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1. SUMMARY

This report has been prepared following the completion of a 12-week water sampling period, conducted
to build a more complete knowledge of the water quality in the dam to be used as the water source to
the Narara Ecovillage. The results indicate that the water is low in alkalinity, pH and hardness, and high in
colour, iron, manganese and aluminium.

The treatment objectives could be met by the addition of chemical dosing ahead of the filtration process
to remove colour, iron and manganese, as well as post treatment to increase hardness and alkalinity. This
should produce a water that meets the ADWG and is less corrosive towards pipework and fittings in the
distribution system and homes.

It is recommended that the current weekly sampling program continue for the immediate future, with the
addition of phosphorus to the analysis list.

Additional sampling for blue-green algae and associated toxins should commence as soon as practical.
Aquacell will prepare a separate quote for this for approval by NEV before commencing. As the potential
for blue-green algae blooms cannot be eliminated at this stage, an additional process step (granular
activated carbon) will be included in the design as a precaution.
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2. THE SAMPLING SCHEDULE

The sampling schedule was comprised of 2 different sampling assays. An extensive monthly test, and a
targeted weekly sampling test.

The weekly samples were tested for specific parameters that would typically impact on the treatment
plant design. These were taken every week over the 12 week period, excluding the weeks of the monthly
sampling. This is due to the fact that the monthly sampling assays included all of the analytes in the
weekly sampling assays. This means that over the 12 weeks 9 weekly samples and 3 monthly samples

were be taken.

The monthly sample assays included a wide range of analytes. The purpose of this was to examine a
broader range of potential contaminates to determine if any of these required further investigation. This
included trace metals, chemicals, radioactivity, organics and pesticides. These samples were taken at the
beginning, middle and end of the 12 week sampling period.

The sampling schedule is summarized in Table 1.

Table 1 Sample Schedule

Monthly Analysis

Weekly Analysis

Rainfall was also checked from the Bureau of Meteorology website and is recorded to provide an
indication of when samples were rain affected. These results are provided in figure 1.

Figure 1 Rainfall and sample days
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3. SAMPLING RESULTS

The results for “weekly” test parameters are presented in table 2, along with the Australian Drinking Water Guidelines (ADWG) recommended limits.
The monthly results are presented in table 3. Those parameters that returned results that were outside the ADWG recommend limits are highlighted.

Table 2 Weekly Sampling Results

Sae Month Week Week Week Month Week Week Week Week Week Week Month | ADWG | Health (H)
1 1 2 3 2 4 5 6 7 8 9 3 See Aesthetic
Units 14/08 26/08 3/09 9/09 16/09 16/09 23/09 30/09 7/10 14/10 21/10 28/10 PQL (A)
Rain Fall, Day of Sample mm 0.0 2.4 4.0 0.0 0.4 0.4 0.0 0.0 0.0 0.0 0.0 0.0
Rain Fall, Week of Sample mm 18.6 50.8 39.6 39.8 8.6 8.6 0.0 0.2 0.0 0.0 0.2 0.0
Characteristics
Bicarbonate Alkalinity mg/L 12 7 <5 6 6 6 6 6.3 6.9 6 49 6
Carbonate Alkalinity mg/L <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Colour (True) Pt/Co 55 85 100 85 50 50 <5 40 45 40 55 50 15 A
Electrical Conductivity uS/cm 170 140 135 140 160 140 140 155 156.05 140 130 190
Hardness mgCaCOsz,L 19 17 15 17 16 16 18 18 18 16 17 16 <200 A
Hydroxide Alkalinity mg/L <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
pH pH Units 7.3 6.1 4.9 5.9 6 6.1 6.2 6.1 6.3 6.4 6.2 6.4 6.5-8.5 A
Total Alkalinity mg/L 12 7 <5 6 6 6 6 6.3 6.9 6 49 6
Total Dissolved Solids mg/L 110 98 11 78 87 82 81 91 119 100 90 110 600 A
Total Organic Carbon mg/L 5 7 8 7 7 7 7 6.4 6.503 6 8 7
Turbidity NTU 3.4 3.6 4.85 3.4 2.4 2.5 3.5 1.6 1.2 1.4 2.6 2.5 5 A
Microbial Contents
E.coli CFU/100mL 11 32 38 19 17 8 22 <1 40 200 53 13 <1 ‘ H
Chemical Contents
Aluminium ug/L 40 240 230 320 220 220 210 687 106.3 90 150 110 200 A
Calcium mg/L 1.8 1.5 1.2 15 1.4 1.4 1.45 1.56 1.5 1.4 15 1.4
Iron Total ug/L 1200 1000 700 730 570 550 640 1006 629.5 670 780 660 300
Magnesium Dissolved mg/L 3.5 3.1 2.8 3.3 3.1 3.1 3.4 3.5 3.4 3.1 3.2 3.0
Manganese ug/L 32 26 1700 30 26 26 28 1860 20.7 28 31 22 i%%’ H, A
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Table 3: Monthly Test Results

PaL Units Monthl Month2 Month3 ADWG Health (H)
14/08/14 16/09/14 28/10/14 See PQL Aesthetic (A)
Rain Fall, Day of Sample mm 0.0 0.4 0
Rain Fall, Day Before Sample mm 17.0 0 0
Characteristics
lonic Balance % 3.1 3.1 2.8
Total Suspended Solids 5 mg/L <5 <5 <5
Microbial Contents
Total coliforms 1 CFU/100mL 150 40 17 <1 H
Chemical Contents
Antimony 1 ug/L <1 <1 <1 3 H
Arsenic-Total 1 ug/L <1 <1 <1 10 H
Barium 1 ug/L 15 13 12 2000 H
Boron Total 5 ug/L 21 15 18 4000 H
Cadmium 0.1 ug/L <0.1 <0.1 <0.1 2 H
Chloride 1 mg/L 39 36 35 250 A
Chromium 1 ug/L <1 <1 <1 50 H
Colbalt 1 ug/L <1 <1 <1
Silicon- Total 0.2 mg/L 1.8 1.7 1.2
Total Cyanide 0.004 mg/L <0.004 <0.004 <0.004 0.08 H
Vanadium-Total 1 ug/L <1 <1 <1
Copper 1 ug/L <1 <1 <1 2000, 1000 H,A
Fluoride, F 0.1 mg/L <0.1 <0.1 <0.1 1.5 H
Iron Dissolved 10 ug/L 1200 350 430 300 A
Lead 1 ug/L <1 <1 <1 10 H
Mercury-Total 0.05 pug/L <0.05 <0.05 <0.05 1 H
Molybdenum 1 ug/L <1 <1 1 50 H
Nickel 1 ug/L <1 <1 <1 20 H
Nitrate as N in water 0.005 mg/L 0.03 0.021 0.012 50 H
Nitrite as N in water 0.005 mg/L <0.005 <0.005 <0.005 3 H
Phosphorus - Total 0.05 mg/L <0.05 <0.05 <0.05
Potassium - Dissolved 0.5 mg/L 1.9 13 1.5
Selenium-Total 1 pue/L <1 <1 <1 10
Silver-Total 1 pue/L <1 <1 <1 100
Sodium - Dissolved 0.5 mg/L 21 23 19 180
Sulphate, SO4 1 mg/L 5 8 6 500, 250 H, A
Tin 1 ug/L <1 <1 <1
Zinc 1 ug/L 19 3 <1 300 A
Radiation - Radium-226, Radium-228
Alpha 5 mBq/L <5 500
Beta 10 mBg/L <10 500
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PaL | Units Month 1 Month 2 Month 3 ADWG Health (H)
14/08/14 16/09/14 28/10/14 | See PQL | Aesthetic (A)
Rain Fall, Day of Sample mm 0.0 0.4 0

Rain Fall, Day Before Sample mm 17.0 0 0
Organic Pesticides
Organochlorine Pesticides (OCP)
Aldrin + Dieldrin 0.2 ug/L <0.2 <0.2 <0.2 0.3 H
alpha-BHC 0.2 ug/L <0.2 <0.2 <0.2
alpha-Chlordane + gamma-Chlordane 0.2 ug/L <0.2 <0.2 <0.2 2
beta-BHC (b-BHC) 0.2 ug/L <0.2 <0.2 <0.2
delta-BHC (d-BHC) 0.2 ug/L <0.2 <0.2 <0.2
Dieldrin (See Aldrin) 0.2 ug/L <0.2 <0.2 <0.2 -
Endosulfan | (a) and Il (b) 0.2 ug/L <0.2 <0.2 <0.2 20 H
Endosulfan Il (See Endosulfan 1) 0.2 ug/L <0.2 <0.2 <0.2 - H
Endosulfan Sulphate (See Endosulfan I) 0.2 ug/L <0.2 <0.2 <0.2 - H
Endrin 0.2 ug/L <0.2 <0.2 <0.2
Endrin aldehyde 0.2 ug/L <0.2 <0.2 <0.2
gamma-BHC (lindane) 0.2 ug/L <0.2 <0.2 <0.2
gamma-Chlordane (See alpha-Chlordane) 0.2 ug/L <0.2 <0.2 <0.2 -
HCB 0.2 ug/L <0.2 <0.2 <0.2
Heptachlor 0.2 ug/L <0.2 <0.2 <0.2 0.3 H
Heptachlor Epoxide 0.2 ug/L <0.2 <0.2 <0.2 H
Methoxychlor 0.2 ug/L <0.2 <0.2 <0.2 300 H
pp-DDD 0.2 ug/L <0.2 <0.2 <0.2
pp-DDE 0.2 ug/L <0.2 <0.2 <0.2
pp-DDT 0.2 ug/L <0.2 <0.2 <0.2 9 H
Organophosphate Pesticides (OP’s) — Standard 12 list
Azinphos-methyl 0.2 ug/L <0.2 <0.2 <0.2 30 H
Bromophos Ethyl 0.2 ug/L <0.2 <0.2 <0.2 10 H
Chlorpyriphos 0.2 ug/L <0.2 <0.2 <0.2
Chlorpyriphos-methyl 0.2 ug/L <0.2 <0.2 <0.2
Coumaphos 0.2 ug/L <0.2 <0.2 <0.2
Diazinon 0.2 ug/L <0.2 <0.2 <0.2 4 H
Dichlorovos 0.2 ug/L <0.2 <0.2 <0.2
Dimethoate 0.2 ug/L <0.2 <0.2 <0.2 7 H
Disulfoton 0.2 ug/L <0.2 <0.2 <0.2 4 H
Ethion 0.2 ug/L <0.2 <0.2 <0.2 4 H
Fenitrothion 0.2 ug/L <0.2 <0.2 <0.2 7 H
Malathion (Maldison) 0.2 ug/L <0.2 <0.2 <0.2 70 H
Methidathion 0.2 ug/L <0.2 <0.2 <0.2 6 H
Methyl Parathion 0.2 ug/L <0.2 <1 <0.2 20 H
Mevinphos 0.2 ug/L <0.2 <0.2 <0.2 5 H
Naled 0.2 ug/L <0.2 <0.2 <0.2
Phenamiphos 0.2 ug/L <0.2 <0.2 <0.2
Phorate 0.2 ug/L <0.2 <0.2 <0.2
Phosalone 0.2 ug/L <0.2 <0.2 <0.2
Ronnel (fenchlorphos) 0.2 ug/L <0.2 <0.2 <0.2
Polychlorinated Biphenyls (PCB’s)
Aroclor 1016 2 ug/L <2 <2 <2
Aroclor 1021 2 ug/L <2 <2 <2
Aroclor 1032 2 ug/L <2 <2 <2
Aroclor 1042 2 ug/L <2 <2 <2
Aroclor 1048 2 ug/L <2 <2 <2
Aroclor 1054 2 ug/L <2 <2 <2
Aroclor 1060 2 ug/L <2 <2 <2
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4. DISCUSSION

Of the extensive analyte testing completed of the 12 week sampling period, there were 7 analytes that lie
outside the ADWG. These are E. coli, total coliforms, colour, pH, aluminium, manganese, and iron. In addition
to these, alkalinity and hardness are also very low, which although not specifically highlighted in the ADWG,
make the water potentially corrosive to metals and therefore requires addressing in the treatment process.

The remaining characteristics and chemical contaminates were all below the ADWG (where limits are
provided). The results of the radiation tests returned no radiation concerns. All of the results from the organic
pesticide testing returned concentrations below the detectable limit. The tested polychlorinated biphenyls all
returned concentrations below the detectable limit of 2.0 pg/L.

Microbiological contaminates
The ADWG requires no detectable concentration of E. coli or coliforms in drinking water. The presence of
both these indicator organisms in the raw confirms that disinfection is required.

The proposed treatment train includes microfiltration and chlorination, which provides for multiple
disinfection barriers and should adequately deal with any bacteria, viruses, or protozoa.

pH and Alkalinity

Both the raw water pH and alkalinity are low and will require adjustment. Alkalinity is a measure of a waters
ability to buffer changes in pH. A low pH and alkalinity (especially in combination with low hardness) can
mean the water has an unstable pH during treatment and distribution and may also be corrosive to metals.

pH
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Hardness (calcium and magnesium)

High levels of hardness can result in formation of scale on hot water pipes and fittings, whereas very low
levels may indicate a water that is potentially corrosive to metal pipework and fittings or concrete lined pipes.
The dam water is particularly soft (low hardness).

True Colour

The dam water contains an appreciable amount of true colour (40 to 100 HCU). This is well above the ADWG
acceptable value of 15 HCU. This is largely an aesthetic issue, although high levels of colour can also lead to
the formation of unacceptable levels of disinfection by-product following chlorination. It is therefore a
treatment objective to reduce the colour to a level below 15 HCU.

There are various methods available to remove colour including oxidation (e.g. using ozone), membrane
filtration (NF), absorption using activated carbon, or coagulation through the addition of chemical coagulants
that precipitate colour that is subsequently removed by filtration. All these methods will be considered,
however the most cost effective is likely to be coagulation.
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Manganese

The ADWG state that “At concentrations exceeding 0.1 mg/L, manganese imparts an undesirable taste to
water and stains plumbing fixtures and laundry. Even at concentrations of 0.02 mg/L, manganese will form a
coating on pipes that can slough off as a black ooze. Some nuisance microorganisms can concentrate
manganese and give rise to taste, odour and turbidity problems in distribution systems. A discretionary target
of 0.01 mg/Lis suggested at the treatment plant.
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The manganese levels found ranged from 0.022 mg/L to 1.86 mg/L. This is no doubt partly due to the low pH
which increases solubility of manganese, and may well be partially removed by increasing the pH and
alkalinity. However, the very high levels observed in some samples means that it must be a consideration in
the treatment process.

Manganese concentration
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The most effective methods for removing manganese involve oxidation to manganese dioxide (which has
very low solubility) with subsequent filtration. This can be achieved using a range of oxidants, but the most
cost effective will likely be the addition of potassium permanganate. This is a strong oxidant and is dosed into
the water at the beginning of the treatment process.

Iron

Iron levels ranged from 0.55 mg/L to 1.2 mg/L. Iron has a taste threshold of about 0.3 mg/L in water, and
becomes objectionable above 3 mg/L. High iron concentrations give water an undesirable rust-brown
appearance and can cause staining of laundry and plumbing fittings, fouling of ion-exchange softeners, and
blockages in irrigation systems. (ADWG). It is therefore a treatment objective to reduce iron to < 0.3 mg/L in
the treated water.

Methods for removal of iron are similar to manganese, and involves oxidation of soluble iron to solid iron

oxide or hydroxide which can be removed by filtration. The same treatment process implemented for
manganese should also manage the iron levels.
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Aluminium

The recommended limit for aluminium is based on the potential for post-precipitation in the distribution
network and is it therefore recommend that the concentration be < 0.2 mg/L. This is therefore a treatment
objective to reduce aluminium to < 0.2 mg/L. This is achieved through the coagulation/filtration process
required for colour removal.
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Aluminium concentration
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Wet Weather

Several samples occurred during rain events or shortly after. Turbidity, colour and iron were elevated in the
late August to early September samples associated with higher rainfall. Manganese was high in week 2 and
week 6, which were also periods where rainfall was recorded, although week 6 falls were very low (0.2mm).
Bacteria levels were not significantly altered. Alkalinity and pH were also lower during the rainfall in early
September, which is consistent with high iron and manganese results.

In summary, it appears that there is a measurable impact on key water quality parameters during and
following rainfall. This should not alter the treatment process, but does mean careful attention to process

monitoring and control will be required to ensure water quality is maintained during and following these
events.

5. CONCLUSION

The results of the sampling program so far indicate that the water is low in alkalinity, pH and hardness, and
high in colour, iron, manganese and aluminium.

The treatment objectives could be met by the addition of chemical dosing ahead of the filtration process to
remove colour, iron and manganese, as well as post treatment to increase hardness and alkalinity. This should

produce a water that meets the ADWG and is less corrosive towards pipework and fittings in the distribution
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system and homes. As the potential for blue-green algae blooms cannot be eliminated at this stage, an
additional process step (granular activated carbon) will be included in the design as a precaution.

6. FURTHER SAMPLING RECOMMENDATIONS

The weekly regime meets the ongoing requirements for water quality monitoring and is currently being
continued as is. However, it is recommended we add phosphorus analysis to the list. The latter is important
for assessing the risk of algal blooms. The phosphorus levels in earlier samples were below the detection limit
of 50 ppb, however we need to establish that this is below 10 ppb. The method therefore needs to be
reviewed to lower the detection limit and confirm whether algal blooms are a potential risk in the dam.
Aquacell have arranged to conduct this sampling at Sydney Water, through the lab currently used for testing.
The sampling procedure and subsequent delivery to the lab, will therefore not change.

Algal counts and algal toxins have yet to be considered quantitatively, and with warmer weather approaching
we should begin sampling for the presence of cyanobacteria cells (blue-green algae) and associated toxins. It
is recommended that we commence some additional tests for these toxins. This would include
cylindrospermopsin, microcystin, nodularin, and Saxitoxin. Aquacell will prepare a separate quote for this for
approval by NEV before commencing.

As no other chemicals of significance were identified in the more comprehensive sampling, there is no need
to pursue any of these contaminates further.
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1. SUMMARY

This report has been prepared following the completion of a second sampling regime on the Narara Ecovillage
dam. The dam is the water source for a proposed potable water treatment plant to supply the residents of
the village. It is also a part of water industry infrastructure which is currently the subject of an application for a
Water Industry Competition Act (WICA) Network Operators and Retail Supply licence.

An initial 12 week sampling program was undertaken on the dam. This sampling was conducted between
August and October in 2014, with the report presented in November 2014. The report found the dam water
was low in alkalinity, pH and hardness, and high in colour, iron, manganese and aluminium.

To continue to build knowledge about the dam’s water quality, a further 16 samples were taken between
November and April to confirm the original observed trends and identify any seasonal changes. In line with
the recommendation of the initial sampling report, the additional testing has been undertaken with the
addition of phosphorus to the analysis list as an indicator of the propensity of algal blooms.

This report should be read in conjunction with the initial sampling report from November 2014. Many of the

conclusions from that report are referred to here. For the purpose of expediency the description and analysis
has not been repeated here.
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2. THE SAMPLING SCHEDULE

The initial sampling of the dam water consisted of two different sampling assays; an extensive monthly test,
and a targeted weekly sampling test. The extensive monthly tests did not indicate or highlight any specific
areas of concern, so the follow up sampling regime continued the weekly targeted tests as it measured

parameters that typically impact on the design of the treatment plant.

An additional 16 samples were taken and the sampling dates are shown in Table 1. The first four samples

were taken approximately weekly from mid-November, while the next 11 were taken weekly from mid-

January.

The final sample was taken on 22™ April 2015. This was taken in response to a unique rain event which

occurred at Narara. This sample is discussed separately later in this report.

Sample Date

1 18/11/14
2 2/12/14

3 9/12/14

4 16/12/14
5 20/01/15
6 27/01/15
7 3/02/15

8 10/02/15
9 17/02/15
10 24/02/15
11 3/03/15
12 10/03/15
13 17/03/15
14 24/03/15
15 31/03/15
16 22/4/15

Table 1 Sample Schedule

Rainfall was also checked from the Bureau of Meteorology website and is recorded to provide an indication of

when samples were rain affected. These results are provided in Figure 1.
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3. SAMPLING RESULTS

The results for test parameters for the first 8 samples are presented in Table 2, and the result for the final 8
samples are presented in Table 3. The Australian Drinking Water Guidelines (ADWG) recommended limits are
also presented in the tables. Those parameters that returned results that were outside the ADWG recommend
limits are highlighted.

Table 2 Results for Samples 1 - 8

Sample 1 2 3 4 5 6 7 8 ADWG | Health (H)
Units 18/11  2/12  9/12 16/12 20/1/'5 27/01 3/02  10/02 :ZT_ Aes(t:)etic
Rain Fall, Day of Sample mm 0.0 0 0.0 0.0 0 0 0.0 0.0

Rain Fall, Week of Sample mm 5.2 17.6 42.9 24.6 107.9 29 122.2 17.4
Characteristics
Bicarbonate Alkalinity mg/L 7 8 8 8 11 8 8 8
Carbonate Alkalinity mg/L <5 <5 <5 <5 <5 <5 <5 <5
Colour (True) Pt/Co 40 40 50 50 30 25 60 60 15 A
Electrical Conductivity uS/cm 140 140 150 140 160 150 130 120
Hardness mgCaCOg, 17 18 17 16 16 16 15 14 200 A
Hydroxide Alkalinity mg/L <5 <5 <5 <5 <5 <5 <5 <5
pH pH Units 6.1 6.5 6.5 6.5 6.4 6.3 6.3 6.1 6.5-8.5 A
Total Alkalinity mg/L 7 8 8 8 11 8 8 8
Total Dissolved Solids mg/L 75 98 93 90 89 82 78 100 600 A
Total Organic Carbon mg/L 8 7 6 7 6 7 10 11
Turbidity NTU 1.6 2.5 2 1.4 2 3.2 2.9 18 5 A
Microbial Contents
E.coli CFU/100mL | 70 110 10 40 308 330 180 310 | <1 | H
Chemical Contents
Aluminium ug/L 70 60 50 90 50 120 420 350 200 A
Calcium mg/L 15 1.6 15 1.4 1.4 1.4 1.3 13
Iron Total ug/L 660 780 510 550 530 1200 920 1200 300
Magnesium Dissolved mg/L 3.2 33 3.2 3 3.1 3 2.8 2.7
Manganese pg/L 12 19 10 13 22 49 57 98 51%%' H, A
Phosphorous mg/L 0.02 0.014 0.01 0.02 0.02 0.02 0.1
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Table 3 Results for Samples 9 - 16

Sample 9 10 11 12 13 14 15 16 ADWG | Health (H)
Units 17/02 24/02 3/03 10/03 17/03 24/03 31/03 22/04 :gi Aes(t:)etic
Rain Fall, Day of Sample mm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 140.0

Rain Fall, Week of Sample mm 9.2 27.4 16.4 1.0 20.4 20.0 31.4 302.0
Characteristics
Bicarbonate Alkalinity mg/L 8 6 10 7 6 10 6 6
Carbonate Alkalinity mg/L <5 <5 <5 <5 <5 <5 <5 <5
Colour (True) Pt/Co 60 60 45 50 70 68 210 92 15 A
Electrical Conductivity uS/cm 130 130 140 140 210 260 130 110
Hardness mgCaCOg, 16 13 15 15 12 13 14 11 200 A
Hydroxide Alkalinity mg/L <5 <5 <5 <5 <5 <5 <5 <5
pH pH Units 6.2 5.9 6.9 6.5-8.5 A
Total Alkalinity mg/L 8 6 10 7 6 10 6 6
Total Dissolved Solids mg/L 83 91 92 77 120 110 75 68 600 A
Total Organic Carbon mg/L 15 12 13 10 8 9 9 15
Turbidity NTU 6.4 11 4 37 2 1.4 3.3 6.7 5 A
Microbial Contents
E.coli CFU/100mL 62 180 24 82 16 130 70 ‘ <1 | H
Chemical Contents
Aluminium ug/L 530.0 160 140 190 110 90 110 690 200 A
Calcium mg/L 1.3 1.1 1.3 1.2 0.8 0.9 1 1
Iron Total ug/L 2100.0 610 600 1200 580 410 390 1000 300
Magnesium Dissolved mg/L 3.0 2.5 2.9 2.8 2.5 2.5 2.8 2
Manganese ug/L 200.0 15 31 63 35 19 29 56 51%% H, A
Phosphorous mg/L 0.02 0.1 0.04 0.04 0.021 0.024
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4. DISCUSSION

Of the extensive analyte testing completed, there are 7 analytes that lie outside the ADWG. These are E. coli,
total coliforms, colour, pH, aluminium, manganese, and iron. In addition to these, alkalinity and hardness are
also very low, which although not specifically highlighted in the ADWG, make the water potentially corrosive
to metals in the distribution system and therefore requires addressing in the treatment process.

The remaining characteristics and chemical contaminates were all below the ADWG (where limits are
provided).

The results of the all 26 samples (12 samples from the first test schedule and 16 from the second test regime)
have been combined and presented in the analysis below.

Microbiological contaminates

The results of the second test regime indicate the ongoing presence of E. coli. Disinfection remains a key
objective of the treatment process to address the possible presence of pathogenic bacteria, protozoa and
viruses.

The conclusion in the original sample report was that the proposed treatment train which included
ultrafiltration, nanofiltration and chlorination, would adequately deal with any bacteria, viruses, or protozoa.
There are no sampling results which require this conclusion to be re-assessed.

pH and Alkalinity

The raw water pH and alkalinity remained consistent with the initial sampling results and confirm that the raw
water pH and alkalinity will require adjustment in the treatment process. This is consistent with the original
report.

pH
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Hardness (calcium and magnesium)

The levels of calcium and magnesium are consistent across all sampling and confirm that the dam water is
soft (low hardness) and may be potentially corrosive to metal pipework and fittings, or concrete lined pipes.

True Colour

The dam water continued to show true colour typically between 40 and 100 HCU, which is well in excess of
the ADWG aesthetically acceptable level of 15 HCU. As described in the original dam sampling report,
oxidation using ozone, membrane filtration, absorption using activated carbon, or coagulation and filtration
are the methods being considered to remove the colour.

True colour
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Manganese

High concentrations of manganese were present in all samples confirming that manganese removal will need

to be incorporated into the water treatment train as identified in the original water sampling report.

Manganese concentration
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Iron

The levels of iron concentration in the second 16 samples closely reflected the results from the initial
sampling indicating that the water is likely to have a rust-brown appearance and cause staining of laundry and
plumbing fittings. Removal of iron to levels below 3mg/L will need to be included as part of the treatment
train.

Iron concentration
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Aluminium

Aluminium continues to be sporadically above the treatment objective of 0.2mg/L confirming that the
treatment train will need to reduce aluminium.
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Aluminium concentration
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Wet Weather

The first sampling program showed there is a measurable impact on key water quality parameters during and

following rainfall.

The results from the second sampling program include a sample taken on 22" April 2015. This was taken
during a significant rain event where 140mm of rain fell on both the 21 and 22™ April. In total, 318mm of
rain fell over four days according to Bureau of Meteorology records. Narara has a median rain fall of 1067mm
per year and a mean rail fall of 1213mm per year. The rain event experienced in April 2015 is significant in

that approximately 25% of the expected annual rain fall came within four days.

The sample results from the 22™ August indicate higher levels of true colour, turbidity and aluminium.

Generally, these results are no higher than other samples taken during the sampling period, and indicate the

event did not cause dam water quality outside what is typically experienced on site.

Sampling for Phosphorous
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Phosphorus was measured during the first sample program however the test resolution was not low enough
to be a useful in assessing the risk of algal blooms. In the period of testing covered by this report the detection
limit was reduced to 0.002 mg/L by using the Sydney Water laboratory to carry out the analysis.

The test results for these samples show a maximum phosphorus level of 0.100 mg/L and an average of 0.035
mg/L Based on table 6 of “Management Strategies for Cyanobacteria (blue-green algae): a Guide for Water
Utilities” (WQRA, 2010), the water is classed is a moderate to high risk for potential for cyanobacterial growth.
As such, strategies need to be developed for monitoring the dam for signs of algal blooms, and considering
the need for algal toxin and taste and odour removal in the treatment process.

The proposed treatment process incorporates oxidation processes and well as a low molecular weight cut-off
nanofiltration membrane (< 300 Dalton) that is capable of high levels of rejection of various algal toxins.

5. CONCLUSION

The results of the initial 12 week sampling program indicated that the water is low in alkalinity, pH and
hardness, and high in colour, iron, manganese and aluminium. The results of the second sampling program
confirm this to be the case and there are no noteworthy difference between the results of the first sampling
program and the results of the second sampling program. The conclusions drawn for these parameters in the
first sampling result remain valid.

Low detection limit testing for phosphorus identified that the dam is in the moderate to high risk category for
potential for cyanobacterial growth. The treatment process must be capable of removing algal toxin in the
event of a blue-green algae outbreak, and the dam management strategy needs to include monitoring for
signs of algal blooms.

With a total of 26 samples taken over 8 months, there is no clear indication of any seasonal trending of the

data. This is not to say that no season effects may occur, and ongoing monitor will determine if there are any
seasonal or long term trending of the water quality parameters

6. FURTHER SAMPLING RECOMMENDATIONS

Ongoing sampling should continue to assess any seasonal trends. It is also recommended that a series of
samples be taken at various locations around the dam and at different depths to assess variability in the
water quality within the dam and the presence or extent of any stratification.
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1 INTRODUCTION

The dam at the Narara Ecovillage (NEV) site was designed by the Water Resources
Commission NSW and was constructed in the mid- to late 1980’s in accordance with
approval of Development Application 5971 by Gosford Council dated 30 May 1985.

It is understood the embankment dam was constructed for irrigation purposes within
the Gosford Primary Industries Institute, which was part of the NSW DPI's Centre of
Excellence for Market Access and Greenhouse Horticulture.

The site is now managed by the Narara Ecovillage Cooperative, and the dam is
proposed to be used as water supply to the Narara Ecovillage.

With respect to the change of proprietorship and recommissioning of the dam, this
report provides a Dam Safety Review for the Narara EcoVillage Dam, as per
ANCOLD 2003. The report addresses the following issues:

e aformal dam safety inspection (the last dam safety inspection was
undertaken by the Department of Commerce in March 2006), including
documentation of any remedial measures necessary to comply with current
ANCOLD guidelines,

e arevised analysis of stability of the embankment,
¢ aqualitative risk assessment in accordance with ANCOLD Oct 2003, and
e an assessment of erosion of the spillway which has been observed to develop

Issues related to dam break safety have been addressed in the recent reports (2012
and 2014) by the NSW Department of Public Works, and do not require revision.

In order to undertake a meaningful dam safety assessment it is necessary to have a
reasonable understanding of the existing facility, including: the internal structure of
the embankment; spillway design and hydraulics, and; monitoring records of the
embankment (eg seepage, pore pressures, cracking etc). Typically, such data are
presented in published reports and drawings, but were unavailable for this dam.

This report therefore also provides a summary of additional investigations undertaken
to obtain this data, including:

¢ Review of historical site records and correspondence with personnel with
previous involvement with the dam construction.

¢ Installation of three standpipe piezometers in the embankment and
measurement of standing water levels.

e Geological mapping / appraisal of the spillway.
e Hydraulic analysis of the spillway.

e Ground surveys of the embankment and spillway.

1.1 Inspection program

The following inspections were undertaken by Pells Consulting prior to issue of this
report:

1. On 19 May 2015 Philip Pells undertook an initial inspection of the
embankment and spillway.

2. On 16July 2015 Philip Pells and Steven Pells:

0 undertook optical ground surveys of the spillway, and,;
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0 inspected the spillway and the outlet structure.

3. On 24 July 2015 Steven Pells installed three (3) standpipe piezometers in the
downstream face of the embankment.

4. On 29 July 2015 Philip Pells and Steven Pells undertook:

0 ground surveys to confirm the 1V:3H slope of the upper face of the
embankment;

0 geological mapping within the spillway;
0 measurements of the water levels in the standpipe piezometers;

0 purged water from the piezometers (to allow subsequent readings that
were unaffected by the installation process), and,

0 installed an automatic water level logger in BH2.

5. On 6 August 2015, Philip Pells measured standing water levels in the
standpipe piezometers

2 DESCRIPTION OF THE DAM

2.1 Physical Details
2.1.1 Location

The dam is located on land owned by the NEV, in the suburb of Narara, near Gosford
in NSW. The location of the dam, the catchment and regional topography is shown
in Figure 1.

2.1.2 General Arrangement

The arrangement of the dam embankment, spillway and outlet structure is shown in
Figure 2.

2.1.3 Embankment

The embankment has a relatively flat downstream face (~1H:5V) and a narrow crest
which seems indicative of original crest being raised by almost a metre (see Figure
3).

Documentation accompanying the dam safety assessment of March 2006
(Department of Commerce, 2006) states that the embankment as originally
constructed was overtopped in 1985 and 1990, and the spillway was therefore
widened to increase its capacity. The extent of the widening is visually obvious (see
Section 2.1.5 below), and discussions between Pells Consulting and an officer of the
NSW Office of Water, revealed that the widening was undertaken by the Soll
Conservation Service of NSW sometime in the 1990’s.

The documentation accompanying the dam safety assessment of March 2006
(Department of Commerce, 2006) also indicates that the embankment is a
homogeneous earthfill construction.

Test boreholes installed by Pells Consulting encountered a layer of crushed rock
material of approximately 1m thickness covering the downstream face of the
embankment. The nature of this material appeared to be consistent with the
sandstone / claystone in the widened section of spillway. It is postulated that
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material won from the spillway widening was placed onto the downstream
embankment slope.

Ground surveys provided to Pells Consulting by NEV confirmed the downstream
embankment to have a slope of approximately 1V:5H. The crest height was reported
at 17.195 m AHD, which is less than the value of 17.45 m AHD presented in NSW
Public Works (2012). Depth measurements, accompanied by optical surveys,
undertaken by Pells Consulting indicated the upstream slope to be approximately
1V:3H. This accords with original design plans, which are shown overlaying aerial
photographs in Figure 24 below.

Figure 1 - Location of Narara Dam
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Figure 2 - General arrangement

Figure 3 - Raised crest and gentle (approx. 1V:5H) downstream face
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Figure 4 - View of reservoir from embankment

2.1.4 Outlet Works

The outlet works shown in plan in Figure 2 comprises a 1200mm diameter glory-hole
inlet located near the entrance to the side channel spillway (Figure 5). A close up
photograph of the gloryhole is shown in Figure 6. This gloryhole feeds a 400 mm
diameter pipe, which exits via a similar 1200mm riser (Figure 7) amongst trees on the
left side of the downstream face (Figure 8).

Figure 5 - View along crest toward spillway entrance and glory-hole inlet
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Figure 6 - Close-up photograph of the glory-hole inlet

Figure 7 - Photograph of the outlet of the outlet works
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Figure 8 — The end of the outlet works is within the trees / scrub on the right hand side
of this photograph

A schematic of the outlet system is shown in Figure 9. A stage-discharge
relationship for the outlet system was modelled by assuming sharp-crested weir flows
over the rim of the gloryhole, pipeline friction losses (Colebrook-white equation) and
minor losses consistent with the schematic. The results are presented in Figure 10,
and indicate that the outlet system could convey up to (approximately) 400 litres per
second.

Figure 9 - Schematic of the Outlet Works
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Figure 10 - Modelled stage-discharge relationship for the outlet works

2.1.5 Spillway

A side channel spillway is cut into the left abutment. As stated above, it is
understood that this channel was widened sometime in the past. Approximately half
the width of the channel (on the embankment side) from 16 to 45 m downstream of
the channel entrance is covered with shotcrete. The remainder of the spillway is
unlined. Photographs of the spillway, progressing downstream, are presented in
Figure 11 to Figure 16.

Figure 11 - Entrance to the side-channel spillway
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Figure 12 - View of the upper spillway from the embankment.
Note the concrete lined section may be indicative of the width of the original spillway
(i.e. before widening)

Figure 13 - Looking downstream toward the end of the lined section

Figure 14 — Looking upstream toward the end of the lined section
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Figure 15 - Looking downstream toward the spillway exit

Figure 16 - Section of Narara Creek just below the spillway
Note, the creek is flowing from left to right. Spillway flows enter the creek from the right hand
side, at the far downstream side of this photograph
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Ground surveys of the spillway topography were undertaken by Pells Consulting
using optical surveying techniques. The surveyed points are shown in Figure 17.
Based on these surveys, and site inspections, an approximate digital terrain model of
the spillway was assembled, as shown in Figure 17.

Figure 17 - Interpreted spillway topography
Note: pink data points show ground surveys undertaken by Pells Consulting. Pink breaklines
were interpreted based on the site inspection.

A 1-D hydraulic model of the spillway was constructed using HEC-RAS (USACE,
2010). This model was assembled over the digital terrain model, as shown in Figure
18.

A stage-discharge relationship for the spillway was estimated using the HEC-RAS
model, as shown in Figure 19. The relationship was relatively insensitive to assumed
model roughness.

It is noted that the spillway discharge for a reservoir level of RL17.2 (ie the dam
crest) is approximately 60 m3s™. Despite the lower crest level than previously
reported, this “dam crest flood” (DCF) is larger than the value of adopted in NSW
Department of Commerce, 2006. This analysis suggests that a higher return period
may be applicable to the DCF than previously decreed.
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Figure 18 - Overview of HEC-RAS model of the spillway.
Annotations shown regions of assumed roughness values (Manning’s "n’)

Figure 19 — Stage-discharge relationship for the spillway and outlet works
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2.2 Geological Setting

The dam is located in the lower part of the Terrigal Formation of the Triassic
Narrabeen Group. This Formation comprises interbedded sandstones and shales.

The overlying Hawkesbury Sandstone forms the crests of the hills surrounding the
site (above about RL130m to RL150m).

A number of factors have led us to conclude that the base of the embankment is
close to or is within the Patonga Claystone that underlies the Terrigal Formation.
Available evidence suggests that the particular flat valley shape of Narara Creek
within and downstream of the Eco Village is characteristic of the geomorphology of
the Patonga Claystone, viz:

“.... broad, flat and swampy valley floors or hummocky footslopes in the Patonga

Claystone”
McNally,1995

However, if further investigation shows that the claystone revealed in the lower part
of the spillway channel is not the top of the Patonga Claystone, it is certainly the thick
siltstone/claystone stratum that occurs in the lower part of the Terrigal Formation
(see Figure 20 and Figure 34)

Figure 20 - Geology from 1:25000 geological map with our interpretation of the possible
upper surface of the Patonga Claystone.
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2.3 Hydrology

Hydrological studies accompanied dam-break studies presented in NSW Department
of Commerce (2006). NSW Public Works (2012) made reference to revised
hydrological studies, as per the excerpt in Figure 21:

Narara Farm Dam’s latest Flood Hydrology was carried out by the Hydrology Group of NSW Public
Works in 2011. This Hydrology Study includes the PMF and 1 in 100,000 AEP flood hydrographs
with storm durations ranging from 15 mins to 6 hours. Refer to Appendix A for the Hydrology Report.
Results from the initial dam routing are presented in Table 2-1.

Table 2-1 Initial Dam Routing Results
Storm Event Worst Storm | Max. Dam Flood | Max. Dam | Max. Dam Overtopping
Duration* Level Inflow Outflow Height

No overtopping
1in 100 AEP 8 hour RL 16.90 m-AHD 29 m’/s 28 m’fs with 0.55 m
Freeboard

. No overtopping
Tin 1000 AEP | ghour | RL17.40m-AHD | 47m¥s | 41ms with 0.05 m

(DCF)

Freeboard
1in 100,000 ) 3 3 Overtopped by
AEP 1 hour RL 17.80 m-AHD | 106 m’/s 104 m/s 035m

PMF 30 min RL18.13m-AHD | 178 m%s | 172m’s O"eg?(%p;d by

* In terms of the highest modelled floodwater level in dam;

# Examined in the 2006 Dambreak Study.

Figure 21 - Excerpt from NSW Public Works, 2012

The results presented in Figure 21 indicate an outflow discharge of 41 m3s™ from the
DCF. As stated above, this is lower than the estimate of approximately 60 m®s™
made in the present study.

2.4 Hazard Category

The ‘hazard category’, as defined in ANCOLD (2000), reflects the severity of
potential damage and loss, in conjunction with the population at risk (PAR), for a
‘sunny day’ failure with reservoir full, or flood failure conditions.

The dam safety assessment of 2006 assigned a hazard category, based on flood-
consequence, of “High-C” to the Narara Dam. This was re-categorised to LOW by
NSW Public Works, 2012. This re-categorisation was validated in NSW Public
Works, 2014. Following this re-categorisation, the possibility of de-prescribing the
dam was mooted in a letter from NSW Public Works to NEV (12 May 2014). The
NSW Dam Safety Committee (DSC) accepted the de-prescription, and provided
official notice of the fact to NEV in a letter of 27 June 2014.
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2.5 Dam data summary

As summary of dam data from NSW Public Works, 2012 is reproduced in the excerpt
in Figure 22. Following the discussions above, it is envisaged that this data should
be formally updated, as per the annotations shown.

Figure 22 — Dam data summary from NSW Public Works, 2012, showing possible
revisions
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3 EMBANKMENT STABILITY

Investigations and analyses were undertaken to assess the stability of the
embankment.

3.1 Boreholes and piezometers

To assist with appraisal of the embankment, three boreholes, with standpipe
piezometers (Figure 23), were installed by Pells Consulting on 24 June 2015. A
summary of bore construction details is given in Table 1, and field-logs of the
boreholes are attached in Appendix B. Measurements of standing water levels in the
standpipes are also summarised in Table 1.

The location of bores is shown in Figure 24.

Figure 23 - Three boreholes with standpipe piezometers were installed in the
embankment
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Table 1- Bore construction details

ID . RL Standing water level
Location Toch Depth (M AHD)
Description mE mN mAHD | m 24/7/15 | 29/7/15 | 6/8/15
BH1 | Near crest 344297.2 | 6304335.7 | 16.26 | 3.53 | 15.70 | 15.21 | 15.23
BH2 | Mid- 344306.2 | 6304336.6 | 1465 | 3.14 | 13.75 | 13.88 | 13.63
embankment
BH3 | Near toe 344321.0 | 6304337.6 | 12.22 | 3.485 | 10.52 | 11.49 | 11.39

T

Top of casing

Figure 24 - Plan of dam showing original embankment design, location of boreholes
(piezometers) and location of embankment cross-section

3.2 Embankment cross-section

A cross-section through the embankment along alignment A-A (Figure 24) is shown
in Figure 25. This cross-section is based on available ground survey data, original
construction plans, and the bore logs.

