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PACIFIC OCEANOGRAPHIC GROUP
Interim Report
HYDRAULIC MODEL OF ALBERNI HARBOUR
(File N 7-22 December 1, 1950)

A distorted scale,hydraulic model of Alberni Harbour is being
constructed to study dynamics of the mixing of fresh and salt water
in the inlet, disposal of pulp mill sewage, and the effects of pro-
posed physical changes in the harbour. This work has many funda-
mental aspects involving the construction and use of hydraulic models
in oceanographic research, and the study of Alberni Inlet,which is
typical of many British Colunbia fiords.

t phase of the research nquxm the connrn:t_inn of a
l\li'.lhla nﬂdel m:n vin reproduce the known oceanographic condi-

, whicl st Tully (3). This will be followed by
ltudy of Y,Iu Bff.ﬁ(- of l“ FW' cal el’llns s which are proposed to
mxu e industr d"dopmt of the Further work is pro-

nu mm.n-n tals ry bel

il

In the earlier studes Tully used a small model which has since
been destroyed. Although it inspired the present work, its construc-
tion and small scale did not allow for the precision or detail en-
visaged in the present work.

is the first model to be built in the new Ocean Nodel Lab-

The s under the
in Charge. The cost of
ewart, and Welch,

s being ol s, Bloedel,
Ltd., and by the Facific Oceanographic Group, and is being undertaken
by the author in partisl fulfillment of the requirements for a master
of acience degree in mechanical engineering at the University of
British Columbia.

Paciliti

The Latorstory de of taxparary frase construction, 20 feet by
A0/ 2oit 1 anvottioaland Wahrocm Gscupy &' space ol 8 fest by 20 Lost.
The laboratory floor is gravel; concrete piles, which extend te
are used to support the

The water supply is

Maximum Supply  Maximum Head

Fresh Water 0.03 c.f
Salt Water 0.1 o,




Fresh water is supplied from the Biological Station water system,
which is maintained by surface drainage. During the months of July
Yo October inclusive, no fresh water is available to the laboratory
£ Jov relatallidn dhw arss. suuetas 44 supplied fron
1y conbrolled electric pusp to & standpipe
oF 1665 cubts foot capacity located beside the laboratory.

g

Vork shop fasilities are Limited to hand tools 1n the latoratory,
and a bench say ‘plusber’ tools located in a work shop some 200
yards fron the | l.humory. "The machine work required for the nodel
1s being done in the shops of the University of British Columbia.

Outline of Construction

This model presents an essentially new proble use no liter-
e gl e e e frpl el < e

Tully showed that the distribution of salinity in Alberni Harbour
¥a1 consequent, u the propestise of the et yater 4nd fresh vater to-

ering the region and their respective e cluded that
u the boundasy contttions wers fulfilled, and the distribution of
nity in the model agresd with that in nature, dynamic sintlarity
o, sostmitisnedy

The contours of the model provide the physical boundaries. The

river discharge is reproduced to scale by manual adjustment of an

accurately calibrated weir. The tidal phenomena is simulated by in-
a and

Justs the rate of exchange so that the tidal height follows a pre-
dicted cyole,regandless of the change of area in the model with tidal
helght. or the rate of river discharge.

The tidal. control originates in & moditied form of the Kelvin tid
This pro-
urnal

more accurate method is available in the electronic chart  follower,*

which is beyond the resources of this research.

* An electronic chart follower, designed by National Research Cowncil,
is in use on the Fraser River model currently under construstion at
the University of British Columbia. .




Model Scale
Toashalq of Bralls modals and the Selatiim of e quutiiies
1

to their counterpart in nature is based on Reynolds (1885)
analysis of the Froude model law,

Tui
2gh

vhore V2 1o the mean boriaontal velocity, K 1s a constant for similar
ystens £ gravity, and h is the hydrauld
Taad, Ta'terms of the medel m “ant prototype () this becom

/e 2K¢h,
Vi = 2K h,
and the ratio (b)
bV e Vim hy o b,

Ve hp

where z signifies the vertical dimension. The ve:
analysed dimensionally as the ratio of Rordsontal llngth (x) to m--
(%) so that

bv . bl <,
bt

A horigontal scale

b, = l:1000

fusichnel et e ey apion. e fmie supply. The
vertical sc

)y * 1184




¥as hosen an the besis of current model practice and the rule d-
ed by Lacy (2) wm-:h stipulates that the ratio of horizontal to
vertical seals should

b, = bY

however this does not consider the effects of surface tension so the
larger scale was adopted in consideration of this factor.

