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“ Service-Reservoirs of the Melbourne Water-Supply 
System.” 

By Enc.4~ GOWAR RITcnIE, If. Inst. C.E. 

THE  est,imated  population  supplied by  the  system  in  June, 1920, 

the  maximum has been 78,300,000 gallons. The  rater  is  derived 
was 784,000. The  average  daily  supply  is 45,200,000 gallons, and 

from virgin mountain  and  forest  eount,ry,  free from occupation of 
any description, and is delivcred in a natural  condition of such 
purity  that  no  measurcsfor purificat,ion are necessary. It is conveyed 
to  the service-reservoirs near  the  city  by  four  independent  conduits, 
which are so advantageously placed that  the  nater  from  each  conduit 

is delivered by  gravitation. In  consequence of the  fact that  the 
can be largely  interchanged in t,he event of a  breakdomn. All water 

conduit provision is so good, the  total service-resorvoir  accommoda- 
tion of about 2 days’  maxi~num  sunnncr dcmitnd has been found  in 
practice to be ample  for  cvcry emergency.  To provide  for  further 
growth of the  city, sufficicnt land  has been purchased to  permit  the 

already  in use. Details of the rcvcrvoirs arc given in  Table I, p. 409. 
construction of additional reservoirs equal in total  capacityto those 

In 1907 thc  Author was placed  in  charge of t,lie Melbourne water- 

at that  time  Engineer-in-Chief of the Melbourne and  Metropolitan 
supply  system  under  thc  coutrol of Mr. C. E. Oliver, M. Inst,. C.E., 

Board of Works ; and  for  the ensuing 8 ycars  an  active policy was 
followed of increasing the volume of water t o  be impounded  in 
service-reservoirs.  Since that  data  six reservoirs have been con- 
structed. In reservoirs before and since  1907 four different types 
have been employed, namely: (1) Earth  banks  with a puddle core, 
lined with  pitchers  or  brickvork,  pertly  constructed in  the solid 

partly  above the  natural  surface,  the  excsvatcd material  forming 
ground. (2) Mass-concrete  retaining-walls partly in  cxcaratiun  and 

embankments  behind  thc retaining-wall above  the  natural  surface. 
(3) Retaining-walls,  serving the  same  purpose  as  type (Z), but  in 
reinforced  concretc. (4) Reservoirs excavated  entirely  out of solid 
ground  and  lined  with concrete. 
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With  type (1) (shown in Fig. l ) ,  the brick or pitcher lining, if 
impervious,  prevents the water from  reaching the puddle  in  the 
earth wall and  maintains  a  uniform  condition of moisture,  which  is 
essential t o  keep the  puddle  in good  condit,ion for r e s i shg  escape 
of water. If the lining  allows water  to percolate  very frccly, the 
accumulation  behind the lining  is  liable to cause  bulges and  s l ip  

when the reservoir  is emptied or lowered rapidly. More land  is 
required t o  build  such a reservoir, and  there is  a greater  area  to 
cover,  if  this  should become  necessary. 

Type (2) has been found  the  most  satisfactory  irom  the  point of 
vicw of economy and efficiency, but  the  adaptation of this  type  as 
used a t  Preston KO, 3 (Figs. 2) ,  is  superior to   tha t   a t  Kew (Fig. 3). 
In the  latter  the base of the retaining-walls  is  on  a  uniform  level 
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throughout,  irrespective of natural  surfacc-lcrels.  In  the  former, 
the  base follows approximately levels about 2 feet 6 inches to  3 feet 
below the  natural  surface.  The  change in levels is made  by a step  in 
the wall and berm. The small loss of capacity  in  the reservoir is 
fully  compensated  by  the  saving in mass concrete. 

