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AT VANCOUVER, MRITISH COLRBILL.

There has recantly beon completed by the Adminlstration Board of
Greator Vancouver Wster District at Vaacouver, British Coluwembdic, 2 tummel
for ewrrying wator supply which is distingmished by seversl festures of
umgual intercet.

The Oreater Vancouver iater District s e Corporstion created by
special act of the Leglslature of the Province with the object of supulying
water to the arca within ites limits. It bogan its operations in 1926,

The tunnel 18 s unit in the projeets of the District for increas-
ing the supply of water t0 its constitunont mewbers comprising the Cities
of Venoouver and Hew Yestmineter and several adjncent runloipalitiecs covering
an ayea of 290 souare miles, The pomilotion of the District together with
the addisional aroas to vhich water is supslisd in bLulk by the DNstrict is
apnroximately 325,000,

The water is drswm from two indapendent s&rw of supply cobe
tizuous $o Vancouver and neardby -unioipalisies and one contimucus to Hew
Festminster and adjoining mnicipelitice., These sources are zll mountain
streams lying in the high land to the north of Burrerd Inlet Irom vhenoo
an averwﬁ daily supply of about 35 million s=llonms is iskenm and for the
mazirses day about 55 million :mlloms. The extensive use of water for lawm
sprinkling and gardening parposes during the dryest period of swmeor acgounss
for the henvy meximum daily delivery.

Immediately after the inocorporztion of the District investimmtions
were put i band with o view of ascertaining the physical fastors in the
watersheds and the intervening nress that Tould have s dotermining effect

on the steps $o bo taken from $ime o time ¢o increase the water supply 40



the fMullest cxtent the runoff would permit. ieny detailed surveys and
investigations and subsurfece borings were male ot poesible sites for
stornge or diversion dams, and for tuanels, pipe lines amd other miructures
to the snd that vhatever plams should be decided upom for future Jdevelop=
ment the various ste;® would be in proper sequence., The completion of the
S‘ressure Tunnel undier the Pirst Harrows at the enirance of Vancouver Hare
bour marks one of the steps. /Amomg the others will be the comstruction
of a dam at Capilano Canyon (3% miles north of the tunmel) perhaps eight
to tem yoars honoe anl a dam at Seymour Canyon possibly twenty-Cive or
thirty years later. These dams will creste impounding reservoirs in the
valleys for the regulation of the widely fluctuating gtream flows., Regule
ation is asccomplished for the presemt and early future needs by three small
mountain lakes at elevations of approximmtely 3,000 feet above sea lovel.
¥eantime the 144 square miles of land above these dam aites have with the
axcopbion of less than one por cemt of the total aréa been acquired by
the District, while in the Coguitlam #atershed contisuous to How Jogte
minster the whole catchment arsa is unier a Govermment Heserve.

The Capilano supply system of which the tunnel now forms a part
was the first to be developed for the them Uity of Vancouver in 1888,
and considerable parts of the orizinal 22-inch and l6~inch diameter rivettod
steel mains constructed at that time are etill in operation thouch about
at the ond of their useful lives, It is intercsting to note thst these
0ld pipes =28 well a8 ome of the sume ae on the Coguitlam systen supply=
ing Hew Veotminster and neighborhood were built in the Provinge, of British
Steel brought directly by ship from Sngland,

The distance from the Capilano Intake to the Horth Shaft of the

Pressure Tunnel 1s seven miles, About 1.7 miles of ¢his distance has beon
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is of old 156, 22 and 26~inch steel and 30-ineh wood=-stave pipes. Replace=
ment, shortly recuired, will be of &0-inch dismeter steel northward t0 the
Canyon Damsite and probably by a sirebeh of contimuous wood-stave pipe
upostream from the Canyon to serve for the ¢ime until the dam {s eonstructed.
The present intake structure, at :Zlevation 470 feet above ses level, will
then be sulmerged,

Feretofore the water has been carried acrces the Harbour by
means 0f submerged flexible-jointed cast-iron pipes lying on the sea~ded.

