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InteriJnReport

(FileN7-22 Decemberl,1950)

Adistorted.cale ,hydraulic model of Albern i Har bour is being
constructedto .tudydynami csofthemixing of fresh and s alt wat er
in t he i nl et, dLs poaak of pul p mill s ewage , and the effect. of pr o­
pos ed physi cal chang es in the ha r bour . This work has manyfunda­
mental a. pects involving t he construction and use of hydraullc model e
inoceanogr aphi c r es ear ch, andthe studyof Albern i l nl et,whi ch i s
typical of many Briti.h Columbia fiorde.

The f i rst phase of the resear ch r equi r e e t he cons t ru c t i on ofa
suitable model which will r epro duce t he known oceanographic cond i ­
tions, whi ch were s t udi ed byTully (J ). This will be followed by
study of th e effect of sanephyeic al change s which are pr oposed to
f acilitat e industr ial developme nt of the a rea. Further work is pr o­
pos ed on t he fundamentals of estuary behaviour .

Intheearllerstudies Tul ly us ed a small model which has since
bee n destroy ed . Althoughitinsp i redthepresentwork,itsconstruc­
tionand small scale di d not allow for th e precision or detail en­
visaged in th e present work .

Thisi.thefirstmodeltobe bui ltinthenewOceanModelLab­
or a to ry at the Pacific Biolo gical Station . The work is under the
direction of Dr. J . P. Tully , Oceanog rapher in Charge. The cost of
t he undertaki ng is being ehared by Mese rs . Bloedel, StewartandWel ch,
Lt d., and by t he FacificOceanographicGroup, and is being unde rtaken
by th e aut hor in partial fulfillment of the requirements forama.te r
of s ci ence deg ree in mechanical engineering at th e University of
Bri tish Columbia .

The "l a bora t or y is of temporary frame construction, 2C feet by
40 f eet; an office and washroom occupy a s pa ce of S fe et by2Cfeet .
The la bor at ory floor i s gr avel ; concrete piles, which extend to
hardpan , areusedtosupportthemodel.

The wat er supply is

MaximumSuep l y MaximumHead

Fre.hWater
Salt\'/ater

43 feet
31 fee t



Fr esh wate r i s sup plied f rom t he Bio lo gical St at i on wat er sys tem,
which i s main tained by su rface drainage. During the months of J uly
to Oct ober i ncl us i ve , no fr eshwat er i s availabl e to the l abor at ory
owin g t o l ow r ainf all in t he area . Salt wate r is supp lied f rom
Depar ture Bay by a manually cont ro lled el ec tri c pump to a standpi pe
of 1685 cubic f eet capacity l ocated beside t he labor atory.

Wor k s hop fa cilities are limited t o hand t ool s in the labora t ory ,
and a bench sa w, and plumber's too ls l ocated in a work shop some 200
yard s f r om the l a bor a t ory . The machi ne wor k r equired fo r the model
i s bei ng don e i n t he sho ps of the Uni ve rsit y of British Col umbia .

Outline of Cons t ru ct io n

This model pre sents an es sen t i a lly new pr oblem because no liter­
ature on t hecont r ol mechani smof strat ified flow model s i s availabl e.

Tully showed t ha t t he d i s t r i but i on of salinity in Alb er ni Har bour
was cons equent on t he prop erties of t he s ea wat er and freshwate r en­
t ering th eregi on and t hei r r es pective dynami cs . Heconcludedthat
ifthe boundar y condi t i ons wer e fulfilled , and t he d i s t r i but i on of
salinity in t he model agr eed wit h that in nat ure, dynamic simil a r ity
was a ccomplished .

The co nt our s of the mode l pro vide the phys i cal boundaries. The
river d i s cha r ge i s r eproduced t o s cal e by manual adj ustment of an
ac cur at ely calibra t ed weir . The tidal phenomena is simulated by i n­
troducing sea wat er dur i ng t he r i sing tide and r emoving mixed sea and
river(fresh ) wat er dur i ng t hefalli ng t i de . A control mechani sm
adjust s th e r at e of exchan ge so t ha t t he t i dal hei ght fo llows a pre­
di eted cyc le ,r egardles s of t he chan ge of a r ea in the model wit h tidal
hei ght or t he r at e of river di s char ge .