ng fixed the horizontal and vertical scales, the time and
iy e L Raiyags! of Shaidamr, org

Tine by = 1:109.1

veloctty by = bx.ross
be

Volwme by = b, b* - /: 8¢ x/0*
Model Bed Construction

The model bed is set on eight concrete piers in the laboratory
floor. Ten inch square beams rest on the piers and support two by

4
f£illed with water. The dimensions of the model are 23 feet long,
7 1/2 feet wide and 2 1/2 feet deep.

The method of construction of the model basin is shown in Figure

In order to ascertain the effects of proposed physical changes
in the harbour, it was decided to mould the model areas where erosion
or silting is expected,in a material which behaves in the model
sinilar to that of a harbour bed in nature. This is likely to be
more satiafactory than computing erosion from bottom velocity messure-
ments in a fixed-bed mode

order to accomodate these studies in the tide flats a
PO ot R ermpr e o i Rder el
crete was poured. The tide flats were later built up with sharp sand
to £it hanging profiles. A spray of portland cement and water was
used to "fix the area for testing of control gear. This crust will
be removed and adjustments made before the final tests are begun.

o-ordinate system was used to nails shown in Figure
2, cunmioting b meiced rallh Sk T sisker s at b

box and a cross rail complete with vertical measuring rod. The
assembly is accurately made and set so that measurements in the




Nails vsed +o position
Oatom Rail Finish layer  /4inish layer o conerete
of concrete

T

Supperting
Frame work

Fireh layer Gravel Plywood protiles
of conerete
Figure 2

horizontal direction can be made to within 1/16 inch on the model, or
five foot in the prototype; vertical measurements can be made to within
1/32 ineh on the model or three inches in the prototype. These are
oqual to the accuracy of the available charts of the area and are con-
sidered adequat

Tide Computer
b,Port. Albernt the four mafor 414a) compnents 4re M,

the mwn, 5‘ dul tu the sun, and K , and O, due to the wwn's d-cli.n--
tdon, by rll Bl AT o L

H 2 Z, + Mg cos(@p,t + Ou)+ S, cos (wi t ra,)

41, cos (wg,p + 0, ) + O, cos(@wo t + Xo,)

The rlsulbl of the tide eemputar are shown grlphicll.\ Sn Figure
maximm

3 ence for & spring tide (1. -ange) 1s shown,
fhen the S, e 2 compone 1n oppostitien o each other, mesp
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Mams pencil

The crank shaft rotates
at a constant speed w.
A sheet of paper moves
past the pencil point
recording H and the
time rate of changae
of H  frem +he
equations

Hs= a ws (wt+a)

and

%tu . aw ws(utnuzz[)

Cabla

Figure



g amsq

0 g
su A @ g ©s YL e
S2n0A
\oapaon oy ; ;
¥P
wE

[Py o
5 i

299> 5
BuyyoabaiuT

<juzu0d Wed
sFapied 2ping
RSN

poraed buoy LJ\
pue yooly

sy FUPWSlPE |BOVoN
5

Tontsater J

g x

spaod wos



al variation (differences in
high uams) is caused by the two de-
clination terms and is a maximum when their effect is additive. It
can be shown that, the tidal cycle will never repeat itself, "near
repetition however, occurs frequently, the most obvious case being
the monthly repetition of spring and neap tides.

tides (minimum range) result.
the height of two succeeding

Bethd of producing and integrating this series is shown in
Fisu“ k for a lunple (one component) system, and in e 5 tor the
compound used, where the semponiate are s
single cable. ctanks are fitted 90° apert, oh shatt; oae

level in the model; the other provides the deriv tivedh/dt which re-
gulates the flow control valves and determines the rate of flow of
tidal water into, and out of the model.

By using cables to sun the tidal components, a error
0.6% is imtroduced, which is considered negligible. Spur et
employed to produce the angular velocity um bein th com

cranks. Owing to the expense of precisely reproducing angular st
ties, maximm allovable error of 0.0033% was ulum gy

the gearing designed within this linit.
duce the tide correctly within less than 5% of nmdmum r e m gen—

The long period tidal components can be set on the computer manually
and this will reduce the above figures somewhat.

