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EXECUTIVE SUMMARY

This report presents a peer review--conducted by Parametrix Inc., on behalf of the New
South Wales State Pollution Control Commission (SPCC)--on the microlayer studies
associated with sewage discharge from Malabar, Sydney, Australia.

The objective of the report was to review the conclusions and recommendations of a single
interpretative report submitted to the SPCC, paying particular attention to the reputed
impact of aerosols. The review was also to consider the data and its interpretation
contained in five supporting documents.

Each of the documents were reviewed in detail, resulting in a series of specific and general
comments on each. Overall, it was apparent that the conclusions of the interpretive report
went beyond not only the data presented in the report but also that provided by each of the
five supporting documents. The impact of aerosols on the health of individuals along the
Sydney coastline cannot be determined from the study conducted. No aerosol data were
collected, nor were the risks associated with potential contaminant exposure evaluated.
Before any further studies are planned or conducted, it is highly recommended that a
screening level risk assessment be conducted to determine whether any potential for risks
to human health exist.

i December 3, 1991



1. INTRODUCTION

The following document presents a peer review--conducted by Parametrix Inc., on behalf of
the New South Wales State Pollution Control Commission (SPCC)--on the microlayer
studies associated with sewage discharge from Malabar, Sydney, Australia. An external
review of these reports is required by the SPCC before finalizing the post-commissioning
phase of the microlayer project.

This assignment involved a detailed review of the single interpretative report and five
supporting documents. General comments and recommendations resulting from this review
are presented in Section 2. Section 3 presents specific comments on the interpretative
report and on each of the five supporting documents.
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2. GENERAL COMMENTS AND RECOMMENDATIONS MADE ON THE
INTERPRETATIVE REPORT

2.1 GENERAL COMMENTS ON THE INTERPRETATIVE REPORT

The author of this report (and indeed, the authors of all the supporting reports) should be
commended on undertaking a study of this magnitude on the microlayer. Given the
difficulties encountered in sampling and analyzing the microlayer, it is not surprising that
there have been few such studies conducted. However, the conclusions made by the author
of the interpretative report went beyond the data presented in the supporting reports. The
studies were designed to provide data on the concentrations of metals, organic contaminants,
and microbes in the microlayer, and on the morphology of the neustonic ichthoyplankton.
The studies were not designed to evaluate the risks of the sewage outfall to human health
as suggested by the author. In particular, inferences were made about the impacts of
exposure to aerosols that were not supported by the data (there were no aerosol data per
se). Specific conclusions are given below:

1) It appears that the study was treated as an academic exercise, rather than an attempt
to answer concrete questions about whether the impacts were significant. The
analyses were much more involved and comprehensive than necessary. :

2) The interpretative report is simply too long and detailed for profitable use. The
report is written in a very rambling style which made for difficult reading and
obscured the important points. The absence of graphical data representation makes
the results even more difficult to interpret. The tables included in the interpretative
report were not well constructed. Table numbers were repeated, the titles to the
tables were not self explanatory and many of the tables lacked footnotes, thus making
interpretation difficult. The document would have been more clear if the author had
made use of appendices. The report would benefit from professional editing to
streamline the text and add clarity. In addition, there are more grammatical and
spelling errors than might be appropriate for a final report.

3) The question of contaminant bioavailability is not even addressed. The author seems
to make the assumption that the mere presence of the contaminants in the
microlayer is sufficient to exert toxicity to aquatic organisms. This is a severe
limitation of the report. Contaminants bound to particulate matter and/or colloidal
material will be unavailable for uptake by organisms at the base of the food chain
(aquatic or terrestrial). If these contaminants are not bioavailable (e.g., the
contaminants are not absorbed across gill membranes), then their toxicity will be
significantly reduced.
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4)

5)

6)

7)

8)

9)

2.2

Because metal concentrations were presented in nmol/L and chronic toxicity data in

pg/L, direct comparisons can only be made after the reader has made the
appropriate unit conversions. The reader should not have to work to understand the
document.

It is not appropriate to compare maximum contaminant concentrations with chronic
toxicity data. Chronic toxicity data should be compared (where appropriate) to
reasonable expected environmental concentrations (e.g., long-term averages) having
taken into account such factors as contaminant dilution and dissipation in the
environment.

The author writes with excessive detail about analyzing spatial (longitudinal and
depth) and temporal variation when the study was not adequately designed to
investigate such variables.

The study used unproven (e.g., ASV) and state-of-the-art (e.g., ICP-MS) techniques
that ultimately failed to deliver useful results. The interpretation of these results
should therefore be restricted as appropriate to reflect these limitations.

Is the control site truly unimpacted? Should it not be situated upcurrent of the
outfall as suggested by Kingsford and Suthers (1990)?

A list of tables should have been included in the table of contents.

RECOMMENDATIONS ON THE INTERPRETATIVE REPORT

Overall, it is recommended that the risks associated with the sewage outfall be evaluated
by conducting a formal screening-level risk assessment. This is essential before any
recommendations regarding further work and future studies be made. The future studies
recommended by the author of the interpretative report may not be necessary and could be
costly. Specific recommendations are given in detail below.

1)

2)

The conclusions of the interpretative report should be based on the scientific findings
within the documents, not on inferences made by the author as to potential effects
on human health. Therefore, objective (iv), to assess the impact on human health
and the biota, needs to be modified. This objective cannot be achieved using the
data in the supporting or interpretative reports. Only the effects of the sewage
outfall on the aquatic biota (neustonic ichthyoplankton) can be reported.

It is recommended that any conclusions regarding toxicity of the contaminants be
made by a toxicologist, so that factors such as contaminant bioavailability, the use of

chronic toxicity data and the toxicity of different metal species can be appropriately
addressed.
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3)

4)

It is recommended that more evidence for microlayer adjustment factors be found.
The adjustment factors used in the study appear to be based on a single 1972
reference. Since numerous conclusions and recommendations are based on these
adjustment factors, they need to be further validated. This may take the form of
further literature studies, or simply soliciting expert opinion from reputable authors
in the field (e.g., Drs. E. Crecelius and J. Hardy at the Battelle Marine Research
Laboratory in Sequim, Washington, and Dr. R. Duce at the University of Rhode
Island).

It is strongly recommended that a formal screening-level human health risk
assessment be conducted before any of the phase-two special studies are initiated.
It is quite possible that the proposed studies for the aerosols and the coastal
contaminants, are not needed if there are no risks to human health as a result of
current or future post-commissioning conditions.

Typically, a risk assessment consists of four phases. The first is data collection and
the identification of contaminants of concern (based on their concentrations and
toxicity). The second phase is the exposure assessment. This consists of analyzing
contaminant fate and transport to estimate expected environmental concentrations
(EEGCs). In addition, the exposure assessment identifies potential exposed
populations through pathway analysis. In the third phase, the toxicity assessment,
relevant toxicity information is collected and the appropriate dose-response values
are determined. The final phase of the risk assessment is risk characterization. The
results of the exposure and toxicity assessments are combined to determine the
potential for adverse health effects, either by using simple hazard quotients or by
using a probabilistic approach.

It is recommended that a tiered risk assessment be conducted using both present day
and future conditions. Tier 1 would be a screening-level risk assessment (SLRA).
The SLRA would determine which of the contaminants pose a high enough risk to
warrant further investigation. At the same time, the SLRA would determine which
contaminants pose negligible risk so that they can be eliminated from further
consideration. It is recommended that the SLRA use the microlayer contaminant
concentrations presented in the supporting data reports. It is also recommended that
reasonable contaminant concentrations be used, not the maximum found. If a
potential risk is apparent, then a tier 2 risk assessment would be necessary. This
would involve a refinement of the exposure assessment process. For example, it may
be necessary to utilize computer-based models to simulate aerosol transport and
contaminant dissipation through dilution and/or decay mechanisms. If such a tier
2 risk assessment suggests the potential for risks, then it is recommended that a tier
3 risk assessment be conducted using, for example, site-specific data on contaminant
concentrations in aerosols along the coast.
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5)

It will probably be necessary to conduct some type of sensitivity analysis to determine
which of the variables and parameters are most important in determining the risk.
For example, it may be extremely important to obtain actual data for the
concentration of contaminants in the aerosols. However, it may be more important
to determine the frequency of onshore winds, the variability in composition of the
sewage outfall, the lifetime of the aerosols relative to the lifetime of the
contaminants (i.e., will the contaminants have decayed to negligible concentrations,
will bacterial organisms and other associated pathogens still be viable?).

If the results of the risk assessment show that potential risks do indeed exist, then it
is recommended that studies be conducted to determine if there is any evidence of
elevated human health problems in the coastal areas that might be associated with
the outfall. In addition, it is recommended that data from other studies on aerosols
and potential human health effects be sought to determine if such effects have been
reported elsewhere.
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3. SPECIFIC COMMENTS ON THE INTERPRETATIVE REPORT AND EACH OF

THE SUPPORTING REPORTS

3.1 THE ROLE OF THE AIR-SEA INTERFACE IN THE CYCLING AND FATE OF
SEWAGE AND INDUSTRIAL EFFLUENT DISCHARGED FROM A POINT
SOURCE
Espey Q., May 1991.

Summary page: First paragraph, second sentence regarding the importance of the

Page 1:

Page 3:

Page 9:

Page 10:

microlayer as a medium for impacting neustonic biota. The
importance of the microlayer remains to be established.

Fourth paragraph, line 6, in reference to the use of "a comparative
deductive approach.” Is this sufficient, or should more statistical
analyses of the data in the supporting documents have been conducted.
In only one of those documents (Kingsford and Suthers 1990) were any
statistical analyses conducted.

Fourth paragraph, lines 8 and 9, regarding enrichments in the
microlayer. Were metals and organic and inorganic material found to
be enriched up to four orders of magnitude at the air-sea interface?
Should the sentence read "..grease and metals in association with
organic and inorganic material"? The sentence is poorly constructed.

Second paragraph, line 6, regarding the potential production of aerosols
containing high levels of contaminants and bacteria. Note that only one
reference is alluded to (Blanchard 1983). If the author thought this risk
significant, such statements should be supported by substantially more
references. If such studies do not exist, then definitive conclusions cannot be
made at this stage of the SPCC study.

Objective number (iv). This objective should be modified since the study was
not designed to assess the impact of the microlayer on human health (see
general comments above).

Third paragraph, line 10 regarding the Blanchard (1982) reference. Is this
correct, or should the reference be Blanchard (1983)?

Second paragraph, last sentence, regarding the short time scale for impact of
a pollution source. This sentence needs further clarification. The time scale
over which potential impact of the outfall takes place is important. It will
determine the relative risks associated with the production of "contaminated”
aerosols.
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Page 11:

Last paragraph, regarding the transportation of contaminated aerosols onto
land with subsequent incorporation into the food chain and/or
inhalation/ingestion of particulate material by individuals. These phenomena
appear to be speculation by the author. To prove such an impact, the author
would need air quality and surface soil data from along the shoreline and
inland to see if there is indeed a correlation between proximity to the aerosol
source and contaminant concentrations both in the atmosphere and soils near
the coast.

Last paragraph, line S, again regarding incorporation of the aerosol
transported pollutants into the terrestrial food chain and direct human
inhalation/ingestion. Only one reference (Easkins et al. 1982) was made to
these phenomena. Is this sufficient supportive evidence for such a
phenomenon. If such fate processes are possible, then the question becomes
one of bioavailability. For example, if the majority of the pollutants are
attached to particulate matter within the aerosols (as the supporting
documents suggest), then their bioavailability to organisms at the base of the
terrestrial food chain will be substantially reduced.