17
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Figure 25 - Interpreted cross-section through the embankment (along line A-A shown in Figure 24)

MO010.R1 Revl
18 22/10/2015



3.3 Stability analysis

A slope-stability analysis, based in the cross-section A-A (Figure 25) was undertaken
using the software Slide™ (Rocscience). An overview of the model is shown in

Figure 26.

The analyses adopted estimates of soil strength and groundwater parameters as
shown in Table 2 (Case 1) and Table 3 (Case 2). The results from the analysis of
Cases 1 and 2 are shown in Figure 27 and Figure 28, respectively. The results
indicate a factor of safety for the embankment of greater than 2. It is considered that
the adopted strength values are conservative (ie. actual strength is considered to be
higher than the modelled values).

Figure 26 - Example of stability analysis along cross-section A-A

Table 2 - Embankment strength indices, Case 1

Material Unit weight (kN/m°) Cohesion ¢’ | Friction angle ¢’ | Groundwater
Unsaturated | Saturated | kPa Deg. level

Topsoil 16 18 0 25

Crushed 20 22 0 35

sandstone

Clayey sand As

embankment 20 22 > 32 measured

Alluvium / 20 22 5 26

lacustrine

Terrigal 21 23 50 30

formation
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Table 3 - Embankment strength indices, Case 2

Material Unit weight (kN/m°) Cohesion ¢’ | Friction angle ¢’ | Groundwater
Unsaturated | Saturated | kPa Deg. level

Topsoil 16 18 22

Crushed 20 22 34

sandstone

Clayey sand 20 22 2 o8 As

embankment measured

Alluwum / 20 22 5 26 plus 1 metre

lacustrine

Terigal 21 23 50 30

formation

Figure 27 - Results of slope stability assessment - Case 1

Figure 28 - Results of slope stability assessment - Case 2

20
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4  SPILLWAY EROSION

4.1 Observed Erosion

For assessment of erosion, the spillway was considered as four separate regions, as
described in Table 4. These regions are shown in photographs in Figure 29 to Figure
33.

Table 4 - Summary of erosion areas

ID Location Observed erosion
Desc. m d/s sill
HAL Upper spillway and <40m Mild gullying on spillway LHS, < 0.3 m
adjacent to lined section depth
HA2 End of lined section 45m Erosion of soft rock at end of concrete.
Some channelization. <0.4 m depth
HA3 End of rock 60-70m Formation of channel headcut, likely to

progress upstream. Up to 1.5 m depth
Undermining of rock strata, plunging
flows, toppling of corestones. Erosion
depthupto3m

HA4 Alluvium / colluvium 70m to end | Active erosion of alluvium / colluvium
(~115m)

Figure 29 - Unlined widened section of spillway adjacent to concrete (Region “HAL"
~10 to 40 m from spillway entrance)
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Figure 30 — Erosion of soft rock at end of lined section (Region “HA2” ~ 45 m from
spillway entrance)

Figure 31 - Headcutting erosion channel at end of rock spillway (Region “HA2/HA3”
~60m from spillway entrance)
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Figure 32 - Erosion of soft, highly weathered claystone, causing plunging flows and
toppling of sandstone corestones (Region “HA3” between 60 and 70 m from spillway
entrance)

Figure 33 — Erosion of soil (alluvium / colluvium) (Region “HA4” - 70 to 100 m from
spillway entrance)
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4.2 Spillway Geology

The displaced sandstone blocks shown in Figure 34 are typical of the Terrigal
Formation, as illustrated in Figure 35 from McNally, 1995.

Geological mapping characterising the rock mass is presented in Figure 36. Field
observations of rock mass in are presented in Figure 37.

Interpreted rock-mass indices characterising the eroding rock mass at each location
are presented in Table 5 to Table 7.

Figure 34 - Siltstone/claystone bed in lower part of spillway.
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Figure 35 - Terrigal Formation weathering.

Figure 36 - Geological map representation of spillway rock mass

M010.R1 Revl
25 22/10/2015



SITE STRUCTURAL REGION ROCK TYPE AND STRATIGRAPHY
Narara HA1 - upper channel . . .
Rock Quality Designation Strength of intact rock Sandstone fascies of the Terrigal formation
Classification UCS MPa CONTINUITY JS1 JS2 JS3
RQD Very high >250 Very low <lm
90%-100% High 100-250 Low 1m-3m
75%-90% Medium 50-100 Medium 3m-10m
50%-75% Moderate 25-50 High 10m-20m
25% - 50% Low 525 | Ve hioh >20m | |
<25% | Very low 1-5 DEFECT APERTURE
DEFECT ORIENTATIONS JS1 JS2 JS3 Very tight <0.1mm
Description Bedding N/S sv EMW sv Tight 0.1-0.5mm M:
Dip (degrees) 0 Moderately open  |0.5-2.5mm
Dip Direction (degrees TN) - Open 2.5-10mm
SPACINGS Very wide >10mm
Very wide >2m DEFECT INFILL
Wide 0.6-2m Clayey Soft/hard
Moderate 0.2-.6m Sandy Dense/loose | Dense Dense Dense
Close .06-.2m Breccia Dense/loose
Very close <60mm ROUGHNESS
JOINT WALL WEATHERING Very rough/stepped
Fresh to Slight Rough/undulating
Moderate, Mod strength Slightly rough
Highly, Low strength Smooth, planar
Completely, V.Low strength Slickensided
ADDITIONAL INFORMATION
SITE STRUCTURAL REGION ROCK TYPE AND STRATIGRAPHY
Narara HA2 - end of concrete ) ) .
Rock Quality Designation Strength of intact rock Sandstone fascies of the Terrigal formation
ROD Classification UCS MPa CONTINUITY JS1 JS2 JS3
Very high >250 Very low <lm
90%-100% High 100-250 Low 1m-3m
75%-90% Medium 50-100 Medium 3m-10m
50%-75% Moderate 25-50 High 10m-20m
25% - 50% Low 525 - Very high >20m | |
<25% Very low 1-5 DEFECT APERTURE
DEFECT ORIENTATIONS JS1 JS2 JS3 Very tight <0.1mm | |
Description Bedding N/S sv E/W sv Tight 0.1-0.5mm
Dip (degrees) 0 Moderately open  [0.5-2.5mm
Dip Direction (degrees TN) - Open 2.5-10mm
SPACINGS Very wide >10mm
Very wide >2m DEFECT INFILL
Wide 0.6-2m Clayey Soft/hard
Moderate 0.2-.6m Sandy Dense/loose | Dense Dense Dense
Close .06-.2m Breccia Densefloose
Very close <60mm ROUGHNESS
JOINT WALL WEATHERING Very rough/stepped
Fresh to Slight Rough/undulating
Moderate, Mod strength Slightly rough
Highly, Low strength Smooth, planar
Completely, V.Low strength Slickensided

ADDITIONAL INFORMATION

SITE STRUCTURAL REGION ROCK TYPE AND STRATIGRAPHY
Narara HA3 - headcut / weathered slot
Rock Quality Designation Strength of intact rock extremely weathered /leached sandstone
Classification | UCS MPa CONTINUITY Js1 | Js2 [ is3
RQD Very high >250 Very low <lm
90%-100% High 100-250 Low 1m-3m
75%-90% Medium 50-100 Medium 3m-10m
50%-75% Moderate 25-50 High 10m-20m
25% - 50% Low 5-25 Very high >20m
<25% Very low 1-5 DEFECT APERTURE
DEFECT ORIENTATIONS JS1 JS2 JS3 Very tight <0.1lmm
Description Bedding N/S sv E/W sv Tight 0.1-0.5mm
Dip (degrees) 0 Moderately open  [0.5-2.5mm
Dip Direction (degrees TN) - Open 2.5-10mm
SPACINGS Very wide >10mm
Very wide >2m DEFECT INFILL
Wide 0.6-2m Clayey Soft/hard
Moderate 0.2-.6m Sandy Dense/loose | Dense Dense Dense
Close .06-.2m Breccia Denselfloose
Very close <60mm ROUGHNESS
JOINT WALL WEATHERING Very rough/stepped
Fresh to Slight Rough/undulating
Moderate, Mod strength Slightly rough
Highly, Low strength Smooth, planar
Completely, V.Low strength Slickensided

ADDITIONAL INFORMATION

Figure 37 — Field observations of rock masses
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Table 5 — Interpreted Barton Q’ value at selected areas

Location Area considered Q factors Q’
RQD | Jn Jr Ja
HA1/HA2 | Unlined rock adjacent to concrete 75 9 2.5 3 6.9
HA2 End of concrete 35 12 3 4 2.2
HA2/HA3 | Headcut / channel 35 12 3 4 2.2
HA3 Plunge pool 5 12 3 5 0.3
HA4 End of spillway - - - - -
Table 6 — Interpreted Kirsten Index at selected areas
Location Area considered Factors K
Ms Jn Jr Ja Js
HA1/HA2 | Unlined rock adjacent to 8.39 2.76 2.5 3 1 |190
concrete
HA2 End of concrete 3.95 3.39 3 4 1 |31
HA2/HA3 | Headcut / channel 3.95 3.39 3 4 1 |31
HA3 Plunge pool 3.95 3.39 3 5 1 |3
HA4 End of spillway
Table 7 — GSl values at selected areas
Locatio | Area considered Strength | RQD Discont. | Discont. | GSI | GSI
n rating rating spacing | Cond. Lookup
HAL/ Unlined rock 2 15 15 12 54 | 50
HA2 adjacent to
concrete
HA2 End of concrete 1 9 12 8 40 | 40
HA2/ Headcut / channel | 1 9 10 8 38 |40
HA3
HA3 Plunge pool 0 3 5 6 24 | 25
HA4 End of spillway - - - - - -

4.3 Spillway Hydraulics

The HEC-RAS model of the spillway (described above) was utilised to report
hydraulic characteristics along the spillway profile for discharges up to 100 m°s™.
Profiles of the spillway hydraulics are presented for discharges in 10 m®s™ and
60 m>s™in Figure 38 and Figure 39, respectively.

Plots of the hydraulic characteristics of spillway flows are presented in Figure 40.

Hydraulic indices relevant to each of the erosion areas are presented in Table 8.

Table 8 - Estimated hydraulic indices for DCF at selected areas

Location | Area considered Discharge 60 m°s™
Iyp (KW/m2) u(mss) | g,
(kPa)
HA1/HA2 | Unlined rock adjacent to concrete 0.6 3.6 0.09
HA2 End of concrete 0.9 1.6 0.17
HA2/HA3 | Headcut / channel 1.5 5.1 0.22
HA3 Plunge pool 8.3 6.5 0.76
HA4 End of spillway 1.9 6 0.35
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Figure 38 — HEC-RAS model of spillway hydraulics, discharge of 10 m3s*

Figure 39 - HEC-RAS model of spillway hydraulics, discharge of 60 m®.s™
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Figure 40 - Discharge characteristics
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4.4 Assessment of Erosion Risk

The risk of erosion of unlined dam spillways is commonly assessed by comparison to
the observed erosion at other case studies. Various “thresholds” of erosion, or
erosion risk categories have been presented by van schalkwyk, et al 1994; van
schalkwyk 1994; Annandale, 1995 and Kirsten et al 2000 based on these case
studies. In these methods, the hydraulic loading on the spillway was characterised
using the unit stream power dissipation “ITyp” (kW.m™), and the erodibility of the rock
mass was characterised using the Kirsten rock-mass index. The various thresholds
from these authors are summarised in Figure 41.

The values for ITyp and Kirsten index assessed for the various regions in the Narara
Dam spillway are plotted on Figure 41. The position of the plotted data points
confirm that, in comparison to other case studies, the conditions at the plunging step
(HA3) at Narara are characteristic of potentially serious erosion, whereas the
characteristics at the upper spillway (HA1) are indicative of low erosion risk. The
conditions for the section of spillway between the end of the concrete and the start of
the plunge are indicative of minor to moderate erosion risk. This accords with the
observations and views the writer.

Figure 41 — Comparison of Narara erosion points versus published observations

It is expected that, during spillway flood events, the spillway downstream of the
plunge section will continue to erode away the loose alluvium / colluvium. This
represents a potential issue with unstable slopes and falling trees that may affect
development plans at the site, but is considered to have no impact on dam safety.

The erosion forming the plunge at HA3 is expected to advance upstream, over
subsequent flow events (ie “head-cutting”). In particular, the erosion channel just
upstream of the plunge (Figure 31) will develop and will advance upstream.
However, more resistant material is encountered in the upstream direction, which is
expected to impede the development of erosion. Eventually, if the erosion-channel
progresses far enough upstream, it can present a risk to the safe operation of the
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spillway. At such atime, remedial measures, such as dental concrete or chute lining
may be required. However, it is considered that the rate of erosion will be slow
enough such that is can be monitored over time, through various flood events. It is
not expected that the erosion will progress to a critical state over the course of one or
two flow events. Hence this erosion will remain an issue for monitoring over time, but
does not constitute a present risk to dam safety.

The erosion at the end of the lined section may develop, undermining the concrete.
This location should similarly be monitored.

The risk of erosion developing in the upper spillway is considered to be very low in
accordance with the relatively wide and flat slope in this vicinity, and the sufficiently
erosion-resistant nature of the rock mass in this region.
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5 RISK ASSESSMENT

A qualitative risk assessment has been undertaken in accordance with the ANCOLD
Guidelines of October 2003. These guidelines reference Australian Standard
AS4360:1999. The Australian Standard sets out general guidelines for definitions of
Likelihood, Consequences and Risk but advises that these should be tailored to a
particular dam or site. We have followed this procedure.

Table 9 sets out the definitions of Likelihood, and Table 10 gives the definitions for
Consequence, specifically directed to the Narara Dam.

Table 11 sets out the Risk Matrix.

Using the guidelines of ANCOLD, October 2003 we have considered Hazard
Scenarios for which we have determined risk according to Tables 9, 10 and 11.

Table 12 sets out the Hazards we have considered and the computed risk levels. It
must be noted that one could consider many trivial risks which by inspection would
be Low or of no consequence and we have not included such trivial matters in
Table 12.

The risk levels in Table 12 are consistent with the discussions given earlier in this
report and provide the basis for formulation of the Operation and Maintenance
Manual which is in a separate document M10.R2.

Table 9 — Definitions of Likelihood

MEASURE OF LIKELIHOOD
DESCRIPTOR OF LIKELIHOOD, AND/OR

LEVEL TERM PROBABILITY OF OCCURRENCE AT NARARA
DAM
E Very Improbable Not reasonable to expect within 100 years; AEP

<103,

Not reasonable to expect within 50 years, but may
. occur with subsequent passage of time with
D Unlikely X : >
passage of time and failure to implement Dam
Management Plan; AEP<10?,

C Possible May occur any time in the next 50 years and more
likely in the next 100 years

B Likely Will probably occur sometime in the next 100 years.

Likely to occur at any time. Or within hours or a few
days of extreme triggering event, or combination of
events, being flood with AEP>10"%; earthquake with
AEP>10®; spillway blockage; uncontrolled piping;
deep seated instability of upstream or downstream
face.

A Almost certain
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Table 10 — Definitions of Consequence

CONSEQUENCE
LEVEL TERM DESCRIPTION RELEVANT TO NARARA DAM
No loss of stored water and no threat to stored water, no
1 Insignificant injuries, insignificant impact on local environment of the

dam and downstream of the dam.

No loss of stored water but threat of loss if maintenance
works not implemented, minor impact on design capacity
of spillway requiring remedial works within period of
weeks, loss of freeboard, loss of embankment width at or
near full supply level by virtue of face erosion or local
instability; no injuries.

2 Minor

Imminent loss of stored water due to embankment
instability, and/or piping, and/or overtopping; immediate
remedial works required; SES and Police notified via
Emergency Action Plan; clear and present danger of
major downstream flooding and possible injury or loss of
life.

3 Moderate

Loss of the stored water by instability of embankment,
piping in or around embankment, overtopping due to loss
of, or inadequate, spillway capacity; Dambreak scenario;

SES and Police notified via Emergency Action Plan; major
flooding downstream; evacuation plan initiated; potential
for loss of life.

4 Major

Multiple deaths, off-site toxic contamination release,
5 Catastrophic financial losses >$50 million; flood levels greater that AEP
10 natural floods.

Table 11 — Risk Matrix

CONSEQUENCE
LIKELIHOOD 1 2 3 4 5
Insignificant Minor Moderate Major | Catastrophic
Very
E Improbable L L L M
D Unlikely L L M
C Possible L M
B Likely M M
A Almo§t M M
certain
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Table 12 — Assessed Hazards

HAZARD ASSESSED ASSESSED
LIKELIHOOD CONSEQUENCE RISK BASIS OF ASSESSMENT
Number Description
. -3 : Spillway designed for AEP 10°°; dam would overtop; if
b'|:|00d with AEP>10", no spillway dam failed the Dambreak study indicates Sunny Day
ockage, no loss of freeboard due . .
1 i ) ; Very improbable Major M Consequence Category of LOW and Flood
to other events; erosion failure of ) .
Consequence category as LOW; dam has withstood
embankment ) . .
two overtopping occurrences prior to spillway upgrade.
Flood with AEP >10°® with spillway As above coupled with assumption the Operation and
2 already partly blocked by debris ora | Very Improbable Major M Maintenance manual requirements have NOT been
rock fall followed.
Spillway designed for AEP 10°%; dam would overtop to
Flood with AEP>10" with loss of a greater extent that per item 1 but would require that
3 freeboard having occurred due Very Improbable Moderate L Operation and Maintenance Manual has been ignored;
settlement or crest erosion or if dam failed the Dambreak study indicates Sunny Day
slumping Consequence Category of LOW and Flood
Consequence category as LOW.
Spillway designed for AEP 10°%; dam would overtop to
Flood with AEP <10 but with a greater extent that per item 1 but would require that
4 spillway blockage and/or loss of Very Improbable Moderate L Operation and Maintenance Manual has been ignored;
freeboard such that overtopping if dam failed the Dambreak study indicates Sunny Day
occurs Consequence Category of LOW and Flood
Consequence category as LOW
Deep seated instability of Computed factor of safety >2 based on monitored
5 downstream face cutting through Very Improbable Moderate L existing high pore pressures in downstream face
crest which has slope of 1(V):5(H)
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HAZARD ASSESSED ASSESSED
LIKELIHOOD CONSEQUENCE RISK BASIS OF ASSESSMENT
Number Description
6 Deep seated instability of upstream Verv Imorobable Moderate L Rapid drawdown of reservoir not possible; no evidence
face cutting through crest yimp of instability in >35 years of operation
7 Piping failure through embankment Verv Imorobable Moderate L No evidence of piping in >35 years of operation; dam
or along low flow outlet pipe yimp has always stored fresh water.
8 Collapse of low flow outlet pipe Very Improbable Moderate L Concrete pipe; no evidence of any issues in 35 years
leading to piping failure yimp of operation
Proaressive erosion of spillwa Erosion has occurred and will continue to occur;
9 . piway , specifically addressed in Operation and Maintenance
9 leading to undercutting of spillway Unlikely Moderate M i ) -
entr Manual; remedial works expected within next one or
y two decades
Embankment upstream face not covered with rip rap;
Erosion of upstream face by wave however, reservoir has a short fetch and only minor
10 action leading to slot breakthrough Unlikely Moderate M erosion due to Yvave f";f:t'(?ln hzz occurégd during Fhe
somewhere along the crest past ~BQ years; specifically addressed in Operation
and Maintenance Manual; remedial works expected
within next two decades
11 Settlement of embankment leading Unlikel Moderate M Insignificant settlement (probably <<100mm) has
to loss of freeboard y occurred over the past ~30 years.
Settlement of embankment following Embankment constructed of high clay content soil, with
12 earthquake leading to loss of Very improbable Moderate M dirty rockfill over downstream face - liquefaction

freeboard

verging on impossible under Maximum Credible
earthquake.
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6 CONCLUSIONS

Based on the studies presented above, it is considered that there are no immediate
issues of dam safety at the NEV dam.

The stability of the embankment is considered to be consistent with normal
requirements for such a structure, and while there is evidence of persistent
dampness at the embankment toe, no indications of piping failure were observed or
have been reported over the 30+ years of operation of the dam.

There is evidence of erosion in the dam spillway. The erosion is expected to
continue developing, and must be monitored. At some stage in the future, depending
of flood events encountered, some remedial work is expected, but it is not considered
to be critical at this stage, nor is expected to become critical suddenly over the
course of a single event.

The Hazard scenarios assessed in this report are addressed in the the Operation and
Maintenance Manual in Pells Consulting report M010.R2.
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A.1 SPECIFICATIONS FROM WRC

The dam was to be constructed in accordance with Specifications by Water
Resources Commission as attached to DA 5971. These included the following
important facets:

Site Clearing

The area to be covered by the embinkment, and assocliated works
‘ogether with an area cxtending beyond the llatt- of each for a distyhce
of 5 metres all rwund shall be cleared of ai) trees, scrub, stumps,
rosts, dead timber and rubbish, all of which shall be removed (tom the
vicinity vt the work and burned or otherwise disposed o{ in » manner
approved by the Supeevising Officer,

Cut-off Trench

, The trench for the clay cutoff shall be excavated as a minimum to
the dimensions shown ¢n the Plans, The trench shall extend downwards
into imperviovus matertial or tock, as the case may bu, for a distance of

at least 300 mm and along the full length of the embarkment but not the
bywash,

LY

All water, loose rock, loose sofl, and soil whose moisture content
is bigher than the surioonding insitu molsture content shall be removed
from the trench before backfilling commences.

Borrow Area

The materjal for the conrtruction of the cmbankscnt shall an far
as ©ssible be cncavited from within the area L0 be covered by the stored
water.

Overflow Pipe and Spillway

TN

The dam will ha'’ an cverflow p.lpe 1nlt‘|..ed in the wall to enszure

the creek contlnuti to flow. Dur.ng .un.ds of normal flow in the

cresk when the dam s al full capacity “N\is will take most of the flow

away from the spiliway. The dam will be tull to capacity during noimal
ssasonal condl.tlona and the water level will only drop during exteided

dey poriods.
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APPENDIX B

FIELD LOGS OF STANDPIPE PIEZOMETERS
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1 INTRODUCTION

This report has been prepared to establish, in one controlled document, official
guidance for the ongoing safe management of the Narara EcoVillage (NEV) Dam.

The NEV dam is an 8 m high earth embankment dam what withholds approximately
45 ML storage. It is therefore a relatively small dam, and is no longer a prescribed
facility so there are no formalised procedures for inspection and reporting that apply
to the facility. However, the dam is critical to the viability of the Narara Village.
Therefore, operation and safety management is being undertaken according to the
guidance in ANCOLD, 2003 applicable to a LOW hazard category dam and the Dam
Safety Management System (SMS) outlined in document DSC2A, published by the
NSW Dam Safety Committee.

In addressing these matters, this report also address Operations and Maintenance
matters relevant to dam safety, as per the requirements of ANCOLD 2003.

This report is therefore developed to take the role of a manual, which provides all
information and instructions necessary for safe surveillance, operation and
maintenance of the dam, outlet and spillway.

1.1 Document Control

This Manual should be reviewed at least every 5 years, and should also be revised
whenever there are major upgrade works, changed practices or new studies which
provide updated findings of relevance.

The electronic form of this document should be saved as a ‘read only file’ so that
changes can only be saved by selecting ‘Save As’ from the drop down ‘File’ menu
and saving to another name or location. Users may print hard copies of the
document, however these are uncontrolled and are must be clearly marked as such.

1.1.1 Procedure for Revising the Manual

Approval from the owner (Narara EcoVillage Dam) is required before any
changes/revisions are made to this document. To make any changes or revisions,
the procedure given below must be followed:

1 The Planning Manager must be notified before any alterations are made to the
document,

2 ‘Track changes’ should be turned on in MS Word before the document is edited.
This is done by clicking on ‘Track Changes’ which is found in the ‘Tools’ drop
down menu. This should then show all changes made to the document in a
different colour.

3 Once all the necessary changes have been completed, the Planning Manager
should be notified. The person who made the changes to the Manual should not
accept the tracked changes.

4 The Planning Manager will review the edited document accepting or rejecting the
new changes. If the Planning Manager thinks that there has been an accidental
change, he/she should clarify these changes with the person who made them,
ensuring that the changes made were necessary.

5 The Table 1 —, located on the front cover of this document, should be updated to
reflect the revisions made.

6 Once the Planning Manager has accepted all the new changes, they will then
replace the existing controlled electronic version with the new version.
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2 GENERAL INFORMATION

2.1 Ownership

The dam at the Narara Ecovillage (NEV) site was designed by the Water Resources
Commission NSW and was constructed, in the mid- to late 1980’s, in accordance
with approval of Development Application 5971 by Gosford Council dated 30 May
1985. It is understood the embankment dam was constructed for irrigation purposes
within the Gosford Primary Industries Institute, which was part of the NSW DPI's
Centre of Excellence for Market Access and Greenhouse Horticulture.

The dam is now managed by the Narara Ecovillage Cooperative, and the dam is
proposed to be used as water supply to the Narara Ecovillage.

2.2 Location and Access

The dam is located on land owned by the NEV, in the suburb of Narara, near Gosford
in NSW. The location of the dam, the catchment and regional topography is shown
in Figure 1.

Figure 1 - Location of Narara Dam
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2.2.1 Access Authorisation

Access to the NEV site is currently controlled. No additional controls to authorise
access to the dam are required at this stage.

2.2.2 Access Routes

Access to the NEV site is via Research Road, as shown on Figure 2. Once on the
site, access to the embankment wall is via the existing road, shown on Figure 3.

The spillway can be accessed by walking along the crest of the embankment.

2.2.3 Access under Adverse Weather Conditions

A sunny-day dambreak scenario (SDD) model was presented in Public Works
(2014). In Figure 4 the predicted flood extents from the SDD are overlayed on the
1:25000 topographic map. Based on this model, site access is not expected to be
compromised under the dam break scenario.

Vehicular access may be restricted under >10% AEP flood conditions in Narara
Creek, due to inundation of the approach roadways (see Figure 5). Once on site,
further vehicular access may be incurred (Figure 6), and caution is required. Foot
access may be required during flooding of Narara Creek.

A dam break occurring during flood conditions was shown to cause only a small
increase to flood extents.

Figure 2 — Access to NEV site
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Figure 3 — Dam access.

Figure 4 — Access during sunny day dam break (based on Public Works, 2014).
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Figure 5 —Site access under 10% AEP flood in Narara Creek (Golder, 2013).

Figure 6 — Dam access under 10% AEP flood in Narara Creek (Golder, 2013).
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2.3 Attendance, Communications and Warnings

The dam is not manned by a dedicated staff member. However, the NEV site office
is generally attended, and can be contacted on:

Postal and Physical Address
Narara Ecovillage

25 Research Road

Narara NSW 2250

Australia

Telephone
TBA

NEV dam does not have a flood warning system. If a telemetered reservoir level
monitoring is installed, an automated notification system may be considered. Such a
system could be configured to provide notification of various reservoir trigger levels.

There is no seepage measurement at the NEV dam. Seepage will be monitored
visually through routine inspections.

There is no seismic warning system at the NEV dam.
2.4 Responsibilities
NEV has ownership of the dam, spillway and reservoir.

Responsibility in the chain of command with respect to the operation and
maintenance of the Dam is summarised in Table 2.

Table 2 - Responsibilities

Area of Responsibility Personnel Contact Details
Responsible

Emergency action TBA

Reservoir level monitoring TBA

Dam safety and surveillance TBA

Dam maintenance TBA

Vegetation management TBA

2.5 Contacts

Key stakeholders are summarised in Table 3.
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Table 3 - Contacts

Stakeholder

Contact

Emergency
Services

State Emergency Services

Phone: 132 500

02 4365 4055 (Gosford)
http://www.ses.nsw.gov.au/

Fire and Rescue

Wyoming Fire Station

Lot 2 Laycock Street, Wyoming NSW 2250
Phone: 02 4325 3624
http://www.fire.nsw.gov.au/

Fire — Rural / Bush

Narara Rural Fire Brigade

2 Manns Rd, Narara NSW 2250
Phone: 02 4340 2911
http://www.rfs.nsw.gov.au/

Police

1, 9-11 Mann St, Gosford NSW 2250
Phone: 02 4323 5599

Medical

Gosford Hospital
Holden St, Gosford
NSW 2250

Phone: 02 4320 2111

Insurers

TBA

Regulator

Dam Safety (unofficial)

NSW Dam Safety Committee

Mr. Steve Knight, Executive Engineer
Phone: 02 9842 8070 Mob: 0403 681 645
steve.knight@damsafety.nsw.gov.au
http://www.damsafety.nsw.gov.au/

Water Supply

IPART

Phone: 02 9290 8400
http://www.ipart.nsw.gov.au/

Water
Quiality and
Supply

Aquacell
Contact person
Phone: 02 4721 0545

Dam Safety
Engineer

Pells Consulting

49 Lakeside Drive, MacMasters Beach 2251
Phone: 0243812125

Steven Pells, Associate Mobile: 0409 155 946
Philip Pells, Director Mobile: 0408 418 296

Flora and
Fauna

TBA

Meteorology

Bureau of Meteorology
Emergencies - forecasts & warnings
http://www.bom.gov.au/

Fishery NSW Department of Primary Industries
Phone: 1300 550 474
http://www.dpi.nsw.gov.au/fisheries

Neighbouring | Forestry Corporation - Strickland State Forest

Landowners | 02 9872 0111

http://www.forestrycorporation.com.au/
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2.6 Operational Data and Log

There is no current requirement for an operational data recording or operations log,
as there are no structures or instrumentation on the dam requiring operation.

Additional infrastructure will be installed as part of the proposed water supply system.
This infrastructure will be subject to specific operation and maintenance guidelines
that are yet to be developed.

2.7 Public Health and Safety
The dam shall be subject to safety policies applicable to the NEV site.

Potential hazardous situations that can arise on the dam site are as follows:

Exposure to drowning.

Falls into reservoirs or to the outlet works.
Aggressive wildlife

Injury from slipping/falling.

Vehicle accident on embankment wall.
Unstable slopes within and adjacent to spillway.
Hazards from spillway flows

The above list is NOT complete and should only be used as a guide.

2.8 Staff training

Training is required for staff to undertake routine inspections. Records of staff
training shall be logged here.

Until selected staff are suitably trained, routine inspections will be undertaken by
qualified external dam engineers.

2.9 Supporting Documents

An up to date list of relevant documents should be maintained in Table 4.

Table 4 — Supporting documents

Document type Date Reference

Dam break Study | Jan 2012 | NSW Public Works State Property Authority 2012
Narara Farm Dam Dambreak Study Report
Number: DC 11146

Dam break Study | May 2014 | NSW Public Works 2014 Narara Horticultural Dam
Dambreak Sensitivity Analysis Addendum Report
Number: DC14046 (FINAL)

Dam safety review | Oct 2015 Pells, S.E. & Pells, P.J.N. 2015 Report on the
safety inspection of Narara Dam Consultants
report by Pells Consulting for Narara Ecovillage
Cooperative. Ref M10.R1 Oct 2015.

A dam ‘databook’ should be developed, in which various historical documents and
relevant correspondence is kept. Details of where the databook is kept should be
entered here.
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3 DAM

3.1 Description and General Arrangement

The arrangement of the dam embankment, spillway and outlet structure is shown in
Figure 7.

The embankment has a relatively flat downstream face and a narrow crest which
seems indicative of original crest being raised by almost a metre (see Figure 8).

Documentation accompanying the dam safety assessment of March 2006
(Department of Commerce, 2006) states that the embankment as originally
constructed was overtopped in 1985 and 1990, and the spillway was therefore
widened to increase its capacity. The extent of the widening is visually obvious (see
Section 6.2 below), and discussions between the Pells Consulting and an officer of
the NSW Office of Water, revealed that the widening was undertaken by the Soil
Conservation Service of NSW sometime in the 1990's.

The documentation accompanying the dam safety assessment of March 2006
(Department of Commerce, 2006) indicated that the embankment is a homogeneous
earthfill construction.

Test boreholes installed by Pells Consulting encountered a layer of crushed rock
material of approximately 1m thickness covering the downstream face of the
embankment. The nature of this material appeared to be consistent with the
sandstone / claystone in the widened section of spillway. It is postulated that
material won from the spillway widening was placed onto the downstream
embankment slope.

Ground surveys provided to Pells Consulting by NEV confirmed the downstream
embankment to have a slope of approximately 1V:5H. The crest height was reported
at 17.195 m AHD, which is less than the value of 17.45 m AHD presented in NSW
Public Works (2012). Depth measurements, accompanied by optical surveys,
undertaken by Pells Consulting indicated the upstream slope to be approximately
1V:3H. This accords with original design plans, which are shown overlaying aerial
photographs in Figure 10 below.
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Figure 7 - General arrangement.

Figure 8 - Raised crest and gentle (approx. 1V:5H) downstream face.
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Figure 9 - View of reservoir from embankment.

Figure 10 - Plan of dam showing original embankment design, location of boreholes
(piezometers) and location of embankment cross-section.
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3.2 Hazard Category

The ‘hazard category’, as defined in ANCOLD (2000), reflects the severity of
potential damage and loss, in conjunction with the population at risk (PAR), for a
‘sunny day’ failure with reservoir full, or flood failure conditions.

The dam safety assessment of 2006 assigned a hazard category, based on flood-
consequence, of “High-C” to the Narara Dam. This was re-categorised to LOW by
NSW Public Works, 2012. This re-categorisation was validated in NSW Public
Works, 2014. Following this re-categorisation, the possibility of de-prescribing the
dam was mooted in a letter from NSW Public Works to NEV (12 May 2014). The
NSW Dam Safety Committee (DSC) accepted the de-prescription, and provided
official notice of the fact to NEV in a letter of 27 June 2014.

3.3 Dam data summary

As summary of dam data from NSW Public Works, 2012 is reproduced in the excerpt
in Figure 11. Following the discussions above, it is envisaged that this data should
be formally updated, as per the annotations shown.

Figure 11 — Dam data summary from NSW Public Works, 2012, showing possible
revisions.

3.4 Embankment

A cross-section through the embankment along alignment A-A (Figure 10) is shown
in Figure 12. This cross-section is based on available ground survey data, original
construction plans, and the bore logs.
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Figure 12 - Interpreted cross-section through the embankment (along line A-A shown in Figure 10).
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3.5 Vegetation Management

Vegetation management on the embankment is required for the following reasons:

e Vegetation can visually obscure features of the dam which need to be observed
during routine inspections.

¢ Trees and shrubs may introduce roots into the embankment which will grow
towards the water source and may damage the embankment through the creation
of seepage paths.

In general, vegetation growing in the embankment that is greater than 0.3m in height
should be removed.

The large trees that currently exist around toe of the embankment, near the outlet
works, are at the extremities of the embankment, and may be left in place as their
removal would cause significant disturbance. This area of tree growth must not be
allowed to spread to the west or south.

Selected trees should be removed, as required, to create a clear access path for
inspection of the outlet works.

The method of vegetation removal should minimise risks to the dam. The preferred
method for removal is to cut and poison, or some compatible method that does not

require ground disturbance. If this is not possible, void from removal of roots needs
to be refilled with soil and re-compacted.
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4 SURVEILLANCE, MONITORING AND SAFETY REVIEWS

The NEV Dam is no longer a prescribed facility so there are no formalised
procedures for inspection and reporting that apply to the facility.

However, the dam is critical to the viability of the Narara Village. Therefore,
inspection and reporting procedures cognisant of the guidance in ANCOLD, 2003
applicable to a LOW hazard category dam have been elected.

4.1

Requirements

The ANCOLD 2013 requirements for surveillance of low hazard category dams are
summarised in Table 5. Requirements for monitoring of low hazard dams are
summarised in Table 6. Dam Safety Reviews are additional to routine surveillance /
reporting, an, unless triggered by some other circumstance, should be undertaken
every 10 or 20 years.

Table 5 - Dam safety inspection requirements for a Low hazard category dam, as per
ANCOLD 2003, Guidelines on Dam Safety Management

ANCOLD Type | Personnel Purpose Frequency
of Inspection Competency
Routine Visual Operations The identification and reporting of Monthly
Personnel* deficiencies by visual observation of
the dam by operating personnel as
part of their duties at the dam.
Intermediate Dams The identification of deficiencies by Every 5
Engineer visual examination of the dam and years
review of surveillance data against
prevailing knowledge with
recommendations for corrective
actions.
Comprehensive | Dams The identification of deficiencies by a | Not
Engineer and | thorough onsite inspection; by required
Specialists evaluating surveillance data; and
(where applying current criteria and
relevant) prevailing knowledge
Equipment should be test operated
to identify deficiencies.
For Safety Review (every 20 years)
consider:
¢ Draining of outlet works for
internal inspection
e Diver inspection of
submerged structures
Special / Dams The examination of a particular As required
Emergency Engineer and | feature of a dam for some special
Specialists. reason (e.g. after earthquakes,
heavy floods, rapid drawdown,
emergency situation) to determine
the need for pre-emptive corrective
actions.

1. Dam owners should ensure that all operational personnel are suitably trained

15
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Table 6 - Dam safety monitoring requirements for a Low hazard category dam, as per
ANCOLD 2003, Guidelines on Dam Safety Management

Monitoring Type Monitoring Frequency for LOW hazard dam
Rainfall Monthly

Storage level Monthly

Seepage Monthly

Chemical analysis of seepage Not required

Pore pressure Consider

Surface movement, control Not required

Surface movement, normal Consider

Internal movement / stresses Not required

Seismological Not required

4.2 Inspection, Monitoring and Safety Review Program for NEV Dam
4.2.1 Instrumentation and measurements

There is no instrumentation in the dam or embankment requiring specialist
maintenance or observation.

Reservoir levels shall be observed from reading a water level staff that will be
installed.

Seepage will be reviewed by visual examination of ground conditions over the
embankment and toe of embankment.

There are no hydraulic control structures on the spillway or outlet works.

Pore pressure will be monitored by dip readings undertaken on the three standpipe
piezometers, as shown in Figure 10 and Figure 12.

Observations of reservoir levels, seepage and pore pressures shall be made monthly
during routine inspections.

NEV may elect to undertake reservoir and rainfall monitoring on a more frequent
basis to assist with operations. Data from such monitoring will assist with dam safety
studies, but are not a requirement for dam safety.

4.2.2 Routine Inspections

Site staff inspections shall be undertaken monthly and after flood events involving
flow depths of greater than 300mm over the upstream lip of the spillway. These
inspections shall involve walkover examination of the embankment and spillway and
completion of the proforma given in Appendix A. The completed proforma, together
with any appropriate photographs shall be forwarded to Pells Consulting by post.

This proforma stipulates recording or reservoir water levels, standpipe piezometer
water levels and rainfall, fulfilling the monitoring requirements of ANCOLD 2003.

The person undertaking dam inspections should have adequate training as per the
requirements of the NSW Dam Safety Committee (DSC).
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4.2.3 Annual Dam Safety Inspections

Visual inspections by Pells Consulting shall be undertaken annually, or after any
significant damaging flood events, as reported to Pells Consulting by NEV. An
annual report will be submitted by Pells Consulting to NEV.

4.2.4 Intermediate Inspections

An intermediate dam inspection report will be prepared by Pells Consulting, or similar
designated organisation, every 5 years, and submitted by NEV to the appropriate
authority.

4.2.5 Comprehensive Surveillance Report
There is no requirement for comprehensive surveillance reporting

4.2.6 Special Inspection Reports

Special investigation reports may be required at anytime to examine a particular
feature of the dam in response to special circumstances (eg earthquakes, heavy
floods or some emergency situation). The report would be undertaken by specialists
relevant to the point of enquiry.

4.2.7 Dam Safety Reviews
A Dam Safety Review is described in ANCOLD 2003 as:

“a procedure for assessing the safety of a dam, and comprises, where relevant,
a detailed study of structural, hydraulic, hydrologic and geotechnical design
aspects and of records and reports from surveillance activities. A Safety
Review should assess the integrity of a dam against known failure modes and
mechanisms” (pg 29)

The frequency of Dam Safety Reviews are:

“normally be based on a deficiency or weakness identified during the
surveillance program or by other means ... a Safety Review may also be
required by the dam owner at any time as an independent and external
examination to satisfy the dam owner or a higher authorities as to the dams
safety ... if nor undertaken for [these reasons], periodic Safety Reviews at 10 to
20 year intervals are considered appropriate” (pg 30)

A Dam Safety Review was commissioned by NEV in 2015 (Pells Consulting, 2015).
This was done to review the dam subsequent to purchase of the site.
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5 RESERVOIR OPERATION

5.1 Description

The NEV dam impounds water from a tributary of Narara Creek. The catchment area
shown in Figure 13 - Narara Dam and Catchment has an area of approximately 142
ha. The reservoir surface area at FSL has an area of approximately 1.05 ha, and,
based on a reservoir depth of 7.5 metres, the estimated storage volume at FSL is
approximately 45 ML.

Figure 13 - Narara Dam and Catchment

5.2 Design Flood

Hydrological studies accompanied dam-break studies presented in NSW Department
of Commerce (2006). NSW Public Works (2012) made reference to revised
hydrological studies, as per the excerpt in Figure 14:
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Narara Farm Dam's latest Flood Hydrology was carried out by the Hydrology Group of NSW Public
Works in 2011. This Hydrology Study includes the PMF and 1 in 100,000 AEP flood hydrographs
with storm durations ranging from 15 mins to 6 hours. Refer to Appendix A for the Hydrology Report.
Results from the initial dam routing are presented in Table 2-1.
Table 2-1 Initial Dam Routing Results
Storm Event Worst Storm | Max. Dam Flood | Max. Dam | Max. Dam Overtopping
Duration* Level Inflow Outflow Height
No overtopping
1in 100 AEP 8 hour RL 16.90 m-AHD 29 m’/s 28 m’fs with 0.55 m
Freeboard
. No overtopping
1in 1,000 AEP 6 hour RL 17.40 m-AHD | 47 m¥s 41 mls with 0.05m
(DCF)

Freeboard
1in 100,000 ) 3 3 Overtopped by
AEP 1 hour RL 17.80 m-AHD | 106 m/s 104 m’/s 035 m

PMF 30 min RL18.13m-AHD | 178 m¥%s | 172m’s o\;egc;%p;d by
* In terms of the highest modelled floodwater level in dam;
# Examined in the 2006 Dambreak Study.

Figure 14 - Excerpt from NSW Public Works, 2012

The results presented in Figure 14 indicate an outflow discharge of 41 m3s™ from the
DCF. As stated above, this is lower than the estimate of approximately 60 m3s™
made in the study by Pells Consulting (2015).

