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INTERIM REPORT

Mechaniesl Alte:

s to Albernt Harbour odel

IiTRODUCTION

A hydraulic modol of Albornd acbour vas butlt during 1950 and 1951
by Huttall (1,2) at the Facific Blological Station, Nanaimo,

rud Harour is eltuated at the hoad of Klberal Inlet,  thirty-

xile long flord ca the vest of Vancouver Tsland. The Scmss Riv

the Largist. discharging into the inls oty mters the north end of the harbaur.
The model. covers the area north of Folly Foint, about two miles long by
mtle wide.

Its scales aro:

Hortsontal L
%
Vertieal 1
u
Tine

taring the prototype from the Scmass River spreads ove
i 90n vater snroute to forn a brackish uppor o
oro ox 4

brackish upper 2one bounds the
saline deop zone the salinity increases rapidly.

ah ater flom dom the Somsse iato the tarbour, whtle
and m *d frosh and sea vater
4 o

, aits
the'ciher, thé outlet i, removes
ixed wabor during the cbb. A standpipe with two orifices controls



jportion of surface water and deep vater leaving the model through the
“tiet vaive

In the sumer of 1941 the Packtic Ocsmmographi Group conducted
axd Aibern hasbour, he rosite of

and with r,hn‘nn pln Mltor] of
tide and river, the salinity gradients found in the prototyps

Thds roport treats the piysical alterations to the model in search of
this goal. A sequel entitled Vorification of the Albernd Harbour Model will
follov.

COORDIIATES

e R
Aaberas Hashour was divided in the 2941 o survey have

Saintad on the mpels Tole 13 the GHi2, Tor Tietiiyiag the pan polln
B ity it st i Ficsks 2 of Sesaamerastc’ sk Hailiiieg
Pulp 11 Follutdon in Alberni Inlet (3).

Grid 1ine 4-5 lies along lat 19* Grid 1ine G-H 1ies along
Longitude 1205 500 4 ach e 1a 507 foot by 507 foute

HEADHORES

In the river headworks the Somass water flows first into a tank, 2.7 ft
by 1.6 11 vide, wharo its velocity Lo redused almost o sero, ahd dls-
flow

is contro)  Cioba et 1a the casciush Fipe selyiny tne
tark, (Through such & valve is tho best, plusbing fitting on the -«m for
rogulating the flow of water, it is still far from satisfactory.) The
Charge 1s measured from the head over the weir.

he Somass Biver flov into the nodel, tartes bebueen 00002 ofe and
0.0192 cfs, corresponding to 185 cfs and 14,800 ofs in the prototype. The
wet: 5 -mm he soeurste sz

ting an rvo!
et ie/aboura iy e TS lachares Mopentii% v Bn er ey At
which the head is measured. For a triangular weir the discharge is

Q- cfven g i ut

ir to handle

[0}




ihero ¢ is a coefficient to correct for friction and contraction.
given small orror 4 in measuring the head the resulting error
H lience the percentage
inf s Al L e
\ithin Tive percent the nesd must be measured vithin 0.01 nch.

mdniant,

head pys h:a.\ly 1n order at. the "eagrified head® gt be read 10
fally without sacrif; oy

Figure 1 shows the open ofl manometer originally installed to magnify
the head.

It s = specific gravity ofl
4 = diamcter mancmeter tube

D = diameter oil reservoir

then u.[\.,(%‘,,()] oo @

163.= 0.8, then the mumitication of o shungs 1n hewd &2y over the wi
is four. Unfortunately this mancmeter, fine in theory, was uselo:

Practice becauss the oLl responded too sLugglnly o the sudden changes in
ead during the experiments.

e visusl mitiplication sohems shom in figure 2 vas subetitated,
PRl v ot n the piesomster is sighted agadnst a scale
on the Laboratory ¥all whence the prototype discharge is read directly.  The
pecp hole and the weir notch are on tho same lovel. The magnification

X = 3162 = 9.75. The capillary rise in the tube h = 0.11 inch and is con-
32.85
stant. Hence the sero mark on the scale falls 1.1 inch above the datum,
The scale was constructed as folle
hasds of roughly cne, o, nd thres inches, the sater dischase:
ey

