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Ahydraullc model of Alberni Harbourlf3s built during 1950 and 1951
bylJuttall(1,2) at the Pacific Biologica15tation, Nanaimo, B.C.



~~~i:r;~~v~: surface water and deep water leaving the model through the

In the summer of 1941 the Pacific Oceanographic Group conducted an

:~~~O~~:~h~e~~~;o~h~b:~~;~e~a~1~b(3f H~~urth:h~a~:S~;~~e~~
on this survey were the gradients of salinity with depth. Itiseurob­
jectivetoreproduceinthemodelatthesamelocations,atthesamestage
of the tide, at the sameSomass discharge, and with the same past history of
tide and river, the salinit7gradients foWld in the protot;rpe.

This report treats the ph7sicalaltoratlonsto the model Insearch ot
;~~o~~al. A sequel entitled Verification.Q.f.~ Albemi~~ will

Black lines ot latitude and longitude compr1singthe grid by-which
AlberniHarbourwasdividodintheI941oceanographicsurveyh&vebeen
painted on the model. Thisisthegrid,foridentityingtheplanposition
ofsampllngstations,showninFigure2ofOceanographY.!!12Predictlon.21
f!!!I!!!ll! Pollution1!! Alberni Inlet (J).

Gridline4-5lies.longlatitude49'15'N. Grid lineG-H lies along
longitude124'SO'W. Each squars is S07 feet b,-S07feet.

IntheriverheadworkstheSomas8waterflowsfirstlntoatank,2.7tt
long by 1.6 ft wide, where its velocity is reduce<1 almost to zero, and dis­
charges thentbrough a 30-degreetriangulAr weir into the model. The flew
is controlled manually with a globe valve in theone-lnch pipe euppl.1ingthe
tank. (Throughsuchavalveisthebestplumbingfittlngonthemarketfor
regulating the flow of water, it is stUlfartromsatisfactory.) Thedis­
charge is measured from the hea:1 over the weir.



theh~~elshovstheopenoilmanometerOriginallyinstalledtomagnifY

X.~.9.75.ThecaPillaryriSeinthetubeh.O.l1inChandiscon-

stant. Hence the zero mark on the scale falls 1.1 inch above the datwn.
The scale was constructed as follows.
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A list of sixty-one barmonic constants of the tide at Port Al'oerni,
f~~~h~g)~ the Canadian Hydrographic Service, is given by Nuttall

The tide computer in the laboratory predicts both the tidebelght and
the rate ot changeot tide height at Port Alberni, using: the tour components
having the greatest amplitide ot the sixty listed, namely, S2,K2,KlIand
01- The computer solves mechanica1.lJrthe tollowing equatlons tor the tide
heightandrateotchangeottidebeight:

I-{ ... Zo + 1.. $'2 CO$ (o~'l. t + d..~'Z.)

• z ..~ (003 (o ..~t + o< ....~)

+ 7. 1<. COS (a", \ + 0<",)

+ 7. 0 • coS (oo,t + 0(01)

~ • -~ 0S~ "Z.S~ sin (on t + O(S,)

- Tic 0 .... 7. ..~ s'n (OM~ t + o< ...~)

-~ ok' 7", sin (O", t + 011<,)

-~ 0 0 , 7. 0 , Sin (<:lo,t .. 0(0')

H - tide height in feet at any inste.nt after some arbitrary
initial epoch

t -timeinhoursat'terinitia1epoch

0<. • phaseang1e otcomponent tide at initial epoch

m-rateotchangeottideheightinteetperhour

It we chose the initial epoch 0000 on January 1, 1941, and su'ostitute
the appropriate 'Yalues of speed and phase angle (4) then the computer solves
the tollowing equations·



1-1- 6.451 + 0.876 co. 0oooooס.30) t - 24+06)
+ 3.128 co. (28.9841042 t + 288+09)
+ 1.300 co. (15.0410686 t -116+.1)
+ 0.809 co. (13.9430356 t + 165+02) (5)

dH
df" - 0.459 .1n 0oooooס.30) t - 24+06)

-1.582.in (28.9841042 t + 288+.9)
- 0.341.in (15.0410686 t -116+.1)
-0.197.in (13.9430356 t + 165+.2)

When the phase angle oteverycomponent in the harmonic equationota
tideequa.ls zero then the height is anabsolutemaxi.mum; likewise..menthe
pbase angle of every component equals 100 degrees then the helght is an
absolutelll.1.nimUll. Table 1 gives tbeseabsoluteextreme8 tromthetour­
component equationot the tide at Port Alberni and from the s1xty-component

:~~O~id:~ChTh;nm;:: ~:~;~e (:;:::~ ~~~)~~l~~h c~~:et~~~:~~e~:e
tide and the sixty-component tide above thetidaldatumisnec8s8&rllythe
same, namely 6.451 feet.

It is interesting to note in the tldetables (S) the annual highest and