The t id al cont ro l origi na t es in a modified f orm of t he Kel vi n tide
comput er,in whi ch t he f our maj orcomponent s ar e produc ed . This pr o­
videsthe ess ent i alfeat ur es of t he t i de i ncl udi ng t he semi- di ur na1
tidesof differ ent hei ght , t he bi - weekl y cycl e of spr i ng and neaps ,
and t he ann ual sequ ence ,wit hi n smal l l imi t s . Thi s computer is muc h
more accu ra te t han t hat us ed on hydraulic model s t o date. ~ sligh t ly
mor e accur ate method i s available i n the el ectronic char t fo llower , *
whic h i s beyond t he r e sour ces of this r es ear ch .

*An el ect ro ni c chart follower, designed by National Resea r ch Council,
is i n use on t he Fras er Ri ver model cur ren tly under construction at
t he Uni ve r sity of British Columbi a . •



The.caleofhydraulicmodel.andtherelationofthequantitie.
to their counterpart in nature is based on Reynold. (1885) (1)
anal)" . i . of t he Fro ude model la w, .

where VZ
is the mean horizontal velocit)", Ie i. a constant for .imilar

. )".t ems, J i . the ac celer ation of gravit)", and h is the hydraulic
head. In terms of the model (in) and pr ot ot;ype (p) this becomes

V"... ,. 2.k1"..

VZp = 2.K~ h,

and the ratio ( b)

where z s ign ifies the ver tica l dimension. The veloc1t)" (V) ma)" be
anal )". ed dimensi onall1 as t he ratio of hor i zont al length (IC) to time
(t) . othat

b~ : 1:1000



was chos en on t he bas i s o!current model prac t ic e and the rule ad­
vanc ed by Lacy ( 2) whic h stipulates t hat t he ratio of horizont al to
vertic a l scale s hould be

however this does not cons ide r t he effects of su rface tension so the
larger scale was adopt ed in consider ation of t hi s fa ctor.

Having f ixed th e horizont al and vertical scales , the time and
other ac al.es follow from simi lar analyses ofth< lsw, e . g.

Velocity bV ' ~~/:9./6$
bt

Volume bv = bzb,,' =/ :0+ ,,10'

Model Bed Construction

The model bed is set on eight concrete piers in the labo ratory
floor. Ten inch squar e beams r est on t he piers and sup port two by
eight i nch l onger ons which fo rm t he model base. Thisheavyconstru c­
tion was emplo yedtoinsur e minimumd eflection of t he model when
filled with wate r . The dimens io ns of the model are 23 f eet l ong,
7 1/ 2 f eet wide a nd 2 1/ 2 f ee t deep .

The method of construction of t he model bas i n i s shown i n Figure

In order to asce rtain th e effects of pr opos ed physical chan ges
in t he har bour , i t was deci ded t o mould .t he model ar eas wher e er os i on
or silting is expe ct ed,in a mat erial whi ch behaves in the model
s imi l ar to that of a har bour bed in nature . This is likely t o be

:~~sS~i:f~~~':~~~~~~:ting er osi on fr om bot tom veloci t y measur e-

In or der to accomodat e the se s tudies in the tide flats a re a ,
th is r egi on was l eft at a scal ed depth of seven fathoms when the con­
crete was poured. The t i de flats were la te r built up with sharp sand
to fit hangi ng pro ! iles. A spra y of portland cement and wate r was
used to "f ix" th e ar ea for te s ting of control gea r. This crust will
be r emoved and adjustment s made before t he fi nal tests a re begun .

