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SURVEY OF TIDES AND CURRENTS

CANADIAN WATERS

Orrawa, 15th December; 1898,
W. P. AxpEirsox, Esq., C.E,
Chief Engineer,
Department of Marine and Fisheries.

Sir,—1I have the honour to submit the following report ‘on the progress of this
Survey. With regard to the investigation of the currents on our coasts, the regions in
which this is most required at present, were pointed out in my last report ; but no arrange-
ments were made for carrying on this branch of the Survey during this season. Some
information on the behaviour of the currents in the Bay of l<u|uly, however, was
obtained incidentally, while mrxymg on tidal work in that regien.

Two of the principal -tidal stations were put in Lhumugh repair tllw year ; and
improvements were made in the method of calculation and in the publication of the
tide tables, which are now issued by this Survey.

During the summer season, an investigation of the tides in the liuy of Fundy was
made ; and eight secondary tidal stations were established in that region ; and from
these, three to five months of continuous record have been obtained. The tide levels at
several of these stations have been referred to permanent bench marks. The question
of mean sea level in the Bay of Fundy has also been investigated ; and the values as
determined from the best available surveys, are given-in this report.

The leading marine periodicals and geographical publications, which give reviews
of the reports of this Survey and summaries of the results obtained, were mentioned in
my last report. In addition to these, two further summaries have appeared in the Dutch
periodical, “ De Ingenieur.” These occupy five quarto pages, and are accompanied by
two maps, reproduced from the reports. The Liverpool “Journal of Commerce,” in a
review of the last annual report of this Department, continues to express its high appre-
ciation of the work of this Survey, and the importance of the results from a commercial
point of view.

The tide levels at St. John, N.B., which were given in my last report, with refer-
ence to the Tidal Survey bench mark on the Customn house, have been of much service
there. By connecting his levels with this bench mark, Mr. Wm. Murdock, C.E., the
Superintendent of Water Works, has obtained the true elevation of mean sea level, low
water datum, &c., for his purposes. The tide levels required in the construction of
wharves this season, have also been obtained in the same way, from this bench mark.
The tide gauge at 8t. John has also afforded the level of the tide, moment by moment,
for the reduction of an extensive series of soundings in the harbour, taken this season
by Mr. E. T. P. Shewen, Resident Engineer of Public Works. For this purpose 3,800
special readings have been taken from the gauge-record by Mr. D. L. Hutchinson, the
tidal observer ; during September and October, 1898,

The tidal record at the mouth of the Fraser River has also been of service in the
constraction of an important coaling wharf at Vancouver. The record was examined
for this purpose by Mr. H. J. Cambie, Resident Engineer on the Pacific division of the
C. P. Railway ; the object being to ascertain the level of the loading stages which would
secure the greatest number of hours of work. The irregular and unequal character of
the Pacific tide, makes this difficult to determine without a tidal record for reference ;
and the difference of a foot in the wharf level, one way or the other, would make a wide
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difference in the number of hours per week for which it could be used. The character
of the tide at the Fraser River is so closely similar to the tide at Vancouver us to afford
reliable- data for the purpose.

These instances may serve as examples of the accessory ways in which this Survey
often proves of value, in addition to its direct service te the wln[ |nn;, interest.

The total expenditure on the hur\c-y during the fiscal year 1897-98, was 83,081.45.

\ THE PRINCIPAL TIDAL STATIONS,

At these stations there has been little interruption of consequence in the umtnnnty
of the tidal record obtained during the year, with the exception of Forteaw Bay in the
Strait of Belle At that station, the cribwork on which the tide gauge stands,
was found to be in a precarious condition when the station was visited in 1897, but the
necessary repairs could not then be made for want of means. A number of minor
improvements were made however, and the improved type of recording instrument was
substituted for the former one ; but in the month of November a severe storm occurred
which damaged and shifted the cribwork so much, as to put the gauge out of working
order. Arrangements were again made in the hope of carrying out the repairs this
season, by having additional eribwork built to enclose the old crib on two sides. Levels
were also needed to re-determine the datum plane after the settlement that had taken
place, and the sight gauge required adjustment to this datum. A new barograph of
superior make was to be substituted for the present one, and the dipleidoscope was to
be tested and adjusted if necessary, to secure accuracy in the time used at the station.
This work was entrusted to Captain Douglas, R.N.R., who had superintended the
erection of the tide gauge at Forteau Bay, when it was first placed there. He was also
furnished with a complete outfit of instruments and fittings required to establish a
secondary tidal station at Chateau Bay, which could be done while the eribwork at
Forteau Bay was being built. The comparison with Chateau Bay at the outer end of the
strait, by means of a few months of simultaneous observations, would be very valuable ;
because there are indications that the time of the tide at Forteau Bay is influenced by
the outgoing tide from the Gulf of St. Lawrence. The amount of this influence could
thus be ascertained and allowed for. Unfortunately however, difficulties arose which
prevented the above arrangements from being carried out. An endeavour was next
made to direct an officer of the Department who was then at Belle Isle, to erect the
cribwork required ; which would at least prevent the gauge from being carried away
in the winter storms. Instructions were sent by mail ; and the attempt was also made
to intercept him at Tilt Cove, the nearest telegraph station, should he return by the
ordinary route of travel by way of St. John’s, Newfoundland, 2,120 miles to Ottawa.
This endeavour also failed. Meanwhile information reached Ottawa on the 16th of
August that Commander H. E. Purey-Cust, R.N,, of H.M.S. “Rambler,” engaged in
making surveys this season in the Strait of Belle Isle, had called at Forteau Bay at the
end of June, and had very kindly taken the trouble to overhaul the gauge, and to put

the recording instrument in working order.

The thanks of the Department are due to
him for this service, which is all the more appreciated in so isolated a place, when other
arrangements had failed. We were glad to forward at his request, a copy of the tidal
record there obtained, for use in connection with his own surveys this season. To
secure the erection of the cribwork, a description and plan was prepared for the third
time, and forwarded to the tidal observer av Forteau Bay, Mr. A. Hart. The material
had nlremly been sent by the annual trip of the supply steamer from Quebec ; and in
September, after the pressing part of the fishing season was over, Mr. Hart was able to
secure men in the locality for this work. In building the new (rllmmk, the tide house
was levelled up, which further alters the clevation of the zero of the sight gauge. The
gauge is thus again in order, but without the means of obtaining a correct datum level
for the observations, while the other improvements at the station, and the comparative
observations which it was hoped to obtain this season, have not been secured.

At St. Paul Island, the cribwork erected in 1893 was eaten away and partly
undermined, owing to the severe exposure there. This was replaced by additional crib-
work, which was built in fro#t of it in September, under the supervision of Captain
Douglas. The new work is set to butt securely against the rocky cliffs on either side ;
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‘und it is heavily ballasted and faced wish iron plating. The opportunity was also taken
to test and ml|u~l the dipleidoscope, and to set the barograph cgrrectly by means of a
simultaneous comparison on a favourable day, transmitted by u«%lv from the Meteorol-
ogical observatory at Sydney, Cape Breton, \

At South-west Point, Anticosti, the cribwork which protects the tide gauge. in
front, was in a precarious condition when visited in the summer of 1897, Consequently
in December of that year, a severe gale shifted the iron casing which incloses the tide
pipes; and the gauge was out of order until the end of January, when the ice took in
the bay, and kept the sea quiet. It has been found that the difference in the time of
the tide between Anticosti and Quebee is fairly constant ; and as a recoed on a good
scale has been obtained ‘there already, during three years, it was decided - to forego the
expense of thorough repairy, and merely to continue the observations as long as the
gauge will work. As the shifting of the casing threw it out of the vertical, the tide
pipes were removed, and the whole casing, three feet in diameter, has been used as a
tide well. 1t has fortunately continued to work in this condition throughout last
summer, and up to the present date ; which has secured this additional record.

At Father Point the tide gauge works by siphoning at the low tides; and to com-
plete the connection, an intake pipe extends seawards along the bottom for about two
hundred feet. This pipe was carried away by the ice in tue spring, and again by an
unusually heavy gale on October 15th. It was for unately possible to replace it before
winter set in ; which should secure the record of the lowest of the tides during the winter
season,

At Halifax the only interruption occurred through the breaking of the hair-spri
in the clock of the gauge, and the delay in obtaining another to replace it. This hair-
spring was of palladium, as steel springs rust co badly as to interfere with the rate of
the clocks, It is probable, however, thatysteel hair-springs when gilt, or the alloy used
for non-magnetic hair-springs, will prgw€ the best on the whole, because less liable to
break. Where the new type of gaug® is used with the interchangeable clock eylinder,
the danger of interruption from such accidents i avoided.

The tide gauge at the Levis Dry Dock, in Quebec harbour, is the only one which
stands upon masonry ; and being in a sheltered harbour, it has given scarcely any troub’e.
Some interruption had occurred from the tide floats sticking in the tide pipes, since the
confined space in which these pipes had to be placed, reduced their diameter to three
inches. Brass tide pipes 3} inches inside diameter, have been substituted for the iron
ones, and specially designed copper floats of 24 inches diameter were made to corre-
spoml As these pipes will keep clean, this size of float will have sufficient play ; and it
is ballasted with an outside lead weight which will keep it truly vertical and prevent it
from jamming in the pipe. The float has also 50 per cent greater area than the old one,
which was only two inches in diameter, and even then was liable to stick in the pipe
when it became rusted.

Pacific Coast Record.—In addition to the seven principal tidal stations on our
eastern coasts, there are also two tidal stations on the Pacific, which are under
the supervision of the Department of Public Works; one at Sand Heads. at
the mouth of the Fraser River .in the Gulf of Georgia; and the other at Vie-
toria, afterwards removed to the neighbouring harbour of Esquimalt. The record
obtained at these stations, extends in all from February, 1895 to date; a period
of over three years, A copy of the record has been furnished to this Department in the
form of a set of blue prints, reproduced from the originals, In the fire of February,
1897, which destroyed the attics of the Marine Department, in which the Tidal Survey
office then was, these copies were lost; as the first attention had to be given to the
original tidal records on our eastern coasts, which were all saved, with the accompany
ing comparisons for datum level, barograph records, and meteorological abstracts.

The copies were afterwards replaced through the kindness of the Chief Engineer
of Public Works. The Superintendent of the United States Coast and Geodetic Survey,
hearing of the existence of these records through the reports of the Tidal Survey, made
request for the loan of them in April, 1897 ; as they are the only points at which tidal
observations have been secured, between the Pacific coast of the United States and
Alaska, This request was complied with ; and subsequently, in March, 1898, the copies
were lent to the Meteorological observatory at Toronto, for examination in the investi-




gation of secondary tidal undulations undertaken by Mr. F. N. Denison, of the
Meteorological staff. They went and returned safely in both cases,

In September, 1898, the whole of the original tidal record for the Pacific coast was
lost in the destructive fire at New Westminster ; and the copies supplied to this
Department are thus the only ones that remain in existence. The record thus supplied,
extends from February, 1895, to July, 1898, mcluswo' with a gap of one month at each
of the two stations.

The Department of Public Works has therefore applied for a duplicate set. of copies
to be made to replace their own originals. A request has also been received from the
Hydrographer to the Admiralty for one complete year'of the record at each station. Tt
has thus become necessary to secure a duplicate of the record in some way, either by
reprodiction or tabulation.

From the above circumstances, it is evident that a serious risk is taken in allowing
a tidal record of such value to stand over from year to.year, without making the
necessary tabulations and reductions, and subifitting it to harmonic analysis, because
of inability to meet the expenditure required. Until this is done, no permanent results
are derived from it; and it would then become available as a basis for tide tables for
ports on the Pacific coast.

IMPROVE

ENTS IN THE TIDE TABLES FOR 1898.

T'ide Tables for St. John, N.B.—These were issuoed for the first time for the year
1898. They are based upon the record extending from April, 1894, to May, 1896, or
two full years. The earlier record which extends from December, 1892, to March, 1894,
was not included ; as it was uncertain whether the inlet to the tide pipes was always
working freely, and the tide may not therefore be correctly recorded. After the gauge
column was removed and refitted in March, 1894 the record has been quite satisfactory.

Following upon Halifa: :c, St. John is the third port in Canada for
which full tide tables showing both the time and height of the tide, have now been
prepared and issued since the Tidal Survey was begun in 1893. These tables are
derived from direct observation of the tides at those ports, and although they are_still
based on a comparatively short record, they are incomparably better than anything
previously available. The height of the tide as now given in these tables, is of much
value where the rise and fall is so great as at St. John and Quebec. When the obser-
vations secured this season at the secondary stations around the Bay of Fundy are
worked out, they will furnish tidal differences with reference to the St. John tides,
which will extend the usefulness of these tables to this whole region,

The Lower St. Lawrence and River.—The tide tables for Father Point, the Pilot
station on the Lower St. Lawrence, are uunputed by difference of time from Quebec.
The difierence in the time of high water is based upon simultaneous observations during
two full years, as given by the tide gauges at the two places, and this has now been
revised throughout and corrected for time errors. The difference in the time of low
water has now been worked out also from simultaneous observations during one com-
plete year. The high water difference, as already explained, has not been found to vary
with any regularity in accordance with the moon’s phases, that is to say, in accordance
with the change in the range of the tide from springs to neaps, as might be expected in
a long estuary. The low water difference is greater than the high water difference, and
also varies more widely from its average value. The greatest values occur chiefly at
times when the moon's perigee coincides nearly with full and change. It would thus
appear that the lowest low waters take the longest to ascend the river, which accords
with the theory of the progress of tidal undulations, This may afford a clue to the law
which governs the variation in these differences when they are more closely worked out;
so far as the variations may depend on astronomical causes, rather than on wind disturb-
ance, which appears to have the greater influence. In the mean time the average
values are used for the computation of the tide tables at Father Point, The resulting
differences in standard time, are given below.

