572·8 National Tube Co., Lorain, believe levels above thi.s would Manager, National Tube Co., 
cause unwarranted erosion of south shore of lake. Lorain, Ohio. 

572 ·9 Much increase above this would affect wa te water drainage Chief Engineer, o. Buff~o Ry. 
system, So. Buffalo Ry., Lackawa,nna. Co., Lackawanna, N.Y. 

573 ·1 Above this would seriously interfere with operation of power Asst. to President, Cleveland 
plants, Cleveland Elec. Ill. Co. Elec. Ill. Co ., Cleveland, Ohio. 

573 ·5 Above this may damage property, Lake Erie Coal Co., Di trict Engineer, Can. Dept. 
Rondeau and Port tanley. Pub . Works, London, Ont. 

574·0 Above this would: 
Interfere with operations, Maple Leaf Milling Co., Port District Engineer, Can . Dept. 

Colborne. Pub. Works, London, Ont. 
Delay loading and unloading of steamers and would flood General Superintendent Pitts

pit of power-house Pittsburgh and Conneaut Dock Co., burgh and Conneaut Dock Co., 
Conneaut. Conneaut, Ohio. 

Damage works, Ohio Public Service Co., Lorain, Ohio .. Division Manager, Ohio Public 
Service Co., Lorain, Ohio. 

574 ·0 Affect drainage system, Bethlehem teel Co., Lackawanna . . Chief Engineer, Bethelem Steel 
Co., Lackawanna, N.Y. 

Above this would interfere with operations of unloading Vice-President, Erie R.R. Co., 
plants, Erie R.R., Cleveland. New York, N.Y. 

574·2 Above this would flood turn-table pit, Can. Nat. Ry., Port Chief Engineer, Central Region, 
Dover. Can. National Rys., Toronto, 

Ont. 
574·3 Above this would halt operation of elevators, Washburn- General Superintendent, Wash-

Crosby Co., Buffalo. burn-Crosby Co., Buffalo, 
N.Y. 

574·4 Above this might damage Larman Coal Co., Port Colborne . . District Engineer, Can. Dept 
Pub. Works, London, Ont. 

575·0 Above this would: 
Interfere with unloading operations, Penn. R.R., Sandusky . Superintendent, Toledo Division, 

Pennsylvania R.R., Toledo, 
Ohio. 

Interfere with unloading operations, Penn. R.R. at Buffalo, Assistant Chief Engineer, Penn-
Erie, Sandusky, Ashtabula and Cleveland, Ohio. sylvania R.R., Pitt~burgh, Pa. 

Interfere with operations, National Tube Co., Lorain ...... Manager, National Tube Co., 
Lorain, Ohio. 

Above this would cause unwarranted damage to property of Assistant Secretary, Hammer-
Hammerill Paper Co. mill Paper Co., Erie Pa. 

45827-13 
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TABLE 14.-PARTIAL LIST OF DAMAGES WHICH WOULD RESULT FROM HIGH WATER 
IN LAKE ERIE 

Stage 

575·0 

575·5 

575·5 

576·0 

576·8 

577·0 

577·3 

577·5 

578·0 

578·8 

579·0 

580·0 

580·8 

Authority 

Interfere with unloading operations, Buffalo, Creek Ry., Buffalo Creek R.R., Buffalo, 
Buffalo. .Y. 

This would flood docks, coal storage, etc., Erie Lighting Co. Superintendent, Power Stations, 
Erie Lighting Co., Erie, Pa. 

Above this would: 
Stop operation of Canadian Government Elevator, Port Superintendent, Gov't Elevator, 

Colborne. Can. Dept. Railways and 
Canals, Port Colborne, Ont. 

This would probably flood docks and yard, American Ship General Superintendent, Ameri-
Bldg. Co., Lorain. can Ship Bldg. Co., Lorain, 

Ohio. 
This would flood docks, East Side Iron Elev. Co., Toledo .. District Engineer, U.S. Engineer 

Office, Detroit, Mich. 
This would: 

Interfere with operations, East Side Iron Elev. Co., Toledo . District Engineer, U.S. Engineer 
Flood docks and yard, Canadian rational Ry. Port Dover . Office, Detroit, Mich. 

Chief Engineer, Central Region, 
Can. National Rys., Toronto, 
Ont. 

Flood docks, U.S. Engineer Office, Toledo ................. District Engineer, U.S. Engineer 
Office, Detroit, Mich. 

This would flood dock, National Milling Co., Toledo ..... . .. District Engineer, U.S. Engineer 
Office, Detroit, Mich. 

Considered by Pennsylvania R.R. as highest level which Superintendent, Toledo Division, 
would be safe for Toledo Division. Pennsylvania R.R., Toledo, 

Ohio. 
This would flood buildings and halt operations Hammermill Assistant Secretary, Hammer-

Paper Co., Erie. mill Paper Co., Erie, Pa. 
Above this would flood yard Ganson St. Freighthouse, Vice-President, Erie R.R. Co., 

Erie R.R., Buffalo. New York, N.Y. 
This would flood docks, Red Star Navigation Co., Cleveland. District Engineer, U.S. Engineer 

Above this would flood docks and 
Buffalo. 

Above this would: 

Office, Detroit, Mich. 
property, Erie R.R. , Vice-President, Erie R.R. Co., 

New York, N.Y. 

Cause some damage to property and overflow tracks Buffalo Creek R.R., Buffalo, 
Buffalo Creek Ry., Buffalo. N.Y. 

Flood docks, Lehigh Valley R. R., Buffalo .. ............... Superintendent, Le high Valley 
R.R. Co., Buffalo, N.Y. 

This would flood docks, B. & 0. R.R., Toledo ........... . . . District Engineer, U.S. Engineer 
Office, Detroit, Mich. 

TABLE 15-PARTIAL LIST OF DAMAGES WHICH WOULD RESULT FROM HIGH WATER 
IN LAKE ONTARIO 

Stage 

246·0 

247 ·0 

Authority 

Above this, it is believed that numerous small private docks 
and boat houses on Lake Ontario and the St. Lawrence 
River above Galop I sland would be flooded and damaged. 

This would flood wharf and coal shed, A. Collier, Port Milford District Engineer, Can. Dept. 

Above this, probably some docks and buildings at Clayton, 
Cape Vincent, Sackett's Harbour, Oswego, Fairhaven, 
Sodus Point, Charlotte, Olcott, Youngstown and Lewis-
ton would be flooded and operations interfered with at 
ot,hers. 

Public Works, Ottawa, Ont. 

Above this would affect Central Island Park, Toronto. 
This would flood dock and canning factory, Port, Milford District Engineer, Can. Dept. 

Packing Co., Port Milford. Public Works Ottawa Ont. 
This wo~ld seriously affect drainage of cellars in lower section City Engineer, Kingston: 

of Kmgston. 
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TABLE 15-PARTIAL LIST OF DAMAGE WHICH WOULD RESULT FROM HIGH WATER 
I LAKE ONTARIO-Continued 

Stage Authority 

24 7 · 5 This would flood-
Wharf and two coal sheds, Jas. Soward, Kingston; wharf District Engineer, Can. Dept. 

and 2 coal sheds, Ault & Reynolds, Brockville; L. H. Public Works, Ottawa, Ont. 

Dept., Can. Dept. of Marine, Prescott; wharf and ware-
house, A. Collier, Port Iilford; and wharf and siding, 
C.P.R. Co., Kingston; wharf, Mrs. Cooper at Bath; 
Farmers' wharf, outh Bay. 

Above this would damage plant of Lake Ontario Sand Co., ecretary, Lake Ontario Sand 

Charlotte. Co., Charlotte, Rochester, 
.Y. 

Above this would affect La alle Causeway, Kingston, King- Di trict Engineer, Can. Dept. 

ston Dry dock, and Belleville wharf. Public 'V' orks, Ottawa, Ont. 

This would flood piers of Geo. Hall Corp. Shipyard, Ogdens- Secretary, Geo. Hall Corp ., 

burg, .Y. Ogdensburg, N.Y. 

248 · 0 Above thi , probably some docks and buildings at Ogden -
burg, Morristown and Alexandria Bay would be flooded 
and operations interfered with at other docks. 

This would flood-
Wharf, A. Anglin & Co., King ton; wharf, Canadian Di trict Engineer, Can. Dept. 

Govt., Wellington; wharf and storehou e, A. Collier, Public Works, Ottawa, Ont. 
Port Milford; wharf, storehouse and evaporator, factory , 
D. Wattham, Waupoos; cribwork and waterworks dock, 
City of Kingston; wharf and freight and coal sheds, J. 
Swift & Co., King ton. 

Above this would probably flood majority of docks and 
seriously interfere with operations at N. Y. Central 
wharves at Clayton, Cape Vincent and acketts Harbour. 

Above this, brea.kwater at ackett's Harbour pToba.bly could 
not be used for mooring ve sels. 

Above this would eriou ly interfere with operations at N.Y. 
tage Barge Canal Terminals and 1,000,000 bush. elevator 

and at coal docks of r .Y.O. & W.R.R. and D.L. & W.R. 
R., at Oswego, N.Y.; coal dock ofL.V.RR. at Fairhaven 
Little odus B; coal dock of Penn. RR. at odus Pt.; 
coal docks of N.Y.C.RR. at Charlotte; and docks of 
Niagara av. Co. on Tiagara River. 

Abcve this, the lake would pTobably break through the low 
narrow strips of and which have been built up between the 
shoreward ends of the breakwater and the higher ground, 
to protect the entrances to Little odus and Great odus 
B.; and through the strip which separates terling Creek 
Pond from the lake. 

Thiw sould necessitate reconstructing government piers and 
breakwaters at Oswego, Little odus Bay, odus Bay, 
Charlotte and Olcott to retain their effectiveness. 

Above thi , and Point, in odus Bay, with numerous sum
mer cottages of probably low value, would probably be 
flooded. 

Above this would probably flood state road on strip of land 
which separates Irondequoit Bay from the lake. 

Above this would probably necessitate raising fixed steel 
bridges, about 100ft. in length, which carry .Y.C.RR. 
and the state highway across entrance to Irondequoit 
Bay. . 

Above this would probably damage numerous summer cot
tages and private docks in Irondequoit Bay. 

Above this would probably flood the greater parts of Summer
ville, Windsor Beach and Ontario Beach, with numerous 
summer cottages, at Charlotte. 

Above this would probably affect electric railway (about 8 
miles long) , constructed on low strip of land across en
trances to numerous small bays, between Charlotte and 
Manitou Beach. 

Above this would probably flood part of beach with summer 
cottages at Olcott. 

248·5 This would flood:-

i5827-l~ 

Dock, Hosiery Mill, Kingston; Ferry dock, Kingston; District Engr., Can. Dept. Pub. 

Dock, Kingston Yacht Club, Can. Gov't. wharf, Redner- Works, Ottawa, Ont. 
ville; entrance piers, Can. Govt., Wellington; dock and 2 
coal sheds, Frontenac Str. and Coal Co., Kingston; 
freight and passenger wharf, Massagagna; wharf, elevator 
and coal shed, Northport; wharf, Forester Lt. 
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TABLE 15--PARTIAL LIST OF DAMAGE WHICH WOULD RESULT FROM HIGH WATER 
IN LAKE ONTARIO-Continued 

Stage Authority 

249·0 Above this, would probably flood majority of docks at 
Ogdensburg and Morristown, and seriously interfere with 
operations at docks of . Y. Central RR. Terminal, at 
docks and 500,000 bush. elevator at Rutland R.R Ter
minal, and at docks of Standard Oil Co., Geo. Hall Corp., 
Algonquin Paper Corp., and Pulp Terminal, at Ogdens
burg. 

This would flood Central Island Park, Toronto. 
This would flood-
Town dock, Gananoque; wharf and coal shed, R. Crawford, District Engineer, Can. Dept. 

Kingston; Cribworks, C .P.RR.Co., Kingston; wharf, Public Works, Ottawa, Ont. 
Dr. Williams, Geen Island; wharf and cattle barns, J. P. 
Wiser & Sons, Prescott. 

This, at Oswego, would probably stop operations at N.Y. 
Stage Barge Canal Terminals and at N.Y.O. & W.RR. 
and O.L. & W.RR. coal docks; flood some foundations 
along lower part of Oswego River and large portions of 
Diamond Match Co.'s plant and yard and Standard Oil 
Co.'s. Lumber yard and mill; and reduce power head 
from 17ft. to 14ft., of mills on east bank of Oswego River 
below Bridge St. It also would reduce power head of 
12,000 H.P. plant, under construction by General Develop
ment Co., from 15ft. to about 12ft. 

249·5 This would flood dock, L. H. Service, Rockport; 2 docks, District Engineer, Can. Dept. 
J. Smart Mfg. Co., Brockville. Public Works, Ottawa, Ont. 

This would flood-
Water Works Pier, Corp. of Brockville; L. H. Dept. District Engineer, Can. Dept. 
wharf, Can. Govt. Depart. Marine, Prescott; wharf and Public Works, Ottawa, Ont. 
warehouse, Plum, Prescott; wharf, Buckley, Prescott; 
wharf, R. Weddell & Co., Trenton; Public wharf, Can. 
Govt. Trenton; Public Coal Dock, Can. Govt., Tren-
ton; Anderson Dock, Belleville; wharf, Way & Gulliver, 
Picton; wharf and freight shed, Adolphns Town, wharf, 
Emerald; wharf, Stella; wharf, coal and freight shed, 
Robinson, Bath; Portsmouth, Brewery wharf; wharf, 
Portsmouth; wharves, Ty. siding and elevator, Montreal 
Transp. Co ., Kingston; waterworks dock, Town of Gan-
anoque; dock and freight shed, Gananoque; wharf, Can. 
Govt. Public Works Dept. Mallorytown; wharf, Laing 
Co., Brockville. 

250 · 0 This would flood-
2 wharves and 2 coal sheds, B. Power & Co., Trenton; District Engineer, Can. Dept. 
dock, C.P.RR., Trenton; Alien's dock Belleville, coal Public Works, Ottawa, Ont 
wharf, Stevens, apanee; Lights wharf, apanee; 
wharf, Rankin, Collins Bay; Breakwater, Can. Govt., 
Portsmouth, Entrance to Can. Govt. drydock, with 2 
travelling cranes, Kingston; Cribwork, Kingston; wharf 
and grain elevator, J. Richardson & Son, KingMton. 

250 · 5 This would flood-
Wharf and coal storage bldgs. Trenton Cooperage Mills, District Engineer Can. Dept. 
Ltd.; pubHc wharf, track and store house, Can . Govt. Public Works, Ottawa, Ont. 
Belleville; wharf and coal sheds, G.T.RR., Belleville; 
Public wharves along side LaSalle Highway, Can. 
Govt., Dept. Public Works, Kingston wharves and boat 
house, Royal Militia College, Kingston; Public wharf, 
Can. Govt., Burnt Is.; wharf, coal and freight sheds, 
Taylor and Green Co., Gananoque, docks, Ry. sidings 
and freight shed, Thousand Island Ry. Co., Gananoque; 
Public wharf, Can. Govt., P.W. Dept., Gananoque; 
Public wharf Lansdown; Carnegie wharf, Rockport; 
Public wharf, Can. Govt., P.W. Dept., Brockville; 
wharf, siding, storehouse and derrick, C.P.RR. Co., 
Brockville; wharves, coal shed and shed, Buckley, 
Prescott; wharf, tracks and freight shed, C.P.RR.Co., 
Prescott. 

251·0 Above this would probably flood parts of railroad terminals 
at Ogdensburg and flood or stop operations at principal 
docks at Ogdensburg, Morristown, Alexandria Bay, 
Clayton, Cape Vincent and Sackett's Harbour. 

This would flood part of yard, Rutland RR. Ogdensburg ..... Rutland Railroad Co., Ogdens 
burg, N.Y. 
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TABLE 15-PARTIAL LI T OF DAMAGES WHICH WOULD RESULT FROM HIGH WATER 

IN LAKE ONTARIO-Concluded 

Stage Authority 

251· 0 Above this would flood inner wharves, Toronto. 
Above this would probably affect line of New York Central 

Railroad between Ogdensburg and Morristown. 
This would flood LaSalle Causeway, Kingston and Belleville District Engineer, Can. Dept. 

wharf. Public Works, Ottawa, Ont 

252 · 5 This would flood-
Private cribwood, Kingston, wharf, railway siding and District Engineer, Can. Dept. 

oil pipe line, C.P. Railroad, Brockville. Public Works, Ottawa, Ont. 

253 · 0 This would probably flood all docks and all railroad terminals 
at Ogdensburg. 

This would flood entire yard of Rutland Railroad, Ogdens- Rutland Railroad Co., Ogdens-

burg. burg, N .Y. 

253 · 5 This would flood-
Cribwork, P enitentiary and Gumis Taunery, Portsmouth, District Engineer, Can. Dept. 

wharf and sheds, Can. Cement Co., Point Aune. Public Works, Ottawa, Ont. 

254·5 This would flood-
Breakwater, Can. Govt., Portsmouth; Dock, Eastern District Engineer, Can. Dept. 

Milk Products Co., Gananoque; wharf and grain elevator, Public Works, Ottawa, Ont. 

Prescott Elevator Co., Prescott. 

TABLE 17.-REGULATION OF THE GREAT LAKES 

STORAGE AT DETERMINING PorNTs ON TORAGE Dr TRIBUTION CuRVES, FOR REGLUATION WITH 

CoMPLETE CoNTROL OF T. CLAIR RIVER 

Highe t afe tage A High Point on Curves 

Upper Limit-Regulation for 
Regulation for Equal 

Equal avigable Depth Lower Limit-Regulation for 
Equal Flood Probability Flood Probability 

Month 
Lake Lake Lake 0 

Lake Mich- Lake Lake Total Lake 1ich- Lake Lake Total Lake Mich- a)"~ a)·~ Total 

Su- igan- Erie On- tor- u- igan- Erie On- tor- u- igan- ~~ ~ ~ tor-

perior Huron tario age perior Huron tario age perior Huron H Ho age 

---------------------------------

Jan .... . 689 985 225 164 2,063 950 1,458 368 286 3,062 1,388 2,325 542 428 4,683 

Feb . . ... 672 960 218 160 2,010 880 1,462 375 295 3,012 1,255 2, 329 556 443 4,583 

March .. 746 1,066 243 177 2,232 880 1, 611 416 325 3, 232 1, 255 2,523 641 508 4,927 

April . . .. 877 1,252 286 208 2,623 950 1, 795 491 389 3,625 1,242 2,443 641 509 4,835 

May ... . 987 1,409 322 234 2,952 1,071 1, 945 519 413 3, 948 1, 357 2,619 656 543 5,175 

June ... . 1,041 1, 486 340 247 3,114 1,146 2,030 522 416 4,114 1,290 2,398 587 480 4, 755 

July .. .. 1,048 1,497 342 248 3, 135 1,208 2,012 505 406 4,131 1,365 2, 380 562 466 4, 773 

Aug ..... 1, 017 1,453 332 242 3,044 1,248 1, 940 480 372 4,040 1,562 2,612 590 483 5,247 

Sept .... 960 1,372 313 228 2,873 1,248 1,839 448 332 3,867 1,562 2,501 557 440 5,060 

Oct ..... 880 1,258 287 209 2,634 1,197 1, 713 412 306 3,628 1,502 2,407 524 406 4,839 

Nov .... 796 1,138 260 189 2,383 1,120 1,589 382 286 3,377 1,570 2,597 542 424 5,133 

Dec .... 736 1, 051 240 175 2,002 1,041 1, 506 375 278 3,200 1,510 2,448 540 423 4,921 

NOTE.-Datums used in computing above storages were Superior 599·6, Michigan-Huron 577·6, Erie 

568·8 and Ontario 242·5. All storages in thousand second foot months. 
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TABLE 19.-EFFECT OF PROPOSED PROGRAM FOR REGULATION OF LAKE ONTARIO 
ALONE 

nregulated with Unregulated with Regulated with 
actual diversions continuous diversion diversion of 

(from records) of 8,500 c.f.s. 8,500 c.f.s. 

Year and Month Elevation 
Discharge Ontario Discharge Elevation Discharge Elevation 

1,000 's (Oswego) 1,000's Ontario 1,000's Ontario 
of c.f.s. end of of c.f.s. end of of c.f.s. end of 

month month period 
(a) (b) (c) (d) (e) (f) (g) 

1860-
June ...................... 283 247·70 274 247·28 ..... .. 279 .. 247·28 
July ...................... 285 247 ·54 277 247 ·12 247 ·09 
August ................... 283 247·06 274 246·64 269 246·68 

eptember .. . ... .... .... . 277 246·76 269 246·34 262 246·47 
October .................. 267 246·71 258 246·29 257 246·43 
November .......... ... . . 273 246·74 264 246·32 272 246·37 
December ................ 269 246·58 260 246·16 3001 246·05 

1861-
2162 246·25 

January .... ..... ... .. . ... 244 246·50 235 246·08 210 246 ·49 
February ....... .......... 243 246·78 234 246·36 223 246·91 
March ......... ... .. ...... 251 247 ·12 243 246·70 242 247·26 
April . ........... ......... 285 247·70 277 247·28 2681 247.61 

3022 247·73 
May . ...... . ....... .... . . 305 248·36 297 247·94 300 248·35 
June ...................... 310 248·43 301 248·01 310 248·31 
July ...................... 309 248·20 301 247 ·48 310 247·96 
August .. . ......... ..... .. 302 247 ·84 294 247·42 301 247 ·51 
September ....... ........ 293 247·70 284 247·28 303 247 ·13 
October ............ .. ... . 294 247 ·82 286 247 ·40 303 247·03 
November ............... 292 247 ·72 284 247·30 310 246·61 
December ........... . ... . 297 247 ·36 288 246·94 3101 246·29 

1862-
2182 246·54 

January ......... . . ....... 259 246·90 250 246·48 212 246·56 
February ........ .. .. ..... 248 246·94 239 246·52 224 246·78 
March . ........ .. .... . ... . 247 247·63 238 247·21 240 247·44 
April ..................... 296 248·48 287 248·06 2721 247·96 

3102 248·24 
May .................... . 318 248·75 310 248·33 310 248·50 
June ............ ..... .... . 312 248·67 303 248·25 310 248·34 
July ...................... 310 248·49 301 248·07 310 248·05 
August ........ ... ........ 301 247 ·94 293 247.52 301 247 ·40 
September .. ...... .. .... . 290 247·34 281 246·92 292 246·66 
October .................. 279 246·90 270 246·48 265 246·28 

ovember ............... 270 246·68 261 246·26 261 246·07 
December ....... ........ . 264 246·70 256 246·28 2391 246·18 

1863-
2172 246·43 

January ................. . 247 246·80 238 246·38 212 246·85 
February ....... .... ..... . 242 246·87 234 246·45 227 247·00 
March ................... . 246 247·27 236 246·85 244 247·30 
April ............... ...... 283 247·83 275 247·41 2691 246·62 

3032 247·72 
May ...... . ..... ..... . ... 299 248 ·10 291 247·68 299 247·88 
June ...................... 301 247·98 292 247 ·56 307 247·58 
July ..................... . 293 247·54 284 247 ·12 284 247·14 
August .. ...... ..... ... .. . 285 247 ·12 277 246·70 263 246·89 
September ............... 276 246·84 267 246·42 264 246·65 
October .................. 266 246·65 257 246·23 260 246·33 
November ............... 264 246·56 256 246·14 257 246·23 
December ......... . .. ... . 261 246·45 253 246·03 2941 245·92 

1864-
2092 246·14 

January .................. 223 246·25 214 245·83 209 246·00 
February ........ ........ . 228 246·22 220 245·80 217 246·00 
March ................... . 242 246·54 233 246·12 217 246·52 
April ... ... ............. .. 270 247·32 261 246·90 2411 247 ·03 

2712 247·35 
May . ............. . ...... 291 247 ·97 281 247·55 277 24 5 8 0 

~irst half of month. 2 Second half of month. 
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TABLE 19.-EFFECT OF PROPOSED PROGRAM FOR REGULATION OF LAKE ONTARIO 

ALONE-Continued 

Unregulated with -nregulated with Regulated with 

actual diversions continuous diversion diversion of 

(from records) of 8, 500 c.f.s. 8, 500 c.f.s. 

Year and Month Elevation 
Discharge Ontario Discharge Elevation Discharge Elevation 

1, OOO 's (Oswego) l,OOO's Ontario 1, OOO's Ontario 

of c .f.s. end of of c.f.s. end of of c.f.s. end of 
month month period 

(a) (b) (c) (d) (e) (f) (g) 

1864-
June . ............ . .... .... 301 247·96 293 247·54 310 247·83 

July ............. . ....... . 292 247 ·57 284 247 ·15 291 247·34 

August .. .. ............... 283 247 ·08 275 246·66 266 246·95 

September .... . .. .... ... . 273 246·70 274 246·28 263 246·71 

October .................. 266 246·56 257 246·14 259 246·55 

November ............... 268 246·60 260 246·18 273 246·43 

December ................ 272 246·86 263 246·44 3021 246·32 
2182 246·73 

1865-
January .................. 245 247·16 236 246·74 214 247 ·31 

February ....... ......... . 225 247·30 216 246·88 233 247·23 

March . ...... .... ... . ..... 242 247·42 234 247·00 247 247·18 

April ...... .. ... .......... 284 247 ·54 275 247 ·12 2631 247 ·32 
2762 247 ·37 

:M;ay .... .. ............... 288 247·64 280 247 ·22 273 247 ·56 

June ...................... 288 247 ·58 280 247 ·16 282 247 ·47 

July ................. ..... 283 247·20 275 246·76 270 247·15 

August ... .. .......... .... 273 246·60 264 246·18 259 246·61 

September . .............. 260 246·18 252 245·76 249 246·22 

October .................. 251 245·94 242 245·52 240 246·01 

November ............... 246 245·74 238 245·32 235 245·85 

December ....... ......... 244 245·56 236 245·14 2071 245·94 
2102 246·02 

1866--
January ......... ... ...... 205 245·46 197 245·04 208 245·78 

February ................. 200 245·48 191 245·04 211 245·56 

~1arch ............ .. . ... .. 214 245·72 205 245·30 207 245·77 

April ...... ............... 251 245·99 243 245·57 203 1 246·16 
2162 246·46 

May ........ . ............ 260 245·97 252 245·55 221 246·82 

June ... .. .... . .. ........ . . 272 246·38 263 245·96 241 247 ·51 

July .. .... .. ..... ......... 274 246·79 266 246·37 269 247·87 

August ................ .. . 270 246·70 262 246·28 277 247·58 

September . .. ............ 265 246·58 257 246·16 288 247 ·07 

October ......... ..... . ... 262 246·40 254 245·98 280 246·57 

November ... .. ...... . ... 265 246·24 256 245·82 275 246·18 

December ................ 272 246·08 263 245·66 2831 245·98 
2152 246·20 

1867-
January ... . . .. ........... 238 245·94 230 245·52 210 246·31 

February ................. 238 246·27 229 245·85 220 246·75 

March .. ........ .......... 246 247 ·07 237 246·65 240 247 ·51 

April ..................... 283 247 ·86 274 247·44 2741 247 ·91 
2082 248 ·10 

May .................. . .. 300 248·34 292 247·92 310 248·35 

June ......... ............. 307 248·30 299 247·88 310 248·16 

July ............. .... .... . 298 247 ·80 290 247 ·38 305 247·47 

August ..... . ...... ..... .. 285 247·23 290 246·81 268 247·01 

September .. . ............ 272 246·66 263 246·24 265 246·41 

October .............. ... . 256 245·96 248 245·54 245 245·75 

November . .... .......... 249 245·21 241 244·79 228 245·16 

December ........... .. . .. 234 244·67 225 244·25 2011 245·04 
2002 244·93 

1868-
January ..... .. . . .. ... ... . 210 244·56 202 244·14 199 244·85 

February ................. 184 244·74 176 244·32 200 244·73 

March .................... 210 245·20 201 244·78 200 245·21 

April ..................... 246 245·82 237 245·40 2051 245·72 
2102 246·20 

May .................... . 251 246 33 4 2 3 245 91 211 247 10 

~irst hall of month. ' Second hall of month. 
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TABLE 19.-EFFECT OF PROPOSED PROGRAM FOR REGULATION OF LAKE ONTARIO 
ALO E-Continued 

nregulated with Unregulated with Regulated with 
actual diversions continuous diversion diversion of 

(from records) of 8, 500 c.f.s. 8, 500 c.f.s. 

Year and Month Elevation 
Discharge Ontario Discharge Elevation Discharge Elevation 

1,000's (Oswego) 1, OOO's Ontario 1, OOO's Ontario 
of c.f.s. end of of c.f.s. end of of c.f.s. end of 

month month period 
(a) (b) (c) (d) (e) (f) (g) 

1868-
June ............... .. .... . 267 246·48 268 246·06 256 247 ·4{) 
July ....... ... ..... . ..... . 264 246·28 256 245·85 268 247·05 
August ...... . .. . .. .. .... . 258 246·04 249 245·62 252 246·77 
September .. . ..... . ..... . 252 245·64 244 245·22 246 246·35 
October ........... . ..... . 243 245·28 235 244·86 234 246·00 
November ........ . ..... . 237 245·28 228 244·86 226 246·02 
December ........ .. ... ... 244 245·30 235 244·88 2201 246·12 

2172 246·24 
1869-

January . .. ... ..... ... . . .. 217 245·28 208 244·86 210 246·20 
February ................ . 197 245·45 188 245·03 219 245·99 
March ............. . ..... . 196 245·82 188 245·40 217 245·99 
April ...... . ....... . ..... . 259 246·42 251 246·00 2071 246·57 

2342 246·97 
May ................ . .... 276 246·86 268 246·44 244 247·71 
June ......... .. ........... 282 247 ·13 273 246·71 282 247 ·87 
July ...................... 288 247 ·32 280 246·90 284 248·01 
August . . ................. 288 247 ·27 280 246·84 287 247·86 
September ............ . .. 284 247 ·12 275 246·70 305 247·35 
October ................. . 280 246·88 271 246·46 298 246·77 
November ...... . .. .. .... 272 246·76 264 246·34 294 246·27 
December ............. ... 267 247·06 259 246·64 2961 246·27 

2182 246·75 
1870-

January . . . ............ . .. 258 247 ·34 249 246·92 214 247·47 
February ..... . ..... . .. . . . 258 247 ·41 249 246·99 235 247·72 
March .......... .. . ... .... 253 247·88 244 247 ·46 255 248·06 
April. ......... ... . ....... 304 248·65 295 248·23 2861 248·51 

3102 248·81 
May .... .. .......... ... ... 318 248·79 310 248·37 310 248·95 
June ...................... 313 248·47 305 248·05 310 248·56 
July ...................... 309 248·14 301 247 ·72 310 248·12 
August . .. .... . . .. ........ 296 247 ·62 288 247 ·20 300 247 ·44 

eptember ............... 282 247 ·12 274 246·70 290 246·74 
October ....... ......... .. 276 246·66 268 246·24 269 246·26 
November ....... .. . . .... 265 246·26 256 245·84 251 245·92 
December .... . . . ... ...... 260 246·10 251 245·68 2081 246·11 

2172 246·23 
1871-

January .. . . .. . . .. ... . . . ... 231 245·98 222 245·56 210 246·27 
February ..... .. .......... 227 246·00 219 245·58 220 246·27 
March . ... ................ 243 246·40 234 245·98 226 246·77 
April .... ... .............. 270 246·91 261 246·49 2531 247 ·07 

2772 247 ·22 
May .. .... ........... . ... 278 247·09 269 246·67 275 247 ·33 
June ....... . .......... . . . . 278 246·98 270 246·56 281 247 ·08 
July . ................... . . 275 246·68 266 246·26 269 246·74 
August .. . .... . ........... 265 246·29 257 245·87 257 246·35 

eptember . . ...... ....... 257 245·87 249 245·45 247 245·95 
October ......... ... ... ... 249 245·42 241 245·00 237 245 ·55 
November .... ... ... . . .. . 235 245·06 227 244·64 225 245 ·21 
December ........ ........ 227 244·82 218 244·40 20}1 245·20 

1872-
2012 245 ·19 

January .. ............ . ... 190 244·62 182 244·20 201 244·75 
February .......... ... . . .. 174 244·43 166 244 ·01 200 244·14 
March . . . ...... ........... 189 244·60 180 244 ·18 190 244 ·19 
April ..... .... . ........... 222 244·90 214 244·48 1931 244·47 

1942 244·75 
M a ·· ······· · ······ ·· ·· ·· 234 245 ·12 225 2 44 70 197 245 33 y 

~irst half of month. 2 Second half of month. 
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TABLE 19.-EFFECT OF PROPOSED PROGRAM FOR REGULATION OF LAKE 0 TARIO 

ALO E-Continued 

nregulated with nregulated with Regulated ·with 

actual diver ions continuous diversion diversion of 

(from record ) of 8, 500 c.f.s . 8, 500 c.f.s. 

Year and Month Elevation 
Discharge Ontario Discharge Elevation Di charge Elevation 

1,000's (Oswego) 1, OOO's Ontario 1, OOO's Ontario 

of c.f.s. end of of c.f. . end of of c.f.s. end of 
month month period 

(a) (b) (c) (d) (e) (f) (g) 

1872--
June ........ .......... . ... 241 245·32 232 244·90 198 245·95 

July ..... . ................ 242 245·27 234 244·85 219 246·09 

August ................... 237 245·04 239 244·62 229 245·98 

September ............... 232 244· 2 224 244·40 230 245·68 

October .................. 267 244·72 21 244·30 223 245·52 

November ............... 228 244·52 220 244 ·10 220 245·32 

December ........ . .. ..... 211 244·33 202 243 ·91 2021 245·22 
2022 245 ·12 

1873-
January .......... .. . ..... 192 244·34 183 243 ·92 201 244·91 

February ... .... .......... 194 244·44 1 5 244·02 201 244·81 

March ........ ...... . . . ... 200 245·46 192 245·08 200 245·75 

April ..... ............ . ... 254 246·73 246 246·31 2041 246·64 
2412 247·29 

May .. ................... 273 246·96 264 246·54 265 247 ·50 

June ....... . .............. 275 246·90 267 246·48 278 247 ·30 

July ... ... ................ 273 246·74 265 246·32 268 247 ·10 

August ..... .............. 266 246·39 258 245·97 258 246·75 

September .... ....... . ... 260 245·96 251 245·54 253 246·30 

October ... . .............. 249 245·66 241 245·24 242 245·99 

November .... ........... 246 245·70 237 245·28 237 246·03 

December ......... ....... 251 246·07 243 245·65 2231 246·33 
2182 246·67 

1874-
January .................. 238 246·55 229 246·13 213 247 ·36 

February ........ . . ....... 239 247 ·02 231 346·60 233 247 ·81 

March ......... ........... 261 247 ·24 252 246·82 256 247 .gg 

April . .... .... . ........... 279 247 ·18 270 246·76 2 41 247. 7 
3102 247 ·59 

May . .... ... ....... . ..... 273 247·22 265 246· 0 2 247·34 

June ...................... 2 4 247 ·24 275 246· 2 273 247·39 

July ...... ...... . ......... 2 2 247 ·10 274 246·6 274 247 ·25 

August .... ............... 276 246·66 26 246·24 264 246·85 

September ............... 262 246·14 254 245·72 259 246·24 

October .................. 255 245·66 246 245·24 243 245· 0 

November ............... 245 245·20 237 244·7 229 245·44 

December ................ 236 244· 8 227 244·46 2031 245 ·43 
2032 245·42 

1875---
January .................. 203 244·56 195 244·14 203 245·00 

February ...... . .......... 177 244·51 168 244·09 202 244·52 

March ........ ............ 197 245·04 18 244·62 198 244·93 

April .. . .................. 238 245·58 230 245·16 2041 245·35 
2().!2 245·77 

May .. ................... 250 245·79 242 245·37 205 246·45 

June .. .................... 253 245·88 244 245 ·46 233 246·69 

July ...... .......... ... ... 255 245·83 246 245 ·41 24 246·61 

August ................... 250 245· 66 242 245·24 247 246·37 

September ............... 242 245·41 234 244·99 244 245·99 

October ... . .............. 238 245·18 229 244·76 237 245.67 

November ..... .......... 233 244·99 224 244·57 230 245·41 

December ................ 229 245·10 220 244·68 2031 245·57 
2042 245·72 

187&---
January .. ................ 217 245·64 209 245·22 206 246·30 

February ... .... .......... 226 246·24 217 245·82 220 246· 6 

March ......... ........... 240 247.01 232 246·59 242 247 ·50 

April ................ . · .... 286 247 ·79 278 247 ·37 2731 247 ·92 
3102 248·11 

M a y · ···················· 298 248·19 290 247 ·77 310 248·26 

---r}first half of month. 2 S&e<lnd haJI of month 
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TABLE 19.-EFFECT OF PROPOSED PROGRAM FOR REGULATION OF LAKE ONTARIO 
ALO E-Continued 

Unregulated with Unregulated with Regulated with 
actual diversions continuous diversion diversion of 

(from records) of 8, 500 c.f.s. 8 , 500 c.f.s. 

Year and Month Elevat ion 
Discharge Ontario Discharge Elevation Discharge Elevation 

1,000's (Oswego) 1, OOO's Ontario 1,000's Ontario 
of c.f.s. end of of c.f.s . end of of c.f.s. end of 

month month period 
(a) (b) (c) (d) (e) (f) (g) 

1876-
June ...... . . . . ..... . ····· · 304 248·34 295 247 ·92 310 248 ·22 
July . .. . .. .... . .... . ...... 305 248 ·14 296 247 ·72 310 247·84 
August . .. .. . ............. 294 247 ·60 286 247·18 297 247 ·16 
September ..... . ....... . . 280 247 ·13 272 246 ·71 287 246·50 
October .. . . .. . . .. ........ 277 246 ·78 269 246·36 263 246·22 

ovember . ... ........ . .. 266 246·51 257 246·09 257 245·96 
December .. ... ~ .. ...... . . 265 246·16 256 245·74 2131 246·05 

2162 246·13 
1877-

January .. ...... . . . ... . ... 226 245·76 217 245 ·34 209 245·83 
February .. ..... ...... . ... 224 245·70 216 245 ·28 212 245 ·82 
March ........ . . .... . ..... 230 246·12 222 245·70 212 246·36 
April . . .... ....... . . . ..... 262 246·50 253 246 ·08 2341 246·66 

2592 246·81 
May . .... . .... .. . . ....... 266 246·48 257 246·06 255 246·82 
June ...... . ... . .... .. ..... 265 246 ·45 256 246·03 256 246·80 
July .. . .... ..... . .... . .... 266 246·34 257 245·92 257 246·69 
August . . ..... .. .......... 259 245·98 251 245·56 255 246·28 
September . . . ..... . .... . . 249 245 ·56 241 245·14 247 245 ·78 
October . .. ............. . . 238 245·30 229 244·88 234 245 ·46 
November . . ............. 237 245·32 228 244·90 228 245 ·48 
December . ........ ..... . . 240 245·43 232 245 ·01 2041 245 ·70 

2062 245·91 
1878-

January .. ... .. . .. ........ 223 245·58 214 245·16 207 246 ·15 
February . .... . . .......... 220 246·04 212 245 ·62 218 246·54 
March . . . . .... ............ 238 246·52 230 246·10 235 246·95 
April ..... . .. ............. 267 246·81 258 246·39 2611 247·07 

2762 247 ·09 
May . ... . .......... . . . ... 275 246·98 266 246·56 264 247·29 
June ... ... .. .............. 274 246·95 266 246·53 275 247 ·14 
July . .. . . . ................ 272 246·89 264 246·47 268 247·03 
August ................... 272 246 ·72 264 246· 30 261 246 ·89 
September ............... 269 246·46 260 246 ·04 263 246 ·60 
October . .. .... . ...... . .. . 261 246·27 253 245 ·85 256 246·39 
November ... .. . ......... 260 246·62 251 246·20 263 246 ·59 
December . ....... .... . ... 276 246·92 267 246·50 3091 246·48 

2202 246·93 
1879-

January . . ....... . · .. . ..... 243 246·63 234 246·21 216 246·87 
February ..... . . ...... .. .. 245 246·38 236 245 ·96 227 246·73 
March .... . ... .... . ..... . . 234 246·50 226 246·08 240 246·67 
April ..... ................ 267 246·76 259 246·34 2481 246·87 

2582 247.01 
May . ...... . . . ....... . ... 272 246·85 264 246·40 253 247·21 
June ........ .............. 272 246·72 263 246· 33 261 247 ·17 
July . .. . . . ....... . ........ 268 246·50 260 246·08 259 246·93 
August . .. ...... . ......... 259 246·11 250 245·69 249 246 ·55 
September .... ... . . . .. 252 245·68 244 245·26 241 246 ·15 
October .... ...... . ....... 242 245·26 233 244·84 233 245·74 
November ... ............ 234 245·08 225 244·66 223 245·59 
December ...... . . ........ 230 245·21 221 244·79 2051 245·77 

2062 245·93 
188G-

January . .. . ... . .. . . . . . ... 222 245·46 214 245·04 207 246·27 
February ....... .......... 222 245·77 213 245·35 220 246·49 
March .... . .. ............. 232 246 ·03 223 245·61 233 246·63 
April. .... ................ 257 246·20 249 245 ·78 2441 246·74 

2492 246·82 
M a y ·· · ····· · · · ······· . .. 262 246·39 254 245·97 240 247 ·1 8 

~irst half of month. 2 Second half of month 
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TABLE 19.-EFFECT OF PROPOSED PROGRAl\1 FOR REGULATION OF LAKE ONTARIO 

ALO E-Continued 

nregulated with unregulated with Regulated with 

actual diversions continuous diver ion diversion of 

(from records) of 8, 500 c.f. . 8, 500 c.f.s. 

Year and Month Elevation 
Discharge Ontario Discharge Elevation Discharge Elevation 

1,000's (Oswego) 1, OOO's Ontario 1, OOO's Ontario 

of c.f.s. end of of c.f.s. end of of c.f.s. end of 

month month period 

(a) (b) (c) (d) (e) (f) (g) 

1880--
June ........ ...... . ....... 266 246·52 257 246·10 259 247·29 

July ...... .. . ... .. . .. . . . . . 265 246·30 257 245·88 266 246·95 

August ...... ... . . . .... . .. 255 245·90 246 245·48 255 246·44 

September . .. . ..... . .... . 25 245·52 249 245·10 245 245·99 

October .... .. . . .. ..... . .. 239 245·29 231 244·87 235 245·70 

November ... ..... .. .. . .. 241 245·1 232 244·76 227 245·65 

December ........ ... . .... 229 244·92 221 244 ·50 2051 245·63 
2052 245·61 

1881-
January .. .... . ... . . . ... . . 1 6 244·74 177 244·32 205 245·09 

February ........ ... . ... . . 195 245·06 186 244·64 202 245·21 

March ........ .... . . . ... . . 21 245·60 209 245·18 204 245·81 

April ...... . . .. . .. . ....... 248 245·90 239 245·48 2121 246·"13 
2262 246·35 

fay . . . ..... . ............ 252 246 ·10 244 245·68 222 246·83 

June ....... ... . . . ......... 257 246·24 249 245· 2 250 246·95 

July ....... ... . . . . .. .. ... . 259 246·12 251 244·70 257 246·75 

August .......... ... ... . . . 252 245·68 243 244·26 250 246·23 

September ........ .. .. . . . 242 245·29 233 244·87 239 245·77 

October .... . .... . ....... . 235 245·18 226 244·75 229 245 · 62 

Tovember ........ . . . ... . 235 245·18 226 244·76 230 245·57 

December ......... . ...... 236 245·46 228 245·04 2041 245·86 
2072 246·14 

1882-
January ..... . .... . .. . ... . 229 245·82 221 245·40 209 246·65 

February ........ . . . . . ... . 231 246·20 222 245·78 225 247 ·00 

~1arch ......... . . .. ...... . 247 246·66 238 246·24 244 247 ·39 

April. ................ .. . . 269 . 246·92 261 246·50 2711 247 ·45 
2922 247·37 

May .......... .. .... . ... . 273 247·28 264 246·86 279 247·55 

June .............. . .... . .. 2 6 247·52 277 247 ·10 287 247·67 

July ........ . .... .. .... ... 2 5 247 ·36 277 246·94 285 247·41 

August .... ... . . .. . .. .. . .. 278 247·00 269 246·58 270 247·03 

eptember .... . ..... . . . . . 267 246·56 258 246·14 271 246·43 

October ..... . . ... .. . .. .. . 255 246·09 247 245·67 251 245·91 

November ...... .. .. . . . . . 245 245·74 237 245·32 239 245 ·53 

December ......... . ... . . . 216 245·46 238 245·04 2041 245· 61 
2052 245·67 

1883-
January .......... . .... . . . 211 245·35 203 244·93 205 245·53 

February ........ . ... . . . . . 192 245·50 184 245·08 207 245·39 

March ......... .. ........ . 213 245·88 204 245·46 205 245·77 

April .......... . ..... . ... . 253 246·46 245 246·04 2061 246·29 
2252 246·70 

May ..................... 268 247 ·14 260 246·72 236 247·68 

June ...... . .. . . . . .. ...... . 284 247 ·76 275 247·34 284 248 ·19 

July .............. . ...... . 293 247 ·93 284 247 ·51 299 248·18 

August .... . ............. . 289 247 ·60 281 247·18 288 247·76 

eptember .......... . .... 279 247·14 270 246·72 287 247 ·08 

October ..... . . . .......... 268 246·80 260 246·38 273 246·58 

November . . .......... . .. 265 246· 62 257 246·20 269 246·58 

December ......... . ...... 263 246·53 254 246 ·11 2941 245·94 
2112 246·16 

1884-
January .. . .... . . . ... . . . . . 226 246·70 218 246·28 209 246·44 

February ... . ............ . 234 247 ·22 225 246·80 222 247·00 

March ... . ............. . . . 248 247 ·86 240 247 ·44 244 247 ·59 

April. ... . ........... . ... . 294 248·18 285 247 ·76 2751 247·81 
3102 247 ·81 

May ..................... 298 24 ·14 290 247 ·72 309 247 ·52 

--1-First half of month. 2 Second half of month. 
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TABLE 19.-EFFECT OF PROPO E D PROG R AM FOR REGULATION OF LAKE ONTARIO 
ALO JE-Continued 

nregulated with Unregulated wit h Regulat ed with 
actual diversions continuous diversion diversion of 

(from records) of 8 , 500 c.f. s . 8, 500 c.f.s. 

Year and Month E levation 
Discharge Ontario Discharge Elevation Discharge Elevation 

1,000's (Oswego) 1, OOO 's On tario 1, OOO 's Ont ario 
of c.f.s. end of of c.f.s. end of of c.f.s. end of 

m ont h m onth period 
(a) (b ) (c) (d ) (e ) (f) (g ) 

1884-
June .. .. . .. . . .. . . .. ...... . 293 247 ·98 285 247·56 293 247 ·26 
July . . ... ... . . . . . . . .. .. .. . 293 247 ·76 285 247 ·34 278 247 ·12 
August ... .. . ... . . . . . .. . . . 287 247·44 279 247 ·02 268 246·93 

eptember . . . .. .. ... .. .. . 275 247 ·01 267 246 ·59 270 246·47 
October . . .. . . . .. . . . . . .. . . 264 246 ·55 256 246·13 254 246 ·03 

ovember . . . .. . . . ... .. . . 256 246·22 248 245 ·80 247 245·71 
D ecember . .. .. ... . ..... . . 252 246·14 243 245 ·72 2061 245·91 

2082 246·09 
1885-

January . . ...... . . . .... .. . 228 246·00 219 245 -58 209 246·08 
F ebruary .. . . . . . . ...... . . . 212 245·73 204 245 ·31 218 245·63 
March . .. .. . . . . .. . . ... . ... 209 245 ·93 200 245 .51 208 245·73 
April. ... . . .. . . . .. . ... .. . . 241 246 ·67 233 245·25 2101 246·24 

2392 246·56 
May . . . . . .. . .... . . . .... . . 272 247 ·26 263 246 ·84 242 247 ·42 
June .. . .. . ..... . . . . . . ... . . 281 247 ·51 273 247·09 286 247 ·51 
July . .. .. .. . . . .. . . .. . . . .. . 283 247 ·50 274 247·08 287 247 ·33 
August ... ... . . . .. . .. .. .. . 276 247 ·32 268 246 ·90 275 247 ·05 
September ...... . . . . .. ... 273 247 ·12 . 265 246·70 280 246·66 
October . . .... . ...... . . . . . 268 247 ·04 259 246 ·62 269 246·46 
November ... . .. . .. . . . .. . 269 247 ·16 260 246·74 279 246·35 
December ... ... . ... .. . .. . 276 247 ·42 267 247 ·00 2991 246·27 

2182 246·71 
1886-

January . .. . . . .... . ..... . . 256 247 ·64 247 247 ·22 214 247 ·35 
F ebruary ... ... . . . ........ 256 247 ·74 247 247 ·32 233 247-63 
March ... . . .. ...... ..... . . 259 248 ·12 251 247 ·70 253 247 ·98 
April. ...... . .. . . . . ... . . . . 298 248·54 290 248 ·12 2841 248·23 

3102 248·31 
May . .. .. . . . . .. . .. . . . . ... 304 248 ·54 296 248 ·12 310 248 ·13 
June . . . .. .. . . . ..... .. . . ... 300 248 ·24 291 247 ·82 310 247 ·59 
July .... .. . . .. . . . ...... . . . 293 247 ·82 284 247-40 294 247-05 
August. ... .. . . .. . ... . ... .. 284 247 ·42 276 247 ·00 270 246·73 

eptember . .... .. . . .. . . . . 277 247 ·10 268 246 -68 264 246-47 
October .... . .. . . .. .. . ... . 268 246 ·73 260 246·31 259 246·11 
November . .. . ......... .. 266 246·46 257 246-04 251 245·92 
December . . . . . .. . . .. .. . . . 261 246· 30 253 245· 88 2091 246·13 

217 2 246·29 
1887-

January .. . ..... . .. . .... .. 233 246·54 224 246·12 210 246-70 
F ebruary . .. .... . . . ... . ... 258 247 ·18 249 246·76 225 247·64 
March . ..... . .... . . . . . . . .. 264 247 ·54 256 247 ·12 254 248 ·03 
April ....... . . .. . . . .. . .. . . 288 247 ·92 280 247 ·50 2851 248·18 

3102 248-18 
May . . . . . . . . .. . .. .. . .... . 296 248 ·18 288 247-76 310 248·16 
June . .. .. . . . .. .. . . ... . . ... 296 248· 02 288 247 ·60 310 247-72 
July . .. . .. . . .. .. . . .. . . . . .. 289 246· 62 281 247 ·20 291 247 ·20 
August ... .... . . .. . . . . .... 277 247 ·06 268 216 ·60 269 246·62 
September .... . .... ...... 265 246· 56 256 246 ·14 255 246·13 
October . .. .. . .... . .. . . . . . 258 246·20 250 245 -78 243 245-85 
November .. . ... . . . . . . . . . 246 245·88 238 245·46 237 245·54 
D ecember . . . . . .. . . . . . .. .. 242 245·60 233 245·18 2041 245·59 

2052 245·63 
1888-

January . ....... . ... . . .. . . 214 245·37 205 244 ·95 205 245·41 
F ebruary . .. . ... . . . . . . . . . . 194 245·42 186 245· 00 205 245·22 
March . .. . .... .. . .. . . ... . . 208 245·86 200 245 ·44 204 245·61 
April .. . . ........ . . ... . ... 253 246·20 245 245·72 2081 246 ·01 

2192 246 ·33 
M a y .. .. ..... ............. 256 24 ·2 6 6 248 245 84 221 246 72 

~irst hall of month. 2 Second hall of month~ 

·-- -- ~-
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TABLE 19.-EFFECT OF PROPOSED PROGRAM FOR REGULATIO OF LAKE ONTARIO 

ALONE-Continued 

Unregulated with Unregulated with Regulated with 

. actual diversions continuous diversion diversion of 

(from records) of 8,500 c.f.s. 8, 500 c.f.s. 

Year and Month Elevation 
Discharge Ontario Discharge Elevation Discharge Elevation 

1,000's (Oswego) 1,000's Ontario 1,000's Ontario 

of c.f.s. end of of c.f.s. end of of c.f.s. end of 

month month period 

(a) (b) (c) (d) (e) (f) (g) 

1888-
June ...................... 258 246·31 250 215·89 246 246·82 

July ...................... 258 246·29 250 245·87 256 246·72 

August ................... 257 246·04 248 245· 62 250 246·44 

September .............. . 249 245·67 240 245 ·25 247 245·59 

October ................. . 239 245·46 231 245·04 236 245·71 

November ............... 239 245·42 231 245·00 228 245·70 

December ................ 240 245·52 231 245·10 2061 245·90 
2072 246·10 

1889-
January .................. 226 245·69 217 245·27 209 246·38 

February ....... ....... .. . 212 245·84 204 245·42 221 246·32 

March ......... . ... .... . .. 220 246 ·05 212 245·63 227 246·33 

April ........ .. .... ....... 256 246·24 248 245·82 2321 246·53 
2492 246·62 

May .................... . 258 246·48 249 246·06 239 246·98 

June ...................... 267 246·72 259 246·30 256 247 ·26 

July ...................... 270 246·70 262 246·28 271 247 ·12 

August ................... 265 246·29 256 245·87 263 246·62 

September ............... 253 245·79 244 245·37 253 246·01 

October ..... . . .. .. ....... 239 245·37 230 244·95 239 245·47 

November .... ........... 234 245·46 226 245·04 226 245·56 

December ............... . 245 246·00 237 245·58 2041 246·04 
2162 246·44 

1890-
January ........... ....... 239 246·46 230 246·00 212 247·09 

February ........... ...... 239 246·76 231 246·34 230 247·44 

March .......... . ........ . 2.52 247·05 243 246·63 251 247·63 

April ............ . ...... .. 276 247 ·35 268 246·93 2761 247·73 
3012 247·68 

May ..................... 285 247·84 276 247·42 290 247 ·99 

Jun~ ...................... 295 248·08 286 247 ·66 306 247·99 

July ...................... 295 247 ·66 286 247 ·24 299 247·41 

August ................... 280 247·14 271 246·72 269 246·92 

September ............ ... 273 246 ·80 265 246·38 264 246·58 

October .................. 264 246·68 255 246·26 255 246·47 

November ............... 265 246·62 256 246·20 270 246·25 

December ........... ..... 259 246·35 250 245 ·93 2951 245·84 
2072 245·98 

1891-
January ...... .. ...... .... 232 246·32 224 245·90 208 246·14 

February ........ ...... . .. 233 246·72 224 246·30 218 246·62 

March ............ ........ 247 247 ·23 239 246·81 237 247 ·14 

April ....... .............. 283 24.7·36 274 246·94 2641 24'1·26 
2762 247 ·31 

May ................. . .. . 279 247 ·04 270 246·62 271 247·09 

June ...................... 268 246·69 260 246·27 259 246·75 

July .......... .... ... ..... 266 246·33 257 245·91 247 246·51 

August ........... . ....... 255 245·90 247 245·48 241 246·15 

September ........... .... 245 245·36 236 244·94 234 245·64 

Octoher .................. 230 244·74 221 244·32 222 245·02 

November .............. . 222 244·42 213 244·00 213 244·71 

December ............... . 221 244·46 212 244·04 1971 244·82 
1982 244·92 

1892-
January ............. . ... . 202 244·50 193 244·08 199 244·90 

February ....... .......... 187 244·54 178 244·12 201 244·65 

March ........ ............ 190 244·90 182 244·48 199 244·80 

April ..... ........... ..... 231 245 ·22 222 244·80 1991 245·10 
2002 245·40 

M a y ····· ················ 234 245 ·53 225 245·11 199 246·04 

~st half of month. 2 Second half of month. 
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TABLE 19.-EFFECT OF PROPOSED PROGRAM FOR REGULATION OF LAKE 0 TARIO 
ALO E--Continued 

Unregulated with Unregulated with Regulated with 
actual diversions continuous diversion diversion of 

(from records) of 8, 500 c.f.s. 8, 500 c.f.s. 

Year and Month Elevation 
Discharge Ontario Discharge Elevation Discharge Elevation 

1,000's (Oswego ) 1, OOO's Ontario 1, OOO's Ontario 
of c.f.s. end of of c.f.s. end of of c.f.s. end of 

m onth month period 
(a ) (b ) (c) (d) (e ) (f) (g ) 

1892--
June .... .• . .. ..... . . . . ··.· 247 246·06 238 245·64 211 246 ·92 
July . ..... .... . .... .. .. . .. 260 246·28 252 245·86 250 247 ·17 
August ... .. .. . ... . . . ..... 255 246 ·14 246 245 ·72 256 246·91 
September . .............. 254 245·82 246 245·40 257 246 ·45 
October ... . .............. 242 245 ·46 234 245 ·04 244 245 ·96 

ovember ... .... . ....... 236 245· 26 227 244·84 231 245 ·71 
December ......... .. . .. . . 232 245·04 224 244·62 2061 245·71 

2062 245·71 
1893-

January .. ..... . ... . ...... 201 244 ·82 192 244 ·40 206 245·32 
February .. ..... . . ........ 183 245·00 174 244·58 204 245 ·13 
March ... .. . .. .. . ....... . . 199 245 ·62 190 245·20 203 245 ·59 
April . . ... .. . . . ..... ..... . 249 246·57 240 246 ·15 2021 246·30 

2252 246·88 
May .. .... . .... . ..... . ... 275 247 ·26 266 246·84 244 247 ·86 
June .. .. . . ... . . ..... ... . . . 282 247·24 274 246·82 297 247·55 
July .. . . . .. . . ... . . . ... . ... 277 246·84 268 246·42 277 247·04 
August ... .... . .. . .... . . . . 262 246 ·44 254 246·02 257 246·60 
September . . . ... . . . .... . . 259 246·04 250 245·62 248 246·22 
October .... . .. ........... 247 245·58 239 245 ·16 238 245·77 
November ... .. . . . ....... 238 245·30 230 244·68 228 245·52 
December .. .. . . . ... . ..... 233 245 ·39 225 244·97 2041 245·70 

2062 245·86 
1894----

January .. .... . ... . ....... 218 245·65 209 245·23 207 246 ·15 
February .. .. ... .. . . . . . ... 197 245·89 188 245·47 218 246·01 
March . ......... .. . ... . ... 230 246·06 222 245·64 217 246·23 
April . .... ... .. .. . ........ 251 246·18 • 243 245·76 2271 246·38 

2342 246·49 
May . . . . .. . .. . ....... . ... 256 246·54 248 246·12 228 247 ·09 
June ...... .. . . . ..... . . . ... 269 246·70 260 246 ·28 259 247·27 
July . ... ... . . . . ........... 263 246·31 255 245 ·89 269 246·71 
August . . . ................ 250 245·76 241 245·34 250 246·05 
September . . . ............ 240 245 ·38 232 244·96 235 245.63 
October . . .... . . . ... . ..... 234 245 ·10 225 244·68 225 245 ·35 
November ... .... . ....... 229 244 ·76 220 244·34 219 245·03 
December . .. .. . . . ...... . . 220 244 ·54 211 244·12 2001 244·99 

2002 244·95 
1895-

January . . ..... .... . ..... . . 196 244·46 187 244·04 199 244·73 
February ....... .. . ....... 178 244·38 170 243·96 199 244·29 
March ... . .. . .. .... . .... . . 181 244 ·60 172 244·18 193 244·25 
April ..... ................ 224 244·94 215 244·52 1981 244·53 

1982 244·81 
May . .. . ....... . . . . . ... . . 229 244·94 220 244·52 198 245·09 
June ........ .. . ........... 226 244·74 218 244·32 196 245·17 
July . .. ... ............. . .. 220 244· 46 211 244·04 195 245 ·09 
August . .. ................ 217 244·17 20 243 ·75 205 244·71 
September ............... 208 243 ·83 200 243·41 203 244·32 
October . . ..... · ........ .. . 200 243·54 192 243 ·12 202 243·77 
November . . ... . ......... 194 243·42 185 243·00 191 243·58 
December . . . .. ....... . .. . 194 243 ·62 185 243·20 1881 243·66 

1892 243·74 
1896--

January . . ..... .. . . . . ..... 187 244·03 179 243 ·61 182 244·10 
February ....... .......... 188 244 ·38 180 243·96 189 244·34 
March .. .. . .. ............. 185 244 ·95 177 244·53 194 244·70 
April . .................... 233 245·42 225 245·00 1911 245 ·14 

1922 245 ·58 
May ............ . . ....... 237 245 ·39 229 244·97 191 246 ·03 

~irst half of month. 2 Second half of mont h. 
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TABLE 19.-EFFECT OF PROPOSED PROGRAM FOR REGULATION OF LAKE 0 TARIO 

ALO E-Continued 

Unregulated with nregulated with Regulated with 

actual diversions continuous diversion diversion of 

(from records) of 8, 500 c.f.s. 8, 500 c.f.s. 

Year and Month Elevation 
Discharge Ontario Discharge Elevation Discharge Elevation 

1, OOO's (Oswego) 1, OOO's Ontario 1,000's Ontario 

of c.f.s. end of of c.f.s. end of of c.f.s. end of 

month month period 

(a) (b) (c) (d) (e) (f) (g) 

1896---
June ............. ......... 237 245·22 229 244·80 204 246·17 

July ....... ......... ... ... 233 245·01 224 244·59 218 246·03 

August ............... .. . . 228 244·70 219 244·28 219 245·72 

September .......... ..... 216 244·34 207 243·92 216 245·26 

October . . ................ 209 244·10 200 243·68 20 244·92 

November ...... ... ... . .. 209 243·97 200 243 ·55 205 244·73 

December ............. ... 204 243·92 195 243·50 1981 244·68 
1972 244·64 

1897-
January .................. 187 243 ·85 178 243 ·43 197 244·34 

February ....... ........ . . 1 2 244·07 173 243 ·65 194 244·30 

March ........ ............ 193 244·64 184 244 ·22 193 244·76 

April ...... ... ... ......... 229 245·18 220 244·76 1941 245·20 
1952 245·64 

May .................... . 239 245·50 231 245·08 198 246·36 

June ........ .... ......... . 245 245·61 236 245·19 225 246·61 

July ....... ... ....... ..... 242 245·60 233 245·18 240 246·52 

August .................. . 242 245·35 233 244·93 240 246·18 

September .. ............. 228 244·78 220 244·36 235 245·42 

October ................. . 215 244·44 207 244·02 217 244·94 

November .. ............. 211 244·44 203 244·02 211 244·84 

December . ....... ........ 215 244·56 207 244·14 1981 244·96 
1992 245·07 

1898-
January .... ... ... ........ 201 244·86 193 244·44 200 245·28 

February .......... ....... 210 245·28 201 244·86 2().1 245·67 

March ........... ... ... . .. 223 245·70 214 245·28 209 246·16 

April ...... ... ......... . . . 244 246·00 235 245 ·58 2191 246·41 
2312 246·59 

May . .................... 249 246 ·10 241 245·68 231 246·81 

June ..... ................. 250 245·99 241 245·57 244 246·67 

July ....... ......... ..... . 244 245·68 236 245 ·26 243 246·27 

August ... ................ 237 245·30 229 244· 8 233 245·85 

September ............... 228 244·96 220 244·54 226 245·43 

October ....... ........... 221 244·86 213 244·44 216 245·29 

November ... ............ 221 244·90 213 244·48 214 245·31 

December .. ...... ...... . . 224 244·94 215 244·52 2021 245·41 
2032 245·51 

1899-
January ........... . . . . ... 205 244·93 196 244·51 204 245·40 

February ............ ..... 198 245·00 189 244·58 205 245·28 

March ........ ............ 210 245·41 201 244·99 204 245·66 

April ...... . . ... ......... . 241 245·82 232 245·40 2011 246·06 
2112 246·40 

May .. ................... 247 246·00 238 245·58 216 246·86 

June ........ ...... ..... ... 251 246·00 243 245·58 244 246·85 

July ........ .............. 246 245·69 238 245·27 250 246·39 

August .... . ... ........... 234 245·20 226 244·78 239 245·74 

September .. . . ..... . ..... 224 244·75 216 244·33 226 245·16 

October .... .... . ......... 215 244·48 207 244·06 216 244·77 

November .... . . ......... 213 244·39 205 243 ·97 212 244·59 

December ........ .. ..... . 215 244·50 207 244·08 1961 244·71 
1972 244·82 

19QO-
January .................. 199 244·76 193 244·48 198 245·02 

February ........ ....... . . 199 245·04 194 244·76 202 245·20 

March ........... . . . . ..... 204 245·50 198 245·22 203 245·50 

April .. ... ................ 242 245·90 236 245·62 2001 245·92 

May ..................... 248 245·95 242 
2082 246·30 

245·67 212 246·72 

--1-Flrst hail of month. 2 Second hail of month. 
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TABLE 19.-EFFECT OF PROPO ED PROGRAM FOR REGULATIOr OF LAKE 0 TARIO 
ALO E-Continued 

[ Unregulated with Unregulated with Regulated with 
actual diversions continuous diversion diversion of 

(from records) of8,500c.f.s. 8,500 c.f.s. 

Year and :Month Elevation 
Discharge Ontario Discharge Elevation Discharge Elevation 

1, OOO's (Oswego) 1,000's Ontario 1, OOO's Ontario 
of c.f.s. end of of c.f.s. end of of c.f.s. end of 

month month period 
(a) (b) (c) (d) (e) (f) (g) 

190G-
June .. . . . ... .. . . . .... .. . .. 249 245·86 243 245·58 236 246 ·72 
July .. . .... . . . .. .. . . . .. . .. 247 245 ·68 242 245·40 240 246 ·56 
August ... .... .. .. . . .... .. 240 245 ·33 234 245·05 238 246 ·16 
September .. .... . ........ 232 244·92 227 244·64 232 245·68 
October .... .. . .... . .. . ... 223 244·64 218 244·36 224 245 ·32 

ovember ...... . . ....... 219 244·70 213 244·42 218 245·32 
December ........ . . .. . . . . 226 244·76 220 244·48 2021 245·47 

2042 245 ·59 
1901-

January .. ...... . . . ..... . . 205 244·65 200 244·43 205 245·41 
February ....... .... . ..... 200 244·50 196 244·28 205 245 ·15 
:March ......... . .. .. . . . .. . 198 245·01 193 244·79 203 245·54 
April ..... .. . . .. . .. ... . .. . 237 245·77 233 245·55 2031 246 ·12 

2182 246·60 
:May . .. . . . . ............ .. 246 245·95 242 245·73 233 246·89 
June ........ .. . ... . ....... 249 245·86 245 245·64 249 246·75 
July ...... .. .. . . .. . .. . .. . . 244 245·58 239 245·36 247 246 ·37 
August ... .. ... .... . .. . ... 237 245·26 233 245·04 238 245 ·98 
September . . . .. . . .. ...... 231 244·88 227 244·66 233 244 ·52 
October .... . . .. . ... . . . ... 223 244·46 219 244·24 221 244 ·07 

ovember .... ... . ...... . 213 244·32 208 244·10 216 244·83 
December ....... ... . .. . .. 216 244·39 212 244·17 1981 244·95 

1992 245·06 
1902-

January .. .. ..... .. ... .... 197 244·36 193 244·15 200 244 ·95 
February ....... .. . . . ... . . 177 244·62 172 244·41 201 244·85 
March ........ ........ . .. . 208 245·18 204 244·97 200 245·45 
April ..... ... . .... . . . ..... 237 244·44 232 245·23 1991 245 ·79 

2042 246 ·09 
May .. . . . . . .... .. . . . .. . .. 240 245·51 235 245 ·30 204 246·55 
June .......... .. . .... . .. . . 242 245·76 238 245·55 230 246 ·90 
July ....... .... .. . . ... . . . . 250 246·04 245 245·83 247 247 ·16 
Augu t .... . . . .. .. . ....... 251 245·88 247 245·67 254 246·91 

eptember .. . . . ... . . . . ... 244 245·54 239 245·33 255 246·37 
October. ..... .. ... . . . ... . 237 245·24 233 245·03 238 246·01 

ovember .. . .. . .. . . . . . . . 230 244·97 226 244·76 228 245·71 
December ........ ... .... . 225 244·90 221 244·69 2061 245 ·76 

2062 245·81 
1903-

January .... .. ... .. .... ... 209 245·04 205 244·86 206 245·95 
February ....... ... . .. . . . . 207 245·46 204 245·28 215 246·23 
March .............. . .. .. . 225 246·10 222 245·92 224 246·84 
April. ..... .. .... ..... . ... 258 246·50 254 246·32 2521 247·05 

2622 247 ·20 
May ............. . . . . . . . .. 261 246·50 257 246·32 260 247 ·16 
June ... . .... ...... . ....... 257 246·52 254 246·34 256 247 ·16 
July ...... . . . . .. . .. .. . . .. . 260 246·47 257 246·29 257 247 ·11 
August . .. ... .. . .. .... . ... 256 246·21 253 246·03 253 246·85 

eptember .... . . . . . . . . ... 251 245·90 248 245 .72 251 246·63 
October ..... . .. .... . . . . .. 240 245·54 236 245·36 251 246·08 
November ... ... . . .. .. . .. 227 245·24 224 245·06 236 245·63 
December . . ...... .. . . . ... 220 244·92 216 244·76 2051 245·54 

2042 265·46 
1904-

January ..... .. ...... . .. .. 192 244·86 188 244·66 204 245·20 
February ....... ...... ... . 196 245·32 192 245·12 203 245·52 
March . ........ . .. . . .. . ... 207 246·32 203 246·12 207 246·47 
April ...... . ... ... . . . .. . .. 255 247 ·30 251 247 ·10 2351 247 ·06 

?.632 247 ·47 

~rst half of month. : Second half of month. 
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TABLE 19.-EFFECT OF PROPO ED PROGRAM FOR REG"GLATIO~ OF LAKE 0:::\T.-\RIO 

ALO ~E-Continued 

Year and l\Ionth 

(a) 

1904-
:r.-Iay ............ ....... . . 
June ............ . .. . . .. . . . 
July ........... . . .... . .. . . 
August .......... .... . . . . . 

eptember . . .. ........ . . . 
October ....... . . ... . .... . 
r ovember .... .... . ..... . 
December ....... . .. . . .. . . 

1905--
January ......... . . ...... . 
February ........ . . ..... . . 
}larch .......... ..... . .. . . 
April ... . ........ . . .. . . . . . 

~fay .......... . .. .... .. .. . 
June ............ ....... .. . 
July ............ ...... . .. . 
August ............ .... .. . 

eptember ..... . . ... . ... . 
October ......... .. . ..... . 

ovember ..... .. . . .. .. . . 
December ....... .. . ..... . 

1906-
January ...... ......... .. . 
February . ...... ... . .. . . . . 
farch ......... ..... . . . .. . 

April. ......... ..... . .... . 

~fay .. . ... . . ............ . 
June ... . .. ... ... . . . . ..... . 
July ....... .. .. ..... . ... . . 
August ... .. ... .... . ..... . 

eptember ... ........... . 
October ... . ... ...... . ... . 
1 ovember ... ........... . 
December ....... . . .. . ... . 

1907-
January ....... . . . . .. .. .. . 
February ....... ......... . 
March ..... . . ............ . 
April ..... . .... ...... .... . 

May ........... . . . . ... . .. . 
June ........ . .. .. . .. .. . .. . 
July ........... ........ . . . 
August . . . . ... .. ........ . . 
September . . .. .... . . .. .. . 
October .... . . . .. ..... . .. . 
November .. .. .. ........ . 
December ...... . . . . ..... . 

190-
January .... .. . ......... . 0 

February . . ..... ........ . . 
March .......... ... 0 •••• • • 

April ........... . 0 • •••••• • 

~ir t half of month. 
45827-14 

Unregulated with 
actual di\'er ions 

(from record ) 

Di charge 
1, 000' 
of c .f. 

(b ) 

270 
277 
279 
275 
266 
257 
245 
223 

19 
205 
199 
242 

244 
251 
260 
259 
256 
250 
243 
237 

229 
221 
21 
243 

247 
249 
252 
245 
236 
233 
231 
229 

212 
21 
224 
256 

262 
263 
265 
260 
251 
249 
247 
247 

221 
21 
223 
2 1 

Elevation 
Ontario 

(0 wego ) 
end of 
mont h 

(c) 

245-64 
245·39 
245-71 
246·19 

246·42 
246·78 
246·94 
246· 2 
246·60 
246·26 
245·9 
246 ·00 

246·11 
246·00 
246·0 
246·32 

246·40 
246·49 
246°42 
246·04 
245 ·64 
245 ·53 
245· 66 
246-04 

246·40 
246·46 
246·66 
246·96 

247 ·10 
247 ·12 
247 ·01 
246°70 
246 ·49 
246 ·40 
246°33 
246·53 

246· 6 
247 ·19 
247 ·71 
24 ·24 

2 ccond h alf of month. 

Discharge 
1, OOO's 
of c .f. 

(d ) 

266 
273 
275 
271 
262 
253 
241 
219 

194 
201 
195 
23 

240 
247 
256 
255 
2.52 
246 
239 
233 

225 
217 
21-:1: 
23 

243 
245 
247 
240 
232 
229 
227 
225 

209 
215 
220 
253 

259 
260 
261 
257 
247 
246 
243 
243 

217 
214 
220 
217 

EleYation 
Ontario 
end of 
m onth 

(e) 

245·44 
245·19 
245·51 
245·99 

246·22 
246·5 
246-74 
246·62 
246·40 
246·06 
245·7 
245· 0 

245· 9 
245° 78 
245· 6 
246°10 

246·1 
246·27 
246 · 20 
245 · 2 
24.5·42 
2!5·31 
245°44 
245· 2 

246·23 
246·29 
246·49 
246-79 

246· 93 
246·95 
246· 4 
246°53 
246·32 
246·23 
246·16 
246 ·36 

246·70 
247 ·03 
247 ·55 
248-08 

Di ch arge 
1 ,000' 
of c.f.s. 

(f) 

27 
293 
2 3 
269 
273 
256 
242 
2051 
2042 

204 
203 
201 
2031 
2062 
210 
242 
263 
262 
264 
255 
242 
2061 
2162 

209 
222 
225 
2251 
23 2 

232 
246 
253 
249 
239 
227 
22-! 
2061 
2162 

210 
224 
235 
2421 
2552 
251 
262 
264 
259 
252 
247 
24 
267 1 

2162 

211 
226 
243 
2691 

2962 

Elevation 
Ontario 
end of 
period 

(g ) 

247-77 
247·66 
247 ·44 
247 ·14 
246·62 
246·14 
245·5 
245·53 
245°4 

245·19 
244°91 
245·16 
2-!5 ° 61 
246·05 
2±6·65 
247·07 
247 ·15 
246·95 
246·59 
246·14 
245· 3 
246·01 
246·12 

246-42 
246·24 
246·1 
2!6· 3 
246· 50 
246·71 
246°79 
246·65 
246·16 
245· 67 
245·5 
245°74 
246·04 
246-29 

246·63 
246·53 
246·54 
246·76 
246· 90 
247 ·14 
247 ·14 
246°99 
246-65 
246· 37 
246·26 
246·14 
246·09 
246° 37 

246°7 
246°97 
247 ·32 
247 ·64 
2-!7 ·79 
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TABLE19.-EFFECT OF PROPO ED PROGRAM FOR REGULATIO OF LAKE ONTARIO 
ALONE-Continued 

Unregulated with nregulated with Regulated with 
actual diversions continuous diversion diversion of 

(from records) of 8, 500 c.f.s . 8, 500 c.f.s. 

Year and Month Elevation 
Discharge Ontario Discharge Elevation Di charge Elevation 

1,000's (Oswego) 1,000's Ontario 1,000's Ontario 
of c.f. . end of of c.f. . end of of c.f. . end of 

month month period 
(a ) (b ) (c) (d ) (e) (f) (g) 

1908-
May ..... .. . . ....... . . . . . 292 248·54 289 248·38 296 248·00 
June .. .. .. .... . ........... 294 248·48 291 248·32 309 247 ·71 
July ...................... 289 248·14 286 247 ·98 287 247 ·36 
August ................... 279 247 ·55 276 247 ·39 269 246·86 

eptember ........ . . ... . . 264 246·79 260 246·63 261 246·10 
October . ........ ... . ... .. 249 246·18 245 246·02 238 245·59 
November ... ............ 239 245·72 236 245·56 225 245·27 
December .... .. . . ..... . . . 230 245·34 227 245·18 2021 245·25 

2022 245·23 
1909-

January . .. . .. .... ..... . . . 203 245·23 201 245·09 202 245·11 
February .. . .... .. ....... . 197 245·49 194 245·35 203 245·26 
March ................. . . . 211 245·94 208 245·80 204 245·76 
April ..... .. ..... . ... . ... . 243 246·67 240 246·53 2061 246·34 

2292 246·76 
May .. .................... 262 247 ·23 259 247 ·09 237 247·60 
June ...................... 267 247·23 264 247 ·09 283 247·36 
July . . ......... . ... ..... . . 264 246·99 262 246·85 269 247·02 
August .. .............. ... 257 246·55 254 246·41 255 246·57 
September ............... 245 246·06 242 245·92 ?45 246·05 
October . .. .............. . 237 245·60 235 245·46 233 245·61 
November .............. . 225 245·28 222 245·14 221 245·30 
December ... .. ... .... .. . . 224 245·08 221 244·94 2021 245·32 

2022 245·34 
1910-

January ......... . .. . . .... 198 244·98 195 244·85 203 245·14 
February ..... . .. ....... . . 188 245·39 186 245·26 203 245·34 
March ............... ... . . 214 245·86 212 245·73 205 245·89 
April. .. .. ................ 238 246·20 235 246·07 2091 246·21 

2222 246·46 
May ...... . ............. . 249 246·44 246 246·31 221 247·01 
June ....... . ... . . . ... ... . . 250 246·37 247 246 ·24 250 246·91 
July ...... .... . ........... 247 246·17 244 246·04 249 246·65 
August ..... .. . . . ......... 243 245·88 241 245 ·75 238 246·39 
September .... ... . ..... . . 232 245·54 230 245·41 234 246·00 
October . .... ............. 227 245·26 224 245 ·13 226 245·70 
November ........... .. . . 221 245·02 218 244·89 220 245·44 
December . . .. . ....... .... 216 244·83 214 244·70 2031 245·42 

2032 245·40 
1911-

January . . . ... · ... . . ... ... . 194 244·81 192 244·70 203 245·24 
February ....... . .. ..... . . 191 244·91 188 244·80 204 245·14 
March .................... 197 245·20 194 245·09 203 245 ·33 
April. .. ... .. .... .. ....... 225 245·52 223 245·41 1941 245·67 

1982 245·98 
May ........... .. ... ...... 232 245·63 230 245·52 196 246·52 
June ...... . ........ ....... 233 245·60 231 245·49 224 246·57 
July ............. ......... 232 245·36 230 245·25 231 246·32 
August ................... 224 245·03 221 244·92 226 245·93 

eptember ..... .......... 215 244·75 213 244·64 219 245·57 
October ............ . ..... 212 244·56 210 244·45 209 245·38 
November ....... ........ 213 244·56 210 244·45 208 245·40 
December .......... ...... 214 244·69 211 244·58 2031 245·52 

2042 245·63 
1912-

January ............... ... 192 244·81 191 244·74 205 245·58 
F ebruary ................ . 181 244·98 180 244·91 207 24.5·40 
March .... ..... ........... 1 9 245·71 187 245·64 205 245·91 
April. ... ................. 237 246·57 235 246·50 2021 246 ·55 

2312 247·00 

~st half of month. 2 econd half of mon h . 
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TABLE 19.-EFFECT OF PROPO ED PROGRA I FOR REG -LATION OF LAKE O~TARIO 

A.LO::'{E-Continued 

nregulated with Regulated with 

actual diversion diver ion of 

(from record ) 8, 500 c.f.s. 

Year and Month Elevation 
Di charge Ontario Di charge Elevation Discharge Elevation 

1,000' (0 wego) 1,000's Ontario 1,000' Ontario 

of c.f .. end of of c.f. end of of c.f. . end of 
month month period 

(a) (b) (c) (d) (e) (f) (g) 

1912-
May ...... ............... 2!14 247 ·08 253 247 ·01 242 247 ·65 

June ......... ............. 269 247 ·17 267 247·10 276 247 ·63 

July ...................... 259 246·83 258 246·76 272 247·12 

August ........ ... ... . . . . . 253 246·52 252 246·45 249' 246· 4 

eptember ............... 24 246·27 246 246·20 249 246·55 

October ....... ........... 244 246·12 243 246·05 245 246·37 

November ........ .. .. .. . 242 246·09 241 246·02 252 246·21 

December ......... .. .... . 2-14 246·31 242 246·24 2921 246·01 
2162 246·29 

1913-
January .................. 232 246·63 230 246·56 210 246·87 

February ....... .......... 239 246·73 23 246·66 227 246·9 

1arch ............ ........ 234 247 ·2 232 247·21 244 247·3 

April ........ ..... . ....... 273 247·91 271 247· 4 2671 247·73 
2952 247·91 

May ........ ............. 27 24 ·00 277 247·93 300 247·71 

June ............... ..... . . 2 1 247·92 279 247· 5 291 247·49 

July ............. ......... 27 2-17·57 277 247 ·50 274 277 ·18 

August ... ....... . . . .. . ... 266 247·02 265 246·95 259 246·70 

eptember ............... 253 246·51 252 246·44 250 246·21 

October .... . .. ........... 244 246·17 242 246 ·10 237 2-15·93 

November . .. .. . ..... . ... 2-13 245·9 241 245·91 231 245· 7 

December .. .... .......... 240 245·75 238 245·68 2071 245·95 
2122 246·00 

1914-
January .. ................ 214 245·73 213 245·66 208 246·04 

February ... .............. 202 245-77 201 245·70 217 245· 

March ........ ............ 203 246·21 202 246·14 214 246 ·17 

April ..... .... . ........... 250 246· 5 248 2-16·78 2201 246.67 
2-132 247·02 

May . ................... 257 246·93 256 246· 6 249 2-17·1 

June ........ .......... . ... 257 246· 1 255 246·7-1 256 247·0-1 

July ....... ............... 253 246·52 251 246·45 253 246·73 

August ................... 246 246·21 244 246·14 243 246·44 

September . .............. 241 245·8-1 240 245·77 237 246·12 

October ... ............. . . 230 245·42 229 245·35 231 245·68 

November ... ...... . ..... 227 245.0-1 226 244·96 221 245·37 

December . .. ..... ........ 216 244·76 215 244·69 2031 245·29 
2022 245·23 

1915--
January .................. 244·84 198 244· 0 202 245·25 

February ....... .......... 245·13 190 245·09 20-1 245 ·37 

March ......... . 245·15 207 245·11 205 245 ·41 

April ..................... 245·09 221 245·05 1961 245·53 
1982 145·64 

May ..................... 245·13 221 245·09 194 246·02 

June ........... .. .. ....... 245·12 219 245·0 203 246·22 

July ... .. .. ............... 245·28 221 245·24 217 246·43 

August .... ............... 245·44 227 245·40 227 246·5 

September . .............. 245·31 228 245·27 236 246·36 

October .................. 245·05 224 245·01 231 246·02 

~ovember .... ....... ... . 244· 6 21 244· 2 224 245·76 

December ................ 2-14.91 212 244· 7 2061 245·82 
2062 245· 8 

1916--
January .................. 205 245·23 204 245·19 207 246·16 

February ................. 20-1 245·43 203 245·39 219 246 ·16 

March .... .. . ..... ........ 201 245·93 200 245 ·89 222 246·38 

April ..................... 246 246·76 245 246·72 225 1 246·92 
2502 247·30 

--~-First hail of month. 2, econd half of month. 

45827-14! 



212 t. Lawrence Watertvay Project 

TABLE 19.-EFFECT OF PROPO ED PROGR M FOR REGULATIO OF LAKE 0 -TARIO 
ALO -E-Continued 

nregula ted wit h Unregulated with R egulated with 
actual diver ion continuous diversion diver ion of 

(from record ) of8,500c.f.. 8,500 c.f.s. 

Y ear and Month Elevation 
Di charge Ontario Di charge Elevation Discharge Elevation 

1, OOO' s (Oswego) 1,000' s Ontario 1,000' Ontario 
of c.f.s . end of of c.f. . end of of c.f. end of 

month month period 
(a ) (b ) (c) (d ) (e) (f) (g) 

1916---
May .... . ........... ····· 262 247·49 262 247 ·45 262 248·02 
June ... .. . . ....... . ....... 276 247 ·89 275 247 ·85 300 248 ·11 
July ...................... 27 247 ·64 277 247 ·60 29 247 ·60 
August ...... . .. . ........ . 267 247 ·02 266 246·98 26 246 ·96 
• eptember ......... . ... .. 254 246· 37 253 246·33 259 246 ·24 
October . . . ... . ........... 241 245·85 240 245 ·61 238 245 ·75 

'"ovember ... ........... . 231 245·51 230 245·47 226 245 ·46 
December . . .. ... ... ····· · 224 245·31 223 245 ·27 2041 245·48 

2042 245·50 
1917-

January ..... . ............ 204 245·17 203 245 ·13 204 245·35 
February ..... ...... . ..... 205 245·12 205 245·08 205 245·30 
March . . . .. . .. ...... . . . ... 207 245·70 207 245·66 204 245·91 
April. ... . .. . . . ..... . . . ... 243 246 ·38 242 246 ·34 2131 246·43 

2362 246·81 
May . ........ . ... . ...... . 246 246·75 245 246·71 245 247 ·17 
June ...... .. .. . ........... 258 247·22 257 247 ·18 264 247 ·56 
July ... .. . ................ 269 247·40 268 247 ·36 280 247·60 
August .. . .... . ........... 269 247 ·14 268 247 ·10 276 247 ·24 

eptember ... ............ 25 246·80 258 246·76 281 246·60 
October . ... .............. 254 246·68 253 246·64 257 246 ·42 

ovember . .. ...... . . . ... 251 246·57 250 246·53 266 246 ·12 
December . .. . .. .......... 246 246·26 24.5 246·22 2591 245 ·87 

2072 245 ·95 
1918-

January . . ... . ............ 217 246·03 216 245·98 20 245 ·83 
February ... .......... . ... 212 246·30 211 245·25 212 246 ·09 
March ... . .. . ... ····· ..... 228 246·89 227 245·84 220 246 ·77 
April. ... . ...... ·········· 259 247 ·15 258 247·10 2531 246 ·93 

2672 247·01 
May ...... . . . ............ 261 247.07 260 247 ·02 262 246·91 
June .......... ... ····· .... 260 246·93 259 246·88 258 246·79 
. July .. . ........... .... ... . 258 246·64 257 246·59 259 246·4 
Augu t ..... .... .. . . . . . . . 249 246·32 24 246·27 249 246·16 
• eptember ............... 244 246·10 243 246·05 242 245·95 
October .. ..... .... ······· 238 246·00 237 245·95 238 245·84 

ovember ..... .......... 240 245·95 239 245·90 233 245 ·86 
December. .. . ············ L36 245 ·99 235 245·94 2071 246·06 

2162 246 ·20 
1919-

January . . .... ······· · ··· 226 246·00 225 245·96 210 246·40 
February . . . . .. ····· . .. 222 245 ·96 221 245·92 222 246·35 
March ....... . . ... ······. 226 246·22 225 246·18 228 246 ·57 
April ..................... 252 246 · 5 251 246·81 2441 246·92 

2622 247 ·17 
lay ..................... 269 247 ·61 26 247 ·57 266 247 ·96 

June ...................... 279 247· 5 27 247· 1 306 247 ·85 
July . .. . ........ . ..... . ... 275 247 ·54 274 247 ·50 290 247 ·35 
Augu t. ...... ........... 267 247 ·10 266 247 ·06 263 246·95 

eptember ...... ... ······ 256 246· 60 255 246·56 260 246 ·39 
October .................. 246 246 ·23 246 246·19 241 246·08 
November ............... 241 245 ·92 240 245 ·8 234 245·84 
D ecem ber ....... . ..... ... 236 245 ·53 235 245·49 2071 245·82 

2062 245· 1 
1920--

January ............ ······ 201 245·16 201 245·16 206 245·39 
F ebruar y .. . ........ ······ 192 245 ·03 192 245·03 205 245·09 
1arch ....... . ...... ······ 197 245 ·30 197 245· 30 203 245·29 

April. ......... .... ... . 232 245 .57 232 245 ·57 2001 245·63 
2 32 5 · 0 24 95 

~r t h alf of m onth. 2 econd ha lf of month. 
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TA.BLE 19.-EFFECT OF PROPO ED PROGK.UI FOR REGCLATIO~ OF LAKE OXTARIO 

ALO ):lE-Continued 

Unregulated with 
actual diver ion 

(from record ) 

Year and ).lonth 
Di charge 

1,000' 
of c. f. . 

(a) (b) 

1920-
May .... .. _........ 231 
June .. ............... __ ... 230 
July...... ................ 234 
Augu t .. ... _............ 231 

eptem ber. . . . . . . . . . . . . . . 229 
October. .. . . . . . . . . . . . . . . . 226 
~ ovem ber . . . . . . . . . . . . . . . 220 
December . . . . . . . . . . . . . 227 

1921-
January .................. 215 
February .. . ... . . . . . . . . . . . 210 
larch .. . .............. 222 

April.. ... .. .. .. .. .. .. 247 

}.lay .. .................. . 
June ..................... . 
July ..... ............... .. 
August .................. . 

eptember .............. . 
October . ................ . 
1 ovember .............. . 
December ............... . 

1922-
January .............. . 
February ..... . .......... . 
March ................... . 
April ... . ................ . 

May .. .................. . 
June .. ... ... ............. . 
July ....... ..... . ........ . 
Augu t .................. . 

eptember . .. . .......... . 
October .. . .............. . 

ovember ... . .......... . 
December .... . ..... . 

1923-
January ... .............. . 
February . . ... .. ......... . 
March ......... ........ .. . 
April ... ................. . 

May . ................... . 
June ... .............. ····· 
July .. .................. .. 
August .................. . 

eptember .............. . 
October ... . ............. . 

ovember .............. . 
D ecember ....... . ....... . 

1924-
January ... .... .. ........ . 
February .. .............. . 
March . .... .............. . 
April .. .................. . 

190 
1 
199 
227 

230 
236 
232 
226 
217 
208 
203 
206 

19 
192 
196 
224 

Elevation 
Ontario 

(0 wego) 
end of 
month 

(c) 

245·5 
245·63 
245 ·66 
245·55 
245 ·3 
245 ·26 
245·32 
245 ·47 

245·50 
245 ·62 
246·09 
246·53 

246·65 
246·49 
246·15 
245·68 
245·27 
244·9 
244· 4 
244·7 

244·72 
244· 9 
245·57 
246·30 

246·65 
246 · 3 
246·74 
246·30 
245· 2 
245·3 
244· 9 
244·57 

245·7 
245· 6 
245·60 
245·22 
244·84 
244·50 
244·40 
244·62 

244· 1 
244· 6 
245·12 
245·73 

~irst half of month . 2 econd half of movth. 

Di charge 
1,000' 
of c.f . . 

(d) 

231 
230 
234 
231 
229 
226 
220 
'227 

215 
210 
222 
247 

253 
252 
247 
23 
22 
221 
210 
215 

197 
1 8 
202 
244 

250 
253 
25 
250 
239 
233 
220 
210 

190 
1 
199 
227 

230 
236 
232 
226 
217 
208 
203 
206 

198 
192 
196 
224 

Elevation 
Ontario 
end of 
month 

(e) 

245·5 
245·63 
245 ·66 
245 ·55 
245 ·38 
245·26 
245·32 
245·47 

245·50 
245·62 
246·09 
246 ·53 

246 ·65 
246·49 
246·15 
245 ·68 
245 ·27 
2-!4·9 
244 · 4 
244·7 

244 ·72 
244· 9 
245·57 
246·30 

246·65 
246 · 3 
246·74 
246·30 
245· 2 
245 ·3 
244· 9 
244·57 

244·48 
244·60 
245·04 
245·47 

245·7 
245· 6 
245·60 
245·22 
244·84 
244·50 
244·40 
244·62 

244·81 
244 ·86 
245 ·12 
245·73 

Discharge 
1,000 ' 
of c.f. . 

(f) 

206 
224 
233 
23 
236 
230 
226 
2061 

2152 

209 
220 
224 
2421 

2542 

254 
259 
249 
236 
22 
21 
212 
2021 

2032 

203 
2().! 
2().! 
203 1 

2302 

244 
266 
265 
253 
244 
232 
220 
2021 

2012 

200 
201 
200 
1 91 

1912 
194 
231 
242 
229 
222 
211 
205 
2011 
2022 

203 
208 
206 
1 91 
2022 

Elevat ion 
Ontario 
end of 
period 

(g ) 

246·26 
246·38 
246·42 
246·22 
245·96 
245·80 
245 ·79 
245 ·99 
246·14 

246·24 
246·23 
246·67 
246·92 
247 ·10 
247·20 
246·95 
246·59 
246 ·15 
245·74 
245·4 
245·32 
245·37 
245·42 

245·2 
245·24 
245· 9 
246 ·51 
246·96 
247·3 
247 ·39 
247·21 
246·73 
246·19 
245·77 
245·2 
245·17 
245·07 

244· 6 
244·81 
245 ·11 
245·56 
246·00 
246·76 
246 ·91 
246·52 
246·10 
245·66 
245·2 
245 ·16 
245·31 
245 ·45 

245·59 
245 ·44 
245·56 
246·08 
246·52 
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TABLE 19.-EFFECT OF PROPO ED PRO GR M FOR REGULATIO ~ OF LAKE 0 TARIO 
ALO _ -E-Concluded 

Cnregulated with Unregulated with Regulated with 
actual diver ions continuou diversion diver ion of 

(from records) of , 500 c.f.s. 8, 500 c.f.s . 

Year and Month Elevation 
Di charge Ontario Discharge Elevation Di charge Elevation 

1,000's (0 wego) 1, OOO 's Ontario 1, OOO's Ontario 
of c.f.s . end of of c .f. s . end of of c.f.s . end of 

month month period 
(a) (b) (c) (d) (e) (f) (g) 

1924-
May .. ..... ....... . . .. . .. 239 246·18 239 246 ·18 210 247·33 
June . ....... . ..... . .... .. . 242 246 ·24 242 246·24 253 247 ·25 
July . .. ..... . .... . . .. ... . . 242 246·12 242 246 ·12 248 247 ·05 
Augu t . ... .. .... . . . .. .... 239 245·83 239 245 ·83 238 246·77 

eptember .... . . .... . ... . 230 245·55 230 245·55 237 246·41 
October ... . . ..... . . . .... . 225 245·20 225 245·20 229 246·01 

Tovember ... . . . ... .. . . . . 218 244 ·77 218 244·77 217 245·60 
December ....... ... . . .. .. 208 244 ·40 208 244·40 2051 245·44 

2032 245·29 
1925---

January . . .... . .... . . . . ... 169 244·32 169 244·32 20'2 244·80 
February ... .. ... . . . . . . . . . 176 244· 0 176 244·80 200 244·99 
March ......... .. .. . . .. .. . 201 245·40 201 245 ·40 202 245·58 
April ..... . . . ... . . . . .. .. .. 226 245·62 226 245.62 1861 245·93 

1942 246·23 
May ... .. . . ....... . .. .. . . 228 245.53 228 245 ·53 191 246.61 
June ..... ... ...... .... ... . 225 245·32 225 245·32 214 246·53 
July ... . ... . ... . . . ... . .. . . 220 245 ·05 220 245·05 215 246·33 
August . ..... . . . . ...... .. . 215 244·73 215 244·73 211 246·07 
September . . .... . ... . .. .. 207 244·44 207 244·44 20 245·77 
October .... . . ... ... ..... . 201 244·32 201 244·32 201 245·65 

rovember .... ..... . .. .. . 205 244·43 205 244·43 197 245·86 
D ecember . ... . . ... .. .. . . . 208 244·42 208 244·42 2071 245·86 

2072 245·86 

1 First half of month. 2 Second half of month. 
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TABLE 20.-DETAILS OF CO T OF WORK FOR REGULATIO);f WITH COMPLETE CO~TROL OF 
T. CLAIR RIVER 

Control tructure Item Quantity Unit Unit 
price 

et 

Cost 

Pt. Edward Bypass . ... . Canal .. . . ....... ...... .. Excavation ........ ....... 7,800,000 cu. yd. 0 20 1,560,000 

Stag Island ..... 

Property damage ........ . 
Railroad change ........ . 

Regulating works ........ ... ..... . ...... .. ....... . 

Engineering and contingen-
cie ......... ... ........ . 

Regulating work .. .... . Concrete . . . .............. . 
Riprap ...... .. . ... .. ... .. . 
Piles . . . . . ... . . ...... . .... . 
Cofferdam and pumping . . 
Gates and super tructure .. 
Operating machine-y . . .. . . 

Longitudinal dike . .... .. Rock (low dike) ....... .. . 
Hig~,dike . .............. . 

Channel protection ...... Riprap .... ·.:: ::::: ::: ::::: 

Engineering and contingen-
cie .................... . 

15-% .. ....... .. ........ . 

2~:gg~ cu . .;rd. 
7~: gg~ linjt. 

2,045,000 lbs. 

134,000 
17,200 
12,200 

850,000 

cu. yd. 
!in;, ft. 

cu. yd. 

15 00 
3 00 
0 85 

240 00 
0 08 

2 50 
175 00 
210 00 

2 00 

15+% ................... . 

Wood tick Island . ...... . Regulating works ...... Concrete . . .... ........... . 25,500 cu-,rd. 15 00 
Riprap ............. .. .... . 6,000 3 00 
Gates and superstructure . . 1,175 , 000 lbs. 0 08 
Operating machinery . .... . 
Piling .................... . 
Cofferdam and pumping .. 

· · · · 73;ooo · · li~)t:· · 0 5 
3, 000 210 00 

Dredging . ........ . . .. ... . 150, 000 cu. yd. 0 50 

Longitudinal dike .. ... .. High dike ... .... .. . ..... . 12,300 !in . ft. 12 00 

Channel protection ...... Rip rap ........ .. ......... . 1 3, 000 cu. yd. 2 00 

Engineering and contingen-
cies ..... .. ......... . . .. . 15+% ·· ········ . ........ . 

St. Clair D elta Control. R egulating works . ...... Materials .. .... .. ... .. . .... ... ... .. ...... .... . 
Excavation . ... ........... 4,400,000 cu. yd. 0 25 
Property damage . .. .... . ........... ... .... .. . 

Channel straightening . .. Excavation ..... . ......... 11 ,200, 000 " 0 25 
Land damage . . . . . . . . . . . . . . . . . . . . . . . . ........ . 

Connection wi th middle 
and north channels ... Excavation .. . ......... . .. 1,020,000 0 25 

Channel protection. . . . . . Riprap . . . . . . . . . . . . . . . . . . . . 220 000 2 00 

Engineering and contingen-
cies .. .................. . 15-% .............. ... .. . 

150,000 
50, 000 

650,000 

2,410,000 

360,000 

2, 770,000 

322,500 
15 , 150 
61 ,200 

600,000 
163,600 
30,000 

335,000 
3,010,000 
2,562,000 
1, 700,000 

8, 799,450 

1,320,550 

10, 120, 000 

3 2,500 
18,000 
94,000 
40,000 
62,050 

630,000 
75 ,000 

1,574,400 
366,000 

3, 241, 95o 
488,050 

3, 730,000 

593 ,000 
1,100, 000 

0,000 
2,800, 000 

81,000 

255 ,000 
440,000 

5,349,000 

801,000 

6,150,000 

Niagara River .. ....... . Longitudinal dike ....... Crib dike .. . ..... ........ . 
Cofferdam. ... . .. . . . . . . . " ............... . 

!:~~ lin)t. 

·3;4so:ooo ·-~~ --yd.·· 

160 00 
160 00 

640,000 
640,000 

Pumping ... .. ....... ..... . 100,000 

Channel enlargement . .. . Dry rock e~cavation . .... . 
Wet rock eacavation .... . . 850,000 " 

1 75 
4 00 

6,03 , 000 
3,400,000 

Waterworks intake . ..... Relocation . .......... . ... . 
Regulating works .......... .. .. .................. . 

Engineering and contingen-
cies ........... ........ . . 15+% . ......... . ........ . 

Total Cost for Com-
plete Control. . . ......... ..... ............ . . . 

D etroit River-Xot used ........ Control works west of Grosse Isle . ... .. .. . . .......... ...... . 
Control works cast of Fir;hting I land . .. . ............. ...... . 
Longitudinal d ike on bar near upper end of Gro se I le ...... . 
Control works, Grosse I sle to longitudinal dike .. . . . .... .... . 

Engineering and contingencies 15+% . . .. . . . . ... . .• . .. .. . ... .. 

60,000 
990,000 

11,868,000 

1, 782,000 

13 ,650 , 000 

36,420,000 

39,000 
1,070, 000 
1, ozo, 000 

766,000 

3, 695,000 
555 , goo 

4, 250,000 
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APPENDIX C 

DETAILED PLANS AND ESTIMATES FOR THE IMPROVEMENT 

OF THE ST. LAWRENCE 

UNIT COT 

1. The extended t udy made by the Board of the probable co t of the 

work ha led to the adoption of unit co t in the eYeral ection a follow :-

2. THou AKD I LA D ECTIO -. The material to be exca\ ated i principally 

granite rock and practically all excavation i ubaqueou . The ba ic unit co t 

i taken a $10 per cubic yard for excavation "ith a cutting face of at lea t 

4 feet, uitably increa ed to coYer the proportional amount of excaYation having 

a le cutting face and further increa ed to coYer the eo t of tran parting the 

plant to and from the work. 

3. I .r TERN ATIO AL RAPID ECTIO . The material overlying rock in thi 

ection i generally a mixture of clay and graYel hardpan and boulder . The 

wifter portion of the riYer "·here mo t of the dredging i to be done, i 

generally paYed with boulder . 

4. MATERIAL FOR CO- CRETE. ru-hed rock can be obtained from quarrie on 

the American hore between GouYerneur and P ot dam " ·ith a rail haul of from 

30 to 50 mile ; from quarrie north of ornwall with a hort rail haul, or by 

water from the Thou and I land region, with about 100 mile haul. It i ~ 

doubtful whether the rock obtained from excaYation will be uitable for con-

crete ince the boring how that it contain hale. 

5. Sand can be obtained from e:>..ien iYe depo it~ north of Pre cott. T he 

river bed above Ogden burg and ~and and graYel pit which may be developed 

in the vicinity of the work, offer po ibili ie of alternati' e ource . 

6. NIT PRICE . Con idering the nature of the material to be excavated, 

and the ource of the material for concrete, the following ba ic unit price are 

u ed:- Per Cubic Yard 

Exeaxation. earth. dry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $ 65 

Dred~ing other than rock . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90 

Rock, dn . .. ...... ...... . ....... .. . . .......... . ........ 1.60 to l 75 

·Dredging. rock . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 25 

Embankments by "Cnited tate ection . . . . . . . . . . . . . . . . . . . . . . . . 75 

F,n;ba nkru t:n t by anadian ection ....................... 90 and 60 

Concrete. rua , in locks, etc. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 00 

Concrete, mas , in dams . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 00 

Concrete, mas , in power hou e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 00 

The ba ic price for excavation and fill are departed from when the pecial 

conditions uch a the di po al of excaYated material, indicate that different 

price hould be adopted. 

7. LAKE ST. FRANCI ECTION. On account of the nature of the material to 

be excavated in thi ection and the di po al area available the unit priee 

taken for oft mud oYerlying and and araYel i 55 cent per cubic yard. 

8. O"'GLAN GE AND LA CHI TE ECTIO . In the oulange"' ection the bulk of 

the materia l to be remoyed i marine clay. Thi material can be ea ily excaYated 

by hydraulic dredae where condition permit the u e of uch plant. The nnit 
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prices adopted for the excaYation of marine clay in this ection varies from 
35 to 55 cent per cubic. yard, depending upon the conditions. of dispo al. The 
unit price adopted for the remoYal of boulder clay i 65 cent per cubic yard. 
The unit price for excavation of rock dry i taken at $1.60 per cubic yard. 

9. In the Lachine ection the overburden i largely boulder clay, and the 
price adopted for earth i 65 eent per cubic yard that adopted for the excava
tion of hale rock i $1.20 per cubic yard, dry, and $3.per cubic yard, wet. Other 
rock i at $1.60 per cubic yard, and $4.25, wet. 

10. The work propo ed in the Soulange . and Lachine Sections involve 
the excavation of large amount of olid rock. 1uch of thi rock, when cru hed 
and wa hed will be uitable for concrete. and can be obtained from depo it 
near the mouth of the Chateauguay river and in the Lake of Two Mountains. 

11. On account of the ea e with which rock and and can be obtained in 
the e ection , the unit price for concrete i taken at $1 le per cubic yard 
than in the International Rapid Section. 

12. FLOWAGE. In compiling estimate of flowage damage, a detailed field 
examination" a made of all propertie affected. Liberal allowance were made 
in all ea e and due cognizance wa taken of everance and other disabilitie 
which owner might uffer by execution of the work proposed. No allowance 
has been made for water right , but the value of lea es of water-power on 
Government canal ha been included in the estimates under the term of sur
render provided therein. 

NAVIGATION STANDARDS 

13. CHAN ELS. In general, navigation channel are not less than 200 
feet bottom width when flanked by two embankment , not les than 300 feet 
when flanked by one embankment, and not le than 450 feet "hen both side 
of the channel are ubmerged. 

In ea e where navigation i carried through re tricted tretche of river, 
a ectional area of 65 1000 quare feet i pro\ ided at mean tage. This is equi
valent to a ectional area of about 70,000 square feet at high stage , and a 
maximum velocity omewhat le than 5 feet per econd in uch channels. In 
general, maximum 'elocitie and channel 450 feet wide are u ed only in short 
tretche of ri\ er where the view i unobstructed and where cro s-currents are 

not encountered. The minimum radiu of cun ature adopted i 5,000 feet with 
at lea t one-quarter mile of tangent between rever als. The alignment is drawn 
o a to eliminate cro -currents wherever po ible. 

14. BRIDGES. Bridge are de igned to afford a lea t horizontal clearance 
of 200 feet at right angle to the channel, except where located at locks, where 
th~y pan the entire channel. All bridge cro ing the channel are drawbridge . 
In general, the dra" are of the vertical lift type. The e timate are ba ed on 
a lift affording 120 feet clearance corre ponding to the bridge in the New 
Well and hip canal but the clearance can be in ere a ed at any time at relatively 
mall co t. 

15. LocKs. As tated in paragraph 113 of the Main Report, the locks con
form in dimensions with tho e of the new Welland hip canal, and have chamber 
859 feet in length between inner quoinpo t and 766 feet between breast wall 
and fender. Their clear width is 80 feet and the depth on the ills 30 feet. The 
general design of a typical lock i shown on Plate 1, Appendix C. 
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PoWER-HousE DE IGN 

15. The de ign of power-hou e , for the large :flow and varying heads on 
the St. La"\\ rence, was gone into with care. The condition in general on the 
river call for pon·er unit of larger dimen ion than ha' e yet been built, and 
the Board recognize the uncertain trend of pre ent practice with regard to 
draft-tube de ign. 

17. The Board e tabli bed certain dimen ional ratio and tability 
coefficient conforming to current practice. From tentative de ign , a curve 
of quantities was prepared a.nd i hmvn on Plate 2. Thi method of pro
cedure secure a conect compari on between project and safe e timate gen
erally. 

18. T he price u ed for po\\ er-hou e equipment are derived from curves 
prepared from many direct quotation coupled "ith actual price of equipmeni, 
recently installed in power tation . (Plate 3-8.) 

19. D YKES.-The ... tandard de ign for dyke adopted by the Board i shown 
on Plate 9. 

An::.n);II TRATIO A -n CoKTINGENCIE 

20. To cover the co t of admini tration, engineering and contingencie.'"i, 
a percentage of about 12! per cent ha been added to all e timates, including 
the estimated co ts of power-hou e machinery. 

