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Victorian Institute of Engineers. 

A FEW NOTES ON MECHANICAL FILTRATION 
IN CONNECTION WITH WATER SUPPLIES. 

Read by MR. GEORGE SWINBURNE, 7M August, 1901. 

In this short paper I make no pretence at originality, but with a 
view to initiating discussion, will endeavour to give the result of a 
few enquiries on this important matter in which I have taken 
a little interest. 

The system adopted in older countries of filtering through sand 
beds is not adaptable to Australian conditions in the great majority 
of cases; yet there is no doubt that something must be done in 
the near future to better the condition of water supply in the 
smaller towns of Australia. In the large centres of population, 
where watershed areas are preserved, a good state of things _ mày 
exist, but in the country districts, the only available supplies are 
from doubtful springs, lather stagnant rivers which have already 
been polluted further up, or dams open to dust storms and all 
kinds of impurities, which are only filled when it rains in the 
immediate neighbourhood. It is rarely that the people themselves 
take much interest in the question, except to grumble when things 
are very bad. 

To engineers and sanitary authorities it is one of the most 
important questions in our modern life. Pure water means good 
health, but half the population of this continent is content to put 
up with Typhoid and the ills attending a supply of bad water, 
rather than help or pay to have the supply placed on the best 
possible footing. 

In my opinion this state of things exists on account of the 
supplies being in the hands of the local authorities or trusts, and 
the members not realising the importance of the matter. With a 
municipally-owned concern there are not always the same watch-
dog regulations as in the case of a privately owned supply. A 
private company would have been compelled to put down filters, 
or use some means to improve the quality of the water which is 
now put up with by the inhabitants of many towns. Where a 
supply is owned by a company any excuse that the undertaking 
was not paying would be treated as being beside the question ; 
the order would be—" You must give us the best possible water 
and use every known means to achieve that result regardless of 
cost." This would be quite right, but why should many Water 
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Trusts he content to give a poor supply instead of aiming at the 
best and considering more the health of the town ? They should 
not be lacking in what would be expected from a privately owned 
scheme. In the scarcity of perennial brooks and clear pebbly 
streams it is desirable that something  should be done to secure 
the waters we have from many preventable sources of pollution, 
and to adopt severer regulations to compel authorities to use 
available methods of purification, and I trust that our discussion 
of the subject may tend to supplement the efforts of the Water 
Supply Department and Public Health Boards in pressing forward 
the improvements that necessity demands. 

I am not a chemist or bacteriologist, but, from an engineering 
point of view, I can see that what has been done in America can 
be done with advantage here. 

Mechanical filtration aims to purify large volumes df water with 
a small body of filtering material, relying on frequent washings to 
keep the material clean. The washing of the sand or quartz is 
accomplished by a simple reversal of the current, sometimes 
accompanied by agitating the purifying material by revolving arms. 
Instead of scraping the sand at intervals of some weeks, as is the 
case with ordinary open sand filter beds the filtrant in the 
mechanical filter is.washed in the filter itself at short intervals. 
There are, in America, several firms manufacturing mechanical 
filters, and wherever impure water is reported the filters are 
vigorously pushed. They are now working in connection with 
about aoo water supply schemes. Most of the filters are designed 
to remove suspended matter and colour in cases where these are 
disagreeable, but are generally supplemented by the use of some 
chemical, such as alum, which acts as a coagulant and precipitant, 
and also assists in the efficiency of filtration ; in fact it has been 
said that there is no mechanical filter made, which, without the 
use of some coagulant, will more than take out the logs," or 
remove more than the visible floating or suspended particles of 
matter in the water. I may say that there are two kinds of 
mechanical filters made which are classed as Pressure Filters and 
Gravity Filters. 	 • 

Being Chairman of the Broken Hill Water Supply, I have taken 
an interest in the working of the mechanical filters put down in 
connection with that undertaking, under the supervision of Mr. 
Thos. Houghton, M.I.C.E. of Sydney, and the resident engineer, 
Mr. E. A. Whitehead, member of the British Association of 
Waterworks Engineers. They are known as the " Warren Gravity 
Filters." Broken Hill is one of the most difficult places in Aus-
tralia to supply with water. A town of 30,000 people, and the 
only means of supply is to catch the water from a watershed about 
200 square miles when it rains. The creeks only run after a 
downpour, and then only for a short time after the rain stops. 
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For the last five years the average rainfall per annum has been 
5i inches, and as many as 62 months have elapsed without any 
catchment of water in the reservoir, so that you will see the 
difficulty the company has in supplying pure water when all that 
is available is what has been stored under a broiling sun sometimes 
for many months without any fresh in-take. 

The mechanical filters at Broken Hill are the only filters, as far 
as I know, that are used in connection with water supply in 
Australia, and are estimated to treat 1 million gallons of water 
per 24 hours. 

The water to be filtered is pumped from the catchment reservoir 
through roi miles- of main composed of 14", 16" and 18" pipes, 
and is received by a cast-iron tank, measuring 33'6" x 37'6' x 8'4" 
maximum depth. This tank is divided by three timber partitions 
into four channels, each opening into the next at alternate ends, 
thus forming a continuous water-way having a length equal to four 
times that of the tank. 

As the water enters the tank there is added to it a small quantity 
of sulphate of alumina, of such strength that it is equivalent to 
from r grain to 2 grains of alum per gallon of incoming water. 
The sulphate of alumina is dissolved in filtered water, heated by 
steam in an open wooden vat 4'6" diameter. From this vat it is 
run into two lower vats, each 6'o" diameter, where it is diluted and 
graded to the required strength to suit the quality of water being 
treated. The strength is determined by means of a urinometer 
indicating specific gravities from i.o to 1.6. 

From the lower vats the solution is pumped to a lead-lined 
storage tank situated above the top level of the receiving tank, and 
from thence gravitates through a brass pipe to the alum feed box, 
in which the level of the solution is maintained constant by means 
of a vulcanite ball-valve Working in the feed box, and driven 
by a six-bladed propeller placed in the mouth of the rising main, 
is a vulcanite radial pump—a sort of reversed. Barker's Mill—
which picks up the solution and delivers it through a lead down 
pipe to the in-coming water. 

As this pump is driven by the in-coming water, it follows that 
the quantity of solution delivered by it should he always pro-
portionate to the quantity of water flowing into the receiving tank. 

The chief point in the mechanical filtration of public supplies of 
water is the use of a coagulant or precipitant, the nature of which 
depends largely upon the composition of the impurities in the 
water to be treated. 

As already indicated, the coagulant used at Broken Hill is 
sulphate of alumina (alum) of 17i% purity, the action of which is 
described as follows :—When the solution of sulphate of alumina 
is added to the water it is broken up into sulphuric acid and 

71 



72 	 MECHANICAL FILTRATION. 

hydrate of alumina, the acid combines with the lime or other salts 
in the water forming sulphates, while the hydrate of alumina pre-
cipitates as a gelatinous mass, carrying down with it much of the 
solids in suspension and a certain portion of the organic matter. 
It further assists filtration by partially filling the small in terstices 
of the upper surfaces of the filter-beds, and thus more quickly 
bringing them into a state of efficiency. 

The precipitating action of the alum takes place in the receiving 
tank, which it is found necessary to clean out at least once in 
every four weeks. 

From the receiving tank the water passes to the filters. These 
are four in number, each 12'6" diameter and g'II" total depth, 
built up of $" steel plates. The filtrant used is quartz, free from 
iron and other impurities or colouring matter, and crushed to pass 
through a sieve having 16o holes per square inch ; any quartz 
which passes through a sieve having 1600 holes per square inch is 
rejected. Each filter bed has a depth of 2'2", and is supported 
upon perforated copper plates fixed on suitable arranged timbers 
at a height of 18" above the cemented floor of the filter, the space 
under the copper bottom forming a clear water chamber. The 
inlet is through a central pipe which distributes the water over the 
surface of the quartz through which it passes by gravity with a 
velocity due to the working head, which head may be varied by 
an adjustable weir over which the water flows ctn its way to the 
clear water reservoir. The filters are usually started at 2o" head 
and gradually worked up to 54" when they are stopped and 
cleaned. 

The "rated" capacity of the four filters is r/ million gallons 
per 24 hours, and the total effective filtering area is 25.7 square 
yards, so that filtration is at the rate of 48,638 gallons per square 
yard per day, or approximately 73 times the average rate of sand 
filter beds in which it is usual to allow about I square yards for 
each s000 gallons filtered per 24 hours. I have stated that the 
" rated " capacity is 1 4 million, but this only obtains when the 
water is comparatively clear and contains only a small per centage 
of solids in suspension. When the water is very turbid after heavy 
rains the capacity of the filters is only about one-half of that at 
which they are rated. 

The term " mechanical" as applied to filtration is somewhat of 
a misnomer, as in no sense can it be applied to the actual process 
of filtration, the word " rapid " being more appropriate. 
"Mechanical really refers to the method of cleansing the filter 
beds. This is almost invariably accomplished by passing through 
the filter bed in a direction reverse to that in which filtration takes 
place, a current of filtered water which shakes up the filtering 
medium, thus freeing and carrying away the impurities contained 
in it. The process is usually assisted by some mechanical means 
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of agitating the sand or quartz, and the washing water may either 
be pumped through the bed or simply allowed to flow through 
with a pressure due to the head in the filters still working. In the 
Broken Hill filters the agitators are prongs or rakes attached to 
arms fixed upon the ends of the piston rod of an inverted hydraulic 
cylinder, the piston of which is actuated by an independent 3" x 
2" X 3"  duplex Worthington pump. The whole of the agitator 
gear and hydraulic cylinder is rotated by spur and bevel gear;  

driven from an 8, N.H.P. Tangye's vertical engine, suitable clutches 
being provided tor connecting or disconnecting the gear on each 
filter and the main line of shafting. An independent 6" x 5'—*'" x 6" 
Blake's duplex pump, with the necessary suction, and delivery 
pipes is provided for supplying the washing water to the filters, 
but it is found that pumping the water is not so efficient as utiliz-
ing the head from the working filters, and consequently the 
following method of cleansing is adopted:-- 

The inlet and outlet valves are closed and the wash-out valve 
opened until the water in the filter is just above the surface of tare 
filter bed. The outlet valve is then opened and water from the 
working filters allowed to flow upwards through the quartz. At 
the sane time the agitators are started, and the exhaust valve of 
the hydraulic cylinder is opened, which permits the rakes to 
descend slowly by their own weight into the filter bed. By these 
means the quartz is thoroughly disturbed and freed from impurities 
which are carried away through hoods on the side of the filter to 
down pipes communicating with a large spoon drain running 
under all four filters. From this drain the dirty water is conveyed 
by earthenware pipes to a 25,000 gallon masonry tank where 
it is allowed to stand until the greater portion of the suspended 
solids have settled, after which it is pumped back, by the Blake's 
pump to the receiving tank, reprecipitated with alum, and again 
passed through the filters. Washing is considered to be completed 
when the effluent wash water resembles in colour the raw or 
unfiltered water. If, however, the water is very turbid, filtered 
water is the standard adopted. The average time taken to cleanse 
a filter is about 50 minutes, and the quantity of filtered water used 
is approximately 20,000 gallons for each washing. The length of 
time a filter will work between " washings " depends entirely upon 
the conditions of the raw water, and in our case it has varied from 
one day to fourteen days. 