These differences were worked out in time to use them in computing the tide
tables for Father Point for the season of navigation of 1898,
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Father Point and Quebec.—(Father Point earlier than Quebec.) Average difference
in time of High Water :—

From observatidns of 17th December, 1894, to 31st January, 1896 ....4" 21"
4 “ 1st February, 1896, to 31st January, 1897......4 19

TR T R e Seds el Suai Bt e aare i 4" 20
Average difference in time of Low Water :— -
From observations of 1st Feb,, 1896 to 31st Jan., 1897.......... v DAI0N

Tide tables were again computed for Ste. Croix bar, in the Su. Lawrence River
above Quebec, which is still the shallowest point in the ship channel, until the present
dredging operations are completed. These tables are based upon differences in the
time of the tide from Quebec ; the difference varying with the height of the water in
the river according to the season, from spring to autumn. Revised values of the
differences used, were obtained from the record of the semaphore signals which are
given at Cap Santé, opposite this bar. The rise of the tide there, is from 12 to 15§
feet, and every half-foot of rise and fall is noted to the nearest five minutes. From
such a record however, the time of high water and low water can be found pretty
closely. The extent of the record was only from August 14th to November 22nd, 1897 ;
and being for the day tides only, it gave the time of high water at 84 tides, and low
water at 93 tides, for comparison with the simultaneous record of the tide gauge in .
Quebec harbour. An improvement in the accuracy of these tables was thus secured.
They are of much service in enabling steamships to know in advance the time when
high water on the bar may be expected ; and the amount of the rise there makes an
important difference in Lhe available draught. With these tables, the difference in the
time of thé tide for the next shoal at St. Augustin, is also given.

The Gulf of St. Lawrence and Northumberland Strait.—From the (»hsm\utlons of
the tides obtained in 1896 in the south-western portion of the Gulf of St. Lawrencé and
Northumberland Strait, it has been ascertained that the tides in this region can best be
derived from St. Paul Island, which is one of the principal tidal stations, situated in the
main entrance through which the tides enter the Gulf from the Atlantic. One complete
year of the tidal record at that station was accordingly prepared for analysis in the
spring of 1897, from which tide tables are now calculated for 8t. Paul Island itself ;
and from these in turn, tide tables for Pictou and Charlottetown are successively com-
puted. In this way, correct results are obtained ; whereas tide tables for places within
the Gulf; when based upon a constant difference from some Atlantic port, as given in
local almanacs, are liable to be in error by as much as one and a half hours, early or
late. This is well illustrated by the following comparison of simultaneous observations
in standard time at Pictou and Hulufnx, which shows the manner in which the difference
in the time of lngh water varies

| |
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The tidal observations of 1896 show' that the south-western portion of the Gulf, south
of Chaleurs Bay, requires to be divided into two regions. One of these is the open shore
of the Gulf ; comprising the Gulf coast of northern New Brunswick and the north
coast of Prince Edward Island. This region can be referred to St. Paul Island by giv
ing the time of the tide as earlier than at that station. Otherwise the diff
time of the tide varies so widely as to be practically valueless. The other regi £
Northumberland Strait, in which also the time of the tide can best be referred directly

or indirectly to St. Paul Island.

The difference in the time of the tide between points in Northumberland Strait
and St. Paul Island is not constant. The variation in the difference is chiefly due to
diurnal inequality in the tide which is there strongly marked ; and this inequality also
appears to change with the progress of the tide along the Strait. After making a long
series of comparisons between points in the Strait and other ports, by means of the
simultaneous observations of 1896, it was found that Pictou was the best point to select
as a port of reference for this region. Pictou is centrally situated ; and the change in
the diurnal inequality along the Strait will be better divided, if differences are taken
in the two directions from there. It will probably be found also to stand in the best
relation to the tidal currents in the Strait when these come to be examined systemati-
cally.

The advantage of referring Pictou to. St. Paul Island rather than to Halifax
became still more evident when final results were reached.

When the whole series of

275 simultaneous tides obtained in 1896 at Pictou, Halifax and St. Paul Island, were
tabulated and averaged, the difference in the time of high water between Pictou and
Halifax was found to range from 0 hr. 55 min. 10 3 hrs. 28 min. ; whereas the difference
between St. Paul Island and Pictou was found to range only from 1 hr. 05 min. to 1 hr.
556 min. There is a similar variation in the difference in the time of low water, but it
is less in amount. These variations can also be reduced to law, as it was ascertained
that the difference varies in accordance with the declination of the moon.
the variation itself to be allowed for in computing tide tables.

To obtain a more extended basis for the computation of the tides in this region,
further observations were taken at Pictou in 1897, from June 21st to November 30th.
Unfortunately the tide gauge at St. Paul Island was out of order in that autumn, after
September 16th, The further number of simultaneous tides secured, however, was 146 ;
increasing the total to 421 for high water, and 412 for low water ; comprising in all a
period of nine months in the two seasons.

The method of dealing with the tides in Northumberland Strait, as the final out-
come of the observations obtained is, therefore, to compute tide tables first for Pictou ;
and in this computation the leading variation in the tidal difference with St. Paul
Island is allowed for. Constant differences from Pictou are then used for places lying
in each direction from it, towards the two ends of the Strait; and the change in the
inequality is thus so distributed as to be practically eliminated from the result. These
constant differences are derived from the simultancous observations at Souris, and at
Cape Tormentine, which is as far as the tide has a marked range in its progress west-
ward. In the western end of the Strait beyond Cape Tormentine, from Shediac to
Richibucto, the rise and fall of the tide is so slight, owing to tidal interference there,
that the time of high and low water is quite uncertain, The investigations made in
arriving at this method, and an explanation of some anomalous features in the Gulf

tides, are given in a paper contributed by me in May last to the Royal Society of
Canada, entitled, *“ Character and Progress of the Tides in the Gulf and River St.
Lawrence.” They need not, therefore, be enlarged upon here.

The tide tables for St. Paul Island itself, are based at present upon a continuous
tidal record during one complete year only ; namely, from October, 1895, to November,
1896, This record has been submitted to harmonic analysis, and from it the tables are
calculated in the Nautical Almanac office, London.

The series of variable differences in the time of the tide between Pictou and St.
Paul Island, is derived from the simultaneous observations at the two places which
‘extend from June to November in 1896, and from June to September in 1897 ; as above
explained. The differences for high water and for low water were separately tabulated
in draconitic months ; that is, in d with the declination of the moon ; and the
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mean differences resulting, were plotted as diagrams in order to obtain graphically the
best average values., These values, which are not the same for high water and low
water, are given in the following table; and in applying them, care is taken to distin-
guish between upper and lower transit tides. 'T'he differences are in abrolute time ; and
they thus give the time of the tide at Pictou in Standard time, for which the St. Paul
Island tides are also calculated. It is to be noted that after the moon souths at St.
Paul Island, low water occurs first, and high water afterwards. Inusing the table it is
found best to set tide Number 13 centrally at the moon’s maximum declination, and to
allow any oveglap to adjust itself at the nodes, where the differences are more nearly
constant,

It will be noticed in the table that the difference for high waier is constant for all
similar tides ; that is, for upper transit tides when the moon is in north declination, and
for lower transit tides when the moon is in south declination. Also, the least differ-
ences or minimum values for both high water and low water, occur at the third tide
after the moon’s maximuin declination ; which is the same as the interval at spring tides
after full and change of the moon.

TABLE FOR CALCULATION OF PICTOU TIDES

FROM ST, PAUL ISLAND.
Differences to be added to the time of the tide at St. Paul Island ; for Standard time

In the numbering, the lower transit tides are enclosed in brackets, The moon’s nodes indicate the points
at which the moon crosses the equator, in passing from N, to 8. declination ; and 8. to N,

The central tide, nearest to the maximum declination of the Moon is marked thus:—*

For Hicu Wargr. For Low WaTER.

Moon Notth. | Moon South. Moon North, g |- Moon Bouth,

| Number of Tide

; W g h g Number of Tide
Number of Tide after 5 I ey oy .| Number of Tide after & o bl B
Ascending Node. § o Mer Doscending || "4 sending Node, | & | Mer Dessending
i e e SRR LR | SRR R bl
H M. H M.
(0)
1.
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The differences in the time of the tide from Pictou throughout the length of
Northumberland Strait, which are based directly upon simultaneous observations
reduced to standard time, are as follows :—

|
| Difference in | Difference in

Locarimy, | timeof, | time of
{High Water. Low Water.
|

H M. H M
Souris, P. E. I Tide earlier than at Pictou........ 117 115
T R S R e T RS e e A 0 00
Charlottetown. Tide later than at Picton .......... ... cooviiinns X [Fo1oe ] 104
Cupe Tormentine, Tide later than ab PICtou. ... .. .oeeiveiveriiinieenayeenns| 0 23 1 0 43

The tide tables for Charlottetown are computed from the Pictou tables by means of
the above average difference in the time of the tide. The observations at Charlottetown
and Pictou in 1896 comprised only three and a half months in all, affording com-
parisons for 144 simultaneous tides at the two places; and as the tide at Char-
lottetown appears to be affected by tidal interference from the western end of
Northumberland Strait, the length of the observations was not sufficient to enable
this to be fully allowed for. There are accordingly certain times in the course of the
month at which the time of the tide as given in the tables may differ from the actual
time by as much as half an hour, early or late ; but usually the time as given will
be closely correct.

These tide tables for Charlottetown, Pictou and St. Paul Island, form a series
which was published for the first time for the season of navigation of 1898. They were
printed as an eight-page pamphlet ; the tables being for the eight months April to
November inclusive.

The tables are accompanied by the following tidal differences for the time of high
water at fourteen places in the south-western part of the Gulf. Those for the open
Gulf shore are derived from the simultaneous observations of 1896, and are reterred
directly to St. Paul Island ; and those in Northumberland Strait are referred to Pictou,
for the reasons already explained. These latter differences are based primarily upon
the results above given for the tidal stations at the two ends of the Strait, which are
then compared with the difference in Establishment as given in the Admiralty list, for
the intermediate places. When applied to the tables, they give the time of high water
in Standard time in all cases.

FROM PICTOU TIDE TABLES.

FROM ST. PAUL ISLAND TIDE TABLE:

For the open Gulf shore, including the Miramichi| For Northumberland Strait.
region, and the north coast of Prince Edward |
Island. For the time of H. W. in Standard time for the

| |60th Meridian, apply the following differences to the
For the time of H. W, in Standard time for tlw time given in the I ’ictou Tide Tables :—

60th Meridian, subtract the following amounts from| H M.
the time given in the St. Paul Island Tables :

|1

i TR o Bk 17
He oo Port Hood. 5 1
Cape Bear. 0
Lower Neguac, and the entrance to || - Cape George 0
Miramiohi Bay . ....Subt. 3 21 ||  Tatamagouche. 0
Alberton, P.E.T veven 0388 lugv\'wfx 4 w0
Richmond Bay ; within theentrance » 2 26 || (.Ipﬁ Tormentine "o
Grand Rustico ; at the Lighthouse, « 2 31 Bay Verte. .. ()
8t. Peter's ; at entrance to Bayii., 0210 Bedeque Bay. .. [N}

———— e e
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PUBLICATION OF TIDE TABLES FOR 1898,

Quebec, Halifax and St. John, &.B.—The tide tables for these principal harbours
were furnished to the leading Bpifish and Canadian Almanacs, as far as they were will-
ing to publish them. The L{l,bfes show the time of high water and low water for all
tides, both day and night, and the height of the tide at high and low water. The depth
of water on the sill of the Dry Docks at Quebec and Halifax is also given with relation
to the tide, so that vessels may know the depth of water available for entrance to those
docks at any high tide. They are also accompanied by tidal differences for other
places. In most cases the almanacs published only a portion of this information.

The only almanac in which the tables for all these ports appeared in full, was in
Greenwood's Almanac, published by Mr. W. N, Greenwood of Lancaster, England. The
tables for Halifax and Quebec appeared in full, accompanied with the tidal differences
for other places, in the Canadian Almanac, published by the Copp, Clark Co. of Toronto.
The tide tables for Halifax, showing the time of high and low water only, without the
height of the tide, were given in Belcher's Almanac, published by the McAlpine Co., and
also in Cogswell's Almanac, published by Mr. R. H. Cogswell of Halifax. « The time of
high water at Halifax was given in Brown's Alinanac, published by Mes . Brown &
Son of Glasgow, as one of sixteen tide tables tor colonial and foreign ports. The tide
tables for St. John, N B., reduced to the time of high water only, without low water or
the height of the tide, were given in one of the columns in MeMillan’s Almanac, published
by Messrs. J. and A. McMillan, of St. John. The time of high water at Quebec was
given in a sheet tide table, issued locally by Messrs. T. J. Moore & Co., of Quebec.