First paragraph, first senterce, regarding the reference made to "the discovery
that aerosol borne surfactants caused Norfolk Pines at Manley to shed their
leaves." What supporting documentation does the author have for such a
statement?

First paragraph, second sentence, regarding the conclusion of the author that
aerosol transportation constitutes a greater risk to humans than shoreline
transport of the microlayer and slicks. How has the author arrived at such a
conclusion? Is it just his opinion?

First paragraph, third sentence, regarding the statement by the author that
increasing both the offshore distance of the discharge and the depth of the
discharge will not substantially reduce the potential risk from aerosols. What
evidence and documentation does the author have to support such a
statement? A mass balance study would need to be conducted to determine
the relative magnitude of contaminant input from the different sources. One
would expect that increasing the depth of the sewage discharge would
decrease the concentration of contaminants in the microlayer (reduced
scavenging through bubble formation, increased scavenging by particulate
matter and sedimentation at depth), thereby reducing the risk of pollutant
transport through aerosol formation.
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Page 13:

Page 15:

Page 16:

Page 19:

Page 28:

Page 31:

Third paragraph, first serntence, regarding the statement "It is also an
advantage to simultaneously collect subsurface plankton..." The words "an
advantage" should be replaced with "essential." Microlayer samples have to
be compared with subsurface samples, otherwise enrichment cannot be
ascertained.

First paragraph, last sentence, regarding adjustment factors of 10 to 100 for
particulates and 100 to 1000 for dissolved compounds. What is the basis for
these numbers? The author must defend such statements with documentation.

Second paragraph, last sentence, regarding the appropriateness of collecting
a 40 pm microlayer for lipids and associated material. Why is a 40 um
microlayer particularly important for lipids and associated material?

Fourth paragraph, line 10 regarding the assumed microlayer depth for
dissolved organic carbon (DOC) of 0.1 um. Is 0.1 um an accurate estimate?
On page 14, first paragraph, line 11, the dissolved phase is thought to have a
thickness of 0.05 um. If this value was obtained by multiplying 0.01 um (for
a theoretical monolayer) by S (for S molecular layers) following the rationale
of Duce et al. (1972), then the author should state thiS. Note that such an
assumption was made in 1972. Is this still the only piece of evidence available
for the thickness of the dissolved phase in the microlayer?

Paragraph four, lines 13 to 24, regarding the opinion of the author that
aerosol production (relative to slick accumulation and greaseball production)
is the most dangerous aspect of high metal (and organic) pollution in the
microlayer. This is a very sweeping statement; it is only the author’s opinion,
since he does not appear to have any evidence to substantiate such
statements. His statemerts appear to be based on extrapolating from
microlayer data to aerosol data and from there to expected environmental
concentrations in the atmosphere, to pathways of exposure, to some target
human population. Such statements can only be made after a formal analysis
of the risks has been conducted. Initially, this would take the form of a
screening level risk assessment which would be superseded by a more
comprehensive risk assessment, if needed (see recommendations above).

Paragraphs two, three, and “our regarding the inability to collect samples due
to bad weather conditions and (worse) the unavailability of staff, suggests that
the sampling program was poorly planned.

Fourth paragraph, regarding the toxicity data. It is noted that chronic toxicity
data are given in units of pg/L while metal concentrations from the
supporting data reports are given in units of nmol/L. This does not make for
easy comparisons.
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Page 32:

Page 34:

Page 35:

Page 36:

First paragraph, last sentence, regarding the toxicity of arsenic and chromium.
Why was toxicity quoted for the reduced form of arsenic and chromium when
it is likely that in the aerobic surface environment, the oxidized form of these
metals will be most common. This is particularly important for chromium
when it is known that the oxidized form of chromium, Cr®*, is the most toxic
species (U.S. EPA 1984). (It is acknowledged that the reduced form of
arsenic, As’*, is the most toxic species).

Last paragraph, regarding the comparison of total metal concentrations (and
particulate metal concentrations) to chronic aquatic toxicity data. Such
comparisons are inappropriate because particulate phase metals are not
available for uptake by aquatic organisms (i.e., particulate bound metals will
not be able to cross absorptive membranes). This would significantly reduce
their toxicity. It is only the dissolved form of the metals that is bioavailable
and therefore, the concentrations against which toxicity data should be
compared.

First paragraph, regarding the comparison between the highest metal
concentrations with chronic toxicity data. This is effectively "a worst case
scendario.” Maximum concentrations, if they are to be compared with any
toxicity data (which is questionable since this is for particulate metals), should
be compared with acute and not chronic toxicity data.

Regarding Table 2.1. This table should include the actual concentrations
measured, both adjusted and unadjusted. In addition, it would be useful for
the author to include the metal concentration data in pug/L alongside the
chronic toxicity data so that the reader does not have to make unit
conversions and then the comparisons. Finally, the table (and all other
tables) needs to "stand alone" (i.e., it needs to have a complete title and
footnotes explaining the table acronyms).

First paragraph, first sentence, regarding the statement that the highest
concentrations of metals found bound to the particulate matter in the
microlayer are representative of the minimum concentrations that are
expected in the aerosols. What evidence does the author have for such a
statement? Personal communication with Dr. Eric Crecelius of the Marine
Research Laboratory, Sequim, WA, would indicate that aerosol concentrations
are likely to be very similar to microlayer concentrations. In addition,
following a literature search, Dr. Dan Hinkley of EA Engineering, Science
and Technology Inc., Sparks, Maryland, came to the conclusion that "The
chemistry of seafoam appears to be similar to that of the surface film."

9 December 3, 1991



Page 37:

Page 38:

Page 40:

Page 43:

w

Second paragraph under section 2.1.1.C, regarding enrichment factors. It
appears that enrichment factors (E) were calculated using metal
concentrations (nmol/L) prior to correction for suspended solids (mmol/kg).
The authors of the supporting data report (Szymczak and Waite 1991)
concluded (page 20 of their report), that followmg such a correction,
"significant enrichment in trace metal concentration in the microlayer over
that obtained in the subsurface...is not observed for any of the trace elements."
Indeed, if corrected concentrations are used, then the enrichment factor for
Ca in DOOM 2, for example, is reduced from 28.8 to 5.2. Even if the author
does not agree with the conclusions of Szymczak and Waite, it is suggested
that the corrected concentrations be used when calculating enrichment factors.

Table 2.2. This table needs to have a "stand alone" title, footnotes, and the
inclusion of the actual concentrations measured.

Third paragraph, last sentence, regarding reference to suspended sediment
concentrations. The author appears to be differentiating between particulates
and suspended sediments. It is not clear how the author is differentiating the
two.

F

Table 2.3. Same comments as for tables 2.1 and 2.2.

Second paragraph, second sentence, regarding the phase change from
dissolved to particulate metal. This sentence needs clarification. What is the
difference between particulate metal and total particulates? Does total
particulates include the material that passes through a 0.4 um filter (e.g,
colloidal material)?

Second paragraph, first sentence, regarding a reduced particle load. The
scenario given by the author is speculation since particle loading was not
measured.

Third paragraph, first sentence, regarding the case of severely polluted sites.
This is a judgement by the author since a severely polluted site has not yet
been established.

First paragraph, line 13, regarding the sentence beginning "This data..." The
sentence should begin "These data..."

Third paragraph, regarding the Si/Al ratio. The author needs to explain why

using this ratio is indicative of lithogenic or biogenic controlled water and the
influence of sewage on individual sites.
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Page 44:

Page 45:

Page 47:

Page 50:

Page 51:

Last paragraph, regarding the influence of atmospheric input to the
microlayer. This is an important phenomenon which appears to have been
given a cursory comment. It seems to have been added as an afterthought.

Second paragraph, line 6 regarding "... the California data is below detection
limits." This should read '... the California data are below detection limits."

Paragraph four, second sentence regarding, the adjustment factor of 800 for
the dissolved trace metal concentrations. These concentrations are based on
a microlayer thickness of 0.05 um for the dissolved phase of the microlayer.
Given the magnitude of the adjustment factor, shouldn’t this value be
ascertained with a little more certainty than extrapolation from a single 1972
reference?

Paragraph four, regarding the comparison of microlayer chromium
concentrations in the "tablz above." To which table is the author referring?

Paragraph five, point (i). regarding problems associated with the analysis of
dissolved metals by anodic stripping voltammetry (ASV). If this were the
case, then why wasn’t atomic absorption spectrometry (AAS) used, since this
is the preferable technique for routine analysis. Unproven techniques should
not be used in a formal study.

Last paragraph, line 1, regarding the adjustment factor of 800. Since this has
a significant effect on the concentrations of the metals in the dissolved phase,
validation of the 800 value is essential.

Table 2.5, concerning dissolved trace metal concentrations. Given the
concern voiced by the author over the supporting data report (Batley and
Brockbank 1991) regarding the validity of the analytical data, the results and
subsequent manipulation of the dissolved trace metals analyses must be
treated with caution.

Table 2.5 and the third paragraph, regarding comparison of dissolved trace
metal concentrations to toxicity data. Again, since reference is being made
to chronic toxicity data, it would be advantageous to have metal
concentrations in units of ug/L to enable a direct comparison with the toxicity
data. In addition, it not valid to compare maximum trace metal
concentrations with chronic toxicity data (see page 35 comments). Finally,
since the "dissolved phase' by definition, consists of material that passes
through a 0.4 um filter (page 32), and therefore includes material that
behaves more like particulates (e.g., colloids), the bioavailability of the
"dissolved trace metals" has to be addressed. By making direct comparisons
with the toxicity data, the author is assuming that all of the "dissolved" metal
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Page 55:

Page 57:

Page 59:

Page 67:

Page 69:

Page 74:

is available for uptake, whereas some of the "dissolved phase" is actually
bound to colloidal material and unavailable for uptake.

First paragraph, line 6, regarding the acknowledgement by the author that the
adjustment factors are only "guesstimates." Despite this, much emphasis has
been placed on these enrichment estimates, including many inferences
concerning environmental risk. It would have been more appropriate to
simply tabulate these "enrichment factors," label them as speculative, and
avoid using them to estimate concentrations or speculate on environmental
risk.

Item (iii) line 8, regarding interlaboratory comparisons. From a quality
control viewpoint, the most cost-effective approach is to analyze Standard
Reference Materials, which are widely available. The objective of
interlaboratory comparisons is to check on the reproducibility of the method
between laboratories.

Table 2.7? There appear to be three tables labeled 2.7: they appear on pages
59, 61 and 67.

Table 2.7?7 Again the earichment factors shown for coprostanol are dependent
upon the initial assumptions made with respect to the actual thickness of the
microlayer and that which was sampled.

Fourth paragraph, regarding the PAH concentrations. Is there a statistically
significant difference in the PAH concentration of 6 ng/L found in the
microlayer and the 3 ng/L found in the subsurface? How does the author
explain the 11 ng/L found at the first DOOM site if this is located at a
greater distance from the outfall? How significant are these concentrations
with respect to human health through inhalation and/or ingestion and food
chain uptake following deposition inland? In surface waters these compounds
will be subject to several degradation processes. For example, the half-lives
for phenanthrene, fluoranthene and pyrene through photolysis in an aquatic
environment (and in the atmosphere) are estimated to be between 3 to 25 hrs,
21 to 63 hrs and 0.68 to 2.04 hrs, respectively (Howard et al. 1991).