he Port of Vancouver, in recent yaars, has handled a larger
oxrder of vessels than any othar Canadian port, arrivals aspproximating to
20,000 per year, and as all this traffic passes throush the First Harrows
and & oomsiderable percentage of it through the Second Karrows it can be
seen that the requiresents of navigstion are of parsmount importance in
eny consideration of these channels. The widths of the two Harrows, with
30 feet st low water, were formerly 500 feect and 450 feet respectively.
The Firat Narrows have now been dredged to o width of 1200 fect at 35 feet
at low water, but the Seocond Harrows have not been improved $o any srest
extent, These particulars and the fact that ranid currents, up to about
6 knots, oocur daily in the channels will help %0 exslain why the maine
tenmance of unlerwater pipe erossings at the ‘zarrm has been a matter of
considerable anxiety. The ocoasional breakore of the mains noar the shore
connections coused by the grounding of ships, and other maintensnce 4ife-
flcalticn, @ well as the possibility of serions damege dus to the sinking
of 2 ship over the pipe lines, rendared imperstive a more pormanent and
satisfectory crossing for the water supnly te the rapldly developing City

and its suwrroundings, lany detailed surveys and studies were carried out
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in determinins the best possible mothod of achleving this objeet. Zvenie
rvally & pressure twmel st a depth of 400 feet under the First Harrows was
decided upon, to be of such dimensions that it eoould de incorporated in
the ultimate develomment scheme, It iz this tunmel thal has just now beem
sompleted,

A oross section slonz the cemder line of the tunnel, which is
siraicht in plan, is given in an accompanying i)lustration. The south and
of the tummel ({.e. that at the City) was fixed within relatively narrow
1imits by the loeation of the road across Jtanley Park in which lies the
existing supply line., 3andstone rock was found at the point selected at
shout 65 feet bhelow the surface., 7The loostion of the IHorth Shaft presented
more difficuliies. Future navigation requirements hai to be allowed for,
and those include future dredging of the ¢lagial deposit in the bed of the
channel, vhich can be seen from the section to otart at about mid-channel
inorecsing in depth to about 300 feot half 2 mile to the north. Further
e suitable 30114 rock foundation had %0 be obtalned for the founding of
the shaft and for 1ts junction with the tumel. oxtensive subsurface
investisntions were carried out by means of boringe and eventually a sultable
aite wne selected at which solid roek wos found at a depth of 110 feet
below hish water level and which also met the requiroments of navizmtion,

The location of the two vertical shafts rosulied in 3 tumnel
3,104 feot long. The inmternal diameder of the tunnel waa fixed at 7t 6%,
{t8 designed capacity being 200 million smllenms per day, which is the
nléimate supnly exoocted from the Capilano Croek works., The two shalts
are 8 feet in internal diometer. The sandotones, shales and conclemerates

at the hunel site are recent rocks and a3 no pressure fturmel had horstofore



been built in recent soedimentaries it was concluded, on the sdivice of

Hre J, ¥aldo 3mith, Comsulting Pacineer of the Hew York Board of Wanter

Supoly, to desizn both tunnel and shafts with a contimous steel interlining,
As the tannel is to oporate under an unbalanced hend of 470 feet

the lining nrovided required ¢o be of wmonelly heavy design. The tope

of both shafts are surmounted by csste~steel caps 2j~inches in thicknoss

eagh having four 40-insh flanged autlets for comnection to the mains, The
ghaft caps aro comnected 3o the upper course of the 1 1/B-inch steel
gylinder interlining, which i3 here decressed in diametar to Tt 47, The
spoce between the line of excavation and the steel interlining is filled
with concrete. The steel imterlining diminishes in thickness to 1 1/16
inches as the load of about 760 tons due to the upward thruet on the
shaft cap is transferred %o the conocrote murrounding the interlining

and to the solid rock, Iinside the steel cylinier 1s an inmor lining of
4~inches of concrete which forms 4in these parts of the shafts the fine
ished watorwny 8 feet inm dlameter.

The remalning lengths of the nshafto and the vhole length of
the tannel are lined with partially pre-cast steel oylindsy reinforsed
concrete pipes. Hach section consieis of a steel aylinder 14~feet long,
3/32 inch thick surrounded by two or three rows of spirally wourd 5/8-
ingh dismeter steol rods, the mumbor of rows and the spacing depending on
the rook sonditlon at the partienlar place the pipe iz %o socupy. The
tannel is connected 0 the bottoms of the tw shafis by heavy gteel
mparder-bends fobricated ia two sections and wolded in plase in the work,
Theseo were lined with concrete by the use af epocially moulded wooden

forrm 40 oive smooth flow condltions,



SO TECTION:

raction of the work described wus
awmzdod in duly, 1931, and active work started almost irmedistely. The
South Shaft wap completed by the end of November of the same year and
tannel driving started from 1t, 7The Horth Shaft irmvolved much more dife
fioult comstruetion work, and it wns not completed until Hay 10th, 1932,
by which timo the tunnel face wes very close $o0 this shaf$, The twmmel
wag finally holed throwgh on Hay 21s$, 1932, having bsen driven almost
ent irely from the south end, Ay the end of December, 1932, all the re=~
inforced conorete pipes in the shafts had been sot in plase and more than
hal? the lining of the turmel completed, The entire conmtract was fine
ished within a fow days of cemtract date for completlon, vis., June 1st,
1933+ The tumnel wus placed in commission av & part of the supply system
on Jume 30th. Cortain surfues work reguired to be carried out by the
Fater Uistriet 1s still in procress,