In the Z%ide Tables published by the United States Coast and Geodetic Survey, the
Halifax tabl nce the year 1896, are calculated from the tidal constants furnished by
this Su They have also made request for the tidal constants for Quebec and for
St. John, N.B.; but these have not yet appeared in their issue of tide tables up to the
year 1899. The tide tables for Quebec for the season of navigation on the St. Lawrence
are given in the publication prepared by the Montreal Harbour Commissioners for the
use of the Pilot service. In all the above, due acknowledgment is made to the Tidal
Survey branch of the Marine Department for the tables supplied.

Inquiry was also made as to which of the newspapers were willing to publish the
tide tables for their own localities. Copies of the tables in manuscript were sent to six

leading newspapers, but only three of these gave them space. The Quebec Clhronicle
and the St. John Zelegraph published the tables in full for those ports, one month at a
time ; and in the St. John Globe, the time of high water from the tables, was given daily
in a miniature almanac. Mr. Hurd Peters, C.E., the City engineer of St. Joln, N.B,,
says of these tide tables: “During the year 1898, the tables for St. John were
published monthly by one of the city newspapers, and proved very useful to all
interested in vessels, in the harbour, and in tide work generally.” The tables for
Halifax were not published by the Halifax papers.
Some two dozen copies of these tide tables were supplied by Mr. Greenwood, re-
printed from his almanac, and these were sent to steamship companies and others

interested, as far as the number permitted. Further application received later for these
tables could not be met.

Ste. Croiz Bar.—These tide tables which show the time of the tide during the
season of navigation at this point, were published in company with the tide tables for
Quebec, by the Montreal Harbour Commissioners, in their publication entitled : Tide
Tables and other information connected with the Ship Channel between Montreal and
Quebec,” which is prepared for the use of the St. Lawrence pilots,

Father Point.-—Tide tables were prepared in manuscript, and posted at the light-
house at Father Point; where they are accessible to all the pilots. These tables give the
time of both high water and low water ; which is important with relation to the strong
tidal currents of the Lower St. Lawrence.

Charlottetown, Pictow and St. Paul Island.—These tide tables for 1898, being com-
puted from revised data by the new method above explained, were printed and widely
distributed. This distribution was similar in its scope to that outlined below for the



tide tables of 1899, but with some modification for the advantage of the region on the
south-western side of the Gulf of St. Lawrence, to which the tidal differences extended
that accompanied the tables. Copies were also sent to ten Lower Province newspapers
and to twenty-six vendors of almanacs and marine publications abroad, to make known
these tables, as they were then issued for the first time. The number of copies thus
sent out was 242

TIDE TABLES For 1899 ; punricarioN, &o.

The tide tables for Halifax and Quebec have become well known by their publica-
tion in the Canadian Adlmanac since 1896 ; and also in the Star A/manac for 1896, which
was the lnst year that it was issued. The Quebec tables have also appeared in the pub-
lication issued by the Harbour Commissioners of Montreal, and have thus become known
to the Pilot service and the steamship companies of the St. Lawrence. There was less
facility for making known the new St. John tables ; and their publication in 1898 was
unsatisfactory. The onlyalmanac in Canada in which they appeared, was MeMillan’s,
published in St. John itself ; but the abstract of the tables which was given in it, was
very meagre. The tables appeared in full in the St. John 7%legraph, which served to
make them known in New Brunswick ; but the St. John papers have little circulation
on the Nova Scotia side of the Bay of Fundy, and from a tidal point of view, St. John
is the principal station for the whole of that bay.

In order to make the tide tables more widely known, it was arranged to have them
reprinted from Greenwood’s Almanac for 1899, as an 8-page pamphlet. This alma-
nac published in full the tide tables for the three ports, Halifax, Quebec and St. John ;
and 350 of the copies reprinted from it, have been widely distributed. These have been
sent to the agents of this department, harbour commissioners, harbour masters, port
wardens and collectors of customs, corporations of pilots and pilot commissioners, boards
of trade, and to thirty-seven steamship companies and their agencies, running to our
eastern ports.  Also to twenty-six leading vendors of almanacs gnd nautical publications,
in Great Britain, Europe and the United States, and twenty nautical and allied periodi-
cals, mostly foreign ; as well as to the newspapers in our eastern cities. It ishoped that
these tide tables will thus become better known. The Canadian Almanac will also pub-
lish in full the tide tables for 1899 for all three ports

On the other hand, further improvement in the accuracy of the tide tables them-
selves has come to a standstill, for want of suflicient assistance, and the means to meet
the expense of the analysis of further tidal record. This affects the tide tables as far
forward as 1900, as they have to be calculated so long in advance. The tables up to
that year have thus only two years of tidal record, at Quebec and St. John respectively,
as their basis. At Halifax the tide tables up to 1897 were based upon four years of old
record obtained between 1851 and 1861, and only one year of new record has yet been
incorporated for the improvement of thetables there. The tide tables for St. Paul
Island are based upon one year’s record only. On these four principal tide tables, the
others which are computed for the season of navigation, necessarily depend for their
accuracy.

SECONDARY TIDAL STATIONS IN THE SEASON OF 1898,

In this season, an investigation of the tides in the Bay of Fundy was made. This
bay has a length of 154 miles from Bryer Island to Cumberland Basin, and a width of
36 miles. The chief object of the investigation was to determine the relation between
the tides in the bay, and the principal tidal station at St. John, N.B., by means of
simultaneous observations at a series of points around the bay, obtained with self-
registering tidal instruments. Another object was to ascertain where the dividing line
should be drawn, on the south-western coast of Nova Scotia near the mouth of the bay,
between the ports that can be referred to St. John on the one hand, or to Halifax on
the other, as their port of reference. The tidal data obtained will also serve as a basis
for the investigation of the tidal currents of the Bay of Fundy, when this is undertaken.

In making a selection of the places around the bay most suitable for the purpose, the
points at which the Establishments had already been determined by the Admiralty,
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were given the preference. Consideration was also given to places at which there were
wharves extending to low water ; but the best information that could be obtained in
advance as to this, was found to be quite misleading when the places were visited.

The positions of the stations, and the points at which Establishments had
previously been determined by the Admiralty, are shown on the accompanying map,
Plate I. The stations chosen were all equipped with self-registering instruments, in
ordér to obtain a continuous record of the tide.

Tidal Stations in the lower part of the Bay of Fundy.—1In this part of the bay
below St. John, four stations were established ; at Yarmouth, at Westport on Bryer
Island, and at Digby, on the Nova Scotia side; and at Campobello, on the New
Brunswick side. Tidal data at Yarmouth are not only important for that harbour
itself, but they will also enable comparisons to be made in the two directions with
Halifax and St. John, as above mentioned, to show how far tidal differences from those
two ports of reference should be extended along that coast. Westport may properly
be considered as at the mouth of the Bay of Fundy ; and the tidal data at Yarmouth
and Westport should prove to be the most closely related to the strong tidal currents
at the mouth of the bay, when these come tq be investigated. The station at Digby
is at the new pier at the town of Digby, inside Annapolis Basin. Although the
Admiralty Establishment was determindd at the entrance to Dighy Gut, the practical
advantage of this position had the greater weight
recently established steamship service, which mak
to Halifax.

To obtain comparisons with the tide of the open bay, measurements of the range
of the tide were made during two periods of spring tides at Prim Point, outside of
Digby Gut, on the south side. These measurements were made by William Ellis, light-
keeper at the Point. They were taken from a beam set to project over a vertical cliff
at the lighthouse, the level of the water being measured directly from it with a standard
tape. The comparison with the simultaneous tidal record at Digby within the Basin
will show the effect of the narrow entrance in modifying the tide in the basin relatively
to the tide in the open.

On the New Brunswick side there was more difficulty in the choice of a position
for a tidal station. The western part of the New Brunswick coast, which is the limit
of Canadian territory next to the State of Maine, is broken into islands forming
channels which lead into largs water areas enclosed behind them. These occasion much
local interference with the general course of the tides, and give rise to irregularities
which are already manifest from the Establishments which have there been determined.
The southern end of Grand Manan Island would have been very suitable, as it is nearest
to the mouth of the bay, and stands in best relation to Westport on -the other shore.
Unfortunately, however, there is no wharf there which extends to low water. The
choice of Campobello Island was finally made, as giving on the whole the best advan-
tages, and the tide gauge was placed at Welchpool. This was formerly the residence
of Admiral Owen, aud the Establishment is there well determined from tidal observa-
tions which extend from October 13th, 1845, to October 21st, 1847, with less than
three months’ interruption in all.  Welchpool is also on a channel divectly opposite
Eastportin the State of Maine, where tidal observations have been obtained during one
complete year in 1862, by the United States Coast Survey, and the present observations
there will thus serve to make connection with the United States series. There is also
a good depth of water at the wharf at the lowest tides, contrary to the information
obtained before the place was visited.

The chief disadvantage of this station from a tidal point of view, is its proximity to
the large area of Passamaquoddy Bay, which may havea very appreciable effect in modi-
fying the tide. This may account for the difficulty already met with in the endeavour
to determine a constant difference in the time of the tide between Eastport and St.
John. A comparison between the tide as calculated for Eastport and the tide as ob-
served at St. John, was made for a period of eight months in 1893 ; and the difference
in absolute time with the omission of some extreme values, was found to have the
following range :—High water at Eastport, 37 minutes earlier to 29 minutes later than

the Digby pieris now used by the
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at St. John. Tt is hoped that the comparison which will now be available between
simultaneously observed tides at the two places, will give a more satisfactory result.

At all the four stations in the lower part of the bay, the whole tide to low water
was obtained ; except at Westport where the end of the wharf dries at the lowest of the
spring tides.

Tidal Conditions in the upper part of the Bay.—Tn the Bay of Fundy above St.
John, after personal examination and careful inquiry, there were no wharves to be found
which extend to low wate| nor are there any cliffs ng out of the deep water to
which a tide gauge can be attached, except at one point which is several miles distant
from the nearest house. To obtain a record of low water would therefore require special
arrangement, and more outlay than can at present be met by this survey. The value
of obtaining low water is also of less importance in this region than it usually is else-
where, if the question of navigation is alone considered ; as steamboats have to time
their arrival for high water, and leave before the tide falls; while sailing vessels which
are mostly of the smaller sizes, can lie conveniently on the bottom alongside the wharves
to unload. Tt is for this reason that so little endeavour is made to extend wharves to
low water. Instead of lying afloat and rising 30 or 40 feet against the side of a wharf,
a vessel runs in at high water as far as its draught will allow, and lies aground during
the greater part of the tide, with little change in its level, which much facilitates unload-
ing. The bottom throughout the upperarms of the bay, below the first few inches of soft
red mud, has the consistency of stiff clay and is almost devcid of stones, which much
favours this practice. Where there are any local, difficulties, a bench or stage of
mattress-work is placed in front of the wharf, for vessels to lie on, while the tide is out.

In these conditions, it is the time of high water which is of primary importance to
navigation ; and next to this, the period of time during which the tide remains
sufficiently high to give floatation for a vessel of moderate draught. These data can
be deduced from a tidal record which gives the upper half of the tide only.

On the other hand, the form of the complete tide curve is not obtained, nor the
data for mean sea level ; and the time of low water can only be obtained roughly between
the upper parts of the tide as registered.

To obtain a complete record of the tide with a self-registering instrument, it is
necessary to have the whole tide rising and falling in one vertical column. In a region
where the range of the tide is from 40 to 50 feet, special construction for the tide gauge
would be required. If readings on a graduated staff were sufficient, it would not be
necessary to have the whole height at one point. One staff could be set at low water
mark with a height of some 12 feet, and another further up the slope of the beach, and
80 on in succession. The cost ut taking observations by this method would be several
times greater than with a se gistering instrument, and the information obtained
would be less than half, as the nth tides would be lost.

The wharves, which extend’ to about half- tide, are already long ; and the tide
recedes nearly quarter of a mile beyond their end, exposing wide mud flats. TIn these
circumstances the choice seems to lie between the following alternatives: To build an
erection of some 50 feet in height at low water mark, to support a vertical pipe which
would serve as a tide column for the gauge. Such an erection would need to be sub-
stantially braced to withstand the strong tidal currents ; and it would have to carry a
light, as a warning to shipping. The other alternative would be to take advantage of
existing wharves to get as far out as possible ; and to sink a tide-well at the end of the
wharf, in which the tide would rise and fall by means of a siphon connection, extending
to low water. For this siphon to work satisfactorily, the well should not be more than
20 or 25 feet deep, taking up that height at the lower part of the range of the tide.
The siphon pipe should also be large relatively to the tide-well ; as the rate of rise and
fall is as much as eight feet per hour. The chief difficulty arises from the excessively
muddy character of the water, which would soon choke up the pipes, unless special pro-
vision were made for cleaning them out.