The adjustable weir, over which the water passes on its way from 
the filters to the clear water reservoir, is for the purpose of 
regulating the head at which the filters shall work. It is a wrought-
iron cylinder, 3 feet diameter, standing on a cast-iron base, con-
taining the inlet and outlet connections. It is divided vertically 
into two compartments by a wrought-iron plate, the lower half being 
fixed and the upper half moveable between guides by means of a 
screw operated from the working platform in the filter house. • A 
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gauge-board to indicate the position of the weir is fixed near the 
hand wheel. 

Having described the general construction and working of this 
plant, there are still one or two points to which attention may be 
drawn. 

Turning again to the filters, it may be stated that each of the 
clear water chambers under the copper plates is provided with 
3" scour valve to drain the filter of all water, and discharge any 
sediment that may collect on the cemented floor, which is graded 
toward the scour for this purpose. Each filter is connected by 4 
inch pipe to the boiler, so that, when necessary, the interior may 
be sterilized by live steam. The life of the crushed quartz or 
sand will depend upon the frequency of "washing," and it is 
generally considered advisable to renew it when the sharpness has 
worn off. When " washing " a, filter there are certain portions of 
the filter-bed which do not get properly broken up by the agitators; 
viz :— a layer surrounding the central inlet pipe, a layer next the 
wall of the filter, and a layer about i" in depth immediately over 
the copper plates. To prevent these portions becoming foul, and 
possibly contaminating all the water, we occasionally turn over 
the whole filter bed by hand. It is also found that after heavy 
rains, and the treating of exceptionally turbid water, the filter beds 
become so choked with fine clay, that the mechanical gear is 
incapable of efficiently breaking up the quartz as the clay binds 
the grains together into a sticky mars, through which the agitator 
prongs plough in grooves. When this occurs it is necessary to 
remove the whole bed and put it through a sand washer until it is 
cleared of all adhering clay. The sand.  washer used is of simple 
design, cheap to construct and quick and efficient in its action. 
On the working platform of the filter house is fixed a timber 
hopper, from which a 4" pipe is taken at an angle of about 60° to a 
cemented trough on the ground level outside the building. About 
12"  below the bottom end of the pipe is a coarsely perforated iron 
plate supported upon the walls of the trough. The floor of the 
trough is flat and inclined to a weir wall across its lower end. 
A jet of water is forced úp the inclined pipe as far as the hopper 
outlet, and a perforated pipe sprays water over the floor of the 
trough. The water used is filtered water, and it is supplied by 
the Blake pump already referred to. The quartz, as it is removed 
from the filter, is thrown into the hopper from which it gravitates 
down the inclined pipe in which the greater portion of the clay is 
removed by the up-coming water from the jet, any masses remain-
ing unbroken being separated by the perforated plate upon which 
they fall, while on the floor of the trough the quartz is turned over 
once or twice with a shovel, and the spray removes any clay still 
adhering to it. The dirty water flows away over the weir wall to 
the drain connected with the masonry settling tank. The quartz, 
when clean, is thrown out of the trough on to a cement floor and 
after draining is bagged ready for use again. 
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Referring to the alum feeding apparatus, the accompanying 
drawing shows its general construction. The arms of the radial 
pump are k" diameter vulcanite tubes bent as shown, the outlet 
ends terminating in the " spatter," or deflection cup, which 
revolves within the funnel of the down pipe. It has already been 
shown that this pump will pick up and deliver the alum solution 
in quantities proportionate to the volume of water passing and 
driving the propeller. 

The makers of the plant recommend that the alum solution 
should always be made up to the same strength, and that if it 
be desired to reduce the quantity delivered per gallon of incoming 
water, to either plug up one or more arms of the pump, or reduce 
the level of the solution in the teed box. The first method is un-
satisfactory in that it makes the feed more irregular, and the second 
method is also unsatisfactory in that one is never quite certain of 
the quantity of alum being added to the water. In practice it is found 
preferable to alter the strength of the solution according to the 
quality of the water to be treated and to maintain a constant rate 
of feed. Any device for feeding precipitants should be perfectly 
automatic in its action at all rates of flow of incoming water, but 
It has been found that when the quantity of incoming water is 
very small, compared with the full capacity of the main, the 
apparatus almost ceases to work ; and this is now often the case 
at Broken Hill, where the bulk of the water is used for manu-
facturing purposes, and is supplied unfiltered direct from the 
pumping station. The flow of water into the receiving tank is at 
times not more than sufficient to fill a 4" pipe, while the diameter 
of the inlet is r6". The makers of the plant, when consulted, could 
not recommend any way out of the difficulty that was considered as 
likely to give entire satisfaction, and consequently Mr. Whitehead, 
the company's engineer, has designed an apparatus which—although 
not yet tried—is likely to solve the problem of feeding the solution 
proportionately, whatever be the volume of incoming water; and 
has the additional advantage that the rate of feed per gallon of 
incoming water may be varied with certainty from nil to the full 
capacity of the feed pipe, thus permitting of the solution being 
always made of one standard strength. 

The following is a copy of one of the reports received from Mr. 
W. H. Hamlet, the Government Analyst in Sydney, of analysis of 
the Broken Hill water from samples taken by the municipal 
engineer. 

No servicable rain had fallen for 2* months prior to loth 
October, 1899, the date on which the samples were taken. No. r 
and 2 samples were taken before the mechanical filters ; No. 3 
as the water was flowing from filter to service reservoir; No. 4 
from the centre of the reticulation mains near the Town Hall; and 
the samples were sent by train to Sydney. 
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Report on Chemical Analysis of samples of water collected from the 
Broken Hill Water Supply Company's premises by the Municipal 
Engineer, on loth October, 1899. Analysis commenced on 17th 
October, 1899. 	

PHYSICAL CHARACTERS. 

No. 	r. 

Water taken 
from Ste hen's 

Creek. 

No. 2. 

Water taken 
from Rising 

Main, B 

No. 3. 
Water taken 

from entrance 
to 

servoir.  
Service 

Re  

No. 4. 

Water taken 
from Main at 
Town Hall. 

1. Colour (in two foot tube) ... Obscured Obscured by Peaty tint. Peaty tint. 
Turbidity. Turbitity. 

2. Clearness 	,.• 	... Turbid. Turbid. Large 
amount sus- 
pended Mat- 
ter. 

Some sus-
pended Mat-

ter. 

3. Odour 	... 	.. 	... None. None. None. None. 
4. Aeration 	... 	... - - - - 
5. Reaction 	.. 	.. Alkaline. Alkaline. Alkaline. Alkaline. 
6. Sediment 	... 	.. Large Large Small Small 

amount. amount. amount. amount. 

32 
50  

None 

34 
50 

None 

34 
5o 

None 

31 
5o 

None 

422.00 
66.00 

Trace 
13.32 

Present 
l'resent 

.16 

.51 
1.31 
2.54 

478.00 
66.00 

Trace 
13.32 

Present 
Present 

.18 

.63 
1.25 
2.85 

Present - 
None 

.00 
•35 
•79 

1.93 

347•00  
66.00 

.00 
13.32 

Present 
Trace 

.0I 

•35 
.85 

2.00 

356.00 
66.00 

Trace 
13.32 

9i 
136 136 136 136 

94 94 94 

CHEMICAL CHARACTERS. 

r. Total Solid Residue 
2. Chlorides as Chlorine 
3. Phosphates 	... 
4. Sulphates 
5. Organic Matter :-

Nitrogen as Nitrates 
Nitrites 	... 

Ammonia Free 
Combined 

Oxygen absorbed in 15 min. 
in 4 hours 

6. Hardness- 
Total, Clark's Degrees ... 

per 1,000,000 ... 
Permanent, Clarke's Degrees 

per r,000,00c .. 
7. Poisonous Metals 
8. Free Oxygen 	... 
9. *Free Nitrogen .. 

to. Carbonic Acid, Free 	.. 
Combined ... 

No rE.-The constituents are stated in parts per million ; to find equivalent in 
grains per Imperial gallon, multiply by .07. 

*For cubic centimetres per litre, divide by moo. 

Mr. Hamlet visited Broken Hill in March, last year, to 
generally report on the water supply. In that report he says :-
" I took a sample of water after the process of clarification and 
filtration, and found it to be clear and bright, far better in general 
than ever I had seen it in the samples sent me for analysis. I made 
a partial analysis at the filtration works, and found it to be a water 
that could be used for all domestic purposes. I drank a tumbler-
ful and could detect no taste or odour in the water. The 
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Municipal Council ask me the question whether the water is, or 
is not, injurious to health ; my answer is that it is not injurious to 
health, and although not perfectly satisfactory in quality in its 
present condition, is yet fit for drinking and all domestic purposes." 

At Broken Hill we have not had any analysis for bacterial 
efficiency. 

The following summary of tests made in connection with the 
experiments in Allegheny River water and quoted in the Engineer-
ing News, February 23rd, 1899, are also of much interest. 

Table showing composition of Allegheny River water, before and 
after passing mechanical filters, for seven months, ending August, 
1898, with results from sand filters for same period. 

:MECHANICAL 
FILTERS. 

SAND FILTERS. 

River. Warren. Jewell. Setting 
Basin. No. 1. No. 2. 

0.002*  
0.03 
1.72 
9.5 
0.00 
3.03 
I.71 
1 67 
0.0053 
o.0018 
0.0044 
0.0491 
0.0000 

293*  

Turbidity 	... 	 ... 
Colour 	... 	 ... 
Alkalinity 	... 	 ... 
Solids 	... 	 ... 
Suspended 	... 	 ... 
Hardness 	... 	 ... 
Chlorine 
Sulphuric Acid 
Iron ... 	... 	... 
Nitrogen as Free Ammonia 

Albumenoid Ammonia 
Nitrates 	... 	... 
Nitrites 	.. 	... 
Bacteria per cub. cent.  

0 004*  
0.26 0.03 

	

2.44 	1.61 

	

1 5.4 	93 

	

5.3 	000 

	

3.21 	2 92 

	

1.87 	171 

	

I.15 	I 8o 
o.o32c 0.0058 
0.002C 0 0019 
0.0101 0 0047 
0.0568 0.0512 
0.000r 0 0000 

	

11.337 	201* 

o.14 0.010 
0. 24 	0.07 
2.49 3.53 

11.9 	to.8 
1.7 	0.00 

3.27 	4.31  
I.8o 	1.84 
I.10 	I.15 
0.0373 0.0111 
0 0020 0.001 
0.0092 0.005( 
0.0581 0.064. 

