
IMAGE EVALUATION
TEST TARGET (MT-S)

h
/

z
^

'"%

1.0

I.I

^ lii 12.2

^328
JO

I

IL25 III 1.4

6"

2.0
i

1.6

Photographic

Sdences
Corporation

23 WEST MAIM STREET

WEBSTER, N.Y. 14580

(716)872-4503

\

^

SJ

\\

[v 6^
'^:f^



CIHM/ICMH
Microfiche
Series.

CIHIVI/ICMH
Collection de
microfiches.

Canadian Institute for Historical Microreproductions / Institut Canadian de microreproductions historiques



Technical and Bibliographic Notaa/Notas tachniquaa at bibliographiquaa

Tha Inatituta haa attamptad to obtain tha baat

original copy availabia for filming. Faaturaa of thia

copy which may ba bibliographically uniqua,

which may altar any of tha imagaa in tha

raproduction, or which may significantly changa

tha usual mathod of filming, ara chackad balow.

Colourad covara/
Couvartura da coulaur

|~n Covars damagad/

D

D

n

n

Couvartura av^dommagia

Covars rastorad and/or laminatad/

Couvartura raataurte at/ou palliculAa

|~~1 Covar titia miasing/

La titra da couvartura manqua

Colourad mapa/
Cartaa giographiquaa mn coulaur

Colourad ink (i.a. othar than blua or black)/

Encra da coulaur (i.a. autra qua blaua ou noira)

Colourad plataa and/or illuatrationa/

Planchaa at/ou illuatrationa 9n coulaur

D

Bound with othar matariai/

RalM avac d'autras documanta

Tight binding may cavaa shadows or distortion

along intarior margin/
Lz\ tB liura sarria paut cauaar da I'ombra ou da la

dbtorsion la long da la marga intirlaure

Blank laavaa addad during raatoration may
appaar within tha taxt. Whanavar possibla. thasa
hava baan omittad from filming/

II sa paut qua cartainaa pagaa blanchaa ajoutAas

lora d'una raatauration apparaiaaant dana la taxta,

maia. lorsqua cala Atait possibla. caa pagaa n'ont

paa itA filmtea.

Additional commanta:/
Commantairaa supplAmantairas:

Tha
toll

L'Institut a microfilmi la maillaur axamplaira
qu'il lui a it* possibla da sa procurar. Las details

da cat axamplaira qui sont paut-4tra uniquas du
point da vua bibliographiqua, qui pauvant modifiar
una imaga raproduita, ou qui pauvant axigar una
modification dans la mAthoda normala da filmaga
sont indiqute ci-dassous.

r~n Colourad pagaa/

D

Pagaa da coulaur

Pagaa damagad/
Pagaa andommagtes

Pagaa raatorad and/oi
Pagaa raataurias at/ou palliculAaa

Pagaa discolourad. stainad or foxai

Pagas dicolorias, tachatias ou piquAas

Pagaa datachad/
Pagaa ditachias

Showthrough/
Transparanca

Quality of prin

Quality in^gaia da I'imprassion

Includaa supplamantary matarit

Comprand du matirial suppl^mantaira

Only adition availabia/

Saula Edition disponibia

r~~| Pagaa damagad/

r~n Pagas raatorad and/or laminatad/

Fyl Pagaa discolourad. stainad or foxad/

r~n Pagaa datachad/

fyl Showthrough/

F~] Quality of print varias/

r~~1 Includaa supplamantary matariai/

nn Only adition availabia/

Tha
poai
oft»
film

Grig

bag!

tha
aion

otha
firat

aion,

Drill

Tha
ahal!

TINl
whit

Map
diffa

antir

bagii

right

raqu
matt

Pagas wholly or partially obscurad by errata

slips, tissues, etc., have been refilmed to

ensure the best possible image/
Lea pagaa totalament ou partiellement

obscurcies par un fauillet d'errata, une pelure,

etc.. ont iti fiimies A nouveau da fapon i

obtanir la mailieura imaga possible.

This item is filmed at the reduction ratio checked below/
Ce document est filmA au taux da rMuction indiqui ci-dessous.

10X 14X 18X 22X 26X aox

/
12X 16X 20X 24X 28X 32X



Tlw copy fllmMl h«ra hat b—n r«produc«d thanks
to tha ganaroaity of:

"

Library of tha Public

Archives of Canada

L'axamplaira fiim4 fut raproduit grica i la

g4n4rosltA da:

La bibliothiqua das Archivss
publiquss du Canada

Tha imagas appearing hara ara tha bast quality

possible considering the condition and legibility

of the original copy and in keeping with the
filming contract spacificationa.