5.3 Inflows forecasting

There is no inflow forecasting system established for the NEV dam.

5.4 Operating Criteria
The outlet and spillway works are uncontrolled, and no operation criteria are
required.

Water supply outlet works, once they are developed, with be subject to operational
rules that are yet to be developed.

5.5 Recreational usage

The dam will not be used for recreational purposes. As part of the development,
signage should be installed to reflect the permitted usages of the reservoir.
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6 SPILLWAY AND OUTLET OPERATION AND MAINTENANCE

6.1 Outlet Works
6.1.1 Description

The NEV dam has an outlet pipe as shown in plan in Figure 7. The outlet comprises
a 1200mm diameter glory-hole inlet located near the entrance to the side channel
spillway (Figure 15). A close up photograph of the gloryhole is shown in Figure 16.
This gloryhole feeds a 400 mm diameter pipe, which exits via a similar 12200mm riser
(Figure 17) amongst trees on the left side of the downstream face (Figure 18).

Figure 15 - View along crest toward spillway entrance and glory-hole inlet.

Figure 16 - Close-up photograph of the glory-hole inlet.
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Figure 17 - Photograph of the outlet of the outlet works.

Figure 18 — The end of the outlet works is within the trees / scrub on the right hand side
of this photograph.
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6.1.2 Outlet Hydraulics

A schematic of the outlet system is shown in Figure 19. A stage-discharge
relationship for the outlet system was modelled in Pells Consulting (2015). The
results are presented in Figure 20, and indicate that the outlet system could convey
up to (approximately) 400 litres per second.

Figure 19 - Schematic of the Outlet Works.

Figure 20 - Modelled stage-discharge relationship for the outlet works.
6.1.3 Outlet Operation

The outlet does not require any manual operation.
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6.1.4 Outlet Works Maintenance

Routine maintenance should ensure that the outlet does not become subject to
blockage from vegetation or debris.

The inlet also currently exhibits a slight tilt. Routine inspections should verify that the
inlet is stable over time, does not appear to be moving / tilting any further.

6.2 Spillway
6.2.1 Description

A side channel spillway is cut into the left abutment. As stated above, it is
understood that this channel was widened sometime in the past. Approximately half
the width of the channel (on the embankment side) from 16 to 45 m downstream of
the channel entrance is covered with shotcrete. The remainder of the spillway is
unlined. Photographs of the spillway, progressing downstream, are presented in
Figure 21 to Figure 26.

Ground surveys of the spillway topography were undertaken by Pells Consulting
using optical surveying techniques. The surveyed points are shown in Figure 27.
Based on these surveys, and site inspections, an approximate digital terrain model of
the spillway was assembled, as shown in Figure 27.

Figure 21 - Entrance to the side-channel spillway.
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Figure 22 - View of the upper spillway from the embankment.
Note the concrete lined section may be indicative of the width of the original spillway
(i.e. before widening).

Figure 23 - Looking downstream toward the end of the lined section.

Figure 24 — Looking upstream toward the end of the lined section.
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Figure 25 - Looking downstream toward the spillway exit.

Figure 26 - Section of Narara Creek just below the spillway.
Note, the creek is flowing from left to right. Spillway flows enter the creek from the right hand
side, at the far downstream side of this photograph.
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Figure 27 - Interpreted spillway topography.
Note: pink data points show ground surveys undertaken by Pells Consulting. Pink breaklines
were interpreted based on the site inspection.

6.2.2 Spillway Hydraulics
A stage-discharge relationship for the spillway was estimated in Pells Consulting
(2015), as shown in Figure 29.

It is noted that the spillway discharge for a reservoir level of RL17.2 (ie the dam
crest) is approximately 60m?®s™. Despite the lower crest level than previously
reported, this “dam crest flood” (DCF) is larger than the value of adopted in NSW
Department of Commerce, 2006. This analysis suggests that a higher return period
may be applicable to the DCF than previously decreed.

6.2.3 Spillway Operation
The spillway does not require any manual operation.

6.2.4 Spillway Maintenance

Ongoing spillway maintenance should ensure that the spillway channel is clear and
free from debris and blockages.
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Routine inspections should monitor the development of the erosion knickpoint and
erosion channels.

At some stage in the future, it is possible that remedial works shall be required to
address ongoing erosion. This is not an emergency matter. The nature of
remediation required will depend on the nature of the development of erosion.

Figure 28 — Stage-discharge relationship for the spillway and outlet works.

6.2.5 Vegetation Management
Vegetation management on the spillway is required for the following reasons:

o Vegetation within the spillway channel will reduce the spillway discharge
capacity, increasing the possibility of embankment overtopping.

o Trees within the spillway may form locations of flow velocity concentration,
causing erosion to initiate.

o Roots from trees may also cause cracking of the shotcrete lining in the spillway.

Trees and shrubs greater than 0.3m in height should be removed from the spillway
channel, leaving a clear flow path. The deposition of any large logs or obstructions in
the spillway mouth or channel should be removed. Trees along the edge of the
spillway channel, whose roots are causing or could cause damage to the shotcrete
lining should be removed.

The glory hole inlet and outlet should be routinely cleared of growth and debris.
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7 EMERGENCY MANAGEMENT

The following emergency management plan relates directly to the NEV site and the
role of its owners in responding to concerns over the integrity of the dam
embankment. It does not override any existing disaster plan developed by SES for
the case of flooding in Narara creek.

7.1 Emergency ldentification, Evaluation and Classification

A dam safety emergency includes events that could potentially lead to failure of a
dam, as well as events where dam failure in imminent or has already occurred.

In general terms, events that could result in a dam safety emergency include:

Large floods.

Earthquakes.

Explosions.

Cracks appearing in the embankment.
Landslide/slippage.

Unexplained increases in seepage.
Operational incidents.

Vandalism / Sabotage.

For the NEV dam, the Emergency Categories set out in Table 7 are adopted.

The observer of the emergency is required to assess the level of emergency
according to the descriptions in Table 7 and follow the natification procedures for the
appropriate category as set out in Section 7.2.

7.2 Notification

Contact details for the NEV site office are given in Section 2.3 on Page 6.
Contact details for NEV staff are given in Table 2 of Section 2.3 and Page 6.
Contact details for external entities are given in Table 3 of Section 2.5 and Page 6.

For a LEVEL 1 emergency category, the following notification should be made:

1.  The person responsible for “Emergency Action” as listed in Table 2 of Section
2.3 should be notified.

2.  The “Emergency Action” staff member should then contact the Dam Safety
Engineer (Table 3 of Section 2.5) (or equivalent appointed by NEV) and make
arrangements for a dam inspection.

3. Further actions, while a LEVEL 1 emergency remains in place, will be subject
to the outcomes of the emergency inspection.

For a LEVEL 2 emergency category, the following notification should be made:

1.  The person responsible for “Emergency Action” as listed in Table 2 of Section
2.3 should be contacted immediately.
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2.  The “Emergency Action” staff member should then contact the Dam Safety
Engineer (Table 3 of Section 2.5) (or equivalent appointed by NEV) and make
arrangements for an emergency dam inspection as soon as possible. If the
Dam Safety Engineer is uncontactable or unavailable for an emergency
inspection, the Dam Safety Committee should be contacted.

Further actions, while a LEVEL 2 emergency remains in place, will be subject

to the outcomes of the emergency inspection.

For a LEVEL 3 or LEVEL 4 emergency category, the notification flowchart from the
NSW Dam Safety Committee publication DSC12-1 Annex A shall be followed, as per

Figure 1.

In the case of a bomb threat, or suspicion of illegal activity, police must be notified.

Table 7 — Emergency Categories

Emergency | Condition Examples
Category
Level 1 Failure of embankment ¢ Noticeable increase in seepage

would be unlikely.
Generally category
represents threats to
safe/efficient operation of
dam and/or areas requiring
maintenance.

flows

Standing water level in bores near
or above ground surface

wave erosion of upstream face
cracking observed in the
embankment

Level 2 Dam embankment and e Large unexplained seepage flows
spillway intact but there is e very large flows through spillway
basis for concernthatdam | e« concern that reservoir level will rise
safety is compromised and above the embankment level
a failure condition may arise | o  active wave erosion of upstream
if actions are not taken. face that may breach embankment

crest

e slumping or evidence of landslide
risk in embankment or small slide
mid-embankment

Level 3 Dam embankment and e Embankment overtopping
spillway intact but there is e gushing seepage occurring through
basis for concern that dam the embankment or toe
may fail within 24 hrs « high spillway discharges with

evidence of rapidly progressing
erosion that may lead to breach

e landslide / slippage of embankment
than compromises crest width, water
flowing through failure

Level 4 Failure of embankment is e Embankment breach is imminent,

imminent, or dam currently
undergoing failure or has
failed

or;
Embankment has been breached
and the reservoir storage is rapidly
discharging.

29
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Figure 29: Emergency Notification Flowchart.

7.3 Inundation Maps

An inundation map for the case of a sunny dam dam break is shown in Figure 30
Dam break during flood conditions is shown in Figure 31. Note that the dam breach
during flood conditions has been modelled to only have a mild effect of the flood
extents.
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7.4 Preventative Actions

The dam does not have a hydraulic control structures to regulate spillway flows or to
initiate drawdown of the water levels.

It is recognised that NEV have very limited resources to undertake emergency
remedial works.

For LEVEL 3 or LEVEL 4 emergency categories, there are no preventative actions
that can or should be attempted by NEV staff.

For some of the events it would be necessary to mobilise earthmoving equipment on
an emergency basis and such mobilisation will be advised by the SES and/or Pells
Consulting (or the designated equivalent specialist consultants). At some stages for
some of the events it will be appropriate for the SES to initiate the SES local flood
plan.

Preventative measures may be undertaken for a LEVEL 1 or LEVEL 2 emergency
category, subsequent to undertaking notification procedures as described above, are
listed below.

Table 8 — Example remedial Actions, subsequent to notification, for low level
emergency events

EVENT REMEDIAL / PREVENTION MEASURES

Initiation of Piping, meaning dirty or
excessive seepage water from
downstream face or in downstream
area below embankment

Increase surveillance frequency to daily.
Prepare to lower water level by emergency
pumping subject to advice of the above.

Dumping of gravel, rocks and sandbags into

Wave erosion of upstream face
the eroded area.

Blockage of spillway channel by
erosion of batters, slumping of
batters or debris washed / fallen
into channel.

Clear debris immediately

Slumping/bulging of embankment
face(s)

Cracking of the embankment crest Increase monitoring/inspection regime to
and/or embankment batter faces. twice weekly

Standing water level in bores near
or above ground surface

In the case of a bomb threat, or suspicion of illegal activity, the police will be
responsible for the actions taken.
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Figure 30 - Sunny day dam break inundation.
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Figure 31 - Dam break inundation during 100 yr ARI flooding event.
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APPENDIX A

DAM INSPECTION PROFORMA
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INSPECTION PROFORMA
ROUTINE QUARTERLY DAM SURVEILLANCE AND MONITORING, NARARA DAM

General Conditions at time of inspection

Date
Weather

Reservoir level
Date and depth (mm, if available) of most
recent rain

Embankment

Upstream face

General condition

Location and extent of any cracks, slips,
wave-erosion or subsidence

Nature of vegetation
Downstream face

General condition

Location and extent of any cracks, slips,
seepage or subsidence

Nature of vegetation
Downstream toe
General condition

Location and extent of any slips or
subsidence

Describe any seepage / leakage (location,
quantity, clear or coloured)

Nature of vegetation

Spillway

Highest reservoir level since last inspection
(m RL)

Inlet and upper channel

General condition / note changes since last
inspection

Location and extent of any erosion
Location and extent of any obstructions to

flow

Mid-channel (concrete lined section and adjacent)

General condition / note changes since last
inspection

Location and extent of any erosion
Location and extent of any obstructions to

flow

End of rock (plunge section and headcutting)

General condition / note changes since last
inspection

Location and extent of any erosion

Location and extent of any obstructions to
flow
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End section (flat, soil section)

General condition / note changes since last
inspection

Location and extent of any erosion
Location and extent of any obstructions to

flow

Outlet works

Glory-hole inlet

General condition

Outlet

General condition
Standpipe piezometers
BH1 - near crest

Condition

Standing water level (DIP) (m below lip of
PVC casing)

Time of DIP

BH2 - mid-embankment

Condition

Standing water level (DIP) (m below lip of
PVC casing)

Time of DIP

BH3- near toe

Condition

Standing water level (DIP) (m below lip of
PVC casing)

Time of DIP

Other matters

Are there any other matters in the owner's
knowledge which could affect the safety of
the dam?

Is the dam considered to be in a safe
condition? Indicate any measures necessary
to make the dam safe.

Certification

This is to certify that the information submitted in this report is true and is based on a recent inspection of the dam and its associated works and is,
to the best of my knowledge, true and correct.

Signature:
Name:

Date:
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Appendix 4.1.1.4B

25 Research Road Narara NSW 2250
ABN 86 789 868 574

1in 100 AEP Study Plans

Document 1in 100 AEP Study Revision 1- Narara Ecovillage
Name: Plans Number & Date: | 1/12/2015 Co-operative Ltd
Date of Issue: | 1-Dec-2015 Controlled Yes

Document:




PT.37

I v
<
==k LEV,EL/\ <
-

el
N~ =N/ S

DEANE
STREET

Wmn/zols

REVISION DETAILS

DATE

AUTHORISED OFFICER DATE

CONCEPT ONLY
NOT FOR CONSTRUCTION

DRAWING No:

BB12242

REF:
0 15 30 60 90 120 150

REDUCTION RATIO 1:1500 @ Al & 1:3000 @ A3

SURVEYING | CIVIL | DEVELOPMENT

CLIENT: CONTOUR

Narara Ecovillage Co-operative Ltd LOT No. 13 INTERVAL: 0. 5m

SECTION —
SURVEY FILE: DATUM:

2012242 12-24ENG-STG1-596-CC-endz2| PLAN No. DP 1126998 AHD

SURVEYED BY: DATE OF SURVEY: SUBURB NARARA o:é?;ZiL&:‘/:f;GHT DATUM
CB VARIOUS LGA GOSFORD SSM 67141
DESIGNED BY. DRAWN BY: PARISH GOSFORD
R FLETCHER E JACK COUNTY NORTHUMBERLAND 23.675

PLAN SHOWING PROPOSED
STORMWATER INFRASTRUCTURE FOR
NARARA ECO VILLAGE
LOT 13 IN DP 1126998
RESEARCH ROAD, NARARA

SHEET No.
1
No. of SHEETS:

5

A\

DRAWING No:

BB12242

REV:

—




—_—

L S S S S S ———————— M

- =\
\

N
[N

DEANE
STREET

—

[N RN IN A A S AN N
R O I NP AN
) Lo NS oL UNs LN
REV REVISION DETAILS DATE CLIENT: . ) LOT No 13 CONTOUR
= — - Narara Ecovillage Co-operative Ltd - INTERVAL: () 5 SURVEYING | CIVIL | DEVELOPMENT SHEET No.
( W)mz/zms = - SECTION — — PLAN SHOWING PROPOSED 2 \
AUTHORISED OFFICER DATE 0 5 10 20 30 40 50 2012242 12-24ENG-STG1-S96-CC-end2| PLAN No. DP 1126998 AHD STORMWATER INFRASTRUCTURE FOR | OfSHEE;S:
CONCEPT ONLY SURVEYED BY DATE OF SURVEY: SUBURB NARARA AUSTRALIAN HEIGHT DATUM NARARA ECO VILLAGE
REDUCTION RATIO 1:500 @ Al & 1:1 ORIGIN OF LEVELS o:
NOT FOR CONSTRUCTION @AL&T10000 A3 8 VARIOUS LoA GOSFORD SSM 67141 LOT 13 IN DP 1126998 " BB12242
BRAWING NG B12202 DESIGNERD IB:YLETCHER DRAWN BY PARISH GOSFORD RESEARCH ROAD, NA| REV:
E JA
\ ek COUNTY NORTHUMBERLAND 23.675 » NARARA JJ




Rl B ey e | P —/\

— -
—

P[]

\ \/(
-
o) ) ¢
N @

1%

-_—

7

—
_—— ———

FLOOD LEvE|

4

=

/
/
/
/
= /
T— /
T——__ /
~ J
REV REVISION DETAILS DATE CLENT: i i LOT No 13 RTERVAL SHEETNo. \
M Narara Ecovillage Co-operative Ltd T INTERVAL: ) 5m SURVEYING | CIVIL | DEVELOPMENT PLAN SHOWING PROPOSED 3
. . . SURVEY FILE: — DATUM: No. of SHEETS:
AuTHom%ER 07/12/2;:\15 0 5 10 20 30 40 50 - 2012242 12-24ENG-STG1-596-CC-end| PLANLNG. DP 1126998 AUSTRAUAﬁtIE?SHT DATUM Erina: (02) 4367 7334 CHASE STORM\AII\I'?ATF\’EERIL\‘ ERCgS\-/rELLJACgLEJRE FOR >
URVEYED BY: DATE OF SURVEY: SUBURB NARARA . DRAWING No:
Noﬁ_:gé\lRCc%mgT%blé—;I(ON REDUCTION RATIO 1:500 @ AL & 11000 @ A3 | VARIOUS LoA GOSFORD NS 67141 HornSb:;'h(oz) 9482 9498 % LOT 13 IN DP 1126998 BB12242
DESIGNED BY: DRAWN BY: PARISH GOSFORD www.cbhsurvey.com.au RESEARCH ROAD, NARARA REV.
QAW'”G © Be12242 R FLETCHER E JACK COUNTY NORTHUMBERLAND 23675 JJ




MCA

&

DEANE
STREET

Ly
&
REV REVISION CLIENT: . ) CONTOUR —
M - s DETAILS DA_TE Narara Ecovillage Co-operative Ltd ;21_’:00'\‘ 1_3 INTERVAL: () 5 SURVEYING | CIVIL | DEVELOPMENT PLAN SHOWING PROPOSED SHEETN 4 \
M 07/12/2015) REF SURVEY FILE: DATUM No. of SHEETS:
AUTHORISED OFFICER DATE 0 15 30 60 90 120 150 2012242 12-24ENG-STG1-S96-CC-end2| PLAN No. DP 1126998 AHD STORMWATER INFRASTRUCTURE FOR 5 .
CONCEPT ONLY R SURVEVEDBY DATEOF SURVEY SUEURE NARARA RONGEIRVELS NARARA ECO VILLAGE RGN
EDUCTION RATIO 1:1500 @ Al & 1:3000 @ A3 BH 5
NOT FOR CONSTRUCTION e e c VARIOUS . 282:2828 SSM 67141 LOT 13 IN DP 1126998 BB12242
DRAWING No: DESIGNED BY: DRAWN BY: PARISH
BB12242 R FLETCHER RESEARCH ROAD, NARARA REV
c EJACK COUNTY NORTHUMBERLAND 23.675 jj




MGA

NN

z -

Lo

- =\
\
[N

N NN ¢z m | I I
S S < LU
Q W =
v IS NN 0O
< N
) o a8 LO 0))
( W REV REVISION DETAILS DATE " Narara Ecovillage Co-operative Ltd ;‘;;“IUON 1_3 RTERVAL .5m SURVEYING | CIVIL | DEVELOPMENT LAN SHOWING PROPOSED SHEET e, : \
Qrl212013 R o DN . pATIM STORMWATER INFRASTRUCTURE FOR [ *TS"T>
AUTHORISED OFFICER DATE 0 > 1 2 %0 ° 5 2012242 12-2AENG-STOL S96-CCond2 ZCAB’\L‘JSE DE:éiGRg:S AUSTRAUAﬁlr:IE?sHT DATUM NARARA ECO VILLAGE 5
CONCEPT ONLY . . SURVEYED BY DATE OF SURVEY: ORIGIN OF LEVELS: DRAWING No:
REDUCTION RATIO 1:500 @ Al & 1:1000 @ A3 VARIOUS LGA GOSFORD 67141 LOT 13 IN DP 1126998 BB12242
DRAvag:\Il-o FOR CONSTRUCTION DESIGNERD IB:YLETCHER DRAWN BY £ IACK PARISH GOSFORD RESEARCH ROAD, NARARA REV
BB12242 CONTY NORTHUMBERLAND 23.675 jj




TLOOD LEv

1%

e —

V

—

FLOO

EL

=

N\

\\
\ |
|
\ \
\\
|
\ \ \
|
\\
\ \
|
|
)
/
/
/
/
/
~—_ /
T~ /
T - /
=
REV REVISION DETAILS DATE CLIENT: ; . ; LOT No. 13 CONTOUR SHEET No.
W - - - REF i ECOVI”agesCuzvz\’/):z:“ve i SECTION = DATUM o-om PLAN SHOWING PROPOSED No ofSHEE?S' \
AUTHORISED OFFIGER 07/12l2D(:1'E5 0 5 10 20 30 40 50 2012242 12-24ENG-STG1-S96-CC-end2| PLAN No. DP 1126998 AHD STORMWATER INFRASTRUCTURE FOR 5
CONCEPT ONLY : : SURVEVED BY, DATE OF SURVEY. SUBURD NARARA GRIGN G Ve NARARA ECO VILLAGE SRAWNG o
REDUCTION RATIO 1:500 @ Al & 1:1000 @ A3 VARIOUS LGA GOSFORD SM 67141 LOT 13 IN DP 1126998 BB12242
DRAVngID FOR CONSTRUCTION DESIGNED BY: DRAWN BY PARISH GOSFORD RESEARCH ROAD, NARARA REV
\ BB12242 R FLETCHER E JACK COUNTY NORTHUVBERLAND 23.675 , JJ

/\




Narara Ecovillage Co-operative Ltd
25 Research Road Narara NSW 2250
ABN 86 789 868 574

Appendix 4.1.1.4C

Draft Dam Safety Management Policy

Date Adopted:

Details of Board Meeting: December 2015 or soon thereafter
Moved by:

Seconded by:

CONTEXT
Lot 13, DP 1126998, No 25 Research Road, Narara NSW - Community Title Subdivision

This policy applies to all directors and managers who make decisions affecting the safety
and maintenance of the village supply dam and the associated floodplain along Narara
Creek.

Dam safety improvements require judgement and must be evaluated in the context of
community safety and customer price impacts on potable water supply.

Risk Management Policy Framework for Dam Safety (Endorsed by NSW Cabinet
22 August 2006)

PURPOSE

Policy for overall dam safety management objectives at Narara Ecovillage development.

DEFINITIONS and ABBREVIATIONS

ANCOLD means the Australian National Committee on Large Dams.

ALARP - Achieving an acceptable or tolerable level of risk, (often taken as 1 in
1,000,000 per year) with the broad aim to ‘avoid avoidable risk’.

Limit of Tolerability - A limit set by ANCOLD to assess safety requirements for dams.
The limit is plotted on F-N charts that plot the cumulative probability of failure (F) against
the number (N) of deaths, and the plot of failure modes for a dam can be compared to
this limit. If any section of the plot falls above the Limit of Tolerability, remedial solutions
are required.

SDCC - Sunny Day Consequence Category — LOW following studies 2012 & 2014
FCC - Flood Consequence Category — LOW following studies 2012 & 2014

RWMP - Reservoir Water Management Plan, comprising the 12 Elements of the
Australian Drinking Water Guidelines and NSW Health requirements

Document Dam Safety Revision Number & 1-— Narara Ecovillage
Number: Management Policy Date: DD/MM/YYYY | Co-operative Ltd

. Controlled
Date of Issue: 07/12/2015 Document: Yes Page 1 of 4




DSMS - Dam Safety Management System, comprising structural integrity of the dam as
water infrastructure and supply guarantee under WICA

WICA - Water Industry Competition Act

Policy
Narara Ecovillage Co-operative Ltd:

1. Undertakes to preserve its dam at “Upper” Narara Creek;

2. Recognises its contribution to village businesses and the surrounding communities;

3. Will not expose the community to unacceptable risks from the existence and
operation of the dam;

4. Commits to using recognised prevailing good practice and technology suitable for a
small 43mL capacity dam;

5. Accepts ANCOLD Guidelines for low consequence category dams as the industry
standard for dam safety management;

6. Will manage dam safety risks by a program of inspection, maintenance, surveillance,
safety reviews, training, reporting, emergency management and remedial work;

7. Commits to liaising with local council officers to ensure community best practice is
maintained with regard to flood studies and local infrastructure;

8. Will periodically audit dam safety as required under its development approvals and
licensing arrangements under the DPI Water Approvals, the Water Industry
Competition Act or Dam Safety Act and so that the risks of dam failure is maintained
below the ‘Limit of Tolerability’;

9. Will assess dam safety improvements to further lower risks to ALARP (as low as
reasonably practicable);

10.Endeavours to source dam design, construction and operational history through the
GIPA process (Government Information (Public Access) Act 2009) from all likely
sources — predominantly government agencies.

Procedure

Policy endorsed by the Board, adopted by Project Director, Dam Safety and Reservoir
Managers (when appointed), Water (Infrastructure) Network Manager and Land Team.

Notes
Approvals and Licensing

Gosford City Council — Notice of Determination of Development Application, DA
44994/2013 Part 1

Independent Pricing and Regulatory Tribunal — Network Operator’s and Retail Supplier’s
Licences issued for Narara Ecovillage Co-operative Ltd (to be issued 2016)
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For more information on this policy, contact the Chairman of the Board, Narara Ecovillage
Co-operative Ltd
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References

Dams Safety Committee Guidance Notes relating to risk management such as DSC2A
Guidance Note — Dam Safety Management Systems;

For details of definition and determination of SDCC and FCC, refer to DSC3A Guidance
Note - Consequence Categories for Dams;

Interpretive Guideline —Model Work Health and Safety Act - the meaning of ‘reasonably
practicable ’ — Safe Work Australia.
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Narara Ecovillage Co-operative Ltd

25 Research Road Narara NSW 2250
ABN 86 789 868 574

Appendix - 4.1.1.5

WTP Block Diagram - Stage 1




Stage 1 Potable Water Treatment Plant — Capacity 2 x 70kL/day (Treated Water)

D CCP1: Turbidity CCP3: Chlorine Residual
am CCP2: Membrane Integrity CCP4: pH, Flow, Temp
A s 15
Antiscalant and SMBS NaOCI Dosing NaHCOs Dosing
Dosing
Pretreatment

Filtration (200 ‘ Membrane Membrane . . Treated Water
ur) Filtration (UF) - Filtration (NF) ‘ Calcite Filter Buffer Tank
KMnO0s Dosing (20 kL)
NaHCOs Dosing M N M

Oxidising Filter

‘

B CIP - 2 kL/month CIP -1 kL/month
To Waste Water To Waste Water
A4 Treatment Plant A% Treatment Plant Vv
Back Wash Back Wash Reject Back Wash
To Break Tank for To Break Tank for To Break Tank for To Break Tank for
Irrigation Disposal Irrigation Disposal Irrigation Disposal Irrigation Disposal
Treated Water Storage
Note: The table below compares the average and peak demand for the NEV plant. Peak flow occurs (Including Fire Fighting Storage)
. 4 x 100kL Tanks
when potable water is used as a back-up supply for non-potable use.
CIP waste will be neutralised prior to sending to the waste water treatment plant. Given the
small volume and frequency they are not included in the flows in the table below.
Stage 1 A B C D E F
Average Operating Flow (kL/day) 35 3 3 9 2 18 I
Peak Flow (kL/day) 58 3 6 15 2 32 Gravity fed to residents | | | | | | |

and community facilities
via reticulation network



Narara Ecovillage Co-operative Ltd

25 Research Road Narara NSW 2250
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Appendix - 4.1.1.6

WTP Block Diagram - Stage 2




Stage 2 Proposed Potable Water Treatment Plant — Capacity 2 x 70kL/day (Treated Water)

D CCP1: Turbidity CCP3: Chlorine Residual
am CCP2: Membrane Integrity CCP4: pH, Flow, Temp
A s 15
Antiscalant and SMBS NaOCI Dosing NaHCOs Dosing
Dosing
Pretreatment

Filtration (200 ‘ Membrane Membrane . . Treated Water
ur) Filtration (UF) - Filtration (NF) ‘ Calcite Filter Buffer Tank
KMnO0s Dosing (20 kL)
NaHCOs Dosing M N M

Oxidising Filter

‘

B CIP - 2 kL/month CIP -1 kL/month
To Waste Water To Waste Water
A4 Treatment Plant A% Treatment Plant Vv
Back Wash Back Wash Reject Back Wash
To Break Tank for To Break Tank for To Break Tank for To Break Tank for
Irrigation Disposal Irrigation Disposal Irrigation Disposal Irrigation Disposal
Treated Water Storage
Note: The table below compares the average and peak demand for the NEV plant. Peak flow occurs (Including Fire Fighting Storage)
. 4 x 100kL Tanks
when potable water is used as a back-up supply for non-potable use.
CIP waste will be neutralised prior to sending to the waste water treatment plant. Given the
small volume and frequency they are not included in the flows in the table below.
Stage 2 Proposal A B C D E F
Average Operating Flow (kL/day) 72 4 4 18 4 42 I
Peak Flow (kL/day) 133 8 8 33 8 76 Gravity fed to residents | | | | | | |

and community facilities
via reticulation network
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25 Research Road Narara NSW 2250
ABN 86 789 868 574

Appendix - 4.1.3.1

Water Infrastructure Plan
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Narara Ecovillage Co-operative Ltd

Appendix 4.1.3.2

25 Research Road Narara NSW 2250
ABN 86 789 868 574

Plan Showing Proposed Community Title
Subdivision

Plan Showing Proposed
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Appendix 4.1.4

Date:

Deed of Agreement - Interim
WaterConnection

The Council of the City of Gosford
ABN 78 303 458 861
and

Narara Ecovillage Co-Operative Ltd
ABN 86 789 868 574

[6416517: 14513748_3]

Lawyers

Level 27, Angel Place

123 Pitt Street

Sydney New South Wales 2000 Australia

GPO Box 1692
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Telephone 61 2 9291 6100
Facsimile 61 2 9221 0872

info@maddocks.com.au
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Deed of Agreement - Interim Water Connection

Dated

Parties
Name The Council of the City of Gosford ABN 78 303 458 861
Address 49 Mann Street Gosford
Facsimile (02) 43232477
Contact Attention: Richard Brocklehurst
Short name Council
Name Narara Ecovillage Co-Operative Ltd ABN 86 789 868 574
Address
Facsimile
Contact
Short name Owner
Background
A. The Council is a water supply authority under the Water Management Act 2000 (WM Act).
B. The Owner is the registered proprietor of Lot 13 DP 1126998 being 25 Research Road

Narara 2250 (Property)

C. The Owner has applied to the Council for the retention of an existing connection to Council's
water reticulation system as an interim arrangement during the development of Stage One of
DA44994/2013 (Development Consent) and construction of water industry infrastructure
under the Water Industry Competition Act 2006 (WICA).

D. Council has agreed to consent to the Owner's temporary retention of its connection to
Council's water reticulation system on the terms and conditions set out in this Deed.

[6416517: 14513748_3] page 1



This Deed Witnesses

1. Definitions
In this Deed:

Authorisation means:

(@) an approval, consent, declaration, exemption, accreditation, notarisation, licence,
permit, certificate, waiver or other authorisation, however described, required by
any law; and

(b) in relation to anything that could be prohibited or restricted by law if an Authority

acts in any way within a specified period, the expiry of that period without that
action being taken,

including any variation, modification, renewal or amendment with any Authority.

Authority means any:

€)] government, government department, government agency or government
authority;
(b) governmental, semi-governmental or judicial person carrying out any statutory

authority or function; or

(©) other person (whether autonomous or not) who is charged with the administration
of a Law.

Business Day means a day other than a Saturday, Sunday or public holiday in New South
Wales.

Claim means any action, claim, demand or proceeding (including based in contract, tort or
statute or under any indemnity, and including any action based on personal injury or death)
made against the person concerned however it arises and whether it is present or future,
fixed or unascertained, actual or contingent.

Consequential Loss means any special, indirect or consequential loss, whether or not a
Party has been advised of or is aware of that loss, including:

(a) any loss of revenue, profit, data, opportunity, business, goodwill or future
reputation, any failure to realise anticipated savings, any downtime costs, any
damage to credit rating, and any penalties payable under contracts other than this
Deed; and

(b) any other loss or damage which does not naturally or directly result in the ordinary
course of events from the breach, action or inaction in question.

Contribution Amount means a security amount to be paid to Council by the Owner in lieu

of water headworks and augmentation contributions payable under section 306(2)(a) of the
WM Act and calculated to be $65,439 in accordance with section 306(3) of the WM Act and
Council's policy: WS5.03 Water Supply and Sewerage Development Charges.

Controller means, in relation to a person's property:

(a) a receiver or receiver and manager of that property; or

[6416517: 14513748_3] page 2



(b) anyone else who (whether or not as agent for the person) is in possession, or has
control, of that property to enforce an encumbrance.

Council means Council of the City of Gosford.
Council’'s Water means all water supplied through Council's water reticulation system.
Development means the development permitted by the Development Consent.

Development Consent means DA4994/2013 approved by Council 8 August 2013, as
amended from time to time under the EP&A Act.

Disconnection Date means the date that Council issues a written notice to the Owner
confirming that the Owner's Water Supply System has been disconnected from Council's
water reticulation system.

EP&A Act means the Environmental Planning and Assessment Act 1979.

Insolvency Event means, in respect of a person:

(@) an order is made, or the person passes a resolution or takes any steps to pass a
resolution, for its winding up;

(b) an administrator is appointed to the person;
(©) the person resolves to appoint or takes any other steps to appoint a Controller,
provisional liquidator, trustee for creditors or in bankruptcy or analogous person to

the person or any of the person's property;

(d) the appointment of a Controller, provisional liquidator, trustee for creditors or in
bankruptcy or analogous person to the person or any of the person's property;

(e) a bank or other financier taking possession of any of the person's property;

) the person entering into a compromise or arrangement with, or assignment for the
benefit of all of its members or creditors;

(9) the person informs the Council in writing or creditors generally that the person is
insolvent;
(h) the person has a meeting of its creditors for the purpose of:

0] entering a scheme of arrangement or composition with creditors; or
(ii) placing it under official management;

0] execution is levied against a material part of its assets by creditors, debenture
holders or trustees under a floating charge; or

0] where the person is a company, the company is or becomes unable to pay its
debts when they are due or is or becomes unable to pay its debts within the
meaning of the Corporations Act 2001 (Cth) as amended or replaced or is
presumed to be insolvent under the Corporations Act 2001 (Cth) as amended or
replaced,

unless this takes place as part of a solvent reconstruction, amalgamation, merger or
consolidation that has been approved by the Council.
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Law includes any legislation or any rule, principle, duty or requirement of or under common
law or equity, and for the avoidance of doubt includes any Authorisations and the lawful
requirements of Authorities.

Owner means Narara Ecovillage Co-Operative Ltd, the registered proprietor of the Property.

Owner’s Water Supply System means the internal water supply system on the Property,
including a 100kL product tank and pumping station.

Party means a party to this Deed.
POM means the Plan of Management referred to in clause 3.
Property means Lot 13 DP 1126998 being 25 Research Road Narara 2250.

Subdivision Certificate means a subdivision certificate issued under Part 4A of the EP&A
Act in respect of the Development.

Stage One means Stage 1 as set out in the Development Consent.

Temporary Water Commencement Date means the date that either or both of the following
events have occurred:

(a) the Subdivision Certificate is issued; and

(b) at least thirty dwellings are occupied within the Property as part of the
Development.

Temporary Water Disconnection Date means the date that is the earlier of:
(a) the date that is 18 months after the Temporary Water Commencement Date; and
(b) the date that:

0] a WICA Licence is granted in relation to the Development; and

(i) the water industry infrastructure that is the subject of the WICA Licence is
operational, as verified by an approved auditor under the WICA Act.

WICA means Water Industry Competition Act 2006.
WICA Licence means a licence granted under section 10 of the WICA Act.
WM Act means Water Management Act 2000.

WM Regulations means Water Management Regulations 2011.

2. Retention of temporary water supply
The Council agrees to:

2.1.1 allow the Owner to retain the temporary connection from Council's water
reticulation system to the boundary of the Property; and

2.1.2 continue to supply Council's Water to the Owner's Water Supply System to service
the Development,
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until the Temporary Water Disconnection Date.

3. Disconnection of temporary water supply

3.1.1

3.1.2

The Owner must notify the Council in writing as soon as reasonably practicable
and in any case within 2 Business Days after:

(a) aWICA Licence is granted in relation to the Development; or

(b)  the water industry infrastructure that is the subject of the WICA Licence is
operational, as verified by an approved auditor under the WICA Act.

The Owner must disconnect from and submit a written application to the Council to
remove all water supply connections from the Property to Council's water
reticulation system within 10 Business Days after the Temporary Water
Disconnection Date.

4. Plan of Management

4.1 Owner to submit draft POM

41.1

4.1.2

On or before the date of this Deed the Owner must prepare and submit a draft
POM to Council.

The draft POM must comply with the terms of this Deed and include emergency
water supply arrangements for each of the following circumstances:

(@)  where the temporary supply of Council's Water is interrupted through system
maintenance or failure; and

(b)  where the water quality within the Property is not at a potable standard or is
otherwise compromised.

4.2 Review by Council of draft POM

42.1

4.2.2

4.2.3

4.2.4

4.2.5

[6416517: 14513748_3]

Within 10 Business Days of receiving the draft POM, Council must give the Owner
written notice:

(a) accepting the draft POM,;

(b)  rejecting the draft POM; or

(c) otherwise commenting on, or requiring amendments to the draft POM.

If Council issues a notice under clause 4.2.1(b) or clause 4.2.1(c), the Owner must
Fég;nppl);l'y re-submit an amended draft POM, in which case clauses 4.1 and 4.2 will

If in respect of a draft POM the Council issues a notice under clause 4.2.1(a), that
version of the draft POM will become the final POM.

The Owner must ensure that the final POM is in place within 30 Business Days
after the date of this Deed.

Any alteration to the final POM requires the Council's approval in writing.
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4.3 No duty of care, responsibility or obligation etc.

4.3.1 The Council does not owe or assume a duty of care or other responsibility or
obligation to the Owner to review or check the draft POM for its suitability, or for
errors, omissions, inconsistencies, ambiguities, discrepancies or compliance with
this Deed.

4.3.2 No review of, comment upon or approval or rejection of, or failure to review,
comment upon, approve or reject, any draft POM by or on behalf of the Council
will:

(@) relieve the Owner from, or otherwise limit, alter or affect, the Owner's
liabilities or responsibilities under this Deed; or

(b)  prejudice the Council's rights against the Owner under this Deed.
4.4 Failure to comply is breach of Deed

4.4.1 The Owner must ensure that the final POM is complied with at all times until the
Disconnection Date.

4.4.2 A failure by the Owner or any other person to comply with, or implement, any term
or condition of the POM will be a breach of this Deed.

5. Contribution Amount
5.1 Contribution Amount

On or before the commencement of this Deed the Owner must pay the Council the
Contribution Amount as security for the disconnection of the Owner's Water Supply System
from Council's water reticulation system at the Temporary Water Disconnection Date.

5.2 Council Refund

5.2.1 Subject to clause 5.2.2, if the Owner has complied with all of its obligations under
this Deed, the Council agrees to refund the Contribution Amount to the Owner
within 20 Business Days after the Disconnection Date.

5.2.2 Despite clause 5.2.1, the Council may retain the Contribution Amount and apply
the Contribution Amount for any purpose in its discretion if the Owner's water
supply system has not been disconnected from Council's water reticulation system
by the date that is 60 Business Days after the Temporary Water Disconnection
Date.

6. Owner’s Water Supply System — general obligations

6.1.1 The Owner must maintain water quality to a potable standard within the Owner's
Water Supply System.

6.1.2 The Council's Water supplied under this Deed must only be used to service lots
within the Development.

6.1.3 The Council's Water may only be used to fill the product tank forming part of the

Owner's Water Supply System between the hours of 10pm to 7am daily, and must
not be used for that purpose at other times.
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6.1.4 The Owner must ensure that appropriate backflow prevention devices are installed
at the Property boundary meter by a licensed plumber so that cross-contamination
does not occur from the Property to Council's Water.

7. Fire safety
7.1.1 The Owner acknowledges that Council's Water Supply is insufficient to meet all fire
safety requirements required by Law at the Property.
7.1.2 As between the Council and the Owner, the Owner assumes all responsibility and
liability for:
(@) ensuring that there is adequate fire safety infrastructure and associated
water supply at the Property; and
(b)  complying with all applicable fire safety requirements at the Property
required by Law,
and releases the Council accordingly.
8. Release and indemnity
8.1 Risk
The Owner uses Council's Water and connects to Council's water reticulation system at its
own cost and risk.
8.2 Release
The Owner releases Council from all Claims resulting from any damage, loss, death or injury
in connection with:
8.2.1 the supply of Council's Water to the Owner's Water Supply System;
8.2.2 the quality of Council's Water beyond the water meter on the Property;
8.2.3 the use of Council's Water at the Property;
8.2.4 the need for or adequacy of fire protection infrastructure and associated water
supply in relation to the Property; or
8.2.5 the connection or disconnection of Council's water reticulation system to the
Property.
8.3 Indemnity

8.3.1 The Owner must indemnify the Council against:
(@) any Claim made, threatened or commenced against the Council; and
(b) any liability, loss (including Consequential Loss), damage or expense
(including legal costs on a full indemnity basis), and cost suffered or incurred

by Council,

arising in connection with:
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(c)  the supply of Council's Water to the Owner's Water Supply System;

(d)  the connection of Council's water reticulation system to the Owner's Water
Supply System, including any contamination caused to Council's Water due
to the connection;

(e) the quality of Council's Water beyond the water meter on the Property;

)] the use of Council's Water at the Property;

(g) the need for or adequacy of fire protection infrastructure associated water
supply in relation to the Property;

(h)  the disconnection of Council's water reticulation system to the Property,
including the failure by the Owner to comply with its obligations under clause
3.1.2; or

0] a breach of the Deed by the Owner.
8.3.2 The indemnity in clause 8.3.1 does not apply to the extent that a breach of this

Deed by Council directly contributed to the circumstances giving rise to the Claim,
liability, loss, damage, expense or cost.

8.4 No compensation
Council is not liable to the Owner for any loss or damage incurred by the Owner in
connection with the subject matter of this Deed, or acts or omissions of the Owner, including:
8.4.1 any damage to the Owner's Water Supply System or any water supply system;
8.4.2 any damage or loss to any property of any person;
8.4.3 any loss arising from death, disability or any injury to any person,
no matter how it happens.

