Atlas of Tidal Currents
for
Halifax Harbour

David A. Greenbgy
FisheriesandOceangCanada
BedfordInstituteof Oceanograph
Dartmouth Nova Scotia,Canada

August,1999



Contents

1 Intr oduction and disclaimer 3
2 The Model and its limitations 4
3 Nontidal Curr ents 5
4 How to usethis atlas 5

41 Examples. . . . .. 6

List of Tables

1

Theamplitudeof the majortidal constituent§rom ananalysisof 1973
datafrom the Halifax Harbourtide gauge.The componentsdditional
to M, are approximatelyaccountedor by scalingthe vectorsasde-
scribedonsectiond. . . ... Lo 4
Extractionfrom Tide Tables— HalifaxHarbourMay 141999. . . . . 6

List of Figures

©oO~NOOULA WNPE

Full Harbour hightide . . . . . ... .. ... ............ 8
Full Harbour onehourafterhightide . . ... ... ......... 9
Full Harbour two hoursafterhightide . . . . . ... ......... 10
Full Harbour threehoursafterhightide . . . . ... ... ... ... 11
Full Harbour two hoursbeforelowtide . ... ... ......... 12
Full Harbour onehourbeforelowtide . . . .. ... .. ... .. .. 13
Full Harbourlowtide. . . . . . . ... ... ... ... ....... 14
Full Harbour onehourafterlowtide . . . ... ... .. ... .... 15
Full Harbour two hoursafterlowtide . . ... ... ......... 16
Full Harbour threehoursafterlow tide. . . . . ... ... ... ... 17
Full Harbour two hoursbeforehightide . . . . . ... ... ... .. 18
Full Harbour onehourbeforehightide . . . . .. ... .. ... .. 19
InnerHarbour hightide. . . . . ... ... .. ............ 20
InnerHarbour onehourafterhightide . . . . . ... ......... 21
InnerHarbour two hoursafterhightide . . . . ... ......... 22
InnerHarbour threehoursafterhightide . . . ... ......... 23
InnerHarbour two hoursbeforelow tide. . . . . ... ... ... .. 24
InnerHarbour onehourbeforelowtide . . .. ... ... ...... 25
InnerHarbourlowtide . . . ... ... ... ............. 26
InnerHarbour onehourafterlowtide . . ... ... ......... 27
InnerHarbour two hoursafterlowtide. . . . . ... ......... 28
InnerHarbour threehoursafterlowtide . . .. ... .. ... .. .. 29
InnerHarbour two hoursbeforehightide . . . . ... ... ... .. 30
InnerHarbour onehourbeforehightide . . . . . ... ... ... .. 31



1 Intr oduction and disclaimer

This atlaswas createdfollowing a requestfrom the CanadianArmed Forcesfor in-
formationon currentsfor navigating Halifax Harbour It is hopedthatit will sene
the samepurposeasthe Atlas of Tidal Currents, Bay of Fundy and Gulf of Maine [1],
namelyto provide hourly snapshot®f tidal currentsfor the purposesof navigation.
Notethatin Halifax Harbourthetidesarenot large,andcomparedo the Bay of Fundy
andGulf of Mainethetidal currentscanbedominatedcandevenreversedoy otherpro-
cessegseesection3). In addition,therearelimitations of the computermodelusedto
computethesecurrentg(section?).

THIS ATLAS IS PROVIDED IN THE HOPE THAT IT WILL BE HELP-
FUL BUT BE CAUTIONED THAT IT IS TO BE USED AT YOUR OWN RISK.
UNDER NO CIRCUMSTANCES IS ANY RESPONSIBILITY ASSUMED FOR
DAMA GE ARISING FROM THE USEOR THE INABILITY TO USETHIS AT-
LAS.

We areinterestedn providing the bestinformationpossible.Feedbaclon the ac-
curag or inaccuray of the depictedcurrentswill help establishwhetherthis product
is worthwhile andhow it might beimproved. Commentsnay be mailedto the author
attheaddres®n the cover pageor e-mailedto dgreenbe@georgs.hio.dfo.ca.



2 The Model and its limitations

The numericalmodelusedto generatahe currentdiagramswvasoriginally developed
in atestexerciselooking atthetsunamigeneratedn the Halifax Harbourexplosionof
1917[7, 3, 4]. At thetime this reportwaswritten, an introductionto the modelwas
availableattheinternetsitehttp://www.maritimes.dfo.ca/science/ocean/welcome.htmi
by following thelinks Curr ent Reseach = CoastalHydr odynamicsModelling =
Coastal Embayments Cir culation and Dispersion = Halifax Harbour. Thetidal
currentshave beensubjectto only limited verification. Wherethey have beencom-
paredto currentmeterdatathey agreeto within the uncertaintyof the obsenations
(10 — 20%). The currentsseavard of MacNabs Island have inaccuracieslueto the
approximationgnadein specifyingthe tide at the outerlimit of the modelandthese
shouldbetreatedasunreliable. Datavs modelcomparisonsn this areashow thatthe
modelis producingacross-chann&urrentsstrongerthanobsened.