The South Shaft was excavated $o a dlameter of 20 feet and
timbered through the 65 feet of hardpan until it reached the surfoce of
tho sollc formation., For the remainier of the depth this shaft wso
lined with comcrete instead of timber,

The 127 feet of boulders, sand, gravels and 80 shales Donew
trated by the Horth S5haft between the murfuce and bedrock waa com:oscd
by a concrete cmissom with walls § feet thick and an interiocr dlsmeoter
of 14 foot.

The sard and gravel at the shai't site were excovated %o o depth
of about 30 fuet znd replaced with ses gravel in order %o reducs the akin

friction on the celsson, Urer and wround this o mound of gravel ahoud



8 feet in thickmess was deposited, oringing the surface on which the caissonp~
shoe was bulld, to a plane above the reach of hizh tide, This mound was
surrounded by a framework of timber piles and heavy timbers to form a —orkw
ing platform, The shoe was built of strustural steel angles and plates
rivetted together having a bell-shaped inner surface 7 feet in height. The
cutting-edge was about b6~inches in width. The steel shoe was c&increted
and the ceisson completed to a height of 30 feet before excavation bezan.
Open dredging by a 1} cubie yard clam-shell Macket and, later when more
boulders were encountered, by an orange-peel ducket was used throughout.
The steel forms allowed m 8~foot lift of concrete to be poured and caree
fully bonded to the preceding work,

Lying on bedrock to a depih of 10 feet or 30 was = considerable
nest of bonlders, some measuring as mmch ag 5 cubic yards, 3Some of these
were removed by slings placed by 2 diver but others were tightly wedged
under the mitting-edge and blasting had to be resorted to. The surface
of bedrock was disintegrated and soft requiring the caisson to be sunk
to a total depth of 130 feet t0 a foundation in the harder sandstones.

Some of this latier sinking was done by the use of water jets from a
centrifpenl pamp urder & oressure of 1655? per scuare inch until the rock
becanme 00 hard to yield to the impact of the jet. The cup-shaped basin
in the Dottom wos cleaned up and conerete o a depth of 12 feet was placed
to form = seal, ¥hen thes concrete had set the calsson was pumped out and
a shaff & Tect in diameter, blasted with lisht charges, was sunk through
the seal, 7The shart was enlarged to 10 feet and the small guantity of

water leaking through wns grouted off., The remcinder of the shaft was



exocavated in the ordinary way under open shomosphoris conditions. Tindering
w8 not used, s thin lindng of comorete similar to thet in the South 3haft
poured in 8 or 16 foot lengthe being svhetlitubed,

The infiltration of wnter 1ato the shaft Drom the solid rock wes
sanll, the lorger pard of the inflow came throush the rock below the
onisson seal, The maxisom mrantity of veder pomped from both shafts and
tunnel was 66 gallons pur mimute aml that oaly far o short peried. Indecd
the absence of water in any comuiderable quantity made the working cone
ditions much more satisfuctory then adsht otherwise have been the case and
retuced the cost of conotructicn to the Contrastor,

Ho protlems of magnitule were not in the actual driving of the
tunnel., Ssadstonso of verying iteviures prevailed in the tanmel, M/

dipped Yo the south at an inslinatiom of about 10 degrees and intorbedded

with them were sandy snd pelbly 4o highly slickenzided sheles and ong o

-

two beds of conicmcrates ooouping altogether sbout one~third of the tunnsl
[T e - - -
length, The sandstones in zenscal fnralshed o empll onantisy of water
NS

and required no timbering, this being the case for 1700 feet Irom the South
Shatte OF the rexainler of the tunmnel only 376 feot were $imbersd, 600

feet of thls Lolng lu the 2ofter shales,

Upon completion of the exsvvation the floor of the tannel, vori-
ing from the Louth it mersbbesrd, cza eleansd up, =211 lorse or friable
maborial rewved and o sonorste lovewd wouwrad In vhich was embedded B0
eareful iins ani grode zhe stasl ¥ails won vhish the lindys »ines were
tramaported $0 yoslticn. Then 4his wne oumampleded $hs sloelns of the cone
grate pipes bepluning ot 2 polnd o Pow fagt Srom the Jouth 5hafd and working

northward vag proosedad with.