A co-o rd inate syst em was used to pla ce t he nails shown in Figu r e
2,cons i s t ing of machi nedrails f ix ed t o ei t he r s i de of t he model
boxand acrossrailcomplete wit hvertical mes sur ing r od . The
sssembly i s s ccurs te ly made andset sothat mes sur ement s in t he



Fi gure 2

hor izo nt aldirection can be made t owithinl/1 6 i nch on t he model , or
five f eet in t he pr ototypej ver t i cal measuremen ts can be made to with i n
1/ 32 inc h on th e mode l or t hr ee i nches in t he pr ototype. These are
oqual to the accuracy of th e available char t s of the area and are con­
s id ere dadequat e.

Tid e Compute r

At Por t Alber ni the four major tidal component s are M, due t o
the moon, .sl due to the sun , and K , and O , due to the~n l s declina­

t i on . In th ese t erms the t i de height at any ins t ant (t , i s gi ven by

H : Zo -+MZ cos(w",.t -+ a",J+.5l co. {w., -t...as
l
l .

-+K, " ' ( 4)","6 -+aK, ) +0, c •• (4J",t + a o,1

3 whe;~\~:s~;~~e~~ et~~rt~d:p~~:~u~~~:(~ .:~O~h;:~ ~~ ~~~~
When th e oS, and M l components are in oppositi on to each ot her, neap



Svn - 5 ...

r=:=:>'<2Y<+::>i~~~ crl

Moon',,- D'ze..li....ot'o""' - K,

~~~<::::
MooY"\~ Dz.c.I·,no·hoV"l - O.

FJ ..



I Figure

The. Ct"a n k. ~nat-l ro-tate..

at Q c.o" ..+o .,+ .. peed OJ .

/>... ", he.<2.+ o~ p ap e.'- move.!>
po ,;t thl!. pencil pOin t
rltco rd i r'\9 Hand + r, l!.
-!:i l'f\l!. re:t+a. of Coho n9C1
o~ 1-\ +1'"0""" +\0-, a
eq\Ja+ion~ .

H e a. c.o~(w'l;+01..)

O l'\d

~ . d w c.o:'(l.Utto:<.+t)





tides (mi nimum r ange ) r eault. T:: e diu r nal var i at io n(diff er enc ea i n

~~~n~~i~tt~;,.;w~~u~~e~~~hW~:~e~~~i;se~~~~:di t;a~~~ti~~.de 1t
canbeshown t hat th e t id al cyc l e wi ll never r epeat its elf, "near
rep et itio n" however, occur a f r equent l y , t he moat obvi oua caae bein g
t he monthly rep et it ion of sp ring and neap tides .

The method of producing and in tegr ating t hi s se ries is sh own in
Figure 4 fo ra simp le (onecanponent) system, and in Figure 5 f or the
compoundsystembeingused,wherethecomponents aresUIIIDedona
single cable. Two cr ank s are fitted 90· apa rt, oneachshaftj one
pr ovi des t he c·omponentoftidalheight (f/ ) which controls the sea
l evel in the mode'l ; t he other provides the deriv ~ive dh/dt which r e­
gulates the flow control valves and determines the r ate of flow of
t idal wate r into, and out of the model .

By using cab les t o sum the tidal components, a maximum error
0 .6%isintr oduced,whichis cons ide rednegligible. Spur gear s are
empl oyed t o produce the angular velocity ratio bet ween th e component
cranks. Owing to the expen se of pre cisely r eproduci ng ang ul a r vel oci ­
ties, maximum allowable error of 0.0033% was selected arbitrarily
and t he gear i ng designed within this l imi t . Thi smachinewillrepro ­
duc e t he t i de cor r ect l y wi t hi n l es s t han 5% of maxlmum r ange i n gen­
eral ,but withamaximumerrorof14%o ccuring once in18 .6lyears.
The l ong per iod tidal components can be se t on th e computer manual ly
and this will r educ e t he a bove figures somewhat .

The t i de canput er may be eas ily adj usted . The angular pos i t i on
of th e component s i s calcula t ed fo r t he pro totype time at whic h t he
exp erimentistobegi n, t he,slcomponentislocked in a known posi­
tion, and t heremai ni ng cr anks ad j us t ed t o t hei r pr oper r el at iv e
positions, and l ocked to their dr i vin g sha f t s. Power is supplied by
a one -qua rter horse power induction motor.

