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SYNOPSIS

Stormwater samples collected from three urban catchments in Sydney,
show that in separately sewered areas the surface runoff has a greater
concentration and carries a greater total load of pollutants, than
effluent from secondary sewage treatment plants. Pollution and nutrient
indicators are highly concentrated in the 'first flush' at the start of
urban storm runoff, but these concentrations fall rapidly to quite low
levels during the passage of each flood. An important exception to this
trend is phosphate. The phosphate concentration remains approximately
constant during each flood. Whenever the discharge increases sharply
the concentrations of suspended solids and phosphate increase slightly.
However, the concentrations of BOD and ammonia do not usually increase
after the first flush unless a later increase in discharge is extremely
rapid. Faecal coliform concentrations in flood flows are usually

between one and two orders of magnitude less than for raw sewage.

Some of the stormwater samples were subjected to simple settling
in the laboratory for durations of up to one hour. For a typical urban
catchment these laboratory tests show that on an annual basis, short
duration settling of stormwater could remove amounts of pollutants com-
parable to the amounts which could be removed by tertiary treatment of
secondary sewage effluent from the same catchment. The cost of settl-
ing storm runoff would probably be far less than tertiary treatment of

secondary sewage effluent.
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1. INTRODUCTION

The change from%ruféittozﬁrban‘land-use conditions has very large
effects on streams (Ref. 7. However;‘almost'no data on these effects
are available for Australian conditions, Considerable data are avail-
able for some of the effects of urbanisation on streams for the United
States and some data are available for the United Kingdom., Most of the
published studies are applicable only to the areas in which they were
conducted. Vefy little progress has been maée in attempting to extend
the results of Studies of local areas to obtain a general theory of the
effects of urbanisation. Numerical data are given of the changes in
flood magnitude, sediment load and water quality as a result of urban-
isation. However the lack of general understanding of the processes
involved in these changes means that the published information really
only provides qualitative indications of the changes that can be expect-

ed when changing the land use of an area from rural to urban conditions.

The major effects on streams of urbanising rural land can be sum-

marised as follows:—

i) Flood discharges are increased. Floods which occur frequently,
with return periods of the order of 1 year are usually increased
by about three times. Larger floods are increased by much smaller
amounts and it is'thought that extreme evénts, say with return
periods of 100 years or more, are probably not increased to any
noticeable extent (Ref. 14).

ii) Runoff volumes are increased by up to two times. This increase
factor seems to be highly dependent on the soil types and under-
lying geology (Ref. 7).

iii) During the change from rural to urban conditions sediment loads
increase astronomically. Hugh volumes of sediment are removed
from cleared land surfaces during the construction period (Refs.
9, 28). After construction is complete the sediment load tends
to settle back to a value similar to that observed under rural

conditions,

iv)  Surface water quality; which is the main subject of this report,
generally deteriorates when an area changes from rural to urban
conditions. Large volumes of sewage, which are not present in
rural areas, must be removed from urban areas. In addition, the
surface runoff, or stormwater, which is more pleﬁtiful in urban
areas than under rural conditions, is usually of poor quality,



being roughly equivalent to the effluent from sewage treatment
plants which provide primary and secondary treatment of domestic

sewage (Ref. 4),

In recent years considerable attention has been given to preven-
tion of flood damage from the large discharges that occur for short
durations in urban areas. In just a few areas attention has been given
to reduction of sedimentation during development of urban regions. Con-
siderable interest has developed recently in the pollution of water re-
sources by sewage. Local authorities are being required to produce
higher quality effluents by a pollution conscious public. Hence a great
deal of attention is currently being given to the quality of effluents
from sewage treatment plants that are to be discharged into the environ-
ment, particularly inland waters. It is interesting to note that recent
overseas work has shown that the pollution load exerted on receiving
water bodies by sewage effluent may, in fact, not be the major cause of
stream degradation. It has been shown that the pollution load exerted
by urban stormwater runoff may be as high, or even much higher than the

load exerted by secondary sewage treatment plant effluent (Ref. 27).

These overseas findings have very significant implications for the
allocation of resources for water pollution control. It is possible
that it would be more beneficial to attempt to provide simple treatment
of urban stormwater than to provide higher levels of treatment of sew-
age effluent. However, to date the most common mode of reaction by
local authorities to public pressure concerning water pollution has been

to attempt to improve the quality of sewage effluent.

The purpose of this report is to present urban stormwater quality
data collected over a period of 12 months at three sites in Sydney.
Special emphasis is given to the distribution of the various quality

parameters during the passage of floods.

The possibility of obtaining worthwhile benefits from the treat-
ment of urban stormwater is also examined in relation to the data ob-
tained for the Sydney catchments. A simple comparison is made of the
effectiveness of two possible methods of reducing the water pollution
load discharged from an urban area. The first method is to provide
tertiary treatment of the secondary sewage effluent currently discharged
from the area and the second is to provide primary treatment of storm-

water.



2. QUALITY OF URBAN STORMWATER

Very little published data is available on the quality of urban
runoff in Australia. The data that has been published (Ref. 10) re-
lates only to low flow conditions and hence is not really representa-

tive of the total flow.

A large amount of urban stormwater quality data is available for
the U.S.A. From this data considerable understanding of quality aspects
of urban runoff has been obtained, but very little insight has been
gained of the processes involved in the contamination of rainwater once
it has touched the ground surface. Sartor and Boyd (Ref. 24) have
shown that over half the pollution load of urban stormwater is associ-
ated with particles of 200 microns and smaller. Most of these small
particles are usually found on the street surface within 20 cm of the
curb., Current street sweeping technology can only remove a small pro-
portion of the particles of this size and these authors conclude that
the only way to prevent considerable pollution of receiving waters would

be to treat the urban stormwater.

It is well known that early in a storm a flushing effect often
occurs, when debris which has accumulated in dry times is washed into
the drainage system. At the same time accumulations of material in the
drains themselves are stirred up and swept along the pipe or channel
system. It is also well known that the pollution load is much higher
during flood flows than under low-flow conditions. However, the data
obtained so far have not, in general, been sufficient to provide a clear
understanding of the overall processes involved in the pollution of
stormwater from which reliable, generally applicable predictive models

can be derived.