0.0000 0.000. 
9,224 	106  

00I2 
00 7 

6 
Ió.6 
o.00 
4 33 
1.77 
1.15 
0.0145 
o.00 18 
0.0053 
0.0549 
0.0000 

148 

*Excluding inferior results obtained during special experiments. 

The percentage of wash water and waste in the above experi-
ments with the mechanical filters was from 2.8% to 7.6%, but 
averaged 5%. The sulphate of alumina used varied from .7o to 
1.76 grains per gallon, or an average of 1.36 grains per gallon for 
the Warren, and from .54 to 1.35 grains per gallon, or an 
average of I grain per gallon for the Jewell Filter. The 
average net supply of filtered water daily, per square foot of 
filter, was 2381 gallons by the Warren Filter, and 2r 11 gallons by 
the Jewell Filter, or the rate of filtration per day of 24 hours while 
in service was equal to 116 and 102 million gallons per acre 
respectively. 

The maintenance of mechanical filters at Pittsburg, in America, 
is given as follows :- 

Taking Interest 	... 	3+% 
Depreciation of Plant 3*% 

„ 	Brick Buildings 	... 1 % 

And including costs, operation 
and Coagulants, a total of 	10.78 dollars, or say 45í- per 

million gallons. 
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The cost of filtration at Broken Hill, taking interest at 5% 
depreciation at an average of 6% ; filtering, pumping wash water, 
wages, etc. (fuel being taken at 40/- per ton, sulphate of alumina 
i7z% at JJIo per ton), totals, up to £8/6/Iol per million gallons. 

The average bacterial removals in these tests show 99 per cent. 
for the ordinary sand, and 97 to 98 per cent. for the mechanical 
filters. Similar results should be gained with most Australian 
river water. The initial quality of the Allegheny water is given so 
that in any analysis of Australian water we can deduce the possible 
gain by mechanical filtration. 

The following table taken from the Engineering Ne:vs, of i8th 
October, 1900, gives the results of seven months experiments 
made by the engineer of East Providence Water Supply. The 
mechanical filters were erected early in 1899, and the results 
obtained seem very satisfactory, considering the small number of 
bacteria per cubic centimetre in the raw water. 

uauaam.a ram ,un. unn'rima'rKj. UOLOUR nAMPLES.' 

Sulphate of 
alumina grain 

per gallon use 

I 
1 
1 
I 
I 
0.75 
0.75 

Month. Raw 
Water. 

Filtered 
Water, 

Reduction 
°/°. 

Raw 
Water. 

Filtered 
Water. 

Reduction 
°/°• 

April 	... 
May 	... 
August 	... 
September 
October 	... 
June 	... 
July 	... 

600 
6o8 
150  
364 
272 

1129 
195 

6 
16 
4 
4 
1 

62  
36 

99.0o 
97.37 
97.33 
98.90 
99.63 
94.51 
76.41 

0.50 
0.67 
0.58  
0.42 
0.33 
0.94 
o.68 

0.05 
o.o6 
0.05 
0.05 
0.02 
0.23 
0.13 

9c 
91
91

.  

88 
94 
76 
81 

*Expressed in terms of the platinum—Cobolt Standard. 

The solids in the experiments carried out at Pittsburg show a 
decrease from 15.4 to 9.3, those in suspension disappearing from 
5.3 to nil, while the nitrogen as albumenoid ammonia is reduced 
from o.oio1 to 0.0047 or a reduction of over 5o per cent., and 
bacteria from 11.337 per cubic centimetre to 201, the sand filters 
in most items not showing so good a result as the mechanical 
filters. 

Now at Broken Hill the water is absolutely different, being 
taken from a reservoir as already stated, with rare in-takes of fresh 
water from a highly mineralised country as compared with a 
flowing but turbid river. You will; however, notice that the filters 
do good work, the water being reduced from an obscure colour to 
a peaty tint; turbid to clear or some suspended matter; fair or 
small amount of sediment to traces ; or sometimes characterised 
as large to a small amount of sediment. 'The total solid residue 
rarely, however, shows a diminution of more than 25 per cent. 
The albumenoid ammonia is shown as reduced from .63 to .35. 

After heavy storms, owing to the friable nature of the surface 
soil of the district, the water becomes very turbid, and it is 
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practically impossible to obtain a clear effluent from the filters, 
even after the addition of as much as io grains of aluni to the 
gallon. The clay matter is so finely divided as to be almost of 
the nature of a dye, and when a sample of the water is left stand-
ing in an open vessel, it takes many days to clear. It has also 
been found that when the filters are choking readily with 
apparently clear water being treated, that so soon as the fresh 
turbid water enters, the water will, even with the lowest possible 
head, sometimes pass quickly through the filter beds, and issue 
almost unchanged in colour. 

Mr. Whitehead has lately been working with a small experi-
mental filtration plant. The water, which was very turbid, was 
taken direct from the rising main, and just before entering a 
precipitation tank a small quantity of sulphate of alumina was 
added, equal to two grains per gallon of water filtered. The first 
tank is so arranged that the water has to travel four times its 
length from inlet to outlet. On its way from this point to a second 
precipitation tank, a small quantity of clear lime water is added, 
equal to about 1 part in 400. The second precipitation tank is 
circular, and is arranged to cause the water in it to slowly rotate. 
The inlet from this tank to the filters is a bell-mouthed overflow 
pipe fixed at the highest level. The filtering medium is 2 feet of 
crushed quartz, free from iron or other metals, the same as used 
in the ordinary filters. 

The following is Mr. Hamlet's analysis in connection with the 
experiments, the water being taken from 

No. i. From the rising main as pumped from the reservoir at 
Stephen's Creek. 

No. 2. The ordinary working filter through which the same 
kind of water was being passed. 

No. 3. The experimental filter plant. 
The samples were taken by Mr. Whitehead on the r3th March, 

at 10.30 a.m., and sent in Winchester glass stopped bottles to 
Sydney, and the analysis commemced on the 26th March, 19or, 
at to a.m. 

Samples taken by Mr. Whitehead, the Engineer of the Broken 
Hill Water Supply, on the 13th 
on 25th March, 1901, at io 

PHYSICAL 

March, 19oi. 
a.m. 

CHARACTERS. 
No. 	1. 

Analysis 

No. 2. 

commenced 

No. 3. 
r. Colour (in two foot tube) Obscured Obscured Peaty tint 
2. Clearness Densely turbid Turbid Clear 
3. Odour 	... 	... None None None 
4. Aeration ... — - 
5. Reaction ... 	... 	... Alkaline Alkaline Alkaline 
6. Sediment .. 	... 	... 	Large amount Fair amount Small amount 



No. 2. 
368.0o 

74.00  

.00 

44.20  

No. 3. 

292.00 
74.00  

.00 
46.00 

.90 

.00 

.03 

.25 

.78 

1.57 

.90 

.00 

.0I 

.14 

.52 

I.05 

5• 
70. 

5.5 
80. 

4.5 
65. 

None 

5.5 
80. 

None 
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CHEMICAL CHARACTERS. 

No. i. 
1. Total Solid Residue 	 956.00 
2. Chlorides as Chlorine 	 74.00 
3. Phosphates 	... 	 Trace 
4. Sulphates 	 ... 	 16.80 
5. Organic flatter :- 

	

Nitrogen as Nitrates 	 .90 

	

Nitrites 	... 	 .00 
Ammonia Free 	 .. 	.01 

	

Combined 	. 	 .53 

	

Oxygen absorbed in 15 min. 	 1.38 

	

4 hours 	 2.75 
6. Hardness- 

	

Total, Clarke's Degrees ... 	 4.0 

	

per I,000,000 	... 	60.0 

	

Permanent, Clarke's Degrees 	 2. 

	

per i,000,000 	... 	3o. 
7. Poisonous Metals ... 	 None 
8. Free Oxygen 	... 	 - 
9 *Free Nitrogen 	... 	... 

to. Carbonic Acid Free 	... 

Combined ... 

NOTE,.- The constituents are stated in parts per million ; to find equivalents in 
grains per Imperial gallon, multiply by .o7. 

*For cubic centimetres per litre, divide by 1000. 

The following is a copy of the notes Mr. Hamlet was good enough 
to make on the above experiments and analysis :- 

No. r. 
"Notes on the quality and composition of the Water Supply of 

Broken Hill. Samples were taken from the rising main, the 
working and experimental filters. That from the rising main was 
turbid; from the experimental filter was clear, without odour, 
slightly alkaline, and contained only a small amount of sediment ; 
from the working filter was turbid. The purified water from the 
experimental filter was fit for drinking and, all domestic purposes. 

No. 2. 
The chlorine (given in parts per million). 
Rising main 74. 
Working filter 74. 
Experimental filter 74. 
These results show that the chlorine is the same in each water. 

This goes to prove the identity of the water, namely, that it is the 
same water in all three samples. 

No. 3. 
Oxygen consumed per million parts of the water. 
Rising main 2.75. 
Working filter 1.57. 
Experimental filter 1.05. 
Shows the progressive purification. 
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No. 4. 
The free and albumenoid ammonia. 
In the rising main o.oi and 0.53. 
Working filter 	0.03 and 0.25. 
Experimental filter o.oi and 0.14. 
Indicating that the purification has reduced the organic nitro-

genous matter in the water. The figures representing the two 
ammonias are taken by some anaylists as the most important items 
in the analysis. Some rely entirely on these results. 

No. 5. 
Solid matter in Broken Hill water. 
Rising main 	956 parts per million. 
Working filter 	368 
Experimental filter 292 
Shows progressive purification. 

No. 6. 
Sulphates present in Broken Hill water. 
Rising main 	16.8o parts per million. 
Working filter 	44.20 
Experimental filter .46.00 
The increase is due to the purification method used. The 

addition of alum sulphate, alum or sulphate of alumina." 
From these tests it will be seen that b' the addition of lime and 

a second precipitation considerable advance was made, the 
albumenoid ammonia being reduced from .53 parts per million to 
.14 per million, a greater reduction than that shown in the tests of 
the Alleghany water. 

The cost of the whole filtering installation at Broken Hill, 
including cast-iron precipitation tank, wash water tank, filters, 
pumps, boiler house, foundation, etc., was £6581/I I/6. 

In the majority of towns in Australia it would have cost quite 
ten to twenty per cent. less, the delivery and erection of materials 
at Broken Hill being exceptionally high. 

For the information of members the records of the rainfall at 
the Stephen's Creek pumping station, as taken by the company's 
engineer from 1892 to 1901, are appended. 