Ti dal Flow Cont ro l

In this model the tidsl hei ght is controlled directly a s it is
i n nature and the rate of infl ow or outflow i s adjusted t o pr oduce
the r equi r ed tidal phenomena. This diffe r s f r om t he usua l pr ocedur e
of approximating t he r i s e by con t r ollin g the vol ume of wat er ex­
changed ,andisnec essarybecaus eoft hecompl exi ties of t here­
lationsbetweentidal hei ght , ar ea,and contributions fromtheriver .
This is ac complished by a dua'L mechanfsmj th e amount of wat er re ­
qui red fo rtidalrisein t he model , as sumingit hadvertical sides,
i saddedorwithdrawn,andautomaticallycorrectedtocompensatefor
th e changing surface area and r iver flow .

In the first appr oxima t i on water is added to th e model in pro­
portion t o t he rate of rise of th e t i de . This may be evaluat ed at
any instant (-1;) i~ a simple sys t em from th e gener al equa tion of
tidal hei ght (h).

H ~ <l. c~(wt .. ex)
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:: a.'" cos(wtrCl:+[)

= til
A

~~e~:a~ua~:dt~: r at e of wate r inp ut i nto a model of area A , and may

~·Aa.w cos("'tra"'1f)

Then if a val ve i s controlled by the der iv at i ve of the tidal hei ght,

~~d:t~;rg~ (~)~~~~~r;:~~;~~e~f ~~~~~~.~~~la~~~~~t~~:r
cross se ction maybe ac compllshed. A schemat ic arrangement fo r a
one component system i s shown in Figure 4 .

In princip le two sleeve valves, one inflow and the other out flow,
are at ta ched t o opposite ends of a lever, and oper ated alternately by
rocking t he l ever about a cent ra l fulcrum (f i gure 6) . The cor r ect i on
to the inflow or outflow i s ac compl is hed by shifting the fulc rum of
the lever in th e desireqdirect i on, as req uired by the tidal cont r o1
float (Figu r e 6) . Two suspended el ectrical cont act s are cont ro lled
by th e tide compute r , and cont ai n a contact from t he float betwee n
t hem. If the tidal height in t he model la gs behind the pre di cted
hei ght during the rise, t he float contact and t he l ower suspended con­
tact complete a circuit which causes a servo- mechan i sm t o shift the
fulcrum of the flow control l ever so as to open the in flow valve
wide r, ca using an increase d r at e of rise. Simi lar cor rec tive act i ons
occur if the r ise is t oo f ast, and duri ng t he ebb .