The most readily observed and measured indicator of pollution in
stormwater is the suspended solids concentration. A more definitive in-
dicator of general pollution of water is the oxygen demand. Nutrient
indicators such as phosphates and nitrates are also important in that
they give some indication of the likelihood of eutrophication of water
bodies. The other quality variables which appear to be of most signifi-
cance for planning and water resources purposes, as well as for general
pollution abatement are pathogen concentrations and the presence of

toxic substances.

Several writers have shown that higher concentrations of some pol-

lutants are found in urban stormwater than occur in raw domestic sewage.



The general finding appears to be that urban stormwater is at least as
heavily polluted as the effluent from secondary sewage treatment plants.
Some details of published data are shown in Table I. This is not an

exhaustive list but is considered to be representative of overseas data.

The BOD of raw sewage is normally in the range of 200-400 mg/1.
Secondary treatment plant effluent concentration would usually be in
the region of 20 mg/l. Stormwater sampled by Bryan (Ref. 4) and Burm
and Vaughan (Ref. 6) had mean BOD concentrations of 31 mg/l and 29 mg/1
respectively with individual values ranging as high as 238 mg/l.
Pravoshinsky and Gatillo (Ref. 23) found values as high as 223 mg/1 for
Minsk, Russia but Angino et al. (Ref. 2) reported low concentrations,
the mean value being 6.9 mg/l and the upper limit 12.3 mg/l. Viessman
(Ref. 25) has reported a mean BOD of 17 mg/l with a highest observation
of 173 mg/1,

Concentrations of suspended solids are commonly very high in urban
stormwater, often much higher than in raw domestic sewage. In raw sew-
age suspended solids concentrations may be up to 600 mg/l but more us-
ual values are in the region of 300 mg/l. In a number of studies sus-
pended solids and total solids are not differentiated. Burm and
Vaughan (Ref. 5) found the mean annual concentration of suspended solids
at Ann Arbour, Michigan to be 1360 mg/l with a maximum observed value
of 11 900 mg/1. Bryan (Ref. 4) quotes a mean value of total solids of
3900 mg/l with an extreme sample of 13 900 mg/l1 for Durham, North
Carolina. McElroy and Bell (Ref. 18) quote a number of studies in
which the mean suspended solids concentration of stormwater exceeded
2000 mg/1. The most extreme value quoted was of a sample containing
over 36 000 mg/l of solids.

Nutrient loading of urban stormwater has not been investigated as
extensively as have the pollution indicators. Kluesener and Lee (Ref.
15) have shown that concentrations of total phosphate and ammonia nitro-
gen of about 2 mg/l are fairly common in the first flush. Average con-
centrations during storms were generally lower, about 1.0 mg/l1 and 0.5
mg/1l respectively for phosphate and ammonia with upper limits of about
3.5 mg/l and 1.3 mg/1l respectively. Viessman (Ref. 25) quotes mean
values and ranges for phosphate of 1.1 mg/l, 0.02-7.3 mg/l, and for in-
organic nitrogen of 1.0 mg/l and 0.1-3.4 mg/l respectively.

Sewage effluent has frequently been thought to be the major con-

tributor of nutrients to streams and lakes near urban centres but



Whipple et al. (Ref. 27) have shown that urban stormwater may contri-
bute quantities of nutrients at least equal to those which derive from
sewage effluent. These authors quote a maximum phosphate concentration
of 4.3 mg/1 with the average over a period of several days of about 2

mg/1.

Bacteria contained in storm runoff are usually estimated by con-
sidering the presence of the coliform group, particularly E. coli.
Many recent U.S. studies have involved taking coliform counts, the
presence of E. coli being a definitive indicator of recent faecal pol-
lution. Fairly typical coliform densities in urban stormwater seem to
be about 10° and 10° organisms/100 ml respectively for total coliforms
and E. coli (Refs. 3, 5, 11, 21, 22).

Considerable amounts of lead from vehicle engines have been ob-
served in urban stormwater. Bryan (Ref. 4) found that the lead concen-

tration is related to traffic density.

3. SAMPLING OF STORMWATER IN SYDNEY

3.1 Catchments

Stormwater samples have recently been collected from three separ-
ately sewered catchments in Sydney. Two of these catchments, Musgrave
Avenue Drain and Bunnerong Storm Water Channel (SWC), are in Sydney's
Eastern Suburbs where the soils are predominantly sandy, underlain by
considerable depths of sand with occasional outcrops of sandstone. The
third site is on Powells Creek at Strathfield where the soils are of
the Wianamatta group—clays underlain by shale. All three catchments
are primarily residential areas, although Bunnerong SWC and Powells
Creek contain minor commercial developments such as shopping centres.
Over 20% of Musgrave Avenue catchment is parkland. The location of the
catchments is shown in Fig. 1 and a brief summary of the characteristics

of the catchments is given in Table II.

Water samples were obtained adjacent to stream gauging stations on
each of the catchments. The three gauging stations are in brick and
concrete lined open channels, just downstream of the emergence of water
from pipes or enclosed concrete conduits. Streamflow measurements have
been made continuously for over ten years on Powells Creek and Bunnerong
SWC. A staff gauge in Musgrave Avenue Drain permits the estimation of

discharges when samples are being taken.

Automatic rainfall recorders are located in Musgrave Avenue and



Powells Creek catchments but the records from these instruments were

not very reliable.

3.2 Collection of Water Samples

Water samples were collected during low flow times, and during the
passage of floods between June 1975 and May 1976. Twenty samples were
obtained from low flows, and about 110 samples were obtained during the
passage of 15 floods. Ten floods were sampled in Musgrave Avenue Drain,

three in Powells Creek and two in Bunnerong SWC.

All samples were instantaneous, ''grab" samples. No automatic
sampling equipment was available. The samples were collected in large-
mouthed plastic or glass containers of about two litres capacity, which,
under flood flow conditions took less than one second to fill. In some
cases four litre samples were obtained. The samples were ''grabbed" so
that they would be as representative as possible of the flow at the time.
The depth and velocity of flood flows at the points of collection varied
from a few centimetres and about 0.2 ms~! to 0.6 metre and 2.5 ms~!.
Low flow samples were obtained at points where all or most of the flow
could be caught, for example at a step in a channel or at the outflow

from a pipe into a channel.