Flov vas tned
sarked o

peniing ve taiegra valuss of G were caleilaved and plotted oo the




SERVO CONTROL MECHANISK

A mercury pot sits atop a float which follows the vater level in the
models Thr

B 1s just
touching the mercury. The circuit is designed to supply &0 volts to the
servo-motor when all e mercury or imer
12 14, a0 30 volta whun the long probe caly or the long aad midle yrobes
e the sefvemotor 1s serles-wound & refuction in the
vnltu- .npm mu m speed. If all thres probes are out of the mercury,
Lockwise, therol

incroasing the opening of the out)nv. valve. ‘When all thres prot
model tide being far too high, the motor speeds up, turuing
8% i asater tus Rstwcy Tk 700 Gon 24412

The L - p motor originally tmstalled, o bas the opening of the tnlet

45 outdet valres vben the xater Level in the mdel. ditters from the compited
Level, turaed too slovly.  The wter lavel in ould. e

ne quarter inch (1.7 f e Sy o 2Ty
TS € e 12 i Feotatass). o neomor’

o povertul servo-notor, rocomenied by Fiarlie, which could turm
thereby more rapidly throw upon the Yalve openings the bl
contro] otalind, T aee mter vill =huu-
or 31 porsent of 4

of chango of tide height (3.6 fest

She Take oF o Girtar Lhch n 67 sesonds mbt], he KIACLS ove boutbe
the mercury.

Lectrical cireuit, which had to be modified slightly, is show in

MODIPICATION OF THE COMPUTED T1oE 1

T ey —
of e extnt o Sist Fughitn, SR Bt

1. ALL times mentioned in this report are Pacific Standard.




four-component. equation, decided to analyze the range of the model tide.

A, Jist of stxty-one tarmonic constants of the tide at Fort Alvern,
furnished by the Canadian Hydrographic Service, is given by Nuttal)
(2, 5. 10),

The tide computer in the Laboratory preticts both the ide height and
the rets of Shange of ide height s Fort Albernl, using e four comnants
s [ettess soutitiie: o 1b¢ rinty Lsbetsbmmets 10 Mo Fos. omt
T e e ecioon mestasi sty he olloutng equationd o the'tide
height and rate of change of tide heign

H = Zo + 23 cos (omt + %s3)
+ Zyy dos (Ghet + Ka)
+ Ty cos(awt + i)
+ Zoi cos (aat + dor) )
ar " ’@ Qs; Zsz sin (Gst 4 %s2)
-85 Owz Zmz sin (wzt + %uz)

-T85 Okt Lk 30 (@t o+ L)

5 S Zor sin (aut + ko) )

where  H = tide helght in fast at any instant after some arbitrary
initial epoch

Zo = slevation of m Level in fest 4 Alberni. abor
P et L iy ey
tides
= amplitude in fest of component tide
specd of component. n degrees per mean solar hour
time in hours after initial spoch

- phase angle of component, tide at initial epoch

£ 2 + 0w

o

rate of change of tids height in feet per hour

[y

i

1 v chos il st 000 en duomezy and substitute
the apy to vuluse of speed and prase Py L L el
o orie ot



H o= 6usl
(zs 9suuu

1209 con (13-si30%%

ran

. 0.459 sin (300000000

1582 sin (28900002 ¢
031 sin (15.010686 t
0157 st (13.90303% ¢

©

100 1200 2o Poane angle of evry component i the harsonls eqution of 8
7o then the height s an absclute axima; Like
okl evory component, equal 120 degrens then the helgh

ght (mes e1) £
e et esn ey s s Lo e
same, nanely 6.451 foet.

