
SYDNEY ANJ;? SUBURBS 40W ~EV~~ 
S.EWERAGE. 

(BY A. E. CUTLER). 

Although the greater portion of the City of Sydney alld 
its surrounding' suburbs is drained by gravitation sewers, 
flowing direct e ither into the sea, Or to a sewage farm 
or outfall treatment works, the re are some large areas 
having so litHe elevation above the sea that speCIal 
methods must be provided to inte rcept the sewage there
from and prevent it flowing into the waters of the harb Jur 
as would otherwise be the case. 

The total area of these low-dying districts is 2900 acres 
and the estimate d future population thereon is 11 6 ,000, 
which would mean a daily flow of 5,800,000 gallons. 

The first of these low-lying areas to be dealt with was 
the Double Bay Valley. . 

This valley has an area of 78 a cres and the prospective 
population thereon is 2 3 23, and with a sewage allowance 
ver head of 50 g allons the average dry weather flow 
would amount to 80. 6 2 gallons per minu te. 

The proportion of rain water admitted is es timated as 
being equal t o that falling on an area of 200 square feet 
per head of the population, and the assumed maximum 
rainfall was taken as equal to 2in . per 24 hours. 

It was also a ssumed that half the total daily sewage 
would flow off in 4 hours . 

Therefore, the maximum combined flow would amount 
to 57i.8 gallons per minute. 

The first thing to be decided was whether it would 
be advisable to concentrate the sewage from this area to 
one point and there erect a pumping s tation to lift the 
sewage to the gravitation sewers , or have s everal small 
stations. 
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B,ef?re this point ~an be decided, the natur,al slope of 
the ground, the nature of the sub-so~ , and the amount 
of w,ater likely to be m,e,t with in the e~cavations must 
be knowo. . 

" Ir'! the case of Double Bay, the land for the Il;lost part 
is situated about 7 feet above high water, and the sub
soil is peat and sand very heavily water-chil!rged . There
fore, it was decided to construct four stations to which 

;;the seV\'age could be fairly easily lead, and to lift. the 
sewage from these stations by means of Shone's auto-
matic hydro-pneumatic ejectors . . 

Thus, comparatively shallow sewers could be con
structed having good gradients, and the depth of the 
collecting we!ls at the stations would be modera te. 
Whereas, had it been decided to put down one pumping 
plant, the sewers must have been of much gre ater depth 
with a correspondingly deeper pump well. . 

In carrying out the work it was very soon seen that 
to have attempted t o drain this valley to one point would 
have m'uch increased the cost, a s even at the moderate 
depths that the pr,esent sewe rs are laid very great diffi
culties were, met during construction. 

The total length of the sewers laid is 8 II 7ft ., com
p rising 7829ft . of 6in. and 288ft. or 9in. pipes. The 
grades vary from I in 200 on the 'level g round t o I in 100 
on the slopes abounding the area, while the velocities 
range from H- to 2ft. per second with the sewage flow. 
AutCL'1latic flu shing s tations a re provided in suitable posi
tions, which will have the effe ct of increasing the veloci
ties to about 5f t. per second- a sufficient rate to cause 
thorough flu shing. Ejector s tation No . I is at the inter
section of Pelham and Cross streets; No.2 , a t the corner 
of Cross and Bay s treets ; No . 'I, in William-street, ne aT 
Double Bay ; and NO.4, on the Marine Parade, near 