First paragraph, concerning the contention of the author that even after
commissioning, in turbulent conditions, bacteria may reach the surface on
buoyant particles and be encapsulated in particles. At what depth are
bubbles able to form? Will scavenging through bubble formation at depth be
able to dominate over the binding of contaminants to particulate matter and
gravitational settling to the sediments?
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Page 77:

Page 78:

Page 79:

Page 80:

Page 91:

Page 94:

Second paragraph, line 1, concerning budget limitations. Here and
throughout the report, references to budget limitations should be eliminated.
There are always budget limitations in any study, and alluding to them serves
no other purpose than to cetract from the public’s confidence in the study.

Fourth paragraph, line 5, regarding the statistical design of the
ichthyoplankton study. The author is overstating the importance of the
statistics here. Having "only" one control isn’t unusual and not necessarily a
detriment. In a pilot study, one would not expect the variances to be formally
partitioned among factors.

Second paragraph, line 8, regarding sampling subsurface ichthyoplankton.
The author makes a good point that subsurface ichthyoplankton be sampled.
Failure to sample them is a severe limitation to interpreting these data.

Third paragraph, concerring the recommendation that more water be
collected so that ichthyoplankton sample size is sufficient to support the study
objectives. This recommendation needs to be strengthened. Hundreds of
larvae per sample should be collected.

Last paragraph, concerning the Latin species name. These should always be
underlined in the text (e.g., Sardinops and Apoganops), or italicized.

Third paragraph, regarding the trends in deformed notochords. Such trends
should be illustrated graphically and include the variabilities.

Section 3.1.4, regarding the objective to assess the impact on humans and the
biota. Since the study was not designed to assess potential impact on the
coastal human population either through direct inhalation/ingestion via food
chain exposure, it is recommended that any conclusions concerning the impact
of the outfall on human health be omitted. Such conclusions go far beyond
the data and supporting analyses within the reports (see general comments
and recommendations).

First paragraph, regarding the acknowledgement by the author that no
quantitative measurements have been made with respect to the transportation
of contaminated aerosols from the microlayer--and so the potential for impact
on the coastal population can only be made from inferences. Note that the
production of aerosols (sea-salt aerosol) is primarily dependent upon the
formation of whitecaps and wind speed. When assessing the likely production
of aerosols, factors such as the increase in whitecap formation at higher wind
speeds, and the decrease in bubble flux with the age of the whitecap
(Blanchard 1983) have to be taken into account. For example, few bubbles
are produced at wind speeds less than 3 m/s. Blanchard (1983) also noted
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Page 95:

Page 100:

Page 101:

that on rising to the sea surface, bubbles will adsorb dissolved organic
material from the water which lowers the bubble surface free energy, thereby
decreasing the height to wtich the jet drops are ejected.

Once aerosols are produced, their transportation onshore will be dependent
upon wind direction and wind speed. As noted in the interpretative report,
there are numerous changes in wind direction, even over the short term
(within an hour). In addition, since Malabar appears to be an
industrial/urban complex (page 92, paragraph five), it is likely that any
aerosols reaching the coas: will be mixed with aerosols produced as a result
of any coastal industrial activity. Aerosols that are transported from the sea
surface will also be diluted and dissipated with time through advection and
through degradative mechanisms. As a result, aerosol exposure concentrations
will be substantially reduced from those generated directly above the air-sea
interface.

Section I1, regarding the cause for concern over aerosol formation. This cause
for concern appears to be only speculative by the author. Before any
conclusions concerning aerosols are made, it is essential that the potential
risks associated with microlayer concentrations of the pollutants be assessed
by conducting a screening level risk assessment (SLRA) (see
recommendations).

Section 3.2.5, regarding thz implementation of special studies in 1992. It is
recommended that before any special studies be implemented, the potential
risks to human health from the microlayer pollutants be assessed. This should
initially take the form of an SLRA. If no risks are found, it may not be
necessary to conduct the special studies outlined in Section 3.2.5. If potential
risks are implied by the SLRA, it is recommended that a more comprehensive
risk assessment be conducted, still before initiation of the studies outlined in
Section 3.2.5. This will be the most cost-effective approach and will focus
attention on those areas where more (site-specific) data are needed.

Section 3.2.5 B, regarding the recommended aerosol study. Based on the
discussion above, this recommendation is not advocated until the results of the
SLRA are obtained.

In addition, the "relative risk" from aerosol exposure needs to be ascertained.
Why does the author believe that the risks from aerosol exposure are greater
than from exposure to the slicks? At the moment such conclusions are
suppositions only; there are no data to support the arguments, either from this
study or from the literature.
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32 SPCC MICROLAYER PROJECT PRECOMMISSIONING SURVEY OF
MALABAR OUTFALL FOR DISSOLVED HEAVY METALS
Batley G.E. and Brockbank C.I. January 1991

GENERAL COMMENTS

There are no summary statements.

No statistical analyses were conducted to compare the control with "impacted"
sites. Conclusions are based on observed numerical differences between sites.

SPECIFIC COMMENTS

Figure 1: This figure is badly situated within the document.

Page 1: First paragraph is poorly constructed. The second and third sentences do not
connect. Introductory material and objectives are combined in the same
paragraph.

Page 5: Paragraph 3: the sentence "..and in not all cases a disparity is observed

between the data obtained." is not well written. Does the author mean that,
in some cases, there was a disparity observed between the data obtained?

Page 5: Paragraph 4: The problem of column blanks for small microlayer samples
analyzed on the seastar columns (< 2 liters) needs to be resolved. There
appears to be a correlatior. between low sample volume and elevated metal
concentration. Despite this problem, it is noted that the concentrations of
dissolved metals in the microlayer are low (ug/L range).

3.3 MALABAR OCEAN SEWAGE OUTFALL PRECOMMISSIONING STUDY OF
PARTICULATE METALS IN SEASURFACE MICROLAYER AND SUBSURFACE
WATERS
Szymczak R. and Waite T.D. February 1991.

GENERAL COMMENTS
1: There is no summary.

2: No statistical analyses were conducted to compare data from the contro] site with
those from the "impacted" sites.

- There are no concluding remarks. The reader has to sift through the results to

locate the overall findings, i.e., particulate trace metal concentration in the
microlayer does not appear to be elevated over subsurface concentrations. This lack
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of significance may be a result of the variability between replicates at a site, but since
no statistical analyses were conducted, it is difficult to tell.

SPECIFIC COMMENTS

Page 20: Section 4.3.1: Second bullet: Why would the variability between replicates at
the control site be expected to be less than the variability between replicates
at Long Bay?

Page 20: Given the variability observed between replicates, it would be difficult to

make any definitive conclusions. Is the variability real, is it a function of
sampling difficulties, or a time-dependent variability?

Page 20: Section 4.3: ICP-OES should read ICP-AES. (Similarly on page 28, Section
4.3.2).

Page 20: Third bullet: "significant enrichment in trace metal concentration in the
microlayer..." How significant is significant?

Page 20: Need to explain correction of trace metal concentration for suspended solids
concentration (i.e., why this was deemed necessary?).

34  MICROLAYER STUDY - MICROBIOLOGICAL TESTING
Water Research Laboratory, University of Western Sydney.

GENERAL COMMENTS

i There is no summary.
2: There is no map. This is important if the document is to "stand alone."
3: No statistical analyses were conducted to defend statements regarding the observed

differences between control and "impacted" sites. If there were insufficient data to
warrant such analyses, then this should at least be noted.

4: For the uninformed reader, there needs to be an explanation as to why it is
important to measure the concentrations of microbiological organisms and what
organisms in particular are indicative of the outfall. The report launches straight
into the methods and results.

- There needs to be more explanation of the findings given within the discussion. A
great deal of interpretation is left to the reader.
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SPECIFIC COMMENTS

Page 2:

Table 1:

Page 4:

Page 5:

Method descriptions are very brief. If the techniques used are routine
methods written up elsewhere, then references to the pertinent documents
should be made. The assumption is that the reader is familiar with the
methodology.

Although Table 1 does show that the water at the Long Bay and Malabar sites
is enriched with indicazor bacterial species over the control and DOOM sites,
no explanation is given for the lack of marine agar microlayer enrichment
(above the subsurface samples) observed on two sampling occasions at both
of these sites.

Need to explain the significance of marine agar versus plate count agar assays
for the aerobic heterotrophic populations (i.e., why were they both conducted?
what differences were expected? were those differences seen in this study?).
If it was to differentiate between freshwater and marine derived organisms
(as suggested in the results on page 5), then this should be spelled out
somewhere in the methods.

The last sentence does not make sense unless the word "of" is omitted.

Tables and Figures: None of the tables and figures have captions and therefore do not

Figure 8:

stand alone within the document.

From observation, it does not look as if surface and subsurface aerobic
heterotrophic count concentrations at Long Bay are enhanced above those at
the DOOM site, especially with respect to the marine agar. This is why
statistical analyses are “mportant. If the marine agar counts are expected to
be approximately the same at all sites (if the outfall is essentially a
"freshwater" input), then why are the marine agar counts at Malabar elevated?

3.5 ABUNDANCE AND DEFORMITIES OF LARVAL FISH NEAR THE MALABAR
SEWAGE OUTFALL: A PRELIMINARY STUDY.
Kingsford, M.J and I.M Suthers. November 1990.

GENERAL COMMENTS
1 Well written and constructed document. Includes summary and needed background
information
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SPECIFIC COMMENTS

Page 1: Third and fourth paragraphs: The remarks made concerning fronts (regions

of convergence) develcping at the edge of sewage plumes (and the observed
accumulation of larval fish and planktonic organisms) is important and should
be included in the interpretative report.

Page 4: The use of statistical analyses is noted, especially that because the variances

of the analyses were significantly heterogeneous even after log-transformation,
any conclusions must te treated with caution.

Page 4: Third paragraph: Need to explain why larval fish were apparently more

abundant (although no- statistically so) nearshore in the vicinity of the outfall
and within the sewage plume than at the control site. Is it simply because it
is a nearshore site, and/or because of the presence of elevated organic
carbon?. Is this a coramon phenomenon?

Page 5: Fourth recommendation: The recommendation that the control site should be

3.6

upcurrent of the plume is a good one.

CHARACTERIZATION OF URBAN SEWAGE EFFLUENT IN SYDNEY’S
COASTAL WATERS AND SEDIMENTS USING SPECIFIC ORGANIC MARKERS
I: MALABAR PRECOMMISSIONING

Leeming, R., M. Rayner, V. Latham, and P. Nichols. January 1991

GENERAL COMMENTS

1:

i

No map is included.

No statistical analyses were conducted to compare the control with "impacted” sites.
Comparisons were based upon observed order-of-magnitude numerical differences.

Several references were made to the concentration of organic markers in the
sediments.  The significance of the sediments is not fully developed in the
interpretative report (i.e., the fact that they provide "an integrated measure of
component distribution over time," and can act as a source or a sink for the organic
material). The impact to benthic community of elevated hydrocarbon levels in the
sediment is not addressed.

Add some explanation regarding the typical chemical profile of the sewage (e.g., the
significance of lipids, fatty acids etc., why were these measured?). This is discussed
to some extent in the results and discussion, but should be included in the
introductory remarks to oriertate the reader.
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82 The need to identify an organic marker is to be commended, and the use of
coprostanol looks promising.

SPECIFIC COMMENTS

Page 14:

Page 14:

Page 27.