TABLE 1
ABSOLUTE EXTRDMES AT FORT ALGERMI FRON THE HARMONIC CONSTANTS

FOUR CONPONENTS  SIXTY COMPONBTS
Abmciate maximun hotght 12564 15,75
1 i 6u51
o ¥l hetght

- 2.852
13,606

ho model 1s geared to reproduc
the computer then the model tide can
in'the Prototype nor sun 1t ever fAL1 as 1ov a8 the Lovests

od by
tides

highe

It 1s interesting o note in the tide tables (5) the annual highest and

layoquot, B.C. The "tidal differences” in the
extreme Port Alborni heights equal the ex-

2 Liste the wnue) extremss graticted in the

T bighest, tide ever recorded at Clayoguot  vas
1920, Twaniy-Cour harscats somponete of the-tide ah Graroquot
e neod Tn tha Shie- onbe prosieniome







el information varitiee cur dudictice that che Lour-componmt tide,
ver excoed 12,564 fest, Will not usually attain the extreme

which can net
[ ey

e range of a tide is the difference in elevation between a high vater

axd the susseeding Jow,or bebveen » lov xater uxd the succeeding Mg,

range
the "average range" of the tide as the

e

mean Tange" of the tide as the aritmmetic mean of its individusl
s tidal cyole. Thouh sctuslly the tides never repest

the period

o ninina.
.m. ot 148 indtviduad ranges due

ing a finite interval of time. Ses Figure L.

By judiciously selecting the interval, one can obtain, in its
T Tibee e el en e st mien zecems  mverdinglyie/Reve erabo
the Sverage rango of the tide t Clayoquot from the tide-tatle w.umm

during an interral of tvelve consecutive Lunar monthe in 1941,
o 43

moons.  Intuit:

o oot st T ve ok mhairbies e tiae

Available for examining of the model tide as a curve of the
R g e i n:ard.r, from Ji %,

janvary 1 to Nay

1941, Startine vith the First quarter on Jamary  and ending vith the net
com ‘aver,

Shat of the tide-table predictions duri

Five tirst qurters, five full moons,

ively'we that
55+ Sark it W atarers of the

four-campone the b1
Footiotions wald squel Cho Tatis between Lhe mean ranges themselves

This short-cut analysis showed the aver

(o range of the four-component

tide to be 565 1t an of the pradictions to be 6.60 fi. This the ratio be-

i the Bean vungo o the model tide uid of the proloizee tide vas el
or U8 the model remaiasd geared to re-

e
 than

fuce Laplicitly o 7 the four-companent con
o of il runges 4.. u.. prototype tade vould be 17 peroen

nodel, Consequantly the tide v

b g retively in the madel o 1¢

Froah vat
2 sn'the protatype.

It foliow that we aould taprors the modsl tide by incressing dte runge -

Boc = Longtha of the cranks on sur
ame osult Sas scsomplished By SRLfLe

vas 17 parcent greater. Wheress the medsl previously had reproduced the



tides dictated by the equation,

* e 4 Emponents Zn 08 (@t 1 &), G0

1t now obeys the modified squation,

Ho=Zo+ x.w[‘_4 £ ponents 20 <03 (nt .m‘)jl. v

e results shown in Figure 5 justify this modification. Lot to
(P e oot i bt
Tor the following tides during the intervals specifisd.

Tide-table Pradictions for Clayoquot During Twelve Consecutive
Lunar Nonths in 1941

o avorage range fs 700 fu. I this interval bo assumed representa-
v o o oLt Hhiel cyeds, then the meen range a1so 1s 7,00 FL

Hde-tasle Fradictions for Clayomuot and Four-copanent. Tide at
Port, Albernt. from Jamuary to Nay, 1941.

Prom the ide tables tho average range 0 6,95 11 from tho four-com-
ponent squation Uhe sverage range i only 5.8 £ The ratio between the
gt

3+ Tide-table Prodictions for Clayouuot and Nodiiad Four-camponent
o from April to June, 1941,

Fron the tide tablas the average range is 6.96 ft; from the modified
four-component oquation the average rangs 1a 7.05 1t = spprocinately squal.
Hence the ratio is now urity.