8.5 Survives termination
8.5.1 The release in this clause survives termination of this Deed.
8.5.2 The indemnity in this clause survives termination of this Deed.

9. Termination of Deed on default

9.1 Default

9.1.1 The Council may, by notice in writing to the Owner, terminate this Deed
immediately and exercise any other legal right, if:

(@) the Owner commits a breach of this Deed which is not rectifiable (as
reasonably determined by the Council);

(b)  any payment required to be paid under this Deed from the Owner to the
Council is in arrears for 20 Business Days, whether or not the Council has
demanded payment;
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(c) the Owner fails to rectify a breach of this Deed which is rectifiable within 10
Business Days after receiving a written notice from the Council specifying
the breach and requiring the Owner to rectify it;

(d) the Owner repudiates its obligations under this Deed; or
(e) an Insolvency Event occurs in respect of the Owner.

9.1.2 If the Council ends this Deed under this clause, the Owner shall not be released
from liability for any prior breach of this Deed and other remedies available to the
Council to recover loss, damage or amounts owing under this Deed shall not be

prejudiced.

9.1.3 Demand or acceptance of any other moneys due under this Deed by the Council
after termination does not operate as a waiver of the termination.

9.2 Damages following termination
If the Council terminates this Deed under clause 9.1, the Owner must compensate the

Council for any loss or damage the Council suffers in connection with the event that gave
rise to the termination.

10. No fetter of discretion

10.1.12  Nothing in this Deed will be taken to require Council to act in a manner that
contravenes the Local Government Act 1993 (NSW) or the WM Act or to unlawfully
fetter the discretions of Council and the provisions of this Deed will be interpreted
accordingly.

10.1.2  Without limiting clause 10.1.1, the Owner acknowledges that:

(@) Council may have a role as consent authority in respect of the Property and
may charge inspection fees, and the Council cannot fetter its discretion when
performing any function as a consent authority; and

(b)  Council will not be liable to the Owner under this Deed for any acts or
omissions of the Council undertaken in exercising any of its statutory rights,
duties or powers under the EP&A Act, WM Act or the Local Government Act
1993 (NSW) or the exercise of any other statutory right, power or duty that
the Council may lawfully exercise.

11. GST
111 GST Act

In this clause words that are defined in A New Tax System (Goods and Services Tax) Act
1999 have the same meaning as their definition in that Act.

11.2 Exclusive of GST

Except as otherwise provided by this clause, all consideration payable under this Deed in
relation to any supply is exclusive of GST.

[6416517: 14513748_3] page 9



11.3

Recipient must pay

If GST is payable in respect of any supply made by a supplier under this Deed, subject to
clause 11.4 the recipient will pay to the supplier an amount equal to the GST payable on the
supply at the same time and in the same manner as the consideration for the supply is to be
provided under this Deed.

11.4 Tax invoice
The supplier must provide a tax invoice to the recipient before the supplier will be entitled to
payment of the GST payable under clause 11.3.
12. Notices
121 Delivery of notice
12.1.1 A notice or other communication required or permitted to be given to a Party under
this Deed must be in writing and may be delivered:
(a) personally to the Party;
(b) by leaving it at the Party's address;
(c) by posting it by prepaid post addressed to the Party at the Party's address;
or
(d) by facsimile to the Party's facsimile number.
12.1.2  If the person to be served is a company, the notice or other communication may be
served on it at the company's registered office.
12.2 Particulars for delivery
12.2.1 The address and facsimile number of each Party are set out on page 1 of this Deed
under the heading 'Parties' (or as notified by a Party to the other Parties in
accordance with this clause).
12.2.2  Any Party may change its address or facsimile number by giving notice to the other
Parties.
12.3 Time of service

A notice or other communication is deemed delivered:
12.3.1 if delivered personally or left at the person's address, upon delivery;

12.3.2  if posted within Australia to an Australian address, 2 Business Days after posting
and in any other case, 5 Business Days after posting;

12.3.3 if delivered by facsimile, subject to clauses 12.3.4 and 12.3.5, at the time indicated
on the transmission report produced by the sender's facsimile machine indicating
that the facsimile was sent in its entirety to the recipient's facsimile;

12.3.4 if received after 5.00pm in the place it is received, at 9.00am on the next Business
Day; and
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12.3.5 if received on a day which is not a Business Day in the place it is received, at
9.00am on the next Business Day.

13. Governing law

This Deed is governed by the law applying in New South Wales and the Parties submit to the
non-exclusive jurisdiction of the courts of New South Wales.

14. Interpretation

14.1 Words and headings
In this Deed, unless expressed to the contrary:
14.1.1  words denoting the singular include the plural and vice versa;
14.1.2  the word 'includes’ in any form is not a word of limitation;

14.1.3 where a word or phrase is defined, another part of speech or grammatical form of
that word or phrase has a corresponding meaning;

14.1.4 headings and sub-headings are for ease of reference only and do not affect the
interpretation of this Deed; and

14.1.5 no rule of construction applies to the disadvantage of the Party preparing this Deed
on the basis that it prepared or put forward this Deed or any part of it.

14.2 Specific references
In this Deed, unless expressed to the contrary, a reference to:
14.2.1 agender includes all other genders;

14.2.2 any legislation (including subordinate legislation) is to that legislation as amended,
re-enacted or replaced and includes any subordinate legislation issued under it;

14.2.3 any document (such as a deed, agreement or other document) is to that document
(or, if required by the context, to a part of it) as amended, novated, substituted or
supplemented at any time;

14.2.4  writing includes writing in digital form;

14.2.5 'this Deed' is to this Deed as amended from time to time;

14.2.6 'A%, '$', 'AUD' or 'dollars' is a reference to Australian dollars;

14.2.7 aclause, schedule or attachment is a reference to a clause, schedule or
attachment in or to this Deed;

14.2.8 any property or assets of a person includes the legal and beneficial interest of that
person of those assets or property, whether as owner, lessee or lessor, licensee or
licensor, trustee or beneficiary or otherwise;

14.2.9 aperson includes a firm, partnership, joint venture, association, corporation or
other body corporate;
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14.2.10 a person includes the legal personal representatives, successors and permitted
assigns of that person, and in the case of a trustee, includes any substituted or
additional trustee; and

14.2.11 any body (Original Body) which no longer exists or has been reconstituted,
renamed, replaced or whose powers or functions have been removed or
transferred to another body or agency, is a reference to the body which most
closely serves the purposes or objects of the Original Body.

15.

151

15.2

15.3

154

155

15.6

General

Variation

This Deed may only be varied by a document executed by the Parties.
Counterparts

This Deed may be executed in counterparts, all of which taken together constitute one
document.

Entire agreement and no reliance
15.3.1  This Deed:
(a) constitutes the entire agreement between the Parties; and
(b)  supersedes and cancels any contract, deed, arrangement, related condition,
collateral arrangement, condition, warranty, indemnity or representation
imposed, given or made by a Party (or an agent of a Party) prior to entering
into this Deed.

15.3.2 The Owner acknowledges that in entering into this Deed the Owner has not relied
on any representations made by the Council (or its agents or employees) other
than matters expressly set out in this Deed.

Liability

If a Party consists of 2 or more people or entities, an obligation of that Party binds each of
them jointly and severally.

Severability

15.5.1  Any provision of this Deed that is held to be illegal, invalid, void, voidable or
unenforceable must be read down to the extent necessary to ensure that it is not
illegal, invalid, void, voidable or unenforceable.

15.5.2 Ifitis not possible to read down a provision as required by this clause, part or all of
the clause of this Deed that is unlawful or unenforceable will be severed from this
Deed and the remaining provisions continue in force.

Waiver
The failure of a Party at any time to insist on performance of any provision of this Deed is not

a waiver of the Party's right at any later time to insist on performance of that or any other
provision of this Deed.
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15.7 Further assurance
Each Party must promptly execute and deliver all documents and take all other action
necessary or desirable to effect, perfect or complete the transactions contemplated by this
Deed.
15.8 Legal costs and expenses
15.8.1 The Owner must pay its own and the Council's legal and administrative costs and
expenses (on a full indemnity basis) in relation to the negotiation, preparation and

execution of this Deed, unless expressly stated otherwise.

15.8.2 The Parties acknowledge and agree that the total liability of the Owner under
clause 15.8.1 is equal to $4,500.

15.8.3 The Owner must pay the costs and expenses of Council that are required to be
paid under clause 15.8.1 within 10 Business Days after the Owner receives a tax
invoice for those costs and expenses.

15.9 Survival and enforcement of indemnities

15.9.1 Each indemnity in this Deed is a continuing obligation, separate and independent
from the other obligations of the Parties and survives termination of this Deed.

15.9.2 ltis not necessary for a Party to incur expense or make payment before enforcing
a right of indemnity conferred by this Deed.

15.10 No merger

The warranties, undertakings, agreements and continuing obligations in this Deed do not
merge on completion of the transactions contemplated by this Deed.

15.11  Business Day
If a payment or other act is required by this Deed to be made or done on a day which is not a

Business Day, the payment or act must be made or done on the next following Business
Day.
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Sighing Page

Executed by the Parties as a deed

Signed for and on behalf of The Council of
the City of Gosford ABN 78 303 458 861 by
General Manager in the presence of:

Witness

Executed by Narara Ecovillage Co-
Operative Ltd ABN 86 789 868 574 in
accordance with section 127(1) of the
Corporations Act 2001:

Print full name
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Narara Ecovillage Co-operative Ltd

25 Research Road Narara NSW 2250
ABN 86 789 868 574

Appendix - 4.1.9.1

NEV Potable Water Risk Register RevD




Document Control Information

Document: Narara Ecovillage Potable Water Risk Assessment Register
Date Created: This format created 23 February 2016

Created by: Annette Davison (consultant to Narara Ecovillage)

Date last Modified: 16-Mar-16

Maodified by: Annette Davison

Modifications Made:

Rev B: Modifications made post review by John Talbott and Annette Davison, 22
February 2016.

RevC: Madifications made post risk review by Geoff Cameron, Mark Fisher and Annette
Davison, 14 March 2016.

RevD: Modifications and additions made 16 March 2016 by Annette Davison. Sent to
Geoff Cameron and Mark Fisher, 16 March 2016.

Version :

Rev D

Status:

For Narara Ecovillage internal use only, not for circulation (will require update schedule to
be added here once adopted)

Document Number:

Appendix 4.1.9.1 (Stage 1 WICA Licence)

Update Required:

TBD by NEV.

Document Controller:

TBD by NEV.




Risk Review Details

Date Location Attendance Purpose Outcomes
24-Mar-14 |Syndicate Room 9, MGSM |John Talbott Narara Initial risk analysis |Register developed of initial catchment to tap system and water treatment plant
Conference Centre, Level 7, [Ecovillage concept design.
37 Pitt Street, Sydney Geoff Cameron Narara
Ecovillage
Katrina Wall NSW Health
Kerry Spratt NSW Health
Maria Morahan IPART
Warren Johnson Aquacell
Belinda Layson Aquacell
Colin Fisher Aquacell
Annette Davison Risk Edge
Sarah Loder City Water
Technology
14-Mar-16 |Risk Edge Head Office, 1/7 [Mark Fisher (Director, NEV) |Risk review Events, controls and scores reviewed.
Highfield Road, Lindfield Geoff Cameron (Director, Break tank risk event removed as no longer part of system.
NEV) UV events removed as UV no longer a disinfection step in the system design.
Annette Davison (Director Remove microfiltration event: "Biological and physical hazards
and Principal, Risk Edge) Excessive turbidity interfering with the efficiency of the UV disinfection system" as
UV no longer a part of the system.
Add nanofiltration events.
16-Mar-16 |Risk Edge Head Office, 1/7 [Annette Davison (Director Editing of Reality check of review and formatting consistency modifications undertaken.
Highfield Road, Lindfield and Principal, Risk Edge) spreadsheet 'DeletedRisks' sheet added.




Risk Register Potable Water Supply

Potential Hazards and

Process Step Risk # Hazardous Event

Biological and physical hazards
Recreation and camping (residents
and public) leading to raw water
quality that is difficult to treat

Catchment C1

Maximum Risk

. Preventative Measures
Max. Risk

Score

Water treatment plant (design concept developed
and technology assessment conducted by Water
Futures 2015)

Residents aware that dam is water source
Community rules

Dam Recreation Policy (no primary contact, no
motorised watercraft)

Residents bound by Community Management
Statement.

Some inherent mitigation in dam.

Biological, physical and chemical
hazards

Faecal matter (including feral animals)
and erosion products from agriculture
(horticulture and animal husbandry)
and forestry reaching waterways and
causing a water quality problem in
dam

Catchment C2

Residual Risk

Resid.

Cc Risk

Score

Water treatment plant (design concept developed
and technology assessment conducted)

Some inherent mitigation in dam.

Landuses in catchment understood and now
mapped.

Biological and physical hazards
Periodic changes in raw water quality
leading to difficulty in treating raw
water and increased chlorine demand

Catchment C3

Water treatment plant (design concept developed
and technology assessment conducted by Water
Futures 2015)

Residents aware that dam is water source
Community rules

Dam Recreation Policy (no primary contact, no
motorised watercraft)

Residents bound by Community Management
Statement.

Some inherent mitigation in dam.

Biological, physical and chemical
hazards

Eutrophication resulting in low DO,
high nutrients, increased possibility of
algal blooms causing taste and odour,
toxin production, mineral mobilisation
resulting in poor water quality

Catchment C4

Water treatment plant (design concept developed
and technology assessment conducted by Water
Futures 2015)

Residents aware that dam is water source
Community rules

Dam Recreation Policy (no primary contact, no
motorised watercraft)

Residents bound by Community Management
Statement.

Some inherent mitigation in dam.

Physical and chemical hazards
Bushfire followed by heavy storm
resulting in ash, nutrients washing into
the dam

Catchment C5

Water treatment plant (design concept developed
and technology assessment conducted)

Some inherent mitigation in dam.

Landuses in catchment understood and mapped.
Ability to cart water in.

Physical and chemical hazards
Road crossings, accidents and spills,
unsealed roads leading to water
quality issues

Catchment C6

Water treatment plant (design concept developed
and technology assessment conducted by Water
Futures 2015)

Residents aware that dam is water source

Some inherent mitigation in dam.

Uncertainty

Uncertainty low

Comments

ALARP
14/3/2016: Max risk changed to 3 from 4
for likelihood. Residual C changed to 4.
Score reduced and therefore not
considered ALARP.

Further Actions

14/3/16: No actions added.

Uncertainty low

14/3/2016: There is only a small level of
agriculture at the top of the catchment.
NEV checked with Strickland State
Forest and there is no feral animal
baiting program in place (not seen as a
priority forest for this activity). Max risk
changed to 3 from 4 for likelihood.
Residual C changed to 4. Score reduced
and therefore not considered ALARP.

14/3/2016: No actions added.

High uncertainty due
to lack of historical
data.
16/3/2016: See
comments on WQ
which now reduce the
uncertainty.

14/3/2016: WQ monitoring report from
August 2015. Water appears of good
quality. Water will need to be monitored
over time to get more historical
information.

16/3/2016: Risk scored by Annette
Davison.

Aquacell to establish raw water sampling program
(capture a range of weather conditions, seasonal
changes as much as possible). Include TOC/DOC
and dissolved iron and aluminium, colour,
turbidity, nutrients plus gross alpha and gross
beta (one-off). Refer to Woodlots and Wetlands
report for hydrogeology.

Not considered to be a problem for this
system

WTP would only be a
control if minor impact
(process should be
able to manage float
ash on dam, not
wholesale
contamination)

14/3/2016: Historical information is that
there has been no fire in the catchment
in living memory. Max. risk scores not
changed residual risk consequence
reduced to 4 as water can be carted in.

14/3/2016: Bushfire Management Plan to be
developed (liaise with Strickland State Forest,
RFS and GCC).

Ensure that assets etc are mapped as part of this
plan.

Pending catchment
boundary.
16/3/2016:

Uncertainty reduced

as catchment now

mapped - few if any
crossings.

16/3/2016: Catchment boundary and
landuses now mapped and understood.
Risk scores added by Annette Davison.

NEV to define catchment area
NEYV to identify relevant stakeholders in incident
management plan (HAZMAT, EPA, Police, Fire,
NSW Health)




Potential Hazards and
Hazardous Event

Process Step

Biological hazards

Dead animals decaying and leaching
nutrients resulting in poor water quality
entering dam

Source Water
(Dam)

Biological, physical and chemical
S3  |hazards
Potential stormwater entry into dam

Source Water
(Dam)

Maximum Risk

Max. Risk

Score

Biological, physical and chemical
hazards

S4  |Short-circuiting and rapid mixing
and/or reduced detention time in the
dam leading to poor quality water

Source Water
(Dam)

Biological, physical and chemical

Source Water hazards

(Dam) S5 Algal blooms (toxic and non-toxic
strains) resulting in poor water quality
Biological, physical and chemical
Source Water s6 hazards

(Dam) Use of the dam for firefighting resulting

in water quality contamination

Failure of pre-treament to remove

Pre-treatment PT1 colour, DOC/TOC

Not scored

Preventative Measures

Water treatment plant with multiple barriers in
process train
Dam Management Plan (service to be provided by
external contractor)

Stormwater from NEV site will not flow to dam (to
Narara Creek)
Dilution

Water treatment plant (proposed)

Residual Risk

Resid.
Risk
Score

Water treatment plant with multiple barriers in
process train

Monitoring of raw water

Average residence time in excess of 25 days
(98%ile) in dam

Uncertainty

Comments

Further Actions

Dam management plan to be developed by
NEV/Aquacell including how this fits with WICA
licence

Water treatment plant with multiple barriers in
process train

Monitoring of raw water

Good quality of catchment and runoff.

14/3/2016: Woodlots and Wetlands
study (Reservoir Water Management
Plan V5.3 2015) states 25 day average
residence time.

Scores added, N/A before.

14/3/2016:
Review Woodlots and Wetlands recommendation
(Reservoir Water Management Plan V5.3 2015)
to include a variable offtake level for the dam.

Water treatment plant with multiple barriers in
process train

Monitoring of raw water

Fire hydrants designed into system.

300 KL for firefighting in gravity fed tanks.
Inherent dilution in dam.

Carbon (adsorption) not to be
considered unless catchment
management studies and WQ
monitoring indicate otherwise.
14/3/2016: There is only a small level of
agriculture at the top of the catchment.
Low phosphorus levels in raw water
(August 2015). No historical algal
blooms.

NEV to liaise with previous site manager
regarding this (including instances of T&O)
Refer to Water Directorate website for algal

management protocols
14/3/2016:
Review Woodlots and Wetlands recommendation
(Reservoir Water Management Plan V5.3 2015)
to include a variable offtake level for the dam.

Currently no detail on control for this component of
the system

14/3/2016: Risk scores added, N/A
before.

NEV to include use of dam for firefighting in
bushfire management plan

Biological hazard
Membranes may be compromised by

Maintain membranes under a regular schedule.
Ensure all membranes are replaced periodically.
Pressure differential alarm.

Pressure decay testing.

14/3/2016: Review O&M of pre-treatment system
with Aquacell.

pathogen breakthrough

Microfiltration MF1 cleaning resulting in reduced 7 Still have chlorine.
pathogen removal. Filter to waste after clean and can divert off-spec
water.
Verification monitoring (when developed)
Pressure decay testing.
Biological hazard Still have Cl2.
Microfiltration MF2 [Membrane breach resulting in 7 Preventative maintenance program for membranes.

Filter to waste after clean and can divert off-spec
water.

14/3/2016: Review how membrane replacement
schedule will be managed (possibly through the
service agreement/asset management plan).

Decision is based on
pressure decay
testing being in place

Review the log reductions provided by current
process train




Process Step

Potential Hazards and

Hazardous Event

L

Maximum Risk

Cc

\ Preventative Measures
Max. Risk

Score

Residual Risk

Resid.
(0 Risk
Score

Maintain membranes under a regular schedule.
Ensure all membranes are replaced periodically.
Biological hazard Pressure differential alarm.
Nanofiltration NF1 Mempranes mgy pe compromised by 3 4 7 Prgssure decay testing. 2
cleaning resulting in reduced Still have chlorine.
pathogen removal. Filter to waste after clean and can divert off-spec
water.
Verification monitoring (when developed)
Pressure decay testing.
Biological hazard Still have CI2.
Nanofiltration NF2 |Membrane breach resulting in 3 4 7 Preventative maintenance program for membranes. 2
pathogen breakthrough Filter to waste after clean and can divert off-spec
water.
Filter to waste after clean and can divert off-spec
. . . water.
BIObgK.:al and .physllcal ha;ards. Turbidity meter is alarmed - high alarm diverts off-
I Excessive turbidity interfering with the
Nanofiltration NF3 - . L . 3 5 spec water. 3
efficiency of the chlorine disinfection . .
svstem Online turbidity meter.
y UVl is alarmed and will shut down plant for high
alarm.
Upstream MF and UV
Biological hazard System designed to USEPA Guidelines
Chlorine Insufficient chlorine dose leading to Alarms on Chlorine dosing system (low dose, high
Disinfection inadequate Ct (contact time X dose) dose, high back pressure)
. . CD1 - . . 4 5 . - 2
(chlorine, dosing and poor disinfection by chlorine Flow paced chlorine dosing system
pump) system. Flow switch through dosing cell
Free residual chlorine monitoring
Process interlocks (out of spec water diverted).
Biological hazard Upstream MF and UV
Chlorine Insufficient contact time leading to System designed to USEPA Guidelines
Disinfection inadequate Ct (contact time X dose) Design tanks so that minimum operating level
. . CDh2 ) - ! : 4 5 ] : ) 2
(chlorine, dosing leading to poor disinfection by chlorine provides required contact time.
pump) system. Baffle design in chlorine contact tank.
Free residual chlorine monitoring
Online chlorine level monitoring (alarmed) and
Chlorine . . visual indicator in dosing tank.
Disinfection Biological hazard Training of service technician
. . CD3 |Underdosing from insufficient chemical| 4 4 9 ’ 2
(chlorine, dosing . . . - O&M program.
in dosing tank or equipment failure e .
pump) Verification monitoring downstream.
Process interlocks.
Chlorine Free residual chlorine monitoring
Disinfection cD4 Chemical hazard 4 5 Process interlocks 9
(chlorine, dosing Overdosing of chlorine Training of service technician.
pump) Customer complaints monitoring.
On-line pH meters on raw, contact tank and treated
. water and shut down and divert treated water
Chlorine . . . .
Disinfection Biological and physical hazards delivery once pH out of range
. . CD5 |High pH in the water causing reduced 4 3 7 Pre-treatment where pH can be adjusted (NaHCO3) 3
(chlorine, dosing L . - .
ump) disinfection efficiency Still have MF
pump Verification monitoring downstream (program to be
developed)
pH monitoring in potable water storage
Chemical hazard Visual monitoring of Calcite filter
Calcite Filter CF1 FallureT of pH stabllllsatllon _Ieagmg to 3 > No Ductile Iron Cement Lined pipes 2
potential problems in distribution New system
system Operator training
Verification monitoring downstream
Biological, physical and chemical Covered reservoir
hazards Good roof design
Potable Water Contamination of reservoirs by pests Chlorine residual
PWST1 o 4 5 L Y 4 (]
Storage Tanks (possums etc.), infiltration from roof, Verification monitoring
illegal access, corrosion or sediment Reservoir inspection program (to be developed)
build-up resulting in poor water quality Customer complaint monitoring

Uncertainty

Comments

14/3/2016: Risk scores same as for
microfiltration as even though only one
disinfection barrier now, there are two

sets of membranes and a pre-treatment
step in the design.

Further Actions

Review where off-spec water will be diverted to
and/or retreated

Decision is based on
pressure decay
testing being in place

14/3/2016: Risk scores same as for
microfiltration as even though only one
disinfection barrier now, there are two

sets of membranes and a pre-treatment
step in the design.

Review the log reductions provided by current
process train

Clarify what will happen to off-spec water in this
case.

Need to develop an incident response plan in
consultation with NSW Health which includes
notification to NSW Health when a CCP is
breached.

Note temperature may also affect
disinfection efficiency

Aquacell to confirm which guidelines this process
is being designed to.
CCP procedures to be developed in conjunction
with NSW Health.

Has a non-conforming water protocol
been written?

Roles and responsibilities currently being
defined.

CCP information will need to consider whether
water can be retreated.
Talk to EPA about environmental discharges and
if necessary consider sending out of spec water
to Break Tank instead of dam.

From available data, pH was quite low
but this is to be confirmed through

14/3/2016: Review chlorine contact tank with
Aquacell (currently not drawn on Appendix

Await further data additional monitoring 4.1.1.5).
14/3/2016: pH of raw water is slightly | Max scores added and residual scores changed
acidic (August 2015 report). to 2/3 from 1/2.
Distribution system materials still to be
determined (likely poly mains, copper
Await further data internals).

14/3/2016: Max risk scores added (N/A
previously). Water quality report (August
2015) suggests water slightly acidic.

Currently there is overhanging
vegetation.

14/3/2016: Note that the new design has
four potable storage distribution
reservoirs (from 1 originally) with booster
chlorination designed in.

Develop a response protocol (including hand-
dosing reservoir)

Vegetation reduction and ongoing vegetation
management program to be developed
Determine appropriate monitoring point for
chlorine residual in distribution system




Process Step

Potential Hazards and

Hazardous Event

L

Maximum Risk

Cc

\ Preventative Measures
Max. Risk

Score

Residual Risk

L

Resid.
(0 Risk
Score

Reservoir inspection program will be
Covered reservoir developed including operator training Develop a response protocol (including hand-
Biological, physical and chemical Good roof design and records. dosing reservoir)
Potable Water PWST?2 hazards 3 4 7 Chlorine residual 2 4 6 Scored based on staging approach. [Need to consider reducing potential for stagnation
Storage Tanks Poor water quality due to low turnover Verification monitoring 14/3/2016: Note that the new design has in the reservoir
(including loss of residual disinfectant) Reservoir inspection program (to be developed) four potable storage distribution Develop CCPs in consultation with NSW Health.
Customer complaint monitoring reservoirs (from 1 originally) with booster Refer to DWMS examples.
chlorination designed in.
Low mixing causing dead spots/short Chlorine residual 14/3/2016: Note that the new design has
Potable Water PWST3 circuiting (common inlet outlet) 3 4 7 Verlflcatl.or) monltgrmg 5 4 6 four potable stora.ge dlstrlputlon Ensure that reservoir design considers mixing
Storage Tanks exacerbates water age problems and Reservoir inspection program (to be developed) reservoirs (from 1 originally) with booster
causing poor water quality Customer complaint monitoring chlorination designed in.
Good quality water with pre-treament and two sets . . . .
of membranes. 14/3/2016: Residual 1#2@1,6'Niﬁrxﬁ:gﬁfveézg?n: ::gv 14/3/2016: Ensure that reservoir cleaning (e.g.
Potable Water Reservoir cleaning while reservoir is Buffer (multiple tanks) to be able to take a reservoir risk rated as high for ) W aesig through Aqualift or other contractor) and O&M in
PWST4 ) R . 4 4 . . 3 4 7 A four potable storage distribution S .
Storage Tanks online resulting in risks to water quality offline for cleaning. now until procedures . L . general is included in the Asset Management
e o ) reservoirs (from 1 originally) with booster
Verification monitoring (when developed) are in place. o . . Plan.
. o chlorination designed in.
Customer complaints monitoring (to be developed)
System designed with ring mains to reduce dead
ends etc
Distribution Water age in mains resulting in Sc:t)sn[:ractlce design being followed for distribution
System (lines, DS1 [chlorine residual decline and potential | 3 3 ySH . 2 3 14/3/2016: Scores added (N/A before).
. Design of plant and storage tanks considers
end use) for regrowth (discoloured water etc.)
demand and water age
Potential to adjust chlorine levels at plant and in
storage.
Assessment of total organic carbon and colour
Distribution High chlorine demand due to (August 2015) . .
System (lines, | DS2 [DOC/TOC leading to inability to 3| 3 Pretreatment (200 um filter, KMnO4, NaHCO3, 2 | 3 14/3/2016: Scores added (N/A before). | Undertake Samp"”gn?j”fof;ﬁys's for DOC/TOC
end use) maintain residuals oxidising filter)
Membranes (ultrafiltration and nanofiltration)
System designed with ring mains to reduce dead
ends etc
Seasonal conditions affecting water Good practice design being followed for distribution
Distribution temperature in the raw and t?eated system Include temperature in raw water monitoring
System (lines, DS3 P ) . 2 4 Design of plant and storage tanks considers 2 3 14/3/2016: Scores added (N/A before). program and distribution (to better understand
water and longevity of chlorine ot
end use) . . L demand and water age temperature variations)
residual in the distribution system . . . .
Potential to adjust chlorine levels at plant and in
storage.
Mixing in the tanks.
Develop handover protocols to householders and
Distribution Delivery pipes and fittings leaking or Plumbing installed according to AS/NZS 3500 oc‘::tjn;?wlgg(lzztpi)s Cttlﬁgtﬁlizu\llxllcijlllnl?: (?rifcc?:to
System (lines, DS4 ery pip ¢ 9 3 4 7 Use licensed plumbers 2 3 pancy 9 .
end use) bursting Materials from reputable suppliers granting of licence)
P PP NEYV to consider including plumbing requirements
in by-laws
Distribution Cross c.or?tamlnatlon from non- 14/3/2016: Procedures will need to be 14/3/2016: Levg this actlpn in: Develop
) quarantining of sewer and water ) procedures for mains work including separate
System (lines, DS5 . ; : . 3 4 7 N/A Not scored developed post construction phase. : . .
equipment including CCTV during . . equipment and clothing, hygiene procedures for
end use) . Therefore, residual risk not yet scored. B
mains work water and sewer.
Plumbing audit
Coloured piping
Aquacell has a backflow prevention procedure in 14/3/2016: Keep these actions: "Review backflow
place . . N
Customer complaints monitoring system (to be ALARP prevention/ cross connection policies in place for
Distribution Cross connections with recycled water developed) P 98y 14/3/2016: Not considered ALARP until this scheme.
System (lines, DS6 [system or any other non-potable 5 5 p_ . . . . 2 5 7 the issue of plumbing audit and Review risk once recycled water treatment plant
Complaints Handling and Dispute Resolution Policy . L N N
end use) sources ; customer complaint monitoring is finalised.
Retail Supply Managment Plan. . .
I o addressed. Develop a customer complaints monitoring
Verification monitoring
. system.
Education
Higher pressure in potable system than recycled
system

Uncertainty

Comments

Further Actions




Process Step Risk #

Potential Hazards and
Hazardous Event

L

Cc

Maximum Risk

Max. Risk
Score

Preventative Measures

L

Cc

Residual Risk

Resid.
Risk
Score

Uncertainty

Comments

Further Actions

RPZ (reduced pressure zone), air gaps
Plumbing audit

Coloured piping

Aquacell has a backflow prevention procedure in
place

Unlikely to be any high risk activities on
site. 14/3/2016: Perhaps small café

14/3/2016: Keep "Review backflow prevention/

Distribution Backflow from various Sources Customer complaints monitorin and/or dairy farm. cross connection policies in place."
System (lines, DS7 ) . 3 5 8 P plaint 9 3 4 7 14/3/2016: Still some controls to put in 14/3/2016: Develop trade waste policy if/as
causing water quality problems Verification monitoring .
end use) . place therefore consequence not yet as required.
Education L .
) low as could be - but, it is considered a
Plumbing controls . .
. . . low risk site for backflow.
Zero Chemicals Policy for site management
Community Management Statement (binds
residents to chemical use policy)
14/3/2016: New process design
Assessment of total organic carbon and colour incorporates a pre-treatment step to
Distribution Reduced water quality from arowth of (August 2015) remove tannins/TOC. There are now two 14/3/2016: Clarify with Aquacell whether the
System (lines, DS8 o qualily 9 3 4 7 Pretreatment (200 um filter, KMnO4, NaHCO3, 2 2 sets of membranes - UF and NF which oxidising filter for pretreatment is the same as
biofilms o . - . . : . "
end use) oxidising filter) are different to the original design sodium metabisulphite addition.
Membranes (ultrafiltration and nanofiltration) (previously only UF). Water has high
colour from tannins.
DIStnbUt.lon Reactive cleaning of mains resulting in 14/3/2016: No measures yet in place 14/.3/2016: Develop distribution system cleaplng/
System (lines, DS9 i Not scored Not scored maintenance proceudres (to be prepared prior to
reduced water quality therefore not yet scored. )
end use) operation)
DIStnbUt.lon Turnover in wgter dlrec’Flon,. pressure, Design of reticulation system does not have bi- 14/3/.20.16: (?on3|der removing this event Ensure that this event is covered in distribution
System (lines, DS10 [system operation resulting in reduced 3 4 7 T 0 as bi-directional flows do not appear to ;
) directional flows. . . system maintenance plan/procedures
end use) water quality be planned into this system.
Unlikely that water carters will be
allowed to connect to the system.
. 14/3/2016: System has been designed
P . System design.
Distribution Reduced water quality from use of . . to allow water carter access at one .
. . One dedicated access point. . . ) 14/3/2016: Ensure that water carters have current
System (lines, DS11 ([water carter connections by approved 3 4 7 . . R . 2 4 dedicated point on the main road. The . .
Five appropriate (i.e. licence from Gosford Council) . . L licence if/when used.
end use) users . . o design has been submitted to the civil
water carter providers have been identified. .
contractors. Risk scores changed from
N/A to adding in max and residual
scores.
Upstream water treatment plant (good water quality)
Ring main designed with fire hydrants (in
accordance with Plumbing Code of Australia and
Distribution Use of fire hydrants stirring up the Bushfire Protection Assessment (Australian Bushfire 14/3/2016: Ensure that a water quality monitoring
System (lines, DS12 |system and causing water quality 4 3 7 Protection Planners 2013)). 2 3 14/3/2016: Residual risk scores added. | plan is developed for verification purposes (for
end use) issues Verification monitoring will be in place as part of the drinking and recycled water).
Infrastructure Operating Plan.
Complaints Handling and Dispute Resolution Policy
(customer complaints monitoring to be developed)
Customer complaints monitoring (to be developed)
Distribution New pipes therefore unlikely to have mains breaks Likely that potable and recycled water
. Main break resulting in entry of happening initially pipework will be in same trenches but Ensure that this event is covered in distribution
System (lines, DS13 . ) 3 4 7 . . 2 3 .
end use) contaminants into the system Chlorine residual sewers separate system maintenance plan/procedures
Verification monitoring 14/3/2016: Residual risk scores added.
Positive pressure
All residents will be part of NEV owners association
Education plan
Distribution lllegal/unknown connections resultin g?l?:ﬂlni:éz:?h waterbelance (proposed) ALARP
System (lines, DS14 |. 'g . 9 3 5 e o 2 5 7 14/3/2016: Still comfortable with ALARP.
in introduction of unknown hazards Verification monitoring program
end use) Score not changed.

Customer complaints monitoring
Maintain positive pressure in the distribution system
Backflow prevention at property boundary




Residual Risk

Resid.
Risk
Score

Uncertainty

Comments

Further Actions

Maximum Risk
. Potential Hazards and .
Process Step Risk # . Preventative Measures
Hazardous Event Max. Risk
L (o3 L C
Score
Distribution Contamination introduced during
System (lines, DS15 |laying of new mains by operator and/or Not scored
end use) other party
Distribution Dead ends in reticulation systems \E;Zggczzgi t;f;tgtraizlgned out where possible
System (lines, DS16 [leading to stagnation and water quality| 3 4 7 onng - 2 3
. Customer complaints monitoring
end use) issues . .
Chlorine residual
Verification monitoring program including checking
chlorine residual in distribution system.
Distribution Lack of chlorine residual at svstem Ring main system has been designed to minimise
System (lines, DS17 - ¥ 4 4 dead ends. 2 4
extremities
end use) Small system.
Customer complaint monitoring
Ability to adjust dosing
Signage
Use of non-potable water (e.g. Education brochure
General/ Whole . ;
WoS1 [recycled water) as though it were 4 4 Coloured pipes 2 4
of System S . I
treated drinking water Customer complaint monitoring
Robust recycled water treatment process
Computerised asset planning system
Incorrect or reduced quality of Inventory.control sys.tem for chemicals
General/ Whole materials or chemicals resulting in Buy chlorine as required,
WoS2 . . 3 4 7 Only deal with reputable manufacturer. 2 3
of System potential for water quality \ e
contamination Install to manufacturer's specifications.
Can divert out of spec water if at WTP and if
detected
Chemicals being delivered to incorrect Training of operators
General/ Whole Lo LS L . . .
WoS3 |storage resulting in process 2 4 Chilorine is the only liquid chemical which will be 1 4
of System o . .
contamination or incorrect dosage stored onsite
Connection grid for foreseeable future.
Running on PV and batteries.
General/ Whole UPS for all critical alarms and monitoring systems.
WoS4 |Prolonged power outages 4 4 Electricity design in place for Stage 1. 2 4
of System X
Gravity feed.
Five days backup storage for potable water.
Water carting plan.
Catastrophic system failure, e.g. UPS for all critical alarms and monitoring systems.
General/ Whole WoS5 bushfire, flood or earthquake taking 1 5 Gravity feed. 1 5
of System out key infrastructure e.g. WTP or Five days backup storage for potable water.
pump station Water carting plan.
General/ Whole . NEV site security (but not near dam)
of System WosS6 |Human actions (sabotage) ! 5 Password protection on SCADA 1 5
Operator training
Remote monitoring
Password protection on SCADA (including
General/ Whole Significant operator/ contractor error restriction on changing CCPs - only by Aquacell
WoS7 . . 3 5 . 2 4
of System resulting in poor water quality Technical Manager)
Position descriptions for NEV Water Utility Staff.
Verification monitoring (when developed)

Not scored

14/3/2016: New main is part of Stage 2
infrastructure rollout and therefore
covered by separate WICA licence

application for Stage 2.

Not scored at this stage as not relevant

yet.

Consider how this issue is dealt with during the
staging process

Distribution system design not yet
finalised
Currently going through re-zoning
process which will impact upon
distribution system for following stages.
14/3/2016: System design now finalised.
Dead ends have been minimised, ring
mains used. Residual likelihood changed
to 2 from 3.

14/3/2016: Keep "This event to be considered in
chlorination CCP.
Develop verification monitoring program with
consideration of NSW Drinking Water Monitoring
Program (available online)."

ALARP.
Aquacell will develop a program that's
tailored for NEV.
Scored assuming recycled water plant
process OK.

NEV to review program.
Consider liaison with PHU regarding this event.

Aquacell will develop a program that's
tailored for NEV

NEV to review program.
System for storing materials to be developed and
covered in contract.
Aquacell to review chemical specifications/
certificates and verify OK for drinking water.

Consider designing in different fittings for different
chemicals

14/3/2016: NEV may ultimately be off
grid.
Max and residual risk scores added.

14/3/2016: Change to Consider establishing a list
of local generator suppliers.
Make sure this is covered in the Incident and
Emergency Response Plan.

ALARP

14/3/2016: Keep "Ensure that WQ impacts are
covered within incident management
plan/procedures."

Add "Ensure that this event is covered also in the
Business Continuity Plan when developed."

ALARP

14/3/2016: Keep "Security around dam and WTP
to be reviewed.
Security checks to be included in reservoir and
site inspection programs.”
Add "Ensure that this event is covered also in the
Business Continuity Plan when developed."

14/3/2016: Keep "Review method for ensuring
skills currency and competency for drinking water
quality.

Consider water quality awareness and training for
contractors also (NWP279 (Cert Il)).
Ensure that IPART and NSW Health are involved
in any changes to CCPs (once in place)"
14/3/2016: Ensure that NWP279 (Cert Il) is
required for operators.