Page 30:

Page 32:

Table 7 and
Table 9:

First paragraph: Given the apparent temporal variability of the organic
indicators (here, particulate organic carbon, POC), shouldn’t sampling have
taken place more than twice?

Second paragraph: Sediment organic carbon should be related to particle size.
Was particle size determined? Organic carbon is associated with the finer
fraction (silt/clay-sized particles) of soils and sediments. Therefore,
enrichment could simply be the result of a greater proportion of silt and/or
clay content in the sediments sampled.

Third paragraph: Expand on the discussion of odd over even predominance
of aliphatic hydrocarbons of biogenic origin. Are there any references to
substantiate the statements made? This is an important organic marker.

Fourth paragraph: The first sentence is ambiguous. Is the author trying to
say that the deposition of material from the air to the microlayer via aerosols
is the reason for elevated PAH concentrations in the microlayer, or is the
author speculating on the microlayer being a source of PAHs to the air via
aerosol formation? Note that this is the first reference made to aerosols in
any of the supporting documents.  In addition, would this microlayer
enrichment be apparent if PAH concentrations were normalized for
suspended solids concentration (see Szymczak and Waite (1991) study on
particulate metals)?

Second paragraph: pes:icide concentrations in sediment expressed in units of
ng/L? (expressed as ng/g in table 9).

Show conflicting results in terms of possible sediment flow. For example,
Table 7 shows PAH concentrations to be highest in sediment (and particulate
matter) near the Malatar outfall (i.e., no sediment flow), while Table 9 shows
total pesticide concentrations to be elevated at site 16 (distant site near
DOOM) which the authors interpreted as being indicative of sediment flow
away from the outfall. If this is the case, wouldn’t the same trends be seen
in the PAH sediment data?
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EXECUTIVE SUMMARY

INTRODUCTION

In an endeavour to improve the environmental condition of Berowra
Creek, a Statement of Joint Intent has been agreed to by the Department
of Planning, EPA, Hawkesbury- Nepean Catchment Management Trust,
Homsby Council and the Water Board.

STATEMENT OF JOINT INTENT

The Statement of Joint Intent, signed on the 2/th April 1994 and
endorsed by the Minister of Planning and Housing, represents the first
Community Contract for Clean Waterways. The Contract includes
commitments from the Water Board to:

L Immediate operational changes to existing facilities at West
Hornsby and Hornsby Heights sewage treatment plants (STPs) to
improve disinfection and nutrient removal by August 1994.

o Work with other authorities to develop catchment monitoring and
management programmes.

Furthermore, the Board is obligated to:

u Prepare and exhibit an options report for Homnsby Heights and
West Hormnsby sewage treatment plants by the end September
1994.

The Water Board has also agreed to prepare and publicly exhibit an EIS
for each of those options warranting further consideration by the Berowra
Creek Technical Working Party (TWP) by end June 1995 with
expeditious implementation of the option approved by the Minister for
Planning.

BEROWRA CREEK COMMUNITY CONTRACT FINAL 1
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Effluent Quality Targets for Berowra Creek Discharges

The Technical Working Party has requested effluent quality targets of 15,
10 and 5 mg/L of total nitrogen to be examined for the plant effluent.
Further options were to be considered for zero discharge by transferring
out of the catchment and reuse schemes.

OPTIONS CONSIDERED

All of the Options considered were evaluated based upon equivalent
population projections (EP) of 72,000 EP for the catchment in 2019.
Current EP within the catchment is 57,000 EP.

There are three general strategies relevant to the short to medium-term
treatment and disposal of sewage in the Berowra Creek catchment:

Treatment and discharge within the catchment. All dry and
wet weather flows would be discharged to Berowra Creek.
Options 1 to 4 represent alternatives for treating sewage within the
Berowra catchment including:

- Retain, upgrade and amplify existing facilities.

- Build a new treatment plant, decommission existing
facilities.

- Retain existing facilities and build a new treatment plant.

Transfer of sewage to the ocean sewage treatment plants for
treatment or disposal. Treated or untreated sewage would be
transferred by tunnels to the ocean plants during dry weather or
dry and wet weather up to the transfer capacity. Excess wet
weather flows would be discharged to Berowra Creek. Options 5
to 10 represent alternatives for transfer to Warriewood or North
Head STPs.

Investigations are currently being undertaken by the Board on a
number of proposals for amplifying and upgrading the North
Suburbs Ocean Outfall Sewer (NSOOS). These are being
developed through a detailed system planning process, which will
consider the merits and financial implications of several options.
The investigations will be completed in 1995. Therefore Options
6 and 9 involving sewage transfer to North Head STP have been
based on a "dedicated tunnel” system for this report.

BEROWRA CREEK COMMUNITY CONTRACT FINAL 2
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= Treatment of sewage within the catchment with reuse of
effluent. Non-potable or potable quality effluent would be
produced by the existing treatment plants (after modification) for
direct or indirect reuse within the Berowra catchment. Option 11
uses the upgraded facilities to produce indirect potable water for
reuse.

ECONOMIC APPRAISAL OF COSTS

Table 1 and figure 1 summarises the capital, operating and net present
values of costs for the options investigated (Options 1 to 11).

Based on current information, the economic analysis indicates that the
retention and upgrade of both the West Hornsby and Hornsby Heights
STPs (Options 1 and 2) are the most cost-effective options. Building a
new treatment plant (Options 3 and 4) requires considerably higher capital
expenditure than upgrading existing facilities. The transfer options to the
ocean (Options 5 to 10) are all expensive and entail initial large capital
outlays for constructing the tunnel infrastructure. Effluent reuse schemes
(Option 11) also require high capital and operating expenditure.
Consideration of non-economic factors and strategic planning confirmed
this selection.

BEROWRA CREEK COMMUNITY CONTRACT FINAL 3
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TABLE 1. SUMMARY OF COSTS AND NPVs

Treatment Capital Operating Cost NPV* Option
Option Level Cost (SWryr) over 25 years Ranking
$M
(M) 2000 2019 4% 7% 10%
Option 1 1 (15) 14.6 48 54 88.9 673 53.0 1
2 (10) 18.1 49 5.4 92.1 70.2 55.6
3(5) 23.1 5.0 55 96.8 743 59.2
Option 2 1(15) 143 4.8 54 90.3 682 53.6 2
2 (10) 182 49 54 94.1 716 56.6
3(5) 232 5.0 55 98.7 756 60.0
Option 3 1(15) 63.0 43 4.8 1162 949 79.0 4
2 (10) 63.2 4.4 4.9 116.8 953 794
3(95) 67.0 4.5 5.0 1210 98.8 823
Option 4 1 (15) 270 5.0 5.8 100.7 77.5 61.9 3
2 (10) 31.9 5.1 59 104.8 812 65.1
3(5) 353 5.1 6.0 108.3 842 67.7
Option § b 1459 4.9 3.9 1412 126.0 1100 9
Option € b 131.0 4.9 1.1 109.4 103.6 94.0 5
Option 7 b 121.0 4.9 4.5 131.6 116.0 1005 8
Option 8 b 148.0 4.9 4.5 1479 1305 113.0 10
Option 9 b 135.0 49 1.7 1148 107.9 97.0 6
Option 10 b 120.0 49 4.5 1308 115.4 100.0 i 4
Option 11 Potable Water 69.8 8.1 9.1 169.1 131.8 106.0 1
Values in brackets refer to effluent Total nitrogen 90 percentile values.
Note: Costs are based on an order of accuracy of + 25 percent.
a. NPV analysis is over period 1994 to 2019.
b. Zero discharge to Berowra Creek during dry weather as sewage is transferred to the ocean STPs
at either Warriewood or North Head.
c. Options ranking based on NPVs at 7 percent discount rate.
Option 1 Retention, upgrade and amplification of Hornsby STPs with MLE process
Option 2 Retention, upgrade and amplification of STPs with high biomass MLE
Option 3 New Treatment Plant
Option 4 Retention of Hornsby STPs plus new STP
Option 5 Dry and wet weather raw sewage to Warriewood STP
Option 6 Dry and wet weather raw sewage to North Head STP
Option 7 Dry and wet weather effluent to Warriewood outfall
Option 8 Dry weather raw sewage flow to Warriewood STP
Option 9 Dry weather raw sewage to North Head STP

Option 10 Dry weather effluent to Warriewood outfall
Option 11 Indirect potable water reuse
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The provision of the recommended option may equate to an indicative
implementation cost per lot of:

TABLE 2. INDICATIVE COST PER LOT FOR OPTION 1

Total Effluent Total $ Per Lot
Nitrogen Target -
(90%ile Value) Existing Lots New Development
Lots
15 242 2750
10 369 2865
5 551 3050

The costs per lot are indicative only and are in addition to the current
rating charge within the catchment, and does not include any costs that
may be recovered.

CONCLUSION

The report finds that based on information to date, the most cost-effective
option to achieve the levels of nitrogen removal specified plus serve new
development is to retain, upgrade and amplify the existing Hornsby STPs.
To achieve a total nitrogen of 15 mg/L (90 percentile) for 72,000 EP
involves a capital cost of approximately $14.6 million, with a 25 year
NPV of $67 million at a 7% discount rate.

RECOMMENDATION

In summation, it is recommended that any future works at the Hornsby
STPs require clear evidence of environmental benefit, direction from the
Board’s regulator as to the level of treatment required and submission to
the government’s pricing tribunal for consideration.

It should be noted that the Board has invested considerable capital and
operating funds over the last 4 years at the STPs to significantly improve
levels of treatment in terms of disinfection, ammonia removal, phosphorus
and some nitrogen removal.
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It is also recommended that the environmental benefit of this work be
scientifically evaluated together with Hornsby Council’s initiatives prior
to committing to further works so that the community can be assured that
their funds are being spent to best effect. The environmental benefit
should be determined via an environmental assessment process and
environmental monitoring of the receiving waters.
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SECTION 1

INTRODUCTION

As a result of the establishment of the Berowra Creek Community Contract!, the
Board is obligated to prepare an Options Report that examines the possible upgrading
of existing facilities at West Hornsby and Hornsby Heights STPs. Additionally, the
report will examine alternate sewerage strategies for the STPs as requested by the
Contract. Various effluent quality targets are proposed and are particularly aimed at
effluent total nitrogen levels of 15, 10 and 5 mg/L (90 percentile values). Pumping
out of the catchment to achieve zero discharge to Berowra Creek was also
specifically requested to be considered.

The Berowra Creek Technical Working Party report' has indicated that improved
sewage treatment and effluent disposal at West Hornsby and Hornsby Heights STPs
is an integral step towards improving the environmental health of Berowra Creek and
will help provide for the ecologically sustainable development of the Berowra Creek
Catchment.

Future sewage treatment and effluent disposal strategies for the Hawkesbury-Nepean
sewage treatment plants (which include the Berowra Creek catchment) are also
currently being examined under the Government’s Clean Waterways Programme
(CWP) and is planned for public exhibition in 1995. In response to the Berowra
Creek Community Contract, however, the Sewage Treatment Manager, Northern
engaged Waste Water and Reuse Planning on 15 May 1994, to prepare a report
outlining options for West Hornsby and Hornsby Heights STPs to ensure that:

. Expected development in the area can be served adequately.

= Sewage is treated to an acceptable standard to prevent further deterioration of
Berowra Creek and the Hawkesbury River, where both plants currently
discharge.

L The recommended works result in outcomes in accordance with the Berowra

Creek Community Contract’.
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The scope of work for this report, as specified in the Brief?, is listed below:

) Existing Conditions Review.
u Quality and Quantity Investigation.
L] Review of Incorporation of ANZECC Requirements for Berowra Creek,

Hawkesbury/Nepean and Ocean Discharges.