The tide camputer may be easily adjusted. The angular position
of the components is calculated for the prototype time at which the
experinent s to begin, the S component, is locked in a known posi=
tion, and the remaining cranks adjusted to their proper relative
positions, and locked to their driving shafts. Power is supplied by
a one-quarter horse power induction motor.

Tida) Plow Control

In this model the tidal height is controlled directly as it is
in nature and the rate of inflow or outflow is adjusted to produce
the required tidal phenomena. This differs from the usual procedure
of approximating the rise by controlling the voluze of water ex-

o , and is necessary because of the complexities of the re-
latdons betuoen tidal helght, ares, and contributions from the river.
This is accomplished by a dual mechanism; the amount of water re-
quired for uda.l rise in the model, assuming it had vertical sides,
is added or withdrawn, and automatically corrected to compensate for
the changing fiiel R g

In the first approximation water is added to the model in pro-
Friam e ot R R ) i e
(0) i a sisple system from the general equation of
bri i Sl

H= acs(wt + )
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and the rate of rise is

:_H__- ew sinfwt + &)
24w ws(wtrarr)

where @ is the rate of water input into a model of area A , and may
be ovaluated as ¢

@ Aaw cs(wt rarF)

Then 3£ 4 valvo s controlled by the derfrative of the tidal helgit,
iply by an ang gunent J- radians (90°) in advance of ti
4441 hedght (H) the correct ratelof tnput to a model of rectangular
cross section may be accomplish enatic arrangement for a

one coponent: system s shown in Figure k.

>

In principle two sleeve valves,one inflow and the other outflow,

sired direction, as required by the tidal control
Two suspended electrical contacts are controlled
by the tide computer, and contain a contact from the float between
them. If the tidal height in the model lags behind the predicted
height during the rise, the float contact and the lower suspended con-
tast ccaplete a eireutt, uhioh causes ¢ servo-mechanim to shift the
fulorum af &he flow oomrol lever 0 48 to cpen the {nflow

wider, causing an increased rat Lar ‘sorrestive acticns
Goour’Af the Fise is teo fast, and during the abbr

Tidal Valves

Brass sleeve valves had to be specially constructed since no
suitable type is available comnercially. The orifice principle is
enployed in order that the discharge be reasonably constant for a
given opening. Assuning that the valve discharges into air rather
than below the surface of water in a reservoir, the discharge @ may
be calculated from

Q=Ac, Jgh
where A’ opening in square feet, C,

charge coefficient, v-ry Jq 0.62 for circular or rec u.g ar
orifices, ¢ is the taceleratis due to gravity, and h is the hesd in

dis-
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feet of fluid. This type of valve varies the discharge by v
the area A’ of the orifice. eI of retetoary ddrate b
the valves, the changes in head measured at the valve can be mini

nized. The valves can be arranged to discharge into air, as required.

A sleeve valve requires very little torque to operate properly
and for this reason the tide computer and error control mechanism can
be small.

angular position of the control lever depends only on the
R e T el e e
o the valve opening are ad e servo-mechanism which raises
or lowers the fulcrun. Since the inlet valve must be lowered to admit
water to the model, the fulcrum will be moved slightly downward during
a rising tide in order to compensate for increasing surface area o
the model. As the derivative approaciies zero, the fulcrum returns to
its neutral position. When the outlet valve begins operating, the
servo-nechanisn will again move the pivot point downward to reverse
the effect of changing area, and finally the pivot will return to its
neutral position when the outflow is sero.

S LR S R DTS
1hen the derivative 18 sero, the lever amm of the outlet valve 1s

Talee il be bo mentosts. :The Yalveo are s $o that avelight faflow
outflow occurs at the neutral position of the pivot point.

s an apparent discrepancy in the operation of the servo-
L e e L Lavel Lot a1 1a Tl e
that, required by the tide computer. The fulcrum must move downward
%o admit, more water during a rising tide, and upvard to reduce the
outflow during a falling tide. This difficulty is circumvented by
a switch comnected to the derivative cable in such a
reverse the field current in the servo-motor when the derivative is
negative.

The control valve mechanisn could have been made much more simply

£5r Ut e o B SN o N S
embly to be used for other models that may be built in the laboratory.