Original copies in printed paper covers ere filmed
beginning with the front cover end ending on
the last page with e printed or lliuatratad imprea-
slon, or the back cover when appropriate. All

other original copies are filmed beginning on the
first page with a printed or illustrated Impres-
sion, end ending on the iaat page with a printed

or illustrated impression.

The last recorded frame on each microfiche
shall contain the symbol ^^ (meening "CON-
TINUED"), or the symbol (meaning "END"),
whichever eppiies.

Les imagea suh/antes ont it* reprodultes svec le

plus grand soin, compts tenu de la condition at
da la nettet* de rexempiaira film*, at en
conformity evec les conditions du contrat de
filmaga.

Lea exempiairas orlginaux dont la couverture en
papier est ImprimAe sent filmis en commentent
par la premier plet et en terminent soit par la

darniire page qui comporte une empreinte
d'impression ou d'iilustration. soit par le second
plat, salon le ces. Tous les sutres exemplelres
orlginaux sont fiimis en commen^ant par la

pramlAre page qui comporte une empreinte
d'impression ou d'illustretion et en terminent par
la darnlAre pege qui comporte une telle

empreinte.

Un dea symboles suivsnts apparattra sur la

darnlAre image de cheque microfiche, seion le

ces: le symbols -^ signifie "A SUIVRE", le

symbols signifie "FIN".

Maps, plates, charts, etc., may be filmed et

different reduction ratioa. Those too large to be
entirely included in one exposure are filmed

beginning in the upper left hend corner, left to

right and top to bottom, aa many frames as
required. The following diagrams illustrate the
method:

Les cartes, planches, tableaux, etc., peuvent itre

filmte k des tsux de rMuction diffArents.

Lorsque le document est trop grand pour Atre

reproduit en un aeul clichi, 11 est filmi A pertir

de i'angle supirieur geuche, de gauche k droite,

et de haut en bas, en prenent le nombre
d'imagas nicesseire. Les diagrammes suivants

lllustrent la mithode.

1 2 3

1 2 3

4 5 6



{Alt vight» reserved).

ADVANCE P^OOf-<SHbject to reeiawn).

This ]irnof is sent to yciu for discussion only, aii<l on tlio cxprcus

unilur.stanJing that it is not to bo used for any othur purposj wimt-
evcr.— (•»'«« Sec. 47 of the Conilitution).

Waimdiai] ^ocicty o[ {^m\ (fngiiiici's,

INCORPORATED 1887.

TRANSACTIONS.

^f.B•—This Booicty, as a body, does not hold itself responsible for tlio fails

and opinions stated in any of its publications.

THE DISUIIAHGK OF THE ST. J.AWilENCK lUVKll.

By Prop. C. H. MoLeod, Ma.F<;., M.Can.Soo.C.E.

Head at Toronto Meeting, June i%th, 1836.

The extreme low water of the S t. Lawrence in tiic! autumn of the past

year called especial attention to the variations in tlio discharge of

the river, and it seemed to the writer to bo a matter of no small im-

portance to obtain a mcasuroment of it at the oxceptioniilly low stage

existing in the early part of November.

From inquiry made at tiie time, it was learned that it was not the

business of anyone in Canada to f;auge the St. Lawrence, and that the

only measurement ever made below Montreal was that by Mr. W. J.

Sproule, M.Cau.Soc.C.K., under the dircetion of the Montreal Flood

Commi.ssiou, in 188C. Having in view the intere.-t of a measurement at

this special time, and iis the work happened to fall into line wilh one of

the courses of Survey ing lectures tiion in progress in MeGill College, the

writer induced some of the students of tlie Uuiver.sity to undertake the

work under his dircetion, a.ssisted by I'rol. 0. F}. Smith, M.Can.Soc.C.E.,

and Mr. J. G. Kerry, A.M.Cau.Soe. CIl. 'I'lie Hon. G. A. Drummond

very kindly placed his private yacht al the disposal of the college for the

purpose, and ^Mr. J'rank Kedpatb gave up two days of his valuable

time to take charge of the yacht during the work.