L] Preliminary Assessment of Treatment/Effluent Disposal Options.
= Costing of Options.

= Selection of Preferred Option(s).

5 Recommended Strategy(s).

L] Approval and Public Exhibition by September 1994.

It is important to note that the planning horizon for the provision of treatment
facilities is up to 2019 and it is compatible to the 25-year period requested to
be analysed by the State Treasury for major expenditure projects.

This report will provide input into an environmental impact study (EIS) for the
Berowra Creek Catchment which is due to commence in 1994. That study will
consider the best apparent option(s) outlined in this report as well as other viable
options which may be developed or chosen as a result of public consultation.

BEROWRA CREEK TECHNICAL WORKING PARTY

As a result of concerns regarding the deteriorating environmental quality of Berowra
Creek and concerns regarding the performance and treatment capacity of the West
Hornsby Sewage Treatment Plant (WHSTP), Hornsby Council commenced a
moratorium on 1 September 1993 on the determination of development applications
for waste water generating development in the WHSTP catchment.

The Minister for Planning convened the Technical Working Party (TWP) in October
1993 and asked it to report promptly to him on the:

= Nature and causes of the pollution problems that are of concern to Council;
and
. Current capacity of the treatment plant (ie. WHSTP) and its ability to handle

additional waste water from development.

BEROWRA CREEK COMMUNITY CONTRACT FINAL 1-2
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In December 1993 Homsby Council extended the moratorium on the determination
of development applications for waste water generating development to the catchment
of Homsby Heights STP.

The TWP held its first meeting on 4 November 1993 and has the following
representation:

Department of Planning.

Environment Protection Authority (EPA).

Hornsby Council.

Hawkesbury-Nepean Catchment Management Trust.
Water Board.

POLLUTION CONCERNS

The TWP has carried out a number of inspections in the Berowra Creek Catchment
and has reviewed several years of monitoring data provided by Homsby Council, the
Water Board and the EPA. They have also reported back to the Minister for
Planning and have recommended a Water Quality Management Strategy to be
adopted for the Berowra Creek Catchment.

Members of the working party have reported a significant deterioration in the water
quality of Berowra Creek and the growth of red algal blooms in the estuarine waters
of the creek.

A number of areas within the creek system have become unfit for swimming. Boats
can no longer navigate parts of the creek because of siltation and algal blooms are
regularly occurring in the lower estuary.

Preliminary Water Quality Assessment’ undertaken by the TWP indicates that the
three main contributors to pollution in Berowra Creek are:

. Sediments from urban development.

= Nutrients (point/diffuse sources), especially nitrogen from the Board’s STPs
and phosphorus from diffuse sources.

= Contamination by faecal micro-organisms (diffuse sources and miscellaneous
point sources).

The TWP realise that improved treatment capability at both West Hornsby and
Hornsby Heights STPs is required to reduce nitrogen levels and that diffuse sources
of pollution (including storm overflow and urban runoff) also need to be controlled
to prevent increased nutrient loads into Berowra Creek.

BEROWRA CREEK COMMUNITY CONTRACT FINAL 1-3
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BEROWRA CREEK COMMUNITY CONTRACT

In order to put in place a co-ordinated programme of measures to improve the
environmental health of Berowra Creek and to resolve the moratorium, a Statement
of Joint Intent has been agreed to by the Department of Planning, EPA, Hawkesbury-
Nepean Catchment Management Trust, Hornsby Council and the Water Board.

The Statement of Joint Intent, signed on the 27th April 1994, represents the first
Community Contract for Clean Waterways and details specific goals for water quality
improvement in Berowra Creek. The Community Contract will facilitate
management of the ecologically sustainable development of the Berowra Creek
Catchment and could serve as a model for involvement of the community in
developing wastewater strategies.

The Berowra Creek Community Contract' contains a commitment from the Water
Board to the following:

. Installation by end July 1994 of measures at West Hornsby Sewage Treatment
Plant to endeavour to achieve an arithmetic mean of 20 to 25 mg/L Total
Nitrogen concentration in the discharged effluent.

L] Immediate operational changes to reduce phosphorus and faecal coliform
concentrations in discharged effluent from West Hornsby Sewage Treatment
Plant and Hornsby Heights Sewage Treatment Plant.

a Preparation and exhibition of an options study for Homsby Heights Sewage
Treatment Plant and West Homsby Sewage Treatment Plant by the end
September 1994. The options study will propose technically feasible
measures for further nitrogen reduction. The options of 15 mg/L, 10 mg/L
and 5 mg/L Total Nitrogen (90 percentile) in discharged effluent and pumping
effluent out of the catchment are to be specifically considered.

s Preparation and public exhibition by end June 1995 of an EIS for each of
those options considered feasible, warranting such examination.

. Implementation of a catchment survey to identify and quantify sources of
pollution so that appropriate remediation and enforcement action can be
undertaken.

2 A co-operative monitoring programme of Berowra Creek, undertaken by the

EPA, Hornsby Council, Department of Planning (DOP) and the Water Board,
so that the effectiveness of changes can be measured and assessed.

- Expeditious implementation by the Water Board of the option approved by
the Minister for Planning.
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CLEAN WATERWAYS PROGRAMME AND STRATEGIC PLANNING

The Berowra Creek Community Contract has been facilitated by the Technical
Working Party established by the Minister for Planning to develop a Strategy to
improve the environmental quality of Berowra Creek. The Contract will be a model
for the involvement of the community in developing wastewater strategies and is the
first example of community involvement as outlined in the Government’s "Choices
for Clean Waterways*" document issued in March 1994. The Choices for Clean
Waterways document is an integral part of the Clean Waterways Programme (CWP).

Strategic Planning

The New South Wales Government’s Clean Waterways Programme (CWP) was
established in response to significant community concern over the state of our
beaches, harbours and rivers. Since December 1989, the Government has promoted a
series of works and initiatives to help ensure that the waterways of Sydney, the Blue
Mountains and the Illawarra region are protected from the effects of sewage
pollution.

In the first four years of the programme, major improvements were achieved,
especially in beach protection and protection of the Hawkesbury-Nepean River.
Independent monitoring has clearly shown that ocean beaches are now free of sewage
pollution for approximately 95 per cent of the time, as compared with 50 per cent
during the late 1980s. This is due to the installation in 1990 and 1991 of deep water
ocean outfalls for effluent discharges from and subsequent incremental upgrading of
the largest Sewage Treatment Plants (STPs) at North Head, Bondi and Malabar. The
initiatives undertaken to reduce the amount of nutrients being discharged in treated
effluent from STPs in the Hawkesbury-Nepean Valley resulted in a marked decrease
in the occurrence and intensity of algal blooms in the Hawkesbury-Nepean River.
This is due to the extensive upgrading of the regional STPs, including extensive use
of new technology.

The programme’s priorities are now being reviewed to ensure that it is addressing the
environmental and service quality issues that are important to customers and the
community, and that it contains the works and activities that the community are
willing to pay for.

The Board’s Strategic Plan will form the basis for implementation of the Clean
Waterways Programme and set the direction for the Board’s Wastewater business for
the next fifty years. The Plan is to be completed in the latter part of 1995, and it
will identify methods as to how the Board can best utilise its own wastewater and
stormwater assets to help prevent pollution of Sydney’s waterways. It will address
long-term sewerage system needs for Sydney, Illawarra and Blue Mountains.
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Decisions about the range of activities and works to be included in a strategic plan
must be made in consultation with the community. The publication in March 1994
of "The Choices for Clean Waterways" begins a programme of public consultation on
the Board’s strategies for its storm and waste water services. It encourages all
customers, interested groups, organisations and individuals to become involved in the
consideration of options to help shape the future of our waterways. This consultation
programme will be integrated into other consultation processes to be conducted by
Government regulators on water quality goals.

There will be several phases in the consultation programme, from seeking and
listening to comments from community and key stakeholders to refining the strategic
plans in light of those comments. The Board’s consultation process for the strategic
plan will run for approximately 12 months. In parallel with the consultative process
the Board will be refining the technical details and cost estimates of the options
outlined in "Choices for Clean Waterways". Public input will assist in the
determination of the direction and scope of the Strategic Plan.

It is anticipated that the Board’s submission to the Government Pricing Tribunal in
1995 will contain the details of the Strategic Plan.

Clean Waterways Programme Components

The proposed upgrading and amplification of West Hornsby and Hornsby Heights
STPs is a component project of the Clean Waterways Programme (CWP). This
Options Report will identify and assess sewage treatment and effluent disposal
alternatives which aim to improve the quality of treated effluent in a manner which
mitigates environmental impacts.

A Rationalisation Studys, completed by Pollution Abatement Branch, as a component
of its strategic planning work, examined the amalgamation of sewerage catchments in
the Hawkesbury-Nepean Basin. A strategy considered in that study was the closure
of West Hornsby and Hornsby Heights STP and the transfer of flow elsewhere (i.e.
to inland STPs or to ocean STPs) for treatment. The study did not identify, however,
overwhelming benefit in implementing that strategy in advance of the completion of
the strategic plan.

Traditionally, strategic planning is generally completed before detailed plans are
commenced. While the ideal situation would be to defer consideration of the future
of West Hornsby and Hornsby Heights STPs until the longer term studies are
complete, this is not feasible because:

m Higher effluent standards are being sought in a short time frame by the
Berowra Creek TWP and EPA.

" Broader strategic planning will not meet this time frame.
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Recommendations made in this Options Report, however, will be reviewed in the
light of the strategic plan. The strategy finally adopted after the completion of the
EIS and consultation processes must be flexible enough to enable integration with the
overall strategic plan.

ECOLOGICALLY SUSTAINABLE DEVELOPMENT GOAL

The Berowra Creek Contract has called for the ecologically sustainable development
of the Berowra Creek catchment and the recovery of the environmental health of the
Creek, within the framework of the current Urban Development Program .

Ecologically Sustainable Development (ESD) is a development path for human
activity which meets the needs of the present generations without compromising the
ability of future generations to meet their own needs. This implies that we should
maintain all essential ecological processes and life support systems on which human
survival depends.

All CWP projects aim to be environmentally sensitive, conserve resources and
safeguard natural resources for future generations. Further, they incorporate waste
minimisation strategies and innovative technological solutions that control and reduce
waste generation rather than rely on traditional end-of-pipe solutions.

In planning, the long term development of West Hornsby and Hornsby Heights STPs,
the following ESD guidelines have been used:

L Construction and operation of the treatment plant and facilities, including
discharge of the treated effluent to Berowra Creek or the ocean, will not cause
irreversible environmental impacts or changes.

B Environmentally sound processes and technologies will be selected and
facilities planned to provide environmental enhancements at an affordable
cost.

u An effective, efficient and aesthetically appealing plant and facilities

(including transfer units) will be constructed which will serve as a valuable
asset for the present and future generations, avoiding later unnecessary
replacement of facilities.

= The planned facilities will make efficient use of energy and will recover
energy to the maximum reasonable extent.

u Plant operations will be reliable with low risk of malfunction or failure, so
that the function of the plant (which is to treat sewage) is achieved essentially
100 per cent of the time.
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SCOPE OF REPORT

The scope of work for this report is described on page 1-1. The major component of
the scope of work includes the examination of a range of sewage treatment and
effluent disposal options for both the West Hornsby STP and Hornsby Heights STP.
The on-site treatment options of achieving 15 mg/L, 10 mg/L and 5 mg/L Total
Nitrogen in the plants’ effluent (90 percentile readings) before discharging into
Berowra Creek are specifically considered. Options of pumping of raw sewage or
plant effluent out of Berowra Creek catchment (ie. transferring flows/load to
Warriewood or North Head STPs for treatment and disposal) are also specifically
considered.