This method of ﬂlphonmg was tried at Moncton with success ; although the height
siphoned was only nine feet. Thedifficulty there was to make arrangement to enable the
siphon to work inwards, and fill the tide-well during the rapid rise after the arrival of
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the bore. The rise then was at the rate of 18 feet per hour for more than half an hour.
The tide well was 12 inches in diameter, of rivetted iron plate ; and 12 feet deep. The
ground in the river bank through which it had to be sunk, was tough and stony. Fromn
the top of this tide-well, a tide column of the usual construction was carried up to the
top of the wharf. The siphon was of 1% inch pipe, which was the largest size that could
be had there. The inner leg was vertical and passed down inside the tide-well nearly to
the bottom, to allow some margin for the deposit of mud there. With these sizes of
pipe, there was still room for the tide-float of six inches in diameter to work freely. The
outer leg of the siphon formed a long inelix tending 55 feet to the channel of the river.
The bend of the siphon passed through the side of the tide-well at two feet below the
top, and at the summit an air-cock was placed to allow any air to escape, while it was
completely covered by the tide. For this purpose a ball-cock was used, made to remain
open when covered; and to close when the tide fell to its level, before it fell to the bend
of the siphon. In this way the ball-cock worked automatically, but from the e ive
muddiness of the water there was so much deposit on the valve-seat that it did not
close properly when left open for so long at a time. It had, therefore, to be re-arranged
to open by hand by means of a chain extending to the top of the wharf. This was
repeatedly tampered with, by unemployed persons who frequented the wharf, and the
chain had to be boxed in completely for its whole height. At the outer end of the
siphon, the water in the river was so shallow that cover could not be secured for it at
all tides, The end of the siphon was therefore let into a cask to form a terminal well,
and its level was carefully adjusted with relation to the bottom of the tide-well to keep
the siphon from “breaking” This cask was bolted to a platform of planks, heavily
ballasted to enable it to withstand the force of the bore. The front of the bore was
almost always high enough to cover the cask over at once, so that the time of arrival of
the bore was thus recorded on the gauge. With these arrangements the siphoning
worked quite satisfactorily.

This was the only trial made of the method of siphoning during this season. If

either of the above methods were to be used on a more extensive scale, the work should be
begun earlier in the season to obtain full advantage of the expenditure upon them ; as they
would not be likely to last through the winter for use another year. During this season
the record obtained at the stations towards the head of the bay, was accordingly limived
to the upper part of the tide.
In Minas Basin, the upper end of Cobequid Bay is cut off at low water by sand
bars. The water is thus ponded in, and it does not fall to the true level of low water.
Hence, although the highest tides make themselves felt nearly to Truro, the full range of
the tide cannot be obtained above Noel Bay, which is 22 miles below. In this end of
Cobequid Bay the level of low water, according to the chart, is eighteen feet above true
low water. !

The same remark applies to the Avon Ri below Windsor. The bars across it
form, at low water, a series of partial dams which pond the water in, in steps. Although
there is still some depth at low water around bridge piers at Windsor, this does not
represent, the true low tide level. Accordingly, the furthest points for which the
Admiralty Establishments and the range of the tide are given, are Horton Bluff at the
mouth of the Avon, and Noel Bay.

The Petitcodiac River at the head of Chignecto Bay, is more truly an estuary. As
far up as Moncton, the tide continues to fall at a slow rate, up to the moment that the
rising tide arrives as a bore. Yet at low water there is a water-slope all the way up
from the mouth of the river. Accordingly, at Grindstone Creek, four miles below
Moncton, the level of low water is about twelve feet higher than at the mouth of the river,
as noted on the chart. The lower part of the tideis thus cut off by that amount. The
spring range at Moncton is given in the Admiralty list as 47 feet ; but this is purely
theoretical, as the actual rise at spring tides, from the level to which the water falls in
the river, is only 30 feet. The three points, therefore, at which the extreme range of
the tide can best be measured, are in Cumberland Basin ; and at Horton Bluff and Noel
Bay in Minas Basin. We will give figures for these ranges, further on.

Choice of Tidal Stations in the upper part of the Bay of Fundy.—In the choice of
stations in this region, the above conditions had to be taken into consideration, and also
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the greatest direct advantage to navigation. In Minas Basin the two points of most
importance in these circumstances wers Parrsboro and Windsor. In the other arm of
the bay, Hopewell Cupe and Moncton were chosen. The gauge at Parrsboro is at
Parrsboro Pier, beside Partridge [sland ; and there ,is an Establishment determined at
West Bay, on the other side of Partridge Island, within two miles of the pier. Before
deciding upon Windsor, the neighbouring coast was examined, as far as Kingsport ; but
there proved to be no wharf or bridge pier at which low water could be obtained. The
choice thus fell to Windsor itself us the most important point. In Cumberland Basin
at the head of Chignecto Bay, some tidal observatic for the level of high and low
water have been taken at the end of the proposed Ship Railway, but the Establishment
in that basin is determined at Sackville. Tn the other branch of Chignecto Bay there
is an Establishment at Folly Point which shows that the time of the tide differs only
six minutes with Cumberlaid Buasin. Hence either branch of the bay will serve the pur-
pose in view. At Folly Point the cliffs are not suitable for the attachment of a tide
gauge ; and Hopewell Cape, which is directly opposite, was chosen as affording the best
local facilitie: Monecton may be considered as the extreme head of the 3ay of Fundy ;
and it is hoped that the time of arrival of the bore there, which is a well marked
moment, may throw some light upon the progress of the tide throughout the Bay of
Fundy as a whole.

Next in importance to these as tidal stations, Noel Bay may be mentioned, being
the point at which the greatest range of tide is found ; and Herring Cove, a point on
the New Brunswick coast directly opposite Capy Chignecto, where a break water is now
being erected. A station in this vicinity would divide the distance between St. John
and the head of the Bay of Fundy. These points can only be reached by stage, and
the delay in receiving the last of the recording instruments from the makers, did not
admit of time being found to place gauges there without neglect of the other stations.

Equipment of the Tidal Stations, and Description of the Stations Established.—
The instrument used to record the tide at most of the stations is the Richard self-
registering gauge. It is of a small size and simple in construction. It was placed for
protection in a shelter box with a zinc cover, which was set on top of the tide column
in which a float rose and fell with the tide to actuate the instrument. The scale gives
a range of 16 feet ; but as this was insufficient even for the upper half of the tide at
most places, a wheel or tide pulley of double the diameter was attached to the instru-
ment, to give twice the range on the height of the tide sheet. The score of this wheel
was durned to the exact diametor required when the thickness of the cord was taken
into account. This cord was attached to the tide float at one end, and after passing
over the tide pulley which it turned by friction only, it was attached to a counter
weight at the other end. The cord for the purpose was carefully selected ; as a cord
of galvanized iron used in previous seasons was so stiff as to throw itself off' the wheel,
and it was not durable in sea-water. A flexible copper cord was therefore used, made
up of the finest wire. The float was of sheet zine, six inches in diameter, ballasted
with shot. The tide column was usually 10 inches square inside, and made of 1}
inch board, planed on the inside. Sometimes tongue-and-groove sheathing was used,
or such other material as could be obtained in the locality. The column required to
have some strength, as the faces of the wharves were seldom truly vertical, aud it could
only be supported at intervals ; and in pile wharves, it had to be braced between the
piles or from their walings. For the upper part of the bay, a small cistern or pan was
placed in the bottom of the tide column, below the level of the inlet ; so that when the
tide left the foot of the column, the tide-float remained floating in it, without upsetting.

At Yarmouth and Digby the recording instruments were of the larger type
designed by 1ayself for the principal tidal stations. These were used because of delay
in receiving the last two Richard gauges from the makers, and because it is hoped that
the observations at Yarmouth can be continued throughout the winter. These gauges
are provided with interchangeable gearing, which enables them to be set for a range of 9,
18, 27 or 36 feet, with a tide sheet of nine inches in height for all these scales. This
was a convenience, while on the other hand a good deal of special planning was required
in fitting up these larger instruments. The arrangements adopted to meet the special
requirements, it will not be necessary to describe in detail, however.

4

P e

T
inked i
The ol
‘confusi
height
ment.
height «
sheet fc
on thei
tully no
the tid
to time,
apprecis

Al
height o

south we
wharf is
Tid:
low wate
Wes
immediai
north-eas
Tida
The total
Frank M
Digt
the end.
Tida
Observer,
Cam,
boat whar
Tidal
Observer,
LParrs
the east si
the side is
Tidal
below ext;
Magee, Me¢
Wind:
part of the
Tidal
feet below
wharves at
Hopew
protection,
tide obtaine
Tidal r
high water.
Moncto
of Pleasant
12 feet into
fills this tide
2




its of most
rer arm of
boro is at
rmined at

Before
sport ; but
red. The
and Basin
‘hand low
blishment
Bay there
iffers only
e the pur-
5 of a tide
1 the best
f Fundy ;
11 marked
he Bay of

ed, being
, point on
er is now
St. John
tage, and
, did not
stations.
ished.—
wrd self-
laced for
3 column
ale gives
e tide at
e instru-
1is wheel
s taken
* passing
counter
s a cord
ie wheel,
:d, made
oallasted
le of 1%
as used,
(ired to
it could
veen the
pan was
‘hen the
setbing.
er type
f delay
sed that
gauges
age of 9,
% ' This
required
) special

L

i

17

The instrument of either type made its record by a pencil line, which'is afterwards
inked in, with a series of coloured inks to represent the different days of the week.
The observers were instructed to change the tide-sheets twice a week to avoid
confusion of the tide curves. They also made a comparison each day, between the
height of the tide as shown on the tide scale and the reading of the recording instru-
ment. From these comparisons a base line is obtained as a uniform datum for the true
height of the tide, which avoids placing dependence upon the correct setting of the tide
sheet for height on the instrument. When this comparision was made, the time as shown
on the instrq,nunt, was also compared with the true time ; and the error, fast or slow, care-
fully noted. \All time errors can thus be allowed for, in reducing the observations. As
the tide sheet is changed twice a week, and the clock cylinder is then set correctly
to time, 'the time error cannot become very large in the half week, and is usually in-
apprecisble if the clock-work is well regulated. ;

A list of the stations established, with the length of the record obtained, and the
height of the tide recorded, is given below :—

Yarmouth, N.S.—Gauge situated in the town of Yarmouth, at a wharf belonging
to the Yarmouth Steamship Company, known as Baker's Wharf. Gauge placed in the
south west corner of a freight shed, which stands across the front of the wharf. The
wharf is built on piles, and the gauge column is braced in between them.

Tidal record from June 24th to date. The total range of the tide is recorded to
low water. Observer, Captain J. E. Murphy, Meteorological observer.

Westport, Bryer Island, N.S.—Gauge placed at the end of Captain Payson’s wharf,
immediately in front of the Central House ; which is situated on Water Street, 620 feet
north-eastward from a cross street running inland past the Baptist Church.

Tidal record, from July 7th till the end of December, with some weeks interruption.
The total range of the tide is obtained, except at the lowest spring tides.

Observer,
Frank Morrell, Signal officer.

Digby, N.S.—Gauge placed at the north side of the Digby pier about 40 feet from
the end. 5

Tidal record, from June 30th till December 18th. Total range of tide is recorded.
Observer, N. A. Turnbull, Meterological observer and station agent.

Campobello, N, B.—Gauge placed at the back of the “L” at the head of the steam-
boat wharf at Welchpool, Campobello Island.
Tidal record, from July 15th till November 15th

Total range of tide is recorded.
Observer, A. J. Clark, Customs officer.

Parrsboro, N.S.—Gauge at Parrsboro pier, near to Partridge Island. Attached to
the east side of the pier, at about one-third of the distance from the shore end, where
the side is most vertical.

Tidal record, from July 22nd till October 14th. Height of tide, recorded, 21 feet
below extreme high water, nearly down to mean sea level. Observer, Dr. W. H.
Magee, Meteorological observer.

Windsor, N.S.—Ganuge placed at the west corner of the railway wharf ; forming
part of the property which extends to the water front from the railway station.

Tidal record, from August 16th till November 18th. Height of tide recorded, 13
feet below ordinary high water at spring tides. When the tide falls to this level, the
wharves at Windsor are left dry. Observer, Charles Cook, Midland railway office.

Hopewell Cape, N.B.—Gauge placed in the angle, behind the head of the pier, for
protection, the foot of the tide column being set three feet into the clay. Tnlet for the
tide obtained by an iron pipe led around the corner of the wharf to the front.

Tidal record, July 30th till November 15th. Height of tide recorded, 14 feet below
high water. Observer, Captain J. L. Pye, Customs officer.

Moncton, N.B.—Gauge placed at the upper corner of Dunlap’s wharf, at the foot
of Pleasant street. Tide column attached to the side of the wharf, and continued down
12 feet into the ground as a tide-well, made of 12\nch iron pipe. The tide empties and
fills this tide-well by siphoning, as already describeds
2
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Tidal record, August 10th till November 18th. Height of tide recorded, 27 feet
below high water. Observer, G. W. McCready, C.E., former City engineer.

The first six of these gauges, beginning with those of the most importance, were
thus erected between June 20th and July 30th or in just six weeks, which includes the
time occupied in travelling, and sufficient time to instruct the observer in his duties,
This amount of time was too limited ; and it is also advisable to revisit the stations
about a week after they are put in operation, to meet any difficulties which the observer
may encounter in work which is new to him : but this could not be done.  As it was, it
was well on in July before simultaneous results began to be obtained, which are of the
most value in work of this character. To avoid such pressure, the work should have
been begun earlier ; but towards the close of the fiscal year which ends on June 30th,
the funds were nearly exhausted.