There are a number of other mechanical filters in America, one 
of the chief being the Jewell, which has been adopted at many 
important water works, and the results of tests made with thio 
filter, in conjunction with the Warren, are given in the Pittsburg 
table of results. 

All the mechanical, or so called rapid filters, use sand or 
crushed quartz as filtrant material, and alum or similar chemical 
coagulant, when a coagulant is adopted. The main differences 
being in the driving gear for rakes, method of washing, arrange-
ment of apparatus and minor details. 
> Most of the filters in use are of the gravity type, but there „re a 

few of the pressure type at work, treating up to 7,000,000 gallons 

I+, 
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of water per day, dependent as usual on the state of the water. 
" The supply is pumped through the filters on its way to the city, 
the recommended working head being 6ölbs., and the loss of head 
in the filters 2 to I7lbs. though rarely exceeding Iolhs." There 
seems, however, to be a general concensus of opinion in America 
that the gravity system of filtration is preferable to the pressure 
system, even as one expert remarks, in cases requiring double 
pumping. 

I notice from the last American advices that one company has 
been formed to control all the patents and manufactures connected 
with the Jewell, Warren, American, Continental, and other systems 
of mechanical filtration, which comprise most, of the filters in 
general use on a large scale. 

It may be of interest to the members to know that a commission 
has been sitting to enquire into the best system of filtering the 
water supplied to the City of Washington, U.S.A. The com-
mission, after long experiments and enquiry, recommended the 
adoption of mechanical filtration, but exception was taken to this 
conclusion by the Medical Society of the, District of Columbia, 
and a further commission was requested to consider, the matter. 
In the last report it is said "that the character of the raw water is 
often an element of controlling importance in deciding a question 
of this kind. Generally speaking, sand filters are best adapted to 
purifying waters that are not extremely turbid, and mechanical 
filters have marked advantages in the purification and clarification 
of waters, which for considerable periods are very turbid." 

"'l'he water of the Ohio River, at Cincinnati, was found to be 
so turbid that it could not be adequately purified even after 
sedimentation by sand filtration for about 35 per cent. of the time." 

The waters of the Potomac, at Washington, however, do not seem 
to have been so turbid, as sand filters were estimated to be ineffect-
ive, only 8 per, cent. of the time. 

The Commission, in its arguments, found it very difficult to come 
to a decision, as the merits of each method of filtration were 
strong and the cost came out about the same. The final verdict 
of the experts, however, was, That after a full consideration of 
the various aspects of the problem we are of the opinion that the 
long and favourable experience with sand filters should be given 
greater weight that the present evidence of American filters. In 
view of the fact that there is no available evidence of decided 
advantage to be gained by adopting the newer method, we prefer 
in this case to adhere to the one supported by long precedent." 

The Commission, at the close of their report, recommendedthe 
erection of such auxiliary works as may be necessary for prelim-
inary sedimentation and the use of a coagulant for a part of the 
year. 

When we realise that at Washington it was necessary to provide 
for the purification of 6o million gallons of water per day, we 
cannot but recognise that mechanical filtration, which was 
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originally adopted only to clarify water for industrial purposes, 
must have made great progress in connection with large city 
supplies, to have had so much consideration at the hands of the 
Commission, and I find many experts who at first opposed its 
introduction are now in favour of the system. 

Several systems of artificial aeration are adopted in connection 
with mechanical filtration with most beneficial effect. In some 
cases the water is made to spray before passing through the filters, 
as is described in connection with the Winchester Water Works, 
and in other places it is looked upon as a finishing process, and 
after coagulation and filtration the water is subject to rigorous 
aeration by pumping air through pipes circulating through the 
service reservoir. 

The reports of the Government Water Supply Department show 
that the matter of improving the Water Supply of our country 
towns has been under consideration for many years. It has been 
suggested that the standard of purity to be looked for in potable 
waters should be a variable one, and " what might reasonably be 
insisted upon in a populous and wealthy country or district, would 
have to be regarded in another less populous and poorer country 
as an unobtainable luxury, and that under these circumstances there 
must always be felt a difficulty in reporting absolutely upon the 
question as to whether any particular water is fit for domestic use 
or not." Surely this cannot apply to a great many of our towns 
with populations of 1500 and upwards, which possess as high a 
standard of wealth and comfort as similar sized towns in England 
and America. No doubt the demand for purity may be pushed 
on to an absurd degree, yet there are few but will admit that all 
reasonable precautions should be taken to ensure purity. 

In carefully going through the . Directory of Waterworks in 
U.S.A., I find that mechanical filtration has been adopted in the 
water supply of 2 towns with less than soo inhabitants. 

7 	„ 	„ 	from 500 to I000 inhabitants. 
16 „ „ 	1000 „ 2000 „ 
21 „ „ 	2000 ,, 3000 „ 
14 ,, ,, ,, 	3000  ,, 4000 „ 
16 ',, ,, ,, 	4000 „ 5000 ,, 

Sand filters are also used in several places of small population. 
In anther report it is urged by Mr. Pearson that some kind of 

filtration should be adopted, and too much weight should not be 
given to the cost as it is a matter of public health. 

The Engineer-in-chief of Victorian Water Supply, Mr. Murray 
Stuart, has, by circular, strongly urged the Municipalities of small 
towns to protect their water supplies from preventable pollution, 
and also, in the absence of filtration at head works, tried to 
encourage the inhabitants to use domestic filters. 

A general scheme of domestic filters, under Municipal control, 
has also been advocated, in which the filters should be collected, 
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say every two months, and sterilised at a central station. It would 
be interesting to know if such a scheme has ever been tried, and 
with what results. This suggestion is also made in a report by 
Dr. Cherry on Yan Yean water, included in that most interesting 
brochure on the Melbourne Water Supply and Sewerage, written 
by Mr. W. Thwaites, the Engineer-in-chief to the Melbourne and 
Al etropolitan Board of Works. Dr. Cherry says :—The Melbourne 
Water Supply, from a bacteriological point of view, compares well 
without filtration with the filtered water of London and Berlin. 
The effect of a private filter, however, was to reduce the micro 
organisms as follows :- 

Tap water Rialto unfiltered 54. 
Pasteur Cumberland filter 	3. 
Abbot Flter 	 9. 

There is ample evidence to prove that drinking water, especially 
in small towns, is the cause of great trouble, in spite of what has 
been done in connection with fixing domestic filters at railway 
stations, State schools, and many public places, and it behoves 
the Government to make such regulations that will give effect' to 
the recommendation of its officers, and the straight-forward reports 
issued by the Chairman of the Public Health Board. 

In going over the reports of the Water Departments of the other 
Colonies, I find that the Water Supplies of several towns returned 
as unfit for human consumption, and in a paper, full of analysis of 
N. S. Wales waters, by Mr. J. C. H. Mangaye read before the 
Royal Society of New South. Wales in 1892, the writer says :-
"That the standard of purity of water in these colonies is one 
which should be soon taken in hand." But, as far as the smaller 
supplies are concerned, little has yet been done. 

On account of the length which my paper has already reached, 
I have not referred to many other classes of filters, such as those 
using charcoal, some of which I believe have been condemned by 
the Board of Trade in England, also the Anderson Revolving 
Filter, used at Dordrecht, Nice, Monte Video, Constantinople, 
etc., the Fischer system of filtration in operation at several places 
in Germany and Austria. 

I trust, however, that the few notes I have gathered together 
may form the basis of an interesting discussion on a matter which 
is undoubtedly of the first public importance. 

Before closing I would like to thank Mr. Whitehead, the 
Engineer of the Broken Hill Water Supply, for having so much 
assisted me in the preparation of the plans of the mechanical 
filters exhibited before you. 
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MECHANICAL FILTRATION. 

Discussion, 2.10.01. 

Mr. G. GORDON said (through the secretary) he would not discuss 
the opening part of Mr. Swinburne's extremely interesting and in-
structive paper, where he remarks on the absence of available 
methods of water purification in this country, further than to say 
that in most cases the consumers themselves are to blame, as they 
are unwilling to incur the necessary expense. Whether a weak 
Executive could compel municipal bodies or Water Trusts to 
improve their supplies, at their own expense, was, he thought, very 
doubtful. In some cases it might be a question of having an im-
perfect supply, or none at all. In England the supply of water by 
municipalities is gradually and rapidly becoming the rule. There 
they rely on their own resources for defraying the cost—here it is 
different. As the general public cannot fairly be called upon to 
defray the cost of providing townships with an efficient and com-
plete water supply any more than with gas, fuel, or sewerage, he 
thought the policy of insisting on every Water Supply being up to 
a very high standard at first would hinder rather than promote the 
general adoption of fairly good water supplies. Half a loat is 
better than no bread. The small proportion of the domestic 
supply used for actual consumption could easily be filtered or 
purified in the houses. As towns increase in population and 
wealth, the people will be more likely to help themselves to im-
prove their supplies than if it were made compulsory on them to 
adopt the most efficient methods at first. There is little chance of 
private Companies undertaking, or being allowed to undertake the 
supply of any places in Victoria. That the mechanical or rapid 
filtration is, in some cases, thought the best, is proved by the 
large number of installations in America, as stated in the 57th 
paragraph of Mr. Swinburne's paper, which he regretted he did 
not supplement with a statement of the towns supplied with the 
old form of filters, and of those where the water is not filtered at 
all; but he could not accept Mr. Swinburne's opinion (paragraph 
2) that the European system is not adaptable to Australian con-
ditions. He does not give his reason for saying so. That system 
is in use in many places in Southern Europe, India, China, South 
America, under a great variety of climatic conditions. At a recent 
inquiry as to the best filters to be adopted at Marseilles, it was 
decided after an exhaustive consideration of a great number of 
filtering systems, that the sand filter-bed system was the best under 
all circumstances on a large scale. The principle or methods of 
the old slow and the new rapid filters are directly opposed to one 
another. In the one case, the object is to pass the water with 
a low velocity through a bed of sand which is kept as far as 
possible undisturbed, the impurities being collected on the surface, 
which is from time to time cleared off, and when the successive 
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cleanings of 2' or 3" have reduced the depth of the sand layer to 
a certain extent, new sand, or the old sand washed and stored is 
used to replace the loss. Before entering the filters the water 
is partly cleared in settling tanks. 	In the rapid filters the 
water is forced through the filtering medium at a high velocity, 
and with or without the addition of coagulants, thus rendering 
frequent renewal or cleaning necessary, the whole filtering medium 
being stirred up or renewed for this purpose. The former method 
approaches nearly to a natural filtering action ; the latter is an 
entirely artificial, mechanical, and sometimes chemical process. 
He had no personal experience of rapid filters ; but it is difficult 
to see how in the intervals of cleanings, which may vary from some 
hours to fourteen days, the water passing rapidly through 2' 2" of 
sand, which is assumed to be fouled throughout its mass, can be 
thoroughly cleaned, especially when the washing of the sand is 
done without removal. In English practice a settling pond or 
tank is a necessary part of the filtering system. In some cases on 
the Continent this item was omitted, and the working of the beds 
was not satisfactory. It seemed to him that it is an equally 
desirable, if not necessary adjunct to the mechanical filter. Some 
waters cannot be rendered colourless by filtration alone. Before 
Bendigo was supplied from the Malmsbury Reservoir, some miles 
of the supply channel at its lower end were used as catchwater 
drain, and intercepted the rainfall on the hills south of Bendigo, 
but only received water when there was a heavy rainfall, and con-
sequently the water, as it entered the Crusoe Reservoir, was 
charged with yellow mud, and though part of this was deposited in 
the Reservoir, the water continued permanently of a yellow colour, 
though clear ; it would not clear itself though left standing for 
many months, nor was the colour removed by filtering through 
filtering paper. Two settling tanks and a clear water tank were 
built below thé Reservoir. The water was cleared by the addition 
of lime water, and was quite free from colour, but in the settling 
tanks its was kept quite still—they were used alternately. He 
noticed that at Broken Hill the alum solution is added while the 
water continues in motion. Some twenty years ago or so, the 
Yan Yean water had a very unsightly colour, and sometimes a 
very bad smell. The late Or. Youl told him that he used in his 
house two small tanks for clarifying the water for drinking and 
cooking. The coagulant he used was 2 grs. of alum per gallon, 
and the tanks were used alternately. In one the precipitation 
went on while the cleared water was drawn off from the other. 
This is a cheap and efficient method of purification within the 
reach of all householders where the water supply authorities can-
not, or will not, afford to filter all the water; and if the clarified 
water needed for drinking were passed through a stone filter, it 
would, he thought, leave nothing to be desired. It was at one 
time thought by physiologists that ordinary sand filters would not 
arrest the passage of bacteria, owing to their minute size com- 