21. The foundation condition... at the various dam cannot be definitely 
known until the ite are unwatered. The e timate are ba ed on founding 
the tructure from 3 to 8 feet below the rock urface indicated by the boring , 
besides providing a heel trench of ample dimen ion . To cover the contingency 
that, when a ite i unwatered. uitable foundation \\·ill be found at a ome
what lower elevation than i indicated by the boring a pecial allowance of 
10 per cent of the quantity of the concrete a computed on the above ba i , 
has been added in ca ... e of each dam. 

DATUM PLA~E 

22. The datum plane used in all plan we t of ummer .. town on lake t. 

Francis i mean ea level Ken· York Harbour United State 1903 adju ted 
levels, and the datum plane u .. ed in all plan ea t of that point i that of the 
Georgian Bay adjusted le\ el . The zero of the Georaian Bay adju ted datum 
is 0. 30 foot below the Georgian Bay in trumental datum u ed in many pub
lished water-level record and i 0. 30 foot abo\ e nited State 1903 adj u ted 
datum at Ogden burg. 

THOU AND I LAND ECTIO~ 

(Mile 0 to Mile 67) 

23. As explained in the Main Report, the St. La"\\ rence river between Tibbetts 
point, at the outlet of lake Ontario, and Chimney point, at the foot of the 
section, is wide and deep for the greater part of the 67 mile embraced in the 
<eection. At numerous place , however . granite reef endanger navigation. For 
a length of about 7 mile through the Alexandria bay narrow and for a length 
of about 3~ mile through the Brockville narrow , the river flows through a 
rocky gorge with an a\ erage 'elocity of about three feet per second, over a. 
Eolid rock floor 150 feet below the urface at many points. 

45827-16 
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24. In this reach there are on the average about 200 hour of fog in the 
navigation sea on. Navigation through the e two narrow tretches of river 
will be hazardou for the larger ship if a fog hould close in while making the 
pa age, ince they cannot anchor on account of poor holding ground. In 
accordance with tandard adopted, the minimum width of channel hown in 
these tretche i 450 fe.et. To enlarge the channel to a \Vidth of 600 in the 
Alexandria bay and Brock' ille narro\V would be exceedingly expensive on 
account of the amount of olid rock requiring removal. To provide separate 
up and down channel would be le eo ... tly. 

25. If found to be nece ary, a series of landing crib can be built along 
the north side of the channel at some of the point where. olid rock is exca
vated. If this were done hips could rever e their engine and moor to these 
cribs on the doV\rn tream voyage hould vi ibility be unexpectedly interfered 
with . As there i some doubt a to the nece sity of these provi ion and as 
landing crib can be added when required, they are not included in the plan8 
attached to this report. 

26. Plans of the portion of the ection in which the work i located are 
d10V\rn on plates 10 to 16. 

27. The detail estimates of the excavation are as follow :-

CHAN -EL 25 FEET DEEP 

Escavation, rock, .64,000 cu. yds . at $12.50 . . . . ........ . ...... . 
Overclepth, 12,000 cu. yds. at $12 .50 ... . . . ..... ... . . . .... . 
Adruinistrotion, inspection, and contingencies 12! per cent .. 

Total ....................................... . .. .... . 
Rounded total ..... . . . ......................... .... . 

CHANNEL 23 FEET DEEP 

Excavation, rock, 41,000 cu. yds. at . 13.25 .. ..... ...... .. .... . 
Overdeptb. 7,400 cu. yd . at $13.25 ... . . .... . .... . .. . .... . . 
Administration, inspection, and contingencies 12! per cent . . 

Total ... ... . . ..... .. . ... . . ... ... .. .. . .. ... ...... . . . . 
SaYin;s in co t under channel 25 feet deep . .... ... . .. . ..... . 

HA:i'l -EL 27 FEET DEEP 

F-xc-avation, rock, 96,000 cu. yds. at $12.00 .......... . ......... . 
O>erde-pth. 17,500 cu . yd . at, 12.00 . . . .. ........ . ....... . . . 
Administration, inspection, and contingencies 12! per cent .. 

Total . .. . ...... . ........ .. .......... .. .......... . .. . 
Exce~:s co t over channel 25 feet deep ..... .. .. . ........... . 

$ 800,000 
150,000 
119,000 

$1,069,000 
1,100,000 

543,000 
98,000 
80,000 

$ 721 ,000 
348,000 

1,152,000 
210,000 
170,000 

$1,532,000 
463,000 

ENLARGEMENT OF CHANNEL FROM 25-FOOT DEPTH TO 30-FOOT DEPTH 

E:.:cavation, rock, 98,500 cu. yds . at $12.00 . . . . . . . . . . . . . . . . . . . . $1,182,000 
Overdepth, 25,750 cu. yds. at $12.00 . . . . . . . . . . . . . . . . . . . . . . 309,000 
Administtation, inspection, and contingencies 12! per cent . . 190,000 

Total 

INTERNATIONAL RAPIDS SECTION 

(Mile 67 to Mile 115) 

$1,681,000 

28. _DETAILED D.E CRIPTION . At Chimney point (mile 67) the fir t ma.rked 
rontractwn of t~e nve~ occur . ~ fall of 0. 5 foot take place in the passage 
through the cham of 1 land wh1ch here cro ~ the ri\ er. Two and one-halt 
miles d_oV\rn tream the. riv.er enter the Galop rapid , lying north and outh of 
<lalop 1 land. There 1. a fall of about 8 feet through th e rapid . From the 
foot of the Galop rapids (mile 73 ) to the head of Ogden i land (mile 82 ), 
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Etrong cuTrents are found particularly at the contracted ections at Sparrow

hawk point, point Iroquoi , point Rockway and point Three Points. The fall 
fro·m the foot of the Galop rapid to the head of the rapide Plat, at Ogden 
island, i about 12 feet; and throuah the rapide Plat about 11 feet. From 

the foot of the rapide Plat, at n1orri burg (mile 85), to Weaver point (mile 
92) the ri\ er i generally contracted \\rith trong cwTent and a fall of approxi
mately 5 feet. It then flow through a fairly broad reach \\·ith mall slope, 
to the head of Croil i land (mile 95). There are trong curren , and a fall 
of about 4 feet, through the contracted channel north of Croil i land, known 
as the Farran Point rapid . The river +hen flow four mile with moderate 
current and light lope to the head of the Long ault rapids (mile 102). The 
Long Sault rapid \\·ith a fall of 30 feet are the mo t formidable in the ec
tion. From the foot of the e rapid to the town of Cornwall (mile 111) the 
currents are trong and the fall about 15 feet. The total fall through the 
section i 92 feet at mean river tage . 

29. PRE ENT NAVIGATIO . Pre ent upbound naviaation pa es around the 
rapids through a erie of lateral canal ; the Galop canal around the Galop 
rapids and the wift water above the town of Iroquoi ; the l\!Iorri burg canal 
around the rapide Plat; the Fan· an Point canal around the Fan· an Point rapid ; 
and the Cornwall canal around the Long ault rapid and the wift water 
below them. Downbound commercial navigation run ome of the rapid , and 
ome pa enger boat run them all. 

30. TowN A TD VILLAGE . The Canadian town and village on the river 
bank in thi ection ~ hich will be affected by the improvement are a follow 

C::-.rdinal , mile 73 ............................................... . 
Iroquoi •. milf· 79 ............................................... . 
::\Iorri ~burg, mile 5 ............................................ . 
AlLville, mil e: 95 ............................................... . 
F ~'~.rran Point, milP 97 .. . . . ...................................... . 

Population 
1,241 

916 
1,381 

350 
296 

31. Dwelling and farm buildings are located along the river bank through
out the ection. 

. 32. The town of \Vale population 250 lying on Hoople creek about a mile 
from the river bank, i belo\\· the maximum leYel to which the water urface 

could be rai ed. 
33. The village of 11oulinette and 1ille Roche (population 829) are 

located on Bergen lake and ·will be affected if the le\ el of that lake i rai ed. 
34. On the United tate ide the only town directly affected i Waddington 

(mile 83), mo t of which lie well above the maximum level to which the water 
can be rai ed. A mall collection of hou e known a Loui ville Landing (mile 
95) is located at so low an elevation as to be affected by any sub tantial ri e 
in the river level . In gentral however dwelling and farm building on the 
United State bore affected by the rai ing of the river le\ el are far le numer

ou than tho e on the Canadian "bore. 

35. PRESE T PowER DEVELOPMENT . Water lea e have been i ued by the 
Department of Railway and Canal of the Dominion of Canada a follow 

Cfs. 

From the Galop Canal-
.A.t Cardinal (Canada tarch Co .) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 660 
A.t I1 oquois . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 329 

From the Iorrisburg Canal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,630 

From the Cornwall Canal-
At foot of Bergen Lake ( t. Lawrence Power Co.) . . . . . . . . . . . . 1,000 
At Cornwall . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,331 

45827-16! 
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36. On the United 1-.Jtate .. side, a major di' er ion of water i made by the 
St. Lawrence Ri' er Power Co. through a power canal which lead from the 
river near the head of Long Sault i land (above the Long Sault rapid ) to the 
Gra river at 1\1a ena, "here the power work are located. The water is 
di charged through the Gra river into the outh channel of the St. Lawrence 
at Cornwall i. lancl. With the enlargement that ha been made in the Gra 
River channel the effective .. ummer head at the power plant i a little more 
than 40 feet. The in talled capacit at the power plant i reported as 86,000 
hor e-po\\ er. 

37. Under an order of the International Joint Commi ion dated December 
6, 1922, the diver ion at Ma ena i limited to 25 000 cf . except when, in the 
opinion of a board of control con .. tituted of two engineer , one appointed by 
each country, the di' er ion of a larger quantity will not injuriously affect 
na' igation. 

38. The average diver ion through the M~ ena po\\er canal at the present 
time i about 23,000 cf . during the ummer months and 16,000 cf . during the 
'¥inter month , the flow being reduced during the latter period to ecure and 
maintain an ice cover over the power canal, in the intere t of operating con
ditions . 

39. PLA s FOR IMPROVEME JT. A explained in Appendix E on ice forma
tion, paragraphs 10 and 11, everal peci:1l features mu t be met in the improve
ment of the St. Lawrence river. The river valley i shallow and re tricted for 
many miles below Galop rapid , and water level above the Galop Control 
are ubjected to uncontrollable o ciliation due to change in barometric pressure 
and wind. A typical fluctuation of level... which barometric change et up on 
the St. Lawrence i hown on plate 25. Property value along the shores of 
lake Ontario prevent water level being rai eel high enough to ecure useful 
ice cover between Chimney point and 1\1orri burg without exten ive enlarge
ment of the channel . 

40. East of Cardinal, the general elevation of the land near the river is 
below the level of lake Ontario . Nearly all the town and village in the di -
trict are located on thi low trip of territory and any ub tantial raise in the 
water levels will require readju .tment at the e to\\·n . 

41. In this ection olid rock outcrop at everal point but is at a suit
able elevation for foundation of dam and power hou e at only a few place . 

42. For the improvement of the International Rapid ection of the St. 
Lawrence, the Board ha closely con.jclered the following general form of 
improvement:- -

(1) Full single- tage scheme with the Long Sault reach at maximum 
level and a free navigation channel at Galop rapid . 

(2) Two tage cheme with an upper dam and power hou e at either 
Ogden i land or Crysler i land, and \\ ith a lower dam and power house 
at Barnhart i land. 

(3) Partial ingle- tage cheme with lock and control ciam at Galop 
rapid and the Long Sault reach held at nearly maximum level with 
a long free pillway. 

43 . In each of the e foregoing form of improvement, navigation is pro
vided by mean of ide canal and lock pa t the dams. 

44. FULL SINGLE- TAGE PLA . A .. hown in paragraph 144 of the 1\1ain 
Report, the de ign of full singl.e- bge proje~t .can_ be varied in everal way . 
The dam at the foot of the ectwn can be bmlt m different loca ion navigation 
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channel at Galop raJ?id can follow a number of route , and channel enlarge

ment betl'i·een Lotu 1 land and 1orri burg can be made by widening pre ent 

channel or exca' ating new one . 
45. A full - tage project l'irith navigation channel north of Galop i land 

and a dam at the foot of Barnhart i land ha been drawn up by the United 

State ection. It will be referred to a Project No. 1-242. Thi plan i typical 

of wh~t can be done \Yith a ingle- tage development a regard co t and power 

capacity, but can be modified in a number of particular . It is hown on plate 

17 to 24. The e timated co t i $235,000 000. Detail e timate will be found 

in table 1. 
46. The chief work in thi project are a follow :-

(a) A free open channel for navigation north of Galop i land with con

trol gate in the channel north of Adam i . ..Jand and outh of Galop 

i land. -

(b) uch channel enlargement between Lotu i land at the foot of Galop 

rapid and l\1orri burg a i nece ary to give 95,000 quare feet 

..,ectional area at ordinar operating level . 
(c) A dam l'i·ith nited tate and Canadian power hou e at the foot of 

Barnhart i land. The .... e directl control the level of lake Ontario. 

(d) A ide canal "·ith two lock for carrying navigation pa t the dam and 

power hou e . 
(e) uch embankment and drainage \'i·ork a are required to protect the 

village of Iroquoi . J\1orri burg. Ault ville Farran point, Dickin on 

landing and Wale from the rai eel le' el of the river. 

47. At Galop rapid all the river enlargement deemed to be nece ar 

i made in one central channel. The approach channel ha a bottom elevation 

of 215. It i carried through the upper end of Galop i land with a width of 

800 feet and bottom elevation 210, and down tream with a width of 600 feet 

and ame depth along the north Galop channel to below Lotu i land. The 

channel at the foot of the rapid outh of Lotu i land i al o enlarged . 

48. In the pre ent north and outh Galop channel , piers with Stoney 

luice gate are placed. The e gate are 50 feet in width and the ill conform 

generally to the natural rock .... urface "hich cro e the river at thi point. 

).._;imilar gate extend acro a portion of the approach to the central channel, 

leaving a clear opening of 500 feet with ill at elevation 215. 

49. Under the propo eel program for the regulation of lake Ontario, it i 

nece ary, in about one year out of ix to di charge water at an exce rate 

during the fir t part of December "·ith lake Ontario at relatively low level, in 

order that the ub equent outflow during the winter may be re tricted without 

incurring the danger of exce .... iYely high level in the pring. The maximum 

requirement at uch time i a di"charge of 310,000 cf . with lake Ontario at 

elevation 246. 5. ncler uch condition the fall at the Galop from Butternut 

i land' to the foot of Lotu i land i computed by the United "tate ection to 

be 3.25 feet, and the maximum velocity in the navigation channel, at the pa 

through the contraction work"" , at about 6 feet per econd. 
50. At parrowhawk point Tou ..,aint i land Rockway point and other 

place between Lotu i land and l\Iorri burg ri'i er enlargement are hown. 

The e are de~igned to gi' e 95,000 quare feet at river elevation". corre ponding 

to water level of 246.5 in lake Ontario and 210 000 cf . flol'i ing in the river. 

By the regulation of lake Ontario a ubmitted in Appendix B, the January 

di charge will give an average velocity of 2. 25 feet per econd in thi reach. 

51. Dyke are hown in front of the village of Iroquoi Ault ville Farran 

point, and Wale and al o in ~ront of the town of l\1orri bur g. On both bore. 

of the river from Weaver pomt to the power hou e and clam at the foot of 
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Barnhart island the line of dyke hown i almo t continuou . The crest of 
the dykes is pl;ced at 254.5 ea t of Weavers point and omewhat higher west 
of it. The tops of the dykes are 51 to 7 feet above the maximum level of lake 
Ontario. 

52. The main dam and the United State and Canadian power houses in 
thi project are at the foot of Barnhart i land, ju t below a very deep narrow 
gorge in the riYer at thi point. They are in a straight line and founded on 
rock which varies from elevation 104.0 to 113. 0. 

53. The elevation of the water surface at this point in ummer i 159.7 at 
mean tage. In winter it ri e quite frequently to elevation 180 and levels as 
high a 190.0 have been recorded on a number of occasion . The sectional 
area of the river at the ite of the dam i about 38,000 square feet at mean 
tage but about one mile above it is much les and the high velocities gener

ated 'by this restriction carry through the part of the river where the dam is 
hown. 

54. The open cofferdam method i intended to be u ed for all the work at 
thi point, but should it be decided to u e the pneumatic proce for the dam 
section, the estimate will not be materially increa ed. 

55. The dam i found on rock which ha been found to be about 51 feet 
below water level at this point. It i 2,975 feet in length. It is provided with 
46 Stoney sluice gate , 50 feet in width by 25. 5 feet in height, with sills at 
elevation 223. The piers between the gate are 15-feet in thicknes . The dis
charge capacity of the sluices is ufficient to pass the maximum flow occurring 
at minimum pool level. The depth of the foundation permits of a design in 
which the energy of the falling water will be di ipated in the pool at the toe 
of the dam, without danger to the structure. 

56. PowER HousEs. Two power hou e are shown at this dam; they are 
at either end and in line with the dam. Each is 1,750 feet in length, and i 
capable of hou ing 22 main units and· 3 auxiliary unit . The main units are 
de igned to deliver approximately 54,000 hor e-power each at full summer 
head of 85 feet. At the predicted winter head of 75 feet, their capacity will be 
about 45,000 horse-power each . Sluice to carry off ice and trash are to be 
provided at the shore end of the power house . Both power hou e are located 
outside of the main river channel. The olid rock surface on which the United 
Rtates power hou e i to be built i about 55 feet below the water level of 
the river in summer and 75 feet below the water level in winter. The Cana
dian power hou e will be on rock from 10 to 5'0 feet higher. 

57. A spur from the New York Central Railroad (Ottawa Branch) as 
diverted will run to the United State power house. A spur from the Canadian 
National Railway will run to the Canadian power house. 

58. An alternative site for a dam and power hou es at this locality is 
presented in the plan ubmitted in 1926 by the Frontier Power Corporation 
to the tate of New York, and i indicated on plate 22. Thi ite i at H awkins 
point, about one-half mile up tream from the ite above described. The 
foundation rock under the hare here lie from 5 to 15 feet lower than at the 
site down tream, but require further exploration. The unwatering program 
propo ed at the Hawkin point ite i to divert the river through a channel 
excavated through Hawkin point. The dam a finally con tructed will extend 
acros both the diver ion channel and the natural channel. Parallel estimates 
with a dam and power house at this site are given in table 2. 

59. A pointed out in the Main Report (par. 144), the dam can be located 
nt the head of Barnhart i land and the power hou e at the foot of that island 
if. the foundation ?ondition at eith.er it~ above de cribed are regarded as unduly 
chfficult. The e t1mate of cost w1th th1 arrangement are given in table 3. 

-""' - _,_ ---
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60. The ide canal u eel for carrying navigation pa t the dam at the foot 

of Barnhart i land era e over a tongue of land between Robin on bay and the 

mouth of the Gra river . It ha two lift lock but no guard lock. The lift 

of the upper or Robin on bay lock i about 42 feet and that of the lo" er or 

Gra s river lock about 46 feet. The foundation of both the e lock i carried 

to olid rock which i at elevation 122 at the upper lock and 105 at the lower 

lock. The upper lock of thi ide canal i to be equipped with duplicate gate , 

fender chains, and an emero·ency " ·icket dam. An upper entrance pier 1 200 

feet long i provided on one ide and an entrance embankment 1 500 feet long 

on the other ide. 
61. To afford a traight river approach to the lock at Robin on bay a 

channel 450 feet wide i excavated acro ,_ the point of land abm e the entrance. 

The Robin on Bay lock ha it upper gate ill at elevation 207, lower gate ills 

at elevation 169 main coping at elevation 251 .5 and lower coping at elevation 

204. 
62. The Gra River lock ha it upper gate ills at elevation 169, lower 

gate ill at elevation 122 main coping at elevation 204 and lower coping at 

elevation 160. The upper and lower gate are in duplicate and an unwatering 

gate i provided at each end of the lock out ide of the ervice gate . No emer

gency dam i provided for thi ... lock, ince in the event of the failure of the lock 

gate the pool would be nearly drained by the time that the dam could be 

clo ed. 
63. Water to maintain the level of the pool bet\\ een the lock i to be up

plied through an auxiliary culvert in the l'>all of the upper lock. To prevent 

ri e in the pool a wa .. te l'i~eir i pro' ided adjacent to the lock. Normal regula

tion of the pool i provided by 8 luice with ill at elevation 194, clo eel by 

ere t gate 15 feet in width. nder the e lie 8 ubmerged luice , clo ed by 

gate 15 feet by 11 .5 feet. The e are to be operated onl if ever nece ary to 

di. charge the great volume of water. r timatd at around 60 000 cf . which 

would re ult from a failw·e of the gate of the upper lock. The fall from the 

int,ermediate pool to the mouth of the Grill: ri' er i di,ided into two drop ~ 

at the "·a te weir the ere t of the lower drop being at ele' ation 154. The 

wa te weir i de igned with pile foundation l'i·ith a concrete cut-off l'i·all extend

ing to rock under the upper and lol'i·er l'i·eir . 

64. To prevent current eau eel by a flood in the Gra river from inter

fering with the approach to the lower lock the mouth of the river i to be 

traightened by a compen ating channel and eparated from the lock approach 

by a rock dyke. 
65. The Ottawa branch of the Kew York Central railroad i to be diverted 

from it pre ent era ing of the outh Cornwall channel to a era ing immedi

ately belol'i· the lower gate of the Gra River lock where it will era the 

canal by a ba cule pan. It will rejoin the pre ent line b a cantilever pan 

over Poll Gut. 
66. Highway connection l'iith the United tate pol'i er hou e, and to the 

land north of the canal i to be afforded by a ferry acro the intermediate 

pool in order to avoid an additional bridge over the canal. 

67. The winter operation of power plant with the completed plan is ba ... ed 

on the creation of an ice eo' er e:>.rtending from Lotu i land to the power hou e 

at Barnhart i land but with an open channel 31; mile in length from Butternut 

i land to the foot of Lotu i land. The area of open "ater to be expected i 

about 1. 8 quare mile . If the accumulation of floating ice to be dealt with i 

limited to that produced in thi open reach no material gorging can occur. 

Temperature mea urement how that the mean temperature of the water, as 
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it leave the pre ent ice beet above Ogden burg and Pre. cott~ i lightly aboye 
the freezing point and the amount of ice manufactur~d m thi open r~ach ~Ill 
he reduced in con equence ince the water mu t be chilled to the freezmg pomt 
before the manufacture of ice can begin. 

68. To in ure the condition above outlined, the continuity of the ice sheet 
above Butternut i land hould be maintained, in order that an ice jam may 
not form at the foot of the relati' ely fa t water through the Galop channel . 
At the pre ent time the ice heet between Ogcten burg and Pre cott i broken 
up by the powerful car ferry which operate between the two towns, in order to 
a ure the lane required for the ferry operation. At the pre ent time, the ice 
o broken out i carried by the current through t_he entire ection, adding to the 

great accumulation of ice which form at the foot of the ection. After the 
river ha been improved, and an ice heet ha formed to the foot of the Lotus 
i land, the breaking up of this ice may become a more eriou matter. Proper 
control hould therefore be exerci eel o'er the ferrie to prevent them from 
making ice condition wor e than they would be if nature were allowed to take 
it cour e. 

69. Between Chimney point and Butternut i land the ice ituation is now 
'ariable. During ome year an ice heet form acro the river in other an 
open channel lead through the ection, either through the north channel or 
through the main channel on the outh of Drummond island. After the improve
ment of thi part of the river ha been completed, condition hould be more 
fa, ourable for the formation of an ice heet becau e of the enlargement to be 
made at Chimney point. 

70. It i propo eel to depo it some of the wa te rock from the excavation 
of the Chimney Point hannel to fo.rm artificial i land in hoal water at the 
ide of the natural channel oppo ite Drummond i land, in order to assist in 

holding the ice beet. Boom may also be employed to form an ice cover in 
thi reach at the tart of winter. 

71. In executing the work shown in project No. 1-242 at Galop rapids, 
no large amount of unwatering of ri' er channel i required other than that 
a~ ociated with the dam and control tructures, 

72. In thi plan three wide weeping curve carry navigation from Chimney 
point to Galop i land. The e can be reduced in length, but at large cost by a 
cut through the .. ill which extend between Chimney i land and Drurr'Imond 
i land. 

73 . For the improvement of the river between Galop rapid and Morri _ 
burg the full ingle- tage plan how a ectional area of 95

1
000 square feet at 

ele' ation 242 at Morrisburg and 243 at Lotu i land. Initially it i intended 
to make thi ~ enlargement only ufficient to give 70,000 quar~ feet at mean 
tage, and bring a~)Qut ub equ.ently .the. full enlargement to 95,000 quare feet 

or uch other ectwn a expenence mdicate to be required. (See para. 138, 
JVIain Report.) 

74. On the United tate hore the land ubmerged by the ponding of 
the river i largely wa te land, and the dyking i limited to that neces ary to 
contain the pool. From the United tate power hou e a dyke extend to the 
hill at Robin on bay. Thi dyke range from 20 to 30 feet in height. The 
gap in the line of hill extending from Robin on bay to Ma ena canal are 
clo eel by dyke . uit.a.ble drainage ditche are provided to replace the natural 
drainage line cut by thi line of dyke . 

75. A concrete intake, with gate , i to ?e c?n tructed to by-pass the 
entrance to the ~1a ena Power canal, and after It completion the present 
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entrance is to be clo ed by a dyke. By thi mean , the exi ting power plant 

at Ma ena can be kept in operation until it load i taken over by the main 

power house at the foot of Barnhart i land. 

76. A dyke 20 to 30 feet in height extend from the J\1a ena canal to the 
hills paralleling the river about two mile to the we t . A few small dyke ·are 
required at the low point in thi line of hill . An embankment i required at 

the head of Cole creek. 
77. On the Canadian ide of the ri' er the value of the land ju tifie a 

more e>..'tended y tern of dyke . The line of d ke extend from the Canadian 
power hou e to the high land on Barnhart i land thence acro the head of 
the channel between Barnhart i land and Sheek i land, acro... the head of the 
latter i land and the head of Bergen lake to the Canadian hare. It extends 
along the line of the low hill which lie clo e tD the ri' er bank f.rom the head of 
Bergen lake to Farran point. At Farran point and at Ault ville, the dyke 
line i along the river front to afford tbe ... e town protection, it ere t being 
about 17 feet above their main treet . The d:> ke line terminate on the high 
ground back of the river two mile we t of Ault ville. The dyke along thi 
line are of moderate height, generally le than 20 feet, and for much of the 
di tance their ba e are above ordinary pool level. 

78. To care for the drainage into the river cut off by the e dyke , including 
the flow of Hoople creek a ditch i to be con tructed along the low ground back 
of the river, emptying into the head of Bergen lake. Concrete drop are required 
in this ditch at the entrance into the -valley of Hoople creek and at the outlet 

into Bergen lake.. Concrete bridge are pro' ided at all road cro ing . Suitable 
dyke are to be con tructed to prevent flood flow in thi ditch from backing 
up into the low lying portion of Ault 'ille and Farran point and pumping 
plants are to be provided to take care of the local drainage of the e town at 

uch time . 
79. The bottom width of the drainage ditch increa e gradually from 6 feet 

at it head to 45 feet at it~ outlet into Hoople creek, and i , 80 feet from Hoople 
creek to Bergen lake. The grade of the bottom of the ditch i at elevation 
226.5 at the head 219 at the head of the drop into Hoople creek and 200 at 
the head of the ection between Hoople creek and the drop to Bergen lake. The 
slopes range from about 0. 85 to 0. 6 foot to the mile in uring 'elocitie which 

will not cour. 
80. The low lying portion of the town of J\Iorri burg i to be protected by 

a dyke along the water front it ere t being 14 feet above the lowe t portion 
of the main treet. ewage from the town i to be collected in an intercepting 
ewer and pumped into the ri-ver. Drainage ditche and a pumping plant are 

to be provided to care for torm water drainage. imilar provi ion i made for 
the protection of the low lying portion of Iroquoi . 

81. .Af3 an alternati-ve to the plan for dyking and draining the low lyino
portions of the e town , it may be found more de irable to expend the fund

0 

assigned to that purpo e in moving the building to the high land in the immedi
ate vicinity, under a town planning eh erne worked out in co-operation with 
the citizen . The low lying portion of the town , above the minimum pool 
level , could then be filled to form public park . 

82. MASSENA CANAL I ~TAKE. Thi intake i to be con tructed with eleven 
luices, each 16 feet in width eparated by piers 10 feet in thickne . When the 

pond i rai ed, the luice are to be clo ed ucce ively, and the weir built to 
ere t elevation 220, the di charge during con truction and after completion being 
controlled by gates 16 feet in width and 30 feet in height. 
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83. LocK AT HEAD OF BERGE LAKE. To permit of the completion of the 
d} ke line without interrupting pre ent canal navigation, and to prevent the 
interruption of uch navigation while the pool i being rai ed, a lock is to be 
con tructed at the head of Bergen lake before the dyke cro ing the present 
navigation route i con tructed. Thi lock i to be 255 feet in length between 
quoin post and 45 feet in width in the clear. The upper and lower gate sill 
are at elevation 184 permitting 14-foot navigation to pa through the lock at 
the pre ent elevation of Bergen lake. The coping i at elevation 251 . 5. The 
gate at the head and foot of the lock are in duplicate. A culvert through the 
lock wall will provide the water upply to continue the pre ent canal and 
water lea e a long a may be de ired. 

84. RECONSTR CTIO OF RAILROAD . It i nece ary to rai e the grade of 
the Canadian National Railway for a di tance of 4± miles between Morrisburg 
and Ault ville, and for about one mile ea t of Iroquois. At the former location 
a realignment hown on the drawing , will reduce the height of the embank
ment and permit the con truction of the line while traffic i being carried on the 
pre ent one. At the latter location, it will be de irable, for the ake of align
ment, to rai e the grade under traffic. 

85. The terminu of the t. Lawrence Railroad, at Norwood, near Wad
dington "ill be ubmerged by the propo ed pool level . It i planned, there
fore, to provide a new terminus, just above the village, where the requisite 
navigation depth to the terminus will be afforded by the increa ed levels. 

86. RoAD RELOCATIOr . On the United S.tates shore it will be necessary to 
rai e the present river road at a few point only between the head of the Galop 
and Waddington. The highway from Waddington to Mas ena will be recon
structed on a new traight alignment for 5 . 5 mile east of Waddington, and the 
river road thence to the head of the Ma ena canal will be reconstructed in 
place . Some road con truction "'ill be required to replace road cut by the 
na' igation canal. 

87. On the Canadian ide the highway along the river will require raising 
at a few low point above Iroquois. From a point about a mile above Iroquoi 
to the head of Bergen lake, an exten ive relocation of the hare highway i 
required. The e timate provide a concrete road. The ea terly part of the 
relocation .i on the dyke to be .con tructed here, the top width of the dykes, 
40 feet, bemg ample for that purpo e. 

88. Two-STAGE PLA s. The de ig;n of two- tage projects can be varied in 
everal way . The upper dam and lock can be located at Ogden i land near 

the head of the ection V\ here it will virtually act a a valve to control the 
flow out of lake Ontario even V\ hen the urface level above Galop rises and 
fall , due to change of barometric pre ure at the ends of lake Ontario. The 
upper dam and lock can al o be located at Cry ler i land, farther down tream 
~-here a higher head "ould be developed, but where the work would not control 
flow a effectively a in the upper location. 

89. The t"·o- tage project with upper dam and lock at Ogden i land i 
mentioned in paragraph 131 of the Main Report. It will be referred to as Project 
No. 4-224. It i hown on plate 26 to 33. Detail e timate will be found on 
table 4. The chief work in this project are a follow :-

(1) A free, open channel outh of Galop i land for navigation, along with 
a di' er.jon through Galop i land and enlargement of channels north 
of that i land. 

(2 hannel enlargement between Lotu island and Ogden island to give 
95 000 q. ft. at ordinary operating levels. 
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(3) A dam, lock and power hou e at Ogden i land, where a head varying 

from 17 ft. in ummer to 12 ft. in winter i developed. 

( 4) Channel enlargement to 95 000 sq. ft. at a few place between Ogden 

i land and ~ eaver point. 
(5) A dam at the head of Barnhart i land with pOIYer house at the foot 

of that i land, where a head varying from 67 feet in summer to 62 feet 

in winter i developed. 
(6) A SJide canal with two lift lock and a pair of guard gate for carrying 

navigation pa t the dam. Thi canal i to be on the United State 

ide of the river. 
(7) Such embankments and drainage \York a are required to protect the 

villages of Iroquoi and Wales and the e\\·erage y tern of the town of 

Morri burg. 

90. In project No. 4-224, the power plant at Ogden i land are de igned to 

operate at about 100 per cent load factor at lea t during the winter ea on. 

The power plants at the foot of Barnhart i land are de igned to take advantage 

of permi ible fluctuation in the reach between Ogden i land and Barnhart 

island. Transmi ion line of the plan at Ogden i land and Barnhart i land 

must be interconnected and ' ariation of load hould be carried by the lower 

plant. 
91. In thi project the channel enlargement propo ed bet\\ een Lotu i land 

and Ogden i land give the ame ectional area a that hown in the full single

tage project No. 1-242, but the work at Galop rapid · are omewhat different. 

The free channel provided for na' igation at Galop rapid i located on the 

outh ide of Galop i land and occupie the whole length of the pre ent outh 

channel. 
92. The enlargement provided in thi navigation channel doe not give 

all the ection required to ecure low velocity and flat lope at thi point. 

Further enlargement i required and i provided by a pecial di' er ion channel 

through the head of Galop i land. The diver ion channel i provided with 

piers and roller gate which can be clo ed to control emergency flow . Thi 

control tructure i not effective enough to check urge completely and it doe 

not cro a large enough part of the outlet channel to permit the lowering of 

the reach below at the beginning of winter. 

93. Thi channel i to be exca' ated and control dam completed before 

cofferdam are placed around the improvement for navigation in the outh 

Galop channel. The water hould be gradually allo\\ ed to enter the di' er ion 

as it is hut out of the channel outh of Galop i land. When the "'ork south 

of Galop i land are unwatered and all excavation i completed, and when the 

work at Ogden i land are in a condition to hold the level of lake Ontario 

cofferdam can be removed and the whole work brought into u e. 

94. The dam, power hou e and lock at Ogden i land are located on the 

downstream slope of a wide ill of olid rock which cro es the rh er at about 

the middle of that i land. The main dam 1,200 feet long, with 19 gates each 

50 feet wide and 26 feet deep, i ho\\ n at the foot of a diver ion channel which 

is to be excavated through a low part of Ogden i land. The di charge capacity 

of this dam i to be upplemented by additional gate at the down tream end 

of a power hou e in the main channel of the river. 

95. The channel south of Ogden i land i to be enlarged, and a power 

house 1,300 feet long i to be built acro it, near the mouth of Big Sucker 

~reek ju t east of Waddington. A po\\ er hou e 3 600 feet long, i shown in 

the main channel of the river, north of Ogden i land. 
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96. In thi project navigation i carried pa t the dam at Ogden i land by 
making u e of the channel oc OUth of Ogden i land and by a lock on the shore 
of Ogden i land north and ea t of the po·wer hou e shown in that channel. 

97. The di' er ion channel is excavated to a bottom elevation of 205 and 
a width of 500 feet. It i almo t entirely in earth. The channel above the 
power hou e outh of Ogden i land i excavated to a bottom elecation of 210 
for a \Yidth of 800 feet. Some exca' ation i al o hown north of Ogden island. 

98. The olid rock urface on which the e works are located is about 
ele' ation 186. It i intended that the diver ion channel, with dam and the 
enlargement of the channel outh of Ogden i land, hould be completed before 
the diver ion of the flow of the river i begun. For diverting the flow of the 
river from it main channel a partial cofferdam of rock and a pier and gate 
tructure i propo ed on the high rock ill at the head of the rapide Plat. The 

pal\ er hou e in the channel north of Ogden i land ha been laid out with 54 
tmit of 5,570 hor e-power each at a head of 17 feet . The power hou e in the 
channel outh of Ogden i land has been laid out with 19 units of 5,5710 horse
power. at a head of 17 feet. 

99. The e timate of thi project provide for a timber-crib weir to be built 
below the power hou e north of Ogden i land. It i intended temporarily to 
hold the tail water level up w about elevation 221, the,reby preventing the head 
from exceeding 21 feet before the dam and power hou es at Barnhart island 
rai e the water to it regulated level, which will be about 226 under average 
ummer condition . 

100. In project No. 4-224, the level of the reach above the dam at the 
head of Barnhart i land is w be held to about elevation 224. With this eleva
tion channel enlargement i required only at a few point . The e are indicated 
on plate No. 29. 

101. The dam at the head of Barnhart i.Jand i 3,900 feet long. It extend 
from the head of Barnhart i land to the foot of Long Sault island and thence 
to the high lands on the United State mainland. It i equipped at each end 
with 11 gate each 50 feet wide and 21 feet deep . The central part of this 
dam ha a spillway ection with ere t elevation 224. 

102. The nited State and Canadian power hou es are located at the 
foot of Barnhart i land. The overall length of the e two power hou es. i 
3,200 feet. They are hown on a traight line which extend from the above 
Jock No. 20 on the Cornwall Canal to the foot of Barnhart i land. North of 
Ghe Canadian power hou e there i a retaining wall 400 feet long and north 
of thi a pilhvay 500 feet long i introduced. To the north of this pillway 
a lock for 14-foot navigation is shown. Thi lock is de igned to enable the 
Cornwall canal to be u ed during the con truction period and afterwards. The 
pal\ er hou e are to be equipped with a total of 38 unit , each capable of 
developing 47,600 hor e-power at 67-foot head. In the power hou es proper, 
ubmerged or pen tack gate provide a di charge capacity of 50,000 cf . under 

normal operating condition •. At the outh end of the power hou e 5 sluice 
gate are provided, each 50 feet wide and 10 feet deep. 

1_Q3. In thi project it i intended to enlarge the narrow channel at the 
head and foot of Bergen lake and al o the narrow part of the channel between 
Sheek and Barnhart i land . The total minimum ection provided will be 75 000 
quar~ feet at elevation 224. ' 

104. The dam at the head of Barnhart i land is hown near the foot of 
Long ault rapid where th~ ol~d 1~ock ~ fou.nd at elevation ranging from 
145 to 160. The water at th1 pmnt 1 qmte w1ft and elaborate arrangement;, 
are nece ary to divert the flow in order to unwater the ite of the dam. 
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105. A in the Report of H~21 a diver ion channel, 250 feet wide with 

n. grade elevation of 167, i to be exca' ated through Long ault i land. The 

"ide~ of t.he channel are to be lined with concrete to protect them from scour. 

The westerl end of the main dam cro e the outh ault channel below the 

entrance of the abm e diver ion channeL The lo\'i·er part of thi ection of 

the dam is to be built before "ater i let into the diver ion channel, and 20 

gate , 18 feet wide and 30 feet deep. are to be in tailed in it. The channel 

above and below thi dam i to be enlarged o that 209 000 cf . can be pa ed 

through the dam with "ater level above the trurture at tage 201. 

106. In order to make the diver,jon effecti\ e and maintain pre..,ent na\ i

gation a timber-crib dam with pier 30 feet wide and 60 feet long i ho" n 

in the river below lock 21 at the head of the Cornwall canal. The opening· 

betVi-een the e pier are 50 feet "ide and by clo ing the opening the . water 

level at the head of the di' er ion channel ma be rai ed to elevation 206. 

107. Thi will en ure a di' er ion of 160 000 cf . through Long Sault i land, 

40 000 cf . do\'i·n the South ault channel and 25 000 cL. down the J\1a ena 

canaL It i expected that the di' er..., ion of thi amount of water from the river, 

toegther with the control over flow that can be exerci ed at Galop rapid and 

at Ogden i land by work hoVi·n there, will enable the part of the dam which 

lie in the main ri,·er to be built by the ordinary cofferdam method. 

108. After the dam in the main -channel of the river i completed the 

opening left in the ... ection at the foot of the outh Sault channel can be filled 

with concrete, and the timber cut down at Lock 21 "ill be removed. 

109. In thi plan No. 4-224 navigation i carried pa t the dam at the head 

of Barnhart i land by mean of a ...,ide canal with two lift lock and a pair of 

protecting guard gate . Thi canal leave the rai ed pool oppo ite Dickin on 

Landing and cro e over a addle in Long ault i land and thence acro flat 

country to a junction with the river at the ·mouth of the Gra river. It total 

length i 6. 9 mile . In thi length of canal there i one reach 1. 0 mile long 

and another 1 . 5 long in which a bottom width of 300 feet i provided. 

110. The upper lock in the canal ha a 24-foot lift and i located about 

a mile we t of Robin on bay. The lower lock ha a lift of about 46 feet and 

i located near where the canal enter the ri' er north of the mouth of the 

Gra river. The lock wall of both lock are carried to ... olid rock "hich L 

found at elevation 137 at the upper lock ite and eleva ion 104 at the loVi·er. 

About one mile above the upper lock a retaining tructure with a pair of guard 

gate i introduced. 
111. A cro -current in the outh Sault channel" ill be preYented b depo it

ing wa te material at ome point in that channel below the head of the 1a ena 

canal. 
112. Should it be finallv decided to build the main dam in the river at the 

foot of Barnhart i land or· at the head of the Little Long ault rapid above 

Robin on bay the ide canal could be hortened to the extent of about 2. 2 mile 

bv leaving the main river ju t below the foot of Long S.ault i land. In thi loca

tion it could till pre erve guard-gate feature . 
113. The navigation work at and below the Gra River lock in thi project 

are practically the ame a in Full ingle- tage project No. 1-242. 

114. A concrete intake with gate i to be con tructed at the head of the 

Nia ena Power Canal a in the Full ingle- tage project No. 1-242. See para

graph 75 of thi appendix. 
115. In project No. 4-224 ome di connected dyke are hown between the 

high land we t of the village of Wale._ , and the retaining wall at the north end 
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of the power hou e at Barnhart island. Some dykes are al o shown between 
Richard landing and the guard gates of the proposed canal south of Long Sault 
i land. The e dyke are not high. 

116. This project does not raise the water level of the river above the general 
elevation of the surrounding country and abrupt slopes that may develop locally, 
due to ice condition in the river, will affect power heads rather than the flow 
of water through the section. 

117. The e timated co t of t" a-stage project No. 4-224 as presented by the 
Canadian ection is $264,546 000. 

118. The head concentrated at Ogden i land is small in winter. It can be 
increa ed by exten ive enlargements of channel between Ogden island and 
Weaver point. Thi enlargement i , however, not found to be economical 
becau e of the length of re tricted channel between the e points. The head 
predicted is vitally dependent upon the ice resistances. 

119. Dmvnstream from Ogden i land the pre ent slope of the river is 1 
foot per mile to Weaver point. Below that point the surface slope is fiat 
and pre ent cro -sectional areas are almo t large enough to permit an ice 
cover to form under natural condition . Ju t below the foot of Ogden island 
at Morri burg, the lowest point in the solid rock urface fall to about eleva
tion 155 and borings show that this hollow in the rock surface continues down-
tream to Cr} sler island. At Crysler island the soft rock of this part of the 

river is overlain with a layer of sandstone and a na.rrow sill at about elevation 
165 practically cro e the river. 

120. At the time the Main Report was signed in November, 1926, this pro
ject appeared to be the be t two-stage project available. Since that date, addi
tional boring at Cry~ler i land have disclo ed more favourable rock founda
tions than were indicated by the borings made in 1924, and a two-stage project 
with upper dam and power hou e at Cry ler i land in some major respects 
appear preferable to the Ogden I sland project. 

121. CRYSLER I sLAND Two-STAGE PLAN. A two-stage project with upper 
dam at Crysler i land and lower dam at Barnhart island is mentioned in the 
R eport of 1921. This proj ect is now presented as an alternative two-stage 
project, which i regarded by the Canadian section as giving greater financial 
return than project No. 4-224, although it initial cost is greater. It will be 
referred to as project No . 5-217. It is shown on plates 34 to 38. It estimated 
co t i $269 355,000. Detail e timates are shown on table 5. 

122. The chief work in this project are as follows:-
(1) A free open channel south of Galop i land for navigation. 
(2) Channe1 enlargement between Lotus island and Morrisburg to giVe 

95,000 square feet at ordinary levels. 
(3) A dam with power hou e at Cry ler i land where a head varying from 

24 feet in ummer to 18. 5 feet in winter is developed. 
( 4) A dam at the head of Barnhart i land with power houses at the foot 

of that island, where a head varying from 60 feet in summer to 56 
feet in winter i developed. 

(51 A short side canal with lock at Crysler island and a side canal with 
two locks and a pair of guard gates for carrying navigation past the 
dam at the head of Barnhart island. 

(6) Reta;ining e~bankm~nts with pu~nping and drainage works for pre
ventmg the mundaitwn of the Vlllage of Iroquois and the town of 
Morri burg. 

123. The work at Galop rapid for this project are similar to those shown 
m project No. 4-224, but operate somewhat differently. A in that project 

-- --- - --
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the free channel which na\ igation i to u e i located in the channel outh of 

Galop island and occupie it whole length. A large diver ion channel i hown 

through Galop i land and channel enlargement i al o hown north of Galop 

i land. The dam in the diver ion channel i to be equipped with 50 butterfly 

gate and a imilar dam" ith 16 gate i to take the place of the pre ent embank

ment between Galop and Adam i land. After the work north of Galop i land 

and the di' er ion are completed the channel outh of Galop i land i to be 

uawatered and the "·ark in that channel is to be done a in project No. 4-224. 

124. The work at Galop rapid are de igned to pa 310 000 cf . with a 

lo ..., of head of 2. 75 feet when lake Ontario tand at elevation 246. 5. The 

velocity in navigation channel under these condition i expected to be 4. 7 

feet per econd. The..., e work could be u ed for tho e hown in project No. 

1-242. 
1 25. At Iroquoi , dyke and pumping work imilar to tho e hown in 

other project are required. For the to" n of :.Morri burg dyke and a pump

ing plant are provided a in project No. 1-242, but in addition to the e work 

an egg-shaped ewer 5-} feet high, i to be built north of the dyke between 

that town and the reach below the dam at Cry ler i land, a total di tance of 

about 4 mile . 
126. At Cry.Jer i land a dam 2 800 feet long i hown on a long curve, 

with United tate and Canadian po"·er house each 1 500 feet long at either 

end. Thi curve i introduced to develop length and follow the mo t advantage

ou rock urface. A lock for 14-foot navigation i hown at the CIJ ler i land 

end of the curved dam. Thi lock i de igned for u e until the pond above 

the dam i rai ed to aboYe elevation 229 when 14-foot draft will become avail

able in the new canal. E timate provide for unwatering the control 1 500 feet 

of the dam at Cry ler i land by the pneumatic-cai on proce and for the 

unwatering of 700 feet in hallow water by the cellular teel heetpile trench 

method. The remainder of the dam and both power-hou e ite are to be 

unwatered by the open cofferdam method. 
127. The ide canal for carrying deep navigation pa t the dam i ho" n 

on the United tate ide of the river. It is 1. 6 mile long and i provided "ith 

swing top log apparatu at the head of the lock, a well as duplicate gate. 

and fender chain . The eo t of a imilar canal on the Canadian ide would 

be ub tantially the ame. 
128. T"·o- tage plan No. 5-217 sho". a dam at the head of Barnhart 

i.Jand "·ith power hou e at the foot of that i land, as in project No. 4-224. The 

work at the foot of the ection are in general imilar to the latter project and 

are located at the ame ite . The unwatering problem are the ame and it 

i intended that they hould be met in the ame way. 

129. The water level to be held above the dam at the foot of the section 

in project No. 5-217 i 7 feet lower than in project No. 4-224. This lower 

level reduce the lift of the lock in the ide canal we t of Robin on bay and 

lower the bottom elevation of the ide canal abo' e that point. Thi lowering 

of the reach level al o increa e the excavation required at the head and foo 

of Sheek i land for the head race. 
130. The operation of the Cry ler i land project pre ent ome difficulty. 

The e are a ..,ociated with control of flow through the long re tricted channel 

between Butternut i land and the foot of Ogden i land ju t above 1\1orri burg, 

when levels on lake Ontario fluctuate. A ri e of 2 feet in 4 hour , which ome

time has occurred oppo ite Pre cott would eau e a large increa e in flow in 

restricted channels while the pond between Ogden Lland and Crysler island 

6,7100 acre in extent, i filling up. ' 

I\ 
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131. The travel of urges would not interfere with the use of channels for 
navigation, a the increa eel velocitie would still be within the limits of safe 
practice. If, howe\ er, a urge hould occur in the brief period when an ice 
park i making up tream pa t Ogden i land, it might increa e velocities beyond 
2. 35 feet per econd. Should the river urface be heavily burdened with ice 
at thi time, a gorge might occur. 

132. This contingency i met in the de ign of works at Galop island, now 
de cri bed with the Cry ler i land project, by the pro vi ion of gates for quickly 
throttling the flow. A omewhat similar de ign could be included in the full 
ingle- tage project 1-242, at ome increase in eo t. 

133. A serie of erib with boom i provided above point Three Points and 
a similar boom i provided above Butternut i land. The e booms would start 
an ice park at the e point . They would be swung by tugs after the close of 
navigation each year and they would melt free from the ice and swing clear 
in the pring when relea eel. The u e of all of the above agencies hould prevent 
gorging of any magnitude taking place with the channel enlargement shown in 
the project. 

134. Since the power plant at Crysler island can be completed and put 
in operation about two years before the works at Barnhart island can be com
pleted, the Cry ler i land development is designed to operate at 34-foot head 
until the time when the lower level is raised. In this way about 760,000 horse
power could be made available before the lower plant i completed. This pro
ject initially furni he about 300,000 hor e-power more than project No. 4-224 
in the upper stage. Computations al o show that the completed project No. 
5-217 will produce about 10,000 horse-power more than the Ogden island pro
ject No. 4-224 during winter. 

135. PARTIAL SI GLE-STAGE PLAN. A single- tage scheme, with lock and 
dam control at Galop rapids and a controlled level of the reach above Bamhart 
island, has been considered. The Report of 1921 presented a somewhat similar 
project. It showed a control dam and lock at Ogden island combined with a 
lower pool at about elevation 231. In the designs of this project, provision 
wa made for a future ri e of even feet in the ere t of the lower dam, if ice 
condition permitted such a rise to be made with s~afety. 

136. In the Report of 1921 no mention is made of channel enlargement 
being nece ary when the rai e to higher level in the Long Sault was to be 
brought about. Progre ive enlargement could be made with the control dam 
and lock a shovvn in that project. 

137. The pre ent Board find , as stated previously, that the initial project 
de cribed in the Report of 1921 should be modified to secure more dependable 
winter operation and develop more power. The Board also finds the size of 
channels provided in the project of 1921 to be too mall to form an ice cover 
between the foot of Galop i land and the foot of Ogden island and enlargement 
to greater dimen ion i nece ary to reduce frazil formation and insure more 
dependable flow in winter. When thi enlargement is made and slopes are 
flattened, higher level can be carried in the lower pool. Changes such as these 
might be progre ively made up to the point where the full elevation provided 
in the project of 1921 would be made practicable. Such a project might be 
worked out with control dam and lock at. Ogden i land as shown in the report 
of 1921, or it might be worked out with similar control works at Galop rapids. 
Comparative e timates for uch a project how a slight advantage for control 
work at Galop rapid when the lower reach is held above elevation 235. 

138. In order to how the operating characteristics of a single-stage project 
giving about the ame re ult a that' i ualized in the Report of 1921, a project 
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with lock and dam at Galop rapids and crest level of 238 at Long Sault dam 
has been worked out. It mll be referred to here as No. 6-238. It is shown on 

plates No. 39 to 43. Detailed e timates will be found on table No. 6. 
139. The channel hown in thi project is enlarged to 65,000 square feet in 

Galop rapid and to 95,000 quare feet below. Thi is the ame enlargement as 
that hown in the ·cry ler i land project and i about the same as that shown in 

full ingle- tage scheme No. 1-242. 
140. In thi cheme (No. 6-238) a control dam is placed at the Galop 

rapid and the dam at the lo·wer end of the ection i shown at the head or 

Barnhart island, and the channel between Sheek and Barnhart islands is used 
for the headrace of the power hou e at the foot of Barnhart island. This 
channel i to be enlarged o a to gi' e about 87,000 quare feet at elevation 238. 

141. The computed head concentrated at the control dam is shown on 
plate 44 and 45. It would vary from month to month with the level on lake 
Ontario and the di charge. 

142. The e timated co t of thi project i tated by the Canadian section 

to be $228 610 000. 
-143. In this scheme nearly, if not all, the gate in the Galop control dam 

would be open during flood condition and during the latter part of the ice
covered period. During the low-flow period of late um.mer and autumn some 

control gate would be clo ed. 
144. The control of flow out of lake Ontario would be governed in part 

by the level of the Long ault reach and in part by the opening and clo ing of 
gate at the Galop Rapid dam. With thi cheme an ice cover would pack 
upstream from below Ogden i. land -n ithout gorging of the section o long as 
the flow out of lake Ontario i held down to about 203 000 cf . and the water 
level at the long Sault i held up to about ele' ation 239. 

145. A dam is sho~ n acro .. ~ a diYersion channe'l at Galop i ·land and also 

acro a channel on either ide of a lock at Lotu I land. The latter would 
control the flow ..,outh of Galop i land. A gated hou .. e i hown in both dam , 

with butterfly valYe for tl2_~ bulk of the opening in tead of roller gates. Early 

in the winter there -n·ould be a head of two or three feet at the outh Galop 

control dam and a head of three to four feet \Yould be u .. ed up in the lope and 
dam of the north Galop channeL. The head in the north Galop channel together 

with ability to quickly do .. e gate in the other channel can be u ed to prevent 
exc flow pa .... ,jng the ... ection during . urge . 

146. The above-de cribed cheme would develop all the head available in 

the ection during the winter period, and aLa all that available in ..,ummer when 
lake Ontario i. near extreme high and extreme low tage . The amount of 

powe.r not developed by thi project i greate t in the open-water period when 

lake Ontario .., tand about elevation 246·0. At that time the head lo t would 

be about 3·5 feet. · 
·147. The control of velocity of flow in re .. tricted channel afforded by this 

project i better than in other ._chem becau .... e fe-n P.r gate need be opened or 

clo ed to increa e or decrea e the flow in the river and the di tribution of flow 

in channel can be hetter controlled . It impo e a guard lock in the path of 
navigation instead of the navigable pa hown in the full ingle-stage project. 

I 1PRO\ E 1ENT FOR N AVIGATIO :r ALO 'E 

148. The river i._ now actually na\ igated by all traffic through the four

mile reach betV\ een Iroquoi and the head of the 1\1orri burg canal through the 

ten-mile reach between 1\J orri .. buro- and the head of Farran Point canal, and 

through the four -mile reach between Farran Point and the head of the Cornwall 
45827-17 
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Canal. The vev el U~ed in thi navigation are however, heavily powered in 
proportion to their ize. T he only part of thi section of the river, above Colfn
waU i land, regaroed a~ "' afely and conveniently navigable in it pre 'ent condi
tion by large lake freighter ... and ocean ve ·· el a.re the four-mile reach from 
'\¥ eaver Point to the Farran Point rapid , and the four-mile reach from the foot 
of the l,atter rapid._ to the entrance to the Cornwall canal. · 

149. The entire reach of river from Morri burg to the head of the Cornwall 
canal can be rendere-d ~ afely navigable for deep-craft ve ... el wit-h a moderate 
amount of dredginO' if the water lev 1 be :rai eel to elevation 220. At thi eleva
tion the flowage damage i not exten ive. The pl an for improving the river for 
navigation alone p.rovide, therefore, fo r rai ing thi rea1ch by a eries of dams 
acros the head of the Long Sault rapid ... . 

150. The plan provide a l1arge cli charge capacity through the gates of 
thee dam , so that. the pool created can be drawn clown in winter, with a view 
to avoiding, ordinarily, the formation of ice jam in the reache between Mor
ri burg and the dam~ : and of holding the ri ._ e con ... equent to uch jam to mini-
mum level . Under no circum ... tanc could the back-water from uch ri e 
affect the di charge capacity of the control ectiun at the Galop. 

151. Above Ogden i land: a latera,l canal i a cheaper m eans for affording 
navigat ion than i ~ the ponding of the river, and the ponding offer compli,ca
tion in a sming the winter di .. charge capacity . The plan for navigation alone 
provide, therefore, for a lateral canal ·on the United States hore through the 
upper part of the ection. 

152. In det.ai l, the plans pro\ ide fo r the enlargement of the channel at 
Ohimney point on the ame line a i propo_ed in the two chemes for com
bined navigation and power de-velopment. The dyke at the head of the north 
channel i to be left in place. The material exca' ated can be o deposited a to 
compensate for the effect of the enlargement on the level of lake Ontario. 

153. Navigation enter the UP'Per canal at a guard lock on t.he United 
State shore oppo, ite the head of Galop i .land. The ill are at elevation 211, 
coping at 253. Service gate are in duplicate, unwatering gate are provided at 
both ends of the lock out ide of the sen·ice gate , and an emergency dam is also 
provided. Adj ac€nt to the lock i a weir with three gate , 20 feet in width, with 
ill at elevation 230, tv provide the supply of "'ater fo r maintaining the canal 

level . 
l54. The canal foHows clo e to the hore and i formed partly in cut and 

partly by reta ining embankment at indentation in the hore, to a poinJt oppo-
ite Lotus i~land. It then. cut acro"'._ the penin ula of which Sparrowhawk point 

i the proj ecting tip, thence follows generally the hore to the bay above Point 
Rockway. It then follow the wale back of that point, cut acro the base of 
Lei hman point, and enter the outh channel of the river at Ogden i land. 

uitabLe embankment acro s the entrance to thi channel at the head of the 
i land, and on the i land it elf, permit the water to be r ai eel to the canal level, 
at elevation 241. The total length of the upper canal i 12·5 mile , of which 
1·5 mile i through the pool formed in the outh channel at Ogden i land. 

155. Navigation i carried from the canal to the river pool by a lock at 
Ogden i 1land, opposite Waddington. The upper gate iH of thi lock are at 
elevation 211 , lower gate ill at elo' a.tion 190, main coping 246. Service gate 
are provided in duplicate, with umvatering gate out idc of the ervice gate 
but no emergency dam i provided ince in ea e of accident the canal can b~ 
drawn down. A weir extend" from the lock to the United tate hore. Thi 
weir ha 20 opening~ , each 1:3 feet in widt-h, with ill at elevation 236. Stop 
log in the e opening provid control of the canal level . 

-~ - -- - ~ ~~~ - -- ----
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156. The river channeL from the lock to the head of the lower canal, a~ 

Long 'ault i land are e,·ca\·ated to a minimum ·width of 450 feet and to grade 

196 at the heaci of the pool ranO'ing ctmYn to 195 at the foot of the pool. 

157. Navigation enter the lower canal through a cut acro Long Sault 

i land, \\ith a bottom \\·idth of 200 feet at the "ummit cut · it cro e the outh 

ault channel and i carried down to t he main canal le\ el through a lock on 

the nited tate~ shore :tbout one mile inland. The upper · .. in of thi lock are 

at elevation 190, lo\\·er "' ill at elevation 170 main coping at elevation 229. 

ervice gat are in duplicate, with unwatering O'ates out ide of the ervice 

O'ate and an emergency dam i provided. 
158. From thi~ lock mn iO'ation pas~ e t.hrough a canal 4·6 mile in length, 

to a lock near tlw mouth of the GrL:k " river. The normal operating level of thi 

canal i at elevation 200. N aviO'ation i , carried down to the outh channel of 

the river at CormYall i~ land by a lock similar to that propo"ed in the combined 

navigation and power development::: the upper ~ ill being at elevation 170 and 

coping at elevation 205. 
159. An earth dyke and a \\'<.1tenn1.y are con,tructed at the Gra River 

lock a with the combined na\ igat ion and power developmenL, and the ame 

mea"ure~ are taken to pre;\·ent flood, from the Gras river from interfering with 

the approach to the lock. 
160. The total len!rth of the lower canal from the north bore of Long 

ault island to the head of the ~ outh ormYall channel i- 7 ·1 mile . 

161. The total lengt h of r :::.tricted canal navigation throughout the ection 

i 18 mile . 
162. The Ottawa branch of the Ne\\· York entral railroad i to be diverted 

to a cro ~,_. ing adjacent to the Gras , river lock a in the combined navigation 

and power development. 
163. The estimat , ~how considerably le . enlargement of the outh Corn

wall channel than i"' propo ed in the combined naviO'ation and power tproj ec.t, 

on account of the :-teadier flow without po\\·er development. 

164. The dam:.: creating the na\igable pool which extend from Long ault 

i land to Ogden i ~ land are three in number· one acro .... - the main ri\ er channel 

one acros the di,·ersion channel proposed to facilitate the un\\ atering of the 

main channel and one acro~- the outh 'ault. 
165. The dam -acro._;s the main channel i- located ju t abo\ e the head of 

the Long ault rapid"' . and is 1 5-:15 feet in lemrth. It i ~ provided with 24 tone 

ere t gate , each 50 feet in width, \\ith sill at ele\ ation 195. Con truction 

mu t be o pro ·ecuted a not to interfere with pre-cnt navigation through the 

Cornrwall canal, the final clo ._ure being made during the \\inter ea on. The 

dive io.n cut acros Long .·· ault island to facilitate the unwatering of thi dam 

"' ite i of the ame dimen-ion.:- a i- propo-ed in connection with the unwate.ring 

of a dam for navigation and po\\·er at the foot of the rapid . It i to be clo ed 

by 20 ~ luice~ each 16 feet in \vidth by 30 feet in height with illr at elevation 

165 which will be ubmer eel after the pool i rai ~ ed. The clam acro the 

outh ault i 375 feet in length with 6 cre..,t gate , 50 feet in width, \\ ith iH 

at elevation 195. 
166. The plans provide head gate at the entrance to the Ma ena power 

canal as in the combined navigation and power cheme . A few low dyke ar.e 

required along the United tate~ .__ bore oppo-ite Long ault i land and a dyke 

i required on the anadian .... bore at the head of the \\·ale that parallCJb the 

riYer ea tward from Hoople creek. 
167. The e timatecl cost of this project i - $79 000.000. Detailed e timate 

are ho\\'n in Table 7. 
45827-17~ 
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LAKE T. FRANCI S])CTION 

168. Thi section of the St. Lawrence ri'i er cover in general the expansion 
of lake St. Franci . It may be taken a extending from Colquhoun island 
opposite St. Regi , mile 115, to deep water a.t the foot of lake t . Francis, mile 
141, a di tance of 26 mile . It embraces almo t the ame tretch of river as 
Division No. 3 in the Report of 1921. 

169. Lake t. Franci i an area of water which lie between very low fiat 
shores. It appear to be formed from a number of delta-like channels with 
ban,ks submerged about three feet at the we terly end, ten feet in the middle, and 
sixteen feet at the ea· terly end of the lake. The :pre ent depth in these channels 
is more than is required for 25 foot navigation in all but a few places, and the 
natural alignment of the e ubmerged channeL i o good that navigation can. 
quite well follow them. The fall in the lake from Colquhoun I land to Coteau 
Landing i about one foot at mean flow. 

170. Beyond the immediate shore of the lake the country i low and fiat 
and co~ist of layer of peat overlying clay. The e flat when drained subside 
and burn ,o that now we find great area outh-ea t of the Hungry Bay and 
St. Bar.be dykes at about the level of Lake St. F:4anci . These areas are 
dependent for drainage on ditche which lead sometimes to the lake and some
times away from it. Originally a very low flat peat covered divide separated 
the drainage area of Lal,<e St. Franci from that of the St. Louis River leading 
into Lake St. Loui . With dyking, drainage and cultivation of country no 
divide now exi t except the Hungry Ba.y and St. Barbe dyke .· These are the 
structures which prevent the waters of Lake t . Francis from finding their way 
to Lake St. Loui via the lowered peat land and the St. Louis River. 

171. A a con equence of the e condition the water level of lake St. Francis 
cannot be rai ed above that to which it would go in n,at.ure. In fact the dykes 
a now exi ting are not high enough to retain the high water level of 18'62-1870-
1886 and 1887 should they recur, and ·some rai ing of the e mu t be undertaken 
no matter what action i taken regarding the improvement of the ection fm 
deep water navigation. 

172. Lake St. Franci ha a superficial area of about 90 quare miles; it has 
a cro - ectional area of 460,000 quare feet near it foot, 260,000 quare feet at 
McKee's point near it middle and about 160,000 quare feet between Colquhoun 
i land and Hamilton i land at it head. In the Hungry bay ection of the lake 
St. Francis, the movement of the water is luggi h and it cools down and freezes 
over before it freezes in other part of thi lake. In the swiftest flowing parts 
of the lake the ·average velocity of the water i le than 2.0 feet per second, and 
as a consequence a week of zero weather can be depended upon to form a smooth 
ice cover over the whole of the lake without much packing or jamming of the 
urface. 

173. In order to provide a depth of 25 feet fnr a width of 450 feet it is 
nece ary to remove projecting point at eight place between St. Regis i land 
and Butternut Island and al o to excavate a channel 2,000 feet lon,g opposite 
the village of Lanca ter. The project plane for thi section is 150.5 at the foot 
of the lake. · 

174. The work recommended to be done in this section i hown on Plates 
46 to 48. Estimated co t of thi work is $980,000, detail of which are shown in 
table No. 8. 

175. The general feature an;d alignment of navigation channel shown on 
the Board' plan jn thi ection are ub tantially the same a tho e recom
mended in the Report of 1921. 

~-~-- ~ -- - --~----
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0 LANGES SECTION 

176. DESCRIPTIO .-Thi "ection of the t. Lawrence river i 18 miles long 

and extend from deep water at the foot of lake t. Franci , mile 141, to deep 

water at the head of lake ~. t. Loui mile ] 59. The mean level of the water in 

lake St. Franci at the head of the ection i ele' ation 151 . 9, an.d that in lake St. 

Louis, at the foot of the ~ ection i 68. 9. The total drop in the section is 83 

feet. Thi , the ri' er take in four more or le " abrupt chute , vix, the Coteau, 

Cedar , plit Rock and Ca ... cade rapid . Of thi fall, 3. 0 feet occurs between 

the Lake t. Francis and Leonard I land, 14.3 feet in the Gateau Rapids, 6.o 

feet in the river between the Coteau du Lac Wharf and I le Aux V acres 32 feet

in Cedar Rapid 8.1 feet between. the Cedar power plant and Bisson Pt., and 

19 feet between BL on Pt. and Lake t. Loui , in what is called the Split Rock 

and Cascade Rapid..,. 

177. Upstream navio-ation through the Cedars and Ca cade R31pids is 

impossible and the only boat that naYigate the open river on the down tream 

journey are the ..,pecial pa ""' enger boat~ operated for the touri t trade. All 

freight lboat u"e the pre ent ~oulange Canal which provide for hips of 14 

foot draft and extend from Coteau Landing on Lake St. Francis to Cascades 

Point on Lake St. Loui . Thi canal i 100 feet wide on the bottom, 15 feet deep 

and 14 mile long. It ha one auard lock at Coteau Landing and four separate 

lock near it lower end ju .. t above where it enter Lake St. Loui . This canal 

cro se three small river , a ~ hart di tance north and east of Gateau du Lac. 

Power for operation of thi canal i upplied from a tation of it own at the 

mouth of the River a La Grai" e where a head of about 20 feet between the 

canal and the river at that point i utilized. 

178. In thi , "'ection of the t. Lawrence river there are four power develop

ment now in operation.. Three of the"e are located at the foot of Cedars rapids 

and one is located in the city of Valleyfield on a ide channel of the St. Lawrence 

south cf Grande isle. The large t of the power plants in the section is the Cedars 

Rapid plant, owned and operated by the l\.1ontreal Light, Heat an.d Power 

Con olidated. It ha'" an in tailed capacity of 197,000 hor e-power at a a2 foot 

head. 
179. The ne~rt large plant L the t. Timothee plant of the Canadian Light 

and Power Co. \Yith a practicable capacity of about 22,000 hor e-power. The 

Canadian Light and Power Company i now under toad to be affiliated with the 

Montreal Light, Heat and Pon er on ... olidated. Thi plant draw its water 

upply from an old abandoned na' iaation canal and operate under about a .:fift.y 

foot head. 
180. The third large t plan.t in thi ection i the Provincial Power Plant 

which is owned by the l\Iontreal Light Heat and Power Con olidated. It has 

a practicable capacity of 12 000 hor e-power and. draw it~ water upply from 

the Soulange Canal. It opera e ~ under a head of about 52 feet. 

181. The fourth development of importance i ... at ValJey:field and con i ts 

of a group of plant largely owned by the l\!Iontreal Cotton Co. Thi group uses 

a'bout 10,000 cf . at a head of about 11 feet. The output may be taken at about 

10,000 horse-power all of n·hich power i u ed in the adjacent mills and city. 

The head at thi point wa oriainally created by a dam built by the Canadian 

Federal Government in 1849 for the imprm ement of navigation in the entrance 

to the Beauharnoi canal. The power work . now in exi tence at Valley:field 

have been, brought about by a erie of plant extensions extending over half a 

century. 
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182. The country on either ide of the ri' er between Lake St. Franci and 
Lake t. Loui i generally flat and uniform except where boulder clay ridges 
ri e through the marine clay which generally CO\ er the country. A large area 
of territory south of t. Timothee and north of the St. Loui river i occupied 
by these ridge but in a few place"' pa se are left, through which the marine 
clay plain i contin,uou . 

183. South of the boulder clay outcrop above de cribed, the country lope~ 
to the St. Loui river, but there are no creeks or water course becau e the area 
drained is small. 

184. In the Soulange Section, o1icl rock outcrop in many places and it 
doe not appear to be far below the bed of the river throughout the section. It 
form the bed of the river in the Coteau, Cedars, and Ca cade rapid and can 
be een at many points in the country north and south of the city of Valleyfield. 
It i expo ed on the south ide in the St. Loui river, five mile ea t of lake St. 
Franci , and on the loping hill ide at Melocheville. On the north side of the 
river it i expo ed at Coteau du Lac, in Chamberry Gully and all along the 
river from Cedars to Cascades Point. 

185. The chief urban centre in the .. ection i Valleyfield, population 10 000. 
It i ituated on a small outlet of lake St. Francis on the south ide of Grande 
Ile. The ground level of this city is frnm 5 to 10 feet above the level of lake St. 
Francis. 

186. Other village -to be noted in this ection are Gateau du Lac, Cedar 
and St. Timothee. Coteau du Lac, population 485, i on the north ide of the 
St. Lawrence river about 3 mile below lake St. Franci near the foot of Coteau 
Rapid where the DeLi le river comes into the St. La\vTence from the north. 
Its ground level is about the elevation of lake St. Francis. The village of 
Cedar ., population 536, i located on the north side of the river at the head of 
Cedar Rapid . It ground level i about ten feet below the ele' ation of lake 
St. Franci . The village of St. Timothee, population 450, i located a little 
below ·Cedars on the outh ide of the river. It ground level i about 25 feet 
below the level of lake St. Francis. 

187. The floo.r of the river in Ooteau rapid. is cry talline limestone of a 
pecially hard gritty nature. That in Cedar Rapid i dolomite, and that in 

the Ca cade rapid i. Pot dam andstone. 
188. At the pre ent time the river run open in the winter throughout thi ._ 

whole ection, from the foot of lake St. Franci to the head of lake St. Loui . 
In thi di tance fourteen quare miles of water 'l1rface i exposed to the cooling 
influence of the air, and about 240:000,000 cubic yard of frazil i formed each 
wint-er. Thi i towed under the ice cover at the head of lake St. Louis and 
produce a winter rLe of from 10 to 15 feet in the water level at the foot of 
Ca cade rapids near Melocheville. 

189. Proposed Plan of Improvement. As hown in paragraph 163 to 169 
of the Main Report, the Board find it practical and economical to combine 
improvement for navi!Tation in the Soulanges section with improvement for 
power. It also finds that a combined river and overland canal project, consider
ing interest charge , give greater economy than any other joint navigation and 
power project inve tigated. As tated in paragraph 175 of the Main Report 
thi project "better provide for the pre ent and future development of th~ 
waterway than any "' cheme for navigation alone, and is therefore the de irable 
... c'heme, if arrangement are made whereby power intere ts bear a fair propor
tion of the co t of the initial expenditure required." Thi project i called the 
Ile aux Vache Three ta!Te Project for navigation and power. It i hown on 
plate 49 to 51. It e .. timated co t i $103,945,000. Detailerl e timate are 
given on table 9 and 10. 

- - - - - ~ - - - - -- - -
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190. Thi project i ~ imilar in form to the "Ca eade Point--Coteau 

Rapid. Project' de cribed in the Report of 1921, but it details are changed in 

ome re pect..., . The po\\ er feature of thi project are planned to be developed 

in three ucces i\ e tages. 
191. The work~ comprLed in the naYigation project and in the first stage 

of the development for power are as follows:-

(a) A hart ubmarine channel, 450 feet wide and protected by break

water , leading from deep water in lake St. Franci to the north bore 

of the river at Coteau Landing. 

(b) An overland canal 12 500 feet long and 200 feet wide, extending from 

the bore of the St. Lawrence river at Coteau Landing to the mouth 

of the DeLi le river. 
(c) A lock at the ea t end of thi canal with lift of from 1 to 5 feet, depend

upon the tage of the lake, along 1\'ith an approach channel leading 

into what ·will be deep water in a Coteau du Lac-Cedars pool. 

(d) A dam acro the t. Lawrence river extending from above Cedars 

village to Point du Domaine on Grande ile which i virtually the south 

bore of the river. Thi dam i to control the level of lake St. Franci 

and i, to be connected with a power hou .... e at Ile aux -aches and Ile 

Juillet capable of developing 382,000 hor e-power at a head of about 

22 feet. Embankment are proYided to protect the low land on both 

ide of the river. 
(e) An enlargement of the rh er at Coteau Rapid so a to enable the level 

of lake St. Franci to be extended to a pool below Coteau du Lac with 

a lo of head of not more than 1 -~ feet in period of low dL,charge 

and not more than 5 feet in period~ of extreme flood. Thi i to be 

done b mean of an enlargement at Round i . .Jand and a long diver-

ion channel, 240 feet wide on the bottom with o-rade Elev. 120, separ

ate from the rh er and extending from above Clarke i land to below 

Broad i land, a di ~tance of about 2! mile.... The flow through thi 

diver ion channel can be controlled by mean of 13-50 ft. gate , 20 

feet deep. 
(f) A ...,icLe canal from the . bore of the river above Cedar to the Ottawa 

arm of lake • t. Loui .... , north of the outlet of hamberry gully, along 

with a ... ubmarine channel leading out into lake ~t. Loui . 

(g) A pair of guard gate~ in the middle of thL canal with two lift lacks 

near iL ca..., terlv end. One of the lock i..., located a hart di tance we t 

of the point where the canal cro e Chamberry gully and the other is 

located near the ...,bore of lake t. Loui . The lock in thi ide canal 

are de ... io-ned to overcome a total difference in level of 80 feet. 

(h) uch drainage and diversion work a are required to protect the vil

lag of oteau Junction and Coteau du Lac and the valleYIS of the 

Deli le: Rouo-e and A la Grai .... e ri' er..., from the rai . ed level of the 

river. 

192. The work compri .... ed in the . econd stage of the improvement have to 

do with power entirely. They are a .... foll0\\1 :-

(a A head race canal from aboYe Cedar ... village to the Ottawa arm of 

lake t. Loui with a po·wer plant at the mouth of Chamberry guHy 

capable of developing 500 000 h.p. at a head of 75 feet, with embank

ment..., bridg ·- : extension of yphon culvert ... and other work required 

to make available the 500 000 h.'P. at that point le 12 000 h.p. to be 

put out of commi ion at the provincial plant near Cedars. 
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193. The work compri,_.ed in the third tage of the de' elopment have al o 
to do only "itJh power. They are a follow :-

(a) A dam acro the t. Lawrence river a hart di tance above the village 
of 1elocheville. Thi dam to be connected with a power plant on the 
bore of lake St. Loui north of Ca cade i land, capable of developing 

974,000 h.p. at a head of 53 feet, but will put 212,000 h:p. out of com
mi ion at Cedar~ and St. Timothee. 

(b) A new road on the s·outh ide of the ri' er from above the village of 
St. Timothee to l\1elocmeville, and uch other work a are nece ary 
to adju t the community to a rai ed le' el of e]e, ation 125 in the reach 
between Cedar and MeflocheviHe. 

194. Economic Considerations. The determination of the be t method of 
improving a river in which power resource are to be developed depends partly 
upon the phy ical co ~ t of improvement by 'arious cheme and partly upon the 
rate at which po" er re ource" if made available, can be ab orbed. 

195. Stati tic how that i:Jhe province of Quebec we t of Quebec city has 
been ab orbing pol\ver at the rate of 250,000,000 kilowatt hour per year for the 
pa t ix year . Thi i ... exelu ive of poV\ er used in electric steam boilers which 
is generally off-peak power. This i equivalent to .about 72,000 horse-power 
peak load growth per year at 50 per cent load bctor. Some of the territory 
included in the above _district is not tributary to the St. Lawrence and unle s 
all di •tributing companie are prepared to exchange power it cannot be expected 
that all power needs fvr any period can come from the St. Lawrence. 

196. Recently thB Water Power Branch of the Canadian Department of the 
Interior ·predicted a growth in in tailed capacity of power plants. in the St. 
La~wrence ba in, of 225,000 horse-power per year. According to factors which 
they have developed, this would mean a growth of about 150J000 horse-power 
per year· in ba e load plant uch a ~ tho~e on the St. Lawrence river. It appears 
rea onable to take half of thi._ growth a in Quebec and half in Ontario as the 
amount of power in u ._-e in the..., e two provinces i about the ame. 

197. The annual growth in . imultaneou peak of the power y tern now 
connected in the 1ontreal, Ea tern Town hip and Quebec di trict , i about 
50,000 horse-power and until thB cheap power now undeveloped on the Ottawa 
and on its tributary t.ream._ is put to u e, it i not likely that the whole province 
we t of Quebec city wi·ll draw the additional power it need from any one 
~ aurce. 

198. After all cheap power ite are developed and after all the power on 
thB International ... ection of the St. Lawrence i put to u e, the rate of ab orp
tion from the Quebec .. ;ection of the St. Lawrence will probably be much greater. 
A rate qf ab orption in Canada of at lea t 150,000 hor e-power per year for thi -:~ 
St. Lawrence pov. er fifteen year hence i ..... not unrea onable. 

199. In order to o·i, e an idea of the overall co t of variou project rate 
of ab orption of 40,000 horse-power, 75,000 hor e-power, and 150,000 hor e~power 
are taken and 5 per cent per year i added to the fir rt co ..,t to cover intere t 
during half the con vruction period and during half the period required to 
market power, a derived from the above rat of absorption. The results are 
hown on table No . 11 to 13 and 29. 

200. The oulange.. ccbon offer many opportunitie for variation in 
de ... ign of projects but anal} i._ . how that tho~e project which can be executed 
in ucce ive trug bring about greater economy than projects which require aH 
the work connected with them to be con tructed at one time. 

-~- - -- ---
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201. A feature of the Ile aux Vache Three Stage project which makes it 

more economical than any other. ha\ ing in view the intere t of both navigation 

and power i .... the fact that through na,·igation ma be ecured on an economical 

general plan "·ith the first ~tage of the power de\ elopment wit.hout any expendi

ture for tag two and three and without interference with the operation of 

bhe pre ent Ce-dar plant. 
202. The ide canal between Cedar" and lake St. Loui~ i de igned o that 

ome excavation mE de for it m a be of u~ e in connection "·ith po"·er development 

in tage two. Thi i" done b joining the alignment ... of the power and navigation 

canal about two mile ea t of Cedar village. 

203. The e"timated co t of thi complete project including the power work 

of tage two and three i" $205.052,000. The fir t stage i e ... timated to eo t 

$103 945 000. In the latter amount $1 1,821 000 i for a ..,ide c1:- nal from lake St. 

Franci to Coteau du Lac; $19 773 ,000 i for a .., ide canal between Cedar ·and 

lake St. Loui ; $9 212,000 i. for the enlaro-ement of oteau rapid and the reduc

tion cf open 1\ater at that point; $38.553,000 i for the dam and power hou e 

f'Ub tructure at Cedar along with embankments and drainage work required to 

raise the water level of the river to complete the improvement for navigation. 

$101107,000 i.., for the "·ork in tage" t"·o and three. 

204. The Ile aux V ache Three Stage Project for na\ igation and power above 

de cri bed, in\ olve the remO\ al of the northerly part of the village of Cedar and 

the dyking of the village of Coteau du Lac in the fir ~ t ta o-e of imprO\ ement. It 

al o require the inundation of part of the village of St. Timothee and the removal 

of the present Cedar plant in the third tao-e of improvement. It require the u e 

of exten i\ e dyke along the north ..,hare of the river between Coteau du Lac 

and Cedar and along both side .... of the na\·igation improvement between Cedar 

and Ca cade Point, a "·ell a ~ the u~ e of ~ome embankment between point du 

Domaine on Grande ile and the hio-h land north"·est of the cit of Valleyfield. 

205. The project i de igned to pa maxim'l:.m flood~ without rai ing the 

level of Lake St. Francis higher than it would go under natural condition . It i 

de igned o a not to retard the flo"- in winter. It i de igned o a to ecure a 

complete ice cover from Lake L Franric:-- to the Coteau Bridge, and also from 

the foot of Broad Lland to the clam to be con"tructed at ile aux Vaches. It is 

de jgned to "ecure an ire cm er in the head race canal between Ceda1 and Cham

berry gully which i part of the econd ~tage of the imprm ement, and aLo an 

almo complete ice cover from ile aux V nrbe to the dam at Ca cade i.Jand 

when the "ork de" cri bed for the third .., tage are built. 

206. The water "urface area, "-hich are expected to remain open in winter 

when the improvement of the .... ection i .... complete, are confined to : a tretch of 

river about 11 000 feet long between the pre .... ent Coteau bridge and Coteau du 

Lac· a diver ion channel 'ar~·ing in width from 270 to 670 feet, and extending 

from Clarke i land to the foot of Broad i land · a hart tretch of river immedi

ately below the propo ed power plant at Ile aux \ ache and below the propo ed 

dam in Ca cade rapidu. 
207. A lock in the .., ide canal between oteau Landing and Coteau du Lac 

i included in the plan. If there were no lock at thi point, the canal would 

have to be 700 fee wide to give ~ ati ._ fa ctory na\ igation velocitie . Thi wide 

channel would co ~t about $16 000.000. A velocity of 4-1- feet per econd in a 

navigation channel i not low enough for an approach to a draw bridge, and if 

the lock in thi canal i done away with an extra expenditure of about $5,000 000 

would be required for a new bridge in quieter water. A deduction of $2,600 000 

from this $21 ,000 000 could be made if no lock i built, making an incre~ ed 

expenditure of $18,400,000. A the extra power created by the wider channels 
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and the time saved to initia.l navigation will probably not justify the extrru expen
diture in' olved, open river na\ igation at thi point i not included in the initial 
project at thi time. . 

208. Much consideration has been gi\ en to the rei& tive advantage of ingle 
and flight locks at the foot. of the overland canal between Cedar Village and the 
Ottawa Arm of lake St. Loui ... . Comparati\ e e timate show no material advan
tage for either type of improYement ~ nd the conclusion i that either may be u ed 
without lo of efficiency or economy. Single lock are provided for in plan and 
e timate . 

209. A number of location for the po'' er house on the ile aux V aches dam 
are available. E .. Jimate .... ~how no material difference in co t of the e and the 
plan filed can be varied in thi regard. 

210. A difficult fe ::. ture of the ile aux Vache project i the improvement of 
8oteau rapid o a to permit the rai ing of the Cedar pool to the height de 'ired, 
without interfering with flood levels on lake St. Francis and without introducing 
ice jam that would endanger the continuity of the winter flow of the river. The 
plan of improvement hown at Coteau rapid consists in an enlargement of the 
river at Round I land and in the excavation of a deep ... mooth diversion channel, 
eparate and di tinct from the river, from above Clarke island to below Broad 

island. To simplify the bridging of the diver ion channel, the line of the Cana
dian National Railway i ... relocated in the vicinity of Bellerive. The diversion 
channel i de igned to divert about 52,000 c.f .. under winter condition . It will 
reduce the velocity in the· river above Coteau Bridge to 1 . 86 feet per econd with 
a winter flow of 230,000 c.f. . and thereby a i t. in firmly holding the foot of 
the ice cover at the Coteau Bridge throughout the winter. Thi will leave the 
area of exposed water .... urface at the hend of the Coteau du Lac-Cedar pool at 
about 45,000,000 quare feet or 1. 6 square miles, &nd about 13,000,000 cubic 
yard of frazil may be expected to form. A the cro s-"'ectional area of the river 
ju t below Coteau du Lac at elevation 147 i about 145,000 quare feet and as the 
flowing water will only occ'U.py about 65,000 ... quare feet, after the pack i formed, 
this volume of slush and frazil will create a pack about 4,400 feet long. From 
many ob en ations in other '"' ections of the St. Lawrence, it i predicted that 
the lo in head in January and February from thi eau e will vary from 1 to 2 
feet, depending upon the weE.ther. 

211. The "' ectional area of the overland power canal between Cedar and 
Cham'berry gully, under the econd stage, i. made of uch dim en -ions that 
500,000 hor e-power can be developed at Chamberry gully "ithout velocitie 
greater than 2. 2.5 feet per econd being ... et up. Thi will permit an ice cover 
to form in this .canal. 

212. The third stage of the Ile aux Vache scheme for the development of 
power at Ca .... cade contemplate the rai ing of the water urface in the Cedars 
rapid to a point where the average velocity of the water will be about 2. 7 feet 
per second from the power house at Ile aux Vaches to the village of St. 
Timothee. This velocity i belie\ ed to be low enough to permit an ice pack to 
work up..., tream without any large quantity of frazil being carried underneath 
the ice cover and a a con ... equence no great ri e of water level in the tail-race 
of the Ile aux Vache plant i expected in winter. 

213. An important feature in the improvement of thi section i the exi t
ence of the 197,000 hor ... ~-power plant now operated by the l\1ontreal Light, 
Heat and Power Con ohdated, at the foot of Cedar rapid . A ha been 
explained this plant now utilize ... a head of 32 feet in the middle oi a erie of 
ra,pid having a total fall of 83 feet. Tlti plant ha operating diffi.cultie on 
account of ice condition .... 
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214. The third tage of the Ile aux Vache development involves crap

ping thi plant but all the excavation now done in the head-race and in tbe 

riYer "'ill be utilizecl. 
215. In an effort to u .. e thi~ plant a three tage ri' er de\ elopment with 

..,ide canal a ... in the Ile aux Vache praject. ha been considered. The first 

tep of thi improvement would be a plant with a 22 foot head at Ile au.x 

\ ache : the econd ... tep a plant with a 32 foot head at Cedar and t·he third , 

a plant with a 20 foot head at Ca cade" i .. land all utilizing the complete fim, 

of the river. 
216. Thi cheme would treat the river above Ile aux Vache from a 

hydraulic point of view in the ame way as the Ile aux V ache scheme, and it 

would pre erve "Water le\ el above and below the pre ent Cedars plant. 

In the de ·igning of thi ~ kind of fL ~cheme no difficulty i found in ecuring 

:1. <YOOd operating propo"ition in ummer but in winter a length of 7! miles 

between ile aux ·vache ... and lake St. Loui will run open and would form 

120 000 000 cubic yard of frazil and ~ lu h ice which mu t be ... tared omewhere. 

The bulk of thi ... mav accumulate a it doe._ nmY, at the head of lake St. Loui 

in "·hi eh ea e the operating head of the po" er plant at Ca"cades would lo e 

about 10 feet and it output "·ould be reduced by about 250 000 hor e-power. 

On the other hand if this ice be accumulated above the Ca cade I land power 

hou e and dam a i ... probable the old and new power plants at CedarN would 

have their operating head reduced to one-half that now utilized "ith a lo of 

po"Wer amounting to about 360 000 hor e-power. 

217. Such a project cannot economically 'be improved bv dredging on 

account of the enormou yardage. a large part of which i rock that ha to be 

remO\ ed to make the project workable in winter. Thi cheme therefore, i 

out of the que ... tion from an operating and financial point of view. 

218. A . cheme to impro\ e the ri\ er for power, makin<Y only partial u e of 

the pre eut Cedar ... phnt. wa al o con idered. It inYoh e the building of a 

new power plant just north and ea ... t of the Cedar plant. to ~erve pre ent 

cu tamer while the old plant is being rebuilt to utilize a higher head. This . 

cheme require power plant at Cedar to operate for a time at one tail water 

level and afterward ... at a tail "·aier level ten feet higher. Thi L not a de ir

able feature but i wa thought to be a practical olution provided 33 per cent 

of the flow be diverted from the river at this point and u ed to develop power 

directly from a power canal at hamberr under a head of 78 feet. Anal. i 

of this scheme hawed it fir t and al o i overall co t to be more than the Jlc 

aux V ache three-.. tage .. cheme and a it ha no operating advantag , over that 

·cheme it need not be further con~idered. 

219. If there "·ere a large market for power and no 'e ted intere t in the 

river the be t cheme of improvement for both po"·er and navigation would 

be an all river project with the reache be~ween Coteau du Lac and Cedar and 

between St. Timothee and lVIeloche\ ille u ed a na\ igation pool . For uch a 

project the level of the lower reach mu"t be rai ed to at lea t elevation 115 in 

order to e cape expen ... i\ e submarine excavation between Cedar" and Meloche

ville. It i ... hown on plate 52 and 53. Detailed e timate are given in table · 

18 to 20. It. e ... timated co t i $194 317,000. 

220. This project, with power hou e ... at Cedar and at Ca cades invoh e 

the rai ing of the whole river between Coteau and Ca cade about 20 feet 

at the ame time unle.. po"·er i ecured eLewhere to upplv Cedar cu -

tamer while the development i being made. Thi require the building of 

one-third of the Ca cade Lland plant a .. a fir ... t part of the fir t- tage of the 

project, then in tailing machinery in a new power plant at Cedar a the other 
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part of the fir. t stage. It in' olve recon tructing the present Cedar plant as 
the econd tage and completing the Ca..,cades Island development a the third 
tage of the project. Thi ._ cheme propo e to take care of the present Cedar 

cu tamer by transferring load to the fir"' t part of the Ca cade I land develop
ment early in the spring of ome selected year and then arranging during the 
ucceeding summer for the cofferdamming of the present Cedars plant and the 

rai ing of the upper reach before the advent of the winter ice. The hazard~ 
co~nected with the operating of this cheme during con truction would be 
enou . 

221. When intere t i considered and a growth of 75,000 horse-power js 
assumed, this scheme shows about the same overall economy as the Ile aux 
Vaches project. It would, however, in the fir t stage of its construction inter
fere with the present Cedars plant and would require a very large expenditure 
before any power would be produced. 

222. Another project which wa con idered was a simple two-stage seheme 
with a 2Q foot in,itial development for power oppo.site point a Biron, a, short 
distance above Ile aux Vache . Incorporated with this, was a 54 foot develop
ment at Cascade i land. Thi cheme utilized the inve tment in the Cedare 
Rapid head-race, but required the removal of the Cedars building itself when 
the 54 foot plant at Ca cades island would go into commission in the second 
stage of the improvement. It i hown on plate 54 and 55. Its estimated cost 
i $203,692,000. Detailed e timates are . hown on tables 21 and 22. 

223. This method of developing the power in the river would leave the 
valley of Chamberry gully free to be occupied by navigation works a.s there 
would be no power development at Chamberry gully and no overland power 
canal between Cedar and that point. The fir t cost of this project is $1,360,000 
less than the Ile aux V ache three-stage project, but the overall cost on the 
assumed growth of the power demand, is muc·h greater due to the necessary 
execution of the work in two stages in tead of three. 

224. Another scheme which has carefully been considered i the improve
ment of the river for navigation and power by means of an, enlarged ide cana! 
between Hungry bay and Melocheville thi work to be coupled with a river 
development o a. to give a 4- tage power development. The fir t stage of this 
cheme consist~ in building a. canal between Hungry bay and Melocheville and 

developing a certain amount of power at a 78 foot head at Melocheville. It is 
hown on plate 56 and 57. There would be a guard lock at Hungry bay and 

double flight locks at Melocheville for deep navigation as in the project recom
mended in the Report of 1921 together with bridges, and channels in Lake St. 
Francis and Lake St. Louis as in that project. The second stage of this pro
position consists in developing 370,000 horse-power at Ile aux Vaches above 
Cedars as in the Ile aux V aches cheme. The third stage consists in the develop
ment of a certain amount of power h.t a head of 78 feet at Chamberry gully. 
The fourth tage deYelop the ame amount of power at Cascades island as is 
developed in the Ile aux V ache scheme. 

225. In thi scheme of development, the capacity of the fir t and thircl. 
tages can be varied between wide limit but the ize of the second and fourth 
ta.ges mu t remain con._ b.n.t a~ river channel planned will cover with ice only 

when the flow in them i limited to set amounts. 
226. In order to .how the effect of improving the river in the albove manner, 

the Hungry bay-Melocheville "anal ha been laid out with a width of 300 feet, 
400 feet and 930 feet, and with capacities of 15,500 cfs., 31,600 cf ., and 66,700 
cf . exclu ive of the water required for navigation. The tot~l n.et cost of 

.___ - ~ -- -- - - ·- - -
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improving the whole ection by each of these variation i $213,509,000, $223,-

533,000 and $237,778 000 respectively. Detailed e timate with 31 1600 cf~. 

diverted are hown on table 25. 
227. In the fir t ea e the average 'elocity of the water in the canal i taken 

at 2. 0 feet per econd. In the other~ it i taken at 2. 25 feet per econd. 

Analy i of the abm e eo t how that the de' elopment of power by mean.~ of 

the malle t diver ion i more economical than by the larger diver ions. All 

developrpent with power at Melocheville are more eo tly than by the recom·· 

mended project. (See table~ 26 to 29.) 

I IPROVEMEN'I' OF So"GLANGES ECTION FOR NAVIGATION ALo E 

228. If an improvement olely for navigation i de..,ired one W9.Y it can be 

secured is by building an overland ide canal from deep ·water in lake St. Franci·; 

via Hungry bay and the low tlat uniform country north of the t. Loui river 

to the head of lake St. Loui at ?\1elocheville. 

229. An impro\ ement of thi ., kind ha been laid out. It has double locks 

in flight at it~ lower end where an ideal olid rock foundation i available, and 

it ha a guard lock at it upper en.d to p10tect the long 13 mile reach from high 

water level on lake t. Franci., . The impro\ ement hown i imilar to that 

laid out and recommended in the Report of 1921. It will be referred to as the 

Hungry Bay-Melocheville project, and i hown on plate 58 and 59. 

2·30. A waterway built along thi route doe not 1equire the removal of a 

very large amount of excavation a the ground ..,urface i ... uniformly below the 

le,·el of lake t. Franci and yet the retaining embankment will not be high, 

and no creek or river are era ed at any point in the route. In thi project 

very little .olid rock ha ~ to be remo' ed. Three combined railway and highway 

era ing and three era ... ~ing for higlnra traffic are provided in thi ection. 

The length of re tricted navigation in the canal i about 13 miles, exclu i\ e of 

lock. 
231. The project i d igned to have ultimately double flight lock at 

Melocheville, the e together o\ ercome a lift of 80 feet. and give a traffic 

capacity of 40 000.000 ton.' per year. 
232. A the traffic capacity of one et of flight lock i about 16,000,0001 

ton per year, it is thou(}'ht the con truction of the second et may be delayed 

for ome year. and the project i laid ou~t in that way. In order however, to 

facilitate the later con .... truction of duplicate lock , e timate and plan provide 

for the execution of the foundation~ and the con truction of wall to the ordinary 

level of lake St. Louis. 
233. The e timated co .... t of the Hungry Bay-Meloche' ille project for navi

,gation alon~ $37,541;000 of wqich an expenditure of $3 901,000 can be delayed 

until the completion of duplicate locke a de cribed above. For detailed e ti

mate see table No . 14 and 15. The above timate provide for the u e of 

lift bridges of 200 feet clear pan. 
234. An overland canal of imilar de ign can be built on the north hare of 

the river. ee plate 60 and 61. It ~ ould be lightly barter and cro ed by 

fe\\ er bridge but it would be more costly a three river are cro ed and good 

foundation for lock are deeper. It eo t i e timated at $40 378,000 a hown 

in table Nos. 16 and 17. 
235. The length of re tricted navigation in the abo' e cheme can be reduced 

by the con truction of a lock and dam y tern of river improvement. This 

pbviou ly in' olves power potentialitie and the ubstrurture of a power--hou e 

hould be incorpor!.tted with the dam required in uch an improvement. If thi 

be done it would become the fir t . tage of the project recommended. 
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236. An ad\ antage of thi ... north canal i that it could be combined with a 
river improvement, ub equently made for power, by con tructing two short 
connection to the river. The length of re tricted navigation would thus be 
reduced. See paragraph 174b of the JYiain Report. The e timated co t of these 
two connections is $1,922,000. See table No. 17. 

IMPROVEMF.NT OF So ULA GES SEcTio FOR PowER ALO~ E 

237. Various project..., for improving the Soulange ection for power alone 
"ere inves-tigated. In general the . a me problem pre ented them elve as in 
improvement for both navigation and power. U was found that no econom.ical 
project could be laid dov1n which would not interfere with pre"'ent 14-foot navi
gation in i:Jhe Soulange~ canal, and al o no project could be -laid down which 
"' ould not interfere, in "'ome ~tage of it development, with the present Cedars 
plant. Analysis shows that the be. t form of improvement is the Ile aux V aches 
Three-Stage cheme ,,·ith 14-foot , ide canals taking the place of the deep water
way hown in the reeommended project. The eo t of thi project i e timated 
at $180,711,000, a · hown in table No . 23 and 24. 

238. Overland calllal project which carried a diversion for power all the 
way from the foot of lake t. Franci by the St. Loui , and C.hateaug11ay rivers to 
the St. Lawrence river at the head of La Prairie ba in have been con idered. 
Two method of utilizing a di\ er ion made in tbi way were inve tigated. One 
wa by a ingl.e-"tage cheme and the other by a dooble- tage · cheme, pJ-acing 
one drop at the junction with t:he Cbateauguay river and the other at the head of 
La PTairie ba in. The e project appeared to the be t advantage when the 
,div.er ion made did not exceed 30,000 cubic feet per econd, but even then were 
not economical when compared "ith improvement of the Soulange and Lachine 
... eci:Jion by mean of other projeot de cribed. 

LACHINE SECTION 

239. DESClhPTION. Thi ection may be taken a extending from deep 
:water at the he-ad of lake t . Louis to the Alexander pier in Montreal harbour, 
,mile 159 to mile 183. It i 24 mile long and cover the ame territory a,~ 
Division No. 1 in the Report of 1921. The section includes the expansion of lake 
, t. Loui , the narrow tretch of river between Caughnawaga and Heron i land 
with Lachine rapid at it"' foot, the hort expan ion of La Prairie ba in and the 
wift water between Nun island and 1\IIontreal. The total fall in the ~ection 

with 242,000 c.f .. fiowi.rug past Lachine i 48 feet. Thi i di tributed as fol 
low : Between Melochevllle and tJhe outlet of the Chateauguay -riveT, the fall 
i three-tenth of one foot . Between the Chateauguay river and Lachine wharf, 
the fall i 1·1 feet. Between Lachine "'harf and the head of Lachine rapids, the 
fall i 7 ·8 feet. Between a point half a mile above the head of Ile au D·iab!e 
and the foot of Heron i land, which may be taken a Lachine rapid , the drop 
j"'. 23·5 feet. Between the foot of Lachine :rapid and Victoria bridge the fall i· 
6·8 feet, and between Victoria bridge and Montreal harbour the fall i 9 ·0 feet. 

240. Up tream navigation through the Lachine rapid is impo lible and 
the only boats that navigate them on the down tream journey are the pecial.ly 
built pa enger boat whic.h operate for the touri t trade. All freight boats u e 
the pre ent Lachine canal which provide a 14-foot draft. Thi canal extenc:lf 
from Lachine to Montreal, a di. tance of 8~ mile , and ha five lock . 

241. e\ eral urban centre are located along the river irJ the Lachine ec
tion. The city of Lachine and the towns of k t. Anne..., Pointe laire, Dorval, 
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Beauharnoi and Caughnawaga are located on the hare of lake t. Loui . The 

city of Verdun and the tmYn of La Prairie are located on the .... hare of La 

Prairie ba in. The city of l\Iontreal extend~ along the north bore of the ri\ er 

from La Prairie ba ._ in to the wide and "paciou~ riYer belo·w t. Helen' i land. 

The town of t. Lambert i located on the "' outh bore at the end of Victoria 

Bridge. 
242. The land .... on the north "ide of Lake t . Loui~ for eight mile above 

Lachine are low "pecially neH the lake "hare . In thi ... "trip of land and at the 

Chateaugua} Ba..., in on the ~outh side a large investment ha" been made in sum

mer home "hich would be inundated should the lake surface be rai ed materially 

above it high water levels. Con iderable areE ea"t of La Prairie are often 

inundated when the river i ~ breaking up in April. The lo"' parL of the city of 

Verdun are dyked to protect them from inundation during the high water le\ el 

of the breakup period. 
243. The Ottawa Ri' er flo"· into the t. Lawrence through four outlet two 

of whi~h audreuil and t. Anne flow into Lake t. Lot:.is · and two the Iille 

I le and De .... Prairie River , join the t. Lawrence 2- t the foot of fontreal 

I land about fifteen mile" belO\\ l\Iontreal Harbour. The percentage of flow 

through each of these channeL varie with the ~tage of lake of T"·o 1ountain . 

244. The maximum recorded flood occurred on lay 17 1876 when 195 000 

c.f .. flowed into lake t. Lou: from the Otta"·a river and 550 000 c.f .. flowed 

out of lake t . Louis to L& Prairie ba"in. In three other year ~ record of 160 000 

c.f.". in the t. Anne and Vaudreuil channeL and 500 000 c.f . . at the outlet of 

lake t. Loui are recorded. Record... how that extreme flood level on lake t . 

Loui occur between the 29th of April and the 29th of May. 

245. Lake t. Loui i a relatiYely deep and "hart lake which O\ erlie a 

trough in the rock "m·face. Thi trough provide .... a deep ... traight uniform chan

nel from feloche\ ille to the mouth of the Chateauguay river. From thi point 

ea t to the Canadian Pacific Railway bridge belo"· Lachine the bed i irregular 

and i ob tructed by d ke of iO'neou ... rock which penetrate the .... Ul·face and make 

navigation dangerou for any kind of craft. Between the Canadian Pacific Rail

way bridge and the head of the Lachine R::tpid a ...,hart tret ch of uniform, rock 

floored ri' er intervene... From the middle of thi "ection the citv of 1ontreal 

draw it water ... upplv by u ... e of a ~ubmerged pipe and intake c1:ib. From the 

head of Lachine Rapid to their foot, the river gradually expand in width and 

igneou dyke penetrate the surface in many place e peciall on the north ide. 

Through the Lachine rapid" down tream navigation i only po .... .ible along one 

central channel and thi ... i .... flanked by rocky projecting d} ke" which break up the 

water into innumerable ea cade or abrupt fall . 

246. In winter the regimen of the t. Lawrence ri\ er bet"·een the head of 

lake St. Loui ~:. nd l\1ontre;l harbour undero·oe a great change. With the ad\ ent 

of cold weather the water flowing out of lake Ontario graduall} cool a it pro

ceed to the "ea. The rate of thi cooling i .... proportional to the urface area 

expo ed and lake t . Franci._ lake t. Loui ... and lake t. Peter are effecti\ e agent 

in lowering the temperature of the water. The water flowing through he lake 

of the Ottawa i cooled in the ... ame wa} but more rapidly than that of the t. 

Lawrence. U ually, about the 1st of December the water flowing into Lake t . 

Loui from the Ottawa "·ill be found to be at about the freezing point and lake 

of Two l\/[ountain will then be freezing over. About two week after lake of 

Two }\fountain i .... cooled down to 32 degrees Fahrenheit, lake t. Peter 65 mile 

below Montreal, reache._ the freezing point and if the weather i cold an ice 

bridge immediately form f,t that point. At thi time the temperature of the 

river at King ton will be found to be about 6 degree ... above the freezing point, 
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and that of the water in ·lake t.. Loui and lake t. Franci ome degrees above 
that of lake t. Peter and below that at King. ton. If cold weather continues, 
lake t. Loui and lake t. Fn.ncis oon reach the freezing point and cover with 
ice. Usu;:tlly, about 16 day after an ice cover form on lake St. Peter, the water 
at the outlet of lake Ontario, opposite King ~ton, is cooled down near to the 
freezing point and ice form . Should warm weather intervene shortly after lake 

t. Peter, lake St. Loui ... or lake t. Fn.nci freeze over, they may open up again, 
e pecially if winter i u. hered in by a .. hort period of very cold weather in which 
an ice cm er i formed on the ... e lake'"' , while lake Ontario i till relatively warm. 

247. The ordinary flow out of lake t. Loui varie from 210,000 to 260,000 
cf .. in the early part of winter. The maximum cro -sectional area of lake St. 
Louis, oppo ite Beauharnoi , i about 490,000 quare feet at low water. Opposite 
the foot of ile Perrot and opposite the mouth of the Chauteauguay river, the area 
is reduced to about 150,000 square feet . As will be observed from the size of 
the above cro -section , the velocity of the water moYing through the upper ten 
mile of lake St. Loui i le than 1. 7 feet per econd and, a may be expectet, 
it urface area we of the mouth of the Chateauguay, 48 quare miles, freezes 
over almost as soon a it is cooled to the freezing point at the beginning of each 
winter. Between the mouth of the Chateauguay river and the Lachine W·harf, 
the cro - ectional area of the river i about 116,000 . quare feet and the average 
velocity of the moving water in winter i, over two feet per econd. In this 
stretch of river no ice cover form except in the hallow bay near shore. 
Between Lachine wharf ·an.d the head of Lachine Rapids, the sectional area is 
about 53,000 square feet and velocities are so high that no ice cover forms except 
on a narrow fringe along the "bore. 

248. The urface area. o( water ordinarily expo ed in winter between ice 
cover in lake St. Loui and the head of La Prairie Ba in i about 11 square miles 
an,d the volume of ice formed by thi, expo ure i u .. ually about 170,000,000 cubit! 
yards. This ice i carried through Lac hine rapid and is largely stowed iL. the 
form of hanging dam under the ice cover which form below and in La Prairie 
ba in. More than half of the expo ed urface mentioned a'bove i up tream from 
the entrance to the Lachine canal V\ here the velocity of the water is almost low 
euough to form an ice cover. 

249. At the foot of Lachine rapid , the river spreads out into the shallow 
La Prairie ba in, through which the water move lowly for about one mile. 
Below thi tretch of quiet water, a number of boulder ridge ri e out of the 
water. The e separate the river into three or four more or le di tinct channels 
through which the water moves quite rapidly to the foot of the basin and on pas~ 
Victoria bridge to Montreal harbour. 

250. In the early tage of winter the outherly and northerly parts of La 
Prairie ba in cover with ice, but a central chann.el near Nun i larud remains 
open until the ice pack which tart in lake St. Peter make up tream past 
Montreal, under VIctoria bridge, and into the ba in. While the pack below 
Montreal i building up tream, the water le' el at tiontreal gradually rises 
until the head of the pack pa-. e that point. After that, it fall ~lightly and 
remain at a con. tant level until the 1bteakup period brings down large quantities 
of frazil and lu h and rai e the water level again. The maximum January rise 
in Montreal harbour is ordinarily about 16 feet. With continued cold weather 
the water level at the head of the La Prairie ba in continue to ri e lowly as 
more and more ice i, brought to it from above. In general, the highest level 
recorded i coincirl.ent with the la ... t week of cold weather in. February or March. 
U ually at that time the water level i about 11 feet above ordinary summer 
levels. Under the e condition , the urface , lope in the ice gorged ection 
between Lachine rapid and Montreal i about 1. 6 feet per mile. 

