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SUMMARY 

BACKGROUND 

The sewerage system for the town of Albany is based on the use of four wastewater 
treatment plants operated by the Water Authority of Western Australia (Water Authority). 
One of these—the King Point (No. 1) treatment plant—discharges nutrients into King 
George Sound. In 1990, the State Government approved a recommendation by the 
Environmental Protection Authority (EPA) that this practice should cease in 1994. 

The Water Authority investigated a number of wastewater treatment and disposal 
strategies to meet this requirement, including three marine discharge options, several 
alternative treatment processes and treatment plant sites, and a number of land treatment 
systems. 

In December 1990, Kinhill Engineers Pty Ltd (Kinhill) was commissioned by the Water 
Authority to undertake a preliminary study of three marine discharge options and of land 
disposal at a site or sites to be selected by Kinhill. The preliminary study found that a 
land treatment system utilizing overland flow through pasture followed by slow-rate 
irrigation of fast-growing eucalypts was potentially environmentally acceptable and as 
cost-effective as the least expensive marine discharge option. 

In August 1991, Kinhill was commissioned to undertake a detailed planning study to 
confirm the technical feasibility of land treatment at Albany and to recommend a specific 
site. This Stage 2 Study, which was undertaken in conjunction with the Water Authority, 
involved the following phases: 

field investigations to enable initial site selection; 

a review of Australian land treatment practices using trees irrigated with wastewater; 

confirmation of the evapotranspiration rate appropriate for irrigated eucalypts in 
Albany; 

further field investigations on the selected site to establish design criteria; 

preparation of a preliminary design and estimate for a system capable of treating the 
municipal wastewater from Albany for the next 30 years without adverse effects on 
the environment. 



To undertake these tasks, Kinhill assembled a team with expertise in plantation forestry, 
irrigation, phosphorus adsorption, nutrient uptake, water and solute movement in the 
unsaturated zone, and hydrogeology. 

INITIAL FIELD INVESTIGATIONS 

The following detailed field investigations were carried out during the course of the site 
selection process: 

Twenty-six soil pits were excavated to a depth of 3 m. 

A total of 183 soil samples were taken for chemical analysis and to determine their 
phosphorus retention indices. 

Twenty-three bores were sunk to depths of 10-14 m and four bores were sunk to a 
depth of 50 m to ascertain the underlying strata and depth to the water table. 

Contour surveys were undertaken over 1,200 ha. 

Infiltration testing was carried out at ten sites. 

These investigations showed that a 575 ha site adjacent to Albany Airport has the most 
favourable combination of soils, topography and depth to water table for the 
establishment of a land treatment system. This site is also closest to an existing 
wastewater treatment plant. This plant is capable of being expanded, at low cost, to treat 
all of the municipal wastewater from Albany until 2020. 

Further suitable soils are available in the area to allow expansion of the land treatment 
system after 2020. 

INVESTIGATIONS OF THE PROPOSED SITE 

Additional soil pits were excavated to confirm that suitable soils exist over the whole site. 
Furthermore, an extensive programme of infiltration testing was undertaken, including 
ring infiltration tests, pump-out tests of pits, diked infiltrometer tests, and a water balance 
study. Infiltration tests were also carried out on shatter-ploughed soils. 

A gauging weir was established on Seven Mile Creek, into which the site drains, to 
measure the outflow from the site. 

Laboratory tests were undertaken at the University of Western Australia to establish more 
accurately the phosphorus adsorption characteristics of the soils, using both fresh water 
and treated wastewater. The results of these tests were used by CSIRO in a computer 
model to predict long-term phosphorus adsorption. 
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Geotechnical investigations were undertaken on two potential darn sites to establish their 
suitability for construction of earth dams. 

The results of all these investigations confirmed the suitability of the proposed site for the 
land treatment system. 

REVIEW OF AUSTRALIAN LAND TREATMENT PRACTICES 

A visit was made to Victorian and South Australian land treatment sites that irrigate 
eucalpyts with wastewater, and discussions were held with operators and researchers in 
this field. It was found that drip irrigation is being used successfully to distribute treated 
wastewater and that it is now the preferred irrigation method. 