Maximum Risk Residual Risk
Potential Hazards and
Process Step Risk # . Preventative Measures Resid. Uncertainty Comments Further Actions
Hazardous Event Max. Risk .
L (o3 L C Risk
Score
Score
Service Agreement is now in place between . " e
L o o . 14/3/2016: Remove "Roles and responsibilities" to
Lack of resources resulting in Aquacell and NEV specifying roles and Remote monitoring will be by Aquacell .
. . o . be further developed and training and records
reduction of proactive management responsibilities. Onsite O&M tasks probably by Aquacell o
General/ Whole . . . management to be covered in this.
WoS8 (work leading to system issues (e.g. 3 4 7 Monthly performance reports from Aquacell to NEV. [ 2 3 but to be determined . .
of System . . . Add: Ensure that records management is
control measures not being Performance level KPls set into the agreement. Day to day operations to be by NEV . . .
. . - . . developed to help review and monitor this event.
implemented appropriately) Ability to rescind agreement if performance not met. personnel .
e o Risk scores added.
Verification monitoring (when developed)
ie:']\gzzlﬁagr:zex:\?tslsenc?mrl]n ?ﬁ: gﬁ:jween 14/3/2016: Remove "Roles and responsibilities” to
Lack of training/awareness of key staff q A pecilying be further developed and training and records
General/ Whole resulting in potential for poor water responsibilities. management to be covered in this
WoS9 . . - 3 4 7 Monthly performance reports from Aquacell to NEV. | 2 3 ) .
of System quality through incorrect operation of ) Add: Ensure that records management is
Performance level KPls set into the agreement. . . .
the water supply system - . . developed to help review and monitor this event.
Ability to rescind agreement if performance not met. .
e o Risk scores added.
Verification monitoring (when developed)
Resourcing issues due to greying of
the workforce, unavailability of NEV mgmbers are the vyorkforce. L 14/3/2016: Remove "Not considered an
General/ Whole . e Plan to increase education and training in the NEV . . N
WoS10 |appropriately qualified staff, staff 4 3 7 o 3 3 6 issue for this system
of System . . Water Utility arm. )
turnover leading to water quality o . . Risk scores added.
. Ability to contract in resources as required.
issues
Instrument selection (fit for purpose and capable of
. - I . holding calibration) . .
General/ Whole WoS11 Fallur.e Of. critical monitoring devllces 3 5 Verify calibration through operator checks 1 4 Low and high warning glarms Consider having critical spares available
of System resulting in unknown water quality I Low low and high high
Calibration schedule
Process validation programmed into control system




Risk Register Potable Water Supply

Process Step Risk #

Potential Hazards and
Hazardous Event

Maximum Risk

L

Cc

Max. Risk
Score

Preventative Measures

L

Residual Risk

(o

Resid.
Risk
Score

Uncertainty

Comments

Further Actions

Biological. phvsical and chemical Cover Break Tank in distribution reservoir
haza?ds - PhYy Good flow-through and not excessive storage management plan
3. Break Tank Water quality deterioration in Break 2 3 Covered, physically secure 1 2 14/3/2016: Remove this event as the new system
Tank qualtty Water treatment plant (proposed) design does not have a break tank but goes
straight to pre-treatment.
\I;ltgrto waste after clean and can divert off-spec Clarify what will happen to off-spec water in this
Biological and physical hazards Turbi&it meter is alarmed - high alarm diverts off- case.
4. Microfiltration Excessive turbidity interfering with the 3 5 8 spec wayter 9 1 3 Need to develop an incident response plan in
’ efficiency of the UV disinfection pe: - consultation with NSW Health which includes
Online turbidity meter. I .
system . : . notification to NSW Health when a CCP is
UVI is alarmed and will shut down plant for high
breached.
alarm.
UV intensity meter - alarmed (UVI)
Biological hazard Lamp replacement program
5. UV disinfection L.OYV wv 'dose leading to poor w 3 4 7 Lamp run ho.u.rs meter 1 4 Develop CCP procedure
disinfection or UV lamp failure or a Operator training.
fault with the system Fault alarms (e.g. ballast failure)
Still have chlorine for chlorine sensitive pathogens.
El)z;lzgls(i;\?y:ﬁizcar:organisms in filtrate Controls on MF including pressure decay testing.
above the design value. (Biological S\r}lllr;t:rt:)brl?lzarrniteedr. system shuts down for high
L . contaminants pose a risk to humans > SY 9
5. UV disinfection . ) ) ) 3 4 7 alarm. 1 4
via skin contact, inhalation or Locate UV after MF
accidental ingestion). Lamp tube e o
foulin Verification monitoring downstream.
9 Chlorine dosing for chlorine sensitive pathogens.
Verification testing
Physical hazard Equipment and installation compliant with
Poor hydraulics through the UV (lack certification of system.
. . of mixing) leading to short circuiting, Limiting maximum flow through UV unit to flow
5. UV disinfection high flows through the UV above the 2 4 capacity of unit. 1 4
design flow. Chlorine dosing for chlorine senstive pathogens.
Biological hazards On-line monitoring of the UVI. Production stopped.
5. UV disinfection Lamp breakage leading to disinfection| 3 4 7 Reputable syppller. 2 4 6 Risk based on use of amalg_am lamps
failure Operator training. from reputable supplier.
Chlorine dosing for chlorine sensitive pathogens.
Biological hazard .
N . UVT outside of validated range Factory calibrated standard sensor. . . .
5. UV disinfection leading to water not meeting lo N/A #VALUE! |Regular checks. 0 UVT will not be monitored. Obtain RWQ data for colour.
removgl requiraments glog Chlorine disinfection
Distribution . . . . .
System (lines Reduced water quality from unlined 0 0 14/3/2016: Remove event - not an issue for this
yend use) ’ fittings system.
Consider alternate sources of potable water e.g.
keeping GCC water to one building. Liaise with
Distribution 14/3/2016: This even?ic;%ealt with in the Retail
System (lines, No backup potable water available N/A #VALUE! 0 -
end use) Supply Risk assessment. Agreement has been
reached with Gosford Water to provide a source
of potable water to NEV for Stage 1. Remove
event from register.




Risk Matrix

Amended to fit risk management policy key
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Qualitative measures of likelihood

Level Descriptor Exam;.)le. of Specifics
Description
May occur only in
A 1 Rare exceptional very rarely > annual
circumstances
. Could occur in unusual|chance of annual
B 2 Unlikely !
circumstances occurence
Might occur or should
c 3 Possible be expecteq to occur [chance of monthly
under certain occurence
circumstances
D 4 Likely Wil probably occur | Chance of weekly
occurence
E 5 Almost Certain Is expected to occur chance of daily
occurrence

Qualitative measures of consequence

Example of Description

Level Descriptor
P Health Financial Environment
1 Insignificant Insignificant impact or not detectable
Minor impact on Minimal and short term
. . > $10k
2 Minor contact population, harm to the
) . Delay > 1 week .
first aid treatment environment
Moderate |mpac_t on Significant harm to the
contact population, > $200k .
3 Moderate ) local environment for a
medical treatment Delay > 1 month .
. short period
required
. Major impact on >$1m Significant harm to the
4 Major contact population, .
SR Delay > 6 months environment
extensive injuries
Potentially lethal on Significant,
. ) > $5m .
5 Catastrophic contact population, L widespread harm
Indefinite delay :
death outside local area

Consequence
1 2 3 4 5
A Low Low Low Moderate High
B Low Low Moderate High
C Low Moderate High
D Low Moderate High
E Low Moderate High



Risk Matrix

In line with Aquacell risk management policy

Consequence
1 2 3 4 5)
) 1 Low Low Low Low High
8 2 Low Low Low Moderate High
= & Low Low Moderate Significant High
g 4 Low Moderate Significant High High
- 5 Moderate Significant High High High
Qualitative measures of likelihood
Level Descriptor Example of Description (ADWG 2011)
1 Rare May occur only in exceptional circumstances very rarely > annual
2 Unlikely Could occur at some time chance of annual occurence
3 Possible Might occur or should be expected to occur at some time chance of monthly occurence
4 Likely Will probably occur in most circumstances chance of weekly occurence
5 Almost Certain Is expected to occur in most circumstancces chance of daily occurrence
Qualitative measures of consequence
Example of Description
Level Descriptor Customer Service Regulatory/ Legal Water Quality
(Aquacell 2011) (Aquacell 2011) (ADWG 2011)
1 Insignificant Individual customer effected Insignificant legal, regulatory or internal policy failure In3|gp|f|cant mpact, I|tt.Ie disruption to r?°”“a'
operation, low increase in normal operation cost
2 Minor Separate group(s) of customers effected Minor legal, regulatory or internal policy failure Mmor.lmpa.ct for.small popglatlon, some man.ageable
operation disruption, some increase in operating costs
Major legal, regulatory or internal policy failure Minor impact for large population, significant
3 Moderate Customer or community segment effected I 94l reg ry policy modification to normal operation but manageable,
Imposition of licence conditions operation costs increased, increased monitoring
Maior legal. requlatory o internal policy failure Major impact for small population, systems significantly
4 Major Significant portion of customers effected I gal. reg Y policy compromised and abnormal operation if at all, high
Imposition of licence conditions level of monitoring required
5 Extreme Virtually all customers are effected Significant legal, regulatory or internal policy failure Major impact for large population, complete failure of

Loss of licence(s)

systems
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Appendix 4.1.9.2 Drinking Water Management Improvement Plan

Al 3.1 Prepare a recreational management [NEV Cmtl Jun-15 Closed Recreational Policy has been written
policy for reservoir

A2 2.1 Liaise with Strickland State Forest NEV Cmtl, Feb-15 Open Liason is ongoing
managers regarding location of Cmt2
walking tracks, feral animal
populations and associated baiting
programs, etc.

A3 2.1 Define catchment area including NEV Cmtl, Jan-15 Closed Catchment map has been prepared
aerodrome etc. Cmt6

Ad 2.1 Double-check land use in area NEV Cmt2 Jan-15 Closed Agricultural area at extereme
(including agriculture). Western limit of catchment of less

than 1 ha.

A5 2.1 Establish raw water sampling Aquacell Cmt3, Jan-15 Closed Reservoir sampling program has
program (capture a range of uVvs5, CI5, been done and documented.
weather conditions, seasonal Dst2,
changes as much as possible). Dst3

Include temperature, TOC/DOC,
dissolved iron and aluminium,
colour, turbidity, nutrients plus
gross alpha and gross beta (one-off).
Refer to Woodlots and Wetlands
report for hydrogeology.




A6 6.2 Consider water quality issues in NEV Cmt5, Closed Alternate potable water source will
bushfire management plan including Damé6 be tankering water in and topping
use of dam for firefighting and up the potable water header tanks.
alternate sources of potable water. NEV to liaise with RFS to determine
Liaise with Strickland State Forest, potential frequency.

RFS and GCC.

A7 6.2 Prepare incident management plan/ [NEV Cmt6, Jun-16 Open This information has been
procedures which includes water Flt3, addressed in the draft Drinking
quality impacts, identifies relevant Gen5 Water Quality Management Plan. It
stakeholders (HAZMAT, EPA, Police, will be finalised before the plant is
Fire, NSW Health) and also includes bought into commercial operation.
notification to NSW Health when a
CCP is breached.

A8 2.1 Identify onsite sewage management [NEV Cmt7 Feb-15 Closed Existing septic system has been
systems by liaising with GCC. upgraded to GCC requirements

under conditions of consent for
occupation of existing buildings

A9 3.1 Dam management plan to be Aquacell/ NEV [Dam1 Completion  |Open The dam has been de-prescribed.
developed with consideration as to within 6 Safety Assessment and Draft
how this fits with WICA licence. months from Management plan has been

licence issue prepared.

Al0 2.1 Liaise with previous site manager NEV Dam2, |Feb-15 Closed No significant events were noted.

regarding evidence of dam Dam5 Taste and odour were not recorded

stratification/inversion and algal
blooms (including instances of taste
and odour).

as dam has only previously been
used for irrigation purposes.
Former staff report dam was
stocked with edible native fish
species and was productive
throughought the period since its
construction.




All 2.1 Check time from entry into dam to |Aquacell Dam4 Mar-16 Open
dam wall (refer Woodlots and
Wetlands study).
Al12 3.1 Refer to Water Directorate website [Aquacell Dam5 Sep-15 Open Algal monitoring, management and
for algal management protocols. CCP are covered in the Reservoir
Water Management Plan
Al3 4.3 Review where off-spec water will be |Aquacell/ NEV [FIt1, FIt3, |- Closed Off-spec water will go to irrigation
diverted to and/or re-treated. Cla disposal
Consult EPA about environmental
discharges or send out of spec water
to Break Tank instead of dam.
Al4 9.2 Review the log reductions provided [Aquacell Flt2 Mar-16 Open For application, develop indicative
by current process train. list of log reductions for process
units in place with further detail to
be feshed out later. Need to know
chlorine C.t, UVT and UV dose.
Will take a multi-barrier approach to
design. Refer to the 6 guiding
principles in ADWG.
A15 3.2 Develop CCP procedure for UV Aquacell/ NEV |UV1 Mar-16 Open Current design no longer has UV.
disinfection. Leave action open and review in
Mar-15 once final design is known
to ensure UV is not bought back in
without this risk being considered.
Al6 9.3 Confirm which guidelines the Aquacell Cl1 Done Closed Chlorine system will be designed to

chlorine system is being designed
to.

USEPA standards.




Al17 3.2 Develop CCPs in consultation with  [Aquacell/NEV |CI1, Jun-14 Closed CCPs are addressed in the Drinking
NSW Health. Refer to DWMS PWT2 Water Management System
examples available online. Development Plan

A18 3.2 Consider whether water can be re- |Aquacell/NEV |Cl4 Jan-15 Closed Off-spec water will go to the Break
treated and prepare CCPs procedure Tank.
accordingly.

A19 3.2 Consider chlorine residual at Aquacell Dst18 Jun-16 Open Part of R&D/commissioning.
extremities in chlorination CCP. Informed by seasonal and usage

patterns.

A20 3.2 Ensure that IPART and NSW Health [Aquacell /NEV |Gen7 Ongoing Open Aquacell will only change CCPs and
are involved in any changes to CCPs CCP conditions in consultation with
(once in place). IPART and NSW Health.

A21 4.5 Determine distribution system Aquacell Cctl Mar-16 Open To comply with AS3500 and AS4020.
materials.

A22 6.2 Develop a response protocol for Aquacell PWT1, Sep-15 Closed The header tanks will have residual
reservoir contamination and/or loss PWT2 chlorine monitoring and dosing
of residual disinfectant (including systems and a recirculation system
manual chlorine dosing to to ensure residual chlorine levels
reservoir). remain within required limits.

A23 3.1 Reduce vegetation and develop NEV PWT1 Aug-15 Open Vegetation has been removed from
ongoing vegetation management dam crest and spillway areas. Draft
program. Dam Management Plan has been

prepared.

A24 5.1 Determine appropriate monitoring [Aquacell /NEV [PWT1 Mar-16 Open Will be done as part of

point for chlorine residual in
distribution system.

R&D/commissioning. Will have
zones - refer to NSW Health
guidance in developing monitoring
program (element 5). Will be part of
specification for reticulation design.




A25 9.3 Ensure that reservoir design Aquacell/ NEV [PWT2, Sep-14 Open The header tanks will have residual
considers mixing and considers PWT3 chlorine monitoring and dosing
reducing potential for stagnation. systems and a recirculation system

to ensure residual chlorine levels
remain within required limits.

A26 4.4 Determine reservoir inspection/ Aquacell/ NEV [PWT4, Jun-16 Open External inspection will be part of
cleaning program once hydraulic BTkl monitoring for Distribution
considerations are finalised and also Reservoir CCP. Internal inspection
include Break Tank in this. and cleaning will be a supporting

program - NEV and Aquacell will
liaise with reputable contractors
such as Aqualift to determine the
best way forward.

A27 3.1 Develop handover protocols to NEV Dst4 Jun-16 Open Will be included in customer service
householders and plumbing supply contract.
inspection of buildings before
occupancy (noting that this will be
crucial to granting of licence).

A28 1.2 Consider including plumbing NEV Dst4 Sep-15 Closed Will be included in customer service
requirements in by-laws. supply contract.

A29 4.1 Develop procedures for mains work [NEV Dst5 Completion Open Procedures will be prepared and
including separate equipment and within 6 staff trained prior to
clothing, hygiene procedures for months from commencement of operation.
water and sewer. licence issue Water quality awareness training

will be ongoing.




A30 3.1 Review backflow prevention/ cross [NEV Dst6, Completion [Open Will be included in customer service
connection policies in place for this Dst7 within 6 supply contract.
scheme. months from Appropriate auditing procedures
licence issue (refer examples available on the
web) for ongoing management will
be prepared prior to
commencement of operation.
Water quality awareness training
will be ongoing.
A31 2.3 Review cross connection risk once  |Aquacell/ NEV |Dst6 Post- Open
recycled water treatment plant commissionin
finalised. g of plant
A32 3.1 Develop trade waste policy. Aquacell/ NEV |Dst7 N/A for Stage [Closed In Stage 1 there will not be trade
1 waste. Trade waste policy to be
developed should they become part
of future stages.
A33 7.1 Increase awareness of the DWMS  |Aquacell/ NEV |Dst7 Completion Open In developing reservoir CCP this will
process (See Public Health Act/ NSW within 6 help from a distribution perspective.
Health Guidelines for DWMS months from Will develop a handout/ awareness
available online). licence issue document. To be incorporated into
Aquacell's current training
procedures. Consider NWP279.
A34 6.2 Consider alternate sources of NEV Dst8 Closed Back up water will be supplied by

potable water e.g. keeping GCC
water to one building, carting water.
Liaise with GCC.

carting water.




A35 4.1 Develop distribution system NEV Dst10, Completion [Open Will be finalised prior to commercial
cleaning/ maintenance procedures Dst11, within 6 operation.
(currently in progress). Ensure that Dst14 months from
mains breaks and turnover in water licence issue
direction, pressure, system
operation are covered.
A36 3.1 Consider water carting access and  |NEV Dst12 Before Open NEV to liase with local water carters
whether it will be appropriate for commercial and put processes into place to
this system. operation ensure propective carters do not
contaminate water supply
A37 9.3 Determine how firefighting water NEV Dst13 Closed Water for fire fighting will be stored
supply will be provided. in 400 kL buffer tanks and
reticulated in common with drinking
water and delivered via hydrants
located within road reserves.
A38 4.1 Ensure that mains breaks are NEV Dst14 Completion Open Will be finalised prior to commercial
covered in distribution system within 6 operation.
maintenance plan/procedures. months from
licence issue
A39 3.1 Consider backflow prevention NEV Dst15 Closed Will be installed.
devices at water meters.
A40 9.3 Consider how dead ends in the Aquacell/ NEV |Dst17 Mar-16 Open To be included in specifications. Also
reticulation are dealt with during consider chlorine residual.
the staging process.
A4l 5.1 Develop verification monitoring Aquacell/ NEV |Dst18 Mar-16 Open Will be finalised prior to commercial

program with consideration of NSW
Health Drinking Water Monitoring
Program (available online).

operation.




A42 8.2 Review notification regarding NEV Genl Mar-16 Open Will be finalised prior to commercial
accidental consumption of non- operation.
potable water once program
completed by Aquacell. Liaise with
PHU regarding this.

A43 4.5 Review program for management of [NEV Gen2 Prior to Open Detailed design to be completed
materials and chemicals once Commercial first to understand types and
completed by Aquacell. Operation volumes of chemicals required

Ad4 4.5 Develop a system for storing Aquacell/NEV |Gen2 Mar-16 Open Cover in plant construction and
materials and cover in contract. operation contract and ongoing.

Consider storage in plant design and
cover in O&M manual.

A45 4.5 Review chemical specifications/ Aquacell Gen2 Completion  [Open Chemicals handling protocol to be
certificates and verify OK for within 6 developed.
drinking water. months from Will only buy from reputable

licence issue suppliers e.g. Orica/Elite (need to
check no UV stabilisers etc - confirm
suitable for drinking) etc.

A46 9.3 Consider designing-in different Aquacell Gen3 N/A Closed Only sodium hypochlorite plus CIP
fittings for different chemicals. chemicals. No bulk deliveries. All

points labelled and operators
trained and aware.

A47 6.2 Consider establishing an agreement [NEV Gen4d Prior to site  [Open Permanent back up generator will
with a local generator supplier. occupancy be provided for WWTP. Back-up

power will be part of smart grid
design for whole of site.




A48 3.1 Review security around dam and Aquacell/ NEV |Gen6 Completion [Open Dam - will be part of dam
WTP. within 6 management plan.
months from WTP - to be part of design (form of
licence issue security to be determined down the
track e.g containerised/fenced).

A49 4.1 Include security checks in reservoir [Aquacell/ NEV [Gen6 Completion  |Open Will include checklist for security

and site inspection programs. within 6 and have regard to inspection
months from checklist in DWMS materials.
licence issue

A50 7.2 Review method for ensuring skills ~ [Aquacell/ NEV [Gen7 Sep-15 Closed Covered in the relevant position
currency and competency for descriptions.
drinking water.

A51 7.2 Consider water quality awareness  |Aquacell/ NEV |Gen7 Feb-16 Open Include in site induction process.
and training for contractors also.

A52 7.1 Develop roles and responsibilities  |Aquacell/ NEV [GenS, Completion [Open Covered in position descriptions and
further (including for training and Gen9 within 6 responsibilities and authorities
records management). months from matrix included in the DWMS.

licence issue

A53 4.4 Consider having critical spares Aquacell/ NEV |Gen11 Before Open List critical spares in O&M manual.
available. commercial Update list of inventory.

operation

A54 1.2 Update the position descriptions Aquacell - Before Open
and IMS to include drinking water commercial
specific requirements. operation

A55 4.1 Liaise with reputable contractors Aquacell - Before Open Will be finalised prior to commercial
such as Aqualift to determine the commercial operation.
best way forward for internal operation

inspection and cleaning of
reservoirs.




A56 4.2 Develop service inspection sheets  [Aquacell Before Open Will be finalised prior to commercial
commercial operation.
operation
A57 4.2 Develop operational monitoring Aquacell Before Open Will be finalised prior to commercial
program commercial operation.
operation
A58 4.5 Develop chemical handling protocol [Aquacell Before Open Will be finalised prior to commercial
commercial operation.
operation
A59 5.1 Determine the first point of contact [NEV Before Open Will be finalised prior to commercial
for customers and associated commercial operation.
training/awareness program. operation
A60 5.3 Determine how water quality results [Aquacell Before Open Will be finalised prior to commercial
will be communicated for this commercial operation.
scheme. operation
A61 6.1 Review incident and emergency NEV / Before Open Will be finalised prior to commercial
management documents in IMS Aquacell commercial operation.
specifically for this project. operation
A62 6.2 Develop specific emergency NEV / Before Open Will be finalised prior to commercial
response procedures for this site, Aquacell commercial operation.
based on existing Incident and operation
Emergency Management Procedure
IE010-3.
A63 7.1 Adapt existing training documents [NEV / Prior to plant [Open Prior to plant commissioning
(plans, procedures and records) for |Aquacell commissionin
this scheme g
A64 7.2 Review available National Water NEV / Prior to plant |[Open Prior to plant commissioning
Package training units for suitability [Aquacell commissionin

and consider putting staff through
NWP279.

8




A65 10.2 Review/adapt standard reporting NEV / - Before Open Will be finalised prior to commercial

protocols will be refined for this Aquacell commercial operation.
scheme. operation
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1 Compliance with Australian Drinking Water Guidelines

The table below lists the 12 elements of the Framework for Management of Drinking Water Quality (as per the ADWG)
and shows how the NEV scheme will meet the various elements. Actions to improve compliance have been included on

the Drinking Water Quality Management System (DWMS) Improvement Plan.
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FRAMEWORK ELEMENT

Table 1-1: ADWG Framework Elements

ACTIVITY

Element 1: Commitment to responsible use and management of recycled water quality

REFERENCE DOCUMENT

1.1 Drinking water quality policy:

- Formulate a drinking water
quality policy, endorsed by
senior executives, to be
implemented throughout the
organisation.

- Ensure that the policy is visible
and is communicated,
understood and implemented
by employees.

Drinking water quality has been integrated into Aquacell’s existing Recycled Water
Policy (IMS Document EMO010).

Aquacell’s policies are communicated as part of the induction program and are available
via IMS/intranet.

Aquacell draft Water Quality
Policy. IMS Document
EMO10.

1.2 Regulatory and formal

requirements:

- Identify and document all
relevant regulatory and formal
requirements.

- Ensure responsibilities are
understood and communicated
to employees.

- Review requirements
periodically to reflect any
changes.

Legal requirements are mentioned in the position descriptions and ‘Regulatory and
Legal’ section of IMS which is available via Intranet. The position descriptions and IMS
will be updated to include drinking water specific requirements.

There is an automatic notification to staff when these documents are updated. The
Managing Director is responsible for ensuring that updates are communicated to the
relevant staff.

Aquacell is currently in the process of reviewing all of its regulatory and formal
requirements (the Managing Director is responsible for ensuring currency).

WICA Application
Gosford City Council DA
Appendix 4 of this
document.
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FRAMEWORK ELEMENT

1.3 Engaging stakeholders:

- Identify all stakeholders who
could affect, or be affected by,
decisions or activities of the
drinking water supplier.

- Develop appropriate
mechanisms and

- Regularly update the list of
relevant agencies.

documentation for stakeholder
commitment and involvement.

ACTIVITY

Communication with stakeholders is covered in Community Engagement Procedure
CS020-3. Specific stakeholders to be identified in a separate register for each project
(located in management plan).

Aquacell will include a note in IMS to refer to the relevant management plan. The
management plan will be reviewed as part of review of the DWMS.

The NEV Co-operative Ltd actively involves all its members in the planning and approval
of the development and its infrastructure. The Co-operative operates under Dynamic
Governance, which seeks to achieve fair, inclusive, transparent, accountable and
creative decision-making processes. A working group of interested members has been
involved from the early stages of the project looking at the technical aspects of the
project and helping to choose technology options.

The NEV has a website which contains information on the proposed development with
contact details and invitation for comment and further information.

REFERENCE DOCUMENT

Aquacell’s existing
Community Engagement
Procedure CS020-3

NEV website

NEV Community
Management Statement
(draft)

Element 2: Assessment of the drinking water supply system

2.1 Water supply system analysis:

- Assemble a team with
appropriate knowledge and
expertise.

water supply system from
catchment to consumer.

and document key
characteristics of the water

- Construct a flow diagram of the

- Assemble pertinent information

supply system to be considered.

For each Aquacell project, a person with specific responsibility for that project is
assigned. There will be a detailed table of roles and responsibilities developed for this
scheme. The core water quality team consists of:

- Technical Manager

- Project Manager

- Operations Manager

- Environmental Officer

- Service Engineers/ Technicians

A flow diagram has been developed for the scheme.

Key characteristics of the water supply have been documented in Narara Eco-Village -
Water Management Systems Overview (Appendix 1.1 to the application) and the Risk
Assessment Summary Paper for the proposed potable water supply system at Narara
Ecovillage (CWT, March 2014).

Project organisational chart
(appendix 3.4.2 of the
application).

System process flow
diagram (appendix 4.1.1.1 of
the application).

Narara Eco-Village - Water
Management Systems
Overview

Risk Assessment Summary
Paper for the proposed
potable water supply system
at Narara Ecovillage (CWT,
March 2014)
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FRAMEWORK ELEMENT

2.2 Assessment of water quality

data:

- Assemble historical data from
source waters, treatment plants
and finished water supplied to
consumers (over time and
following specific events).

- List and examine exceedances.
- Assess data using tools such as
control charts and trends
analysis to identify trends and

potential problems.

ACTIVITY

The raw water monitoring program will commence in July 2014. Other monitoring will
be carried out as per Element 4 (operational monitoring) and Element 5 (verification
monitoring).

CCP exceedences will show up on SCADA interface. All other exceedences will be
monitored and reported manually.

Aquacell’s Technical Manager will be responsible for ongoing data assessment and
analysis at a frequency specified in the monitoring program(s).

REFERENCE DOCUMENT

A0072-DWMS-2
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FRAMEWORK ELEMENT

2.3 Hazard identification and risk

assessment:

- Define the approach and
methodology to be used for
hazard identification and risk
assessment.

- Identify and document hazards,
sources and hazardous events
for each component of the
water supply system.

- Estimate the level of risk for
each identified hazard or
hazardous event.

- Evaluate the major sources of
uncertainty associated with
each hazard and hazardous
event and consider actions to
reduce uncertainty.

- Determine significant risks and
document priorities for risk
management.

- Periodically review and update
the hazard identification and risk
assessment to incorporate any
changes.

A risk assessment has been conducted (24 March 2014). The Summary Paper includes:

ACTIVITY

the methodology used for hazard identification and risk assessment

the Risk Register, containing:

- identified hazards and hazardous events

- estimated levels of risk for each hazardous event

- sources of uncertainty and actions to reduce uncertainty

- identification of significant risks

- existing control measures in place

- additional control measures proposed or actions to reduce the residual risk as
required

The Risk Register will be reviewed at the following stages:

Design

Construction

Commercial operation

Prior to audits (according to ongoing audit schedule)

REFERENCE DOCUMENT

Risk Assessment Summary
Paper for the proposed
potable water supply system
at Narara Ecovillage (CWT,
March 2014)

A0072-DWMS-2
Revision 2, 16 June 2014

Narara Eco Village DWMS Plan
Page 8 of 34




FRAMEWORK ELEMENT ACTIVITY REFERENCE DOCUMENT
Element 3: Preventative measures for drinking water quality management

3.1 Preventative measures and - Existing preventive measures were captured at the Risk Assessment Workshop and are Risk Assessment Summary
multiple barriers: detailed within the Risk Register. Where gaps were noted with the existing system, Paper for the proposed

- Identify existing preventive
measures from catchment to
consumer for each significant
hazard or hazardous event and
estimate the residual risk.

- Evaluate alternative or
additional preventive measures

where improvement is required.

actions to address the gaps were logged in the Risk Register and transcribed to the
Action Plan.

Preventative measures will be reviewed upon review of the Risk Register (as outlined for
component 2.3 above).

potable water supply system
at Narara Ecovillage (CWT,
March 2014)

3.2 Critical control points:

- Assess preventive measures
from catchment to consumer to
identify critical control points.

- Establish mechanisms for
operational control.

- Document the critical control
points, critical limits and target
criteria.

Preliminary critical control points (CCPs) have been identified, as summarised in Section
2.2 below.

Once approved, Aquacell will only change CCPs and CCP conditions in consultation with
IPART and NSW Health.

Section 2.2 of this
document.
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FRAMEWORK ELEMENT

ACTIVITY

Element 4: Operational procedures and process control

REFERENCE DOCUMENT

4.1 Operational procedures:

- Identify procedures required for
processes and activities from
catchment to consumer

- Document all procedures and
compile into an operations
manual.

Aquacell will develop an O&M Manual.

Aquacell and NEV will prepare a dam management plan.
Standard Operating Procedures/ Work Instructions will be prepared for the following
tasks:

- Plant security and maintenance

Filter and backwash inspections

- Walkaround and visual inspections

- Reservoir Inspections

Other plans/procedures will be prepared for the following:
- Backflow and cross connection prevention

- Blue-green algae management

Operations and

Maintenance Manual (to be
compiled prior to
commencement of

operation)

Aquacell Trouble Shooting
Guide (IMS Document

OMO070)

Aquacell Work instructions
(to be prepared prior to
commencement of

operation)

4.2 Operational monitoring:

- Develop monitoring protocols
for operational performance of
the water supply system,
including the selection of
operational parameters and
criteria, and the routine analysis
of results.

- Document monitoring protocols
into an operational monitoring
plan.

Log sheets will be developed for raw and treated water quality monitoring.

Aquacell’s Operations Manager will be responsible for reviewing results and reporting.

Water quality performance reports will be supplied with bills.
SCADA and telemetry will also be used to monitor the system.
Service inspection sheets will be developed for this project.

An operational monitoring plan will be developed for this project.
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FRAMEWORK ELEMENT

4.3 Corrective action:

Establish and document
procedures for corrective action
to control excursions in
operational parameters.
Establish rapid communication
systems to deal with
unexpected events.

ACTIVITY

Corrective actions are included in CCP tables (see Section 2.2 of this document).
Refer to Element 6 below for incident management.

REFERENCE DOCUMENT

Section 2.2 of this document

4.4 Equipment capability and
maintenance:

Ensure that equipment
performs adequately and
provides sufficient flexibility and
process control.

Establish a program for regular
inspection and maintenance of
all equipment, including
monitoring equipment.

Treatment equipment will be of standard and reliable design and will be maintained by
qualified suppliers.

Instrument capability and maintenance will be via:

- Instrument selection (fit for purpose and capable of holding calibration)

- Operator checks to verify calibration

- Calibration schedule

- Process validation programmed into control system

A service agreement (to be
finalised) will exist between
NEV Co-op and Aquacell for
the maintenance and service
of the recycled water
treatment system.

4.5 Materials and chemicals:

Ensure that only approved
materials and chemicals are
used.

Establish documented
procedures for evaluating
chemicals, materials and
suppliers.

All plumbing and drainage work is conducted in a manner conforming to AS/NZS 3500.
All materials will comply with AS 4020.

All chemicals will be purchased from reputable suppliers (e.g. Orica/Elite) and will be
checked to confirm suitable for drinking (e.g. no UV stabilisers etc).

A chemicals handling protocol will be developed.
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FRAMEWORK ELEMENT

ACTIVITY

Element 5: Verification of drinking water quality

REFERENCE DOCUMENT

5.1 Drinking water quality
monitoring:

Determine the characteristics to
be monitored in the distribution
system and in water as supplied
to the consumer.

Establish and document a
sampling plan for each
characteristic, including the
location and frequency of
sampling.

Ensure monitoring data is
representative and reliable.

- The verification monitoring program will be developed as part of the
R&D/commissioning phase of the project. This will be informed by the specification for
the reticulation design.

- The monitoring program will be developed in consultation with NSW Health.

5.2 Customer satisfaction:

Establish a consumer complaint
and response program,
including appropriate training of
employees

- Aquacell has a Complaints Handling and Dispute Resolution Policy CS030-3. Requests
are logged and reviewed in weekly operations meeting.

- Thefirst point of contact for customers and associated training/awareness program will
need to be determined in association with NEV.

- Agquacell’s Customer Services Charter has been updated to include drinking water.

Aquacell’s Complaints
Handling and Dispute
Resolution Policy CS030-3
Aquacell’s draft Customer
Services Charter

5.3 Short term evaluation of results:

Establish procedures for the
daily review of drinking water
quality monitoring data and
consumer satisfaction.

Develop reporting mechanisms
internally, and externally, where
required.

- On aday-to-day basis, the system will be monitored remotely via prioritised alarms and
interlocks.

- Water quality issues will be discussed at a weekly operations meeting.

- Trends will be reviewed on a monthly basis or more frequently as required.

- CCPs and other water quality alarms will be distributed automatically and corrective
actions applied as per CCP tables. Any parameter outlier will be referred to Aquacell’s
Technical Manager.
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FRAMEWORK ELEMENT

5.4 Corrective action:

Establish and document
procedures for corrective action
in response to non-conformance
or consumer feedback.

Establish rapid communication
systems to deal with

unexpected events.

ACTIVITY

Aquacell has a Complaints Handling and Dispute Resolution Policy CS030-3. Requests
are logged and reviewed in weekly operations meeting..

REFERENCE DOCUMENT

Aquacell’s Complaints
Handling and Dispute
Resolution Policy CS030-3

Element 6: Management of incidents and emergencies

6.1 Communication:

Define communication
protocols with the involvement
of relevant agencies and
prepare a contact list of key
people, agencies and
businesses.

Develop a public and media
communications strategy

Incidents and emergencies are covered in Aquacell’s IMS and will be reviewed
specifically for this project.

6.2 Incident and emergency
response protocols:

Define potential incidents and
emergencies and document
procedures and response plans
with the involvement of relevant
agencies

Train employees and regularly
test emergency response plans
Investigate any incidents or
emergencies and revise
protocols as necessary

Specific emergency response procedures will be developed for this site, based on
existing Aquacell Incident and Emergency Management Procedure IE010-3.

Aquacell’s Incident and
Emergency Management
Procedure (IMS Document
IE010)
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FRAMEWORK ELEMENT

ACTIVITY

Element 7: Employee awareness and training

REFERENCE DOCUMENT

7.1 Employee awareness and
involvement

Develop mechanisms and
communication procedures to
increase employees awareness
of and participation in drinking
water quality management

Aquacell has a Training Register in place. Any new training requirements are reviewed
at the annual performance review, unless identified in the interim. These procedures
will be adapted to include this scheme.

7.2 Employee training:

Ensure that employees,
including contractors, maintain
the appropriate experience and
qualifications

Identify training needs and
ensure resources are available
to support training programs
Document training and maintain
records of all employee training

Aquacell will develop a training plan for this scheme and ensure that personnel are
trained to carry out procedures. Roles and responsibilities will be further developed and
training and records management to be covered in this.

Records will be maintained in the training register. The HR Manager is responsible for
maintaining training records.

Aquacell maintains selection criteria and job descriptions to ensure that new staff have
appropriate skills and qualifications.

Aquacell will use manufacturer training for the relevant process units.

Aquacell will review available National Water Package training units for suitability.
Aquacell has the following procedure in place: Training Procedure HR120-2. The
training register is a component of this.

- Aquacell’s Training
Procedure HR120-2

Element 8: Community involvement and awareness

8.1 Community consultation:

Assess requirements for
effective community
involvement.

Develop a comprehensive
strategy for community
consultation.

In the NEV Ecovillage development, the key stakeholders are the members of the village
community. The community consultation process is therefore similar to the stakeholder
consultation process described in Element 1. This includes community education and a
Dynamic Governance process that seeks to involve all the members in decision making.
Aquacell has a Community Engagement Procedure CS020-3 in place.

Specific community engagement for NEV will be included in the Community
Management Statement (Appendix 4.1.4 to this application).

- Aquacell’s Community
Engagement Procedure
CS020-3

- Community Management
Statement

- NEV website

- NEV Community Association
Charter
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FRAMEWORK ELEMENT

Develop an active two-way
communication program to
inform consumers and promote
awareness of drinking water
quality issues.

ACTIVITY

Communication will be included in the Community Engagement Procedure CS020-3 and
Community Management Statement (Appendix 4.1.4 to this application).

REFERENCE DOCUMENT

Aquacell’s Community
Engagement Procedure
CS020-3

Community Management
Statement

Element 9: Research and develop

ment

9.1 Investigative studies and
research monitoring:

Establish programs to increase
understanding of the water
supply system.

Use information to improve
management of the water
supply system.

- Aquacell has a formalised R&D approach to all of its schemes. Active discussion by the

team takes place in the form of workshops and detailed R&D plans.

Risk assessment review and weekly operational meetings will be used to identify areas
for further investigation and research specifically for the NEV scheme. Depending on
the scope and nature of the study, this would be included in either the Drinking Water
Quiality Improvement Plan or Aquacell’s R&D Plan.

9.2 Validation of processes:

Validate processes and
procedures to ensure that they
are effective at controlling
hazards.

Revalidate processes
periodically or when variations
in conditions occur.

- Short and long term evaluation of data is used to assess the effectiveness of existing

processes. See Element 5 and 11 above.
Processes will be revalidated as future stages in the project come online. This will
include a review of capacity and a review of the risk register for drinking water quality.

9.3 Design of equipment:

Validate the selection and
design of new equipment and
infrastructure to ensure
continuing reliability.

- Selection and design of new equipment is subject to Aquacell’s design process which

include reviews, approvals, HAZOP and HACCP phases.
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FRAMEWORK ELEMENT

ACTIVITY

Element 10: Documentation and reporting

REFERENCE DOCUMENT

10.1 Management of

documentation and records:

- Document information
pertinent to all aspects of
drinking water quality
management.

- Develop a document control
system to ensure current
versions are in use.

- Establish a records management
system and ensure that
employees are trained to fill out
records.

- Periodically review
documentation and revise as
necessary.

Aquacell’s procedures are stored in its IMS and records are stored in the CMMS.
SCADA is also used to record and store data.

All documents and records are backed up to external drives and ‘the cloud’.
Review dates are included in the footer on individual documents.

10.2 Reporting:

- Establish procedures for
effective internal and external
reporting.

- Produce an annual report to be
made available to consumers,
regulatory authorities and
stakeholders.

Water quality and plant performance will be reported to NEV on a monthly basis.
Aquacell’s standard reporting protocols will be refined for this scheme.

Senior members of Aquacell discuss relevant water quality issues on a frequent basis.
Decisions on improvements in operational equipment and infrastructure issues will arise
from these discussions. The NEV scheme will be included as part of these discussions.
Aquacell will communicate the outcomes to the NEV team where relevant.

Aquacell generally undertakes at least an annual review meeting with each of its
scheme clients. Reporting requirements will also be determined as part of the
contractual requirements with NEV.

Aquacell will report to IPART as per licence conditions.
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FRAMEWORK ELEMENT

Element 11: Evaluation and audit

ACTIVITY

REFERENCE DOCUMENT

11.1 Long-term evaluation of

results:

- Collect and evaluate long-term
data to assess performance and
identify problems.

- Document and report results.

Aquacell’s Technical Manager will be responsible for review of data and long-term
evaluation of results.

Results will help to inform risk assessment reviews.

As outlined above, senior Aquacell personnel discuss and review issues.

Reporting will be as outlined in component 10.2 above.

11.2 Audit of drinking water quality

management:

- Establish processes for internal
and external audits.

- Document and communicate
audit results.

Aquacell will be subject to WICA licence audits.

Internal audits will be scheduled to precede the licence audit by approximately two
months.

Informal inspections will be undertaken by operators.

Element 12: Review and continual improvement

12.1Review by senior executive:

- Senior executive review of the
effectiveness of the
management system.

- Evaluate the need for change.

Aquacell’s Technical Manager, Project Manager, Managing Director, Operations
Manager, HR Manager review the effectiveness of the management system on a
project-by-project basis. Aquacell’s current method for review of the management
systemis:

- Pre-audit (with minutes of meeting)

- Risk assessment review (action plan)

This approach will be reviewed for the NEV scheme.

As outlined for Component 10.2 above, senior members of Aquacell discuss relevant
water quality issues on a frequent basis.
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FRAMEWORK ELEMENT

12.2 Drinking water management

improvement plan:

- Develop a drinking water quality
management improvement
plan.

- Ensure that the planis
communicated and
implemented, and that
improvements are monitored
for effectiveness.

ACTIVITY

Actions to improve risk management in the water supply system were identified in the
risk workshop of 24th March 2014.

An Improvement Plan, including the assignation of responsibilities and priorities, has
been developed for implementation of the actions.

Actions continue to be added to the Improvement Plan as they are identified.

REFERENCE DOCUMENT

Improvement Plan
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2 Operational monitoring and process control

The following CCPs are based on prior experience and are expected to arise out of the HACCP review once this

has been formally held. Any changes or additions that arise from the review will be included in the document
prior to commissioning.

The critical control points and responses are outlined below:

Raw Water Membrane uv Chlorine Distribution
Pump Station Filtration Disinfection Disinfection Reservoirs
CCP1 CCP 2 CCP3 CCP4 CCP 5
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Aquacell will develop a drinking water quality monitoring program in consultation with NSW Health. This may
be based on NSW Health Drinking Water Monitoring Program December 2005 or Chapter 9 of Australian
Drinking Water Guidelines 2011.

Observation of the raw water source for algal scums will form part of the operator checks.

Quantitative limits for this critical control point cannot be established until the raw water sampling has been completed.
This action is identified in the Drinking Water Improvement Plan.

CCP1 Algae Mat\agement
Cells or biovolume
Critical limits/Alert limits
Alert Aquacell TBD if this CCP will be used
Critical Aquacell TBD if this CCP will be used
Monitoring procedures
What Aquacell TBD if this CCP will be used
How Aquacell TBD if this CCP will be used
When Aquacell TBD if this CCP will be used
Where Aquacell TBD if this CCP will be used
Who Aquacell TBD if this CCP will be used
Corrective actions
What Aquacell TBD if this CCP will be used
How Aquacell TBD if this CCP will be used
When Aquacell TBD if this CCP will be used
Where Aquacell TBD if this CCP will be used
Who Aquacell TBD if this CCP will be used
Membranes
CCP2 . - Pressure Decay Rate
Filtrate Turbidity (PDR)
Critical limits/Alert limits
Alert >0.2 NTU TBA kPa/min
Critical >0.5NTU TBD kPa/min
Monitoring procedures
What Turbidity Pressure decay
How Sensor Automatic test cycle
When Continuous, Online Daily
Where Filtrate line Membrane modules
Who Aquacell/Automatic Automatic
Corrective actions
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What . . Shutdown if above critical
Recirculation mode

level

How . . Close valves and turn off
Open recirculation valve

pump
When | Immediately if turbidity exceeds 0.5 NTU Immediately
Where Filtrate line Membrane skid
Who Aquacell/Automatic Automatic

Turbidity

If the turbidity exceeds the critical level the filtrate flow is diverted from treated water to recirculation back to the
Break Tank. If after 30 minutes the filtrate turbidity is still above the critical level, the membrane system will go to
standby and a “shutdown on high turbidity” alarm will be generated.

Production resumes when the operator resets the turbidity alarm after the cause has been identified and

addressed.