pared to the width of the interstices between the grains of sand, 
although it was known that water was partly purified by its passage 
through sand. The town of The Hague, in Holland, is supplied 
from the drainage of the sand dunes which form the coast line. 
There it was found that there was no trace of organic matter in 
the water, even under heavily manured fields, after passing through 
6, feet of sand. He would direct the attention of members 
interested in this subject to a very able paper by the late Mr. 
Gill, M. Inst. C.E., on the Berlin Water Works, in Vol. 119 of 
Minutes of the Inst. C.E. ; and also to the Presidential address of 
Mr. Mansergh in Vol. 143. They are too long to quote from now. 
The rate of filtration needs to be slow, not more than a downward 
velocity of 6" per hour. The average rate of filtration at a 
number of Water Works—Liverpool, Birmingham, Gorbals at 
Glasgow, Dublin, Bideford, six London Companies, and Berlin—
varies from 35o to 675 gallons per square yard per day, or an 
average of 512, or about 2 r2  million gallons per acre per day. It 
may be assumed that for every million gallons pumped per day, 
a filtering area of 1800 square yards is needed (allowing for reserve 
space when cleaning), and in addition room' for settling ponds 
and for a clear-water tank large enough to compensate for the 
variation between the rates of consumption and filtration, which 
latter should be continuous and uniform. Thus it will be seen 
that a very considerable area is required for large works on - the 
slow system. This expense would be much reduced in the rapid 
system. The c6st of construction of the Basin system should 
decrease as the size of the works increases, but he had not been 
able to ascertain the usual cost per square yard. One system, a 
small one, at Bideford, cost at the rate of £2,465 per million 
gallons filtered per day. Another, a large one, the West Middlesex, 
considered an economical one, cost £2,280 per million gallons 
per day. Taking interest at 4 per cent., and depreciation àt I 
per cent., the cost will be 6/5i per million gallons filtered. From 
1872 to 1878 the cost of filtering (including maintenance, 
materials, and labour) for six London Water Companies' works 
was 6/2 per million gallons, according to the official return of Col. 
Bolton, Water Examiner. If to this we add interest and depre-
ciation at 4 per cent. and I per cent., we have 12/71 as some 
guide to the probable cost of filtering a million gallons. It would 
be considerably more in this country ; still, if it cost 20/-, it would 
only add 2 per cent. to the ordinary meter price of i/- per I,00o 
gallons: He found in a description of the Jewell filter the cost of 
a complete system equal to a capacity of 1* million gallons per day 
(2,000,000 U.S. gallons) stated at £4,000, or 5 per cent. for in-
terest and depreciation, 6/7 per million gallons. But it would be 
necessary to add for depreciation a much higher rate for the 
mechanical filter than for the brick and concrete basin, and 
assuming Mr. Swinburne's estimate of 6 per cent., the cost would 
be 13/2 per million gallons. Another example is given costing 
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17/I1. 	Others figure out to £11812, £,1/6/9, 15/2, and JJI/I/8, 
or an average of £1 /o/6 per million gallons filtered for interest and 
depreciation. The cost of working the plant, which is mentioned 
above as costing 17/I r, was, when reduced to Victorian rates for 
wages, II/r at least. The cost of working is given in a general 
way at 16/11 per million Imperial gallons ; but this would be in-
creased in Victoria, as in the pamphlet of the Jewell Filter Com-
pany, from which he quoted, the engineers are reckoned to work 
12 hours each for $2.15 (8/4). Here three would be employed. 
Mr. Swinburne gives the cost of the Broken Hill plant at £6,581. 

`This, if the ri million gallons at which it is rated are Imperial 
gallons, would he at the rate of 9/7k for interest. If they are 
U.S. gallons the cost per million Imperial gallons would be II/6. 
The total cost of filtering at Pittsburg is put at £2/11/9 per 
million Imperial gallons ; at Broken Hill at £8/6/10, allowing 5 
per cent. for interest. These figures vary too much to afford data 
for a reliable estimate of what mechanical filtering would cost in 
Victoria, but he thought they go far to show that in all probability 
the slow system would be the cheaper. 

PROF. KERNOT considered this question of filtration was one 
of some importance to the City of Melbourne. In British and 
European cities filtration seemed to be almost' universal. When 
in England last year he went over the Birmingham Water Works 
with Mr. Mansergh, who was preparing for very extensive filtra-
tion and storage of water at North Field, about 7 miles from Bir-
mingham. He (Mr. Mansergh) was somewhat doubtful as to 
whether the filtration should have been done at the head works. 
According to Mr. Gordon's figures filtered water could be pro-
vided in Melbourne at an increased cost of 2 per cent. on the 
meter rate, and he thought it would be a very desirable thing ; it 
would also reduce the number of bacteria. Very few people pro-
vided filters at their houses, and it would be far better for the 
whole of the water to be filtered, although it seemed a waste if 
only r per cent. of the water was used for household purposes. 
Many years ago it was proposed to provide filter beds at Preston, 
and it ended in the present reservoir being. placed there, but no 
filter beds. Years before the Melbourne sewerage scheme was 
started, he had some discussions with Prof. Masson, who was 
strongly of opinion that it would only be bringing Melbourne into 
line with the standard of sanitary efficiency of modern cities to 
have filter beds at the Melbourne water supply. At Geelong in 
the early days of the scheme (1868), filter beds were constructed 
at Lovely Banks, and they were considered to be a failure by the 
engineers then in authority, and were removed ; the external tank 
being afterwards used in connection with the lime process. 

Mr. G. A. TURNER thought the sieve mentioned 1600 
holes per square inch would allow very fine material only to pass 
through, and would like to ask how this very fine material was re- 
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tained. He considered the disturbing apparatus would not be 
very efficient, and thought it would be cheaper to remove the 
sand entirely, clean it, and put it back again. In the Melbourne 
supply it was not a question of minute microbes ; they could get 
anything out of the mains, from 3 feet eels downwards. Could not 
the Board of Works supply something better than that to drink ? 
He thought something better than 2 feet of ground quartz would 
be necéssary. He would advocate filter beds as near Melbourne as 
possible, with a new reticulation for the filtered water, either that 
or place a filter at each house under proper supervision. 

The PRESIDENT (Mr. J. T. N. Anderson) thought one reason 
mechanical filters were used so much was the difficulty of 
making a success of the sand filters. 	The first filters were 
erected by the late James Simpson, about 8o years ago ; but 
it took him about 12 years to make a success of them. 
The two elements that assisted to make sand filters a fai ure 
were unequal thickness of the sand, and unequal heading for 
the gravity head to drive the water through the varying thick-
ness of sand, as the dirt got scraped off the sand became thinner 
and thinner 	One great difficulty was to get the water to dis- 
tribute itself at a slow uniform velocity so as not to disturb the 
sand ; also at the sides of the filter it formed channels. The prac-
tice now was not to put gravel at the sides of the filter,and leave them 
rough. The question of mechanical filtration had its rise about 
5o years ago, in Russia, in connection with paper mills, coagulents 
being used to remove the impurities in the water. A patent was 
then taken out by Dr. Anderson for the use of spongy iron. 
Coagulents were used to remove the discolouration and the 
microbes. In America the ordinary open filter was not a success 
in winter time, owing to the ice and frost, and up till recently 
many of the sand filters had been discarded through carelessness 
and inattention, and they were made very expensive, owing to the 
necessity of covering them over by arches or otherwise to 
escape the frost in winter and the heat in summer. 	The result 
was that in large towns like Pittsburgh they had both systems, the 
sand filter for general use, and the mechanical system for use in 
the hot summer time, and as a standby. He had looked up the 
American tests referred to 	The most important was made in 
189o, by Watson, in Ohio, followed in 1894 with those with the 
" Jewell " filter, in Cincinnati, by George Fuller ; and in 1897 
some more extensive tests were made at Pittsburg with the ordi-
nary slow filtration (sand filter beds), the Warren filter, and the 
Jewel filter. The sand filter removed 99 per cent. of the bacteria, 
the " Warren " 97 to 98 per cent., and the " Jewel " 97 per cent. 
When sufficient sulphate of aluminum was added to kill the 
microbes, the water became too acid; to obviate that lime pre-
cipitation was adopted (Clark's process), which made the water 
alkaline. The sulphate of aluminum came into contact with the 
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lime and formed sulphate of lime, which made the water per- 
manently hard. The full benefit of the mechanical filtration 
seemed to be obtained at the expense of the iron pipes for distri-
bution of the water through the town ; and, of course, these pipes 
form a most expensive part of any scheme. The result seemed 
to him that American practice was to be followed with very great 
caution, and generally speaking in any large scheme they should 
have both systems. Another objection to the mechanical filter 
was the large amount of water necessary to wash the sand. At 
Pittsburg it took 5 per cent. of the water for 24 hours. Re filters 
at head works :— In 1887 and 1888, when 'he visited certain water 
supplies in the old country, the only supply with filters at the head 
works which he saw was the Dublin supply. The difficulty was 
the supervision in the mountainous districts, and it was sometimes 
difficult to obtain the necessary quantity of sand. 	The Belfast 
filters were near the head works, but in most of the other places 
they were near the town. 