- - - - - , _______ _ 
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251. In April, warm rain and un weaken the surface ice which holds the 

hanging dam in place and a large quantity of UJrface ice, frazil and lush 

moves from it wide berth in La Prarie ba in to the narrow re tricted river 

below Victoria bridge. Thi movement increase the length of the gorged ~ection 

at Montreal. Under the e condition ... . the total urface drop become much greater 

than in the depth of .winter and high ·water le' el 16 feet abov.e ummer stage for 

similar discharge are frequently found oppo ite the city of Verdun and in La 
"Prairie ba in generally. 

252. It i believed that the operation of ice breaker below Montreal in recent 

years has reduced the height to "hich such flood level ri e. Thi i due to thr 

fact that the length of ice cover in the river below the aorged ection i reduced 

before it begins to move and a jam far down the river where it is very narrow is 

prevented by clearing lake St. Peter of ice at an early date in April. It is clear, 

however, that the length of goraed edion near the City of Montreal is not 

affected by the ice breaker operation . 
253. The t. Lawrence ri' er flow over a :floor formed chiefly of solid rock 

from about a mile above Lachine to below l\1ontreal harbour. Rock surface is 

exposed above the water le' el of the river at Lachine and Caughnawaga. It : · 
exposed on both ...,bore~ throughout the length of Lachine rapid and at many 

points in La Prairie ba in and below Victoria bridge in the harbour of Montreal. 

Test boring al o how the "olid rock , UTface to be clo e to the river bed on the 

north and wet side of La Prairie ba in. North and east of the river, between 

Lachine and Verdun the olid rock urface i above the bed of the rivar, but 
between V er dun and Montreal harbour it i below. · 

254. PLANS FOR hiPROVB~IE~T. The Board has con idered the following 

plan~ for the improvement of the Lachine ection:-

(1) A ide canal with lock for na' igation with control of lake St. Louis. 

(2) An all river impro ement for both n,avigation and power. 
(3) A ide canal with lock for navigation without control of lake St. Loui.~ . 

255. PLAN RECOM~1E TDED FOR PROJECT. The plan recommended by this 
Board is for a side canal with locks for navigation with control of lake St. Louis 

and is de cribed in paragraph 183 to 185 of the Main Report. It is hown on 
plate No . 62 to 64. It e timated co ... t i $53,000,000. Detailed e timate are 

given on tables No . 30 and 31. 
25B. The work comprised in thi improvement may be li ted a follow :

(a) A long ubmarine channel extending from deep water in lake St. 
Loui to La chine; thi .. channel to be 600 feet wide for 4 mile of its 
length and 300 feet wide for 1. 2 mile of its length. 

(b) An overland canal extending from Lachine to a junction with deep 
water oppo ite the Alexandria pier in Montreal harbour. 
This canal flank the north bore of the river and i .. about 10 mile long. 
It i to be equipped with a pair of guard gate and upply weir situated 
3. 4 mile" ea t of Lachine and with three lift lock . One lock i at 
Verdun 5 mile ea t of Lachine · one i at the foot of Nun i land; 
and one i at the entrance of ~1ontreal harbour, north of Victoria 

bridge. 
(c) A dam acro the St. Lawrence river at ile au Diable together with 

dam at the two northern outlet of Lake of Two Mountains and such 
other works a are required to hold the low water level of lake St. 
Loui to elevation 71. 

257. As current at the outlet of lake St. Loui cro s the ~ubmarine channel 

at a small angle with it axi the na' igation channel i given a width of 600 

feet between deep water in lake St. Loui and the end of the pre ent Lachina 
45327-18 
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Canal breakwater. Along the in ide of thi breakwater the channel has a 
width of 300 feet. Between Dorval idand and the north ...,hare, an enbank1ment 
is pro' ided for reduction of cro current at thi point. 

258. The overland canal above de._ cribed run~ parallel with the river and 
near the north "hare to a point. 7,800 feet en t of the pre~ ent ranal embank
ment at Lachine. It i. to be eparated from the riYer for thi length by timber 
cribwork. T hi make it po~ ... ible for the excavation inside thi .. embankment 
to be done in the dry . A double track vertical lift bridge i provided at the 
inter ection of the Canadian Pacific Railway \V ith the propo~ed canal at High
land . T he propo ..... ed canal leave..., the . bore of the river 7,800 feet ea t of 
Lachine and proceed fo r a length of about one half mile in a pri m 55 feet 
deep which is excavated in earth. Ea t of that point it i carried in earth and 
rock for a length of about three mile through low flat country to the shore of 
the river opposite the Verdun Asy,lum, where a lock with a lift of 20 feet is 
located. 

259. R etaining embankments are placed on both sides of the canal for 
a length of three mile abm e the lock at Verdun, the outh embankment being 
r.onnected with the north end of the dam at ile au Diable. yphon culverts 
are "located at the head of the Montreal aqueduct. A ubway for highway 
traffic i · provided under the canal and i located between the guard gate and the 
Verdun 'lvck; it provide for tl'i o opening 25 feet wide and 15 feet high. 

260. E a. t of the Verdun lock, the canal i carried for a length of 2~ miles in 
.a high level ba in formed by tJhe north s1hoTe of the river on one side and an 
.embankment on the other. In thi reach the pri m, 300 feet wide, i in hallow 
excavation. At the lower end of thi ba in the Nun island lock, with a 12-foot 
lift, is located at the foot of the island near the north bore. Water is to be sup
plied to thi ba__, in by a ~upply weir at tJhe Verdun lock and i di charged from 
it by a wei'l' in an embankment north of the lock at Nuns i·sland. 

261. Between Nun i land lock and Victoria bridge the canal i formed in 
deep rock excavation in a basin which i . eparated from the river by a long 
embankment high enough to protect the reach from flood level in the river. 
At Victoria bridge a weir and culvert are provided for di charging the surplu~ 
water of the canal and the local drainage into Montreal harbour. Two lift 
bridge are provided for the railway and highway traffic at the Iontreal end of 
Victoria bridge. 

262. About 1 500 feet 'below Victoria bridge the Montreal lock, with a 
maximum lift of 21 feet, carries naYigation into Montreal harbour . Retain
ing wa"ll and the upper entrance pier of the lock hold the reach level. 

263. In the project recommended, a dam i located at lle au Diable. This 
tructure i of the open wicket type and i introduced to reduce the volurnc 

of excavation required in .the channel l'i·hich lead from deep V\'ater in lake St. 
Loui to the lork at Verdun. It will ul o reduce the velocitie at the outlet of 
lake t. Loui and will al. o reduce the co ... t of power development when uch 
development is undertaken . The dam propo:--ed is to con .. ist of 'large concrete 
pier , 160 feet centre to centre l'i ith steel tru s bridge and drop wicket for 
loV\ ering in the spring of each year after the flood flows are p11 ~ eel . These 
wicket are to be op ned at the end of each navigation ea, on. The throttling 
effect of the pier during flood di charge i to be compen._ atect for by means of 
a . mall diver ion channel which lead from the navigation channel at the north 
end of the dam. It i de~igned to raLe the low water level of lake St. Louis 
to elevation 7] . 0. 

1 ~ ... - - - - -,. ...---- ~ -
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264. A thi is higher than the extreme lo1r water of Lake of Two 1\1oun
tain , thi ri e in lev 1 "·ill reflect on the level of that lake, and dam will be 
required at it t\\·o northerly outlet~ in order to control the di tribution of out
flow. 

265. If flood fio\\' in the future \Yere to be no greater than in the pa t, the 
works de cribed above \\·ould be all that are required to bring about the improve
ment. However other complication enter. The immediate improvement of 
the International ection and the future improvement of the Lachine Section 
place certain re triction on maximum winter outflow . Then again power 
value make it de irable that winter fto\\· be made more regular than they are 
in nature. Moreover: navigation intere~ t demand ome regulation of thi flow . 
The cheme of regulation of lake Ont.ario ubmitted "ith the Board' report. 
endeavours to ecure the greate t good to the greate t number of intere t 
po sible, but in doing o it contemplate increasing the flood flow in May to 
the extent of about 15 000 cL. in e>..ireme years. The conservation works on 
the Ottawa "'hich have been recently built and other which are in progre s 
of construction \\·ill compen ate for the propo ed increa e in flow out of Lake 
Ontario at the.__ e period . 

266. ALTER~ ATIVE PLA~ . Before "electing the ide canal project with the 
control of lake t. Loui above de.~ cribed, the Board carefully con idered the 
practicability of utilizing the river channel for naYigation by mean of the con
struction of lock and dams \\·ith channel exca\'ation. An apparently practical 
place for a dam and lock improvement i~ ""ugge ted by the nature of the river 
bed and the drop in water level at Lachine Rapid~ . Another place i ugge ted 
by the drop in water leYel belo\\ Victoria bridge. A dam and lock at either ite 
might be combined "·ith a dam and lock at the other or eit.her might be com
bined with a ~ide canal and a number of lock above or below it. In in' e timat
ing condition it wa found that the .. Jretch of river between Lachine wharf 
and Lachine rapid cannot be made . afe for deep draft navigation "ithout an 
enormou amount of channel enlargement, a large part of which mu t be ecured 
by the exca' ation of olid rock. 

267. To maintain the tandard on "·hich the water\\·ay i de igned, maxi~ 
mum velocitie in the navigable channel mu"t be kep do\\·n to f) feet per econd 
and a cro - ectional area of 100.000 quare feet mu t here be provided to care 
for a discharge of 500,000 cf ., \\·hich i ometime" reached in the month of May. 
This require a net enlargement of at lea~ t 35 000 "'quare feet for a length of 5-!
mile , or the excaYation of about 37,000,000 cubic yard" the greater part of 
which is olid rock. 

268. Obviou ly, no project involving uch an amount of excavation can be 
justified as an improvement for navigation when the ide canal, as de cribed 
can be built for one-third of the co ~t of a river enlargement between Laehine 
·wharf and the head of Lachine rapids. 

269. If the enlargement of the ri\ er between La chine Wharf and Lachine 
Rapids were carried to the point where an ice cover \\·ould be "ecured the 
amount of excaYation required would be much increased. 

270. Further condition in this reach are €"' pecially hard to deal with 
because the natural depth in part of the river i 35 feet while in another part it 
is only 10 feet. Thi mean a very high velocit~r in "ome part and a 'ery low 
velocity in other . 

271. It i not po sible to execute a project for permanentl: rai ing the level 
of La Prairie Basin by mean of a dam at Victoria Bridge without ecuring an 
1ce cover in the river above Lachine Rapids because the 170 000,000 cubic 
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yard of ice mu t be towed in La Prairie Ba in if the river remain open above 
it and becau e a twelve-foot drop acro La Prairie Ba. in mu t be available to 
overcome re istance. in a gorged c.ondition. 

272. Even though the enlargement of the river above Lachine Rapids should 
be ju .. .otifiable as a poV~ er venture and such enlargement hould cut off the move
ment of ice from above the building of a dam and lock at Victoria Bridge can 
not be ju tified a a na~igation propo~ ition a comparah\ e e timate how that 
it is cheaper to raise a section along the north shore of the basin than it is to 
rai ... e the whole of the ba in it elf. Thi i ... due to the great length of dykes and 
other work which are nece ary to protect the tm1 n of La Prairie and the low 
.land adjacent from the rai ... ed level in the ba in, as well a to the lengt;h of the 
dam itself. 

273. From a power point of 'iew, it might be sugge ted that the level of 
Lake St. Loui could be extended through Lachine Rapid and La Prairie Basin 
to a dam, power hou e and lode at Victoria Bridge where the \\hole head in 
the section would be concentrated at one point. Such a cheme would involve 
long and high dyke on either ide of La Prairie Ba in a well a extensive 
.pumping and drainage w9rk . A the \Yater level in the river below Montreal 
would still ri e a con iderable amount due to ice re i tance in winter, nothing 
very material would be gained from the large expenditures required to build the 
high dam and dykes above mentioned. 

274. Preliminary estimates of the co t of the abo' e project and the value 
pf the extra power derived by uch a cheme made it evident at once that the 
levels of lake St. Loui hould be extended only to the head of La Prairie basin. 

275. A dam at Victoria bridge with a power plant at that point combined 
with a dam and power hou e at the foot of Lachine rapids is not a workable 
propo ition as the total head available, e pecially in winter, is too mall to 
divide. Then 'again, if ·a power plant 11·ere located at Victoria bridge it would 
ft.lways be in danger of los·ing a part of its head through a future rise in tail
water level by a dam in the main river below ~lontreal. 

276. The power problems, therefore, centre upon how power plant might 
he bui'lt near the foot of Lachine rapid · and how water might be conducted to 
them wi,th a minimum lo. of head . Thi, ... can be done, o far as ummer condi
tion are concerned, by a moderate enlargement of the cro ... · - ectional area of 
the river between the foot of lake St. Loui and the head of La Prairie basin, 
such as is shown by the Lachine Rapids project in the Report of 1921. 

277. The Lachine Rapids project, a de cribed in that Report, contemplates 
the enlargement of the river so that it will give a erns - ectional area of 83 000 
quare feet when lake St. Louis stand at elevation 71 at the upper entranc~ of 

the Lachine can::tl. Analy.js of uch ·enlargeme:nt show that it would care for 
the maximum flood floV~ occurring in the St. Lawrence at thi point in sum
.mer, name'ly 550,000 cubic feet per econd, without rai ·ing the level of lake 
St.. Loui a.bove the ele1 ation to which it ha gone in nature and till leave a 
,reaQonable head for the development of power at the hea.d of La Prairie basin. 
In winter, however, thi relati~; ely small ectional area would make it imperative 
that open water be continuou ... ly ·maintained between the power plant at the 
l1P.ad of La Prairie ba . .in and lake t . Loui ... in order to in ure the quiet passage 
of expected flow without exce ... ive damage to propertie around lake St. Louis. 

278. It i thouO'ht that thi. improvement cannot be operated o as alway~. 
to maintain open water immediate!) above the power dam and power plant at 
,the head of La Prairie ba ~ in a. there i. danger of ice accumulating above the 
,pier of the dam and pm,·er hou e and making up tream . o fa ... t that an ice 

~ • ..__ -=--- =-- - - -
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jam would be formed before anythino- rould be done to relea e it. If uch an 

ice jam should form, the velocit}; at it head would be about 3 .2 feet per second 

.with a di charo-e of 265 000 cfs. \Yhich record how mu t be pa ed under 

certain winter condition . A hown in appendix "E," this velocity is too high 

to in ure the maintenance of a free and open channel underneath this ice cover 

and any filling up or gorging of thi free and open channel between the power 

hou e ... hown at the head of La Prairie ba in and the outlet of lake St. Loui 

oppo ite the entrance to the Lac-hine canal will cau .... e a great ri e in water level 

.in lake t. Loui ... and damage to the proper y around it hare . 

219. A a con equence of thi ituation, the Board find that the Lachine 

Rapid project a in the Report of 1921, require modification. An enlargement 

of the ection of the riYer from the foot of lake St. Loui to the power plants at 

the head of La Prairie ba_in ._ o that it would provide a era -... ectional area of 

about 115,000 ._. quare feet or a velocity of 2t feet per second under extreme 

winter flood condition. would: no doubt provide a afe and workable cheme 

.for the development of thi ~ ection of the riYer. Thi would involve an enlarge

ment of the river to the extent of about 50 000 "quare feet for a length of about 

6 mile , requirino- the remo-val of about 50 000 000 cubic yard , almost all of 

which i rock. uch a project would be enormously co ~tly and would be ju tified 

a. a power devf'4lopment, only if no chaper method of improvement were 

available. 

280. PowER DE\'ELOP~IENT. The navigation improvement selected by this 

board and et forth in paragraph 183 to 185 of the 1Iain Report can be a o

ciated \Yith a ub_equent po\\·er improYement (paragraph 186 J\Iain Report), 

which pro\ ide ~ for a diver ... ion of a large portion of the flow of the river through 

an artificial channel which make it pas ible to u e the natural capacity of the 

river in an ice-co-vered condition from the outlet of lake t. Loui to the head 

of La Prairie ba_in. The artificial channel i de igned to carry a large amount 

of water with a small area of expo ~ure. Thi complete power project i~ intended 

to be con tructed in two · ucre~ i-ve tage ~ , the fir ..., t of which would be com

pleted and put into operation before the econd tage i undertaken. In this 

way the cost of t.he project including in ere t \Yould be much le than if it had 

all to be built and completed at one time. It i hown on plate No". 65 and 66. 

It e timated co ~ t when built ub ._equent to the improvement de cribed for 

navigation i ,, 123 213,000. De-tailed :::timate are ... hown on table No . 32 to 34. 

281. The works in the fir"t tao-e of the power project may be ummarized 

a follow :-
(a) A pmYer hou_e on the ~auth hare ea ... t of Paquette i land. Thi power 

hou e i to be equipped with 19 units of 22 900 hor epower each and i 

designed to deYelop 391,000 horsepower at a 31!-foot head. 

(b) A canal extending from the foot of lake t. Loui we t of the village 

of aughnawao-a to the power hou e. The po\\·er canal i to be 1,000 

feet wide on the bottom and 26 feet deep in the "ubmarine ection 

we t of aughna\\·aga and 300 feet wide on the bottom and 40 feet 

deep in the overland ection, ea t of that point. It i to be protected 

at the upper end by o-at : and lined with concrete through the olid 

rock ...,ection between Caughnawao-a and the pmYer hou...,e forebay. 

(c) A recon truction of the dam, devcribed in paragraph 263, o that it 

can retain and hold up the le' el of lake St. Louis to elevation 71 

during winter conditions. 
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282. The work in the econd tage of the power project may be summar-· 
ized as follow :-

(a) A power hou e equipped with 19 units of 25,700 hor e-power each, 
ituated at the foot of the Lachine rapids extending into the river 

north of Paquette island. Thi power house is de igned to develop 
422,000 hor e-power at 33t foot head. 

(b) A dam extending from the north end of this power hou e to Heron 
i land thence along the axis of Heron island to it head, thence up
strea~ along the rock outcrop of the river to a junction with the 
dam previously de cribed in tage No. 1 about 1,500 feet south of its 
intersection with the north shore of the St. Lawrence river. 

(c) !The removal of about 3,500 feet of the outh portion of the dam as 
mDdified for the fir t stage) leaving only such part of this section as 
may be u ed for bridge piers. 

283. Under thi ystem of improvement, the natural river channel having 
a era s- ectional area of about 70,000 quare feet would carry about 145,000 
cf . at a velocity of about 21- f.s. and the artificial channel having an area of 
12,800 sq. ft. would carry 120,000 cfs. at a velocity of about 9. 4 feet per 
second. Both of these channels together would carry about 265,000 cfs. with 
an overall fall of about 3 -~ feet. Thi sy. tern of improvement contemplates an 
ice cover throughout the entire section above the power plants exclu ive of the 
area expo ed in the artificial channel. It i a much more economical system 
of development than a direct enlargement of the river. In order to prevent 
udden changes in the level of Montreal harbour, close su.pervi ion would be 

required of Oipening and clo"ing gates a ... power is thrown on and off the plants. 
284. The e tirnated first co t of co'Inpleting the fir t tage of this project 

after the control dam for navigation i built is $81,247,000. When interest 
during con truction and interest during marketing period determined by . an 
annual growth in the u, e of power of 75,000 horse-power ~s added, its cost 
become $100,227,000. The e timated fir t cost of completing the econd stage 
of thi project i $41,966,000 and when interest during con"truction and interest 
during marketing period i added its total ultimate cost become $46,336,000. 
See table No. 34. 

285. It will be noted that the ultimat~ cost of obtaining power from thi 
ection of the river i $180 per hor. e-power while the co t of obtaining power 

from the Soulange ection i. $125 per hor e-power. A power developed in 
the Lachine section is about 18 miles nearer 1ontreal than power in the 
Soulange ection, it would probably ju -tify an additional capital expenditure. 
E timates indicate, howe\ er, that power in the Soulange ection can be 
developed and delh ered to lVIontreal for les than power in the Lachine section. 
It i , therefore, but reasonable to expect that power development in the 
• oulanges ection will precede that in the Lachine section, and no immediate 
development for power in the latter need be provided for in the project adopted 
to give through navigation, but provi ion ..: hould be made for development in 
the future in the mo t economical way. 

286. Alternative Plans for Side Canal. Having e tabli hed that the be t 
form of improvement for thi ection i by an overland canal with sub equent 
imprm ement of the river for power, the reasons for the route ado1pted by the 
Board will now be discussed. 

287. The Report of 1921 recommend improving the Lachine section bv 
mean of an overland canal extending from Lachine to Verdun, together with 
a ... erie of rai ed ba ... in , thence to Montreal harbour. 

- --- ---::""'"'"-~ - -~--~- -- _.,_ ------ - - - --
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. 288. From a con truction point of view the location of 1921 had many 

de 1rable feature , but in view of the fact that the city of Verdun i gro~ ing 

fa t and tmrard the we t, it i thought to be unwi e to build the waterway o 

far inland becau e ome day the land we"' t of the canal in thi lo.cation would, 

undoubtedly, be exten"' ivel)· de\ eloped and the populat ion therein would 

demand either tunnel , which will be very co tly, or draw bridge which will be 

irnpo ible to operate without interference with naviga ion and without annoy

ance to the public. 
289. An overland navigation canal bet\reen lake St. Louis and the river 

below Iontreal if built on the outh hare 1\0uld be much longer than on the 

north ...,hare. It would ha\ e to care £or the drainage of a number of tream 

which flo\\' into La Prairie B a in from the outb. If a navigation canal "ere 

built on the ...,outh "' ide, the power canal would have to be built on the north 

shore. E timate~ how that the cheape~t combination is na\ igation on the 

north ide and po\\·er on the outh ide. 

290. An oYer land project can be built quite well with lake t . Loui allo\\ ed 

to fluc;tuate a at present. and if built in that \\·ay \\·ill not interfere with the 

future de\ elopment of power. I i believed ho\\·e, er that in the general 

intere t of a future improvement of the rh·er for po\\·er a con,trol dam for 

ummer u e ...,hould be incorporated into the projec . T hi ~rill e tabli h an 

open water control of the leYel of lake t . L oui , thereby aving 5 feet of 

excavation in the long submarine channel leadina from deep water in lake t. 

Loui~ to Lachine and in the lona overland canal extending from Lachine to the 

fir t lock at Yerdun. Thi will not effect a aving uffi.Gient to cm er completely 

the co t of building a bridge and dam at the head of il e au Diable but on 

account of the imprm·ement to navigation brought about by thi rai e in level of 

lake t. L oui generally and, on account of the future benefit which such a 

control \\·ould confer on po\\·er de,·eloprnent, the Board believe that the improve

ment of the river for na,·iaation ~hould be made in hi~ wa . 

291. The co"'t of improving the river for navigation without e ta.bli-hing a 

control of lake t . Loui i"' $50 848,(}00 a hown in table No . 35. Thi corn

pare with $53 000 000 a.J ... ho\\·n in table ... o. 30. for the project with control. 

292. In the project recommended the drainage of the t. Pierre ri\ er and 

the outflo\\· from the ~ iontreal \Yater \Y 01k Pumping Station are di charged 

into the ba in between un ~ i .. land and the :i\Ion,trea.l lock. From thi ba in it 

is to be di charged through t\\·o arch culvert under the approach to the Victoria 

bridge into l\1ontreal harbour. In thi \\'ay the water level in the ba in above 

Victoria bridge and at the outlet of the t . Pierre river will be kept many feet 

lower in winter than the level of La. Prairie ba...,in oppo ite. In, ummer, how

ever it will be somewhat higher than it ha been in nature but it will not be 

high~r than extrem~ leYel of La Prairie ba ... in in ~lay . 

293 . T he e .. timated co"'t of thi ~ ..., cheme i greater than a number of other 

proj ect "·hich the Board h~ con idered but it interfe~e le w_ith ve ted 

intere t than an) other proJect that ha~ been developed. Accordmg to the 

Board's standard , it e ~timated co ... t i about the ame a that of the project 

recommended in 1.he report of 1921. 
294. A mentioned earlier in thi report the City of l\1ontreal draw it~ 

dome~ti c \\·ater "'upply from the t. La\\·Ience river about lt mile aboYe the 

head of L achine rapids. Ordinarily an aqueduct of quite ... mall proportion i 

large enough to carry all the \\·ater ~equired by ::t larae cit~ . In thi ea e, how

ever the aqueduct i a large canal; 1t. era ...... - ectwnal area 1 about 2 500 "'quare 

feet 'for a lell!rth of a.bou 4 mile ... and 1,500 ... quare feet for a length of about 1 

mile. It wa enlarged to it.. pre"ent jze with the idea of u ing it for power aa 
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well a for a dome tic water upply. The woTk connected with this power pro
ject has been halted for . ome years. The carrying capacity of the parts of the 
enlargement which have been completed i ~ about 5,000 cf . In the plan recom
mended, provi ion is ma.de for pa ~ ing 5,000 cf . into this canal at its head and 
al o for pa sin,g 5,300 cf . from the ba .... in above Victoria bridge to Montreal 
h:ubour. In thi way, the recommended project i de igned to permit the City 
of Montreal to complete their aqueduct project a originally planned. 

295. The project recommended in the Report of 1921 contemplated per
mitting the potentialitie of the power project to be realized but, in that case, a 
change in the location of the power-hou .e wa required and only the westerly 
half of the aqueduct could be used for pcwer. 

296. A scheme for utilizing 1. 6 mile of the prism of the pre ent aqueduct 
for the navigation canal and developing a large terminal ba in for future 
shipping north of Nun i land was drawn up and carefully con i·dered. West of 
the C.P .R. bridge at La.chine this project i the ame as the recommended pro
ject. Eastward 1 500 feet from the C.P.R. bridge the waterway in this scheme 
turns in,land 50 degree on a curve of one mile radius, then follows along the 
axi of the pre ent aqueduct for 8,500 feet, then turn 24 degrees toward the 
river and pa es we t of the Verdun a ylum. At thi point, a lock which over
come a difference in level of 20 feet i placed. Ea twaPd from this lock the 
watmway proceed in an artificial ba in, a in the plan recommended, about 16 
feet above the level of _La Prairie basin. The lock is ·placed, however, at the 
foot of Nuns I land, but the rai"ed ba in. i continued to below Victoria bridge 
where a lock which overcome a maximum difference of level of 33 feet is. placed. 
The project require large and expensive drainage work: a the outflow of the St. 
Pierre river and that of the ewer of Verdun have to be carried to Montreal 
harboU!I' 1belaw Victoria bridge. It al o involve building a pecial water supply 
conduit from a point in the river opposite the old entrance of the MontreELl 
aqueduct to join the presen,t aqueduct ea t of the point where the waterway 
leaves it. This artificial ba in, as hown, i_ 3. 6 miles long and i flanked by a 
retaining embankment of earth and rock on one ide and the V erdun ·dyke on 
the other. It would afford opportunitie for t•he development of the rock fa:cili
ties in, the City of l\IIontreal. 

297. The e timated co t of the project i $1,500,000 le s than the project 
recommended. It would, however, require co-operation from a great many 
divergent intere .. J ; it would require the City of J\tlontreal to abandon the 
development of power from it~ enlarged aqueduct, and it might affect living 
conditions in the City of Verdun by permanently rai ing the ground water level 
to an uncomfbrtable extent. Its alignment i not a~ good a in the pToject 
recommended and the o•bstructed view at the turn above the upper end of the 
.aqueduct would increa e the hazard of calli ion. For the e rea ons it is not 
recommended. 

POWER HOUSE INSTALLATIONS 

298. The in talled capacitie of the power house~ in the various projects 
con idered are hown on table" 36 to 38. 
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TABLE I.-ESTIMATE OF COST INTERNATIONAL RAPIDS SECTION-SINGLE-STAGE 
SCHEME (242)-Continued 

(As proposed by United States Section) 

Item Quantity Unit Unit Amount Sub-totals 
price 

1. Dam and power houses at foot of Barnhart s cts . s s 
Island-

(a) Dam, except unwatering-
Excavation, earth .. ... . . . . ........ . ... 615,000 Cu.]d. 0 80 492,000 
Excavation, rock, dry . .... ... . . .. . . ... 163,000 2 25 367,000 
Concrete ..... . . ..... . ... . . . ........... l, 131,000 " 12 00 13,572,000 
Foundation contingencies .... . .. . . ... . . ·· · · ·· ·· · · 10% ·· · ··· · · · · 1, 357,000 
Gates . ..... .... .. ........ .. . .. ..... .. . 46 Each 7,500 00 345,000 
Towers, track, and bridge ... . .... . . . .. 46 " 6,300 00 290,000 
Operating cranes ... . . . ... . ....... . . ... 3 " 16,000 00 48,000 
Stop logs ........ . ...... . . . ... .. . .. ... . 6 Sets 10,000 00 60,000 

16,531,000 
(b) Power-house substructures-

United tates power house-
Excavation, earth ... .. . .. . .. .. ... . 1,076,000 Cu ... yd. 0 75 807,000 
Excavation, rock .. .. .... . . . ....... 56,000 2 25 126,000 
Concrete, below draft-tube floor .. 138,600 " 10 00 1, 386,000 
Concrete, above draft-tube floor ... 701,800 " 15 00 10,527' 000 

Canadian power house-
Excavation, earth ... . .. . . ... ... . . . 702,000 " 0 75 527,000 
Excavation, rock .... . .. ....... . ... 104,000 " 2 25 234,000 
Concrete, below draft-tube floor .. . 21,300 " 10 00 213,000 
Concrete, above draft-tube floor ... 678,700 " 15 00 10,180,000 

24,000,000 

(c) Unwatering dam and power houses-
General excavation, earth, dry .. . . .... 614,000 Cu.,,Yd · 0 80 491' 000 
General excavation, dredging ..... . . ... 1' 450 ,000 1 25 1,813, 900 
Cofferdams and pumping . .. . . ....... .. ···· ·· ···· ·· ····· ··· ·········· 10,745,000 

13,049,000 
(d) Abutments to power houses-

United States power house-
Excavation, earth .. . .. ....... . .. . . 295,000 Cu.yd. 0 65 192,000 
Excavation, rock .. .... . . . ... . ... .. 2, 900 " 3 50 10,000 . 
Backfill . ......... ..... . ..... . . . .. : 200,000 . " 0 40 80,000 
Concrete ..... .. . . ..... . ... . ... .. .. 96,400 " 12 00 1' 157' 000 

Canadian power house-
" Excavation, earth ..... .. . ....... . . 75,500 0 65 49,000 

Excavation, rock ...... .. . ..... ... . 2,000 " 3 50 7,000 
Backfill. ...... . . .. .. . . .. .. . . .... . . 30,000 " 0 40 12,000 
Concrete . ... . . .. . ... . .. . .......... 46,500 " 12 00 558 ,000 

2,065,000 

(e ) Tail-race excavation-
United tates powerhouse-

Dredging .. .. ....... . . . ..... . ..... 1,549 ,000 Cu. yd. 1 25 1 '936, 000 
Canadian power house-

" Excavation, earth ...... . . ..... . ... 630,000 0 75 473,000 
Excavation, rock . .... ... ... ....... 158,000 " 1 75 277,000 
Dredging .... . . . .. ... .. . . .. . ..... . 890,000 " 1 25 1' 113,000 

3, 799,000 
(f) Rail connections to power houses-

Railroad to United States power 
house-

Track . . . . . .... .. .... . . . ........ . . 0·8 Mile 40,000 32,000 
Railroad to Canadian power house-

" Track . .... . . . . . .. .. . . . .. . . .. . . ... 1·7 40,000 68,000 
Bridges ... . .... . ... ... ..... .... . .. ·· · · ·· ·· · · ·· · · ·· ···· . .. ... . ... 139' 000 

239' 000 
( o) Superstructures and machinery-

United States power house-
Superstructure, gates, racks, 

cranes . . . . . ... . ....... ... ... .. ···· · ·· · · · . . .... ... . · ····· · · ·· 6,000,000 
Generators and turbines ..... ... ... 136,500 c.f.s. 109 20 14,906,000 
Sw1tching ........ . .. .. . . ....... ... 1, 663,000 H.P. 3 70 4,303,000 

Ca~dian Power house-
Superstructure, gates, racks, 

cranes . ....... ... ... . . . ... .. . . ·· ···· ··· · ··· · ··· · · · .. ... ..... 6,000,000 
Generators and turbines ........ .. . 136,500 c.f.s. 132 30 18,059,000 
Switching ........ . .. .. ......... . .. 1, 663,000 H.P. 3 70 4,303,000 

53,571,000 

113' 254,000 

I 

I 
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TABLE I.-E TIMATE OF COST I TERNATIO AL RAPIDS SECTION- I GLE-STAGE 
CREME (242 )-Continued) 

Item 

(As proposed by United States ection) 

Quantity Unit Unit 
price Amount f:ub-tot.als 

------------------------------------ll--------l--------·1--------l-----------------

2. Navigation works (channels 25 feet deep)
(a } Approach channel above Robinson Bay 

lock-
Excavation ........... . . . ..... . ... ... . . 1,339,000 Cu. yd. 

(b ) Robinson Bay lock ( o. )-
Excavation, open, earth .. . .. ... . . . . .. . 
Excavation, trench, earth . .. ..... . . . . . 
Backfill . . . ... ... . .. . ........ . ...... .. . 
Concrete ......... . . . . . . . ... .. .... . . .. . 
Gates . ...... ...... . ...... . .... . . ... . . . 
Operating machinery ................. . 
Emergency dam .... .. . . . . . . ... . . . .. . . 
Approach walls-

Rockfill .......... . ... .. ...... .. . . 
Timber cribs . .. . .. .. . . .. ...... . . . 
Concrete .. .. . . . .. . . .. .. . .. . . . . .. . . 
Piling .. . . .. . .. .. .. . . .. ... ... .. ... . 

Office and dwellings ... . . . .. . . .. .. . . . . . 

(c ) Canal Prism, Robin on Bay lock to 
Grass River Lock-

125,000 Cu.,;vd. 
274,000 
575,000 " 
429,800 " 

6 Pairs 

40,000 Cu.,,Yd· 
72,300 
1 ,470 " 
37,800 Lin. ft. 

Excavation, earth .... · ........ . ... . .. . . 1,057,000 Cu. yd. 

(d) Grass River Lock (No. 7)--
Excavation, earth ..... .... .. .. ... . . . . . 
Excavation, rock ...... .. ..... . .... . .. . 
Backfill . . ........ . . . . . ... .. . .. . . ..... . 
Concrete ...... . . . .. . .. .. . ..... ... . . . . . 
Gates ....... .......... . . ... .. ...... . . . 
Operating machinery ............... . . . 
Approach walls-

Tiro ber cribs . .. . .. . .. . . . . ... . . . . . 
Piling ....... . . . .. . ... . . .. .. . . . . . . . 
Concrete .. . ... . .. . . . . .. .. .. . . .. . . . 

Office and dwellings ..... . ... . . . ...... . 

(e) Approach channel, Grass River Lock 
to river-

Excavation, earth . . . .. . .. . . ... . . . . ... . 

(f) Dike at Grass River Lock-
Fill, earth .. . . . .. . .. . . .... ..... .. ... .. 
Riprap slope protection . ...... . . . . . . . . . 

(g) Waste weir at Grass River lock-
Excavation, earth, open . .. . . .. . . ..... . 
Excavation, earth, trench .... .. . . . ... . 
Backfill. ....... . ... . ............ . .... . 
Piling ........ . ... . .. .. . . . .. .. . .. . .... . 
Concrete, mass ......... ...... ...... . . . 
Concrete, paving .... .. . ....... . .. .... . 
Gates and operating machinery ....... . 

(h) Drainage ditch north of Grass River 
lock-

Excavation . . . . .. . .. .. . . . .. . . .... . . . . . 

(i 1 Diversion dike and flood channel at 
mouth of Gra s River-

Dike, rockfill . ... . . .... . ...... . . . . . . . . 
Dredging, earth ...... . . ..... . . ..... . . . 

(J) Diversion, Ottawa Branch, ew York 
Central Railroad-

Relocation of line . ....... .. . ....... . . . 
Bridge over Gra River. . . .. ...... .. . 
Ba cule bridge at lock .. ......... .. .. . . 
Bridge over Pollys Gut ........ .. ... . . 

904,000 Cu.,,Yd. 
13,200 

576,000 
332, 100 

6 Pairs 

41,200 Cu.yd. 
71,200 Lin. ft. 
27,000 Cu. yd. 

364,000 Gu . yd. 

368,000 Cu . .7d. 
10,300 

133,400 
16,200 
4G, 000 
60,000 
25,900 
10,000 

8 

Lin. [t. 
Cu.,,Yd· 

Sets 

3,000 Cu. yd. 

63,000 Cu.,,Yd· 
227' 000 

4·5 Miles 

S cts. 

0 65 

0 65 
5 00 
0 40 

10 00 

2 00 
8 00 

10 00 
0 85 

0 65 

0 75 
3 50 
0 40 

10 00 

00 
0 85 

10 00 

0 65 

0 75 
3 00 

0 65 
5 00 
0 40 
0 85 

12 00 
15 00 

0 65 

2 00 
0 80 

50,000 00 

s 

871' 000 

81' 000 
1' 370,000 

230,000 
4, 298,000 

785,000 
310,000 
175,000 

80,000 
578,000 
185,000 
32,000 
40,000 

687,000 

678,000 
46,000 

230,000 
3,321,000 

730,000 
300,000 

330,000 
61,000 

270,000 
40,000 

227,000 

276,000 
31,000 

87,000 
81,000 
18,000 
51,000 

311,000 
161,000 
48,000 

2,000 

126,000 
182, oop 

225,000 
180,000 
175,000 
728,000 

871 t 000 

8,164,000 

687,000 

6,006,000 

227,000 

307,000 

757,000 

2,000 

308,000 

1 308 000 
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TABLE I.-ESTIMATE OF COST INTERNATIONAL RAPIDS SECTION-SINGLE-STAGE 
SCHEME (242)-Continued 

(As proposed by United States Section) 

Item Quantity Unit 

2. Navigation works, etc.-Con. 
(k) Dredging for navigation only, south 

channel, Cornwall Island-
Dredging .... . . . .. .. ... . . . .. .... .. .. . . 
Dredging over-depth ........ . .. . . . . . . . 

533,000 Cu. yd. 
94,000 " 

Removing old bridge. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 

Unit 
price 

S cts . 

0 80 
0 80 

(l ) Road relocation ....... .... . ..... . .... . 3·2 Miles 30,000 00 

(m) Ferry across canal . . . . . . . . . . . . . . . . . . . . . .. . . .. .. . 

3. Dikes-
(a) Canadian hore, from 2 miles we t of 

.A~ltsville to Bergen Lake-
tnppmg ..... .. . .......... . .......... . 

Earth fill ... ... . .. .. ...... .. .. . ...... . 
Rock fill ..... . . ................. . . . .. . 
Rip rap slope protection ..... ..... . .... . 

(b) Head of Bergen Lake to head of Barn-
hart Island-

Stripping ........ .. . ... . ... .. .. . . . . . . . . 
Earth fill ... .................. . ...... . 
Rock fill . . ..... . ..................... . 
Riprap slope protection . .. . .. .. . ...... . 

(c) Head of Barnhart I land to Canadian 
power house-

2 5,000 Cu ."yd. 
3,691,000 

25,000 
79,000 

24,000 Cu."yd. 
976,000 

9, 00 
17,400 

Stripping........ .......... . ........... 74,000 Cu.,,Yd. 
Earth fill . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 403, 000 
Riprap slope protection . ...... .... .. ... 19,700 

(d) United tates shore, Cole Creek to 
Massena Canal, exclu ive-

Stripping . ......... . . . . . . . . . . . . . . . . . . . . 101,000 Cu."yd. 
Earthfill . .. .......................... 1,130,000 
Riprap slope protection. . . . . . . . . . . . . . . . 32, 600 

(e) Massena Canal, inclu ive to foot of 
South ault-

Stripping . ....... ....... . ............. . 
Earth fill ... .......... . ... . .......... . 
Rock fill . . .. . . . . ..................... . 
Riprap slope protection .. . . . ......... . 

(f ) Foot of outh ault to Robinson Bay 
Lock-

66,000 Cu.,7d. 
1,121,000 

50,600 
18,300 

Stripping... . ... ... .. . . ...... . ......... 104,000 Cu."yd. 
Earth fill... .. . . .. .... .. .............. 2, 786,000 
Riprap........ . . . . . . . . . . . . . . . . . . . . . . . . 20,100 

(g) Robinson Bay lock to United tates 
power house-

Stripping...... . ... ...... . ............. 91,000 Cu."yd. 
Earth fill. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2, 203, 000 
Riprap. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21, 100 

4. Drainage, Canadian shore-
Above :Hoople Creek-

Earth excavation . ... . ... .... . ........ . 1,264,000 Cu. yd. 
Drops . .. ..... ... . . ............. .. .. . . 2 . ... . ... . . 
Bridges ...... ........... . .... .. ... . .. . 10 .... . .... . 

Hoople Creek to Bergen Lake-
Earth excavation ... . . . .. .. . .......... . 640 , 000 Cu. yd. 
Drop . .. . .. .. . . ... . . . ..... ... ........ . 
Bridges ..... .. . . ..... ........... . .... . 

1 ......... . 
3 .... . . . .. . 

0 65 
0 75 
3 00 

0 35 

0 35 

5. Drainage, United States shore ...... ... . ......... . ................. . .... . 

Amount Sub-totals 

s s 

426,000 
75,000 
25,000 

526,000 
96,000 

96,000 
25,000 

25,000 

19,284,000 
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TABLE I.-ESTIMATE OF CO T INTERNATIONAL RAPIDS SECTION-SINGLE-STAGE 
SCHEME (242)-Continued) 

(As proposed by United tates Section) 

Item Quantity Unit Unit Amount Sub-totals price 

$ cts. $ s 
6. Protection of Iroquois-

Dike , earth fill . . . ..... .............. . . . . . 1,129,000 Cu."yd. 0 75 847,000 
Riprap slope protection . ..... .. . ...... . .. . . 34,500 3 00 104,000 
Ditches, excavation .... ...... . ..... . ... . .. 48,000 " 0 65 31' 000 

ewers and pumps . ...... . .. ......... . . . ... ······ · ··· · · ··· ·· · · · ·· · ····· · · 27,000 
1' 009,000 

7. Protection of 1orrisburg- -----
Dikes, earth fill ... . . . ... . · ···· · ·· · ···· · ··· 515,000 Cu;,Yd. 0 75 386,000 
Riprap slope protection ...... ........ . . , .. . 14,800 3 00 44,000 
Ditche , excavat ion . .... .................. 8,000 " 0 65 5,000 
Culverts . ... . . ..... . . . .. .. . . .......... .. .. .. . . . ..... .. . .. .. ... . .. · · · · ··· 3,000 

ewers and pumps ......... ... . ........ .. .. .. . . . . .. . . · ······ · ·· . · ········ 52,000 
490,000 

8. torm-water pumps, Aultsville and Farran 
Point ..... .. . . . ......... . ... . . . . . . . . .. · ·· ·· · · ··· ·· · ·· ·· ··· ·· · · ·· ·· · · 65,000 

9. Fourteen-foot lock at head of Bergen lake--
65,000 

Earth excavation ........ ..... . . . ..... .. ... 140,000 Cu."yd. 0 65 91' 000 
Rock . .. ...... .. . . .. . ..... . .. . .. . . .. ...... 3,000 3 50 11,000 
Back fill ...... .. . ..................... . ... 174,000 " 0 40 70,000 
Concrete . . .. . .. . .. ........... . .... . . ... ... 57,700 " 10 00 587' 000 
Gat.e · · ····· ·· ···· ···· · ·········· ··· · ..... 4 Sets ····· ·· · · · 58,000 
Operating machinery ....... . : . . ........... · ·· ·· ···· · · ·· · · · . ... .. · ·· ·· ·· · 70,000 

10. Control works, head of Massena Power 
887,000 

Canal (exclusive of dikes)-
Excavation, earth . .... .......... . ... . .. . .. 922,000 Cu."yd. 0 65 599,000 
Excavation, rock ...... .. . . . . . ..... . .. . .. . . 8,100 3 50 28,000 
Dredging .... . . ......... . ..... . . . ..... . ... 96,000 " 0 90 86,000 
Concrete ... . .. .. . .. . ......... . .. . .. .. . .... 81' 000 " 12 00 972,000 
Foundation contingencie .... ...... . . . . ... . .. .. ..... . 10% . . . . . ... . . 97,000 
Paving .......... . . . .. ....... . . . .. .. ... .. .. 7,800 Cu. yd. 12 00 94,000 
Gate house .. .. . .. . . . ... . . . .... . .... . .. 332,000 Cu. ft. 0 25 83,000 
Gates . .. . ... ............. . .... . ... .. ... .. . ·· · ·· · · ·· · .. .. .. .... ·· · ·· · · .. . 73,000 
Operating machinery and stop logs .. . . . . . . · · ·· · · ···· ·· · · · · · · · · .. ... .. .. . 37,000 

11. Initial channel excavation-
2, 069,000 

(a) At Chimney Pointr-
Dredging . . . . . ........ . .. .. ... .. .. . . . . 313,000 Cu ."yd. 0 80 250,000 
Dredging, over depth .... . .. .. ... . ... . 41,000 0 80 33,000 
Dredging, rock ........ .. . ......... .... 185,000 " 4 25 786,000 
Dredging, rock, over depth . .. ..... .. .. 38,000 " 4 25 162,000 
Dredging, removal dike . ....... . ... . . . 65,000 " 1 50 98,000 

Galop Island to below Lotus Island-
1, 329,000 

(b) 
Above Island-

Dredging, loose ... .......... .. . .. . 1' 685,000 Cu.,,Yd. 0 80 1, 348,000 
Dredging, loose, over depth .... . . . 71,000 0 80 57' 000 
Dredging, rock, dry ........ . ..... . 70,000 " 1 75 123,000 

Cut through island-
Excavation, earth ..... . .......... . 4, 186,000 Cu."yd. 0 65 2, 721,000 
Excavation, rock . . . ... .. .... .. . . . . 639,000 1 75 1' 118,000 

Channel below through cutr-
Excavation, dry, earth .... ... .... . 1,359, 000 Cu."yd. 0 75 1,019,000 
Excavation, dry, rock ..... .. ..... . 655,000 1 75 1' 146,000 

nwatering rock cut ... ..... . . ... . ·· · ·· ·· ··· ···· ·· ···· · ····· . .. 200,000 
Dredging, loose ... ...... . ... . .. .. . 4,446,000 Cu."yd . 1 25 5,558,000 
Dredging, loose, over depth ... . .. . 96,000 1 25 120,000 
Dredging, rock ........ . ... ..... .. . 252,000 " 4 25 1' 071' 000 

Channel south of Lotus-Lalonde Island-
Excavation, earth, in coffer ........ 1' 072,000 Cu."yd. 0 80 864,000 
Excavation, rock, in coffer . . .. ... . 329,000 1 75 576,000 

nwatering ... . ... . .. .. . ... . . . ... . . · ····· · ·· ..... . ... . . . . . . ... .. 502,000 
Dredging ... .......... . . . . . . . . ... . 18,000 Cu. yd. 0 90 16,000 

(c) parrowhawk Pointr-
16,439,000 

Excavation, dry . . . .. .......... . .. . ... . 1,433, 000 Cu."yd. 0 65 931' 000 
Dredging . .. . . ......... ..... ...... .... 742,000 1 25 928,000 
Dredging, over depth ... . .. ....... ... . 36,000 " 1 25 45,000 

1 904 000 
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TABLE I.-E TIMATE OF COST INTERNATIONAL RAPIDS SECTION-SINGLE- TAGE 

SCHEME (242)-Continued 

(As proposed by United States Section) 

Item Quantity Unit nit Amount ub-totals 
price 

s cts . s s 
11. Initial Channel excavat ion, etc.-Con. 

(d ) Tous aint Island Cut-
Excavation , dry .. . ..... . .............. 2, 744 ,000 Cu.,.Yd. 0 65 1, 7 4, 000 

Dredging . .. .. . ............ .. ..... . ... 891 '000 1 25 1' 114 ,000 

Dredging, over depth ....... . . . . . ..... 46,000 " 1 25 5 , 000 

(e) Iroquois PointrPoint Rockway-

2, 956 ,000 

Excavation, dry ................... . ... 1, 135,000 Cu."yd. 0 65 738,000 

Dredging .. . ....... . . . ................ 509,000 0 90 45 ,000 

Dredging, over depth . .. .... . ......... 55,000 " 0 90 50,000 

(f ) Point Three Points-

1' 246 ,000 

Excavat ion, dry . . ................. . ... 412,000 Cu."yd. 0 65 268,000 

Dredging . . ........................... 931,000 0 90 838, 000 

Dredging, over depth .. . ............ . . 68,000 " 0 90 61 ' 000 

( 0 ) Ogden I land-

1,167,000 

Nort h channel-
Excavat ion, dry ................... 281 ' 000 Cu."yd. 0 65 183,000 

Dredging ... .... . .. .. ... . ...... . .. 1' 006,000 0 90 905,000 

Dredging, over depth . .... . .... . .. 124,000 " 0 90 112,000 

South channel-
Dredging . .. ...................... 487,000 Cu."yd. 0 90 418,000 

Dredging, over dept h ..... . ..... . . 80,000 0 90 72,000 
1 ' 690,000 

12. Enlargement to 95,000 sqri~e feet section- 26,731 ,000 

parrowhawk Point-
Excavation, earth .. . .. .... . .... .. . .. . . 2,169,000 Cu.,,Yd· 0 65 1, 410,000 

Dredging .. ................ .. .. .. . . . . . 800,000 0 9.0 720,000 

Iroquois Point-Point Rockway-
lt 

Excavation, earth ..... .... ..... .... .. . 3,615,000 0 65 2,35{),000 

Dredging . .... . ... ....... . .. . ... ..... . 625,000 " 0 90 563,000 

Point Three Points-
Excavation ..... ... . ... . . .. . . . .. . .... . 2,123,000 " 0 65 1,3 0,000 

Dredging . . .. ... . ....... . ..... . ... .... 373,000 " 0 90 336,0,00 

Ogden Island-
North Channel-

Excavation, earth ... . . .. . ... . ..... 2,225,000 " 0 65 1, 446,000 

Dredging . .. ........... . ...... . . . . 541,000 " 0 90 487,000 

South Channel-
Excavation, eart h . ..... . .. . . ...... 2,503,000 " 0 65 1' 627' 000 

Dredging .. . . ......... . ....... . ... 1,160,000 " 0 90 1,044,000 
11 ,363,000 

13. Enlargements at Cornwa ll Island-
North channel-

E arth excavation . ..... . . ... . . .. . . . .. .. 800,000 Cu."yd . 0 65 520 ,000 

Dredging . . ..... ... . . . . ... .......... . 583,000 0 80 466,000 

Dredging, over depth . .. ............ . . 52 ,000 " 0 80 42,000 

outh channel (additional to Item 2 ( k }-
Earth excavation .... ..... . .... . .. . .... 880 ,000 " 0 65 572,000 

Dredging ... ... . ......... . ....... . .... 3,174,000 " 0 80 2, 539,000 

Dredging over depth . . . .. ............. 237,000 " 0 80 190,000 

4,329 ,000 

14. Control dam at Galop-
Excavation, rock ....... . . .. . ...... . . . . . ... 32,400 Cu."yd. 3 50 114,000 

Concrete ....... .. .. . .. ... . .... .. .. . .. . .. . . 120,000 12 00 1' 440,000 

Gates .... . . . .. . .. .. . . .... . ...... . ... . ..... 61 .......... ····· ·· · · · 432.000 

Towers and crane tracks . .. . . ... . ... . ..... 61 Sp~ns ...... . . . . 142,000 

ervice tracks . . . . . .. .. ............. . ..... 61 ········ · · 244,000 

Operating cranes ........ . ... . . . ... . ....... 4 Each 15,000 00 60 ,000 

Stop logs, fixed parts . . ..... . . . . . . ....... . . · · ·· · ··· · · .. . s~t~ · .. ···· · ····· 24,000 

top logs, movable parts ...... . ........... 4 . . . ....... 39,000 

Cribs . .. ....... ... . . . ..... . ... . . . ...... . .. 6,200 Cu . yd. 8 00 50,000 

Unwatering .. . . . .. . . . ....... . . ... . . . . .. .. . ······· ··· .. c~: ·:Yci ·. · ·········· 
1' 610 ,000 

Removal of Gut Dam .. . ...... . .. ... . ..... 42,000 1 50 63,000 
4, 218,000 



286 St. Lawrence Waterway Project 

TABLE I.-ESTIMATE OF COST INTERNATIONAL RAPIDS SECTION-SINGLE-STAGE 
SCHEME (242)-Continued) 

(As proposed by United States Section) 

Item 

15. Flowage and damage
(a) Canadian shore-

Chimney Point to Morrisburg-

Quantity 

Lands ............... ... . . . ..... . ... ....... . 
Improvements. . . . . . . . . . . . . . . . . . . . . ........ . 
Town property. . . . . . . . . . . . . . . . . . . . . .. .. ... . . 

Morrisburg to head o£ Bergen Lake
Land directly required and in 

severance .................... .. ........ . 
Improvements ................... ..... . .. .. . 
Town property ... . . . . . . . . . . . . . . . . . . ... ... .. . 

(b) United States shore-
Chimney Point to Waddington, in

clusive-
Lands . .... ... . ... ....... ...... . . . 
Improvements .... . . ... .... . .. .. . . 
Town property .. .... ...... . ...... . 

Waddington to Massena Canal-
Lands ................ ..... ...... . 
Improvements ........ ...... ..... . 

Massena Canal to Massena Point-
Lands ............... : ........... . 
Improvements ................... . 

(c) Islands-
Above Long Sault Island-

Lands ..................... ...... . 
Improvements ...... .... ... . ..... . 

Long Sault Island ......... . .......... . 
Barnhart Island .............. . ....... . 
Sheek Island .. ... ..... .... ..... . ..... . 

(d) Power leases ........... ... . . . ..... ... . 

16. Railroad relocation-
Norwood and St. Lawrence Railroad-

Unit 

Track ................... ... .. ...... . . 4· 5 Miles 

~t~~i~~~ ·.· .· .·:: : : : : : : : : : : : : : : : : : : : : : : : : : 

Unit 
price 

$ cts. 

35,000 00 

Canadian National Railway-
Track ............................... . 5·9 Miles 100,000 00 
Bridges .. .... ...... . ................. . 

17. Highway relocation
(a) Canadian shore-

Johnstown to Morrisburg-
Roads........ . ....... . .. ......... 10·7 
Bridges .. .... .. .. .. . ...... . ................ . 

Morrisburg to Bergen Lake-
Roads.... ................... . .... 19 
Bridge at Nash Creek ...... .. ... · ,; ......... . 

(b) United States shore-
Chimney Point to Waddington-

Miles 
.......... 

Miles 
.. . ... ... . 

Raising grade .................... . ......... ..... ..... . 
Waddington to Massena Canal

Concrete roads (including embank-
ment ..... .. .................. 7 ·2 Miles 

Earth roads .. . ... . .............. . . 1·5 '' 
Bridges ..... . .. .. ... .... . . .......... ...... . .......... . 

40,000 00 
· ········· 
40,000 00 

··· ······· 

60,000 00 
5,000 00 

Amount Sub-totals 

s 

428,000 
25,000 

760,000 
7,000 

37,000 

432,000 
8,000 

84,000 

$ 

1,220,000 

561,000 

1,781,000 
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TABLE I.-E TIMATE OF CO T I NTERNATIONAL RAPID ECTION- INGLE- TAGE 

SCHEME (242)-Continued 

(As proposed by United States ection) 

Item Quantity nit 

18. Clearing reservoir site ..... ........... ..... 5, 00 Acres 

Net total .......................... . 

Engineering, administration, and contingencies ......... . 12!% 

SuMMARY 

Item 

1. Dam and power houses at foot of Barnhart I sland ............ . 

2. Navigation works (channels 25 feet deep) ..................... . 

3. Dikes .................. ....... .............................. . 

4. Drainage, Canadian shore .................................... . 

5. Drainage, United tate bore ............................... . 

6. Protection of Iroquois ....... ..... ........................... . 

7. Protection of Morrisburg ............................ . ..... . .. . 

8. torm-water pump , Ault ville and Farran Point ............. . 

9. Fourteen-foot lock at bead of Bergen Lake ............. ..... . . 

10. Control work ,head of Ma ena Power Canal (exclusive of dike ) 

11. Initial channel excavation ..... .. ............................. . 

12. Enlargement to 95,000 square foot ection .. ...... ............. . 

13. Enlargements at Cornwall I sland ...... . ..................... . . 

14. Control Dam at Galop ........... . ........................... . 

15. Flowage and damage ........................................ . 

16. Railroad relocation .. . ... ..... ... ..... ......... .. .. .......... . 

t~: ~l~!:i'r~~~~~t
0~it~·.· :.· .· ::: : ::: ::::: ::::::::::::::::::::::: : 

nit 
price 

s cts. 
100 00 

Net cost 

s 
113,254,000 
19,24,000 
11 ' 263,000 

897,000 
116,000 

1 , 009,000 
490,000 

65,000 
7,000 

2,069,000 
26,731' 000 
11' 363,000 

4,329 , 000 
4, 21 , 000 
9' 995,000 

85 . 000 
1, 7 1, 000 

5 0 , 000 

Amount 

580,000 

Overhead 

s 
14", 157,000 

2,411,000 
1' 408,000 

112,000 
15,000 

126,000 
61,000 
8,000 

111' 000 
2!i9,000 

3, 341 '000 
1, 420,000 

41' 000 
527,000 

1' 249,000 
107' 000 
223,000 
72,000 

Sub-totals 

s 
580,000 

209,189,000 
26,148,000 

235,337,000 

Total 

s 
127' 411' 000 

21,695,000 
12,671' 000 
1,009,000 

1311000 
1,135,000 

551' 000 
73,000 

99 ,000 
2,32 ,000 

30,072,000 
12,783,000 

4, 70,000 
4, 745,000 

11,244,000 
965,000 

2,004,000 
652,000 

235. 337. 000 

TABLE I.-E"'TI fATE OF CO T L TER ATIONAL RAPID ECTIO - I r GLE- TAGE 

CHE lE (242)-Continued) 

(As propo ed by United tates ection) 

Item Quantity nit Unit Amount ub-totals 
price 

s et s s 
FoR OTHER CHAN1\"EL DEPTH 

A. aving if navigation channel is 23 feet deep 
originally-

(1) Approach channel above Robinson 
Bay-

Excavation saved .. . ... 104,000 Cu. yd. 0 65 6 ,000 

(2) Canal prism, Robinson Bay lock to 
Gra s River lock-

Excavation saved ...... ..... 1571000 " 0 65 102' 000 

(3) Approach channel, Gra s River lock to 
river-

Excavation saved ..... . ······· · ···· 9,000 " 0 65 6,000 

(4) Dredging for navigation only, south 
channel, Cornwall I land-

" Dredging saved ....... . ········ · ···· 224,000 0 0 179,000 

Over depth, saved .................... 40,000 " 0 0 32,000 
3 7,000 

'Engineering administration and contingencies ······ .. 12t% ..... . . .. . . . ......... 49,000 

Total. ................ ············ ·········· ·········· ...
....... ···· · ·· ..... 436,000 
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TABLE I.-ESTIMATE OF COST INTERNATIONAL RAPIDS SECTION-SINGLE-STAGE 
SCHEME (242)-Continued 

(As proposed by United States Section) 

Item 

B. Additional cost if channels are made 27 
feet deep originally-

(1) Approach channel above Robinson 
Bay-

Excavation added .. ..... .... . ........ . 
(2) Canal prism, Robinson Bay lock to 

Grass River lock-
Excavation added ....... ..... . . . ... . . . 

(3) Approach channel, Grass River lock 
to river-

Excavation added ....... ............. . 
(4) Dredging for navigation only, south 

channel, Cornwall Island-
Dredging added .... . . .... .. ... . ... . . . 
Over depth added .... ... . . . ... . . . . . . . 

(5) Control dam at Galop--
Additional gate and pier . ........ .. . . . . 

Engineering administration and contingencies . . 

Total. .. . . . . . .. ... ... . . . . .. . . . . . . . 

C . Cost of future enlargement from 25-foot 
depth to 30-foot depth-

(1) Excavation, above Galop Island-
Dredging, loose .... . .. .. . . . ...... .. . . . 
Dredging, rock . .. ...... . .. . .. . . . . . .. . 
Dredging, rock , over depth ....... . . .. . 

(2)' Revision of control works .. ... ... . . .. . . 
(3) Approach channel above Robinson 

Bay-
Dredging ... ............ . . . ..... . .... . 
Dredging, over depth .. .............. . 

(4) Canal prism, Robinson Bay lock to 
Grass River lock-

Dredging ..... ......... ... . . . ... . . . .. . 
Dredging, over depth . ... ........... . . 

(5) Approach channel , Grass River lock to 
shore--

Dredging .. ... . ........ .. ....... . . . .. . 
Dredging, over depth . .. ............. . 

(6) Dredging for navigation only, south 
channel at Cornwall Island-

Dredging . .. .................. . ..... . . 
Dredging, over depth .. . .... . . . ... . .. . 

Engineering, administration and contingencies . 

Total. . ... . .. .... .. . .. .. . ... . . . . . . 

Quantity Unit Unit 
price 

$ cts . 

108,000 Cu. yd. 0 65 

160,000 

10,000 

261,000 
37,000 

78,000 
67,000 
38,000 

···· · · · · · · 

231,000 
46,000 

393,000 
80,000 

24,000 
5,000 

772,000 
340,000 

" 
" 

0 65 

0 65 

0 80 
0 80 

12~% .... .... .. 

Cu."yd. 0 80 
6 45 

" 6 45 
.. . ..... . . ... .. ... .. 

" 0 75 
" 0 75 

" 0 75 
" 0 75 

" 0 75 
" 0 75 

" 0 75 
" 0 75 

Amount Sub-totals 

$ 

70,000 

104,000 

7,000 

209,000 
22,000 

38,000 

60,000 
432,000 
245,000 

· · · ·· · · ··· · 

169,000 
35,000 

290,000 
60,000 

18,000 
4,000 

579,000 
255,000 

450,000 
56,000 

506,000 

12t% .............. . .. .... . 
2,197,000 

275,000 

2,472,000 

TABLE 2.-SINGLE-STAGE SCHEME WITH DAM AT HAWKINS POINT 

Item Quantity Unit Unit Amount Sub-totals 
price 

$ cts . 5 $ 
1. Dam and power houses at foot of Barnhart 

Island-
(a) Dam, except unwatering-

Excavation, earth ........ . .. .. . . . .. . .. 1' 435,000 Cu."yd. 0 65 933,000 
Excavation, rock, dry . .. .. ............ 145,000 2 25 326,000 
Concrete ...................... . ....... 893,800 " 12 00 10,726,000 
Foundation contingencies .............. ......... 10% · ········ 1,072,000 
Gates .. . . . . . .......... . ............... 33 Sp,~ns 10,000 00 330,000 
Towers, track, and bridge . ..... .... . .. 33 6,800 00 224,000 

~- - ~- - ,. - - ----...-.1-- ~- • -- - - - ----
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Item 

1. Dam and power hou e , etc.-Con . 
Operating crane . . . . . . 
, top log . . . . . . . . . . 
Tail-race excavation oelow Dam-

Dry earth .. .................... . 
Dredging, loo e ............... . 

(b) Power-house ub tructures-
"Cnited tate power hou e-

Excavation, earth, dry .... ....... . 
Excavation, rock, dry...... . . ... . 
Concrete, below draft-tube floor .. 
Concrete, above draft-tube floor . 

Canadian power hou e--
Excavation, earth, dry ...... . 
Excavation, rock, dry ...... . ..... 
Concrete, below draft-tube floor .. 
Concrete, abo,·e draft-tube floor .. 

(c) l:"nwatering dam ..................... . 

(d) Abutment to power ba e-
"Cnited tate power hou e-

Excavation, earth ................ . 
Excavation, rock ................. . 
Back fill. ................ . ....... . 
Concrete .................... . . . . 

Canadian power hou e-
Excavation, earth ....... . 
Excavation, rock ..... . . . ......... . 
Back fill ......................... . 

oncrete . ... ..... . .... . 

(e) Tail-race excavation
"Cnited tate power hou e-

Exca,·ation, earth, dry ....... .. .. . 
Canadian power hou e-

Excavation, earth, dry ... .. . . ... . 
Dredging, earth ... .... . 
Dredging, rock ................... . 
Excavation, dry, rock .... .. .. . .. . 

(f) Rail connection to power hou e -
Railroad to l:"nited tates power 

hou ~e, track . . . 
Railroad to Canadian power hou e. 

track ...... ............. . ..... . .. . 
Bridge . .... ...... .. ......... . .. .. .. . 

(o J uper tructure and machinery-
E timatc I , item 1 (a ). . ..... 

2. -avigation work (channels 25 feet deep)-
E timate I, item 2 (a) to (m} . . ... .. . . . 

3. Dykes-

Quantity 

3 Each 
4 ets 

4, 4-!2, 000 Cu."yd. 
1' 330,000 

1, 907,000 Cu.,.Yd. 
57,600 

346,000 
721' 00 

1 ,378, 000 
57' 600 
3 ,000 

71 ,500 

459,000 Cu."yd. 
3,000 

339,000 
120,100 

276,000 
2, 900 

206,000 
69, 00 

Cu. yd. 

2·1 :11ile 

2·7 

(a) Canadian hore from 2 mile west of 
Ault ville to Bergen Lake- . 

E timate I, item 3 (a) ................ ...... . 

(b) Head of Bergen Lake to Head of Barn-
hart I land-

E timate I , item 3 (b) ......... ...... .. .. .. .. ... . 

(c) Head of Barnhart Island to Canadian 
power hou e-

"' tripping ........ . .......... . ... . . . ... . 
Earth fill. ... ................... . .... . 
Rip rap slope protection ............ ... . 

45827-19 

56,200 Cu .,.Yd . 
740,000 

13,100 

16,000 00 
12,500 00 

0 65 
1 25 

40,000 00 

40,000 00 

0 61i 
0 75 
3 00 

289 

POe\iT-Conlinued 

ub-total 

s 
4 ,000 
50,000 

2, 7,000 
1, 663,000 

1 '279, 000 
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TABLE 2- I -GLE- TAGE CHEM:E WITH DAM: AT HAWKi r POI T-Continued 

Item Quantit y Unit 

3. Dyke -Con. 
(d ) United States Shore, Cole Creek to 

M:assena Canal, exclusive-
Estimate I, item 3 (d ) ...... .. .. . ..... .. . ...... . 

(e) M:assena Canal, inclusive to foot of 
South Sault-

Estimate I, item 3 ( e) . . . ... . .. ...... . . ...... . . . . 

(f) Foot of South Sault to Robin on Bay 
lock-

Estimate I, item 3 (f ) .. . . . . ... . . . . .. .. ...... . . . 

(o) Robinson Bay lock to nited tates 
. po_wer house-

tripping ............. . . . ...... . .. .. . . . 
Earth fill. .. ... . .... . . . ... .... .. .. .. . . 
Riprap slope protection ... . ...... . . . .. . 

41, 000 Cu ·,,Yd. 
935,000 

8,900 

4 to 18-Estimate I, items 4 to 18, inclusive .. . 

Total net cost .... . ... ..... . . . ... . .. .. . . . 
Engineering, administration, and contingencies . .... .. .. . 12!% 

UMMARY 

.. Item 

1. Dam and power houses at foot of Barnhart Island . . ............ 
2. Navigation works (channels 25 feet deep) ....... . . ....... ... .... 
3. Dikes ..... .. . . . .. ... ... .... ...... . .. ... . . . .. ...... ... ... . . . ... 
4 to 18, inclusive .... . .... .. . . .. .. . .. . ... . .. . .... . ........... . . . ... 

nit 
price 

S cts . 

0 65 
0 75 
3 00 

et cost 

s 
112,593,000 
19' 284,000 
9, 716,000 

65,388,000 

206,981' 000 

Amount Sub-totals 

s 

1' 012 ,000 

1' 040,000 

2,218,000 

27,000 
701' 000 
27' 000 

1,012,000 

2,218,000 

755,000 

9, 716,000 
65,388,000-----

65,388,000 

Overhead 

$ 
14,074,ouo 
2,411,000 
1,214, 000 
8,174,000 

25,873,000 

206' 981' 000 
25,873,000 

232 854 000 

Total 

3 
126,667' 000 
21,695,000 
10,930,000 
73,562,000 

232,854,000 

TABLE 3.-SINGLE- TAGE SCHEME-WITH DAM: AT LO G AULT SITE 

Item Quantity nit nit Amount Sub-totals price 

s ct s. $ $ 
1. Dam at Long Sault and power houses at 

foot of Barnhart I sland-
(a} Dam, except unwatering-

Excavation, earth .... ............ .. ... 1,267,000 Cu.,,Yd . 0 70 887,000 
Excavation, rock . . . .. .... . ............ 143,000 3 50 501,000 

oncrete ... .... . . .. . ..... . ............ 716,100 " 12 00 8,593,000 
Foundation contingencies . .. . .... . ..... ·········· 10% .... . . . ... 859,000 
Gates . .. .. .. .... . ....... . .. .. ....... . . 46 Each 7' 100 00 327,000 
Towers, track, and bridge .. . ... .. ... . . 46 pan 6, 300 00 290,000 
Operating crane ···· · ················· 4 Each 14,000 00 56,000 

top logs ..... . .. ·· ·· ··············· · 6 et 4,000 00 24,000 

(b) Powerhouse substructures-
11,537,000 

United tates and Canadian power 
houses-
Excavation, earth, dry .. . ..... . . . . 1,3 6, 000 Cu."yd. 0 65 901,000 
Excavation, rock, dry . . . . ..... . . . . 299,500 2 25 674,000 

oncrete, below draft -tube floor ... 7,600 " 10 00 76,000 
Concrete above draft-t ube floor , .. . 1, 294,400 " 15 00 19,416,000 

21,067,000 

- - - - - -
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CHE~IE-WITH DAM AT LONG 

Item Quantity ~nit 

1. Dam at Long ~... ault, etc.-Con. 
(c) "Cnwatering dam and power hou e-

Power hou e .. . . . ........ .. ......... . 
Dam . ............ . ... . . ........ . ........................ . 
Diver ion cut acro Long ault I -land-

Excavation, earth .. ...... ......... 2,472 ,000 Cu., yd . 
Excavation, rock .......... . ....... 125,000 
Dredging, loo e................... 707,000 

oncrete, lining. . . . . . . . . . . . . . . . . . . 32, 000 
Compen at ion weir . . . . . . . . . . . . . . . . . . . . . . . . . . . ... ..... . 

Temp.orar~ gate at dam to control 
d1ver wn . . ......... . ......... . .. . 

(d) I ce lmce at end of "C nited tate 
power hou e , including abutment -

Excava ion, earth ... ................. . 
Exca~:ation, rock ..................... . 
Concrete ............................. . 
Back fill. ... ........ .. ........... . .. . 
Gate . .......... .. . .................. . 
, top log ...... ..... . ................. . 
Operating machinery . ... ...... . ... . .. . 

(e) Ice luice at end of Canadian power 
hou e--

Excavation, earth .................... . 
Excavation, rock .... .. ............... . 
Concrete . ... ......................... . 
Gate ................................ . 
, top log ... .. .. . .............. . 
Operating machinery .......... . 

(f) Tail-race excavation-
"Cnited tate and Canadian power 

hou e-
Excavation, earth, dry ............... . 
Excavation, rock, dry . . .... .. ... .. .. . 
Dredging, loo e ........... .. ........ . 

(g) Forebav excavation-

4- 9,300 Cu.,yd. 
19,000 

199,900 
200,000 

4 Each 
1 et 

40,000 Cu ... yd. 
28,400 

10!L300 
4 Each 
1 o..;Ct 

3,615,000 Cu.,yd. 
975,300 
374,000 

"Cnited tate and Canadian power 
hou e -
Excavation, earth, dry ........... 444,000 Cu. yd. 

Enlargement of Little Rh-er-
Excavation, earth. . ... .......... . . , 000 

(h) , uper tructure and machinery
"Gnited tate and Canadian power 

hou e-
E timate I, item 1 (a ) ............. ......... . 

(i) Rail connection to power hou e -
Railroad to "Gnited tate power house, 

track . . ............ . ... . ...... 9 Mile 
Railroad to 'anadian power hou c 

track.... .. .. ......... . ........... 1 54 
Bridge .................................................. . 

(J) Ice divertor, at head of Little River-
Excavation, earth....... .. ............ Cu., yd. 
Concrete ............................. . 
Boom........ ... . ....... . ............. Lin. ft. 
~ nwatering .......................... . 

Training dike: Earth fill .. .. ...... ,... Cu ... yd. 
Riprap ... .. .. ......... . 

2. Navigation work (channel 25 feet d cep)
(a) Embankment, outh ault-

Rock fill.... .. .. .............. 197,000 Cu. yd . 

45827-19 

0 65 
1 25 
0 70 

12 00 

0 65 
3 • 0 

12 00 
0 40 

6, 500 00 
' 000 00 

0 6 
3 . 0 

12 00 
6,. 00 00 

,000 00 

0 65 
1 7.5 
1 25 

0 65 

0 65 

40,000 00 

40,000 00 
·········· 

0 75 
12 00 
75 00 

0 75 
3 00 

1 00 

2, 416,000 
3,527,000 

1, 607,000 
219,000 
495,000 
3 4,000 
400,000 

100,000 

312,000 
67,000 

2,399,000 
0,000 

26,000 
,000 

20,000 

26,000 
99,000 

1, 312,000 
26,000 

,000 
20,000 

2, 3f0, 000 
1, 707' 000 

46 ,000 

2 9,000 

57' 000 

53,571,000 

360,000 

62,000 
139,000 

40,000 
354,000 
135,000 

9 ,000 
0,000 

11,000 

197' 000 

291 

ub-total 

9,14 ,000 

2, 912,000 

1,491' 000 

4, 525,000 

346,000 

53,571 '000 

561,000 

105, 76,000 

197' 000 
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TABLE 3.- d G LE- TAGE HEME-WITH DA fAT LO G A ~LT ITE-Continued 

Item 

2. K avigation works, etc.- Con. 
(b ) Channel above upper lock-

Excavation, eart h . . . . ..... . ........ . 
Concret e , bank protect ion . .... .. . .. . . . 
Light ing . .. . . . . . .. . . . . ... .. .......... . 

(c ) -pper lock ( , )-
Excavation, eart h . .. .. ... ... .. . ...... . 
Excav ation, rock ...... ... . ........... . 
Back fill. ... . . . .. ... . . .... . .... . ... . . . 
Concret e . ... .. . .. . . ...... . ... .. .. . ... . 
Gates ..... . . .... .. .... . ........ . ..... . 
Operating machinery . . .. .. .... ... . . .. . 
Emergency dam . . .. .. .. .. . . ... .. . . .. . 
Approach walls-

Concret e ... . .. ..... . .... . . . . . . . .. . 
Piling .. .. ... .. ... . .. ... . .. . .... .. . 

Office and dwelling ... . .. . .. . . ..... . 

(d ) Dike , at R obin on Bay-
E arth fill. ..... .. .. . . . . .... ... . ... . .. . 
Riprap .. . .... . .. . . . . .. . .. . . ...... . .. . . 

(e) Canal prism, upper lo<'k to Gra s River 
lock-

Qua nt ity nit 

1 , 2EO, OOO C u. y d . 
2 , 000 Lin . ft . 

0·5 fil e 

1, 165 , 000 Cu.,,Yd . 
17, 500 

736, 000 
378 ,100 

6 P air 

54, 400 Cu. yd . 
19?, 000 Lin . ft . 

96, 000 Cu] d · 
4,200 

Excavation, earth . ... . ...... ....... . . . 6,194, 000 C u. yd . 
Concret e bank protection . . ... . ..... ... 16 , 000 Lin. ft . 
Lighting ... . . . ..... . .. . ... .. ...... . ... 3 Miles 

(J ) Gra s River lock ( r o. 7)-
E xcavation, ear th .. . .. .......... . ... . 
E xcavation, rock .. . . . . ......... . 
B ack fill ... . .. ............... . . 
Concrete .. . . ...... . ............ . 
Gate . ..... . ................... . 
Operating machiner y .... . ...... . 
Approach wall -

Timber crib 
Piling ..... ..... . ... . 
Concrete .. . .. . . 

Offi ce and dwelling 

(g) Approach channel, Gra River lock 
to river-

E stimate I , item 2 (e ) . ... . . .. .. . 

(h ) Dike at Gra s River lock-
E t imate I , item 2 (J ) . . ... ....... . 

(i ) Waste weir at Gra River lock
E stimate I, i tem 2 (g ) .... . 

(j ) Drainage ditch , nor th of Gra River 
lo<'k-

905 ,000 u."yd. 
13,900 

58 ' 000 
337.250 

6 P air 

41, 200 'u. y d . 
71, 2GO Lin . ft . 
27 ,000 C u. y d. 

E t imate I, i tem 2 (h) ........ . ... . ... . ... . 

(k ) Diver ion dike and flood <'hannel at 
mouth of Gra R iver-

E timate I , item 2 (i) . .. . .. ........ . . 

(l ) Diver ion of Ottawa Branch, -ew 
Y ork Cent ral R ailroad-

E t imate I , item 2 (j ) . .... . ..... . 

( m ) Dredging for naviga t ion only, south 
ch a nnel , Cornwa ll I land-

E t imate I , i tem 2 ( k ) .. . ... . ........ . 

( n ) R oad relocation . .. . .. . .. . . . ... . ... . .. . 

(c ) Ferry acro canal . ... . .. .. . . ... . ... . . . 

nit 
price 

cts . 

0 65 
9 00 

2 ,000 00 

0 75 
3 50 
0 40 

10 00 

10 00 
0 5 

0 75 
3 00 

0 65 
9 00 

2, 000 00 

0 75 
3 50 
0 40 

10 00 

00 
0 .5 

10 00 

Amount Sub-t ota ls 

813 , 000 
1 ,000 
1,000 

874,000 
61,000 

294 ,000 
3,781,000 

785,000 
310 ,000 
175 ,000 

544,000 
168,000 

40 , 000 

72,000 
13,000 

4, 0?6, 000 
144,000 

6,000 

679 , 000 
49 ,000 

235, 000 
3,373 , 000 

730, 000 
300,000 

330,000 
61 '000 

270,000 
40 , 000 

227,000 

307 , 000 

757' 000 

2,000 

30 '000 

1' 30 ' 000 

526,000 

117,000 

25, 000 

832,000 

7,032,000 

85,000 

4, 176,000 

6, 067' 000 

227 ' 000 

307,000 

757' 000 

2,000 

308,000 

1' 308 , 000 

526,000 

117 , 000 

25,000 

21 ' 966,000 
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TABLE 3-

Item 

3. Dikes-
(a) Canadian ~hore, from 2 mile we t of 

Ault Yille to Bergen Lake-
E timate I, item 3 (a ) ... 

(b) Head of Bergen Lake to foot of heek 
I land-

tripping .... .... ..................... . 
Fill, earth .. . ... . ....... . ............ . 
Fill, rock .......................... . 
Riprap .... ... . .............. . ...... . 

(c) Foot of heek I land to spillway at 
Little River-

tripping .... .... ........ . ............ . 
Fill, earth .............. , .. . 
Fill, r:>ck ... ............. .. ....... . .. . 
Riprap .. ........................... . 

(d) nited tate bore, Cole Creek to 
Ma ena Canal, exclu iYe-

Estimate I, item 3 (d) ......... .... . 

(e) Ma~Sei_Ja Canal to Long ault dam-
tnpprng ... ... . . ......... . 

Earth fill ... ............ . 
Riprap . . . .. . ............ . 

(f) Long aul dam to "Cnited tate power 
hou e-

tripping ........ .............. . 
Earth fill. ....... . 
Riprap .... ........ . 

4 to 14. E timate I, item 4 to 14, inelu h·e 

15 . Flowage and damage
(a) Canadian bore-

Quantity 

97,000 Cu. 7d. 
2, 0-!5, 000 

15,000 
22,100 

323,000 Cu.,?d. 
7,191,000 

149,000 
19 ,300 

35,000 Cu.,yd. 
730,000 
17,000 

59,000 Cu.,yd. 
1, 240,000 

20,400 

Estimate I, item 15 (a). . . . ...... . 

3, 240,000 

0 65 63,000 
0 75 1, 534,000 
2 00 30,000 
3 00 66,000 

0 65 210,000 
0 75 5,399,000 
0 50 75,000 
3 00 5 ,000 

1,012,000 

0 65 23,000 
0 75 54 ,COO 
3 00 51,000 

0 65 3 ,000 
0 75 930,000 
3 00 61,00 

5,574,000 

Lands ..... . . . . . . . . . . . . . . . . . . . . . . . 160 Acre 1, 000 00 160,000 

(b) United tate bore-
Chimney Point to ""addington, inclu

iYe-
E timate I , item 15 (b) ........ . 

Waddington to .Ma -ena Canal-
E timate I, item 15 (c) .......... . 

Ma ena Canal to Ma ena-
Land ...... . ..... . .... . . 

eepage . .... .... . 
everance ... .. ... . 

(c) I lands-
Above Galop I land-

E timate I, item 15 (c) .......... . 
Long aul t I land-

E timate I, item 15 (c) ..... .... .. . 
Barnhart I land-

Estimate I, item 15 (c) ........... . 

heek I land-
Land .... . ..... . .............. . 

eepage ............. . 

(d) Power lea e ............ . 

16. Railroad relocation-
Estimate I, item 16 . .. ....... . 

1, 720 Acres 155 00 

1, 225 Acre 149 00 

49,000 

1, 200,000 

514,000 
25,000 

267,000 

745,000 

265,000 

219,000 

1 3, 000 
25,000 

275,000 

293 

ub-total 

s 

3, 240,000 

1, 693,000 

5,742,000 

1, 012,000 

622,000 

5, 734,000 

2, 55,000 

1, 437,000 

275,000 

10,301,000 
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TABLE 3.- INGLE- TAGE CREME-WITH DAM AT LO G AULT ITE-Continued 

Item Quantity Unit 
price nit 

s et . 
17. Highway relocation-

"Gnited tates and Canadian hores-
E timate I, item 17 (a ) and (b) . . .... . 

. Clearing re ervoir ite .... . ............... . 5,600 Acres 100 00 

et total. .. ........ . ......... . ..... .... ... . 
Engineering, administration, and contingencies .... . .... . 12·~% .. . . . . .. . . 

UMl\IARY 

. 
Item et CO t 

s 
1. Dam at Long ault and power houses at foot of Barnhart 

I land . . ... .. ....... . . . ........... . .............. · · 105,876 ,000 
2. avigation work (channel 25 feet d eep) .. .. .................. . 21 '966, 000 
3. Dike ........ . ................... . .......................... . 13,33 ,000 

52,174,000 
10,301' 000 

4 to 14, inclusive (see Summary, estimate I ) ....... .............. . 
15. Flowage and damage ... ... : ................. .... .. . ..... . ... . 
16. Railroad relocation .... ....... . ......... . .......... .. .... . ... . 858,000 
17. Highway relocation ........ . .... . ..................... . ...... . 1, 7 1' 000 
1 Clearing reservoir site ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 560,000 

206' 854' 000 

Item 

FoR OTHER CHAK:t-.""EL DEPTHS 

A . aving if navigation channel is 23 feet deep 
originally- · 

(1) Approach channel above upper lock-

Quant ity nit Unit 
price 

S cts . 

0 65 Excavation saved... .................. 153,000 Cu. yd. 
(2) Canal prism, upper lock to Robinson 

Bay lock-
Excavation saved. . . . . . . . . . . . . . . . . 483, 000 

(3) Approach channel, Grass River lock 
0 65 

to rivet-
Estimate I, item A (3) ...... .... . .. . . . ........... .. ..... . ... ... ... .. 

(4) Dredging, for navigation only, south 
channel, Cornwall Island-

Estimate I, item A (4) ............................................. . 

Engineering, admini tration and contingencies . 12~% ... .. .... . 

Total. .... . . . ........................................... . .... .. . 
B. Additional co t if channels are made 27 feet 

deep originally-
Cl ) Approach channel above upper lock-

Excavation added ........... . 
(2) Canal pri m, upper lock to Robin on 

Bay lock-
Excavation added .................... . 

(3) to (5) , inclu ive-
E t imate I , item B (3) to (5) ........ . 

Engineering, ad mini tration and contingencies. 

Total. ... . ...................... . 

149,000 

470,000 

.......... 

......... 

. . . . . . . . . 

Cu. yd. 0 65 

" 0 65 

. . . .. . . .. .. ... .... 

121% . ......... 

.. .. ... . .. . ........ 

Amount 

1' 781' 000 

560,000 

Overhead 

s 
13' 234,000 
2, 746,000 
1, 667,000 
6, 522,000 
1, 288,000 

107,000 
223,000 
70,000 

25,S57,ooo 

ub-totals 

-----
s 

1, 781,000 

560,000 

206' 854' 000 
25,857' 000 

232,711' 000 

Total 

s 
119' 110,000 
24,712,000 
15,005,000 
58' 696,000 
11' 589,000 

965,000 
2,004,000 

630,000 

232' 711' 000 

Ar11ount ..., ub-totals 

s 

99,000 

314,000 

6,000 

211' 000 

97,000 

306 , 000 

276, 000 

····· ······· 

.. .. .. . .. . . . 

s 

630,000 
79,000 

709,000 

679,000 
85,000 

764 ,000 
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TABLE 3.-SI GLE- TAGE ~eCHEME-"ITH DAM AT LO G AULT ITE-Continued 

Item Quantity nit nit Amount Sub-Totals 
Price 

cts. s s 
FoR OTHER CH.-I.~::WL DEPTH -Con. 

c. Cost of future enlargement from 25-foot 
depth to 30-foot depth-

(1) Excavation above Galop I land-
Estimate I, item C (1) ................ · ··· · ··· ·· · ·· ····· · · · · · · ·· · · · · 737,000 

(2) Revision of control works-
Estimate I, item (2) ... . ........ . ... ··· · ···· · · . . .. .. .... ... . .. . ... 50,000 

(3) Approach channel above upper lock-
Dredging . . ....... . . . .... . ............ 364,000 Cu., yd. 0 75 273,000 

Dredging, over depth . ... ....... . ..... 72,000 0 75 54,000 

(4) Canal prism, upper lock to Gra River 
lock-

Dredging . . ........................... 1' 144,000 Cu.,yd. 0 75 5 ,000 

Dredging, over depth . . . ...... . . . ... . . 229,000 0 75 172,000 

(5) and (6)-
E timate I, item C (5) and (6) ........ ······ · · · · . . ........ ........ . . 56,000 

3, 000,000 

Engineering, administration and contingencie · · ········ 12!% ... . ... . .. ··· ··· · ···· · 375,000 

Total. . . .. .... . ........... . ....... ·········· ·········· . . . . . . . ... . .... . . . . . . . 3,375,000 



TABLE No. 4.-INTERNATIONAL RAPIDS SECTION-DETAILED ESTIMATE OF TWO-STAGE DEVELOPMENT-224 

See Plates Nos. 26-33 

Item and description Classification Unit Rate Quantity Amount 

UPPER .J:>ooL, WoRKS SoLELY FOR NAVIGATION-
I. Approacn Ghannels-Ogde'1 I sland Lock ......... ......... !Excavation- Dry earth ...... .. .... ·I Cu. yd. 

Dredging............ .. " 

$ cts. $ 
0 65 477,070 310, 100 
0 90 1, 048, 000 943,200 

Overdepth ........ . ... . 0 90 96,500 86,850 

lA. Guide Pier in South Galop ...... .. ....................... jCribwork .. .... .................. .. . u. yd. 5 00 6, 000 30,000 

2. Ogden I sland Lock and Entrance Piers ........ .... . .. . .... !Concrete ........ .............. ." .... ·I Cu. yd. 
Cribwork........................... " 

10 00 375,580 3, 755,800 
5 00 38, 000 190,000 

Excavation-Earth ......... . ....... . 0 65 1, 064,640 692,120 
Dry rock ............. . 1 60 3, 380 5,410 
Trench rock .. ....... . . 

Close drilling .... : ........ : . . ....... , s .i .. 
Gates and operatmg mach1nery ............... . 
Valves and operating machinery . .. . .......... . 

4 10 1, 900 . 7, 790 
0 4.5 4, 510 2, 030 

..... .... . •••• ••• •• • 0. 688, 000 

.......... .. .. ········ 100,000 
Fenders, capstans, ligh ting equip-

ment, etc .. . .................... 

1 

.... . ... . . 

Emergency gate. . . . . . . . . . . . . . . . . . . . . . .. ...... . 
jOperating buildings, etc .................... .. . 

·········l··· ···· ····l 181, 700 
... ....... ... .... ..... 175,000 
••••• •• ••••••••• 0 ••••• 25,000 

3. Engineering and contingenclCs ....... . ...................... l12i per cent . ....................... . 

4. Total. ....... ...... .... ....... .. ... . ... .. . . .... . 

UPPER PooL, WoRKS CoMMON TO NAVIGATION AND PowER-
5. Channel Excavation-

( a)_ Chimney Point ... .... ..... . .......................... !Excavation-Wet rock ....... .. . .. .. . 
Wet rock overdepth ... . 

Cu ... yd. 4 25 155, 800 662, 150 
4 25 24,700 104,980 

Dredging ............. . 0 90 288,400 205,560 
Dredging overdepth ... . 0 90 26,790 24, 110 

(b) Removal of Spencer I sland Pier ....... ................ Excavation ...... . ................ . . u. yd . 1 50 123,950 185,930 

(c) Removal of Gut Dam .. .. ... ............... ..... ... .. ExcavaLion . .................... ... . Cu. yd. 1 50 44,640 66,960 

(d) Removal of Centre Wall of Lock 27 and 28 and Canal Excavation-Masonry and Crib work 
Bank......... . .. ..... . ............... .. ...... . ....... Dredging ............. . 

Cu;,Yd. 1 60 14,630 23,410 
0 90 167' 670 150,900 

Dredging overdepth .. . . 

(e) North Galop Channel to below Baycraft I sland . . ...... !Excavation-Dry earth .... .. ..... . . 
Dry rock ............. . 

0 90 13,330 12,0001 

Cu. yd . • 1 0 65 3,318,860 2,157,260 
" 1 60 265,660 425,060 

1\) 
<D 
en 

---
Total 
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1, 340,150 
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996,800 
185,930 

66,960 

186,310 



Dredging .. .. . . ..... . . . 
Dredging overdepth ... . 
Wet rock .. ... ..... . ... . 
Wet rock overdepth ... . 

(f) South Galop Channel- from Butternut Island Lo=SouthiExeavation- Dry earth . .... . ...... . 

of Baycraft Island.. .. .... ..... . ....... . . ...... ..... .. Dry rock .... . .. . ... .. . 
Dredging .. ..... . . . . . . . 
Dredging overdepth ... . 

Unwatering- Banks- Earth fill.. .. . . 
Rock fill . ... . . 

u.,,Yd. 

Stripping .... . . 
offerdams and pumping 

(a) South of Baycraft Island to below Lotus Island . ... ... !Excavation- Dry earth ... . . . ... . .. . 
Dry rock .. .... . ...... . 
Dredging . .. . . ..... . .. . 
Dredging overdepth ... . 

Cu. yd. I 
" 

(h) South of Lalone Island . . . ........ .. .... ...... . . . .... . . !Excavation- Dry earth . .. . . . . . . . .. . 
Dry rock . ......... .. . . 

(j) Sparrow hawk Point .... ... ..... .. ......... ... . . .. . .. . !Excavation- Dredging .... . .. .. . . .. . 
Dredging overdepth ... . 

Cy. yd. I 
" 

Dry earth . . .... . . .. .. . 

(k) Galop Canal Bank, Presqu'isle and Toussaints Islands .!Excavation- Dredging ......... ... . . 
Dredging overdepth ... . 
Dry earth ........... . . 

u. yd. 

Cu."yd. 

Cu. yd.! 
" 

(l) Ab~ve Lock 25 to River at Iroquois ...... . .. . .' .. .. . . .. !Excavat~on-Earth .. . .... ... . . ..... . 

(m) Pomt Rockway .. . .................... . . . . . ..... ... . . Excavatwn- Dry earth . .. ........ . . 
Dredging ... .. .. . . . . . . . 
Dredging overdepth .. . . 

(n) Point Three Points ...... .... .... . .. . . .... ...... . .... . !Excavation- Dredging .. .. ..... ... . . 
Dredging overdepth .. . . 

Cu. yd. I 
" 

Dry earth . . .. .. .... .. . 

(a) Channel from Above Point Rockway to below Point,Excavation- Dredging .. ... .... .. .. . 

Three Points. Dredging overdepth ... . 
Dry earth . . ...... . ... . 
Dry earth . .... . ..... . . 

(p) Leishman's Point .................................... ·!Excavation- Dredging .. . .. ... . . ... . 
Dredging overdepth ... . 

Cu."yd. 

Dry earth . . ......... . . 

arried forward . ....... . ..... . ... .. ... . . . ... . ·' ................. ... . . . . · · · · · · · · · · . . 

0 90 
0 90 
4 25 
4 25 

2, 189,36 
137,03 
233,80 

60,74 

I 
I 
I 
I 

0 65 429,43 0 
1 60 2, 506,63 I 
0 90 199,94 I 
0 90 31,48 0 
0 60 105,69 I 
1 00 91,54 , 
0 90 20,00 , 

0 65 
1 60 
0 90 
0 90 

0 65 
1 60 

0 90 
0 90 
0 65 

0 90 
0 90 
0 65 

0 65 

0 65 
0 90 
0 90 

0 90 
0·90 
0 65 

0·90 
0 90 
0 65 
0 40 

0 90 
0 90 
0 65 

297,99 
230,67 

2,492, 78 
156,00 

289,20 
263,20 

, , , 
I 

I 
1 

) , , 
2,880,42 

124,070 
1,490, 79 

, 2,435,87 
121,730 
324,770 

39,470 

691,330 
1, 620,450 

81,500 

2,327,810 
137,770 
204,970 

694,520 
65,000 

2, 088,480 
3, 900,000 

70,770 
6,110 

622,870 

1, 970,430 
123,330 
993,650 
258, 150 

279,120 
4, 010,610 

179,950 
28,340 
63,420 
91,540 
18,000 

1, 250,000 

193,690 
369,070 

2, 243,510 
140,400 

187,980 
421,120 

2, 592,380 
111,660 
969,010 

2, 192,280 
109,560 
211,100 

25,660 

449,360 
1,458,400 

73,350 

2, 095,030 
124,000 
133,230 

625,070 
58,500 

1, 357,510 
11 560,000 

63,690 
5,500 

404,870 

5, 927,88 0 

5, 920,98 0 

2, 946,67 

609, 10 

3, 673,05 

2, 512,94 

25,66 

1,981,11 

2, 352,26 

3,601,08 

474,06 

31,460,790 
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TABLE No. 4-INTERNATIONAL RAPIDS SECTION- DETAILED E STIMATE OF TWO-STAGE DEVELOPMENT-224-Continuecl 
See Plates Nos. 26-33 

Item and description Classification Unit Rate Quant ity Amount Total 

$ cts. $ $ 
Brought forward .. . .. ........... . ... . . . . . ....... .'. •••••••••••••••••••••••••••••••••• 00 .......... .. .. ...... .. ...... ... . •• •• •• 0 • •••• 31,460,790 

UPPER PooL WoRKs CoMMON TO NAviGATION AND PoWER-Con. 
5. Channel Excavation-Con. 

(q) North End of Ogden Island ....... ... .. ..... .... ...... Excavation-Dredging ............ . . Cu."yd . 0 90 530,050 477,050 
Dredging overdepth .. .. 0 90 37,000 33,300 
Dry earth .......... ... " 0 65 64,800 42 , 120 

552,470 
(r) Morrisburg Canal Bank ......... ...... .......... . ... .. Excavation-Dredging .............. Cu."yd. 0 90 1,126,530 1,013,880 

Dredging overdepth .. .. 0 90 75,700 68,130 
Masonry ............... " 1 60 13,770 22,030 

(s) South side of Ogden Island ...... .. .. ..... ............. Exca va t io n- Dredging ....... .. ..... Cu."yd . 
1, 104, 040 

0 90 24,170 211750 
Dredging overdepth .... 0 90 6, 670 6,000 
Dry earth ............. " 0 65 1, 638,090 1, 064,760 
Dry rock ...... . .... ... " 1 60 219,000 350,400 

Unwatering ......................... .. ....... . . ········· ········ .... 402,500 

( t) Channel th rough Ogden Island ..... .... ...... .. . .. . ... Excavation-'~ et rock ............... Ct.."yd. 
1,845,410 

4 25 125,350 532,740 
Wet rock overdepth .... 4 25 17,200 73, 100 
Dry rock ... . ..... . .... " 1 60 209,250 334,800 
Dry earth ........... . . " 0 65 3, 309,080 2, 150,900 
Dredging .............. " 0 90 150,670 135, 610 

·----- 3, 227,150 
6. Rock fill I slands above Galop I sland ....................... Rock Fill ................... . ... . . . . Cu. yd. 0 40 269,600 107,840 

7 Dam at Head of Channel through Galop Island .... . .. ... .. . Concrete .. ................... . ..... Cu."yd. 
1071840 

12 00 45,780 549,360 
Concrete .. .... ........... .... ... .... 10 00 22,460 224,600 

.. Foundation contingency ... .. ........ .......... . .. .. . .... .. .... .. .... 40,000 
Excavation- Earth ........ .......... Cu."yd. 0 65 43,910 28,540 

Rock (footing) ........ . 2 40 18,530 44,470 
Rock (trench) ......... " 410 740 3,040 

Gates, towers, hoists, etc . .. ... ... . .. .......... .......... .. ·········· 308,700 
Unwatering ........................ . ·· · ······· ······ ···· .. . ......... 400,000 

8. Dam at North End of North Power House ................ Concrete . ...... ................ .... . Cu ... yd. 
1,598 , 710 

12 00 30,070 360,840 
Concrete ......... . ....... .. ......... 10 00 10,290 102,900 
Foundation contingency ............. ······ · ··· ······ · · ·· ... . . ······· 25,000 
Excavation-Earth .......... ........ Cu. yd. 0 65 72,330 47,020 

Rock (footing) . . .. . . . .. .. ........ . ·I· ..... ~.:~ 7, 940 19,060 
Gates, Towers, Hoists, etc ......... . ............ 94,900 

649.720 
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9. Dam in bay on North Side of Ogden I sland ....... ... . .... !Concrete.. . ........ ..... ......... . 
Concrete .. ..... .................... . 

u."yd. 

Foundation co ntingency ............ . 
Excavation- Rock (footing) .. . . . . .. . 

Rock (trench) ........ . 
Earth ......... .... . ... . 

Gates, towers, hoists, etc . ... . . . . .. . . 
Banks-Earth fill .... .......... . ... . 

Rock fill. .... . ............. . 
Stripping ............ ..... . 

Unwatering ........... .. ....... .... . 

10. Protection to Iroquois .. . . .. ......................... . ..... !Bank-Earth fill ..... . ............. . 
Rock fill . ..... . ............ . 

u."yd. 

Stripping ................... . 
Ditches-Excavation ............... . 
Highway and railroad bridges ...... . 
Sewers and pumping ................ . 

11. Proper ty damages-Canad ian side ................ ......... !Improvements .. . .. . ............... . 
Flowage ................. .. ........ . 

" orchards ................... . 
Existing power developments ....... . 

12. Property damages-United StaLes side .................... !Improvements ..................... . 
Town property required ............ . 
Farm lands .. .. .................... . 

" in severance .......... .. . 

13. Property damages-Islands . .. ........................... . IFlowage . . . · ..... · .. · ... · · · · · · · · · .. . 
Improvements . .............. ... ... . 

14. Highway changes ....... . ........ . . ..... .. . .... ... ........ United States shore . .... .. ......... . 
- anadian shore-New roads ....... . . Mile 

Bridges ........... . 

15. Clearing pool. ............................... ..... .... .. ... J United States shore ....... . ........ . 
Canadian shore ...... . ............. . 

Acre 
" 

Islands ............................ . 

16. R ailroad changes .. ... ............. .................. .... . an. National Ry. at Iroquois-
R elocation ... .... . .. .. .... .. ..... . Mile 
Bridges .......... . ............... . 

17. Engineering and contingencies. . . . ........... . ..... .. . .. ... j12ho .............. ..... ..... ... . .. . 

18. Total ............. .......... . ................. . 

12 001 108, 58 
10 00 69,36 

) 
) 

2 401 28,06 
4 10 1, 93 
0 65 542,75 

) 
) 
) 

0 901 20,83 
0 60 8, 79 
0 65 4 , 91 

J 
) 
) 

0 90 
1 00 
0 65 
0 65 

) 
) 

I 

866,24 
252,560 
214,490 

50,000 00 

100 00 
100 00 
100 00 

I 76, 600 

I 8·7 

) 

i 
J 

560 
25 

180 

'i lOO, 000 001 1 · 5 

1, 302,960 
693,600 

70,000 
67,340 

7, 910 
352,790 
337,300 

18,750 
5,270 
3,190 

300,000 

779,620 
252,560 
139,420 
49,790 
41,000 
27,000 

648,780 
285,600 

33,000 
124,110 

87,000 
435,000 
168,000 

54,000 

170 ,000 
87,000 

37,000 
435 , 000 

25,000 

56 , 000 
2, 500 

18,000 

150, 000 
30,000 

. .......... . 

... .... ..... 

3,159,110 

1, 289,390 

1,091,490 

744,000 

257,000 

497,000 

76 ,500 

180,000 

47,840,620 
5,885,380 

----
53,726 , 000 
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TABLE No. 4-I NTERNATI ONAL R APID.:; t:> .l!iCTIO N- DETAILE D E STIMAT E OF TWO-ST AGE DEVELOPMENT- 224-Continucd 

See Plates Nos. 26- 33 . 

Item and descript ion la ssi.fication Unit R ate Quant ity I Amount 

PPEn P ooL, WoRKS PRIMAmLY FOR P owER : SuBSTRUCTURES, 
HEAD AND T AIL-RACE ExcAVATION-

19 . Excav a tion above North power house . . . ... .. . .. . ...... . ... \Excavation- Dry ear th .. . . ..... . . . . 
Dredging . ... . ........ . 
Dredging, over depth . . 
Wet rock . ..... .... .... . 
Wet rock, over depth . . 

20. Substructure, ctc.- NorLh power house . . .... . ....... ..... ·!Concrete . ... .. ........ . . . ..... . . · ... . 
Concrete ..... . .... . . . . . ..... . . . .... . 
Cribwork . .... ............ . .. .. . . . . . 
Excavation- Ear th .. ... ....... . .... . 

Rock . ... .... . . . ....... . . 
Rock (footings) .... . . . .. . 

Gates and rack s . ... . . .... ... . . .. ... . 
Unwatering . .... ...... . ... . . .. . . . . . . 

21. Sub structure, etc.-South power house .. .. .. . .. . ..... . .... · !Concrete .. . . . . ................ . . . . . . 
Concrete . ... . . ..... .. . .... . ........ . 
Excavation- Ear th . ... .. ... . . . . ... . . 

Rock . . .. . . . .. .. . . . . . . . 
Rock , trench . ... .. .. .. . 

Bank- Ear th fill .... .. .. . . . ... .... . . 
Rock fi-ll .. . ... ... . . ... . ... . . 
Stripping .... . . . . .. ..... . .. . . 

Gates and rack s .. ... ... . .... . ...... . 

22 . Engineering and contingencies .......... . .. . .. . .... . . ..... . \12h 0 •.. .. . . • .• .. . ... . . . •... .. ..... . 

23 . Total ... ... . .. . . .. . . ... ............. . ... . .... . . .. . . . .. ...... . ... ..... . . . . ... ... . ... . 

UPPER PooL, WoRKS PRIMARILY FOR P owER: MACHINERY AND 
SuPERSTRUCTURES-

$ cts. 

u."yd . 0 65 888,500 
0 90 1, 302, 020 
0 90 61 ,410 
4 25 94, 930 
4 25 28,470 

Cu."yd . 15 00 532 ,400 
10 00 9, 600 
5 00 52, 000 
0 65 520, 150 
1 60 554, 100 
2 40 400 

Cu."yd. 15 00 203,280 
10 00 39,800 
0 65 518, 400 
1 60 77, 880 
4 10 1,440 
0 90 40,750 
0 60 16,340 
0 65 8, 350 

24. North power house .. . ... . .. . . .. . ... . . ........ .. .. .. . . . . . . \Generators and t urbines-54-5570 .. . . H .P. units

1 

.. .. . . . . . . 

Switching .... ... . .. . . .... .... . . . . . . ... . . .... . . . .. . ... . . . 
Cranes and serv ice uni ts ... . ..... . .. . .... . ..... . . ... . . .. . 
Superstructure . .. . . .. ..... . . . .. ... ... ... . ... . ... .... . . . . 

25. South power house ....... . . . .. ... . . .... .. ... ... . .. . : .. ... . I Generators and turbines-19-5570 . . .. H.P. uni ts
1 

.. ... . . . . . 

Swi tching .......... ..... . .. ...... . . . . ... . . . . . . . .. .. . . . . . 

$ 

577,530 
1, 171,820 

55,270 
403, 450 
121,000 

7, 986, 000 
96,000 

260, 000 
338, 100 
886 ,560 

960 
1,831, 730 
2, 760 ,000 

3, 049, 200 
398,000 
336, 960 
124, 610 

5, 900 
36,680 
9,800 
5, 430 

644,500 

15, 272,880 
2, 476,660 

358 ,540 
4,050,400 

5, 376,060 
871 ,420 

T otal 

$ 

2, 329,070 

14, 159,350 

4, 611 , 080 

21,099 , 500 
2, 637,500 

23, 737,000 

22. 158,480 
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Cranes and service units ............ . 
Superstructure ..... ... ......... . ... . 

26. Engineering and contingencies ....... . .. .. .............. . .. 112~ 

27. 1'otal ...................... · . · · · · · · · · · · · · · · · · · · 

LowER PooL, WoRKS SoLELY FOR NAVIGATION-

28. Channel excavation-
( a) Below Clark Island to above Long Sault Island ...... Exoavation-Dredging .. ....... .... .. 

Dredging, over depth . 

(b) AboYe Long Sault I sland to Pobinson Bay lock .. . . ... Excavation- Dry earth ........... . 
Paving-Concrete .. ..... . .... . .... . 

(c) Robinson Bay lock to Grass River lock ............... Excavation-Dry earth ............ . 

(d) Grass River look to shore line . .. ...... . ... ............ Excavation- Dredging ............. . 

(e) At lower end of Cornwall I sland .... ... ... .. . .. .... . ... Excavation- Dredging .. . ... . . ... .. . 
DreJging, over depth .. 

(f) At moutn of Grass River ........ ...... ......... . . ..... ,Excavation- Dredging . . ........... . 