lowest tides predictedlorClayoquot, B.C. The "tidal differences" intbe
1952 tlde tables impl.;rthatthe extreme Port Alberni heights equal the ex­
tremeClayoquotheights.Table2liststheannualextreme5~inthe
tidetablestorClayoquot. Included for comparison are the annU&1 extreme5
~atClayoquot(6).Thehighesttideeverrecord.edatClayoquotwas
15.2 teet, in 1920. Twenty-fourharmonlccomponentsotthetideatClayoquot
areused.inthetide-tablepredictioll5.



1932
1933
1934
1935

II
1m

14.6
14.7
14.0
14.2
14.2

II
13.6

0.2 -0.3
-0.1
0.0 -0.4
0.4 -0.2
0.2 -0.6

-0.1 -0.4
0.2 -0.1
0.4
0.5 0.1
0.1 -0.5
0.1 -0.7
0.2 -0.5
0.5 -0.2

1:! ~:l
0.0



By judiciously selecting the interval, one can obtain, in its average
range, a close approximation of the mean range. Accordingly we have evaluated.
the average range of tbe tide at Clayoquot from the tide-table predictions
during an interval of twelve consecutive l\marmonths in 1941. This 1941
average-rangeh 7.00 feet and is presumed to be the mean range ot the tide
atClay"oquot.



H • Lo + n. 4 cfmpo"ents 7. nCo:> (an f • "'n),

H· LO+I.17b'4.f,~ponent.. z." cos(ant .. ol,,~.
The results showninFlgure 5 justit';ythismoditieation. From lett to

rightareplottedthefrequencydistributionsotbothhlghandlowwatera
for the tollowing tides during the intervals specified.

The average range is 7.00 ft. rfthisintervalbeassumedrepresenta­
tiveora~tidalcycle,thenthemeanrangealsois7.00rt.

2. Tide-table Predictions forClayoquot and Four-component Tide at
Port Alberni from January to May, 1941.



1. Inexact Gear Ratios Between the Four Components in the Tide
Computing Machine 0

1. Original1yawaxedsilkfbhinglinehadbeenusedtoconnecttbis
pen to the height arm but this was discarded in favour ofa tine stainless­
steelwire. Thefishinglinewasunsuitablebecauseltslengthresponded
erratica1.lJrtochangesinbothtemperatureandhUDlidlty,becauseitbehaved
inelas'ticallytochangellintenslon,andbecauseitvastra,yedbythepulle78.
Theonlydetectapparentintheex1stingconnectionisthenre'schangein
lengthrlthtemperature,whichisbothsmallandcalculable.



:::ht~~et~:i~~~~~e:~~~r~2' T~;' e~~:r°t~ ~~~h:t~:~~iii:;rtro~h~:e ~~~~a"
gear ratios after one Tearwl11 vary trom nro to plus or minus 0.9 tt.
Table 3 shows the error in speed of each component andite contrlbutionto
the greahst poss1ble error in tide height.

ERROR III SPEED OF COI!PONENTS IN TIDE COOU'l'ER

COOOtlEllT CORRECTSPEED ACTUALdPEED EIlRORINSPEED ERRORIJiSPEEDMAXIIlUMERROR
IJiTIDEHEICHT
Al"I'EIlONEIEAR

that ~ :~~:ms;~'~~t~~m~:~~n:~~ht~~:~:~~~: ~ ~::":r:~:a(~:l~:~~e.
ottheeomponents). TbedeTiations from parallel of the integratlng cables, due
tothedisplaeementoftheeranks,eauseanerrorlnthetidehe1ghtsuchthat
the tlde is IllW'&y'S too loW'. The greatest error trom this causeiarolnusO.ltt.

The length otthe lntegratingeable is adjulltable at its anchor. Once
adjust.edtobeeorreetatagiventemperature J a6·Friaevillmakethetide
O.lft too high. We a.re prepared to keep adjusting the cable length if the
temperature in the laboratory cannot beheld eon,tant.

It the pulleys were frietlonlesa the tension in each ot thee1ght parts of
the lntegratingeable would beeqU&1, and hence the sag in.achparlandthe
stretcbln eac'" part would be equal. Such is the ideal. Friction in tbe pulleys,
howeverJ causee tbe tenslon in each p&rt to ditter. Thepulle7fr1ctlonfaetor
is 0.07. That is, tbetenslonlnaeableh changed by 7 percent inpass!ng
through 180 degrees over a pulle;y. DuringtheebbJ whentheeableisllttlngtbe
he1ghtArm J the tenslonin the anchored part 1s 72pereentg"aterthantbetension
attbe free epdJ the sagh 42 percent less thanth81deal, and the stretch is 37
pereentgr8.terth4ntheldeal.Ineaehotth.e1ght~.thetens1onexceed.



thatatthefreeend,thesagislessthantheideal,andthestretchex­
ceedstheideal. The sum of the dacrements Insag causes an error in the
tide heightot plus O.lft; the sum of the increments in stretch an error
ofplusO.lttalso.Thusduringtheebbthetide18~0.2fttoo

high due to pulleyfrlction. Likewiseduringtheflood,wenthecablels