Data for time and height.—The most important requirement for the success of tidal
observations, in the means of obtaining the time accurately at the various stations, and
in the present instance this proved the chief difficulty. Next to this, it is impdrtant
that the height of the tide should be referred to a permanent bench mark, especially in
towns of any importance ; as this furnishes a lasting record for the height of the tide,
and makes the observations available for reference in any future harbour works, or for
the determination of Mean Sea Level. As we are still without any uniform system of
connected levels in Canada, these bench marks are necessarily isolated in the mean time,
but they are at once available for local purposes, and they will be of the highest service
in furnishing the value of Mean Sea Level, when' a general system of levelling through-
out the country comes to be made. An International Geodetic Conference has recently
been held at Struttgart, and one of its tasks is to ascertain how far such levelling has
been carried in the various countries of the world, and at what points on the various
oceans, Mean Sea Level has already been determined.

On one side of the Bay of Fundy, in the province of Nova Scotia, standard time
for the 60th meridian is now used everywhere ; although it is known by the misnomer
of “local time,” to distinguish it from Eastern standard time, one hour later, which is
used on the railways. On the other side of the bay, in the provirice of New Brunswick,
the question of which standard time to use, whether for the 60th or 75th meridian, has
not yet been decided, and consequently in some places local time is still used. In these
circumstances it was found best to use at the tidal stations such time as could best be
obtained, “Where there were railway stations on one of the principal railways, the noon
signal, sent along the line by telegraph, was taken advantage of. But this signal is not
sent along the branch lines as a rule. At some places there was no existing means of
getting correct time, and special arrangements had to be made to obtain it. The
character of the time used at the tidal stations, and the way in which it was obtained,
are as follows :—

St. John ; the principal tide station or port of reference. Local time ; the longitude
of the St. John observatory being 4 hrs. 24 min. 16 sec. W.

Yarmouth.-—Standard time for the 60th meridian, The tidal observer, Captain
J. E. Murphy, has charge of the Meteorological station, which is also equipped with
chronometers, and he is thus able to furnish the time with acouracy for the tide gauge.

Westport, Bryer Island.—Standard time for the 60th meridian. The arrangement
made for Westport, was to have the railway time sent on twice a week by long-distance
telephone, 41 miles, from the Digby railway station, On this telephone connection
there are three repetitions ; but with care, the time thus transmitted could be depended
upon within a minute. To keep the time during the course of the week, the observer
was also provided with a Seth Thomas engine-room clock, a make which it was expected
would prove reliable ; but unfortunately this one gained over ten minutes a day, and
was so sensitive to its regulator that it could not be regulated. The uncertainty in
the time which resulted from this, has made the observations of comparatively little
value up to the middle of August. When the station was revisited early in September,
to avoid any further uncertainty, a meridian mark was set out, by which the sun’s
meridian passage can be readily obtained to the nearest minute ; and to accompany this,
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a table was calculated for the observer, which gives standard time at apparent noon.
In preparing this table, the difference of longitude from the standard time-meridian was
allowed for, as well as the equation of time ; so that the observer has merely to see that
his watch shows the time given in the table at the moment of apparent noon. In this
way the character of the time used was not changed ; and the time signals by telephone
could still be made use of in dull or foggy weather, without confusion. o

Tidal station at Welchpool.— At first, Eastport local time was used,
as there is communication several times a day by ferry with Eastport, which is only two
miles across the water. The time thus obtained, varied so much as to be uncertain
within two or three minutes. This uncertainty obtains in the earlier part of the
observations ; but as soon as it was reported by the observer, an arrangement was made
with Captain Ingersoll of the steamer “ Flushing,” to bring St. John local time with him
once a week, on his regular trips ; which he kindly consented to do. As the * Flushing”
is not in port at the hour that the time-ball drops on the St. John observatory, he
obtained the time from a leading watchmaker in St. John who keeps a chronometer running
on local time, which is regulated direct from the observatory. It may be noted that the
sun-dial erected by Admiral Owen at Welchpool was on a wooden pillar, and is now
broken down. The time used at this station is, therefore, as follows :—

Up to August 11th, Eastport local time, corresponding to longitude 4 hrs, 27 min.

56 sec.; and from that date forward, St. John local time, corresponding to longitude
4 hrs. 24 min. 16 sec. W.

Campobello.

Windsor.—Standard time for the 60th meridian ;

one hour faster than railway time
as obtained by noon signal at the railway station. .

Parrsboro.—Standard time for the 60th meridian, as above.

Hopewell Cape.—Local time, obtained from a meridian mark, set out at the Custom
house. The observer was provided with a table which shows local mean time at apparent
noon ; based upon the equation of time. This place is in communication with Moncton
by long-distance telephone ; but the connections are not sufficiently direct to enable the

telephone to be used for time signals. The longitude of Hopewell Cape is 4 hrs. 18
min, 20 sec.

Moncton.— Eastern standard time for the 75th meridian, or railway time, which is
used generally in Moncton. The moment of noon is struck on the bell of the City
Building, from the office of the Chief engineer of the Intercolonial railway.

Bench Marks, Tide Scales and T'ide Levels,.—At the stations which were considered
of sufficient importance, bench marks were established, to which the zero of the tide
scale used for the ohservations, was referred. This tide scale consisted of a painted
board, divided into feet and parts oi a foot, attached to the tide column ; and by it
the recording instrument was set for height.

It was not thought necessary to establish a bench mark at Welchpool on
Campobello Island, at Westport on Bryer Island, or at Hopewell Cape. At these
stations the height of the tide was measured on a scale of feet which has its zero at the
level of the inlet at the foot of the tide column. At Moncton there are existing bench
marks to which the Moncton City datum is referred ; and these were made use of,
in establishing a plane of reference for the tide levels there.

The new bench marks established this season by the Tidal Survey, and those made
use of at Moncton, are described below ; as these serve to fix permanently the levels of
the tide as found by the observations. Some leading tide levels are also given with
these, as well as the elevation of the zero of the tide scale at each station.

Yarmouth.—There was difficulty in finding anything suitable for a permanent bench
mark, in the vicinity of the tide gauge, all the buildings and wharves there being of
timber. The brick chimney of the Kentville Lumber Company was selected, as it
stands on a stone base built in cement ; and as the foundation is carried down to the
rock, it is not liable to settlement.
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Feet.
Bench Mark ; the joint between the stone base and the brickwork, at the north-

west corner of the above chimney. Elevation

..................... 108°53
Top of rail at the railway crossing at the footof Forrest street. Average elevation

at both sides of track. ....~........... ol e 100°00
Sirthoe of plasiking o whael abthe Hdé gange---. : ; 9185
Highest high water observed in the season of 1898 : July dth, p.m. 90°45
Lowest low water observed : July 5th, am .. 415

Zero of Tide Scale, at the level of the inlet at foot uf tul\- mlumu Haaviin . 7286

Westport.—Between July Tth and November 24th :—
Highest high water on tide seale : 1898, Aug. 2nd, p.m
Lowest low water : August rd, a.m ...... ;

The greatest range here observed is thus, 20°40 feet.

Digby.—There was the same difficulty here as at Yarmouth.

cut on the masonry of a high flight of stone steps of red granite
Marshall’s house.

A bench mark was

in front of Mrs.
The mark is a chisel line and broad arrow, cut in the middle of a
long granite block, on the back of the steps, facing the east. The house is a wooden
one with a stone foundation, on the north side of the road which leads back, landwards
from the head of Digby pier. Tt stands at a distance of about 340 feet from the shore
end of the pier.

The granite-work of these steps is heavy and well built above ground, but the
foundation below the ground level is of small and poor rubble. The granite-work has
cracked through, along joint lines, in two places, and some settlement may have occurred
This is, however, the best stone-work to be found in the neighbourhood.

Feet.
Bench Mark, as above, Elevation........ Pt B i e b
Top of timber cap, north side of pier at shore vnvi ne; ur]\' opposite th-- high water
sankbn-thabeaal il SR e e et e 9875
Top of cap, tiortl alde of pier; oppasits upper end of Mnding alip e 99°10
Top of cap, north side of pier, at the tide gauge column. Elevation alion hu
10000 for convenience in tide measurements; the other elevations being
determined relatively to this........ o L A a LR R DA R T 48 10000
Highest high water observed up to the end nf \mumm on July 8rd, p.m. 9390
Lowest low water observed : July Hthy am ... ..o i S A 6420
Inlet at foot of tide column................ A R A SN A b aes 6300

Campobello.—Heights on tide scales used ; not referred to a berieh mark.
Highest high water on tide scale in the s

ason of 1898 : August 2nd, p.ni. .. 29°00

Lowest low water : Angust 3rd, a.m 550
In the n]Nl'I\x;thllh of 1815 to 1847, the hl){lll\t hu,h \\.mq rt-(‘urth‘(l on llw tide

scale then used, occurred in 1846, January 27th, a.m v 27°00

The lowest low water occurred in 1846, December 20th, pm . ....... .... ..... 140

Hence the extreme range then observed was 2560 feet,

Windsor.—Bench Mark A. On the Wilcox building ; a brick building situated on
the south-east side of Water street, corner of Gerrish street. The point used as a
bench mark is the top of the cut sandstone plinth, on the Water street front, at the end
next Gerrish street ; being the joint between the sandstone and the brickwork above,

Bench Mark B. On a brick building bearing the name of W. H. Roach & Co,,
situated on the north-west side of Water street, directly opposite the above. The point

used as a bench mark is the top of the cut \.md\tnn(, plinth, at the east corner of the
building, below the brickwork.

Feet.
Bench Mark A, as above described. Elevation adopted. ......... ........ 5 10000
Bench Mark B, as above described. i 100°03
Rail level on Water street, opposite foot of l\mg Ntr('(- 0826
Cap of Wharf at the tide gauge................... A e 95019
Highest tide observed in the season of 1898 : B(‘ptember lnt am,..... s 93070

Zero of Tide Scale, at the level of the inlet vo the tide column ..

8107
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The surface of the mud beach in front of the wharf is one foot below the iclet to
the tide column. The beach is there at much the same level ay at the other wharves.
Hence the greatest rise of the tide against the wharves is nearly 14 feet.

The buildings above described were burnt when the town of Windsor was destroyed,
in the autumn of 1897 ; but as they have been rebuilt on their old foundations, it is
not likely that any settlement will occur to effect the clevation of the points used as
bench marks.

Parrsboro.—Bench mark for the tide guage at Parrsboro pier, near Partridge Island.
The mark is a chisel line and broad arrow, cut on a sound stone in the south v
small stone building, formerly used as a school, now used as an ice house, situated as
follows : At 290 feet from the shore end of the pier, along the main road leading north
ward to the town of Parrsboro, a cross road turns off to the westward ; and the buiding
is on the north side of this cross road, at 200 feet along it from the corner

all of a

Feet
Elevation adopted for this Bench Mark ......... 5 i T 100°00
Top of timber cap of pier, at shore end Sy 5702
Top of cap, at outer end of pier. . 5

Extreme high water which overflows the gr
reached by the tide on planking of the pie
who has occupied a cott

er part of the pier:—Highest point
as pointed out by Dr. Deerborne
close to the head of the pier for several seasons.

H6 69
Jeach of coarse gravel which slopes back on the inland side ; extending ina wide
sweep from the pier to Partridge Island. 1t is overflowed at extreme tides,
ation of top of beach near the pier 5630

High tide which overflowed the pier in July,
mooring post by the crew of the steamer,
trips to Kingsport

1898, as marked near the top of a
angeline,” which makes daily

Highest tide recorded on the gu.mwlmnm tlu season (rf 1808
Zero of Tide Scale, at the level of the inlet to the tide column
Surface of beach at outer end of the pier; dry at low water

Low water spring tides, observed when levels were taken, July 23vd,

August 5rd, a.m

lh'h\

According to the best information that could be obtained, the tide falls at extreme
low water about five fect below this low water of July 23rd. The difference between
this level and the elevations for the extreme high tides as above given, would thus give
47 feet for the extreme range at Parrsboro.

Moncton.—The Moncton City datum was here made use of, which has been care-
fully established and referred to bench marks by Mr. G. W. McCready, while he
occupied the position of City engineer. To avoid negative values, however,
ing the elevations to include tide levels, a plane of reference wa .uluptml at 100.00 feet
below the City datum. This merely amounts to adding 100 feet to the elevations, as
measured from the City datum. The addition is made in all the elevations here given.

City Bench Mark.—Surface of the stone door-sill of the City Building, at the east
side of the entrance, where it is not worn. Elevation, 12816,

On a brick building on a stone foundatiou, at the south-east corner of Duke and
Main streets ; diagonally opposite the Post Office. The point ysed as a bench mark is
the top of the svone foundation at the corner of these streets; which is about an inch
above the level of the asphalt side walk. Elevation, 133-54. (This bench mark was
used for reference in determining all the tide levels of this season.)