As discussed, the planning horizon is to be taken for the short to medium term (ie.

up to the year 2019). This time period also is in line with the State Treasury
requirement to undertake a financial analysis over a 25 year period.

REFERENCES

1. Berowra Creek Technical Working Party, Report of Berowra Creek Technical
Working Party, May 1994.

Z. Water Board, Brief for Berowra Creek STPs Options Study, May 1994.

3. AWT Science and Environment, Water Quality Berowra Creek Catchment,
Water Board, Sydney, October 1993.

4. Water Board, Choices for Clean Waterways, March 1994

5. Pollution Abatement Branch, Sewage Treatment Planning, Preliminary
Hawkesbury-Nepean Rationalisation Study, Water Board, Sydney, May 1992.
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SECTION 2

THE HAWKESBURY-NEPEAN CATCHMENT

The West Hornsby and Hornsby Heights Sewage Treatment Plants are located in the
north eastern area of Sydney and discharge treated effluent via Berowra Creek to the
Hawkesbury River (refer figure 2-1). The total average flow of the Berowra plants
accounts for a total of approximately 5.5 per cent of the average effluent flow
discharged by the Board to the Hawkesbury/Nepean River system.

The Board operates 23 STPs which discharge effluent into the Hawkesbury-Nepean
River. In addition, there are a large number of private, Council and Commonwealth
operated sewage treatment plants discharging into the river from as far away as
Goulburn, Mittagong, Moss Vale and Wollongong.

The following section gives a brief discussion of both the Hawkesbury/Nepean and
Berowra Creek catchments in which the Board has a major impact.

PHYSICAL ENVIRONMENT

The Hawkesbury-Nepean River is about 530 kilometres long and drains a catchment
of approximately 22,000 square kilometres' to the north, west and south-west of
metropolitan Sydney (figure 2-2). Water from as far away as Goulbumn and the
Illawarra Range in the south, Lithgow and the Great Dividing Range in the west, the
Broken Bay Plateau (which separates this catchment from the Hunter Basin) in the
north, joins the river on its way to the Tasman Sea at Broken Bay.

The river catchment extends to the Wollondilly River near Goulburn and includes the
Blue Mountains in the west and north west of metropolitan Sydney. Over 60 per
cent of the catchment is forested, including parts of nine national parks. About

30 per cent of the area is agricultural land and less than 10 per cent is developed for
urban and industrial use. Urban areas are increasing as Sydney expands westward
and as towns in the catchment expand.

The Hawkesbury-Nepean catchment is the most significant river system in the Water
Board’s area of operations and has always occupied an important position in the
history of NSW. The first main expansion of Sydney occurred in the Hawkesbury
River district. It is an area of special natural beauty and one of great environmental
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WEST HORNSBY AND THE HAWKESBURY-NEPEAN
HORNSBY HEIGHTS STPs CATCHMENT

significance and for the people who use the river.

Topography in the catchment varies widely', from high plateau mountains and upland
valleys in the west to the low plateau and shallow valleys of the east. The highest
elevations are in the west, where Mount Bindo (1,362 metres) is the highest point.
The lowest extensive land units, the Emu and Cumberland plains are less than ten
metres above sea level. Most of the northern and north western areas are heavily
timbered, rugged, and have mountainous terrain. Undulating hilly areas occur in the
south west near Goulburn and Moss Vale and large areas of flood plains border the
Nepean and Hawkesbury River between Camden and Windsor.

The plant communities of the catchment are diverse, reflecting the various conditions
of elevation, geology, soil type and depth and rainfall. Much of the underdeveloped
areas consist of wet and dry sclerophyll forest, but there are also appreciable areas of
scrub and heath, temperate rainforest and mangrove and other wetlands.

About half of the total catchment is Crown Land. Most of this is forested,
comprising national parks, water supply catchments and state forests, and lies in the
more rugged and dissected parts of the catchment. Of the nine national parks, the
largest are the Blue Mountains, Kanangra-Boyd, Wollemi, Marramarra and Dharug.

USES OF THE HAWKESBURY-NEPEAN RIVER

The Hawkesbury-Nepean River is used for a wide variety of recreational, social and
economic activities’. Some of these activities are increasingly coming into conflict,
as described below.

Drainage

The river’s natural function is to transport water from the catchment to the ocean.
Clearing of forests for agriculture and urban development has increased the quantity
of runoff in some areas and has also contributed to decreased water quality.

Agricultural runoff includes silt, nutrients, bacteria and pesticides while urban runoff
contains a range of heavy metals such as lead, copper and zinc in addition to
nutrients, bacteria and other pollutants.

Potable Water

The upper reaches of the river system have been dammed and provide 97 per cent of
Sydney’s water supply. This has affected the hydrology of the river. Drinking water
is also drawn downstream from the dams. Approximately 30 ML/day of water is
extracted at North Richmond Water Treatment Works. Raw river water is treated
and disinfected, and because of problems with blue-green algae, now undergoes
dissolved air flotation and granular activated carbon filtration.

BEROWRA CREEK COMMUNITY CONTRACT FINAL 2-2
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Wastewater Disposal

Impoundment of the river to provide Sydney’s potable water supply means that
approximately 600,000 ML of water is piped to urban areas every year, instead of
flowing in the river. Some of this water is returned to the river in the form of
treated sewage effluent.

Treated effluent is discharged into the river and its tributaries from plants operated
by the Water Board, local councils and private institutions such as caravan parks,
hospitals, retirement villages and country clubs. Wastewater discharges from HMAS
Nirimba and Richmond RAAF Base do not require licences from the Environment
Protection Authority (EPA) as they are discharged from Commonwealth properties.
Other private dischargers have licences which stipulate dry weather flows and levels
of biochemical oxygen demand (BOD) and suspended solids (SS) but not
concentrations of phosphorus or nitrogen/nutrients.

Some industries discharge wastewater (meeting specified quality requirements) to
Water Board sewers although over 200 premises hold EPA waste discharge licences.
Several of the latter are piggeries and poultry farms that produce wastewater
containing high levels of phosphorus and nitrogen. Most of these have licences
specifying spray-irrigation of wastewater. Other premises are licensed to discharge
directly into the river, including, for example, a poultry processing plant and a
vehicle cleaning operation.

There is no restriction on the discharge of sewage from boats at present. It is
considered to be a significant problem and the provision of land-based pump-out
facilities for larger boats is under investigation.

Recreation

Distance from the sea and higher summer temperatures in Western Sydney mean that
the river is used extensively for swimming, boating and water sports. These uses are
expected to increase with increasing urban development. Recreational boating which
includes houseboats and large cruisers, also affects water quality through discharges
of unburnt fuel, oil, sullage and untreated toilet waste.

Agriculture and Irrigation

Water is used for irrigating pastures, feed crops, horticultural crops and turf farms
and is used as drinking water for livestock both upstream and downstream of
Wallacia and from tributaries including South Creek. Depending on weather
conditions, between 4,000 and 14,000 ML/yr are extracted for these purposes
between Penrith Weir and Windsor Reach on the Hawkesbury River.

BEROWRA CREEK COMMUNITY CONTRACT FINAL 2-3
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Fishing and Shellfish Culture

Commercial fishing occurs as far upstream as the Colo River and downstream into
Broken Bay. While the river does not support a major fishing industry, the
Hawkesbury and its tributaries are nursery areas for many species of fish and
invertebrates. There is an estuarine prawn fishery in the lower estuary producing
about 100 tonnes per annum and oyster farming occurs in Berowra, Mooney and
Marramarra Creeks®.

Amateur fishing is popular and takes place in both the fresh and saline sections of
the river. Increasing numbers of undesirable exotic species, such as European carp,
are reported in the freshwater section.

Processing Sand and Gravel

Large amounts of river water are used for processing sand and gravel particularly in
the area of the Penrith Lakes Scheme®. Currently, water is discharged back to the
river with minimal treatment.

CURRENT WATER QUALITY PROBLEMS

The Hawkesbury-Nepean River system and tributaries are showing considerable signs
of ecological stress as a result of the many competing demands being made on it.
The quality of water in the river is deteriorating and this has led to an increase in the
growth of aquatic weeds and algae with high bacteriological contamination in some
areas.

Concerns regarding water quality have intensified as a result of detailed planning
work being undertaken for the North-West Sector, South Creek Valley and Macarthur
South, which are Sydney’s planned three major urban growth sectors. As the
population in the catchment grows, the quantity of both point sources (e.g. sewage
effluent discharges) and non-point source (e.g. urban runoff) pollutants in the river
will increase. There will also be a demand for additional potable water and an
increasing reliance on the river as a recreational asset for expanding urban areas.

Runoff from natural landscapes, farms and urban development, sewage effluent and
raw sewage from pleasure craft is overloading the river with nutrients. Phosphorus
and nitrogen can cause growth of algae that can poison the water and interfere with
the food chain and aquatic life. Ammonia discharged from STPs can be toxic
(particularly under high temperature and high pH conditions) to aquatic life and
depletes oxygen concentrations within the river. Algal blooms (including blue green
algae) commonly occur in areas between Camden to Pitt Town. Previously, studies
have indicated that the Board’s STPs contribute large nutrient loads during dry
weather'”.

BEROWRA CREEK COMMUNITY CONTRACT FINAL 2-4
22 September 1994



WEST HORNSBY AND THE HAWKESBURY-NEPEAN
HORNSBY HEIGHTS STPs CATCHMENT

Over the past decade, however, there has been a marked reduction in nutrient
loadings (particularly phosphorus and ammonia) from Water Board STPs discharging
to the Hawkesbury-Nepean system. The average phosphorus loading in 1990 was
about 45 per cent of the 1985 loading and the level in 1991/93* was reduced by a
further 29 per cent. The average daily load of ammonia discharged by the Board’s
STPs to the river system has in the period 1989/90 to 1992/93 has dropped by 60 per
cent (refer to figure 2-3 for more details).

Extraction and dredging of river sands, loam and gravels has caused banks to
collapse in some areas, releasing silt into the river (siltation). Extraction in the
catchment has resulted in siltation of tributaries and wetlands. Extraction has also
changed the shape and depth of the river, increasing detention times, resulting in
increased potential for nutrient "sinks". This has encouraged release of stored
nutrients into the water body, further stimulating algae growth.

Considerable lengths of river bank are losing tree cover and are eroding and
collapsing into the river. Infestations of blackberry, lantana, castor oil plant, and
privet are developing and spreading into indigenous bushland throughout the
catchment. Water weeds capable of choking the river and creek systems are
common. Widespread spraying with herbicides has tailed and has the potential of
causing further stress to the river.

The river supports recreational water pursuits with speed boats and large cruisers
exacerbating bank erosion. Raw sewage from these vessels may be discharged to the
river due to lack of pump-out facilities. Notably in the Lower Hawkesbury, large-
scale hotel, marina and other commercial proposals have the potential to impact
water quality, wetlands and mangroves, fishery habitat, unique scenic escarpments
and river foreshores.

A number of rubbish depots are found within the Hawkesbury-Nepean catchment and
leachate management is a critical issue. Some depots are located near the flood plain
of the river.