Br ass sleeve valv es had to be specially cons t ruc t ed since no
suitable t ype is avai la bl e commer ci ally. The orifice princi pl e is
employ ed in order th at th e dischar ge be reasonably constant fora

~~~:~~~::~~;f~~~~:;n~ft;::~e;h~nV:l;:s~;:~~~~g~~ei~i~c~;~g~a~ge~y



~~:ta;~af~9d~f ~~;so~mc~~ v~v~I'~;,:;e~e;~~d~;c:;'~~~a~~ ;~~gto
the valves, the changes i n head meas ur ed at the va l ve can be mini ­
mized. The valves ca n be arranged to di scha rge into ai r , as req ui r ed .

A sleeve valve r equires ver y little to rque to operate prope r ly
~S:~l:his r eason th e tide compute r and error contro l mechanism can

The angular position of t he con t r ol l ever depends only on the
rate of change of tidal hei ght (i. e . first deriva t ive) and co r re ctions

~; i~:e;:l:~eo~~~~~~res~~~~t~~ ~~e~e~:~;:e~~~i: ~~;~~e~a~~e:dmit
wat er to t he model, t he f ul crum will be moved slight l y downward dur in g
a r i si ng tide in ord er to compensa te fo r i ncre asing su rface ar ea of
t he model . As the de rivative app r cac r.es zero , the fulcrum returns t o
its neutral positio n. When the outlet valv e begins operating, t he
servo-mec han i sm will aga in move t he pi vot point downward to r ever s e
t he ef fect of chang i ng are a , and final lythepivotwillretum t o i t s
ne ut ral position when the out flow is ze ro.

I n order that the machin e cor re c ts the errors in tidal height

:~~ ;~~r~:~i:~~v:h;~ ~;r~het~;:v:~~ o~ ;~:~~~te~fv~~:ef~~Crum
will th en vary bot h in put and out put, but t he effect on the out le t
valve will be gre a te s t. The va l ves ar e set so that a slight inflow
and outflow occurs a t t he neutral pos iti on of t he pivot point.

Ther e i s an appar ent discrepancy in t he operation of t he se rv o­
mechani smwhich occu r swhenthetide l evelin t he model i sless than
t ha t r equired by t he tide compute r. The f ulc rum must move downward
to admit more wat er dur ing a rising tide, and upward to r educe t he

~u;~:hd~~~~c~~al~~et~~~iva~~;: ~;~i;c~~t;u~~ ~i:::~n~:dt~
r ever s e th e field cur ren t in t he servo-motor when the der i va t i ve i s
nega tive .

The c ont r ol valve mechanism coul d have been made much mor e simp ly
fo r th is model , but the pre sentdesignwM chosento aUow t he as - I
semblyto be used fo r other model s t hat may be bui l t i n t he laborat ory.
One of these is a t heor etical s t udy of a non- t idal s ituation in whi ch

~~~~~ew:;~~n~:re~ ~~~~a~~e:c~~~~a~:l~h~~e~s~~r~~e~~:t;~~~~ism
mus t be such th at an inc reased river flow is accompanied by an in-
cr ea s ed in put of salt wate r to compensate f or inc reased t urbulent mix -
i ng . At th e s ame t i me a t ot al in cre ase in model outflow is r equired
to mai nt aina constant head in t he model . Thi S Wi ll be accomPliShed J
as described f or t he cas e ,n whi chthe first de r-Lvat.Lve of t he tida l
hei ght is ze ro.

Ti dal Control Fl oat and Serv o- mechani sm

Thecont rolfloa t , s hown s chemat i ca lly i n figur e 6 , is alar ge
met al box having a na t ur a l period of vibration of about one-thirtiet h



of one se cond in wat er . The nat u ral period of t he model bas i n is
about 4 .6 seconds . Vi brati ons of t he \{at er sur fac e at the nat ur al
f req uency of the cont r ol float coul d cause the serv o- mechan is m t o
lose control of the mocIel, t herefore i t is important t hat t he
per i od of t he control float or its hannoni cs sh ould not cor r espond
to the per io d of the model.

The control float canpares the actual hei ght of t ide in t he
model with that gi ven by t he tide canput er and send s a co rr ecting
signal t hrou gh the relay to the servo-motor. By ad justing the float
contacts shown in Figure 6, the mot or can be made to hunt cont i nu­
ously, thuscontinouslyvaryingthetidalheight aboutthe correct
value , or t he cont acts can be adjusted to gi ve no s i gnal when th e
tide is wit hin a small distance of the correct hei ght. I t is ex­
pected th e l atter adjustment wiU prove more sat isfa ct ory since t he
amount of cor rection r equired can be made small by prope r ad j us t ment
of t he c ont rol val ve linkage .

The s er vo- mot or is one-fiftieth horse power series mot or . Thi s
dr iv es t he pi vot point up and down by a worm and worm gear , the l at ter
i9 t hre aded at its hubaod engag es a threaded scr ew at t ached to th e
pi vot poi nt .

Ri ver f lo w is to be manual ly controlled in t he model, using a
30· Vee notch weir di sc har gin g into a bas in a nd over flowing i nt o th e
Somass Ri ver channel. Reco rds of daily obs erv ations of t he dis char ge
of t he Spr oat and St amp Rivers, which j oi n t o f orm the Somass , a r e
availablefromthe WaterResourcesandDrainage Board, aodindicate
that adjustment at interv als of 1l/2hours (weekl y in t he prototy pe )
wiU besufficient, exce pt in times of fres het . Very accur ate r e­
produ ct ion of river f low can be obtained i n t his manner with relative­
lylittleef f ort.