Ono o these s a theorstical stuly of & nen-tidal situstien in Which

to maintain a constant head in the model. This will be accomplished
as described for the case in which the first derivative of the tidal
height is zero

Tidal Control Float and Servo-mechanism

The control float, shown schematically in figure 6, is a large
metal box having a natural period of vibration of about one-thirtieth



of one second in water. The natural period of the model basin is
about

£requenc;
lose contrl of the mdel, therafore it s impartant that the
period L s harmonics should not correspond

to the period of the model.

The control float compares the actual height of tide in the
model with that given by the tide computer and sends a correcting
signal through the relay to the servo-motor. By adjusting the float
contacts shown in Figure 6, the motor can be made to hunt continu-
ously, thus continously varying the tidal height about the correct
Talue, or the contacts can be adjusted to give no sigaal when the
tide is within a small distance of the correct height.
Tectadthe Tatter odiostmect 1) prove sore ekistasiciy eimodiine
t of correction required om be sade mall by proper odjustment
o the control valve Linkag

The servo-motor is one-fiftisth horse power series motor.

drives the pivot point up and down by a worm and worm gear, the latter
is threaded at its hub and engages a threaded screw attached to the
pivot point.

River Flow

River flow is to be manually controlled in the model, using
20° Vew noteh welr discharging iato o barln and overflong into the
Soma

channel.. n-ems of d bservations of the discharge
e, ilsh Jotn vo Tora. the Sauass, A
nag

of the st: and sz
available from ti re icate
that adjustment, at intervals of 1 1,2 hours (weskdy i the prototype)
will be sufficient, except in times of L’rnhn.. Very accurate re-
production of river flow can be obtained in this manner with relative-
1y little effort.

Verification of the Model

The model will be verified by comparing the distribution of
salinity with that observed in nature (Reference 3) under comparable
conditions of tide and river discharge.

The validliy of the réeilts pariaining to bad movement W11 b
chackedl qy inulating n sting at some time in the
past. né, the mods s reprodise ‘Same/ pheacases, Vish
et comparison of the results obtained in
the model with the natural phenomena will provide an index of the
accuracy of bed movement tests.

Methods of Observation

s proposed to mmy the harbour oceanographically as an
mnpl- 2 Fitaees , and to investigate the consequences of
Proposed physioal changes in the river bed, and its approsch to the




harbour. This implys that the cceanographic structure and its varia-
tions in relation to tide and river discharge be investigated by ob-
ses distritution of salinity, which corresponds to the den-
sity distribution since there will be no temperature gradients. Cor-
res es of the flecstsig required for expression of the
mechanics and dynamics of the system. Bed movement s \ld]ilruquir-d
IR e hefing pr-cue.bsmy and consequences of the
posed changes.

Salinity will be determined chemically in small samples of water
taken from the model at small intervals of depth, simultaneously,
by means of small bore glass tubes. Each tube will be connected to
a pneunatic cylinder in such a manner as to rinse and f1ll a pipette
when the cylinder is operated.

t data is to be obtained by direct observation with a
s sy photographing the edvance of a dye front
¥ith 8 16 mn. movie caners. Ths current meter bas not yet. been do-

signed and it is expected to require some research before a satis-
factory instrument is obtaine

Bed movement can be observed directly during operation of the
model and qualitative notes made at that time. The effect of pro-
posed alterations in the model can be determined quantitatively by

paribdu of tine, surveys can be conducted during operation.

To facilitate experimental procedures a "tide tracer" is to be
built. This device will record the height of tide on a moving strip
of paper. Although the tide tracer will be operated directly from
the tide computer, periodic observations of actual tidal height will
be made and campared with the tide trace. The tide tracer i to be

t up at various positions on the model in order to appear
photographs taken during operation.

Present State of the Yodel.

December 1, 1950, The model bed has been completed except for
painting. The control valves, servo-mechaniss, and coutrol float
have been completed. It is expected that the tide computer will be
finished by about December 20th. Installation and adjustment of
the tide simulating gear will require considerable time and the model
will not be in operation before January, 195

Construction of dbe water sapler, ourrect neter, and tide
tracer has not yet begun. It is planned to build these during Janu-
wad February, 2955

Tests in the model are to be carried out during May and June,
1951,
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