BEROWRA CREEK CATCHMENT

The catchment of Berowra Creek is generally bound by Castle Hill Road to the
south, Old Northern Road to the west, Pennant Hills Road and Pacific Highway to
the east. The Berowra Creek study area is largely bushland, however, many of its
upstream ridges are urbanised. The urban and industrial/commercial development
within this catchment is served by two Water Board treatment plants, the West
Hornsby and Hornsby Heights Sewage Treatment Plants.

Both STPs discharge tertiary treated effluent. West Hornsby STP discharges to
Waitara Creek, approximately one kilometre upstream of its confluence with Berowra
Creek, while Hornsby Heights STP discharges to Calna Creek, approximately five
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kilometres upstream of its confluence with Berowra Creek (which is tidal at this
point). In addition to effluent from the STPs, Berowra Creek catchment also receives
runoff from residential areas, light agricultural regions and possible sullage
discharges from unsewered urban areas.

Figure 2-4 shows Berowra Creek, its tributaries and location of the Board’s STPs.

Part of the catchment is included in the Mougamurra Nature Reserve and is noted for
its scenic beauty. The area is popular for both recreational and commercial fishing.
Prawns are caught in the creek and there are a number of oyster leases along the
shores of the downstream portion of the creek.

Hornsby Heights Subcatchment

Hornsby Heights Sewage Treatment Plant (STP) lies on Calna Creek between the
suburbs of Hornsby Heights and Mount Colah. The Calna Creek catchment above
the STP is approximately 2.6 kilometres long by 1.2 km wide and has an area of
approximately 315 hectares. Approximately 65% of the catchment is urbanised while
the remaining 35% is native bushland. The urban landscape dominates the high
ground along the ridges which make up the catchment’s boundaries. Native bushland
lies along Calna Creek and its steep valley sides.

Beyond the STP, Calna Creek continues to flow North through bushland for 5
kilometres before reaching Berowra Creek. The Creek’s character, both above and
below the STP is similar to many of the creeks in the area. Calna Creek has some
quite steep reaches of boulders and rocks, intermixed with quiet pools. During dry
weather, there is frequently no flow in Calna Creek upstream of Hornsby Heights
STP. At these times the flow downstream of the plant consists entirely of treated
effluent.

West Hornsby Subcatchment

West Hornsby Sewage Treatment Plant is located within the south western section of
Hornsby Shire and is situated at the base of a locality known as Old Mans Valley, at
the confluence of Old Mans Creek and Waitara Creek. The walls of the valley are
fairly steep, rising from a minimum of about 65 metres above sea level to more than
180 metres at the Pacific Highway. Waitara Creek flows northwards for
approximately four kilometres to join Berowra Creek.

The catchment area forms part of the ridge and valley topography of the Hornsby
Plateau, characterised by steep-sided valleys which become progressively deeper
towards the centre and north. The catchment areas include both residential and light
industrial development upstream and downstream of the sewage treatment plant.

BEROWRA CREEK COMMUNITY CONTRACT FINAL 2-6
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WEST HORNSBY AND THE HAWKESBURY-NEPEAN
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According to Homsby Shire Council’, recreation downstream of the West Hornsby
and Hornsby Heights STPs includes:

Bushwalking, for example along the Benowie Walking Track which follows
Berowra Creek to Berowra Waters.

Water ski-ing in Berowra Waters.
Fishing north of Crossland Reserve.

Camping, swimming and picnicking at Crosslands Reserve and the Seventh Day
Adventist Youth Camp (near Crosslands).

Boating in the upper tidal reaches of Berowra Creek (north of Rocky Fall
Rapids midway between Crosslands Reserve and Galston George Bridge).
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SECTION 3

DEVELOPMENT OF WEST HORNSBY AND
HORNSBY HEIGHTS STPS

A brief description of the Homsby Heights and West Hornsby Sewage Treatment
Plants (STPs) is provided, together with details of site availability, raw sewage
characteristics, current EPA licence requirements and actual plant performance.

WEST HORNSBY STP

West Hornsby STP was commissioned in 1974 and serves the areas of Hornsby,
Waitara, Normanhurst, Thornleigh, Cherrybrook and Pennant Hills, as shown in
figure 3-1. The catchment area of approximately 2,100 ha is predominantly
developed as residential with small pockets of commercial and light industrial (refer
figure 3-1). Treated sewage effluent is discharged to the Hawkesbury River system
via Waitara Creek which flows into Berowra Creek thence into the Hawkesbury
River.

West Homnsby STP is located about two kilometres west of Homsby and occupies a
site of approximately 7.0 hectares. The current buffer between the STP and the
closest residential development is less than 10 metres, as seen in the aerial
photograph,(refer figure 3-2). The STP is the fourth largest STP discharging to the
Hawkesbury-Nepean system, contributing 7 per cent of the total effluent flow
entering the river system as at January 1994. The STP contributes 65 per cent of the
total effluent entering Berowra Creek (Hornsby Heights STP contributes to the
remaining 35 per cent). Based on current average dry weather flows of
approximately 9.2 megalitres per day (ML/d), the existing EP (equivalent population)
load on the plant is 34,000 (assuming 270 litres per EP per day). The nominal
capacity of the plant prior to 1992 was 25,000 EP (based on capacity for
nitrification). An Interim Upgrading has recently been constructed at the plant with
most units operational, resulting in a nominal minimum plant capacity of 45,000 EP.
Digester upgrading and the installation of permanent sludge dewatering facilities is
due for completion in early 1995.

The existing facilities consist of an activated sludge process initially designed to
removal suspended solids and BOD and was later provided with tertiary (dual media)
filtration and chlorination facilities to disinfect treated effluent. The recent plant
upgrading provides for biological nitrification and chemical phosphorus removal.

The upgrading included the provision of three lamella plate primary sedimentation
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WEST HORNSBY AND DEVELOPMENT OF WEST HORNSBY
HORNSBY HEIGHTS STPs AND HORNSBY HEIGHTS STPS

tanks, conversion of four aeration tanks to anoxic/aerobic reactors, construction of
two additional anoxic/aerobic reactors, four filter cells fitted out, additional screening
and grit removal, increased hydraulic capacity, stormflow screening, automated pickle
liquor dosing pumps and upgrading of the sludge digestion. The STP is licensed by
the EPA to discharge to Waitara Creek.

Other work at West Homsby STP includes the construction of a permanent sludge
thickening and dewatering plant, the upgrading of electrical systems and the
installation of a control and monitoring system. This work is due for completion by
end 1994.

The existing plant comprises:

m  An inlet structure consisting of screens, two aerated grit tanks and flume.

= Storm flow fine screens.

m  Two conventional primary sedimentation tanks and three lamella plate
sedimentation tanks; five tanks in total.

= Six reactor tanks modified for configuration for full nitrification or partial
denitrification.

m  Two circular and two rectangular secondary clarifiers.
= Eight dual media downflow rapid gravity filters.

- Spent Pickle Liquor dosing for phosphorus removal (simultaneous
precipitation).

= Alum post dosing facilities for residual phosphorus removal.

m  Lime dosing for alkalinity control.

= Two anaerobic sludge digesters (includes partial energy recovery).
m  One sludge holding basin.

®=  One mobile sludge dewatering centrifuge (permanent sludge thickening and
dewatering facility to be available at end 1994).

m  Disinfection by chlorination of the treated effluent prior to discharge to Waitara
Creek.
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The process flow diagram for the plant after commissioning of the Interim Upgrading
is shown in figure 3-3.

WASTEWATER CHARACTERISTICS AND ADOPTED DESIGN VALUES
FOR WEST HORNSBY STP

Tables 3-1A and 3-1B summarise the raw sewage characteristics measured at the
West Homsby STP over the period 1987 to May 1994. As realistic characteristics
are necessary for the proper design and operation of sewage treatment plants, they
have been adopted for the investigation and design of treatment processes in this
options report. These values, however, may be subject to change and this will be
taken into the consideration when implementing the approved sewage treatment and
effluent disposal strategy for the site. Adopted design Raw Sewage Characteristics

for West Homsby STP which are compared to the Board's standard theoretical design
values are shown in Table 3-2.

TABLE 3-1A. WEST HORNSBY STP RAW SEWAGE CHARACTERISTICS FOR PERIOD
1987 TO 1994 (References 1 and 2)

Raw Sewage Characteristics Concentration Values (mg/L)
Mean 50%ile 90%ile Maximum

Biochemical Oxygen Demand (BOD) 244 230 385 490
Chemical Oxygen Demand (COD) 630 575 927 928
Suspended Solids (SS) 240 210 400 720
Ammonia (NH,) 28 27 37 45
Oxidised Nitrogen (NOx) 0.6 0.4 1.0 6

Total Nitrogen (TN) 44 42 55 72
Total Phosphorus (TP) 9.5 9.8 13 15.5
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TABLE 3-1B. RESTRICTED SUBSTANCES IN INFLUENT SEWAGE (ug/L) FOR THE
PERIOD BETWEEN 1 NOVEMBER 89 AND 1 JUNE 93 (Reference 3)

Substance Min Max Average
Arsenic 0] 270 15
Cadmium 0 2 0
Hexavalent Chromium 0 20 8
Copper 80 390 197
Lead 0 50 17
Mercury N/A N/A N/A
Nickel 0 20 5
Selenium 0 400 36
Silver 0 20 2
Zinc 0 20 131
Cyanide 0] 0 0
Phenolic Compounds 0 60 10
Chlorinated Phenolic Compounds N/A N/A N/A
Total Chlorine Residual N/A N/A N/A
Ammonia (expressed as nitrogen) 25,900 47,000 32,828
Endrin 0 0 0
Hexachlorocyclohexane N/A N/A N/A
{(aplha, beta, delta & gamma isomers)
N/A  Not Available.

BEROWRA CREEK COMMUNITY CONTRACT FINAL 3-4
22 September 1994



WEST HORNSBY AND
HORNSBY HEIGHTS STPs

DEVELOPMENT OF WEST HORNSBY
AND HORNSBY HEIGHTS STPS

TABLE 3-2. DESIGN RAW SEWAGE CHARACTERISTICS FOR WEST HORNSBY STP

Parameter Theoretical’ Design’

Biochemical Oxygen Demand (BOD,) 280 mg/L 250 mg/L
Chemical Oxygen Demand (COD) 560 mg/L 630 mg/L
Suspended Solids 295 mg/L 240 mg/L
Total Kjeldahl Nitrogen (TKN) 55 mg/L 45 mg/L
Total Phosphorus (TP) 12 mg/L 10 mg/L
Unbiodegradable Soluble fraction of COD (f,) 0.07 0.07
Unbiodegradable Particulate fraction of COD (f,,) 0.13 0.13
Readily biodegradable fraction of COD (f,.) 0.24 0.24
Ammonia fraction of TKN (f.,) 0.7 0.65
Unbiodegradable soluble fraction of TKN (f,) 0.03 0.03
Alkalinity 250 mg/L as CaCO, 240 mg/L
Peak/Average COD 1.5 1.5
Peak/Average TKN 15 1.5
Minimum Temperature 15°C 15°C
Maximum Temperature 25°C 25°C

1. Standard Water Board Design Values.

2. Criteria based on Board's standard sewage characteristics and sampling of West Hornsby STP raw

sewage flow.
When no measured values were available theoretical values were adopted.

Average and Peak Dry Weather Flows

Incoming sewage is measured at the West Hornsby's treatment plant inlet works.
Measurements taken between 1991 to 1994 indicate the following trends (refer

figure 3-4).