loweringtheheightarm,thetensionineacho!theelghtpartsdecreases
progresslvelytovardtheanchoredend,thesagexceed.stheideal,andtbe
stretch is less than the ideal. As a result the tide height is in error
minus 0.2 ft due to sag and minus 0.1 ft due toetretch. Thusduringthe
floodthetideis~O.Jrttoolowduetopulleyfriction.Figure

8 shows the effect ot pulley friction upon the recorded graph ot the computed
tide. The friction could be reduced by the use of ball-bearing pulleys.

5. i::ratureChangeSintheWireConnectingthePentotheHeight

The recorded tide-height is subject to an error due to thermal expansion
of the wire connecting the pen to the height arm. Once its length has been

~:~~~:~ ~~d:eO:~r~~c~c:tl~w~iventemperature, a 24-F rise vill make the

6. Play Between thekoving Paper and its Guides.

There is room for play between the moving paper and its guides amount­
ingtoa random error in the recorded tide-height from zero to minus 0.2 ft •



SOURCE OF ERRGR III RECCRDEDTIDE
ANDMvDEL.ATERW:YELI3O'rn III FEET

up to 0.9 high or Randomandincreas-
low after one year ing with time

0.1 high per 6-F rise Proportional to
0.1 low per6-Fdrop temperature change

0.2 high during ebb Constant
O.Jlowduringflood

SOURCE OF ERROR IN RECORDED TlDE
OIlLY

0.1 low per 24-F rise Proportional to
0.1 high per 24·Fdroptemperature change
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VALUFS OFH FROM FOUR-COllPOIIENT IXlUATION

DURINGRUNFRvl1 JANUARY 1, TO HAY 26, 1941

RECORDEDH CALCULATEDH ERROR
FEET

7.1 6.91

:1:1 ,l;~

RECORDEDH CALCULATEDH
FEETFEET

0000
Aprill 8.4 8.46 0.1 low
April 11 11.4

~~il
0.1 loW'

0000 Hay 1 8.5 g:~ high
ooסס

~:1~3
12.2

0000 6.2 0.4hlgh
0000 11.4 O.lhlgh



3. Ela!!lticityottheCord.

4. VariationsottheWaterDensityo

Ah - ~

)( -trictionfactor,assumedtobesmall.toracordpass1ng
throughl80-overapulley

A • plan area of tloat

This value of An in the model amounts to 0.3 teet in the prototype
(F1gurelO).

Apparently'thewooden-tloat trace was in errormalnlytrolllpulle,.-triction,
tornoettectsotsurtacetension,elastlc1ty,ordensitywereperceptible.
Ittollowsthat, since the metal float was tied to the pen via the same system
of pulleys, its stepped trace must be attributed to surface tension, and the
etfectsof elasticity and density are negUglble.



A possible explanation for the steps in the water-level trace tollows.
Consider the water initially rising very slowly at a steady rate. Thenoat
is in equilibrlumwith thewatero(Case 1). Tbe trace is smootbbut lags the
actual water level due to pulleT friction_ Now let the water rlse at an
accelerated rate_ Because of its inertia the float lags behind the water
(Case 2). There nov exists an Wlbalanced vertical force on the noatwhose
magnitude1s

The upward acceleration of the water relative to the float will soonerorlater
cease,whereuponth1sunbalanced.forcewillcatapultthetloatverticallyup
beyondtheequilibrlumdraught he- The float will noW' oscillate vertlcally
about the equ1libriumdraught. As soon as the float beglns to move down as
a result of its over-shooting the equillbriumdraught-theabsolutewater
levelstillrising-thetracewillflatten_ The trace will remain horizontal
until the float again rises to tbe absolute elevation at which it startedto
drop-the absolute water level still rising.

The evolutionot our present systemot exchanging the water is a story
~;c:~:~~intment, from which the following significant advances will be





Sd- salinity of deep water

Sv-salinityofupperzone

Vu - volume discharged through upper orifice during interval=f

Vu • QT 5~~Su

'Vv·volwnedi"charl:edthroughouUetva:lved\lringinterval :Jl
VrT\-volwne of model between high-water line and low-waterline

V v • V m + QT •

The volume discharged through the deep orifice during the interva11is

Vd • V v - V v •



::::~r~.~J::E;:~~~;~:'d~t:~~O~·~~~:rEr"2~;~:~~~:aw
portlonal. Mark 2 h designed to accomplleh thlso The upper 'Zonedls­
charges Wlder a constant head througb an orilice 1n a sllding gate