Ocean-street. At each s ta tion the Shone 's hydro-pneu~ 
ma tic ejectors are in duplicate , one ejec tor being ample 
t o deal (with the maximum sewage flow, while the pair 
working together are capable of dischaT,g ing the maxi
mum combined !low of rainfall and sewage. At st a tions 
Nos . I, 3, and 4 the ejectors a re each 50 gallons capa city , 
and at station No. 2 150 gall ons. The eje ctor's s tations 
and collecting wells alongside are of cast-iron . The col-
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lect ing we lls are 4ft. diame ter; of l in. meta l, and receive 
the sewage from the differen t collecting sewers . The 
ejector chambers are 10ft . diameter, except- No. 2, which 
is 12ft. They are constructed of ca st-iron segmental 
p1ates l in. thick, bolted t ogether through vertical and 
horizontal flanges, strengthened by gussets. The bot
tom section is strengthened by cross girders of H . sec
tion , bolted to a wider flange running round the cylinder 
12in. from the bottom. After the cylinders were sunk 
to the required depth, the bottom was fillea in with con
cre te between the H. girde rs. T o these the ejector s are 
se cured. The upper portion of toe chamber, being a bove 
the water level , is compose d of concrete , which sits on 
the t op fl ange of the cylinde r. It is built with a de
crasing diame ter , fmishing at 4ft. 6in . at the surface. 
This all ows sufficient room to remove the ej·ec tors , if 
required for repairs . The opening is closed with a ca st
iron manhole d oor. Ventilating shaft s are provided near 
each collecting wen to carry off the sewer gas . The 
ventilation a t these shaf ts is naturally assisted by the 
discharge of the exhaust air from .the ej ectors through 
11 nozzle into the shafts. The air and delivery mains are 
of cas t-iron, the Norma ndy joint being used in the air 
mains, and ordinary spigot and fau cet m the delivery 
mains. The Normandy joints have proved to be highly 
satis factory ; no leaks were discovered when thes·e mains 
were tested. Both the a ir an ll delivery mains are in 
sections , so that any bra nch can be cut out in ca se of an 
accident . Means are provid ed for emptying the delivery 
mains into the sewers when repairs have to be effected. 

The ej ector is a simple rorm of pump for cruae, un
s tra ined sewage. It is a clos.ed, ca st-iron vessel , with 
inlet pipe and inle t valve, and outle t p ipe and outle t 
valve . T here . is also an air valve worked by a float . 
The sewage flows in by gravitatIOn until the e je ctor is 
full . At that moment a bell-shaped itoat, contained 
within the vessel, r ises and opens the a ir vaIve. T he 
compressed a ir supplied from the centr aJl s tation en~ering 
the ejector, the pressure of this on the surface of the 
liquid in the tank closes the inle t va1ve, and forces the 
sewage through the outle t ' valve up to the high-level 
sewer. When the level of the sewa ge in the vessel falls, 
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it leaves unsupported a float placed near the bottom; 
this float acts upon the air valve, closing it, and a1.lows 
the ejector to again fill. The whole operation takes 
about half a minute . 

The ejectors discharge the sewage into a manch of 
the main northern sewer, the total lif t amountlIlg" to 
about 56ft . 

The central ~tation, from which the compressed air 
for working the ejectors is provided, is situated off Bay
street , near Swamp-st ree t, and consists of a one-storey 
brick build~ng with sandstone facings. 

The estimated maximum h.p. required is 8.83, and, 
a ssuming the efficiency of the whole system at 35 per 
cent., the indicating h .p. at the generating station would 
be 251. 

The air compressing plant consists of two Parker con
tinuous current shunt wound motors a ctuating two air 
compressors . Space has been left for the duplication of 
this machinery when an extension of the sewerage sys
tem requires it. The motors a re each oapable of de
veloping 25 h .p. , at a speed of 470 to 500 revs . per 
minute, whe n supplied wi th a current pressure of 500 
volts . One motor is, therefo re , when running a l full 
speed capable of perfo rming the whole work. By a r
rangement with the Railway Commissioners , the elec
trica l energy is supplied through a 19/16in. calJ.e from 
the power-house a t 'Rushcutters' Bay at a cost of one 
and one-third pence per B. T. unit. 

The a ir compressors have II in . cylinders and 18in. 
stroke , the cylinders a re water jacketted, and sprays 
a re also provided. 

The inlet valves are opened and the outlet valves closed 
mechanically. 

The ai r receivers aTe of mild s teel with segmental 
ends 4ft. 6in. internal diameter and 9ft. high. They are 
fi tted with manholes, and dead weight safety valves re
g ula ted to blow off a t 3 51bs. pressure. The inle t and 
outlet pipes a re 6in . diameter, the former extending up
ward in the centre of the vessel about 5ft. , and the la tter 
has its mouth protected by a cast-iron baffle . The spray 
wa ter by these means is separated from the air and dis 
charged by a t rapped drain pipe in the usual way . The 
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motors and compressors, by working in parallel or series, 
can be run at half or full speed. To acomplish this, and 
also to ensure the safe starting of the motors against 
a maJtimum load, a series parallel controller has been 
designed which allows the current at starting to pass 
through a series of resistances which are cut out step 
by step. As the work to be performed is so variable, 
necessitating the air compressor being run to suit the 
flow of sewage, means have been provided by which, 
when the pressure has either risen or fallen between 
certain fixed limits, the machinery will be automatically 
stopped or started. The maximum pressure decided on 
was 28Ibs., and the minimum 2olbs., the latter being the 
smallest pressure which would lift the sewage from the 
ejector stations to the gravitahon main, and the former 
being as high as the pressure could be economically 
used. It became necessary, therefure, that the se ries
parallel controller should be automatically governed so 
that the pressure should he maintained between these 
two limits. 