CSIRO was engaged to measure during winter the evapotranspiration of eucalypts that 
had been irrigated with piggery effluent at Wellard, about 35 km south of Perth. These 
studies confirmed the high evapotranspiration capacity of the eucalypt species proposed 
for Albany (Eucalyptus globulus). 

WASTEWATER TREATMENT PLANT UPGRADE 

Estimates were made of the likely quantity and quality of municipal wastewater discharge 
from Albany to the year 2020, taking into account the Water Authority's water 
conservation programme. 

The Water Authority investigated diverting the wastewater flows from the existing King 
Point (No. 1) treatment plant and options for treating the wastewater at the Timewell 
Road (No. 2) treatment plant before pumping it to the land treatment site. 

The No. 2 treatment plant would be upgraded by the construction of a second primary 
aerated pond to handle the flows forecast for 1994-2000. The plant would then be 
further enlarged or upgraded by the construction of an activated sludge plant; this would 
be either an oxidation ditch plant or an intermittent aeration plant, depending on results of 
trials currently being undertaken by the Water Authority. Additional land would be 
purchased around the plant site to provide a buffer zone of approximately 500 m, which 
is required around treatment plants of this type and size. 

LAND TREATMENT SYSTEM DESIGN 

The design of the land treatment system follows the methodology set out in the United 
States Environmental Protection Agency's Process design manual for land treatment of 
municipal wastewater (1981) and incorporates the factors recommended in the Victorian 
Environment Protection Authority's Guidelines for wastewater irrigation (1991). 
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The land treatment system would comprise: 

a 14 ha overland flow (through pasture) treatment area, which would remove 
approximately 50% of the nitrogen from the wastewater; 

a 300,000 kL capacity storage dam, which would be used to store part of the runoff 
from the overland flow area in winter for application to the irrigated trees in summer: 

300 ha of fast-growing eucalypts irrigated by an automated drip irrigation system. 
This system would incorporate soil moisture sensors in each 12.5 ha tree block, 
which would be monitored and the soil moisture content recorded by a computer; 

a total of 120 ha of rain-fed eucalypts planted downstream of the irrigated area and 
the dam and around the overland flow area to maintain the existing water balance of 
the site and to absorb downward percolation from these areas. 

The land treatment system would be operated so as to: 

achieve no runoff from the trees or overflow from the dam in 90% of years: 

maximize evapotranspiration by the trees; 

minimize downward percolation beneath the trees to the level necessary to control 
salinity in the root zone; 

adsorb the phosphorus in the wastewater on to the soils above the water table for 
over 100 years; 

' 	remove sufficient nitrogen from the wastewater in the overland flow area, so that 
95% of the remaining nitrogen would be removed by the irrigated tree area. 

A water balance model that uses daily rainfall and evaporation data has been developed 
and used in the design of the land treatment system. This model has also been used to 
develop operating guidelines for the irrigation system and storage dam. If operated in 
accordance with these guidelines, the land treatment system would have met the above 
operating objectives in each of the past 23 years for which weather records exist for 
Albany Airport. 

The downward percolation of water into the groundwater under the site would be 
virtually the same as the downward percolation from the existing pasture. 

A system would be installed to monitor the performance of each element of the land 
treatment system against the design projections, the results of which would be reported to 
the EPA. 
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PROJECT SCHEDULE 

The proposed schedule for the various elements of the project is as follows: 

environmental approval 	 July 1992 

land treatment site: 

- 	land acquisition August 1992 
- 	site preparation January—February 1993 
- 	tree planting May 1993 
- 	dam construction January—March 1994 
- 	irrigation systems March—September 1994 
- 	first wastewater to site October 1994 
- 	No. 1 treatment plant flow to site December 1994 

treatment plants: 

- 	rising main to land treatment site 	 September 1994 

- 	No. 2 treatment plant initial upgrade completion 	December 1994 

- 	closure of No. 1 treatment plant 	 December 1994 

- 	cessation of discharge into Five Mile Creek 
from No. 2 treatment plant 	 December 1996. 