The position elicseii for the gauging i.s situated about forty miles be-

low Montreal, its upper limit being approximately 0.2(10 feet below the

wharf on the north shore of the river, at Lauoraio. This choice was

made not only beeau.se it is the position best suited lor the work with-

in easy reach ol Montreal, but al.«o chiifly for the purpose of conipar-

i.sou with Mr. Sproulc's tturk, I lie position being that in wiiich his

measurements were made.

It waf9 intended that the gauging shoulil be made during the first

week in November, but owing to unavoidable eircunistauces it had to

be postponed, and was not made until the 13th and 14tli of the month,

llelcrcnce to diagram No. 11 will show that the lowest water levels in

1805 occurred on Oct. 28th, Nov. 2nd and 7ih. On the firstday of the

measurement, Nov. 18lh, thi^ water level was seven inches above its

lowest point, and it rose three inches while the work was in progress.

For a mile or more both above and below the gauging area, the river

runs u straight cour.se and has a very uniform cross section. Over this

distance also, the levels wliieti weie taken under the direction of the

Flood (Jommission in 188tJ showed a einistaiit surl'aco slope.

lu order that the measurements iiiight be entirc^ly comparable with

those of Mr. Sproule, similar methods to those employed by him were

adopted. The velocity observations were made on rod floats immersed

to the greatest possible depths. In the reduction of the work, the ob-

I



Hci'ved vclooitios were corrootod bj refori'ncc lo a vertionl velocity ourvn

obtaiaud tVimi infitxiii'eiiiL'niM witli nn cicctriual uiirn^iit iiiutcr, by Aiiifilcr.

Nuo page— . Tlio rods wcrcoruniforiii seolioii, i.iid woro loadud w''li liad

weiglitH witliin tin cylinders, liiivinj,' tlie same .seolioii iih tlie rods. The

ininicrscd depths of the rods, as will he seen on llic arconipanying plate

No. 10, ranged I'roui ti I'ect to 42J feet. The aver;i(ie velocities were

obtiiined from the tinieH at erofiaing of the two ranges, and were cheeked

by the velocities between the ^tationB along tlje lines, the positions of

which were fixed by box Sfxtiint angles to points on the shore. All

data as to soundings wero, tlirough the kindness of Mr. John Kennedy,

taken iVuni the plans of the Montreal Flood comniinsion.

The plate No. 8 shows the contour lines of the river bottom and

shore lines for the length of 3000 feet, over which the float ob.serva-

tions were made. It shows also the courscH of tlie several floats, with

their observed velocities and the immersed depth of each float. The

plate No. 9 gives similar information for Mr. 8proulc's ineasuremento,

The plate No. 10 shows the average cross sections for the entire length

of 3000 feet. The upper section refers to the work in 1886 and the

lower one to that in 189&. The mean position iind liiteial range of ench

float is also represented on the diagrams. The dotted lines below re-

present the most probable velocity carves resulting from the observa

tions. In both cases the plotted velocity curve is that which results from

the float observations, after applying the .small correction due to depth

of immersion, as compared with the average depth of ihe water along

its path. This method of reduction gives, of course, slightly smaller

values than those arising I'roin the observed velocities, and the dis-

charge as here computed for 1886 is somewhat less thau the ofiiciul

tigures of the Flood (..oinuiission. The area of the cross section in 1886

was 115,298 square tect, and the discharge 311,101 cubic feet per

Second. 'I'he area of the 189,5 cro9S-.section—when the water was one

foot nine inches below oflicial low water—was 105,432 square feet, and

the ilischarge amounted to 216,621 cubic I'ect per second. At the

period of lowest low wali'r in 1895, iu which the water level was, as

nearly as can be r.sceriiaiied, two feet seven inches holow oflieial low

water, or correspoudeil lu a depth of seven feet eleven inches on the

Hats of Like Ht, Feter, and 24'9 feet minimum depth in the navigable

channel of the river, the cross section was reduced about two per cent,

below that of Nov. 13 and 14, 1896. Assuming that the discharge of

the river varies proportionally to the area of the cross section, and taking

as data tha results of the measurements above given, the discharge at the

lowest water stage 'if ISitS amounted to about 196,000 cubic feet per

second

.