An example of type (3) is shown  in Pigs. 4. Unless therc is consider- 

able economy in  this  type  (which  the  Author has not  found to  be 
thc case), its use is not  desirable. One disadvantage is the ncccssity 
for waiting  until  the  concrete  has  obtained sufficiont adhesion to  
t,he  steel before the wall can  be  loaded m-it11 excavated  material 
forming  the  bank.  This  delays  the whole Tl-orlt of excavation  and 
does not  facilitate  the regular and cren carrying up of the  earth 
embankment  behind  the  ret,aining~wall. In the mcantimc,  long 
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lengths of exposed  retaining-wall  are lcft  to  set,  and t,hey  are,  in 
consequence, subject t o  more  cracking than  the  mass  type of 

hind  the  concrete wall,  while the  latter  is  under  construction, or 
wall, in which the  earth  embankment  is  built  up  gradually be- 

shortly  after  its completion. 

and  there has never  been any  intention of adopting  it gonerally; 
Type (4) has  only  beenused  in special  circumstances (Pig. S), 

9-inch  pitchers  bedded  on 2 inches of sand  and 6 inches of puddle 
Bloom-The  thickness of floors has  ranged  from 17 inches (that is, 

beneath) t o  3 inches of concrete  not  rendered,  but  enricbed on the 
surface  by  cement  trowelled  in.  The floors have been founded,  in 
almost  every case, either on hard  red mar1 or on  clay.  The sub- 

stratum  and  surrounding  ground 
being  firm and dense,  no appre- 
hension has bcen felt  concern- 
ing  leakage,  and no trouble bas 

floor. Experience has  shown 
occurred  even with the 3-inch 

that  the concrete floor may 
be  considered rather  as a means 
of keeping the  water clean, 
and of facilitating  the  cleaning 
out of silt or other  deposits, 
than as a  medium of perfect 
watertightness. A 9-inch  con- 
crete floor has  given  rcsults not 
measurably  superior to a  4-inch 
floor, which latter has  been found 

F $ 3 .  

.+,!lC 1 6 , .  i -X=..' 
" l  2 . .- , 

,__ to be the best  thicknoss, having 
due  regard  to economY as well 

hsw. Y 

as efficiency. This  conclusion  has 
particularly  impressed the  Author,  in view of the  practical impossi- 
bility of keeping the floor free  from  cracks  through which water will 
pass and  saturate  the  ground  beneath.  Expansion  joints of tar,  sand, 
and  bitumen were  used, the floors being divided  into  panels  approxi- 
mating  to 100-foot squares.  Notwithstanding  these  precautions, 
the covering of concret,e with  bags,  and  regular  watering, cracks in 
the floor were found  unavoidable.  This  applied  particularly to work 
carried  out  during  the  summer, when i t  is  not uncommon to have a 
range of temperature of 50" F. during  a few  hours. It was this 
experience  which  led to  the discarding  of the 9-inch floor in  favour of 
the 4-inch, as being  more  elastic, and  the  latter has beon found  to 
crack  less than  the  tbicker floor. Efficiency  has not been  impaired, 
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while the  saving  in  concrete  has been  considerable. In  the  Preston 
reservoirs the floor was founded on natural yellow pnddled  clay, 
and  the  movements oansed by  the  snelling  and  contraction of 
this  material  added  to  the  difficulty of preventing cracks. In 
No. 2 reservoir (Figs.  4) the  3-inch floor was reinforced by a 

grid of ,?,-inch diameter  steel  bars,  spaced 4 inchcs apart  in  both 
longitudinal  and  transverse directions, and  laid  directly upon the 
clay bed.  In Eo. 3 reservoir (Jigs. 1) a  layer of damp  sand  and  loam, 
in equal proportions, v a s  first  tamped  upon  the  clay t o  a thickness 
of 1i inch,  and  upon  this  prepared bed a layer of concrete 4 inches 
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in thickness was deposited  without  any  reinforcement. It was con- 
sidered  that  the  sand  and  loam  mixture would insulate  t,he  concrete 
from the  clay  movements,  but  that it would nothe sufficient,ly porous 
appreciably  to  rob of its  cement  the  wct  concrete placcd upon  it. 
Thc  rcsults were good, and  the  4-inch floor without  any reinforcomont 