29. Drainage ditch ............... .. ..... ...... .. ............ . . Excavalion- Rarth ................. . 

30. Dykes-
(a) Above Robii'Json Bay lock ............................ jEarth fill. .. ........... .. . . ........ . 

Earth f-ill. .. .... ... ..... ... . ... . . .. . 
Rook fill. ......................... . 

~~~%i~g· ... .. : : : : : : : : : : : : : : : : : : : : 
Paving- Concrete ........ .. . . .. . 

(b) Bobinson Bay lock to Grass River ... . ... . . .......... JEarth fill .......................... . 
Earth fill .......................... . 

~~i:%i~g· ........ ::: : : : : : : : : : : : : : : : : : : : 
Sodding .. : • .. .... ............. . . . ... 
Paving- Concrete . . . ........... .. .. . 

(c) Rock fill- Guid<! dike below Grar:;s RiYer lock .... . ... ,Pock .fill. . .. . .. . ................ ... . 

31. Guard gate and supply weir .................. ... .. . . .. . ... Concrete . ....... . . .. ... . . .. .. .. .... . 
Concrete ..... . .. . .. .. ... ... . .. . .... . 
Founoation contingency . . ...... . ... . 
Cribwork .... .. . ..... . ... . ..... .... . 
Excavation- Earth. . . ............ . 

Earth, trench ..... ... . . 

Carried forward ............ . ....... .. . .... . . . 

u ... vd. 

·u ... yd. 

u. yJ. 

u."yd. 

u. yd. 

u. yd. 

u. yd. 

u . yd. 

'u.,/d. 

Cu."ycl. 

0 90 
0 90 

0 65 
11 00 

0 65 

0 80 

0 80 
0 80 

0 80 

0 65 

0 42 
0 60 
1 00 
0 65 
0 25 

11 00 

0 42 
0 60 
0 65 
0 25 
0 45 

11 00 

2 00 

12 00 
10 00 

5 00 
0 65 
3 10 

104,50 
15,25 

4, 359,54 
10,77 

2, 682,20 

364,00 

307,46 
82,03 

227,00 

10,20 

188,21 
450,77 

49,87 
117,25 

98,15 
14,30 

669,27 
357' ~5 
146,51 
167,01 

22,00 
13,88 

63,00 

4, 52 
32,73 

37,03 
44,06 
3,34 

107,780 

2, 942 , 170 

1' 743,430 

291,200 

311,600 

181,600 

6, 630 

657,440 

795, GOO 

126, ooo 

. ... 7. 162.8.50 
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TABLE No. 4-INTERNATIONAL RAPIDS SECTION-DETAILED ESTIMATE OF TWO-STAGE DEVELOPM:ENT- 224-Continucd 
Sec Plates Nos . 26- 33 

I tern and description lassification Unit 

Brought forward . . ......... . ... . . .. .. . . . . . .. .. . . 

LowER PooL, WoRKS SoLELY FOR NAVIGATION- Con . 
31. Guard gate and supply weir-Con .. ..... .. . .. . ... . . . . ..... \Sheoting and brac~ng . .. . . ..... .... .. ·1 M ft.b.m. 

Lock gates, operatmg machmery, etc . . . . .. . . .. . 
Sluice gates, hoists, etc ......... . . . .. . ...... . . . 

32. Robinson Bay lock-Entrance piers and weir .. ........ . ... . !Concrete........... . ..... ... . . ... . . .. Cu. yd. 
Concrete. . . . . . . . . . . . . . . . . . . . . . . . . . . " 
Cribwork . . . . . . . . . . . . . . . . . . . . . . . . . " 
Excavation- Earth . . .. .... ...... . . . . " 
Lock gates and operating machinery . . .. . . . .. . 
Lock valves and opera ting machinery .. .. . . ... . 
Emergency gate . ... .......... . ... ... ...... .. . . 
Fenders, capstans, lighting equip-

ment, etc .. .. . ... . . . . . . ..... . ... . . 
1 

.. .. .... .. 

Sluice gates, hoists, etc . .. ... .. ......... . . .. . . . 

33. R egulating weir at Robinson Bay ... . . . .. . . . . . . . . . ....... . · !Concreto . . ...... .. .. ... . . .... ... ... . 
Concrete . . . . . .. . .. . .. .. . . .. . . . .. . .. . 
Foundation contingency . .. .. .. . . . .. . 

Cu."yd. 

Excavation-Rock, footings ....... . . u. yd. 
Rock, trench .. .... .. .. . " 
Earth .... ... . .. . . . . . . . . 

Unwatering . . .. . ... . . . .. . .......... . 
Sluice gates, hoists, etc .. . 

34. Grass River lock and entrance piers . .. . ..... . . . . ... .. .... . I Concrete... . . .. ... .. . .. .. ... . . .. .. . . Cu. yd . 
Excavation-Earth . . . . . . . . . . . . . . . . . . " 
Cribwork..... .... . ..... . . . . .. ...... " 
Lock gates and operating machinery .. . . ... .. . 
Lock valves and operating machinery .. . . . ... . . 
Fenders, caps tans, lighting equip-

ment, etc . .. . .. . .. ...... ... . .... .. , ..... ... . . 

35. N.Y.C. Ry. diversion and bridges ........ .............. . .. \ Bridg~ over Pally's Gut . . . . ...... .. . 
canal . .. ... .. .. ... . .. . . 
Grass River . .... . . . .. . 

Railroad relocation .. . .. . ... . ...... . Mile 

36. anal lighting and office ... . . .... ...... . . .. ........ . .. . .. . . 

Rate I Quantity 

$ cts . 

110 00 

10 00 
15 00 
5 00 
0 65 

12 00 
10 00 

65 

221,640 
92,160 
73,360 

974,140 

13,200 
'22, 190 

2 401 2, 970 
4 10 450 
0 65 348,360 

10 00 
0 65 
5 00 

351,060 
1, 296,950 

76,050 

50,000 001 4· 5 

Amount 

$ 

7,150 
120,000 
33,800 

2, 216,400 
1, 382,400 

366,800 
633, 190 
603,000 
100,000 
175,000 

206,700 
52,690 

158,400 
221,900 
15,840 
7,130 
1, 850 

226,430 
35,650 
30,800 

3, 510,600 
843,020 
380,250 
845,600 
100,000 

206,700 

728,000 
175,000 
180,000 
225,000 

16,000 

Total 

$ 
7, 162,850 

772 , 030 

5, 736, 180 

698,000 

5,886,170 

11308,000 

16,000 
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::: ~:::~~~.~~~~ ·. ·.·.·.·.·:::::::::::::::::::::::::::::::::::::::: 1~
1

i::::i:~ .· . · .·. ·. : :: : : : :::::::: :: ::::: : 
Improvements . .. . ............... . . . 
Now .. . .... . ... . ...... . .. . ... ..... . . 

39. Proper ty dam ages . ..... . ...... .. . . . .. .. . . .. ... · ·· · ·· · . ·· . 1 §~~-::agne~~.· .·.·.·. ·.: :: : : ::::: : :::: :::: : : 

Acre I 100 001 150 

Mile 30,000 001 1 ·25 

" 3, 000 00 2·73 
30,000 00 2 ·4 

· ··· · ·· ·· · . .. . . . .. .. · · ·· ·· . . . .. 
. . .. . .. . . . · ·· · · · ·· . . ·· ····· · · · · 

15,000 

37,500 
8,190 

72,000 

330,330 
266,600 

40. E ngineering and contingencies .. . . . .... .......... . ... . ... . . 112~% approximately . ..... ... . ..... . . . . .... .. .... . . . . ..... .. . ... . . .. . .. . . . . . . . . . . . . 

41. 1'otal .. .. . .. .. .. ... · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
• • ••• • 0 0 •••• 

LowER P ooL, WoRKS CoMMON TO NAVIGATION AND P owER-
42. Dikes-

(a) Canadian shore, Wales to Moulinette . . .. . .. . . . . .. ... . . !Ear th fi ll . . . .......... . .... ... .. .. . . 
Rock fill. . .. . .. . .. . . .. . . ........... . 

u.,.Yd . 110,940 
64,400 

0 65 170, 670 
0 90 71 , 560 

Stripping . . . . .. . .. ...... . ... .. ..... . . 0 65 63 , 690 41 , 400 

(b ) Canadian shore, Mille R ochos to power house .. . .. . . . . . \Ear th fill . . . .. .... .. .. .... ... . ..... . 0 90 778, 090 700 , 280 

Rock fill ..... . .. ....... . .......... . . 0 65 246, 750 160,390 

Stripping ......... . ... . ........... . . . 0 65 99 , 020 64,360 

(c) United States shore, Wilson Hill to Louisvillo Landing . IEur th fi ll . .. .... .. ............ . .... . 
Rock fill . ........... . . . ............ . 
Stripping .... . ........ . . . .... . .... . . . 

11,950 
6,000 
4,930 

0 90 13, 280 
1 00 6, 000 
0 65 7,580 

u."yd. 

(d) West and east of Massena Canal. .. ... . . ............... !Ear th fill . ..................... . . . . . u. y d. 0 90 224,620 202, 160 

Rock fill. ........ . .. . ......... . . . . . . " 1 00 78,800 78 ,800 

Stripping ....... . .. . ... . ..... . ...... . 0 65 60 ,960 39,630 

(e) Between Massona Cana l and Navigation anal. .... . .. !Ear th fill. .. ........... . ........... . 
Rock fill. ... ... .. . .... . . .. . ........ . 

4, 630 
3, 140 

0 65 7, 130 
1 00 3, 140 

u."yd. 

Stripping .. . . . .. . .......... . ........ . 0 65 4, 680 3, 040 

(f) East and west end of Long Saul t Dam . ... . .... . . . .... . \Ear th fill. .... . .. . ...... . ... . ... . .. . 
Rock fill . .. . .. . ... . .. .. . . .... . ..... . 

73, 150 
16,470 

0 90 \ 81, 280 
0 65 25, 340 

u. y d. 
" 

Stripping ...... . .. ... . . . ............ . 0 65 10,330 6, 720 

(a) On Barn har t I sland . ... .. . .. .... . . .. .. . . . .. . . .... .. .. !Ear th fi ll. . .. . ....... ... .. ... ...... . 
Rock fi ll .. ... . . ....... .. . .. . . ... . .. . 

163,680 
42, 750 

0 90 181,860 
0 65 65, 770 

u."yd. 

Stripping . .. ... .. .... . .... . ......... . 0 65 37,520 24,390 

43. Channel excavation- • 787,350 
1' 294,310 

77, 920 
(a) Canada I sland to Long Sault I sland . . . .. ......... . . . .. !Excavation- Dry ear th .. ...... . ... ·1 Cu. yd. I 0 651 1, 2ll , 300 

D redging.. .. .. .. .. .. .. " 0 90 1, 438, 120 

1 

Dredging, over depth .. 
1 

" ! 0 90 86 , 570 

arried forward ... .. .. . .. .. .. .. . .. ... ... .... . . . .. . ..... . . . . .. . ... . ... . . . . . .. .. . .. . ...... . . . . .. ... ... .. ........... . . . ... . ............ . 

15,000 

117,690 

596,930 

22 , 308,850 
3,079,150 

25' 388' ('00 

-
3, 982,790 
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TABLE No. 4.-INTERNATIONAL RAPIDS SECTION- DETAILED ESTIMATE OF TWO-STAGE DEVELOPMENT- 224-Continued 
See Plates Nos. 26- 33 

Item and description Classification I Unit Rate Quantity Amount Total 

$ cts . $ $ 
Brought forward ........ . .... . . .. ..... . . . ... .... . .... . . . ... . .... . . . . ·· ·· · ·········· · ·· · · · · · · · ···· · · · ... . . .. .. . ······· · ·· · · . . ... . ... .. . 3, 982,790 

LowER P ooL, WoRKS CoMMON To NAVIGATION AND PowER-Con. 
43. Cha nnel excavation-Con. 

(b) North side of Cornwall I sland .. . ... ... .. . ....... . ... . . Excavation- Dry earth ... ... . ...... Cu."yd. 0 65 800 ,000 520,000 
Dredging . . .. .. ... . . ... 0 80 582,560 466,050 
Dredging, over depth .. " 0 80 52,000 41,600 

(c) South side of Cornwall I sland .... ... . . ...... . . ... . .... 
1, 027, 650 

Excavation- Dry earth . ... . ... . . ... Cu."yd. 0 65 618,270 401,880 
Dredging . .... ........ . 0 80 2, 932,360 2, 345,890 
Dredging, over depth .. " 0 80 218,010 174,410 

44. Supply channel and weir at Massena Canal ..... ...... . . . .. . Concrete .. .... .... . . .. . .... . ... . . .. . Cu."yd. 
2, 922, 180 

12 00 19,260 231,120 
Concrete .. .. .. . . ...... . ... . ..... .... 10 00 31,150 311,500 
Foundation contingency . .. .. .. . . . ... .... .. .... . .. .. . .... · · · · · · · · · · ·· 23,160 
Excavation- Rock footings . ........ . Cu."yd. 2 40 4,590 11,020 

Rock, trench ......... .. 4 10 870 3, 570 
Earth . . .. ..... ..... . ... " 0 65 870,960 566, 120 
Dredging . . . .. . .. .. . ... " 0 90 43,000 38,700 
Dredging, over depth .. " 0 90 3,000 2, 700 

Paving- Concrete .. .. .. . .. ...... . ... " 11 00 6, 550 72,050 
Sluice ga tes, hoists, etc .... .. ... .. . .. . · · · · ·· · ·· ····· ····· · · · · · · · · ···· 75,700 

Cu."yd. 
1, 335,640 45. Diversion cut through Long Sault I sland .......... .... .. ... Excavation- Dry earth ....... . . ... . 0 65 2,172,420 1, 412,070 

Dry rock .. . ... . . . . . . .. 1 60 29, 110 46,580 
Dredging . . . . ....... .. . · " 0 90 287,900 259, 110 
Dredging, over depth .. " 0 90 29,600 26,640 

Paving- Concrete ... .... .. .. .. . . . .. . " 11 00 28,270 310,970 

Cu."yd. 
2, 055,370 46. Main Long Sault D am . ....... . ... . . ....... ... . ...... .. ... Concrete ............. ...... ..... .. . . 12 00 498,470 5, 981,640 

Concrete ...... ... . ... . .. . . .. . ... . . .. 10 00 39,260 392,600 
Foundation contingency .... .. .. ... . . . ... . . ... . ... . . . ... . ······ · · · · · · 598,200 
Excavation- Earth . . .. .. . .. . . .. .. . . . Cu. yd. 0 65 908,730 590, 670 

Rock, footings .. ... . .. . " 2 40 105,300 252,720 
Rock, trench . . . ..... .. . " 4 10 780 3,200 

Gates, towers, hoists, etc .... . ... . .. . · · ······· · . .. . ...... ··· ·· ····· ·· 646,060 
Unwatering . ..... ... . ... . . . . ... ... . . ·· · ···· ··· ··· ·· ·· · ·· · · ····· ····· 3, 700,000 47. Drainage-

Cu. yd. 
12, 165,090 (a) Ditches, etc., Wales to Moulinette . .. . .. . .. . .... . ..... . Excavation . ...... . . .. ..... . . . . . . .... 0 65 378,740 246, 180 

Bridges .. . .. .. . . .. ...... . . .. ... . .. . . ... . ..... . ·· ········ . .. . ..... ... 30,000 
Pump station . .. . .. . .... .. ... .. ..... ··· ·· · ··· · · · ··· · ·· ·· . ... . ... . ... 18,000 

294. lRO 
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(b) Sewer for paper mill at Mille Roches ... .. . ..... . ..... . !Trench excavation.................. Cu. yd. 
Sh ecting and bracing ............ . ... M. ft.b.m 
Supplying and laying 24-in. pipe . ... Feet 

8. 14-ft. lock, entrance piers and weir at Mille Roches .. . . . . . . !concrete.................... .. . .. ... Cu. yd. 
Concrete..... .. ................... . . " 
Foundation contingency .. . .............. . .... . 
Cribwork...... . . ................... Cu. yd. 
Excavation-Earth........... ... ... . " 

Rock, foo t ings . .. .. ... . 
Rock, trench .. .... .... . 

Lock gates, valves, operating mach-
inery, etc .. . ........... .. .... .... . 

1 
........ .. 

Sluice gate, hoists, etc . ... . .. . . .. . .. ....... .. . . 

3 10 
110 00 

4 00 

18,41 
49 

15,00 

~ 

~ 

~ 
~ 

12 001 13,75 
10 00 131' 130 

5 00 
0 90 
2 40 
4 10 

~ 
~ 
~ 

~ 

3,160 
219,510 

2, 970 
1,160 

49. R ailroad changes .... . .... ... ........... .. .... . ..... ..... . \ United States side, Norwood and St. 
L. Railroad- Relocation .. ........ 1 Mile I 35,000 001 2 : 

N orwood and St. L. Railroad-

c!~~fae: ~id~· c. 'N· .. it.:Y .~-it~i~~~ti~~ 1· .. r\1i1~ .. ·1 ioo; o66 . oal· ........ 3: 1 

Acre 50. Clearing pool. ................... . ........... . ....... . ..... 

1 

.. ...... . ... . ....... . . .. . .......... . 

51. Highway changes ....... .... ............. ... .... .... . ..... United States shore-Roads ....... .. 
Bridges ...... . 

I 100 001 1' 610 

Canadian shore-Roads .... .... . ... . 
Bridges ........... . 

52. Property damages- United States side .. .......... . ....... !Improvements .... ... . .. . ....... . .. . 
Flowage-United States shore .. .. . . 

United States shore ..... . 
Long Sault Island ....... . . 
Barnhart I sland ... ...... . 
Other islanels . .... .. . .... . 

Severance ....... ............... . .. . . 
Seepage ............................ . 

53. Property damages- Canadian side ....... ... .. .... . .. . ..... lrmprovements .... ............ . .... . 
Flowage-Canadian shore ... .. . .... . 

Orchards . . .. .......... .. . 
Sheek Island ............ . 

Existing power developments ....... . 

54. Protection to Morrisburg .................. .. . . .... .. .. .... jBank-Earth fill ................... . 
Rock fill ... .. ............... . 
Stripping ....... .. .. . ........ . 

Drainage Ditch-Excavating-Earth 

Cu.
11
yd. ) 

) 
) 
) 

0 901 78, 180 
1 00 35,490 
0 65 27,650 
0 65 8,000 

Sewers and pumping .. .. .. .. ....... . . 

55. Engineering and contingencies ..... . . .. ..... . .............. 112~% approximately ...... . .. ....... . 

56. Total .... . .. . . .. ...... ...... . . .. . . .. . . ....... ... . ....... . . 

57,070 
54,670 
60,000 

165,000 
1, 311,300 

16,500 
15,800 

197,560 
7,130 
4, 760 

82,000 
30,800 

70,000 

22,000 
370,000 

161,000 

265,000 
50,000 

823,500 
85,000 

572,000 
116,220 
327, 600 
179,520 
219,120 
160,430 

4,000 
36,000 

2, 615,720 
627,800 
41,250 
52,800 

149,160 

70,360 
35 ,490 
17,970 
5,200 

52,000 

.. . . ........ 

. .......... . 

171,740 

1' 830,850 

462,000 

161,000 

1,223, 500 

1,614,890 

3,486, 730 

181,020 
$ 32,914,630 

4, 215,370 

~ 37,130,000 
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TABLE No. 4.-INTERNATIONAL RAPIDS SECTION-DETAILED ESTIMATE OF TWO-STAGE DEVELOPMENT- 224-Continued 

See Plates Nos. 26-33 

w 
0 
0') 

Item and description 

LowER PooL, WoRKS PRIMARILY FOR PowER: Su BSTRUCTURES, 
HEAD AND TAIL-RACE E XCAVATION-

57. Head and T a il-race excavation .. 

Classification 

{a) R emoval of Upper and Lower Sheek I sd. dams . . . . . . . . ~ Excavation-Earth . ............ . ... . 
Masonry . .. ........... . 

{b) T ail-race . .......... . . . . . . ........................ . ... Excavation- Dry earth . . .. .... . . .. . 
Dry rock . ... . ........ . 
Dredging ...... . . . .... . 

" over depth .. . 

58. Spillway North of Power House ...... . .. ... .... . ...... ... . ,Concrete .. ... .. . . .. . ... . ........ . .. . 
Concrete ... . ... ..... .. .. . . .. ... . ... . 
Foundation contingency . ........... . 
Excavation- Earth . ..... .. ......... . 

Rock footings . .. .. .. .. . 
Trench ... .... . . . . . .. :. 

59. Ice Sluices at South end of Power House .... . . ... . ..... . ... ,Concrete . . . . . . ........ . . ...... ... . . . 
Concrete ... .. . .. . . ........... .. .. . . . 
Foundation contingency .... ........ . 
Excavation-Earth .. .. . ..... . ...... . 

Rock footings . ...... . . . 
" trench . ......... . 

Gates, towers, hoists, etc ... . ....... . 

60. Power House subst ructure, etc .. . .. . .. ... . ...... . .... . . . ... I c oncrete . . .... .. .. . .... . ...... . .. .. . 
Gates, racks, etc . ...... . ........... . 
Unwatering . . .. . ....... . ... .. .... .. . 

61. Railway Spur to Power House .. . ... . .. . . . ... ... ........... !Bridges .... . ....... . ............... . 
Railway spur .......... . . . .. . ...... . 

62. Engineering and contingencies .... . .. ... .. . ... . ........ . ... 112!% approximately ................ . 

63. Total. . . . . . . . . . ..... . ... . .......... .. .... . . ... . . . . , ...... . . .. . .. ... ............... . ... . 

Unit Rate Quantity Amount Total 

$ cts. $ $ 

Cu. yd. 1 0 90 249,020 224,120 
" 4 25 530 2,260 

226,380 m 
Cu. yd. I 0 65 3, 266,580 2, 123,280 ;t-

" 1 60 1' 208' 340 1' 933' 340 ~ 
0 90 3,120,570 2, 808,520 ~ 
0 90 281' 000 252,900 s 

7,118,040 '"i 

Cu. yd. 12 00 68,880 826,560 ~ 
" 10 00 106,350 1,063,500 (") 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80,000 Cl:> 

Cu. yd . 0 65 31,080 20,200 -.:::l 
" 2 40 14,100 33,840 ~ 

4 10 2,190 8, 980 2, 033,080 ("1-

(1:> 

Cu. yd. 12 00 91,130 1,093,560 ~ 
" 10 00 60,090 600,900 ~ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100,000 ~ 

Cu.yd. 065 1,106,260 719,070 '""tl 
" 2 40 13,500 32,400 '"i 

4 10 490 2,010 ~ 
. .. . . .. .. . 

1

. .. . . . . . . . . . . . . . . . . . . . 74.000 Cl:> . 

2,621,940 g, 
.. ~~: .~~ : ...... ~~. ~~ ... ~:~~~:~~~ 1~:~~~:~~~ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 905,230 

_ _ , 20,534,090 

. ........ . , . ......... , . .. . ...... .. , 248' 000 

.. .. . . .. . . . . .. .. . .. . . .. .. . .. .. . . 70,000 
318,000 

$ 32,851,530 
• ••••••• • ••••••••••• • ••• •••••• • • • • ••• • •• • • • •••• ! 4,014,470 

..........•. . . . • . . . •.•... ... .. . .. . •.. . .. . ....•. J$ 36,866,000 



! 
LowER PooL, WoRKS PRIMILARLY FOR PowER: MACHINERY AND 

SuPRRsrRUCTURE--
64. Barnhart Island power house ...... ......... .... .... . ...... !Generators and turbines 38-47,600 

H.P. units ........... . .... ... .... . 

'

Switching .......................... . 
Cranes and service units ..... . ... ... . 
Super structure . ...... . .... ... ... ... . 

65. Engineering and contingencies . . ..... . . .. .. . . . ....... . .... . l12ho .............................. . 

66. Total. ..... .. . .. . . .. . . .... ... ..... . ........... 1 •••••••• •• •• • ••• • • ••• ••••••••• • • • • • • 

···· ..... .... r····· ···· 1 27,208,000 
. ........ ··· · ········ 8, 139,600 

····· ········ ···· · · ·· · · · ····· 495,420 

·· ··· ·· ··· · ·· ·· ·· · ·· ·· 4,847,200. 
40,690,220 

· · ··· · ··· ··· ···· ···· ·· · ·· · · · ·· ·· ·•· · ··· ······· · 5,086, 780 

.... .. .. .. .. ,$ 45,777' 000 
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TABLE NO. 4.-INTERNATIONAL RAPIDS SECTION-DETAILED ESTIMATE OF TWO-STAGE DEVELOPMENT-224-Continued 

See Plates No. 26-33 

I t ern and description Classification I Unit 

67. Chimney Point to above Ogden 
I sland . ................ .. . . . .. ...... !Excavation- Wet rock ... .. .. . .. .. .. ·I Cu. yd. 

Wet rock over depth .. . " 
Dredging . . ...... . .... . 
Dredging over depth .. . 

G8. Approach channels to Ogden I sland 
lock . . ........ . . . . . .. . . ... .. .. ...... !Excavation- Dry earth ... ... . . .. . . . 

Dredging .. . . . ....... . . 
Dredging over depth . . . 

69. Below Clark I sland to above Long 
Sault I sland . . . ..... .................. !Excavation- Dredging . . .. .. . .. .. . . . 

Dredging ov er depth .. . 
70. Above Long Sault I sland to Robinson 

Bay lock .. . ..... ......... . .......... !Excavation-Dry eart h ... . ..... . .. . 
Dredging .. . . ... .. .... . 
Dredging over depth .. . 

71. Robinson Bay lock to Grass River 
lock ............... . ....... . ..... . .. !Excavation- Dry earth ........ . . ... . 

Dredging . ... . .. . .... . . 
Dredging over depth . . 

72. Grass River lock to Shore line ...... !Excav ation- Dry eart h .. . . . ... . ... . 
Dredging . .. .. . .. . .... . 
Dredging over depth .. . 

73. Lower end of Cornwall I sland .. ... . !Excavation- Dredging .. ...... . .... . 
Dredging over depth . . 

" 
" 

" 
" 
" 

" 
" 
" 

" 
" 

74. Engineering and contingencies .. . ... .. 112!% approximately .. . ..... . . . . . ... . , . . ... .. . 

I 

Saving if Additional cost if Cost of future 
navigation channels navigation channels enlargem ent from 

Rate I made 23 ft. made 27ft. 25ft. depth to 
deep originally deep originally 30 ft. depth 

Quantit y I Amount 

$ cts.l $ 

Quantity I Am:unt Quantity[ Am:unt 

5 00, ...... . .. , . . ....... , . ... .... , . ... .. .. . , 628,000,3,140,000 
5 00 .............. . ... . .. .... ... . .. . ..... . .. 207' 000 1' 038,500 
0 90 .... . . . . . ..... . ... . ... ... .. . ..... . . . .... 213,200 191,880 
0 90 . ..................... . ............... . . 31' 480 28,330 

0 651 54,2201 35,2401 54,2201 35,2401 .......... I ......... . 
g ~g .. . ~~~:~~~ .. . ~:~::~~ ... ~~~:~~ .. . ~:~:~~~ n~:~~g fg~:~i8 
0 90 
0 90 

32,110 
3, 710 

28,900 
3,340 

47,700 
7,250 

42,9301 130,9001 117,810 
6, 520 40,260 36,230 

0 65 257' 690 167' 500 252,790 164,310 . . ... . .... I ......... . 
0 90 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 616,160 554,540 
0 90 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126,400 113,760 

0 65 270,000 175,500 260,000 169,000 ...... . ... . ... . . .. . . 
0 90 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 630,000 567' 000 
0 90 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120,000 108,000 
0 65 9, 000 5, 850 10,000 6, 500 . . . ........... . .... . 
0 80 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24,000 19,200 
0 80 . .. ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6,000 4,800 
0 80 177' 960 142,370 214,540 171' 630 522,240 417' 790 
0 80 66,580 53,260 17,970 14,380 344,400 275,520 

785,6601 ·· ··· · ··· ·1· · 783,3101 · ·· · ·· ·· · · 17,277,960 
130,340 . .... .. . .. 117,690 . .. ... . ... 919,040 

75. Total. . ...... .... .. .. . . . , ... .. . .. . . .. . . . .. . . . .. ..... . ..... . .. , . ...... . , .... ... . , .. . . . . ... . 916,000 ..... .. . .. . 901, ooo1 . .. . ... . . . 1 8,197, ooo 
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TABLE NO. 4.-INTERNATIONAL RAPIDS SECTION-DETAILED ESTIMATE OF TWO-STAGE DEvELOPMENT-224-Continued 

SuMMARY 

Upper Pool-Works solely for navigation .. ... . . .. ........ . ... . ... . ......... .. ....... .... . .. .. . ............ . ........ .. .... . 

Works common to navigation and power . . ... . .............. . . . . ............................... . ...... .. .... . 

Works primarily for power:-
Substructure, head and tail- Race excavation .............. . . ..... ... ..... .. . . .... . .... . .. .. ..... .. .... . . 

Machinery and superstructures ....... . ... .. . ........ . ... .. ..... . . . . ... . . ... . ......... . .. .. . . .. .. ... . . . . . . 

Lower pool- Works solely for navigation .. .............. . ... . ........ .. ........ . .. ... . .. .. . ....... . ... . ............. ... . . . 

Works common to navigation and power . .............. ....... .. .... ............ . ... . .... .... . ......... .... . . 

Works primarily for power:-
Substructures, head and tail-Race excavation .... . . ........... .. .. ..... .... . . ........... .. . .. . .. ... .... . 

Machinery and superstructure ...... . ... . . ..... . . .. . .... . .. . ......... . ....... ..... ... .... .. . ... . .. .. ... .. . 

Total. · · · · · · · · · · · · · · · · · · ......... ·~~~~~~~· ;~~~~ ··· ·. ·.: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 

Estimated initial expenditure to open navigation and provide 406,400 horse-power in upper plant, and 756,600 horse-power in 

lower plant. (Remaining installation at lower plant deferred awaiting growth of market) . . ............. . .. ... .. . ....... , ......... . 238 1 400 1 000 

Estimated initial expenditure to open navigation and provide 1,163,000 horse-power at lower plant. (Remaining installation 

lower plant and all that of upper plant being deferred) ....... . . ... . ....... . ......... . . ... . ... . .... .. ....... ... . ... . . . . . ··· · · · ···· · ·· ······ · ··· · 214,500,000 

Saving if navigation channels made 23 feet deep originally .. . ... ... .. . .. . . . ...... . .... . . . .. .. . ... . .. ... .. ... . ... . ......... . 75 ···· · ········· 916,000 

Additional cost if navigation channels made 27 feet deep originally ........ . ....................... . ..... ...... ...... . . . ... . 75 ·········· ··· · 901,000 

Cost of future enlargement from 25 foot depth to 30 foot depth . ... . . ... . . . . . . . . . . . . ..... . ... . ..... . ..... . . ... . . ........... . 75 ······· ··· 8, 197,000 
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TABLE No. 5-INTERNATIONAL RAPIDS SECTION-CRYSLER ISLAND-TWO-STAGE DEVELOPMENT- 217 
See Plates Nos. 34-38 

Item and description Classification Unit 

UPPER Pooir--WoRKS SoLELY FOR NAVIGATION-
I. Guide pier in south galop .................................. ICribwork ............ ..... ... .... . . . I Cu. yd . 

2. Approach channels-Bradford Pt. Lock and Dykes ........ !Excavation-Dry earth ... . ........ . 
Dredging .. .... ..... . . . 
Over depth ........... . 

Earth fill .. .... . . ... .......... .... . . 
Rock fill .... .... ...... . . .. .. . : ..... . 
Stripping ... ..... ...... . . . .... . .. . . . . 

Cu . .,yd. 

" 
" 

3. Bradford Point lock and entrance piers ........ . . . . .... . .. . !Concrete............................ Cu. yd . 
Concrete . . . . ... . . .. . ..... ....... .... " 
Cribwork........ . ........ . ... .. . . .. " 
Excavation-Earth.................. " 
Pumping .... ... ........... . .... . .. . . ......... . 
Gates and operating machinery ....... . .. . . ... . 
Valves and operating machinery .... . ......... . 
Fenders, capstans, lighting equip-

ment, etc .. . . ......... .... .. .. .. . . , . .. . ... .. . 
Emergency gate . . ..... .. . .. ..... . .. . 

1 

........ .. 
Operating buildings, etc.. . . . . . . . . . . . . ... ... .. . 

E ngineering and Contingencies . ..... .. ......... . ... . .... . . .. l12ho . . . . ........... ... ....... ... .. . 

Rate Quantity Amount 

$ cts . s 
5 00 6,000 30,000 

0 65 2,526,490 1, 642,220 
0 90 231,230 208,110 
0 90 30,000 27,000 
0 90 627 ,560 564,800 
1 00 231' 330 231,330 
0 65 116,560 75,760 

10 00 194,960 1, 949,600 
15 00 60,810 912,150 
5 00 85,000 425,000 
0 65 547,890 356,130 

...... .... .. ........ . . 129,600 

.. .... .... ············ 728,000 

. .... . . ....... . ...... . 100,000 

....... .. l ...... ..... l 181,700 
·········· ··· · ··· · ···· 175,000 
·········· ... ... ...... 25,000 

Total 

s 

30,000 

2, 749,220 

4, 982,180 

$ 7, 761,400 
970,600 

4. Total. .. . ... . . ...... .... ······ ···· ······· · · · · · . .... .. .. .. . ,$ 8, 732,000 

UPPER Poo~r--WoRKS coMMoN To NAVIGATION AND PowER:-
5. Channel excavation-

( a) Above Chimney Point to below Point Three Points .. . ,See Table No. 4-ltems No. 5 (a) 
to 5 ( o) inclusive ................. . 

(b) Leishman's Point ..................................... Excavation-Dredging ..... ..... .. . . 
Dredging over depth .. . 
Dry earth . ... .... . . .. . 

(c) Opposite Leishman's Point .. .... . ........ .. .. . ... . ... . !Excavation-Dredging ............. . 
Dredging over depth . . . 
Dry earth ............ . 

(d) North and South side of Ogden Island ................ . ]Excavation- Dry earth ...... .. .... . 

· ·c~:,;yci : ·1· · · · · · g· ~g . ........ . .. .......... .. ! 30,986,730 
666,450 599,800 
66,670 60,000 

" 0 65 329,930 214,450 
I 874,250 

Cu. yd. I 0 90 573,130 515,820 
" 0 90 50,000 45,000 
" 0 65 133,020 86,460 

Cu. yd. I I 647,280 
0 65 3,174,350 2, 063,330 
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Dredging ............. . 
Over depth ........... . 
Dry rock ..... . ..... .. . 

Unwatering ...... . . . ............... . 

(e) Morrisburg canal bank ............................. . . . !Excavation- Dredging ............. ·1 Cu. yd . 
Masonry......... .... .. " 

(f) Canada Island ....... ....... .......................... !Excavation- Dry e~rth............. Cu . .ld. 
Dredgmg . ............ . 
Over depth .... . ..... . . 

Rip-rap ... .. .............. . ....... . . 

6. Rock Fill Islands above Galop Island and Cribs above Point 
Three Points .... ... .. . ...... .. ........ .. . ............ ... . !Rock fill . .................. . ....... ·I Cu. yd. 

ribwork.. .. .. . . . . . . . . . . . . . . . . . . . . . " 

7. Dam at head of channel through Galop Island and dam 
between Adams Island and Galop Island ............ . ... . ~~~~:~:::::::::::::::::::::::::::::I Cu ... yd. 

Foundat~on contingency.. .. . . . . . . . . . . ........ . 
Excavatwn- Earth... .... . ... .. . . ... Cu. yd. 

Rock footings... ..... .. " 
Rock trench ......... . . 

g~~=te~i~~~~ ~~~. ~~~~~~~r.~~t·u·I~e .. .' .': :I: : : : : : : : : : 

8. Dykes-
( a) Canadian side-Crysler Island ........................ JEarth fill ... . ...... . ............... ·I Cu. yd. 

~~i~~~:::: ~:: : : : : : : : : : : : : : : : : : : : : : " 
(b) U.S. sid~Crysler I sland ................................ . !Earth fill. ... ... ........ .. .......... 1 Cu. yd. 

Rock fill ..... ... .... .. .. ....... . . . .. " 
Stripping ..... . .. . . . ... . . .......... . . 

9. Provision for 14ft. navigation .......................... . .. !Lock and ent. piers-Concrete........ Cu. yd. 
Cribwork.. . . . . . " 
Gates, etc . .. .... ........ . 

Entrance chan'l-Excavation-Eartb Cu. yd. 
Paving-Concrete . " 

10. Crysler I sland dam ..................................... .. !Concrete. ... ... . . ..... . .......... .. . Cu. yd. 
- aissons, sheet piling, excavation and 

G~~~i::~~~ .. :: .... : : : : : : : : : : : : : : : : : : : I : : : : : : : : : : 
Sluice gates, hoists, etc . .. .... . . .. .. ..... . .... . 

Carried forward ................•..•............... . .. • .......... . .. .... .. .. . ..... . .... ... . 

0 901 827,29 
0 90 119,20 
1 60 65,49 

) 

) 

) 

) 
) 

0 901 1,202,23 
1 60 13,77 

0 65 
0 90 
0 90 
2 70 

0 40 
5 00 

201,30 
143,70 
19,00 
5,18 

I 
I 
I 
I 

I 
I 

269,60 
44,300 

I 
I 

12 001 46, 190 
10 00 24,470 

0 65 
2 40 
4 10 

I 
I 
I 

99,220 
9,280 

740 

0 90 562, 140 
1 00 240,760 
0 65 176,510 

0 90 270,630 
1 00 148,240 
0 65 97,330 

10 00 20,740 
5 00 16, 680 

I 
I 

) 

0 651 185,560 
11 00 2,150 

12 00 475,560 

744,560 
107,280 
104,780 
194,930 

1, 082,010 
22,030 

130,850 
129,330 
17,100 
13,990 

107,840 
221,500 

554,280 
244,700 

55,430 
64,490 
22,270 

3,030 
1,336, 360 

491,640 

505,930 
240,760 
114,730 

333,570 
148,240 

63,260 

207,400 
83 ,400 
65,000 

120,610 
23,650 

5, 706,720 

4, 152,500 
200,000 
645,500 

. ........... 

3,214,88 0 

1,104,04 0 

291,27 

329,34 

2, 772,20 

861,42 

545,07 

500,06 

10,704,72 

52.831.260 
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TABLE No. 5-INTERNATIONAL RAPIDS SECTION-CRYSLER ISLAND-TWO-STAGE DEVELOPMENT-217-Continued 
See Plates Nos. 34-38. 

Item and description Classification Unit 

Brought forward ... ... .. ...... . .............. . ..... . . . 

UPPER PooL, WoRKS CoMMON TO NAVIGATION AND PowER-Con. 
11. Protection to Towns-

{ a) Iroq~ois ...... . . . .... .. ... . ......... .. . . .. . ...... . . . . . ISeeTable No.4-ltem No.10 ... .. . 

1 

.. ...... .. 
(b) Mornsburg .. . .... .. ....... . ...... . . ... . .......... .. . . Bank-Earth fill...... .... .... . . .. . . Cu. yd. 

Rock fill . .. ..... . . . . . . : .. .... " 
Stripping .. . . . . ... .. .... .. . .. . 

Drainage ditch-Excavation-Earth 
!Culverts, sewers and pumping . . .. ... . .. . . . . .. . 
Sewer to below Crysler Island-

Trench excavation... . ... . . . Cu. yd. 
Sheeting and bracing . . .... .. M.F.B.M. 
Concrete. . . . . . . . . . . . . . . . . . . . Cu. yd. 

12. Propert y Damages-Canadian side ............ . .. . .. . . .. . . I Improvements . . .. . .... . . . .. .. ..... .. ..... .. . . 
Flowage .. . . . . . .. ... ... .. . ............... .. .. . 
Flowage orchards . . . . . . . . . . . . . . . . . . . . . .. .. .. . . 
Existing Power Developments . ... .. ..... . . . . . . 

13. Property damages- U.S. Side .......... . .................. !Improvements ..... . . ..... . . ....... . 
Town property required . ..... ..... . . 
Farm lands . ... . .... .. . . ... . ... . ... . 
Farm lands ... . .. . ..... . . . ..... . .. . . 
Severance ........ .. .. . . ... .. .. . . ... . 
Severance . ................ . ... . ... . . . 

14. P~operty damages-Islands. 0 

• • • ••• :::: : ::: : : : : : ::::: : ::: :lu: s.· Sh~;~~:N~;.· ~~~d~·.:::::::::: : 
15. Highway changes .. ··· · ·· · · ········ Bndges . ... . .. .. . . . ·. · 

Canadian Shore-New roads .. . . . · · · 
Bridges .......... . 

Mile 

M~le 

· . · IU.S. Shore ... . ..... .... ... . .. . . ·· · · · 16. Clearing Pool. · ·· ··· · ········· ···· · ················ · ···· Canadian Shore ..... . .... . .. ······· · 

· Islands .. ... . . . . . . . .. . .... ··.······ · 

Acre 
" 

Rate Quantity Amount 

$ cts. $ 

00 00 00 ~ 0 ~~I " 00 0 H~j~~~· 00 00 t~t g~~ 
0 65 92,160 59,900 
0 65 8, 000 5, 200 

3 10 
110 00 
20 00 

60,000 00 

147,780 
2,280 
8,690 

5·4 

50,000 001 13·4 

100·00 
100·00 
100·00 

2,660 
325 
720 

55,000 

458, 120 
250,800 
173,800 

1, 347, 2!'!0 
663,000 
48,000 

124,110 

435,000 
387,000 
168,000 
480,000 
53,500 
12,000 

324,000 
84,000 

670,000 
32,000 

266,000 
32,500 
72,000 

17. Railroad changes .. .. .... . .. . ... ... ..... . ... ... . . . . . . . . . . . !Canadian National Ry., at Iroquois-

~:Jd~~!~~~-· .· .· .-:: : : : : : : : : : : : : : : : : I .. -~i~~ ... I~~~:~~~.~~ I ... .... ... ~: ~ 150,000 
30,000 

Canadian National east of Morris-
burg-Relocation . . ... .... .. . . .. , .. .. ...... , . .... . . . . . . . .. . ... . . .. . 365,000 

Total 

$ 
52,831 t 260 

1 t 289,390 

1 t 614,900 

2,182,400 

1,535,500 
523,000 

1,110,000 

370,500 

~ 
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Norwood and St. Lawrence Rly.-
Bridges . .... ........ . ... ... .... . Mile 

Engineering and contingencies ............ . .. . . .... . ....... l12n 0 . . ..... . .................•.... . 

18. Total. .... . . .. ..... . ......................... . ......... . . ........... . . ... . ........ . 

UPPER Pooir-WoRKS PRIMARILY FOR PowER:-SuBSTRUCTURES, 

19. Head and Tailrace excavation-North power house ... . ... . !Excavation- Dry earth ...... . ... . . ·I Cu. yd. 
Dredging ......... ·.. ... " 
Over depth .. ... ...... . 

20. Head and Tailrace excavation-South power house . .. ... ... !Excavation- Dry earth .. . .'.' ....... ·I Cu. yd. 
Dredging .. . . . ... . ... . . " 
Over depth ........... . 

21. Power house substructures ....... . ...... . ... . .... ....... . . !Concrete . ..... .... . ... . ............ . 
Gates and :racks .. .. . .... ....... .. ... . 
Unwatering . ....................... . 

22. Railway connection to power houses ......... · .. . .. . ... . . ... !New railway line .. ...... .. ......... . Mile 
Bridge, towers and crane ... ........ . 

35,000 00 

0·65 
0·90 
0·90 

0·65 
0·90 
0 ·90 

i 4·5 

868,700 
1, 621,530 

106,500 

292,890 
674,360 

61,100 

) 15·001 808,930 

i 50,000 001 5 

23. I cesluicesandwalls .. ........ . . . ............. ... .. . . ...... IConcrete .......... . ..... . . . . ..... ... Cu. yd. 15·00 24,900 

oncrete. . . . . . . . . . . . . . . . . . . . . . . . . . . . " 12 · 00 28, 980 

oncrete . . . . . . . . . . . . . . . . . . . . . . . . . . . . " 10 · 00 37, 320 

Foundation contingency ... . ........ ..... . ................. . . ...... . . 

Excavation- Earth .. ..... . . ... . ... . . Cu. yd. 0 65 38,370 

Trench earth........... " 3 10 25,530 

Sheeting and bracing ........ .... .. . M.F.B.M. 110 00 19 : 
Gates, hoists, etc .......... . .... . .. . . ........... ... ... . ........ .. . . . . 

24. Engineering and contingencies .. . ......... ... ... . . . . . . .. ... 112~ 

25. Total. ..... . ...... . .. . .. . ..... . ..... . . ........ . 

UPPER Pooir-WonKs PRIMARILY FOR PowER:-MACHINERY AND 
SuPERSTRUCTURE-

26. Machinery and superstructure . ........ . ........ .. .... . ... . !Generators and turbines ·36-16,600 
H.P. Units .... ... ....... .... .. . 

Switching .. ..... ... .. ... . . . .... .. .. . 
Cranes and service units . ....... ... . . 
Superstructure .... .......... ..... . . . 

27. Engineering and contingencies .. . ... ..... . . . . ... . ........ . . 112~% . .. ............ . . ....... .. .. .. . 

28. Total. ...... . ... .. ........ , ............. . .. . . . , ..... . .. . .. .. . ......... . ..... . ... . . . 

157' 500 
50,000 

·· ··· ······· 
. ..... . . ... . 

~ 564,660 
1,459,380 

95 ,850 

190,380 
606,920 
54,990 

12,133,950 
2, 692,980 
3, 263,120 

250,000 
209,000 

373,500 
3471760 
373,200 
34,780 
24,940 
79,140 
21' 780 
66,300 

...... . . .. .. 

············ 

19,223,100 
3,919,860 

533,860 
3,665,090 

..... .. ..... 

······ · · ·· ·· 

752,500 

62 ,209,450 
7, 776,550 

69,986,000 

2,119,890 

852,290 

18,090,050 

459,000 

1,321,400 

22,842,630 
2,855,370 

25,698,000 

27,341,910 
3,418,090 

30,760,000 
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TABLE No. 5-INTERNATIONAL RAPIDS SECTION-CRYSLER ISLAND- TWO-STAGE DEVELOPMENT- 217-Continued 
See Plates Nos. 34-38 

I tern and description Classification Unit Rate Quantity Amount 

$ cts. $ 
LowER Poorr-WoRKs SoLELY FOR NAVIGATION-

29. Channel excavation-
(a) Morrisburg to above Long Sault Island ......... ... . . .. . Excavation- Dredging . . .. . .... . .. . . Cu. yd. 0 90 11 ,850 10,670 

Dredging over depth .. . " 0 90 2,960 2,660 

" (b) Above Long Sault Island to Robinson Bay lock ..... ... Excavation- Dry earth . .. .. ..... . .. 0 65 5,894,140 3,831,190 
Paving-Concrete . ..... .. .. .. ... . . .. " 11 00 21,840 240,240 

(c) Robinson Bay lock to below Cornwall Island . .. . ... . . . See Table No. 4.- Items No; 28 (c) 
to 28 (f) .. . . . ....... . . . . . ... . . ... . 

·c~·.·:Y~i.· · ....... .. . ·· ·· ······· · · ······· . ... 30. Drainage ditch ......... . . . . .. . . ................... . ...... . Excavation- Earth ........ . .. . ..... . 0 65 10,200 6,630 

31. Dykes-
" (a) Above Robinson Bay lock . .... . ... . .......... . .. . . . . . Earth fill. . . . ... . . . .......... ...... . 0 42 163,430 68,220 

Earth fill ... .. . . . . ... . .. . .... . . . . ... " 0 60 131 t 300 78,780 
Rook fill ....... ....... .. .. . .. ... .... " 1 00 10,870 10,870 

~~~:~~g·. ·. ·.· .· .· .·: : : : : : : :: : : : : : : : : : : : " 0 65 70,840 46,050 
" 0 25 74,070 18,520 

Paving- Concrete ...... . . .... . .... . . " 11 00 14,300 157 t 300 

(b) Robinson Bay lock to Grass River ........ . .......... . See Table No. 4-Item No. 30 (b) .. . . .. . .. . .. . ...... .... , .... . .. . ... . . .. ...... . . 
(c) Rock fill- Guide dyke below Grass River lock .... . ... See Table No. 4.-Item No. 30 (c) .. ······· . . . ........ . . · · ········· . .. ... ····· ·· 32. Guard gate and supply weir . . .. . ......... . .... . .... . ... . . . Concrete ...... .. . .... ... . . ... .. ... . . Cu. Jd. 12 00 4,520 54,240 

Concrete ... . .. ....... . . . . . . .... . .. . . 10 00 32,710 327 t 100 
Foundation contingency ....... . . . . .. ......... . · ·· · ··· ··· ... ......... 5,400 
Cribwork . ..... .. .. ... ..... . . . ... . . . " 5 00 37,030 185,150 
Excavation- Earth . .. .... .. .. . . ..... " 0 65 44,060 28,640 

Earth (Tr.) ...... , . ... . " 3 10 5,180 16,060 
Sheet and brace ........ .. .. . . . . . .. .. M.F.B.M . 110 00 86 9,460 
Lock gate, etc., etc ...... .. .. .. . .. . .. ··· ····· · · . .. . . ... .. ·· ······· ··· 119,000 
Sluice gates, etc., etc ....... . .... . ... ...... .... ········· · ············ 33,800 

33. Robinson Bay Lock-Entrance piers and weir ......... . . . . . Concrete .......... .. ...... . .. . ...... Cu."yd. 10 00 200,010 2,000,100 
Concrete . .. . .. .. ... . ...... ... . . . ... . 15 00 85,000 1, 275,000 
Cribwork . . . ... ......... .... . . . . . .. . " 5 00 76,750 383,750 
Excavation-Earth .. . ... ..... . . . ... . " 0 65 1, 063,570 691,320 
Lock gates and operating machinery 
Lock valves and operating machin-

······· ··· ···· ··· ··· .. ..... .. .. . 55'0,000 

ery .... . . .... . . .... . ...... . .. .. .. . . ... .. .. . . . ..... . .. . ....... ... .. 100,000 
Emergency gate ... .. . ........ ... . . . ····· ··· ·· .......... . .......... . 175,000 
Fenders, capstans, lighting equip-

ment, etc .......... . ....... . . . . . .. . . . . ... .. . .. ...... .. . ......... .. 206,700 
Sluice gates, hoists, etc ........ .. .... · ······· ·· .. ........ . ........... 52,690 

Total 

$ 

13,330 

4,071,430 

2,527,830 

6,630 

379,740 
795,000 
126,000 

778,850 

5,434, 560 
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34. Regulating weir at Robinson bay ................... . .... .. See Table No . 4-Item No. 33 ..... . 

35. Grass River lock and entrance piers . . ...... . .... . .... . . . . . See Table No. 4-Item No. 34 ... . . . 

36. N. Y. Rly. Diversion and bridges ........ . . . ........ .. . ... See T able No. 4-Item No. 35 .. .. . . 

37. Canal lighting and office .. . . ... . .... . .. . ...... . ... ........ See Table No. 4-Item No. 36 .. .. . . 

38. Clearing pool.. .. . .... . . . ... .. .... . . . ..... . . . .... .. .... . . .. See Table No. 4- Item No. 37 .. . . . . 

39. Roads ..... .... ... .. .... ... . .. . ......... .. . . ......... ..... See T able No. 4-Item No. 38 . . ... . 

40. Property damages ...... .. ..... . ........... . .. . .. . . ....... See Table No. 4-Item No. 39 .. ... . 

41. Engine':lring and contingencies . .. . . . .. .......... ... . . ... . . · J12h 0 . •... ... . •.. . ..• . . .••••..•.•. . . 

42. Total. .. ..... .. . . ...... . ......... . ... . ........... . ... . ... . 

LowER P n oit--WORKS CoMMON TO NAVIGA'IION AND PowER-

43. D ykes-
(a) Mi!le Rocbe to Power House ..... .... .................. . . . IE<trtb fill ... ... . .... . . . . . .. . ..... .. . 

Rock fill ... ... ..................... . 
Stripping . . .. .. . . ......... . ..... . . .. . 

(b) West and east of Massena Canal ...... . ..... . .. .. . . .. .. . . . . J Ear th fill .. . .. . ......... ..... . .. .. . . 
Rock fill . . .. . .. ... ..... . . ........ . . . 
Stripping .. . .................. . .... . 

(c) Between Massena Canal and Navigation Canal. .... .... .. . I E ar th fill ..... .. . ....... . .. .. .. ... . . 
Rock fill . .. ......... .. ........ . ... . . 
Stripping ... ... ........ . . .. ..... .. .. . 

(d) On Barnhart island .. ... .. ... . .. . .. ... ... . . . .. .. . .. .. ..... !Earth fill . ........... . . ..... ..... .. . 
Rock fill .. . .. . ............ . . . ...... . 

44. Channel Excavation-
Stripping .. .. ... . ............ .. . . . . . 

( a) Farrans Point, Canal bank and north side of Croil I sland! Excav ation- Dry earth .... .... . . .. . 
Dredging ............. . 
Dredging, overdepth .. . 

(b) North side of Long Sault I sland ... . ... . . . . . .. . .. . .... . !Excavation- Dry earth ..... ..... .. . 
Dredging ............. . 
Over dept h . ... . . .. .. . . 

45. 

(c) North side of Cornwall I sland ........ . .... .. . . . .. .. .. · ISee T able No. 4-Item No. 43 (b) .. . 

(d) Sout h side of Cornwall I sland ...... .. . ...... .. ........ See T able No. 4-Item No. 43 (c) .. . 

Supply channel and weir at Massena Canal. ..... ... . . . . . .. . Concrete .. ...... .. .. .. .... .. .... .. . . 
Concrete . ... . . .......... . .......... . 
Foundation contingency .. . ...... . . . . 
Excavation- Rock foo tings ... . . ... . . 

Rock trench .... ...... . 
E arth . . ........ .. . . ... . 
Dredging .. . .. . . ..... . . 
Overdepth ..... . .... .. . 

Carried forward ... ..... . ... ... .. .. . .• .... ... . ...... .. 

Cu. yd. 1 

" 

Cu. yd. I 
" 

Cu. yd. I 
" 

Cu. yd. I 
" 

Cu. yd. I 
" 

Cu. yd. I 
" 

Cu."yd . 

Cu."yd . 

0 90 
0 65 
0 65 

9 90 
1 00 
0 65 

0 65 
1 00 
0 65 

0 90 
0 65 
0 65 

0 65 
0 90 
0 90 

0 65 
0 90 
0 90 

519,35 
169,77 

74,85 

121,85 
37,05 
14,71 

12,67 
5,81 
5,14 

108,23 
39,58 
22,42 

265,51 
1,426, 78 

84,81 

217,13 
315,49 

22,30 

12 001 16,56 
10 00 20,75 

2 40 4,32 
4 10 56 
0 65 834,23 
0 90 43,00 
0 90 3,00 

' .... .. .... .. 
' ..... . . . . . . . 
'· · ····· · ···· 

· ···· · · ··· ·· 
' ... ... .. ... . 

·· ····· · · · ·· 
'· ··· ···· · ··· 

'···· · · · ····· 

' · · · ·· · ·· · ··· 

) 467,420 
) 110,350 
) 48 , 660 

) 109,670 
) 37,050 
) 9,560 

) 8,240 
) 5,810 
) 3,340 

) 97 ,410 
) 25,730 
) 14,570 

) 172,580 
) 1,284, 100 
) 76 ,330 

) 141,130 
) 283,940 
) 20,070 

.. . . . ... . ... 

.. . ......... 
) 198,720 
) 207,500 

19,870 
) 10,370 
) 2,300 
) 542,250 
) 38,700 
) 2,700 

6 9 
5,8 
1,3 

1 
5 

22,771,160 
2,846,840 

25,618,000 

626 ,430 

156,280 

17,390 

137,710 

1,533,010 

445,140 

1, 027,650 
2,922,180 
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TABLE No. 5.-INTERNATIONAL RAPIDS SECTION-CRYSLER ISLAND-TWO-STAGE DEVELOPMENT-217- Continued 
See Plates Nos. 34- 38 

I tern and description Classification 

Brought forward . .. .. . . ..... . ... . .. · . . . ..... . .. . ... .. . . 

LOWER Pooir--WORKS C oMMON TO NAVIGATION AND PowER- Con. 
45. Supply channel and weir at Massena Canal. ... . . . ....... . . !Concrete-Paving . .. ... . . . .. . .. . ... . 

Sluice gates, hoists, etc ... . ..... . ... . 

46. Diversion cut through Long Sault Island ........... .. . .. . · 1See Table No. 4-Item No. 45 . .... . 47. Main Long Sault dam .......... . ........ . .. . . . . . ... .... .. . Concrete .. . .... ...... . ... .. . . ... .. . . 
Concrete ....... .... .... . .... . .... . . . 
Foundation contingency ........ . ... . 
Excavation-Earth . . . .. .... . . . .. .. . 

Rock footings . ........ . 
Rock trench . ... . . . ... . 

Gates, towers, hoists, etc . . . . . .. . . . . 
Unwatering .. .. ...... . ..... ... ..... . 

Unit 

Cu ... yd. 

Cu ... yd. 

Rate Quantity 

$ cts . 

11 001 6,550 

12 001 449,240 
10 00 34,880 

0 65 
2 40 
410 

918,160 
103,220 

320 

12 00 
10 00 

11,770 
110,350 

48. Sewer for paper mill at Mille Roches .... . . . ..... . ...... ... I See Table No. 4-Item No. 47 (b) ... .. ... ... .. , .... . . . .. . , . .. . . . ... .. . 49. 14ft. Lck, entrance piers and weir at Mille Roches .. ... . ... . Concrete..... . . .... ... . .. ... ... .. .. . Cu. yd. 
Concrete... ... .. ... . .. . . ......... ... " 
Foundation contingency.. . . . . . . . . . . . . ... ... . .. , ....... . .. , .. . . . . .... . . 
Cribwork..... . . .. ................. . Cu. yd. 
Excavation-Earth. .. ..... . ..... . . . " 

Rock footings . ........ . 
Rock trench ...... ... . . 

Lock gates, valves, operating mach-

5 00 
0 90 
2 40 
4 10 

3,160 
219,510 

2, 750 
1,100 

inery, etc . ... . ..... . ....... . .... .. 
1 

...... . .. . 

1 

..... . .... 

1 

. .. . ·· ... . . . . 
Sluice gates, hoists, etc .............. . ...... . . .. . . .. . .... ..... ...... . 

50. Railroad changes . .. . . . . . . . . . . ... . .... . . .. ..... . . . ....... . Canadian side C. N. Rly. at Moulin-
ette-Raising line .... . . .. ..... . . . . 

51. Clearing pool .. .......... . . .. ......... . .. . ....... ." . . . . . . . . . . . .. .. .. ... . .. . . ..... . ... . . . ... .. . . . 

mile 100,000 001 1· 0 

100 00 560 Ace 

52. Highway changes ....... ... . .. ...... . . . .... . ...... . . ... . .. United States Shore-Roads . .... . . . 
Canadian Shore-Roads . ........... . 

53. Property Damages-U.S. side ......... ." .. . ............. .. . Improvements ......... . ........... . 
· Flowage-U.S. shore ....... . ..... .. . 

U.S. shore ............. . . . 
Long Sault Island ...... .. . 
Barn hart Island ..... . . .. . 
Other Islands . ... . ...... . . 

Amount 

$ 

72,050 
75,700 

· .. i>' 39o; sso 
'349,800 
539,090 
596,800 
247,730 

1,310 
654,980 

3, 700,000 

· · · · · i4i24o 
1 103,500 

' 14,120 
15,800 

197,560 
6,600 
4,510 

60,000 
485,0001 

188,000 
44,160 
84,000 

117,480 
219,120 
52,000 

Total 

$ 
6,865, 790 

1 170,160 
2:055,370 

11 480,590 
'171, 740 

1, 590,130 

100,000 

56,000 

545,000 
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Severance ....................... . .. . 
Seepage .................... . ....... . 

54. Property damages-Canadian Shore .. · .. . ....... ..... ...... !Improvements ......... .. .......... . 
Flowage-Canadian shore .......... . 

Orchards ......... ..... . . . 
Sheek island .. ... ........ . 

Existing power development ........ . 

55. Engineering and contingencies . ............................ 112~ per cent .... .. ....... . . .. .... ... . 

56. Total. ........ . ..... ······ ·· ·· ···· ·· ···· · ····· ' ········ · ··· · ··· ····· ·· ·· · ··· ······· 

LowER PooL-WoRKS PRIMARILY FOR PowER-SUBSTRUCTURES, 
HEAD AND TAIL-RACE ExcAVATION-

57. Head and tail-race excavation-
{ a) At Upper and Lower Sheek I sland dams ....... . ... . .. !Excavation- Earth ................. . 

Earth ovordepth ...... . 
Masonry ...... .... .... . 

{b) Between Sheek and Barnhart I sland ...... . ... . ....... Excavation-Earth ........ ......... . 

{c) Above power house ............. . ... . ..... . . . ......... Excavation- Earth .. . ... . .......... . 

{d) Tail-race ... .. ..... . .. . .. .. ................... . .. .. ... See Table No 4-Item No. 57 {b) 

Spillway North of Power House ... ... .................... Concrete ... . .................. . .... . 
Concrete ....... .......... . ...... . .. . 58. 
Foundation contingency .... ........ . 
Excavation-Earth .. .. .. ....... .. .. . 

Rock footings ... ...... . 
Rock trench ... ....... . 

Brought forward ... .. .. .......................... . 

59. Ice sluices at south end of power house ...... . ........... . . . oncrete . . .... ..... .. .............. . 
oncrete .. .... ...... .. ... . ..... . ... . 

Foundation contingency .. .. . : . .. .. . . 
~xcavation-Rarth ...... . .......... . 

Rock footings ......... . 
Rock trench ..... . . .. . . 

ates, towers, hoists, etc ........ .. . . 

60. Power house substructure, etc .... . . ... .... ....... .. ... . ... !Concrete ..... . ...... . .............. . 
Gates, racks, etc ... .... .. ...... .... . 
Unwatering .. ........... ......... .. . 

61. Railway Spur to power house ..... . ............ . .. . ........ !See Table No. 4-Item No. 61. .... . 

arried forward .............. . ......... . ... . ... . .. ... . . .......... .... . .............. .... . 

········· · .. ........ · ··· ···· ··· 
..... .. ... ..... .. ... ·· · · ··· · · 
. . .... .... · ····· ···· . . .. ... .. 
.. ..... ... · · ····· · ·· ·· ····· ···· 
.......... . ....... .. ········· 

........ · ······ ··· ··· ····· 

.. . ....... ..... . .... ....... 

u.,.Yd . 0 90 727,340 
0 90 46,710 
4 25 530 

u. yd . 0 65 1,446, 000 

u. yd . 0 65 975,590 

~:,;yci :. 12 00 74,670 
10 00 86,770 

•• • • •• •••• 00 

u."yd . 0 65 72,700 
2 40 15,910 
4 10 2,100 

I 
I 

12 001 81,380 
10 00 42,650 

I 
I 
I 

0 651 740 ,500 
2 40 12,750 
4 10 880 

u. yd . I 15 001 840,700 

2,750 
20,000 

1,109,210 
260,000 

12,500 
39,600 

149,160 

· ·· ·· ······· 

········ ·· · . 

654,610 
42,040 

2,260 

939,900 

634,130 

............ 
896,040 
867,700 

89,610 
47,260 
38,190 
8, 610 

. .... 976:566 
426,500 

97,660 
481,320 

30,600 
3,610 

74,000 

12,610,500 
3,309,880 
1, 905,230 

. .... . .... .. 

. ...... 

727' 510 

1,570,470 

26,332,760 
3,291,240 

29,624,000 

698,910 

939,900 

634,130 
7,118,040 

1,947,410 
11,338,390 

2, 090,250 

17,825,610 
318,000 

31.572.250 
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TABLE No. 5.-INTERNATIONAL RAPIDS SECTION-CRYSLER ISLAND-TWO-STAGE DEVELOPMENT-217-Concluded 
See Plates Nos. 34-38 

Item and description Classification Unit Rate Quantity Amount 

$ cts. $ Brought forward ............ , . . ......... ... .... .... .. . 

LOWER Pooir--WORKS PRlMARILY FOR PowER-SuBSTRUCTURES, 
HEAD AND TATL- RACE ExcAVATION-Con. 

62. Engineering and contingencies ............................ . 112! per cent .... ...... ..... ....... . 
63 Total. .. . .......... . ..... ··· ····················'·································· 

LowER Pooir--WoRKS PRIMARILY FOR PowER-MACHINERY AND 
SUPERSTRUCTURE-

64. Barnhart Island power house ..... .................. .. .... . !Generators and turbines-36-44, 
500 H.P. units ....... ... ..... ... . 

Switching ........................ . 
Cranes and service units ........ .. . 
Superstructure ................... . 

26,058,240 
7, 745,760 

550,880 
4,239,000 

65. Engineering and contingencies .... . ........... . .... . .. .. .. l12t per cent ...................... . 
66. Total. ............... ·························· 

SuMMARY 

UPPER Poo1r-Works solely for navigation ................................................................. Item No. 4.. . ......... . . 8, 732,000 Works common to navigation and power... .. ....... ... ............. . .... ... ... .... ... .. ..... " 18 ...... ....... . 69,986,000 Works primarily for power-
Substructures, head and tail-race excavation............................................. " 25 . ........ . ... . 25,698,000 Machinery and superstructure .... .... ..... . ................ ............. .. ............. . " 28........... . . . 30,760,000 

1-----1 LowER Poo1r-Works solely for navigation ................................................................. Item No. 42 ... . .......... 25,618,000 Works common to navigation and power................ . .... ........... . .... ............... " 56.... ... .. ..... 29,624,000 Works primarily for power-
Substructure, head and tail-race excavation. ... ......................................... " 63 . ............ . 35,519,000 Machinery and superstructure. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . " 66. . . . . . . . . . . . . . 43,418, 000 

Total. ................................................................................ . 

-
Total 
-

$ 
311572,250 

3, 946,750 

35,519,000 

38,593,880 
4,824,120 

43,418,000 

135,176,000 

134, 179,000 

2691 3551 000 

Additional cost if dam is placed between Adams Island and North Shore at Galop Rapids .. . ..... . ............................ .... $2,654,000 
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TABLE No. 6-INTERNATIONAL RAPIDS SECTION- SINGLE STAGE DEVELOPMENT- 238 

See Plates Nos. 39- 43 
- --- -

Item and description Classification Unit Rate Quantity 
-

$ cts . 

WoRKS SoLELY FOR N AVIGATION-
1. Channel excavation-

(a) Approach channels- Lotus I sland lock ..... . .. .. . . . .. .. E xcavation- E arth . ... .... ........ . . Cu.,.Yd. 0 65 725,000 

Dry rock . . .. . ......... 1 60 170,000 

Dredging .... . . .. .. ... . " 0 90 1, 196,910 

Over depth ............ " 0 90 51,850 

(b) Above Long Sault I sland to Robinson Bay lock . .. . .. . E xcava tion- Dry earth .. . . ... ... . . . Cu . yd. 0 65 2, 259,520 

Paving ......... ... .. . .... .. . .. ...... " 11 00 10,020 

(c) Robinson Bay lock to below Cornwall I sland ...... . .. . See T able No. 4-ltems No. 28 (c) 
to 28 (f) .......................... · · ········ .... . ... .. ·········· · · 

2. Drainage ditch .. . . . . . . .. . . .... . . .. . . . .. ... .. .. . . . .... ..... E xcavation- Earth .. .. . .. ... . .. . ... Cu. yd. 0 65 10,200 

3. Dikes-
(a) Above Robinson Bay lock . . . ........ . . . .. . ....... .. . . E arth fill ... . .......... . ..... . .. .. .. Cu. yd. 0 42 338,180 

E arth fill . . .............. . .. . ..... . . " 0 60 1, 644,510 

Rock fill ....................... • ..... " 1 00 155,400 

Stripping .. . . . .. .. .. .. .. . .... . . .. .... " 0 65 232,960 

Trimming . .... . ... . . . .. . .. . ..... . .. Sq. yd. 25 173,740 

Paving-Concrete .. . .. . .. . ........ . . Cu. yd. 11 00 14,300 

(b) Robinson Bay lock to Grass River ........... . ........ See Table No. 4-ltem No. 30 (b) .. .......... .... . . . ... ........... . 

(c) Rock fill-Guide dike below Grass River lock ..... . .. See T a ble No. 4-Item No. 30 (c) ... . ... ... ... . ..... .. .. . .. ........ . 

4. Lotus Islan~ lock and entrance pien1 .... . .. ........... . .. . . Concrete .. ... ..... . ................. Cu ... yd. 10 00 171,070 

Excavation- Dry rock ....... .. . . . . . 1 60 54,650 

Rock trench . . . ... . .. . . " 4 10 2, 100 

E arth ........ . . . . . . .... " 0 65 363, 770 

Close drilling ....... . .. . ........ . ... sq . ft. 0 45 37,570 

Gates and operating machinery ..... ........ . . ........ . . ........ -: . . . 

Valves and operating m achinery .... .......... 
00 • ••••••• 

............ 
Fenders, capstans, lighting equip-

ment, et c . .. .... . ................. .......... ········ · · ···· · ····· · · 
E m ergency ga te .... . .. . .... . .... .. .. .... .. .... ....... . .. ············ 
Operating buildings, etc . . ..... .. .. . . ····· · · · ·· ····· · · ·· · .... . ....... 

5. Guard gat e and supply weir above Robinson Bay lock .. . . Concrete . . ... . .. . . . . ... ......... .. .. Cu. yd. 12 00 4,520 

Concrete ... ... .... . . . . . . .. . .. .. . .. . . " 10 00 34,080 

Foundat ion contingency .. ... . ... .. . . .......... .......... ······· · ··· · 
Cribwork ...... . .. .. . . . .. . . ......... Cu ... yd. 5 00 38,390 

E xcavation- Earth . .. . ... . .......... 0 65 42,960 
Trench . ..... .... . . . ... " 3 10 3,370 

Sheeting and bracing ... . ... . . . . ..... M.ft.b.m. 10 00 61 

Carried ford war. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . .. . . . ... ... .... .. .. ... ...... .. · · · ·· ·· ··· ·· ········ ··· · ····· · ·· 

Amount 

$ 

471,250 
272,000 

1, 077,220 
46,670 

1,468, 690 
110,220 

··· ·· ···· ·· · 
6,630 

142,040 
986,710 
155,400 
151 , 620 
43,440 

157' 300 

... . . . ...... 

. ... . . .... .. 
1, 710,700 

87,440 
8, 610 

236,450 
16, 910 

634,500 
100,000 

181,700 
175,000 
25,000 

54,240 
340, 800 

5,400 
191,950 
27,9201 

...... ~~:~~~ 

Total 

$ 

1,867,140 

1, 578,910 

2, 527,830 

6,630 

1,636,510 
795,000 
126,000 

3,176, 310 

11.714.330 

tl.:! 
~"!-

t:"-1 
~ 

~ 
"i 

~ 
~ 

~ 
~ ...... 
et. 

~ 
~ 
~ 

:p 
0 

'-" · 
et. 
~ 
("!-

~ 
<D 



TABLE No. 6-INTERNATIONAL RAPIDS SECTION-SINGLE STAGE DEVELOPMENT-224-Continued 
See Plates Nos. 39- 43. 

Item and description Classification Unit 

Brought forward ... . ......... . ... . . . . . .... . .... . .. . . . . 

WoRKS SoLELY FOR NAviGATION- <.:on. 
5. Guard gate and supply weir above Robinson Bay lock ..... !Lock gates, operating machinery, 

etc . .... . .. . .... ... . . ... . . .. ..... . . 
Sluice gates, hoists, etc . .... . ... . .. . . 

6. Robinson Bay lock- Entrance piers and weir . . ..... .... ... · !Concrete . .. . .... .. . .. . .. . ..... . .' . .. ·I Cu. yd. 
Concrete . .. . ... . .. .. .... .. .. ....... . " 
Cribwork .... . . . ..... . .. .. .. . .... . . . 
Excavation-Earth .. ....... . ... . . .. . 
Lock gates and operating machinery . . . . . . ... . 
Lock valves and operating machinery .... . . . .. . 
Emergency gate . . .. ... ...... ... . . . . .. .. .. . .. . . 
Fenders, capstans, lighting equip -

ment, etc . ... . . . . .. . . . . . .. .... . ... . ... . .... . 
Sluice gates, hoists, etc ... .. .... ....... ... . ... . 

7. Regulating weir at Robinson Bay . .. . . .... ... .. ...... .. .. .. See Table No. 4- Item No. 33 ... .. . 
8. Grass River lock and entrance piers .. .. . .. . ... ..... . .. . ... " 4- " 34 ... . . . 
9. N.Y.C. Rly. diversion and bridges .... ....... .... 00 00 00 00. " 4- " 35 00 . 00 . 

10. Canal lighting and office.. . ...... ... . . .. . ...... . .... ....... " 4- " 36 .. .. . . 
11. Clearing pool ...... .. 00 00 00 00 00 00 00 00 00 00 .. : . : .. .. .. 00 .. 00. " 4- " 37 00 00 .. 
12. Roads. ... ... . .. . .. .. . . . . . ... . . . . . .... . ... ...... .. .... . . . . " 4- " 38 ..... . 
13. Property damages........ .. .... ... ........... .. .. ......... " 4- " 39 .... .. 

14. Engineering and contingencies ........... . ........ . .. . .. . . . !12!-;0 .............••... ... .. • ••. •. .. 

15. Total. ...... . ....... . . . ..... ... . ... . .. .. ... ... . 

WoRKS CoMMON To NAVIGATION AND PowER-
16. Channel excavation-

{ a) Chimney Point to below Point Three Points .......... . See Table No. 4-Items No. 5 (a) 

Rate Quantity Amount 

$ cts .l I $ 

10 00 
15 00 
5 00 
0 65 

281,650 
108,660 
79,320 

881,020 

121,530 
33,800 

2, 816,500 
1, 629,900 

396, 600 
572,660 
684,000 
100,000 
175,000 

206,700 
52,690 

to 5 ( o) inclusive . . ... ...... .... ... , . ..... . .. . 
(b) Point Three Points to below Canada Island . .. . . .... .. See Table No. 5--Items No. 5 (b) · · ·· · ···· · · · ···· ·· ·· ··· ' · ······ ··· • • 1 

to 5 (f) inclusive. . . . . . . . . . . . . . . . . . . .... . ... . 
(c) North side of Cornwall Island ............. . . . ...... ... See Table No. 4-Item No. 43 (b) ... ......... . 
{d) South side of Cornwall Island . .......... .... .... .... .. " 4- " 43 (c) . .. .... 00 .. .. 

17. Dam at head of channel through Galop Island............ . " 4- " 7 ............... . 
18. Dams and banks in South Galop .. . ............. . .. .. . .... Concrete....... . ..... . ..... . ..... . . . Cu. yd. 

Concrete......... .. .. . ... . . . ........ " 

· · ········ · ········ · .. 

I 

···· · ···· · ········· ··· ··· · ······· · 
· ·· · ····· · · · ······· ··· . . .. · · · · · · · · 
········ ·· . ... . . . . .... ... . · · · · · · ·· 

12 00 73,030 876,360 
10 00 8,500 85,000 

Total 

$ 
11 t 714,330 

792,800 

6, 634,050 
698,000 

5, 886, 170 
1, 308,000 

16,000 
15,000 

117,690 
596,930 

27,778,970 
3,472,030 

31,251,000 

30,986,730 

6,131,720 
1, 027,650 
2, 922,180 
1, 598,710 
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Foundation contingency ..... ....... . 
Excavation-Earth .. . .... . ....... . . . 

Rock footings ......... . 
u."yd. 

Rock trench .......... . 
Gates, towers, hoists, bridges, etc .. 
Banks-Earth fill. ................. . 

Rock fill ............ ....... . 
u."yd. 

Stripping ................... . 

19. Dikes-
(a) Canadian shor~West of Aultsville to Dickenson's 

Landing ........ .. .................................... \~~:\~ JW ......... .. : : : : : : : : : : : : : : : : : : : : : : 
Stripping ........................... . 

(b) East and west of 14-ft. lock at head of Sheek Island .. . \Earth fill ....... ............. . ..... . 
Earth fill ......................... .. 

u."yd. 

Rock fill ..... .............. ........ . 
Stripping ........................... . 

(c) Skeek Island to power house .......................... \Earth fill. ......................... . 
Rock fill ........................... . 
Stripping ........................... . 

(d) United States shor~Wilson Hill to Louisville Landing.\Earth :fill .......................... . 
R.ock fill . . . ..... ....... . ........... . 
Stripping .... .. . . ............. ...... . 

(e) West and east of Massena. Canal. ... ....... ............ \Earth fill. ... ... . .. ................ . 
Rock fill . .... ......... . ............ . 
Stripping ....... . ................... . 

(f) Between Massena Canal and Navigation Canal. ....... . \Ear th fill. . . ....................... . 
Rock fill .. . .................... .... . 
Stripping ........................... . 

(o) East and west of Long Sault dam .................... . \Earth fill ................ . ... . ..... . 
Rock fill ........ .. ................. . 
Stripping ..... .... .................. . 

(h) On Barnhart Island .... . ... ... ..... ........... . . ... ... \Earth fill ....................... . . . . , Gu. yd. 
Rock fill............................ " 
Stripping ..... .. ................. .. . . 

20. Supply channel and Weir at Massena Canal. ................ \Concrete .. .. .................. . .... . 
Concrete ........................... . 

Cu.,,Yd. 

Foundation contingency ............ . 
Excavation-Rock footings ......... . 

Rock trench .. . ....... . 
u.,,Yd . 

Earth ............. . ... . 
arried forwa1;d ...... ... . . . .................... . ..... 1 •••••.•••••••••••••••••••••••••••••• 

0 651 66,27 
2 40 19,34 
4 10 60 

) 
) 
) 

) 
) 
) 

0 601 114,76 
0 60 99,54 
0 65 22,62 

) 
) 
) 

0 651 1' 210, 510 
1 00 466,350 
0 65 276,700 

OM 
000 
100 
0 65 

000 
000 
OM 

000 
100 
OM 

000 
100 
OM 

OM 
100 
OM 

000 
100 
OM 

000 
100 
OM 

321,460 
379,340 
242,080 
107,220 

4, 850,000 
1' 183,920 

295,130 

183,400 
77' 610 
48,470 

773,160 
275,450 
128,570 

180,380 
67,020 
35,610 

161,170 
37,380 
19,050 

648,850 
222,180 
103 580 

12 001 25' 890 
10 00 55,660 

I 
I 

I 
I 
I 

2 401 5, 210 
4 10 590 
0 65 961,910 

87,640 
43,080 
46,420 
2,460 

1, 548,170 
68,860 
59,720 
14,700 

786,830 
466,350 
179,860 

208,950 
341,410 
242,080 
69,700 

4, 365,000 
710,350 
191,830 

165,060 
77,610 
31,510 

695,840 
275,450 
93,570 

117,250 
67,020 
23,150 

145,050 
37,380 
12 .380 

583,960 
222, 180 
67,330 

310,680 
556,600 
31,070 
12,510 

2,420 
625 ,240 

..... . ...... 

2, 832,41 0 

1,433,04 

862,14 

5,267,18 

274,18 

1, 064,86 

207,42 

194,81 

873,47 

55,676,500 
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TABLE No. 6-INTERNATIONAL RAPID8 SECTION-SINGLE STAGE DEVELOPMENT-238-Continued 

See Plates Nos. 34-39 

Item and description Classification Unit Rate Quantity Amount 

$ cts. $ 
Brought forward ... .. ................................ . 

WoRKS SoLELY FOR NAVIGATION-Con. 
20. Supply channel and weir at Massena Canal ... . ....... .. .... !Excavation-Dredging .......... . . . . 

Over depth ........... . 
38,000 
2, 700 

Concrete paving . ....... . ............ . 72,050 
Gates, bridges, hoists, etc .......... . 

. ~>yd. I ..... 1~ ~gl .... J:ffll 75, 700! 

21. Diversion cut through Long Sault I sland ........ ........... , See Table No. 4-I tern No. 45 ..... . 
22. Main Long Sault Dam ....... .. . . . ......... ... ... . . .. .... . Concrete ........................... . 

Concrete ........................... . 
· c~:·yd:· 

.. ....... . · ······ ·· ·· · •••••••• 0 ••• 

12 00 716,140 8, 593,680 
" 10 00 65,010 6.50, 100 

Foundation contingency ............ . 
Excavation- Earth ................. . ·c~: ·yd: · 

.. ... . ... . ..... . ...... 859,370 
0 65 1,327,470 862,860 

Rock footings ......... . " 2 40 120,670 289,610 
Rock trench .......... . 4 10 470 1,930 

Gates, towers, hoists, etc ........... . .......... . ..... .. . . ···· ·· ······ 646,060 
Unwatering ........................ . .. ..... . . . .... . ..... ........... . 3, 700,000 

23. Drainage-Ditches, etc.-E. Williamsburg to Bergen Lake .!Excavation-Earth ................. . 
Bridges . .. .... . . ... : ............ .. . . 

Cu. yd. 0 65 2,133,470 1,386,760 
......... . .. ....... . ... . ....... . 129,500 

Concrete drops ......... . ........... . .......... .. ... . . ... ............ 58,000 

24. 14 H. Lock, entrance piers and Weir at head of Sheek Island . Concrete ............. .............. . 
Concrete ....... ..... ... .... ........ . 

Cu."yd. 12 00 11 t 100 133,200 
10 00 108,750 1, 087 t 500 

Foundation Contingency ............ . 
Cribwork .... ...... ................ . 
Excavation-Earth ................. . 

. ..... .... ······ . ..... 13,320 
· c~:,;yd: · 5 00 4,500 22,500 

0 90 41,970 37,780 
Earth trench ........ .. . 3 10 4,250 13,180 
Rock trench .......... . 4 10 180 740 

Sh eeting and bracing ...... ...... . .. . M.B.M. I 110 00 51·2 5,630 
Lock gates, valves, operating mach-

inery, etc ... . . .... ........ ... ..... . . ....... .. .. ... . ... . ············ 84,110 
Sluice gates, hoists, etc ............. . .......... ......... . . ··· ····· ··· 30,800 

25. Railroad changes .. ... .. ............. . ................... . !C.N.R. at Iroquois-to be raised .. . . 
Bridges for above .. ................ . 
C.N.R. ea::;t of Morrisburg ......... . 

I 
Mile 100,000 00 1·5 150,000 

00 ':Mil~ .. 0 

.......... ............ 30,000 
100,000 00 3·3 330,000 

Norwood and St. L. Railway .. .... . " 35,000 00 2·6 91 t 000 
Bridges for above ............ .. .... . ····· · ···· .......... .. . ......... 29,000 

26. Clearing Pool. ... .. ................................... .. .. !Above Morrisburg ................. . 
Below Morrisburg .................. . 

I 
Acre 100 ool 510 51,000 
" 100 00 3, 740 374,000 

~ 

Total 

$ 
55,676,500 

1, 727,670 
2,055,370 

15,603,610 

1 t 574,260 

1,428, 760 

630,000 

425,000 
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27. Highway change~- ........ . . . ... .... . jCa!ladian shore ...... ··············· 
(a) Above Mornsburg. · · · · · · · · · · · · · · · · Bndges .. ... ... .... · · · · · · · · · · · · · · · · · 

U.S. Shore ......... ····· · ····· · ····· 

(b) Below Morrisburg .. . . ... . .... . ...... . . . . ...... . ...... !Canadian shore .................... . 
Bridges ........ . ................... . 
U.S. shore-Concrete .. ..... . .. ... . . . . 

Earth ................. . 
Bridges ........ . ................... . 

28. Property damagt;lS-U.S. side.- ........... !Improvem ents .. ... ·.··· · ····· · ······ 
(a) Above Mornsburg. · · · · · · · · · · · · · · · · · · · · · · · · Town property requued . . · · · · · · · · · · · 

Farm lands .. . .. · · ··· ·· ············· 
Farm lands in severance ... . ··· ···· · · 

(b) Below Morrisburg .. . ... . ..... . ... . ..... . .......... . . . 1 Improvements . ... .. . ........ . .... . . 
Flowago .................. . ........ . 
Flowage ........................... . 
Severance .... .... . . ... . .... . ....... . 
Seepage .... . .... . ............... . .. . 

29. Property damage- Islands-
( a) Above Morrisburg .... ....... . .. . . . ..... .. . .......... . IFlowage .......... . ..... . ... .. .. ... . 

Improvements ..................... . 

(b) B elow Morrisburg .... . . .. .... . ......... . . ..... ...... . Long Sault I sland-Flowage ........ . 
Barnhart I sland-Flowage .... . .. .. . 
Sbeek I sland-Flowage ... .... ... .. . 
Sheek Island-Seepage ... .. . ....... . 
Other Islands-improvements . .... . . 

Flowage ........... . 

30. Property Daxnages-Canadian shore-
(a) Above Morrisburg ..... ... . .... . ....... . ... .. .... .. .. . jimprovements . .. ......... .. ....... . 

Flowage ... . .. .. .. .. .. .... ......... . 
Orchards . .. ... . ......... . 

Existing power development ........ . 

(b) Below Morrisburg .... .. . .. . . ... . . .. .. . . . .. . ... . .... . ·I Improvements . . .. .. . . ............ . . 
Flowage ... . ... . .. . . . ..... . ........ . 

Orchards . .. ... .. .... ..... . . 
Existing power developments . ...... . 

31. Protection ~o Towns- ................... !Bank- Earth fill .. ..... ·.··· ······ · · 
(a) Iroquo1s ......... . .. .. . · · · · · · · · · · · · ~~i;Prnl~ .. ::::::::::: ::::::::: 

Ditches-Excavation ... : .. · · · · · · · · · · 
Highway and R .. R. Bndges ....... . 
Sewers and pumpmg . .......... .... · · 

arried forward ... ....... . . ... ..... .. . ........ .. . .. .. , .... - . . ... ..... .. . .. .. .. .. .. .. . . .. . 

Mile 

Mile 

Mile 
" 

Cu ... yd .. 

50,000 00 ! 

50,000 001 18· ! 

60' 000 001 7. 
5,000 00 1· 

! 
; 

0 90 
1 00 
0 65 
0 65 

) 
) 
) 

772,030 
229,120 
207' 610 

) 76,600 

400,000 
20,000 
37,000 

910,000 
7,000 

432,000 
7,500 

73,000 

64,000 
411 '000 
128,000 

3,000 

486,000 
182,530 
66l,OOO 

10,200 
25,000 

170,000 
87,000 

265,320 
219,120 

52, 800 
25,000 

2.56, 000 
201' 500 

593,860 
235,600 

30,500 
124,110 

2, 274,670 
734,000 

43 ,000 
149,160 

701,130 
229,120 
134,950 
49,790 
41,000 
27,000 

. . ... .. . ... . 

457,00 0 

1,429,50 0 

606,00 

1,364, 73 

257,00 

1,019, 74 

984,07 

3 , 200,83 

1, 182,99 

89.623.030 
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TABLE No. 6.-INTERNATIONAL RAPIDS SECTION-SINGLE STAGE DEVELOPMENT-238-Continued 
See Plates Nos. 34-39 

Brought forward .. . .. . .... .. .. .... .. .... ............. . 

Unit I tern and description Classification Rate I Quantity Amount ~~al 
$ $ $ cts. 

. .. .. ... .... ' 89' 623' 030 

WoRKS SoLELY FOR NAVIGATION- Con. 
31. Protection to towns-Con. 

Cu. yd. 1 0 90 255,330 229,800 
" 1 20 105,550 105,550 

(b) Morrisburg .............. .. ........................... I Bank- Earth fill ... . .......... . .... . 
Rock fill . ..... . ...... . ... . .. . 
Stripping ............ . ...... . 0 65 56,010 30,410 

Drainage Ditch- Excavation-
0 65 8,000 5,200 

......... ·•·········· .. . ......... 55,000 
E arth ................... . . . ... : .. . 

Sewers and pumping .. . . . ... . .... . . . . 

29,0001 
431 '960 

··· ····· ··•· ··· ····· ·•····· ·· ·· ... . 
29,000 

·········· •·········· •········· · ·· · 36,000 

(c) Farrans Point ... .... .............. . ... . . .. ........... ·!Pumping plant, etc .. . ..... .. .... . .. . 

(d) Aultsville ...... . ..... . .................... . ........ .. . Pumping plant, etc ..... . . . .. ... . .. . . 
36,000 

90,119,990 
32. Engineering and contingencies ..... . .. ... .. . ... . ....... . ... 112! per cent .. .... . . ..... .. .. . ...... . ···· · · ····•·· · ······· •············ •··· · ····· ... . 11,265,010 

33. Tota l. .. . ......... . ............................ , ........ . ... . ........... . .......... . · ·· ··· · · · · •·· · ·······•· ···· · · ····· •·· · ··· · ····· · 101,385, 000 
WORKS PRIMARILY FOR PowER-SuBSTRucruRES, HEAD AND TAIL

RAcE E xcAVATION, ETC. 
34. Head a nd tail-race excavation-

{ a) Between Sh eek and Barnhart Island ......... . . ....... !Excavation- Dry earth ......... . .. ·I Cu. yd . 
Dredging . .. . ....... ... " 
Overdepth . .. . . . . . .. . . 

(b ) Tail-race . . .... .. . .. ............ . ...................... ,See Table No. 4- Item No. 57 (b) .. . ......... . 
35. Spillway north of power house . . . .. ........................ Concrete.. ... . ............ . ..... ... . Cu. yd. 

Concrete............................ " 
Foundation contingency . . .. ..... . .... . ....... . 
E xcavation- E arth .................. Cu. yd . 

Rock footings. . . . . . . . . . " 
Rock trench .. . .... . . . . 

36. I ce sluices at south end of power house ... ................. !Concrete .............. . .. . . ..... .... . . 
Concrete ... . .. ..... . ............... . 

Cu ... yd. 

Foundation contingency ......... . . . . 
Excavation- E arth ....... . ........ . . 

Rock footings .. . .. . ... . 
. c~: .. :Ycl: . 

Rock trench ... ....... . 
Gates, hoists , towers, etc ...... .. .. . . 

0 65 
0 90 
0 90 

6, 916 ,800 
424,300 
72,300 

12 001 86,860 
10 00 118,350 

0 65 28,750 
2 40 14,550 
4 10 2,250 

12 00 119,470 
10 00 98,570 

0 651 1' 030,660 
2 40 15,350 
4 10 700 

4, 495,920 
381,870 
65,070 

1, 042,320 
1,183, 500 

104,230 
18,690 
34,920 
9,220 

1, 433,640 
985,700 
143 ,370 
669,930 
36,840 

2,870 
74,000 

4,942,860 

7,118,040 

2,392,880 

3, 346,350 
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u. yd . 15 00 1,224,640 18,369,600 

········· ·········. ············ 
3, 200,570 

... ······. .......... ········· ·· · 1 '905, 230 
37. Power house substructure, etc ................ . ... .. ... . .. · !Concrete .................. . ........ . 

Gate, racks, etc . . . . . ............ .. . . 
Unwatering . .... ................... . 

38. Railway spur to power house .... .... . ........... . ......... !See Table No. 4-ltem No. 61.. . .. . . . .... ·········· ······ · · · ···. ····· · ···· 

39. Engineering and contingencies ... .. ..... . .. . ..... . ......... \12~ per cent . .. ...... . ........ .. .... . 

40. Total . .. ... .. .. .. ..... ... ....... . .. . ........... . ··· ··· ········ · ·· ·· · · ············· · ············ ····· · ·· · ·· 

WoRKS PRIMARILY FOR PowER- MACHINERY AND SuPERSTRUCTU RE-
41. Barnhart I sland power house .. . ... . ....... . ..... . ......... !Generators and turbines-44-50, 

600 H.P. units .. ... . ....... . ...... . 
Switching ...... . ........ . ... . ...... . 
Cranes and service units ... . . ...... . . 
Superstructure .............. . ... . .. . 

29,660,400 
8, 709,800 

498,680 
4, 626,750 

23,475,400 
318,000 

41' 593,530 
5,448,470 

47,042,000 

43 ,495,630 
5,436,370 

42. Engineering and contingencies . .. . ......... . . . . . ........... \12t per cent . . ........... . .... . .. . .. . 
......... .. . ,$ 48,932,000 

43. T ot al. . .. .. . ... . ..... . ..... . . . .... .. ........... r ••• •• ••••••••••••••••••••• • ••••• •• •• 

SuMMARY 

~~;~: ~~~~~~\~~:~~~:~~i~~· ~~d ·P~~~~ - ·. ·. :::: :::::::::: :::: :::::::::::: :::::: :::::::::: :::: ::::: :: :: ::::::::::::::::::::: litem ~o. ~~~ :: : ::: : ::: : : I $ 
Works primarily for power-Substructures, h ead and tail-race excavation, etc .... .. .. . . . ........ . ... .. ............. . .. . .. .. ....... . . . .... .. ... . ... . . " 40

1 
........... . 

Machinery and superstructure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . " 43 .. . ....... . . 

31,251,000 
101' 385' 000 

47,042,000 
48,932,000 

Total ... .. ... .... .. . . . . .. . . ... .. .... .. ... .. .. .. . . ... . . .... ... ...... .. ... . .. . ... .. .. . ... .. . .. ... .. . . .. .. .. . $ 228,610,000 
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326 St. Lawrence Waterway Project 

TABLE 7.-IMPROVEME T OF I TER TATIO AL RAPIDS SECTIO FOR AVIGATIO 
ALO E (C HA EL 25-FEET DEEP) 

Item 

1. Channel excavation, Chimney Point: 
Dredging ................... .. ..... . 
Dredging over depth ............... . 
Dredging rock ..................... . 
Dredging, rock, over depth . .. ..... . 

2. Approach channel to upper lock-
Excavation, earth ................. . . 
Excavation, rock ................... . 
Dredging ............ .. ............ . 
Dredging over depth .......... . .... . 
Riprap dike .. ... ........ ... ........ . 

3. Guard lock at Galop (Lock 10):-
Excavation, earth ................... . 
Excavation, rock .... . .............. . 
Back fill .. ... ...................... . 
Concrete ........................... . 
Gates ...... .. ....... ...... ......... . 
Operating machinery ........ ..... .. . 
Emergency dam ................ . .. . 
Approach walls-

Concrete . .......... .... .. .... .. . 
Cribbing .. .... ................. . 

Office and dwellings ......... : .... . . . 

4. Sluiceway at guard lock-
Excavation, earth .............. . ... . 
Excavation, rock ...... .. .. ...... ... . 
Back fill ........................... . 
Concrete ........ ........... ... . . . .. . 
Gates and operating machinery ..... . 

5. Canal, Lock 10 to Lock 9-
Excavation, earth .................. . 
Excavation, rock ... ................ . 
Dikes, rock fill. . ................... . 
Dikes, earth fill. ................... . 
Concrete, bank protection .. . .... .. . . 
Lighting ..... . ........... .... ...... . 

6. Lock at Ogden Island (Lock 9)-
nwatering ... . ... ............ .. ... . 

Excavation, earth ..... . ....... . .... . 
Excavation, rock ..... .. ............ . 
Back fill ... . .... ... ..... .. ......... . 
Concrete .............. . ............ . 
Gates .. ............................ . 
Operating machinery ... .. .......... . 
Approach walls, concrete ........... . 
Approach walls, cribbing . ......... . . 

:. Weir and abutment at Lock 8-
Excavation, earth ........ . ......... . 
Excavation trench .............. . ... . 
Excavation, rock ........ . .......... . 
Back fill. . . .. . ....... .. . . .......... . 
Concrete .... . .. .. ................ . . . 
Stop logs and bridge ............... . 

8. avigation channel, Lock 9 to Long 
Sault Island-

( a) Lock 9 to Murphy I sland-
Excavation, earth ........... .... . 
Excavation, rock, dry .......... . 
Dredging ..... ................. . 
Dredging ........ ... ... ........ . 
Dredging, rock ................. . 
Dredging, rock, over depth ..... . 

~-·-, 



St. Lawrence Waterway Project 327 

TABLE 7.-IMPROVEME T OF I~TERKATIO AL RAPID ECTIO -FOR NAVIGATIO r 

ALO TE (CHA EL 25-FEET DEEP)-Continued 

Item 

8. Navigation channel, Lock 9 to Long 
• ault Island-Con. 

(b ) Murphy I land to Weavers P oint 
Dredging .... . .. . .......... . ... . 
Dredging over depth . .... .. .. . . . 

(c) Weavers Point to entrance Long 
ault Canal-

Dredging . . . . . . .. .. . .. . . . .. .... . 
Dredging, over depth . . . . .. • .... . 

9. Channel, Long ault Island to Lock 8 
Excavat ion, earth . . .. . .. .. .. . . . .. . . . 
Concrete bank protection .. . .. . .. . .. . 
Lighting ..... .. . ... . ... . . .... . . .. . . . 

10. Lock 8-
Excavation earth ..... . ............ . . 
Excavat ion, rock .. . .. . ....... . . .. .. . 
Back fill . . ... . . . . .... . ............. . 
Concrete . .. . .. ... . . .. .. . ...... . .... . 
Gates ... . . .. ............ . ........ . . . 
Operating machinery . . ...... .. . . ... . 

Quantity Unit 

369,000 Cu.]d· 
57 ,000 

378 ,000 " 
28,000 " 

3, 773,000 
,, 

13,000 Lin. ft. 
11 Miles 

11070,000 " 
15,650 " 

512,000 " 
278,000 " 

Emergency dam ........... . ....... . .... . ............. .. .. . . 
Approach walls, concrete . .. . .. .... . . 
Approach wall , piling ... ... . . ... . .. . 
Office and dwellings ... .... . ..... .. . . 

11. Canal prism, Lock 8 to Grass River 
lock-

Estimate Ill, item 2 (e) . ........ . 

12. Dike at Robinson Bay-
Est imate Ill, item 2 ( d ) . .. . . ..... . . 

13. Lock 7, Grass River-
E t iml8.te Ill, item 2 (f ) ... . . . ...... . 

14. Approach channel, Gra s River lock 
to river-

Estimate I, item 2 (e) ... . ...... .. .. . 

15. Dike at Grass River lock-
Estimate I, item 2 (f) . . . . .. . ... .. .. . 

16. Waste weir at Grass River lock-
Estimate I, item 2 ( g ) .. .. .. . .. .... . 

17. Drainage ditch, north of Grass River 
lock-

52,500 
1 7, 000 

Estimate I, item 2 (h) . ...... ..... . . . .. .... .. . . . 

18. Diversion dike and flood channel at 
mouth of Grass River-

Estimate I, item 2 (i ) .. ... ...... . . .. .. ....... . . . 

19. Diversion of Ottawa Branch, Kew 
York Central Railroads-

Estimate I, item 2 (J ) .. .. . ... . . . .. .. .... . . . . . .. . 

20. Channel excavation, Lake t. Franois 
to mouth of Grass River-

" 
Lin. ft . 

Dreding .. .. . . . . ..... . .... . .. . .. . .... 1,990,000 Cu.,;vd. 
Dredging over depth .... . . .... .. . ... 25, .000 

0 65 
3 50 
0 40 

10 00 

12 00 
0 5 

696,000 
55,000 

20 1000 
2, 780,000 

600 ,000 
300,000 
175 ,000 
630,000 
159 , 000 

40 ,000 

4, 176,000 

85,000 

6, 0671000 

2271000 

307,000 

757 ,000 

2,000 

307,000 

1, 308,000 

0 60 1 I 592 1 000 
0 0 200,000 

5, 643 , 000 

4, 176 ,000 

85,000 

6, 0671000 

227 ,000 

307,000 

757,000 

2,000 

307,000 

1,308,00 

1 792 000 
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TABLE 7.-IMPRO EME T OF I TER ATIONAL RAPID ECTIO FOR NAVIGATION 
ALO E (CHA EL 25-FEET DEEP)-Continued 

22. Diversion c,ut and control works 
across long ault I lands-

Cut-
Excavation, earth ........ . ..... . 
Excavation, rock .... . .... . . .. .. . 
Excavation, dredging ...... . ... . . 
Concrete lining .. .. .... . . .. ..... . 

Control works--

2, 340,000 
125,000 
70,7000 
32,000 

Excavation, rock ....... .. ...... . 4, 400 " 
Concrete .. .... . . . . . .. : ... . .... . . 32,300 " 
Foundation contingencie . . . . . . . . . . . . 10% 
Gates stop logs, bridge, cranes . . ......... . .. .... .... . . . . 

Abutments-
Excavation, earth . . .. . .. ... . .. . . 
Excavation, trench . .. . . ... . .. . . . 
Excavation, rock .. . ....... . .... . 
Back fill . . . . .. ... .. .. ...... . . .. . 
Concrete . .. . . ... ... . . . ........ . . 

3. Dam across outh ault-
Dam-

45,000 
3,100 
4, 600 

32,000 
20,500 

Excavation, earth.. .. .. .. . ...... 2, 600 Cu.,t'd. 
Excavation rock... . . .. .... .... . . 13,900 
Concrete .. ... ..... . .. . .. . ..... . . 43,000 " 
Foundation contingencies........ . . . . . . . . . . . . 10% 
Gates, stop logs, bridge, cranes .. . . .................... . . 
Unwatering . . . . . ... ... . ....... . ..... . .... . ... . .. . . . . .. . . 

Abutments-
Excavation, earth .. . .. . ...... . . . 
Excavation, trench ........... . . . 
Excavation, rock .. .... . . .. .. .. . . 
Back fill . ...... . .... . .. . . . .. . . . . 
Conorete .. . . .. .... . ... . .. . ..... . 

24. Control works, head of Mas ena 
Canal-

Excavation, earth .. . ... . ... . ... ... . . 
Excavation, rock ..... . ......... . . .. . 
Dredging . .... ... . .... . ....... . .... . 
Concrete .... . . ........ . . . .. . .... . .. . 
Foundation contingencies .. . .... . .. . . 
Paving . .... . .... ..... .. . . . .. .. ..... . 
Gate house . . . ...... . ... . .......... . 
Gates .... . . . ..... . . .. . . ....... . .... . 
Operating machinery and stop logs .. 

25 . Dike-
(a )Ma sena Canal, inclu ive, to dam-

Earth fill . .. ....... .. ......... . . 
Rock fill ..... . .. : ... .... . . . . . . . 
Rip rap slope protection ......... . 

( b ) At Hoople Creek-
Earth fill. .............. . . . . . . . . . 
Rip rap slope protection . ........ . 

66,400 
5,100 
2,800 

30,000 
44, 100 

922,000 
3, 700 

96,000 
23,500 

7,800 
332,000 

170,000 
50,600 
2,100 

65,000 
2,000 

10% 
Cu. yd. 
Cu. ft. 

0 65 
1 75 
0 70 

12 00 

3 50 
12 00 

0 65 
5 00 
3 50 
0 40 

10 00 

0 80 
3 50 

12 00 

0 65 
5 00 
3 50 
0 40 

10 00 

0 65 
3 50 
0 90 

12 00 

12 00 
0 25 

0 75 
2 00 
3 00 

0 75 
3 00 

1, 521,000 
219,000 
495,000 
384,000 

15,000 
368,000 
39,000 

224,000 

29,000 
16,000 
16,000 
13,000 

205,000 

2,000 
49,000 

516,000 
52,000 

112,000 
500,000 

43,000 
26,000 
10,000 
12,000 

441,000 

599,000 
13,000 
86,000 

282,000 
28,000 
94,000 
83,000 
60,000 
37,000 

128,000 
101,000 

6,000 

49,000 
6,000 

3,564,000 

1,763,000 

1, 282,000 

290 000 
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TABLE 7.-IMPROTEMFNT OF I TER ATIO AL RAPID E CTIO FOR AVIGATI01 

AL01 E CHA NEL 25-FEET DEEP-Concluded 

Item 

26. Flowage and damages
Canal right of way-

Galop to Waddington .......... . 
Canadian hore-

Flowage ....................... . 

Quantity 

Improvements ..................... . ....... . 
United tate shore, to 1:a ena 

Canal-
Flowage and everance ...... ... . 
Improvement .. ....... . ....... . 

Islands-
Flowage ...... ................. . 
Improvement . .. ... .. ... .......... ... .... . . 

Canal right of way, etc., Long ault 
I land to Gra River-

Lands . . . .......... .... ........ . 
everance ....... ............... . 

27 . Highway relocation
Canadian shore-

nit 

Road , concrete................. 6·8 Hle 
Bridge ........................................... . .... . 

United tates bore, to 1:a ena 
Canal-

Road concrete . ...... ......... . 2 Miles 
R oad , earth ..... ............. . 0·5 
Bridge .............. .. ................... .. . ... .. . ... ·. 

"Cnited tate shore, below Ma ena 
Canal-

Roads .. ... ......... . ......... . . 

28. Clearing pools ... ............. . ...... . 

Eng~eerin~. admini t ration and con-
trngenCie .... ... ............... . 

550 

Total. ..... ..... ....................... . 

Acres 

12!% 

nit 
price 

40,000 00 

40,000 00 
6,000 00 

100 00 

Amount 

646,000 

150,000 
874,000 

158,000 
371,000 

117,000 
139,000 

5 1, 000 
270,000 

272,000 
31,000 

80,000 
3,000 

61,000 

118 , 000 

55,000 

ub-totals 

3,306, 000 

565,000 

55 ,000 

70 , 323,000 

8, 790,000 

79,113 ,000 



TABLE 8.-LAKE ST. FRANCIS SECTION-RECOMMENDED PROJECT 

See Plates Nos. 46-48 

Item and description Classification 

(A) DEPTH OF NAVIGATION CHANNEL-25 FT.-
1. Glengarry Point to Hamilton Island ........................ !Excavation-Earth ................. . 

Over depth . .......... . 

2. Hamilton Island to Squaw Island . ......................... !Excavation-Earth ................. . 
Earth, over depth ... . . 

3. Lancaster Bar .............................................. !Excavation-Earth .... ...... · ....... . 
Earth, over depth ..... . 

4. East of Hay Point ........................................ . JExcavation-Earth ........ ." .. ...... . 
Earth, over depth . ... . 

5. Engineering and contingencies .............................. 112~% .............................. . 

Total. ... ............ ............................... .. •........ ... .................... .. .. . 

(B) DECREASE IN CosT FoR 23-FT. DEPTH-
Decrease ..................................................... !Excavation-Earth ........... .. .... . 

Earth, over depth .... . 

Engineering and contingencies .. . .............. .... ............ 112!% . ..... ............. .. ...... . .. . 

Total decrease .............................. : ... ..... . 

1 

................................... . 

(Cfn;:;~~:.A.~~ .~~. ~~~~ .~~~. ~:~~~: .~~~~~~ ....................... Excavation-Earth .......... ... .... . 
Earth, over depth .... . 

Engineering and contingencies ................................. j12ho ....... ........... .... ..... ... . 

Total increase ...... . .................................•.................................... 

(D) CosT TO DEEPEN FROM 25 FT. TO 30 FT. DEPTH ............... !Excavation-Earth ........ .... .. ... . 
Earth, over depth .... . 

Engineering and contingencies ................................... Jl2! 1 o . ..•....... .... .... •... .. ...... 

Total cost to deepen .................................. , ................................... . 

w w 
0 



TABLE 9.-SOULANGES SECTION-RECOMMENDED PROJECT-NAVIGATION COMBINED WITH THE DEVELOPMENT OF POWER 

(THREE STAGE DEVELOPMENT) 

I tern and description 

WoRKS SoLELY FOR NAVIGATION-

1. Channel excavation-

Sec Plates Nos. 49-51 

Classification 

( a) Deep water in Lake St. Francis to below Pointe au 
Diable ........... ... .... ...... . ... ................... !Excavation-Earth ........ .. .. ..... . 

Earth, over depth .... . 
Dry rock ............. . 
Wet rock ..... . ........ . 
Wet rock, over depth . . 
Cribwork ............. . 

Paving-Riprap ...... . .. ... ........ . 

(b) At Leonard Island ............... .. ..... .. ............ !Excavation-Earth ........... .. .... . 
Dry rock ..... .. ...... . 
Wet rock ............ . . . 
Wet rock, over depth .. 

Unwatering ........................ . 

(c) Canal, P.L.H. & P. Co. head-race to Chamberry 
Gully lock ....... . ...... . ............... .. ...... .. .... IExcavat~on-Earth ................. . 

(d) Chamberry Gully lock to Cascades lock . . ............ ExcavatiOn-Earth .. ........ .... . .. . 
Paving-Concrete .. ... ...... . . ..... . 

(e) Below Cascades lock ......... . . ...... .. ...... .... ..... !Excavation-Earth ................. . 
Earth, over depth .... . 

2. Dikes-
(a) Breakwaters, Lake St. Francis ............. ........... JExcavation-Earth . .. .............. . 

Wet rock ... ........... . 
Rock fill. ................ .......... . 

oncrete ... ... ........ .. ........... . 
ribwork .. ..... .. ..... .... ..... ... . 

Unit 

u.,,Yd. 

u."yd. 

Cu. yd. 

u."yd. 

u. yd. 
·" 

u."yd. 

(b) Above Coteau du Lac .................... ..... . .. .... . !Earth fill. ......................... ·I Cu. yd. 
Rock fill........................... . " 
Stripping .......................... . . 