Keferriug now to the degree of accuracy which should be expected

in work of this kind, the position." of the lines I, ill, VII, VIII, X, XI,

XIV and XV, Plate No. 8, will bo found to accord somewhat closely with

those upon which the 1886 discharge depends. The additional lines

in groups ucai' to some of these aflford an excellent means of estimating

the limits of precision of such measurements. The lines V, VI and vii

were practically iu the same position and the rods were all immersed

to the depth of 42 feet, yet there was a differehje iu the average velo-

cities of two of the rods of 13-lOOths of a foot per second, amounting

to over six per cent, of the whole velocity. The two lines which show

the extreme velocities 2.07 feet per .second and 2.19 feet per second were

ruu within a few minutes of each other and under precisely similar

conditions, on the morning of the second day of the work, with a

strong wind blowing at right angles to their directions, whereas

No. VII was run on the previous day during very calm weather. It is

perhaps worth noting that although about 10 \v:r cent, of the length

of the poles projeeled abjve the water surface, there was no appreci;ible

drift in the lines.

A similar, hut not quite to great cliserepaney occurred in the veloci-

ties of the rods IX and x. There the difference amounted to about 5 per

cent, of the whole.
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In tho above diagram the vertical velocity curve resulting from tho

measurements by meter at the position marked (A) on the plate 8 Is

exhibited. The velociiirs at the several depiliH nre the averngis of two

independent nieii8urem(ntg extending: over nhout three uiimiies each..

The velocities lit the surface and iit the 4 feet depth are iiifeordnnt,

owini; to their proximity to the yacht. Similarly, the variations in the

two lower positions arise probably from deflieted currents dne to irre-

gularities in tho bottom. The average velocity given by the curve

afirccB very closely with that wliicii would be obtained from a float

passing through thin jiosition. Owing in lack of time it was itn]iOf.'*ible

to obtain more than one set of men.-uri nicnfs, and tliis curve hss been

tiiken as a typical one in the reduction of the work.

Great difficulty has been experienced in this woik in aaeertaining

definitely the elevation of the water, owing to some uncertainty as lo

tho setting of the Sorel gauge and also as to tlie reading on it which

corresponds to low water. The gange^^ shniild of course lie ref'encd to

permanent bench mniks, which havo ihenisclves been istnldished from

an accurate line of levels referred to one d.itiim plane. The bench

marks in connection with the Alontrcal Flood ('i>niuii>!-ion were not in-

tended as permanent points of reference, and some of theni, notably that

at Sorel itself, is unfortunately unreliable. Lines of levels have been

run on both banks of the !^t. Lawrence by ,Mr, St(x-kcl of the Depart-

ment of Public Works, but the autlier is not aware that tho gauges

have been established in connection with these.

Plate No. 11 gives the relative water levels in 188Gand 1895 as

nearly as the writer has been able to obtain them. There is an un-

certainty amounting to about 10 inches.

The great question of the causes which lca<l to so phenomenal a low

water period is one which the author has at present not had time to

discuss. He is, however, glad to state here that it hiis recently been

the subject of a paper by Mr. Stupart, director of the Meteorological

Service, an extract of which referring to the low water period under

consideration may perhaps be quoted ;

—

" We can now see why Lake Huron is so decidedly low, it is duo

to Lake Superior having been low for some years until 18!>4, combined

with tho effect of an abnormal deficiency of rainfall from 1887 to 1895,

excepting tlie years 1892 imd 1893. At the beginning of this same

period in 1887, Lake Ontario was high, bnt two years of exceedingly

small rainfall rapidly lowered the level. In 1889 and 1890, the rain-

fall was above average, and temporarily checked the fidl which wotild

3



liavo rcHulted from the low water in tlio Upper Lakes ;
hut in 1891, a

mnrkoJ tlclieiunoy of precipitation Lrnught a very low winter stage.

Two yeiirH, 1892 and 189H, of almvo average rainfall now improved the

level a little, but the defieiency of rainfall in 18!)4 iind 1895, nnd parti-

cularly in the hitter year, in uonjunction with the etVect of a Hniall in-

take of water by the Niagara Kivcr, doubtless produced the iilmost

phcDomonally low Htago of the past year. I believe that these I'lictH are

amply sufficient to explain the present state of afTaiis

In view of these facts it Ih quite uiirea.soniiblo to suppose

that Lake Ontario will, tliis year or oven next year, attain a high stage,

the increase is likely to bo gradual, Lake Superior in, as we have seen

already, high ; this will help to rait^e the level of Huron, which lake

will rise if the rainfall be even up to the average, and then with au im-

proving head of water in that lake, and consequently in Krie, the flow

by the Niagara will improve and assist in raising the level of Ontario
;

but with so many factors to be considered, it is impossible to predict

with any certainty how long it will be before a really high stage is

again reached."
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