freedom  from  cracks. KO cement  rendering was  used on  either 
was found  to  be  superior  to  the  3-inchsteel-reinforced floor as regards 

floor. The wet concrete was screeded to a uniform surface. A 1 : l+ 

trowelled in,  and a final dusting of neat  cement was also trowelled in. 
mixturc of ccmcnt aud sand was sifted  on to the wet surfaces  and 

moresahfactory  than  the use of ordinary  +-inch or $-inch ccment  ren- 
This  method of enriclledsurface-treatlnent of the  concrete was found 

dering,  as wellas beingnluch cheaper. Thecompositionof  theconcrete 

Fig. 5. 

OLINDh. 

for  the walls and floor was 1 : 24 : 4. Covering of reservoirs has  not 
so far been found necessary, but a close thicket of trees  and  shrubs 
i u  grown around all basin enclosures, and  serves  to  arrest  dust  and 
other  impurit,ies which might othcrwise be blown into  the  water. 

In  connection  with  Table 11, which  shows the  principal  itcas of 
the cost of the reservoirs, the following  details of construction 
arc of intcrest. Most of thc  excavation nork was carricd  out  by 
ploughs and “ monkey-tail ” scoop drawn by one- or two-horsc 
tcanls.  The exca\ateil rnat,crial in  Preston No. 3 was haudleit 
I”incil’alIyby1argescoops dral\nbycnblcbct~z.ccn  two  portahlesteaul 
cnginos.  Consolidation of banks w m  secured in  the  usual manncr, 
either  by deposit,iuy t,lle spoil in  &inch luycrs, or by  traffic of scoop 
teams, or by rolling.  Concrete was mixed,  for  the  most  part,  by  batch 
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mixers.  Trimming of the  clay or mar1 reservoir-floor preparatory 
t o  concreting was carried  out  in fine  weat,her. A considerable saving 
in the last three reservoirs constructed,  both  in  labour  and  in con- 

TABLE II.-ParNoiPaL ITEMS OF COST FOR REsEEroIns OONSTLIUCTED 
m o ~  1909 TO 1915. 

rotting m " '  SE;;:;;"," Oliodn, 
Hill. No. 3. Nu, 2, . 
& d .  & d .  % d .  & d .  

35 0 3 i  6 41 0 36 0 

33 0 ~ 40 0 40 0 41 0 

1 9 ~  1 6 ,  2 0 '  ! 1 6  

l 

l 

Eaoavation and depositing 
spoil in h n k s  . . 

! 

per cu. yd. .) 
1 3  ~ 2 0 ~  2 6 1  2 0 ~  1 9 ,  1 4  Stripping and soiling . . 

1 4  ~ 2 0 ~  2 G '  1 6 1  1 8 4  1 9  

the work. 

soreeniuga about 8s. per cubic yard, 

The cost of cement averaged about 14s. 9d. per barrel of 4+ cubic feet 0x1 

TIE ayerage cast of sand we.8 about 9s. per cubic yard, and of atone, metal or 

Tlm ruling merage rate8 of pay were :- 
i iarviea and concrete hands . . . Sr. per d:ty of 8 hours 
Plasterers . , . . . . . . 158. ,, ,, ,, 

cretc, ~ m s  effected  by  the use of an  earth-planing  machine for trim- 
ming  the  earth floor previous t o  concrete lining.  This was carried 
on movable  rail-tracks  and  driven  by a small  petrol engine. 

from Mr. €1. A. Wood, of tbe designing staff of the Xelbourne 
Tho  Authordesircs  to acknowledge the  valuable assistance  receivcd 

and  Metroyolitan Board of Works, and  from Messrs. J. ,L. Nolan 
and H. M. Trethowan,  assistant engineers, who had charge of con- 
strnct,ion xvrk on  those reservoirs built between the  years 1909 
and 1915. 

the Figurw in tho test  have been prepared. 
Tho  Paper is accompsnird  by one shcct of tracings,  from which 
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