I 

(c) Cedars Village to Chamberry Gully lock ......... .. .. . JEarth fill ....... ... ... . . ............ j Cu. yd. 
Earth fill. . . . . . . . . . . . . . . . . . . . . . . . . . . " 

Rate Quantity 

$ cts. 

0 65 3,775,050 
0 65 187,890 
1 60 903,300 
4 25 45,480 
4 25 16, 800 
1 60 45,210 
2 70 11,900 

0 65 133,910 
1 60 196,950 
4 25 30,360 
4 25 740 

0 55 1,183,890 

0 55 2, 365,400 
11 00 5, 250 

0 65 1, 036,600 
0 65 105,000 

0 65 106,780 
4 25 5,330 
1 80 415,430 
9 00 6,470 
5 00 86,280 

0 42 468,660 
0 60 191, 820 
0 65 103,590 

0 42 1, 266,320 
0 60 1,375, 550 

Amount 

$ 

3,453, 780 
122,130 

1, 445,280 
193,290 
71,400 
72,340 
32,130 

87,040 
315,120 
129,030 

3,150 
238, 100 

651,140 

1,300, 970 
57 t 750 

673,790 
68,250 

69,410 
22,650 

747,770 
58,230 

431,400 

196,840 
115 , 090 
67,340 

531,850 
825,330 

Carried forward ..................................... . .. · .....................................................................
.............. . 

Total 

$ 

4,390, 350 

772,440 

I 651,140 

I 1,358 , 720 

742,040 

1,329,460 

379,270 

9, 623,420 
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TABLE 9.-SOULANGES SECTION-RECOMMENDED PROJECT-NAVIGATION COMBINED WITH THE DEVELOPMENT OF POWER 
(THREE STAGE DEVELOPMENT)-Continued 

See Plates Nos. 49- 51. 

Item and description Classification 

Brought forward .............. .. ... .... .............. . 

WoRKS SoLELY FOR NAVIGATION-Con. 
2. Dikes-Con. 

(c) Cedars Village to Chamberry Gully lock-Con ....... . Rock fill ....... ..... ......... ..... . . 
Rock fill ..................... .... ... . 

~~~i~%i~g·. ·:.· .· .... : : : : : : : : : : : : : : : : : : : : 
Sodding ...... .. . . ....... . .... ..... . . 
Paving-Concrete .................. . 

(d) ham berry Gully lock to Cascades lock .............. . jEa~th .fill ..... ...................... . 

~~:%i~g·::: ... · .. : : : : : : : : : : : : : : : : : : : : 

Unit 

Cu."yd. 

Sq."yd. 

u: yd. 

u."yd . 

Sq. yd. 

3. Coteau du Lac guard lock and Entrance piers ...... . ... .. .. !Concrete .... . ............ . .... . ..... J Cu. yd. 
Excavation-Earth.................. " 

I 

Rock ................. . 
Cribwork .......................... : 
Close drilling .................. . ... ·1 Sq. ft. 
Lork gates and operating machinery ......... . 
Lock valves and operating machinery ......... . 
Emergency gate ... ...... ... ... .............. . . 
Fenders, capstans, lighting equip-

u~::f~r!~~·. ·.:::::::::::::::::::::::I:::::::::: 

Rate 

$ cts . 

0 80 
1 00 
0 65 
0 25 
0 45 

11 00 

0 42 
0 65 
0 25 

9 00 
0 65 
1 60 
5 00 
0 45 

.......... 

.......... 

. ... ..... . 

••••••••• 0 

.......... 
4. Guard gate, Entrance piers and weir ....................... !Concrete ........................... . 

Concrete ...................... . .... . 

!
Foundation contingency ............ . 
Cribwor~ ...... .... ................ . 
Excavation-Earth .. ............... . 

. C":':yd I· ... I~ ~~ 
u. yd. 5 00 

" 0 65 
Rock footings ......... . 2 40 
Rock trench .......... . 4 10 

Round bearing piles ................ . Lin. ft. 0 85 
Gates, operating machinery, etc .. . . .... . ..... .... ..... . 

Concrete ......................... .. . 
Cu."yd. 11 00 

9 00 
Concrete ........................... . 14 00 

Quantity I Amount 

38,160 
110,820 
368,230 
110,660 

11 '500 
8,150 

52,580 
6, 980 
7,650 

129,160 
8,630 

169,120 
35,000 
99,900 

......... .. . 

... .. ....... 
············ 
.. ....... ... 
·· · ····· · ··. 

12,320 
78,880 

....... ···· · 
55,440 

398,390 
2,860 

750 
87,600 

·· ·· · ······ · 
14,850 

159,970 
120,270 

$ 

30,530 
110,820 
239,350 
27' 670 
5,180 

89,650 

22,090 
4,540 
1, 920 

1,162,440 
5,610 

270,590 
175,000 
44,960 

591,000 
100,000 
175,000 

206,700 
72,500 

135,520 
709,920 
13,550 

277,200 
258,950 

6,860 
3,080 

74,460 
449,800 

5. Chamberry Gully lock, Entrance piers and weir ......... ·!Concrete ..................... . ..... . 

Foundation contingency ... ... ...... . 
Cribwork .......................... . ··· ~:·yci: · i······s · oo ··· ···73;89o 

163,350 
1,439, 730 
1, 683,780 

16,340 
369,450 

Total 

$ 
9, 623,420 

1,860,380 

28,550 

2,803,800 

1, 929,340 
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lose dr!lling ... ... ...... ..... .... . . , Sq. ft. 
ExcavatiOn-Earth, dry........ ... .. Cu. yd. 

Rock, dry ..... . ....... " 
Rock, footings ...... .. . 
Rock, trench ........ .. . 

Round bearing piles ................ ·1 Lin ft. 
Lock gates and operati.ng mach~ncry .. ....... . 
Lock valves and opcratmg machmery . .. . ..... . 
Fenders, capstans, lighting equip-

ment, etc ....... ............... ... 
1 

......... . 

Sluice gates, hoists, etc .............. .. . . .. ... . 

6. Cascades Lock, entrance piers and weir ........... .. .. ... . . \Concrete............. ........ .... . .. Cu. yd. 
Concrete . . . . . . . . . . . . . . . . . . . . . . . . . . . " 
Foundation contingency . .. .... ....... .... ... . . 

ribwork..... ...................... Cu. yd. 
lose drilling.. ..................... S.f. 

Excavation-Earth ... ......... .. ... . Cu. yd. 
Dry rock.... .. ...... . . " 
Rock footings ......... . 
Rock trench .......... . 

r~::~~rf::~~d· ~p~~~ti~g ·~~~hi~~~yl :::: ::: ::: 
Lock valves and operating machinery 
Fenders, capstans, lighting equip-

ment, etc .. . .. .................. 
1 
........ .. 

Sluice gates, Hoists, etc ...... ... ........... .. . 

7. Railway bridge for C.N.Ry. at Coteau .................. ... \Superstructure ..... . . . ... . .. .. ..... . 
Substructure ..... ... ............... . 

8. Highway changes .. . .. ...... . ................... . .. ···· · . · 'i:rid:e~~~-s ... ·.· : .· :::::::::: :: : : ::: : ::: Mile 

9. Canal lighting and offices .... . ....... ........ . ............. I ........ · ........................... . 

10. Property damages above Pointe au Diable ................ . \Improvements ....... .......... . .. . . 
Lands .. .... .. ... ...... .. . .... ..... . 

11. Engineering and contingencies . .... . .... ................... \12} per cent ..... ........... . . ...... . 

12. Total. ... .. .. ...................... .. . . 

0 45 
0 65 
1 60 
2 40 
4 10 
0 85 

48,48 
1, 559,34 

82,20 
3,08 

57 
2,88 

11 001 7,15 
9 00 252,73 

5 00 
0 45 
0 65 
1 60 
2 50 
4 10 

40,000 00 

111,40 
43,24 

989,87 
116,34 

2,20 
25 

0· 

) 21' 820 
) 1,013,.570 
) 131,520 
) 7,390 
) 2,340 
) 2,450 

785, 600 
100,000 

161,700 
22,800 

) 78,650 
) 2,274, 570 

7,870 
) 557,000 
) 19,460 
) 643,420 
) 186,090 
) 5,280 
) 1,030 

128,800 
675,000 
100,000 

206,700 
30,800 

283,440 
61,840 

) 24,000 
110,000 

35,000 

405,040 
82,000 

...... ... ... 

············ 

5, 921,840 

4, 914,670 

345,280 

134,000 

35,000 

487,040 

28,083,320 
3, 510,680 

31,594,000 
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TABLE 9.-SOULANGES flECTION-RECOMMENDED PROJECT-NAVIGATION COMBINED WITH THE DEVELOPMENT OF POWER 
(THREE STAGE DEVELOPMENT)-Conttnued 

See Plates Nos. 49-51 

Item and description Classification Unit Rate Quantity Amount Total 

WoRKS CoMMON To NAVIGATION AND PowER- $ cts. $ $ 
13. Channel excavation-

(a) Coteau Rapids above Clarke's Island to below Broad Excavation-Earth .................. Cu. yd. 0 65 2, 199, 160 1, 429,460 Island. Earth overdepth ..... .. " 0 65 56,450 36,700 
Dry rock ............. . " 1 60 1, 301,040 2,081,670 
Wet rock .. ........ ..... " 4 25 330,370 1,404,080 
Wet rock overdepth ... . " 4 25 22,200 94,350 5,046,260 

(b) Round I sland Channel ............................... . Excavation-Earth ........... .. ..... Cu;,Yd. 0 65 1, 706,000 1, 109,290 
Earth overdepth ...... . 0 65 114,000 74,100 

1,183,290 (c) PointeaEiron ..................... . ..... . . .. .... ..... Excavation-Earth ......... ..... .. .. Cu. yd. 0 55 670,600 368,830 
Earth overdepth ...... . " 0 55 49,260 27,100 

395,930 (d) Cedars to P.L.H. and P. Co. Head-Race ...... ........ Excavation-Earth ......... . ........ Cu. yd .. 0 55 1' 895,200 1, 042,360 
14. Dykes- 1,042,360 

(a) Coteau du Lac to Cedars ........ .... . ....... . ..... . ... Earth fill ........................... cu.,td. 0 75 918,520 688,890 Rock fill ............................ 0 80 410,320 328,260 Stripping ............. .. ............ . " 0 65 277,410 180,320 
1,197,470 (b) Grande Ile. . . . . . . . . . . . . . . : ... ... . . ........ .... ..... . Earth fill ........................... cu.,td· 0 90 410,310 369,280 Rock fill . . ......... ..... ........... . 0 84 172,240 144,680 Stripping ........................... . " 0 65 91,640 59,570 

15. Dams at Clark's Island ............................... .... Concrete ................. . ......... . 
573,530 

cu.,td. 11 00 27,310 300,410 Concrete ........... . . . ......... . ... . 9 00 6,350 57,150 Foundation contingency ........... .. .......... .......... ············ 30,040 Excavation-Earth ............. . . ... cy. yd. 0 65 12,400 8,060 
Rock footings ......... . " 2 40 12,635 30,320 Unwatering .................... .... . ···· ······ ....... ... ···· ·· ··· ··· 381,800 Gates, towers, hoists, etc .... . ..... .. .. . ....... . . ..... . . . ········· · · · 218,850 

1, 026,630 16. Cedars Dam ............................................. . Concrete ........................... . cu.]d· 11 00 516,680 5, 683,480 Concrete ............................ 9 00 58,960 530,640 Concrete ............................ " 30 00 83,850 2, 515,500 Foundation contingency ........ . ... . ..... . .... ······· · · · ............ 568,350 Excavation-Earth .................. cu.,td. 0 55 1, 054, 140 579,780 
Earth trench ........... 3 10 3,940 12,210 
Rock footings ......... . " 2 40 234,160 561,990 
Rock trench .... ....... " 4 10 1,000 4,100 Unwatering .... . ... . ... ..... ... . .... ... ... ... . ·· ········ ............ 4,064, 680 Gates, towers, hoists, etc ............ .......... ......... . · ··········· 684,300 

15,205,030 
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17. Drainage-
(a) Diversion River Delisle .... ... ...... . .. ..... ........... . . !Excavation-Earth .......... .... .. . . 

Bridges ........... ... . . 
cu. yd. 

(b) Ditch. Cedars toP. L. H. and P. Co. Head-Race . . ..... !Excavation-Earth ........... .... .. . 

(c) 

cu. yd. I 
cu. yd. 

" Culverts fo! Rivers Graisse, Rouge,. D.elisle, including\Concret~ ... . ..... . . .... ... . . . . .. ... . 

excavation Soulanges Canal and ex1strng culverts. Excavation-Earth ................ . . 
Earth overdepth . ... . . . 
Rock ...... .. . ........ . 

Round bearing piles ......... .. .. . .. . lin. ft. 
Accessories ....... . ................ . 

18. Highway changes ........... ... . ........ ... .... . . ·. · . · · ·· ·l ~ridg~~~~.s.'.· .·.· .·:: ::::: : ::::::::: : : : : 

19. Property damages ............. ................ ... . ... . ... !Improvements ........ ... .. . . .. .... . 
Lands ...... ...... ........ ........ . . 

mile 
20. R ailroad r .,location. C.N.Ry. at B--llerive . .............. . 1 New line ... ................ . ..... .. 

Bridges ......... . .. . . .. ..... ..... .. . 

21. Interruption in operation of P.L.H. and P. Co .. . . . .. . . ..... I .. ................... . ...... . . ..... . IH.P. Yrs. 

22. Engineering and Contingencies ...... . . .... . .. ..... . ....... 112}% ............. . . . . .. ........ .. . . 

23, Total. .................. . . .... .. ....... ....... ' ....... .. ... ...... .. . .... ·. · ··.· · ··· 

FIRST STAGE OF POWER DEVELOPMENT-He aux Vaches-

404, 300 installed H.P. 
(A) WoRKS PRIMARILY FOR PowER: SuBSTRUCTURES, HEAD, AND 

T AIL-RACE E XCAVATION-

24. Power House Substructures, etc., !le aux V aches .. ..... .. . !Concret~ ................ . . .. ....... . 
E xcavatiOn- Earth .. . ... .. .... . . . .. . 

E arth overdepth ..... . . 
Dry rock . . ........... . 

Unwatering .. ...................... . 
Gates and racks . ...... . . ........... . 

Cu.,,Yd. 

25. Channel through Grande Ile .. .. . .. ........ . ..... . ..... ... . !Excavation- Earth ...... .. .... . ..... 1 Cu. yd. 

26. Engineering and contingencies ... .. .... . .......... .. ..... . . ll2ho .................. ...... ... ... . 

27. Total. ... .... . .. ...... . ... .. ...... ... ... . . .... · '· . . ............. . . . .... .. . .. ....... . 

I 

0 651 558,50 , 

0 65 

11 00 
0 65 
0 65 
1 60 
0 85 

15,42 

41,25 
897,40 

28,02 
1,18 

50,49 

, 
, , 
J 
) 

J 

( 50,000 001 1·7 

20 001 12,00 ) 

14 00 
0 55 
0 55 
1 60 

H.P. 2 Yrs 

, 
I , 
I 

450,870 
1,459,420 

33,000 
936,000 

I 0 651 1' 153' 960 

363,030 
55,000 

10,020 

453 ,750 
583,310 
18,210 

1,890 
42,920 

3,860 

308,000 
751,230 

711.080 
449,000 

85,000 
847,600 

----
480,000 

. . . ......... 

............ 

6,312,180 
802,680 

18,150 
1,497. 600 

300,000 
1' 944,940 

750,080 

. .... ······· 

. ....... . ... 

418,030 

10, 020 

1, 103,940 

1, 059,230 

1, 160,080 

932,600 

480,000 

$ 30,834,500 
3,851,500 

$ 34,686,000 

10, 875,550 
750,080 

$ 11' 625,630 
1,453,370 

-----
$ 13,079,000 
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TABLE 9.-SOULANGES SECTION-RECOMMENDED PROJECT-NAVIGATION COMBINED WITH THE DEVELOPMENT OF POWER 
(THREE STAGE DEVELOPMENT)-Continued 

Item and description 

(B) WoRKS PRIMARILY FOR PowER: MACHINERY & SuPERSTRuc
TURE-

Bee Plates Nos. 49- 51 

Classification 

28. Power house machinery and superstructure . . . ..... . . . ..... !Generators and turbines, 26-15,550 

Unit I Rate I Quantity I 
$ cts. 

h.p. units ..... .. ...... . . .. . ... ... . 
Switching . . .. .... ....... . . · ... . . .... . 
Service units and cranes ..... .. . . . .. . 
Supersturcture . ....... . ... . ........ . 

......... , .... .... , .... .... .... , 
•••• • • • ••• •• • • • ••••• ••••• 00 • • • •• 

·········· ···· · ····· .. · · · ······· 
. .. . ·· · ··· ····· · ···· .... . · ·· · · · · 

29. Engineering and contingencies .. . .. .... . . .. . . . ... ... ....... 112~ 

30. Total. ... .... . . . ........... .. ... . . . . . . ... ... . . . . . . . .... . .................. . ........ . . . . . . . . . .. . 

SECOND STAGE OF POWER DEVELOPMENT:- Power 
House North of Cascades Point-545,000 installed h.p. 

(A) WoRKS PRIMARILY FOR PowER: SuBSTRUCTURES, HEAD AND 
TAIL-RAc E ExcAvATION-

31. H ead-Race, Cedars to power house . ..... ...... . .. . ........ ,Excavation- Earth ........ .... . .... . 

32. Tail-race and power house excavation . .. .. .. .. ...... : . .... . Excavation-Earth . . .. . . .. . .. ...... . 
Earth ovcrdepth .. .. .. . 
Dry rock . . ...... . . ... . 
Wet rock ...... . ..... . . . 
Wet rock overdepth ... . 

Unwatering . ...... . .... . .. . ... . . . . . . 

33. Dykes, above power house . .... ....... . ... . . . ...... . ..... . I Earth fill . ... . .................. . . . . 
Rock fill .. .. . .... ... ... .. .. . . ... . .. . 
Stripping . . ..... . . ..... ... .. . .. . . .. . . 

u. yd . 

Cu.,ld. 

34. I ce sluices and walls at power house ........ . ......... . .... I Concrete . .. . .. . . . . . . . . . . . . . . . . . . . . . . Cu. yd . 
Concrete .. ... .... .. .. .. .. . .. ... ..... " 
Foundation contingency . . . .. . . . . . . . .......... . 
Excavation- Earth...... ........ . . . . Cu. yd. 

Earth trench. . . . . . . . . . " 
Rock footi.ngs ...... ... . 
Trench ...... . ....... . . 

Sheeting and bracing ....... . . . . .. . .. ,M ft. b.m. 
Gates, hoists, etc .. ... . . . . . .. .. . . . .. .. . . .. ... . 

35. Power house substructure . .. . ..... . . . . . . . ... . . ... ... . ... . . !Concrete . ... . . ... ...... ... . . . . . .. .. . , Cu. yd. 
Gates and racks ....... .... . . . ..... . .......... . 

0 55 

0 55 
0 55 
1 60 
4 25 
4 25 

15,512,800 

1,939,700 
107,000 
14,500 
22,300 
7,800 

0 42 3,536,610 
1 05 185,000 
0 65 372,100 

11 00 33,320 
9 00 85, 190 

0 65 
3 10 
2 40 
4 10 

110 00 

273,900 
22,550 
6,860 
1,300 

197 

14 001 304,130 

Amount 

$ 

15,901' 600 
2, 683,200 

477,l10 
2, 792,460 

8,532,040 

1,066,840 
58,850 
23,200 
94,780 
33,150 

450,800 

1, 485,380 
194,250 
241,870 

366,520 
766,710 
36, 6!50 

178,040 
69,910 
16,460 
5,330 

21,670 
90,000 

4, 257' 820 
1 '01 2,150 

Total 

$ 

21' 854,370 
2, 731.630 

$24,586,000 

8,532,040 

1, 727,620 

1,921,500 

1' 551,290 

5, 269,970 

w 
w 
(j) 

·¥2 
N 
~ 
~ 
"i 
et) 

~ 
(":) 
et) 

~ 
~ 
N
et) 

~ 
~ 
~ 

:p 
0 

'->. 
et) 
~ 
N-



~ 
t.:> 

~ 
:~: :::::::~· ~~~~~~~: :::::::::::::::::::::::: :::: ::: ::::: ::: ~~~~~~~·e·~·e·~t·s·. ·.::::: ::::::: ::::::: :I' .... .... . 

Lands .. .. . ........... . ........ .... . 

38. Engineering and contingencies ......................... ... . l12h 0 ...............•.•••••..•.... . . 

39. Total. ......... . ........ . ......................... . ....... , .......... ... .............. .. . ..... . 

(B) Wo.aKs PRIMARILY FOR PowER : MACHINERY AND SuPERSTRUc

TURE-

40. Power house !Jlachinery and superstruct ure .............. . . JGenerato;rs and t urbines, 10- 54,500 
h.p. un1ts .. ................. . .... . 

Switching ..... . .................... . 
Service units and cranes ... . .... . . .. . 
Superstructure .............. .. ..... . 

41. Engineering and contingencies ................. . ........... 112~% ................... . ...... .. .. . 

42. Total ... .................. .. ... . ............ . . . ................................... . . 

THIRD STAGE OF POWER DEVELOPMENT:- Dam and 
Power House at Cascades Rapids- 1,030,400 installed h.p.

(A) WoRKs PRIMARILY FOR PowER: SuBSTRUCTUREs, HEAD AND 

TAIL-RACE EqCAVATION-

43. Removal of present Cedars power house .................. . 

44. Dam at Cascades I sland ....... ...... .. .. .... ... . .. ....... !Concrete.... .. ................ . ..... Cu. yd. 
Concrete . ...... ........... . ..... . ... " 
Foundation contingency . .. ................... . 
Excavation- Earth . .. .... . ...... . ... Cu. yd. 

Rock footings. . . . . . . . . . " 
Unwateriog . .. . . .......... .. ..... . ......... . . . 
Earth fill... ............... . .... . ... Cu. yd. 
Rock fill .. ......... ....... .. ... .. ... " 
Stripping ... ..... .... ... .... . ..... .. . 
Gates, hoists, etc ......... . ....... . . , ......... . 

45. Power house and tail-race excavation .... . ................. !Excavation- Earth ... . .... . . ...... . . 
Earth, over depth .. . . . 

Cu."yd. 

Dry rock .. ........... . 

46. Highway changes ...... ..................... . . ... ........ ·!New roads ....... . . . ......... ... ... . 

47. Property damages ........ . ............... . ............... Improvements .. .. .. ... ............ . 

Mile 

Lands .. . . . . ......... ....... . .. ... . . 

442,000 

507' 710 
184,400 

----

' ............ 

' ····· ······. 

11 001 413,770 
9 00 132,560 

I 
I 

0 651 22,580 
2 40 171,850 

I 
I 

0 901 153,350 
2 00 62,280 
0 65 36,100 

I 
I 
I 

0 55 
0 55 
1 60 

35,000 00 

797,66 
45,71 

1' 020,80 

6· 

I 
I 
I 

I 

8, 789 ,700 
2,220,000 

219,640 
1, 781,570 

. ........... 

............ 

480,000 

4,551,470 
1,193,040 

455,150 
14,680 

412,440 
2, 926,940 

138,020 
124,560 
23,470 

735,200 

438,710 
25,140 

1' 633,280 

227' 500 

1, 056,280 
328, 000 

arried forward . .. ..... .. .............. .. . . .......... , . ..... ................. . . .. ......... , ........ .. , ......... . . ······· .... 

442,000 

692,110 

20,136,530 
2,517,470 

22,654,000 

13 ,010,910 
1, 626,090 

14,637,000 

480,000 

10,574,970 

2,097,130 

227,500 

1,384, 280 

14.763.880 
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TABLE 9.-SOULANGES SECTION-RECOMMENDED PROJECT-NAVIGATION COMBINE D WITH THE DEVELOPMENT OF POWER 
(THREE STAGE DEVELOPMENT)-Continucd 

See Plates Nos. 49- 51 

Item and description lassifica tion Unit Rate Quantity Amount Total 

1---------------1 1---- 1-----·----

Brought forward .. ... . ... . ...... . ..... .. .. .. .. .. .. ... . 

THIRD STAGE OF POWER DEVELOPMENT, ET\...1.-<..:on. 
(A) WORKS PRIMARILY FOR POWER: SUBSTRUCTURES, HEAD AND 

TAIL-RACE ExcAVATION-Con. 
48. St. Timothee power house ... ... . . . .. . . . . . . . . ... . . . . . . ... . . !Reconstruction ........ . ......... : .. . 

Interruption in operation . . ..... . .. . . . 

I Concrete ..... . .. · · ······ · ··· · ··· · · · · 49. Power house substructure. · · · ··········· ···· ··· ···· · · · ···· Gates, hoisrs, etc .......... ········ · 

50. Engineering and contingencies ....... .. . . . . . . . . . ... . . ... . . . l12ho ..... . ... .. ........ .. ..... . . . . . 

51. Total . . ... ... . .. . .. ... . . . . ......... .... . .. . .. . . 

(B) WoRKS PRIMARILY FOR PowER : M ACHINERY AND SuPERSTRuc
TURE-

52. Power house machinery and superstructure . . . .... .. . .. . . .. 1 Generators and turbines, 28-36,800 
h.p. units .... . ... . ........... . ... . 

Switching ... .... ................... . 
1Service units and cranes . .... .... . .. . 
Superstructure ..................... . 

53. Engineering and contingencies .. . .... . .. . . . . ..... . ..... . ... l12h 0 . .... . ........ .. ... . .... . . .... . 

154. Total. . . . . .. . . . . . . . . . . . ........... . ... .. . ... . . . , . . ....... . . ... . .. .... .... ... ...... . . 

H.P. yrs. 

Cu. yd. 

$ cts. 

20 00127,000 b.p. 1 
yr. 

14 001 590,000 

$ 

1' 000,000 

540,000 

8, 260,000 
2, 574,350 

21,016,800 
5, 107' 200 

308,440 
3, 153,600 

14,763,880 

1' 540,000 

10 ,834 ,350 

27' 138,230 
3, 392,770 

30,531,000 

29,586,040 
3, 698,960 

33,285,000 
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I tern and Description 

55. Deep water in Lake St. Francis to below 
Pointe au Diable . . .... .. . ........... . . 

56. Pointe a Biron ............ ... .. .... . . . ... 

57. Cedars to Chamberry Gully lock .. . . . .. . 

58. Chamberry Gully to Cascades lock ...... 

59. Below Cascades lock . .... ... ........ . ... 

60. Engineering and contingencies .. ..... . . . . . 

61. Total. ........ . . .. .. . ... . . . . . 
-

C lassifica tio n Unit 

Excavation- Earth ..... ..... . . ... ... Cu.yd . 
Earth, over depth .... . " 
Dry rock ....... .. .. .. . " 
Wet rock .. . . ... .... .. . . " 
Wet rock, over depth .. " 

Excavation- Earth ....... ........ .. . Cu.yd. 
Earth, over depth . .... " 

Excavation- Earth ....... . .. .. . . . ... Cu.yd. 
Earth, over depth .. ... " 

Excavation- Earth . . ..... . ........ . . Cu;,Yd . 
Earth, over depth ... . . 

Excavation-Earth .. ... ... .. . ... .. .. Cui.Yd . 
Earth, over depth .... . 

12t% approximately .. . . . .. ..... ... .. . ... . . .. 

··· ··· · ····· · ············· · · ······ ·· . . . ... . . 

Saving to navigation 
if channels made 

Rate 23ft. deep 
originally 

Quantity Amount 

$ $ 

0 65 542,020 287' 310 
0 65 ········· . ... . . . ... . 
1 60 150,550 240,880 
4 25 40,720 173,060 
4 25 13,400 56,950 
0 55 98,100 53,960 
0 55 . . .. ... ... . . . .. ... .. 
0 55 250,000 143,000 
0 55 ···· · ····· ·········· 
0 55 79,360 43,650 
0 55 ···· · ···· . ... ....... 
0 65 213,290 138,640 
0 65 ·· · ······· .......... 

1' 137' 450 
.. . . . . . . .. . ....... 142,550 

.... ... . · ···· · ··· · 1' 280,000 

Additional cost if 
navigation channels 

made 27 ft. deep 
originally 

Quantity Amount 

$ 

478,890 311,280 
· ·· ·· ..... ···· · ..... 

145,300 232,480 
29,680 126,140 
20,370 86,570 
97,290 53,510 

.. . . ... ... ··· ··· .... 
250,000 137' 500 

.... . ..... ······ .. . . 
76,220 41,920 

. . ........ .. . .. . ... . 
208,190 135,320 

.. . ..... . . .......... 

. · · · ··· .. . 1, 124,720 

. . . .. . . .. . 140,280 

·· · · ····· · 1,265,000 

Cost of future 
enlargement from 

25 ft. to 30 ft. 
depth 

Quantity Amount 

$ 

1, 213,060 788,490 
198,140 128,790 

.... . . .. .. . .... .. ... 
452,090 1, 921,380 
101' 250 430,310 
276,400 152,020 
53,000 29,150 

605,000 332,750 
115,000 63,250 
184,700 101,580 
33,400 18,370 

509,110 330,920 
105,000 68,250 

······ ·· ·· 4,365,260 
. . . . . ... . . 545,740 

. ..... ... . 4,911,000 
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c.o 
TABLE 9.-SOULANGES SECTION-RECOMMENDED PH.OJECT-NAVIGATION COMBINED WITH THE DEVELOPMENT OF POWER ~ 

(THREE STAGE DEVELOPMENT)-Concluded 

SuMMARY 

INITIAL STAGE: NAVIGATION AND PowER-Installed Capacity 404,300 h.p.-
Works solely for navigation .... . . ... .. .. ....... ... ... . ....... . .... .. ..... . ... . ....... . .... . ..... . .. . ..... . .... . ...... . 
Works common to navigation and power ...... . ... . .......... . .... ... . ... . ..... ... ... ... ... ..... . ............ . . . ..... . 
Works primarily for power-

Substructures, head, and tail-race excavation ....... . ............................................................. . 
Machinery and superstructures .. .. . . . . .. ....... . . ..... ... .. .. . . . . . ... . ..... ............ . . . .......... . .... . . . . . . .. . 

SEcoND STAGE: PowER NoRTH oF CAsCADES PoiNT-Installed Capacity 545,000 h.p.-
Substructure, head, and tail-race excavation ...................................................... . . . .... . .... . ... . 
Machinery and superstructure .... . . . ................................................................... . .. . ...... . 

TmRD STAGE: PowER AT CASCADES RAPIDs-Installed Capacity 1,030,400 h.p.-
Substructure, h ead, and tail-race excavation .................. . ................................... . ... . .. .. ....... . 
Machinery and superstructure ...... . ............. . ........ . ... .. .... . ..... . ....................... . .. . . . . . ... . . . . . 

TOTAL-Total installed capacity 1,979,700 h.p ........................................... . ... : ............. . . . ............. . 

Cost of initial stage with 50 per cent of complete installation- 202,000 h.p ........ . ... . .. .... . . . ..... . . ... ...... . .. . . . ... . .. . 

Saving if navigatwn channels made 23 feet deep onginally ......... . .. ...... . ..... . . . ....... .. .. . .. .. ....... .... .. . . ...... . 

Additional cost if navigation channels made 27 feet deep originally ..... ....... . .. ... ... ... . . ....... . . ... ..... . ............ . 

Cost of future enlargement from 25 feet depth to 30 feet depth ......... . . . .. . .... . .............. . . ......... . ... .. ......... . . 

Item 

12 
23 

27 
30 

39 
42 

51 
54 

61 

61 

61 

Amount 

$ 

31,594,000 
34,686,000 

13 ,0791 000 
24,586,000 

22,654,000 
14,6371000 

30,5311000 
33,285,000 

Total 

$ 

103,945,000 

37,291,000 

63,816,000 

2051052,000 

92,000,000 

1,280,000 

1, 265,000 

4,911,000 
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St. Lawrence Waterway P1·oject 341 

TABLE o. 10.- OuLA GE ECTIO -RECOM iENDED PROJECT-(ILE A"GX 

V ACHE THREE TAGE)-For details, see Table To. 9 

Power-1st stage-Ile aux V aches . . .......... . . ...... . . ... .... . . ........................ . 

2nd " orth of Cascades Point ... .. ...... . ... . .. . .. .... . .... . .............. . 

3rd Cascades Rapid .. ...... ......... ........... ........ . ....... ... ..... . . 

1sr STAGE-

Works solely for navigation ....... .. .... .. .... .. ... . .... . . . ............... . . S 31,594,000 

Works common to navigation and power .................. . .... .. ........... 34,6 6,000 

Works primarily for power ub tructures, head and tail-race excavation... .. 13,079,000 

Machinery and superstructures ..................... . . . . .. .......... . .. . .... 24,5 6,000 

2ND SrAGE-

u b tructure, head and tail-race excavation . .. ............................. . 

Machinery and superstructure ..... .. . .. ............ .. . .. ............. . .... . 

3RD STAGE-

Sub tructure, head and tail-race excavation ................................ . 

Machinery and superstructure . . ............ . .. .. ... .. ....... .... .. . .. . .... . 

22,654,000 
14,637 ,000 

30,531,000 
33,285,000 

3 2,000 h.p. 
488,000 h .p. 
762,000 h.p. 

103 1 945, 000 

37,291,000 

63,816,000 

Total. .. ... ........ . .......... . ..... . .......................................... S205, 052,000 

Cost of 1st stage with 50 per cent of complete in tallation .......... .. .. . .... . .. . ..... . ....... S 92,000,000 

Cost with double locks in flight ............................................................ 
207,210,000 

Cost with single lock in flight .............................................................
 204,044,000 

a ving if navigation channels made 23 ft. deep originally . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 2 0, 000 

Additional cost if navigation channels made 27 ft. deep originally............................ 1, 265 ,000 

Cost of future enlargement from 25 ft: depth to 30 ft. depth ....... . . . . . . . . . . . . . . . . . . . . . . . . . . . 4, 911,000 

PoWER Hou E I - TALLATIO:xs 

1st stage---26--15,550 h.p. unit (22ft. head)... ....... .... . ............................... 404 ,300 h.p. 

2nd " 10--54,500 " (75·5 ft. head)..... . ... . ......................... . ........ 545,000 h.p. 

3rd 28-36,800 (53ft. head) .............................................. 1,030,400 h.p. 

Total. ... . ......... .. .... .......... .... ....... . ..... .. ... . ................ . .. 1,979, 700 h.p. 

TABLE o. 11.-SOUL.ANGES SECTIOl\-TABLE SHOWING OVERALL CO T OF 

PROJECT RECO~fi'IENDED-(ILE AUX VACHES THREE STAGE PROJECT) 

Power marketed at 40,000 h.p. per year. 

Interest during con truction and marketing period-5 per cent. 

Construction program planned for expenditure of $10,000,000 per year. 

First 
cost 

Half 
con

strue
tion 

period 

Half 
market 
period 

Interest 

REcoMJ.'\IEXDED PRoJE~ 
avigation .. .. ............ . ........... . ... . . . ... . 

1st stage---382,000 h.p ..... ..................... . . 

2nd stage---488,000 h.p ........ ..... ... .. . ....... . . 

3rd stage---762, 000 h.p .... ... . ..... .. ............ . 

Add first cost ............... .. .... . ............ . .. . . . 

Total. ..... . . .............. .. ........... . 

31,594,000 
47,765,000 
24,5 6, 000 
22,654,000 
14,637,000 
30,531,000 
33,285,000 

205, 052, 000 

2·39 .. . ..... 0·124 
2·35 4·77 0·418 

1·13 6·10 0·423 

1·53 9·53 0·715 

3, 920,000 
20,000,000 

9,600, 000 

21,800,000 

55,320,000 
205 1 052 1 000 

. ..... .. $260,372,000 
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342 St. Lawrence Waterway Project 

TABLE No. 12.-SOULANGES SECTION-Ti~BLE SHOWING OVERALL COST OF PROJECT RECOMMENDED-(ILE AUX VACHES THREE STAGE PROJECT) 
Power marketed· at 75,000 h.p. per year. 

Interest during construction and marketing period-5 per cent. 
Construction program planned for expenditure of $10,000,000 per year. 

Fir t 
eo t 

Half 
con

strue
tion 

Half 
market 
period 

Interest 

RECOMMENDED PROJECT-
-a viga tion .. .................. . .... ... ..... ... . . . 

1 t stage-382,000 h.p .. . . ........ . . .. ... . ..... . . . 

2nd stage-488,000 h .p .. ... . .... . .... . . . ......... . 

3rd stage-762, 000 h.p . . .. .. . .. . .... . ... . .. . . .. .. . 

Add first cost ...... . ... . . . . . . .. . .... ..... .. .. . . . .... . 

Total .. .......................... . . .. ... . 

31' 594,000 
47,765,000 
24,5 6, 000 
22,654,000 
14,637' 000 
30,531' 000 
33,2 5, 000 

period 

2·39.. .. ... . 0·124 
2·39 2·55 0·272 

1·13 3·26 0·239 

1·53 5·08 0·381 

205,052,000 . ... . .. . 

3' 920,000 
13,000,000 

5,410,000 

11' 630,000 

33,960,000 
205' 052' 000 

. ...... . $239,012,000 

TABLE To. 13.-SOULAJGES SECTION-TABLE SHOWING OVERALL COST OF PROJECT RECOMMENDED-(ILE .AUX VACRF:S THREE STAGE PROJECT) 
Power marketed at 150,000 h.p. per year. 

Interest during con truction and marketing period-5 per cent. 
Construction program pl"'.nned for expenditure of $10,000,000 per year. 

RECOM~1ENDED PROJECT~ 
avigation ...... .... . . ............ .. . .. . . . . ..... . 

1st stage-382,000 h.p .. ....... . ...... .. ......... . 

2nd tage-488,000 h.p . ........ . .. . ..... . . . ..... . 

3rd stage-762, 000 h.p .................. . .. .. .. . . 

Add first cost .............. . .... . .............. . .... . 

Total. . .. ... . ........ . ... .. . . ........... . 

First 
cost 

31' 594,000 
47,765,000 
24,586,000 
22,654,000 
14,637' 000 
30,531' 000 
33,285,000 

205' 052' 000 

Half 
con- Half 

struc- market 
tion period 

period 

2·39 
2·39 

1·13 

1·53 

1·27 

1·63 

2·54 

Interest 

0·124 3, 920,000 
0·196 9,360,000 

0·145 3,290,000 

0·220 6, 710,000 

23,280,000 
205' 052' 000 

. . . . .. . . $228' 332' 000 



TABLE No. 14.-SOULANCES SECTION-HUNGRY BAY-MELOCHEVILLE PROJECT FOR NAVIGATION ALONE 
Sec Plates Nos. 58- 59 

Item and description lassification Unit Rate I Quantity Amount 

$ cts. $ 

0 35 1, 194,570 418,100 
0 35 163,340 57,170 
0 65 725,540 471,600 
1 60 122,580 196, 130 

1. Channel excavation-
( a) Deep water in Lake St. Francis to below Hungry Bay 

Guard Lock ................ . ......................... !Excavation-Earth ............... . . . 
Earth, over depth .... . 
Earth ................. . 
Dry rock ............. . 

u.,,Yd . 

0 35 499,220 174,730 
0 65 96,240 62,560 
1 60 9,450 15, 120 

(b ) Weir Channel at Hungry Bay G uard Lock ................. \Excavation-Earth ....... .. ......... \ Cu. yd. 
Earth ............ ...... " 
Dry rock .............. . 

0 45 10,716,250 4,822,320 
0 65 1,351,940 878,760 
1 60 415,600 664,960 (c) BeloFli~~n1~IJcs~~~ .. ~ .u.~r.~. ~~~~. ~~ .. ~~~~~ .. ~1·e·l~~~~~i.l~~~Excavation-~:~:l~ :::::::::::::::::: 1 Cu.,,Yd. 

Dry rock .............. . 

1 60 902,910 1, 444,660 
4 25 57,390 243,910 
4 25 6, 600 28,050 

{d) Above Flight Locks to Deep Water in Lake St. Louis ..... ·!Excavation-Dry rock ...... . ....... \ Cu. yd. 
Wet rock .............. " 
Wet roelc, over depth .. 

2. Dikes-
{a) Breakwater, Lake St. Francis ....... . ..................... !Rock fill ............................ I Cu. yd . 1 80 747,500 1, 345,500 

0 42 119,660 50, 260 
0 60 52,830 31,700 
0 65 32,900 21,3901 

(b) Above Hungry Bay 
'u.,,Yd . 

uard Lock ......................... ·I~~~\~ rt\1.·.·. ·.·.·.:::::::::::::::::::::: 
Stripping ........................... . 

0 42 6, 300,040 2, 646, 02~1 
0 60 422,000 253,200 
0 65 1, 066,540 693,250 
0 25 1, 232 ,750 308, 190 
0 45 155,430 69,950 

11 00 118,740 1, 306,140 

(c) Hungry Bay Guard Lock to Flight Locks ................ ·!Earth fill ........................... 1 Cu. y d . 
Earth fill . . . . . . . . . . . . . . . . . . . . . . . . . . . " 
Stripping ........................... . 
Trimming .......... .. .. . .......... ·1 Sq. yd. 
f'oddi ng............................ " 
Paving-Concrete ....... ..... ....... C'u. yd. 

11 00 3,190 3.5,090 
9 00 3, 500 31,500 

····· ..... . ........... 3, 510 
0 65 9,560 6, 220 
3 10 870 2, 700 

'u.,,Yd· 3. Supply Weir at Guard Lock ................. .. ................ lc.:oncrete ... ...... .................. . 
( oncrete ..... . ..................... . 
Foundation contingency ............ . 
Excavation-Earth ................ . . 

Earth, trench .. .. ..... . 
u.,,Yd. 

'arried forwar-d ... . ................... . ... · .......... . ......... . .................... .. . ····· ······ ... ......... . · •·· ......... ············ .. 

Total 

$ 

1, 143,000 

252,410 

6, 366 ,040 

1, 716,620 

1, 345,500 

103,350 

5,276, 750 

16,203,670 
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TABLE No. 14-SOULANGES SECTION-HUNGRY BAY-MELOCHEVILLE PROJECT FOR NAVIGATION ALONE- Continued 
See P lates Nos. 58-59 

Item and description Classification Unit 

Brought forward ... . .. . . . ........ . .. ..... . . . . ........ . 

3. Supply Weir at Guard Lock- Con .. . . . ... . . . . . . .... ...... . . .. .. !E xcavation- Rock footings. . ... . .... Cu. yd . 
Rock trench . . . . . . . . . . . " 

Sheeting and bracing ..... . .......... M.F .B .M. 
Gates , hoists, etc ........... . ................ . 

I 4. Hungry Bay Guard Lock and E ntrance Pier ... . . ... .. ..... .. .. ,Concrete ... .. .. .. .. . ..... .. . ,... . ... Cu. yd . 
Close drilling. . . . . . . . . . . . . . . . . . . . . . . Sq. ft . 
Lock gates and operating Machine ............ . 
Lock valves and operating m achine . . ..... .. . . . 
Fenders, capstans, light ing equip· 

ment , etc .. . ............... . ............... . 
5. F ligh t locks (single fligh t) and E nt rance Piers ........ . . ... . . . Jconcrete..... . .. . ....... . ......... .. Cu. y d . 

Close drilling . ...................... Sq . ft . 
Lock gates and operating m achine ......... . .. . 
Lock valves and operat ing machine .. ...... . .. . 
E m ergency ga te ............. . . . ........... . . . . 
Fenders , capst ans, lighting equip-

u::~~ri~~·. ·. ·. ·. ·.·.·.· .· .·:::::::::::: :::: I:::::: :::: 
6. R ailroad diversions . .. . ...... ... . . ... . ...... .. ..... . . ... . . . . . . 

7. Bridges ..... . ............ .. ... . ...... . ... . ....... . . . ... .. ... . 

8. Highway changes ... .. ........ . . . . . ..... . . . ... . ......... . ..... I Third class roads ......... . .. . . . ... . 
Macadam on banks . ............ . .. . 

Lin . ft. 
Sq. yd. 

9. Ditches . . .. . .......... . . ... ............ .. . . . . .... . ..... . ...... !Excav ation-Earth ...... .. .. . ...... . Cu. yd. 
Bridges .. . .. . ....... . . . . . . ... ...... . •• • •••••• 0 

10. Fences . . .. ....... .. ... ... .. .. .............. . ... . .... . ......... !Fencing .. . .................... . .... . 
Gates ... ... ... . ....... . .. . .. . ... . . . . 

Rod 
Each 

11. Property damages ... . .. ... ... .... .. . . . . . ..... . . . . . .... . ... . .. I Improvements . ... ........ . .. . . . ... . 

12. Canal lighting and offi ce .. ........ . . ..... . ..... . ....... . . . . . ... ~.~~~~::::::: : : : : :: : : :::::::: : ::: : :: 

Rate Quantity 

$ cts . 

2 401 1, 650 
4 10 190 

110 00 23 ·2 

9 001 123' 880 
0 45 27,250 

9 001 645' 790 
0 45 319,460 

2 00 6, 600 
2 00 53,000 

0 35 1, 156,960 
· ·· · ······ · · ·· ·· ·· .... 

3 50 9,500 
18 00 168 

Amount 

$ 

3, 960 
780 

2,550 
37,600 

1, 114,920 
12,270 

372,000 
100,000 

206,700 

5, 812,110 
143, 760 
982,000 
112,500 
175 ,000 

350,400 
108,670 

271,240 

2, 312,000 

13,200 
106,000 

404,940 
31,500 

33 , 250 
3,030 

259,050 
610,000 

40,000 

Total 

$ 
16 ,203 , 670 

123,910 

1' 805,890 

7, 684,440 

271,240 

2, 312,000 

119,200 

436,440 

36,280 

869,050 

40,000 

29,902,120 
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13. Engineering and contingencies .. ........... ... ....... ... ...... . 112t per cent . .. ... .. .. .............. . 

14. Total. ... ........ . . . ... ..... ·.· · ··········· · ······· 

15. Additional cost to provide double flight locks at Melocheville .. 

Saving if naviga-
tion channels made 

Item and Description Classification Unit Rate 23 ft . deep origin-
ally 

Quantity Amount 

16. Deep water in Lake St. Francis to deep $ cts. $ 

water in Lake St. Louis . ... ........ . . . Excavation-Earth .. . .... ... . ..... . . Cu;,Yd· 0 35 346,480 121,270 
Earth ................. . 0 45 675,400 303,930 
Ear th .................. " 0 65 383,970 249,580 
Earth over depth ..... . " 0 35 ......... . .. .... . . . . 
Earth over depth ...... " 0 45 ········ ·· ... . ...... 
Earth over depth . . ... . " 0 65 ····· · · ··· ··· ·· ·· ··· 
Dry rock ......... . ... . " 1 60 150,310 240,500 
Wet rock .. .. .. ......... " 4 25 15,260 64,860 
Wet rock over depth . . . " 4 25 · ···· · · ··· ·· ·· ··· ·· · 

$980,140 

17. Engineering and contingencies . ...... .... . 12t% . ..... .... . .. .. . . . ............ . ..... ... ····· ··· ·········· 122,860 

18. Total ... .. .... . . . .... . ... . . ...... ....... ................... . .. .. . .. .. ..... .. .. .... .. ...... . . ·· · ·· · · · ·· $1,103,000 

Additional cost if 
navigation channels 
made 27 ft. deep 

originally 

Quantity Amount 

$ 
359,190 125,720 
628,000 282,600 
350,500 227,830 

.... ..... . .......... 
· ·· · ··· ··· .......... ......... . .... ...... 

132,200 211,520 
14,890 63,280 

···· ··· · · · .......... 

$910,950 
113,050 

$1,024,000 

3, 737,880 

33,640,000 

3, 901,000 

Cost of future en-
largement from 25 
ft . to 30 ft. depth 

Quantity Amount 

$ 
919 ,060 321,670 

1, 500,860 675,390 
936,340 608,620 
165,000 57,750 
80,000 36,000 

323,670 210,390 
. . . ....... .. .. .. . ... 

474,270 2,015,650 
113,700 483,230 

$4 ,408,700 
551,300 

$4,960,000 
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346 St. Lawrence Waterway Project 

TABLE 15.- O'GLAKGE ECTIO -N VIGATIO ALO E.- H 
1:ELOCHEVILLE ROUTE 

GRY BAY-

For details-See Table No. 14 

Canal excavation .......................................................................... . 
Earth dykes ......................................................... . ..... . ..... . ........ . 
Hungry Bay guard lock and w-eir ................................................ ... ..... .. . 
Ielocheville Locks (single flight) ......................................................... . 

Property damages ............................ . ................ .. .......... . . . ........ . ... . 
Bridge ...................................................... . ............ .. ........ .. .... . 
Road , railways and miscellaneou ........................................................ . 
Engineering and contingencie -12~% ...................................................... . 

89,478,070 
6, 725,600 
1, 929,800 
7, 6 4,440 

869,050 
2, 312,000 

903, 160 
3, 737' 880 

TotaL ............ .. ........... . .......... ... ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . S~3. 640,000 

Additional cost to provide double flight locks ................ ............ .. .. ....... . ..... . 
aving if Javigation Channels made 23ft. deep originally ....... . .. ... ... . ........... . . ... . 

Additional co t if Navigation Channel made 27ft. deep originally ......................... . 
Cost of future enlargement from 25ft. depth to 30ft. depth . .... ....... . .... ..... . ...... .. . . . 

$3,901' 000 
1, 103,000 
1' 024 ,000 
4, 960,000 



TABLE No. 16--SOULANGES SECTION- LATERAL CANAL O N N ORTH SIDE OF RIVER-FOR N AVIGATION ALONE 

See Plat es Nos. 60- 61 

Item and description Classification Unit Rate Quantit y Amount 

$ cts. $ 

1. Channel Excavation-
(a) Deep water in Lake St. Francis to Coteau du Lac Guard Excavation- Ear th ....... .. . .... ... . Cu. yd. 0 65 1, 087,950 707,170 

Lock. Dry rock .............. " 1 60 960,920 1, 537,470 
Dredging .. .. .... ... .. . " 0 65 462,550 300, 660 
Dredging overdepth .. .. " 0 65 75,360 48 , 980 
Wet rock ............... " 4 25 118,030 501 , 630 
Wet rock overdepth . . .. " 4 25 14,010 59,540 

(b ) Guard Lock to Chamberry Gully Lock .. . .... . . . . . . ... . . . Excavation- Dry ear th .. . ... . ..... . Cu. y d. 0 5tl 12,327,060 6, 779 ,880 
Dry rock . .... ..... . ... " 1 60 574,840 919,740 

(c) Cham berry Gully Lock to Cascades Lock ........ ......... Excf,tvation-Ear th ...... .... ... ..... Cu.,.Yd . 0 55 2,365,400 1, 300,970 
P aving-Concrete ................... 11 00 5,250 57,750 

(d ) B elow Cascades Lock . . ... .. .............. . ...... .. . . . .... E xcavation- Earth ..... . ..... . . ..... Cu.,.Yd . 0 65 1, 036,600 673,790 
Ear th overdept h . ... ... 0 65 105,000 68,250 

2. Dykes-
(a) Breakwaters- Lake St. Francis . .. ........................ Excav a tion- Ear th . ........ ..... . ... Cu.,.Yd . 0 65 10,960 7,120 

Rock fill ............. . ... . ......... . 1 80 415 , 430 747,770 
Cribwork .... . ..................... . " 5 00 38 , 730 193,650 
Concrete ............................ " 9 00 2,360 21 , 240 

(b ) Above Coteau de Lac Guard Lock ... . .. . . . ............... E ar th fill . .. . . . . .. .................. Cu. yd. 0 42 106,210 44, 610 
Rock fill ........ ......... ... ... . .... " 0 60 30,260 18, 160 
Stripping ..... . .. . . .. . .. . .. .... . . . .. . " 0 65 23,660 15,380 
P aving-Concrete . . ... .. . ... ...... .. " 11 00 8, 560 94 , 160 

(c) Guard Lock to Chamberry Gu!ly Lock ...... ....... . ..... E arth fill ........................... Cu. y d . 0 42 3,248,8~0 1, 364,530 
R ock face ........ .......... ........ . " 0 90 530,580 477,520 
Stripping . .... . ............... .... . . . " 0 65 566,310 368, 100 
Trimming ..... .. .. . . . . . . .... .... .. . Sq.,;vd. 0 25 110,660 27,670 
So.dding ..... . ...... . ..... ....... . . . 0 45 11,500 5,180 
P aving-Concrete .............. . .... Cu. yd . 11 00 8,150 89, 650 

(d ) Ch am berry G ully Lock to Cascades Lock . ............... Ear th fill . .. ....... ..... .... ...... . . Cu. y d. 0 42 52 , 580 22 ,090 

~~~~i~g.· .. . ·:::::::: ::::::::::::::: " 0 65 6, 980 4,540 
Sq. y d . 0 25 7, 650 1, 920 

Carried forward ........ . .................... . ........ .. ··········· · ··········· ··· · · ·· · · · · ······· · ·· ... . ...... ············ ............ 

Total 

$ 

3, 155,4.50 

7,699,620 

1, 358,720 

742 ,040 

969 , 780 

172,310 

2, 332,650 

28,550 

16,459 ,120 
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TABLE No. 16.-SOULANGES SECTION-LATERAL CANAL ON NORTH SIDE OF RIVER-FOR NAVIGATION ALONE-Continued 
See Plates Nos. 60-61 

Item and description Classification Unit Rate Quantity I Amount 

$ cts. $ 
Brought forward ..................................... . 

3. Coteau du Lac Guard Lock, Entrance piers and weir ........... JConcrete.............. ... .......... . Cu. yd. 
Concrete............................ " 
Foundation contingency .................... : .. 

11 001 2, 750 
9 00 145,060 

30,250 
1 305,540 

I 3,030 
Excavation-Rock, earth, etc . . .. ...... . . .. .. . 7,620 
Lock gates and operating machinery ........ . . 591,000 
Lock valves and operating maqhinery . ...... .. . 
Sluice gates, hoists, etc .... .... .......... . . ... . 
Emergency dam.. . . . . . . . . . . . . . . . . . . . ... . .... . 
Fenders, capstans, lighting equip-

ment, etc ... .................... . . , ......... . 

100,0001 33,800 
175,000 

206,700 

4. Guard gate, entrance piers and weir ........................... Same as Item No. 4-Table No. 9 .. . 

5. Chamberry Gully Lock, entrance pie~s and weir ............. .. Same as Item No. 5-Table No. 9 .. . 

6. Cascades Lock, entrance piers and weir ..... . .. ................ Same as Item No. 6-Table No. 9 ... 

7. Drainage-
(a) C~lverts for Rivers Graisse, Rouge and Delisle ............ 

1 

........ : .......................... . 

(b) Ditch-Cedars to P.L.H. & P. Co. head-race .... ......... Excavatwn-Earth ....... ... ..... .. . 

8. Railway bridge for C. N. Ry. at Coteau ...... . . .. . .. .. . .. .. . .. Same as Item No. 7-Table No. 9 .. . 

Cu.yd.J 0651 15,420 10,020 

9. Highway changes ............................................ . 

10. Canal lighting and offices ..................................... . 

11. Property damages .... .............. ...... ........... ... ..... . 

12. Engineering and contingencies ....................... : ......... j12h0 . .... . ..... •.•.. . ..• •..•.•.• .. . 

13. Total. ................................ .. . . ......... .......... . 

14. Cost to divert canal into river when power is developed ....... . 

15. Cost of portion that would be abandoned when canal is diverted 
into river ................................................. . 

Total 

$ 
16,459,120 

2,452,940 

1,929,340 

5, 921,840 

4,914,670 

1,000,000 

10,020 

345,280 

2,202, 130 

37,000 

619, :!90 

$35,891,630 
4,486,370 

$40,378,000 

$1,922,000 

$6,382,000 
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Saving if naviga-
tion channels made 

Item and D escript ion Classification Unit Rate 23ft. deep 
Originally 

Quantity Amount 

$ cts. $ 

16. Lake St. Francis to Lake St. Louis .. . . .. Excavation- Ear th . ..... . . . . . . . . . .. . C u. y d. 0 65 350,750 227,990 

Ear th . .. . . . . . .... . . . . . . " 0 55 874,440 480,940 

Dry rock . ... . . .. . .. . .. " 1 60 193,280 309 ,250 

Wet rock ..... .... ...... " 4 25 16,560 70, 380 

17. E nlargement to 30-foot dept h, assuming Sam e as Item Nos. 55-59- T able . · ··· · · · · · ··· · ··· · ·· · · ···· · · 
i t is done after Canal is diver ted to No. 9. $1,088,560 
river. 

18. Engineering and contingencies . .. . . . . . . . . . 12t% .. . .... . . . . .. . . ... . .. .. .. . . . .. . · · · ·· ·· · · · · ·· ·· · ·· · · ·· · · · · 136,440 

19. Total. ........... . ..... . . . .. . ... •. . .... . ········· ·· ···· ·········· ·· ·· ··· ···· ·· · ·· · · · · · · · · ·· · · ·· ······ · 1,225, 000 

Additional cost if 
navigation channels 

made 27ft. deep 
Originally 

Quantity Amount 

$ 

373,540 242,800 
837 ,940 460,870 
203,980 326,370 
19,800 84,150 

· · · · · · ·· · · · · · · · · . . . . 

1, 114, 190 
140,810 

1, 255,000 

Cost of future 
enlargement from 
25 ft . to 30 ft. 

depth 

Quant ity Amount 

$ 

. .. . . . ... . 4, 3 65,260 

545,740 

4,911,000 
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350 St. Lawrence Waterway Project 

TABLE 17.- OULANGES ECTION- NAVIGATION ALONE-LATERAL CANAL ON ORTH SIDE OF RIVER 

For details-See Table No. 16 

-··---" 

Canal excavation .... . .. .... . . .. .. .... . . . ..... . ..... .. ...... . ..... .. ...... .. .. . . . .. . . .. .. . .. $ 12,955,830 Earth dykes .. .. . . ....... ... .. ... . . ................ . ... ..... . . ..... .. . .... ... . ...... . ...... 3, 503,290 Coteau du Lac guard lock and weir .......... . . .. . . . . . . .. . . . ..... . ...... . . ..... ... . . .. . . . : . . 2, 452,940 Guard gate and weir . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 929, 340 C ham berry Gully lock and weir . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 921, 840 Cascades lock and weir. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4, 914, 670 Property damages .... . ............. . ...... .. . .. . . ...... . .. . .... . . . . ... .... . . . ... . . . . . ..... 619 , 290 Roads, bridges, and miscellaneous . ... ...... ... . . ...... .. ... . .. . . . .... . ......... . .. . ... . .. . . 3,594,430 Engineering and contingencies-12~ per cent. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4, 486,370 
Total. .. . .. . . . ...... . . .. .. . .. . .... . . .. . . . .......... .. . . . . . . ... . . .. . .. .. . .. ... . . S 40,378,000 

Cost with double locks in flight .. . .... .. ............ . ............. ... ...... . ...... .. . . . . . . . $ 42,536,000 Cost with single locks in flight .. .... ....... . .. . ..... . .... .. . ... . ... .. .. . .. ... . . . . . . . . . . . . . . 39,370,000 Saving if navigation channels made 23 feet deep originally. . . .. . . . . . ... . . .... .. .. .... . . .. .. . . 1,225,000 Additional cost if navigation channels made 27 feet deep originally .......... . . . ... . ... . ..... 1, 255,000 Cost of future enlargement from 25 feet depth to 30 feet depth as uming it is done after canal is diverted to river ...... .. ......... . ................... . .... . ............. . . . . . .. . .... . Cost to divert canal into river when power is developed .... ... ......... . . .. ....... . . . ... . . . . Cost of portion of canal that would be abandoned when canal is diverted into river . . .. . . . . . . 

4,911,000 
1, 922 ,000 
6,382,000 



TABLE No. 18.-SOULANGES SECTION- NAVIGATION COMBINED WITH ALL RIVER DEVELOPMENT- CENTRE POOL 
ELEVATION 115 

See Plates Nos. 52-53 

Item and description Classification Unit 

WoRKS SoLELY FOR NAVIGATION
I. Channel Excavation-

( a) Deep water in Lake St. Francis to below Pointe au 
Diable . . . ...... . ....... .. .. ... ......... ... ........... !See Table No. 9- Item No. 1 (a) .. . 

(b) At Leonard Island .. .... . . . . ... ....... ... . . ........ . .. See Table No. 9- Item No. 1 (b) ... . 
(c) Approaches to Cedars Lock . . . . . ..... . . . . ....... . ..... Excavation- Earth .. .. . . . ..... . .. . . . 

Wet rock . .. .. . . .. .... . . 
cu.Jd· 

Wet rock overdepth ... . 

(d) Approaches to Mclochcvillc Lock .. . . . . ... . . . ....... . · !Excavation- Earth .. .. . ... . ..... ... . 
Dry rock .. . . .... .... . . 

cu. ,?'d. 

Wet rock . .. . . .... .. . .. . 
Wet rock overdepth . .. . 

2. Dykes-
(a) Breakwater-Lake St. Francis . . .. .......... . ......... !See Table No. 9- Itcm No. 2 (a) ... . I ......... . 

3. 
4. 

(b) Above Coteau du Lac .. .. . ... . . . . ... .. . . .. . .. . ........ See Table No. 9- ltem No. 2 (b) .... . . .. .. ... . 
(c) Above Cedars Lock- south side ... .. . .. . . .. ... . ...... . Earth fill... . .... ...... .. . ... ..... . . cu. yd. 

Rock £11.. ..... . . ..... . .. .. .. ........ " 
Stripping .. . .. ... .. . . ... . . . . ... ... .. . 

otcau du Lac Guard Lock and entrance piers .... . . . ....... ]Sec Table No. 9- ltem No. 3 . . ..... .......... . 
edars Lock and entrance piers ....... . . ................... Concrete. .. ... ... .... . . . ...... . .. ... cu. yd. 

Cribwork .. .... . . . . . . . . . . . . . . . . . . . . " 
Close drilling ....... ... ..... ... ... . . sq. ft. 
Excavation- Earth .. ...... . .... . . ... cu. yd. 

Rock .. ... . . . . ..... . . . " 
Gates and operating machinery ..... ....... .. . . 

I 
Valves and operating machinery .. .. ......... . . 
Emergency gate ... . .... .. . . ............ . ..... . 
Fenders, capstans, lighting equip-

ment, etc ... ...... . .. . .. . . ..... . . · ' . . . .. .... . 

5. Mclocheville Lock and entrance piers . ....... . ......... . .. · IConcret~ . ·:... . . . . .. . ... . ... . . ... . . . cu. yd. 
Close dnlhng . ... . .. .. . .. . .. . ....... sq. ft. 
Excavation- Rock. .. . ... .... ..... . cu. yd. 

Rock trench .. .. .. ... .. " 
Gates and operating machinery ... . . ... .. ..... . 
Valves and operating machinery .... . 

Rate Quantity Amount 

$ cts. $ 

· ··· · · · ··· ·· · ··· · ·· · ·· ::::::::::::1 .. . . . . ... . . ·· · · ·· ..... 
0·55 323,000 177,650 
4·25 156,380 664,620 
4·25 45,890 195,030 

0·.55 538,600 296,230 
1 60 105,390 168,630 
4 25 1271520 541,960 
4 25 22,220 94,430 

···· ·· ····\ ··········· \· .......... •••• • • •••• • •• •••••• • •• • 0 •••••••••• 

0 42 265 1 060 ] 11, 330 
1 05 14,800 15,540 
0 65 29,270 19,030 

. · ···· · · . . .... . . ... . . . . ...... . .... 
9 00 236,020 2,124,180 
5 00 113,430 567,150 
0 45 54,680 24,610 
0 65 491,100 319,220 
1 60 124,310 ] 98,900 

... ... . ... · ··· · ··· .... 705,000 

.. · ····· .. . ... . .... .. . 100,000 

... . ······ . ........... 175,000 

····· . .... . . . . ... .. ... 206,700 
I 

9 00 334,840 3, 013,560 
0 45 92,270 41,520 
1 60 233,930 374,290 
4 10 2,400 9,840 

·········· . .. . ..... . .. 806,000 

. ···· · ·· · · . .. . . · · · · ··· 100,000 

Total 

$ 

4, 390,350 
772,440 

1,037,300 

1,101,250 

1, 3291460 
379,270 

145,900 

2,803,800 

4, 420,750 

----
16,380,530 .. · · ·· · · · ··· · ··· · ······ ·· · ... . ······ · arried forward ......... .. ...... .. . . ................. 1 •• ••• •••••• • •• • • • • ••• •• •• • • •••••• •• • · ••• • •••••• 

~ 
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TABLE No. 18- SOULANGES SECTION-NAVIGATION COMBINED WITH ALL RIVER DEVELOPMENT-CENTRE POOL ELEV AT ION US-Continued 
See Plates Nos. 52-53 

Item and description Classification Unit 

Brought foreard ... .. .. . .. . ...... . ...... .. . .. ... .. ... . 
WoRKS SoLELY FOR NAVIGATION-Con. 

5. Melocheville Lock and entrance piers- Con .... ..... . ....... !Emergency gate .... .. ... .. . . . . ..... . , .... . . .. . . 
Fenders, capstans, ligh t ing equip-

ment, etc . . .. .. . ...... . ... . . .' . ... . 
Unwatering ..... .. ... ... .. .... .. ... . 

7. Highway changes ........ .. ... . .......... .. . . ...... . ....... See Table No. 9-Item No. 8 .. . . .. . .. .... .... . 

6. R ailway Bridge for C .N.Ry. at Coteau ... .. .... ... . . . .. .. .. I See Table No. 9-Item No. 7 ...... .. 

1 

.. .... .. .. 

8. Canal ligh t ing and offices .. . ·.· ........ : . .... . .. . . . . . .. . . . ... See Table No. 9- Item No. 9 ...... ... . .. .. ... . 9. Property damages above Pomte au D1able ........ .. . . ... ... See Table No. 9- Item No. 10 ... . ... .... . . . .. . 

10. Engineering and contingencies . .... . ......... . ... . .... .. ... 1121 per cent . ... . . . .. .. ............. . 
11. Total. ... . ... . ... . .. . . . .. . .... . .... . .. . . . ... .. . . . .. ...... . 

WoRKS CoMMON To NAnGATTON AND PowER-
12. Channel excavation-

( a) Through Coteau Rapids . . ............ . . . .. ... . . ... .. . See Table No. 9- Items No. 13 (a) 
and (b) . .. ..... . ...... . . . .... . .. . . 

1 

.. .... .. .. (b ) Pointe a Biron . ....... ........ . ...... . ..... .. ...... .. . See Table No. 9-Item No. 13 (c) ... .. ..... . . . 13. D y kes-
(a ) Coteau du Lac to Cedars Power House . .. . . . . .... . . .. . Earth fill...... .. .... ... . . ......... . cu. yd. 

Earth fill. . .... . . .... .. . .. .. .. ...... " 
Earth fill. ................ .. . . .... . . 
Rork~' 1 l. ...... . . .... ........ ..... . . 
Rork fill . .. ..... ..... . .... ... . . .... . 
Stripping .. ..... . . . . . . .. . ... .. . ... .. . 

(b) Grande Ile .. ............... .. .. .. ... .. .. .. ..... .. .. .. See Table No. 9-Item No. 14 (b) .. 

1 

.... ..... . (c) East end of Cedars Dam to Power House .... . ....... . Earth fill... . .... .. .. . . ..... ... . .. .. cu. yd. 
Rock fill. . ......... . ..... . .... .. ... . " 

(d) At St. Timothee .. .. .. ............. .. . ... ....... . .. ... Earth fill ........ . ................. ·I cu. yd. 
Rock fill........... . ....... ... .. . . . . " 
Stripping . ... . ......... . .. . .. .. ... . . . 

Rate Quantity 

$ cts . 

Amount 

$ 

175,000 

206,700 
604,050 

Total 

$ 

16,380,530 

5, 330,960 
345,280 
134,000 
~5. 000 

487,040 

22,712,810 
2,857,190 

25,570 ,000 
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~ 

14. Dams at C larke's I sland .... .. ... . ..................... . . ·I See Table No. 9- Item No. 15 ..... . . ......... . 

15. Cedars Dam .. . ........ . ... . ..................... . ....... . Concrete....... . . . . . . . . . . . . . . . . . . . . . cu. yd. 
Concrete .... .. ....... . .. .. .... . . . ... " 
Foundation contingency .. . ..... .. .. .. .. . . . . . . . 
Excavation-Earth . ..... . .. .. . ... .. . cu. yd . 

Earth trench. . . . . . . . . . . " 
Rock foot ings ......... . 
Rock trench . . . . ... . .. . 

nwatering ... . ..... . ..... . . . .... ... . 
1 
........ .. 

ates, towers, ho1sts, etc ....... ... . . .... . . ... . 

16. 
u."yd . 

ascades D a1n ........ . .. . . . ..... . . . ........... . .. . . ... . . . 1 Concrei.v ... . ... . . •.. . . . . .. . . . .... . . . 
Concrete . . .... .. . . . ... . . . ... .. .. ... . 

u."yd. 
Foundation contingency., . . . .. ..... . 
Excavation Rock footings . .. . . . . . .. . 

Earth .... .. . .. . . ... .. . . 
Earth fi ll . .... . ... .. . ... . . . . ... ... . . 
Rock fill . ........ . . . ... ..... .. .. .. . . 
Stripping ...... . .. . .. . .. . ... . . . .. .. . . 
Gates, hoists, etc . .... . . . .. .. . ... . . . 
U nwatering .. . .... .... . ..... . ..... . . 

u.,,Yd. 
17. Drainage. -

(a) Div?rsion of riv?r D elisle ....... ..... . . ... . . . . . ·. · . . . ·.· . ,Ree tabl? No . 9- Item No. 17 (a) ... . 

(b) Dramage for RIVers Gra1sse, Rouge and D ehsle, m- ExcavatiOn- Walls, etc ...... . ... .. . . 

eluding excavation Soulanges Canal. Earth .. . .... . .. .... .. . . 
Earth over depth ... .. . 

onrrete ... . .. .. . . . .. .... ... . ... . .. . 

18. Highway changes ..... . .. . . . . ..... . ..... . ... . . . ... . . .... . . l~1?icl;~~~~-s_ .. ·.·.· .':: : :: :: ::::: : ::: : : : : : 

19. Property damages . . ... . .... . ..... . ..... . . . ....... . . ... .. - lt~d~~-c-~·e·n·t·s· . .'::::::: : : : : : : : : ::::: 

20. Railroad. relocation- C.N. Rly . at Bellerive ...... . . . . . ... ·I See Table No. 9- Item No. 20 ..... .. 
1 

. .. ...... . 

21. Interruption in operation of P .L.H. & P. Co . ........ . ..... ....... . . . ..... . ... .... .. . .. .. . ..... . H.P.- yrs . 

22. St. Timothee Power House . .... . .. .. .. .. . ..... . . . . . . .. ... I Sec Table No. 9- Item No . 48 .. . ..... .. ... .... . 

23. Engineering and contingencies . . . .. ....... .. . . . ..... . . . . . . 12~ per cent .... ... .. .... . . . . . . . . . . . . 

24. Total. .. .. . . . . .... . ... .. . . ... . . . ............. . 

11 001 631' 88 
9 00 8,36 

) 
) 

0 551 860,14 
3 10 3, 94 
2 40 185, 16 
4 10 1,00 

) 
) 

) 
) 

11 001 319,82 
9 00 45,54' 

) 
) 

2 40 
0 55 
0 90 
2 00 
0 65 

1 60 
0 65 
0 65 

) 
) 
) 

I 
I 

132, 15 
22,58 

81 0,28 
229,270 

8,110 

I 
I 
) 

90 
622,220 
28,020 

20 00112,000 h.p.-
2 yrs. 

5,000 h.p.-
7 yrs . 

·· ·········· 
6, 950,680 

75,240 
6915,070 
473,080 

12,210 
444,380 

4,100 
4, 064,680 

453,700 

3,518,020 
409,860 
351,800 
317' 160 

12,420 
729,2.50 
458,540 

5, 270 
735,200 

2,008,480 

...... . . . ... 
1,440 

404,440 
18,210 
50,000 

247' 120 
234,880 

2,412, 090 
646,400 

... . .... . ... 
480,000 

700,000 

. .. . .. · ···· . 

·· · ·· .. . .... 

. .. . .. .... .. 

1' 026,63 0 

13,173,14 

8, 546, 00 

4l8,03 

474,09 

482, 00 

3, 058,49 
932,60 

1,180,00 
1' 540,00 

40,726, 140 
5,110, 860 

45,837' 000 

~ 
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TABLE No. 18-SOULANGES SE CTION-NAVIGATION COMBINED WITH ALL RIVER DEVELOPMENT-CENTRE POOL 
ELEVATION 115-Continued 

Item and description 

WORKS PRIMARILY FOR POWER- FIRST STAGE-
272,000 installed h.p. at Cascades. 631,800 installed h.p. at 

cdars. 

(A) SuBsTnucruRES, HEAD AND TAIL-RAcE ExcAVATION, ETC.-
25. Channel excavation-

See Plates Nos. 52-53. 

Classification Unit 

( a) Ile aux V aches . . . ......... .. . . . . . ... ... . ....... . . . ... ·1 Excavation-Earth ..... . .. .. . . . · . . . . ·I Cu. yd. 
Earth, over depth.. . . . . " 

(b) Headrace and power house-Cedars ..... . .... ..... . . . . Excavation-Earth . . .. .... .... ... .. ·I Cu. yd. 
Earth overdepth. . . . . . . " 
Dry rock . . ... . ....... . 

(c) At St. Timothee .. .... .. . . . . . ... . . . .. . . . . . ......... . .. Excavation-Earth ......... . ....... ·I Cu. yd . 
Earth over depth. . . . . . " 

(d) Tail-race-Cascades plant ........ . ... . ... . .. . . . . . . .. .. Excavation-Dry rock ............. ·I Cu. yd . 
Earth......... . . . .... . . " 
Earth, over depth .... .. 

26. Ice sluices, etc ., at Cedars power house .. .. .......... . .. . .. !Concrete ........................... . 
Concrete ....... . ...... .. .. .. ..... . . . 

Cu.,,Yd· 

Foundation contingency .... . .... .. . . 
Excavation-Earth . . . . . ... ... . .. .. . . 

Rock trench . . .... . .. . . 
Cu.,,Yd· 

Rock footings . ... ..... . 
Gates, hoists, etc .. .... ........ . . . . . 

27 . Power house substructure-Cedars . . .. . . ...... . . . ... .. . ... . !concrete . . . . .. . .............. . ... . . . 
Gates and racks ................ . ... . 

Cu. yd. 

Unwatering ........................ . 
28. Power house substructure- Cascades .. .. . .... . . . . ... .... .. I concrete . ... ..... ...... .. . .... . . . .. . 

Gates and racks .. . . .. . . ... . . ... . . .. . 
Cu. yd. 

29. Engineering and contingencies .... . . . ..... . ...... . ........ . 1121 per cent ... .... .. ....... ... . .. .. . 

30. Total ..... ... . . ............................... . , . .................................. . 

Rate Quantity Amount 

$ cts. $ 

0 55 1, 915,700 
0 55 82,340 

0 55 9,878,320 
0 55 108,810 
1 60 134,540 

1 00 516, 090 
1 00 55,500 

1 60 478,470 
0 55 274,270 
0 55 21,910 

11 00 49,720 
9 00 27,500 

. . .. ...... .. . . . .. . .. .. 
0 6.5 77,750 
4 10 980 
2 40 11,440 

14 001 578,330 

14 001 220,780 

Total 

$ 

1' 098,920 

5, 708,190 

571,590 

928,450 

1' 054,630 

10,456,740 

3, 939,080 

23,757' 600 
2,969,400 

26,727,000 
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(B) MACHINERY AND SuPERSTRUCTUREs-

~ 31. Cedars power house ....................................... I Generators and turbines-26- 24300 

I Switching. . . . . . . . . . . . . . . . . . . . . . . . . . . . ........ . ~ h.p. units ........................ . 

1 

........ .. 

~ Service Units and cranes ..................... . 
Superstructure. . . . . . . . . . . . . . . . . . . . . . . ........ . 

32. Cascades power house ..................................... I Generators and turbines-8-34000 
h.p. units ..... . .................. . 

Switching .......................... . 
Service units and cranes .. .... ...... . 
Superstructure .. ................... . 

33. Engineering and contingencies . .............. ........... ... l12t per cent . ................ ... .... . 

34. Total. ......................................... , .......... . .. ...................... . 

SECOND STAGE-Remodelling present Cedars Plant- 194,400 
installed h.p.-

(A) SuBSTRUCTURE, HEAD AND TAIIrRACE ExcAVATION-

35. Removal of present Cedars power house ................ ... !Excavation-Concreto .............. . 
Dry rock .. .... .... .. . . 
Wet rock ........ .. .... . 

Unwatering ....... . ................ . 

36. Power house substructure, etc ............................. !Concrete ......... .. ................ . 
Gates and racks .................... . 

37. Engineering and contingencies .. ........................... 112~ 

38. Total ..... . .......... ... ........... ... ········ · •· · · · · · · · · · ·· · · · · · · · · ·· · · · · · · · · · · · · · · 

(B) MAcmNERY AND SuPERRTRUCTURE-

39. Power house machinery, etc ............................. .. !Generators and turbines-8- 24,300 
h.p. units ........................ . 

Switching . . ............ . ........... . 
Superstructure ..................... . 

40. Engineering and contingencies ..... ...... ...... .......... ... 1 12 ~ 

41. Total ........................................... . .................................. . 

Cu."yd. 

u. yd. 

4 001 180,000 
1 60 86,000 
4 25 58,000 

14 001 172,040 

16,833,600 
3,872,960 

314,860 
4,133,850 

25,155,270 

5, 730,800 
1,428, 000 

356,550 
1,431, 030 

8,946,380 

34,101,650 
·········· · · 4,262,350 

·· ·········· 38,364,000 

720,000 
137,600 
246,500 

1, 000,000 
2,104,100 

2,408, 560 
525,920 

2,934,480 

5, 038,580 
.... ........ 629,420 

. ... . ....... 5, 668 , 000 

5,228,800 
1,191,680 
1,276,230 

7,696, 710 
............ 962,290 

....... . .. .. 8,659,000 
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TABLE No. 18-SOULANGES SECTION-NAVIGATION COMBINED WITH ALL RIVER DEVELOPMENT-CENTRE POOL 
ELEVATION 115-Concluded 

I tern and description 

THIRD STAGE-Completion of Cascades Plant-850,000 in
stalled h.p.-

(A) SuBSTRUCTURE, HEAD AND TAIL-RACE ExcAVATioN-

See Plates Nos. 52-53 

Classification 

42. Excavation and unwatering .. ...... ... .. ....... ........... . !Excavation-Earth . ..... ........... . 
Earth ....... ... .. .. . · .. . 
Earth, over depth .... . 
Dry rock ............. . 

Unwatering ........................ . 

43. Completion of dam, walls, etc ........ ... ... .............. . Concrete ... .............. .......... . 
Excavation-Rock, footings ........ . 

44. Power house substructure, etc .................... . ........ Concrete ....... .................... . 
Gates and racks .................... . 

45. Engineering and contingencies ............................ . 112~% .............................. . 

46. Total. . ............... . ... ···· · ············· · ·· '··········· ······· · ····· ···· ··· ····· 
(B) MACHINERY AND SuPERSTRUCTURE-

47. Machinery and superstructure .... ........................ . 1 Generators and turbines-25-34, 000 
h.p.units ......................... . 

Switching .... .............. . . ...... . 
Superstructure . .......... .......... . 

48. Engineering and contingencies ............................ . J12h0 •....•.•••••....••.... . ... . .... 

49. Total. . . ............. ············· ···· ·········'· ··· ··········· ········· ············· 

17,950,000 
4,462,500 
4,293, 070 

26,705,570 
3,338,430 

30,044,000 
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SuMMARY 

'Vorks solely for navigation . ........ . ......... . . ........ .. .. . .. ...... ... . ... . . . .. . . . .. . .. . ........ . .. .. . . . . . .. ... . . 
Works common to navigation and power . . .............. . . ... . ... .. .. . . .. . . .. ........ ... ... . . . .... .. ........ . . . . . . . 
Works primarily for power- . 

First Stage-Total installed capacity-903,800 h.p. 
Substructures, head and tail-race excavation, etc .. . .. . . ....... ... .... ... .. .. . .. . . . . . . .... .. ... .. . . 
Machinery and superstructures . .... .. .. . . ... . . . ...... .. .... . . . . . ..... . .. . . . . ... .. .. . . ..... . . . . ... . 

Second Stage-Total installed capacity, 194,400 h.p. 
Substructures, head and tail-race excavation, etc . ..... .. .. ...... . .. .. . . . . ... . ... .. . .. ..... .. . .. . 
Machinery and superstructures .. . . . . .. . . . ... ........ ... . . . . ... . ...... . ... . .. ... ... ... . .. .. . ... . . 

Third Stage-Total installed capacity-850,000 h.p. 
Substructure, head and tail-race excavation, etc .. ...... .... . .. . .... ... . .. .. .. .. .. .. ..... . . . . . . .. . 
Machinery and superstructure .... ... . ...... . ... . ... .. . ... ... ..... .... . . .. . . . ...... .. ... .. . . .... . 

Item No. 11 
" 24 

30 
34 

38 
41 

46 
49 

ToTAir-Total installed capacity-1,948,200 h.p ...... . . . ... ... .. . . .. .... . ...... ....... .. .. .. ... .. .. .... . , .. .. .. . ... . . .. .. . . 

Cost to open navigation and provide an installation of 404,300 h.p. of new power together with replacement of power 
lost at existing plants, i.e. 197,000 h.p. at present Cedars plant and 10,000 h .p. at other plants . ... . .. .. ... .. ... . . . 

NoTE.-404,300 h.p.-Total installation in first stage of recommended project. 

26,727,000 
38,364,000 

5, 668,000 
8, 659,000 

13,448,000 
30,044,000 

25,570,000 
45,837,000 

65,091,000 

14,327,000 

43,492,000 

$194,317,000 

$123, 4001 000 
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358 St. Lawrence Waterway Project 

TABLE 19.- 0 LA TGE ECTIO --NAVIGATIO A D POWER-ALL RIVER 
DEVELOPME -T-CE TRE POOL ELEVATIO 115 

For details- ee Table 18 

PowER-1st tage-One-quarter of Cascades Rapids and portion of Cedars ............... . 
2nd tage-Reconstruction of pre ent Cedars plant ............................... . 
3rd Stage-Balance of Ca cade Rapids .. ... .. ... . ............. ...... ........... . 

1 T • TAGE-
Work solely for navigation............................................... 25,570 ,000 
norks common to navigation and power .. ................................ 45,837,000 
n'orks primarily for power-

ubstructures, head and tail-race excavation.......................... 26,727,000 
Machinery and superstructures....................................... 38,364,000 

2ND TAGE-
ubstructure, head and tail-race excavation............................... 5,668,000 

Machinery and superstructure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 659,000 

3RD TAGE-
ub tructure, head and tail-race excavation............................... 13,448,000 

Machinery and supe1'structure........................ . ................... 30,044,000 

638 • 000 h. p. 
180,000 h.p. 
806,000 h.p. 

136. 498. 000 

14,327.000 

43,492,000 

Total.. ...... . .......... . ...... ... .... .. . .. ........ .................. 8194,317,000 

Go t to open navigation and provide an installation of new power equal to that in 1st tage 
of recommended project, i .e., 404,300 h.p. ........ .. .... ...... . .. ... . .................. 8123,400,000 

POWERHOU E INSTALLATIONS 
1 t tage-

Cascades, 8-34,000 h .p. units (43 ft. head) .. . . . . . . . . . . . . . . . . . . . . . . . . . . . 272,000 
Cedars, 26-24,300 h.p. units (32·5 ft. head). .. . ....................... 631,000 

2nd tage, 
3rd tage, 

8-24.,300 h.p. units (32 · 5 ft. head) . ............ . ...................... . 
25-34,000 h.p. units (43ft. head) .. .................................... . 

Total .... .. . .. .... ... ... ... ... ....... ...... .................... . 

903.800 h.p. 
194,400 h.p. 
850,000 h.p. 

1, 948.200 h .p. 

TABLE 20.-SO"GLA -GE ECTIO -TABLE HOWl G OVERALL COST OF ALL RIVER 
DEVELOPME T-CE TRE POOL ELEVATION 115 

Power marketed at 75,000 h.p. per year. 
Interest during construction and marketing period, 5 per cent. 
Construction program planned for expenditure of S10,000,000 per year. 

avigation . .................................... 
Lst tage-638,000 h.p .. ................ ........ 

2nd tage-1 0,000 h.p ..... ...... . ....... ... ... . 

3rd tage---806,000 h.p .......................... 

Add first cost .......... . ........ : . ............ . 

Total. .. ...... .... .. ......... . . 

First cost 

s 
25,570,000 
72,564,000 
38,364,000 
5, 668,000 
8, 659,000 

13,448,000 
30,044,000 

194. 317. 000 

Half 
Con

struction 
period 

3·58 
3·63 

0·28 

0·67 

Half 
Market 
period 

4·25 

1·20 

5·37 

0·192 
0·469 

0·075 

0·343 

Interest 

s 
4, 910,000 

34,050,000 

425,000 

4, 610,000 

43,995,000 
194,317,000 

238,312,000 



TABLE No. 21.-SOULANGES SECTION-NAVIGATION COMBINED WITH-ALL RIVER DEVELOPMENT-CENTRE POOL ELEVATION 125 

See Plates Nos. 54-55 

Item and description 

WoRKS SoLELY FOR NAVIGATION
!. Channel excavation-

Classification 

(a) Deep water in Lake St. Francis to below Pointe au 
Diable . .. . .......... .... . ... . .... .. .. . . ..... . .... . . . . \See Table No. 9- ltem No. 1 (a) . . . 

(b) At Leonard Island ............. 00 00 .... .... ........ .. .. " " (b) .. . 
(c) Above Pointe a Biron to Chamberry Gully Lock .. . . . . Excavation- Earth ..... . .. . . ..... .. . 

Unit 

u. yd. 

(d) Chamberry Gully Lock to Cascades Lock . ...... . . .. . . See Table No. 9- Item No. 1 (d) ... . 
1 
.... ... . .. 

(e) Below Cascades Lock.... .. ........... .... .. .......... " " 1 (e) .... .. .. . .... . 
2. Dikes-

(a) Breakwaters- Lake St. Francis .... . . . . . ..... . . . . ..... " " 2 (a) .. ··1" .. · .... · 
(b) Above Cot~>au du Lac Lock...... . ... . ..... . ...... .... " " 2 (b) ... . . . . . . . ... . 
(c) Pointe a Biron to Chamberry Gully Lock ............. Earth fill. . . ... ...... . . .. ... . . .. . ... Cu.yo .. 

Earth fill . ........... .. . .. . .. . . ..... . " 
Rock fill . .... . . ... . . ..... ... . . . ... . . 
Stripping .. ...... .. . . . . .. .. ... . ... .. . 
Trimming .. .. . . ... .. . .. . . . . ... . . . . . I Sq. yd . 
Sodding .... . . ..... . ..... . ... . . ..... " 
Paving- Concrete.... . . . .. ... ...... . Cu. yd. 

(d) Chamberry Gully Lock to Cascades Lock ..... . . . .. ... See Table No. 9- Item No. 2 (d) ... . 
3. Coteau du Lac Guard Lock, etc... . .. . ...... ..... . ... . .... " " 3 . . . ... . 
4. Guard Gate, entrance piers and weir. . ........ . . .. . ........ " " 4 . . .... . 
5. Chamberry Gully Lock, entrance piers and weir. ...... . .. " " 5 . . . ... . 
6. Cascades Lock, entrance piers and weir. . . . . . . . . . . . . . . . . . . . " " 6 .. . .. . . 
7. Railway bridge for C.N.Rly. at Coteau... . . .. . ......... . . " " 7 . .... . . 
8. Highway changes .... . ... . . . . . . . ... . .. .. . . . . . . . .... .. ..... New roads . . .... ......... . .. ...... . . 

Bridges . .... . . . ... .... . . . . . ... ... . . . 

16: g~~i!~~~hJ~~~h~~~.~~~~~·. ·.·:.·:::::::::: :::: : .' .': :::::: ::: :: IE~~~~~ti~~~E~l:th .' :: .·. ·. ·.: :: ::: :::: : Cu. yd . 

11. Property damages-
( a) Above Pointe au Diable . .......... . .... ..... . ... ..... · 1See Table No. 9-Item No. 10 . . .. . . 
(b) Pointe a Biron to Cascades Point . ........ . . ... . ... .... Improvements . ... . .... ... . . . ... ... . 

Lands . .. . ... . ... . ....... . .. .. .... . . 

12. Engineering and contingencies .................... . ... . . . .. 112t per cent . . . . .. . .. .. .. . ..... ... .. . 

13. Total ................................... . ...... \ ............ .. ......... . . . ....... . . . 

Rate Quantity Amount 

$ cts. $ 

0 551 3, 970,0001 2, 183,500 

· ·· · ··· · ·· · ·· · · · · ··· ·· 
·· · ··· · .. . ·· ·· ···· · · · · 

·· ··· · ···· ·· ··· ···· ··· 
·· · · ··· · ·· ·· · · · ·· ·· · ·· 

0 42 2,171,110 
0 60 1, 229,420 
1 00 173,240 
0 65 484,110 
0 25 175,780 
0 45 8,460 

11 00 17,860 

0 651 15,420 

·· · ·· ·· ····· 
·· · ·· ·· · · ·· · 

·· · · · · ······ . . . . . ... . . . . 
911,870 
737,650 
173,240 
314,670 
43,950 
3,810 

196,460 

174,000 
865,830 

10,020 

57,500 
125,600 

Total 

$ 

4, 390,350 
772,440 

2, 183,500 
1,358, 720 

742,040 

1, 329,460 
379,270 

2,381,650 
28,550 

2, 803,800 
1' 929,340 
5,921,840 
4, 914,670 

345,280 

1, 039,830 
35,000 

10,020 

487,040 

183,100 

31,235,900 
3, 904,100 

35,140,000 
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TAB LE N o. 21.-SOULANGES SECTION- NAVIGATIO N COMBINED WITH ALL RIVER DEVELOPMENT-CENTRE POOL ELEVATIO N 125 
See Plates Nos. 54- 55 

Item and description Classification 

\VoRKs CoMMON To PowER AND NAVIGATION-
14. C'hannel excavation-

Through Coteau R apids . ... ...... . . .. . ... .. .. .... . . .. .... I See Table No. 9- Item No. 13 (a) 

15. Dikcs-
(b ) . ..... . ........... . . . . . . .. . . .. . 

(a ) Coteau du Lac to Pointe a Biron . ... . . ........ . ....... I Earth fill. . . .......... . ....... . .... . 
Rock fill . . .. . . . ... . ...... ... .. . .... . 
Stripping .. .... . . ....... . ... ... , .... . 

(b) G radde Ile .. ... . . . ....... .. ...... .... .. . . . ..... . ....... I E arth fill .. . .......... . . . ... . . . .... . 
Rock fill . . ..... . ......... . .... .. . . . . 
Stripping . .... .. . . . ........ . . ... . . .. . 

16. Dams at Clarke's I sland . ... .... ......... . .. . ... . . ....... ·I See Table No. 9- Item No. 15 . . ... . . 
17. Cedars Dam . . .. . ..... . ... . ... .. .. .. .. .. .. .... . ..... . . .. .. Concrete .... . . . .. . . ......... .... ... . 

Concrete . .. .. ... . ...... . .... . .. . .. . . 
Foundation contingency .. .......... . 
Excavation- Earth ...... . . .... . . .. . . 

Rock footings . . ... . . .. . 
Rock trench . .. ....... . 

Unwatering ... ... . ......... .. . . .... . . 
Gates, towers , hoists, etc ...... .. ... . 

18. Drainage- . 
(a) Diversion-River Delisle . .. . .... . . . ......... . ..... . . . See Table No. 9-Item No. 17 (a} .. . 
(b) Rivers. Graisse, Rouge and Delisle........... ... . .. .. . " " 17 (b) .. . 

19. High way changes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . New roads ... . ... . ..... . . . .. .. ..... . 
20. Property damages ..... . .. ...... ..... . ..... . ... . ... . . . . ... Improvements ... ... ... . ... ... . . ... . 

Lands .. ... .. . ...... ... .. ... .. . . ... . 

21. R ailroad relocation-C.N. Rly. at Bellerive ...... . ....... .. See Table No. 9- Item No. 20 ...... . 
22. Interruption in operation of P .L.H. & P.Co .... . ... .... . . .. . See Table No. 9- Item No. 21. ..... . 

23. Engineering and contingencies . . .. . . . . ........ . .. ... ..... .. l12t per cent ... .. . . .... . . .. . . . . . . ... . 

24. Total. ............... . ...... . .. .. . ...... ... . .. . 

WoRKS PRIMARILY FOR PowER-FIRST STAGE-Point 
a Biron-559,800 installed b.p.-
(A) SuBSTRUCTURES, HEAD AND TAIL-RAcE ExcAVATION, ETC .. . 

Unit 

u ."yd . 

u."yd. 

u."yd . 

u."yd. 

25. Head and tail-race excavation ............ . . . .. . .... . . ... .. /Excavation-Earth ................. . I Cu. yd. 

Rate Quantit y 

$ ct s. 

0 75 674 , 650 
0 80 314,710 
0 65 225,060 

0 90 559,950 
0 84 231,440 
0 65 118,MO 

11 001 462,300 
9 00 44,100 

0 551 693,470 
2 40 130,200 
4 10 1,360 

Amount 

$ 

505,990 
251,770 
146,290 

503 ,950 
194,410 

7't7, 120 

5, 085, 300 
396,900 
508,530 
381,410 
312,480 

5, 580 
4, 950,650 

440,700 

653,580 
323,400 

0 55/ 2, 429' 7801 1' 336, 380 

I 

Total 

$ 

6, 229, 650 

904,050 

775,480 
1, 026, 630 

12,081,550 

418.030 
1, 103,940 

158,000 

976,980 
932, 600 
480,000 

25,086,910 
3,135, 090 

28,222,000 
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Earth ........ .. ....... . 
Earth ......... . . ... .. . . 
Earth ........... . ..... . 
Earth, overdepth . .. . . . 
Earth over depth ..... . 
Dry rock ...... ... ..... . 
Unwatering . ... . .. . ... . 

26. Power house substructure ................... ...... ........ . I concrete .. .. .... .... ..... . . .. ..... . . 
Gates and racks ..... .... ...... . .... . 

27. Engineering and contingencies ............................ . 112! per cent ........................ . 

28. Total ............... ... .. . . .. .... .. ... .... .. .. . . ... .... .. ....... . ..... . . . .......... . . 

(B) MACHINERY AND SUPERSTRUCTURES-

29. Machinery, etc .... .. .................... ........ ........ . . !Generators and turbines- 36-15,550 
h.p. units . .................... . .. . 

Switching . ..... .... .. .. . .... ..... .. . 
Service units and cranes . .... ....... . 
Superstructure . . .... . ..... . ..... .. . . 

30. Engineering and contingencies ............................. J12t per cent . ...... . ... ... ... . ...... . 

31. Total. .... . . .. .. . ................. . . ... . . ........ 
1 

......... ... ...... .. . . .............. . 

SECOND STAGE-Cascades I sland- 1,398,400 installed h.p.

(A) SuBSTRUCTURES, HEaD AND TAIL-RACE ExcAVATION, ETC.-

32. Removal of present Cedars power house ................ ... 
1 

.. . ..... ......... · · · . · . · · · · · · · · · · · · · 

33. Dam at Cascades I sland .. . .. . . ................. . ....... . . Concrete ..... . ..................... . 
Concrete .. .. .......... . . ........... . 
Foundation contingency ..... . ...... . 
Excavation- Rock footings .... . .. . . . 

Earth ................. . 
Gates, hoists, etc ............. . .. . . . 
Unwatering .... ......... . ....... . .. . 
Earth fill. .. ............ ... . . . . .... . 
Rock fill. ...... . . , . ... ............. . 
Stripping . ....... ................... . 

34. Power house and tail-race excavation ........ ...... ........ !Excavation-Earth ... . .......... . .. . 
Earth, over depth .... . 
Dry rock .. ........... . 

35. Highway changes ........................... .... ......... · ISee Table No. 9-Item No. 46 .... . . 

36. Property damages. ... ... .. ... .. ... ....... ......... ....... " 9- " 47 ..... . 

37. St. Timothee power house. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . " 9- " 48 ..... . 

Carried forward .... ... ... ... . .......... .. . ... . 

Cu. yd. 

........ . . 

....... .. . 

.......... 
·········· .......... 
......... . 

.. . ....... 

.. ... ... . . 

. c~:,;yct: . 

·c~:,;:Yd:· 

···· · ····· 
· c~:.;Yd: · 

Cu. yd. I 
" 

0 65 
1 00 
0 80 
1 00 
0 80 
1 60 

14 00 

. .... ... . . . . 

.... . ... .... 

.. .... .. ... . 

...... ... ... 

.. . ......... 

..... .. .. . . . 

········ ··· · 

.. . ....... . . 

· ···· · · ····· 
11 00 
9 00 

0 ••••••••••• 

2 40 
0 65 

......... .. . 

.. ... ....... 
0 90 
2 00 
0 65 

0 55 
0 55 
1 60 

468,390 
1, 200,070 
7' 708, 110 

114,070 
425,920 
975,970 

I 624,030 

417 t 680 
129,490 

.......... 
170,600 

22,580 
·········· ..... ..... 

153,360 
62,280 
36,100 

822,800 
65,740 

1,478,440 

304,450 
1,200,070 
6,166,490 

114,070 
340,740 

1, 561,550 
366,680 

8, 736,420 
2, 692,980 

..... . ..... . 

. ... . . . . ... . 

22,017,600 
3, 715,200 

536,740 
3, 752,360 

··· · ·· ····· · 
.... . ....... 

· · · 4:s94:4so 
1,165,410 

459,450 
409,440 

14,680 
735,200 

2,926, 940 
138,020 
124,560 
23,470 

452,540 
36,160 

2,365,500 

···········. .. ... .... ... 
············ 

·········· · · 

11,390,430 

11,429,400 

22,819,830 
2, 852, 170 

25,672,000 

30,021,900 
3, 752, 100 

33,774,000 

480,000 

10,591,650 

2,854, 200 
227' 500 

1, 384,280 
1 t 540,000 

17,077,630 
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TABLE 21.-SOULANGES SECTION-NAVIGATION COMBINED WITH ALL RIVER DEVELOPMENT- CANTRE POOL ELEVATION 125-Concluded 
See Plates Nos. 54-55 

Item and description Classification Unit 

(A) 3~~I>~!~E~i~~~~:i:c~u~:~~~~~~: ~~~~~~~~~~·: ~~~:·~~~~·: : 1~~~~~~~~ .·.·.·.·. ·.: ::: ::::::: :::: ::::::: Cu. yd. 
Gates and racks .. .... .. ... . ..... ... . 

39. Engineering and contingencies . ..... . . .. . .. .. . . . . ... . . . . . . . 112!% .. . ... .. . . ... .. . . .. .. . . : . .... . . 
40. Total. ... .. .. ....... . . . ... .... . ... . . ..... . ..... , .... . ... . ........... .. . . ........ . .. . 

(B) M ACHIN ERY AND S uPERSTRUCTURE-
41. Machinery, etc . . . .. . . . ... ... . ...... . ... . .. . . .. .. . .. . .. .. .. !Generators and turbines-38- 36,800 

h.p. units .. ... ... . . ... .. .... . ... . . 
Switching . ....... ... . . ..... ... . .... . 
Service units and cranes ..... .. . .... . 
Superstructure . .. . ... . . . ... ... . . ... . 

42. Engineering and contingencies ..... . . ... .. ....... . . . ... . . . . 112!% . . ..... ... . . ...... . .. . .. .. .... . 
43. Total. . .. . . . ............ .... ... . . . ..... .. . .... . 

S u MMARY 

Works solely for navigation . . . . .. . .. .. .. . . . ....... . . . . ..... .. ..... . .. . .. . .. . .. . .... .... ... : .......... ..... . . .. .. . . . Works common to nav igation and power . . .... ... . . . . . ...... .. . .. ............ .... . ...... . ............ ........ ... .. . Works primarily for power-
First Stage-Total installed capacit y- 559,800 h.p. 

Substructures, h ead and tail-race excavation, etc .. . .............. . ......................... . . . ... . Machinery and superstructures .. . ..... . ... . ... . . . ... . .. . .. . .... . . ........ . . . . ... . . . ....... . . ... .. . 
Second Stage-Total installed capacity-1,398,400 h.p. 

Substructures, head and tail-race excavation, etc ............ . .......... . . . ......... . . . .. . ...... . Machinery and superstructures .. .. . . .. .. .. .. . . . . . . . ... . . ......... . .... .. ... . . . ... . .. .. .. . .. . .. . . 

TOTAL-Total installed capacity-1,958,200 h.p .... . . . . . . . . . .. .. . ... ....... . ....... . ............... . ... . 
Cost to open navigation and provide an installation of 404,300 h.p. of new power . . . ... . . . . ... . . . .. .. . ... ... . .. . .. . . . . 

NOTE.-404,300 h.p.- Total installation in first stage of recommended project. 

Rate Quantity 

$ cts. 

14 001 797' 750 

Amount 

$ 

11,168,500 
3,493, 780 

Total 

$ 
17,077 , 630 

14,662,280 

$ 31,739 ,910 
3,967,090 

. ...... . . . .. '$ 35' 707' 000 

28,522,800 
6, 931,200 

366,950 
4,336,200 

40 , 157' 150 
5,019,850 

45,177,000 
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St. Lawrence Waterway PToject 363 

TABLE 22.- 0 LA GES E CTION- TAVIGATIO A D POWER-ALL RIVER 
DE ELOPME T-CENTRE POOL ELEVATIO 125 

For details-See Table 21 

Power-1st tage-Pointe a Biron ..... . .. .. . . . .. ..... .... .. .. .. . . .. .. . . . ...... . ....... ... 516 , 000 h.p. 
2nd Stage-Cascades Rapids .. .. 00. 00. 00 • • 00 . 00 .... .. . ...................... 00 . 00 1, 113 , 000 h .p. 

1sT STAGE-
Works solely for navigation . ....... 00 • • • •• • • •••••• • • • ••• • •• • ••• • •• • • • • ••• • • • S 35 ,140 ,000 
Works common t o navigat ion and power .. .. . .. . .. .... . . . ... . ....... . . . .... . 28, 222,000 
Works primarily for power-

Substructures , head and t ail-race excavation .. . ......... . . ... . .. . .. . .... 25 , 672,000 
Machinery and superstructures . .. . .... .. . . .. . .. . ............... . .... . .. 33,774 ,000 

---~$122, 808 , 000 

2ND STAGE-
Substructure, hef'ld and t a il-race excavation ... . ......... . .. .. . . . . .. . ..... .. . S 35 ,707,000 
Machinery and superstructure. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 , 177, 000 80,884,000 

Total. .... .. ..... .. .. . . . . . . . . . .. . . . ....... . .. .. .... . .. .. ... . .. .. ... . . .. $203,692,000 

Cost to open navigat ion and provide an installation of new power equal to that in 1st tage of 
recommended project , i .e., 404,300 h.p ........ 00 . . ... . . ... .. .. . .... ....... .. .. .. . . . . 00 •• $113 , 687,000 

PowER Hou E INSTALLATIONS 

1st Stage-36-15,500 h.p. unit s (22ft . head)........... ... ... . .... . ....... . ... . .... . ...... 559 ,800 h .p. 
2nd Stage-38-36 ,800 h.p. units (53ft. head ) ....... .. ... . ..... .. ...... . .. . . . ... . .... .. .. .. 1,398,400 h.p. 

Total. .. ....... ...... .. .. .... .. .. .. . . . . ... . . . . ..... .. .. . . .. . . .. .. .. . 1,958 , 200h.p. 



TABLE 23.-SOULANGES SECTION- POWER ALONE-AS IN RECOMMENDED PROJECT (ILE AUX VACHES THREE STAGE DEVELOPMENT) 

Item and description Classification Unit I Rate Quantity Amount 

FIRST STAGE-n e aux Vaches- 404,300 installed h.p. 

(A) COTEAU RAPIDS ENLARGEMENT-
I. Channel from above Clarke's I sland to below Broad Island. See Table No. 9- Item No. 13 (a) .. 2. Round I sland channel.. ................... . . ... ......... . . See Table No. 9- Item No. 13 (b) .. 3. Dams at Clarke's Island ...................... .... ....... . See Table No. 9- Table No. 15 ..... . 4. Railroad relocation C.N. Ry. at Bellerive .. .. .. .. . .. . .. .. . See Table No. 9-Item No. 20 ..... . 5. Property Damages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .... ...... .. . . . . . . . . ... . . ... .. . 

$ cts. $ 

6. Engineering and contingencies ....... ... ... . . . ..... . ... .. .. \12h0 .. .... ...... ... . . . ..... . ...... . ·· •· ········· ··· · ········· •·· ··········· 
7. Total . .... .......... ............................ .. .......... . ....... ........... .... .... .. . .... . 

(B) REVISION OF 14 FT. NAVIGATION-
8. Excavation for Canal. .. ............. ... ..... .... .... .... . . Excavation-Earth ... . ..... ... .... . 

Dry rock ... .... ...... . 
Cu."yd. 0 65 2,440,500 

1 60 120,850 
9. Guard gate and weir above Chamberry Gully Lock .. ... . Concrete ............. . ............... . 

Concrete .................... . . . . .. . . 
Cu."yd. 11 00 2,520 

9 00 9,000 
Foundation contingency ... . ...... .. . .. · ······· . .... ..... ······ · ····· Cribwork .. ... ...... . ... ...... . .. .. . 
Excavation-Earth ................ . 

Cu.,,Yd· 5 00 8,800 
0 65 6,520 

Round bearing piles ................ . lin. ft. 0 85 34,710 
Steel Sheet Piling ......... . . ....... . tons 100 00 209 
Lock gates, etc ............. . ...... . · ·· ······· . .. . . ..... · ··· ···· · · · · Sluice gates, etc . . .................. . · ·· ······ · . .. ....... ············ 

10. Chamberry Gully and Cascades Locks ................... ·I Concrete .. .... ....... ..... ........ . . 
Cribwork ...... . . . ... . . ..... ..... . . . 
Gates, etc .... . . . ... . . . . ... . ... . . . . . 

Cu."yd. 9 001 98,640 
5 00 19,920 

11. Regulating weirs ............ . ................. ...... . ..... ,Concrete........ ............ ... ... .. Cu. yd. 11 00 11,050 Concrete ............................ Cu. yd. 9 00 51,640 Foundation contingencies. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .......... . Excavation-Rock...... ... ........ . Cu. yd. 1 60 2,550 
Rock trench. . . . . . . . . . . " 4 10 1, 360 
Earth............ ...... " 0 65 133,500 
Earth trench. . . . . . . . . . . " 3 10 7, 990 Sheeting and bracing . ..... . ........ . M £t. B.M. 110 00 127 Gates, hoists, etc .. . ............... .. ......... .. ......... . ......... . 

1' 586,330 
193,360 

27' 720 
81,000 
2, 770 

44,000 
4,240 

29,500 
20,900 
11,000 
18,900 

887,760 
99,600 

105,000 

121,550 
464,760 

12, 150 
4,080 
5,570 

86, '(80 
24,770 
13,970 
35,550 

Total 

$ 

5,046,260 
1, 183,390 
1, 026,630 

932,600 
50,000 

8, 238,880 
1,029,120 

9,268,000 

1, 779,690 

240,030 

1,092, 360 

769,180 
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12. Dykes . ..... .... .. .. . ... . ... . . . ......... .. ..... .. . .. ...... !Earth fill ... . .. . . ... .. ..... .... . . . . . 
Rock fill . ... .. . .. . . ... .. . .. ... ..... . 

cu. _rd. 1 

Rock fill. .. . ...... ... .. . . . .. .. . . .. . . 

~~i~%i~g .·:: .·: : : : : : : : : : : : : : : : : : : : : : 
Sodding .......... .... .. . . . . . . . ... . . 