Ver ifi cation of t he Model

The model.d U be ver ifi ed by comparin g the distribution of
salinity with t hat obs erv ed in nat ur e (Ref er ence 3 ) unde r compar abl e
con:lition s of t i de and rive r di schar ge .

Thevalidi t y of th e r esultsperta i ni ngto bed movement wiU be
check edby s imulatin g nat ur alcon:litions exi st i ng at s ome t ime inthe
past and oper ating the model so as t o r epr oduce some phenomena which
has been observed to occur. 'A compar i son of t he results obtained in
t he model with the natural phenomena will prov i de an index of the
accuracy of bed movement tests.

Methods of Observa t i on

It is pr opose d t o s tudy th e ha r bour oceanogr aphi cal ly as an
exampl e ofa tidal estuary, and to inv es t i gat e the conseque nce s of
pro pose d phys ical changes i n t he river bed, and its appro ach to th e



harbour . Thi simplys tha t the ocear,ogr aphi c s t ruc ture and its varia­
t io ns in r ela tion t o t i de and r i ver di s char ge be i nves t i gat ed byob­
se rving the distril>Ition of salinity, whi ch corresponds to the den­
sitydistributionsince t here will be no te mperature gr adi ent s . Cor ­
r espo ndi ng studies of the cur re nt s ar e r equi re d for expression of the
mechanics and dynamics of the system. Bed movement st udy i . r equired
to prov e th e engi neer i ng pr ac t icability andcon. equences of t he pr0­
posed chan ges ,

~willbe determinedchemic a1ly in small samp1es ofwater

takenfromthe mode1 at.mal1interva1s of dept h, s imu1t aneou. 1y,
by means of small bore gla ss t ubes. Each tu be will be connected to
a pneumatic cylinder in such a mannerv as to rinse and fill a pipe tte
when t he cylinder Ls opera ted .

smallC~~~;~~td:;~e;S~~ ~; ~~~~~p~rn:i~~~tP.~~:~:a~~o: ~;;hf;ont
with a l 6m.m. movie camera . Th. current met er has not yet been de­
si gned and it is expected t o r ec;uire some re searchbef or ea.atis­
factory instrument Ls obtained .

modelB~~::~~~t~~: ~~t~:-:;~a~i~~:~lr~~~in~h~P:~;;~~no~fp~
posed alteration. in the model can be determined quantit at i ve ly by
draining the model after a certain period of oper ation and survey­
in gthebed by means of the co- ordinate system desc ribed. Ifit is
required to determine t he effect of ha rbou r al te rat io n. overlong
period.oftime, .urvey.can be conduct ed dur i ng oper at i on.

Tofacilitat e exper iment alprocedur es a "t i de t r acer " i . t obe
built. Thi . device will r ecor d t he hei ght of tide on amovin g st r i p
of paper. Alt hough t he tide tracer will be opera t ed directly f ro m
the tide comput er, per iodic obse rvations of actual tidal hei ght will
be made and compar ed with th e tide t race . The t ide tracer is to be
s et up at various position. on the model in orde r to appear in
photographs taken during operation .

Present state of t he Kodel.

December l , l95 0 . The model bed has bee n comple ted except fo r
pai nting . The cont rolva1ves,servo-me chani sm, andcontrolfloat
have been completed . It i s expect ed that t he tide computer will be
finished by about December 20t h . I nst allat i on and adju st ment of
th e tide simulating gear will r equi re consider abl e time and the model
willnot beinoper at i on bef or e J anuary ,l95l.

Construct ion of the wat er sampl er , current meter, and tide
tracer has not yet begun. It is planned to build these during Janu­
aryand February, 1951.

Tests i n the model are to be carried out during May and June ,
1951.
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