Placed on the wall of the engine-room is a small air 
cy~inder fixed horizontally. About 4 fee t away, and 
"tanding vertically one above the other about 3 feet 
apart, are two small hydraulic cylinders, also secured 
to the wall. They are so placeo that a prolongation ot 
the bore of the air cylinder would exactly fa'11 mtidway 
between the 'two hydraulic cylinders . Each hydraulic 
cylinder contains a plunger, and secured to and connect
ing the plungers is a die-plate. Thus, if the lower plun
ger was being forced out of its cylinder, the upper one, 
of a necessity, would be forced in . 

The pressure for working these hydraulic cylinders is 
obtained from the ordinary water main . 

In the smaIl air cylinder before mentioned is a piston, 
the rod of which passes through the cylinder cover. To 
the end of the piston rod is secured a toothed rack, 
which gears with a t oothed wheel or pinion on the head 
of the controller spindle. 

On the upper side of the rack is fixed a square bar, 
having square stops or projector ' standing out from both 
slides ; these stops correspond with the different points 
that the control ler must pause at whilst cutting the re
sistances ou t. 
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In the die-plate fixed to the hydraulic cylinders are 
teeth cut, and the square bar carrying the stops passes 
through the die-plate _ The teeth ~n the die-plate are 
arranged in such relation to the stops on the bar that 
if the die-plate is made to move either up or down by 
putting pressur,e on to one or the o ther of the hydraulic 
cylinders, and the compressed air is allowed to act on 
the piston of the air cylinder, one stop on the bar will 
be forced between two of the teeth on the die-plate, the 
next stop hitting the die-plate and thereby checking the 
movement of the rack, and, therefore , also the controller 
spindle ; when, however, the die-plate is moved a little 
fmther, this stop passes through, and the next will hit 
the die-plate. Thus, an interm:i tten t motion is g (ven to 
the controller spindle and the pauses attained, which 
are reg uired in eu tting ou t the resistances. 

The whole of this mechanism is in its turn controlled 
from a central valve, so constructed that i t will rise at 
281b_ pressure, and not fall until the pressure has been 
reduced to ~21b . The rising and falling of thIs valve 
turns the air pressure to one or the other side of piston, 
and at the same time the water pressure on to the upper 
or lower hydraulic cyl inder_ Thus, the whole process of 
stopping and starting this plant is automatically carried 
-out. 

The central valve also controls a small hydraulic 
cyloi nder which opens and closes the compres:;or jacket 
circulating water supply vah-e. 

The genera,l a rrangement of the machinery is such 
that either of the mo tors, compressors, or re ceivers can 
be cut out, or both the motors can be run ;n series, 
dniving either one or both of the compressors at half 
speed. 

The atir delivery pipes a re in duplicate throughout, so 
that it is almost impossible for a breakdown to occur 
which would seriously affec t the supply of compressed 
aIr_ 

The spur wheel on the counter shaft driving the com
pressor gears into a green-hide pinion placed on the 
motor shaft, and although the teeth on the spur wheel s 
are not machine cut , these pinions have run constantly 
for the last 1-8 months, showing practically no soigns of 
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wear, and the gear is almost noiseless. When the plant 
was first started phosphor bronze pinions we re used, but 
the wear was very considerable, and they made so much 
noise that green-hide pinions were substiituted with com
plete success. 

A storage battery has been installed, consIsting of 
230 Epstein cells. The primary duty of this is to pro
vtide power to run the plant at night when the tramway 
plant is not available, and, secondary, during ordinary 
running to reduce the drop in the line between Rush
cutters' Bay and Double Bay. The battery is always 
switched on, so that when the mach~nery is runDling the 
motors obtain their energy partly from that and partly 
from the line. As soon as the motors a re stopped the 
batteries start charging, making up for what has been 
used whils t running. In addJition to the advantages de
rived in this way from the battery, it was possible to 
materially re duce the areas of the cable. 

A switchboard is provided with all the necessa ry fit
ting s, including recording ammeter, voltmeter (with con
nections to line or battery) , ammeter to each motor, 
polaised battery ammeter, and all the necessary qU'ick 
break switChes , cu t-out plug fuses , and electric light 
circuit connections . 