Sq.,,Yd. 

Paving- Concrete . .... .. . . ... ... ... . Cu. yd. 

···· ·· ··· · 
······· ·· · U: ~~~~~;; d~~~g~~: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :I L~~d~: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 

15. Engineering and contingencies ...... .. ........ .. . ... . . ..... l12h 0 .......... .. • • ...•... . .. ..... •. · · · ·· ··· ·· 

16. Total. . ... .... . ........................................... . .... . ... . ....... . ... . ... . ....... . .. . ···· · · ·· ·· 

(C) SuBSTRUCTU RES, DAM, HEAD AND TAIL-RACE ExcAVATION, ETC. 

17. Channel Excavation-
( a) Pte. a Biron . ... .... . . . .... . .......................... See Table No. 9- Item No. 13 (c) . . . 

1 

......... . 

(b) Channel through lower end of Grande Ile .. . . .. .. .. .. . . See Table No. 9- Item No. 25 .......... . .... . 

18. Dykes-
(a) Coteau du Lac to Cedars . . .... . . ..... . .. . . .. . . ........ See Table No. 9- Item No. 14 (a) .. . 

1 

...... . .. . 

(b) Grand !le .......................... . . . . . . . ........... See Table No. 4-Item No. 14 (b) . . . .... . . ... . 

19. Cedars dam ... . ................. . .......... . . . ........... See Table No. 9- Item No. 16 .. . ..... . . . . . . . . 

20. Drainage . . .. . ... ..... . ... . ... . ..... . ............ . .. .. .... See Table No. 9- Item No. 17 (a), 

~~: ~,~:::~: c~~;::; : :: : :: : :: : : : : :: : :: : :: : : :: :: : :: : : r~~f£:¥:li; . ·.. • • • • • • • • • • · J • • • • • • • • • 
23. Interruption in operation of P.L.H. & P. Co ... ..... .... . ... ,See Table No. 9- Item No. 21 .. . . . . 

24. Substructures- n e aux V aches Power Houses ........ . ..... See Table No. 9- Item No. 24 .. . .. . 

25. Engineering and contingencies ................. . ........... l12!m . .. . . . ... . .. . .. . .. . .. . . . ... . .. . 

26. Total. . .. ........ .. .......... . . . .. ... . ... . . ... .. .... . ..... , ... . ...... . . . ... . ... . .... ... . .... .. . 

(D) MACHINERY AND S u PERSTRUCTU RE-

27. Total.. . . .... . .............. ..... . . . . .. .. . . ... !See Table No. 9- Item No. 30 .. . .. . 

SECOND STAGE-Power House North of Cascades Pt.-
545, 000 installed h.p.-

0 60 2,913,26 ) 
1 05 49,76 ) 
1 00 76,32 ) 
0 65 402,21 ) 
0 25 175,78 ) 
0 45 8,46 ) 

11 00 12,48 ) 

..... ..... . ..... .. ... 

. ... . . . . . . .. . . ... .. .. 

. ·· · · · ···· · · ·· · · · ···· 

. ···· ·· ... · · ·· · · ····· 

Cu. yd. I o 551 17,408,000 (A) SuBSTRUCTURE, HEAD AND TAIL-RACE ExcAVATION-

28. He~d-race-Cedars to Power Hou~e . .. . .. . . . .. .. . . . . . ... . . ~Excavation-Earth ............... . . I 

29. Ta1l-race and power house excavatwn . ..... . . . .. ... .. .. . ... See Table No. 9-Item No. 32 .. . .. . 

Carried forward ............... .. . .. ... ..... . . , . .. ... . . . . ... . . . ........ .. ... . . ... . . 

1,747,960 
52,250 
76}320 

261,440 
43,950 
3,810 

137,280 

···· · · . ... . . 
56,000 

·· ·· ···· ···· 

. · ···· · · · · · · 

.... . . . . . . . . 

. ··· · ·· · ···· 

··· · ···· ···· .... . . . . .... 
······ · · ··· · 
...... . . . .. . 
. · · ··· ·····. 

603,580 
323,400 

········ · · · · 
········· ·· · 

·· ·· ···· · · · · 
. ..... . .... . 

······ · · · · ·· 

9,574,400 

····· · ···· · · 

· · · ·· · · · · ··· 

2,323,010 

150,000 

56,000 

6,410,270 
801,730 

7,212,000 

395,930 
750,080 

1,197,470 
573,530 

15,205,030 

1,531,990 
158,000 

926,980 
480,000 

10,875,550 
----

32,094,560 
4,011,440 

36,106,000 

24,586,000 

9,574,400 
1, 727,620 

11.302.020 
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TABLE 23.-SOULANGES SECTION-POWER ALONE-AS lN RECOMMENDED PROJECT (ILE AUX VACHES THREE STAGE DEVELOPMENT)-Concluded 

Item and description Classification 

Carried forward ...... . .............. . ... . ... . .. .. . .. . 
SECOND STAGE, Etc.- Con. 
(A) SuBSTRUCTURE HEAD AND TAIL-RACE ExcAVATION, ETC.- Con. 30. Dykes- Cedars to power house ...... ........ ... . . . ... ... . . !Earth fill .... .. . ... . . .. . ..... . . . ... . 

Rock fill ......... . . . . ..... ... . ..... . 
Rock fill . ..... . . ........ ..... . ..... . 
Stripping .. . ... . ... . . . . . . ... . ..... .. . 

31. Ice sluices and walls at power house .. . . ... . . . . . ... . ... .. . . See Table No. 9-Item No. 34 . .... . 32. Power house substructure .. . . . . ... . .. .... . ...... . . .. . . . .. . See Table No. 9- Item No. 35 .. . .. . 33. Highway changes .. .. .. . ..... . ....... . .. . .. . .. . ... . ... . .. . New roads .. .. .... . . . ... . ..... . . . . . . 
Bridges ..... .. . .. .. . . ... . . . . ....... . 

34. Property damages . ... . ...... . ... . . . ...... . ... . ..... . . .. . . Improvements .... . .. . ... . . ... ..... . 
Lands . . . . .. .. .. . ........ . . . ..... . . . 

35. Engineering and contingenci~s . . ... . .... . . . ... . . . .. ... .... . 112!% . .. .. . . . . . . . . . . .. . .. . . ... . . . . . . 
36. Total. . ... .... . . . . . . . . . . . . . . ... ... ... . . ... . .. . , .. . . . . . . . . . . ..... . .... .. .. .. ... . ... . 

(B) MACHINERY AND SuPERSTRUCTURE-
37. Total. . .. .. . . . ...... . . . ... . . . . . . ..... ..... . ... ISee Table No. 9-Item No. 42 . . . .. . 

THIRD STAGE-Dam and Power House at Cascades Rapids-1, 030,400 installed h.p.-
(A) SuBsTRUCTURE, HEAD AND TAIL-RACE ExcAVATION, ETC. 38. Total.. .... ... . ... . ........... ... . .. . .... . .... I See Table No. 9-Item No. 51. .... . 

(B) MAcmNERY AND SuPERSTRUCTURE- I See Table No. 9-Item No. 54 ... .. . 39. Total. ... . . . . . . . . ... . ... . ... .. ... ... .. . . ... . . . 

Unit Rate Quantity Amount 

$ cts. $ 

Cu. yd. 1 0 421 5,010,6201 2,104,470 
" 1 10 51,770 56,950 

1 00 277' 250 277' 2501 0 65 600,300 390, 200 

··· ······ l ··· ·····l ·:··· ·· ··· l ··········· : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : · · · · · iso; ooo 
0. 0 0 0 0 0 0 0. 0 . 0 . 0 0 0. 0 . 0 0 0 . 0 0 0 0 0 0 0 0 442,000 

--
565,210 .. -~~~~ . . . 

1 
. . .. 

200
.
001 

.. .. . . . . . 
9451 189,000 

······ ··· ·· ·· · · · · · · · ·•····· ····· ·· •·· · · ·· · · ··· ·• 
••••••• • • • l ·• • •• •• • • • l •••••• •• • • •• l • • •••• •• • • • • I 

· ·· · ··· ··· ·· ······· · ·•·· ··· · · · ··· · •·· ······ ·· ··· 

Total 

$ 
11,302,020 

2,828,870 
1, 551,290 
5, 269,970 

592,000 

754,210 

22,298,360 
2, 787,640 

25,086,000 

14.637.000 

30,531,000 

33,285,000 
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SuMMARY 

FIRS'l STAGE-Power at Ile aux V aches-Installed capacity 404,300 h.p.-
Coteau Rapids enlargement .............. .. ..... ..... ..... . .................. . .. . ..... . ......... ....... .. .. .. . 
Revision of 14-ft. navigation ............... . . .... ....... ... .. . . . ... . ..... . ........... ... ... . .. .. ..... ... ...... . 
Substructures, dam, head and tail-race excavation, etc ... ............. . ................ . . . ... .... .. . ..... .. ... . 
Machinery and superstructure ..................... .... .... . ....... . ... ................................. ; ..... . 

SECOND STAGE-Power north of Cascades Point-Installed capacity 545,000 h .p.-
Substructures, head and tail-race excavation, etc .................. ......... . . ................................. . 
Machinery and superstructure . ... ... ....... . .............. . ................................. .. .............. . . 

THIRD STAGE-Power at Cascades Rapids-Installed capacity 1,030,400 h.p.-
Substructures, head and tail-raec excavation, etc ................ .... ................ .. ...................... .. . 
Machinery and superstructure ........................................................... . ............... ... .. . 

ItemNo. 7 
" 16 

26 
27 

Item No. 36 
" 37 

Item No. 38 
" 39 

$ 9, 268,000 
7' 212,000 

36,106,000 
24,586,000 

-----1$ 77,172,000 

25,086,000 
14,637,000 

30,531,000 
33,285,000 

39,723,000 

63,816,000 

ToTAL-Total installed capacity-1,979,700 h .p . ............ .. .. . .. .. .. ....... ......... .. . ......... ..... 1 •••••••••• ••• •• •• • 1. ............. 1$ 180,711,000 
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368 St. LawTence Waterway Project 

TABLE 24.-SOULA GES ECTIO -POWER ALONE-ILE AUX VACHES-THREE
TAGE PROJECT 

For details- ee Table 23 

1st tage-Ile aux V aches ....... .. . ..... ................. . ........ . ....................... 382,000 h.p. 
2nd tage- orth of Cascades Point .... . .................. . ............................... 488,000 h.p. 
3rd tage-Cascades Rapids .. ......................... ..... .. ....... . ......... ............ 762,000 h.p. 

1 T TAGE-
Coteau Rapids enlargement ............................. . .................. S 9, 268,000 
Revision of 14-ft. navigation................................................ 7, 212,000 

ubstructures, dams, head and tail-race excavation........ ... .............. 36, 106,000 
Machinery and superstructures .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24,586,000 

----s 77,I72,ooo 
2:NTI STAGE-

ubstructure, head and tail-race excavation ................... .... . ........ . $ 25,086,000 
Machinery and superstructure.............................................. 14,637,000 

3RD STAGE-
39,723,000 

ubstructure, head and tail-race excavation . ... ............................ . S 30,531,000 
Machinery and superstructure........................................... . . . 33,285,000 

63,816,000 

Total. .. . .. . .......... . .......... ..... .. .......... . . ............ . ...... S180, 711,000 

PowER HousE INSTALLATIONS 

1st tage-26--15,550 h .p. units (22ft. head) ... ...... ............ . ... .. . .......... . . .... .. 404,300 h.p. 
2nd tage-1Q-54,500 h .p. units (75·5 ft. head). . . . .. ... .... . . ... ......... ......... . . ...... 545,000 h.p . 
3rd Stage-28-36,800 h.p. units -(53 ft . head) .... . . . .................................. · ..... 1,030,400 h.p . 

Total. ............... .. .... ........ . .. . ............................. 1, 979,700 h.p. 



TABLE No. 25.-SOULANGES SECTION-NAVIGATION COMBINED WITH PARTIAL POWER DEVELOPMENT-HUNGRY BAY

MELOCHEVILLE ROUTE 

Balance of Power as in Recommended Project-(Ile aux Vaches Three Stage) 
NoTE.-Navigation and 1st Stage of Power Development Shown on P lates 56-57 ~ r 

~ ======================~====~================r===~==~=====
r====~==== 

I tern and description 

WoRKS SoLELY FOR NAVIGA'I'ION-

1. Channel excavation-

Classification Unit 

( a) Deep water in Lake St. Francis to below Hungry Bay,Exc-avation- Earth .. ....... ........ ·I cu. yd. 

guard lock. Earth over depth. ..... " 
Earth ................. . 
Dry rock ... .. . .. ... .. . . 

(b) Above flight locks to deep water in Lake St. Louis ... \Excavation- Earth ................. ·I cu. yd. 
Dry rock. .. ... .... . . . . " 
Wet rock .............. . 
Wet rock over depth .. . 

2. Breakwater, Lake St. Francis . . ............................ Sec Table No. 14- Item No. 2 (a) .. . .. . ...... . 

3. Hungry Bay guard lock and entrance piers ..... ... . .. . ...... See Table No. 14-Item No. 4 ....... ......... . 

4. Flight locks (single flight) and entrance piers ............... f:iec Table No. 14-Item No. 5 .. .............. . 

5. Bridges ... . .. .................. .. .................................................... . .......... . ....... . 

6. Property damages ..... . ............... . .. . .. . ............. Improvements . . ... ... . ... . ..... ... .......... . 
Lands ...... .. ...... . . . ... . ........... . ...... . 

7. anal lighting and office . . ... . .. . ........................... , ........................ . .......... . 

8. Engineering and contingencies .......................... . ... l12i per cent ........................ . 

9. Total. ..... .............. ······ · · · · ·· ······ ·· ·············· 

WoRKS CoMMON TO NAVIGATION AND PowER-

10. Channel excavation-
Below Hungry Bay guard lock to above flight locks .. .... . !Excavation- Earth .... ...... ...... . . 

Earth ........ . . . ... ... . 
Dry rock . ........... . . 

11. Dykes-Below guard lock to above flight lock ....... . ... . . !Earth fill ........ . .......... . ...... . 
Earth fill .... . ..................... . 
Rock fill. ... .. ... . . . .. ... .. ..... . .. . 

~~i~%i~g·. ·.· .· .· ~: : : : : : : : : : : : : : : : : : : : : 
Sodding .. . . .. .. ... . ............... . 
Paving-concrete ... ..... .. .. . .. . . .. . 

arried forward ........ ... ........ .. ..... . . ... ............................................. . 

Rate Quantity Amount Total 
--- --

$ cts. $ $ 

0·35 1,471,670 515,090 
0 35 163,340 57,170 
0 65 748,810 486,730 
1 60 131,950 211,120 

1,270,110 
0 45 902,000 405,900 
1 60 1,075,210 1, 720,340 
4 25 57,390 243,910 
4 25 6,600 28,050 2,398,200 

-
... .. ..... ...... .. . . .. ······· ..... 1,345,500 
... ... .... ..... ... .... ............ 1,805,890 
... .... ... ············ ... . . . ...... 7,684,440 
....... ... ............ ......... . .. 2, 099,450 
.......... ............ 161,010 
. ······ ............. . . 100,000 

261,010 
40,000 

16,904,600 
2,113,400 

19,018,000 
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TABLE 25-SOULANGES SECTION-NAVIGATION COMBINED WITH PARTIAL POWER DEVELOPMENT-HUNGRY BAY
MELOCH~VILLE ROUTE-Continued 

Balance of Power as in Recommended Project-(Ile aux V aches Three Stage) 
NoTE-Navigation and 1st Stage of Power Development Shown on Plates 56-57 

Item and description lassification Unit 

Brought forward ...... . .............................. . 

WoRKS COMMON TO NAVlGATION AND PoWER- Con. 
12. Supply weir south of guard lock ..... . .... . . . . . .......... . . ,Concrete ... ... . . .. . .. . .. . ..... . .... . cu. yd. 

Concrete. . ... ............ . .......... " 
Foundation contingency . . . . .. · ... . . . .......... . 
F.xcavation-Earth ... . · ~.. . ... . .. .. . cu . yd. 

Rock footings . . . . .... . . " 
Trench earth .. . . .. .. . . . 
Trench rock . .. . ...... . 

Sheeting anrl bracing . ... ..... .. ... . · IM.F.B.M. 
Gates, hoists, etc . . .. . .. . ... . . . .. . ........... . 

13 . Railroad diversions ......... . ............. . .... . .. . .. .. ..... . .. . . . . . ......................... . 14. Highway changes ........... . ....................... . .. . .. See Table No. 14-Item No. 8 .. .... . 15. Ditches .. . . .. ........... . ......... .. ........ . ............. See Table No. 14-Item No. 9 .. .. .. . 16. Fences ... ... ........ . ..... . . . . . . . ..... ... . . . . . .. ...... . ... See Table No. 14-Item No. 10 .. .. . . 17. Property damages ............ . ......... . ..... . ........... Improvements . . . .. .... . .... ... .. . . . 
Lands ... .. .. ...................... . 

18. Engineering and contingencies .......... . . . . . .. . ........... !12t per cent . ... ................... . . 

19. Total. . .. .............. . .... . ... . .... .. . . .... ... .. . . . . . . . . , .................... . ..... .. ... .. .. . 
WoRKS PRIMARILY FOR PowER-FIRsT STAGE-MELOCHEVILLE

Installed capacity, 283,800 h.p .-
(A ) Su BSTRUCTURE, HEAD AND TAIL-RACE ExcAVATioN, ETC.-

20. Channel excavation-
( a) Deep water in Lake St. Francis to below supply weir.IExcavat ion-Earth ......... . . . ..... ·I cu. yd. 

Earth . . ............ ... . " 
Earth over depth ..... . 
Dry rock ... . . ... .. . . . . 
Wet rock . ... . .. . .. . .. . . 
Wet rock over depth .. . 

(b) Above flight locks to power house ....... . . . .. .. ...... . !Excavation-Earth .......... ... .... ·I cu. yd. 
Earth .. ... . .. .. . . . . .. .. " 
Dry Rock .... . ..... .. . 

Rate 

$ cts. 

11 00 
9 00 

......... . 
0 65 
2 40 
3 10 
4 10 

110 00 
.... . ..... 

Quantity 

18,480 
9,150 

• •• • 0 ••••••• 

15,000 
6, 600 
4,050 

8RO 
108 

' ......... . . 

Amount 

$ 

203,280 
82,350 
20,330 
9,750 

15,840 
12,560 
3,610 

11,880 
132 ,900 

98,040 
506,000 

Total 

$ 
21' 018,650 

492,500 
274,940 
119,200 
436,440 
36,280 

604,040 
---

22,982,050 
2,872,950 

25,855,000 
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(c) Tail-race . .... ... ..... . ....... ................. . ..... . \Excavation-Dry rock .. ...... ... . . . 
Wet rock .. .. . . ... ..... . 

CU.)'d. 

Over depth ........... . 

21. Control works in Coteau Rapids .......... . ......... . .... .. I concrete .......................... . . 
Concrete .............. . ............ . 

u."yd . 

Foundation contingency ............ . 
Excavation-Rock footings ....... .. . 

Earth ......... .. ...... . 
Gates, hoists, etc .................. . 
Cribwork . ...... ................... . 
Unwatering ....... ..... . .... . . . . ... . 

22. Ice sluices and walls at power house .. . ... .. ......... . ..... I concrete ........................... . 
Concrete ................. . ........ . . 
Foundation contingency ............ . 
Excavation-Dry rock .............. . 
Gates, hoists, etc .......... ........ . 

23. Power house substructure ....... . ...... . ................ . . Concrete ... ... .... ................. . u. yd. 
Gates and racks .......... . ......... . 

24. Bridge aobe power house ..... ...... .... .... .... . ................................. · · ... ·. · · · · · · · 
25. Property damages ... .. ................. . ................. Improvements .. .. . .. .............. . 

Lands ..... ... .... . ...... .. ....... . . 

26. Engineering and contingencies . . ... .. ..... .. ..... .......... \12! per cent ... ..... . .. ......... . .... . 

27. Total. ... . ..... .... ......... .. .... ........ . ... . 

{B) MACHINERY AND SuPERSTRUCTURE-
28. Machinery, etc ..... . .... . ....... . ............... . .. ...... . !Generators and turbines-6-47,3 00 

h .p. units . . ....... . .. . . .. . . . . . . ........ .. . 
Switching ... .. .. ............................. . 
Service units and cranes .. . .................. .. . 
Superstructure ..... ..... ..................... . 

29 Engineering and contingencies .. . .... ....... ... ... .. .... .... \12t per cent . . .. ....... .. . .. . ... . ... . 

30. Total .... ............ . . .. ' .......... ... .........•......... .... ...... ... ... ... ........ 

·sECOND STAGE-ILE AUX VACHEB-404,300 Installed h.p. 

(A) CoTE A u RAPIDS ENLARGEMENT-
31. Same as Table No. 23-Item No. 7, less $4,422,000 .. ... .. . . 

1 60 822,86 ) 1' 316,580 

~ 960,290 
) 90,020 

4 25 225,95 
4 25 21,18 

) 154,440 
0 12,240 

11 00 14,04 
9 00 1, 36 

15;440 
) 22,470 
) 3, 900 

2 401 9,36 
0 65 6, 00 

151,400 
) 5 001 12,000 60,000 

200,400 

) 129,360 
) 750,780 

11001 11,76 
9 00 83,420 

12,940 
) 1 601 3, 450 5, 520 

37,700 

) 14 001 141, 570 1, 981,980 
424,300 

............ 
26,450 

100 000 

·········· .. 

. ............ 

4, 551,120 
1,152,000 

152,400 
914,640 

. ..... ....... 

. ....... ... .. 

. . ... ...... 

2, 366,890 

620,290 

936,300 

2,406 ,280 
215,540 

126,450 

15,057,120 
1, 882,880 

16,940,000 

I 

6, 770,160 
846,840 

7,617,000 

4,846,000 
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TABLE No. 25-SOULANGES SECTION-NAVIGATION COMBINED WITH PARTIAL POWER DEVELOPMENT- HUNGRY BAY
MELOCHEVILLE ROUTE-Concluded 

Balance of Power as in Recommended in Projectr-(Ile aux V aches Three Stages) 
NOTE-Navigation and 1st Stage of Power Development Shown on Plates 56-57. 

Item and description 

SECOND STAGE, Etc.-t:on. 
(B) SuBSTRUCTUREs, DAM, HEAD AND TAIL- RACE ExcAVATION, 

ETC.-
32. Same as Table No. 23- Item No. 26, less $558,000 due to 

decrease in cost of unwatering Cedars Dam ............... . 

) MACHINERY AND SUPERSTRUCTURE-
33. See Table No. 9-Item No. 30 ......... .... ... ..... . . .. .. . . 

THIRD STAGE-NORTH OF CASCADES POINT-327,000 
installed h.p.-

(A) SuPE.RSTRUCTURE, HEAD AND TAIL-RACE ExcAVATION-

Classification 

34. Head-race, Cedars to power house ......................... ,Excavation-Earth . ... . .... ...... .. . 

35. Tail-race and power house excavation ................ . ..... Excavation-Earth ..... .... ........ . 
Earth, over depth .... . . 
Dry rock .. ....... .... . 
Wet rock .............. . 
Wet rock over depth .. . 

Unwatering ...... ..... . . ... . . ...... . 

36. Dikes- above power house ............................. . .. ,See Table No. 23-Item No. 30 .... . . 
37. Ice sluices and walls at power house ....................... See Table No. 9-Item No. 34 . . .. . . 
38. Power house substructure ................................. Concrete .... . ... . ............... ... . 

Gates and racks .... . .. . . ........ . .. . 

39. Highway changes .... . ....... . ............. ... .... ... ..... ,See Table No. 23- Item No. 33 ..... . 
40. Property damages ................. . ..... .. ....... . ....... See Table No. 23-Item No. 34 .... . . 

41. Engineering and contingencies ............. . ............. . . 112! per cent ............. .. ......... . 

42. Total. .............. .. ............................ . . ... .................... ... ..... . 

(B) MACHINERY AND SuPERSTRUCTURE-
43. Machinery and superstructure ............................. 1 Generators and turbines-6-54,500 

h.p. units . ........... .. ... ....... . 
Switching ....... ..... .. . . . . . . ..... . . 
Service units and cranes . .... .. ..... . 
Superstructure .. . . ............ . .... . 

Unit Rate 

$ cts . 

Quantity Amount Total 

$ $ 

35,548,000 

24,586,000 
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44. Engineering and contingencies . .......... ... .... . .. . ....... !12! per cent ...... . . ......... ... . . .. . 

45. Total. ........ . ..... . . . ...... ... ... ... ......... 1 ••• • • •••••• •••• ••• ••• •• ••••• •• •••••• 

FOURTH STAGE-CASCADES RAPIDS- 1,030,400 installed 
h.p.-

(A) SUBSTRUCTURE, HEAD AND TAIL-RACE EXCAVATION-
46. Same as Table No. 9- Item No. 51, less $366,000 due to 

decrease in cost of unwatering Cascades Dam ............. . ·· · · · ····· ······· · · · ······ ..... · · ········· ..... 

(B) MACHINERY AND SuPERSTRUCTURE-
47. See Table No. 9-Item No. 54 . ... ........................ . ···· ·········· ·· · · ··· ····· · ···················· ····· · ····· ···· ·· ·· · ···· ·· ··········· 

SuMMARY 

FIRST STAGE-NAVIGATION AND POWER VIA HUNGRY BAY- MELOCHEVILLE-Installed 
capacity 283,800 h.p.-

Works solely for navigation ................................................................................... Item No. 9 . 
Works common to navigation and power ......... . ............................................................ " 19 . 

19,018 ,000 
25,855,000 

Works primarily for power . .... . -
Substructure, head and tail-race excavation, etc ................. ... ....................................... " 27 . 
Machinery and superstructure.. ............................... .. .. ... . ....... ............................. " 30 ..... . 

16,940.000 
7,617,000 

SECOND STAGE-POWER AT ILE AUX VACHE8-Installed capacity 404,300 h.p.-
Coreau rapids enlargement .. .. .. .... . ............... . ....... . ................................................. \Item No. 31. .... . 
Substructures, head and tail-race excavation, etc...... ... .. ............. .. ............. . ............. . ......... " 32 ..... . 
Machinery and superstructure ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . " 33 ..... . 

4, 846,0001 
35,548,000 
24, 586,000 

THIRD STAGE-POWER AT CASCADES POINT- Installed capacity-327,000 h.p ... . -
Substructure, head and tail-race excavation, etc .............................................................. ·J item No. 42 ..... . 
Machinery and superstructure................................................................................. " 45 .. .. . . 

FOURTH STAGE-POWER AT CASCADES ISLAND- Installed capacity- 1,030,400 h .p.-
Substructure, head and tail-race excavation, etc .............................................................. ·J item No. 46 .. .. . . 
Machinery and superstructure ...... .. ............ .. ............................... . ...................... . .... " 47 ..... . 

16.742,0001 
8, 931' 000 

30, 165,000 
33' 285. 000. 

992,060 

8, 931,000 

30,165,000 

33.285,000 

69,430,000 

64,980,000 

25,673,000 

63,450,000 
----

ToTAir-Total installed capacity-2,045,500 b.p . .. ..... ... . ............. . ................... . ..... . .... . , ,,,, •••••••••I 223' 533. 000 
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374 St. Lawrence Waterway Project 

TABLE 26.- OULA TGE ECTIOI'\- A VIGATION A D PARTIAL POWER DEVELOP-
MENT VIA H GRY BAY-MELOC HEVILLE-BALA CE OF POWER A 

RECOMME DED PROJECT 

Diver ion to Melocheville for Power, 15,500 c.f.s. 
N .n'IGATIO '- ia Hungry Bay-M elocheville route. 
PowER-Four-stage development-

! t tage-Melocheville .. ................ . ..... . ................. . .. . ... . ......... . . 
2nd tage-Ile aux V aches ........... . ......... .. ... . ................. . ..... . ...... ... . 
3 tage- orth of Ca cade Point .. ... . . . . ...... . ............. .. ........... . ....... . . . 
4th tage-Ca cade Rapid . .......................... .... ................ . ... . . . .... . 

116,000 h.p. 
370,000 h.p . 
384,000 h.p . 
762,000 h.p. 

1 T TAGE-
\Vork solely for navigation ( ingle flight lock) .. .. ......... . . . ........ . .... S 19 ,676 , 000 
Work common to navigation and power.................................... 17,048 , 000 
\ ork primarily for power-

ub tructure, head and tail-race excavation .......... . ..... .. ... . ....... 9, 199,000 
Mach inery and super tructure........... . . . . . . . . . . . . . . . . . . . . . . . . . . 3, 945 ,000 

----.$ 49,868,000 
2ND TAGE-

Coteau Rapids enlargement ...................................... ... . .... .. $ 7, 10 , 000 
ub tructure , head and tail-race excavation, etc ... .. ....................... 35,834,000 

Machinery and super tructures ........... . .... . ....... .. ........ ...... ..... 24,586,000 

3RD • TAGE- ----- 67' 528' 000 

ub tructure, head and tail-race excavation ................................. S 20,734,000 
Machinery and uper tructure........ . .. . ....... . ............ . . ... ....... .. 11,742, 000 

4TH TAGE- 32,476,000 

ubstructul'e, head and tail-race excavation .... . ...... . ..... ... ... ......... . S 30,352,000 
Machinery and superstructure. .... . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33,285,000 

63, 637' 000 

Total. .................................................... . ............ $213,509,000 

PowER Hou E IN TALLATIO 

tage- 3-47,300 h.p . units (77 ·5 ft. head )............................................ 141,900 h.p . 
tage-26-15,550 h.p. unit (22ft. head)....... . ............ . ....... . ................ . 404,300 h.p. 
tage- -54,500 h.p. unit (75·5 ft. head)... ... . ......................... . ........... 436,000 h.p. 
tage-2 -36,800 h.p. unit (53ft. head ) .............................................. 1,030,400 h.p. 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2, 012,600 h.p. 

TABLE 27.- 0 LA GE ECTIO.- AVIGATIO A D PARTIAL POWER DEVELOP-
ME T VIA H IGRY BAY-MELOCHEVILLE-BALA CE OF POWER AS I 

RECOMMENDED PROJECT 

Diver ion to Melocheville for Power, 31,800 c.f.s. 

For detail - ee Table 25 
K A VIGATION-\ ia Hungry Bay-Melocheville route. 
PowER-Four- tage development-

1st tage-Melocheville ............................................................... 239,000 h.p. 
2nd tage-Ile aux V aches . ........ . ... . ........................................ .. ..... 370,000 h.p. 
3rd tage- orth of Ca cades Point .. .. . .. ...... . ....... ..... ..... . ... . ......... . . . ... 261,000 h .p. 
4th tage-Cascades Rapid .... .. ...... . .. ... .. . . . .. . . . .. .. .. ... .. . ......... . . ... . .... 762,000 h .p . 

1 T TAGE-

2ND 

Work solely for navigation . ........... .... . .. ................ ... . .. ........ $ 19,018,000 
Work common to navigation and power........ . ................. . ......... 25,855,000 
Work primarily for power-

ub tructure, head and tail-race excavation...... ...... .. ....... . ... . . . . 16,940,000 
Machinery and superstructure .... . . ... ... . . . . . . . . . . . . . . . . . . . . .......... 7,617,000 

----S 69,430,000 TAGE-
oteau Rapids enlargement ....... .. ... ... ...... . .... ... .. ... .. ... ........ . S 4,846,000 
ub tructures, head and tail-race excavation, etc ... .. .. .. ... . ............... 35,548,000 

Machinery and superstructures .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24,586,000 

3RD TAGE- 64,980,000 

ubstructure, head and tail-race excavation ................................. $ 16,742,000 
Machinery and superstructure................... . ........ ... . ... . . ........ . 8, 931,000 

4TH TAGE- 25,673,000 

ub tructure, head and tail-race excavation ................................. S 30,165,000 
Machinery and uperstructure .... .. ...... .. . . .............................. 33,2 5, 000 

63,450,000 

Total. ........ ...... .... ........ ...... ............. .................... S223, 533, 000 



St. Lawrence Waterway Project 

TABLE 27-Con.-PowER Hou E I TALLATION 

tage- 6-47,300 h.p. units (77 · 5 ft . head ) ........................................... . 

tage-26-15,550 h.p. unit (22ft. head ) ..... ...... .. . ..... .. ....... . . ... .. . ....... . . . 

tage- 6-54,500 h.o. unit (75·5 ft . head ) .......... . ............... . ....... . ........ . 

375 

283, 00 h.p. 
404,300 h.p. 
327' 000 h.p. 

tage-28-36,800 h.p. unit (53ft. head ) ........... ... .................. . ............ . 1, 030 , 400 h .p. 

Total. .......................... .. .... ... ..... . ...... . .......... ... . 2, 045,500 h.p. 

TABLE 28.- O"CLA~GE ECTIOX-KAVIGATIO- AND PARTIAL POWER DEVELOP-

MEKT VIA H"GXGRY BAY-.MELOCHEYILLE-BALA_ E OF POWER A I 

1 TA D 3RD TAGE OF RECOMME DED PROJECT 

Diver ion to Melocheville for Power, 66 ,700 c.f. 

NAVIGATION-Via Hungry Bay-Melocheville route. 
PowER-Three- tage development-

} t tage-Melocheville . . ................. . ....... . ..... ... ........... . ..... .. ........ 500,000 h.P· 

2nd tage-Ile aux V ache . ................................................... .. .. ... .. 370,000 h.P· 

3rd tage-Ca cade Rapid .... .. ............... . ..................................... 762,000 h .p. 

1 T TAGE-
" ork olely for navigation ................................................. 19, 73,000 

Work common to navigation and power................... .. ............... 44 ,594 ,000 

Work primarily for power-
ub tructure, head and tail-race excavation............................. 33,719,000 

Machinery and uper tructure.... . .......... . .......................... 15 , 143 ,000 

2 ;1) TAGE- 8113,329,000 

Coteau Rapid enlargement ......... ... .. . .. .. ...... ... ... . ................ S 1, 763, 000 

ub tructure , head and tail-race excavation, etc................ . .... . ...... 34,936, 000 

Iachinery and uper tructure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 ,5 6, 000 

3RD TAGE- 61,285,000 

ub tructure, head and tail-race excavation .. . ...... . ........ . .. . ........... 29, 79,000 

Iachinery and uper tructure.... . ......................................... 33, 5, 000 
63, 16-±, 000 

Total. ........... . ..................................................... , 237,778,000 

PowER Hou E I - TALLATION 

1 t tage-12-47,300 h.p. unit (77-5ft. hea.d). ........................... .. ... . .... .. .... 567,600 h.p . 

2nd tage-26-15,550 h.p. unit (22ft head)............................................... 404,300 h.p. 

3rd tage-2 -36 , 00 h.p. unit (53ft. head) ...... . . ..... ............... ..... ............. 1, 030, 400 h.p . 

Total. ................. . ......................................... . .. 2, 002,300 h.p. 

TABLE o. 29.- 0 LAXGE E TIO -TABLE HO\'i' I ~G RELATIVE OVERALL CO T 
OF CREME OFIMPROVEME T 

Interest during con truction and marketing period at 5% . 
onstruction program planned for expenditure of SlO,OOO,OOO per year. 

"A"-RecommendedProject-IleauxVache Three tageProject. ( eeTab1e ~o .9,10,11,12and13.) 

"B"- eparate ~avigation & Power Work . Kavigation via Hungry Bay- Melochville Route . 

Power a in Recommended cheme-Ile aux ache Three tage Project. 

"C"-Four tage Project-15,500 c.f. . via Hungry Bay-).1elocheville (Canal 300' x 25'-Vel. 2·0 f.s.). 

Balance of Power a in Recommended Project. ( ee Table No. 26) . 

"D"-Four tage Project-31 , 00 c.f .. via Hungry Bay-Melocheville (Canal360' x 35'-\ el. 2t f.s.). 

Balance of Power a in Recommended Project ( ee Table o. 27 ). 

"E"-Three tage Project-66, 700 c.f. . via Hungry Bay-Melocheville ( anal 790' x 35'- el. 2t f.s.). 

Balance of Power a in 1 t and 3rd tage of Recommended Project. ( ee Table o. 28). 

1. Assuming no transfer of power between 
Province-

(a ) Power marketed at 40,000 h.p. per 

"A" ''B" "C' "D" "E" 

year ............. . .... .. .... .. .. .. 260, 372, 000 263,239,000 265,629,000 276,293,000 319,958,000 

(b) Power marketed at 75,000 h.p . per 
year .............................. 239 , 012,000 241, 69 , 000 246,159 , 000 256,713,000 290,888,000 

(c) Power marketed at 150,000 h.p. per 
year.............................. 228,332,000 231.069 , 000 236 ,379 ,000 246,843,000 276, 198,000 

2. Assuming Quebec upplied with 200,000 
h.p . from International ection-

(a) Power marketed at 40,000 h.p. per 
year.............................. 281,042,000 265,239,000 267 ,629,000 27 , 293,000 321,95 , 000 

(b) Power marketed at 75,000 h.p. per 
year .............................. 249,512 , 000 243, 69,000 24,159 ,000 25,713,000 292, 8,000 

(c) Power marketed at 150,000 h.p. per 
year . .. .. . .. . .................... . 

NOTE.-82,000,000 ha been added to cheme "B," " ," ''D," and "E" a the difference in value of the 

navigation canal via Hungry Bay-::VIelocheville over that of the Recommended Project. 

S2,000,000 has been added to all cheme under o. 2 to cover co t of renewing generator in Barn

I sland Power House from 60 cycle to 25 cycles. 



TABLE No. 30.-LACHINE SECTION-RECOMMENDED PROJECT-NAVIGATION ALONE 
Qee Plates Nos. 62- 64 

Item and description Classification Unit Rate Quantity 

1. Channel excavation- $ cts . 
{a) Deep water in Lake St. Louis to Lachine Wharf. .. .. . ..... Excavation-Earth . ....... ..... ..... Cu."yd. 0 65 3, 728,700 

Earth, over depth ..... 0 65 257,680 
Wet rock .. .......... . . " 3 00 294, 100 
Wet rock, over depth .. " 3 00 33,340 
Wet rock .. . .... .. ..... " 4 2.5 221,500 
Wet rock, over d~pth . . " 4 25 56,510 

(b) Lachine Wharf to Verdun Lock ...... .. . .... . .. ........... Excavation-Earth ............. . ... Cu.]d· 0 65 5, 907 t 980 
Dry rock .............. 1 20 837,630 
Dry rock . . .... . ....... " 1 60 122,010 
Wet rock . . . . ......... . " 3 00 274,700 
Wet rock . . .......... .. " 4 25 91,570 
Wet rock, over depth . . " 4 25 62,300 

Close drilling ...................... . Sq. ft. 0 45 79,300 
(c) Above guard gate to control dam .. .......... . .... ...... .. Excavation-Earth ........... . ..... Cu."yd. 0 65 889,200 

Dry rock ... ... . ....... 1 20 163,000 
{d) Verdun Lock to Nun's Island Lock ........... .. . ......... Excavation-Earth ................. Cu."yd. 0 65 645,820 

Rock . ...... ...... .. . . . 1 20 255,120 
Close drilling ... .................... Sq. ft. 0 45 38,630 

{ e) Nun's Island Lock to Montreal Lock .... . . .. ...... . . . ..... Excavation-Earth ..... .. .... .. .... Cu.]d. 0 65 372, 120 
Rock .. .. . . .. .. ........ 1 20 972,550 

Close drilling .. ..................... Sq. ft. 0 45 161,140 
U n watering . ... . . . .. ............... .... . . . . .. .. . ... ... . . ...... . . . .. 

(f) Below Montreal Lock ...... .............. . ................ Excavation-Dry rock ........ ... ... Cu."yd. 1 20 558,140 
Wet rock .... .......... 3 00 211,490 
Wet rock, over depth . . " 3 00 10,000 

Close drilling ....................... Sq. ft. 0 45 37,230 
2. Dykes and walls-

(a) Rock fill north of Dorval Island ..... ..... ....... . ........ Rock fill ... .... .................... Cu. yd . 0 25 718,270 
(b) Lachine Wharf to V erdun Lock . . . . . . . ............... ..... Concrete ....... . . ... ............... Cu."yd. 9 00 16,680 

Concrete paving ........ . . . . .. ...... 11 00 54,300 
Cribwork .............. .... ........ " 5 00 148,200 
Earth fill ........... . .. .. .. ..... .. .. " 0 42 1,288,570 
Rock fill ........ . . ..... ............ " 0 60 108,900 
Stripping ....... ... ................ . " 0 65 239,630 

Amount 

$ 

2,423, 660 
167,490 
882,300 
100,020 
941,380 
240,170 

3,840,190 
1, 005,160 

195,220 
824,100 
389,170 
264,770 
35,690 

577,980 
195, 600 

419,780 
306, 140 

17,380 

241,880 
1,167,060 

72,510 
547,400 

669,770 
634,470 
30,000 
16,750 

179,570 

150, 120 
597,300 
741,000 
541,200 
65,340 

155.760 

Tot.al 

$ 

4, 755,020 

6, 554,300 

773,580 

743,300 

2, 028,850 

1, 350,990 

179,570 
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Trimming .. ..................... . . . 
Sodding ...... ....... . . ............ . 

Sq.]d. 

Unwatering ............ . .. . .... ... . . 

(c) Verdun Lock to Nun's I sland Lock .... . .................. !Excavation- Earth .... ........ . .. . . 
Eart.h fill .......... . . ...... . ....... . 

u."yd. 

Earth .fill. .. .. . .................... . 
Rock fill ...... .... . ... . ... ........ . 
Trimming ............ . ...... . ..... . 
Concrete paving ................... . 
Stone face . .. .................. . ... . 
Stone face on Verdun Dyke .. ...... . 

(d) Nun's I sland Lock to Montreal Lock ... .. . ." ... . ........... lconcre~e . ... ..... ... . . ......... ... . 
Earth fill. ... . . ............... . .... . 

u."yd . 

Rock fill .. .. .... .. .. .. ...... . ..... . 
Stone face . . ...... . ....... . ........ . 
Trimming ......................... . 

(e) Sout h end of cont rol dam ................................. !Earth fill ........... . .............. . 
Rock fill .......................... . 

u."yd. 

3. ontrol works- Lake of Two Mountains ... . .. . ............... . u."yd . oncrete ....... .. . .. ...... . ........ . 
excavation- Rock .. .. .. ... ........ . 
arth fill .......................... . 
offerdam ... ... ................... · 1 Lin. ft. 

Stop logs .. : .... . ... . ............... M.F.B.M. 
Stop log hOJsts.... .. . ......... . ..... Each 

4. ontrol d am at !le au Diable ... .. . ..... . .... .... ............ . oncrete .. .... .. . .. . .............. . 
oncrete . . . .... .................. . . 

u."yd. 

Foundation contingency ............ . 
Excavation- Earth ................ . 

Earth , t rench ......... . 
u."yd. 

Rock f ootings . ........ . 
Rock trench .. . ....... . 

Sheet ing and bracing ..... . .... . ..... IM.F.B.M. 
Reinforcing steel .. . . . . . . . . . . . . . . . . . . Ton 
Superstructure and gates ....... . ............ . 

nwatering .. ......... . ... ........... . ....... . 

5. Guard gate, entrance piers and weir ............................ !Concrete . ... .... . ..... ... ..... .. ... . 
Concrete ..... . ...... . .. .. ..... . .... . 

u.,?d . 

Foundation contingency ... . . ...... . . 
Cribwork . .... . .. . . ................ . 
Excavation-Rock ... . . ......... .. . . 

u."yd . 

Rock footings . ..... ... . 

Carried forward ........ .... ........ . ... ... .... .... . . . , . .. .... .. . ... ................ ... ... . 

0 251 146,76 
0 45 14,00 

J 
I 

0 65 
0 42 
0 70 
0 26 
0 25 

11 00 
0 65 
0 75 

9 00 
0 65 
0 20 
0 65 
0 25 

1 10 
2 20 

18 00 
3 00 
0 30 

50 00 
90 00 

5,000 00 

9 00 
11 00 

0 65 
3 10 
2 40 
3 70 

110 00 
100 00 

390,35 
311,40 

1,434, 28 
203,68 
111,99 

12,30 
61,44 
78,37 

119,21 
521,69 
103,10 

.52, 11 
52,61 

I 
I 

J 
I 
I 

~ 
I 

J 

I 
I 
I 
I 
I 

4,950 
2, 750 

8, 450 
4,550 
2,000 
4, 700 

34 
3 

8,270 
133,480 

10, 120 
1, lOO 

62,190 
1,200 

27 
50 

9 001 50,390 
11 00 2, 970 

I 
) 

I 
) 

I 

5 001 6,430 
1 20 15,620 
1 80 1, 630 

36,690 
6,300 

166,460 

253,730 
130,790 

1 t 004,000 
52,960 
28,000 

135,300 
39,940 
58,780 

1, 072, 890 
339, lOO 
38,620 
33,870 
13,150 

5,450 
6, 050 

152, 100 
13,650 

600 
235,000 

3,060 
15,000 

74,430 
1 t 468,280 

146,830 
6,580 
3,410 

149,260 
4, 440 
2, 970 
5, 000 

1,684,700 
1, 559,250 

453,510 
32,670 
3,270 

32, 150 
18,740 
2,930 

.... . ....... 

2,460, 170 

1, 703, 500 

1,497, 630 

11, 500 

419, 410 

5, 105, 50 

27 ,582,9 70 

V:l 
;to 

~ 

~ 
~ 
~ 
C) 
et> 

~ 
~ 
<"1-
<:t> 

~ 
~ 
~ 
0 

'->. 
et> 
C) 
<"1-

w 
....... 
....... 



TABLE No. 30-LACHINE SECTION-RECOMMENDED PROJECT-NAVIGATION ALONE-Contiuued 
See Plates Nos. 62-64 

I tern and description lassification Unit Rate Quantity 

Brought forward ..... . ... . ............. . . . ....... . ... . $ cts. 

5. Guard gate entrance, etc.-Con . .. . ..... . .. ..... .... . ... ... .. . . !Excavation- Rock trench ...... . .... C u. yd. 3 70 370 Earth trench. ... . ...... " 3 10 610 

I
Sheeting-Bracing ... . .. . ....... . .. . M.F.B.M. 
Close drilling ...................... . Sq. ft. 
Lock gates , operating machinery, etc . ......... . 
Sluice gates , hoists , etc ... . .................... . 

110 00 11 
0 45 3,360 

·········· ............ .......... .... . . .. .... 

9 00 206,830 
11 00 8,360 

.......... ········· ... 11 00 3,450 
0 65 15,370 
0 65 568,680 
3 10 4,620 
1 20 134,580 
1 80 5,340 
3 70 410 
0 45 91,760 

110 00 59 
.. . .. . .... .. . .. .. .. .. . 
. ········· ............ .......... ····· · · .. . .. 

6. Verdun Lock, entrance piers and weir ..... . ...... . ......... .. . I Concrete ... . . . ..................... Cu. yd. 
Concrete ..... . .. . .................. " 

I 
Foundation contingency .. . .................. . . 
Concrete paving ..... . ...... . . . . . . . . . Cu. yd. 
Stone face on bank. . . . . . . . . . . . . . . . . . " 
Excavation-Earth .. .. ... . .... . ... . 

Earth trench ........ . . 
Rock . ... ............. . 
Rock footings ... . ..... . 
Rock trench . ......... 1 I Close drilling ......... . ............. Sq. ft. 

Sheeting and bracing .. . ............. M.F.B.M. 
Lock gates and operating machinery ......... . . 
Lock valves and operating machinery ......... . 
Sluice gates , hoists, etc ... .. ..... . .... . ... . ... . 
Fenders, capstans, lighting equip-

...... .. .. ... .. .. .. .. . 

.. .. . . .... . .. ... . ... . . 

.. . ....... . .... ..... .. 

ment, etc .. . ... . ........ . . . ....... , ....... .. . 
Emergency lock gate . .. ... . . . ....... . ..... . . . . 
Unwatering . . .. . .. . . . ...................... .. . 

9 00 147,860 
11 00 4, 710 

... .. ..... . ...... .. .. . 
0 65 20,870 
3 10 60 

7. Nun 's I sland Lock, entrance piers and weir ... . ...... . ......... ,Concrete . ........................... Cu. yd . 
Concrete .... .. ..... . ....... . . .. ..... " 
Foundation contingency . . . . . . . . . . . . . . ........ . 
Excavation-Earth . . .......... . ..... Cu. yd . 

Earth trench . . . . . . . . . . . " 
1 20 190,610 
1 80 1, 740 
3 70 280 
0 45 94,960 

110 00 2 
11 00 2,480 

Rock .. ... . . . . . . ...... . 
R0ck footings . ... ......... . . . ...... . 

Rock trench . . ...... . . . 
Close .drilling .... ·: ... . ... . ........ · J Sq. ft. 
Sheetmg and bracmg . ... . . ........ . . M.F.B.M. 
Concrete paving . . . . . . . . . . . . . . . . . . . . . Cu. yd . 

Amount 

$ 

1,370 
1,890 
1, 210 
1,510 

265,0001 
33,800 

1,861,470 
91,960 
9,200 

37,950 
9,990 

369,640 
14,320 

161,500 
9,610 
1,520 

41,290 
6,490 

641,500 
100,000 
30,800 

196,700 
175,000 
769,580 

I 
1,330, 740 

51' 810 
5,180 

13,570 
190 

228,730 
3,130 
1,040 

42,730 
220 

27,280 

Total 

$ 
27,582,970 

848,050 

4,528,520 
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Lock gates and operating machinery .

1 

......... . 

Lock valves and operating machinery ......... . 
Rluice gates, hoists , etc ............ . .. ..... ... . 
Fenders, capstans, lighting equip-

Unwatering .. ................................ . 
m ent, etc ..... .......... ... ... .... 

1 

......... . 

8. Montreal Lock . . .. ........ . ... .. , .. .. ... .. ................ I Concrete....... . . . . . . . . . . . . . . . . . . . . . Cu. yd. 
Excavation- Rock . ... .... . ..... . ... " 

lose drilling ................. . ... . . 
oncrete paving ..... . . ... . . . ..... . . 

Lock gates and operating machinery .
1 

........ .. 

Lock valves and operating m achinery .... . . ... . 
Fenders, capstans, lighting equip-

ment, etc . ... ........... . ........ . 
Unwatering .. ... ........... .. . ... .. . 

9. Culverts under canal for Montreal aqueduct ..... ........... !concrete ........................... ·I C u. yd . 
Excavation- Earth.. .. .. .. .. .. . . . ... " 

Earth trench ......... . 
Rock ................. . 
Rock trench .......... . 

Removal concrete walls ............ . 
Sheeting and bracing ..... . .......... IM ft. b.m. 
C lose drilling ....................... Sq . ft. 

~~:~~~~~~~~~~.~s.' .~~~s.~~~~:.~~~~~~ :::::::::: 
10. Subway above Verdun lock .. ... ... ....... . .......... . .... IQoncrete ........................... . Cu. yd . 

Sq. yd. 
u."yd . 

Macadam ... .. . .................... . 
Excavation--Earth . .. .......... . ... . 

Rock ................. . 
Rock trench . .. ....... . 

lose drilling ...................... . Sq.r ~ . 

Pumping equipment .. . .. . .......... . 

11. Culverts at west end of Victoria Bridge ........ ....... . .... !Concrete . ........ ......... . ... . .... ·I Cu. yd . 
Excavation-Earth.. . ... .... .. ...... " 

Earth trench . ... ..... . . 
Rock . .... ............ . 
Rock . ... . . ... . .. .. ... . 
Rock trench .......... . 

lose drilling . .................. . .. · 1 Sq . ft. 
Sheeting and bracing ......... . .. . . .. M ft. b.m. 
Girders, etc., for maintaining traffic ...... . . .. . 
Stop logs and hoists . . . . . . . . . . . . . . . . . . ... ... .. . 

Carried forward ..... .. .. .. ... . . ... ..... .. ....... .. .. . 

9 00 
1 20 
0 45 

11 00 

11 00 
0 65 
3 10 
1 20 
3 70 
1 60 

110 00 
0 45 

11 00 
2 00 
0 65 
1 20 
3 70 
0 45 

11 00 
0 65 
3 10 
1 20 
1 80 
3 70 
0 45 

110 00 

174,74 
285 ,20 
139,29 

2,25 

~ 
I 
~ 

~ 

51,050 
32,200 
13,560 
22,600 

840 
1,800 

240 
13,800 

14,720 
7,480 

79,450 
47,100 

230 
28,070 

36,660 
89,250 

8,900 
33,110 
9,200 

940 
51,560 

300 

582,000 
100,000 
42,200 

196,700 
1 t 095,950 

1,572,660 
342,240 

62,680 
. 24,750 
650,500 
100,000 

196,700 
88,550 

561,550 
20,930 
42,040 
27 t 120 
3,110 
2,880 

26,400 
6,210 

15,600 
52,090 

161,920 
14,960 
51 t 6~0 
56,520 

850 
12,630 
5,000 

403,260 
58,000 
27,600 
39,730 
16,560 

3,480 
23,200 
33,000 
86,550 
13,380 

.......... . . 

3, 721,470 

3, 038,080 

757 t 930 

303,520 

704,760 

41,485,300 
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TABLE No. 30.-LACHINE SECTION- RECOMMENDED PROJECT-NAVIGATION ALONE-Concluded 
See Plates Nos. 62- 64 

I tern and description Classification Unit Rate Quantity 

$ cts. arried forward ... .. ........ .. ...................... . 

12. Bridges:-
(aJ C.P. Ry. Vertical lift at Lachine .. ..... ... ... ......... !Substructure ..... .................. . 

Superstructure ..................... . 

(b) Victoria bridge .... . .... . .. . ............ . ............. !Substructure .. .. ...... . . . ......... . . 
Superstructure .. . .. ......... .... ... . 

13. Removal of Lachine hydraulic plant ... . ........ ........... 

1 

.... . ... . ......... .... ............. . 

14. Water supply to Verdun and Westmount .. . ..... . . ... . ... .. 5 ft. diam. pipe ...... ............... . 
6 ft. diam. pipe ..... ................ . 

lin . ft. 20 00 4,400 
(( 25 00 7,300 

15. Highway changes ... .. .................................... JFirst class roads ... ................ . 
Macadam .. . . .................. .... . 

lin. ft. 8 00 5,300 
Sq. yd . 2 00 38,900 

16. Property damages-
(aJ North Shore ..... ....... . ......... . ................... !Local water supply below Lachine 

~ridge . ....... ...... . ............. 

1 

........ .. 

Right-of-Way-Lands . . ... .... . ......... .. ... . 
Improvements .... . ........... . 

(b) South Shore ....... ................. ............ .. .. .. !Right of Way-Lands ............... 
1 

........ .. 

Improvements ........ . ....... . 

17. anal office and lighting . ..... ... .... ·. · · ···· ············ ·l ~~h~i~g::: : :::::::::::::::::::::::: 1:::: :::::: 

18. Engineering and contingencies .. .... . ............. ... ... ... . Jl2h 0 ...................... ..... . .. . 

Amount 

$ 

224,000 
536,740 

88,000 
182,500 

--
42,400 
77,800 

Total 

$ 
41,485,300 

760,740 

1,157,470 

240,000 

270,500 

120,200 

2,826,170 

136,820 

110,000 

47,107,200 
5,892,800 

19. Total. .. .................... . ... . ............. I ........ .. ... .... ... ..... ....... ... . • • • • • • . , . , . , I$ 53 t 000 t 000 
20. If the Control Dam to raise the low water level of Lake St. 

Louis is not included, the total cost for improvement for 
navigation alone becomes ................. .. .............. 1 .............. . ......... ............ J .......... J .......... J .......... .. 1 ...... . ... . . J$ 50,848,000 
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Saving if Naviga-
tion channels made 

Item and Description Classification Unit Rate 23 ft. deep origin-
ally 

Quantity Amount 

$ 

21. Deep watflr in Lake St.. Louis to Lachine Exeava~ion-Earth . ... .. ............ Cu;,yd. 0 65 571,530 371,490 

wharf. Earvh overdepth . .... . . 0 65 .......... ... . ... . . . 
Wet rock . . .. ....... ... . " 3 00 60,010 180,030 
Wet rock overdept.b ... . " :1 00 . . . .. ····· . .. ...... . 
Wet rock .. ............. " 4 25 108, 9GO 463,040 
Wet rock overdepth .. . . " 4 25 . . . . ...... ····· ... . . 

22. Lachin<' wharf to Verdu·n lock ....... . ... Excavation- Earth .. .. .. ............ Cu;,yd. 0 65 123,580 80,270 
Dry rock .. ... . ..... .. . 1 20 224,590 269,510 
Dry rock ............ . . " 1 60 17,000 27,200 
Wet rock . .... . ...... . .. " 3 00 94,920 284,760 
Wet rock .. .. .. ...... .. . " 4 25 31,640 134,470 
Wet rock overdepth . ... " 3 00 · ··· ···· · · .......... 
Wet rock overdepth .... " 4 25 · ········· . ········· 

23. Verdun lock to Nun's Island lock .. ...... Excavation-Earth ... ......... .... .. Cu;,yd. 0 65 118,260 76,870 
Earth overdcpth .. . .... 0 65 ..... . .... ... . ...... 
Dry rock ............ . . " 1 20 107,990 129,590 
Wet rock overdept h ... . " 3 00 · · ········ .......... 

24. Nun's Island lock to Montreal lock ...... Excavation- Dry rock . .. . ........ . . Cu. yd. 1 20 126,450 151,740 
Wet rork .. . ... ..... . . . . " 3 00 . .. ...... . ····· ·· · · · 
We. rock ovordepth . . . . " 3 00 · · ····· ... . ········· 

25. Below Montreal lock .. . .. .. . ... .. ....... Excavation- Dry rock .............. Cu.yd. ~ 20 39,320 47,J80 
Wet rock .. . ... .. . ...... " 300 16,980 50,940 
Wet rock overdepth ... . " 3 00 ··· ·· ····· · ········ · 

2, 267' 090 
249,910 

26. Engineering and contingencies . . .. . ....... 12~% approximately .. . ....... . .. . . . . ·· · ··· · · ........ .......... 
27. Totals .. . ......... . ....... . . ···· · ················ ······ ....... . . ········ ........ . . .... . ... 2, 517' 000 

Additional Cost if 
navigation channels 
made 27 ft. deep 

ongmally 

Quantity Amount 

\1 
678,960 441,320 

...... .... . ..... .... 
37,150 111,450 

...... .... . ... ...... 
139,510 592,920 

.. . . ······ .......... 
76,570 49,770 

274,350 329,220 
15,660 25,060 
98,900 296,700 
32,980 140,170 

· · ········ ···· · ····. 
. . .. . ..... . .. .. . . . . . 

194,200 126,230 
.......... ..... ... . . 

86,990 104,390 
. . . . . ..... .. ...... .. 

1:15,200 162,240 

···· ·· ··· . . ... .... . . 
.......... ..... ... .. 

40 ,130 48,160 
31,830 95,490 

········ · · .......... 

2, 523, 120 
315,880 

2,839,000 

Cost of Future 
enlargement from 

25 ft. to 30 ft. 
deptb 

Quantity Amount 

$ 
1,671,000 1,086,150 

333,700 216,9v0 
113,630 340,890 
21,480 64,440 

357,300 1,518,530 
80,810 343,440 

172,650 112,220 

·· ··· ··· · . . . . ..... . . 

842,570 2, 527,710 
68,860 292,650 

135,010 405,030 
93,040 395,420 

319' 800 207,870 
3l,ll0 20,220 

89,180 268,440 

336,740 1, 010,220 
65,950 197,850 

178,090 534,270 
13,330 39,990 

10,657,830 
1, 903,170 

12,561' 000 
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382 St. Lawrence Waterway Project 

TABLE No. 31.-LACHI . E ECTION-NAVIGATION ALONE-RECOMMENDED PROJECT 

For details-see Table No. 30 

Lake of Two Mountains control. . ... . ... . .......... . . . ....... . ..... .... . . .. . .... S 419,410 
avigation works-Lake St. l ouis to Montreal.. ..... . .................. . .. . ... 40,809,060 

Control dam ............. ... .......... . ....... . ........... .. .......... . ..... . .. 5,878, 730 
Engineering and contingencies- -12! per cent ... ... ........... . ... _.. ...... . ... . .. 5, 892,800 

----$ 53,000,000 

aving if navigation channels made 23ft. deep originally ..... . ...... . ...... . . . .... . . . .... . ... $ 2,517,000 
Additional cost if navigation channels made 27 ft. deep originally ....... . .... . ... . ......... .. 2,839, 000 
Cost of future enlargement from 25 ft. depth to 30 ft. depth .. ... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . 12,561,000 



TABLE No. 32.- LACHINE SECTION- POWER DEVELOPMENT- SUBSEQUENT TO NAVIGATION AS IN RECOMMENDED PROJECT 

See Plates Nos. 65-66 

I tern and description Classification Unit Rate Quant ity Amount Total 
-----

1ST STAGE-POWER FROM CANAL ON SOUTH SHORE-
Total installed capacit y, 435,000 h .p. 

(A) Su BSTRUCI'URE, HEAD AND TAIL-RACE ExcAVATION, ETC.-
1. Channel excavation-

(a) In Lake St. Louis above control weir . . .. .. ............ Ex ea vation- Earth ........ .... ... ... Cu. y d. 0 65 3, 154,600 2,050,490 
Eart h over depth ...... " 0 65 400,000 260,000 
Dry rock ......... .... . " 1 60 1, 407, 800 2,252,480 

Unwatering ......................... .......... .. . ....... ..... . ...... 578,160 
5,141 , 130 

(b) Control weir to power house . ......... .... : . ........... Excavation- Dry rock .............. C u. yd. 1 20 1' 284,000 1,540,800 
Dry rock . . ............ " 1 60 12, 633,100 20,212,960 
Earth .................. l t 0 65 3, 198,780 2,079, 210 

23,832,970 
(c) Power house tailrace .................................. Excavat ion- E arth .................. Cu. yd. 0 65 1' 142,800 742 ,820 

Dry rock .............. " 1 60 762,000 1' 219 , 200 
Wet rock ........ . ...... " 4 25 154,170 655,220 
Wet rock over depth .. . " 4 25 72,000 306,000 
Earth ... . .. ... ....... . . " 0 65 113,000 73,450 

2, 996,690 

2. Control weir at Caughnawaga . . . ... ... . . ..... ......... . . ... Concret e . ...... ..... ... .. .. . . . ...... Cu. yd . 9 00 3,300 29,700 
Concrete ............... . . ..... . . ... . " 11 00 42,510 467' 610 
FoundatiOn contingency .. . .. . ....... · ······· .. ······· ... . ... .. . . . . .. 46 ,760 
Excavation- Rock footings .... . .. ... C u. yd. 2 40 18,530 44,470 
Gat es, hoist s, etc ........... . .. .. ... .. ...... .. . ......... ·· ·· ·· . ..... 289,900 

878,440 
3. Dykes and walls-Control weir to power house ............. Concrete ... . . . ........ . ..... . .. . .... Cu. yd. 9 00 656,770 5, 910,930 

Concret e .. .. ..... ... . ............ .. . " 11 00 191 ,000 2,101,000 
Foundation contingency ............. ·········· ·· ····· ... ....... .. ... 210,100 
Excavation- Rock footings . . ....... . Cu. yd. 2 40 68 ,000 163,200 
Earth fill ............. . ..... . .... ... " 0 60 370 ,260 222,160 
Rock fill .... . ............... . . ..... . " 0 60 138,760 83 , 260 
Stripping .... . ...... . ................ " 0 65 68,300 44,400 
Unwatering ......................... .... . ..... ··· · · ····· . . . . . ·· ·· · · . 1,085, 600 

9,820, 650 
4. Ice sluices at power house ....... .. ... . ..... . .............. . Concret e ............................ Cu. yd. 9 00 8,320 74 ,880 

Concret e ....... ..... ....... ... ... ... " 11 00 17' 360 190,960 
Foundation contingency ........... . . 00 •••••• •• . .. . ...... ···········. 19,100 
Excavation- Rock footings ..... . .... Cu. yd. 2 40 6,200 14,880 

Rock trench ........... " 4 10 500 2,050 
Earth trench . . .. . .... . . " 3 10 490 1,520 

Carried forward .. . .. . ... .... ..... ... . .. . . ... . . . .. . . .. ··························· · ·· · ····· . ... ...... ·········· ····· · ···· .. .. ....... .. . 42,669,880 
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TABLE No. 32- LACHINE SECTION-POW:h:tt DEVELOPMENT- SUBSEQUENT TO NAVIGATION AS IN RECOMMENDED 
PROJECT - Continued 

See Plates Nos. 65-66 

Item and description Classification Unit Rate Quantity Amount 

$ cts . l $ Brought forward ....... . ... . ..... . .. .. ... . ........... . 

1ST STAGE, ETc.- Con. 
(A ) S u BSTRUC T URE, HEAD AND TAIIrRACE Exc AVATION, ETC.- <..:on. 

4. Ice sluices at power house-Con .... . .. . .. .. . .. . .. . . . ... . . ... ISheeting and bracing . . ..... . .. .. . . .. ,M.F.B.M., 110 OOJ 10 
Gates, hoists, etc . .... . . . ....... . . . ..... . . . . .. ............ . ... . .... . 

5. Transforming movable dam in river with cribs and stop logsJCribwork . ... . . ....... . .. . .. . · ....... , Cu. yd. 
Stop logs ..... .... . . ......... . ....... M.F.B.M. 
Hoists, etc . . .. .......... . ........ .. .......... . 

5 001 24,930 
110·00 676 

6. Revision at C .P.Rly.- Bridge at Caughnawaga . ....... . ... !Bridge-Substructure .. . .. .. . . . . ... . 
Superstructure . ........ ... . . 

Railway relocation ... . ... ... . .. .... . 
Subway . ... . .. .. . . .... . . . ... . ..... . . 

7. Power house substructure ................. . .. . . . ... . ..... . . 1 Concrete . .. . .. .. . . . .. .. . . . . . . . ... .. . 
Gates and racks ... .... . ... .... .. .. . . 

Cu. yd . 14 00 370,260 

Unwatering .. .. ..... . ... ... . ... .... . 
8. Roads and property damages . . .. ... .... . . . ...... .. . ... . . . . . I Roads-New . ...... . . . ... . .. .. . . . . . 

Macadam on banks . . . . . ... .. . ..... . 
Lin. ft. J 8 001 18,000 
Sq. yd. 2 00 10,220 

Property- Right of way . . . .. . . .. .. . 
Improvements ... . . . .. . . . 

9. Engineering and contingencies ....... . . . .......... . . . . . . . . . . jl2t per cent . ...... .. . . ....... . . . ... . 

(B) ~·AJ~~~~ ·~;,; s-c:r~~:a~;~~~·~~~~· ........................ ·1· ... .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . ' .. . .... .. . 
11. Machinery and superstructure . .. . .. . . ... .......... . .... . .. Generators and turbines, 19-22,900 

h.p. units ..... ............... . . ... 

1 

.. . ..... .. 

I 

Switching . . .... ... . ... . . ... . . . . . ... . ..... . . . . . 
Cranes and service units. . . . . . . . . . . . . . . ... .... . 
Superstructure. . . . . . . . . . . . . . . . . . . . . . . ..... . .. . 

12. Engineering and contingencies ..... . ... . .. ... .. . ... .. .. . ... l12t per cent .... . . . . .. ..... .. . . ... . . . 

13. Total. .. .. ..... . ............... . .......................... , ...... . . . .. . . ..... . ...... . .. .... . . . . 

-

1,100 
94,900 

----rn,6501 
74,360 
50,000 

150,0001 
256,000 
242,420 
50,000 

5,183,6401 
1• 353,820 

961,400 

144,0001 
20,440 

215,280 
1, 624,200 

12,304,020 
2,783,310 

258,680 
3,354,800 

Total 

$' 
42,669,880 

399,390 

249,010 

698,420 

7,498,860 

2,003,920 

53,519,480 
6, 689,520 

60,209,000 

18,700,810 
2,337,190 

21,038,000 
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• 2ND STAGE-POWER IN RIVER AT FOOT OF LACHINE 
~ RAPIDS- Total installed capacity, 488,000 h.p. 
~(A) S\rBsTRucruRE, HEAD AND TAIL-RACE ExcAVATION, ETC.-
I 14. Removal of movable dams and cribs .. .. . . . . .... ... .. . . . .. ~Excavation ............... . ........ . 

~ 15. Dam .. ......... . .... .. . . ............ .. . ... ....... . . ... . . . g~~~~=~: : : :: : : : : : : : : : : : : : : : : : : : : : : : : 
Foundation contingency . .... . .. . .. . . 
Excavation- Rock footings . . .. . . ... . 

Rock trench ....... . . . . 
Earth . .. .. .. . ......... . 

Earth fill ........ .. . . ............. . . 
Rock fill ... . . . .... . ................ . 
Stripping . ...... . ................... . 
Unwa tering ................. . ..... . . 
Gates, hois ts , etc . ............ . .. . . . 

16. Power house substructure .............. . ............ . ..... !Concrete .................... .... ... . 
Gates and racks .. . .... . ............ . 
Excavation- Earth .. ..... .......... . 

Dry rock ..... . . . ..... . 
Wet rock ...... . ....... . 
Wet rock, over depth .. 
Earth over depth .. ... . 

Unwatering .. .. ... . . . ....... . ...... . 

17. Engineering and contingencies ... .... .... . ............... . . J12! per cent .. . ... . ................. . 

18. Total .. .. .. ... ... . ... . ....... ... . . ... . ...... .. . 1 •• • • • ••••••• •• •• • •• •••• •• • ••• •• • • ••• 

(B) MACHINERY AND S U PERSTRUCTURE-

19. Machinery and superstructure .......... ·.· .. · ······· · ···· -~ Gt~~~a;~It~. ~-n·~ . :~~~i~~~~~~~~~::~~ 
Switching ... . ............... . . . .. . . . 
Cranes and service units .. ..... ... . . . 
Superstructure ..... .. ... .. .... . ... . . 

20. Engineering and contingencies ... . . . ... . .... .. . . . ... ... . . . . J12! per cent ... ...... . . .. ... . ·.· ... . . . 

21. Total . . .. .. ... ... . . ... .. ...... ........ .. .. . . . .. 1 •• • •••• ••• •••••• • ••••• • • •••• • • • ••• • • 

Cu. yd. 4 25 106,630 

Cu ... yd. 9 00 31,420 
11 00 275,450 

····· · ···· .... · ····· ·· · · ·· ······ 
Cu ... yd . 2 40 68,930 

410 3,470 
0 65 536,620 
0 60 252,520 
0 60 93,470 
0 65 44,460 

::::::::::1:::::::::: ..... ······· 
···· ··· · · ··· 

u. yd . 14 001 368, 650 

u ... yd. 0 65 
1 60 
4 25 
4 25 
0 65 

1, 235,200 
762,000 
278,000 
70,000 

111,000 

453,180 

282,780 
3, 029,950 

303,000 
165,430 
14,230 

348,800 
151,510 
56,280 
28,900 

1, 634,720 
689,000 

5, 161,100 
1, 353,820 

802,880 
1, 219,200 
1, 181,500 

297,500 
72,150 

1,357,000 

12,304,020 
2, 783,310 

258,680 
3, 354,800 

453,180 

6, 704,600 

11,445,150 

18,602,930 
2, 325,070 

20,928,000 

18,700,810 
2,337,190 

21,038,000 
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TABLE No. 32-LACHINE SECTION-POWER DEVELOPMENT-SUBSEQUENT TO NAVIGATION AS IN RECOMMENDED 
PROJECT -Concluded 

SUMMARY 

1sT STAGE-Installed capacity 435,000 h.p.-
Substructure, head and tail-race excavation, etc ........ . .... . .. .... . . .. . .. .. . . . . ... . ......... . ...... .. ...... .. ,Item No. 10 . . .. . . 
Machinery and superstructure . . ......... . ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . " 13 .. ... . 

2ND STAGE-Installed capacity 488,000 h.p.-
Substructure, head and tail-race excavation, etc . .. ... ..... .. ... . . . . . . . ......... ... .... . .... . ........... . ... .. . ,Item No. 18 . . .. . . 
Machinery and superstructure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . " 21 . ... . . 

$ 

60,209,000 
21,038,000 

20,928,000 
21,038,000 

$ 

81,247,000 

w 
CO 
0'> 

TOTAir-Total installed capacity 923,000 h.p . .. . ..... . ..... . . .. . . .... . ................ . ...... . ..... .. . . . 
41,966,000 ~ 

123,213,000 
Cost of 1st stage of development if no control dam is built for navigation ........ . .... . ........................ . 88,131,000 

~ 

~ 
~ 
~ 
~ 
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~ 
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St. Lawrence Waterway Project 387 

TABLE No. 33.-LACHINE ECTION-POWER SUB EQ E T TO NAVIGATIO 

For details-see Table No. 32 

1st Stage-Power house on south shore . . . . .... .. ...... .. ... . .. . .. . . .. ... . .......... .. .... 391,000 h.p. 

2nd Stage-Power house in river.. . . .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 422,000 h.p. 
1ST STAGE-

Substructure, head and tail-race excavation ........ .. . . .. . ... . .. . ........... v 60,209 , 000 
Machinery and super tructure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 , 038 , 000 

2ND STAGE-
---~$ 1, 247 ,000 

Substructure, head and tail-race excavation .... . . ........ . ..... . .... ... .. . .. $ 20,928 ,000 
Machinery and superstructure . .... ....... . .......... . .. . ... . ... ... . . .... ... 21,038,000 

41,966 , 000 

Total. .. ... .. .... .. .. ....... . . .. ............. ... . . . . . . ....... . ... . . .. .... . ... . . S123 , 213,000 

PowER HousE I TSTALLATIONS 

1st Stage-19-22, 900 h.p. units (31 ft. head ).. ... .. . .. . .... . . . ... .. . . . . ....... ... ... . . . .... 435 , 000 h.p. 

2nd Stage-19-25, 700 h.p. units (33·5 ft. head).... . . . . . .. . ...... . ..... . ... . ... . . . ...... . .. 488,000 h.p. 

Total. . ..... . . . ....... . ..... . .. ... ... .. . . .. . ...... . ... . .. .. . .. .. . .. .. .. . .. ... 923 ,000 h.p. 

TABLE No. 34-LACHI E ECTIO -TABLE ROWING OVER ALL COST OF POWER 
DEVELOPME T SUB EQUE T TO A VIGATION 

Interest during construction and marketing period, 5 per cent. 
Power marketed at 75,000 h.p. per year. 
Construction program planned for expenditure of S10,000,000 per year. 

1 t 
cost 

Half con- Half 
struction market 

period period 
Interest 

1st Stage-391,000 h.p ... .. .... . ..... .. ............. 60,209 , 000 3·01 2·60 0·315 18 ,980,000 

4,370,000 
21 ,038,000 

2nd Stage--422,000 h.p .. .... .... .. ................ .. 20,928,000 1·05 
21 ,038,000 

S123 , 213,000 
Add first cost ......... . ..... . ... ... . . . .... . ...... . .. ......... . . 

2·81 0· 209 

IS 23,350,000 
. . . . . . . 123,213,000 

Total. .................... . ... ...... .. . . . ........ . ....•..... . ....... . ....... S146, 563,000 



TABLE No. 35.-LACHINE SECTIO!'I-NAVIGATION ALONE WITHOUT CONTROL DAM 

Item and descriptior. Classification Unit Rate Quantity 
---· 

1. Channel excavation- $ cts . 
( a) Deep water in Lake St. Louis to Lachine Wharf. . ..... .. .. !Excavation-Earth ........ .. .. .. ... ·I Cu. yd. 

Earth, over depth...... " 
0 65 5,399 , 700 
0 65 333,700 

Wet rock ... ........... . 3 00 407,730 
Wet rock over depth . . . 3 00 21,480 
Wet rock . . ... . .... .. . . . 4 25 578,800 
Wet rock over depth .. .. 4 25 80,810 

{b) Lachine Wharf to Verdun Lock .. . ......................... !Excavation-Earth .................. . 
Dry rock .. ... .. ...... . 

Cu."yd. 0 65 6, 080, 630 
1 20 1,441, 040 

Dry rock .. . .......... . 1 60 141,600 
Wet rock .......... ... . . 3 00 513,860 
Wet rock .......... .... . 4 25 140,840 
Wet rock over depth .. . 

Close drilling .. . .. . ................ . Sq. ft. 
4 25 62,300 
0 45 79,300 

{c) Verdun Lock to below Montreal Lock .................... . !See Table No. 3Q-Item No. 1 {d), 

2. Dikes and walls-
(e), (f) ....... .. .... .............. . 

( a) Rock fill north of Dorval Island ...... ... ................. !Rock fill. ....... .. ................. . I Cu. yd. 0 25 718,270 

Cu."yd. (b) Lachine Wharf to Verdun Lock ... .. ....................... !Concrete ... .. .................... .. . 
Concrete paving .................... . 

9 00 15,560 
11 00 54,300 

Cribwork .......................... . 5 00 133,880 
Earth fill.. ......................... . 0 42 1,288,570 
Rock fill. ......... .. ............... . 0 60 108,900 

~~%~i~g·. ·. ·.· .· .·: : : : : : : : : : : : : : : : : : : : : 
Sodding .. . . ... ................. .. . . 

Sq."yd. 
0 65 239,630 
0 25 146,760 
0 45 14,000 

Unwatering .................... .. . . . 

{c) Verdun Lock to Montreal Lock .............. .... .......... See Table No. 3Q-Item No. 2 (c) {d) ......... . 3. Guard gate, entrance piers and weir... .. ................. .... .. " " 5 ................. . 4. Verdun Lock, Nun's Island Lock, and Montreal Lock.... ...... " " 6, 7, 8 ....... ...... . 5. Culverts under Canal for Montreal Aqueduct ... ..... ........... " " 9 . .... ....... . .... . 6. Subway above Verdun Lock ................. . .... . ............ " " 10 ............. ... . . 7. Culverts at west end of Victoria Bridge..... . .. . . . . . . . . . . . . . . . . " " 11 ................. . 8. Bridges..... ............ ...................................... " " 12 ............ .... .. 9. Water supply to Verdun and Westmount ........................ See Table No. 3o-Item No. 14 ......... . 10. Highway changes............................................. " " 15 .. .. .... .... . .. . 11. Property damages ......................... ... ..... ........... " " 16 (a) .. ......... . 12. Canal office and lighting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . " " 17 . . . . . . . ........ . 

Amount 

$ 

3, 509,810 
216,910 

1,223,190 
64,440 

2,459, 900 
343,440 

3, 952,410 
1, 729,250 

226,560 
1, 541,580 

598,570 
264,770 
35,690 

179,570 

140,040 
597,300 
669,400 
541,200 
65,340 

155,790 
36,690 
6,300 

166,460 

Total 

$ 

7, 817,690 

8,348,830 

4, 123, 140 

179,570 

2,378,490 
3, 201, 130 

848,050 
11,288,070 

757,930 
303,520 
704,760 

1,918,210 
270,500 
120,200 

2, 826, 170 
110,000 

45,196,260 

w 
CO 
CO 
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13. Engineering and contingencies . . ...... .. ..... . .. ... .... .... . . .. J12t per cent ....... .. .... . . .. ....... . 

14. Total. ... . .. . .. . . ........ ......... .. .. ............. 
1 

... . ...... . .. ..... ... ...... . ... . . . . . 

Cost of future enlargement from 25 feet depth to 30 feet depth-
( a) Prior to power de~elopment ..... ..... .. .. .. . . ........ . 

(b) Subsequent to power development .. .. .. ... . . . . . . . . . . . , .... . . ... . . . . ... .. ... . ....... .. . . ... ... . ..... . . 

5,651, 740 

50,848,000 

11,388,000 

3, 774,000 

TABLE 36-INTERNATIONAL RAPIDS SECTION- POWER HOUSE INSTALLATIONS 

Flow Installation 

Heads I excl. ol Unit Rating 

Site spares Total Service Units 

c.f.s. Units' H H.P. c.f.s. --
W.L's I H H I H.P. I c.f.s. I No.(a) H H.P. No. H.P. 

---------- -- - --

Ogden Isd. 224 .. . .. .... N.S. 244-227 17 230,300b 16 5,190 3,240 p 70+3 17 5,570 3,2£0 17 406,610 2 1,000 

N.W. 240-228 12 211,400 ... ....... .. . .... ... 12 3,620 3,020 12 264,260 3 1,500 

Barnhart Isd. 224 ... ... N.S. 224-157 67 252,000 63 43,520 6,800 F 36+2 67 47,600 7,000 67 1,808,800 6 1,500 

N.W. 224-161 63 245,000b ...... ...... .... •• 0 ••••• • • .... .. . ······· 63 43,520 6,800 63 1,653, 760 . ... . . .. . ... . . 

Max. 0 . 226- 155 71 .......... ...... . .... ····· .. ········ . ..... ........ . ..... ········ ........ ...... •••••••• 0 • 
. . .. .. ······ ·· 

Min. 0. 224-163 61 .......... . . . ....... .. ........ . . . ....... 

rysler Isd. 217 . ...... N.S. 243.5- 219 24·5 231,200 20 12,900 6,450 p 34+2 24·5 16,600 6,800 24·5 597,600 6 1,200 

N.W. 239·5- 220 19·5 218,000b ...... . ......... . . ........ ······ ........ 19·5 12,500 6,420 19·5 450,000 . .... . .. . ..... 

Max. 0 244-128 26 .. . . . ..... ... ... .......... .. ....... ...... · ····· · · ... .. . ···· · ... ········ ...... ... ... . ... ...... . ... .... 

Min. 0 237- 222 15 . ... .. . ... .......... .. ...... .. ... .. . .. .. 

Barn hart Isd. 217 . . .. . . N.S. 217- 157 60 245,820 60 44,500 7,300 F 34+2 60 44,500 7,300 60 1, 602,000 6 1,500 

N.W. 217- 161 56 240,000b 56 40,200 7,050 56 1,447' 200 ... . .. .. . ....... .. . ..... . . . . .... ... ... . . . ..... . ....... 

Max. 0 219- 155 64 ... ... ... . ...... · ········· .. ····· ... . ..... ... ..... . . . . . . ········ ........ . ... .. ....... ... .. ... . 

Min. 0 217- 163 54 .......... . ......... .. . .... ... . ......... 

Barnhart I sd. 238 . . . .. . N.S. 238- 167 81 259,980 75 45,100 5,950 F 42+2 81 50,600 6,190 81 2, 226,400 6 I 1,500 

N.W. 236- 161 75 250,000b ...... ·········· .. . ... . .. . . ..... . ... . ... 75 45,100 5,950 75 1, 984,400 . ..... 

Max. 0 239- 155 84 ········· . .. .. .. ... ....... .. ........ . ..... ...... . . ...... .. ... ... ...... .. . ... .. . .. . ..... . ... . . . 

Min.O ... .. .. . .. ... .... .. . . .. . ...... .......... . ......... 

Barn hart Isd. 242 ... ... N.S. 242- 157 85 266,280 75 45,100 5,950 F 42+2 85 54,400 6,340 85 2,393, 600 6 I 1,500 

N.W. 236- 161 75 250,000b . ..... .... ...... .. ········ ...... ········ 75 45,100 5,950 75 1,984,400 .... . . 

Max. 0 243- 155 88 ... ... . .. . ...... . .. ······· . .. ... . ... ···· ·. ........ . . ... . . ....... . ....... . . .... . .. ....... 

Min. 0 235- 163 72 ·········· .......... . ..................... ········ ...... ····· .................................. 

NOTE.- (b) Denotes flow on which installation is based. (a) Last figure equals number of spares. 

N.S.- Normal Summer. N.W.- Normal Winter. Max. 0.- Maximum Operating. Min. 0.- Minimum Operating. P.- Propellor wheel. 

F.- Francis wheel. 
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TABLE 37.-SOULANGES SECTION-POWER HOUSE INSTALLATIONS 

:S j te 

RECOMMENDED PROJECl'-
1. Ile aux V aches.. .. N .S. 

N.W. 
Max. 0. 

2. Chamberry Gully N.S. 
N.W. 

Max. 0. 
3. Cascades I sd.. ... N.S. 

N.W. 
Max. 0. 

RxvER RouTE-CENTRE PooL 
EL. 115-

1. Cedars-South Plant N.S. 
N.W. 

Max. 0. 
1 Cascades I sd. ..... N.S. 

N.W. 
Max. 0. 

2. Cedars-North Plant-

Heads 

W.L's 

149-127 
147- 128 
150-126 

147 ·5- 72 
144- 74 

147 ·5- 71 
125- 72 
125- 74 
125- 71 

148- 115·5 
145-116 
149-114 
115- 72 
115- 74 
115- 71 

Heads as for South Plant .. ... , .... ..... . 

3. t Cascades I sd.-Heads as 
for l Cascades .. ...... ..... , ... ...... . 

RIVER RouTE-CENTRE PooL 
EL. 125-

1. Pte. a Biron.. .. . . N.S. 
N.W. 

Max. 0. 
2. Cascades I sd ..... N.S. 

N.W. 
Max. 0 . 

149- 127 
147- 128 
150-126 
125- 72 
125- 74 
125- 71 

FouR STAGE PROJECl'-
1. Melocheville . . . .. . N.s: 1149·5-72 

N.W. 148- 74 
Max. 0 . 149·5- 71 

2. Ile aux Vaches-As in 1st 
Stage of Recommended Pro-
ject . . .. . ........ . ..... ..... . , .... . .... . 

H 

Flow 
excl. of 
spares 
c.f.s. H 

unit R ating 

H.P. c.f.s. 
Units I H 

No. (a) 

Installation 

Total Service Units 
H.P. I c.f.s. 

H H.P. No . I H.P. I I 1--1---1--1---1---1 I 1--

22 173,300 20 13,700 6,64.0 p 26 22 15,550 6,800 22 404,300 5 1,200 19 163,300 . . . ... . .. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 12,850 6,550 19 . 334,100 ... . ... ...... . 24 .......................... . ... . ................................... . ......... .. ...... . ....... . .. ...... . 75·5 66,700 75 54,000 7,000 F 10 75·5 54,500 7,020 75·5 545,000 3 1,000 70 66,700. ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 ·0 48,600 6, 760 70·0 486,000 ........ . ... . . 76·5 .. ...... . . . ..... .. ................... . ........................ . .. .. ... . ..... .. .............. . . ....... . 53 183,300 57 41,100 7,140 F 28 53 36,800 6,900 53 1,030,400 3 1,500 51 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51 34,800 6, 750 51 974,400 .. ... . 54 . . .............. . . .......... . ... .... .. ...... . ............. . ........ . ............ . ............ . 

32 ·5.... ...... 30 22,000 7,300 p 26 32· 5 24,300 7,450 32 ·!) 29 184,fi00 ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29·0 21,200 7,2fi 0 29·0 35 ...... .. ...................... . . ....... . ... . . ................................ . 

631,8001 3 I 1, 500 
551,200 ..... . 

43 . . . . . . . . . . 40 31 '000 7' 600 p 8 43 34,000 7' 730 43 41 61,000 ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 32,100 7,640 41 44 ...... ..... .... ..... .... ......................... .. .... . . .... . ............... . 
~;~: ~88 1 ... ~ . .1. .. ~: ~~~ 

55,5001 30 29 22,000 7,3001 p 8 32·5 24,300 7,450 32·5 
29·0 21,200 7,250 ······ 

194,400 1 1' 500 
169,600 . .. . . ... . ... . . 

41 188,9001 40 31,000 7, 6001 p 25 43 34,000 7, 730 43 850,000 3 1,500 41 32,100 7,640 41 802,500 .......... . . . . 

36 22 15,550 6,8001 22 
19 12,850 6,550 19 

~:g:8881 .. ~~- . I .... ~~: :~~1. .... ~: ~~~1 .. ~ .. 559,8001 6 
462,600 ..... . 

1,200 
22 
19 
24 
53 
51 
54 

: :::: ::: : : 1· ·57· .,.··· 4i :iooj · · · · · 1 :i4oJ · · :F · .,. · · · 38 ·.,.·53 · ·1· · 36: sooj · · · 6: 9ooj · ·53· .,. i: 398: 4ooJ· · · 4 · ·1· · · i: 5oo 250,000 .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51 34,800 6, 750 51 1,322,400 .. ... ... ..... . 

H::l ::: : ~~:~~! :: ~~: J:: : ~~:~~~ ::::: ~ : ~~~ :: ~: : I ::::: ~ : :I .. ~~:gl . - ~~:~~~ - .. ~:~~~ ~tg 
22 
19 

~~!:~~~I ... ~ .. I ... ~: ~~~ 

404,300 
334,100 

5 1, 200 
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3. Chamberry Gul1d- Heads as 
in Rocommende Scheme . . . . ............. . ... 35,000 75 54,000 7,000 F 6 75·5 54,500 7,020 75·5 

70·0 48,600 6, 760 70·0 

4. Cascades Isd.- As in 3rd 
Stage of Recommended Pro-
ject .. ..... . .. . .............. ·· ·· ··· ··· ·· ······ ····· · · ··· ...... ······ ···· •••• 0 ••••• 

.. ... . ··· ·· · · · ······ ········ . ....... 53 
51 

NOTE.- N.S.-Normal Summer. N.W.- Nornal Winter. Max. 0.-Maximum Operating. (a) No. of Units including spares. 

F.-Franc is Wheel. 

TABLE 38.- LACHINE SECTION- POWER HOUSE INSTALLATIONS 

Installation 
Heads Flow Unit Rating 

Site excl. of 
spares --- Units H H.P. c.f.s. 

W.L' s H c.f.s. H H.P. c.f.s. No. (a) H 
-----------. 

Lachinc-Canal. . . .... N.S. 68- 37 31 132,000 30 22,000 7,300 p 81+1 31 22,900 7,350 31 

N.W. 68- 41 27 128,000 ·· ··· · ·· · ······ · .. . . . .. . . . . . . ... . . . ..... 27 19,300 7,110 27 

Max.O. 70- 36 34 ······· ... ······ ·· ··· ·· ·· · .. . ....... ······ · ······· 23 15,800 6,830 23 

Min.O. 68- 45 23 

327,000 2 1,0 0 
291,600 

1,030,400 3 ~.!i 00 
974,000 

P.- Propellor Wheel. 

Total Service Units 

H.P. No . H.P. 
---

435,100 3 1,50 
366,700 
300,200 

<::;Q 
;;.. 

~ 

~ 
'"'1 
~ 
~ 
('") 
~ 

~ 
p 
("1-

~ 
Lachine- River .. . .... N.S. 70·5- 37 33·5 135,000 30 22,000 7,300 p 18+1 33·5 25,700 7,500 33·5 488,300 3 1,50 

28 ·5 20,600 7,200 28·5 391,400 
0 ~ 

N.W. 69·5- 41 28·5 130,000 ···· · · . ······· · · ... ···· ·· · ...... . ....... 
Max. 0 . 70·5-36 34·5 ·· ··· ····· ...... ····· ·· · ·· ... .. .. ... ...... . ....... 23 15,800 6,830 23 300,200 

Min. 0. 68- 45 23 

NOTE.- (a) Last figure equals number of spares. N.S.- Normal Summer. N.W.- Normal Winter. Max. 0.- Maximum Operating. Min. 0.- Minimum 
Operating. P.- Propellor Wheel. 

~ ._,. 
~ 
('") 
("1-

w 
~ 
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TABLE No. 39.-ACREAGE OVERFLOWED AT MAXIMUM LEVELS BY VARIOUS ALTERNATIVE PROJECT I I TERNATIO AL RAPID ECTION 

Single 
ingle Ogden Crysler stage - stage Island Island controlled 

Project Project Project Project 
0 . 1-242 o. 4-224 o. 5-217 No. 6-238 

acres acres acres acres 

In Canada (Mainland) ... . ....... .... . . .. . ... . . . ..... 4,952 3, 258 4,471 3,493 In nited tates (Mainland) ...... .. ................. 11,359 4,434 5,444 7,421 
On slands .... . ............ . .... .. .. .. . . ... . .. · · · · · · · 5,542 4, 295 3,465 5,308 

Total. . ........ . ....................... . . 21 ,853 11,987 13,380 16,222 



~ --- . 
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*TABLE .1. 0. 40.-L-TERX_-\..TIO~AL R_-\..PID ECTIOX- RY LER I D.-TWO- TAGE 
DEYELOP _\IEXT-217 

Co t to deYelop power at Cry.ler l'land and to carry naYigation through to L ake St. 
Franci , including work nece ary to rai e lower pool to eleYation 217 at Long ault. 

Uppe1· Pool-
·works olely for X aYigation ....... ...... ..... ...... .. ....... . 
Work common to _-avigation and P o"·er ..................... . 
Works primarily for Power-

uh tructure , H ead and Tailrace Excr.Yation ............. . 
).Iachinery and uper tructure . .... . ... . ...... ... . . ...... . 

,732,000 
69,9 6,000 

25,69 .000 
30,760,000 

Lower PooZ-
\Vork 'olely for ::\aYigation.... . ............................. 25,61 ,000 
Work common to _ avigation and P ower-

P ermanent \ ork . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-1,1 0,000 
Temporary W ork-

D am north of L. ault I cl. including bank and "'Gnwatering -1 .750.000 

Total ....................................... . 

135,176,000 

B EQ EXT 0 T TO DEVELOP POWER AT BAR_ THART I LAXD 

Works common to ~aYigation and Po\\·er ............. ........ . 
Work P rimarilY for Power-

ub tructur~ . H ead :md Tailrace Ex aYation ......... .... . 
).Iachiner;\' and ,,upet" tructllre, ............................ . 

Total .... .... ............................... . 

Grand Total-
Total co t of development of all nower in International 

Rapids ection by thi . method of Procedure ........ ... . 

13,153,000 

35.519,000 
43,-11 .000 

*Prepared by Canadian eclion. Xot checked by --nited tate ection. 

92.090,000 

271,479,000 
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APPENDIX D 

RIVER LEVELS AND DISCHARGES AT AND BELOW MONTREAL 

1. The manner in which regulation of outflow from lake Ontario changes 
water level in Montreal harbour ha been dealt with in part IV and appendix 
B of thi report. A ummary of the extent to which diver ion from the Great 
Lakes y tern and from the St. Lawrence river above Montreal, lower water 
levels at and below Montreal ha been given in the main report. Thi appendix 
gives the basic data and computation from which the conclu ion were drawn. 

2. To determine the effect of diver ion, it i nece ary to obtain the relation 
between gauge height and discharge at a number of point in the river. In thi 
study, relation were fir t established for governing points and then relations 
were extended from the e to other point in thi River. The governing points 
cho en were lock 25 at Iroquoi in the International Section and the upper 
reach at Grenville on the Ottawa river. 

3. The flow of the St. Lawrence River near lock 25 ha been measured 
by approved method on many occa ion and throughout a wide range of tage. 
The ·U.S. Lake Survev made many mea urement at Point Three Points in the 
years 1901, 1902, 1908, 1911, 1913 and 1914. The Public Works Department 
duplicated mo t of thi work in the year 1918, 1919 and 1920, and in recent 
years the Canadian Department of Railway and Canals extended and checked 
this work by meterings above Iroquois Point. From all the e measurements 
a reliable relation between di charge and gauge height at Lock 25 ha been 
establi bed, (plate No . 1 and 2). By imultaneou gauge reading thi 
relation ha~ been extended to all gauge up tream to Lake Ontario and down-
tream to Lock 21, at the head of the Long Sault Rapids. By u e of rating 

.. tation on the St. Regi~ and Gra"s rivers, e .. tabli hed year ago, and by records 
on other tream the relation between dLcharge and stage at the outlet of lake 
St. Francis has also been derived. 

4. A relation between di charge and tage at Grenville on the Ottawa 
river has been e tabli bed (plate No. 3), in part from mea urement made 
above and below that point by the Public V\ ark Department in the year 
1907-18, in part by the mea urement made by the Department of Railway 
and Canal and in part by the u .. e of weir formulae applied to the pillway 
dam at Carillon. Stage relation diagram extending over a wide range have 
have al o been e tabli bed from metering bv the Public Work Department 
for the everal outlets of Lake of Two Mountain (plate No . 4 and 5). They 
have been clo ely checked with di. charge at Grenville during period of low 
precipitation. 

5. By election of period during which local precipitation was low and 
during which no high wind occurred and by use of gauge di charge relation 
in tributary treams, record of flow in all tream leading to the foot of Lake 
St. Louis were accumulated and by correction for local torage, a relation was 
derived for lock No. 5, Lachine (plate 6, 7 and 8). The relation e tabli bed 
in this way wa checked by metering oppo ite the mouth of the Montreal 
Aqueduct a few mile below Lock No. 5. The direct measurements made below 
Lachine do not cover a wide range of tage but check di charge relations derived 
by the method above de cribed. 
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6. In establishing the gauge dis0harge relations at Lock 5, Lachine, two \ndirect methods were used. 
7. In the first method, the total flow for selected storm-free periods for Lock 25 on the St. Lawrence and for Upper Grenville on the Ottawa was read off adopted curve . To this wa added the run-off of the drainage area from Lock 25 to Lock 5 on the t. Lawrence and from Upper Grenville to Upper St. Annes on the Ottawa. From the total discharge thus obtained the flow through the Mille Iles and Des Prairie river , as read from curves, wa deducted. This gave the di charge in the main river past Lachine. During these periods, the run-off from this drainage area was approximated from the rate of flow per unit of drainage area in near-by river where the area and outflow were available from establi hed ratings. 

8. In the second method the total flow p~t lock 5, Lachine, was derived by adding the discharge of the St. Lawrence west of lock 25 to that of the two outlets of Lake of Two Mountains which lead into lake St. Louis and adding to this again, the run-off of the drainage area between lock 25 and lock 5 Lachine, derived proportionally from other local streams as in the first case described. The flow out of Lake of Two Mountains in this ea e was taken as independent of the level of Lake St. Louis. 
9. The re ults obtained by the two methods were found to be in close agreement. Tho e e tablished by the latter method were used in the discharge gauge relation adopted for lock No. 5, Lachine. Table No. 1 showing the computations for the relation adopted for the period 1904 to date is attached to this Appendix. The discharge gauge relation is shown on Plate No. 7. 
10. The discharge gauge relation for the period 1860 to 1877 is not based on extensive data and i probably not as reliable as that for the later period. In !:mne cases the determinations made were somewhat round-about due to gauge records at all stations not being complete. Computations for this period are shown on Ta:ble No. 2 and the discharge is shown on Plate No. 6. 11. Tthe discharge relation for the period of 1884 to 1895 was derived from continuous comparison of a number of gauge readings and known changes in the outlet of Lake St. Louis, and is shown on Plate No. 8. 
12. A di charge gauge relation for Pointe Ste. Clair gauge on lake St. Louis i also attached to thi 8ippendix, plate No. 9. It has been derived by continuou · compari on of the reading at thi point with those at lock No. 5, Lachine. The readings of the gauge at liQck No. 5, Lachine, fluctuate due to changes in flow in the canal while the reading of the gauge at Pointe St. Claire are not subject to uch changes. 
13. Gauge relations in Montreal harbour and below show that water levels a far up a the foot of the Lachine canal vary with the spring and nea;p tides as well as with the relative flow in the Ottawa and St. Lawrence rivers and changes of wind. Accordingly, only neap tide week and periods of little wind were u ed in compiling data for the determination of di charge stage relations at and 'below Montreal. 
14. It i not pos ihle to derive a imple di charge relation for the water level in ;Montreal harbour, due to the back-water effects of the flow from the Mflle Ile , De Prairie and other river which enter the main river below Montreal. The tage of the Ott awa and other rivers entering the St. Lawrence i often high when that of the St. Lawrence at Lachine i relatively low. Metering of the St. Lawrence below 1Vlontreal do not give much information because of the interference of the tide and the en itivene.., of the river to changes of the wind. The b ack-water effect of the inflow from the river down tream from the Des Prairie outlet of the Ottawa river i noticeable in l\1ontreal har-bour but it magnitude i mall, except when the lower tributaries are in flood. 
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15. In order to develop di c-harge tage relations that would enable the 
effect of given diver ions to be dealt with, a series of di charge stage relations 
were derived at a number of points at and below Montreal from diagrams 
for Lachine, plate No. 8, and Pointe Claire, plate No. 9, based on periods 
during whic.h the discharges down the Jviille lies and Des Prairies rivers were 
constant. 

16. In the preparation of diagrams a erie of period during which the 
water levels at Upper St. Annes varied between 69. 6 and 70. 0, 70. 0 and 70. 4, 
70 .4 and 70. 8, etc., were grouped together and a diagram of discharges and 
stages for lock No. 1, Montreal harbour produced for each series. The plotted 
results in two of the erie u ed are attached to thi Appendix, plate No. 11, 
along with the ta:ble (No. 3) from which they were obtained. The result of aB 
the computations, plate No. 10, shows that a the general discharge stage rela
tions are expressed by straight line , the amount of change in stage for a given 
change in flow i constant regardle ..., of the stage of the river at Lock No. 1, 
Montreal. With a ri e or fall of 1 foot. on the Lock 1 gauge, the level of Lake 
of Two Mountains remaining constant, the increase or decrease of flow in the 
St. Lawrence may be taken a 23,000 cubic feet per econd. Conver ely, if the 
flow in the St. Lawrence be reduced by 23,000 cubic feet per econd, the lower
ing of the water level at Lock No. 1 will be 1 foot. By proportion, a reduc
tion of flow of 8,500 cubic feet per second (which is the present authorized 
diversion at Chicago) lowers the water level in the harbour to the extent of 
0.37 feet. 

17. T·he det;ermination of the dLcharge stage relation at Varennes ,is 
simpler than the determination of thi re'lation in Montreal harbour, because 
the flow past the point in thi casB is the factor which largely governs in the 
relation. However, the volume of inflow from river below V arenne still 
influences stage at V arennes. The determination of the precise manner in 
which change& in flow in each tream affects the stage at Varennes would be a 
long and futile task as the number of points where water enters is very large 
and the effect of many i .._o sma~ll that they cannot be detected in gauge rela
tions which are also affected by tide and wind. 

18. The 1be t that can be done i to approximate from the Chezy formulre 
the back-water effect of one or two of the larger river and a ume that a cer
tain percentage of the flow in these would produce the actual stage found if 
it were added to the flow pa t the point. 

19. In this way, the diagram, plate No. 12, attached to this appendix, was 
developed. The d1 charge taken a governing the relation i : That of the main 
river, derived from the pointe Claire gauge, plu the di charge for the Mille 
lies and Des Prairie rivers derived from the Upper St. Anne gauge, plus 
that estimated for the tributary area between these gauges and Varennes, plus 
one-half the flow of the Richelieu river and one-third of the St. Maurice to 
cover an amount that would produce the ame effects at the gauge as that 
which does actually enter the St. Lawrence below Varenne . The inflow from 
the tributary area between lake k; t. Loui" and Lake of Two 11ountains and 
Varennes wa taken as a proportion of the St. Maurice river. The computa
tions are shown on Table No. 4. 

20. The di charge stage relation for Sorel, plate No. 13, was obtained by 
taking the governing flow as that of the main river plus that of the Mille lies, 
Des Prairie and Richelieu river , plus that of the drainage area 'between Sorel 
and the outlet of lake St. Loui , Lake of Two Mountain and lake Champlain, 
plus the flow of the St. Franci river and a portion of the flow of the St. 
Maurice. Computations are included in Table No. 4. 
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21. The curves of discharge stage relation shown on plates Nos. 12 and 13, 
are so drawn in the lower range a to be parallel to line c.onnecting series of 
ab ervation. in which the flow of the St. l\IIaurice toad con tant. In this 
way the lope of the lower part of the curve i more accurately shown than 
might appear from the point on the diagram. 

22. ·From table No . 4, it may be seen that at low tages a change in flow 
of 24,500 cubic feet per econd eau es a change of stage of 1 foot at Varennes, 
or a diminution of 8,500 cubic feet per second in flow lower the level at that 
point to the extent of 0. 35 foot, and at Sorel, 31,000 cubic feet per econd 
repre ent a change of tage of 1 foot or a diminution in flow of 81500 cubic 
feet per second eau e a lowering in water level of 0.28 foot. 

23. In a way imilar to that above described1 the effect of a reduction in 
flow of 81500 cubic feet per econd at Batiscan was found to be equivalent to 
0. 24 foot of tage. At point further dow.n 1 the effect of the diversion wa~ 
taken a proportional to the relative change in level as shown on published 
charts. 

24. The effect of a diminution in flow of 81500 cubic feet per second at 
variou point in the lo~ er St. Lawrence may be ummarized as follows:-

Feet 
1\1ontl·eal Harbour . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 37 
V arennc., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 .~5 
Sorel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.28 
BatiRcan ..... . . . . . ... ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 24 
L 0tbiniere . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.24 
Pt. Platon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 17 
Quebec . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 03 

25. Compensation. The losses in stage summarized in the last paragrap-!.1 
ean be re tared by dredging lVIontreal harbour and the river channel to a greater 
depth and lowering the foundations of docks and wharves in the harbour 
accordingly. 

The ll!mount of dredging required would be the amount of losses shown 
with an addition of about 15 per cent in the case of Montreal harbour and an 
average of 6 per cent in the channel between Varennes and Quebec, this addi
tional amount being nece ary to compen ate for the further rece ion resulting 
from thi dredging. T·he probability of dredging for compensation being done 
a a pecial work is not entertained as thi would be an expen ive undertaking. 
It seems rea onable to as ... ume that it would be incorporated in a general pro
gram and the rates u ed in the estimate of cost are based on this assumption. 
The program-s of the pa t 'have been for deepening from 27! to 30 feet and a 
later program, now about half completed, is for deepening from 30 to 35 feet. 
The following table show the yardage involved in d€epening the c'hannel to 
the extent of 5 feet from :Nlontreal to deep water above Quebec, with an estimate 
of the further quantities to be removed to compen ate for a diversion from the 
river above Montreal of 8,50D cubic feet per second. 

Montreal to Sorel .... .. ................. . . 
Sore! to Bastiscan ....................... . 
Bati scan to Lotbiniere . . . . . . . .... . . . .. . . 
Lotbiniel e to St . .Augustin . . . . . . . . . . . . 

Cubic Yards 
To excavate from 

30 to 35 feet 
16,571,961 
24,938,875 

6,595,441 
-2,601,766 

Cubic Yards 
Required 

to compensate 
1,330,000 
1,380,000 

364,000 
94,000 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3,168,000 

3,168,000 Cli. yds. at 42.5 cents per cu. yd. . . . . . . . . . . . . . . . . . . . . . . $1,346,400 
Plant, shops, surveys, etc., aYerage, proportional cost since begin-

ning of works, 60 per cent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 807,600 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $2,154,000 
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26. Dredging Montreal Harbour. The dredged area in Montreal harbour 
at the pre ent time is about 18,364,000 square feet in earth and 5,540,000 square 
feet in shale rock. 

A lo in depth of about 1.15 feet has occurred in this harbour ince 1899, 
from .eau es other than the Chicago diver ion. A deepening of the whole har
bour to the extent of 3 feet probably repre ~ents what will be done a regards 
some parts and what ha already been done in other . 

The e timated co .... t of ... uch deepening over and above what wa and Is 
required to pre erve original works i as follows:-

Shale rock dredging 5 540,000 x %•= 616,000 c.y. at $3.50....... $2,160,000 
Earth dredging . . 18,364,000 x %7 =2,040,000 c.y. at 1. 00. . . . . . . 2,040,000 

The cost, total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $4,200,000 
Add for engineering and contingencies 10 % . . . . . . . . . . . . . . . . . . 420,000 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $4,620,000 

Of thi 3 feet, the portion nhargeable to the Chicago Diver ion is 0. 37 foDt, 
increa ed by 157'o=0. 425 foot. The amount chargeable to Chicago Diver ion 
therefor will be 0 .425. x 4:620,000=-=$654,000. 

3 
27. Piers and Dock 1-VaUs. To re tore alllo es due to lo"W€red water levels 

in Montreal i a large undertaking. There are at pre ent 46,000 lineal feet of 
high dock wall, all of which are solid retaining crib con truction, below the 
bottom level of which excavation cannot be carried without danger of collapse. 
Some of it i founded on hale rock and some of it ha only an earth founda
tion. The dock walls which were built before 1901 are all of timber con truc
tion throughout w~ile tho e recently built are timber in the lower 30 feet of 
their height, and concrete above. The upper 24 feet of the older work i ubj ect 
to decay and recon truction of t,his will be required before long. 