COSTS 

The total capital cost of designing and constructing the land treatment system at Albany is 
$2,860,000; of this, $2,555,000 would be expended between 1992 and 1996 and the 
balance in 2009-10. 

The annual operating cost is estimated at $224,000 for 1994-95, increasing to $283,000 
by 2020. 

INCOME 

In the Lower Great Southern, 4,000 ha of E. globulus are already established to supply 
wood chips for paper pulp production; this market is expected to develop in the second 
half of the 1990s. However, in order to realize this market, a storage and loading facility 
would be required in the Port of Albany. A higher than average price should be attainable 
for wood chips from the land treatment site because of the site's proximity to the harbour. 
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The sale of wood chips would generate income as from 1997-98. Depending on 
marketing arrangements, the income is conservatively estimated to average between 
$470,000 and $780,000 annually for the subsequent 25 years. 

ENVIRONMENTAL IMPACTS 

The proposal would result in the cessation of nutrient discharge, in 1994, from the No. I 
treatment plant into King George Sound, as recommended by the EPA. It would also 
result in the cessation, in 1996, of the current discharge of nutrients from the No. 2 
treatment plant into Five Mile Creek, which flows into Lake Powell and Torbay Inlet. 

The Water Authority has made a commitment that, at full development in 2020, the 
nutrient discharge from the land treatment site (in surface water or groundwater) would 
not exceed approximately 25% of the current discharge into Five Mile Creek. The 
investigations carried out indicate that there is a high probability that discharge of 
nutrients would be far less than this figure. 

The cessation of the discharge into Five Mile Creek, together with the development of the 
land treatment system using overland flow through pasture and slow-rate irrigation of 
trees, would cause a small decrease in the flow in Five Mile Creek and Seven Mile Creek. 
However, any resulting adverse effects on downstream wetlands would be more than 
offset by the reduction in nutrient discharge. 

The establishment of the land treatment system would not significantly alter the present 
entry of water into the regional water table. Flood flows down Seven Mile Creek would 
be reduced slightly. 

The land treatment system would not generate any odours; nor would it create a bird 
hazard for Albany Airport. 

CONCLUSION 

The detailed investigations and studies undertaken as part of the Stage 2 Study confirm 
the technical feasibility of the proposed land treatment system at Albany. 

Preliminary designs and estimates have been prepared for all elements of the system, and 
these confirm that land treatment is as cost effective as the least expensive marine 
discharge option. 

Detailed consideration of water and nutrient balances of the site has shown that the 
proposed land treatment system would not have an adverse effect on the environment. 
The proposed treatment of Albany wastewater, comprising the No. 2 treatment plant and 
the land treatment system, would result in the cessation of nutrient discharge into King 
George Sound, Lake Powell and Torbay Inlet. 
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Chapter One 

INTRODUCTION 

1.1 BACKGROUND 

In August 1990, the Environmental Protection Authority (EPA) considered the report of a 
major study into the impacts of industrial, agricultural and residential development on 
Albany's harbours (EPA 1990). That study showed that waste products from a variety of 
activities were elevating nutrient levels within the harbours to levels that were severely 
degrading the biotic environment. Part of the pollutant load was identified as coming 
from the Water Authority of Western Australia's (Water Authority's) King Point (No. 1) 
wastewater treatment plant (Figure 1.1). 

The EPA recommended a range of measures to reduce the nutrient load going into the 
harbours, including the closure of the No. 1 treatment plant by 1994. These 
recommendations were approved by State Cabinet in August 1990. 

The Water Authority had already commenced a review of future treatment options for 
Albany wastewater in 1989. This review of the Albany sewerage system (Water 
Authority 1989) found that the capacity of all existing treatment plants to expand in 
response to increasing flows was extremely limited. The review developed and compared 
seven treatment and disposal options to cater for the increase in demand into the next 
century. These options covered a variety of wastewater treatments at single or multiple 
plants, and a range of disposal options including discharge to ocean, inland watercourses 
and land. The review's fiia1 recommendation was that effluent be treated to seccnUry 
level by aerated ponds, at both the Timeweli Road (No. 2) wastewater treatment plant and 
a new plant to be sited near Cuthbert, and then discharged to the Southern Ocean at a site 
700 m west of Sand Patch. 