Stormwater samples were tested for their constituent parameters
using various standard tests. A wide range of equipment was available
in the Public Health Engineering laboratory in the School of Civil
Engineering, The University of New South Wales. In general the simplest
and quickest (in terms of operator time) reliable methods were used.

The tests used are detailed in Table III.

4. QUALITY PARAMETERS OF SAMPLED STORMWATER

4.1 Low Flow Data

A summary of the quality parameters for samples obtained under
low flow conditions is given in Table IV. The mean values shown apply
to the individual samples and are not flow weighted means. It can be
seen that on some occasions the BOD and suspended solids loads are al-
most as high as would be expected for raw sewage. The highest dry
weather BOD observed was 135 mg/1 and the highest suspended solids con-

centration was 295 mg/1.

4.2 Flood Flow Data

Flood flow data are summarised in Table V. As in Table IV, the

mean concentration of each parameter shown in Table V is the mean of



the individual instantaneous samples. For comparison purposes typical
quality data for raw sewage and secondary effluent from the St. Marys
Water Pollution Control Plant in Sydney are also shown in Table V. The
plant at St. Marys, which treats domestic and industrial wastes from a
separately sewered area, comprises settling tanks and activated sludge
treatment. The sewage is primarily drawn from residential areas with

some light industry.

In Table V it can be seen that whilst the mean suspended solids
concentration of the urban stormwater is the same as for raw sanitary
sewage, individual values significantly higher than for raw sewage
often occur, with a maximum value of 1400 mg/l1 being observed. The BOD
of urban stormwater was consistently higher than for secondary sewage-
treatment effluent. The maximum BOD concentration observed for the
stormwater was 145 mg/l and the mean values observed on the two sandy
catchments were almost double that for typical secondary treatment

plant effluent.

Some of the other stormwater parameter concentrations are also
quite high compared with secondary sewage effluent. However the sus-
pended solids concentrations are low when compared with some of the U.S.
data quoted above. It is possible that the large differences in sus-
pended solids concentrations between U.S. and Australian data may be
due to differences in stormwater drain design. In parts of the U.S.A.
large catch drains (in Australia these would probably be called sumps)
which accumulate debris are located at most inlets to the pipe system.
Scouring of these under high flow conditions could account for suspend-

ed solids concentrations as high as 13 000 mg/1.

The phosphate and nitrogen concentrations are low compared with
secondary sewage effluent but they are quite high when compared with
the overseas data given in Table I. However the nitrate concentrations

for Sydney stormwater are very low when compared with the overseas data.

It is of interest to note the high coliform counts in the storm-
water. The erratic behaviour of the low flow coliform counts could in-
dicate either random pollution of the water by animals or the connection
of sewers from one or two households to the surface drains. The occa-
sional high ammonia values may support these conclusions. During high
flows the coliform counts tend to be slightly lower than under low flow

conditions, but occasional very high values occur,

Some parameters, such as sulphate, alkalinity, hardness, chloride



and silicate were only measured from a few samples, Further samples
were not tested for these parameters as it was considered they did not

provide any worthwhile information on the pollution of urban stormwater.

5. VARIATION OF QUALITY PARAMETERS WITH DISCHARGE

Discharge, concentration and load data from six floods in Musgrave
Avenue Drain are shown in Figs. 2 to 7. Data for three floods in Powells
Creek and one flood in Bunnerong SWC are shown in Figs. 8 to 11. Rain-
fall data are shown for those floods for which they are available. In-
complete data were collected from 6 other floods. These incomplete data
are listed in Table VI.

The data shown in Figures 2 to 11 clearly show many quality char-
acteristics of urban stormwater. For instance Fig. 2 shows the "first
flush" with high concentrations of pollutants resulting from two, early,
light showers. However it also indicates the significant increase in
pollutant concentration whenever the discharge increases rapidly, as
shown at 1725 hours and 1755 hours. The pollution concentration gener-
ally decreases with duration of rainfall, but as shown in Figs: 2b and
2c, the rate of transmission of pollutants (grammes/s) by the system is
much more dependent on the rate of flow than on the concentration. High
concentrations at 1535 hours and 1610 hours associated with flows of
less than 100 1/s resulted in the movement of a total of only 20 kg of
suspended solids and 3 kg of oxygen demand (expressed as 5 day, 20°C
BOD). However the higher flow with lower concentrations of pollutants
between 1720 hours and 1810 hours resulted in the movement of 1150 kg
of suspended solids and 100 kg of BOD past the gauging station. The
total loads of pollutants from the 131 ha catchment in 3 hours on Octo-
ber 20, 1975, were just over 1.2 tonnes of suspended material and just
over 100 kg of BOD.

The nutrient load was also considerable. As shown in Fig. 2d the
phosphate concentration tended to remain fairly constant, with the load
being highly dependent on the rate of flow. This appears to be a signi-
ficant result and has considerable importance for possible eutrophica-
tion of receiving waters. About 13 kg of phosphate passed the gauging
station in this small flood. On the other hand the ammonia concentra-
tion fell steadily during the flood and about 11 kg of ammonia was

carried.

Most of the pollutant load occurred in less than one hour. The

total rainfall over the catchment for this storm was 13 mm.



Fig. 10 shows discharge, concentration and pollution load data
for a storm on February 28, 1976, over Powells Creek catchment which
produced about 20 mm of rain. This Figure clearly shows the effect of
the first flush, which causes high concentrations of pollutants just
after 1500 hours. It also shows the rapid decline of concentrations
that often occurs before the discharge reaches its peak. This phenomen-
on is also shown at 1725 hours in Fig. 2, although there it is not as
clearly visible as in Fig. 10. This rapid decline of concentration of
pollutants before the occurrence of peak discharge was observed in all
the larger floods sampled, and it was consistently more noticeable in
Powells Creek than in Musgrave Avenue Drain. It was not observed in
small floods which had peak discharges of less than about 1.5 litres/ha/
s, presumably because in those cases there was more material available

for a first flush than could be moved by the flood water.