28. The e timate prepared by the Canadian ection ( ee paragraph 214, 
main report) -a '"'~ume that the newer dock were built deep enough to care for 
the lo in depth due to the diversion at Chicao-o and that the older dock will 
require to be rebuilt to a greater depth in the near future. 

The co t of recon truction of dock for an increa e in depth of 3 feet will 
be:-

30 feet and over, 30,720 1in. feet, 1,164 000 c.y. at $7.00 ......... . 
27 feet and over, 12,300 lin. feet, 410,000 c.y. at $7.00 ......... . 
20 f('d and over, 3,244 lin. feet, 58,000 c.y. at $7.00 ......... . 

'J'otal ................................................... . 
Add engineering and contingencies, 10% ................... . 

'I'ota] .................... · · · ..... · · · · · · · · · · · · · · · · · · · · 

$ 8,148,000 
2,870,000 

406,000 

$11,424,000 
1,143,000 

$12,567,000 

A in the ca~ e of harbour dredging the portion chargeable to Chicago 
diversion i in the ratio of 0. 425 feet to 3. 0 feet, which i , ay $1,800,000. 

29. S MMARY. The total e timatecl co t of increa ing the depth in Mont
real harbour and the St. Lawrence hip channel, to compen ate for a diver ion of 
8,500 cubic feet per econd, will be a follow :-

Dredging ship channel, Montreal to St. Augustine ............. . 
Dredging, Montreal harbour ................................. . 
Reconstruction of dock walls, etc. . ........................... . 

Grand total ............................................. . 

Adopted by the Board June 2, 1927. 

$2,154,000 
654,000 

1,800,000 

$4,608,000 



TABLE NO. 1.-tmuWING DERIVATION OF DISCHARGE STAGE RELATION FOR LOCK 5, LACHINE GAUGE. PERIOD 1904 TO DATE 
- -------- --- . ·- ----------

~~r 
~ ~~": ~~...-4 0 

H~ t:. ~~8 0 
.).,.....; .....; 

r:lE-< .. 
~ ~ ~ ~8 8 f+~ "" 0 0: a:i a:i a:i ~ HM -~If ::0: 

..... 
<0 ..c:io l2 a:i ~0 <wa ..c:i Cl) I - ~ <>00 

~ 0 
~ 

~ ~ 
Date (1l lt) ..c:i-- <1)00 ~-

~"'" 
.g~ ~<0 --- Q oo;:; 

<>-
~ bD -

~ ~~ 
<>-

.s~ c; ~ 
-~ H - ~ 11 -~ 11 Cl) . 9~~ ..c:i [(JQ Cl) 
0 - ~~ 0~ 0~ Cl) 

~ . ~0' ~'jj'o ..c:i ~ ~ .9 0+ ~+ 
.< 

~ aS <> ~~ ~ ..c:i::;" 
~ Cl) :a <I) ~gj, ~gj, ~ 0~ o"'o CIJ CIJ Q <> ~ ---

bD 
-~ ~ ..... ~ .9 Q 

Cl) 

"' ~ c <>-
r:laS <>~ .s.s ·Q.s oa:i :5 Cl) 

, Cl) 

H .~ d :3 ·~ +>r:l 
0 Q ~~ ~ £ ::::: ri)-{3 O+ 0+ 

~·; "" "' ~~ .o ~ ·r;: ~a .L) "' .. ~~ 
Cl) .. 

3 3 ~0 -2,p_g . 3§ d'"-
ze g8 <JOO ,.Id r:l ,.Id . ~.Q . ~Cl.l CIJ 8 CIJ Cl) g;C. 8 "" "' 

"' ~ ,p~ 

~ 0 Cl) 

C3 o ~ o ~ 
a:i 0 p.. Cl.l E-< 0 0 H 0 p H E-< E-< - -------------------------------------------------------1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 ------------------------------------------May 1913 . 700 992 1,540 829 ...... ... . 4,807 4 ,061 4,900 5,890 281,600 90,500 157,000 85,000 70 ·48 353.990 371,500 July 1913 . 120 600 659 325 ......... . 4 ,807 1,704 2,060 2,480 278,300 31 ,000 45 ,500 16,500 68 ·22 295,280 296,860 Aug. 1913 . 120 460 359 258 ... . · .. .... 4,807 1 ,197 1,440 1,740 265,200 23,000 30,000 9,200 67·55 273,940 275,840 Sept . 1913 . 100 408 180 233 ······ ·· ·· 4 ,807 921 1,110 1,340 252,500 20 ,300 26 ,000 7,100 67 ·20 259,540 260,710 7- 16 Oct . 1913 . 100 600 150 450 .... . .... . 4,807 1,300 1,570 1,890 244 ,700 20,400 23,200 7,400 66 ·92 249,390 253,670 June 1914 . 130 913 1,460 388 ... ..... .. 4,807 2,891 3,500 4,200 257 ,900 39,500 62, 000 25,500 67 ·97 284 ,600 286,900 Sept . 1914 . 110 759 802 426 ... .. ..... . 4 ,807 2,097 2,530 3,050 241,600 16 ,000 18,000 3,600 66·58 246 ,660 245,730 Oct . 1914 . 90 591 592 355 ...... .. .. 4,807 1,628 1,960 2,360 229,900 14,800 16,000 2,800 66·17 233,460 234,660 June 1915 . 169 512 854 501 ... .. .. ... 4,807 2,036 2,460 2,960 221,900 60,000 102,000 49,000 67·60 266 ,860 273,360 Oct. 1915 . 144 954 1,170 472 4,807 2, 740 3,300 3,980 225,100 28,400 43,500 14,000 66·34 244,180 242,400 Nov. 1915 . 119 819 1,150 549 ... ... ... . 4,807 2,637 3,200 3,830 219,800 25,400 38,200 11,300 66 ·06 236,430 234,300 May 1916 . 3,360 5,530 5,210 2,010 ........ .. 4,807 16,110 19,400 23,400 264,200 119,500 225,000 119,500 71 ·49 393,100 403,100 22 May 1916 . 16,980 1,300 5,970 6,650 ....... ... 4,807 39,900 48,100 57.900 267,000 132 ,000 262,000 134,000 72 ·47 454,900 449,100 13-22 June 1916 . 1,600 3,000 2,600 1,100 .. .... .... 4,807 8,300 10,000 12,000 279,800 84,000 140,000 78,000 70·57 351,800 367,800 

--------

NoTE.-Cols. {16) a1d (17) give discharge by alternative methods o£ calculation. The results are in £air agreement, but as those in Col. (17) appear more consistent, they have been selected to establish the curve. 
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TABLE NO. I.-SHOWING DERIVATION OF DISCHARGE STAGE RELATION FOR LOCK 5, LACHINE GAUGE. PERIOD 1904 TO DATE-Continued 
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·~a o:~-- ..ci ~ ~ :a O+ o-
:If ~ ... 11 0 C.) l~ ~~ 

.+ 
~~ :aQ) ~~ ~gl, 0~ .s ...cl 0~ 0 "'C) "' "' i:i ~ 

..Q ~ 

~ ~l; i:i 
Q) 

~~ C.) -

r:~ol C.) :If Q)o:$ !J · cl "' 'Qui 
·c Q) 

. Q) H en-

:3 ·; ..or:l 

~ ·~ P:: .9 ~ i:i "" 
'(jj ::::< en~ i=i+ ~+ ~·~ ..<:le . o "" p':; ·s: :p; .,; 

"'"' 3 3 
...c:lO ~~..8 ..!4 3§ Z8 &o 'tO C.)OO ..!4 r:l ~o;-

~0 .~..Q g "' Q) o.> g 
Cll '-' ., -..... en o-..... 0 0 ·-r:IJ en Q) 0 0. '-' o~ 0 '-' 

ui 0 il< z E-4 E-4 0 0 H 0 ::> H E-4 E-4 
------------------------------------------------------------

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

------------------------------------------------------------
May 1917 . 681 1, 760 3,110 1,380 .......... 3,741 6,931 10,800 12,900 245,500 87,000 154,000 81,000 69 ·66 325,400 337,300 

June 1917 . 391 2,090 3,020 1,340 1, 700 4,441 8,541 11,150 13,400 259,000 82,000 144,000 75,000 69·82 334,400 345,150 

July 1917 . 317 736 1,180 467 1,030 4,441 3,730 4,870 5,860 269' 100 62,000 104,500 51,400 69 ·19 317,600 325,370 

Sept . 1917 . 159 623 409 376 400 4,441 1,967 2,560 3,090 257,900 30,500 44,500 16,000 67 ·70 274,990 276,460 

May 1918 . 459 2,630 3,340 .... ... ... 1,590 3,820 8,019 12,180 14,650 261,600 72,000 124,000 64,000 69·62 328,250 337 '780 
June l!H8 . 391 1,630 1, 780 860 3 ,820 4,661 7,070 8,510 261 ,lOO 55,500 86,000 43 ,500 68' 181 300,110 311,670 

Aug. 1918 . 135 502 632 ····· ···· · 590 3,820 1,859 2,820 3,400 248 ,600 30,000 42,800 16,000 67·33 264,800 267,420 

NOTE.-Cols . (16) and (17) give discharge by alternative methods of calculations . The results are in fair agreement, but as those in Col. (17) appear more consis tent, they have 
been selected to establish the curve. 
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TABLE NO. 1.-SHOWING DERIVATION OF DISCHARGE STAGE RELATION FOR LOCK 5, LACHINE GAUGE. PERIOD 1904 TO DATE-Concluded 
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H .~~ :3·~ ~ . !: ~~ 

;·~ ~ A .o . ~ ., ·oa :::l w-B A+ A+ ~~ 
::o ·; ·a;·; 

"" p':; ·;;:: ... ; or; oS ... o~ ... ., ... oS ... ] 3 ~~ ~~.8 · ...>:1 ]§' ]c;;-ze ::oA Q)A ~~8 "'A UJ 
~ 

~C. ...>:1 <.l Q) 
<.l 

o~ ~- oS~ 0 0 ·-"' ·-W m 0 Q) 
C5 0 o~ o~ ui ~ ~ ~ ~ E-< E-< A A H A p ....:l E-< E-< -------- ---- -------- ------------3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 ------------------------------------------------------------

May 1919 . 2,110 12,230 4,490 4,290 10,600 9,342 33,720 20,850 25,240 268,900 121,000 225,000 121,000 71·45 398' 140 410,750 1 June 1919 . 1,180 8,370 4,910 6,010 13 '720 9,342 34,190 21,200 25,600 278,300 132,000 271,000 135,500 71·99 442,900 433,000 Oct . 1923 . .. .... ... . . ... . .... . .. ... .... . . .. ... ... . . .. .. .. ... . . . .. ... .. ·· ··· ··· ·· 3,100 . ... ..... . 208,500 24,000 31,500 10,400 65·69 . ... ... ... 222,000 Sept. 1923 . .. ...... .. ...... ... . .. ....... . .. .. ... .. . .......... ......... . ... ...... . 4,100 . ... ..... . 215,300 33,500 41,000 19,000 66·21 . .. .. ..... 238,400 Nov 1923. ...... .. .. .. .... .. .. .... .... .. . .. .. .. .. . .. ... ... .. ........ .. ··· ····· ·· 3,400 202,100 25,500 34,000 12,000 65·73 ... ...... . 217,500 
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St. Lawrence Waterway Project 401 

TABLE NO. 2.-SHOWING DERIVATION OF DISCHARGE STAGE RELATIO N FOR LOCK 
5, LACHI E GAUGE. PERIOD 1860-1877 

Allowance 
for 

Discharge Drainage 
at Ste. Area T ot al Water 

Annes and Discharge Disch arge between Discharge Surface 
Date Vaudreuil Coteau Richelieu Coteau at Lock 5, E levation 

into Lake Landing River Landing Lachine a t Lock 5, 
St . Louis and Lock 5. Cols . (2) Lachine 

1,300 X + (3)+ (5) 
-- Col 
8,200 (4) 

1 2 3 4 5 6 7 

Sept . 6, 1872 . .... . .. . . . .. 10,000 239,700 19 ,500 3, 300 253 ,000 65 ·90 
June 1, 1873 ....... .. .... 151,700 292,000 26 ,000 4,400 448,100 71 ·67 
Sept. 12, 1873 ... . .. . .... . . 10,000 270 ,400 11, 200 1, 900 282,300 67·27 
Oct. 31, 1873 ... . ...... .. . 37,000 267,000 14 , 200 2, 500 306,500 67·49 
June 1, 1874 . ... .. ..... . . 121,000 298,000 27' 100 4,&00 423, 800 71·07 
May 17, 1d76 . .... . ....... 212,700 323,000 37,600 6, 300 542,000 73·74 
May 26, 1877 . . ...... . .. . . 42,000 270 , 300 13 , 200 2, 300 314, 600 68·72 
Oct. 26, 1877 . .... . ...... . 10,200 233 , 300 4,100 800 244 , 300 66·15 

TABLE NO. 3.-SHOWlNG DERIVATIO OF DISC HA.RGE-STAGE RE LATION FOR LOCK 
NO. 1. LACHI E 

W.L. AT UPPER ST. ANNES BETWEEN 69·6 AND 70 ·0 

Oct. 
Sept . 
Sept. 
Oct. 
Oct. 
Oct. 
Aug. 
Aug. 
Sept. 
Oct. 

21-22, 
13-15, 
29-30 , 
1- 4, 

13-16, 
30-31, 
11-13, 
27-30, 
20-26, 
8-10, 

Date 

1923 ......... . .... .. .. ... . . . . . .. .. . . . .. . ....... .. . . . 
1922 . .. . . . .... .. .. . .. . ........ ... .... . ..... .. .. . . . . . 
1922 ..... . . . .. . .. . .. . ............ . .. .. ............. . 
1922 .... .. .. . .... . . .. ..... . .............. .. ........ . 
1922 .... .. . .. . . ... .. . .. . ....... ... . . .. . . . . . .. . ... . . . 
1922 ..... . .. .... . . ... .. .... . .... . .................. . 
1921 ... . .. . ..... . .... . ....... . .. . ... . . .. .. ... . . .... . 
1921 ........ ... . .... . . ... . ... . . .. .... . .......... .. . . 
1920 ... . .. .. .... . ..... . ............... . ....... . . . . . . 
1920 ....................... .. ......... . ......... . .. . 

Pt. Claire 
Gauge 

2 

66·73 
67·93 
67 ·72 
67 ·65 
67 ·61 
67·30 
67 ·99 
67·71 
67 ·56 
67·56 

W.L. AT UPPER ST. ANNES BETWEEN 70·0 AND 70·4 

Sept . 8-10, 1924 .. .. .. . .... .. . . . ..... ... . . .. .... . .. ........ .. . . . 
Oct. 7- 9, 1923 .. ... . .. . .. . .. . ..... . ..... .. . . ........ . ... . .... . 
Oct. 18-19, 1923 . . .......... . ... ... ... .. . . .... . . . . .. . .. . .. .. ... . 
Oct. 21-22, 1923 . . .... .. ...... . . . . . ... . .......... . .. . .... . .... . . 
Aug. 15-16, 1922 . ... . ... ..... . .... ... .. ... . . .. .... . .... . .. . .. . . . 
Aug. 18-20, 1922 ........ . ....... .. ........ . . ..... . . . ... .. . ..... . 
Aug. 30-31, 1922 .. . .... . .... . ......... . . ..... ...... .. ... . ... . .. . 
Sept . 3- 5, 1922 . .. . . .. .... . ... ... . .. . .. . . .... . .... .... . . ..... . . 
Sept. 13-14, 1922 . .. ..... .. . . . . . . . . .. . . . . .. .... . ... .... ... . ... .. . 
Sept . 16-19, 1922 ......... . ... .. . . ..... . ....... . .. ...... .. . . . . . . . 
Sept . 28-29, 1922 .. . .. .. . . . .. . .. . . ... . . . . . . . .. . . . .. . . . . . ..... . . . . 
Oct. 17-18, 1922 . .. .... . ..... . . . ... .. ... .. .. . . . .. . .. . ... . . ... .. . 
Oct. 29, 1922 ..... . . .. ..... . .. . .. .. .. . ...... .. . . . . . . .. .. .... . 
Nov. 1- 3, 1922 ..... ..... .. .... . . . . ..... . ... . : . . . . . . . . ... . .... . 
July 16-18, 1921 . .. . .. . .. .... .. . .. .... .. .. . ... .. .. . . .. ...... . .. . 
July 27-28, 1921 .. .. .. ......... . .. . . . ... . . . ... . . ... .. .. ... . .. .. . 
July 30-31, 1921 ... .. . .. ..... .... . .. . . . .... . ................... . 
Aug. 1- 2, 1921 .. . .. . .. . ..... . ..... . ....... . ... . .... . .. . ...... . 
Oct. 24-25, 1921 .. . ... . ..... . . . .. . .. . .. . .. .... . ..... . . . .. ...... . 
Nov. 14, 1921 . . . . . . ... . . . . . . .. . ............ . . . . . ... . ... .... . . 
Aug. 23-24, 1920 ........ . ........ .... . . ... . ... . . . . . ... . .. . .. .. . . 
A.ug. 26, 1920 . ...... . .... . . .. .. .. . . .......... .. . . . . . ... . .. .. . 
Sept. 5- 9, 1920 .. . . . ..... .. .... . ......... . . . . . ..... . . .. .. ... .. . 
Sept . 20, 1920 .. .. . . ............ . .......... . ... .. ..... . ... . .. . 
Oct. 5- 6, 1920 .. . . . ... ... ...... . . . . . ........... .. . . .. .. ...... . 
Nov. 4, 1920 ............ . ................. . . . . . ............ . 

45827-26 

67·83 
66 ·94 
66·75 
66 ·73 
68·45 
68·33 
68 ·05 
68 ·03 
67·94 
67 ·88 
67 ·70 
67·62 
67-22 
67 ·25 
68·26 
68·25 
68 ·23 
68·16 
67 ·57 
67·10 
67·79 
67 ·66 
67·70 
67·70 
67 ·82 
67 ·78 

P t . C laire 
Discharge 

3 

217' 900 
252,000 
245 ,800 
243,400 
242 , 500 
233,500 
253 ,400 
245 , 500 
241 ,000 
241, 000 

249,000 
223,500 
218,200 
217 , t'OO 
267,500 
264 ,000 
255, 800 
256,800 
252,200 
250 , 200 
245 ,000 
243,000 
231,200 
232,000 
261,900 
267,500 
260,800 
258,900 
241,300 
228 ,000 
247,600 
244,000 
245,000 
245,000 
248,800 
247 ' 600 

Lock 1 
Gauge 

4 

18·01 
19·68 
19·31 
19·16 
19·10 
18·73 
19·75 
19·09 
18·94 
19·13 

19·59 
18·34 
18·28 
18·01 
20 ·27 
20·19 
19·96 
19·79 
19·69 
19·60 
19 ·42 
19·14 
18·74 
18·76 
19·96 
19·91 
19·81 
19·87 
19 · 56 
18·63 
19·42 
19 ·29 
19 ·35 
19·24 
19 ·91 
19·39 



St. Lawrence Waterway Project 

fABLE NO. 3.-SHOWING DERIVATION OF DISCHARGE-Continued 

W.L. AT UPPER ST. ANNES BETWEEN 70·4 AND 70·8 

Pt. Claire 
Date Gauge 

2 

Aug. 23-25, 1924 .. . . ... ... . . . .... .. . ..... ...... . .. . . .... .. .... . . 68 ·03 
Aug. 1&-28, 1924 . .... ... . . ... . . . ... . .. .. .. .... .. . .. . ... . . .. ... . . 68 ·11 
Sept. 12, 1924 . .. . . .. ..... . .. . . ... . .. . . . ... . . .... . .. .. . ... .. . . 67·81 
Aug. 5- 8, 1923 . . ... ...... . . ... ... . . .. . .... ..... . . . . .. .. . . .. .. . 67·68 
Aug. 9-11, 1923 .. ..... . . .... .. . .... .. . . . . . .. .. . . ... ... . ....... . 67·57 
Aug. 23-24 , 1923 . .. ...... .. . . . ...... . .. .. .. . .. ..... .. . . ...... .. . 67·57 
Sept. 3, 1923 . ...... . . . . . . . . . . ... . ... . . ... . . ... .. . ........ . . . 67·46 
Sept. 8- 9, 1923 ... . ......... . .... . .. . . .. . .. ..... . ... . . . . ... . . . . 67 ·36 
Oct. 4, 1923 .. ..... . . . . . . . . . . .. . . .. ...... .. . . . . ... . . ... .... . 67 ·09 
Nov. 1- 4, 1923 . . . . . .. . .. ... . .. .. . .. ... .. ... . . . . . . ... . ..... . . . . 66 ·90 
Nov. 5- 7, 1923 . .. .... .. . . . .. . .. . ..... . ... . ... . ...... . .. . . . . . . . 66· 89 
Nov. 16, 1923 . . .. . . . . . . . . . . . . . . ... . . . . . . ..... ... ... ... . .... . . 66·72 
Aug. 4- 5, 1922 . .. .. . . . .. . . . . . ..... .. .. ... .. . .. ..... . ... . . .. .. . 68 ·56 
June 28-29, 1921 . . . . . . .... ... . ..... . .. . ..... . . ....... . ... . . . ... . 68 ·54 
July 1- 4, 1921. .... . . .. . . . . . . ... ... . . . . . . . . . . . ... . ... . . . . ... . . 68·41 
July 13-15, 1921 ... . . . . . . . ... . . . . . . . . . .. ... . . ...... . . .. .. . . . ... . 68·34 
Oct. 2&-29, 1921. .. . . . ... . ... ... .. .. . .. .. . ..... . ............... . 67·31 
Aug. 22-23, 1920 . ...... . . . . ... ..... . . . . . . . . . . . ... . ..... . . . . .. .. . 67 ·79 
Aug. 27-28, 1920 . .. ..... . . . . . . . . .. .. ........ .. . . .. ..... .. . . .... . 67·67 
Nov. &- 7, 1920 . . . ....... . . . . . . . . . . ... ...... ...... . ..... . . .. .. . 67·73 

W.L. AT UPPER ST. ANNES BETWEEN 70·8 AND 71·2 

Aug. 7-10, 1924 . .. . .. . .. ... . . ... . . . ..... . . . .. . .. .... . .. . . . ... . . 
Aug. 11-13, 1924 ... .. . . . .. ... . . ... . . . . . . . . . . . . . . . ... . .. . ..... .. . 
Sept. 22-24, 1924 . ......... .. .... ... . .... . . .. . . . .. . . .. . . ..... . .. . 
Setp. 27, 1924 . . .. . . . . ... . ..... .. .. . . .. .. . ..... . . . . . .. .. ..... . 
July 24-26, 1923 . . . ... .... .. . . . . . . ... . . ..... . ............... . .. . 
Sept. 17-19, 1923 . .. .. .... . . . .. . . . . ... . . . . . . . .. . .. . ... . .. . .. . . .. . 
Sept 23, 1923 .... .. ... . .... . .. . .. ... . ... . . .... . ... . . . ... . ... . 
July 17-19, 1922 ..... .. ... . . . . . . .. . . . .. . . .. .. .. . .... . . . . . . . . ... . 
July 2Q-21, 1922 .. . .. .. . . .. ..... . .. . ... .. .. . .... . . ... .. . . .. ... . . 
July 31-Aug. 2, 1922 ..... . . .. . . .. . . . ... ....... ... .... . .. . . . . .. . . . 
June 17-19, 1921. . .. . .... .. . . . . . . .. .. ... . .. . .. .. .. . . . . .. .. . . . . . . 
July 5-7, 1920 ... .... .. . . ..... . .... . . . . ... . .. . ........ ... ... . . 
Aug. &- 9, 1920 .. . .. . . . ....... . .. . ... . . ... . . . . .. ...... ... ... . . . 
Aug. 1Q-12, 1920 .. . . . . . . . ...... . ... . ... .. ...... . .. . .. . .. ... .... . 

68·22 
68·32 
67·92 
67 · 61 
67·93 
67·40 
67·16 
68·98 
68 ·98 
68·65 
68·77 
68·16 
68·02 
68 ·03 

W.L. AT UPPER ST. ANNES BETWEEN 71·2 AND 71 ·6 

July 24-30, 1924 .... .... .. . . . .. . . . . ... . . . . ....... . . . .......... . . 
Oct. 9-11, 1924 . ..... .. ........... . . . . ... . . ....... . . . ......... . 
July 2Q-23, 1923 .. . . . .. .. ... . .. . . . . .. .. ... ....... . ... . . ... ... . . . 
July 1- 7, 1922 . .. . . . . . . . .. . .. . . .... .. . . . . . . ... ......... .... . . . 
July 22-23, 1922 . . . . . ... . . . .. . ... . . . . ... . . ... . . . . ... . ..... . . ... . 
June 14-17, 1921. . .. . ... .. .... . . . . . . ... . . ... . . . ....... . . ... . . .. . 
June 24-26, 1920 .. . . ... .. . . . . . . . . . . . . .. . .. . . . . . . ... ..... ... .... . 
June 29-30, 1920 . ...... .... .. .. .. . . . . . . .. .. . . . .. . ... .. . . .. ..... . 
July 2- 3, 1920 .. . . . . ... . ... .. .. . ...... . .. . . . . ... .... . . . .... . . . 
July 23-29, 1920 . .. . ..... .. ... . ... . .. . . . . .. . .. . . . . . .. ...... . ... . 
July 2Q-25, 1919 .. . .... .. . . ... . . . . . .... ... ... . . . . . . . . . .... . . .. . . 
Oct. 7- 8, 1919 .. . . ......... . . . . . . . . . .. . . . .... . ... ... ... . ... . . . 
July 3Q-31, 1918 . . .. .... . . .. . . ...... . .. . . . . . . . ........... . . .. .. . 
Aug. 1- 5, 1918 .... . . . . . . . . . . .... . .... . . . . .. ...... . .. : . .. . . . .. . 
Sept. 3Q-Oct. 3, 1918 ... . . . ..... .. .... . . . . .. . . .. . . . . . . . .. . ... .. . . 
Aug. 27-31, 1917 . ...... .. .. . . . . . .. . ...... . . .. .... . ....... . . . . . . . 
Sept. 9-11, 1917 . ...... ... . . . . . . ..... . . . . . .. . ... .. ..... . . . . . . .. . 
Nov. 5-8, 1917 ..... . . . . .. ........... .. ..... . .... . . . .. . ... . ... . 

68·54 
68·22 
68·12 
69·50 
68 ·93 
68 ·93 
68 ·22 
68 ·17 
68 ·05 
68 ·29 
69·47 
68·85 
69·05 
68·75 
68·64 
69·28 
68·90 
69·09 

Pt. Claire 
Discharge 

3 

255 ,000 
257,100 
248 , 300 
244,600 
241 , 300 
241,300 
238,000 
235,200 
227,500 
222 ,200 
222,000 
217,500 
271,000 
270,400 
266, 300 
264,200 
234,000 
247,700 
244,100 
246,200 

260,300 
263,500 
251,400 
242,200 
252 ,000 
236,300 
229,300 
284,000 
284 ,000 
273,900 
277,500 
258,300 
254,400 
255,000 

270,200 
260,200 
257,500 
300,900 
282,500 
282,500 
260,200 
259,000 
257,800 
262,800 
300,000 
280,000 
286,800 
276,800 
273,500 
293,600 
281,800 
287,400 

Lock 
Gauge 

4 

19 · 95 
19 ·99 
20·18 
19 ·30 
19 ·11 
19·25 
19 ·15 
18·91 
18·72 
18·48 
18·54 
18·39 
20·66 
20·46 
20·24 
20·20 
19·20 
19·46 
19·25 
19 ·49 

20 ·42 
20·47 
19·93 
19·55 
19 ·85 
19·24 
18·98 
20·98 
21·03 
20·86 
21·02 
20 ·29 
19·84 
19·85 

20·83 
21·00 
20·05 
22·39 
21·06 
21 ·25 
20·32 
20·10 
20·12 
20 ·41 
21 · 64 
21·12 
21·49 
20·97 
20·99 
21·60 
20·97 
21·82 
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St. Lawrence W ate1·way Project 403 

TABLE No. 3.-SHOWING DERIVATION OF DISC HARGE-Concluded 

W.L. AT UPPER ST. ANNES BETWEEN 71·6 AND 72 ·0 

Date P t. C laire P t . C laire L ock 1 
Gauge Discharge Gua.ge 

July 9, 1924 .. .... .. . .... . . . ..... .. . .. . . . . . . . ... .... . ... ... . 
July 12-15, 1924 .. . .. ...... . ........... . ... .. ............ . .. . .. . 
Oct. 5, 1924 ............................................... . 
Oct. 7-10, 1924 . ..... . .... .. . .. ....... .. ....... .... . .. . . ... . .. . 
July 1G-12, 1923 ............................................... . 
June 20, 1922 .. . . ... . ............... .. .. . . . ........ . .. ...... . 
July 1, 1922 ......................... . . .. ....... . .......... . 
June 13, 1921 . ... . ...... . . .. .......... ... ... . .. ... ...... ... . . 
June 15, 1920 .. . .. .. . ....... . . ..... ....... . ... . ........... . . . 
July 9-12, 1919 ..... ..... .. . ...... . .......................... . . 
Oct. 16-18, 1919 . .. .. . ... ... . .......................... ...... .. . 
Oct. 19--22, 1919 ............................................... . 
Nov. 16-17, 1919 . ... ....... . . ... . . . .... . . . .. ... .. .. . . ... . ... ... . 
July 30-31, 1918 ... .. .... .. . ..... ... ..... ... ... . ... . . .. .. ... .. . . 
Oct. 12-15, 1918 . .... .... .... . .. . .... .. .. . .. . ............... .. . . 
Oct. 16-18, 1918 ............................................... . 
Aug. 16, 1917 ............................................... . 
Aug. 25-28, 1917 .. . . ........... . . .... . ... .......... . ... .. ... ... . 
July 21-22, 1916 . .. . . .... ... . .. . .. .... . .. .. . . ... . ... . . .... .. ... . 
June 9--11, 1915 .. .... .. ................. .. ...... . ..... . . . . .... . 
June 19-22, 1915 ............................................... . 
June 23-25, 1915 ............................................... . 
July 5- 8, 1915 . .. ...... . ... .. ........ . .... . ...... . ......... .. . 

2 

68·70 
68·61 
68·76 
68·40 
68·40 
69 ·42 
69 ·55 
69·07 
68·42 
69·80 
68 ·86 
68·73 
68 ·94 
69·05 
69·00 
68·72 
69·52 
69·32 
69·69 
68·06 
68·04 
67·98 
67·94 

W.L. AT UPPER ST. ANNES BETWEEN 72·4 AND 72·8 

June 
June 
M~y 
Jline 
July 
June 
Aug. 
July 
June 
June 
May 
May 
June 
June 
June 

21-22, 1923 . .. . ... . .. . ............ . . .. ... . .. .. .. . ......... . 
5- 3, 1922 . .... .. ... . . ... .. ...... . ... . . ... .... ... .. ... ... . 

3G-31, 1921. . ..... . . ... . . ....... ... ... .... .. .. .. .. .. . ..... . 
1- 3, 1921 ... . . .... .... . . .. .. .. .. .. . . . . .. .... ... . . .. .. .. . . 

6, 1919 . .. ..... .... ... .. ........ .. ............. . . . .... . 
17-23, 1918 ... . .. . . .. .... . ... .. .. . .... .......... ... ... . . . . . 

2, 1917 ............................................... . 
7-10, 1916 .... . . .... .. ........ .. . . . . ... ..... . . .. .. . ...... . 

5, 1915 ....... . . . ..... . . .. . .. .... .. ... .. . . .. .. ... .. .. . . 
13-15, 1924 ......... . ... . . . .. ......... .. . .... . ..... ....... . 
18-20, 1921 . . . ...... .. . . . . ... .... .. .. . ... . ... . . .. .. .. .. . .. . 
14-17' 1920 ............................................... . 
24-26, 1919 . . . . . ...... . . . .... . . . ... .. ... ... .. . ... .. . . .... . . 
1- 3, 1918 . ...... . ........... .. ...... . . ... ... ... . . .... . .. . 

28-29, 1916 . .................. . . . ......................... . 

68·96 
69·44 
69·53 
69·42 
70·05 
69·65 
70·08 
70·17 
68·21 
69·77 
70·17 
69·49 
70·80 
70·46 
70 ·89 

W.L. AT UPPER ST. ANNES BETWEEN 74·8 AND 75·2 

May 2, 1924 . ................ . . ...... .. ... .. . ..... . ...... . . . 
May 23-25, 1922 ...... .. . . . .......... .. . . .. .. . . .. ..... . . ..... .. . 
April :3D-May 2, 1921 ........................................... . 
May 15-19, 1917 . .. ... ..... . . . ..... .. ..... .... ....... ...... . ..• • 
May 3G-31, 1917 ... ........ . ..... .. .... . ..................... .. . 
June 1- 4, 1917 . . .. ....... . ..... . ........ ... ... .. . ...... . .. .. . . 
June 12-13, 1916 . ................................. . ............ . 

45827-261 

70·34 
70·76 
70·80 
70·63 
70·44 
70·64 
71·40 

3 

275,400 
272,600 
277,000 
266,000 
266,000 
298,200 
302,600 
287,000 
266,800 
311,000 
280,200 
276,200 
283,000 
286,700 
285,000 
276,000 
301,900 
295, 000 
307,000 
256,100 
255 ,800 
253 ,100 
252,400 

283,200 
298,700 
301,900 
298,300 
320,000 
305,800 
320,700 
363,600 
260,100 
310,000 
324,000 
300,200 
346,000 
334,000 
349,000 

330,000 
344,800 
346,000 

' ~~~ :~~~ 
340,800 
368·000 

4 

21·09 
20 ·73 
22 · 16 
21·35 
20·49 
22·64 
22·72 
21·34 
20·72 
22·06 
21·28 
20·94 
21·35 
21·50 
21·66 
21·28 
22·10 
21·69 
22·32 
20·11 
20·31 
20·41 
19 ·93 

21·73 
22·05 
22·03 
21 ·88 
22·80 
22·44 
23·00 
23·20 
20·59 
23·06 
23·30 
22·95 
23 ·86 
23 ·29 
24·45 

24·67 
24·40 
25·12 

I 24•81 
;; 24·07 

24·04 
' 25·58 



TABLE No. 4.-SHOWING DERIVATION OF DISCHARGE STAGE RELATIONS AT VARENNES AND SOREL 

11850 Discharge ---of Total Total Pt. Claire Dis- Dis- Dis- 161200 One-half One-third flow at Gauge flow at Date and Des charge charge charge St. Richelieu St. Varennes at Sorel Prairies Richelieu St. St. Maurice discharge Maurice 2+6+7+8 Varennes 2+3+4+5 River Francis Maurice discharge discharge 

1924 
~tith April to 2nd May .......... ........ . ..... 3981000 291500 191500 561800 61500 141800 181900 4381200 22·06 5031800 11th May to 17th May . ...... . ............... 4551300 341600 91200 1361100 151500 171300 451400 5331500 24·06 6351200 26th May to 1st June . ... .. .............. . .... 4651600 241500 41300 181300 913op 121300 271100 5141300 23·49 5751700 9th June to 15th June ... . ........... . . ....... 3861900 171800 21900 351400 41000 81900 111800 4111600 20·59 4431000 9th July to 15th July .... .... . . . ....... . ... . . 3121700 81300 11800 181800 21200 41200 61300 3251400 17 ·75 3411600 24th July to 30th July .......... . ...... .. ..... 3361900 61000 41700 241200 21800 31000 81100 3501800 17 ·80 3711800 7th August to 13th August ... ..... ....... . ... 2931500 41700 81000 241700 21800 21400 81200 3061900 17 ·45 3301900 23rd August to 29th August ...... ....... . ... . . 2841400 41000 21600 141500 11700 21000 41800 2921900 16 ·87 3051500 6th September to 12th September ... .. . ..... 2721 100 41000 221300 301000 31400 21000 101000 2871500 16 ·69 3281400 21st September to 27th September ....... . .... 2801000 41300 41300 261000 31000 21200 81700 2931900 16 ·90 3141600 

1923 
23rd April to 29th April. ... ................. . 4571100 301300 251100 341300 . ...... . . . 151200 . .. ....... ..... .. .. . .. .. . .. .. . 5461800 8tn May to 14th May . ...... . ......... . ..... 4651 100 381200 111300 1021200 111700 141100 341100 5251000 23·80 6061900 23rd May to 29th May .... . . ... ............ .. 4631 100 241600 61800 651300 71500 121300 211800 5041700 23·46 5591800 7th June to 13th June .. . .. .. ........... . ..... 4031400 191600 81900 191700 21300 91800 61600 4221100 20·82 4511600 21st June to 27th June .. .... . . . ....... . . . ... . . 3261800 141600 31500 151 100 11700 71300 51000 3401800 18 ·45 3601000 6th July to 12th July .. .. . .. ................. 3111600 91400 41400 131900 11600 41700 41600 3221500 17·77 3391300 20th July to 26th July ........ .... ....... ..... 2891600 61100 21100 121900 11500 31100 41300 2981500 17·06 3101700 5th August to 11th August .............. ..... 2701500 41300 11900 131900 11600 21200 41600 2781900 16·26 2901600 19th August to 25th August .. .... . ... . ...... . . 2671800 31600 21300 151800 11800 11800 51300 2761700 16·27 2881700 3rd Septem her to 9th Septem her .... .. . ..... 2631900 21600 11600 181 100 21100 11300 61000 2731300 16·18 2861200 17th September to 23rd September .. . ........ 2651400 11600 21300 161700 11900 800 51600 2731700 16·33 2861000 3rd October to 9th October ....... .. ........ 2501200 11800 21300 131600 11600 900 41500 2571200 15·56 2671900 17th October to 23rd October .. . . ... ......... 2401600 11300 21000 141100 11600 700 41700 2471600 15·36 2581000 1st November to 7th November ........ . ... 2481300 31000 31100 191000 21200 11500 61300 2581300 15 · 68 2731400 16th November to 22nd November ........... 2431600 31600 21500 151600 ·· · · · ·· ... 11800 ···· ····· · · · ·· · ..... ·········· 2651300 

1922 
4th May to lOth May . .. .. ....... . .... ...... 4681000 311600 71500 561200 61400 151800 181700 5081900 23·47 5631300 19th May to 25th May .. . ..... . ... .... . . ... .. 4301300 231400 31200 371600 41300 111700 121500 4581800 21·76 4941500 2nd June to 8th June ......... .. . . . . . . . ....... 3561800 171400 31800 241100 21800 81700 81000 3761300 19·40 4021100 17th June to 23rd June ..... . .... . ............. 3421000 201300 191900 231300 21700 101200 71800 3621700 20·07 4051500 1st July to 7th July . .. . ..... . ............. .. 3671800 211100 131600 241300 21800 101600 81100 3891300 19·47 4251800 17th July to 23rd July ....... . . .... .. ......... 3171200 141900 21700 201500 21300 71500 61800 3331800 17·81 3551300 31st July to 6th August ........ ........ .. ..... 3011100 101500 21500 201600 21400 51300 61900 3151700 17·60 3341700 15th August to 21st August .. .. ............... 2891300 81300 31500 161200 .. . ....... 41200 51400 .......... ... . . ... .. 3171300 

Gauge 
at 

Sorel 

18·9 
21·0 
19·7 
16·9 
14 ·3 
14 ·3 
14·2 
13·5 
13·9 
13·6 

19·3 
20·4 
19·8 
17 ·1 
15·1 
14·2 
13·8 
12 ·9 
13·1 
12·9 
13·0 
12·4 
12·2 
12· 6 
12·3 

19·7 
17·9 
15·9 
17·4 
16·2 
14 ·5 
14·4 
13 ·8 

3 

3 
1 
2 
5 
0 
3 
8 
1 

~ 

~ 

w 
f1-

~ 
p 
s 
"i 
(1:) 

~ 
0 
(1:) 

~ p 
N-

~ s 
p 
~ 

:p 
o 

'->. 
(1:) 
0 
N-



30th August to 5th Reptem ber ................ 279,900 5, 900 2, 700 17 ,700 2,000 
13th September to 19th September ... ........ 273,600 4,800 2,300 30,300 3,500 
2~th September to 4th October ..... ..... ..... 265, 100 3, 600 1, 900 18, 000 2,100 
13th October to 19th October . .... ....... ..... 263,400 3,600 2, 700 28,200 3,200 
28th October to 3rd November . ...... ....... 254,700 1, 700 3,200 19, 400 2,200 

1921 
30th April to 6th May ... . . . . ................. 434,000 20,700 5,300 . 113, 600 13,000 
14th May to 20th May ...................... 401' 200 15, 100 2, 600 33,600 3,800 
30th May to 5th June .. ....... ......... . ...... 347' 200 11 ,300 2,300 21,400 2,400 
13th June to 19th June ...... ................ , . 3 L7 , 000 7,100 2,300 25,200 2,900 
!8th June to 4th July ... .. .... . ............... 295,300 5, 200 1, 700 17,600 2, 000 
12th July to 18th July .... . .. ...... . .......... 288, 100 4,600 1,800 19,600 2,200 
27th July to 2nd August . .... ................. 284, 000 3,800 1, 700 18,900 2,200 
11th August to 17th August ................... 273,300 2,500 2,100 15,000 1, 700 
25th August to 31st August ... ................ 265,300 2, 100 1, 900 12,300 1,400 
27th September to 3rd October .. ............. 247' 600 1, 400 1, 800 22,600 ~.600 

9th October to 15th October ................ 251' 400 2L 0 3, 700 32,700 3, 700 
!3rd October to 29th October ........... . .... 262, lOO 900 3,200 45,300 3,200 
8th November to 14th November ... .. ...... 253,000 900 2,400 19,900 2,300 

22nd November to 28th November .. .... . .... 269,300 4,600 6, 700 22,500 ... . ... . .. 

1920 
25th April to 1st May ... . . ... . ......... . ..... 389,800 38,900 26,200 66,800 7, 600 
11th May to 17tn May ......... ............... 371,900 30,300 6,100 60,300 6,900 
!5th May to 31st May ........... .......... . .. 344,000 23, 000 2,200 57,300 6,800 

Qtn June to 15th June ... ..................... 313,800 15 ,600 2,200 34,700 4,000 
24th June to 30th June ............. ... .. . . .... 295,900 10,800 1,200 20,800 2,400 
2nd July to 8th July ...... . ... . .. ...... .. .. . . 292,400 9, 800 2,300 30,000 3,400 

!3rd July to 29th July ......... ..... ..... .. .. . 299,500 8, 100 1, 900 24,400 2,800 
6th August to 12tn August ... . ............... 285,700 5, 900 1,300 15,400 1,800 

22nd August to 28th August .................. 269,000 4,900 1,000 21,400 2,400 
5th September to 11th September ............ 269,200 3, 700 1, 900 14,900 1, 700 
20th September to 26th September .......... . 261' 900 4,200 3,400 13,80C 1,b00 
4th October to lOth October . .. ..... . ..... .. 267' 100 7,300 4,300 16,700 1, 900 

20th October to 26th October .... .. .......... 251,300 6,300 2, 700 15,400 1,800 
~rd November to 9th November .... .. ...... 271,000 6,600 6,900 21,900 2,300 

3,000 5, voo :mu.~uu 

2,400 10, 100 289,600 
] ,800 6,000 276, 000 
1, 800 9,400 277,800 

900 6, 500 264,300 

10,400 37,900 495,300 
7, 600 11, 200 423,800 
5, 700 7,100 362,400 
3, 600 8,400 331.900 
2, 600 5,900 305,800 
2,300 6,500 299, 100 
1, 900 6,300 294,400 
1,300 5,000 281,300 
1,100 4,100 272,900 

700 7,500 258,400 
100 10,900 266,100 
500 15, 100 282,900 
500 6,600 262,400 

.......... .......... ·· ·· ·· · ·· · 

19,500 22,300 439,200 
15,200 20,100 414,100 
11,500 19,800 382,100 
7,800 11,600 337,200 
5,400 6,900 310,600 
4,900 10,000 310,700 
4,100 o, 100 314,500 
3,000 5,100 295,800 
2,500 7,100 281,000 
1, 900 5,000 277,800 
2,100 5,300 271,100 
3, 700 5,600 278,300 
3,200 5,100 261,400 
3,300 7,300 284,100 

liHSU Juo,:.::uu 
16·58 311,000 
16 ·19 288,600 
16 ·00 297,900 
15 ·73 279,000 

22·76 573,600 
20·87 452,500 
18·89 382,200 
18·25 351,600 
17 ·35 319,800 
17 ·13 314, 100 
16 ·81 308,400 
16·52 292,900 
16 ·21 281' 600 
15 ·56 273,400 
15·94 288,000 
16·67 311,500 
15·81 276,200 

... .. .... . 305,100 

22·11 521,700 
20 ·66 469,600 
19·72 428,500 
18·24 366,300 
17·28 328,700 
17·41 334,300 
17·61 333,900 
17·00 308,500 
16·44 296,300 
16 ·56 289,700 
16 ·00 285,300 
16 ·74 295,400 
15 ·56 275,700 
16·56 306,400 

1J ·04 
13· 43 
13 ·00 
12 ·83 
12·59 

19 ·33 
17 ·14 
15·17 
14 ·81 
14·03 
13 ·73 
13·41 
15·19 
12·92 
12·63 
12·96 
13 ·59 
12·63 
13 ·98 

19·00 
17·26 
16 ·38 
14·77 
13·84 
14·21 
14 ·06 
13 ·65 
13 ·11 
13·42 
12·62 
13·55 
12·73 
13·4.2 
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APPENDIX E 

ICE FORMATION ON THE ST. LAWRENCE AND OTHER RIVERS 

1. When the problem of preparing plans for the improvement of the St. Lawrence river was first undertaken, particularly by the Canadian Government, about ten years ago, there was a great deficiency of basic data on which to predicate designs. Since that time systematic survey have been made of ice covers, packs and gorges, as they occur, and as a re ult of these, much exact knowledge is now available. This data is presented in summary in this appendix. 
2. IcE PRESSURE. In northern latitudes a solid covering of ice forms on quiet river and lake surfaces in winter. This melts away with the advent of warm weather. The thickness of ice cover varie with the coldness of the olimate. A thickness of about 2. 5 feet is found in latitude 45 and 5. 5 feet in latitude 57 in the eastern half of North America. Sheet ice as formed on lakes and rivers is made up of great numbers of crystals tanding with axes vertical and closely packed side by side. As the air with which ice is in contact changes in temperature from day to day, the temperature of ice on rivers and lakes changes also. In cases where the ice surface is free from snow, the amplitude of this change at mid depth is about one-half that of the air so long as the temperature of the air is below freezing. If an ice sheet js covered with snow this change in amplitude is less than one-half that of the air. 
3. As ice heats and cools it expands and contracts. Daily expansion and contraction of ice sheets is noticeable on lakes and rivers in northern regions. In some cases cracks have been observed to open or close as much as ten feet in a period of several days and these usually occur in the same places year after year. 
4. The coefficient of free unre trained expansion of ice is given by many authorities as about . 00004 per degree Fahrenheit change in ice temperature per unit of length. On 'thi ba is a heet of ice one mile long, with a temperature change of 5 degrees, would expand or contract to the extent of one foot. Actually, movements of two feet per mile have been observed at free ends of ice sheets on large lakes and riverN during extreme changes of weather. On small lakes and rivers, the movement of the ice is believed to be restrained by the ::bores at least to a sufficient extent to prevent it being much noticed. 
5. There are records of failure of ...,ome light dams and structures which were due to ice action but the fact that dams of dimensions not sufficient to resist theoretical ice action are in place, proves that the full crushing strength of ice is not applied to them. 
6. In order to set up a more definite value for probable ice pressure on dams, a series of tests were carried out by Profes or Erne t Brown of McGill University and the engineering taff of the Department of Railways and Canals in the winter of 1925-26. These show that sheets of ice flow or slowly change their shape as soon as subjected to pressure in excess of about 100 pounds per square inch. A special report giving details of tests made in this connection is given in appendix "F ". 
7. In view of the foregoing, the Board has reached the conclusion that ice pressure will not exceed 22,000 pounds per linear foot on the upstream side of dams under weather conditions to be expected in the St. Lawrence region. 
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8. leE FoRMATIO I RAPID WATER. As is well known, the precipitous rapids 

of northern rivers remain open in winter and olid smooth ice covers form on 

the gently flowing section ; thus; open and closed conditions alternate with one 

another. The law or condition governing the location of the boundaries between 

an open and clo ed urface are not well known. Ob ervations of the behaviour 

of rapids and open stretches of river show that they are ubjected to much cooling 

in winter but they do not freeze over becau e the ice crystals formed in pre

serving the heat equilibrium, attach themselve to the bottom or are carried off 

by the turbulent water before they have time to connect to one another or bridge 

the stream. As the water with it burden of ice moves down tream it ultimately 

reaches a river or lake expan.., ion where it velocity and turbulence moderate and 

where the ice and slu h move quietly on its surface. Under these conditions ice 

bridges form acro s the river or lake and then the pack, as it is called, advances 

upstream until it reache a point. where the 'elocity becomes so great that ice is 

carried under the surface of the pack and i .. depo ited there in the form of a 

"hanging dam". These hanging dams continue to increase in length as long as 

the temperature of the air is below about 20 degree Fahrenheit, or while snow is 

falling and a long as large open urface remain in the river above. As soon, 

however, a the temperature of the air ri e .. above 20 dearee Fahrenheit or the 

area of the water urface expo ed abo1 e reduces in ize, the length and steepness 

of the water slope through these dam becomes les and in the warm weather 

of approaching pring the jam melt away. The formation of an ice cover on a 

stream acts as a blanket and prevent the formation of frazil in the wa,ter 

beneath. 
9. Sometime ice gorae eau e the inundation of large areas above them as 

in the vicinity of Montreal and sometimes they greatly reduce the flow of water 

as in the St. Clair river. 

10. EFFECT ON PoWER hrPROVE~IENT. In the improvement of northern 

rivers for power it i u ually po ible to e.., tabli h water surface levels high enough 

to secure low velocitie and eliminate or reduce to mall proportions all water 

surface area remaining open in winter. Thi opportunity i generally available 

becau e mo t river ha\'e deep wide valley 1rith mall winter flows compared 

with tho e of ummer. 
11. Much difficulty is found in reducing open water areas on the St. Law

rence river to small proportion . The river carries a large winter flow which 

must be main.tained, the river valley i relatively narrow and the water level 

at the head of the rapid section. cannot 'be raised on aceount of property values 

involved in flooding. 
12. As a con equence of thi~ ituation a number of investigations were made 

to determine the facts with regard to the following matters:-

(a) Condition un.der which mooth ice covers, ice packed covers, and 

hanging dam may be expected to form. 
(b) The amount of ice formed by a given open water expo ure in a given 

locality. 
(c) The los in head due to ice covers and packs of various kinds, or the 

effect of such packs on the flow of water under them. 

13. FACTORS AFFECTING IcE CovERs. Whether an ice cover forms or does 

not form across a river depends upon the temperature of the air, the temperature 

of the water, the velocity of the win,d, and the velocity and tmfuu'lence of the 

water. 
14. Actual observations at a number of points on the St. Lawrence show 

little variation in what takes place at a given point from year to year. For 



408 St. Lawrence Waterway Project 

in tance, an ice cover alwa~ s forms on lake St. Louis at a point where the average velocity is about one foot per econd and gradually makes downstream to a point where the average 'elocity is close to two feet per second. An ice cover form at the lower end of lake St. Peter a.t a point where the average velocity i from 1. 0 to 1. 25 feet per econd. At the foot of Vercheres Island where the average velocity of the water is about 1.4 feet per second, ice cover~ do not form untit the ice pack reaches this point from below. At other points on the river, such as the ections at Croil islan.d, Cat island and at Drummond island ice covers do form at from 1. 3{) to 1. 40 feet per second, under extremely cold weather conditions. After an ice cover has started in quiet water near shore it will extend into swifter water. The actual surface velocities along the edge of an ice sheet have been observed to be as high as 2 . 5 feet per second. 15. The term "average velocity" as herein used is the velocity determined by dividin,g the river discharge by the area of the cross section at the water level. The term " urface velocity", where used, is the observed velocity determined by surface float . The surface velocity at a section may be as much a::; 50 per cent in excess of the average velocity. 
16. It i not probable that an ice cover would always form on a section of the St. Lawrence early in winter unless provision is made for reduction of the average velocity in the section to about 1. 25 feet per second. 17. After ice cover are formed and attain, some thickness it is found that average velocitie can be increased up to 2. 5 feet per second without danger of breaking up the ice sheet. . This i current practice in the operation of power canals in the St. La wren re district. 
18. Near the immediate outlet of large lake expansions and in some rivers in Ontario large open,ing" or air hole are sometimes found where the velocity is below one foot per second. This phenomenon is apparently caused by heat accumulated remaining in the water underneath the ice. Not many cases of this are found in the St. Lawrence where the velocity is so low, but the phenomenon is noticeable at the outlet of Rice lake on the River Trent and iu other places. 
19. In stretches of river where average velocities exceed 1. 40 feet pe< second, ice covers will not form from shore to shore but after a bridge is formed below, ice and slush will pack up..,tream against an average velocity up to 2. 25 feet per second without the floating lush or crystals being carried underneatl1 the advancing ice bridge. This fact permits channels of reasonable size to be used for power works in northern latitudes, and is of economic importance in reducing the cost of improving rivers to obtain the power available in them. 20. The formation of the ice pack which forms each winter at the foot of lake St. Peter and gradually builds up to Montreal has been watched for many years, because it furnishes i.nformation of special value in connection with ice packs. Gauges were established in this stretch of river twelve years ago and water level records are available which show the change in lope which occurs in this reach as the ice pack advances from day to day. 

21. From the above records and direct observations, the conditions under which the ice pack failed to advance have been clearly defined. If slush o'.-' frazil is carried underneath an ice bridge and is deposited in the form of a hanging dam its presence is reflected in steep slopes which continue throughout the winter. If the ice bridge advances without slush or frazil heing carried underneath the cover, the section will not show any slu h in place and surface slopes in succeeding winters will be moderate and uniform. 
22. The observed data are shown on table No. 1. This table shows that frazil is likely to be carried under the ice cover and deposited if the averagf 
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velocity exceeds 2. 25 feet per second, but is not ordinarily carried under unle e 
the velocity exceeds that figure. The section cho en at Lanoraie is one in whi,h 
the conditions are as adverse as can be expected anywhere. 

23. ·on account of the need for relia.ble information on this matter an 
effort has ·been made to obtain corroborative data in other parts of the river. 
This search has only been partly succe ful a no other section is available which 
is naturally uited to furni hing uch information. In the International Section 
of the St. Lawrence river and on the N iagara ri,·er, records how ice packs 
advancing upstream under velocitie which may vary from 2. 4 to 3. 2 feet per 
second depending upon the temperature of the air and the amount of frazil and 
slush ice carried in the water (table 2). The e velocitie" may al o clepenci 
to some extent on the crookedne of the river a record in general how higher 
velocities at the head of advancing packs in the International Section than in 
the St. Lawrence below Montreal. Record al o how the average velocity 
of the water at the point where deposit of frazil and slu ... h cease at the lower 
ends of hanging dams to be about 2 feet per second. It is probable that some 
ice is generally carried under ection when the ice pack is advancing, but 
obviously the point where it would cea e to be carried under is near at hand elsE; 
the pack would not a.dvance. Again the fact that water does not carry ic-2 
under a cover at a velocity le s than 2 feet per econd "ugge ts that velocitie~ 
of less than 2.25 feet per second would not eau e it to subm·erge. Records of 
receding ice jam is during the breakup period (table 3) indicate that the average 
velocity of the water at the head of the jam in the e case varie from 2. 2 to 
2. 5 feet per second. 

24. The deduction made from thi information i~ that an average velocity 
of less than 2. 25 feet ger econd mu ... t be prO\ ided to en ure an unob tructed 
section, e pecially in mild weather immediately following cold periods. 

25. LIMITING VELOCITIES FOR Am ANCE OF IcE PACKS. In the improvement. 
of the St. Lawrence it i important to define condition .__ under which a stretch 
of river will remain open and free from ice cover of all kind . River channels 
were CToss- ectioned in winter and re-ere - ectioned in ummer; flow8 were 
metered in winter and in ummer and e\ ery effort was made to ascertain the 
truth in each ea e which appeared to furni h typical information. A variatior: 
i found in the velocity and temperature required to produce a bridge in different 
sections of the river. Thi i hown by table 2. 

26. An examination of data accumulated how that with velocities betweeu 
2. 7 and 3. 3 feet per second ice cover , if formed, will go and come with changes 
of weather but with velocities in exce" ... of aJbout 3. 3 feet per second, surfaces 
will generally remain open under all winter condition on the St. Lawrence. 

27. RATES OF IcE PRODUCTION. In addition to determining the water 
velocity conditions under which ice CO\ er and packs of various kinds are 
formed, the volume of ice in the form o,f frazil made by a given exposure to cold 
i important becau e it i not alway po ible to arrange for the w.hole of a 
river to be ice covered. Two method for determining thi volume are avail
able. 

28. The actual content of hanging dam in lake St. Louis, lake St. Francis, 
·and above Croil island hav·e been mea ured by cro ~ - ection under the ice at 
thes-e point<B. The mea urements made when related to the water surface exposed 
show the production of from 8 to 15 cubic feet of ice per quare foot of exposure. 
These variation depend upon the place of measurement and the coldness of the 
winter in the year in question. 
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29. Anoth-er method of arriving at the volume of ice formed is by the es-tab
li h~ent of the rate at which a water surface loses heat previous to its being 
cooled down to the freezing point in the fall of each year and the application 
of the rate found to later exposures. The temperature of both air and water 
was recorded at Kin~ston, Brockville, Drummond Island, Dickinson's Landing, 
Cornwall, H1amilton ir3.land and Coteau, for periods of about two months previous 
to the a,ctual formation of ice in the years 1924 and 1925. 

30. By relating heat lo es to differences in temperature found between air 
and water, the rate of transfer of heat between surfaces was established with a 
fair degree of 81ccuracy. An examination of the statement attached (table 10) 
shows that this rate may be taken at about 95 British Thermal Units trans
ferred per day per square foot per degree difference in temperature between air 
and water, and is independent of the character of the river sections in question. 
That is, the surface of rapid , the surface of lakes and the surface of smooth 
sections of riv,er all give about the same cooling coefficient or rate of heat 
transfer. 

31. A shown from an in::pection of diagrams which have been prepared, 
the coefficient derived from t.hese mea urements is affected in some degree by 
snowfaH, rainfall and wind. A correction for the effect of snowfall and rainfall 
ha ·been made in the re ults given but the effect of wind cannot easily be taken 
into account. As it effect is small compared tD the general difference in tem
perature between air and water it may be disregarded in the us-e of -this data. 

32. A-s one pound of ice is formed by water at 32° Fahr. giving up 144 
British Thermal Unit , the total amount of ice formed by a given length of the 
river in a given time can be approximately determined from temperature records. 
Duri.ng the winter of 1924-25, for a period of 80 days the average temperatur~ 
of the air in the vicinity of JV1ontreal was 17 ·6° Fahr. beLow the freezing point, 
makiDJg an aggregate of 1;410 degree day . Taking the cooling coefficient of 
9.5 Briti h Thermal Units peer degree day given in paragraph 30, it will be found 
that thi expQSJUre account for 16·3 cubic feet of ice per square foot of surface. 
A·ctually, 14·4 cubic feet of slu h per .square foot of surface exposed wrus found 
by mea urement under the solid ice cover at the head of lake St. Louis at the 
end of that winter, a shown on table 4. Similarly, in the yeail' 1923 the water 
surface area exposed in t he vicinity of Ogdensburg was subjected to 1,246 degree 
day of freezing which ..,hould form theoretically 14·2 1cubic feet per square foot 
of urface expo ed. Cro ..., - ection measurement made at tJhe head of lake 
St. Francis show a depo. it of 13·0 cubic feet ,per square foot of surface exposed 
between lake St. Franci and Ogden burg. Other measurements in other years 
indicate imilar .relations, a shown on table 4. 

33. An approximation of the vrolum,e of ice formed by a given exposure can 
also be made from the rate at which ice packs make upstream from Lanoraie 
to Longue Pointe below JVIontreal in zero weather. If cold weather comes r.n 
gradually in winter lake St. Peter freezes over a few days before lake St. Louis 
or la.ke St. Franci and the area of water at the freezing point can be approxi
mated from temperature mea urements at a number of points in thi'S section of 
the river. 

34. In the year 1925-26 specially good means were provided for estimating 
the area forming ice becau e lake St. F.rancis in that year froze three day,s. before 
lake St. Louis, and lake St. Louis was open while the pack advanced from 
Lanoraie to Longue Pointe. In that year the temperature of the water coming 
down the river reached the freezing point at Cedars about the time the ice 'P'ack 
reached Sorel coming up, but a high we t wind kept lake St. Louis open while 
the pack advanced up stream to Vicker's dry-dock, just below Montreal. The 
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actual travel of the pack upstream during the two days with 27 degrees of 

freezing was fifteen miles. \Vith ice taken as fifteen inches thick 25,500,00Q 

cubic yards would be formed or accumulated in one day in thi section of the 

river. This gives about the ~ame volume a i derived by the use of 95 as the 

cooling coefficient and 77 quare miles a the area of urface exposed at that 
time. 

35. An in pection of tables No. 5 and 6 indicates that the degree days of 

freezing to which water surfaces are expo ed in the vicinity of King ton, after 

they reach a freezing temperature, i only about 80 per ·cent, and at Ogdensburg 

90 per cent of that to which imilar areas are expo ed at Montreal. This differ

ence is due to the moderating iclluence of lake Ontario on the temperatures of 

both air and water in the upper river a~ well a to differences in latitude. 

36. The general .sea anal va:riations in temperature of the air and water 

all along the St. Lawrence from lake Ontario to Montreal are hown in a number 

of diagrams which are attached to thi Appendix (plates 1 and 2). These show 

the manner in which the great volume of water held in lake Ontario lengthens 

the season of open water to a decrea ing extent all the way down the .river from 

King ton to Montreal. On account of the proximity of lake Ontario water, 

temperatures OpP.Q§ite King ton at the beginning of winter are still 9 degrees 

above the freezing point when the inflow from the Outawa river at the head of 

lake St. Louis reache the freezing point. The temperature of the water at 

King~.::ton is generally about 6 degrees above the freezing point when the water 

at the foot of lake St. Peter, 65 mile below Montreal, reaches the freezing point. 

U ually ice begin to form oppooite King ton at t:he head of the St. Lawrence 

about sixteen day, after the ice begin to form on lake St. Peter below Montreal 

and almost a month after ice begin to form on lake of T\\ o Mountains at the 

outlet of the Ottawa river. 
37. Early in the pring of the year, warmer water from the depths of lake 

Ontario make it elf felt and ice generally disappear in the etretch of river 

above Ogden~burg about two week before a through channel is available at 

the head of lake St. Loui and lake St. Peter. However, a oon as lake St. 

Louis and lake St. Peter are clear of ice the temperature of the water at these 

points rises rapidl.- and i soon found to be higher than that flowing out of lake 

.Ontario. Throughout the early .::ummer month the temperature of the water 

downstream from lake Ontario i tolerably uniform at all points. 
38. As a consequence of the above condition the winter or ice-covered 

period in the St. Lawrence at the head of the International ection is about one 

month shorter than that of the river in the vicinitv of Jviontreal. 
. 39. In addition to con idering the amount of frazil created by a given 

exposure, con ideration hould be given to the fact that water which flows for 

any great length of time underneath an i'ce cover, even in winter, accumulates a 

certain amount of heat from .. ome ource. Temperature mea urements of the 

water at the foot of lake St. Franci and at the foot of Bergan lake how that 

'the water flowing out of t.he e ice-covered eetion is about 0·03 of a degree 

warmer than freezing throughout the whole winter period from the time the ice 

is formed until oft lu h make it appearance on the urface of the i·ce in 

March. Mea urement alzo show the temperature of the water under the ice 

is about 0·16 of a degree warmer than freezing oppo ite Clayton and 0·08 of a 

degree warmer than freezing at Pre cott during the coldest part of the winter. 

This heat has an important bearing on the design of work especially at Galop 

rapids. If the flow of the river in winter be taken at 200,000 cfs. and the 

average temperature of the weather as 20 degrees below freezing, it will require 

an expo ure of 45,000,000 square feet to cool the water to the freezing point. 
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This means that three miles of open water may exist at tJhis point and yet no 
frazil on the average accumulate, a cold weather is always suoceeded by warmer 
spells and the average temperature for winter months seldom falls below +12° 
Fahrenheit. 

40. SLOPES THROUGH leE CovERED SECTIONS. Gauge relations show that 
even the smoothest form of ice covers impo e resistance to the flow of water 
in the sections which they cover. This is easily seen by comparison of summer 
and winter slopes between Summer town and Coteau, on lake St. Francis, 
Ottawa and .Grenville, on the Ottawa river, Peterborough and Hastings, on the 
Trent, and the slopes in certain canals where the discharge is known. 

41. The data gathered with regard to the resistance of this form of ice 
cover indicate that it i comparable to the resistance of concrete surfaces. In 
canals where a value of uM'' in Bazin formula, of 4. 0 satisfied summer condi
tions a value of 2. 3 V\ ill satisfy winter conditions, the ice cover being taken as 
part of the wetted perimeter. A value of "M"==l. 0 averaged with the value 
e tabli hed for open water condition will give its value close enough for prac
tical purposes. 

42. The resistance to flow caused by an ice cover formed by the accumula
tion of slush and frazil at the head of an advancing ice bridge is of great import
ance in the design of the St. Lawrence Project, and elaborate arrangements 
were made to establi h values for this form of resistance. 

43. Special gauges were -establi hed at Varennes, Repentigny and Lavaltrie 
on the St. Lawrence river below 1.iontreal. These were read winter and summer 
for two years and slopes were related to di charges derived from gauges farther 
up river. Through thi section of the river no deposits of frazil are found and 
average summer velocities vary from 2 to 2. 6 feet per second while winter 
velocities vary from 1. 3 to 1. 6 feet per second, depending upon the state and di..
charge of the river. From these relations and actual cross-sections of the river 
made winter and summer, values of "M" in the Bazin formula were obtained. 
These are shown on table No. 7. 

44. Gauge readings between Lanoraie and Sorel and discharge relationE were 
also used to determine values for these years in which it was apparent no frazil 
or slush was carried into the section (table 8). The values obtained in this 
way check closely with those obtained in the section first described. In this 
reach velocities vary from 2 to 3 .4 feet per second in summer, to 1. 6 to 2 feet per second in winter. 

45. The data above described indicate that winter slopes on the St. Law
rence river may safely be figured with a value of "M" in the Bazin formula 
taken as the average between that applicable to summer conditions and 5. 5 
for January and 4. 5 for February and March. All the values of "M" derived 
from gauge readings show a gradual smoothing of the ice cover as the season 
advances from the time it is first formed until it begins to melt out in the month of March. 

46. The foregoing results apply to ice covers when formed as a packed 
surface without hanging deposits. The slopes occurring when all kinds of ice 
~re carried underne~th the. secti~n and lodged in the form of hanging dams, Jams or gorges reqmre cons1deratwn. 

47. A number of ice jams or gorges occur on the St. Lawrence each winter. 
One of these is at the head of lake St. Franc is; one is at the head of lake St. 
Louis; and one is opposite the city of Montreal between the foot of Lachine 
rapids and Longue Pointe. In addition to the e, occasional jams occur between Morrisburg and Croil island and in the Niagara river. 
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48. The gorge at the head of lake St. Franci~ has l;>een wa~ched ~th care 
for a number of years and slopes obtained in this sectwn are mterestmg but, 
as the river is divided at this point by Cornwall island, deductions from records 
must be made with care. 

49. The gorges which occurred in the !iver between ~orrisburg and t~e 
foot of Croil island were especially instructive. Those whiCh occurred at this 
point in 1887 and in 1905 al o furni h information of value, though the records 
of these jams are not complete. When the jam of 1923 occurred the Depart
ment of Railways and Canals placed a large taff of men at recording the 
phenomena and records of great value were obtained. 

50. In' 1925 an extensive gorge occurred in the lower Niagara river. This 
jam was especially instructive in view of the straight uniform character of the 
river. The water level at the head of this jam and the volume of the ice in the 
section were carefully determined by surveys carried out by the Department 
of Railways and Canals. 

51. The surface slopes oppo ite Montreal have been recorded for a number 
of years. Many cross-sections of jams near Montreal were made by the 1\tiont
real Flood Commission in 1887. The gorge at the head of lake St. L-ouis was 
cross-sectioned by the staff of the Canadian section of this Board in 1925. 

52. From the surface irregularity of ice jams it might appear that no pre
diction could be made as to the form which such jams take or as to the slope 
of the water surface flowing through them. Many cross-sections, however, dis
close the fact that these hanging dams tend to B,ssume a definite shape with 
ribbons of clear water of uniform sectional area flowing underneath the jam. 

53. Just after an ice movement or a con olidation of a jam the underlying 
ribbon of water is often irregular but it oon changes to the typical and regular 
form. The average velocity of the water in the resultant section is generally 
about three feet per second but does reach four feet per second in some cas~R and 
also falls to two feet per second at the foot of gorges in mild weather. 

Typical sect ions of jams are hown on plates 12 and 13. 
54. Observations of gorges during formation show that frequently there is 

a series of pushes in the upper part of the gorge in which the cover at the head is 
telescoped and on-coming ice from the upper part plun,ge under the lower part 
in a continuou stream which sometimes keep moving for a full day at a time. 
These partly compre ed covering of ice in pu hing do\\ n the river bend around 
curves and change their hape with difficulty. Ice coverings appear to make 
upstream against higher velocities in crooked chan,nels than they do in straight 
reaches. 

55. The observed slopes of the St. Lawrence through ice jams are shown on 
table 9. These are plotted on plate No. 7. This plate shows that surface slope 
in feet per mile i alway greater after heavy nowfall than even during periods 
of intensely cold weather. 

56. Record as plotted on plate 3 to 6 .. how that the advBnt of moderate 
weather succeeding cold period or period of nowfall always produce some 
lowering of water level at the head of the jam. The e often show a rise in the 
lower portions of the jam indicating a movement of ice from the upper to the 
lower parts. Continuou moderate weather al o produces opening at specially 
narrow points in the river. The e opening , when they break out, generally 
show velocities in exce of 7 fet per second an,d in ome cases velocities as high 
a 9 feet per second. Thi how that for a time at least, the ice deposited in 
a jam or gorge will re i t velocities as great as 7 feet per second. 

57. Plate No. 7 show" that in general the lope of an ice jam can be taken at 
about 1. 6 feet per mile if there is no snow and very little curvature in the river, 
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while a slope of about 2. 7 feet per mile under th~ same conditions will maintain 
with recent snowfall. This diagram also shows that if the river is so crooked 
that it turns 120 degrees per mile, a slope of about 3 feet per mile will be set up 
in ordinary winter weather by an ice jam and 4. 6 feet per mile in such a reach 
after· a snowfall. What ~lope would be et up if by some chance the water level 
at the foot of a jam should be lowered is not known a~d there seems to be no 
way of determining it. 

58. The fact that open slits break out at narrow points in the river with 
velocities of . 7 to 9 feet per second indicates that such velocities are close to the 
maximum to be expected under ice jams under any conditions. Further indi
cations of the truth of this statement are given in the far.t that ·Certain power 
canals which operate without ice covers find velocities of about 7 feet per second 
much more satisfactory than velocities of 4 feet per second, because velocities of 
7 feet per second prevent adherence of anchor ice to the floor of the canal. 

59. In addition to the diagram shown on plates 3 to 6 many others have 
been prepared which show changes in water level from day to day at various 
points in the jams as these form below the Lachine rapids, at Montreal, and at 
the foot of the Long Sault rapids and at the head of lake St. Francis. Strangely, 
the highest winter levels opposite Montreal are associated with warm, not cold, 
wjnters. This is due to the fact that in warm winters a chan~el remains open 
through La Prairie Basin until a late date and large amounts of ice periodically 
move down from there into the section below Montreal, filling that sect.ion of 
the river with frazil and chuck ice before the advent of spring brings down the 
final consignment from La Prairie Basin in the breakup period. 

60. In summary, the ·Conclusions arrived at by the Board as a result of this 
study may be stated as follows:-

!. Sheets of ice in the latitude of the St. Lawrence River m.ay, un:der 
certain conditio~, exert a pressure of about 22,000 pounds per linear 
foot of dam. 

2. Smooth ice cover may be expected to form in rivers with velocities up 
to 1. 25 feet per second in zero weather provided there is no high wind 
preventing such action. 

3. Ice covers may be expected to pack upstream up to a velocity of 2. 25 
feet per second without danger of ice going under the cover. 

4. Water surface slopes through ice jams on the St. Lawrence river can be 
taken as 1. 6 feet per mile if there is no snow and 2. 7 feet with receP.t 
snowfall if the stretch is comparatively straight. 

5. The amount of frazil to be expected from a given area of water exposed 
to ·Cooling action of air can be calculated from the following formula: 
Volume of ice formed per day=95 x Aver. Diff. in temperature between 
air and water x sq. ft. of water exposed divided by 144 x 57 .4. 

6. For obtaining winter slopes under ice covers formed by packing upstream, 
the value of "M" in the Bazin formula may be take~ as 5. 5 for .J anu
ary and 4. 5 for February and March, averaged with ordinary values 
applicable to the stretch in question in summer, the wetted perimeter 
being taken as including the ice cover. 

Prepared by D. W. McLACHLAN. 
Adopted by Board, July 5, 1927. 
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TABLE I-ICE FORMATION CONDITIONS BETWEEN LANORAIE AND SOREL ON THE 
ST. LAWRENCE RIVER (SECTION TAKEN AS 110,700 SQUARE FEET AT 12·6 AT 

LANORAIE) 

STATEMENT SnoWING CoNDITIONS UNDER wmcn FRAZIL wAs CARRIED UNDER THE IcE CoVER 

Average 
Average Average velocity 

Drop in velocity velocity derived 
Tempera- water level derived derived from 

Date ture after from from Montreal 
of air bridge Grenville Coteau Aqueduct 

formed and and and Des 
Lock 25 Grenville Prairies 

River 

feet feet per sec. feet per sec. feet per sec. feet per sec. 

Dec. 25, 1912 . ........ . ................ +20°F. 4·2 2·56 2·60 2·57 
Jan. 11, 1913 . .. . ... .. ........... ... ... +32°F. 4·2 2·33 .......... ............ 
Jan. 9, 1913 .. . .... .. ...... ... . .... ... + 5°F. 4·2 2·40 2·43 2·31 
Jan. 3, 1916 ...... .. ........ ..... ... . . +25°F, 5·9 2·02 (Not 2·27 heavy 

representa- local rain 
tive) 

Jan. 6, 1916 .............. ...... ...... +40°F. 5·9 (Notrepre- 2·07 2·24+rain 
sentative) 

Dec. 19, 1916 ......................... . +14°F. 3·0 2·25 2·26 2·33 
Dec. 11, 1917 ..................... . .... 0°F. 3·6 2·28 ······· ··· ·· 2·28 
Jan. 4, 1919 .. .. ..... .... ............. +12°F. 3·9 2·35 2·41 2·47 
Dec. 18, l!H9 .. .. .............. . .. ..... +10°F. 4·0 2·74 ....... ..... 2·49 
Dec. 17, 1924 .......................... +10°F. 2·6 2·24 2·43 2·38 

STATEMENT SnoWING CoNDITIONS UNDER wmcn IcE CoVERS FORMED WITHOUT FRAziL BEING CARRIED 
UNDER THE IcE CoVER 

Dec. 16, 1914 ......... . . . ......... .. ... +5°F. 2·1 ........... . ······· ···· · 2·03 
Dec. 27, 1920 .......................... -3°F. 1·7 2·36 ............ 2·28 
Dec. 22, 1921. ......................... -3°F. 1·6 2·34 ............ 2·10 

STATEMENT SHoWING CoNDITIONs UNDER wmcH ONLY VERY SLIGHT AMOUNTS oF FRAziL WERE cARRIED 
UNDER IcE CoVER 

Dec. 28, 1925 ..... . .................. ··I + 9oF. 
Dec. 17, 1924.......................... +11°F. 

2·6 
2·6 



TABLE No. 2.-STATEMENT SHOWING CONDITIONS UNDER WHICH ICE BRIDGES OR PACKS HAVE ADVANCED ON ST LAWERNCE RIVER 

V. Tempera- Water Area of Q. 1 Velocity Location Date ture of level Section Discnarge in ft. per Remarks air sq. ft. C.F.S. second at 
head of pack 

Crysler Monument ................... February 9, 1905 +4·2°F, 219·0 75,00') 206,000 2·74 February 7, 1905 ... . . . . . . . . . . . . 219·0 64·000 206,(100 3·22 Lock 23 .. ............... . . . ......... . February 13, 1905 . . . 0·4 223·7 66,000 106,000 3·12 Doran Island ......... .... ..... . ... . . . . ........... .. ·····. ..... ...... . . . .......... 64,000 206,000 3·22 Weavers Point ....................... February 8, 1923 . .. -2·0°F. 215·5 65·000 190,000 2 ·93 
' 

Halfway Weavers Pt. to Bradford Pt February 8 and 9 . .. . ······· .... 215·5 63,500 190,000 3·00 W illard Creek . ....... .. . ............. February 9, 1923 . . . . ........ . . . 219 ·0 67,200 196,000 2·92 Bradford Point ... ....... ... .... . . .... February 9, 1923 .. . ....... ..... . . . ......... 63,900 196,000 3·07 Hoasic Creek .. .. .. ...... . . ...... ... . February 15, 1923 ... +3·0 220·0 55,000 176,500 3·22 Lock 23 ... . . . ................ .. ...... February 17, 1923 . . . -2·3 221·5 61,600 176,000 2·86 Cooks Point . .... .. ....... ..... .. . ... February 8, 1923 .. . .... · ····· · 215·5 64,400 190,000 2·95 Cornwall Island .... .. ........ ... ..... January 3, 1922 ..... -2·3 156·4 66 ·700 187,000 2·81 Massena Point ....................... January 11, 1922 •... +9·0 168·0 65,000 181,000 2·79 Polly's Gut .......................... January 11, 1922 .. . . . .... . .... . . 167,0 58,000 181,000 3·10 Massena Point .. ...... ... . .. ..... ... . February 8, 1922 .. +6·7 167·0 64,000 177,000 2·77 Polly's Gut ............... .. ... .... . .. January 21, 1922 .... +22·5 167·0 58,000 186,000 3·20 4,000 ft. ~~st of N. Y ·9.. railway };>ridge January 29- 30, 1925 . - 5°F. 159·5 71· 600 193,000 2·70x January 7 ........ ... +10°F ... .. 159·3 71,600 192,000 2·70x Massena Point .. ..... ... .... ..... .. . . January 24, 1926 . ... -10°F. on 
22nd 

+20°F. on 
23rd & 24th 169·5 67,300 163,000 2 ·42x Estimated mild, average of 2 sections. " ·············· ········· January 25, 1926 ..... . .. .... .... . 166·8 63,500 163,000 2·57x Observed next day, probably O.K. January 17, 1925 .... 10°F. 177·2 54,800 140,000 2·56x Too high, some water-Barnhart Island February 27, 1925 ... 7°F. 177·0 54,800 152,000 2·78 packed through. 

x Sections appear to be about 1,000 feet too 
large. 
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TABLE No. 3.-STATEMENT SHOWING CONDITIONS UNDER WHICH ICE BRIDGES OR PACKS HAVE RECEDED ON 

ST. LAWRENCE RIVER 

V. 
Tempera- Water Area of Q. Velocity 

Location , Date tu re level section Discharge in feet per Remarks 
of air sq. ft. C.F.S. second at 

,, head of pack 

Lock 19 .· . .... . . . .. . ... ..... . . .. .. . . . . February 29, 1924 . .. +28°F. 171·0 83,000 194,000 2·34 
Cornwall Island . . .. ... . ... ... .. .... .. January 29, 1924 ..... +24°F. 159·5 70,000 188,000 2·70 
Cornwall Island ................... . . . January 4, 1925 .... . +32°F. 156 ·9 64,400 180,000 2·80 
Cornwall Island . .. . ... . ... .. . .. . . . ... January 7, 1925 ..... +38°F. 160·0 71,000 176,000 2·45 Opened South Cornwall Island and stayed 

open. 
Cornwall Island ...... .. . . ..... . ... . . . January 19, 1925 ..... - 3°F. 158·0 67,000 163,000 2·44 Stayed open. 
South Cornwall Island .. . . .. .. . .... . . January 21, 1925 .. . . . +25°F. 157·5 64,200 164,000 2·56 Filled a second time. 
Willard Creek ................. ..... .. April 9, 1923 . .. . ... .. . . . .. . .. . . 218·5 66,200 209,000 3·16 
Lock 23 ... . ........ ... . . ... . ....... . . April 9, 1923 ..... .. . . .......... 221·0 60,600 209,000 3·45 
Goose Neck Island ........... . .. . .. .. April 8, 1923 . ....... .. . . . . . .. . .. 218·5 75,600 209,000 2·77 
Below Lock 23 ...... .. .......... . ... . April 9, 1923 ....... .. . .. .. . . .. . 221·0 77,000 209,000 2·72 
Below Weavers Point . ........ ... . . ... April 11, 1923 ... ... . · ···· · · ····· 211·0 74,900 220,000 2·94 
Head Barnbart Island ........ . .. ... . . January 31, 1925 ..... ... .. ... . . . . 195·4 49,000 141' 000 2·88 
Massena Point . .. ....... . ....... .. ... January 28, 1924 .. . .. . . ..... .... . 171·0 69,500 174,000 2·52 
Below Lanoraie .. . .... .. ..... . ...... . December 11, 1886 . . .Mild 20·9 132,000 335,000 2·52 Allows for average of 10 sections and 

winter retardation. 
Victoria Bridge ............... .... .. . March 31, 1925 .... .. . . .. .. . ... .. 44·5 140,000 352,000 2·50 Allows for winter retardation and piers 

of bridges. 
Victoria Bridge ... .... . . . . . . . .... .. . . April 23, 181S7 . . ... .. .. . . . .. . .. . . 47·0 167,000 396,000 2·43 
Ile Ronde . ........ . .... . .. .. . .. . . . . .. April 25, 1887 . . .. ... .. . . . ....... 40·0 152,000 405,000 2·66 Perhaps some water comes in from 

I 

tributaries near La Prairie. 
Moffat I sland ... . . .. . . .. . .... . .. . . .. . April 1, 1925 .. .. .. . . ... . . ...... 45·0 160,000 352,000 2·20 
Fort St. Helen's Island . . .. . .. .. .. . ... April 22, 1887 . .. . ... . . .......... 46 ·4 181,000 396,000 2·20 Breakup. 
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TABLE No. 4.-STATEMENT SHOWING THE AMOUNT OF FRAZIL OR SLUSH FORMED 
U DER VARIOUS CO IDITIO 

Degree days of Volume formed per sq . 
freezing foot of exposure 

Area Volume of 
Place exposed frazil or slush By actual Calculated 

Montreal Ogdens- measure- with cooling 
burg ment coefficient 

of 95 cu. ft. 

sq. ft. cu. ft. cu. ft . 

Lake St. Louis, 1925 .. . ..... 442' 000' 000 6,355, 700,000 1,410 1,200 14·4 16·3 
Lake St. Francis, 1924 . . .... 460,000,000 3, 721' 000,000 817 738 8·1 8·45 

1923 . .. ... 320,tJOO,OOO 4,160,000,000 1,357 1,246 13·0 14·2 
1922 ... ... 460' 000' 000 3, 950,000,000 1,029 890 8·5 10 ·3 

Above foot Croll I sland . ... 190,000,000 1, 394,000,000 916 826 7·33 9·5 

TABLE ro.5.-STAT EME TSHOWI GDEGREEDAY OFFREEZI GTOWHICHvvATER 
SURFACES AT MONTREAL A D K I GSTO ARE EXP O ED BETWEE THE TIMES 

LAKE T. FRA CI S A D LAKE T. LOUIS FREEZE OVER A D THE HIGHEST 
REACHED WATER LEV.ILL AT MELOCHEVILLE TAKE AT THEE D 

OF THE WI TER 

Date of Date of Date of Degree Degree 
freezing freezing of highest days of days of 
of Lake River at water level. freezing freezmg 

Year St. Louis foot of Head of for period for period 
Cornwall Lake 

I sland St. Louis 
(A) (B) (C) A-C B-C 

1924--25 . . .......... ............ . . ..... . Dec. 16 Dec. 21 Mar. 5 M 1,410 1,200 
K 1,070 920 

1923-24 .. .. ...... . . . . .. ..... . .......... . Jan. 4 Jan . 21 Feb. 25 M 1,046 817 
K 777 659 

1922-23 ................................. Dec. 18 Dec. 28 Feb. 28 M 1, 481 1,357 
K 1,199 After Jan. 

19, 916 
1921-22 ......................... . .... . . . Dec. 22 D ec. 31 Feb. 28 M 1,240 1,029 
1919-20 ............... . ..... . .. ...... ... Dec. 22 Dec. 29 Mar. 16 M 1,606 1,535 
1918-19 ..... .. ..... . ..... ............... Dec. 20 Jan. 7 Feb . 20 M 853 582 
1917-18 ... . ..... . ................. . ..... Dec. 15 Dec. 15 Feb. 9 l\1 1, 672 1, 672 
1916-17 ........ .... ....... ...... ........ Dec. 29 Dec. 29 Mar. 6 M 1,458 1,458 
1915-16 ....... ... . . . .. .. ..... ... ........ Dec. 20 Jan . 12 Mar. 10 M 1,285 1,013 
1914-15 ................................. ...... .. .... Dec. 22 Mar. 5 · ··········· 1,136 
1913-14 ... . ............................. Jan. 11 Jan . 11 Feb. 25 M 1,606 1,147 
1912-13 ..... ...... ....... .. .. ... ....... . Jan . 13 Jan. 13 Mar. 10 . M 883 883 
1911-12 ... ... .......... .... ........ .... . Jan. 1 Jan . 4 Mar. 6 M 1,627 1,588 
1910-11 ........... ... . .............. . ... Dec. 14 Dec. 18 Feb. 24 M 1,407 1,358 
1909-10 .. .. . . .. .... ........ . ...... . ..... Dec. 29 Dec. 30 Feb. 23 890 858 

M = Montreal records. K = Kingston records 

TABLE No. 6.-STATEME T SHOWI NG AVERAGE AIR TEMPERATURE AT CERTAI 
STATIO S FOR WI TER MO THS 

Fahrenheit Thermometer 

Year Month Canton Moira Ogdens-
burg 

Chezy Montreal Kingston Ottawa 

1923-24 . ..... ...... Dec ...... 31·7 31·2 32·8 31·9 29·7 34·0 31·0 
Jan ....... 17·9 17·0 19·0 18·8 14·3 21·0 12·5 
Feb ....... 10·1 10·8 12·8 10·0 11 ·8 14·0 9·7 

Mean ..... 19·9 19·7 21 ·5 20 ·2 18·6 23·0 17·7 

1922-23 . ........... Dec ...... 21·4 18·8 23·3 21·8 18 ·5 24·0 17 ·0 
Jan .. ..... 10 ·8 10·7 13·2 12 ·2 11·2 14·0 8·0 
Feb ....... 9·2 7·8 10·8 10·6 9·7 13 ·0 6·0 
M·ar ...... 20·6 20·1 21·7 22·2 19·2 22·0 17·2 

Mean ..... 15 ·5 14·4 17·3 16·7 14 ·7 18·2 12·0 
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TABLE No. 6-STATEMENT SHOWING AVERAGE AIR TEMPERATURE, ETc.-Concluded 

Year Month Canton Moira Ogdens- Chezy Montreal 
burg 

1921-22 .......... .. Dec .... .. 21·8 20·2 20·6 21·2 19·8 
Jan . .. . .. . 12 ·8 13·3 15·6 14·2 13·2 
Feb ...... . 20·1 19·2 20·6 20 ·2 16·6 
March .... 32·0 31·8 32·0 32·6 30·6 

Mean ..... 21·7 21·1 22·2 22·0 20·0 

1920-21 ............ Dec ...... 23·2 22·6 24·4 24·0 22·1 
Jan ....... 20·9 20·6 21·5 21·8 18 ·0 
Feb ....... 20·9 20·6 23 ·2 21·2 18 ·9 

Mean .... ·. 21·7 21·3 23·0 22 ·3 19·7 

1919-20 ............ Dec ...... 21·4 18·8 23·3 21·8 16·0 
Jan ....... 4·1 4·3 6·7 5·4 4·9 
Feb ....... 15·4 14·8 15·6 16·0 14·5 

Mean ..... 13·6 12·6 15·2 14·3 11·8 

TABLE No. 7 
Values found for V and M in Bazin's Formula 

V=157 ·6 St Rt in Summer and in Winter 
m 

1+--
VR 

Thickness of Ice allowed for at 2 feet 
VARENNES TO LAVALTRIE-DISTANCE 85 ,200 FEET 

Q R V F 
-- Discharge Hydraulic Veloci~y Fall 

C.F.S. radius ft. per sec. feet 

Open watel'-Mean flow ........... 425,600 26·0 2·46 2·03 
" High flow ........... 508,000 29·1 2·62 1·99 
" Low flow ............ 253,000 19·6 1·94 2·09 

Average open water ......... ..... .. ..... ············ ........... . .......... 

Jan. 5-7, 1925 ................. 225,720 12·6 1·34 3·94 
Jan. 1-15, 1925 ................. 223 , 270 12 ·0 1·39 3·78 
Jan. 16-31, 1925 . . . ......... ..... 197,170 11·3 1·31 3·25 
Feb. 1-14, 1925 .. ........ . ...... 201,640 11·8 1·28 2·94 
Feb. 15-28· 1925 ................. 239,710 12·8 1·40 2·75 
Mar. 6- 8, 1925 ................. 247,640 12·9 1·44 2·80 
Mar. 1-15, 1925 ................. 253,150 13·0 1·47 2·76 
Mar. 16-31, 1925 ................. 313,780 14·8 1·59 2·58 

Average under ica cover .... ............ ............ . .. ... ... . . . .......... 

REPENTIGNY TO LAVALTRIE-DISTANCE 69 ,000 FEET 

Open watel'-Mean flow ....... .... 425,600 25·9 2·48 1·42 
" High flow ......... .. 508,000 29·4 2·62 1·42 

" Low flow ............ 253,000 19·8 1·93 1·39 

Average open water ........ . ............ ............ ............ . ......... 

Jan. 5-7, 1925 ................. 225,720 12·5 1·36 2·81 
Jan. 1-15, 1925 ................. 223,270 12 · 2 1·39 2·78 
Jan. 16-31, 1925 ................. 197,170 11·3 1·31 2·40 
Feb. 1-14, 1925 ........ ..... . ... 201,640 11·9 1·28 2·12 
Feb. 15-28, 1925 .... . . ......... .. 239,710 12·8 1·42 1·99 
Mar. 6- 8, 1925 ................. 247,640 13·0 1·44 2·05 
Mar. 1-15, 1925 ................. 253,150 13·0 1·47 1·92 
Mar. 16-31, 1925 ................. 313,780 14·8 1·59 1·82 

Average under ice cover .... ············ ... ... ..... . ············ . ... . .... . 

45827-27! 

Kingston O ttawa 

26 ·0 17·5 
16·0 9 ·5 
21·0 13·5 
30·0 27·5 

23·2 17·0 

27·0 20·5 
25·0 15·5 
25·0 17 ·0 

25·7 17 ·7 

20·0 12·5 
7·5 0·5 

17·0 11·0 

14·8 8·0 

c M 

97·7 3·12 
100·6 3·05 
88·1 3·46 

.......... 3·21 

56·5 6·34 
60·1 5·60 
63·0 5·03 
63·5 5·08 
68·9 4·61 
69·9 4·51 
71·6 4·32 
75·0 4·21 

.......... 4·96 

107·4 2·37 
106·3 2·52 
96·3 2·82 

·········· 2·57 

60·3 5·70 
62·5 5·30 
66·0 4·66 
66·9 4·68 
73·9 4·05 
72·1 4·25 
77·1 3·75 
80·3 3·69 

.......... 4·51 
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TABLE No. 8 

Values found for V and M in Bazin's formula 
V = 157 · 6 S! R! in summer and in winter 

m 
1+-

-./R 
Thickness of ice allowed for 2 feet 

LANORAIE TO SoREir-DrsTANCE = 46,000 FEET 

Q R V F 
-- Discharge Hydraulic Velocity Fall 

C.F.S. radius feet per sec. feet 

OPEN WATER 
Average for October, 1914 ...... . . 251,100 33·0 1·98 0·46 
Average for October, 1915 .. .. .. . .. 275 ,500 33·3 2·15 0·52 
June 10, 1919 . .. ........ ....... .... 465, 100 38·9 3·10 0 ·74 
Average for June, 1919 ........ . ... 477 ,800 39·2 3·17 0·76 
Average for October, 1920 ......... 261 , 300 33·4 2 ·03 0·43 
Average for October, 1921. .. .. . . . . 253,600 33·0 1 ·97 0 ·34 
Average for October, 1922 ... ...... 264, 600 33·3 2·07 0·46 
Average for November, 1924 ...... 266 , 500 33·5 2·07 0·46 
October 26, 1925 .. . .......... . .... 250,200 33 ·6 1·94 0·38 
October 27, 1925 .. .. ........ .. .... 249 , 100 33·7 1·92 0·35 
Average for October, 1925 . ...... . 253,100 33·5 1·96 0·32 

Average open water . . . ..... . . .. ...... .. . . .. .......... ······· · ···· . ..... ... . 

IcE CovER 
January 8, 1915 . . ...... . .. ....... 227,300 17·3 1·71 2 ·06 
January 24, 1915 .... . ...... . .. .... 234,700 16 ·9 1·82 1·78 
January 8, 1921. ........ . .... .. . . 277,100 18·0 2·00 2·12 
January 24, 1921 .. . .. . . .... .. ... .. 257,700 17 ·6 1·90 1·83 
January 7' 1922 . . .. .. .... . ... . ... 252,700 17·6 1·86 1·45 
January 29, 1922 .............. . ... 239,500 17·4 1·79 1·17 
January 8, 1925 .. .... .. .. ........ 228,000 17·3 1·71 2·00 
January 27, 1925 . . . ... .......... .. 189,100 17 ·0 1·45 1·37 
January 5, 1926 .. ...... ... .. .... . 253 , 100 18·2 1·80 2 ·56 
January 26, 1926 .. .... ......... . .. 236 , 226 17·7 1·72 2·06 

Average for January ....... . ·········· · · .... ... . . ... ..... . ...... ....... . .. 

February 23, 1915 .. ..... .......... 230,000 17 ·2 1·74 1 ·74 
February 9, 1921. ................ 249 , 200 17·1 1 ·09 1·60 
February 28, 1921 .. . . . .. ....... .. . 239,200 16·8 1·85 1·28 
February 22 , 1922 ... .... . . .. ... ... 218,800 17 ·7 1 ·60 0 ·96 
February 10, 1925 .......... ... ... . 204,400 17·8 1·50 1·61 
February 24, 1925 ... . . .. ....... .. . 223,800 18·6 1·56 1 ·59 
February 9, 1926 .... .. .. .... ..... 216 , 100 17·3 1·62 1·72 
February 27, 1926 .. .... : . . ........ 215 , 100 17 ·7 1·58 1·75 

Average for February . .. ... ····· ·· ····· ........ . ... ··· · · ....... ..... ····· 

March 4, 1915 . . . . . .. ......... .. .. 249,200 18·1 1·79 1·29 
March 20, 1915 . . .............. . ... 248,500 17 ·1 1·89 1·50 
March 16- 25 , 1915 ............... . . 248,200 17·2 1·88 1 ·36 
March 7, 1921 .. . ........... .. . ... 245,600 17·2 1·85 1·50 
March 12-17, 1921. . .............. . 289 ,800 18 ·9 1·99 1·74 
March 12, 1922 .. .. ........... . .... 251,600 18·5 1·76 0 ·98 
March 27, 1922 ...... .. ....... . .... 282,900 18 ·4 2·00 0 ·96 
March 20- 29 , 1922 .. .... ........... 289,500 18·8 2·00 0 ·98 
March 7, 1925 ... ................. 249,600 18·6 1·74 1 ·54 
March 27, 1925 .................... 321,900 21·0 1·98 1·86 
March 22-31, 1925 ................. 325,200 21·1 2·00 1 ·92 
March 9, 1926 .... .. ... ... .. ...... 214,500 17·5 1·59 1 ·62 
March 26, 1926 ............... . . ... 213,200 17·3 1·60 1 ·67 
March 20-26, 1926 ................. 213,500 17 ·2 1·61 1 ·59 

Average for March . . .... . .. ···· ·· ······ .......... . . · ··········· .. . ....... 

c M 

109·1 2·52 
111·0 2·43 
124 ·0 1·68 
124·5 1·66 
114·9 2·15 
126·2 1·43 
113·5 2 ·26 
113·2 2·28 
116 ·4 2 ·05 
120·0 1 ·02 
128·5 1 ·32 

. .. ..... . . 1·96 

61·5 5 ·99 
71 · 1 4·95 
69·5 5·36 
71·9 4 ·96 
79·0 4·15 
85·0 3·55 
62·3 6·35 
64·5 5 ·49 
56 ·5 7·63 
61·1 6·61 

· ······ ··· 5·51 

68·2 5·41 
77 ·5 4·27 
85·5 3·45 
83·2 3 ·75 
60·1 6·82 
61·5 6 ·16 
63·6 6 ·15 
60·9 6·68 

. . .. . ..... 5 ·34 

79·5 4·18 
80·0 4 ·01 
83·3 3·70 
78·1 4·20 
74 ·5 4·82 
88 ·5 3·34 

102 ·0 2·33 
99·7 2 ·51 
69·6 5·28 
67·9 6·03 
67·4 6· 14 
64·0 6·10 
63·9 6·08 
66 ·0 5·75 

...... .... 4 · 61 
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TABLE XO. 9.-8ROWI::\G RELATION BETWEEK LOPE IN FEET PER MILE A D CURVAT RE I 
DEGREE PER MILE THROuGH ICE PACK 

Fall Curvature 

Fall Di t- Feet 
- 'o . tation to tation Date Feet ance Per Total Degrees Remarks 

Mile Mile Degree Per 
Mile 

---------------

Lock 15 to Dickerson 's Isd .. .. Jan. 30, 1922 .. 10·0 6·45 1·55 203 31·5 .:IIean Conditions. 
Hd. Cornwall I d. to Lock 15 . . Jan. 30, 1922 . . 7·8 2·50 3·00 288 115·0 New Pack. 
Hd . Cornwall I d. to Lock 15 . . Feb. 16, 1922 .. 6· 1 2·50 2·40 288 115·0 .:\lean Conditions. 
Ft. Barn hart I sd. to Head 

Cornwall I d ....... ... . . . . . Jan. 26, 1922 .. 4·7 2·00 2·35 200 100·0 ~ew Pack. 
Ft . Barn hart I d. to Head 

Cornwall Isd . .............. . Feb. 16, 1922 3·2 2·00 1·60 200 100·0 l\Iean Conditions. 
Ft. Barnhart I d. to Head 

Cornwall I d ............. . . . Feb. 27, 1922 . . 5·5 2·00 2 ·75 200 100·0 now . 
Ft. Barnhart I d. to Lock 15 . .. Feb . 4, 1922 .. 10·5 4·60 2 ·30 483 105·0 Mean Conditions. 
F t . Barnhart Isd. to Lock 15 . .. Jan . 30, 1922 . . 12·5 4·60 2·72 4 3 105·0 
Robinson Bay to Hd. Cornwall 

I d .. . .. . .. ..... . . .. .. . . . .... Jan . 27 , 1922 . . 10·6 3·70 2·87 2 5 77·0 Temporary. 
10 Ft. Barnhart I d. to Lock 15 . .. Feb. 2 ' 1922 .. 11·2 4·60 2·45 4 3 105·0 
11 Hd. Barnhart I d. to Lock 15 .. Jan . 29, 1918. 35·5 8· 0 4·00 826 94·0 6 inches now. 
12 Hd. Barnhart I d. to Lock 15 .. Feb . 4, 1918 .. 17 ·6 8· 0 2·00 826 94·0 ~lean. Cold 0°F. 
13 Hd. Cornwall I sd. to Lock 15 . . Feb. 25, 191 9·0 2 ·94 3 ·06 335 115·0 :\lean Conditions. 
14 Lock 15 to Dicker on's Isd .... Feb . 4, 1923 .. 9·0 6·45 1·44 203 31·5 ~lean Conditions. 
15 Ft. Barnhart Isd. to Lock 15 . .. Feb . 4, 1923 .. 12·0 4·60 2·60 483 105·0 New Pack. 
16 Ft. Barnhart Isd . to Lock 15 . . . Feb . 9, 1923 .. 8·7 4·60 1·89 4 3 105·0 .:\lean 19°F Conditions 
17 Weaver's Pt. to Upper Farrans 

Pt .. . . ........... . . .. . .. .... F eb . 9, 1923 .. 7·4 3 ·60 2·05 136 38·0 ~ew Pack. 
18 Weaver' Pt. to Upper Farrans 

Pt . . ... . ......... . .... . . . .. Feb . 21 , 1923 .. 5·7 3·60 1·58 136 3 ·0 Mean Conditions . 
19 Lock 23 to Weaver' Pt . ....... Feb . 1 

2: 
1923 .. 9·3 6·25 1·50 325 52·0 Mean, No Snow 0°F. 

20 Lock 23 to Weaver' Pt . . ...... i\Iar. 1923 .. 11·0 6·25 1·76 325 52·0 now 24°F. 
21 Rd . to Ft. Cornwall Isd . ...... Feb. 8, 1926 .. 14·8 5·50 2· 0 36 67·0 
22 Hd. to Ft. Cornwall I d .. . .... 1lar . 11, 1926 .. 13·4 5·50 2·42 368 67·0 
23 Hd . to Ft. Cornwall Isd .. . .... Feb . 16, 1924 .. 12·5 5·50 2·27 36 67·0 Mean, ro now Condi-

tions. 
24 Robinson Bay to Hd . Cornwall 

I sd .. . .... . .......... . ...... . Feb . 9, 1924 .. 13·5 3·70 3·65 285 77·0 now, Temporary. 
25 Ko . 5 to Ft. Cornwall Isd . .... Feb. 8, 1926 .. 4·5 2·46 1·83 120 49·0 1Iean Conditions. 
26 Hd. Cornwall I d . to Lock 15 . . Feb . 15, 1924 .. 7·5 2·50 3·00 288 115·0 Mean Conditions. 
27 Hd . Cornwall I d. to Lock 15. Feb . 8, 1924 .. 9·0 2·50 3 ·60 2 8 115·0 
2 Lock 15 to Ft. Cornwall I d . .. Feb . 6, 1926 . 5·0 3·00 1·70 100 33·0 l\Iean Conditions. 
29 Lock 15 to Ft. Cornwall I d ... Feb. 24, 1924 .. 6·0 3·00 2·00 100 33·0 .:\lean Conditions. 
30 Ft. Barnhart I d . to Hd. Corn-

wall Isd ................ .. ... Feb . 5, 1925 .. 4·5 2·00 2·20 200 100·0 .Mean, 0 now. 
31 Ft. Barnhart Isd. to Hd. Corn-

wall isd . .. .. .. .... ... .... . .. Feb . 13 , 1925 .. 7·0 2·00 3·50 200 100·0 .:\lean, 0 Snow Con· 
ditions. 

32 Transmis ion Line to Head 
Cornwall I d ............... Jan . 19 . 1925 . 12·0 4·40 2· 73 37 86·0 

33 Hd . Cornwall I d . to Lock 15 . Jan . 6. 1925 . 12·0 2·50 4 · 0 2 115·0 
34 Hd. Cornwall I d . to Lock 15 .. Jan . 27, 1925 .. 10·6 2·50 4·24 28 115·0 
35 Ft . Barnhart I d . to Head 

Cornwall Id ....... ... . ... Jan . 1 1925 . 8·5 2·10 4·00 200 100·0 now. 

36 Ft. Barnhart I d . to Head 
Cornwall I d .............. . Feb. 13, 1925 .. 6·5 2·0 3 ·24 200 100·0 

37 Ft . Barn hart Isd . to Head 
Cornwall I d . . .... . ..... . .. Jan . 31, 19?5 .. 4·8 2·0 2·40 200 100·0 

3 Hd. to foot Barnhart I d ..... Jan . 31, 1925 .. 19·0 4·7 4·00 410 87·0 
39 Lock 23 to pp er Farrans Pt .. Feb . 15, 1925 .. 17·5 9· 1·73 402 41·0 
40 :::\iagara River .. ........... . .. Jan . 3, 1925 1 ·2 6·4 2·84 176 27·5 
41 :::\iagara RiYer ............... Jan . 15, 1925 .. 9·3 6·4 1·45 176 27·5 
42 Lock 15 to Dicker on's I d .... Feb . 6, 1925 .. 11·4 6·45 1·77 203 31 ·5 
43 Lock 15 to Dicker on' I d ... Feb . 26, 1924 . 10·7 6·45 1·66 203 31·5 
44 Hd. to Ft. Barnhart Isd ...... Feb . 22, 1924 . 16·7 4·70 3·55 410 87·0 small air holes. 

no·w. 

45 Lock 15 to "E" 8,0001 Ea t .... Feb. 15 , 1923 .. 4·06 1·54 2 ·78 110 71·0 

46 Ander on' Ferry to Gras I d. Feb. 15 , 1922 . 5· 4·20 1·38 105 25·0 
47 Anderson's Ferry to Gras I sd. Feb. 24 , 1922. 6·6 4·20 1·57 105 25·0 

4 ),lonument ::\o. 3 to Gras I sd .. F eb . 11. 1922 . 7·5 5·00 1·50 197 39·0 

49 Y . 3 to Ft . Cornwall I sd . .. .... Feb. 15 , 1924 .. 9·7 5·25 1·85 194 37·0 

50 Y. 3 to Ft. Cornwall I sd . . ..... Feb. 25, 1924 . 9·0 5·25 1·71 194 37 ·0 
51 Rd. to Ft. Polly Gut ........ Feb . 21, 1924 .. 3·5 1·29 2·72 146 113·0 
52 Hd. to Ft. Po!Jy Gut . ....... Feb . 1924 .. 6·7 1·29 5·20 146 113 ·0 
53 Hoasic Cr . to, trawberry Isd . F eb. 1 , 1923. 5·9 3·20 1·84 210 66·0 
54 Hoasic Cr . to trawberry Isd .. April 9, 1923 .. 8·0 3 ·20 2·50 210 66·0 

55 Lock 1 to Vicker!:' . ..... . . ..... Feb. 9, 1913 .. 7·20 4·00 1· 0 84 21·0 

56 Lock 1 to Vickers . . ............ Feb. 15, 1916 .. 8·8 4·00 2·20 84 21·0 

57 Lock I to Longue Pointe ....... Dec . 28, 1924 . . 9·0 5·60 1·60 106 19·0 

5 Lock 1 to Vickers .. .. ......... . Feb. 4, 1913 .. 11·0 4·00 2·75 84 21·0 

59 Ko. 3 to Xo. 5 th. Cornwall 
Isd ..... . ..... . ............. Jan . 25, 1926 .. 8·4 2·30 3·65 145 63·0 

60 ~o. 3 to ~o. 5 Sth. Cornwall 

H~~dP~lly~ - G~ . ·t~· . ~~ ·_ ·3 : : : : : : If!~ · 8, 1926 . . 6·4 2·30 2·80 145 63 ·0 11ean Conditions. 

61 29, 1926 .. 7·0 1·80 3·90 146 81·0 Snow. 