MR. WHITEHEAD (Engineer of the Broken Hill Water Supply) 
considered this subject was of considerable importance to the 
whole. of Australia. 	They were able to read of what was being 
done in America, but the plant at Broken Hill was, as far as he 
knew, the first of its kind in Australia 	He did not think the 
question should always be one of cost only ; the first consideration 
should be pure water, and the best possible system should be 
adopted, no matter at what cost. 	With regard to the excessive 
quantity of water used to wash the sand, he would like to say that 
they used zo,000 gallons of water to wash the sand; but of 
course that was not wasted, as it was pumped back to the precipi-
tation tank and re-filtered. 

PROFESSOR KERNOT stated this matter was of very great 
importance to a city like Melbourne, and in England and the 
Continent filtration was considered a necessary part of the town 
water supply. He would like to ask if the Broken Hill system 
was successful from a sanitary voint of view. Was typhoid fever 
very prevalent? Was there any disease that could be connected 
with the water supply ? 

MR. E. A. WHITEHEAD had heard of none, but typhoid fever 
was somewhat prevalent in Broken Hill owing to the absence of 
any sewerage system at all—the rubbish being thrown into the back 
yard. The sanitary system was that known as the open pan 
system. A medical man had assured him that the water supply 
was free from blame in the matter. 

PROFESSOR KERNOT considered it was the duty of every 
Government to have an immaculate collecting ground for its water 
supply, but this was not possible in many places. 	For instance 
the, system of towns along the Murray had no sufficiently high 
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ground for a gravitation scheme, and one town had to use water 
from the river which had received the sewage of a number of 
towns higher up the stream. 	Filtration must always remain a 
matter of vast importance to many towns in Australia. Take also 
London. 	When in England last year great debates were taking 
place on the London water supply, the great bulk of which was 
drawn from the Thames at a place where the drainage from 
Oxford, Eton, Windsor and other towns had already flowed into it. 
At the present time enormous works were being carried out for 
the London supply, all based upon the postulate of the Thames 
being the necessary source of supply. 	The River Nile also 
probably received all the sewage of Central Africa ; while ,in 
America for all the towns on the Miisissippi River filtration must 
be a matter of very great importance for all time. He considered 
the present discussion a very valuable one. 

THE PRESIDENT (Mr. J. T. N. Anderson) remarked re typhoid 
germs that Mr. Whitehead seemed to think that filtration to 
remove noxious germs might also remove innocent germs. 

MR. WHITEHEAD . It is quite impossible to get the water 
absolutely free from bacteria, either by mechanical or sand filtra- 
tion. 	I said that I thought there was a danger of laying too 
much stress upon the bacteriological aspect of the question. If 
one typhoid germ got through it might cause im epidemic. 

MR. ANDERSON stated the typhoid germ was about the most 
active of all the bacteria, and if they aimed at removing it and 
the anthrax germ—which was equally deadly—they aimed at 
almost perfectly pure water. A wholesome water supply was one 
that was perfectly free from bacteria. Some of the most whole-
some supplies were drawn from springs, the water being well 
a;rated, and almost devoid of any bacterial growths. 

MR. G. SWINBURNE,in reply to what had been said during the 
discussion, said he might state that he was strongly in favour of 
the Municipal control of water supply, but also firmly advocated 
all water authorities maintaining the best possible purity of 
supply. 	The difficulty of depending on household purification is 
that only a small percentage of the people in the country trouble 
about it. In his paper he mentioned the number of small towns 
in America using mechanical filters, and there are many villages 
using ordinary sand filter beds. In the country, rain water caught 
in galvanized iron tanks is mostly used for drinking, hut how often 
were these tanks cleaned ? Ordinary domestic filters are practically 
useless for the bulk of Australian river waters. The water was too 
tutbid, and it was on account of the general turbity of our river 
water that, in his opinion, ordinary sand filters would not, in the 
majority of cases, be found as efficient as mechanical filters. The 
sand area under such conditions must naturally be large for the 



92 
	

MECHANICAL FILTRATION. 

purpose required, and the cleaning of sand be an expensive item. 
At Broken Hill, as mentioned, there was a large sedimentation 
tank, and there was no doubt this was an important factor in all 
systems of filtration ; but no preliminary subsidence tanks were 
used in the filtration of water at Pittsburgh in connection with the 
results of experiments given in the paper. 	As far as he could 
learn, both sand and mechanical filters were very erratic in the 
matter of cleaning. 	It naturally depended on the state of the 
water. In practice sand filters varied from a few days to about 
six weeks, and the mechanical at Broken Hill from one day to 14 
days. To avoid too frequent washing the head is in some places 
raised up to to or 12 feet. At Broken Hill, however, they could 
not raise the working head above 4 feet 6 inches. 	He would 
prefer the lesser head, on account of the sand with high heads 
becoming clogged to a considerable depth. The sediment was, 
however, readily removed by the method of washing described, 
and the use of rakes enabled the sand to be washed uniformly. 
There was no necessity to remove the sand at each washing, an d 
this would he much more expensive than the system adopted. 
Allusion was made to the fact that a mesh of 1600 to the inch 
would only allow fine material to pass. That was so. All the small 
quartz except the actual dust was saved. As long as it had a sharp-
ness of edge, it helped to fill up the interstices of the sand bed, 
and was useful. With reference to the expense of filtration, he 
had stated that at Broken Hill it amounted to 2d. per r000 gallons, 
with the disadvantage of very high cost of material, and he was 
quite sure, in an ordinarily accesible place, it would not be over 
1d., which was nearly double the Pittsburg rates. The question 
was if filtration could he carried out in moderately sized places, at 
an expense of id per loon gallons, was it not worth doing ? No 
one would dispute the fact that filtration of the water supply was 
invariably followed by a diminuticn of the death rate, sometimes to 
a marked extent. America was the only country where mechanical 
filters had been adopted on a large scale, and an extract from the 
American Public Health Association reports of last year, shewing 
the development of both class of filters' during the last decade, was 
of interest :— 

189o. 	1900. 
SLOW SAND FILTERS. 

Capacity (million gallons per day) 	... 	4 	••• 	57 
MECHANICAL FILTERS. 

Capacity (million gallons per day) 	36 
	

270 

Mechanical filters seemed especially adapted to cases where the 
water is turbid, and In villages and towns where the unit of sand 
filters would be very small. 	He would like to add that in his 
paper it was never his intention to draw any issue as between sand 
and so-called " mechanical " filters, but to bring before the 
Institute a system so largely adopted in America andas used 
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at Broken Hill, which was practically unknown to many of the 
members. He trusted the subject had been one of interest, and 
he was sure it was likely to play a more extended part in the filtra-
tion of our country water supplies. In conclusion, he would like 
to mention the pleasure he felt in the presence oi Mr. Whitehead, 
who had had greater opportunities than anyone else in looking 
into this matter, and was really the pioneer in the management of 
mechanical filtration in Australia. 	He had done some good 
experimental work, and the author felt sure the remarks he had 
made that evening would be looked upon with special value in the 
consideration of the subject. 

ADDITIONAL NOTES ON MECHANICAL 
FILTRATION. 

Paper by C. A. WHITEHEAD (a visitor), Engineer for 
the Broken Hill Water Supply. 

As the filtration of public supplies of water is now beginning to 
receive attention from the health authorities in these States, it 
may not be inopportune to consider " What constitutes a satis-
factory Water Supply" ? In a report on " The Pollution of Public 
Water Supplies in the United States " by a committee of the 
Public Health Association, presented on October 24th, - 1900, 
there is a complete reply to the foregoing question 	it is as 
follows :- 

(a) It shall be free, or substantially free, from disease pro-
ducing germs. 

(b) It shall be clear and colourless, or very nearly so, con-
taining no objectionable turbidity or vegetable stain. 

(e) It shall be free from objectionable tastes and odours as 
supplied to the consumers. 

(d) It shall be free from noticeable amounts of dissolved iron, 
such as unfit it for domestic use. 

le) It shall be free from . excessive amounts of lime and 
magnesia, such as make a water too hard for domestic 
use. 

(f) It shall be carefully examined with regard to constituents 
capable of dissolving metals used in the distributing 
pipes. 

We must not, however, look to filtration alone to attain all 
these conditions. In my opinion it is essential in the first place 
to select a suitable gathering ground as the source of the supply, 
and then to take every possible means to prevent the pollution of 
the selected site. In Great Britain the pollution of rivers and 
other sources of water supply has for many years been illegal, 
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and every means is taken to preserve the purity of the streams and 
lakes. America is adopting the same practice, but so far as I am 
aware, these States have as yet done little or nothing to prevent 
the pollution of our water supplies. Considering that so great a 
portion of our country is Crown lands there is no reason why our 
Governments should not reserve from all occupation or residence 
a suitable gathering ground in the vicinity of each village, town 
and city. With a suitable and unpolluted gathering ground the 
cost of filter works and filtration will be reduced to a minimum. 

In the mechanical or rapid filtration of water for public supplies, 
it is very necessary to provide for efficient sedimentation, and this 
can be attained only by having a properly proportioned 
"Sedimentation Tank" and a reliable method of feeding the 
coagulant to the raw water. The proportions of the sedimentation 
tank must depend upon the character of the raw water, as the 
greater the quantity of solids in suspension the larger must be the 
tank. From experiments made at Cincinnati with Ohio River 
water, it was concluded that three days' subsidence, followed by 
slow sand filtration, would have sufficed for only 64 per cent. of 
the time. And it was further noted that sedimentation for more 
than three days would not have been practicable, because the fine 
clay particles remaining after 72 hours' settlement subside very 
slowly, the percentage of decrease per day being seldom more 
than 5 per cent. of the original for the fourth day, and steadily 
decreasing thereafter. 	The time of plain subsidence recom- 
mended for either system of filtration is 48 hours. 	With a 
coagulant 24. hours' subsidence is considered the maximum, as it 
is cheaper to use more coagulant than to pay capital charges on 
extra capacity. These results are especially interesting because, 
so far as I have been able to gather, the water of the Ohio River 
appears to be in many respects similar to the water which we have 
to filter at Broken Hill. 