Figs. 2, 5, 6, 7, and 10, which are five of the largest flood
events sampled, indicate that the pollution concentration increases
almost every time the discharge increases rapidly, and that whenever the
discharge becomes uniform or is falling the pollutant concentration
becomes quite low. This is particularly true of the concentration of
suspended solids. Oxygen demand, as indicated by BOD, tends to be high
in the first flush and then falls quite rapidly. The concentration of
BOD increases slightly with very rapid increases in discharge, as shown
at 1720 hours in Fig. 2 and at 1655 hours in Fig. 10. However the more
gradual increase in discharge at 1600 hours in Fig. 10 does not affect
the BOD concentration. Data from other storms indicate that once BOD
concentration has decreased to a low level (say below 10 mg/l) after a
first flush it only increases again when the hydrograph shows a sudden,

rapid rise.

It has been observed that when small freshes occur in the storm
drains very high pollution levels sometimes occur. For instance, Fig. 2
up to time 1700 hours shows the discharge and quality data which result-
ed from light showers over Musgrave Avenue Drain. The showers produced
1 or 2 mm of rainfall over the catchment. Whilst the amounts of sus-
pended solids and oxygen demand resulting from these showers are not
great the high concentration of pollutants and nutrients could have a
considerable effect on a receiving stream which had a predominantly
rural catchment, which would be the usual situation for an inland city.
Under these circumstances the receiving stream would be at a very low,

dry weather discharge which would be unaffected by a shower yielding



10.

1 mm of rain. The stream would probably have insufficient diluting
power to prevent oxygen levels dropping to a level which would cause
fish to die. The nutrient levels would be high enough to promote rapid
growth of all forms of aquatic vegetation. Small showers such as this
are a frequent occurrence in any area. Other examples are shown for
Musgrave Avenue Drain in Figs. 4 and 5, for Powells Creek in Fig. 8 and
for Bunnerong SWC in Fig. 11. Because these small discharge, high con-
centration events occur frequently they could have a very significant
effect on any predominantly rural stream which passes through, or close

to, an urban development.

Observation of flows during floods has indicated that there are
far more suspended solids than those measured in the samples. Consid-
erable amounts of gross solids such as leaves, wood, cardboard, plastic
and metal containers and sundry other large objects pass the measuring
points during flood flows. These debris occur in large quantities at
the same time as high concentrations of suspended solids are observed,
i.e., during the "first flush'" and when the discharge increases rapidly.
The concentration of these large debris has not been estimated because
suitable equipment for obtaining representative samples was not avail-
able.

’ Other parameters tend to vary in a characteristic way for all
floods. As shown in Figs. 2 and 10, and mentioned earlier, the phos-
phate level remains approximately constant during the passage of each
flood whilst the ammonia level tends to fall gradually with time. The
amounts of phosphate and nitrogen carried are quite significant. As
discussed above, Fig. 2 indicates that about 13 kg of phosphate was
carried past the Musgrave Avenue gauging station on October 20, 1975,
and Fig. 10 indicates an amount of about 4 kg was carried past the
Powells Creek station on February 28, 1976. In an allegedly phosphate
poor environment these amounts are very significant. The fact that the
concentration remains constant during each flood is also important,
especially with respect to eutrophication. Large floods usually reduce
the concentration of pollutants, but in the urban environment this does
not appear to be the case for phosphates. Nitrate concentration varies
very little during the passage of a flood except to decrease'slightly
during and after peak flows. Table V shows the small range of variation

of nitrate in the stormwater.

The concentration of dissolved solids tends to fall very rapidly

at the beginning of each increase in runoff and remain at a low level



11.

until the flood has passed. It is of interest to note from Table IV
that the concentration of dissolved solids under dry weather flow con-
ditions is about 200 mg/1 for the sandy soil basins but over three

times as high for the clay soil, Powells Creek area. pH tends to fall
early in the passage of a flood and to remain approximately constant.
The figures shown in Table IV and V indicate that flood water is slight-
ly acidic whilst dry weather flow is slightly alkaline.

After prolonged rain, water in all three storm drains becomes re-
latively pollution free. Samples have been collected in Musgrave
Avenue Drain and Powells Creek after several days of continuous rain
during which about 150 mm was recorded. These samples indicated maxi-
mum suspended solids and BOD concentrations of 70 mg/l and 3 mg/l res-
pectively. Fig. 6 shows data for samples collected from Musgrave
Avenue Drain after several days of rain. On this occasion the maximum
suspended solids and BOD concentrations of 50 mg/l and 3 mg/l respec-
tively were observed during a rapid rise from about 100 1/s to 1300 1/s
in a few minutes. All other concentrations were also low—as low as
the lowest values observed during any other flood. This finding indi-
cates that most of the pollution is washed from urban catchments by the
first 10-20 mm of rainfall, provided fairly high intensities occur, and
that only minor amounts are removed by subsequent rain. This is indi-
cated in Figs. 6 and 10 and also in Fig. 2 where the concentrations

have become very low after 13 mm of rain.

In spite of the fact that concentrations become quite low after
10-20 mm of rain has fallen the annual load of pollutants carried in

stormwater is very high, as will be discussed in section 6.

0il slicks appear on the stormwater during all floods in the three
drains sampled. The blue-green sheen of the slick is always clearly
visible late in the passage of floods. Early in a flood it is common to
observe thick, dark coloured, oily material on the surface. OCn occasions
large amounts of 0il have been observed as a small flood has receded.
Major difficulties were encountered in obtaining samples which could be
assumed to indicate the concentration of oil in the water due to the
fact that the oil is not distributed throughout the water but floats on
the surface. The only way to sample oil concentration would be to in-
stantaneously catch every drop of water in a representative vertical
section. This is not possible in flood flows without highly sophistica-
ted equipment, which was not available. One 2-litre sample was collect-

ed from Musgrave Avenue Drain on November 17, 1975. Other data for this



12.

small fresh are shown in Table VI. The sample, which contained 0.90
gramme of 0il, was collected after several millimetres of rain in the
previous few hours had washed the streets. Another sample collected at
the same point on February 1, 1976, contained 1.08 gramme of o0il in one
litre of water. Most oil would appear to originate from washings from

the streets,

Some authors (e.g., Bryan, Ref. 4) have indicated significant lead
concentrations in urban runoff, presumably originating from emissions
from motor vehicle engines, Samples from the flood of October 20, 1975,
discussed above and shown in Fig. 2 had maximum lead concentrations of
0.5 mg/l, If urban runoff water is to be used for water supply it may
need treatment for removal of lead, as this is well above the safe limit

for drinking purposes.