For thosetechnicallyinclined,the modelis a linearharmonicfinite elementmodel
with grid resolutionfrom 20 m to 1 km with anaveragenodeseparatiorof 170m. In
practicaltermsthis meanghatthe modelwill not be accurateor currentsthatchange
atscalesapproachinghelocal resolution.Thiswill beaproblemnearpoorly resohed
solid docksandareaswith smallbottomfeaturesandrapidly changingdepths.

Themodelonly usesonecomponenbdf thetides— the M, Lunarcomponentvith
period12.42hours.Therelative magnitude®f the otherconstituent€anbe estimated
from the amplitudesfrom an analysisof the Halifax Harbourtide gaugedata(Table
2). The currentsfor the semi-diurnalcomponentsS, and N,, will have magnitudes
approximatelyproportionalto the ratio of their amplitudeto the M, amplitude. The
diurnal currentcomponentsiK; andO;, would scaleasonehalf their ratio to the M,
amplitude. Thesecomponent®f the currentsareapproximatelyconsideredy taking
into accounthetidal range(seesectiord). Othernontidalcontritutionsto theHarbour
currentswhichattimeshave magnitudegreaterthanthetides,aredescribedn section
3 below.

| Constituent] Amplitude (m) |

M, 0.628
S 0.138
Ns 0.138
K, 0.100
0O, 0.048

Table1: Theamplitudeof the majortidal constituentdrom ananalysis
of 1973datafrom the Halifax Harbourtide gauge.The componentsad-
ditionalto M, areapproximatelyaccountedor by scalingthe vectorsas
describedn section4.



3 Nontidal Curr ents

Therearemary otherprocessesot considerecherethatgive rise to currentsthatcan
have magnitudeof the sameorderasthetidal currentsshavn in this atlas. Someof
theseare:

¢ Local wind forcing. Thiswill dependntheforce,directionanddurationof the
wind. It is notuncommorto seemagnitude®f 5to 15cm- s~1.

¢ Distant meteorological forcing. Eventhoughthe Harbourseemscalm, distant
weathersystemsangive rise to sealevel changest the mouthof the Harbour
influencingtheinnerHarbourcurrentsto the samedegreeasthelocal winds for
periodsof hoursto days.

e Resonance.Halifax Harbourcanberunglike a bell from passingveathersys-
temsor big wavesatthe Harbourentrance The periodof thisresonantingingis
about2.1 hoursandthe currentscanbe 5 to 10cm- s! [5]. Theresonancéas
beenobseredto be strongerandmorefrequentin winter.

e Estuarine circulation. The freshwaterflowing out on the surfaceis compen-
satedor by adeepesaltierflow into theharbour Thecurrent§5—-15cm - s71)
arestrongerattimesof strongrunoff, but areseenatall timesof the year[6].

4 How to usethis atlas

This atlasis meantto be usedin conjunctionwith the currentannualTide Tables for
HalifaxHarbour(e.g.[2]). Thegenerapatterncanbeobtaineddirectlyfrom oneof the
diagrams.Two setsof figuresaregiven;thefirst set(Figuresl — 12) coversthewhole
Harbour the secondset(Figures13 — 24) coversthe centralpartin greaterdetail. The
strengthof the currentis determinedy comparinghelengthof the currentarrown with
the5 cm! currentscalevectorshovn. The currentmagnitudesirederived assuming
an M- tidal rangeof 1.24 m; however, Tide Tables indicatethe tidal rangecanbe as
highas2.1 metrestheseshouldbefurtherscaledfor moreaccuratgredictions.

1. Find thetidal diagramappropriateto your time relative to the tidesin the Tide
Tables. (Remembethatthetimesin the Tide Tables arealwayslocal standard
time neverdaylightsaving.)

2. Determinethe range (in metres)of thetide thatincludesthe time of interestby
subtractinghelow from the hightide.

3. Thescalefactorfor thecurrentsis range/1.24.

4. In the specialcasewherethetime is exactly at high or low tide (seethe second
example)the rangeshouldbe taken from therising or falling tide thatimmedi-
atelyprecedeshattime.



4.1 Examples
Thesealevel from the Tide Tables May 14 1999at Halifax areshawvn in table2.

e May 14 19999:00ADT (thetime youwantto know the currents).

— Corvertto AST — 8:00(thiscorrespondso aboutonehourafterhightide).
— Thechartsof interestare: Figures2 and14.

— Currentswill first be scaledaccordingto their lengthrelative to the5 cm
scalearrowv onthefigure.

— Thetidal rangeis 1.8 — 0.2 = 1.6 sothe scalefactorto be appliedto the
currentss 1.6/1.24 = 1.3.

e May 14199920:05ADT.

— Corvertto AST — 19:05(this correspondso hightide).
— Thechartsof interestare: Figuresl and13.

— Currentswill first be scaledaccordingto their lengthrelative to the 5 cm
scalearrowv onthefigure.

— Thetidal rangeis 2.0 — 0.2 = 1.8 sothe scalefactorto be appliedto the
currentss 1.8/1.24 = 1.3.

| Time | Height(m) |

0100 0.1
0650 1.8
1310 0.2
1905 2.0

Table2: Extractionfrom Tide Tables — Halifax HarbourMay 14 1999.
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