Taking the average annual rainfall at 51,522 inches, 
the quantity of sewage and rannfal! to be pumped would 
amount to 54,846,137 gallons per annum, and the h. p . 
hours expended, taking the effi ciency of the whole plant 
as 34.8 per cen t ., would be 35,371. The cost of elec
'f.rical energy would, therefore, be £I47 7s. 6d. per 
annum, and the cost (including energy, wages, and 6 
per cent. per annum on capital cost for repairs and re
newals) of lifting 1000 gallons would amount to 5688 
pence with present population, and 3991 pence with fu
ture population. 

EFFICIENCY TESTS OF PLANTS. 
In order to obtain efficiencies of the plant , tests were 

made under ordinary working conditions on February 
13th, 14, 15 th, and 16th, with one air compressor and 
",11 the ejector stations working. Each day before start
ing a man was placed a t each ejector station to count 
and keep tally of the number of times the ejector dis-
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charged, from the time of s tarting to the finish of ea ch 
trial, and the capacity of ej ectors being known, the num
ber of gallons of sewage discharged by each statiion could 
be readily computed . From this, and the total lift, the 
work performed was obtained. The compressor was 
kept going a t a uniform speed of 50 revolutions per 
minute, which maintained an average air pre ssure of 201b. 
per square inch in the receivers. Indicator diagrams 
were taken off the compressor at inte rvals in order to 
obta in the average u.h.p. developed. On starting the 
plant each day the reading off the Watt meter at Double 
Bay station was taken when the air pressure had risen 
to 151b. per square inch, and simultaneously a reading 
wa s taken off the Watt meter at Rushcutters' Bay gener
ating station. Read~ngs were also taken off both Watt 
meters a t the end of the day's t i.ial. By this means a 
record was obtained of (a) the electrical ene rgy which 
left the generating station at Rushcutters' Bay; (b) the 
loss of energy in the line; and (c) the energy used by 
the motor a t the Double Bay power sta tion. The loss 
of efficiency due to drop in the temperature was obtained 
under normal workiing conditions by taking the tempera
ture of air leaving the compressor and a t each ej ector 
station. On the first day the trial was taken for a period 
of two hours ; and the second day two hours; and on the 
third day one hour and twenty-five minutes. On ea ch 
of these da ys it was found that Nos. 3 and 4 s tations 
were pumped out shortly after s tarting, a s tnere was 
not sufficient sewage flowing into them to keep them 
working continuously for the same period as the other 
ej ectors. On the following day the flu shing s tations and 
a couple of hydrants were turned into the sewers, and 
by that means a constant flow was maintained, enabling 
all the ejectors to work contcinuously during the two hours 
and twenty minutes . The conditions, therefore , under 
which the la t ter t est was made were more satisfactory 
than the first three, and the efficiencies which are given 
in the t able A below, were based upon this day's results . 
It may be mentioned tha t when taking these tests with 
one compressor a t fifty revolu tions per minu te the plant 
was practically developing only one quarter of it s fuIl 
power. With the maximum quantity of sewage to be 
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lifted the. plant might reasonably be expected to give a 
sLightly higher efficiency. 

Table A. gives particula rs of the work to be performed 
and table B the results of the tests. 

The whole of this plant was designed in the Sewerage 
Construction Branch, and, with the excepIion or the 
motors, manufactured in the colony. 

As previously stated, the plant has been running 18 
months, wIithout any repairs having been found neces
sary, and the automatic controlling gear has worked with 
clock-like precision. 

The low-level scheme which I will now describe is of 
very much greater extent than that of Double Bay, em
bracing, as ~ t does , all the low-level areas from Rush
cutters' Bay to Balmain. 

There willI be in all 20 pumping stations, and the total 
amount of sewage to be dealt Wi ..• will be 667 5 gallnos 
per minute, the combined a reas dra ined amounting to 
upward of 1700 a cres, carrying a prospective population 
of 70,000 persons. 
. The localities fixed for the pumping stations are as 
follows:-

No. I. Intersection of Pyrmont and William Henry 

" 
2. 

" 3· 
" 4· 

" 5· 

" 
6. 

" 7· 

" 
S. 

" 9· 

" 
10. 

" 
II. 

" 
12. 

" 13· 

" 14· 

" 15· 

" 
16. 

" 17· 

" 
IS . 