6. LOAD OF MATERIAL CARRIED

As discussed earlier Figs. 2 to 11 show that the concentration of
all constituents is highest early in each storm, but that the peak rate
of movement of pollutants coincides not with the maximum concentration,
but approximately with the maximum discharge. Other authors (e.g.,
McElroy and Bell, Ref. 18) have found the same characteristics, that is,
that rate of movement of pollutants is more closely related to rate of
flow than to concentration. Very high concentrations of pollutants are
seen in Figs. 4 and 8 but the loads of pollutants carried in these two
floods are quite small. The largest flow rate from which water samples
were collected is shown in Fig. 2. This flood not only has the highest
instantaneous discharge, but the highest rate of movement of most pollu-
tants and also the highest total load of pollutants of any of the floods
sampled.

The storm of October 20, 1975 over Musgrave Avenue Drain catchment
deposited 13 mm of rain in a period of 3 hours, as shown in Fig. 2. As
discussed earlier the resulting flood carried 1150 kg of suspended
solids, 100 kg of BOD, 13 kg of phosphate and 11 kg of ammonia in about
6500 m3 of water. It is interesting to note that most of the floods
shown in PFigs. 2 to 11 resulted from storms in which between 2.5 and 15
mn of rain fell. The frequency of occurrence of storms of this magni-
tude after several dry days is quite high. For Sydney, a daily rainfall
of between 2.5 and 15 mm immediately following 3 or more dry days occurs
about 19 times per year. From the data given in Figs. 2 to 7 it can be

estimated that light showers of this type occurring 19 times per year
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over the 131 ha Musgrave Avenue Drain catchment probably cause the re-
moval of up to 15 tonnes of suspended solids, 900 kg of BOD, 150 kg of
phosphate and 120 kg of ammonia per year.

Samples obtained during major storms have shown that the concen-
tration of most pollutants falls away to very low levels after the first
10-20 mm of rain has fallen. On the average about 10 major storms occur
per year in Sydney. On an annual basis, it would seem that major storm
events would remove considerable amounts of pollutants. The large vol-
ume, low concentration discharges from major storms could be expected
to remove at least as much material as the smaller, more frequent
events. Storms which do not fit into either of the categories discussed
would also contribute to the pollution loads. Hence a very conservative
estimate of the annual load of pollutants removed from the 131 ha catch-
ment by stormwater would be about two and a half times the amounts re-
moved by small storms, or 37.5 tonnes of suspended solids, 2.25 tonnes
of BOD, 375 kg of phosphate and 300 kg of ammonia.

Dry weather flow in Musgrave Avenue Drain averages 3 1/s, contri-
buting about 80 000 m3 per year. The product of this volume and the
mean concentrations for low flows shown in Table IV would give annual
low-flow pollution loads of 4.8 tonnes of suspended solids, 2.4 tonnes
of BOD, 130 kg of phosphate and 135 kg of ammonia. The estimated total
annual load of pollutants carried in Musgrave Avenue Drain is shown in
Table VII,

7. TREATMENT OF URBAN STORMWATER

7.1 Treatment Experience Overseas

The need for treatment of urban stormwater has been amply demon-
strated in Section 6 above and should not bhe ignored in favour of treat-
ing all urban sewage at the tertiary level. The major difficulty in
treatment of urban stormwater is the huge discharges which occur for
very short periods of time with long periods between flows. Economical-
ly it would be quite unreasonable to provide plant to treat stormwater
at its unrestricted flow rate. Treatment of combined sewer effluent
(sanitary sewage and stormwater collected in the one conduit system) is
quite common overseas. Where treatment is practised overseas, storage
forms an integral part of almost all the treatment works (Refs. 13, 17
and 19). The methods of treatment employed overseas are, as one would
expect for the combination of sewage and stormwater, similar to those

used for sewage treatment, including screens, settling tanks, sand
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filters, trickling filters, oxidation ponds and aeration lagoons. Some
systems have large concentrated storages whilst others have the storage
located throughout the system. For instance the "Chicago Tunnel and
Reservoir Plan'", now under construction (Ref. 19), combines a massive
reservoir with large storage tunnels. The city has surface drains
feeding into approximately 190 kilometres of tunnel of 3 to 12 metres
diameter located 50 to 100 metres below the ground surface. Water from
the conveyance/storage tunnels will be pumped to the surface reservoir
from where it will be fed to the treatment plant at a fairly uniform

rate.

Other U.S. cities, for instance Mt. Clemens, Michigan (Ref. 17)
employ microstrainers and a system of three lagoons in series to treat
overflows from combined sewers. The first lagoon serves as a storage
basin and aeration pond, the second as an oxidation pond and the third
as another aeration pond. The design flow-through time is just under
20 days. More than 90% of BOD and suspended solids is removed from the

combined sewage at this point.

Whilst considerable effort is now being made in some areas to
treat combined sewage-stormwater flows there is little evidence of sep-
arate urban stormwater being treated, except as a byproduct of some
other objective. For instance stormwater held for several days in lakes
and ponds which are part of the landscaping of an urban area undoubtedly
undergoes considerable aeration and deposits most of its suspended load
as it traverses the storage. However treatment of urban stormwater as

a specific objective does not seem to be practiced anywhere.

7.2 Laboratory Experiments

In an attempt to investigate the feasibility of simple, cheap
treatment of urban stormwater to remove the significant pollutants,
samples of freshly collected stormwater from a number of floods were
settled in Imhoff cones and the supernatant liquid examined. The storm-
water samples tested were grab samples from Musgrave Avenue Drain and
Powells Creek. The samples were settled and tested within four hours of
collection, wherever possible. All were tested within eight hours of

collection.