Pressure Decay Rate:
The PDR for this unit is chosen based on the application of theory as described in the US EPA Membrane Filtration
Guidance Manual (USEPA, 2005). The critical PDR is based on achieving an LRV of 4 for bacteria/protozoa (= 1 um).

A pressure decay test is carried out daily at a set time automatically by the PLC. If the resulting decay rate exceeds
the critical value the plant will shutdown and alarm. The operator must then investigate the problem and retest
the unit before processing water to storage.

UV disinfection

ceps UV RED Lamp status Water flow
Critical limits/Alert limits
Alert 75 ml/cm? 12,000 hours or failure > 3,800 L/h
Critical 71 mJ/cm? Lamp fail >4,000L/h
Monitoring procedures
What UVvI Lamp life and lamp fail Water flow
How PLC record and UV unit control

Sensor PLC

module

When Continuous, Online Continuous, Online Continuous, online
Where uv uv Before UV
Who PLC/Automatic PLC/Automatic PLC/Automatic

Corrective actions

What . UV unit stopped on lamp fail, and UV unit stopped, and treated
Treated water is . .
treated water diverted to Break water diverted to Break Tank
recycled to before UV
Tank
How UV off signal from PLC stops UV, PLC | UV off signal from PLC stops UV,
Recycle Valve . .
closes inlet valve to UV PLC closes inlet valve to UV
When Immediate Immediate Immediate
Where | After chlorine contact UV Control module and PLC PLC
system

Who PLC/Automatic PLC/Automatic PLC/Automatic
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UV dose

If the UV dose drops below alert level an alarm is triggered to warn the operator that the UV system is approaching
low UV dose. Operator can then check unit operation and rectify before UV dose reaches critical level. If the
critical level is reached the UV unit diverts treated water production back to the Break Tank. Return to production
requires the UV fault to be rectified and recirculation of water post chlorine contact for at least 30 minutes.

Lamp Status

Lamp status is monitored continuously by the UV control module. If a lamp failure is detected an alarm output is
sent to the PLC and production of treated water to storage is stopped immediately by closing the inlet valve to
the UV unit and stopping the unit. The UV unit remains shutdown until the failed lamp is replaced and treated
water is diverted to the Break Tank.

Water Flow
The water flow to the UV must be at least equal to the minimum flow to avoid overheating, and below the
maximum validated flow for the unit to ensure disinfection performance is not compromised.

If the flow is outside the alert range an alarm is generated (UV high flow or UV low flow).

If it is outside the critical range an alarm is raised (UV shutdown on low flow, or UV shutdown on high flow) and
the UV unit is shutdown. In both cases, treated water is diverted to the Break Tank.

Impact of measurement time delay

Delays between the point of measurement and the control system response could occur due to signal
transmission time delays, PLC delays including noise filtering on alarms, output response delays and valve opening
and closing time. In total this might between 10 seconds and 30 seconds. The NEV system is designed such that
the UV system is directly upstream of the chlorine contact system. The recirculation valves to return out of
specification water back to the Break Tank are downstream of the chlorine contact system. Therefore, if a UV
fault is detected that requires the UV to shutdown, the comparatively long residence time in the chlorine contact
systems ensures that no untreated water will be sent to storage.

There is a time delay in starting up the UV in which partially treated water passes through the UV to the Chlorine
Contact Tank. Transfer of treated water to storage will be delayed following UV start up by an amount of time
calculated to be equal to the detention time in the chlorine system at the set flow.

ccpa Chlorine disinfection

Residual free chlorine | Water pH | Water temperature Water flow
Critical limits/Alert limits
Alert <0.6 mg/L pH<6.60rpH>7.4 <12°C >3,800 L/h
Critical <0.5 mg/L pH <6.5or pH>7.5 <10°C >4,000 L/h
Monitoring procedures
What | Free Residual Chlorine oH Temperature Water flow

(FRC)

How Sensor Probe Thermocouple Inline flow meter
When Continuous, Online Continuous, Online Continuous, Online Continuous
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RRUSIE At the end of the At the end of the At Fhe end of th.e Inlet.to UViand
. ) . . chlorine contact pipe chlorine contact
chlorine contact pipe | chlorine contact pipe
system
Who PLC/Automatic PLC/Automatic PLC/Automatic PLC/automatic
Corrective actions
What Treated water is Treated water is Treated water is Shutdown and check
recycled to the Break | recycled to the Break | recycled tothe Break | flow control elements
Tank/ before UV Tank/ before UV Tank/ before UV (VSD and flowmeter)
How Recycle Valve Recycle Valve Recycle Valve Shutdovl\::iilltratlon
When Immediate Immediate Immediate Immediate
Where | After chlorine contact | After chlorine contact | After chlorine contact .
Membrane skid
system system system
Who PLC/Automatic PLC/Automatic PLC/Automatic PLC/Automatic

Residual Free Chlorine:

The disinfection is based on the World Health Organization’s recommendation that effective disinfection can
generally be achieved by applying a 30 minute contact time to a free chlorine concentration of 0.5 mg/L (WHO
2011). This target will be reviewed and adjusted if necessary as part of the HACCP review.

If the free residual chlorine level drops below the critical level then the treated water is recycled back to the break
tank until the chlorine residual is above the critical level. An alarm is raised to make the operator aware that
delivery of treated water has ceased due to chlorine residual out of range.

Treated Water pH:

If the pH of the treated water measured at the outlet of the chlorine contact system drops below the critical level
or rises above the maximum level then the treated water is recycled back to the break tank until the pH is within
the required range. An alarm is raised to make the operator aware that delivery of treated water has ceased due
to pH out of range.

Water Temperature:
The chlorine contact system has been designed based on a minimum temperature of 10°C. It is important to
ensure that chlorine contact occurs above this temperature so as to ensure effective inactivation of pathogens.

If the temperature of the treated water measured at the outlet of the chlorine contact pipe drops below the
critical level of 10°C the treated water is recycled back to the Break Tank until the temperature is above 10°C. An
alarm is raised to make the operator aware that delivery of treated water has ceased due to temperature out of
range.

Water Flow:

The chlorine contact system has been designed based on a maximum flow of 4,000 L/h. It is important to ensure
that the treated water flow remains below this figure so as to ensure effective inactivation of pathogens. The
water flow to the chlorine contact system will be controlled manually by a valve, but monitored by inline flow
meter.
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Distribution Tank

CCP5 - - .
Security and integrity

Critical limits/Alert limits

Alert Evidence of security or integrity breach

Critical Security or integrity breach not rectified, or serious breach

Monitoring procedures

What Reservoir integrity

How Observation by operators (external only)

When Weekly

Where Potable Water Storage

Who Aquacell

Corrective actions

What Assess risk of the damage or breach impacting quality of water supply. If risk is present, ensure

chlorine residual is at least 1ppm and hold for 1-hour.
Isolate tank and repair or reinstate integrity.

How Operator intevention

When Immediately following discovery of breach
Where At storage tank

Who Aquacell staff or delegate
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1.  NHMRC/NRMMC 2011. Australian Drinking Water Guidelines 6, Version 2.0, Updated December 2013
2. NSW Health 2005, Drinking Water Monitoring Program, December, ISBN: 0 7347 3880

3. Woodlots and Wetlands Pty Ltd 2013, An integrated water cycle management strategy for the proposed Eco-
village at Lot 1 DP 1087535 Research Road Narara
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3 Appendices

Appendix 1 System Overview Description
SYSTEM COMPONENT DESCRIPTION
Population Supplied To be confirmed.

Note: Stage 1 Development Application includes 60 dwellings and the full
development is expected to include some 100 to 130 dwellings.
Assuming 5 people per dwelling, estimated population is up to 300 for
Stage 1 and up to 650 at full development.

Proposed Water Source

Dam

Proposed Water Storage (Before
Treatment)

Break Tank (pumped from dam)

Proposed Water Treatment

Proposed Water Treatment Plant (70 kL/day):

- Membrane filtration (ultrafiltration)

- Ultraviolet disinfection

- Chlorine disinfection (sodium hypochlorite) (provides an additional
disinfection step as well as providing a distribution system chlorine
residual)

- Stabilisation and corrosion control (Calcite filter)

Proposed Water Storage (After
Treatment)

Potable Water Storage Tank (roofed, capacity to be determined)

Proposed Distribution of Product

Pumped supply to households and other dwellings within Narara
Ecovillage as drinking water (53 kL/day) as well as to recycled water plant
for use as make-up water (up to 17 kL/day)

Any Special Controls Required

Quality of chemicals, materials etc used in the production and delivery of
the product.

Manual verification sampling of water from the distribution network.
Backflow prevention.

Operation and maintenance of all infrastructure to prevent
recontamination.
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Appendix 2 Simplified Process Flow Diagram
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Appendix 3

Stakeholder

Preliminary stakeholder register

Role in Drinking Water

Management

Communication Between
Utility and Stakeholder

Current Contact

Current Contact Details

Key Contact
from WSC

management and
retrospective powers

management

Aquacell staff Carriage and ownership Communication on Warren E: warrenj@aquacell.com.au
of essential activities of operations, maintenance Johnson P: 02 47210545
the Drinking Water (Technical M: 0428 529 181
Management System Manager)
NEV staff Carriage and ownership Communication on
of essential activities of operations, maintenance
the Drinking Water
Management System
NSW Health (Head | General advice on General advice sought on Public Health BH (02) 9382 8333
Office) drinking water drinking water Unit AH (02) 9382 2222 and request

the Public Health Officer

Environment and
Heritage

regulator, advice on spills
in catchment,
environmental flows
advice

relating to pollution in
source waters and
environmental flows

under the Public Health
Act 2010 (NSW)

NSW Health (PHU) | Local advice on drinking Local advice sought on John James /
water management and drinking water Kerry Spratt
retrospective powers management and liaison
under the Public Health on disease outbreaks (if
Act 2010 (NSW) possible link to drinking

water borne route)
NSW Office of Polluting activities Referral of concerns
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mailto:warrenj@aquacell.com.au

Stakeholder

Role in Drinking Water

Management

Communication Between
Utility and Stakeholder

Current Contact

Current Contact Details

Key Contact
from WSC

Metropolitan Water
Directorate

Water planning, policy
advice; water recycling
funding and support;
water education and
engagement

IPART

Pricing of water

Representations on specific
aspects of water
management

Program
Manager
Compliance

(02) 9290 8477

National Health
and Medical
Research Council
and National
Resource Managers
Ministerial Council

National drinking water
guideline authors

Review and comment on
revisions to guidelines

Water Services
Association of
Australia (WSAA)

Professional body

Use of, and contribution to
the development of,
standards and codes of
practice

Research and
technical
organisations
(CRCs, universities,
technical experts)

Sources of technical
expertise and services

Maintain professional
relationships
Procure services

Industry peers (e.g.
other corporations)

Sources of technical
expertise, peer review and
benchmarking

Maintain professional
relationships
Procure services
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Stakeholder

Role in Drinking Water

Management

Communication Between
Utility and Stakeholder

Current Contact

Current Contact Details

Key Contact
from WSC

Police

Control of emergency
spills and site security
issues

Support in control of site
security

Response to spills and
bursts

Rural Fire Service

Response to emergencies
(in particular bushfires)

Response to spills and
bursts

Response to emergencies
such as bushfires

State Emergency
Services

Response to emergencies

Response to spills and
bursts and coordinate
evacuations

Committee on
Uniformity of
Plumbing and
Drainage
Regulations

Plumbing Regulator

Comment on plumbing
regulations

Standards Australia

Professional body

Use of, and contribution to
the development of,
standards and codes of
practice

Central Coast
Community
Environment
Network

Promotion of catchment
management and
community education

Liaison regarding
catchment management
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Stakeholder

Role in Drinking Water

Management

Communication Between
Utility and Stakeholder

Current Contact Details
Current Contact

Key Contact
from WSC

Residents/
businesses within
Catchment areas

Notify NEV of changes in
catchment. Potential to
impact of source water

quality.

Information sharing and
education

Narara Ecovillage

Those to whom safe,

Customer complaint follow

Administrator of the
Plumbing and Drainage
Act 2011

residents quality water is to be up
provided Customer contract
Water Bills
Internet
NSW Office of Fair | Water fitness for purpose | Liaison over water product
Trading and related trading issues. | issues
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Appendix 4

Preliminary register of legal and formal requirements

Instrument Jurisdiction Type Relevance
Australian Drinking Water Guidelines National Guideline Sets frameworks and guidance for the provision of safe, quality drinking
2011 water
Catchment Management Authorities
Act 2003 NSW Statute Catchment management
Competition and Consumer Act 2010 | Commonwealth | Statute Fitness for purpose of drinking water
Dams Safety Act 1978 NSW Statute Impacts of dam safety on water quantity and potentially water quality
Environmental Planning and . A . .
Assessment Act 1979 NSW Statute Planning activities which require assessment
Environment Protection and Catchment management in particular for areas of national environmental
L . Commonwealth | Statute L
Biodiversity Conservation Act 1999 significance
Fair Trading Act 1987 NSW Statute Includes provisions for goods (and services) to be fit for purpose
Fisheries Management Act 1994 NSW Statute Protection of fish habitats (including threatened and protected species
management) and aquaculture management
Food Act 2003 NSW Statute Need to maintain water quality
AS ISO 22000-2005 Food safety
management systems-Requirements . Analogous to the ADWG Framework but would allow certification to that
NP National Standard .
for any organization in the food standard if sought
chain
Forestry Act 1916 NSW Statute Management of State Forests
Heritage Act 1977 NSW Statute Protgctlon of.state an'd/or Iocglly significant heritage (important to be
cognisant of in planning new infrastructure)
Independent Pricing and Regulatory Impacts of pricing on the provision of infrastructure and consequent
. NSW Statute . .
Tribunal Act 1992 potential impacts on water quality.
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Instrument

Jurisdiction

Type

Relevance

. . P i f l, social [tural val i i
National Parks and Wildlife Act 1974 | NSW Statute rc?tectlonp naturg social and cultural value (important to be cognisant
of in planning new infrastructure)
NSW Health Drinking Water NSW Guidelines Includes NSW Health Response Protocols for chemical and microbial
Monitoring Program quality, treatment failure and Cryptosporidium and Giardia.
. . Largely f f the distributi including legislati
Plumbing and Drainage Act 2011 NSW Statute argg y for managemenF of the dlSt!’IbUtIOh system including legislative
requirements for plumbing and drainage works
Plumbing and Drainage Regulation . Largely for management of the distribution system including legislative
NSW Regulation . . .
2012 requirements for plumbing and drainage works
Plumbing Code of Australia 2004 National Best . LargeI)./ for manag-ement. of the distribution system including standards for
practice plumbing and drainage issues
AS/NZS 3500 Plumbing and National Standard Largel){ for manag.ement. of the distribution system including standards for
Drainage Set plumbing and drainage issues
AS 402.0 P.roducts for use in contact National Standard Materials and other products suitable for use with drinking water.
with drinking water
P 1 he Envi . L L .
Or;;‘f;zzgso;;jgg;/lronment NSW Statute Environmental protection including licensed discharges.
Protection of the Environment . Submit annual National Pollutant Inventory (NPI) returns if any of the
. . NSW Regulation - . S
Operations Regulation 1998 specified reporting thresholds are exceeded (water contamination issues)
Protection of public health, follow any advice issued from the Chief of
Public Health Act 2010 NSW Statute Health_ regarding dr|nk|ng water safety to the publlc;.sample drinking
water in accordance with NSW Health recommendations. Prepare a
drinking water management system.
Requirement to prepare a drinking water management system in
. ith the ADWG F k for M f Drinki
Public Health Regulation 2012 NSW Regulation accordance'W|t the G Framework for Management of Drinking
Water Quiality.
Requirement to keep records of all water carters supplied.
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Instrument Jurisdiction Type Relevance
Includes guidance on the use of risk assessment and management.
AS/NZS 4360:2004 Risk Management | National Standard Note that the risk assessment matrix in the Framework for the
Management of Drinking Water Quality is based on AS/NZS 4360.
Soil Conservation Act 1938 NSW Statute Soil management (in the context of catchment management)
Includes information and guidance (as well as other things) on the levels
of treatment (in log reduction terms) from water sourced from catchments
US EPA Surface Water Treatment . N . . .
Rules International Legislation | with varying levels of protection.
Not yet included in concept in the ADWG but likely to be included in
revisions.
Water Industry Competition Act 2006 | NSW Statute !_icence sought under this Act to construct, maintain a'md operate water
infrastructure and supply potable water as a corporation.
Water Services Association of National Best Includes methodologies for undertaking a range of water supply works
Australia Water Supply Codes practice including distribution system management
Wi Health ization's W\ . T
orld Health Organization's Water International Guideline Analogous to the ADWG Framework
Safety Plan
Contract between Aquacell and .
Project Contract

Narara Ecovillage Cooperative

A0072-DWMS-2
Revision 2, 16 June 2014

Narara Eco Village DWMS Plan
Page 34 of 34




Appendix 4.1.12.1 Sample Rainwater Management Plan

Hopkins Correctional Centre
Rainwater Supply Scheme

Rainwater Quality Management Plan

24" June 2014

Prepared by:
Warren Johnson; Martin Hoogland (02) 4721 0545
warrenj@aquacell.com.au
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Revision Date By Checked Document Status Amendments

0 - Draft 18/3/14 M. Hoogland ~ W. Johnson  Draft for Review
1 24/6/14 W.Johnson C. Fisher Issued for Incorporated NDY
Construction comments on draft
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Abbreviations

ADWG

Australian Drinking Water Guidelines

Bq Becquerel, Sl unit of radioactivity = 1 disintegration per second
BSN Basin
CAW Class A Water
DCW Domestic cold water (municipal mains supply)
E. coli Escherichia coli
HAZOP Hazard and operability study
HACCP Hazard analysis and critical control point study
HCC Hopkins Correctional Centre
ITP Inspection and Test Plan
kL Kilolitre = 1000 litres = 1 m3
NTU Nephelometric turbidity unit, a standard unit of turbidity measurement
PFM Programmed Facility Maintenance Pty Ltd
PPE Personal protective equipment
Reduced Pressure Zone Device, a form of backflow prevention shown on some
RPZD .
HCC drawings
RQMP Rainwater Quality Management Plan
RWQMP Recycled Water Quality Management Plan
S Siemens, Sl unit of electrical conductance =1 mho
SH Shower
SK Sink
SS Suspended solids
Sv Sievert, Sl unit of effective radiation dose
THMs Trihalomethanes
TOC Total organic carbon
TRW Treated Rainwater
WC Toilet (water closet)
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1. Introduction

The Hopkins Correctional Centre (HCC) is designed to make the most economical use of all readily available
water resources: municipal “mains supply” water, rainwater, and Class A recycled water. These water resources
are reticulated in separate, dedicated ring mains around the site for different purposes. Class A recycled water is
used for irrigation, laundry and toilet flushing, except in some of the older buildings where retrofit was
uneconomical and treated rainwater is used. Treated rainwater is used for sinks, basins and showers throughout
the site, except for the new kitchen and health buildings which use mains water (designated “DCW” for
“domestic cold water” on drawings and in some documentation).

Provision is made for redundancy by supply of the lower quality grades of water from higher quality sources.
The reticulation ring main for Class A water can be supplied with treated rainwater from its reticulation system,
and similarly the reticulation ring main for treated rainwater can be supplemented with mains water, either
from its site storage and reticulation pump set or direct from mains pressure water. Substitution of poorer-
quality water for higher quality water must be avoided, and backflow prevention equipment is installed in the
connecting pipework.

Water falling as rain is very pure and usually suitable to drink. It can become contaminated even as it falls from
the sky, by airborne pollutants and dust, although this is unusual under best practice pollution control regimes
such as in Australia. The typical sources of contamination of rainwater in domestic systems are from within the
collection and storage systems. It is important that the rainwater system at HCC be properly designed, and
regularly inspected and maintained, and corrective action be taken if problems are found.

1.1  Purpose of this Rainwater Quality Management Plan

At HCC, treated rainwater is reticulated to sinks, basins and showers. The resulting exposure levels mean that it
will be effectively, if not literally, used for drinking and should comply with the Australian Drinking Water
Guidelines (“ADWG”). This Rainwater QMP (“RQMP”) states the water quality objectives for the rainwater
component of the water supply scheme and describes risks and mitigation measures to ensure those objectives
are achieved and maintained. The document includes:

e An outline of the preventative risk management approach adopted in the Australian Drinking Water
Guidelines (NHMRC, NRMMC 2013), and its application to the HCC rainwater system to supply
drinking water;

e Adescription of the rainwater catchment, storage, treatment and distribution system;

e A summary of the relevant hazards and appropriate risk mitigation presented in Guidance on use of
rainwater tanks (enHealth 2011) and outcomes of a risk workshop undertaken for the HCC system
(pending).

e An outline of the inspection and monitoring program to ensure the treated rainwater meets the
required quality for end use.

This RQMP provides the framework for operation and management of the rainwater system, from which
standard operating procedures, logs and reporting requirements are established. It should be used by the site
operator as the reference document for decision making in relation to safe operation of the rainwater supply
system, including providing sufficient resources to monitor the system, manage risks and generate reports.
Quality management principles dictate that review and continuous improvement should be applied, so that this
document should be reviewed regularly and updated as needed.
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1.2.1

1.2.2

Preventative Risk Management

What is it?

Hazards can be thought of as the causes of unwanted incidents. The risk of an incident is the combination of the
likelihood of its occurrence (ranging from rare to almost certain) and the consequences of its occurrence (minor
to catastrophic). Risk management usually focuses on incidents with the highest risk (combined likelihood and
consequence), but the health effects of supply of poor quality drinking water can have such severe
consequences that minimisation of the likelihood is essential. The guiding principle of the ADWG is to identify
significant contamination hazards and provide multiple “barriers” to minimise the likelihood of occurrence of
contamination, so-called “preventative risk management”. In the application of the ADWG, it effectively means
elimination or minimisation of the sources of contamination.

How is Preventative Risk Management implemented in the ADWG?

The ADWG specify a Framework for management of drinking water quality with twelve essential elements:

Commitment to drinking water quality management
Assessment of the drinking water supply system
Preventative measures for drinking water quality management
Operational procedures and process control
Verification of drinking water quality

Management of incidents and emergencies
Employee awareness and training

Community involvement and awareness

. Research and development

10. Documentation and reporting

11. Evaluation and audit

12. Review and continual improvement

©ENOUV A WN R

All of these elements should be addressed in operating the rainwater supply system (see ADWG Section 3).
Section 13 Compliance with Australian Drinking Water Guidelines below describes how these are addressed at
HCC in relation to the rainwater supply.

In combination with the ADWG, the Australian government publication Guidance on use of rainwater tanks
(enHealth 2011) provides a guide for implementing best practice in rainwater systems. Guidance on use of
rainwater tanks identifies system analysis and management (items 2 and 3 above) as the most important areas
for rainwater systems. The generic hazards and associated preventative measures and corrective actions from
this document are presented in Sections 4. Hazard Identification and Risk Assessment and 5. Control Measures
of this RQMP.

The ADWG present the recommended maximum (or minimum) value of a water quality parameter as a
Guideline, rather than a limit. Many of the common water quality parameters have both health and “aesthetic”
guideline values because the water may become unpalatable (unpleasant to drink) before it becomes unhealthy
(with increasing concentration), for example. The better of the two values is used as the recommended
guideline value. With the notable exception of microbial indicators, the health values adopted in the ADWG for
most contaminants do not result in any significant risk to the health of the consumer over a lifetime of
consumption, according to present knowledge. Therefore, short-term exposures to levels outside the guidelines
are usually not a cause for concern for most quality parameters.
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An exceedance of the recommended value during monitoring triggers a corrective action or incident response
under this RQMP, which includes investigation and identification of the source. Knowledge about exposure of
humans to chemicals is continually evolving, and expensive treatment to address a particular chemical species
may not be warranted. For example, some sectors of the community are more susceptible than others to
particular contaminants, like infants and breast-feeding mothers, and HIV-positive people, which may have
limited relevance to this site. Under the hierarchy of controls (elimination, substitution, engineering,
administrative, PPE), and in consultation with stakeholders, there may be a more effective solution without
resort to expensive treatment processes.

Another useful source of information is the Australian Guidelines for Water Recycling: Managing Health and
Environmental Risks (2008). This details the methodology for assessment of health-related outcomes of
exceedances of the guideline values. However, this type of assessment should not be necessary for the HCC
rainwater system unless unusual contaminants are found whose source cannot be identified or easily
controlled.

2. Organisational Commitment

AEGIS Correctional Partnership (Aegis) is the Owner of the scheme at HCC. Aegis is committed to ensuring the
system is maintained and operated in compliance with relevant guidelines, regulations and standards at all
times.

Aegis has subcontracted responsibility for the maintenance of the prison precinct to Programmed Facility
Maintenance (PFM). PFM will provide maintenance and operation services for the rainwater system and
treatment plant. PFM is committed to maintaining and operating the system in compliance with relevant
guidelines, regulations and standards at all times.

Note that according to the Victorian Department of Health publication Rainwater use in urban communities:
Guidelines for non-drinking applications in multi-residential, commercial and community facilities (2013, p3):

“The quality and acceptable uses of rainwater are not subject to specific regulation in Victoria. Despite
this, individuals or organisations responsible for rainwater systems should demonstrate due diligence
by ensuring that rainwater is safe for its intended use. The quality of rainwater and the associated
management controls need to be proportional to the level of exposure to rainwater — the more likely it
is that rainwater will be ingested, the higher the water quality and more stringent the management
controls should be.”

Section 4 of the ADWG recognises that smaller systems (defined as supplying less than 1000 people) may be
able to simplify or relax some of the more-onerous/expensive requirements such as sampling and analysis for
monitoring. However, this reduced sampling would introduce more risk and should not be implemented until
justified by results of the monitoring program over a significant period (6 months or more under full capacity
operation).

The various roles and responsibilities of the ownership and management parties are outlined in section 8 of this
document.
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3.1.2

Description of the Rainwater System

Site description

A plant layout for the Hopkins Correctional Centre Scheme is shown in Appendix 1. The site is located in Warrak
Road, Ararat, Victoria.

Rainwater system function

Rainwater is collected from the roofs of the buildings around the site. It flows by gravity from gutters and
downpipes to a number of collection tanks (with volumes ranging from 25 to 40 kL) situated close to the
buildings (External Stores, East Satellite and West Satellite, Gate House East, 2 tanks at Gate House West). Pump
sets deliver from the collection tanks to two 200 kL rainwater storage tanks which serve as feed tanks to the
rainwater treatment plant. The tanks can be isolated so that only one is online, to allow maintenance and
cleaning of a tank when required.

The rainwater treatment plant is supplied by AKS Industries, consisting of a fine screen, ultrafiltration
membranes, an ultraviolet light disinfection unit and ancillary systems including chemical dosing, backwash and
recirculation pumps and controls. Nominal capacity of the treatment plant is 135 kL/ day. A feed pump delivers
the water from storage through a 100 um screen to a membrane filtration array. The membrane filtrate passes
through the UV disinfection unit and into two 35 kL treated rainwater tanks. Similar to the storage tanks, each
treated rainwater tank can be isolated to allow maintenance and cleaning. Sodium hypochlorite is dosed into a
recirculation loop on the treated rainwater tanks for residual disinfection. Backwash water for the membrane
array is drawn from the treated rainwater tanks and dosed with appropriate chemicals for membrane cleaning
when required. Waste from the fine screen, membrane backwash and chemical cleaning is discharged to the
site sewer.

Membrane ultrafiltration is implemented, using Inge “dizzer® XL 0.9 MB 60 W’ membrane modules from
Germany with a nominal pore size of 0.02 um. This is sufficiently small to reject protozoa and bacteria to a high
degree, and even some virus particles, as well as almost all atmospheric particulates. Turbidity of the filtrate is
normally less than 0.1 NTU, with a maximum of 0.3 NTU. This low turbidity is well suited to disinfection by UV
irradiation where higher turbidity reduces the effectiveness of treatment.

The Viqua Sterilight SPV-950 “Healthshield” UV disinfection unit uses electromagnetic radiation of suitable
intensity and wavelength to cause disruption of cellular matter and DNA/ RNA, thus inactivating or killing
microorganisms including viruses. The unit incorporates a UV intensity detector and flow-paced control to
ensure optimum energy usage and an appropriate UV dose, estimated to be about 40 mJ/cm?.

Sodium hypochlorite solution is dosed to the treated rainwater in a recirculation loop from the treated
rainwater tanks. A free chlorine residual provides a further barrier to pathogen contamination and prevents
growth of microbial contaminants in the distribution system. The ADWG require a minimum of 0.5 mg/L free
chlorine residual. The maximum from a health perspective is 5 mg/L free chlorine, but the aesthetic limit is set at
0.6 mg/L because of taste sensitivity for some individuals.

A reticulation pump set draws from the treated rainwater tanks and pressurises the distribution ring main.
Branches off the ring main deliver to individual buildings for reticulation.

Some relevant drawings which illustrate the scheme are included in Appendix 1:
Aegis-NDY HN-AA032 HCC: Hydraulic Services: Treated Rainwater Schematic
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4.2

Aegis-NDY HN-AA034 HCC: Hydraulic Services: Untreated Rainwater and Domestic Cold
Water Schematic

Aegis-NDY HN-HPAS800 HCC: Hydraulic Services: Plant Schematic

AKS Industries ~ WF_APA_PID_001 Ararat Prison — AKS: Piping and Instrumentation

AKS Industries ~ WF_ARA_GA_001 Ararat Prison — AKS: Indicative General Arrangement

Hazard Identification and Risk Assessment

A HAZOP and Environmental Risk Assessment, and a Hazard Analysis and Critical Control Point (HACCP) analysis
of the Hopkins Correctional Centre Rainwater Scheme have yet to be completed. These will form Appendices 2
and 3 respectively. The methodology will be in accordance with ADWG and Aquacell’s documented risk
procedures.

A table of generic hazards and controls for rainwater tank systems is presented at the end of section 5.

Water quality objectives

Rainwater is used to supply rural and remote communities in Australia, and has been safely used by mankind for
millennia. Experience has shown that proper design and regular inspection and maintenance can produce safe,
good-quality water for human consumption. Main issues to be aware of are the potential for contamination
with airborne chemicals, dusts and aerosols, occupation by small animals, mosquitoes and microorganisms, and
eliminating areas in the collection system (gutters, downpipes, etc) where stagnant water can lie open to the
atmosphere, thereby creating conditions for microbial growth and decay.

First flush diversion and maintenance of the preventative measures will normally suffice to produce good
quality water. The ultrafiltration membrane and UV irradiation in the rainwater treatment plant could be
considered excessive, but form prudent extra barriers to contamination in a drinking water application.

The ADWG provide guideline values for microbial, chemical, physical and radiological characteristics of drinking
water.

Microbial hazards

Rainwater collected and stored in tanks will contain a range of microorganisms, just as the air around us does,
but virtually all of them are harmless in a properly maintained system.

Under the ADWG, microbial quality of drinking water is determined by the presence or absence of enteric
pathogens (disease-causing organisms usually found in the intestine), such as E. coli. The presence of E. coli is
indicative of the presence of faecal matter, which must be addressed. The performance measure for acceptance
in the distribution system is E. coli should not be detected in a minimum 100 mL sample. Corrective action must
be taken immediately if any is detected.

Potential sources of faecal matter are small animals such as birds, reptiles, amphibians and mammals that have
access to the roof, its drains, or tanks, and other free-living organisms. Access to roofs and tanks should be
minimised by preventative measures such as insect screens on all tank openings, “gutter guards” and trimming
overhanging and nearby branches.
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Some other (non-enteric) pathogens can grow within tanks provided that there are sufficient nutrients and/ or
light. The ultrafiltration membrane in the treatment plant provides a barrier to contamination from bacteria and
protozoa, but an additional control measure (especially for algae) is to use opaque materials for the tanks and
pipework.

One non-enteric, free-living pathogen which is highlighted in the ADWG after having caused unexpected disease
from Australian water supplies is the amoeba Naegleria fowleri, which can cause primary amoebic
meningoencephalitis (“PAM”). The route of infection is intra-nasal and PAM is associated with bathing rather
than ingesting water. Maintaining a chlorine residual is effective in inactivating N. fowleri, but testing for any
members of the Naegleria genus should be conducted in screening/ baseline studies and quarterly monitoring.
If found, frequent testing should be implemented and the source identified, and specific corrective action taken
to eliminate the source.

4.3  Chemical hazards

The ADWG provide guidelines for a wide variety of organic and inorganic chemicals. However, most of these are
unlikely to occur at significant levels in a well-designed and maintained rainwater system. Chemical inputs to the
rainwater collection system are limited to airborne contaminants from dust, smog, vehicular exhaust, smoke
from bushfires, decay of leaf litter, discharges from roof-mounted appliances, and possibly from spraying of
horticultural or agricultural chemicals. Another potential source is the materials of construction used on the roof
and in the rainwater system, but at HCC, these have been selected for compatibility with drinking water. Any
repairs or modifications to the system should use materials approved for contact with drinking water, or
similarly-approved coatings.

The first flush system should divert the great majority of the residues from the roofs and collection pipework
contained in the initial flow during a rain event. In the event of a major dust storm or nearby bushfire, or after a
prolonged period of drought, it would be prudent to thoroughly hose down the roofs, with the first flush system
set to divert, to avoid flushing of residual deposits into the collection tanks and subsequent dissolution of
soluble components. The treatment system should cope with some particulate matter, but it has not been
designed to deal with dissolved chemical species which could result from dissolution or decay of sediment in
tanks.

Sodium hypochlorite is the only chemical added to the treated rainwater, for residual disinfection to prevent
growth of microorganisms in the reticulation system.

44  Physical quality parameters

Physical quality parameters addressed in the ADWG include colour, turbidity, hardness, total dissolved solids,
pH, temperature, taste and odour, and dissolved oxygen. None of these parameters should exceed their
guideline values in a properly-maintained rainwater system.

Assuming that the system is properly maintained, one parameter which could be of concern is hardness (which
is the sum of dissolved calcium and magnesium ions), which is expected to be so low as to potentially cause
corrosion, unless materials of construction in contact with the water are carefully selected. This applies also to
the materials of construction used in the sewer (wastewater collection) system.
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Another potential issue with the rainwater system is alkalinity and the related parameter pH. Being so pure,
rainwater has very little alkalinity, essentially only that from atmospheric carbon dioxide which has been
absorbed during its fall. With limited alkalinity, the water can change pH significantly due to incidental chemical
reactions such as dissolution of metallic ions from materials of construction. A change in pH to a value outside
the ADWG guideline of 6.5 to 8.5 can affect the solubility of metals in pipes and fittings, allowing further
changes in pH in a “runaway” sequence. Municipal water treatment plants commonly add lime and carbon
dioxide, or limestone, to increase both alkalinity and hardness if required. At HCC, there is no process
equipment installed to control these parameters. However, as long as appropriate materials have been used
throughout the system, pH may not be adversely affected. However, it corrosion should be monitored and
corrective action taken if required.

Colour, turbidity, taste or odour, as well as chemical contamination, could also become a short-term issue if a
large quantity of dust or ash was washed into the collection tanks after the first flush, or with failure of the first
flush system. Hence, flushing or washing of the roofs and collection systems after a significant airborne dust or
ash event is recommended.

45 Radiological quality

According to the ADWG (2013 update, §7.5.3), Australians receive an effective radiological dose of about 2
mSv/year on average, with less than 10% from the ingestion of food and drinking water, the remainder being
“background radiation”. The guideline value for effective dose from drinking water is 1 mSv/year. This is very
unlikely to occur naturally in a rainwater system. So-called “screening”, or baseline studies, to determine
whether further investigation and/or treatment is necessary, should be conducted for gross alpha and beta
emitters, initially and annually thereafter unless high levels are found.

46  Mosquitoes

An additional water quality issue that is particularly relevant to rainwater systems is mosquitoes. Rainwater
tanks provide breeding sites for mosquitoes, which can transmit disease. Mosquito access through tank
penetrations (inlets, vents) should be avoided by using suitable insect screens. Breeding sites in the form of
water ponding in the collection system should also be avoided.

5. Control Measures

For any contamination hazards identified, some sort of control measure, or “barrier”, should be implemented to
minimise the likelihood of its occurrence. Multiple barriers should be considered, especially if there is concern
about the reliability of a selected control measure.

Control measures are listed here, broken down into five categories:
e Roof catchment protection and maintenance
e Correct material selection and installation of the rainwater storage
Correct material selection and installation of the distribution and plumbing
Treatment system
e Regular inspection and maintenance of the supply system

Some of the control measures listed here may not be relevant to the current HCC Rainwater system, but could
be relevant to a future extension or modification of the scheme. Some of the issues listed are more-
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appropriately considered during design than operation, but they also serve to highlight things to look for during
inspections, which may require corrective action in the form of repairs or modifications. For further information,
the references should be consulted.

The treatment system HAZOP and HACCP analysis outcomes, when available, will provide other control
measures to be implemented.

5.1  Roof catchment protection and maintenance

Using correctly designed and maintained roof catchments is a key step to protecting rainwater from
contamination. For the HCC catchment systems, the following should be implemented.

e QOverhanging vegetation should be cut back.

e  Gutter shielding devices (“gutter guard”) should be installed where roof catchments are adjacent to
trees and vegetation, to reduce the amount of debris entering gutters and storage tanks.

e Gutters should have sufficient and continuous fall to downpipes to prevent pooling of water, which
could accumulate debris, lead to algal growth and possibly provide a site for mosquito breeding. A fall
of 1:200 should be sufficient.

e Chemicals used for any roof cleaning should be carefully selected to ensure they do not pose a risk to
human health or the environment.

The following measures are generally considered good practice, but are most important where rainwater is
used for purposes with a high risk of ingestion, such as HCC.

e  First-flush diverters or by-pass devices (also called “interceptors”) should be installed to reduce the
entry of contaminants, which build up on roofs and in gutters during dry spells, to the storage tank. The
diversion device should be inspected after each rainfall event, and re-set/ drained/ cleaned if required.

e Roof access should be restricted to maintenance activities only.

e  Structures that provide a perching place for birds should be removed or modified.

5.2 Rainwater storage

Tanks should have impervious covers and all access points, except for the inlet and overflow, should be provided
with close-fitting lids which should be kept shut unless in use. The inlet to the tank should incorporate a screen
to prevent solid material being washed into the tank, and a mesh covering to prevent access of mosquitoes and
other insects. Overflow openings should also be covered with insect-proof mesh.

Tank overflows and run-off that is not collected in the tank must be diverted into the stormwater drain. It must
not be allowed to pool or to cause a nuisance to neighbouring properties or to areas of public access. The
overflow should be designed to prevent stormwater from flowing back into the tank.

5.3 Rainwater distribution and plumbing

To prevent cross-connections between the rainwater and other site water supplies, rainwater distribution pipes
should be clearly labelled ‘RAINWATER’ in a contrasting colour, in accordance with AS/NZS 3500 National
plumbing and drainage code. In addition, as-built drawings of the distribution system should be available and
protocols developed to ensure modifications and maintenance on the distribution system do not result in a
cross-connection.
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Backflow prevention devices, also known as “RPZD”s, complying with Australian Standards must be used to
prevent the risk of rainwater siphoning back into and contaminating the drinking water supply. These should be
regularly inspected and tested.

5.4  Rainwater treatment plant

Treatment options for rainwater systems most commonly include:
o filtration
¢ disinfection (usually chlorine or ultraviolet light).

Both of these processes are installed at HCC, with disinfection by both chlorine (for residual, delivered and
stored as aqueous sodium hypochlorite solution) and UV. The treatment train is driven by the feed pump which
delivers the water from the storage tank with sufficient pressure to force membrane filtrate through the UV
system and into the treated rainwater tanks (refer section 3.1.2 above).

Typical monitoring and control measures for the plant are outlined below. Further detail will come through the
HACCP workshop.

Table 1: Control measures for treatment plant operation

Treatment hazard Cause Preventative measure | Monitoring Corrective action
Loss of membrane Membrane Failure Check integrity Turbidity and integrity | Shut down plant and
barrier monitoring repair or replace
membrane
Loss of UV barrier Failed UV lamp UV lamp fail alarm Alarm triggers plant Replace lamp
shutdown
UVT high Control water quality | UV intensity Shutdown plant and
investigate cause of
high UVT.
Chlorination Low chlorine Free chlorine >0.5 Free chlorine Shutdown and correct
ineffective ppm monitored online low chlorine
pH out of range pH between 6.8 and Monitor pH Shutdown and
8.5 investigate cause

Operation of the treatment plant is addressed in the Operation and Maintenance Manual for the equipment
supplied by AKS. (pending) This should be consulted for details of standard operating procedures,
troubleshooting and corrective actions to rectify equipment faults and treatment issues. These are summarised
in the table above.

5.5 Hot water services

Generally, domestic water heating systems are not designed to provide thermal disinfection such as
pasteurisation. Rainwater use in urban communities (Vic. DoH 2013) states:
“However, hot water services are currently designed to address Legionella risks from water (consistent
with the requirements in AS/NZS 3500 National plumbing and drainage code). Hot water services
should not be relied on to inactivate enteric pathogens (pathogens found in the gut) as they may not
heat water to a high enough temperature for long enough to act as appropriate treatment”

Hot water services should be set to reach a reasonably high temperature (>50°C); warm temperatures around
35-40°C are ideal for growth of enteric pathogens.
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56

5.7

571

End-use controls

As a reminder to staff and in case of visitors, external taps supplying rainwater should be identified with a safety
sign labelled ‘RAINWATER’. Signs should comply with AS1319 Safety signs for the occupational environment,
with black writing on a yellow background. Where signs could be encountered by sensitive groups who may not
be able to read (for example children visiting inmates), additional controls should be considered such as using
taps with removable handles or locating taps 1.5 metres or more above the ground.

Internal rainwater outlets should be identified, for example via a ‘RAINWATER’ label on tap buttons.

General controls for rainwater tanks

A summary of general preventative measures and corrective actions for health and aesthetic hazards in
rainwater systems, taken from Guidance on use of rainwater tanks, is presented in the two tables below. Some
of the frequencies of inspection are increased because of the relatively-large population relying on this

rainwater source.

Preventative measures and corrective actions for Health hazards

Table 2: Control measures for Health hazards

Health hazard Possible cause Preventative measure | Monitoring Corrective action

Faecal contamination | Overhanging branches | Prune tree branches. Check tree growth Prune branches.

from birds and small on roof every three months.

animals Install first flush Check device after Empty contents of
device. rainfall device after rainfall.