" 19 · 

" 
20. 

stree ts. 
Wentworth Park. 
J ohn stone's Creek, near Booth-street. 
J ohnstone's Creek, near Piper-street. 
White's Creek, near Brennan":street. 
Abattoir-road, Balmain. 
Rober ts-street, Balmain. 
Reynold-street, Balmain. 
Stephen -s treet, Balmain. 
Mort's Bay, Balmann. 
Snail's Bay, Balmain. 
Washington-street, Darling Harbour. 
Sewerage Reserve, Darling H arbour. 
Hume-stree t, Darling Harbour. 
Pottinger-street, Dawes' Pomt. 
Circular Quay. 
Nicholson-street, Woolloomooloo. 
Rushcutters' Bay. 
Elizabeth Bay. 
Da rl ing Island, PYlmont . 
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. Before this work was initiated very careful considera
tIon was glVen to the possible means of raising this sew
age from these low-level areas, as ,it was seen that the 
annual cost must of a necessity be high, and the scheme 
to be adopted should be the one that reduced this to a: 
minimum. After very careful calculations had been 
made,. it was finally decided to adopt double-acting dif
ferentIal plunger pumps dr<iven by e~ectric motors. 

Table "C" gives the actual work to be performed at 
each station. Column 10 shows the amount to be 

pumped, and column I I the amount that will nave to be 
pumped per minute to produce 4ft. vel. in the rjsing 
main, as it was decided that the velooIty in the rising 
mains should not be less than 4ft. per second' in order 
to prevent the possribiJity of any silting taking place . 

And in order to arrive at the most economical method 
of dealing with the sewage of the above-mentioned locali
ties, calculations and estimates of the different methods 
thta might be employed were made. The me thods con
sidered were 'as follows:--Hydrauhc pumps, ::'hone's 
hydro-pneumatic ej ectors, pumps driven by means of 
electric motors (the power being supplied by the Railway 
Commissioners at a cost not to exceed. ~d. per h.p . hour). 

He would give a short abstract of these calculatrions 
to show on what basis the decision of the Department 
was armved at. 

For purposes of comparison, we may assume tha t the 
actual cost of istalling the machinery in the 20 sub-s ta
tions will not materially differ whether Shone's ej ector 
hydraulic pumps or elect rically-driven pumps are used, 
and, therefore, the capital cos t of this portion cif the work 
will not be considered at present, a1 tbough late r on an 
allowance will be made for the Shone's ejectors, which 
would cost slightly less than the other methods. 

Also, no notice has been taken of the supervision at 
the sub-stations, as it is considered that this item will 
be very nearly the same for ei ther method, all three 
methods being automatic. 

In fact, any method that could not be automa i.lCally 
controlled was not considered, as the staff required to 
keep each sub-station running night and day would be 
very large, and the anual cost for wage s would amount 
to about £ 10,000 . 
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COMPRESSED All\. , 

The losses ip the compressed air plant would be as 
follows:--Loss by fricbon in main engines and compres
sors; loss by drop into the ejector; loss in ejector, alt 
not be:ng used expansively; loss through heating air dur
ing compression; loss by fr,ictrion in air mains; loss 
through leakage. 

Of all these losses only two can be cal ucla ted with 
any degree of accu-racy. 

The loss due to the compression of the air in the com
pressors (the air being assumed to be compressed isother
many) and the loss through using the air non-expan!'>ively 
in the ejector s expressed by the formula-
where P a equals atmospheric pressure 

in Ibs. 
P I equals absolute pressure in Ibs. 

and Z equals resulting efficeincy. 

where P a. equals atmospheric pressure 
in lba. 

P 1 equals .a.b!!olut.e pressul'e in lbs. 
and Z equals TPfmlting efficiency. 

Pa 
Z=1 Vl 

Also the loss through friction in the a;irmains expressed 
by the formula-

2{VWL 
Pill. equllla Pa~Wl900a 

Pi and Pa being as before. 
V if a co-efficient arrived at by experiment, 

which for the size pipes under considera
tion would be .0045. 

W the velocity of the air in feet per sec. 
L the length of the pipe in feet. 

By r.eference t o table "e," columns eight and nine, it 
will be seen that the heads vary from 93 to 37 feet, but 
we will assume that lif compressed air was to be used 
Station I I can be modifted so that a pressure equal to 
a 80ft. head will be sufficient to lift the sewage and give 
the required velocity in the r,ising main. One objection, 
therefore, to the use of compressed air and Shone's ejec
tors is that as the pressure must be sufficient for the 