The Denver Union Water Co. have in use sedimentation tanks 
of a novel and unusual kind. 	For the treatment of the Platte 
River water, which contains from to cub. ft. to foo cub. ft. per 
million gallons, they employ 16 wooden tanks each 2oft. x 2oft. 
x 3/ft. deep. Each tank is divided into to compartments by e  
partitions 14in. high, and each compartment is divided with an 
inlet and washout gate. 	The outlets are of fin. diameter pipe 
surmounted by shallow thin lipped weirs r6in. diameter, of which 
there are nine in each compartment, or 90 in each tank. 	The 
weirs have an increasing slope towards the centre, and it is claimed 
that as the water flows down and into the pipe it carries with it a 
quantity of air sufficient to thoroughly ærate it before it passes to 
the filters. 	This system of sedimentation appears to have been 
very successful in reducing the work to be done by the filters, as 
whereas it was at first only used during the summer months it is 
now used continually. 	In contrast with these shallow tanks is 
the coagulating basin now being built for the Purification Works 



• 

MECHANICAL FILTRATION. 	 95 

of the East Jersey Water Co., which is to be 44ft. deep with a 
capacity of 1,700,000 gallons equal to only one hour's flow at the 
rate of 4o million gallons per day 	It would seem, however, that 
this great depth has been determined on chiefly because it allows 
of the water gravitating to the main supply pumps and not 
because of any expectation of improved efficiency. 	The short 
period allowed for sedimentation is the most notable feature in 
connection with this basin, but this is probably due to the 
character of the raw water not requiring a longer period owing to 
the solids in suspension being small in quantity. 

With reference to alum feeding devices, I notice that at the 
East Jersey Water Co.'s new works they are adopting a gravity 
feed, the quantity of solution used being regulated by a series of 
discs each bored with as many holes as there are filters, the 
diameters of the holes in each disc being regulated to discharge 
a predetermined 'quantity of solution per gallon of incoming 
water. In the event of one or more filters being out of use, a 
corresponding number of holes in the disc are plugged. 	This 
method is, however, only rendered possible by the use of 
automatic controllers to maintain a constant rate of delivery by 
each filter, and it appears to me that an automatic feeding device 
would not only have been cheaper but would have tended towards 
greater efficiency and reduced the liability of waste owing to 
possible inattention by the attendants. At any rate such a system 
of working would not be possible where the quantity of incoming 
water is constantly varying. 

Mr. Swinburne has been good enough to refer to some very 
rough experiments made by me, in which double precipitation, 
with two precipitants, was tried. 	The use of lime water in a 
second sedimentation tank was suggested by the makers of our 
filters. 	The results obtained indicate that it is quite possible to 
treat efficiently the most turbid waters. Experiments in the use 
of lime as a precipitant were made at Cincinatti in 1899, but they 
do not appear to have been successful, owing to the necessity of 
having to use such an excess of lime water that the whole of the 
free and half-bound carbonic acid were absorbed and sufficient 
left to coagulate the clay. 	It was found that the excess passed 
through the slow sand filter and appeared in the effluent in 
undiminished quantity, with the result that it was necessary to add 
carbonic acid to the water to neutralise the lime. 	It does not 
appear that any experiments were made in double precipitation 
with lime and alum. 	Had such experiments been made I am 
inclined to think that the results would have been different, as the 
excess of lime would have been neutralised by the sulphuric acid 
liberated from the alum. 

Mr. Swinburne appears to lay great stress on the bacterial 
efficiency of filters. 	While fully believing that the removal of 
bacteria from water to be used for domestic purposes is highly 
desirable, I am of opinion that we are, to some extent, being 
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carried away by what may be termed " the bacteria craze." It is 
probable, if not certain, that the vast majority of bacteria in 
water are not only harmless but necessary to the human system, 
and the removal of these may eventually result in more harm than 
good. Professor Sedgwick, in his "Report on Typhoid Fever in 
Pittsburg," says :—" If the typhoid germs were so abundant as to 
be readily detected, or even detected at all, any city using such 
water for drinking purposes must surely be depopulated; for even 
in sewage, in comparison with the whole number of common 
bacteria, those of typhoid are probably as rare as planets are 
among the stars, while, unlike planets, they have no well marked 
features of size or motion which enable them to be readily dis- 
tinguished from their neighbours, but rather so closely resemble 
many of them as to be distinguishable, even when found, only by 
long and patient study." Since the appointment of Dr. Thorpe, 
as official Examiner of the Water Supply of London, no bacteria 
tests have been made. 

In discussing the report on " The Pollution of Public Water 
Supplies in the United States," already referred to, Mr. John W. 
Hill, M. Am. Soc. C.E., said : 	In certain quarters, both at 
home and abroad, it held, and known to be true, that when a 
polluted surface water has been brought by filtration to a degree 
of limpidity comparing favourably with distilled water, such water 
is so low in bacteriological contents as to be safe and acceptable 
for domestic use. Accepting distilled water as a standard, filtered 
water comparing favourably with it when viewed in a glass flask or 
tube, under like conditions, may be accepted as potable water in 
the absence of bacteriological tests. . . Any attempt at the 
present time to supply a filtered surface water absolutely free from 
disease germs and wholly innocuous to health would be accom-
panied by a cost which would prohibit its use on a large scale for 
water supply. . ." 

All this, however, does not alter the fact that filtration is 
expected to remove practically all the bacteria from the raw water, 
and it is, therefore, of interest to note that mechanical filters are 
in this respect almost as efficient as slow sand filters. 	The high 
bacterial efficiency of the mechanical filters tested at Pittsburg is 
noticeable. That it is possible to remove from 97 per cent. to 98 
per cent. of the bacteria by rapid filtration, a system which is as 
yet only in its infancy, augurs well for the future success of this 
method of purification. 

In the tests of mechanical filters at E. Providence, R.I., using 
r grain per gallon, of 23 per cent. alumnia, a bacterial efficiency 
of 99.2 per cent. was obtained during the months April-October, 
1900, the number of bacteria present in the raw water ranging 
from 1,129 in June to 15o in August. 

An examination of the large number of filtration experiments 
made in America reveals the ihteresting fact that the number of 
bacteria present in the raw water varies almost directly as the 
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turbidity. This is especially noticeable in the reports of the tests 
made at Pittsburg and E. Providence R.I. If then the number 
of bacteria in the water can be roughly gauged by the turpidity 
a method of recording the degrees of turbidity must be of con-
siderable utility. Some American authorities have adopted a very 
simple and easily worked method ; they record the transparency 
of the water by the reciprocal of the depth in inches at which a 
fine polished platinum wire ceases to be visible ; 	thus if the 
point of the wire became invisible at a depth of 8 inches the turbid-
ity would be recorded as 0.125, and at 18 inches by 0.055556. 
This system should be of value in enabling one to judge the number 
of bacteria in up-country waters. In any case it appears to me to 
be far superior to the colour test as now made by viewing the water 
in a two foot tube. 

The many tests which have been made with the muddy waters 
of American Rivers seem to prove conclusively that for turbid 
waters the mechanical filter is more efficient than the slow sand 
filter, while as regards colour removal only the mechanical filter 
has a slight advantage over the slow sand filter. 	It has, how- 
ever, been found that at times neither system is capable of giving 
perfectly clear effluent, these occasions being fewer for mechanical 
filters than for the ordinary slow sand filters. 

In mechanical filters the removal of albumenoid ammonia com-
pares favourably with the result obtained by slow sand filtration. 

The efficiency of mechanical filters depends to some extent 
upon the quantity of coagulant used. 	For the " Warren " and 
" Jewell " filters the variations of bacterial efficiency have been 
given as follows :- 

WARREN FILTER. 
Bacteria Removed. 	Grains Alum 

per gallon. 

JEWELL FILTER. 
Bacteria Removed. 	Grains Alum 

per gallon. 

95 % 0.7 95 % o.6 
96 „ 0.72 96 „ 0.64 
97 ,, 0.78  97 „ 0.75 
98  ,, 0.98 98 ,, 1.02 

98.5 „ 1.22 98.5 „ 1.5 

99 „ 1.66 
But to obtain these efficiencies there must be present in the water 
sufficient lime to neutralise the sulphuric acid liberated when the 
alum solution is broken up. Mr. Swinburne refers to the ques-
tion of mration in conjunction with mechanical filtration. I 
have long been of the opinion that for many Australian waters 

ration would often be very beneficial. Whether aa ration should 
take place before or after filtration must to some extent be de-
termined by the character of the raw water. If the water be very 
polluted with organic matter ration before filtration may be ad-
visable in order to reduce the work of the filters by oxidizing the 
organic matter and increasing the rate of sedimentation. In cases 
where the water is fairly pure but has been deprived of its air by 
the heat of the sun ration in the clear water, well or reservoir, 
may be more advantageous. A general scheme of domestic filters 
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under municipal, or other, control in place of filtration works, I 
do not think would be either economical or efficient. Such a system 
was proposed for Pittsburgh by the Birkefeld Filter Co., and one of 
their filters was tested. It was found to remove a large per ten-
tage of bacteria with careful attentaon. Frequent washings were 
necessary, and occasionally the filter cylinders had to be sterilized 
by boiling. Mr. Joseph Parry, C.E., Water Engineer of Liver-
pool, England, says that " Domestic filtration is mostly a snare 
and a delusion. People talk and act as if patent filters were en-
dowed with some magical power for the purification of water. The 
existence of the impurities which are arrested, if a filter is doing 
usetul work, is forgotten or disregarded. The filth collects on the 
face or in the body of the filter, and, if the pores are not entirely 
clogged, an accumulation of putrescent organic matter takes place, 
which renders the water more impure, though it may be brighter 
and clearer, after filtration than it was before filtration." The 
only domestic filters having a high bacterial efficiency are those in 
which the filtering medium is a porous cylinder or disc. They all 
filter so slowly that it is probable that the majority of house-
holders would object to their use. Again, even with apparently 
clear water the porous material is so readily choked that frequent 
washings are necessary, and sterilization must occasionally take 
place. The maintenance of a large number of such filters would 
be far more costly than the working of a general filter plant. 

SOME PRACTICAL PROBLEMS OF GRAVITATION 
FILTRATION. 

Paper by MR. J. T. NOBLE ANDERSON, read 6.zz.oz. 
It has been pointed out in the discussion on the preceding 

paper on Mechanical Filtration, that the cost of filtration for 
Melbourne by the ordinary slow sand or gravitation method should 
not exceed z°/ e  on the present charge, or kd. per r000 gallons. 
The practical question is at once suggested, namely : why, if the 
cost of gravitation filtration be so trifling, should large corporations 
like Melbourne, Liverpool and Manchester prefer to purchase and 
absolutely reserve vast arrears of valuable country as a watershed, 
when water just as pure and safe can be obtained by filtration. 
And why should many other corporations adopt the more expensive 
method of mechanical filtration ? 