~~~~:~~~~~:~~~~~~E:i~h~.~~~E::~i~~~~E~F:~;~r.r~E;:~;:.
:;~r~;ri:s t~:J:;~a:r::~r~a~k atut~~~ ~r;;~c:i~::;:~lin~~au;:e t~:e~lOW
through the upper orifice was turbulent, and hence unpredictable, due to
leaklge between the slldinggates and the standplpe.

glit

photgraph

The model's reaction to the May 1941 freshet (3, Fig. 16)w&.shsted
wlth gate ebb-standpipe mark 3. The results are listed in Table 6.

Tully reasonably contends thatdnce there are no sl1dlnggates in
A.lberni Inlet in the prototype there should ex1l!1t some fixed shape of
standplpewhich is hydraullcallyequivalent to the bottom topography of the
inlet in controlling the efflWt ot the vater tromAlbernlHarbour.

The shape ot the sill ebb-standpipe h the shapeot thesalinlty

~=:n~;:rt:~s~:~;:"f3,a~i:~ag~n ~:tei~:a~~~~ro~~~s~~~lp:v~~a::Ch
that zero depth in the !Iallnitygradient lies at low-vater level in the
model. Thh !Ihapeis &ssumed by Tully 0, p. 155) to be a criterion ot the
velocltyprotile at station A during the ebb.



REACTIOll OF HODEL TOt.AY 1941 FRESHET
USINGGATEIWlK3A1ID5ILLhARK1EBB5TAlIDPIPES
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