The infornation given in the tide o sonvating Clayoqut
e

hetghts and. times. s Port. Alberni helghts and tiass 15 ‘According
S the table of tida} difforamcest in the tide takler, ‘the vmean ratio of
rise" of the maxina at Fort Alberni is 98 percent of ina at Clayoguot
Frasuichiy, Mhsrefore) s sc6 i ustitied 1n comparing the modsl. tides at Fort
Klberad with the predictions for Clayoquot.
In conslusion, the £1LLty of the tide compitad iy o Kelvin machine
wiising iy s viy o of the haonte comonmnte af the Ui in
iRl s e B K ol

Fatio of the nean range of the prototype t1ds vo the mean range of the tide
given by those fow componeats.
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ERRORS IN THE TIDE COMPUTER AND RECORDER

One pen of e tide esonder traces a curve of the comted tide, o
modified conputed-tide; the o s tho.avtual vater level i the model.
e paper.©a_ativen st one loch por mimite o7 o 1 - bp motor. Tine intervils
15
responding to one hour in nature are marked on the paper by a selsyn
oo rsateiosiiy soupted o s scieyn genecator taroeh iy the tide creputer.
Figue 6 how these pens are actusted.

Dhe il et ot ' op cllne pier 15 oitont

slot recording the motion of the height arm, to which it is
ey aeasga g + wirwsl Too Tootopsath o the | cm. rocorder (Figues 1)
shows tho graph of the computed-tide hoight being tr: the instant the

helght indicated was 3.2 ft. lotice how the curve is flattened at
vater and Lov vater dus to Friction in the pulleys of the beight- ity
“abie, an error discussed Later in d

The tide-computing mac ally solves the four-componen

tdon for the tide height. m snluﬂw i A ool m.
recorder as a graph of tide versus timo. fowever there usually i
discrepancy bobusen this ucnrd-d hetght and the muthematicaly ealouated

The FLebe Tout of hen Yo error signifies that the tids i3 100
nigh.

1. Inexact Gear Ratios Between the Pour Components in tHs Tide
Computing Machine..

Sishgipageifion of ety ined gr oy bebvaen s compcnmmta
remselve: o both small and fe

e e el mpm, N i,

its components in correct phase, the phase of

waxed silk fishing line had been used to connect this
e this was discarded in fovour of a fine stainless-
ishing line vas unsuitable because its length responded
R e ond bumidity, because it bbared
hanges in tension, and because 1t was frayed by the pulleys.
apparent in the existing comection is the wire's changs in
i s o et Mo, Dot SakT: snd falreiakle;




COMPONENT CORRECT SFESD ACTUAL SPEED ERRCR T

fo vl thraw

atoh of the componenta, o, Ky, and u', YL stedtly are, T
the tide height in error. The error In heigh inx from the in

ne yoar w1l vary from sero r minus 0.9 £
Sneopah sl 134 osmcltabiaiets

saible srror in tide heigh

TABLE 3

ERROR T SPEED

caxro

NAXDAM ERRCR.
1 Tk et

irrm ong
Degrass/iiour  Dogr ress/iouw  Porcent Fest high or lov
5, 300000 30.000000 O o 0
Np  momlL 2898305 53 Slow 0.6
K 15.0M069  15.0M0480  0.000569 Slow  0.00392 Slow 01
0 130403 1394067  0.001031 Fast 0.00739 Fast 0.2
2. Deviations from Parellel of the Intograting Cables.

aystan of suming he component-tide holghta by sowns of cablos requires
‘b SbuEani epta be, s sospared ¥ Lengths of the cranks (amplitudes
e S capamsatE) s T divietions fros paraLier ot the inthgeating eailes, dus
%0 the displacement of the cranks, cause an error in the tide height such that
the tide is slvays too lov. The freatest error from this cause is minus 0.1 ft.

3. Tenperature Changes in the Integrating Cables.

e intogmating cable f sdjustable at its anchor,

G°F rise will make the tids
et too high.. He-are prepared Lo Lecp a4justing the cable Length if the
tamperature in the laboratory cannot be hel t

4o Friction in the Pulleys.

ro frictionless the tension in esch of the eight parts of
the am‘mm cuble would be squal, s hance the sug in, each part und the

stre art vould b eqal. o 1deal. Priction in the pulleys,
(herempion 1a o ceils 16 shun
thwougs 180 dograts over a pulley. Duriag the b, vhen the
height arm, the tansion 12 the anchored 2’ percent, greater than the tension
at the fr oo sat 1a 42 pereent Loes than sh Ldoal, . the stretoh s 37
Porcant, grestor than the ideal. In ach of the sight parts the tension sxce

rre




that ot the fren and, the sag 13 Less than the Sdeal, and the streteh ax-

tide. The friction could be reduced by the

5. Temporature Changes in the Wire Connecting the Pen to the Helght
Arm,

Toe rocorded tide-helght 13 subject Lo an error dus to thermal expansion
of the wire connecting the pen to the helght arm. Once its length has beon
adjusted to be correct at a given temperaturs, a 24°F rise will make the
recorded tide 0.1 £t t