Animal access to tank

Protect all inlets,
overflows and other
openings to prevent

Check access covers
are kept closed. Check
inlets, overflows and

Repair gaps. Secure
access cover. If
animal access

entry by small animals | other openings every | suspected disinfect
and birds. week. tank using chlorine.
Maintain integrity of | Check structural If a dead animal is
tank roof and body to | integrity of tank. found, empty and

prevent access points.

clean tank. If this has
to be delayed, remove
animal remains and
disinfect tank using
chlorine.

Faecal contamination
from humans (above-
ground tanks)

Human access to tank

Prevent access. Ensure
tank is roofed and
access hatches are
secured.

Check access covers
are secured,
particularly in hot
weather.

Secure access cover.
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Health hazard Possible cause Preventative measure | Monitoring Corrective action
Faecal contamination | Ingress of Ensure that pipework | Check (isolate TRW Remove cross-
from humans (buried | contaminated water, is protected from reticulation pump set | connections, repair or
pipework) potential cross- cross-connections, that | and mains supplies, replace pipework.
connections pipework is check for flow from
impervious and is rainwater system taps)
separated from septic | after any plumbing
and sewage pipes. work has been done
All plumbing work on | on site and at least
site to be performed every three months
by suitably-qualified (when inmates are
tradesmen who have confined e.g. at
had thorough site night?)
induction Also check backflow
prevention systems
Mosquitoes Access to stored water | Protect all inlets, Inspect water for Repair screening of
overflows and other presence of larvae at inlets and openings to
openings with least every three prevent access, and if
mosquito-proof mesh. | months. larvae are present, to
prevent escape of
mosquitoes. Treat
tanks with a small
amount of kerosene or
medicinal paraffin.
Fe, Zn,Cu ... Increased corrosion of | Keep gutters clean. Inspect gutters every Clean gutters. If large
contamination metals due to low pH | Install leaf protection | three months. amounts of leaves are
from long periods of devices on gutters. detected on regular
contact between inspections clean
rainwater and leaves more often.
Chemical Water standing in Use plastic pipes Inspect plumbing to Flush pipes in the
contaminants from metal pipes overnight identify pipe materials | morning for long
tanks, pipework etc. or longer periods enough to bring new
water from the tank
(several minutes).
Re-suspension of Regularly clean tank Inspect tank every 3 Clean tank if required.
accumulated sediment | to remove months. Clean roof, gutters
accumulated Inspect roof and and inlet filter as
sediment. gutters and inlet filter | necessary. Ensure
Reduce amount of every month. filter is in place.
sediment by keeping
roof catchments and
gutters reasonably
clean. Protect inlet to
tank using a leaf filter.
Install a first flush
diverter.
Other contamination Preservative-treated Do not collect Inspect roof before If treated wood
from roof materials wood rainwater from roofs installing tank. present it could be
covered with exposed sealed or covered to
treated wood. prevent exposure to
Bitumen based Do not collect rainwater.
materials rainwater from roofs

with bitumen-based
products.
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Hatches open or roof
in poor state of repair

roof by humans.

are kept closed and
roof is intact. Ensure
that trellises and trees
do not allow ready
access to tank roofs.

Health hazard Possible cause Preventative measure | Monitoring Corrective action
Chemical Inappropriate material | Use only approved Check suitability of Remove or replace
contaminants from that does not comply materials. product with retailer product.
tanks, pipe work etc. with Australian or or supplier.
Australian/New
Zealand Standards
relating to food grade
products or products
for use in contact with
drinking water
Dangerous plants Overhanging branches | Prune tree branches. Check tree growth Prune or remove
(check identity of every three months. plant.
suspect plants with
horticulturist)
Drowning Access to tank roof Prevent access to tank | Check access covers Repair gaps. Secure

access cover. Prune
tree branches.

Preventative measures and corrective actions for Aesthetic hazards

Table 3: Control measures for Aesthetic hazards

Aesthetic hazard Possible cause Preventative measure | Monitoring Corrective action
Sulphide/rotten egg/ Anaerobic growth in Regularly clean tank Inspect tank every 3 Clean tank if required.
sewage odours accumulated sediment | to remove months. If cleaning not
at the bottom of tanks | accumulated practical (for example
sediment. in the middle of
Slimes and stagnant Avoid u-bends or summer) disinfect
water in pipe work underground tank with chlorine and
pipework that can flush chlorinated
hold stagnant water. water through all
Install drainage points pipework.
on buried pipework If practical, pumping
air into the tank, to
add oxygen to the
water, may also help
to minimise tastes and
odours.
Musty or vegetable Accumulated material | Remove overhanging | Inspect gutters at least | Clean gutters. If large
type taste and odours on roofs and gutters. branches from trees. every month. amounts of leaves (or
(no light penetration) May possibly include | Keep gutters clean. pollen) are detected
pollen. Install leaf protection on regular inspections
devices on gutters. clean more often.
If practical, pumping
air into the tank, to
add oxygen to the
water, may also help
to minimise tastes and
odours.
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Aesthetic hazard Possible cause Preventative measure | Monitoring Corrective action
Coloured water Accumulated damp Keep gutters clean. Inspect gutters at least | Clean gutters. If large
leaves in gutter Install leaf protection | every month. amounts of leaves are
devices on gutters. detected on regular
inspections clean
more often.
Musty, vegetable or Algal growth due to Make sure tank is Inspect water every Repair roof.
fishy type taste and light penetration into completely roofed and | three months. If practical, pumping
odours (light tank or pipe work is impervious to light. air into the tank, to
penetration) add oxygen to the
water, may also help
to minimise the tastes
and odours.
Ensure pipework, Paint pipework with
including inlets to dark colour.
tanks, are impervious
to light (white pipes
can allow light
penetration).
Bitter taste New tank Use water from first Water quality/taste Use water from first
(concrete tanks) fill for non-potable will improve with fill of new tanks, or
Metallic taste purposes. Taste will tank age. water collected from
(galvanised tanks) diminish in newly painted roofs
Plastic taste subsequent fills. for non-potable
(plastic tanks) purposes.
Problem will diminish
with time
Detergent taste or Newly painted roof Do not collect water Water quality/taste Use water from first
water frothing from first 2-3 rain will improve with fill of new tanks, or
events after painting. paint age. water collected from
newly painted roofs
for non-potable
purposes or divert to
stormwater.
Problem will diminish
with time.
Hydrocarbon or Deposits from Negotiate with TOC analysis of Roof cleaning with
preservative taste agricultural/ sprayers for spraying storage tank/s every 3 | diversion to
horticultural spraying | only in appropriate months and after stormwater
wind direction. spraying
Otherwise arrange for
roof cleaning after
upwind spraying
events
Insects/water boatmen | Access to stored water | Protect all inlets, Inspect water for Repair screening of
etc. overflows and other presence of insects inlets and openings to
openings with insect and/or larvae every prevent further access.

proof mesh.

three months.

Use simple coarse
filter to remove
remaining insects.
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Aesthetic hazard Possible cause Preventative measure | Monitoring Corrective action
Small white flakes in Microbial growth Keep gutters clean. Inspect gutters at least | Clean gutters and tank
water Growth encouraged every month. if necessary.
by nutrients contained | Inspect tank every 3 Disinfect tank using
in plant and soil months. chlorine.
material accumulated
in gutters or at the
bottom of tanks.
Install leaf protection
devices on gutters
Slime on the inside of | Microbial growth All containers that None required. None required. These
tanks continuously hold are naturally
water will develop occurring and not
biofilms on surfaces harmful to the general
below the water level. population.
White deposits on the | “White rust’. A Not required. None required. None required, the
surface of metal tanks | corrosion product deposits are not
(slimy or waxy feel) containing zinc-rich harmful. Physical
oxide removal could
damage the surface of
the tank and increase
the potential for
corrosion.

Monitoring and Corrective Actions

The rainwater system at HCC needs pro-active oversight to ensure that the water delivered from it is safe. As
well as regular inspection and maintenance of the collection system and treatment plant, routine measurement
and monitoring of critical water quality parameters is an essential component because of the potential health
impacts of supply of unsafe water. Another essential component under the ADWG is the validation of
preventative measures and treatment processes (“barriers”), to ensure that the contamination barriers are
properly installed and operated, and verify the level of protection they provide.

Water Quality Sampling and Analysis

According to the Victorian Department of Health’s Rainwater use in urban communities:
“Monitoring the rainwater system is an essential part of the multiple barrier approach. The results of
monitoring show whether the risk control measures are working properly. Employ corrective actions
when monitoring indicates that a control measure or barrier has not been operating effectively.

Whether the water is treated or not, a full rainwater system inspection should be undertaken at least

quarterly.”

The ADWG state (§ 3.5.1):
“Key characteristics related to health include:
¢ microbial indicator organisms;
e disinfectant residuals and any disinfection by-products;
¢ any health-related characteristic that can be reasonably expected to exceed the guideline value, even

if occasionally;

* potential contaminants identified in analysis of the water supply system and hazard identification.
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Frequency of testing for individual characteristics will depend on variability, and whether the
characteristics are of aesthetic or health significance. Sampling should be frequent enough to enable
the monitoring to provide meaningful information. Sampling and analysis are required most frequently
for microbial constituents, and less often for organic and inorganic compounds. This is because even
brief episodes of microbial contamination can lead to immediate illness in consumers, whereas, in the
absence of a specific event (e.g. chemical overdosing at a treatment plant), episodes of chemical
contamination that would constitute an acute health concern are rare. Guideline values for most
chemical parameters are based on impacts of chronic exposure.”

Also from the ADWG (§ 9.2):

“Developing a monitoring program is not a static activity, but part of an ongoing, iterative process of
system management that seeks to understand the challenges and risks, plan and implement measures
to prevent contamination (appropriate to the level of risk), monitor and assess the effectiveness of
these barriers, plan improvements, and adjust preventive measures and monitoring programs as
required.”

An initial, draft, summary of the quality parameters, sampling location and frequency of sampling is shown
below in Table 4. The table is subject to ongoing revision of frequencies and analytes based on screening for
analytes of concern, and level and variability of the results. Also, the sampling locations may change as a result
of the HACCP study. The following paragraphs describe the logic for the preliminary selection of sampling
locations and analytes.

The quality of the rainwater delivered from any basin, sink or shower tap at HCC should comply with the ADWG
guidelines at all times. Therefore, monitoring samples should be collected from delivery points within the
buildings connected to the rainwater supply. This ensures that issues relating to the distribution network, such
as long detention times and insufficient chlorine residual, can be detected. Initially, samples for pH and chlorine
residual from a number of taps in each building should be used to determine a “canary” or early-warning
location; the lowest chlorine residual is indicative of the longest hydraulic detention time, which may also see
the greatest change in pH. Initially, sampling points in each building should be selected based on a combination
of least flow and longest distance from the ring main, based on the reticulation piping arrangement, to target
the longest hydraulic detention time. Usually, this will be a basin or rarely-used appliance on the end of a
branch.

If a health-related guideline is breached at any location, corrective action should be implemented to improve
the water quality delivered to that point. Routine weekly samples should be collected from that “canary”
location until the fault is rectified. Subsequent sampling should use the “canary” location for every second
weekly sample, and rotate through other selected taps in other buildings. If over time a more-critical delivery
point is found, it should become the “canary” location for sampling. If the water quality results at a particular
location cannot be made to comply with the guidelines, it is often because of extremely long detention time and
special control measures may be needed, such as an actuated valve on a timer to regularly flush the supply pipe
to sewer (via free discharge to avoid possible backflow).

Weekly monitoring of health parameters is required according to the guidelines. Analytes for weekly
measurement include E. coli, pH, temperature, conductivity, alkalinity, chlorine residual, copper, iron and
manganese. Any contaminants found to be of concern from screening or “baseline” analysis should also be
analysed, for investigation of the source and until satisfactory control measures have been implemented and
validated. Additional parameters for monthly analysis (after initial weekly screening to establish a baseline) are
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total coliforms, Naegleria, total organic carbon (“TOC"), trihalomethanes (“THMs"), colour, turbidity, dissolved
oxygen and hardness. Frequency of analysis for less-critical analytes, such as alkalinity, copper, iron and
manganese, can be reduced if their levels are low and show little variation. Conversely, frequency should be
increased for any of the monthly analytes if their levels are relatively high or highly variable (at the same
sampling location) with no obvious explanation. After annual review with stakeholders and relevant authorities,
some monthly monitoring parameters may be reduced to quarterly or annual monitoring.

Additional sampling from points within the collection and treatment system are required for the purposes of
validation monitoring, understanding the system, and identification of the source of any contamination.
Recognising that sample analysis is not cheap, a limited number of locations providing “bang for buck” should
be targeted, noting that additional critical control points (“CCP”s) still may be identified.

The rainwater storage tanks, before the treatment plant, are an obvious location; a sample from the online
tanks as the water enters the treatment plant should be collected. These samples should be analysed for E. coli,
pH, temperature, conductivity, total coliforms, total organic carbon and suspended solids, and any water quality
parameters found to be of concern. For parameters of concern, samples should also be taken from the
individual collection tanks and analysed to aid in identification of the source.

For the purpose of validation, weekly treated rainwater samples should be collected. These samples should be
analysed for E. coli, pH, temperature, conductivity, total coliforms, total organic carbon and suspended solids.

To identify problems in the distribution system, a sample from the treated rainwater tanks should be collected,
from the recirculation loop before the water passes the hypochlorite dosing point. These samples should be
analysed for E. coli, pH, temperature, conductivity, total coliforms, total organic carbon, chlorine residual,
copper, iron, manganese, trihalomethanes (“THMs”), colour, turbidity, dissolved oxygen and hardness.

For a rainwater system providing drinking water, an initial screening or “baseline” analysis for possible
contaminants of concern is warranted. Screening analysis of total organic carbon, ammonia, nitrate, fluoride,
hydrogen sulphide, arsenic, barium, beryllium, cadmium, chromium, copper, lead, mercury, molybdenum,
nickel, selenium, silver, tin, uranium, zinc, gross alpha and gross beta is recommended. These should also be
analysed quarterly for the first year, but their testing can subsequently be reduced in frequency provided that
no elevated levels are found. It would be desirable to re-test for these whenever sediment is found in the
bottom of a collection tank, as a precautionary measure.

Additional monitoring is required for incident and emergency response, which, by its nature, depends on the
specific circumstances of the incident or emergency. An understanding of the system and the nature of the
incident is required to develop a suitable short-term monitoring plan and aid in investigating the cause of the
incident. After an incident or emergency, the routine monitoring plan will be modified, at least until the
parameter/s of concern are brought back to an acceptable level.

The ADWG recommend that taste and odour be tested annually. However, if HCC users are encouraged to
register concerns about these issues if they occur, which can provide early warning of a problem, there should
be no need for expensive external testing.

Monitoring data should be representative, reliable and fully validated. Procedures for sampling and testing
should also be documented. Sample identification and reporting of results must be comprehensive, including
date, time, location, sampling method, name of person taking sample, chain of custody records, analysis
methods and details, etc. Records of sampling and analysis should be stored for future retrieval if required.
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Results of analyses should be entered into a spreadsheet or database system with sample ID, date and location,
to allow statistical analysis, validation of treatment processes, graphing and trending, and reporting.

The quality parameters and sampling locations which have been identified above are consolidated in the
following table. All of these parameters should be analysed initially for screening/ baseline purposes at the
storage tanks. It is important to note that this table should be updated as required and as more information
allows sampling frequencies to be reduced, or poor results force frequencies to increase.

Table 4: Sampling frequency and locations for Monitoring

Quality Parameter Location
Analyte Guideline End user Storage tanks Treated rainwater tanks
Health Aesthetic (“Canary”)

E. coli /100mL No detect W S, W W
Naegleria /100mL No detect S, Q>A

Chlorine residual mg/L >0.5,<5 <0.6 W W
pH = -log[H'] 6.5-8.5 W S, W W
Temperature, °C \\% S, W \%%
Conductivity, pS/cm <1200 W S, W W
Alkalinity W S, W W
Cu <2 <1 W>M S, W>M W>M
Fe <03 W>M S, W>M W>M
Mn <0.5 <0.1 W>M S, W>M W>M
Thermo coli /100mL W>M S, W>M W>M
TOC W>M S, W>M wW>M
THM <0.25 W>M S, W>M wW>M
Colour, Hazen <15 Ww>M S, W>M W>M
Turbidity, NTU <5 W>M S, W>M wW>M
Dissolved O, > 85% W>M S, W>M W>M
Hardness as CaCO3 <200 Ww>M S, W>M W>M
SS S, W>M wW>M
NH;-N <0.5 S, Q>A

NOs < 50 infants, < S, Q>A

100

F <1.5 S, Q>A

HS <0.05 S, Q>A

As <0.01 S, Q>A

Ba <2 S, Q>A

Be <0.06 S, Q>A

Cd <0.002 S, Q>A

Cr(VD) <0.05 S, Q>A

Pb <0.01 S, Q>A

Hg <0.001 S, Q>A

Mo <0.05 S, Q>A

Ni <0.02 S, Q>A

Se <0.01 S, Q>A

Ag <0.1 S, Q>A
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Quality Parameter Location
Analyte Guideline End user Storage tanks Treated rainwater tanks
Health Aesthetic (“Canary”)
Sn S, Q>A
U <0.017 S, Q>A
Zn 3 S, Q>A
Gross a, Bq/L <0.5 S, Q>A
Gross 3, Bq/L <0.5 S, Q>A

Frequency: S = screening/ baseline, W = weekly, M = monthly, Q = quarterly, A = annually. “W>M" means weekly for the first month and
then monthly provided low level and variability, “Q>A” means quarterly for the first year and then annually provided low level and
variability; monthly analyses may be reduced to quarterly or annual subject to results and HACCP

Some of the quality parameters in Table 4 have no guideline values but can be useful in diagnosing the source of
a problem.

When monitoring shows a water quality parameter value outside of the guidelines, corrective action is required.
One of the first priorities is to re-test with another sample, or have the laboratory re-analyse the original sample
if available and properly preserved, but meanwhile, corrective actions identified in the risk assessment process
and documented in Section 5. Control Measures should be implemented.

Validation of the preventative measures and treatment processes as suggested in the ADWG can be obtained
from the regular sampling and analysis of the storage tanks, membrane filtrate, UV effluent, treated rainwater
and delivered tap water. The contaminants of concern for a well-designed and maintained rainwater system are
difficult to identify, and the levels of treatment required to assure safety, and therefore required for validation,
are unclear. The ADWG suggest that “desktop”, or theoretical, validation can be sufficient, without the use of
plant data. However, until more is known about the quality of water collected in the HCC rainwater system,
validation of the treatment processes is not possible.

6.2  Inspection

It is expected that the rainwater treatment plant will have its own inspection protocols and Inspection and test
plans (“ITP”s) or checksheet forms incorporated into its operation and maintenance regime, provided by the
vendor under the supply contract. The inspections and maintenance undertaken on the treatment plant should
be reported by the contractor and viewed as part of the overall system operation.

Checksheet forms should be developed to document the routine inspections for all parts of the collection and
distribution system. ltems to be inspected include roofs and any surrounding vegetation, gutters and their
guards, collection tanks and first flush devices, storage tanks, treated rainwater tanks, and distribution system
including RPZDs and possible cross-connections, incorporated into 2 or 3 checksheet forms. The inspection
forms can include items for associated equipment, such as collection tank water level and pump set operational
status. Sample forms, which will need to be updated as experience is gained and other issues arise, as well as
incorporating any HACCP issues when available, are included in Appendix 4.

7. Incident Management

In the ADWG, an incident is an occasion when water quality outside of the guidelines is delivered to consumers.
In other words, the monitoring and corrective actions have failed to prevent distribution of poor quality water.
Under the guidelines, consumers should be notified as soon as possible.
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8.

8.1

8.2

9.

In the HCC situation, being a relatively small community with institutional structures in place, the scale and
logistics of incident management should be easily managed. The provision of backup mains supply water
enables the reticulation of mains water while the incident is investigated to identify the cause or source of the
problem, and corrective action is taken. Thus, the first response to an incident with the rainwater system will be
to shut down the treated rainwater reticulation pump set and isolate the treated rainwater tank, and ensure
that the backup potable reticulation pump set or mains pressure supply is operational. Flushing of the affected
pipework after an incident, to remove any remaining contamination or to provide increased disinfection, is likely
to be required. Procedures specific to the problem may also be required, such as flushing out a collection or
storage tank, chemical cleaning of a section of roof, or optimisation of treatment plant operating parameters
such as chlorine dosing.

The scheme manager and scheme operator should be involved in developing appropriate incident and
emergency response protocols for the HCC rainwater supply scheme. To avoid further incidents in the short
term, basins, sinks and showers in a particular building or area could be isolated while flushing is carried out, for
example, subject to management of inmates and time of day.

Roles and Responsibilities

Scheme Manager

The scheme manager has overall responsibility for the installation and operation of the rainwater system. The
scheme manager should demonstrate due diligence and ensure that the legal risks associated with the use of
rainwater are appropriately addressed. To fulfil this responsibility, the scheme manager should ensure that this
management plan is properly implemented and reviewed, and ensure communication and training needs are
adequately met.

Aegis is the manager of the HCC rainwater scheme.

Scheme Operator

The scheme operator operates and maintains the HCC rainwater scheme on behalf of Aegis.

PFM is the operator of the HCC rainwater supply scheme.

Communication

Key messages to be communicated to users of the system should address:

e How to identify rainwater pipes and outlets (as distinct from other outlets)

e Where to get further information and advice

e How to report rainwater supply or quality issues
Residents and staff should receive written information. After the scheme has been in operation for some time, it
may be considered necessary to improve signage or introduce a site induction program relating to water use.
Staff of the facility should have some induction into the multiple water sources in use, and training in the
relevant aspects of the quality management plans and how they affect the running of the facility.
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The Department of Justice established the Ararat Correctional Precinct Development Community Advisory
Group (CAG) to engage the community on the development plans and allow opportunity for input. This is an
ongoing process.

A complaints handling procedure should be developed. Noting that complaints can provide early warning of
developing problems, signage in appropriate locations should inform users of the steps to take and how to
report any issues with the water quality or hardware of the system.

Regular communication within the staff of the facility, such as handover documentation between shifts as well
as management planning meetings, should include information about the rainwater system. It is important that
shift supervisors are aware of any current issues, such as an outage due to incident response, system
maintenance or regular inspections. Similarly, management should be aware of upcoming activities which could
involve contractor site access or special arrangements for inmates and users of the system.

10. Training

This generally applies to the operators and managers of the rainwater supply scheme. The level of skill
appropriate to operating the system is substantially higher than that appropriate to general staff of the facility.

The ADWG state(§ 3.7):
“The knowledge, skills, motivation and commitment of employees and contractors ultimately
determine a drinking water supplier’s ability to operate a water supply system successfully. It is vital
that awareness, understanding and commitment to performance optimisation and continuous
improvement are developed and maintained within the organisation.”

Training opportunities provide a means to engage personnel and up-skill the workforce, and a KPI for an
individual’s performance evaluation. Water industry operator certification is becoming more recognised and
desirable. The Australian Water Association (“AWA”) organises operator conferences annually, and can provide
details of training opportunities and contacts for training organisations. One popular training provider is the
International Water and Environment School (“IWES”) which runs multiple concurrent courses in water and
wastewater treatment, events which provide an opportunity for information exchange and networking with
people of all skill levels.

11. Documentation

As built drawings, O&M manuals for treatment plant, data logging, Inspection records, Monitoring plan,
Monitoring results

(3.10.1 Management of documentation and records)

* Document information pertinent to all aspects of drinking water quality management.

¢ Develop a document control system to ensure current versions are in use.

¢ Establish a records management system (database or systematic storage) and ensure that employees are
trained to fill out records.

¢ Periodically review documentation and revise as necessary.

(3.10.2 Reporting)

e Establish procedures for effective internal and external reporting.

¢ Produce an annual report to be made available to consumers, regulatory authorities and stakeholders.
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12. Review and Improvement

(Evaluation & audit E11)

¢ Collect and evaluate long-term data to assess performance and identify problems.
¢ Document and report results

e Establish processes for internal and external audits.

¢ Document and communicate audit results

(Review and continuous improvement E12)

 Senior executive review of the effectiveness of the management system.

¢ Evaluate the need for change.

 Develop a drinking water quality management improvement plan.

e Ensure that the plan is communicated and implemented, and that improvements are monitored for
effectiveness

13. Compliance with Australian Drinking Water Guidelines

The table below lists the 12 elements of the framework for managing drinking water quality and use (as per the
ADWG) and shows how the scheme meets the various elements.
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Table 5: 12 Framework Elements

Framework element

Activity

Reference Document

Element 1: Commitment to drinking water quality management

Components: e The project parties, Aegis and PFM are all committed to the responsible use of | Policy statements from PFM
Drinking water quality policy rainwater as indicated in section 1.3. and Aegis will be available.
Regulatory and formal | e None required according to DoH

requirements e Recommend following ADWG because of level of exposure

Engaging stakeholders e The Department of Justice established the Ararat Correctional Precinct Ararat Correctional Precinct

Development Committee Advisory Group (CAG) to ensure that the community
has the opportunity to participate in plans for the development. The CAG
provides ongoing information sharing between the Department of Justice, the
community, and the Ararat Rural City Council.

One of the key issues raised by the community was the requirement for
sustainable development, particularly around water. This led to the water
saving and recycling initiatives that are part of the development.

The Department of Justice has published the Ararat Correctional Precinct
Development Plan, which outlines the project and the community and other
stakeholder involvement.

Development Plan

Element 2: Assessment of the dri

nking water supply system

Components: e Uses are for basins, sinks and showers, as well as toilet flushing in older | This RQMP
Water supply system analysis buildings.
e Water source is rainwater collected and treated on site
Assessment of water quality | e Raw rainwater quality is estimated from typical analyses. Contaminants specific | This RQMP, and ADWG

data

to the HCC site are yet to be determined
Treated water quality from the treatment plants will be tested in accordance
with a specified monitoring regime.
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Framework element

Activity

Reference Document

Hazard identification and risk

Human health

assessment Given the use of the water in basins, sinks and showers, the level of exposure HACCP and HAZOP
will be equivalent to drinking Appendices 3 & 4
A HACCP and HAZOP will be conducted with stakeholders once the design of
the process has developed to suitable point, and will form appendix 4 of this
document. The proposed stakeholders are listed in the HEMP.
Element 3: Preventative measures for drinking water quality management
Components: Human health
Preventative measures and Preventative measures to manage risks to human health include: This RQMP

multiple barriers

Membrane filtration, UV disinfection and chlorine disinfection;

Pipework and signage at site of use indicating that rainwater is being used;
Signage at site to alert plumbers to multiple water systems (potable, rain and
recycled) and co-ordination of plumbers through site management;

Backflow prevention and cross-connection control;

Education programme for prisoners, staff, visitors, and contractors

A list of detergents considered appropriate for use on roofs made available to
maintenance personnel and updated annually;

Critical control points

Critical control points will be confirmed during the HACCP risk assessment.

HACCP (to be completed)
Appendix 4.
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Framework element

Activity

Reference Document

Element 4: Operational procedures and process control

Components: e Operational procedures were identified for all processes and activities | This RQMP
Operational procedures associated with the system, including operation of treatment processes and
auditing procedures for cross-connections. Treatment plant O+M
e Documented procedures must be available to operations personnel and for | Manual
inspection at any time.
e Operators are proficient and are able to recognize the significance of changesin | This RQMP
the rainwater treatment plant and water quality. They are able to respond
appropriately according to established procedures.
Operational monitoring Monitoring includes: Treatment plant O+M
e Trans-membrane pressure (“TMP”) Manual
e UVI, power and lamp failure (continuous)
e Free chlorine residual (continuous) This RQMP (after
e Turbidity in treated water recirculation loop (continuous) incorporation of HAZOP and
e pH in treated water recirculation loop (continuous) HACCP outcomes)
e Regular inspection of tank controls (gutters, screens, etc);
Corrective action Corrective actions include the following: This RQMP

Noncompliance with critical limits results in the system being stopped and/or
treated water transfer to storage is prevented.

If cross-connections detected, flow to ring main stopped until repairs
completed. Site switches to potable water backup until cross connection is
eliminated.

Equipment  capability

maintenance

and

Treatment plant and disinfection systems of standard and reliable design.
Maintained by qualified supplier.

PFM have been engaged by
Aegis to manage to
operation and maintenance
of the system.
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Framework element

Activity

Reference Document

Materials and Chemicals

All plumbing and drainage work is conducted in a manner conforming to
AS/NZS standard 3500.

All chemical used in the plant are obtained from credible suppliers.

The plant design is approved
prior to construction.

Contractor inductions are
performed prior to
commencement of work

MSDS are supplied for each
chemical

Element 5: Verification of drinking water quality

Components: Human health

Drinking water quality | e Monitoring of defined parameters is undertaken. Section 6 of this RQMP
monitoring e Any complaints are recorded and investigated.

Consumer satisfaction e Complaints handling process is outlined in Section 9. This RQMP.

Short-term evaluation of results

Monitoring analysis results provided to scheme operator by laboratory

Service Report to Aegis
regarding plant operation
and performance indicators

Corrective action

Corrective action depends on the incident. As a minimum, it involves
investigation of plant performance records to confirm normal operation, and
additional testing to confirm the result and identify the source.

If target criteria for quality parameters are exceeded, preventative measures
need to be reassessed and corrective action taken to ensure performance is
improved.

Corrective actions are
addressed in section 6 of this
RQMP

Element 6: Management of incidents and emergencies

Components:
Communication

In the case of an incident or emergency that requires a media response, only
the CEO is authorized to make any public comment.

Records of incidents or
emergencies kept by Aegis /
PFM
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Framework element

Activity

Reference Document

Incident and
response protocols

emergency

(Yet to be developed in coordination with HCC/Aegis)
Employees are trained in emergency response and incident protocols.
Training records are kept.

This RQMP

e In the event that the rainwater treatment plant is unable to supply treated
water, potable water backup is available.
Element 7: Employee awareness and training
Components: e Operator of treatment plant to be sufficiently skilled to run the plant and | Technician induction on
Employee  awareness  and investigate any faults commencement of
involvement employment, operating
e Develop mechanisms and communication procedures to increase employees’ manuals, supervision from
awareness of and participation in drinking water quality management. experienced engineers.
. Induction records for those
e Contractors inducted to site are told of the presence of multiple pipe systems | coming on site to work.

and the precautions required.

End user awareness

brochure (to be produced)
HCC website describing the
water use features of HCC.

Employee training

Operators to be aware of approval conditions and instructed on occupational
health and safety requirements

Ensure that employees, including contractors, maintain the appropriate
experience and qualifications.

Training needs for individual employees are identified and adequate resources
made available during the induction phase. Annual performance reviews
identify additional training requirements and set performance targets. Training
records are kept.

Site Induction program

Contractor induction records

Annual reviews
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Framework element

Activity

Reference Document

Element 8: Community involvement and awareness

Components:
Community consultation

The Department of Justice established the Ararat Correctional Precinct
Development Community Advisory Group (CAG) to engage the community on
the development plans and allow opportunity for input. This is an ongoing
process.

Community Advisory Group
records

Ararat Correctional Precinct
Development Plan (2010)

Communication

Various documents on the development proposal and activities have been
produced to promote public awareness and education. This information is
available online through the Department of Justice website.

Ararat Correctional Precinct
Development Plan (2010).

Element 9: Research and development

Components:
Investigative  studies
research monitoring

and

As the depth of operational knowledge regarding this and similar water
treatment technologies increases, so the understanding of the weaknesses
increases. This results in better opportunity to be proactive regarding
operational control and maintenance of the plant.

This RQMP will be reviewed
in 12 monthly intervals as
part of the process of
continual improvement.

Validation of processes

Ongoing investigations into rainwater quality and treatment plant performance

Validation  according to

to refine assessments. This may enable less conservative critical control points | section 6 of this RQMP
to be adopted or treatment requirements reduced.
Design of equipment e The design of the plant is based on experience with individual and community | Section 5 of this RQMP

rainwater schemes. Specific design features for dealing with issues in a
Correctional Centre setting could be developed
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Framework element ‘

Activity

Reference Document

Element 10: Documentation and reporting

Components:
Management of documentation
and records

Design of treatment plant and reticulation system documented;

Operating procedures documented,;

All results to be recorded and stored;

Included in this RQMP and the Operations and Maintenance Manual is
information pertaining to preventative measures employed, target and critical
limits, critical control points, operating and corrective action procedures.

These documents, along with the incident and emergency response plans,
training programs and reporting protocols ensure that the plant is operating
within set limits at all times.

The document control system, ensures that only the most current version of
any document is available for use. All documents are reviewed on an annual
basis.

This RQMP,

Incident and Emergency
Management Procedure,
Performance reviews,
AKS Operations
Maintenance Manual

and

Reporting

Internal reporting consists of verbal communication between the operator and
the site service technician and written reports from the technician to the
operator.

The owners of this treatment plant receive a monthly report detailing all
operational and performance parameters and the maintenance performed
during that month.

An annual report is prepared and submitted to the owner.

Noncompliance breaches are reported immediately to PFM/ Aegis.

Monthly reporting to Aegis.

An annual report to Aegis

Element 11: Evaluation and audit

Components:
Long-term evaluation of results

Annual report on compliance with ADWG, including test results.

Annual report to Aegis

Audit of drinking water quality
management

Audit after the first 12-months then ongoing at least every 3 years by third
party auditor.

Audit reports
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Framework element ‘ Activity | Reference Document

Element 12: Review and continual improvement

Components: e Performance of treatment plant, customer complaints/satisfaction reviewed | Annual report signoff

Review by senior managers annually as part of compliance reporting. Annual report Aegis signed off by

senior staff member from PFM.

Drinking water quality | e RQMP reviewed at least annually. Improvement actions from

management improvement | e  Any opportunities for improvement identified through staff, customers, or audit reports or annual

plan auditors are reviewed and implemented as appropriate. reviews are reviewed and
implemented where
appropriate.

RPT-000051_rev2
24th June 2014 Hopkins Correctional Centre RQMP

Page 33 of 39



References

1.

NHMRC, NRMMC 2013, National Water Quality Management Strategy; Australian Drinking Water
Guidelines 6 - 2011, Version 2.0 Updated December 2013, National Health and Medical Research Council,
and Natural Resource Management Ministerial Council, Commonwealth of Australia, Canberra. Accessed
from https://www.nhmrc.gov.au/guidelines/publications/eh52 on 5/2/2014

enHealth 2011, Guidance on use of rainwater tanks, Environmental Health Committee, Australian Health
Protection Committee, Commonwealth of Australia, Canberra. Accessed from
https://www.health.gov.au/internet/main/publishing.nsf/Content/ohp-enhealth-raintank-cnt.htm on
5/2/2014

Department of Health, Victoria. 2013. Rainwater use in urban communities; Guidelines for non-drinking
applications in multi-residential, commercial and community facilities, State of Victoria, Department of
Health, 2013. Accessed from  http://docs.health.vic.gov.au/docs/doc/Rainwater-Use-in-Urban-
Communities on 5/2/2014

NHMRC, NRMMC 2008, National Water Quality Management Strategy; Australian Guidelines for Water
Recycling: Managing Health and Environmental Risks (2008).  Accessed  from
http://www.environment.gov.au/resource/national-water-quality-management-strategy-overview-
australian-guidelines-water-recycling on 5/2/2014

RPT-000051 rev2
24th June 2014 Hopkins Correctional Centre RQMP

Page 34 of 39


https://www.nhmrc.gov.au/guidelines/publications/eh52
https://www.health.gov.au/internet/main/publishing.nsf/Content/ohp-enhealth-raintank-cnt.htm
http://docs.health.vic.gov.au/docs/doc/Rainwater-Use-in-Urban-Communities
http://docs.health.vic.gov.au/docs/doc/Rainwater-Use-in-Urban-Communities
http://www.environment.gov.au/resource/national-water-quality-management-strategy-overview-australian-guidelines-water-recycling
http://www.environment.gov.au/resource/national-water-quality-management-strategy-overview-australian-guidelines-water-recycling

Appendices

Appendix 1 Site plan and relevant drawings

Aegis-NDY HN-AA032 HCC: Hydraulic Services: Treated Rainwater Schematic

Aegis-NDY HN-AA034 HCC: Hydraulic Services: Untreated Rainwater and Domestic Cold
Water Schematic

Aegis-NDY HN-HPA800 HCC: Hydraulic Services: Plant Schematic

AKS Industries
AKS Industries
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Appendix 2 HAZOP and Environmental Risk Assessment (pending)
Appendix 3 HACCP (pending)

Appendix 4 Draft Inspection checksheet forms
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Hopkins Correctional Centre Date: / / Time:
Rainwater Quality Management Plan Inspector name:
Draft Collection System Inspection Record Inspection frequency: Weekly

Roofs and gutters

Issue Building Comments
= =
7 B gy
o ! wn <
2 |5 | O ¥ K

Roof clear of debris, branches, leaves, bird
droppings, dead animals, etc

Roof free of obvious ash or dust

Gutter guard intact and properly installed

Gutters and guards free of sediment, leaves,
dead animals, etc

Tanks

Issue Collection tanks Storage Comments
Tanks
1 2

West Sat
GH W1

GH W2
GH East
Ext Stor
East Sat

First flush device clear of debris

First flush device operational

First flush device drained

Inlet screen intact

Inlet screen clear of debris

Overflow screen intact

Overflow screen clear of debris

Vent screen intact

Vent screen clear of debris

Drain for overflow clear of debris

Access covers secured

Outlet valve open

Drain valve closed

No obvious leaks

Pump set power available
Pump set operational

Tank water level reading
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Hopkins Correctional Centre
Rainwater Quality Management Plan
Draft Distribution System Inspection Record

Date: / / Time:

Inspector name:
Inspection frequency: Monthly

Ring main

Issue

Building/ branch

Isolation valve fully open

Pump sets, RPZD and mains supply connection

Issue Y/N

Comments

TRW Pump set power available

TRW Pump set fully operational

Mains pressure RPZD operational

Potable reticulation RPZD operational

Mains supply valve operational

Potable supply valve operational

Potable Pump set power available

Potable Pump set fully operational
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Hopkins Correctional Centre Date: / / Time:
Rainwater Quality Management Plan Inspector name:
Draft Collection System Inspection Record Inspection frequency: Quarterly

Roofs and gutters

Issue Building Comments
[0
2 = = g %
an N <
= |5 |5 E &

No vegetation within Im

Tanks
Issue Collection tanks Storage Comments
Tanks
1 2

West Sat
GH W1
GH W2
GH East
Ext Stor
East Sat

No obvious damage, roof & walls intact
No obvious sediment on bottom
No bugs/ mosquitoes netted

Distribution system

Issue Comments

No cross-connections
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Reservoir Water Management Plan — Narara Eco Village

Woodlots and Wetlands Pty Ltd
220 Purchase Road

Cherrybrook 2126

Mr Geoff Cameron,

Chair,

Water and wastewater Management Team,
Narara Ecovillage

Dear Mr Cameron,
Please find below the revised Reservoir Water Quality Management Plan.

The plan has been revised to clearly identify its strong linkage with the 12 elements in the
Australian Drinking Water Guidelines (2011).

Considerable emphasis is placed on identifying catchment conditions, especially via a
Sanitary Survey, a Vulnerability Assessment and a Microbial Indicator Assessment as per
the Water Services of Australia publication (WSAA, 2015):

Drinking Water Source Assessment and Treatment Requirements: Manual for the
Application of Health Based Treatment Targets.

A key aim of the plan is to identify the extent to which the water is the reservoir is ‘Fit-for-
Purpose’ as feedstock for the water treatment plant.

A risk analysis identifies the extent to which catchment conditions and activities create risks
to the fit-for-purpose requirements. These are then addressed via appropriate mitigating
actions and precautions.

Please feel totally free to contact me should you require further comment or clarification.

Yours sincerely
p/@j@/ Jé rC ‘9\/

Dr Peter Bacon
Director
4.12.2015
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Glossary

Abbreviation Explanation

or acronym

ADWF Average Dry Weather Flow (cubic m/day)

ADWG Australian Drinking Water Guidelines (ADWG) (NHMRC/NRMMC, 2011).

AEP Annual Exceedance Probability:
A 1in 1,000 AEP event has a 1in 1,000 Y average recurrence frequency

Al Aluminium

ALARP As Low As Reasonably Possible (an acronym used in risk assessment)

AWTS Aerated Wastewater Treatment System

BOD Biological Oxygen Demand

C Carbon

Ca Calcium

CANRI Community Access Natural Resource Information

CFU Colony Forming Units. A measure of microbial population. It is sometimes referred
to as MPN (Most Probable Number)

cm Centimetres

DALY Disability Adjusted Life Years. A World Health Organisation sponsored system of
assessing the impact of accidents or disease on a population. DALY for a disease
or health condition are calculated as the sum of the Years of Life Lost (YLL) due to
premature mortality in the population and the Years Lost due to Disability (YLD) for
incident cases of the health condition (WHO web site, accessed 2013). The
minimum tolerable health risk is typically 10° DALY (NRMMC/ EPHC/ AHMC
(2006).

dB dB decibel. A measure of noise intensity.

Denitrification

A key nitrogen removal process in wetlands. It involves oxidation then gaseous loss
of nitrate-N and nitrite-N to the atmosphere.

DIPNR Department of Planning Infrastructure and Natural Resources
in May 2012, the environmental components had been transferred to the Office of
Water (NOW) and OEH)

dS/m decisiemens/metre A measure of electrical conductivity

(1 dS/m=1000 microsiemens/cm)
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Abbreviation
or acronym

Explanation

DWMS

Drinking Water Management System

Effective risk

The identification of all potential hazards, their sources and hazardous events, and

management an assessment of the level of risk presented by each.

Effluent Treated wastewater from a sewage treatment plant (STP)

EMP Environmental Management Plan

ESCP Erosion and Sediment Control Plan

Field capacity The amount of water held in soil once gravitational water has drained from the
(water  holding profile. Typically, it is reached approximately 48 hr. after saturation. It can be
capacity) expressed as a variety of units. In the current report, it is in mm of water stored in the

plant root zone.

Fit for Purpose

Raw material or product that is suitable for conversion to a desired end product
utilising a proposed methodology. For example, converting raw water from Narara
Reservoir to water with qualities consistent with the ADWG via the proposed
treatment train.

Faecal Bacteria that are indicative of faecal contamination. E coli population density as

coliforms CFU/100 mL is used as the key water quality criteria.