The current Average Dry Weather Flow (ADWF) at the plant is estimated at
9.24 ML/d and there has been little variation in the ADWF since 1991. This is
attributed to reduction of flows due to the dry weather in 1993.

The dry weather peaking factor is estimated at 1.8, based on the diurnal flow patterns

measured at the plant. A typical diurnal flow curve for the West Hornsby STP is

shown in figure 3-5 and indicates morning and evening peaks. The current peak dry

weather flow (PDWF) is 16.8 ML/d.
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Wet Weather Flows

Table 3-3 (and figure 3-6) details the distribution of daily raw sewage flows into the
West Homsby STP.

For the period investigated, wet weather flows occurred on about 48 days per year;

95 per cent of the daily flows are less than 15.3 ML/d (1.66 ADWF) and 99 per cent
are less than 35 ML/d ADWF (3.8 ADWF).

The maximum recorded daily flow for the period 1991 to 1993 was 140.6 ML/d
(15.3 ADWF) and the maximum peak one hour flow recorded was 45 ML/d on
14 September 1993. The peak 5 day flow was also recorded at 14.47 ML/d
(1.57 ADWF) average for each of the five days.

TABLE 3-3. WEST HORNSBY STP RAW SEWAGE DESIGN FLOWS AND PEAKING
FACTORS FOR THE PERIOD 1 JANUARY 1991 TO 31 DECEMBER 1993

Item Peaking Factor ML/d
ADWF 1.00 9.2
50 percentile (median) 1.05 9.63
Minimum hour (MDWF) 0.23 214
Maximum hour (PDWF) 2.39 22.0
90 percentile (1 in 10 days) 1.36 12.53
95 percentile 1.66 15.27
Peak 5 days 1.57 14.47
99 percentile (4 days/year) 3.82 35.10
99.7 percentile 8.03 73.87
Peak 1 day 15.22 140.61
Peak 1 hour 4.85 44.66
Sewer capacity 16.85 155 (approx)
Note:
Minimum hour (MDWF), Maximum hour (PDWF) and Peak 1 hour flows are during 1993 only.

Excessive Flows

The presence of excessive inflow/infiltration (I/I) in the West Homsby and Homsby
Heights STP catchments has significant impact on the sewage treatment and transport
methods. At present flows in excess of 4 PDWF (DWWF) can enter the plants and
upset processes downstream.

Although the Board has carried out a number of studies to reduce I/I, this
information and remedial work to be adopted will not be available for a considerable
period of time. For the purposes of this report, flows in excess of 4 PDWF will be
provided with fine screening only (as currently occurs). As the site has limited space
for storm retention basins, these will also not be considered. Over the long term,
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however, the Water Board's I/ control program can be expected to produce a
reduction in excessive storm flows.

DESIGN ALLOWANCE FOR WEST HORNSBY STP

The following design practice has been adopted by the Board in the treatment and
disposal of sewage at West Homsby STP:

= Preliminary and primary treatment units and disinfection units treat DWWF
(4 PDWF).

= Secondary and tertiary treatment units treat up to 3 ADWF.

L Excessive storm flows (i.e. greater than 4 PDWF) will receive fine screenings
prior to discharge.

The above design flows for treatment and transport are in accordance with current
Water Board practice and EPA guidelines.

DESCRIPTION OF CURRENT PROCESS AT WEST HORNSBY STP

A description of each of the current treatment process is given in the following
subsections. West Homsby STP has recently undergone an interim upgrading to
increase the plant capacity from a nominal 20,000 EP to 45,000 EP. The general
arrangement for the existing plant is shown in figure 3-7.

Preliminary Treatment

Raw sewage enters the plant inlet which is provided with a vortex overflow structure
to bypass excessive stormflows (ie. flows greater than 4 PDWF). The raw sewage
passing to the main plant is screened by two mechanically raked bar screens of

18 mm spacings. Screenings are bagged and disposed of to Eastern Creek landfill.
Screened sewage then enters two aerated grit tanks. Chain operated buckets collect
grit from the grit chamber floor and convey it to eight 240 L mobile carts seated on
a timer controlled turntable similar to screenings collection. Grit is also disposed of
at Eastern Creek landfill. A two channel cut-throat flume is provided for
measurement of influent plant flow (upstream of grit tanks). Measurement is
undertaken by ultrasonic devices. Excessive stormflows are bypassed at the vortex
structure, which minimises the amount of solid material in the overflow. The bypass
flow is screened, using two drum screens with 1 mm slots. A hand raked bar screen
is also provided. Stormflows are measured before discharged to Old Mans Creek,
while screenings are disposed with those from the main plant.
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Primary Treatment

The sewage then flows to a flow splitter which discharges to two horizontal flow
mechanically scraped, rectangular primary sedimentation tanks (PSTs) and three
lamella plate primary sedimentation tanks.

The main function of the PSTs is to remove the readily settleable solids which
reduce the BOD load on the biological treatment process downstream by around
30%. Each tank is fitted with scum and sludge removal facilities. Sludge and scum
are transferred to the digesters by centrifugal sludge pumps. The combined capacity
of the five tanks is 45,000 EP.

Flow from the PSTs is discharged to the primary effluent channel which incorporates
the secondary treatment bypass. All flow up to 3 ADWF passes to the secondary
flow splitter where it is evenly split to all reactor tanks which are on-line. Flow
over 3 ADWF is bypassed directly to the chlorinator contact tank. The secondary
flow splitter has been designed with provision for future expansion of the plants both
in capacity and conversion to the MLE process (to achieve "full" denitrification).

Secondary Treatment

There are six reactor tanks at West Homsby STP. The influent settled sewage and
return activated sludge are discharged to the "anoxic" zone of each tank and mix
together to form mixed liquor. The mixed liquor is acrated in each tank to keep
micro—organisms in suspension and provide them with oxygen. Ammonia is
converted to nitrate by the action of nitrifying micro—organisms whilst phosphorus is
removed chemically by the addition of spent pickle liquor (SPL) upstream of the
aeration tanks. The phosphorus precipitate is ultimately removed from the system
with wasted sludge. Compressed air is supplied to the aeration tanks by up to four
positive displacement blowers. All reactor tanks have the front 17 per cent set up to
operate either as an anoxic zone or as an aerated zone. This scheme will allow
partial denitrification when all reactor tanks and clarifiers are available. In the event
that one reactor tank and/or clarifier is off line, the anoxic zone will be switched to
aeration and the plant will still achieve full nitrification.

The mixed liquor passes out of the reactor tanks to two circular clarifiers and two
rectangular clarifiers. They are all of similar surface area (160 m?) but have differing
depths. The circular clarifiers are 3 m deep whilst the longitudinal ones are 4.5 m
deep. Settled activated sludge is drawn from the clarifiers and returned to the
biological reactor.

The existing air sock diffusers have been replaced with membrane diffusers and
upgrading of part of the air supply system (ie. blower replacement, suction filters and
pipelines) has also been undertaken.
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Flow splitting to both the reactor tanks and clarifiers has been upgraded to provide
accurate control and to ensure that the maximum secondary flow treated is 3 ADWF.
A new PLC based control system will control the reactor tanks and the RAS/WAS
system.

There are two RAS/WAS pumping stations each serving two identical clarifiers.
Upgrading of RAS and WAS pumps was required to meet the increased flows and to
ensure reliability. The RAS pipelines from each pumping station is combined prior
to delivery to the reactor tanks to ensure consistent mixed liquor concentrations
throughout the system. Facility to waste mixed liquor from reactor tanks has also
been provided. Each RAS/WAS pumping station is controlled by a PLC with the
two PLCs linked to ensure the installation acts as a whole.

Tertiary Treatment

Tertiary treatment is provided by eight dual media downflow filters and all
mechanical equipment has been refurbished. Backwash water passes to the backwash
holding tank from where it is then pumped (at a much lower rate) to the inlet to the
grit tanks. Backwashing is carried out using air and water.

Chemical Dosing

The spent pickle liquor (SPL) dosing facilities have been upgraded to provide
automated dosing for 45,000 EP. The SPL is dosed to the settled sewage flow for
phosphorus precipitation. Alum dosing is also provided prior to the tertiary filters to
remove residual phosphorus. Lime dosing facilities provide alkalinity control for full
nitrification.

Disinfection

Sewage flows are disinfected by chlorination in a circular chlorine contact tank with
internal labyrinthine walls. The existing chlorination system comprises three
chlorinators. One chlorinator was provided to chlorinate raw sewage at the inlet
works, but this facility is no longer used. One chlorinator is provided to chlorinate
the filtered effluent. A normal dose rate of 4 mg/L is required to achieve an effluent
residual in the range 0.2 mg/L to 0.6 mg/L. The third chlorinator is provided for
superchlorination of the filters to remove algae accumulation on filter media.

Sludge Treatment

Two heated floating lid anaerobic digesters are provided. Sludge mixing is achieved
by centrifugal recirculating pumps that pump from the bottom of the digester cones
through a gas fired heater and discharge at mid tank level. This system is currently
being modified to use gas mixing and a much larger gas heater to ensure reliability
and enhance performance.
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Digested sludge is then directed to the sludge holding basin for storage prior to
subsequent dewatering by centrifuge followed by offsite use by soil composters.
Centrate from the centrifuge is pumped to the Northern Suburbs Ocean Outfall Sewer
(NSOOS). Facilities to pump sludge to the NSOOS exist but are currently not used.

Bypasses

The existing facilities provide full treatment for flows up to 3 ADWF (for
45,000 EP). Flows in excess of 3 ADWF and up to 6 ADWF receive primary
treatment and chlorination.

There are four by-pass facilities at West Hornsby STP:

L] Diversion of excess stormflows greater than 6 ADWF for 45,000 EP at the head
of the plant.

. Secondary treatment by-pass which directs settled sewage flows greater than
3 ADWEF but less than 6 ADWF to the chlorine contact tank.

®=  Emergency mixed liquor by—pass which directs mixed liquor to the sludge
lagoon via manual control valve.

= Filter by—pass which allows secondary effluent to by-pass the dual media
filters and discharge directly to the chlorine contact tank.

Table 3—-4 summaries design capacities, capacities currently served and principle
dimensions for each unit process.
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TABLE 3-4. WEST HORNSBY STP CAPACITY OF EXISTING PROCESS UNITS

item No. Principal Area | Volume Capacity
Units Dimensions m? ML EP

(m)

Screening 2 0.9 x 18 mm bar - 80,000

aperture

Fine Screens 2 1 mm slot - - 80,000

Grit Removal 2 10.70 x 2.44 x 52 68,000
2.75

Primary 2 28.96 x 5.49 x 318 18,000

Sedimentation 2.67

(Conventional)

Lamella plate PSTs 3 9.75 x 5.6 x 5.2 164 27,000

Nitrification and 6 36.6 x 3.90 x 5.37 | 766 4.6 45,000

BOD Removal

Rectangular 2 48.0 x 5.74 x 4.53 550 2.19 22,500

Secondary

Sedimentation

Circular Secondary 2 18.30 dia x 2.93 526 1.54 22,500

Sedimentation swd

Tertiary Filtration 8 24.8 m? / filter 198 - 68,000

Disinfection 2 18.25 dia x 2 262 - 80,000

Phosphorus - - - - 45,000

Removal

(Simultaneous) &

Post Dosing

Lime Dosing - - - 45,000

Sludge Digestion 2 16.7 dia x 10.5 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>