62 Hd. Po!Jys Gut to No . 3 .. ..... Feb . 8, 1926 . 4·0 1·80 2·20 146 81·0 Mean conditions. 



TABLE NO . 10.-TABLE SHOWING DETERMINATION OF RATE OF HEAT LOSS IN EXPOSED WATER SURFACE DURING COLD WEATHER BETWEEN VARIOUS STATIONS ON THE ST . LAWRENCE RIVER- YEARS 1924 AND 1925 

Date pass ing 
Stat ion to Station J Upper Sta tior 

Time of 
pa~ sage 

Days 

Upper 
Water 
Temp . 

Lower 
Water 
Temp. 

"1\11" 
Mean of 
Water 

Temp 's. 

"D" 
Di ff . of 
Water 

Temp's. 

Centre 
date of 
period 

D ays 

"T" 
Mean 
Air 

Temp's . 

''M"
"T" 

River 
Area 

between 
Stations 

River 
Vo lu me Riv er 

- per d ay Br. Ther. Units 

Mean 
Val ue 

of ••r.•• 

between Discharge ~ Formula fo r I Va lu e 
Stations 1,000cu.ft. "C" in of"'"'" 

1,000sq.ft.l1 ,OOOcu.ft . - ------1 I 1---. - 1---l---l---1---l---l---1--------- 1--·---
D ec . 1924 9 ·787 Kingston to Brock

vi lle . 7,12:01 a. m 

1

. .. .. .. 
10, 12:01 a .m .... .... .. 
13, 12:01 a .m . . . ... . . . 

Kingston to 
hannel . 

Nort!.!Nov. Dec . 
192 4 

North Channel 
Massena Pt. 

30, 12:01 a .m . 
3,12:01 a .m . 
6, 12:01 a .m . 

t o I Dec . 1924 
10, 10 :20 a .m . 
14, 9:28 a. m . 
18, 8:49a.m 

Massena Point to Sou-, Dec. 1924. 
langes. 3, 9:21 p .m . 

10, 9:50 a .m . 

Kingston to Cat dina!.l D ec . 1925 
7, noon 

10, noon 
13, noon 

King~ton to Massenal Dec .1925 
Pomt. 6, 12:01 a .m . 

10, 12:01 a .m . 
14, 12:01 a .m . 

Massena Point to Sou-l D ec . 1925 
langes. 13, 1:44 p .m . 

15, 4.57 a .m . 
16, 8:10p .m . 

10·940 

0·793 

1 ·630 

11 ·00 

11 ·850 

1·634 

40 ·82 
41 ·00 
39 ·67 

42·70 
41· 40 
40·60 

38·6(3 
37 ·10 
34 ·68 

38 ·90 

37 ·90 

40 ·30 
38 ·50 
38· 00 

40·50 
38·70 
37 ·75 

35·65 
35· 00 
34·50 

35 ·43 
33 ·62 
32 ·79 

38 ·50 
37 ·50 
35 ·20 

37.72 
:34 ·92 
33· 60 

36·80 

35 ·55 

34·75 
34 ·00 
32·90 

34·30 
34·05 
32·50 

32 ·70 
32 ·60 
32 ·00 

38 ·12 
37 ·31 
36·23 

40 ·60 
39 ·45 
37 ·90 

38 ·19 
36 ·10 
34 ·14 

37·85 

36·70 

37·50 
36 ·25 
35·45 

37 ·4 0 
36·35 
35· 10 

34· 15 
:3 3 ·80 
33 ·25 

5 ·39 
7·38 
6·88 

4·20 
3 ·90 
5·40 

0·94 
2·18 
1·08 

2 ·10 

2 ·35 

5 ·55 
4·50 
5·10 

6·20 
4 ·65 
5 ·25 

2 ·95 
2 ·4 0 
2 ·50 

11· 89 
14 ·89 
17 ·89 

5 ·45 
8·45 

11 ·45 

10 ·83 
14 ·79 
18 ·77 

4·70 

11 ·22 

13· 00 
16·00 
19·00 

11·92 
15·92 
19·92 

14 ·39 
16·02 
17·66 

27·80 
19·80 
14 ·90 

30·95 
32·00 
28·40 

19· 65 
3·23 

10 ·80 

22 ·75 

19·70 

24· 05 
26·00 
24 ·90 

25 ·55 
25 ·75 
24·60 

18 ·60 
17 ·45 
20· 25 

10 ·3 
17 ·5 
21·3 

9·65 
7·45 
9·50 

4,873,600II76,830,000IL8 , 067 ,000I \2 ·4 X V X D 
. . . . . . . .. . . . . .. . . . . .. . :::::: : :: . IJ·787xAx (M-T) 

5,314,000il98,800,000IL8,230, 00CI 62·4 X V X D 

§~ :~! , .. . ~~~·. ~~0~~~:~~~·. ~~0~1~ .. ~~ ~·. ~~~~-62_·_4 _x_V_x_D_ 
23 ·34 ........ ..... .. .. .. . ........ .. 0·793 xA x (M-T) 

:~ : ~: I . ~·.~~~·. ~~~~ ~~: ~~~·. ~~~ ~~~ ·.~~~·. ~~
0

11.::·: ~ ~ (~~T ) 
13·45 
10 ·25 
10 ·55 

5,403,600I:06,202,00DI18,000,000I 62·4 X V X D 

:: :::::: ::I::::: ::: :: 111 ·0 X A (M-T ) 

11·85,5, 917. oool m,o85,ooo,t7, 900, oool 62 ·4 x v x D 
10 ·60 .. .. .. .. .. .. . .. .. .. . .. . .. .. .. . I 
10 ·50 . .. . ..... . .. . .. .. .. . ... . ...... 11 ·85xAx (M-T ) 

15 ·55 
16 ·35 
13 ·00 

1,994 , 000I 29 ,516 ,000il8,060,000I 62·4 X V X D 

120 · 7 
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124 ·5 
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93·8 
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83 ·2 
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APPENDIX F 

EXPERIMENTS ON STRENGTH OF ICE 

McGILL UNIVERSITY, 
MoNTREAL, QUE., May 20, 1926. 

To D. W. McLACHLAN, EsQ., 
Chairman, Canadian ection, Joint Board of Engineers, 

St. Lawrence Waterway .Project, 
317 \Ve t Block, Ottawa, Ont. 

Sm,-I have the honour to ubmit the following report on tests to determine 

the physical properties of ice at difje1·ent temperatures. 

GE:t\TERAL 

The te t herein de cribed were made under general in tructions received 
from you, and were carried out during the month of February and March, 
1926, at the old Storage \Varehou e of the Harbour Commi ioners of Mont
real, where room which could be kept at uniform temperatures ranging from 
oo F. to 32° F., were available. A upply of river ice of excellent quality was 
obtained through the City Ice Co. of 1ontreal, from their ice cutting field in 
the LaPrairie ba in of the t. Lawrence river, off Verdun. It wa-s noticeably 
free from flaw crack , air bubble or foreign material and the upper layer 
of white ice wa only about one inch thick. The block were cut under special 
supervi ion and handled with the greate t care during transportation to the 
warehou e o a to a void ri k of damage and were to red in a room at a tempera
ture of about 30° F. where the nece ar pecimen were prepared for te t. It 
wa propo ed to carry out t t at different temperature , and as the work of 
cutting specimen could be carried out more con\ eniently at a temperature near 
the freezing point than at a temperature near zero it was decided to cut and 
tore all ...,pecimen at about 30° F ., removing them to other rooms at lower 

temperature a required for te ting. It wa found later that ice plinters 
con iderably when awn at temperature near to 0° F. but at 30° F. the sawing 
wa accompli bed with comparative! little difficulty . A eries of pecial mitre 
boxe wa made by which compre ion pecimen 5 inches by 5 inches by 5 
inche and 5 inche by 5 inche b 10 inches, and beams 3 inches by 2 inches by 
50 inches long were prepared u ing ordinary carpenter aws and planes, on 
the rough specimen cut with ice aw from the larger blocks. (See blueprint 

attached). All specimen "ere marked to denote the direction of the crystals. 

OBJECTS OF TESTS 

The primary object of the te t wa to determine the behaviour of ice at 
different temperature when compre ed normall to the cry tal as may occur 
under natural condition above dam power houses bridges and such structures. 
The deformation of the ice wa to be measured by the u e of mirror exten a

meters, and its elastic propertie and trength dei ermined. Tests were to be 

made also on beams, to find the modulus of rupture and the modulus of elasticity, 



424 St. Lawrence Waterway Project 

"E", by ob ervation of the deflection under load. The scope of the tests could not be defined in ad\ ance, as the field of investigation and method of compression te ting propo ed were new, very little information having been published regarding the properties of ice at different temperatures. 
The complete series of tests includes the following:-
(a) Compression tests at about 30°F., 16°F. and 3°F. with definite load increments corresponding to about 10 pounds per square inch applied 'at regular time intervals ranging from 5 seconds to 320 seconds. 
(b) Crushing strength of ice at the above temperatures under loads applied uniformly, and suddenly. 
(c) Observations on the continuous yielding of ice in compression at about 30°F. under loads as low as 20 pounds per square inch. 
(d) The yielding of ice in compression at 14°F. under sustained loads of different intensities from 100 pounas per square inch to 400 pounds per square inch. 
(e) Bending tests at about 30°F. and 16 °F. at four different rates of loading. 
(f) Miscellaneous tests. 

APPARATUS USED 
The apparatus used was loaned from the Strength of Materials Laboratory at McGill University, and included an Olsen Testing Machine of 10,000 pounds capacity, Martens' Mirror Extenso meter , Telescopes and Scales, for compres·ion te ts; apparatu for supporting beams for bending tests, weights, deflection scales and sundry minor acce sories. 
The Martens' Ext.en ometer wa adopted on account of its peculiar adaptability to such te t , experience in the laboratories at M'cGill University having demonstrated it sensitivene._s and accuracy. Two Extensometers were u ed in each compression test, being held again t opposite faces of the pecimens. (See blueprint.) To provide bearing for the sharp edges of the Exten ometer, flat pieces of galvanized iron about 1 inch square with mall projecting points soldered to them, were pressed by hand again t the faces of the specimens and frozen in place. Thi arrangement. proved entirely satisfactory. Some initial difficulty in maintaini~g the Exten ometer in place without lipping was overcome by tretC'hing a heavy rubber band over four vertical bars screwed into the ba e of the testing machine out ide the four corners of the pecimen, and placing hort pieces of wood between the Exten ometer bars and the stretched rubber band, so as to exert a pre ure between the Exten ometer and the ice block. The gauge length of the Exten ometers was 2 inches, and a change of 10.001 inch produced a movement of one main scale clivi ion, or ten small divisions amounting to 0. 5 inch, on the cale. Readings were made, as usual, by telc~ scope, fractions of the small scale clivi ion being ea ily estimated. Each main seale division corre'ponds to a compres ion of 0.001 inch, and an estimated 

division to 0. 00001 inch, so that a strain of 200 ,~00 could be measured. The 
yielding on opposite faces of compression specimens of materials such as concrete, stone, etc., is rarely the same, and the mean of a number of readings taken around the specimen is e ential if a proper measure of deformati(1n is to be obtained. In the tests described, two Extensometers were used and the mean of the two readings was used to determine the yielding. From these mea~ readings curves showing the relation between deformation and load can be plotted, and the properties of the ice determined. 
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To secure uniform bearing and load di ... tribution a heavy iron plate with 
planed faces was lightly warmed above room temperature an,d pas 'ed over the 
loading faces o as to melt the ice lightly. The re'"ulting moisture was wiped 
off and the block ~et on a thin he et of ·blol ting paper placed on the lower 
loading face of the machine. The heayy iron plate wa then placed on th~ 
upper face of the block, and a , teel \\·asher wa in ... erled bet\\ een it and another 
plate directly under the upper loading face. \\hen a small compre ive load 
(250 pound ) had been applied him \\ere placed between the two plates. The 
loading was then continued a required . The load wa uniformly di tributed by 
this means. The tool marks of the loading plate could be seen clearly on the 
blocks after a te t wa m er and the print of the cireular mark on the lower 
face of the te ting machine provided for centerin,g the "'pecimen were also trans
feiTed completely to the paper under the block. Details of the e arrangements 
are shown in the attached blueprint. 

CONTINUOUS YIELDING OF ICE UNDER SMALL PRESSURES 

After the prelimi~ary \\ork nece ary in finding .._ uitable means of securing 
Extensometers and loading the blocks a noted above te t were made on the 
recovery of the ice \\hen compre .. ion wa ... applied and removed. A block 4. 9 
inches by 4.9 inches by 4.65 inche high was loaded at 28° F. with 250 pound3 
sustained for five minute .. and there wa complete recovery on removal of the 
load. After second and third application of thi load u~tained as before, 
recovery was not complete. The hortening in the latter case wa 0 . 00005 
inch in 2 inch gauge length and 0 . 00002 inch remained on removal of the load. 
A load of 500 pound '\\ra then applied and u tained 3 minute during which 
time the hortening increa ed from 0. 00006 in.ch to 0. 00008 inch and 0. 00003 
i~ch remained on removal of the load. There \Ya thus a definite ".creep" of 
the Extensometers, and permanent et, at thi mall load of about 20 pounds per 
square inch. A imilar condition \Ya found with a load of 750 pounds and it 
was -decided to ob erve the behaviour of a block under a u tained load of 500 
pounds. The re ult are -hown in plate 1. It will be een that the block 
yielded continuously for 3 hour 30 minutes, the load in ten ity being 20.8 
pound per square inch. The yield i ho1rn for both ~ide of the block. On 
one side the total wa .. 0. 00182 inch of \\·hich only 0. 00009 in,ch, about 5 pe~· 
cent, wa recovered \\hen the load \\a._ removed. On the other ide the total 
yield wa 0. 00047 inch and recover· 0. 00005 inch-about 10 per cent. The 
ice is therefore "plastic" under very ... mall load at thi temperature, viz. 29" 
F. A the block yielded, the scre\Y operating the loading head had to be 
turned slightly to maintain the floating le' er of the te ting machin,e in mid 
position. Movement had practically cea .. ed \\·hen the te t ended one extenso
meter showing no change durina the la ._ t 15 minute and the other a change of 
0. 00001 inch only in that time. Reading were taken everv 5 minute and were 
very regular. The deformations \\'ere noticeabl different on the two ~ides . 
The mean of the two is taken a mea uring the deformation due to the load. 
This continued yielding i evidentl of the g1 eate t importance in con idering 
the question of ice pre~ ure again~t ~ tructure . If the mean, total deformation, 
0. 00023 inch, during lhe fir t 10 minute be used in computing the modulus o: 

]d b 
20.8 pounds per square inch by 2 inche 

elasticity (E), it wou e 0 . 00023 inch · = 180,800 

pounds per square inch where a if the mean total deformation of 0. 0011-1 inch 
during the whole 3 hours 30 minutes to be u ed E would be 36 500 pounds per 
square inch. The value of E corre ponding to the mean total deformation during 
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the first minute in which the load was su tained, was 489,000 pounds per square 
inch. As already noted, the block recovered only very slightly when the load 
was remov-ed. 

STANDARD METHOD OF LOADING IN COMPRESSION TESTS 

The results of the te t ju t de eribed showed that it was necessary to adopt. 
some standard rate of loading, as the movements of the exten ometers due to any 
load incr-ement will depend largely on the length of time during which the load is 
ustained before reading are taken. It wa decided to apply the load in all eases 

in increment · of 250 pound . One operator moved the balance weight along the 
beam, while another operator kept the beam floating by rotating the screws of the 
machine. EXTten ometer readings were taken at different time intervals, there 
being one abserver for each exten ometer. Four persons were thu employed on. 
each te t, one of the machine operator giving the time signals to those reading the 
extensometers, and then adding load a oon as the readings were taken. In this 
~ay readings were made as follow ·:-

At temperatures 28° F. to 30° F.-Intervals of 5, 10, 20, 40 and 80 secs. 
At temperatures 14° F. to 16° F.-Intervals of 5, 10, 20, 40, 80 and 160 

sec . 
At temperature 3° F.-Intervals of 5 and 320 secs. 
The rea ons for making te ts at 3o F. at only two loading rates were (a) 

that le importance wa attached to te t at this temperature than at the higher 
temperature ; (b) that time was limited, and the te .. ts were intended prjmarily to 
determine whether the general conclusion drawn from the more extended ~eries 
of te ts at the higher t emperatures would be supported by tests at the lower 
temperature. For the e rea on the longer interva.ls of loading were used, and 
the tests bore out the conclusion already reached. 

DIRECTIO__ OF APPLIED LOAD. AND DETERMINATION OF 
MODULUS OF ELASTICITY 

The load were applied normally to the axis of the crystals, this being the 
direction in which pressure would act in a natural ire cover. The ice is not 
ela tic except for extremely small load~, and a the loading progressed at any 
one rate, the deformation corre ~ponding to a gi,ren load increment was found 
to increa e. It follow that strie.tly speaking, there i no definite modulus of 
elasticity, and that value of E calculated from the deformations resulting from 
, uccessive increment of loaci. as if the deformations were elastic, will decre?.se 
a the loading progre se . Furthermore, as the deformation under any load 
increa e a the load i u tained, the values of E corre ponding to any given 
range of load '\\Till decrea e as the length of the loading interval increases. 

In order to obtain comparative re ults the following standard procedure 
wa adopted:-

The loading block wa ~himmed a de cribed above when the load was 250 
pound . All pecimen were approximately 5-in. by 5-in., so that 250 pounds load 
corre pond to about 10 pounds per quare inch. l\.1o. .... t of the specimen were 
approximately cubes, but a few were about 10 inche long. The .. e were noted in 
the Table . The determination' in the 2 inch gauge lengths corresponding to 
ucee ive incrementL of 1,000 pound" applied in four equal amounts of 250 

pound with time interval a noted, were found: and values of E calculated 
from the mean increments. By plotting these values as ordinates on a base line 
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representing 1st, 2nd, 3rd, etc., increment of 1 000 pounds. the variations of E 
both with stage of load and with rate of loading can be ea 1ly seen. The results 
of the tests at different temperature are now ubmitted, after which notes are 
given of the general behaviour of the block, . 

COMPRESSION TESTS AT 28°F. TO 30°F. 

(a) MoDULUS oF ELASTICITY-E 
Plate 2 13how the result at the different loading rate , and it will be een 

that apart from the running together of the curve for 20 ection and 40 sec
tion rates at the higher load : the value of E are progre iYely lower as the 
time interval of loading increase and ~ the actual load increa e . Each point 
plotted represent the average of 7 8 or 9 te~t a will be een from Tablr;s of 
actual deformations in each te"t and of average deformation quoted later on 
P age 15-18. From the e table .. it is clear that at the higher load the deform
ation in individual test , depart more from the average for all te tA than they 
do at the lower load. . Thi may explain in part the oYerlapping of curves as 
noted above a the iee fio\v ~ ' more rapidl~r as the inten.sit of loading increases. 
It hould be emphasized that the a\'erage of all completed te ts are hown. No 
proce s of selection wa u ed. Occa ionally t e t failed a for example by dis
placement of e),.-ten ometer due to local cracking of the ice, but the only tests 
rejected were for these or imilar reasons. The e remark apply to te t made 
at all temperature._, and to both compre.._ ion and bending te t . While there
fore the actual value of E migltt be altered omewhat if a larger number of tests 
could have been made at each rate of loading it i improbable t.hat the changes 
would be great, and th at the general law of variation would be invalidated. 
Te t at the lower temperature gave imilar re ults and sen ed to emphasize 
the extreme importance of the time factor. 

(b) GENERAL BEHAVIOl."E u DER TE 'T-Co fPRE IVE RTRE. GTH-RECOVERY 
AFTER LoAD. 

The block were remarkably clear and free from fiaw .._ - ,_o clear that ordin
ary book print could be ea ily read throuo-h them. The fir. t outward sigDB of 
yielding occurred at load from 2,500 pound to 5 000 pmmd . They were both 
audible and 'i ible and the term crackling'' ''"a applied to them. Suddenly 
a light noi"e would be heard and one or more pot of a laky appearance "ould 
develop in the block. The e appeared to be due to breakdown between the 
cry tal and pread gradually through the block. \Yhen thev became numer
ou , the block wa no longer tran parent but \Ya de"cribed a :'clouded." Dur
ing thi tage the block yielded fairly rapidly and the compre ion head had 
to be kept moving to pre.._ erve the weighing beam in the floating position. This 
wa de cri bed a 11 following.'' Had the loading been maintained without further 
increment after ''clouding' wa well de' eloped thP yielding would luwe been 
both continuou and rapid . but the predetermined rate of loading wa main
tained and the ice ''flowed ' continuou ly. ometime the loading were con
tinued up to the capacity of the machine. 10 000 paunch~ but no value can be 
a ~ igned for the compre:-- ion tremrth of ice under uch condition a owing to 
the flow (even at the 5 econds loading rate) the area under load wa continu
ou ly increa ing. Block originally 5 inche._ by 5 inche. would flow beyond the 
edges of the loading plate , 6 inche quare and a length of 5 inches was fre
quently and rapidly reduced to about 3-~ inches under ustained bio-h load at the 
end of a te t. When pecimcn failed under such condition the pieces :Shmved a 
tent-like appearance the horizontal cry tal piling up to form a ridge parallel 
to the loaded faces. 

I 
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In te t made at lower temperatures the deformations ·were not so great, and 
the recovery wa noted when the load wa reduced to zero after reaching the 
capacity of the machine. At the temperature of 28°F. to 30°F. at which the 
fir t erie of te t... "·a carried out, the clouded appearance of the blocks, and 
the large deformation hm,·ed that recovery \Yould be negligibly small. In 
many ea e the block rru ... hed ::tfter becoming thoroughly clouded, but a stated 
above no compre ive trength can be quoted on account of the "flow" of the ice. 

COl\1PRESSION TF.STS AT 14°F. TO 16°F. 

Monm-cs OF ELA TICITY A-n GE ERAL BEHAVIOUR: Plate 3 shows the 
r ults of te t similar to tho:e described in detail for temperature 28°F to 30°F. 
They are the average of fr0m 6 to 8 tests at each loading rate, and , how the 
same characteri tic with regard to the t ime influence a wa . hm\·n at the high~r 
temperature. The ' alue of E corresponding to a particular tage of a given 
loading rate are higher than at 28°F. to 30°F., and the curvp for the 5 seconds 
and 10 econd loading rates are practically .Jraight line . 

At the e loading rate the ice "crackled" as at the higher temperature, .but 
to a les er extent and generally at higher load , so that in general the blocke 
were n,ot clouded-when the maximum load of 10,000 pounds was reHrhec: 
None of the block failed under that load and only when the load was removed 
did they become clouded-faintly and fairly uniformly as a rule. The appear
ance of the blocks wa very noticeably different from that at the !ligher 
temperatures, and it wa, only at the lower rate of loading that the character
i t ic behaviour noted at all loading rate at 28 o F. to 30° F. was found . 

At these lower rate of loading the block were clouded during application 
of the load, and on removal of load the recovery wa much less than in the tests 
at the 5 econd and 10 , econds loading rate . (See tables on pa.ge 19 to 21). 
There i some overlapping or apparent irregularity in the curve for 40 seconds 
and 80 second loading rate , after load of 4,000 pounds to 5,000 poun.ds were 
reached. It must be remembered that this i the tage at which deformations 
are con iderable, and that the average of 6 or 8 te ts only i availa'ble. The 
curve for the 160 second loading rate falls well below all the others and bearing 
in mind the nature of the material and the limitations regarding the number 
of tests made, the re. ult generally are rea onably consi tent. Special referenr.e 
is ma.de on P age 25 to yielding of block at 14° F. to 16° F. under su tained 
load of different intensitie . A load of about 200 pounds per square inch
which i approximately that to which reference ha just been made-may be a 
critical load, and the point will be di cussed further. The values of "E" for 
mall load seem to be of the same order for all loading rates up to 40 seconds, 

the curves being bunched irregularly, for the fir , t 1,000 pounds increment of load. 
Thi i perhap not urpri,jng. Deformation at the e loads are much mo!·e 
nearly ela tic than at higher load , and are mall . For load longer maintained. 
greater deformation re .. ult, a the ice ha ::t greater tendency to flow. Values 
of "E" for the fir t 1,000 pound load increment are a.bout 1,000,000 pounds per 
square inch for loading rate up to 40 econd 'but for the loading rates of 80 
second and 160 econd the value. drop to 700,000 pounds per squu.re ineh ::tnd 
500,000 pound per quare inch re pectively. 

The general e\ idence of the e re ult i the ame as that found from tests 
at 28 ° F. to 30° F. :-Tha.t the value of "E" decrea es as the load increases, for 
all rate of loading; and that for any given range of loading, the value of "E" 
decrea e a the length of the loading interval increase . Furthermore, the 
corresponding "E" values are higher at 14° F. to 16° F. than, at 28° F. to 30" 
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F. Thus for the 7th increment of 1,000 pounds (corre ·ponding to a ... tress 
intensity of about 280 pound ,_quare inch) and a loading rate of 5 econds for 
250 pound , "E' i 450 000 pound quare in.ch at 14° F. and 150 000 pound~ 
square inch at 28° F. Values of "E' at 14° F. for the loading rate of 160 
second are con i tently higher than tho~ e at. 28 ° F. for a loading rate of 80 
seconds. Other compari on.... ub. tantialiing the general conclu...,ion dTawn are 
readily made from the Platen and are trengthened by the re ... ul t of te ts made 
at 3o F. a described below. 

CO~~PRE I0:0l TESTS AT 3° F. 

MoDULUS OF ELASTICITY A~D GE~E-RAL B EHAVIOUR. Te ts were made at 
two rates of loading: 5 econd for 2·50 pound and 320 econd for 250 pounds 
an.d the re ult . are , hown in P late 4. T he cun e for the former rate i approxi
mately a straight line, the value of "E ' differing but slightly from those a~ 

14° F. T he general behavjour "a imilar to that of the pecimens tested at 
the ame loadina rate at 14° F ., but at the loading rate of 320 seconds the 
characteri tic 'flowing took place, a had been anticipated, and values of 'E' ' 
are much lower than at the 5 econd rate. T hey are however, much higher than 
corre ponding value at 14 o F. I n fact the curve for a loadin.g rate of 160 
second at 14° F. i almo t the ame a that for the loading rate of 320 second~ 

at 3° F. The figures for the 5 seconds rate are the averages of 7 te ts, those 
at 320 econd rate being the a\ erage ~ of 5 te t .., . The e re ults confirm the 
conclu ion already dra\\n from the other te t . T he time factor i the all
important quantity at all temperature". 

TABLES SHOWING DEFOR IATION· OF COJ\1PRES ION BLOCKS 
REFERRED TO ABOVE 

The following table are ubmitted in detail to em ph a ~ize the general rr; ults 
already given, and to show how widely the deformations vary, particularly a.L 
the higher load . T he departure of individual reading~ from the group averages 
i much greater at high load than at low load ... and at 30° F. than at 14° F. 
or 3 o F., and yet the average point clearly to the well -defined law enumerated . 
The increa e of deformation for each succe ive load increment of 1,000 poundf: 
at any particular loading rate and temperatw·e i clearly een, 2: al o tht~ 

increa e in deformation with lengthening loading interval for corre ponding load 
increments. T hese compari. on are facilitated by the um.mary Table on page 
-. It may be worth pointing out that the reading given are the deformations 
in a 2-inch gauge length corresponding to definite range of load. Owing b 
nlinor variations in the ize of the block , the tre intensities for these ranges 
:ne not the ame in all ea e~ , o that a~ compari on of the deformations of any 
two blocks is not a true compari on of the value of "E ". A general compari-
on i , however, both valid and in t ructive. 

N .B.-In the table , the deformation in a gauge len.gth of 2 inche~ , 

corresponding to a "'ucce ive load increment of 1,000 pound are hown, the 
unit of deformation being 10

1
0 0 of an inch. The initial load was 250 pounds in 

all cases. 

I 
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5 sec. Rate D eformations in 2" gauge length Unit =0·001" 

Specimen umber Load Incr. Average of 1,000 lb. 10 11 35+ 36 45 46 49+ 

1st ...... . . . ... . ... 0·085 0 ·060 0 ·115 0 ·100 0 ·060 0 ·055 0 ·135 0·087 2nd ............... 0 ·110 0 ·100 0 ·160 0 ·111 0·110 0 ·100 0 · 150 0 ·120 3rd . . ..... . ....... 0·165 0·150 0·205 0 · 125 0·180 0 ·130 0·200 0·165 4t h ....... . ....... 0 ·275 0 ·165 0 ·260 0 · 160 0· 375 0 ·200 0 ·300 0 ·249 5t h .. ..... . ..... . . 0·465 0 ·215 0· 350 0 ·170 0·520 0 ·275 0·365 0·337 6t h . .............. 0 ·575 0 ·320 0 ·515 0 ·195 0·725 0·355 0 ·495 0·454 7t h . .. . . . . .. .. . ... 0·975 ·········· 1·530 0 ·245 0 ·950 0·490 0 ·765 0·708 8th . .. . . ... . ...... 1· 645 ....... . .. ........ . . 0 ·285 1· 330 . . .... . . . . 1·030 . ... . .. .. . 9th . .. . .. . .. . ..... 2 ·405 .. . ....... .......... 0 ·295 2·070 ··· · ·· ·· ·· ·· ··· ·· ··· .. .... . .. . 
Size of Specimen, 4·96 X 4 ·95 X 4 ·85 X 4·90 X 5·00 X 4 ·97 X 4·86 X Inches . ... ...... 5 ·00 5 ·00 4·85 5·05 5·02 5·00 4·86 

10 Sec. Rate . D eformat ions in 2" gauge length Unit=0 ·001" 

pecrmen urn S N b er Load Incr. Average of 1000 lb. 13 27 30 32+ 38 39 40 48+ ------------. 
1st .. . ..... . .. . ... . .. . .. 0 ·180 0 ·105 0 ·090 0·145 0 ·100 0 ·115 0 ·080 0·800 0·112 2nd . .... . . .............. 0 ·270 0·125 0·170 0 ·180 0 ·100 0·180 0 ·080 0·110 0·152 3rd . . . . ....... . ....... . . 0 ·410 0 ·160 0 ·360 0·245 0 ·120 0 ·220 0·250 0·125 0·236 4th ............ .. ....... 0·550 0 ·270 0·590 0 ·310 0 ·160 0 ·500 0·545 0·145 0 ·384 5th . ... ..... . ...... . . .. . 0 ·780 0 ·530 0·725 0 ·665 0·200 0·695 0·825 0 · 175 0·574 6th .... . ....... . ........ 0 ·960 0·840 0 ·795 1·080 0·215 1·185 0·950 0·195 0·777 7t h . ... ..... .. ..... . .. . . 1·275 1· 385 1·050 1·765 0·275 2·020 1·075 0·215 1·133 8th .. . .......... . ....... 1·825 2·670 1·645 4·410 0 ·355 3·385 1·055 0·260 · ···· ····· 9th ...... . .... . . . .... . . . 2 ·870 5 · 105 3·225 ... . .. . . 0 ·815 5 ·750 1·000 0·300 --- ---------Size of Specimen, 4 ·90 X 4 ·90 X 4·90 X 4·95 X 5·00 X 5·00 X 4·98 X 4·87 X Inches . . . ... ... . . .. ... 4 ·90 5 ·00 4 ·93 5 ·00 5 ·03 5 ·00 5·02 4·91 
Per cent recovery . .... .. ·~-.. -. -. . -. -.. -.. -. -. . -. -.. 

--- - --------
········ 49 

+Specimens not ed thus were approximat ely 10" high, all others being approximately 5" high. 

20 Sec. Rate D eformation s in 2" gauge length Unit=0·001" 

Specimen umber Load Incr. of 1,000 lb. 
Average 14 16 29 34+ 41 42 43 47+ --- --- ------------

1st ........... . . . . . .... . 0 ·110 0 ·120 0 ·140 0 ·135 0·220 0·220 0·185 0·090 0·153 2nd . ..... . .. ...... . ..... 0 ·180 0·170 0·260 0 ·335 0 ·465 0·335 0 ·275 0·135 0·269 3rd .... .. . ..... .. ..... .. 0 ·260 0·285 0·455 0 ·700 0·785 0·475 0 ·445 0·180 0·448 4th ..... .. . . ... . .. . .. ... 0 ·395 0 ·440 0·965 1·335 1·155 0·575 0·580 0·245 0·711 5th . .. . ....... .... ...... 2 ·140 0 ·575 1·585 2 ·535 1·650 0·670 0 ·800 0·295 1·281 6th . .. . ... . .. ..... .. . ... 2·400 0 ·685 2 ·555 5·295 2·305 0 ·865 1·370 0 ·410 1·986 7th . . . .. . . ....... . ...... 7·715 0· 875 4·530 ........ 3·700 1·800 2 ·560 0 ·605 . .... . .... 8th ... . ................. · ·· ····· 1·040 10 ·990 ·· · · · ··· ..... .. . 4 ·620 6·700 1·520 . . . ... .. .. 9th . .. ... . . .. ... . ..... . . .. .. .... 1·295 ........ ········ ..... .. . 14 ·50 ·· · ····· . . .. . . . . ---------------Size of Specimen , Inch es 4·94 X 4 ·84 X 4· 90 X 4·90 X 4·95 X 4 ·96 X 5·00 X 4·95 X 5·00 4·90 5·00 4 ·93 5 ·05 5 ·05 4·90 4·95 
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40 Sec. Rate Deformations in 2" gauge length Unit=0·001' 

Specimen umber 
Load Incr. Average 
of 1,000 lb 50 51 52 163 164 165 166 167 168 

------------------------

1st .. . .. . ......... 0·230 0·400 0·120 0·105 0·185 0·125 0·195 0·105 0·085 0·172 
2nd ....... . ...... 0·465 0·935 0·260 0·185 0·360 0·240 0 ·335 0·235 0·150 0·352 
3rd .............. 0·595 1·465 0·380 0·335 0·595 0·340 0·535 0·380 0·240 0·541 
4th .. . . ... . ..... . 0·675 2·3 5 0·545 0·460 0·815 0·425 0· 0 0·615 0·2 0 0·787 
5th ...... . ... .. .. 0·710 5·215 0·675 0·630 1·145 0·470 1·705 1·080 0·340 1·330 
6th .............. 0·795 ........ 0 ·850 0·665 1·925 0·515 3· 15 1·710 0·8 0 ········ 
7th ........ .. .... 0·875 ........ 1·135 1·0 0 4·840 0·630 14·78 3·3 0 4·350 ······ ·· 
8th . ..... ........ 1·025 ... ..... 1·410 2·180 22·13 0·6 5 . ....... 11·37 00 ••••• • 

9th .... .. ... ... .. 1·225 ········ 1·835 9·2 0 . ...... . 0 ·970 . . ...... ...... . . · ······· 
---------------------------

ize of pecimen, 5·00 X 4·89 X 4 ·98 X 4 ·98 X 4·90 X 4·95 X 4·93 X 4·97 X 4·92 X 

Inche ········· 5·02 4 ·97 4·98 5 ·00 5·00 5·06 5 ·00 4·99 5·05 
---------------------------

Per cent recov'd. ········ ... ... .. ... .. ... ........ ........ 26 . ... ... . ...... . . ········ 

+Specimens noted thus were approximately 10" high, all others being approximately 5" high . 

80 ec. Rate Deformations in 2" gauge length Unit=0·001" 

Load Incr. 
of 1,000 lb . 169 

1st................ 0·160 
2nd.. ..... . ....... 0·465 
3rd... . .......... . 1·095 
4th... ......... .. . 2·105 
5th.. . .. .... . ... . . 4·675 
6th ........................ . 
7th ............... . . ... ..... . 
8th .... ... . ............. . .. . 

Size of pecimen, 4·93 x 
Inches . ......... . 5·00 

Loading Rate 

5 secs ... .. .. ......... .... .. . 
10 secs . .... ...... .. .. ..... ... 
20 secs ....................... 
40 secs ....................... 
80 secs ..... ... . . ... . ...... . . . 

170 

0·175 
0·330 
0·465 
0·605 
0·810 
1·005 
1·415 
4·155 

5·01 X 

5·03 

pecimen umber 

171 

0·130 
0· 385 
1·035 
2·675 
5·810 

.......... 

.. . .. . . .. . 

4· 7 X 

5·00 

172 

0·215 
0 ·545 
1·015 
1·685 
3 ·545 

15·45 
.......... 

4·99 X 

5·02 

173 

0·145 
0·270 
0·455 
0·745 
1·425 
3·485 

. .. ...... . 

4·97 X 

4·98 

SUMMARY OF TESTS AT 28° F. TO 30° F . 

174 

0·245 
1·165 
1·400 
2·125 
4·900 

. .... . .... 

......... . 

175 

0·195 
0·475 
0·700 
1·100 
1·580 
3 ·520 

14·27 

4·97 X 4·98 X 

5 ·04 5·01 

Average of Deformation due to 

1st 1,000 2nd 1,000 3rd 1,000 4th 1,000 5th 1,000 6th 1,000 

0 ·087 0·120 0·165 0·249 0·337 0·454 
0·112 0·152 0·236 0·384 0·574 0·777 
0·153 0·269 0·448 0·711 1·2 1 1·986 
0·172 0·352 0·541 0·787 1·330 . .. .. .. .. . 
0·181 0·505 0·881 1·579 3·249 ·· ········ 

0·181 
0·505 
0·881 
1·579 
3·249 

7th 1,000 

0·708 
1·133 

. ......... 

This summary table shows how the deformation corre ponding to any given range of load incrPases 
as the loading rate becomes longer, and how the deformation corresponding to equal succe ive increments 
of load increases as the load increases, at any prescribed loading rate. 
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5 Sec. Rate 

Load incr of 1 000 lb 

1st ..................... 
2nd .. . .. . . . ............. 
3rd .......... . ...... ... . 
4th . ......... . .. . . .. . ... 
5th ..................... 
6th ..................... 
7th ............ ......... 
8th .............. ....... 
9th ..................... 

Size of Specimen, Inches 

Per cent Recovery ...... 

10 Sec. Rate 

Load Incr. of 1,000 lb. 

1st ... .... ..... . .... . ... 
2nd ............... .. .. .. 
3rd ................... . . 
4th . . .. ... .. . ....... .. .. 
5th . . . . . ......... ..... . . 
6th ..................... 
7th ..................... 
8th . .. ...... ... ......... 
9th . ...... .. .... . ....... 

Size of Specimen, Inches 

Per cent Recovery .... . . 

St. Lawrence Waterway Project 

Deformations in 2" gauge length Unit =0·001" 

Specimen N urn her 
1-------------------------------------------------l Average 70 71 72 73 74 75 

------------
0 ·080 0·080 0·085 0·105 0·075 0·085 
0 ·080 0·090 0 ·105 0·105 0·105 0·090 
0·100 0·120 0 ·110 0·120 0·125 0·090 
0·110 0·125 0·130 0·130 0·155 0·110 
0·120 0·135 0 ·145 0·150 0·205 0·120 
0·145 0·170 0 ·045 0 ·170 0· 180 0·125 
0·165 0·195 0 ·020 0·195 0·290 0·135 
0·190 0·140 0·070 0·225 0·315 0·170 
0·230 0·240 0·005 0·275 1·135 0·165 

------------
4·95 X 4·91 X 5·02 X 4·95 X 4·90 X 4·87 X 
5·00 5·00 5·03 4·95 5·00 5·00 

·---------------
70·0 67 ·0 95 ·0 31·0 49 ·5 77·5 

Deformations in 2" gauge length 

Specimen umber 

57 . 68 69 76 77 78 
---------

0·055 0·115 0 ·060 0 ·065 0·100 0 ·065 
0 ·075 0·140 0·080 0 ·080 0 ·115 0·085 
0 ·080 0·180 0 · 125 0·090 0 ·115 0·105 
0· 110 0 ·210 0·150 0 ·070 0 ·145 0·135 
0·120 0 ·270 0·165 0·095 0·170 0·145 
0 · 135 0 ·235 0·180 0·080 0·195 0·165 
0 · 120 0 ·275 0 ·200 0·130 0·230 0·185 
0·120 0·565 0·375 . .. .. .. . 0·270 0·205 
0·180 0·765 0·900 ..... . . 0 ·315 0·250 

--- ---------
5·00 X 4 ·88 X 4 ·97 X 4·85 X 4 ·85 X 4·89 X 
~ - 00 4·93 4·98 4·98 4·88 4·91 ---------------

· ·· ····· 26·0 27 ·7 ........ 62·6 63·9 

85+ 
---

0·080 
0·090 
0·090 
0·100 
0·115 
0·125 
0·150 
0·170 
0·215 

---
4·91 X 
4·96 

---
58·8 

84+ 
---

0·130 
0·180 
0·255 
0·330 
0·485 
0·690 
0·880 
1·205 
1·590 

---
4·93 X 
4·94 

---
10·8 

87+ 

0 ·090 
0·110 
0·120 
0·130 
0·160 
0·190 
0·215 
0·265 
0·305 

4·91 X 

4·93 

65·8 

0·08 
0·09 

5 
7 

0 · 109 
0·12 4 
0·139 
0·139 
0·171 
0·193 
0·321 

64·3 

Unit=O·OOl 

Average 
88+ 

0·100 0·086 
0·115 0·109 
0·155 0·138 
0·175 0·166 
0·220 0·209 
0·275 0·244 
0·340 0·295 
0·495 0·462 
0·665 0·66fl 

4·93 X 
4·94 

39·3 38·4 

+Specimens noted thus were approximately 10" high, all others being approximately 5" high. 

20 ec. Rate Deformations in 2" gauge length Unit=O·OOl" 

Load Incr. of 1,000 lb. 
64 66 80 81 82 83+ 89+ ------------------------

1st ..... ..... .... ... .... 0·100 0 ·115 0 ·070 0 ·075 0·085 0 ·095 0 ·110 0·090 0·093 2nd .............. . .... . . 0·130 0 ·110 0·135 0 ·090 0·140 0·105 0·130 0·120 0·120 3rd ................ . . . .. 0·120 0·255 0·245 0 ·135 0·185 0·140 0·1 0 0·140 0·175 4th . . ............ . . .. ... 0·130 0·455 0· 445 0·165 0·255 0·180 0·215 0·190 0·254 5th .. . .. . ... .. ....... . .. 0·175 0 ·6 0 0·730 0·190 0·330 0·385 0·2 5 0·225 0·375 6th ...... . ... .. ......... 0·240 0 ·800 0·790 0·210 0·550 0·530 0·380 0·260 0 ·470 7th .. . ..... . . . .......... 0·285 0· 85 360 0·830 0·685 0 ·475 0·295 0·545 8th . .. ...... ... ... . ..... 0 ·350 1·120 0 ·645 1·140 1·095 0·655 0·320 0·761 9th . ... ..... .. ..... . .... 0·370 1·780 0·975 1·810 1·480 0·905 0·370 1·100 ------------------------ize of pecimen, Inches 4·90 X 4·93 X 4·93 X 5·00 X 4·94 X 4·85 X 4·95 X 4·87 X 4 ·93 4·97 4·97 5 ·00 5·00 5·00 4·97 4·87 ------------------------Per cent Recovery .. . ... 52·5 1 ........ ··· ····· 19 ·4 23·6 18 ·3 30·8 70·6 30·7 
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40 ec. Rate Deformations in 2" gauge length Unit=0·001" 

pecimen umber 
Load Incr. of 1,000 lb. Average 

90 91 92 115 127 128 129 
---------------

1st .............................. 0·030 0·150 0·110 0·060 0·200 0·110 0·065 0·103 
2nd ............................. 0·060 0·260 0·220 0·095 0·320 0·210 0·075 0·177 

3rd ... .. .... .............. .. .... 0·065 0·405 0·320 0·165 0·475 0·355 0·100 0·269 

4th ............................. 0-095 0·495 0·410 0·210 0·660 0·520 0·105 0 ·356 
5th ............................. 0·340 1·0 5 7·10 0·465 0·870 0·790 0·140 
6th ............................ . 0·785 2·355 0·7 0 ........ 1·230 1·350 1·555 
7th .......... . ...... ........... . 2·185 4·375 1·650 1·760 2·305 2·090 0·185 
8th ............................. 6·065 11 ·56 2·285 ........ 5·615 4·225 0·205 
9th . .... .... ... . .. .............. .... . ... ...... .. 4·645 . ...... . 15-77 10·30 0·220 

------------
Size of pecimen, Inches ........ 4·93 X 4·87 X 5·00 X 5·00 X 4·99 X 5·00 X 4·98 X 

5·02 5·05 5·02 5·00 5·00 5·00 5·02 
---------

Per cent Recovery .............. ........ ........ 2·2 . ....... ........ ........ 72·0 

80 Sec. Rate Deformations in 2" gaug-e length Unit=0·001" 

Specimen umber 
Load Incr. of 1,000 lb. Average 

126 130 131 132 149 150 152 
---------

1st .............................. 0·125 0·140 0·060 0·155 0·200 0-080 0·175 0·134 

2nd ................ . ............ 0·205 0·200 0·125 0·245 0·310 0·190 0·215 0·213 

3rd . ..... .. ..................... 0·270 0·230 0·170 0·400 0·440 0·230 0·220 ·2800 

4th .................. ... ........ 0·380 0·275 0·265 0·535 0·560 0·270 0·225 0·359 

5th . .. .. . . .... .................. 0·420 0·285 0·290 0·590 0·635 0·335 0·195 0·392 

6th ............................ . 0·545 0·310 0·355 0·555 0·660 0·400 0·225 0·436 

7th ............. . ............... 0·935 0·215 0·450 0·585 0-755 0-560 . ....... 0·583 

8th ................ . ..... ....... 1·460 0·265 3·545 0·685 0·915 0·665 2·630 1·024 

9th ......... .. ........ . ......... 2,470 1·100 0-825 0·775 0·980 0·955 5·340 1·065 
------------

ize of pecimen, Inches ......... 4·83 X 4·94 X 4·90 X 4·96 X 4·91 X 4·92 X 4·93 X 

5·05 5·04 4·97 4·97 4·93 5·00 5·02 
---------

Per cent Recovery .............. 13·3 18·8 32·0 12-0 25·0 39·5 . . ······ 23·5 

160 Sec. Rate Deformations in 2" gauge length Unit=0·001" 

Specimen Number 
Load Incr. of 1, 000 lb. 1-------------------------------------1 Average 

133 151 153 

1st ..................................... . 0·080 0·185 0·400 
2nd ..................................... . 0·130 0·370 0·635 
3rd .... .... . . ....... ... . ......... ....... . 0·1 5 0·545 0·860 
4th ..................................... . 0·250 0·845 1·130 
5th ..................................... . 0·255 1·120 1·6 0 
6th ............. ... . .. .. ..... . ........ .. . 0·270 2·270 4·435 
7th .. ............ ....... ... ...... ....... . 0·325 7 ·510 
8th .... ........... .... ...... .. ........ .. . 0·320 . .... . .. ........ 
9th ....... ....... ........ . . ...... ....... . 0·385 . ....... .. ...... 

154 158 

0·195 0·175 
0·400 0·340 
0·675 0·455 
0·975 0·550 
2·400 0·555 

0·460 
14·19 1·385 

........ 9·455 

.... . ... . ....... 

159 

0·135 
0·355 
0·670 
1·265 
4·845 

. ....... 

0·195 
0·372 
0·532 
0·669 
1·809 

--------------------1---------- -----1------1-----1--------
ize of Specimen, Inches .......... ... ... . 4·90 X 4·89 X 4•97 X 5·00 X 4·93 X 5·00 X 

4·91 4·94 4·99 5·02 5·03 5·02 
-----------------1·-----------------------1-----
Per cent Recovery ...................... . 28·2 

+Specimens noted thus were approximately 10" high, all others being approximately 5" high. 

45827-28 
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SuMMARY oF TEsTs AT 14° F. TO 16° F. 

Loading Rate 
Average of Deformations due to 

1st 2nd 3rd 4th 5th 6th I 7th 8th 9th 
1,000 1, 000 1,000 1,000 1, 000 1,000 1,000 1,000 1,000 

------------------------5 secs ... . . ... .......... . 0 ·085 0 ·097 0·109 0·124 0·139 0·139 0·171 0·193 0·321 10 secs . ......... . .. . ... . . 0·086 0·109 0·138 0·166 0·209 0·244 0·295 · ···· · · · 20 secs ...... . . .. . . ..... .. 0·093 0·120 0·175 0·254 0·375 0·470 . .. . .... ....... . 
40 secs .. . . . ..... .. ...... . 0·103 0·177 0·269 0·356 0·629 .. . . ... . . ... .. .. . .... ... 
80 secs .... . .. . . . . . ...... . 0·134 0·213 0·280 0·359 0·392 0·436 0·583 1·024 1·065 160 secs ... .. .. ... . .. . . . .. . 0 ·995 0·372 0·532 0·669 1·809 · · ·· ·· ·· ·· · ··· ·· ······· · 

Thi tablle shows the arrne general re uJts as tho e noted already at 28° F. 
to 30° F. There i , however, sOIIIle irregularity in the deformations at the 
80-seconds rate. The e inorease continuou ly for ucces ive load increments, 
but the deformations for the 5th and 6tlh thou ands of load do not fit in with 
.the general law shown by the -other columns a read vertically, being les'S than 
tho e noted at the 40-second .. rate. Whether this is the chance result of aver
.ages or not cannot be stated definitely, but it may be noted that it occurs at a 
.loading stage (about 200 pound per quare inch) at which certain peculiarities 
.seem to arise very frequently . Reference wi.ll be made to thiiS later, when con-

idering the effect of ~ustained load of different intensities at this temperature. 
The reduction in the rate at which deformation increases as the loading inm-eases 
.is so marked at the 5-seconds loading rate that the average for the 6th thousand 
.of load is the ame as for tlhe 5th thou and. 

5 Sec. Rate Deformations in 2" gauge length. Unit=O ·OOl"--

Specimen Number 
Load Incr. of 1,000 lb. Average 

182 184 185 186 187 188 189 
---------------

1st ..... . ........... . .. . . . ..... . · 0·080 0·110 0·080 0·105 0·060 0·070 0·075 0·083 2nd ..... . . ... . . . ... ..... .. .. . .. . 0·070 0·115 0·075 0·110 0·075 0·085 0·070 0·086 
3rd . ... . . ... .. .. ... .. . .. . . · · · · · · 0·085 0·125 0·095 0·125 0 ·090 0·085 0·110 0·102 4th .. . . . ... .... .. ... ... ... . .. .. . 0·085 0·130 0·095 0·185 0·105 0·095 0·105 0·114 5th ......... . . . . . ... .. . . .. .. .. .. 0·110 0·140 0·115 0·210 0·125 0·125 0·130 0·136 6th ..... . ... . . ... . . . .. .. . ....... 0·110 0·185 0·140 0 ·370 0·150 .. . . .... 0·140 0·183 7th ...... . . . ........... .. . .. . . . . 0 ·150 0·470 0·145 0·530 0·315 . . .... .. 0·120 0·288 8th . . .. . . . . . .. ... . .... . .. ... .... 0·130 0·295 0 ·180 0 ·355 0·200 ··· · ·· ·· 0·045 0·201 9th . . . . . . ... . . . ... . ..... . . .. .. . . 0·150 0 ·200 0·185 1·530 0·340 ... . ... . 0·170 0 ·429 Size of pecimen, Inches ........ 4·95 X 4·96 X 4·95 X 4·87 X 4·92 X 4 ·93 X 4·93 X 

5·02 4·96 4·96 5·00 4·96 5·00 4·98 
---------------

Per cent Recovery .... . ..... ... . 68·0 73·0 70·0 .... . . .. 41·0 .. . ..... 66·0 63·6 

320 Secs. Rate Deformations in 2" gauge length Unit=0 ·001" 

Load Incr. of 1,000 lb. 

1st ... .... . . .. . . .. .. .. . . . .... .. . · .. ·· · ····· · ·· · ·· · 
2nd ....... . . .. .. . ..... ... ..... . . . ... . . · ·· .. ·· ·· · · 
3rd . . . . ... . .. . .... . . . ... . ... . .. .. . .. . ...... . .. . .. . 
4th . .. . . . .. ... .. . .. . . ... .. .. . . .. .... ... .... .. .... . 
5th .... . . . . .... .. ....... . .. . . ... ... . .. . ... . . . ... . . 
6th .. .. . ..... .. . . ...... . .. .. . .. . ... . .. . .. . .. .... . . 
7th .. . ..... . . .... . ... .... . . ... . . . . . . . .... .. . . . ... . 
8th ... ... . . . ... . . .. ... . ... . . .. . .. .. . . .. .. . . . .. .. . 
9th . .. . ... ..... . ..... .. ..... . . . .. . . .. ......... .. . . 

Specimen Number 
r---------------1 Average 

197 196 

0·115 
0·190 
0·215 
0·245 
0·355 
0·475 
0·515 
0·680 
2·050 

---
0·235 
0·485 
0·825 
1·160 
2·160 
5·300 

....... . 

201 
---

0·245 
0·480 
0·795 
1·170 
1·965 
2·705 

.. .... 

202 
---

0·220 
0·375 
0·500 
0·630 
0·690 
0·980 
1·520 

203 

0·120 
0·290 
0·355 
0·460 
0·720 
1·375 

0·187 
0·364 
0·538 
0·733 
1·178 
2,167 

------------------1----------------1----
Size of Specimen, Inches........ .. .. . ..... . .. .. .. . 4·92 x 4 ·94 x 4·87 x 4·93 x 4·95 x 

4·98 4·97 4·95 4·98 4·95 ------------------1----1------------1----
Per cent Recovery. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... . 
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The e re"ult ~.:how the ... ame oharacteri tic a were found at the higher 
temperature . Deformation (average) increa. e progre .... ively a the loading 
increa e at the 5 econd and 320 econd loading rate , and are much greater 
at the latter than at the former. There i ome irregularity at about 8,000 
pounds load at 5 second , imilar to that noted at 14° F. to 16° F. at loads of 
5,000 pound to 6 000 pound . The defOimation are noticeably le for the 
8th thou and than for the 7th in fiTe ea e out of ix and thi effect i well 
marked in the a\ erage column. It i po ible that there i a critical tre at 
.about thi, load at thi~ temperature and that ... uch a critical tre exi t at all 
temperature well below 32° F. increa ing in value a the temperature i reduced. 
The evidence of the above te ts, and of other , at ustained loads at 14° F. to 
16° F. tendS~ to support uch ~ view. 

SUMJVIARY OF COMPR~, ~ION TE T' AT DIFFERENT LOADING 
RATES AT TEl\IPERATURE I RA GING FROM ABOUT 

30° F. TO 3° F. 

The re ult of the above t t are conveniently ummarized for comparison 
.in the following table. Avera(J'e deformation of all te t under each particular 
,condition are tabulated fir tly for different loading rates at a given tempera
ture and econdly for the same loading rate at different temperature . Apart 
.from the irregularitie at certain load referred to above the deformations at 
.any given temperature and "'ta(J'e of loading increa ... e a rate of loading becomes 

lower, and at any given loading rate they decrea e at any given tage of load
ing a the temperature drop . 

Loading Rate 

DEFORMATION'S ~ 2" GA GE LE GTH 

nit=O · 001" 

Increment of 1,000 lbs. load 

2nd 
ecs. 1-------------------------1 Temp. 

3rd 4th 5th 6th 1 7th th 1st 9th 
------1------------------------------

5 ...... . 0 0 0 0 0 00 0 0·0 7 0·120 0·165 0·249 0·337 0·454 0·708 ........ ········ 
10 .. 0 0 0 0 0 0 0 0 0 0 0. 0·112 0·152 0·236 0·3 4 0·574 0·777 1·133 . ....... .... .... 28°F 
20 ...... 0 0 0 0 0 0 00 0 0·153 0·269 0·44 0·711 1·281 1·986 .. ...... ........ ........ to 
40 .. 0 0 0 0 0 0 0 0 0 0 0 0 0 0·172 0·352 0·541 0·7 7 1·330 ........ ...... .. ........ ........ 30° F 
80 .. 0 0 0 0 0 0 0 0 0 0 0 0 0 0·181 0·505 0· 1 1·579 3·249 ........ .... .... ········ . .. . .... 

5 .............. 0·0 5 0·097 0·109 0·124 0·139 0·139 0·171 0·193 0·321 
10. 0 0 0 0 0 0 0 0 0 0 0 0 0 0·0 6 0·109 0·13 0·166 0·209 0·244 0·295 ........ . ....... l4°F 
20 . .. 0. 0 0 0 0 0 0 0 0 0 0·093 0·120 0·175 0·254 0·357 0·470 ........ .. ... ... ········ to 
40 .. . 0 0 0 0 0 0. 0 0 0 0 0·103 0·177 0·269 0·356 0·629 ........ ········ ... . .... 16° F 
80 . 0 0 0. 0 0 0. 0 0 0. 0 0·134 0·213 0·2 0 0·359 0·392 0·436 0·583 1·024 1·065 

160. 0 0 .. 0 0 0 0 0 0 0 0 0 0·195 0·372 0·532 0·669 1·809 ........ ·· ······ ........ ·· ···· ·· 

5 .............. 0·0 3 0·086 0·102 0·114 0·136 0·1 3 0·288 0·201 0·429 2° F 
320 .. 0 0. 0 0. 0 0 0 0 0 0 0·187 0·364 0·538 0·733 1·178 2,167 ········ ········ ...... . . to 3° F 

5 .............. 0·087 1·120 0·165 0·249 0·337 0·454 0·708 . . ...... .. ...... 28°F 
5. 0 0 0 0 0 0 0. 0 0 0 0 0 0·0 5 0·970 0·109 0·124 0·139 0·139 0·171 0·193 0·321 14° F. 
5 .............. 0·083 0·0 6 0·102 0·114 0·136 0·183 0·288 0·201 0·429 2° F 

10.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0·112 0·152 0·236 0·3 4 0·574 0·777 1·133 .. ...... ........ 28°F 
10 .. 0 0. 0 0 0 0 0 0 0 0 0 0·086 0·109 0·138 0·166 0·209 0·244 0·295 ........ ........ 14° F 

20.0 0 0 0 0 0 0 0 0 0 0 0 0 0·153 0·269 0·448 0·711 1·281 1·986 ........ ···· ···· . ... .... 28° F 
20 0 0 0. 0 0. 0 0 0. 0 0 0 0·093 0·120 0·175 0·254 0·357 0·470 .. ..... . ···· ···· ........ 14° F 

40.0 0 0 0 0 0 0 0 0 0 0 0 0 0·172 0·352 0·541 0·787 1·330 ....... . . ... .. .. . ....... . ....... 28°F 
40.0 0. 0 0 0 0 0 0 0 0 0 0 0·103 0·177 0·269 0·356 0·629 

1 ........ 
........ .. ...... ·· ·· ···· l4°F 

80.0 0 0. 0 0 0 0 0 0 0 0 0 0·1 1 
, 

0·505 0·8 1 1·579 3·249 28°F ··· ···· · ...... . . ........ ........ 
80. 0 0 0 0. 0 0 0 0 0 0 0 0 0·134 0·213 0·280 0·359 0·392 ........ ........ ........ 14'' F 

45827-28! 
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The great deformations at 28° F. as compared with those under correspond
ing conditions at 14° F. are very obviou , as al o is the fact that the defnrma
tions at 28° F. increa e much more a the rate of loading becomes elower than 
do the correS!ponding deformation at 14° F. These results are of great signifi
cance in considering the pressure which ice can exert against such structures 
as dams. 

DEFORMATION UNDER SUSTAINED LOADS AT 14° F. TO 16° F. 

A series of tests was made to determine the deformation under sustained 
compres ive load of different inten ities, ranging from about 100 pounds per 
square inch to 400 pound per quare inch. The load required to produce these 
-conditiooo. wa applied in all ea e at the rate of 250 pounds per 5 seconds, and 
the deformations then read at regular inten als under u tained load, the weigh
ing beam of the te ting muchine being kept floating by rotating the. ~·crews as 
t.he blocks yielded. 'Dhe mean of the reading of two exten ometers was taken, 
.as in all previou te ts, and the curves showing deformations plotted against the 
time during which the load were uSJtained are very regular. (See Plate 5.) 
Only a ufficient number of points are plotted to enable curves to be drawn. All 
deformation were measured in 2-inch gauge length. 

A load of 103 pounds per square inch maintained for 3! hours caused a 
total deformation of 0·0016 inches, and a load of 300 pounds. per square inch 
caused a total deformation of 0· 022 inches in about 8 minutes. The curve for 
a load of 400 pounds per quare inch could not be plotted on the same time 
scale, being practically coincident witJh the deformation axis. The form of the 
curves for loads of 103 pounds per square inch and 300 pounds per square inch 
uggested that t.here might be some particular load intensity for which the curve 

.would be a traight line, and severaJ te ts were made to investigate this point. 
Curves are hown for load intensities of 150, 175, 190 and 198 pounds per square 
inch. It will be seen that these curves fall in regular order, and that there if:. a 
large :fi8ild open between the curve for 190 pound per square inoh and 198 
pounds per quare inch. Thi· i specially intere ting in view of the results 
already noted in the te t under load applied at different rates, when it wa,s 
found that deformations per 1,000 pound of load increment were frequently 
less for, say, the 6th thou and than for the 5th thousand. This peculiarity or 
irregularity wa generally ob erved at a load of about 200 pounds per square 
inch and tne sustained load tests hawed that for load intensities of this order 
the informations vary greatly. Thus at 190 pounds per quare inch the total 
deformations in 1! hour was 0·0066 inches, and at 198 pounds per square inch 
it was 0·027 inche in about 45 minutes. Reference to the tables for progressive 
loading at different rates at this temperature shows that the deformations for 
the higher loads varied very greatly, the departure of individual readings from 
the average being di.::tinctly greater, at large load than at small loads. The 
curves shown for sustained loads are for single tests only, but it is improbable 
that the regular order in which they lie is the result of chance. The evidence 
points towards the view that at a load intensity of about 200 pounds per square 
inch the ice is in a critical condition. There may be ome inter-crystalline slip 
or cleavage at thi load, followed by yielding of very variable rate, which can
not be predicted from the appearance of the ice as seen by the eye. It is also 
.intere rting to note that the modulus of rupture found from the beam tests 
described later was of the order of 200 pounds per square inch. 
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Irregularitie in the deformation per 1 000 pounds of load increment were 
al o noted at 3o F., but at higher load . No u tained load test were p<A..~ible 
at tJhi temperature, but it may well be that there i a critical load at this tem
perature, of a higher value than that ugge ted by the teSJt at 14° F. 

BENDING TESTS-MODULU OF ELASTICITY AND MODULUS 
OF RUPTURE 

A number of bending t "'t were made at the same temperatures as in the 
compres. ion te ts de cribed above, and at different loading rate . In all cases, 
the beams were approximately 3 inche wide by 2 inche deep, and the pan was, 
41 inches. Glass or brass bearing plates were placed between the beam and the 
. upports to di tribute the pre~ ure, and the load wa applied in increments of 
1 pound at each of two loading cectio.n 14 inches from the supports. Half-round. 
wooden-bearing block -were placed acro the beam, and cords were passed 
over the top and notched end of the--e, being kept vertical and close to the . 
. faces of the beam by wooden pacing bars at a convenient distance below the 
beam. A cord attached to the centre of the pacer bar carried a circular piece 
of wood on which the lot weight were placed to load the bea~ms. The sup
~ort were carried on a heavy lathe bed: on which wa et a tele cope by which. 
the central deflections were read on a small teel "'cale attached to the face of. 
.the beam by freezing in place under a mall pre" ure. The deflections were. 
e"timated to 0·001 inche . (The general arrangement i ~hown in the blue print 
.at the beginning of the report.) 

Preliminary tests showed that the recovery was not complete even for very 
small loads, and that the deflection increased continuously over long periods 
under sustained load. It was decided to make the tests at different loading 
rates, the procedure being as follows:-

After the zero reading of the scale had been taken, each of two operators 
added 1 pound load at his stirrup, and the deflection was read say 5 seconds 
hter. Similar loads were added and deflections read every 5 seconds until the 
beam broke. Tests were made in the same way with loading intervals of 10, 
20 and 40 seconds at temperatures approximately 14°F. and 28°F. Time did 
not permit making te ts at 3o F. 

In all cases the deflections per pound increment of load increased as the 
loading proceeded, so that values of the modulus of elasticity computed for 
successive stages of loading would show continuously decreasing values. 
Approximations to the form of the load-deflection curves were made by draw
ing two straight lines, representing the first and second stages of loading, the 
latter extending to the point of fracture. This was deemed to be sufficient, as 
the results cannot be compared as simply as those for the compression tests. 
In the latter the blocks were all approximately 5 inches by 5 inches, so that 
deformations due to a given load were comparable. But in the case of the 
beams, the specimens could not be prepared so easily to a definite size and 
variations in breadth and depth, particularly the latter, affect the stress due to 
any given load. All the beams broke suddenly and fracture occurred at or near 
the loading point. The modulus of rupture and values of "E'' corresponding 
to the two stages of loading defined above were computed for all beams and 
the results are shown in the tables appended, and in plates 6 and 7. Tests' were 
made with crystals horizontal and vertical, the average of three tests being 
given, except in cases where only two tests were made. 

I 
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Examination of the results shows in general:-
(1) That values of "E" are somewhat greater when the crystals are vertical 

than when they are horizontal. 
(2) That values of "E" are greater at l4°F. than at 28°F. under similar 

conditions. 
(3) That values of "E" decrease as the load increases under all conditions 

and generally as the length of the loading time interval increases for 
both stages of loading. 

( 4) That the modulus of rupture is about the same value for crystals 
horizontal and crystal vertical, but is much greater at l4°F. than at 
28°F. the average of all te ts at these temperatures being 226 pounds 
per square inch and 171 pounds per square inch respectively. 

(5) That the modulus of rupture does not vary much at the different lo3.d
ing rates. 

Other comparisons may appear from a study of the results, but it is worth 
suggesting that there may be a connection between the modulus of rupture and 
the load intensity at which certain peculiarities were noted, particularly at 
l4°F., during the compression tests. These have also been referred to in 
describing the results of tests at 14°F. under sustained loads, and the evidence 
suggests that a critical condition, possibly related to inter-crystalline displace
ments, exists at a lo:1d int~nsity of about 200 pounds per square inch. The 
average modulus of rupture for 24 beams at this temperature was 226 pounds 
per square inch. 

In the compression tests at 28°F. to 30°F. the deformation increased con
tinuously for successive load increments of 1,000 pounds. There were no cases 
similar to those at 14 °F., in which the actual deformations for certain of the 
later increments of load were less than those for earlier increments. But the 
tables show that in many cases, such for example as Specimens 36, 45 and 49 
at the five seconds loading rate (page 16), the increases in the deformations 
per 1,000 pounds of added load were less between the 4th and 5th thousands 
than between the 3rd and 4th. The average modulus of rupture of 21 beams was 
171 pounds per square inch, which corre ponds to a load of about 4,250 pounds 
on a 5-inch by 5-inch cube. 

This distinct lagging in the deformations at higher loads was noted also 
in some of the compression te ts at 3°F., and occurred at higher loads than 
those at which it was noted at 14°F. No beam tests were made at 3°F. so 
that modulus of rupture values are not available, but the evidence so far ~s it 1 goes is consistent and interesting. Tests on the compressive or crushing strength 
of ice showed that it becomes greater as the temperature is lowered. (See page 
441.) This also is con istent with the re ult ju t de cribed. 
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BEAM TESTS AT TEMPERATURES FROM 28°F. TO 30°F. 

First Stage Second Stage 1lb. load 
Test B D Crystals at each 
No. Bending Modulus of 

stress - rupture - stirrup in 

ins. ins. lb. per sq. E lb. lb. per sq . E lb. 
in. per sq. in. in. per sq. in. 

98 . ...... .. 2·89 1·97 Hor ........ 84·5 836,000 167 555,000 
99 ... . ... .. 2·99 1·99 " ........ 81·8 745,000 190 622,000 5 secs. 

Mean .... . .. 83 ·0 790,000 178 5 8,000 

18 . ...... .. 2·90 1·90 Vert .... .... 81·0 750,000 177 429,000 
19 .. ... . .. 2·90 1·95 " ..... . .. 101·0 602,000 200 316,000 
20 ..... . . .. 3·00 1·95 " ........ 61·0 670,000 134 462,000 5 secs. 

Mean ... .... 81·0 674,000 170 402,000 

96 . ...... .. 2·89 1·86 Hor .. . .. . .. 76·2 686,000 160 386,000 
97 . ...... .. 2·92 1·93 " .... .. .. 94·0 533,000 187 330,000 10 secs . 

Mean .. . . ... 85·0 610,000 173 358,000 

21 . .. . .. ... 2·86 1·93 Vert .... .... 72·0 790,000 143 566,000 
22 . ...... .. 2·90 1·90 " .. . ..... 105·0 682,000 210 423,000 
23 ....... .. 2·90 1·92 " 79·5 7 0,000 158 450,000 10 secs . . ....... 

Mean . . . .... 85·5 751,000 170 480,000 

N.B.-All beams were supported freely on a span of 41 inches, and loaded equally at sections 14 inches 
from each support. E was computed from the central deflection. 

BEAM TESTS AT TEMPERATURES FROM 28°F. TO 30°F.-Continued 

First tage econd tage 1 lb. load 
Test B D Crystals at each 
No. Bending Modulus of 

stress - rupture - stirrup in 

ins. ins. lb. per sq. Elb. lb. per sq . Elb. 
in. per sq. in. in. per sq. in. 

94 ...... ... 3·00 1·93 Hor ........ 69·6 473,000 129·5 247,000 
95 ..... .... 2·99 1 ·9 " . ....... 81·0 427,000 138·5 256,000 

Mean .. . .... 75·3 450 ,000 134·0 251,000 20 secs. 

24 .. . .... .. 2·92 1·95 Vert . ... .. . . 100 ·0 640,000 229·0 434,000 
25 ....... .. 2·90 1·95 " . . ...... 116 ·0 830,000 306·0 579,000 
26 ....... .. 3·04 1·94 " . .... . .. 83·0 513,000 193·0 227,000 

Mean .. . .. . . 100 ·0 661,000 243·0 413,000 20 secs. 

176 . ... . . .. 2·86 1 ·93 Hor ..... . .. 87·3 415,000 158 ·0 164,000 
177 ....... . 2·90 1·86 " . ..... . . 84·5 335,000 135·0 163,000 
178 . ..... .. 2·97 1·93 " .. . . . ... 77·8 315,000 131·0 150,000 

Mean ....... 83·2 355,000 141·0 159,000 40 secs. 

179 ...... .. 2·85 1·98 Vert .... .... 99·4 218,000 197 ·0 127,000 
1 0 ....... . 2·83 1·95 " . ... . . . . 71·5 473,000 126·0 191,000 
181. ..... . 2·98 1·85 " . .. . .. . . 75·3 531,000 133·0 239,000 

Mean ... .... 82·1 441,000 152 ·0 186,000 40 secs. 

N .B.-All beams were supported freely on a span of 41 inches, and loaded equally at sections 14 inches 
from each support. E was computed from the central deflection. 
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BEAM TESTS AT TEMPERATURES FROM 14°F. TO 16°F. 

First Stage Second Stage 1lb. load Test B D Crystals at each No. Bending - Modulus of - stirrup in stress rupture 

ins. ins. lb. per sq. E lb. lb. per sq . E lb. 
in. per sq. in. in. per sq. in. 

61 ...... .. 2·89 1·90 Hor .. . ..... 113·5 690,000 210·0 582,000 
63 ...... .. 3·00 1·75 " ... . .... 119·0 975,000 232·0 695,000 

140 ....... . 2·92 1·96 " 129· 0 866,000 253·0 770,000 5 secs . .... . ... 

Mean ...... 127·0 844,000 232·0 682,000 -------
62 ...... .. 2·91 1·84 Vert ... . .... 94·5 877,000 205·0 713,000 

141. ...... . 2·89 1·90 " 113·5 787,000 178·0 692,000 ........ 
142 ..... ... 2·85 1·93 " . . .... . . 112·0 761,000 191·0 660,000 5 secs. 

Mean ...... 107·0 808,000 191·0 688,000 
=== ---

137 .... ... . 2·90 1·87 Hor ... . .... 115·5 721,000 266·0 614,000 
58 ...... .. 2·89 1·96 " . ....... 84·5 685,000 213·0 541,000 
59 ...... .. 2·88 1·94 " . . .. . ... 94·0 637,000 172·0 472,000 10 secs . 

Mean ... .... 95 ·0 681,000 217·0 542,000 

60 ...... .. 2·89 1·92 Vert ... : . .. . 119·0 874,000 237·0 643,000 
138 .... . . .. 2· 5 1·95 " 102·0 672,000 203·0 554,000 ........ 
139 ...... .. 2·78 1·86 " ........ 104·0 714,000 209·0 490,000 10 secs. 

Mean ... .... 108·0 I 753,000 216·0 562,000 

N.B.-All beams were supported freely on a span of 41 inches, and loaded equally at sections 14 inches 
from each support. E was computed from the central deflection. 

BEAM TESTS AT TEMPERATURES FROM l4°F. TO 16·F.-Continued 

First Stage Second Stage 1 lb. load Test B D Crystals at each No. Bending Modulus of 
stress - rupture - stirrup in 

ins. ins. lb. per sq . E lb. lb. per sq. E lb. 
in. per sq . in. in. per sq. in. 

55 ...... .. 2·90 1·90 Hor ........ 101·0 586,000 209·0 299,000 
134 ...... .. 2·88 1·97 " ........ 136·5 598,000 25o·O 387,000 
135 ...... .. 2·90 2·00 " 125·0 692,000 219·0 524,000 20 secs . . .. .... . 

Mean ....... 121·0 625,000 228·0 403,000 

56 . ..... .. 2·94 1·85 Vert ..... . . . 107·0 670,000 201·0 400,000 
57 ........ 2·86 1·87 " .. ... ... 93 ·0 637' 000 202·0 345,000 

136 ..... . .. 2·89 1·99 " .. . ... .. 112·0 653,000 222·0 447,000 20 secs . 

:\~lean ... .... 104·0 653,000 208·0 397,000 

143 ....... . 2·86 1·96 Hor ........ 109·0 526, 000 246·0 352,000 
144 ...... .. 2·96 1·96 " 121·0 608,000 301·0 424,000 .... ..... 
145 ....... . 2·84 2·01 " ....... . 105·0 710,000 296·0 522,000 40 secs . 

Mean .... ... 112·0 615,000 281·0 432,000 

146 ....... 2·90 1·95 Vert . ... .... 93·0 566,000 230·0 274,000 
147 .... 2·91 1·90 " ........ 105·0 712,000 177·0 465,000 
148 ...... . 2·91 1·93 " 100·0 948,000 311·0 558,000 40 secs . .. ...... 

Mean .... . . . 99·0 742,000 240·0 432,000 --
N .B.-All beams were supported freely on a span of 41 inches, and loaded equally at sections 14 inches 

rom each support. E was computed from the central deflection. 
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COMPRESSION OR CRUSHING STRENGTH OF ICE 

The tests de cribed above how that the term "compression or crushing 
trength of ice" is meaningless in itself. The behaviour of ice in compress~on 

is different at the same rates of loading at different temperature , and at differ
ent rates of loading at the ame temperature. The time-factor i the all import
ant quantity. To obtain characteristic compre ion fracture the load must be 
applied rapidly, so that the ice has no opportunity to "flow', and tests were 
made at different temperatures with thi principle in mind. After preliminary 
experimenting it was found that two operators, one moving the balance weight 
along the lever and the other rotating the screws of the machine, could apply 
the load continuously, at the rate of 1 000 pounds in 2 econds. This was the 
mo t rapid rate Vi hich could be controlled, and was adopted a a standard. In 
some cases the blocks did not fail under 10 000-pound load (approximately 
400 pounds per square inch) applied at thi rate, and te ts were made in which, 
the balance weight having been et at a given reading, the screw were rotated 
as rapidly as pos_ible so a to apply the load quickly. Sometimes the blocks 
carried 4JOO pounds per square inch applied in 1-! econds and in other cases 
the block failed before the beam floated, o that the load carried was not 
known. When the 5 inch by 5 inch blocks did not fail at the full capacity load 
of the machine, smaller pecimen were cut from other 5 inch by 5 inch blocks 
and tested at the standard loading rate. A summary of tests made at tempera
tures about 14° F, 2° F , and 28° F is appended, this being the order in which 
tests were made. 

LOADSAPPLIEDATRATEOF1 ,000POU DSI 2 'E COND ORMALLYTOCRY TAL 

Pound 
umber ize Maximum per square Remarks 

load inch 
at failure 

inches lb. 

101 . . .. ...... . ........... 4 ·90 X 4·94 10,000 .,.ot fail Faint crackling 8,250 pounds • 
Flowing under maximum load . 

" 102 . .. .... . .............. 5·02 X 5·01 10,000 Crackling, medium clouding when load 
wa removed. 

103 . ... ....... . ....... . .. 4·82 X 5·00 10,000 " Crackling. Heavy clouding with 10 000 
pounds sustained. ' 

" 104 .... ... .. ....... . .. .. . 4 ·78 X 5 ·00 10,000 Light clouding upper part after unloading. 
107 ... ........... . . . ..... 4·87 X 4 ·96 10,000 " Faint cr~fkling. 
113 . ... ......... . . .. ..... 4·45 X 4 ·49 10,000 " 
116 . .. . .. .. ............ . . 3·99 X 4·00 10,000 " Loud crackling. Load 625 pounds per 

square inch. 
117 ..... . . .... .. .. . . . .... 4 ·00 X 4·16 10,000 " Loud crackling. 

square inch. 
Load 600 pounds per 

119 . .... . ... .. . . .. .. . .. . . 3·06 X 3·39 7, 250 672 Typical compression failure. 
120 . .. . . . ... . .... ... .. ... 3·41 X 3·37 3,250 2 2 cc " 

121 .... .. .... . ... . . . .. ... 3·41 X 3·39 8,250 715 " " 

NOTE.-All specimens were approximately 5 inches high. umbers 119, 120 and 121 were cut from 
the same block. 
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LOADS APPLIED SUDDE LY (TIMES AS TATED) NORMALLY TO CRYSTALS 

ize 

inches 

105 ........... 4·78 X 5 ·00 
105 ........... 4·78 X 5·00 
105 .. ........ . 4 ·78 X 5·00 
105 ........... 4·78 X 5·00 
105 ........... 4·78 X 5·00 
105 ........ . .. 4·78 X 5·00 
105 ........... 4·78 X 5·00 
106 . ...... ... . 4·98 X 5·00 
107 ........... 4 ·87 X 4·96 

113 .... .. ... .. 4·45 X 4 ·49 

118 .. .... ..... 4· 04 X 4 · 08 
122 . . ......... 4·98 X 5·02 

Pound per 
Maximum square inch Time 

load at failure 

lb. 

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

10,000 

8,250 
10,000 

Not fail 
" 

" 
" 
" 
" 

501 

502 
Not fail 

secs. 

3·2 
3 ·0 
2·4 
1·8 
1·4 
1·4 
1·4 
1·4 
1·2 

2·0 

1·4 
1·2 

NOTE.-All specimens were approximately 5 inches high. 

Remarks 

Load applied suddenly 7 times. 
lr;·io sign of failure. Slightly clouded on 

removal of load. 
The block has been loaded previously to 

1
.,.,.10,000 pounds at standard rate. 

ll'lumber 104 in table above . 

Faint uniform clouding upper part. 
Tested previously at standard rate. 

Much clouding under sustained maxi
mum load. 

Tested previously at standard rate. 
Typical compression failure. 

Typical compression failure. 
This block had been used in sustained 

load tests, 150 pounds per square inch. 
(Plate 5) . Cleavage plane developing 
from top to bottom and parallel to 
crystals. 

LOADS APPLIED AT RATE OF 1,000 POUNDS IN 2 SECONDS. 2°F. 

Load Pound per 
Number Size to .Maximum square inch Remarks 

crystals load at failure 

inches lb. 

190 ... .... 2 ·98 X 2·96 or mal 8,500 963 Typica l fracture. Like tent with ridge. +191. .. ... . 2·95 X 3·00 " 6,500 735 Conical. "Split froT?c top to bottom. +192 . .. . . .. 2 ·92 X 2·95 " 5, 750 617 
193 . .... .. 2·95 X 3·00 Parallel 8,250 932 " " 194 ... .... 2·94 X 2 ·96 " 6, 750 776 " " 195 2·93 X 2·93 " 10,000 ot fail Cleavage planes developing. .. 

Over 1,165 
198 ... .... 2·97 X 3·00 or mal 5,000 561 Typical ~~ilure . Li,lfe tent with ridge. 199 .... .. . 2 ·91 X 2·85 '· 7,250 874 
200 .... .. . 2·99 X 3·00 " 9·250 1,030 " " 

N.B.-All specimens were approximately 5 inches high. 

Specimens 191 and 192 probably had crystals parallel to load. Types 
of fracture were quite distinct for the two cases. All original blocks 5 inches 
by 5 inches were carefully marked to show direction of crystals, and in cutting 
these down to ensure failure at load within the capacity of the machine, some 
error may have arisen. Blocks were brittle and difficult to saw without chipping 
at this low temperature. 
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BLOCKS AT 28°F. 1,000 POU D I 2 ECOND 

I 
Pound per 

Number ize Load to Maximum suqare inch Remark 
crystals load at failure 

inches lb. 

204 ......... 4·86 X 5 ·03 Normal 10,000 -ot fail ~rackling at 2,250 pound . 
205 . .... . ... 5·00 X 5·00 " 10,000 " vlouded. 
206 ......... 4·04 X 4 ·06 " 5,250 320 Clouded and flowed very rapidly. 
207 . ........ 4·03 X 4·06 " 3,500 21-! Typical fracture. Flowed rapidly. 
208 . ........ 3·92 X 4·03 " 4;750 300 Typical fracture. Ridge parallel to 

209 ....... . . 3·95 X 4·15 " 5, 000 305 
crystal,~ . 

" " 
210 . ........ 3·93 X 4·05 " 4,350 273 " " " 
211 ......... 4·05 X 5·10 Parallel 6, 00 329 Typical ~~acture. Conical. 
212 . ........ 4·00 X 4·00 " 4,000 250 " 
213 ......... 3·98 X 4·03 " 10,000 ot fail 
215 ......... 5·00 X 5·00 Normal ,000 320 Typical fracture. Ridge parallel to 

216 .. ....... 5·00 X 5·00 " 9,750 390 
cry tal,. 

" " 
217 .... ... .. 4·82 X 4·84 " 10,000 Tot fail 

LOAD APPLIED UDDE LY. TIlE A TATED. 2 °F. 

204 . ........ 4·86 X 5·03 Normal 10,000 in. 409 Load applied immediatly after standard 
1·2 ec . ············ loading in table above . (Ridge frac-

213 ......... 3·98 X 4·03 Parallel 8,000 in. 49 ture.) Table above. 
1·2 sec . ···· · ······· Conical fracture. 

217 .. ....... 4·82 X 4·84 Kormal 1000 in. 343 Table above. Ridge fracture. 
1 sec. 

_ .B.-All pecimens were approximately 5 inches high. 

Most of the te .. J. were made with the load normal to the crystal : but a 
few -~ere included with the load parallel to the crystals. In the former, the 
typical failure wa tent-like, the horizontal cry tal forming a ridge parallel 
to the loaded face , while in the latter di tinctly conical fracture resulted. 
There appear to be little difference bet-ween the trength at failure under these 
two condition , and there wa con iderable variation in re ults at each 
temperature. 

which fruled 
inch. Three 
were broken 
rength being 

At 28° F. the averao-e ultimate "trength of nine "pecimens 
under the tandard rate of loading wa 3{)0 pound.. per quare 
others which had not failed under the tandard rate of loading 
immediately afterward by uddenly applied load , the average 
417 pounds per quar-e inch. T he load in two ea e wa of le 
had been su tained pre\ iou ly. 

intensity than, 

At 14° F. the load carried were higher than at 28° F. none of the pecimem: 
measuring approximately 5 inche by 5 inche failing at a load of 10,000 pound .. 
even when this wa applied uddenly. One pecimen No. 105, with tood this 
udden load seven time after \being loaded previou ly to 10,000 pound at the 

standard rate. Of three pecimen No . 119, 120 and 121 which failed at the 
tandard rate of loading, No. 120 failed unaccountably at a much lower load 

than the other two. All were cut from the ame block. The mean of the two 
higher re ult i 693 pound per quare inch, which compare rationally with 600 
poun,ds per square inch and 625 pound per ~quare inch for Nos. 116 and 117 
respectively, the _e being load which did not eau e failure. Of six blocks t?..,sted 
under suddenly applied load , only two failed, at approximately 500 pounds 
per square inch. 

I 

I 
I 
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At 2° F. eight out of nine blocks tested failed under the standard loading 
rate, and the average ultimate strength was 811 pounds per square inch. The 
other block, with cry tal vertical, carried over 1,165 pounds per square inch 
applied at the tan,dard rate wi+hout failure. The strengths were approximately 
the ame for both condition of loading. 

The te ts how that the cru hing strengths of the given blocks loaded at 
the rate of 1,000 pound in 2 econd were as follows:-

Crushing strength, Temp. -> F. lb./sq. in. 
28 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • 300 14 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 693 2 ... 0. 0 ....................... 0.................................. 811 

For other loading rate different figures would be obtained. It has bee!i 
shown that the time element is probably the greatest factor in determining the 
pressure of ice again. t a structure. Gonclu ions dra,wn from the cru~hing 
strength alone are of no value. The cru hing strength it elf at any given 
temperature depend on the rate of loading. 

l\1ISCELLANEOUS TESTS 
WEIGHT OF IcE.-By mea uring and weighing a block of ice approximately 

5 inches tby 5 inche by 10 inche at a temperature of 28° F., the weight per 
cubic foot was found to be 57.4 pounds. This figure was used in, the calcu
lation for the modulus of rupture in the beam tests. 

DEFLECTION OF BEA 1: u DER SMALL SusTAINED LoADs. A beam 2. 90 inches 
wide by 1. 95 inches deep was loaded on a pan of 41 inches by equal wejghts 
placed 14 inches from each upport, a in the te ts for modulus of rupture. Each 
load wa 4 pound and the bending stre~ , including that due to the beam itself 
and the st irrups, wa about 55 poun,ds per quare inch. The deflections were 
read at intervals for evera1l days, and on the first day the recovery when the 
load was removed wa ob ~ erved for about 4% hours. There was about 0. 025 
inch recovery in a total deflection of 0. 158 inch and under ustained load the 
deflection increased steadily to 0. 585 inch in 6 days when the test was stopped. 
The temperature during the te t wa from 28° F. to 30° F. The following 
table shows the results:-

Date 

February 19 . ... ........................... .. .. . 

February 20 ..... . .......... . ........ . .. . ... . .. . 

February 22 . .. .. . .................... ... ... . . . . 

February 23 .. .......... . ............. . ...... .. . 

February 24 . ..... ..... . .. . . . .......... . ....... . 

February 25 ...... . ..................... .. .. . . . . 

Hour 

5.55 p.m. 
5.55 p.m. 

10 .00 a.m . 
10·05 a.m. 
10.15 a.m. 
11.30 a.m. 
1.15 p.m. 
2.45 p.m. 
2.50 p.m. 
2 .00 p.m. 
4.45 p.m. 

10·15 a.m. 
1.15 p.m. 
4 .00 p.m. 

10.00 a.m. 
1·00 p.m. 
4·30 p.m. 
9 .00 a.m. 
noon 
4 .00 p.m. 

Load at each 
loading point 

Stirrup only ... ... . 
Stirrup a,~d 4 lbs . . . 

Stirru,~ only . .. . . . . 

IStirru,~ and ,t lbs .. . 

Deflection in inches 

0·000 (datum) 
0 ·002 
0·158 
0·145 
0·134 
0·133} 
0 ·132 Steady 
0·133 
0·141 
0·349 
0·358 
0·418 
0·428 
0·435 
0·490 
0 ·500 
0 ·509 
0 ·567 
0 ·572 
0 ·585 
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DEFLECTION OF BEA_fS UNDER THEIR OwN WEIGHT. Two beams approxi
mately 3 inches wide lby 2 inche ... deep were upported ide by side with their 
ends free, and allowed to bend under their own weight. 

One, with crystal horizontal, had a pan of 54. 5 inche , and after 20 days 
had deflected 9! inche or 17 per cent of the pan, re embling a letter "V". The 
other, with crystals vertical had a pan of 51-t in.che and deflected only 1 
inch, or about 2 per cent of the span in the ame period. 

Another beam of the ame dimen ion with cry tal horizontal, wa set so 
as to project 40 inche a a horizontal cantilever and allowed to deflect under its 
own, weight. The vertical deflection at the free end after 16 day was 13i 
inches, or 34 per cent of the cantilever length. 

The room temperature was from 28° F. to 30° F., during these tests, and the 
results how clearly the pla tic nature of ice under mall loads at this temperature. 

AcK OWLEDGME 'T . Thanks are due to the Harbour Commissioners of 
Montreal for allowing the u e of uitable room at the Cold Storage Warehou~e, 
and to the ta:ff at the warehou e who were directly concerned in the control of 
room temperature . The author of this report under who e direction the tests 
were carried out, wi...he to pay pecial tribute to the invaluable a i tance 
received from Mr. E. D. l\Icinto h of the DepartJment of Railways and Canals, 
and the member of hi taff engaged in the preparation and te ting of specimens. 
It is largely due to Mr. Mclntosh .., enthu ia m an.d kill in upervi ing the 
testing, that so much work was accomplished in the time available for the tests. 

(Sgd.) E. BROWN. 
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APPENDIX G 

CONSTRUCTION PROGRAM 

1. The works required for the improvement of the St. Lawrence are divided 
into five sections. The works proposed in each section are independent of those 
proposed in other sections, but the program of construction has been prepared 
on the basis that through navigation be completed in all sections seven years 
after the beginning of the works. 

2. The time required to complete the through navigation project is largely 
dependent upon the works in the International Rapids Section, as there the 
expenditure is larger than in other sections and the works are more difficult to 
execute. 

3. The opening of the St. Lawrence to through deep-draught navigation, 
with the power works initially connected therewith, under the various plans 
presented by the Board, will require, in round figures, the following:-

Co11crete ..................................................... . 
Earth excavation, dry ........................................ . 
Eart!1 excav-ation, dredging ........................ 40,000,000 to 
Rock ex<:avation, dry ......................................... . 
Rock exc:a>ation, subaqueous ..................... ............ . . 

Cubic yards 
7,000,000 

80,000,000 
50,000,000 
12,000,000 

2,300,000 

The execution of this work will require the acquisition of considerable new 
plant which will have relatively little value after the completion of the work. 
As a consequence, the value of the plant used must be absorbed in the cost of 
the work. This, along with interest accumulations during the progress of the 
work, indicates that maximum economy will be secured by choosing a construc
t.ion period of about seven years for the heaviest part of the work. 

4. A detailed construction program, based on these premises follows. This 
program is intended to show a sequence of operations by which the work can 
be execute? in se.ven years, but it is not designed .to circumscribe the operations 
of the engmeers m charge of the actual constructiOn. The program is based on 
completion in seven years after actual construction is begun with the under
standing that unforeseen conditions may force an extension ~f the time. 

CONSTRUCTIO SCHEDULE 

Item Year 

2 3 4 5 

Thousand Island Section. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... X X X 

International Power Section-Scheme 1-242-
Dam and power houses at foot of Barnhart Island-

Construction railroads, camps, construction plant, etc. x x 
Excavation power houses....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . x · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Concreting power houses . .. . .. . . . . . . ... ..... . ....... . ..... . ..... . · · · ~ · · · · · ~ · · · · · ~ · · · · · ~ · · · · · ~ · · 

uperstructures and installations machinery.. .. ...... . .. . .. . .. .. .. .. . . .. . .. . .. x x x 
Construction of dam, to closure.................. . .... . . . . . . x x x x x 

~~J~::c~fe~~~:ti~n~~i·s·~~- ~~~.1 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : .. · ~.. .. · ~.. .. · ~.. · .. ~.. ~ 
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CONSTRUCTION SCHEDULE-Continued 

Year 
Item 

2 3 4 5 6 7 
------------------------1--- -----------------

Innternational Power Section-Con. 
Navigation "Works-

Approach channel above Robinson Bay lock ......... . 
Robinson Bay lock ................ . .................. .. . . . . 
Canal prism, Robinson Bay lock to Grass River lock . .. ... . 
Grass River lock and wasteway.... . . . . . . . . . . . . . . . . . . . .... . 
Approach channel, Grass River lock to river ... ........ . ... . 
Dike at Grass River lock .............. .. ............. . ... . 
Diversion dike and flood channel, mouth of Grass 

River .......... . .................................. ... . . 
Diversion-Ottawa Branch, New York Central Rail-

road .. .... ............................. ... .. .. . . . 
Dredging, south Cornwall Island channel .. ...... ... . . 
Excavation, north Cornwall Island channel.. . . . . . . . . . x 
Road relocation for canal............................. x 

Dykes and drainage ditches....... . . . . . . . . . . . . . . . . . . . . . x 
Protection Iroquois ................................... . 
Protection Morrisburg ............... ........ .. ... ..... . 
Fourteen-foot lock at Bergen Lake .. ................. .. . 
Control works, head of Massena power canal ....... .. .. . 
Initial channel excavation-

At Chimney Point .................................. . 
Above Galop Island ....... .. .................... . .... x 
Cut through Island . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x 
Channel below cut................................... x 
Channel below Lalone-Lotus Islands . .......... ...... . 

parrowhawk Point to Ogden Island .... .. .... . .... . . 
Control works at Galop ............................... . 
Railroad relocation . .................... . .... ......... . 
Highway relocation .... ... . ............. .. . ... .. ...... . 
Clearing pool ........... .. ... ................... . .... . . 

Ogden Island Project No. 4--224-
Channel enlargement north of Galop Island ............ . 
Dam in channel north of Galop Island ... ..... . ........ . 
Excavation at Chimney Point ......................... . 
Cofferdams, south Galop channel .. ..... . .. ........ . ... . 
Excavation of south Galop channel. ......... . ......... . 
Removal of cofferdams ............................... . 
Excavation, parrowhawk Point to Ogden Island ...... . 
Diversion at Ogden Island and channel south of Ogden 

Island .. .. ..................... ....... .... ....... . . 
Dam in diversion at Ogden Island . ..... ............... . 
Lock at Ogden Island . .... ........... ... ... .. .. . ...... . 
Power house south of Ogden Island .................... . 
Cofferdam north of Ogden Island ... ...... ............. . 
Power house substructure north of Ogden Island ....... . 
Diversion through Long Sault Island .................. . 
Dam in south ault channel. .. . ................ . .. .... . 
Dam at head of Barnhart Island . ....... .. . ...... ..... . 
Power houses at foot of Barn hart Island ............... . 
Excavation at foot of Barnhart Island . . .... ........... . 
Excavation of Grass River lock ....................... . 
Concrete in Grass River lock .......................... . 
Excavation of channel, Robinson Bay lock to Grass 

River ............................................. . 
Concr~te in Robinson Bay lock and guard gates .... .... . 
Excavation of channel above Robinson Bay lcok ....... . 
Excavation north and south of Cornwall Island ........ . 
Lock for 14-foot navigation, Canadian mainland ........ . 
Diversion of Ottawa and New York Railroad ......... . 
Dykes and drainage ditches, Morrisburg to Barnhart 

Island ............................................ . 
New Massena Canal intake .. .................... ..... . . 
Dykes, United States side ............................ . 

Chrysler Island Project No. 5- 217-
Channel enlargement at Chimney Point ............... . 
Channel enlargement north of Galop Island ............ . 

X 

X 
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X 
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CONSTRUCTION SCHEDULE-Continued 

Year 
Item 

2 3 4 5 6 7 -----------------------1--------------
Chrysler Island Project No. 5-217-Con. 

Dam in channel north of Galop Island ................. . 
Cofferdams above and below channel south of Galop 

Island ..... . .............................................. . 
Excavation of material in south Galop channel .............. . 
Removal of cofferdams ..................................... . 
Enlargement of channels, Sparrow hawk Point to Morris-

burg ...................................................... . 
Cofferdams at sites of United States and Canadian 

power houses Chrysler Island. . . . . . . . . . . . . . . . . . . . . . . . x 
Construction of power houses at Crysler Island ............... . 
Lock for 14-foot navigation and part of dam at Chrysler 

Island...... . ...................................... x 
North 2,200 feet of dam at Crysler Island ........ ... ......... . 
Excavation of sites for lock opposite Weavers Point. . . . x 
Construction of above lock . .. ............................... . 
Excavation of material in channel above and below lock 

opposite Weavers Point .................................. . 
Diversion of Grand Trunk Railway and building of 

dykes, Iroquois to Crysler Island ................. . 
Excavation of head-race North, Crysler Island power 

house .............. .. ............... . ................... . 
Excavation of tail-race rock, Crysler Island power house ..... . 
Diversion through Long Sault Island...... . ........... . x 
Dam in south Sault channel. .......................... . 
Dam at head of Barnhart Island .... .. . ................ . 
Power houses at foot of Barnhart Island ............... . 
Excavation at foot of Barnhart Island ........... . ..... . 
Excavation of Grass River lock ....................... . 
Concrete in Grass River lock ... .... ...... . ..... . ...... . 
Excavation of channel, Robinson Bay lock to Grass 

River ............................................. . 
Concrete in Robin son Bay lock and guard gates ... .... . . 
Excavation of channel above Robinson Bay lock ....... . 
Excavation north and sbuth of Cornwall Island ........ . 
Lock for 14-foot navigation, Canadian mainland ........ . 
Diversion of Ottawa and New Railroad ............... . 
Dykes and drainage ditches, Morrisburg to Barnhart 

Island .. . . ......................... .. .. . ...... .... . 
New Massena Canal intake ... ... .. . .................. . . 
Dykes, United States side . ..... ...................... . 

Lake St. Francis Section .................. . . . . . ......... . 

Soulanges Section-Ile aux Vaches Project-1st Stage-
Diversion of Riviere Delisle west of Coteau Junction... . x 
Excavation of site of Coteau du Lac lock......... ..... .. x 
Construction of lock at Coteau du Lac ........... ... ... . 
Construction of side canal, Coteau Landing to Coteau 

du Lac, with breakwater at Coteau Landing ............... . 
Construction of lock at Cascades Point. . . . . . . . . . . . . . . . . x 
Construction of lock at Chamberry Gully ................... . 
Removal of matarials required for side canal, Cham-

berry lock to Cascades lock, and construction of 
dyke adjacent ........................................... . 

Removal of material in side canal, Cedars to Cham-
berry Gully lock ........................................ . 

Construction of syphon culverts east of Provincial power 
house, with channels between Soulanges Canal and 
river .......... . .. ..... .. .... .. . ............. . . . ... . ..... . 

Construction of control works at Clark Island and exca
vation of diversion channels, Clark Island to Broad 
Island; relocation and reconstruction of Canadian 
National Railway on Clark Island and Grand !le ... . ... . . 

Excavation of diversion channels east end of Grand !le.. x 
Construction of dam and substructures of power house, 

!le Juillet to !le aux V aches. . . . . . . . . . . . . . . . . . . . . . . . x 
Construction of dam, !le aux Vaches to Cedars, with 

substructures of power houses .... .. ...................... . 
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CO NSTR UCTIO N SCHED ULE-Concludad 

Year 
Item 

2 3 4 5 6 7 
----------------------1---------------------

Soulanges Section-Con. 
Construction of dam, Gran de lle to Ile Juillet ......... . . . .. . ... . .... . .... .. .... . 
Construction of dykes, Coteau du Lac to Cedars, dykes 

on Grande lie...... . .. ........... . . . .. ... .. . . . . . . . . . . . . . . x x x 
Deepening of Soulanges Canal and closing of the present 

outlets of Delisle, Rouge, and A la Graisse Rivers . . ..... . .. ..... .. .. . 
Completion of entrance channels at the head and foot of 

the ection and enlargement of Coteau Rapids at 
Round Island. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 

Lachine Section-
Removal of material in submarine channel, deep water 

Lake St. Louis to old lock No. 5, Lachine ... . . . .. .. .. . .. . 
Construction of syphon culverts at head of the aqueduct 

of the City of Montreal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x 
Excavation of sites for locks at Montreal, -uns Island .. . . . . . . x 
Construction of locks at Mont!real and Verdun .... ........... . . 
Construction of new intakes for Verdun and The Montreal 

Water and Power Co . . ... . ..... .. .... . ........... . ...... . X 

Construction of timber-crib walls above and below 
Canadian Pacific Railway, ew Highlands ......... . ... . 

Excavation of material in overland canal, Lachine to 
Verdun .. ....................... . ....................... . 

Excavation of site of Verdun lock and preparation of 
foundation for dykes, Verdun to Nuns Island . . .... ...... . . 

Construction of lock at Verdun and guard gates above ....... . 
Construction of dykes, Verdun to Nuns Island . ... . ...... . .. . . 
Removal of material in prism, Verdun to uns Island . . . ... . . 
Construction of culverts under Canadian National Rail-

way embankment at Point St. Charles ... ...... . ..... . .. . 
Removal of material in prism, Nuns Island to Montreal 

lock ... .. . ......... . ..................... . ........ . 
Construction of walls and dykes, Nuns Island to the 

lock at Montreal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . 
Construction of supply weir and dykes, Nuns Island lock 

to Verdun shore ........................ . ...... . ........ . . 
Construction of dam at Ile au Diable ... ..................... . 
Construction of high level bridges at the Canadian 

Pacific Railway intersection at Highlands and the 
Canadian National Railway intersection at Victoria 
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5. The following remarks explain the foregoing program:-
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6. THousAND IsLANDS SECTION. The plans for this section show material 
to be removed at about a dozen places. The work to be done at each of these 
places could be allotted to a separate construction agency, but lower prices will 
be obtained if the number of such agencies is reduced to one or two, as larger 
plant will then be utilized and overhead expenses will be proportionately small. 
In this section the material to be removed is not large and can be done by one 
dredging outfit in three years. The plant required is not special and would not 
have to be built for this work. As a consequence, this work need not be com
menced until three years before the time chosen for the completion of through 
navigation. 

7. INTERNATIONAL RAPIDS SECTION. As explained in Appendix C, there 
are a number of proposals for the improvement of the International Rapids 
Section. 
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8. In the single-stage project wit? the main ~am and power houses on deep foundations at the foot of Barnhart Island the time requued for the construction of these structmes determines the ti~e within which the project can be built. The time chosen, however, gives maximum economy for the general 
excavation work. 

9. If the alternative is chosen of placing the main dam at the head of Barnhart island it will be necessary to construct diversion works before work on the dam is b~gun, and no substantial saving in time of construction is antici
pated. 

10. IMPROVEMENT BY Two-STAGE PROJECTS. With either of the two-stage projects, a diversion at Galop rapids is required to .be completed b~fore the channel south of Galop island is unwatered, or work Is begun on the Improvements shown in that channel. This requires shifting of plant, and concentra-: tion of forces on three works, one after the other. Estimates show that the' work at Galop rapids can be done with a moderate amount of plant in four or five years. The excavation at Galop island cannot, however, be quite completed without a reference to condition of works at Ogden island, or at Crysler island, as the case may be. The cofferdam at the head of the south Galop channel cannot be removed before the water level below is raised. 
11. With project No. 4-224, the dam, power house, and lock at Ogden island can be built without special regard to what is done at Barnhart island, but the completion of all chai:mel enlargement between Lotus island and Ogden island is required before the plant at Ogden island begins to operate. In this project the works at the foot of Barnhart island must be built simultaneously with, or subsequent to, the works at Ogden island. They should not be built before the works at Ogden island, as difficulties would then arise in constructing the upper works, and in dealing with ice conditions. 
12. In this project the excavation of a diversion channel through Ogden island is required before the main channel of the river can be cofferdammed and before the construction of the power house at that point can be begun. This involves some shifting of plant, but it will not involve loss of time as large 9-uantities. of excavation have t~ be dope ~etween Lotus island a~d Ogden Island whiCh can be delayed until the diVersiOn channels at Ogden island are completed. The unwatering of the sites of the power house at Ogden island should not prove difficult after the diversion channel is completed as the solid rock surfaces are not far below the water level at that point. ' 

. 13. The work at Barnhart i. land a~d at the foot ?f t~e section in this proJect are generally the same as m the smgle- tage proJect with the dam at the head of Bamhart i land, but on a smaller scale, and involve the sa.me construction problems. 
14. With the two-stage development, the lock and canal at Ogden island are 

clos~ely associated with the works to be built in the river and both should be completed at the same time. However, the lock and side canal required for carrying navigation past the lower dam and power house at the foot of the sec
tion are not c.lo~ely associated .an~ th~ const~uction of the loqk can be dlelayed. A lock for pas mg 14-foot nav1gatwn IS reqmred no·rth of Sheek island in order to connect the water level as it is raised with the present Cornwall canal. 

15. CRYSLER IsLAND PROJECT. With project No. 5-217, a construction pro
gram much the . ame a that above de cribed for project No. 4-224 is required at Galorp rapids and at Barnharl i land. At Cry ler island the workB proposed are different from tho e propo .. ed at Ogden i land and a different procedure is required. A .lock for pa ing 1-foot navigation is required in the dam at the outset. 
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16. The side canal and lock at thi point can be built without special 
reference to the dam and power 1hou~ es. Some economy is, however, obtained 
by bringing the lock and ide canal into u e when the water level in the river 
is rai ed above elevation 229. Estimate are prepared on this ba is. The eleva
tion of water passage in power hou. e at Cry ler i:land will permit water to be 
passed through them after their con truction, if de ired. 

17. LAKE ST. FRANCIS SECTIO . The execution of the work in this ection 
requires the dredging of 1 584,000 cubic yard . This can be d<me by one dredge 
in three years. 

18. SoULA GES SECTION. In the Ile aux Vaches project, progress must be 
weLl arranged in advance, a the everaJ work are dependent upon one another. 

19. To prevent flooding of the land ~ north of the Ile aux V aches poDl, the 
water can not be rai ed above elevation 140 before the present Soulanges canal 
is utilized a a drainage outlet, and consequently abandoned for navigation. A 
new waterway mu'3t then be ready to pa~ ... hip of 14-foot draft at elevation 
140. At thi stage the canal and enlargement of the river at Coteau rapids and 
the dam at Cedar..., mu .. J. be practically completed. The ide canal from Cedars 
to the Ottawa arm of .lake St. Loui mu t be ready to hold water at elevation 
140. 

20. At the beginning of the winter cho en for the tran fer of 14-foot navi
gation from the pre ent Soulange canal to tne new canal, arrangements must 
be made for the clo .... ing of the oulange canal abo-ve Coteau du Lac and the 
joining of thi canal with the syphon culvert ju t ea t of the Provincial power 
hou e. This mu t be followed by the lowering of the water level in the Sou
langes canal and the deepening of that canal to the extent of about 9 feet. This 
is to be done to enable the old canal to carry the .... pring di charge of the Delisle, 
Rouge and A la Grais e river. 

21. During the open-water period after the Cedars reach is raised to eleva
tion 140, the variou work '" will have to be put in hape for a higher level, as 
winter condition. will require a ri. e to about 148 in order to operate with afety. 
Thi will require the completion of '"ork at Cedar eight months after the 
Soulanges canal begin"' to act as a drainage canal. 

22. LACHINE ECTION. The project for the Lachine ection can be built 
without interfering v;; ith the power development and without interfering with 
1-foot navigation. 

23. The works prop?Sed in thi ection. can be eparated into many parts, 
each of which can be bmlt and completed w1thout regard to other . Before the 
works between Nuns i land and Victoria bridge can be completed, it is neces
sary to build culverts at the north end of Victoria bridge to care for drainage. 
It is also nece ary to rhange the intake work of the Montreal Water and 
Power Co. and tho"e of the city of Verdun from the ri' er to the Montreal 
aqueduct. 

24. Before the 25-foot canal for improved navigation can be built across 
the aqueduct of the city of Montreal, it will be necessary to divert the flow at 
the point and to con truct yphon culverts under the new canal. 

25. In the project pre ented, a dam is to be built across the river at Ile au 
Diahle. This can be constructed by ordinary methods, as the solid rock at that 
point is close to the pre ent water urface and the river is not deep. 

26. ·The work in the Lachine section can be economically done in about 
six years. 

Adopted by Board July 13, 1927. 
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