FSL Full Surface Level in a reservoir

g Grams

K Potassium

ha hectare (1 ha=100m*100m)

HACCP HACCP is the Hazard Analysis and Critical Control Point system.
(That is: What can we do to reduce hazards)

Hazard HAZARD=probability*consequences
A hazard is a biological, chemical, physical or radiological agent that has the
potential to cause harm.
A hazardous event is an incident or situation that can lead to the presence of a
hazard. (What can happen and how)?

HRT Hydraulic Retention Time — the average travel time for water to pass through a
system such as a dam, wetland, maturation pond or reaction chamber.

kg Kilograms

kL Kilolitres (1000 L)

km Kilometres

L Litres
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Abbreviation Explanation

or acronym

LEP Local Environment Plan. The key planning and zoning instrument used by Councils.
The 2014 LEP is the current one in the Gosford City Council LGA.

LGA Local Government Area

mg milligrams (107°g)

Mg Magnesium

mL millilitres (10°°L)

ML megalitres (10°L)

MSDS Material Safety Data Sheets

MUSIC Model for Urban Stormwater Improvement Conceptualisation; A stormwater
management model widely used in Australia for prediction stormwater quality.

N Nitrogen

Na Sodium

NEV Narara Eco Village

NEV Ltd. Narara Eco Village Limited. The legal entity which owns NEV

OwWL Operating Water Level

OH&R Occupational Health and Rehabilitation

P Phosphorus

PET Potential Evapotranspiration: Rate of loss of water from plants and soil when there
is an unlimited supply.

pH A measure of acidity

PHU Public Health Unit of Health NSW.

PQL Practical Quantification Limit

REF Review of Environmental Factors

Risk The likelihood of identified hazards (see definition above) causing harm in exposed
populations in a specified timeframe, including the severity of the consequences.
(How likely is it to happen? How serious are the consequences?)
Risk is maximum risk in the absence of preventive measures
Residual risk is the risk after consideration of existing preventive measures.

SAR Sodium Adsorption Ratio. A measure of the ratio of sodium to calcium plus

magnesium. It is used in conjunction with salinity data to determine the stability of
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Abbreviation Explanation
or acronym
irrigation water.
Stormwater Rainfall runoff derived water arising from roof or ground surfaces.
STP Sewage Treatment Plant
TWL Top water level (m)

WTP

Water Treatment Plant
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1. INTRODUCTION

1.1 BACKGROUND

This Reservoir Water Management Plan addresses the 12 elements in the Australian
Drinking Water Guideline.

The Plan was prepared in response to a request by the Independent Pricing and Regulatory
Tribunal (IPART) as part of the Licence Application under the Water Industry Competition
Act (2006 (NSW).

The Narara Eco Village requires a source of raw water that is capable of being treated to
reliably achieve potable standard for use in the development. The reason for this need is
that it is not economically feasible for the Gosford Council Water Supply system to deliver a
full water supply to the development.

An examination of the property revealed that it has a dam of approximately 45 ML capacity
on site. The dam catchment is largely native forest. Initial water quality information
indicated that the water quality would be suitable for feedstock into a modern water
treatment plant. Hydrological investigation and modelling suggested that the dam could
reliably supply the potable water demand even during the ‘millennium’ drought. It was
therefore decided to propose utilisation of the dam as the primary source water for the
potable water treatment facility.

The purpose of this Reservoir Water Management Plan is to
o Characterise the catchment, the dam, the catchment hydrology, the likely water
demand, the likely water quality, the impacts of water abstraction on downstream
environment
¢ |dentify the proposed water abstraction and treatment train resulting in a reliable
supply of potable water
Identify and analyse the risks associated with the proposed management of the dam
Identify and analyse the options to address the identified risks
Identify potential emergencies and incidents
Identify appropriate responses to these emergencies and incidents
Identify OH &R requirements
Identify an inspection, monitoring and maintenance regimes
Identify the auditing needs

The key outcome of the Reservoir Water Management Plan is to demonstrate understanding
and competence in the management of this key resource for the Narara Eco Village.

1.2 STATUTORY REQUIREMENTS

This Reservoir Water Management Plan has been prepared for the purpose of meeting the
requirements of IPART as part of its duties under the Water Industry Competition Act (2006
(NSW).

The current license to abstract up to 30 ML/year from the dam is under the Water
Management Act (2000). The Water Management Act also governs any impact of dam
operations on the downstream environment.

Pollution incidents need to be referred to the EPA under the provisions of the Protection of
Environment Operations Act (1997).

12



Reservoir Water Management Plan — Narara Eco Village

The Work Health and Safety Act 2011 No 10 identifies the management of risks, the duty of
care and responsibilities relating to employees, contractors and employers.

The Amendment of Dams Safety Act 1978 No 96 removes the Narara Reservoir from the
schedule of prescribed dams. This means that the Committee has no role in the oversight of
the dam. The reason for this is that the dam is considered low risk to the downstream
population.

Gosford City Council’s 2014 Local Environment Plan (LEP) is a key determinant of landuse
in the catchment.

The Public Health Act 2010 (NSW) requires drinking water suppliers such as NEV to
establish, and comply with, a ‘quality assurance program’ that complies with the Public
Health Regulation 2012 (NSW). This regulation requires water suppliers to implement a
Quality Assurance Plan consistent with the Framework for Management of Drinking Water
Quality in the Australian Drinking Water Guidelines (ADWG) 2011 (NHMRC / NRMMC
2011).

In 2015, NSW health released its guidelines for management of Private Water Supply
Schemes. The document provides an important resource for the current Plan.

1.3 KEY REFERENCES FOR MANAGEMENT OF DRINKING WATER QUALITY

The Australian Drinking Water Guidelines (ADWG) (NHMRC/NRMMC, 2011) set out a
holistic approach to drinking water management including understanding where sources of
contamination may arise and how contamination may find its way to the consumer. The
approach is termed the Framework for Management of Drinking Water Quality (the
Framework, Table 1.1). As part of the WICA/WICR licensing requirements, the applicant
must develop a management plan for the water supply scheme, which meets the 12
Elements of the Framework.

Other references include:

ANZECC (2000a). Australian and New Zealand Guidelines for Fresh and Marine Water
Quality. Canberra, ACT

ANZECC (2000b). Australian Guidelines for Water Quality Monitoring and Reporting
Canberra, ACT

Water Services Association of Australia (2015). Drinking Water Source Assessment and

Treatment Requirements : Manual for the Application of Health Based Treatment Targets
(WSAA).

1.4 KEY GUIDING PRINCIPLES

WSAA (2015), refer to a series of guiding principles as set out in ADWG (2011).
Two of these are :

1. The drinking water systems must have and continuously maintain robust
multiple barriers appropriate to the level of contamination facing the raw
water supply
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2. Ensuring drinking water safety and quality requires the application of a
considered risk management approach

Applying these principles to the subject reservoir requires an assessment of the potential
yield of contaminants from the catchment and an assessment of the dam as a mechanism
that can reduce/ dilute the contaminant loads.

Risk management is concerned with taking a carefully considered course of action based
on the precautionary principle.

1.5 APPLICATION OF DISABILITY ADJUSTED LIFE YEARS TO NARARA
ECOVILLAGE

The WSAA 2015 sets an ‘aspirational target of <1 uDALY'. That is, on average one DALY
is ‘lost’ per million persons per year. The maximum likely population of Narara ecovillage is
under 500 persons. Assuming 500 persons, an infection rate of <1 PDALY is the
equivalent of 1 DALY spread over 2000 years. This would be statistically extremely difficult
to verify.

In these circumstances the log reduction of contamination should receive more emphasis.

1.6 COMMITMENT TO THE FRAMEWORK FOR MANAGEMENT OF DRINKING
WATER QUALITY

The Revised 2011 edition of Australian Drinking Water Guidelines (NHMRC, NRMMC,
2011), contains the following framework for managing of drinking water quality

The framework is shown below.

' DALY stands for Disability Adjusted Lift Years.
It takes into account both the frequency of infection and its severity.
EXAMPLE: Infection with rotavirus causes:
» mild diarrhoea (severity rating of 0.1) lasting 3 days in 97.5% of cases
« severe diarrhoea (severity rating of 0.23) lasting 7 days in 2.5% of cases
« rare deaths of very young children in 0.015% of cases
The DALY per case = (0.1 x 3/365 x 0.975) + (0.23 x 7/365 x 0.025) + (1 x 80 x 0.00015)
= 0.0008 + 0.0001 + 0.012
=0.013

If 1 person in 2000 get the infection, the DALY rate is 6.5*10° or 6.5 yDALY. This is 6.5
times the target of 1uDALY
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Figure 1.1: The Framework for Management of Drinking Water Quality (NHMRC /
NRMMC, 2011).

Details of the components are shown in table 1.1 below.
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Table 1.1. Details of components of the 12 elements in the Framework for
Management of Drinking Water Quality (NHMRC / NRMMC, 2011).

1 . Commitment to Drinking Water Quality

Management
Drinking water quality policy

Regulatory and formal requirements

Engaging stakeholders

2. Assessment of the Drinking Water Supply

System Water supply system analysis

Assessment of water quality data
Hazard identification and risk assessment
3. Preventive Measures for Drinking Water Quality

Management Preventive measures and mulf

barriers Critical control points

4. QOperational Procedures and Process

Control Operational procedures

Operational monitoring
Corrective action

Equipment capability and maintenance

Materials and chemicals

5. Verification of Drinking Water Quality
Drinking water quality monitoring

Consumer satisfaction

Short-term evaluation of results

Corrective action Management of Incidents and
Emergencies Communication Incident and
emergency response protocols

6. Employee Awareness and Training

Employee awareness and involvement

Employee training

7. Community Involvement and Awareness

Cammunity consultation

Cdmmunication

8. Resear

ch and Development

Investigative studies and research monitoring

Vglidation of processes

Dgsign of equipment

ipfe Docum

entation and Reporting

M3

nagement of documentation and records

Reporting

10.Evalua

ion and Audit

Lo
Al

11.Review

ng-term evaluation of results
dit of drinking water quality management

and Continual Improvement

Re
Dr|

Im|

view by senior executive
nking water quality management

provement plan
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The application of this framework varies with individual situation. However the framework
has been applied to the Narara Dam as it is the chief water source for the Narara Ecovillage.

A series of reports have already been prepared as part of the management of drinking water
quality. These include:

Narara Ecovillage Potable Water Scheme: Drinking Water System Management
System Development Plan (Aquacell, 2014a);

Risk Assessment Summary Paper (Aquacell and City Water Technology, 2014).
Drinking Water Quality Improvement Plan (Aquacell, 2014b).

Dam Safety Management System, 2015 (in accord with requirements of Guidance
Note DSC 2A) (Pells Consulting, 2015)

Report on the Safety Inspection of Narara Dam, 2015 - detailed surveillance report
(Pells Consulting, 2015).

Thése documents are referred to and utilised in the current text.
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2. ELEMENT 1: COMMITMENT TO DRINKING WATER
POLICY

2.1. DEVELOP A DRINKING WATER QUALITY POLICY

The technical committee of the Narara Eco Village Limited (NEV Ltd.) has commissioned

Aquacell in conjunction with City Water Technology to develop a Drinking Water Quality Policy.

This policy will be adopted in full by NEV Ltd.

Additionally NEV Ltd. has commissioned separate but related plans and policies to establish
consistency and to reinforce the Drinking Water Quality Policy.

These documents include:

e A water recreation policy for the dam
The current Reservoir Water Management Plan, and

o A surveillance report in accordance with ANCOLD guidelines (Prepared by Pells
consulting and is concerned with dam structural conditions).

Once approved by consenting authorities, the documents will become core resources for safe
and long term sustainable management of the water supply system at NEV.

The NEV Drinking Water Quality Policy is presented on the next page.
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Narara Eco Village Co-operative Ltd
Drinking Water Quality Policy

Narara Eco Village Co-operative Ltd (NEV) is committed to providing safe, high-quality
drinking water that consistently meets the requirements of NSW Health, NSW Office of

Water, the Australian Drinking Water Guidelines and consumer expectations.

NEV will work on an ongoing basis with our stakeholders to manage the multiple
barriers that protect and maintain water quality water from catchment to

consumer.

Priorities will be set using an objective, risk-based approach to water quality
management, to improve the quality of water supplied and the reliability with

which that quality is achieved.

A ‘quality assurance program’ that complies with the Public Health Regulation
2012 (NSW) will be documented within and maintained from our Drinking Water
Management System. In turn, this system has adopted the Framework for
Management of Drinking Water Quality given in the Australian Drinking Water
Guidelines 9 (NHMRC, NRMMC, 2011).

All NEV members are stakeholders in the water supply and treatment
system. As such all members must ensure that their activities do not
compromise drinking water quality. All NEV members are required to be
alert to external risks to the drinking water, e.g., algal blooms, wildfire, dead
animals in the dam and unauthorised access to the dam water. NEV
members will facilitate community involvement in water quality management

via appropriate activities such as participation in Streamwatch.

The NEV maintenance staff and the NEV management team are responsible
for understanding and working in accordance with relevant aspects of the

Drinking Water Management System.

Drinking water quality monitoring will be conducted independently by NSW Health
and NEV management team will report the results of that monitoring to the NEV

community.
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The Drinking Water Management System is an operational management system
that will be adequately resourced, maintained and improved indefinitely as a core

and ongoing function of Narara Ecovillage Co-operative Limited

Dated:

Signed: Convener, Technical Advisory Group/ (for the) Board of Directors
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2.2.

REGULATORY AND FORMAL REQUIREMENTS

Some of the regulatory requirements are identified in section 1.2. Additionally the Narara
Ecovillage Potable Water Scheme: Drinking Water System Management System

Development Plan (Aquacell, 2014). provides details of the requirements.

The requirements specific to the management of the water supply dam are listed below;

The Public Health Act 2010 (NSW) requires drinking water suppliers such as NEV to
establish, and comply with, a ‘quality assurance program’ that, in turn, complies with the
Public Health Regulation 2012 (NSW). This regulation requires water suppliers to implement
a Quality Assurance Plan consistent with the Framework for Management of Drinking Water
Quality in the Australian Drinking Water Guidelines (ADWG) 2011 (NHMRC, NRMMC 2011).

Table 2.1. Regulatory and Formal Requirements summary

Regulatory or formal
requirement

Relevance to drinking water quality

How NEV Ltd.
meets this

Public Health Act 2010
and Regulation
(2012) (NSW)

The Public Health Act 2010 (NSW) requires
drinking water suppliers such as NEV Ltd. to
establish, and comply with, a ‘quality
assurance program’ that complies with the
Public Health Regulation 2012 (NSW).

Through this Reservoir
Water Management Plan
and the overarching DWMS

Australian Drinking
Water Guidelines
(NHMRC, NRMMC 2011,
and as revised from
time to time)

Sets out appropriate practice for drinking
water quality management within Australia

Through this Reservoir
Water Management Plan
and the overarching DWMS

NSW Health Drinking
Water Monitoring
Program

Provides for independent testing by NSW
Health of treated water as supplied to
consumers

Described in more detail
under the current plan.

Protection of the
Environment Operations
Act 1997 (NSW)

Sets out the requirements for the control of
water pollution from certain activities which
may be in the drinking water catchment and
which are registered with the Office of
Environment and Heritage

Through notification to
OEH if concerns are
raised

Local Environment Plan

Limits what can be developed and/or
undertaken in a particular location. This is
especially important for any proposed
development in the catchment. The
implications of land swaps with Council need
to take the proposed role of the catchment
into account.

Additionally the zoning of some lands in the
western portion of the catchment have been
deferred within the 2014 LEP. NEV Ltd. must
take a watchful, cautious role in ensuring its
water supply is not put at risk from future
zoning changes.

NEV Ltd. must ensure it is
considered as a key
stakeholder in any
development or potential
development within the
Narara Reservoir
Catchment.

Ensure GCC considers
NEV drinking water
quality when

assessing development
applications within the
Reservoir Catchment.
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2.3. STAKEHOLDER ENGAGEMENT

All NEV members are stakeholders in the NEV water supply system. As such they
must ensure that their activities do not compromise drinking water quality. All

NEV members are required to be alert to external risks to the drinking water, e.g
algal blooms, wildfire, dead and unauthorized access to the dam water.

The NEV maintenance staff and the NEV management team are responsible for
understanding and working in accordance with relevant aspects of the Drinking
Water Management System.

The key policies including the Drinking Water Policy must be given to all members before joining
the NEV Ltd. Additionally they should be on display in community facilities and where members
and visitors could potentially impact on drinking water quality.

Examples of site where the Policy should be on display include:
o Near the dam itself
o Near the water quality treatment system
e Near storage tanks

As stakeholders in having a continuing supply of drinking water the NEV Ltd., residents and
employees must be encouraged to look for signs of change in water quality in the dam.

These signs can include
e increased turbidity,
e numerous dead animal evident in the water
e algal blooms (See Office of Water web site for information)

Additionally the NEV Ltd. residents and employees must be aware of the threat posed to the
drinking water from the results of bushfire in the drinking water catchment.

NEV Ltd. is expected to encourage members to participate in general community activities such
as Streamwatch and the Rural Fire Service.
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3. ELEMENT 2: ASSESSMENT OF THE DRINKING
WATER SUPPLY SYSTEM

3.1. ASSEMBLE A TEAM WITH APPROPRIATE EXPERTISE

The ADWG refers to the need to assemble a team with appropriate knowledge and expertise
to undertake the assessment.

The proposed team is:

Aquacell (specifically Mr Warren Johnson) -contracted to supply technical expertise
Dr Peter Bacon-Contracted to supply water and wastewater management expertise
Mr John Talbott-NEV director

Mr David Roberts-NEV member with expertise in water management

Mr Geoff Cameron-NEV member with expertise in quality control

Mr Mark Fisher- NEV member with expertise in risk management

The current Reservoir Water Management Plan is focussed on the reliable supply of feed
water that is ‘Fit for Purpose’ in the proposed Potable Water Treatment Train. The Reservoir
Water Management Plan is therefore concentrated on catchment conditions, catchment
hydrology, and the ability of the system to reliably supply ‘Fit for Purpose’ water to the
proposed Potable Water Treatment Train.

The terminology used in the ADWG Framework for Management of Drinking Water quality-
The twelve elements (NHMRC / NRMMC 2011) has been slightly adjusted to reflect the
specific conditions relating to the raw water supply.

The catchment study, the hydrology assessment and the reliability of supply were assessed
by Dr Peter Bacon, a Natural Resource Scientist, with over 35 years’ experience in water
and soil management. The monthly and weekly dam water sampling regime was
established and managed by Aquacell.

Both Aquacell and Dr Bacon use laboratories that are NATA registered for the assessed
anolytes.

3.2. TIER ONE SURFACE WATER ASSESSMENT

WSAA (2015) provide a detailed methodology for assessing catchments. This approach is
considered in conjunction with the approach in ADWG Framework for Management of
Drinking Water because it focusses more on the risks to raw water quality.

The WSAA(2015) process requires a Tier 1 assessment on all catchments. The first step in
the assessment is a sanitary survey of the water supply catchment. The key outputs
required are:

Pathogen sources arising from the presence of people and cattle

Intensity of these developments/activities

Proximity to feeder streams and water storage

Presence of is situ barriers such as riparian vegetation, fencing and detention in
storage.
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The outputs from the survey are aggregated to produce a vulnerability assessment for the
source.

Figure 3.1 shows the process. This process has been integrated into the ADWG (2011)
format.

Figure 3.1. Process summary of a Tier 1 Source assessment (Copied from WSSA,
2015).

This Tier 1 assessment is a six step process for determining water treatment requirements:
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1 Sanitary Survey Assessment: To identify specific pathogen pollution
sources within the catchment as well as preventive measures and barriers
within the catchment.

2. Vulnerability Assessment. To aggregate what is known about the pathogen
pollution sources to assess the source vulnerability.

3. Microbial Indicator Assessment: To provide an independent evaluation of
water quality.

4. Aggregate Data and Information: Assemble the above information, review
and explain any anomalies

5. Source Category: Assign the Source Category based on the preceding
analysis.

6. Log Reduction Requirements.

(Copied from WSSA, 2015).

3.3. CATCHMENT DESCRIPTION

LOCATION AND SETTING

The regional context of the dam and its catchment is shown in figure 3.2.

The NEV Ltd. water supply system is based on a 130 ha catchment that drains to an un-
named creek. This creek is dammed, and the detained waters of this dam will supply the
key water source for the Narara Eco Village.

As indicated in figure 3.2, the dam is located approximately 5 km NW of Gosford, NSW. The
catchment of the dam is largely natural bushland as figure 3.3 suggests.
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Subject
dam

Figure 3.2. Regional context of the subject dam (Image source: NSW Dept Lands,
2014).
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Subject
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Reeves
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Catchment
boundaries
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1:25,000
topographic map
contours

Strickland State Forest

Figure 3.3. The maximum catchment based on contours off the 1:25,000 topographic
map (Gosford, 9131-2S. LPI, 2001).

The western portion of the catchment is a relatively flat plateau, so the catchment
boundaries are indistinct, and are determined by local drains. It is likely that the catchment
is slightly smaller than as shown above. A conservative area of 130 ha was assumed for
modelling water supply volume estimates. This is substantially less than the 159 ha
assumed for the dam break studies. However the dam break studies were designed for the
worst case flood scenario and so were conservatively large (NSW Public Works, 2011).

A site inspection suggested that the M1 motorway drainage system flows to areas outside
the subject catchment. It also revealed than Reeves Street formed much of the western
boundary of the Narara Reservoir Catchment.

Figure 3.4, below , shows that all but the western extremity of the catchment consists of
naturel forest/woodland. There is a minimum of one kilometre between developed areas
and the edge of the water surface in the reservoir.

This is important as it suggests relatively low risk of reservoir contamination (WSAA, 2015)..
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1.3 km

Figure 3.4. Indicative catchment boundaries superimposed onto a satellite view. The
only developed area in the catchment is in the extreme west portion. (Image source
NSW Dept Lands, 2015).

3.4 LANDUSE ZONING

Figure 3.5 shows the landuse zoning from the 2014 LEP.

The majority of the catchment is RU3: Forestry. Much of the remainder is E2:
environmental conservation. There are also small areas of RU1: Primary Production, RU2:
Rural Landscape and SP2 Special infrastructure (the M1 motorway). Some areas have had
deferred matters. These are referred to as ‘unzoned’ land.

The main water supply issues for each landuse are listed in table 3.1
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Table 3.1. Landuse zoning within the dam catchment and the potential issues

associated with the zoning.

Landuse
zoning

Issues and concerns
for water quality and
quantity.

Comments

RU3: Forestry

Bushfire
-damage to
infrastructure, eg

pumps, pipes, treatment
plant

-Loss of vegetative
cover leading to soil
erosion (and loss of
dam capacity due to
sedimentation)

-Deposition of ash into
the dam leading to
increased turbidity and
therefore increased
difficulty in disinfection
of the water

-Increased nutrient
supply leading to algal
blooms

Logging is not an issue as
there are no plans to log this
area. Bushfire, is however,
a long-term hazard that must
be addressed.

E2: As for RU3 Have minimal publicity about
Environmental the area.
conservation Minimal access for the
public is preferred as a
way of managing water
contamination risk
RU1: Rural Typically larger There are no commercial
production commercial rural chicken production sheds in
enterprises the area.
RU2: Rural Typically rural Council is responsible for
landscape residential areas regular inspection of
sewerage systems. NEV
On-site sewage should liaise with Council
systems about this issue.
Erosion due to trail
bikes and excessive
stocking
Deferred These lands are This could become an issue
Matter currently unzoned. if  intensive  subdivision

occurred. NEV will have to
be prepared to object to
intensive development in the
dam catchment.
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Maximum catchment
boundaries based on
Public Works, (2011)
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Figure 3.5. Landuse classification in and around the dam catchment. (Source: Gosford city Council LEP,
2014).
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3.5 SANITARY SURVEY ASSESSMENT

The animal shelter on Reeves Street is an issue. Apparently the animal waste is treated on-
site via a Council registered AWTS. The system is inspected and maintained on a quarterly
cycle. The disinfection would reduce risk of pathogens escaping into the catchment. After
treatment, the effluent is irrigated onto surrounding lands. This would again reduce risk of
contamination. There is a significant effluent treatment dam on the site. The discharge from
this may be contaminated, and this hazard requires assessment. The blue line of figure 3.3
extends from the RSPCA shelter dam to the subject reservoir. A blue line on a topographic
map is prima face of the existence of a water course. However an inspection of lands
downslope of the RSPCA dam showed no evidence of this water course for at least 400 m.
This suggests that if there was ever any overtopping of the RSPCA dam the water would
move downslope via non-concentrated flow and would be likely to percolated into the sandy
topsaoil.

An area to the east of Reeves Street has been used as a landfill site (L 422, DP 40341).
The Google Earth photo of 2003 shows that the site has been closed for more than 11 years.

Reeves Street is the only significant road in the catchment. This bitumen road is a
secondary route between Somersby and West Gosford. The impact of roads on stream
water quality in the catchment is likely to be minimal.

Figure 3.6 summarises the main contamination issues in the upper catchment.

¢ The RSPCA animal shelter is a
/ potential source of faecal /
, contamination. However its T
/ wastewater system is approved i
T y as being sufficient by GCC. ltis Commencement of
7 subject to quarterly inspections. defined drainage line
/’/
4
/
b
The rural The land fill site was
residential areas closed before 2003.
will have on-site )
sewerage o, Th.e leachate pond is
systems. ~ < evident to the north of
~ the landfill. There is no
These are required ~
— -k
250m The land fill site is used | 7/

for informal BMX racing. N - v 4 Approx.

The area is reasonably N\ R catchment

flat, however there is boundary

potential for sediment

Figure 3.6. Water course contamination issues in the upper part of the dam
catchment. (Image source: Google Earth, 2014).

3.6 VULNERABILITY ASSESSMENT

Table 3.2 identifies the vulnerability category of the Narara Reservoir.
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Table 3.2. Vulnerability assessment categories for drinking water sources (Adapted from WSSA, 2015).

Land use

tnhnaAnt

Category Intensity Proximity Protection Relationship to Narara
Cha"enge reservoir catchment
e Negligible Human settlements *  Natural bushland Not pristine
Permanent e NoSTPs and recreation *  Protection enforced by
human e Minimal, well- excluded from the pollceLd regltilat@tn” .
managed on-site sewage whole area of °  -OWINIensityllow risK
: : activities may be allowed in the
management systems influence, typically i tchment but acti
« Negligbie the whole outer catchment but active
1. Protected ~ Minimal cssential hydrological source protecthn (e.g. ranger
catchment Itinerant iry § i catchment and patrql§) is practlcgd to ensure
human entry for rangers, pes reSEeIVoIr negligible contamination risk
Controllers, fire ° Supp]y is from a |arge
reservoir
e Negligible
No farms
Kk *
2:1?5135 e Limited (controlled)
populations of feral
Aninanla
e  Minimal ) e  Some rural lands
e NoSTPs Human e Bushland _ inner on western end of
Eermanent . Low density rural settlements catchment, low density rural catchment
uman developments with well- excluded from outer catchment . No STPs, BUT
- : e  Stock fully fenced out of RSPCA pound
2. Moderately managed on-site inner catchment main feeder streams behind e Old landfill site
protected e Recreation Minor itinerant use, some
catchment . . , excluded from vegetated blfﬁer zones. informal BMX tracks in
Emﬁr:nnt Ir_:(;/;/elggglr; low intensity inner catchment . . P(;otectllo? enforced by western end
oliced regulation
_ * No . Low |%l\1/e| and low _ ,
Stock e Low density Farm'lng excluded intensity activities may be Low Qen3|ty & exclusion
animals ¢ No dairies, feedlots, etc. from inner allowed within the outer from inner catchment
catchment catchment but active source
protection (e.g. ranger patrols)
is practiced to minimise
3. Poorly e  Moderate e Medium density rural Not applicable
Permanent ; - Human .
protected human e May include limited settlements outer catchment possibly
catchment sewered urban areas and excluded from including some limited areas
STPs within outer inner of urban development.
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The characteristics of the catchment itemised in table 3.2 suggest that it is a Category 2,
moderately protected catchment.

3.7 MICROBIAL INDICATOR ASSESSMENT

The AWSS 2015 guideline checks the vulnerability category against the E coli population
density immediately prior to treatment. Table 3.3 is taken from AWSS 2015.

Table 3.3: Comparison of E. coli concentration with sanitary inspection category

(Copied from WSAA,20150.
Source category Microbial indicator concentration category
Vulnerability Maximum E. coli* per 100 ml
AR <20 >20< 2,000 > 2,000 < 20,000 > 20,000
Category 1 Category 2 & 3 Category 4 Not suitable for
Category L
drinking
1 Source =Cat 1 Source = Cat 2 Anomalo 0 able
Source = Cat 2 Source = Cat 2 Anomalo 0 able

2

3 Anomalous Source = Cat 3 Source = Cat 4 0 able
4 Anomalous Source = Cat 4 Source = Cat 4 0 able
The cells with the ‘green’ colour indicate reasonable consistency between the catchment

category and the population E coli density. The Narara Reservoir is category 2. Based on
table 3.3 an E coli population density between 20 and 2000 CFU/100 mL is expected.

Section 6, below , discusses water quality including E coli population density. Table 3.4
shows the distribution of E coli based on 29 samples taken from August 2014 to April 2015.
The average was 79 while the geomean was 28 CFU/100 mL.

Table 3.4 E coli population density distribution for 29 reservoir water samples taken

from August 2014 and the end of April 2015.
Distribution Minimur|5%ile [10%ile R5%ile B0%ile [75%ile P0%ile B5%ile Maximum

E coli 0 0 8 13 32 110 200 310 330

CFU/100
mL)

The maximum population was 330 CFU/100 mL. This is well within the 20 to 2000 CFU/100
mL range and is consistent with the reservoir catchment being in Category 2 as per table
3.2.

RESPONSE TO SOURCE CATEGORISATION

The analysis above indicates that the catchment is category 2. Table B1 of WSAA
recommends the following LRVSs.

e Bacteria 5

e Viruses 3

e Cryptosporidium 2.5
These are challenging, especially as the 90%ile is only 200 SFU/100 mL.
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3.8. ATTRIBUTES OF THE NARARA RESERVOIR

Attributes of the dam were copied from NSW Public Works (2011) and from observation
made during the current investigation and assessment. The results of the assessment are
summarised in table 3.5.

Table 3.5. Physical and performance attributes of the Narara Reservoir (Sources:
various including NSW Public Works 2011).

Reservoir attribute Unit Result
Reservoir type Earth fill embankment
Catchment area Ha 130
Water surface area at FSL' Ha 1.2
Egiervow water elevation at RL2 (m) 15.9
Reservoir crest level RL (m) 17.45
Available free board m 1.55
Stream bed elevation RL (m) 7.9
Reservoir height m 9.55
Reservoir crest length m 100
Reservoir capacity ML 43.3
Spillway crest level At FSL
Spillway length m 18.2
Return period Reservoir Crest 1in 1,000 AEP
Flood

"FSL Full Surface Level
2RL Relative Level. These are reasonable estimates of actual elevation in lowland areas,

3.6 CATCHMENT HYDROLOGY AND CONTAMINANT YIELD

The stormwater model, MUSIC (Version 5), was used to estimate runoff volumes and
contaminant influxes to the dam.

CATCHMENT AREA

Inspection of the topographic maps for the area indicated that the catchment draining to the
dam was at least 130 ha. In practice the area could be up to 160 ha, depending on local
drainage works. However, it is considered prudent to use the more conservative figure when
estimating availability of water for potable use.

CATCHMENT SOILS

The main soil in the catchment is labelled Sydney Town Soil Landscape (Murphy, 1993).
The soil is typically 15 — 30 cm of sandy loam overlying up to 50 — 150 cm of clay loam.

There is also some Hawkesbury Soil Landscape in the catchment. This soil is extremely
sandy and shallow. It is likely to have a higher runoff coefficient than the Sydney Town Soil
Landscape. However, the more conservative runoff coefficients for the Sydney Town Soil
Landscape were used.

There may be a small portion of the Somersby Soil Landscape in the extreme west of the

catchment. However the scale of the soil map makes it difficult precisely define the
catchment boundaries.
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Figure 3.5. The major soil landscapes in the catchment are Sydney Town and
Hawkesbury. There is a small area of Somersby Soil Landscape near the western
edge of the catchment. The approximate maximum boundaries of the catchment are
also shown (Murphy, 1993).

MODEL INPUTS

The model inputs were derived from the MUSIC (Version 5) Guidelines, and from Fletcher et
al (2004). Tables 3.3 to 3.5 show the parameters used in the modelling.

Table 3.3. Inputs used for the MUSIC Model (Source: MUSIC (Version 5) Guidelines
and Fletcher et al 2004).

Component Units Result
Catchment area Ha 130 (the Public Works, 2012, estimate is 159 ha)
Reservoir  surface Ha 1.1
area
Reservoir volume ML 45 (the Public Works, 2012, estimate is 43.3 ML)
Evaporation rate | as a % of potential 100

from the catchment | evapotranspiration
during wet weather

Catchment landuse % 10% rural residential, 10% of which is impervious surfaces

90% forest, 98% of which is pervious
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Table 3.4. Soil hydrological characteristics used in the MUSIC model (Source: MUSIC

(Version 5) Guidelines and Fletcher et al 2004).

Component Units Result
Catchment soil 20 cm of sandy loam then 30 cm clay loam
Soil water storage capacity (top 50 cm) mm 107
Soil field capacity moisture storage (top 50 mm 82
cm)
Soil infiltration coefficient (a) mm/day 250
Infiltration capacity (b) 1.3
Daily recharge rate % 60
Daily base flow % 45
Daily seepage rate % 0

Table 3.5. Pollutant concentration parameters used for base flow in the MUSIC model
(Source: MUSIC Version 5 Guidelines and Fletcher et al 2004).

Component Flow type Total suspended Total Total Nitrogen
solids (TSS - Phosphorus (TP | (TN mg/L -Log)
mg/L -Logo) mg/L -Logo)

mean Std dev | mean | Std dev | mean | Std dev

Rural residential Base 1.15 0.17 -1.22 0.19 -0.05 0.12
Storm 1.95 0.32 -0.66 0.25 0.30 0.19

Forest Base 0.78 0.13 -1.52 0.13 -0.52 0.13
Storm 1.60 0.20 -1.10 0.22 0.05 0.24

Six minute rainfall data from Jan 1970 to August 2010 was used to generate runoff

behaviour.

MODEL OUTPUTS

Table 3.6 shows the water inflow and exits to the dam.
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Table 3.6. Inflows and outflows to the 45 ML dam based on 6 minute data since 1970.

Attribute Flow (ML/y)
Flow In 450
ET Loss 13
Infiltration Loss 0
Low Flow Bypass Out 0
High Flow Bypass Out 0
Pipe Out 304
Weir Out 120
Transfer Function Out 0
Reuse Supplied 14
Reuse Requested 14
% Reuse Demand Met 100
% Load Reduction 6

Table 3.6 shows that the modelled flow into the dam is 450 ML/year. This is a runoff rate of
346 mm/year assuming a 130 ha catchment. Some of the rain water infiltrating into
catchment soils is also likely to eventually reach the dam, so the total inflow/ year may be
higher than 450 ML.

3.7 CATCHMENT HYDROLOGY-A CONSERVATIVE APPROACH

The daily runoff was estimated using the runoff curve number (RCN) technique (USDA,
1986). The RCN selected was 79. This number is relatively high (USDA, 1986) and reflects
the undisturbed shallow soil overlying sandstone in much of the catchment (Murphy, 1993).

Runoff commenced when the rainfall exceeded 18 mm in any one day. This is also relatively
conservative, and the assumption under-predicts catchment yield. The reason for using a
conservative figure is to demonstrate that even with the assumption of relatively low water
yields, and a conservative estimate of catchment area, the dam can reliably supply all the
water needs of the development.

Another conservative component of the USDA RCN system is that it does not allow for water
that infiltrates the soil, percolates to low permeability surfaces such as sandstone, moves
down slope along the pervious/impervious interface (referred to as interflow in hydrology
texts), and then reappears as surface water lower in the landscape. This process is likely to
be a significant source of water in hilly, sandstone derived, landscapes such as the eastern
portion of the Narara Reservoir Catchment.

The average predicted annual runoff since January 1889 is 148 mm or 12%? of rainfall.
Over the 130 ha catchment this is 192 ML/year. The dam capacity was initially estimated at
approximately 45 ML. Therefore, in the average year the catchment outflow is equivalent to
some 4.3 times the dam volume.

Figure 3.6 uses daily rainfall since 1970 to assess runoff events into the reservoir. The
period 1889 to 2015 included several major droughts.

2 A 12% runoff coefficient for 1335 mm of rainfall /year is extremely conservative (Fletcher, et al, 2004). However
it does provide a large margin of safety. The MUSIC model estimates runoff at 450 ML/year. The more
conservative figure of 191 ML/year was used to assess reservoir water supply security.
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Figure 3.6 shows that there are numerous runoff events each year. A single 90 mm rain
event would create a runoff volume that exceeds the dam volume. Figure 3.6 indicates that
this occurred 20 times in the past 43 years. This result again emphasises the security of
water supply to the proposed development.

Figure 3.7 shows the hydraulic residence time (HRT) as a percentile since 1889. This
assumes no abstraction. Note the log scale.
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The median residence time is 166 days. There is more than 25 days (the indicative
residence time in lagoons to result in settling out of protozoa) in more than 98.9% of the
time. The result suggests a high probability of parasite removal from incoming water prior to
its abstraction. Additionally there are several other features which will increase the effect of
the dam in reducing microbial load:

e The source areas for microbial contamination are at the far western end of the
catchment, so there will be a relatively long travel time from the faecal deposition
point to the water offtake line near the dam wall.

o The turbidity of the dam water is relatively low. See section 6, below. Therefore the
UV disinfection from the sunlight should be relatively effective in inactivating
microbiota.

e Much of the flow into the dam will come from native forest where human or domestic
animal access is extremely limited

These features will combine to minimise contaminant load.

However, algal bloom management cannot rely on short residence times. This is especially
true as the model did not allow for any reduction in water removal rate due to recycling or
use of alternative sources. Recycling would reduce the net demand for water thereby
increasing residence time. So the distribution in figure 3.7 is a worst case. The other issue
is short circuiting of the water so that there is less ‘plug’ flow. The long narrow nature of the
waterbody will assist in reducing short circuiting, but it could still occur when the inflowing
water is much warmer than water at the top of the water column. It is prudent to assume
that the break-through detention time is around 50% of that shown in figure 3.7.
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4. RELIABILITY OF THE DAM AS THE SOLE SOURCE OF
POTABLE WATER

The dam is expected to be the sole source of feed water into Potable Water Treatment
Train.

Therefore the long term reliability of the dam to supply adequate quantities of raw water was
assessed for the extreme example where there was no capture and use of roof water in the
eco-village.

However it has been determined that the effluent from the wastewater treatment system will
be treated so that the log reduction in pathogens meets the DPI guideline LRV to enable
using effluent in toilet flushing (DPI, 2015). That is, the dam was the sole source of water for
potable internal uses. The model’s assumptions are shown in table 4.1.

41. POTABLE WATER DEMAND AND SUPPLY RELIABILITY AT STAGE 1
DEVELOPMENT

The estimated total internal water demand based on 5 persons/dwelling and effluent being
used to flush toilets is 0.337 cubic m/day®. If there are 60* dwellings at the 50%
development stage then the total internal demand is 20.22 cubic m/day or 7.4 ML/year.

Table 4.1. Water demand components for various number of residents per dwelling.
Based on Sydney Water Corporation survey of 5400 dwellings in 2011.

Number of residents in dwelling

Water demand Component

1 2 3 4 5 6* 7* 8*
Toilet (L/day) 31 53 74 95 115 | 130 | 145 | 160
% of internal demand 25 25 25 25 25 26 27 28
Laundry (L/day) cold water 29 53 76 95 113 123 131 136
% of internal demand 24 25 25 25 25 25 25 24
Hot Water (L/day) 49 87 119 | 151 | 182 | 197 | 210 | 218
% of internal demand 40 41 40 40 40 40 39 39
Other internal uses (L/day) 13 20 31 37 42 45 48 50
% of internal demand 11 9 10 10 9 9 9 9
Total internal use (L/day) 122 | 213 | 300 | 378 | 452 | 495 | 534 | 564

The proposed water treatment plant requires up to 50% excess process water.

3 The average number of people per residence in the Gosford region is 2.3 (ABS, 2011 census), so the actual
internal demand per residence is likely to be less than 452 litres/day. Without toilet flushing the internal demand
becomes 337 litres/day.

* The final development may have 120 dwellings. Actual consumption data from stage 1 of the development will
be used to estimate the demand for the full development.
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Table 4.2. Assumptions and inputs into the dam reliability simulation

Component

Input/ assumption

Climate data

Daily rainfall and evaporation since Jan 1889

Evaporation from the dam surface

80% of pan evaporation

Seepage from the dam Zero
Catchment area 130 ha
Reservoir surface area at TWL (top water level) 1.1 ha

Reservoir capacity at TWL

45,000 cubic m (45 ML)

(Note Public Works (2012) assumed 43.3 ML
capacity in its dam break study)

Reservoir storage at commencement of simulation

30 ML (i.e. 2/3 full)

Demand for Internal use excluding toilet flushing.
Assumes 5 people/dwelling, from table 4.1.

337 L/dwelling/day

Number of dwellings

60 at stage 1 development

Total demand for internal® water

20.2 cubic m/day or 7.4 ML/year.

Total demand at stage 1 including 50% process
water

40.4 cubic m/day or 14.8 ML/year.

Figure 4.1 shows the daily water in storage based on the inputs from table 4.2. The dam is
nearly full most of the time. The minimum volume in storage is 27 ML. This is 18 ML less
than full supply. The result indicates that the dam can reliably supply all the internal water
excluding toilet flushing needs of the stage 1 development.

4.1
DEVELOPMENT

POTABLE WATER DEMAND AND SUPPLY RELIABILITY AT STAGE 2

The estimated total internal water demand based on 5 persons/dwelling and effluent being

used to flush toilets is 0.337 cubic m/day.

If there are 120 dwellings at the 100%

development stage then the total internal demand is 40.44 cubic m/day or 14.8 ML/year.

Assuming a 50% process water requirement, the total water demand is 80.88 cubic m/day or
29.5 ML/year®. Figure 4.2 shows that the minimum volume in the dam since 1889 is 18 ML
or 40% of maximum volume. It is concluded that the dam supply is secure at full capacity
PROVIDED toilet flushing water is sourced from elsewhere.

> Internal water is water used within dwellings. External water is water used for activities such as irrigation

and wash-down.

¢ Note that the license is only 30 ML, so this is the absolute maximum 