Bench Mark of the Public Works Department; at the front end of the Sugar
Refinery. Surface of the door sill at the east side of the eastern entrance. Elevation,
119:33. (The elevation of this bench mnark above the Public Works datum is 10127 ;
high water spring tides heing taken as 100.00.)

in extend-

Feet.
The S

Saxby Tide at Moncton; the highest tide known in the Bay of Fundy;
which occurred October Hth, 1869. ... ... Ve . 126:09
Exceptionally high tide, October 12th, 1887 ; as mnrl\ml l lhv H.uhu\u M. tur.. 11966
Exceptionally high tide, October 8th, 1896; from levals taken by the I.C.R.

Engineers at the time, by request of the Tidal Survey




Feet.

Highest high water observed in the season of 1898 ; August 31st, p.m, ‘. 117°06
Tide levels adopted by the Public Works Department, for the uum(rll((kln nf
wharves :—
High wateér spring tides, . ..... «icoovveiiiiin civnen 11806
High water neap tides. ... 10856
Cap af Dittllap's Whar, at the gouth:west corner, where the tide gavge was placed.

R levabinn I A UBUNG B8 e s i S L1
Top of 12-inch iron pipe, forming ﬂw nd« well of Hu rn],- guage. . 100°66
Zero of Tide Seal= of the guage ; being the level of the bottom n{ the tide-well,

which is twelve feet deep. ........ .. 8866

Tow St snring.tidie = lowsst obberved diiring !hvuprmgn«hn.\t thie begliig
of August and at the end of September, 1898 . Saaa i saevn = SR8

Lowest low water during the season of 1898 : October 20th, . i i BTIEYE
Extreme low water, opposite the mouth of Hall's Creek ; as «Invnmnul by \I|
McCready while City Engineer.. ... . Tim s e s ierrrrenis 8776

Tue Bore AT MoxcToN,

Monecton is situated on the Petitcodiac River, immediately above the point known
as “The Bend,” where its direction turns sharply at a right angle. This is at 19 miles
above the mouth of the Petitcodiac, at Folly Point, where it enters the Bay of Fundy.
This part of the river is more correctly an estuary, which continues 13 miles further up,
as far as Salisbury Junction. At high tide the river at Moncton forms a sheet of water
half a mile in width; while at low tide it consists of mud banks and flats, with a stream
about 500 feet wide running with a strong current in a devious channel amongst the bars
and mud flats, which are left dry at low water.

The run of the rising tide first breaks into a bore at Stony Creek, eight miles below
Moncton ; and it continues to the head of the estuary at Salisbury, 13 miles above. The
total distance on the river that a bore occurs is therefore 21 miles.

With regard to the time of arrival of the bore at Moncton, this really corresponds
with the time of half tide. At the central moment between the previous and the follow-
ing high water, which we may term the theoretical time of low water, the level of the water
in the river is still falling ; and it continues to fall, though at a much slower rate, for
about three hours longer before the bore arrives. The time of the arrival of the bore
is, thus, only about three hours before the next high water, which serves to account for
the very rapid rise which takes place after the bore passes.

The rate at which the tide falls, amounts at its maximum, to eight feet per hour ; but
after the theoretical time of low water, the rate of fall soon becomes very slow, and the
river appears to a casual observer, to remain at the same level for some two hours before
the arrival of the bore. The flow, however, continues to be fairly swift; and it no doubt
still consists of tide water. The rate of fall in the level of the water, as measured shortly
after spring tides, was found to be as follows :—

From 4} to 2} hours before arrival of bore, rate of fall siz nches per hour.
i b0 1ot iy e S
v 40m. told m. " " " " "

four inches
three inches "

The first observation of the bore was made on the evening of August 4th. The
standpoint was the wharf furthest down stream, nearest to the bend. It commands a
view of some two or three miles down stream below the bend, as well as the foreshore
up-stream, opposite Moncton. The moon was a little past the full, and was well risen
before the bore arrived ; and the sky was then clearalso. There was a very slight breeze
and in the stillness sounds could be distinctly heard. 1t was thus at the spring tides,
and 24 hours after the lowest of the tides at that moon.

The first sound of the approaching bore was heard at 23" 08", in 60th meridian
time, and two minutes later the sound was quite distinct. This sound was very similar
to the noise of a distant train when heard across water. It afterwards increased to the
usual hissing and rushing sound of broken water, as in a rapid ona river ; but there was
no mingling in this sound, of any roar such as a waterfall makes when falling into deep
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water, even from a moderate height, The bore arrived at the wharf at 23" 19", or eleven
minutes after its sound was first heard. The rapidly-flowing layer of incoming tide ad-
vanced over the current of the river in the opposite direction, with a front of broken
and foaming water, which had a height of perhaps two or three feet. The front edge
was by no means straight. The higher part of the bore extended across the waterway,
and this was bent back and also heightened in the middle by the opposing current of
the river, which is naturally swiftest at the centre of the stream. Beyond this, the
bore formed a long sweep where it broke over the flats, retarded and decreasing in
height towards the further bank of the river.

The surface current of the water following the main front, has the same speed of
flow as its rate of advance ; and after the main front passes, there usually follow a series
of others, stepped up a few inches of additional height. These form irregular lines of
curve across the surface of the advancing tide, which do not extend far without inter-
ruption, - These may be due in part to back-wash from the flats, into the main channel.
seen in the day time, the water forming the bore is excessively muddy and reddish-
yellow in colour, just as the outflowing water of the river also is. The actual broken
water in the front is nearly white, except at the shore end ; but the long edge of the
advancing water on the flats appears nearly black in strong sun-light. With a stiff
breeze down stream, the sound of the bore cannot be heard till it has approached within
a few hundred yards.

During the neap tides, the bore still appears ; and the front edge usually breaks a
few inches high. But there are times when it consists merely of a heavy ripple, like the
side waves from the bow of a steamer, when they are advancing over still water ; and it
then only breaks occassionally, except in passing over the flats.

Rate of Travel of the Bore.—Its rate of advance was timed from a point of obser-
vation on one of the upper wharves, which commands a view around the bend of the
river; and the moment of its successive arrival at a series of points was exactly noted.
The distances between these points were taken from a plan of the river front at Mone-
ton ; but the distance to the lowest of the points could not be ascertained with certain-
ty ; and it is therefore omitted, The following result was obtained, from observations
at the 3rd and 5th tides after the highest spring tide at the beginning of August.

On Friday, 5th August. [On Saturday, 6th August.

Distance
{between  the

Intervals, -
Speedin |

TR :
| Pomts. | Interval ‘ peshin. | HInterval Y| SESEELI
| | of time, | per hour. of time. “ per hour,
ST e e s s et
" Feet. m. s | [
From mouth of Hall's Creek to Public|
Vharf . ... TAdS ] 1,650 1 50 961 1 57 | 903
From  Public to Sumner's [
WHARRE 0t e e ez a 1 4 o3 |14 |

Mean V

General average 8'47 miles per hour.

An endeavour was made to obtain a measurement of the time taken by the bore in
passing up the river from Stony Creek to Moncton ; but the simultaneous observations
required could not be arranged for.

Form of the Bore.—To ascertain the form of the bore, and its rate of rise, a gradu-
ated board 13 feet high, was set up in front of the wharf, at which the tide gauge was
placed. It was attached to the corner of the crib-work and brush, set at a low level in
front of the wharf for vessels to lie on at low tide; and it was braced against the current.
This current, after the bore passes, appears to have the same surface velocity as the rate
of advance of the bore itself, which is given above. In these circumstances, the gradu-
ated board had to be renewed from time to time ; but the elevation of its zero was cor-
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rectly determined in each case, in relation to the levels established at the tide gauge.
It would no doubt have been better to have set the graduated board well out in the bed
of the river, where the water has freer course, if it nad not been so difficult to do so.
But as soon as the low crib work was covered, the board stood in the open water, ut
almost 20 feet from the end of the wharf. The water in the rapid current was rather
rough on the surface, although sometimes it would smooth down for a few moments, Tt
was therefore best to take the observations by noting the time at which itsaverage level
rose to each of the divisions on the board. When the tide rose to the top of the board,
its further rise could be read from the scale on the tide column itself, if desired.

The height of the bore, as observed at spring and neap tides, and the rise of the water
following it, are shown in the accompanying diagram, Plate IT.

The rise is by no means
uniform.

There are at times distinet steps, which are sometimes visible as such, on the
surface of the incoming water. At other times the water holds its level for a short
interval, and then rises rapidly afterwards to make up. These irregularities in the rise
were noted as correctly as possible, and they are shown in the diagrams.

These diagramns may also be taken to represent the form of the bore, or its profilo
along the river at any given moment.

Strictly speaking, this involves the assumption
that the whole mass of water moves forward av the same speed as the broken front which
forms the bore itself ; which in all probability is not very far from the truth. To assist
this view, a scale of distances i ven on the diagram, which is based upon the average
rate of advance of the bore in running up the river. An abstract of the observations is
also given in the following table, in order to show some of the results more clearly in’
figures. In this table, only the even feet and half feet are given, and the irregularities
in rise are omitted ; as to show these it would be necessary to tabulate the observations
for each date separately, and they are already represented in the diagrains.

THE BORE IN THE PETITCODIAC RIVER AT MONCTON.

Rate of Rise at Spring and Neap Tides, as observed on a Scale of Feet at the Tide

Gauge. The time is Standard Time for the 60th Meridian. Year, 1898,
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It thus becomes evident that the bore itself is, in reality, the broken water at the
front edge of a long water-slope which advances up the rviver. The greatest rate of rise
at spring tides after the bore had passed, amounted to 3:00 feet in 10" 05* ; and if we
take for the average speed 8} miles per hour, the equivalent water-slope is 210 feet per
mile. This slope appears very moderate in the circumstances, although it is really
greater than in most rivers, except where rapids occur. Also, asa question of hydraul
this slope would undoubtedly prove to be in correspondence with the speed of the cur
rent following the bore, if the problem were fully worked out.

Height of the Bore.—1t is said*that formerly the bore used to be higher than at
present, owing to changes that have taken place in the bars in the river, which now
obstruct the channel at low water and interfere with its development. No very
definite information could be obtained as to this. It was stated by the master of a
schooner, that in the old days when his schooner lay on the step in front of the wharf,
which was four feet above low er, the schooner drawing nine feet would: be floated
by the first rush of the bore. This is an evident exaggeration, through failure to notice
the rapid rise of the water after the bore passes. On the 22nd August, 1892, a good
photograph of the bore was obtained, which has been published in a report of the
Geological Survey. Its height as then measured, was 5 feet 4 inches. Tn quoting th
figure, it is to be noted that the rise of the water immediately after the bore passes, is
so rapid that a few minutes delay in taking a reading on a graduated staff, would
greatly increase the height which would be observed. From the observations above
tabulated, it is clear that in 3 to 4 minutes after the bore passes, the water has already
risen an extra foot. The greatest height which was measured in the above observations
was 3 feet 3 inches, although it would be a little higher at the middle of the river.
This may probably be taken as a fair average at ordinary sprieg tides. The maximum
no doubt occurs when the moon is in perigee at full or change, and also at its maximum
declination, as this gives the greatest differer.ce in favour of one of the two tides in the
day. Something also depends on the level to which low water falls, as this practically
adds to the height of the bore. The total difference, however, in the level of low water
between spring and neap tides, and between one set of spring tides and another, was
found to be little more than one foot altogether, as observed in the sumn er season.
Late in the autumn, when the fresh water outflow of the Petitcodiac is increased, the
water surface at low tide does not fall so low.

Time of arrival of the Bore.—The time of its arrival with reference to the time of
high water, was worked out from the observations obtained while the tide gauge was
being erected. The time of high water at Moncton was obtained by difference of
Establishment, from the tide tables for St. John. The comparison shows that the time
of arrival of the bore varies from 3" 01" to 3" 34" before the time of high water. This
result may be subject to revision, as the arrangement of the gauge itself with its siphon
attachment should secure a more extended record of the time of the arrival of the bore,
as well as the true time of high water at Moncton itself for comparison.

It is hoped that the arrival of the bore, being a well defined moment, may serve to
throw light on the whole question of the progress of the tide in the Bay of Fundy.
‘When the entire series of observations are worked out, it may thus furnish information
ot value, as well as being in itself an interesting phenomenon ; and it was largely with
this hope that as much attention was given to it.

The bore elserwhere.—The only other place in the Bay of Fundy at which the bore
has been seen, is in the upper part of Cobequid Bay. The tide there used to arrive as
a bore at Maitland, at the mouth of the Shubenacadie River; but a change in the
position of the sand bars below Maitland now prevents this. In running up the
Shubenacadie, however, the tide still breaks occasionally into a ripple or miniature bore,

RESULTS OF THE SUMMER OBSERVATIONS.

The results of the observations of this year, with reference to the time of the tide
and tidal differences, cannot yet be given, immediately at the close of the working sea-
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son, The chief purpose of the observations is to determine a seiies of *tidal differ-
ences ” with reference to the principal station at St. John. This will serve to give cor-
rectly the time of high water throughout the Bay of Fundy by difference of time, from
the tible tables now issued by this Survey for St. John itself. In working out these
differences, the tidal stations of this season will form the primary basis of the compar-
isons with St. John ; and the Admiralty Establishments will then be used to interpolate
tidal differences for intermediate points.  The value to shipping of correct information
with regard to the time of high water, is too evident to require emphasis

A certain amount of information was also obtained this season with reference to
currents in the Bay of Fundy ; from captains and others who have had long experience
there. This can be more suitably given with the information on the time of the tide,
when the results of the tidal observations themselves are worked out.