All samples were settled in 1 litre, 45 cm deep, Imhoff cones for
15 minutes and one hour. A few samples were settled for 4 minutes and
8 minutes and some others were settled for 2 hours and 24 hours. Super-

natant liquid was drawn off at a depth of 25 cm to carry out tests for
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suspended solids, BOD, phosphate, ammonia and nitrate. In general it
was found that settling had little or no effect on the nitrate concen-
tration and only a small effect on ammonia concentration. However all
other constituents listed above were significantly reduced, even with
as little as 4 minutes settling. A very wide range of percentage re-
moval of each constituent was achieved. Table VIII and Fig. 12 summar-
ise the test results. They show, for instance, that initial BOD levels
ranging from 2.3 mg/1 to 108 mg/l were reduced by an average of 39%
after 15 minutes settling. The range of concentration reduction after
15 minutes settling was from 1% to 72%. The percentage reduction of BOD
was gquite unrelated to the initial BOD level. Large and small reduc-

tions were achieved for both high and low initial concentrations.

Removal of total phosphate after 15 minutes settling, with initial
concentrations ranging from 1.05 mg/l to 7.6 mg/l, ranged from 47% to
82% with a mean value of 62%. At one hour the mean removal of BOD was
41% and of total phosphate 71%. Suspended solids removal was by far the
most spectacular. It is probable that the reduction of the concentra-
tion of the other constituents discussed above was due, in part, to the
removal of the suspended solids. After 4 minutes settling the suspended
solids concentrations, which ranged from 50 to 1400 mg/l, were reduced
by an average of 79%. After 15 minutes settling the suspended solids

were reduced by from 76% to 96%, with a mean removal of 87%.

The significant removal rates discussed above were observed at a
depth of 25 cm. O'Connor and Eckenfelder (Ref. 20) have presented
curves which clearly demonstrate an increase in settling velocity with
depth, due to the greater degree of flocculation which has occurred. It
would seem that since settling velocity increases with depth the degree
of removal of material observed at 25 cm depth after 4 minutes could be
expected to be reproduced at a depth of more than 4 times the experi-
mental depth after about 15 minutes settling. The precise depth at
which the 4 minute, 25 cm result would be achieved after 15 minutes
would depend on the flocculating nature of the stormwater, but it could
be expected to be between 1.5 and 2 metres. This extrapolation of lab-
oratory data would need to be tested in a pilot tank before it could be

used for design purposes.

7.3 Benefits of Treatment of Storm Runoff

If runoff from events such as those shown in Figs. 2 to 11 was

passed through a 2 metres deep storage which provided a settling time of
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15 minutes considerable benefits could be achieved. A storage of per-
haps 2000 m3 would be required for a 131 ha catchment, with outlet works
arranged to permit varying rates of outflow to provide about 15 minutes
settling time, irrespective of the rate of inflow, The sedimentation
tanks for settling urban runoff would not need to be as large as would
be required for treatment of the same rate of flow of sewage since sew-
age requires a much greater flow-through time. Costs involved for treat-
ment of the urban runoff would be the initial construction costs plus

the cost of dredging every few years, and perhaps 3 monthly removal of

gross debris from screens at the outlet structure.

It will be assumed that a 131 ha catchment such as Musgrave Avenue
Drain has a population of 5000 and that the constitution of the raw sew-
age from the area approximates that entering the St. Mary's Water Pollu-
tion Control Plant in Sydney. Typical concentrations of various consti-
tuents of the raw sewage and secondary effluent from the plant are shown
in Table V. The mean sewage discharge for Sydney is about 140 litres/
capita/day. Hence the annual loads of various pollutants in raw sewage
and secondary sewage effluent from Musgrave Avenue Drain catchment would
be as shown in Table IX. The stormwater loads are as shown in Table VII.
Inspection of Table IX indicates that, compared with secondary sewage
treatment plant effluent, storm runoff carries about six times as much
suspended solids, slightly more BOD, about 20% as much phosphate and 10%
as much ammonia. Rows (7) and (8) of Table IX indicate that, in terms
of overall pollution abatement, benefits comparable to those obtainable
from tertiary treafment of sewage can be achieved from a few minutes
simple settling of storm runoff. This is based on the assumption that
tertiary treatment would remove about 50% of the BOD and suspended sol-
ids from the secondary sewage effluent. Tertiary treatment of sewage
would have a larger effect on the total BOD load than settling of storm-
water but a much smaller effect on the suspended solids and little or no
effect on the nutrient loads. Comparison of rows (6}, (7) and (9) of
Table IX indicates that it is probably not worth providing tertiary

treatment of sewage without treating storm runoff.

The results shown in Table IX are based on the assumption that the
population of the 131 ha catchment is 5000, or 38 per ha. If the popu-
lation density was lower, the load of pollutants carried in sewage would
be less but that carried by the stormwater would only be slightly affec-
ted. Hence for a lower population density, treatment of urban runoff

would provide greater advantages relative to tertiary treatment of sewage
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than is shown in Table IX.

The limited resources available for control of pollution and the
results outlined above indicate that serious consideration should be
given to the incorporation of simple treatment of storm runoff in the
overall strategy of water pollution control in urban areas. Treatment
of urban storm runoff may have little effect on the internal environ-
ment of a city but could make a considerable contribution to the qual-

ity of receiving waters downstream of the urban area,
8. CONCLUSION

Measurement of quality parameters of urban runoff in Sydney has
shown that significant pollution and nutrient loads are carried in sur-
face waters emanating from completely sewered areas. As observed in
other urban areas the concentration of pollutants tends to increase
rapidly at the beginning of flood flow and then to decrease as the flood
progresses. During the early part of each flood the concentration of
suspended solids is usually higher than for raw sewage and the BOD is
usually between 20% and 50% of that of raw sewage. This early storm-
water has significantly higher concentrations of pollution materials
than secondary sewage effluent. During the later stages of urban floods
the pollution concentrations usually fall to about the same level as for

secondary sewage effluent.