6. Play Between the Koving Paper and its Guides.

4s room for play between the moving paper and its guides amount-
L e e i e oot rom e A8 e 032 FE

The foregotng errors in the recorded tide are sumarised in Table 4.

To check Uhe aceuracy of the tide computer and recorder contination,
an

Where 18 the discropancy between recorded H and caloulated  excessive in
View of the preceding analysi:

ERRORS I THE WATER LEVEL RECORDER

or-level pen reciprocates on the opposite side of the paper
cmputed-tatght pan, recording the sotual water

irect, connection to a

t vould subsarvisntly follov svery rise and fail o

model, pulley friction and surface tension preclude that pncllim ot

flow"sa v.:n Lo the recorder. Figure 9 shows the sys d to actuate
vator-] 5







U

TABLE 5

VALUES OF H FRQK FOUR-COKPONENT EQUATION

DURING RUN FRCM JANUARY 1, TO MAY 26, 1941

TsTANT RECORDED K CALCULATED H  ERROR
g FEET T

0000 January 1
0

2

0000 May 11

VALUES OF i FAGK HODI.

D ¢

R-CCMPONENT BQUATION

DURING RUN FRCM APRIL 1 10 JUNE 22, 1941

msTar RECORDED B CALCVATED H  ERRGR
FEET FEE FEET
0000 April 1 8.4 0.1 low
0000 April 11 1 163 011 ow
0000 Kay 1 15 8.1 0.3 nigh
¥ay 11 12.2 12025 0.0
0000 June 1 # 5.1 0ul hgh
0000 June 23 i 129 0.1 nigh




rocorded vater-level 1s subject to error from

. Friction in the Pulleys.

2. Surface Tension.

3. Elasticity of the Cord.

4. Variations of the Water Density.

If the surface of the float were such that the shape of the meniscus
emained constant whenever the water level accelerated up or dom relative
T the loat, an Lf the cord vers inestensible, and Lf &30 static and
dynanic pulley friction were equal, then the drop or rise in ater level
necessary to start the pulleys moving is

ah = BEExC a2)

where  Ah = drop in water level

A & ik uites o 1o be sl o o ok aining
through 180° over  pulle

C = welght of counterweight

poctric weight water, assused constant

A = plan area of float

valus of Ah in the model amounts to 0.3 faet in the prototype

(rgure 100
ton reveals that this error ca be reduced by decreasing the
pulley friction, by lightening the counterweight, or by using & bigs
Baii-baaring pilleys would ssprove
st be hesvy enaugh to hold the pen
el offers an obstruction to the flows

B Laimearariztock Ta tee protatynt} theretors o' MEgad Flset aly Tisresss
this obstruc

Ay first o wooden flovs vas vsed. This vag discarded bucauss it veight

characteristic of pulley friction bul also an erratic stepping. Figure
11 shows a typical t

Apparently the voodsa-Flost trace vas in error maisly from pulley friction,

for o effects of surfac , elasticity, or density were percept!

I follows that, since PSSt T C1oetsiua. Lol o s DS Fia' Lo me'spetin
£ pulleys, its’stepped trace must be atiributed o surface tansion, and the

bty By e o o ey




frect of urtace Lension wpon Uhe wooden loat vas constant bocause
urface assured the sides of the float remsining

the
eniscus hon the wnfettered, float vas depressad and
“Tloating position in & basin of Kater gave the results

A possivle explamstion gor the stepe in the ater lovs.
R et A G b m.. The Flest
s in oqutlibrium with the vater ‘(Case 2] T rade Ax it Wt Tags the

actus) vater Level dus o pulley friction. Nov et the watar rkse at
accelerated rate.