The total cost of these observations was $951.44. This includes the establishment
of the eight tidal stations, with travelling expenses, and the salaries of the observers
during the season ; but it does not include the cost of the tidal instruments used, or the
salary of the Eugineer in charge. The average cost'per station is thus $119. This
represents the amount expended in establishing the summer stations in the relatively
cheap manner described ; by which a record of the upper part of the tide only is obtain-
ed towards the head of the Bay of Fundy, where the greater range occurs. A much
greater outlay would be required to secure a record of the full range of the tide there,
by such methods as have been already pointed out in this report.

The length of tidal record obtained was, just fouranonths on the average at each
station, after making deduction for interruptions, and also for any unreliable record
resulting from uncertainty in the time used for the observations. The whole of the
record obtained, can be utilized for simultaneous comparison with the principal tidal
station at St. John, N.B,, as no interruption occurred there during the season.

TIONS BETWEEN MEAN SEA LEV

EL IN THE BAY OF FUNDY AND THE GULF OF
ST. LAWRENCE.

Comparison based upon the original surveys of the European and North American
Railway.— When the railway from St. John, N. B,, to Shediac on Northumberland
Strait was built, about 1859, the levels were taken more carefully than on most railway
surveys ; and the profiles and reports in which they are given, held out some hope of
affording a connection of value between tide levels in the Bay of Fundy and in the Gulf
of St. Lawrence. This railway was originally termed the European and North Ameri-
can, and such records as exist are now in the head offices of the Intercolonial railway at
Moncton. Several days were given to the examination of this material and its reduc
tion ; and special tidal observations were taken at St. John, and instrumental levels, in
the endeavour to re-determine the original railway datum, and to connect it with the
tide levels as now determined by the gauge at that station.

The distance from St. John to Shediac is 108 miles, and continuous levels are shown
on an old profile representing a preliminary survey in 1848. This is the only profile
which is continuous, in the sense of being reduced to one uniform datum throughout. It
is neatly drawn and has the appearance of being accurate, but there are no figures given
for the heights, which have therefore to be found by scale. There areseveral horizontal
lines on this profile, which represent the elevations of high tides, freshets, &ec. ; and two
of these extend continuously throughout.

From careful measurements of the differences in level between these lines, as shown
by special vertical scales which are given at the two ends of the profile itself, the level of
high water spring tides at Shediac is found to be 20:00 feet below high water spring
tides at St. John. This amount is altogether excessive, as shown by the later surveys
when the railway came to be built. It is at least seven feet too much, and how this
error came to be made must remain unexplained. We can only consider the result as
quite unreliable.

A later source of information is afforded by a report by Mr. A. L. Light, Chief En-
gineer of the European and North American railway, which is dated 2nd February
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1859, and is included in the “Report of the Railway Commissioners of the Province of
New Brunswick for the year 1858.” The railway was still under construction at that
date, and it was expected that it would be completed in the spring of 1860. In this
report there is a table occupying five ogtavo pages, which is entitled “Table of Gradi-
ents on Revised Location from St. John"to Shedia This table shows the length and
inclination of each grade, and gives a series of elevations at each change of grade, in a
column which is headed “Elevation above high water, spring tides, St. John.” At the
end of the table, there is a note which reads us follows :— B. It will be observed
that the Level of Rails on Shediac whart is 6:70 below high water at St. John, and the
level of high tide at the latter place is 1070 feet above that at Shediac Harbour.”

This difference of 10.70 feet between high water at St. John and at Shediac, when
allowance is made for the different range of the tides at the two places, would make
the elevation of mean sea level very nearly the same for both. This conclusion has
been too readily accepted as reliable, since it is based upon a report which gives the
levels on this railway with so much detail. These levels, however, are themselves
derived from the construction profiles of 1857, as was proved by a careful comparison,
grade by grade, which was made this summer at Moncton, This comparison also
revealed a number of minor discrepancies in level which are not accounted for in the
report. The conclusion arrived at in the report must, therefore, be taken with much
reserve,

The construction profile unfortunately, does not extend to the water at either end,
so that it gives no direct connection with tide levels. It also appears that at the
Shediac end of the railway there is one further grade beyond the point at which the
construction profile ends. In a comparison of tide levels made by the Intercolonial
Engineers at Moncton, this last grade was omitted ; and as the descent upon it is 4.50
feet, the result they arrive at is incorrect by that amonnt.

The railway is divided into 21 sections, and where the ends of these sections come
togetlier, there is sometimes a discrepancy in the connection of the levels, which affects
the continuity of the datum. There were six points found in all, at which a change
in the datum plane occurs from this cause, and at one of these points there is also a
change of 40 feet in the elevation of the datum used. This change is allowed for in the
levels in Mr. Light's report ; but on the other hand, he has overlooked all the minor
discrepancies except one, for which he has made a partial correction. The remaining
discrepancies in level are sometimes up and sometimes down, at the points where the
various sections meet ; and as closely as can be arrived at, their amount when summed
up, is 2.03 feet, This correction, therefore, requires to be applied to the leve
in the report.

i

given
The result then shows, as nearly as the information urder consideration
will give it, the difference in elevation between high water at Shediac and high water
at St. John, which was the datum plane used by Mr. Light for the levels on the
railway.

There is further difficulty, attended also with some uncertainty, in ascertaining at
the present time what the elevation was which Mr. Light adopted as ¢ High water at
spring tides,” at St. John ; since there are no permanent bench marks, and no plans of
wharves or structures of that date exist, on which the level taken for high water
is shown. To arrive at a value for this elevation, an examination of the
ground was made by me in the autumn. The tide levels at the St. John gauge
were carried over to Marsh Creek bridge at the other side of the city of St. John,
by means of simultaneous observations of the water level at high water spring tides on

rd October ; and to connect these with the beginning of the railway profile, instru-
mental levels were run for a mile and a half along a level stretch of the track, where it
crosses a wide marsh immediately east of the St. John railway station. A stretch of track
there which is nearly three miles long, is shown as level on the construction profile ; and
although called a marsh it is not swampy as its name might be taken to imply ; but
consists of flat hay land, of firm clay soil ; and there is therefore no settlement to be
expected. The grade on this marsh, which was originally level in construction, now
varies as much as 091 of a foot in elevation, In deciding upon the original elevation
of rail level, every indication was noticed which would furnish any guide to the parts of
the track which have probably been least disturbed since construction.

The average
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level of seven points extending over a mile of the track, was taken as a basis for deter-
mining the elevation of the track relatively to high water spring tides as given in Mu.
Light’s report.

This is the best method that is now available to obtain a comparison between the
original railway levels of 1859, and the tide levels as obtained from the present gauge
at St. John. Without giving the results in detail, it will be sufficient to say that the
comparison shows the level adopted by Mr. Light as high water at spring tides to be
1185 feet above Mean Sea Level as now determined by the tidal observations at St.
John. It thus appears that the level he adopted as high water, is rather too low ; as it
makes the corresponding range at spring tides less than it should be on the average.
The result, however, when allowance is made for the uncertainties involved, is probably
correct within half a foot ; which is fairly satisfactory in the circumstances, since the
high water mark varies so much, owing to the great range of the tide at St. John, If
then, the elevation which Mr. Light adopted as bigh water spring tides at St. John

is taken as 100:00, the elevation of Mean Sea Level above his datum, as found from the
above difference of level, is 88:15.
feet without appreciable error.

The spring range at Shediac may be taken as 4:00
We thus obtain the comaparisons given in the following
table between mean sea level at St. John and Shediac, according as the difference in Mr.
Lights report 1s accepted without correction, or the correction as determined from the
construction profile is applied.

The reason for making this alternative comparison is,
that it may be held, on the one hand, that these corrections were overlooked by Mr.
Light ; or on the other hand, it may be argued that the apparent discrepancies on the
construction profiles did not in veality afiect the continuity of the datum, but that the
differences were taken up on the ground by arbitrary alterations in the grades,

Elevation of Mean Sea Level at St. John above Mr,

Light’s Datum ;
determined as explained = s

8816 | 88°10
Elevation of High Water spring tides at St. John, as adopted by Mr. |
Light s 10000 100°00
High Water spring tides at Shediac below High Water at St. John: |
() As given in Mr. Light's Report & 10°70
() With corrections for minor discrepancies found on Construction |
Profiles, amounting to 2°03 feet .., 1
High Water spring tides, at Shedine ; 8080 |
Half-range of spring tides at Shediac. . 2:00 |

above Mr. Light's Datum. ... 8730

Elevation of Mean Sea Level at Shediac

It is evid,

t from the explanations above given, that theve is still some uncertainty
son. It is possible that the value for mean sea level with reference to

Mr, Light's datum at St. John is too high, by an amount which would not exceed the
probable limit of error in its deteriination.

in this compa

On the whole, these railway levels can
only be taken as showing'that there is no very great difference in elevation between
mean sea level at St, John and Shediac. Any more definite conclusions can be better
based upon the accurate levels of the Chignecto Ship Railway, which are given further
on.

The difficulty met with in obtaining a reliable result from these railway levels,
serves also to emphasize the unfortunate character of the practice which still prevails

on railways, of using nothing but temporary and perishable bench marks during
struction.

on-
There would be very little extra trouble, when extensive levels are being

taken, to connect them with permanent bench marks, at least at junctions and terminal
points. Through this neglect a large amount of valuable information is lost, which in
after years it is impossible to make good.

A further endeavour was made to obtain a connection between the levels of the
European and North American Railway, and those of the Chignecto Ship Railway,
which runs from Cumberland Basin, in the Bay of Fundy to Baie Verte in Northum-
berland Strait. Such a connection would afford a valuable comparison of the tide levels
at four points : St John and Cumberland Basin, in the Bay of Fundy ; and Shediac and
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Baie Verte, in the Gulf of St. Lawrence.

The Intercolonial Railway should afford this
connection ;

as it crosses the former European and North American Railway at Painsec
Junction, and also the \In]» Railway near Amherst, the distance between the two points
being 37 miles. An original profile of this part ut the Intercolonial still exists, which
ex(vml\ from Painsec Junction to the boundary between New Brunswick and Nova
Scotia, and thus falls short by about a mile of the point at which it crosses the Ship
Railway. To make up the

gap, instrumental levels were run by me in October. In
the absence of bench marks on the Intercolonial, and because of changes in level when
the original timber structures were rebuily, the best points from which original levels
could hu obtained were “grade points” on the earthwork at the ends of ¢ utlmw By
averaging the elevations of several of these, extending over two miles of the ll.ul\, and
carrying the levels across the gap above mentioned to bench marks which establish the
levels on the Ship Railway, a very fair connection was obtained.

When the levels came to be worked out, however, to connect with those on the
],umpt-m and North American Railway, by means of the profile above described, there

was a discrepancy of about five feet at Painsec Junction, which appeared \\'hul the
levels were carried through to tide water.

Every endeavour was made to account for
this, and the levels were worked out according to a variety of hypothetical explanations
but none of these would account satisfactorily for the discrepancy. It was not there-
fore possible to obtain the desired connection, which would have given a valuable
comparison of the tide levels.

Tide levels at the head of the Bay of Fundy and in the Gulf of St. Lawrence, from
the levels of the Chignecto Ship Railway.—The Ship Railway, which still remains unfin-
ished, runs across the isthmus which conmects Nova Scotia with the continent. TIts
southern end is at Fort Lawrence dock, on Cumberland Basin, at the head of the Bay
of Fundy ; and its northern end at Tidnish, on Baie Verte, in Northumberland Strait.
The levels on this railway are accurate ; and they are also connected with the tides by
a series of simultaneous observe tions at the two ends.
able than any that ordinary railway profiles can afford.

There are two bench marks on masonry culverts in the vicinity of the Intercolonial
Railway, which record the Ship Railway levels. These are of inestimable value in this
region, where extensive hay lands are protected by dykes from overflow at the high
tid: They furnish the only permanent marks from which to obtain the level of high
water, or extreme tides, with reference to the height required for dykes, and the pro-
tection of the country from overflow. They are not easy to find without a description ;
as the stone en which they were cut is now much weathered owing to its soft character.
We therefore give the h)llnwmu description of them from ]wuonul inspection. Their
elevations are taken from the working profile of the Chief Engineer, the late Mr. H. G.
C. Ketchum, on which they are given with reference to the Ship Railway datum.
This datum is at 100:00 feet below the level at Fort Lawrence dock, of the highest
tide known ; the Saxby tide of 5th October, 1869.

(1). Bench Mark at the west end of a masonry box culvert on the Ship Railway,
at 2,120 feet south of the crossing of the Intercolonial mil»m) The bench mark was
made by dressing a small square on the top of the coping ut the south west corner.
Elevation above the Ship Railway datum, 9742,

(2). Bench Mark on a masonry box culvert, on the north side of the Intercolonial
Railway track. This culvert is one of a pair, at each side of the track at the crossing
of the railway, to carry the water in the side ditches, A small square as above, on the
south-west corner of the copine at the west end of the culvert. Eleiation above the
Ship Railway datum, 100 86.