The concentration of nutrients tends to remain constant or to fall
slowly during the passage of a flood. Ammonia behaves similarly to BOD
but phosphate concentration tends to remain approximately constant. This
constant concentration of phosphate is superimposed by fairly high peak
values which occur each time the discharge increases. The nutrient con-
centrations are usually in the range of 5-40% of those observed in sec-

ondary sewage effluent.

In the long term the total load of pollutants carried in storm
runoff is considerably higher than in secondary treatment plant effluent
from the same area. The shock load of polluting material carried in
stormwater can be even more important, especially for streams near inland
cities. Floods which resulted from 13 mm and 7.5 mm rainfall on a 131
ha catchment carried respectively 1150 kg and 800 kg of suspended solids,
100 kg and 70 kg of BOD, 13 kg and 5 kg of phosphate and 11 kg and 4 kg
of ammonia. Such storms over rural catchments would probably produce no
significant runoff and hence the above loads of material carried from an

urban area by these storms would seriously degrade the receiving stream
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which would have little or no ability to dilute the urban runoff.

Simple laboratory tests were made to examine the possible benefits
obtainable from treatment of urban runoff. The tests showed that for
the Sydney catchments simple settling of the urban runoff could reduce
the pollution load contributed to receiving waters by an amount approx-
imately equal to the reduction that could be obtained by tertiary treat-
ment of the secondary sewage effluent from the same area. It was also
shown that tertiary treatment of secondary sewage effluent without
treating stormwater would produce very little reduction in the overall

pollution load carried in water flowing from an urban area.

The cost of treating storm runoff by simple settling would prob-
ably be much less than the cost of tertiary treatment of secondary

sewage effluent from the same area.
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TABLE II

CHARACTERISTICS OF DRAINAGE AREAS

Musgrave Avenue

Powells Creek

Bunnerong SWC

Drain

Area (ha) 131 231 55

Maximum eleva-

tion differ- 70 40 20

ence (m)

Mean slope (%) 5.0 2.0 1.5

Mean annual

rainfall (mm) 1150 990 1130

Land use Residential— Residential — Residential —
individual dwel-| primarily indi- [ individual units
ling units set | vidual dwell- set in about
in about 0.04 ings set in 0.05 ha, some
ha, 10% of about 0.06 ha multi unit
dwellings in blocks, shop-
multi unit ping centre oc-
blocks cupies 20% of

area

Population 5000 6500 2000

(est.)

Soil type Sand Clay Sand

Area of park- 27 3 0

land (ha)




TABLE III TESTS MADE ON STORMWATER

Parameter. Name of Test Reference
Suspended solids Photometric method for water and (16)
wastewater
Turbidity Absorptometric method for water (12)
BODg Winkler-azide titration (1), p.477
Dissolved oxygen Winkler-azide titration (1), p.477
pH Direct reading meter
Phosphate Persulphate digestion method (1), »p.526
Ammonia Nesslers method (1), p.226
Specific conductance (1), p.458
Total coliforms MPN technique with McConkey broth { (8)
E. coli Eijkman test (8
Hardness EDTA titration (1), p.s4
Alkalinity Phenolphthalein titration (1), p.52
Chloride Silver nitrate titration (silver (1), p.97
nitrate substituted for
mercuric nitrate)
Silica Heteropoly blue method (1), p.306
Sulphate Turbimetric method (1), p.334
0il Solvent extraction (1), p.254
Lead Atomic absorption spectrophoto- (1), p.211

metric method




ZS—8 LT 9 S91—00T Zel 4 0SZ—6 99 01 (n14) £L3rprqang
§S°6—C'¥ 0L 9 0°0T—v°9 Z°8 4 ?'8—0"S 9°9 L BOTTITS
Ly—0C 6C 9 SI1—28 66 4 09—8¢ SY L sjeyding
Iv—sS1 143 9 LET—9%T 981 4 6S—6¢C 8¢ 8 S9PTIOTD
9L—0¥ 85 14 88—S8 98 4 ¢9~—2¢ 0S 14 L3TUTTBYTY
86—9S 18 9 29T—vS1 8ST Z 9¢T—¥8 001 8 (Te303) ssoupieq
Y L R B e g B E ] BRI P e
06°L—26°9 12904 9 0L°L—2T L 1574 ¢ €8°L—1TL"9 42 01 Hd
£€9—6°S 61 9 1—¢'e 9°L 14 el —z'v 1¢ 01 Saod
0°¢—8'0 e 1 S 6°v—L"0 A 14 2'¢—8°0 9°1 6 d se 93jeydsoyq
£0°0—0 200 S 91°'0—¢1 0 ¥1°0 z 9L'0—0 12°0 8 us30X3TN 91TIIIN
SO°T—2I°0|" 6£°0 9 - 86°0 4 §'2—0"1 ST 6 U9Z0I3IN 91BIIIN
9°¢—ee0 88°0 9 1°¢—v°0 P11 ¥ 6°¥—¢°0 L1 01 Uo30I3 TN BTUOUMIY
02Z—06 ¥81 S 0v¥8—009 069 14 0££—0T¢C 0S¢ 8 SPTTOS POATOSST(
SIT—38 61 9 ovZ—01 S8 12 §6¢—0 6S 0t SPT10s papuadsng
sotdues sordues sordues
23uey UBSK Jo a8uey UBon Jo sduey ueop 3o
Iaquny xoqumy Toqumy
I93ouered
IMS Suoxsuung yo9a1) sTIomMod UTRI( 9NUIAY SABIZSN)K

(A31p1qany pue suwroyr1od ‘Hd 3dedoxs /8u) uUOTIBIFUSOUO)