The answer is not obvious, but such light as a close investigation 
of particular instances has brought to the author, leads to the con-
clusion that the many known cases in which gravitation filter beds 
have gone out of service, as well as the fact that the majority of 
the filter beds in use have very strict limitations, and are in many 
cases abused, have combined to make engineers and the public 
slow to adopt the advantages of this system. 
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A brief consideration of the most frequently found defects, and 
the practical means which can be adopted for their prevention or 
reduction may be of some value, and will at least put on record 
for the advantage of others, some of the results of practical ex-
perience gained by the author in Great Britain and Holland in 
the years 1887-9 and 1891. Though some advance has doubtless 
been made since then, the questions here dealt with are unaffected 
thereby. 	An outline review of the following points will bring 
forward these matters in order :- 

I.—Location of filter beds as affecting their use. 
2.—Size of settling tanks and clear water basin. 
3.—Precautions necessary in the design and construction. 
4.—Precautions necessary in operation, and the methods of 

design to facilitate same. 
5.—Frequency of cleaning. 

I.-LOCATION OF FILTER BEDS AS AFFECTING THEIR USE. 

On the score of economy the advantage of location the filter 
beds between the store and the service reservoirs is considerable, 
since here the fluctuations of discharge are at their minimum ; and 
consequently not only will it be possible on this account to greatly 
reduce the capacity of the filter beds, but the conditions are also 
more favorable to _ their efficient upkeep with the least possible 
attention. In actual use, however, on this system, it will be found 
that if the service reservoirs be located within the environs of any 
considerable city, the filtered water will suffer from contamination 
before entering the service mains. And further, no matter where 
the service reservoir be situated, the filtered water will, if there 
exposed to sunlight in summer, acquire a flat or rank taste from 
the growth of algae. 	It is on this account that good practice 
demands that the filter beds be placed between the service reservoir 
and the service mains—and that the clear water basin, which forms 
the inlet to the service mains, should be covered from the sunlight 
and wind. And from this arises much of the great difference in 
the actual cost of a proper filtration plant, and the cost as recorded 
in text books, taken from plants where this is not fully provided. 
Because if all the water is to be filtered, provision must be made 
for passing the maximum hourly or half-hourly supply, which in 
the case of manufacturing towns often exceeds the average supply 
by six times. A practice which obtained in many, even of• the 
most respected filtration plants, such as Edinburgh, was to have 
a byepass direct from the service reservoir to the service main, and 
during the hours of maximum demand, to pass the bulk of the 
water through this byepass in its raw state direct to the consumers. 

Aud this is a practical point for consideration, namely—whether 
with restricted means, this use is preferable to the other economi-
cal one of filtering the water before it enters the service reservoir. 
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2.-SIZE OF SETTLING TANKS AND CLEAR WATER BASIN. 

Adapting our filter bed to Australian conditions, it will be 
assumed that the filter beds are uncovered, but at the same time 
the level of the water in the above sand is maintained at less than 
one foot six inches (1 ft. 6in.), and in consequence while ample 
time is allowed for insolation, the conditions are entirely unfavor- 
able to sedimentation. 	In the interests of economy, it will 
generally be found best to make the settling tanks sufficiently 
large to relieve the filter beds as far as possible. 	Not only will a 
settling tank sufficiently large to allow of 24 hours' sedimentation 
remove on an average 6o per cent. to 7o per cent. of suspended 
matter, but the bacterial improvement in the water is even more 
marked. Some idea of the size of these settling tanks may be 
gained by considering that less than 24 hours' sedimentation is of 
little use, and obviously in addition to the service reservoir, which 
is generally required for standby rather than settling purposes, 
there must be at least two (2) settling tanks to enable the neces- 
sary alternation in use. 	Consequently the minimum effective 
capacity of sedimentation tanks for any plant is two days' supply 
at the maximum daily demand. From the sedimentation tanks 
the water is generally conveyed to the filter beds by means of some 
system (usually deep concrete channels), which enables the water 
to be readily introduced to a set of vertical inlet pipes ranged along 
two sides of the filter beds. For convenience it is usual to have 
4 to 8 filter beds situated round each settling basin. 

The calculation to determine the capacity of the clear water 
basin is mainly based on the estimated hourly fluctuation of the 
demand in the town, to a slight extent also the factors of relative 
cost of open filter bed and covered clear water bed will have to be 
considered, and in general it is found that filter beds may be 
forced to pass over six million gallons per day per acre, while on 
the other hand, in the clear water basin modern vaulted roofs are 
cheap, and the clearness between the soffit of the arches and the 
full water level in the clear water basin need only be a few inches, 
if the vaulting is so designed to admit of an efficient ventilation. 

3.—PRECAUTIONS NECESSARY IN THE DESIGN AND 
CONSTRUCTION OF FILTER BEDS. 

The most important precautions in design are 
(a) To provide means whereby the filtering head can be regu-

lated, and can never exceed a few inches. 
(b) To so design the structure that the downward flow will 

be maintained practically uniform in all positions of the sand, 
and no tendency can be set up to form downward channels of 
flow, and incidentally: to so design all inlets, outlets, and wall 
sides that no channel for the flow of water can form between 
them and the sand bed. 



(c) To so design the inlets that the water discharged from 
them will spread horizontally with equal slow velocity in all 
directions. 

(d) To provide for such underdrainage as is not liable to become 
choked, and have all under drains connected with ventilating cowls 
at the upper end. 

(a) The old fashioned means of regulating the head is by allow-
ing the water to pass over a measuring weir after leaving the filter 
bed—this weir consisted of a series of stop planks, each about 
three inches deep, and the operator regulated the head by means 
of these planks. It was not unusual to vary the height of the 
water in the filter bed by more than one foot, as the sand was re-
moved by successive scrapings—and it will be seen that this means 
of regulation required a careful and reliable operator•, who could 
be relied upon to never exceed the prescribed maximum head. 
With proper care, and a more frequent replacing of the surface 
sand, say once every twelve months, so that there need be no 
fluctuation' in the level of the filter bed, and the providing of only 
about six inches of possible variation in the level of the crest of 
the stop plank weir, there can be no reason why this simple and 
cheap method should cause any trouble. , Of course stop planks 
should always be well padlocked against possible meddlesome 
trespassers. Description of this, and the modern automatic and 
semi-automatic appliances can be found in some recent text 
books. 

(b) This is a difficult matter requiring great attention to detail. 
Former practice secured some measure of safety against this, the 
greatest danger to filter beds, by making very deep beds. If, 
however, the design is efficient, a maximum depth of six feet six 
inches (6ft. 6in.) from water level to drain pipes will suffice, and 
in consequence the beds will be proportionately much cheaper 
than if manufactured in the old fashioned way. The following 
are the most• salient precautions :- 

Avoid smooth cement or iron surface against the sand. Provide 
frequent stops and collars where water might flow. Provide that 
no gravel or open pipe joints be placed closer than aft. 6in. from 
the toe of the side walls. Specify for a very uniform grade of 
sand, and make the sand bed at least four feet deep. 

(c) Provide wind brakes against the prevailing wind, since the 
sand service in localities with a distinct prevailing wind, a tendency 
to form deep and regular ripples which cause a very irregular 
downward flow, owing to the separation of the finer sand which 
they cause on the surface. 

(d) To prevent choking of the drains great care is necessary to 
properly guard the ventilating cowls against animal and insect in-
vasion—such as grasshoppers, etc. A fine gauze is most efficient. 
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In construction, apart from all the ordinary precautions necessary 
to obtain accurate grading and rigid adherence to the design, the 
following are some of the points requiring care :—(a)  To properly 
lay the gravel in solid layers, so that no subsequent settlement shall 
cause disturbance in the sand layers above (b) To lay the sand 
in continuous layers of about sixteen inches, taking great care that 
it is well and uniformly consolidated without being rolled, or 
trampled over by men's boots. In the lower layers the men should 
be made to walk and stand on planks—with the surface layer this 
Is hardly necessary, and the men on scraping sand or. replacing it 
can usually walk on the sand merely using planks for wheeling to 
avoid treading out pathways over the surface. (c) Obviously all 
sand and gravel must be thoroughly washed before used. (d) In 
the masonry-work concrete generally is to be preferred to either 
brick or stone, owing to the fact that it can be made less porous. 
The surfaces should not be plastered, trowelled, or ruled off, but 
may be washed over with neat cement and rubbed level with felt 
towels. 

4.—PRECAUTIONS NECESSARY IN OPERATION. 
The effluent from each filter bed should he subjected to a daily 

bacterial test, and arrangements made whereby any single bed, or 
set of beds, can be thrown out of action instantaneously. It should 
be measured to ascertain whether the bed is choking. To facilitate 
the washing of the sand, which is scraped off, as soon as the filter 
begins to choke, a sand washer is best designed, as at Edinburgh, 
in the centre of each filter bed. The skin removed at each 
scraping will seldom exceed half an inch in thickness. A large 
wide mouthed wooden spade like a baker's spade has been found 
very efficient, being lighter to handle than the ordinary spade. 
After removing the skin, it is usual to lightly rake over the surface, 
so as to obliterate all marks made by planks, boots, etc. : and also 
to form a key for the new skin to adhere to. 

A great many methods of sand washing have been adopted, and 
it is obvious that the cost of scraping and cleaning will in large 
part depend on the handiness of the method designed. As great 
care also must he taken to maintain the standard size and quality of 
the sand, as is taken to secure its cleanliness. It is usual to re-
move the greater part of the fine surface sand once a year, and 
this varies in depth from eft. 6in. to over aft. oin.—and there 
is a continuous loss of sand which will require to be made up 
annually by fresh sand. Care must also be taken after each re-
placing of sand, and before putting the filter into work, that all 
the air contained in the sand be properly removed. A common 
method is to fill the filter in the reverse way and allow it to stand 
full of water without being worked for two or three days, and then 
to run the first 24 hours' filtration to waste. The most important 
matter, however, seems to be for a week or so filter at about half 
the proper filtration head, and then very gradually increase the 
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head to the usual three or four inches. 	Somewhat similar treat- 
ment is necessary for a day or two after each scraping, as other- 
wise the water passes too rapidly at first. 	These, however, are 
matters on which no hard and fast rules can he laid down, but 
must depend on the results of the bacteriological examination. 

5.—FREQUENCY OF CLEANING. 

As has already been stated, each filter bed will require a 
thorough overhaul once a year. This will mean the throwing out 
of service of the filter bed for about three weeks'annually. In ad-
dition to this, each bed will be thrown out of service two or three 
days at a time, so often as it requires scraping. 	This, with most 
waters, varies with the season, being more frequent in autumn, but 
will be about io or I r times in the year. Consequently, it will be 
seen that the filter beds must be 15 per cent. to zo per cent. more 
numerous than if designed for absolutely continuous, service. 

In conclusion, though the subject is a very large one indeed, 
the author hopes he has outlined enough of the practical problems 
and points which it is essential to solve and observe, to show the 
reasonableness of the assumption that the lack of the extreme skill 
and care necessary in design, construction and operation of this 
type of filter, has been the chief reason against its being more 
widely adopted. And at the same time, that he may have raised 
questions which may be of some small service, by suggestion, to 
any of the members who may contemplate the design of a slow 
sand filter plant. 
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