(This elevation is incorrectly marked on the prfile as 10036, instead of 10086,
which was checked by iustrumental levels carried from the other bench mark, and by
comparison with the level of the track.)

A series of tide levels at the two ends of the Ship Railway
diagram, in the company’s office at Amherst.

The results are much more reli-

wre given as a large wall
On this, the elevations of high water and
low water on successive days durinz a period of nearly five months, are shown on a
scale of an inch to the foot.

A reduction of this diagram is given as Plate I1I. The
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value of this is evident, as the observations are simultaneous, and they are reduced to
the same datum level in both Cumberland Basin and Baie Verte, The original observa-
tions could not be procured in the form of notes; but as the diagram is on so large a
scule, the elevations of the tide, day by day, can be very closely scaled. The observa-
tions extend from 13th August to 31st December for Cumberland Basin; and at Baie
Verte from 11th August to 16th November, with a good many omissions, however, in
September. The year of the observations is not stated ; but it must be 1893, from the
recollection of the officer at present on the works, and from comparison of the spring
tides with the moon’s phases in that year.

These tide levels furnish the best means available for obtaining the elevation of
Mean Sea Level at the head of the Bay of Fundy as compared with the Gulf of St.
Lawrence. It is to be noted, however, that from such observations, the value obtained
for mean sea level is based upon the average half-range from low water to high water,
while the form of the tide is ignored. The tidal curve at the head of the Bay of Fundy,
as usual in estuaries, is wider and flatter at low water and sharper at high water, instead
of being symmetrical ; which it still is as\far up as St. John. It is therefore to be
assumed that the elevation of mean sea level in Cumberland Basin, as obtained in this
way, will be higher than the true elevation which would be found by hourly observa-
tions, or by the bisection of the area of the tide curve.

In Baie Verte, any difference
from this

cauge is probably quite inappreciable, as the range of the tide is

more
moderate, and its form presumably symmetrical.

Although the period of the observa-
tions at Baie Verte is shorter, the result for these reasons will be quite as accurate in

proportion as in Cumberland Basin.  Mean sea level in Baie Verte is in all probabi-
lity the same as in the Atlantic. If there is any difference, it should be higher than in
the Atlantic, as the lighter density of the water of the Gulf of St, Lawrence should
make the water surface stand a few inches higher than in the ocean.

We add also a table taken from these observations, to show the range at springs
and neaps in Cumberland Basin. It appears probable that these observations are day
tides only ; and this would help to account for the apparent irregularities in the inter-
vals of time between the spring and neap tides. According to the Admiralty tide tables
the range in Cumberland Basin is the highest in the Bay of Fundy, with the exception
of Noel Bay and Horton Bluff in Minas Basin. The range at spring tides and the rise
at neap tides, as given in the Admiralty list, are as follows :—Noel Bay : springs 503,

neaps 434 feet; Horton Bluff: springs 48, neaps 40 feet ; Cumberland Basin at Sack-
ville ; springs 45}, neaps 38 feet.

I. Mean Sea Level at the head of the Bay of Fundy and on the Gulf of St.

Lawrence, being the average elevation of half-tide above the datum of the Chignecto
Ship Railway.

At Fort Lawrence dock, Cumberland Basin, Bay of Fundy: Mean Sea Level from
observations on 116 consecutive days, divided into lunar months, or periods of 29 days.

20th Aug. to 26th Sept.—Elevation of Mean Sea Level. .

70°26

27th Sept. to 25th Oct.— " " " 70°67

26th Oct. to 23rd Nov. " " " 71'12

24th Nov. to 22nd Dec.— " " 45 SR e A S e e 7101
Mean Elevation .

............. 70°76

At Tidnish, Baie Verte, Gulf of St. Lawrence: Average elevation of half-tide on
78 days on which both high water and low water were obtained, between 11th August
ard 16th November,
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II. Spring and Neap Range at Fort Lawrence dock, Cumberland Basin ; with the
elevation of high and low water above the datum of the Chignecto Ship Railway.

| |
| |
Tides and Date. | Elevation | Elevation | Spring | Neap

(Year not stated ; probably 1893.) of HLW., 1 of L.W, j Range. | F

tange.
| [ |
RIS s e e SR SR Sk et | Airiirilﬁr* PUEK
Neap tides, 20th Aug. 3 : 8505 bb 65 20740
Spring «  20th . 09245 48" 40 4405
Neap «  Hth Sept. 8650 5050 3600
Spring «  10th « 90°80 5190 38°90
Neap o 17th o 85700 i ‘
Spring «  27th e 9460 47°00 1
Neap '«  4th Oct.. . e oo 8685 | 8865 |...... .| 8290 i
i [ Shi o aa T i e 90°00 | 8965 ‘ . i
Spring !
URE ) 2 e s e s 9070 i
Neap o 17th 85°00 ] S anay '»
Spring s 8th-w aician GRva 96°00 49°00 I SRviATaT
Neap «  8rd Nov..... s e TR SR TR o 8740 e B UL )
s ' Tth « 8875 | 3545 R b AN 1
Spring «
lszh " RS ssivavassin) - 8880 -y o |
o vl e [ (ST re e e o 8520 567°10 ¥ 28°156
Spring «  24th « 9440 ‘ 47°00 | 47'40
Neap «  30th 8600 54°70

Vesen 4130
| I

Spring

Neap

|

[

S

b Deci it ‘
Bth i

5:86 |.,.hiiiaii o 81000

Spring 2nd

Mean Range ...........o00ee

For comparison with the above, we may mention an

ceptionally hightide which
occurred on 8th October, 1896, which reached the elevation 9613 at the Fort Lawrence

dock. This tide, as noted by myself at the time, overflowed the dykes at many places
between Amherst and Sackville, and also broke over the dykes in places along the
Petitcodiac River, as far as Moncton. There was no storm disturbance at the time, but
on the other hand, it occurred under a combination of astronomical conditions which
makes it probable that this is as high a tide as is possible, due to astronomical conditions
alone, apart from storm disturbance. It is a little higher than the tide of 25th October,
the highest in the above series of observations. The same tide at St. John, reached an
elevation of 7310 on the St. John scale; and at Moncton the elevation reached was

11891, or 18:91 above the Moncton City datum. The relation between the datum
planes at these three places, is at present undetermined.
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The standard values for the tide levels, as adopted by the Engineers of the Ship
Railway, are as follows :—

|

|
Cumberland Basin,
Elevation of the Tide from the Ship Railway Profiles. |

Baie Verte,

3ay of Fundy, |Gulf of St. Lawrence.
|
Saxby tide, highest known ; occurred 5th Oct., 1869.. .. - 100:00 |
Exceptional H. W., highest known . .. Vv s erain il 7900
High water, spring tides ...... ........... . 7 9600 |
Ordinary BIEECWabar. - .. i i iiepeiay ssov onviiy 8000 7400
Ordinary low water | 68740
Extreme low watér to which the Ship Railway soundings are < ‘ ]
reduced e vs setes = ; 47:20 | 65°60

LEVELS REQUIRED FOR THE CONNECTION OF MEAN SEA LEVEL, IN THE BAY OF FUNDY, THE

GULF OF BT. LAWRENCE AND THE ATLANTIC

At several ports, mean sea level has already been determined by the Tidal Survey,
and the observations of this summer afford further material for this purpose. Although
these determinations are by no means the primacy object of this Survey, they result,
with little additional labour, from the careful and continuous observations required for
the determination of a uniform datum level for the tidal record itself, this’being essen-
tial to make the record of use as a basis for tide tables. In this climate, readings on
exposed tide scales can be obtained for summer observations, but they cannot be had
throughout the winter, on account of the accumulation of ice. The datum has therefore
to be determined from comparisons with sight gauges which are sheltered and supplied
with heating in winter, in the same way as the recording instrument itself.
gements used for this purpose have already been described in these Reports.
gauges are connected by instrumental levels with permanent bench marks.

As regards the comparison of tide levels in the Bay of Fundy with the Gulf of St.
Lawrence and the Atlantic coast, determinations of mean sea level have already been
made at the following ports :—

The arran-
The sight

At St. John, N.B, from two years of continuous tidal record ; mean sea level is
referred to the Tidal Survey Bench Mark on the Custom house.

At Halifax, from tidal record during one complete year, roferred to the Admiralty
Bench Mark in the Dock yard.

The results obtained there, as well as those for Quebec, are given in the report on
this Survey for last year. The further material now available is as follows : —

At Yarmouth and Digby in the Bay of Fundy, five months of continuous tidal
record in 1898, the datum of the observations being referre:l to permanent bench marks
as described in this report. Also, in Camberland Basin, the determination of mean sea
level from four months observation of tide levels, as above given ; and connected with
this, by the levels of the Ship Railway, the determination at Baie Verte from observa-
tions of tide levels during a period amounting to 24 months in all.

To make connection between these determinations, accurate instrumental levels
would be required from 8t. John to Moncton, 90 miles ; and from Moncton to the Ship
Railway bench marks near Amherst, 48 miles, By taking this route, connection would
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be made with the well-determined city levels of Moncton, and the tidal observations at
the head of the Petitcodinc ; and the levels around the head of the Bay of Fundy, from
Moncton to Amherst would also enable bench marks to be established with reference to
tide levels, for use in the better protection of the extensive dyked marshes from flooding
at extreme tides.

If levels were run from the hench mark now established at Digby to the Admir
alty bench mark at Halifax, a direct connection could be obtained between the tide
levels in the Bay of Fundy and in the Atlantic. These levels could also be made to
afford the same service as above, to the dyked marshes on Minas Basin. A further check
on the relative levels could be obtained from the simultaneous observations of this season
at Dighy and 8t. Johi. by assuming that mean sea level has the same absolute eleva-
tion at these two places, as they are directly opposite each other on the two sides of the
Bay of Fundy. With this connection, a comparison of the tide levels at St. John could
be made both with the Gulf of St. Lawrence and the Atlantic at Halifax. The same
advantage could be obtained, but with more trouble, by continuing the instrumental
levels from Amherst to Halifax, a distance of 138 miles.

The connection of the bench mark at Yarmouth with Digby, 75 miles, would also
be valuable ; as mean sea level at Yarmouth must be closely the same as in the open
Atlantic. Whether this is accurately correct, would also be ascertained by means of the
comparison with Halifax.

When a connected series of elevations for mean sea level were determined at Yar-
mouth, Digby, St. John, and Cumberland Basin, they would also afford a basis from
which to obtain the actual elevations of high water and low water at successive points
in the bay, and thus to trace the progress of the tide as regards change in level,
throughoug the Bay of Fandy.

To carry out such a system of levelling'can hardly be considered as within the pro-
vince of the Tidal Survey ; but it may be well to point out the way in which this could
best be accomplished, to take advantage of work already done, and observations already
obtained.

I have, sir, the honour to remain,
Your obedient servant,
{

W. BELL DAWSON,
In charge of Tidal Survey.
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TABL

IX OF TIDAL CONSTANTS.—EXPLANATION.
These constants are determined from old observations at Halifax as indicated ;
and from the tidal record obtained by this Survey, reduced to a uniform datum, and
tabulated in hourly ordinates,  The analysis of the record and the determination of the
constants has been made by Mr. Edward Roberts, F.R.A.S,, Chief Assistant in the
Nautieal Ahmanae office, London.

Hanieax.  Datum. The varying valuis of A correspond with the difference in
datum used in d observations. In the present series, 1805 to 1896, the height is
to the Admiralty datum as established by the Bench Mark in the Dock yard
K¢ are veterred to the meridian of the place.

[ith regard to these tants as

¢ remark < A few of the

the

now determined, Mr. Roberts makes the follow

smaller components were not ¢

aluated for the year 1860,
as the observations were broken, and a better mean value is probably obtained by ex
cluding them. ~The lunar and luni-solar long-period tides, in 1861, are also omitted.

The

results for the les do not accord well, and the results cannot be regarded

3 genuine No mean value, therefore, has been taken for them from the three years’

resu [he results for the solar annual tide agree very well ; and those for the solar
semi-annual, fairly so,

The whole of the short-period terms are, T think, good ; and the

mean values excecdingly so. They are a very reliable set of constants.”

St. Joun, N.B. ' Datum. The datum to which the tides are referred is 55:60 feet
below the Tidal Survey banch mark at the south-east corner of the Custom house, The
values of the |

nonic tide plane, mean sea level, &e. as now determined, are given in
the last report of this survey.

The K's are referred to the meridian of St. John Observatory, its longitude being
48 24m 160 W.

Quenge.  Datum. The tides are referred to the original Admiralty datum, as
lished by the Bench Mark on the Marine and Fisheries building in Queboc.
scale of heights used at the tide gnuge was the outside scale cut on the masonry
Dry Dock at Lévis ; and on this s
the tigures as cut.

estab-

The
of the
it error has been found in the spacing of

The true zero of the scale, corresponding to the mean position of the
figures, is thus 7-78 below the Admiralty datum, instead of 7:80 feet as assumed in the
tabulation of the tidal record. Hence, height of mean sea level above Admiralty
datum = A +4-0:020 == 8:602

The K's are referred to the 75th

meridian west, to correspond with Eastern
Standard time
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