Viva ALITVND MOTd ¥HHIVAM A¥A AI F19VL




— - lmmw x o |0t xoz| s IN% x L xze| s lmwﬁ Y SZlgotx 95| st msﬁmﬁm%w&%%
08TT | 0T X 02| "1y p [#01XS9| 2 I“% vl | worxw| WOTX 0Ll ol x 1r| ol | guronitonltind)
'L VL 18°9—¢1°9 L¥'9 11 287 L—19°9 86°9 61 §G°L—08°S 8L°9 124 Hd
S'¢ 9°0 0°s—S°0 1°¢ 9 6°L—¢"0 1°s (44 0d
91 S9¢ 29—8"S 8¢C 11 1L—S"C 81 1¢ SY1—¢'1 0¢ 99 Saog
0T S° 01 £ r—e9'0 1°C 9 1°§—¢9°0 09°1 62 9°L—SL°0 S6°¢ v d se 93jeydsoyq
14 - 98°0—2Z°0 19°0 9 09°'T—15°0 96°0 1 6°T—¥1°0 8L°0 €c us30I3TN 93BIIIN
zz 187 T"v—2¢'1 SL°T 11 0" vI—LE 0 Z6°1 1< £ ¢I—sge"0 62°C €9 US30I3TN BTUOUNIY
0¢s 0LS SSC—0v LE1 11 059—0¢ 811 1¢ 06£—9¢ 0ct LS SPTTOS POATOSST(
8¢ 0.2 02S—S6 SL¢ 11 00¥T1—0¢ 9¢2Z 1¢ ov6—2l 692 69 spT10os poapuadsng
juanizyzyo | yuenyyge sordmes sat1dues soydues
ademes a3emas sduey ugopn Jo a3ury UB9p Jo o8ury ueop Jo
Axepuodsg mey Toqumy Ioquny Joquny
jueld I9319WeIed

T0I3UO) UOTINTIOd
I93ep SAIeW °3g

oMS Suoxeuung

}oox) sIToMod

UTRI(] SNUSAY 9ABIZSN)

(swxozTioo pue Hd 3dodoxs [/Sw) UOTIBIIUSOUOY)

ININTA4T GOVMES ANV SMOTd A00Td NVE¥N 40 ALITVAD J0 NOSIMVAWOD A 914VL



01

18°9

17

¢y

VAN

9°Z

0ct

00¥

6v61

ZZ

69°9

Z9

[AAR0

S°¢

ST1

028

el

61

90T
X1°1

99°9

0g

¢ 1

9L°0

1°¢

0L1

0Ly

ve6l

1€

61

vz

sz

0ce

5580

1¢

28

vy

v'e

0v6

§290

9¢

00T

L°g

80°1

S'P

802

0LE

2190

¥0Z

0L L

L°0

€S

¥2s0

9

8¢°L

L'0

€S

S1s0

Ll

A

91

L0

144

Lyv0

9z

81" L

14}

T°1

SL

0ev0

S6

0074

11

6°0

8¢

1¢

0¥80

09¢

00°4

'1

6%

£e

8280

09¢

00° £

0°1

£y

81

0Z80

04

16°9

LT

8°1

vel

5§

Y080

9T

88°9

Si

72!

LLT

8¢

8S.L0

SS

g0T
X €670

0T
X €6

0°9

9°0

L9°0

£°1

6L

114

S06T

0L

90T
X TT

0T
X 02
€€ L

1!

1

L9°0

L1

1L

98

9PLT

09¢

40T
X SL°0

0T
X 02
0" L

0¢

0°1

L9°0

8°1

L9

0ge

8¢LT

0sy

40T
X ¢z

0174

v

8°¢

£€9°0

1°v

SO1

ozy

5580

01¢

0g° 4

6v

1°S

£5°0

0°¢

06

47

05§80

osty

90T
x'¢1

0g "L

S9

8¢

vL°0

£°8

Zst

094

S¥80

(s/1)

LY badiplad|

(Tu
00T/NdKW)
wEHOMMﬂOU

1830L,

(Tu

00T/NdW)
mEhomﬂHOo
1e298q

ud
(1/8u)
mcom

(1/8u)

d se
o1eydsoyq

(1/3w)
ua30I3TN

91BIIIN

(1/3w)

uo80X3IN
B TUOUTY
(1/3w)
sptios
PoOATOSST(

(1/3m)
sptios
popuadsng

outy,

SL
=6
-91

SL
-6
-91

SL
-6
-91

9L
=S
-1t

9L
-9
-11

9.
-S
-11

SL
-TI
-LT

SL
-11
-L1

SL
-TI
~L1

SL
=11
=L

SL
-6
-8Z

SL
-6
=8¢

SL
-6
=8¢

Si
-6
=8¢

SL
-6
=8¢

SL
-6
-¢Z

SL
-6
-%Z

S

-¢C

SL
-6
-1

SL
-6
!

SL
-6
!

a1e(

JMS duoxauung

UTeX([ ONUIAY dABIZSN)

OMS DNOYINNNG ANV NIVIA dANFAV JAVYISOWN—VILIVA d00Td FLITIWOINI

IA 19Vl




TABLE VII ANNUAL POLLUTANT LOADS CARRIED IN COMPONENT
DISCHARGES —MUSGRAVE AVENUE DRAIN

Suspended | Phosphate | Ammonia

BOD, (kg) Solids as P nitrogen
(kg) (kg) (kg)
Floods resulting from 2.5 900 15 000 150 120

to 15 mm of rainfall

Major floods 1 350 22 500 225 180
Dry weather flow 2 400 4 800 130 135
Total 4 650 42 300 505 435
| Total in kg/ha/yr 35.5 323 3.85 3.32

TABLE VIII REDUCTION OF CONCENTRATION OF VARIOUS PARAMETERS
BY SIMPLE SETTLING FOR PERIODS SHOWN

Range of | Mean Mean reduction of concentration %
. initial initial
Consti-
tuent concen- concen-
trations | tration 4 mins 8 mins 15 mins 1 hour
mg/1 mg/1 settling | settling | settling | settling
Suspended | 5 1400 | 430 79 84 87 90
Solids
BOD5 2.3—800 49 34 36 39 41
1.05—
Phosphate 7.6 4.15 57 61 62 69
Ammonia 1.5— 3.94 18 20 22 24
14.0 :
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Figure 1: Location of catchments in
Sydney urban area.
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Figure 3: Musgrave Ave. Drain November 23,1975.
Concentration (mg/l) and transmission
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