(Case 2). There now exists an
magaitude 1s

F e (hu-he)wA + (oy-ae)wl . (W

The uard accelaration of the water Telative to the float vill sooner or later

cease, whoreupon this unbalanced force will catay a1

beyond the equilibriun draught hg . The float

about the equilibrim draught. As"soon as the float

1t of dta over-shooting the squilibrium draught - the absolute water

Toved stild rising ; the truce il flatten. T enain horizontal
until the float again rises to the absolute d-vnuen LT taried b

s Sha ERSELors wfar Seat suiit Fising

these stegs in the water-level trace could be eliminated
R ey costed vith o porous aterial. o have not tried
such a flost because an e ater-Level recorde ar to
danigned by Lincoln ot the £ et il T
constructi

TITRATIONS

The spparatus showm in Figure 13 va in the model laboratory to
de 53 the Hohr titration nethod the cm,um of the water
o ot o gl S L
Tully (3, pp. 128-129).

eserived by

THE EXCHANGE OF WATER THROUGH THE VALVES

The dower busin and indet and outlet valres are equtvalent bo thirty
miles missing fron the modsl. They are required to
Soerectiy the meter Sebonsn Riberet Rerbmes s e FesLroR o

Ton arslation of our pesseat srstem of crsbanging e wter 1 o story
of disappointaent, from which the folloving significant advances wi




1. Alteration to the Inlat Flow

Gate Ebb-standpi

Gate Ebb-standpips Merk 2

5. S111 Bbb-standpipe.
mae goul 1o s moied ich vill cvepabre duplicate the -

. objective vas to match the depth of the upper brackish

Layer at station

chosen bec,
the prototype. The
sty average river

usting

the habour under £1:

sent. system for injecting sea
uater onters at the bottom of &
eacies the open gate 1ty veloeity 13 lov
supply has had tine to o Th
lack befrle wtends dom ru
ea Leaving. the Trome
the b ere the upper brackieh layer from the Lowsr basin alone 1 supposed
to diachar

Hithorto the sen water entered tho moiel at the spob marked X Trere
e, namely, that the inflow was directed i

well, and that the effervescence

the doep vater with the upper.

s & quntisy of the mixed frech

D . v
and sea water from the model, uh ,, otal uatity and 1t rite
computer (dsrivative com oy ana

oBb standpipes have been tried, gate standpipes and sill standpipes. A gate

efer €0 page 2 of



Ere

shantpipn wiiliams moving orifices bo dlachargs oelculatle quatitise of
water from sach of the two sones. A sill standpipe enings whic
ity ot iie ailig M whe s mbing s eedoons’

Figure 16 llustrates gate ebb-standpipes mark 1, mark 2,and mark'3.
ALL are constructed with two separate orifices - an uppor orifice to discharge
aer srvuitho MU AR e €1 & dvp Critiod o difarss tmber
fron the o zone.l The orifices are desi

o trom the ittt eacigibe, wibh:Fos ke {n Vbt rmadyize's
e tath Pami G 1w T ek Lyved 18 Loe SETRT ieing the cub

The upper oriice is reqidred to discharge water, from the upper sone at
Fate fuch that freah vater WALl neither accumlate in the e
opleted nder s stoudy rive

It Q = rate of river flov
T = tine interval betwoen successive high vaters
Sy - salinity of deep water
Su= salinity of upper sons

V= volume discharged through upper orifice during interval T

then Vo = QT ;’?., - as)

outlet valve is required (2, -13) to dischargy mixed vater at
i e g £

e A I, R O ey -

Vim = volume of model between high-ater line and low-water line

then Vy= Y+ QT 6)

The volune discharged through the deep orifice during the intervall fs

Va = Vv-Vy . an

1. Pigere 17 sh (a) o typtond anitatty e ey
of the gradient assumed in the design The “depth of
upper sone® 1z d:






TABLE 6

ERACTION OF NODEL 10 WA 1941 FRESHET
RK 3 AND STLL MARK 1 E3B STANDP)

EPTH OF UPPER ZONE I METERS
GATE MARK 3  SILL BARK 1
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VISUAL MAGNIFICATION
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