The reinforoed steel and concrete pipes for the tumnel and shafd
lininse were fabricatsd by the Pressure Pipe Company of Cancda Limited a%
a gpecial plant in Horth Vancomver,

Here the steel shests were formed into sylinders a=nd welded, The
reinforcing bars were welded imto a contimous rod and wound under tenaiom
on the ocatszide of the cylinder being spot welded to the loncitudinel bars
separating the "cages®, The ende of aylinders vere flanged or turned nore
mal to the axis for one inch for welding to the adjecemt eylinder in the
tunnel, A welded mesh was inserted in the eylinder and a 2-inch lining of
concrete (except for 2~inches on each eaa_) with 1/4 inch coarss agsregnte
placed centrifugally. Short 2-inch diameter stesl grout »ipes were placed
in each oylinder in much & position thet in the finished tumnel they would
bo at J-foot intervals. The gylinders were then water cured for 14 days
and transported to the Horth Shaeft throwgh which all the tumel lining

A stotion was cut at tunmel lovel axtending tho bunnel sbout 75
foet to the north in wvhich & double track provided convenlent storase for
cars, meumatic gun and other eculmment, In this station a cor gpecislly
constructed with a cantilever arm and appropriate counterwel-hts roceived
each length of pipe after 1% had been lowersd end-om dowm the Shafé and
turned by means of a small tuseer holgst and sultsble sline t9 a horizen-
tal position. The pipe-carrying car mushed by a small storase battery
locomotive, used for all the underground hanlare, delivered the pipe %o
its finsl loeation in the twmel. 3asy and sensitive versical and horisz-
ontal adjestoment on the car allowed tho plpe to be placed in position on
conerete blocks sot on the lnvert of the tunnel and broushd to oproper
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grade and aligment. 7The peripheral epening between the rortherly end of
the qrlinder and the rock walls wes then oarefully fitted with a sandbag
tulichead. Through the bulkhead yrojected a pipe for the discharge of
conorete from the pmoumatic gnn ot a pressure of abouwt 30 per sguare inch. |
On removal of the sanibogs the next oylinder wes olaced with
the turncd-over end of the steel interlining im contact with that of the
preceding oylinder, Rleotric are welding of the joimts cresting s cone
timnous bead of metal on the adjacent odges of the turned-over ends of
the interlining wa® proceeded with shortly after the pipe setiing and,
for the major part of the work, before the gonorete backing wns mut in

place and the water pressure tuilt itself wp in the rock formmation., The

cylinders were 50 >lased that the zrout pipes were in a wertical plane
in the roof. Throuch these openins the vhole tunnel was grouted under
moderate pressures at first and finally, where required, up to sbomt
180# per square inch,

Harrowe bands of reinforoinz mesh were plsced in the joint
spaces and they were carefully filled with coment grout, trowelled and
finished off 20 23 %0 dve a smooth and contimuous wnter surfnge., The
lower parts of the shafts extending dowmmrard from the heavy stesl lining
already described were alss lined with the semi-finished eonarete pipo
and were basked with concrete to the 301id rock in the sume way c8 in
the tummel =nd then srouted, |

Four 4d~inch pipes conmnesct eash shaft oap with a sorresponding
valve-charber asbout 40 feet away where orovision for an soual rmunber of
48=inch sade volves will permit of additional future sommections at both
the supoly and delivery ends of the twmmel,
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On sompletion of the shaits and tunnel and the valve chumbers
and gommecting pipes beotween the shaft caps and the valves, the anel
was filled with water ehlorinated and drained and on refiliing wase ¢cated

for 36 hours under a pressure of 210y per sgusre inch, 7The leakage {rom

the tummel, shafts and comnecting 4b-inch pipes under this test rroved
to be less than 250 gallons in 24 hours,

The onil ro project is being carried out for the Greater Vane
gouver Water District under the suparvisiom of i, E, i, Cleveland, i.5.1.C,,
Chief Comissionar. Iir, ¥, H. Powell, B. Sc., H.%.1.C, Bngineer to the
Hater 2istrict, is in direct churge of the vork =and ¥r, P, C. Steward, 3,:.50.,
is Resident Zngineer,

The general contract for the work was held by the Forthern
Construetion Compary and J. ¥, Stewart, Itd, of Vanoouver - a widely lmown

firm of Conadian contractors,