The Water Authority undertook a programme of public consultation to assess community 
opinion of this recommendation, and established a community-based committee under the 
chairmanship of Professor D. O'Connor to assist the process. During this programme, 
strong opposition from a variety of groups to many or parts of the options identified in 
the 1989 Water Authority report, including the recommended Sand Patch option, became 
apparent (O'Connor 1990). To facilitate an objective and informed debate on the 
environmental and economic implications of the wastewater disposal options, the Water 
Authority decided to further investigate several of the identified options. 



1.2 STAGE 1 STUDY 

In December 1990, Kinhill Engineers Pty Ltd (Kinhill) was commissioned to undertake a 
preliminary comparative study of the environmental and socio-economic costs of: 

three marine disposal options with varying degrees of pretreatment. The sites for 
marine disposal were at Sand Patch, Ledge Bay and Nanarup, as shown in 
Figure 1. 1; 

land disposal at a site or sites to be selected by Kinhill. 

The results of this study are presented in Albany sewerage: Preliminary study of options 
for disposal of treated wastewater (Kinhill 1991), which is referred to in this document 
simply as 'the Stage 1 Study'. 

The Stage 1 Study draws the following conclusions: 

Marine disposal at Nanarup and Sand Patch would have minimal effect on the 
environment. However, there could be a lowering of the aesthetic value for fishing 
and contact recreation at Sand Patch resulting from the recognition that wastewater 
was entering the near-shore waters. 

Marine disposal at Ledge Bay would have significant probability of leading to 
degradation of seagrass habitat as a result of eutrophication. 

A land treatment system consisting of a combination of overland flow through 50 ha 
of pasture followed by slow-rate irrigation of 250 ha of fast-growing eucalypts is 
potentially an environmentally satisfactory option for disposal of the municipal 
wastewater. 

A further 5 ha of pasture and 30 ha of irrigated fast-growing eucalypts would be 
required to treat and dispose of the discharge from the present four harbourside 
industries. 

The land treatment system for the municipal wastewater could be constructed for a 
similar cost to that for the least expensive ocean disposal option. Land treatment 
would offer the potential for further cost savings by utilizing aerated ponds for 
pretreatment rather than the activated sludge treatment plant required for the least 
expensive marine discharge. 

The study considered nine possible localities for land treatment and identified two 
localities (one to the north of Albany near the airport and the other to the east on Douglas 
Road) as being potentially the most favourable for the preferred land treatment system 
(Figure 1.1). 

The study was based on existing data regarding the soils and groundwater in the Albany 
region, supplemented by the sampling of a small number of shallow auger holes. The 
study recognized that detailed investigation of the soils and the groundwater regime on a 
preferred site would be necessary to verify that minimum discharge of nutrients from the 
site could be achieved under all weather conditions. 
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1.3 STAGE 2 STUDY 

in August 1991, Kinhill was commissioned by the Water Authority to undertake a 
detailed planning study to confirm the technical feasibility of land treatment at Albany and 
to recommend a specific site. The Stage 2 Study, which was undertaken in conjunction 
with the Water Authority, involved the following phases: 

field investigations to enable initial site selection; 

a review of Australian practices using irrigated woodlots; 

confirmation of the evapotranspiration rate appropriate for irrigated eucalypts in 
Albany; 

further field investigations on the selected site to establish design criteria; 

preparation of a preliminary design and estimates for a system capable of treating the 
municipal wastewater from Albany for the next 30 years without adverse effects on 
the environment. 

This report on the Stage 2 Study: 

presents the results of the investigations undertaken (full reports of the investigations 
are provided in Appendices A—K); 

identifies and discusses the limiting design factors for land treatment on the selected 
site; 

provides details of the preliminary design for a land treatment system to handle the 
predicted discharge of municipal wastewater from the town of Albany for the next 
30 years; 

provides details of the estimated costs of construction and operation of the land 
treatment system and the estimated returns to be derived from the harvesting and sale 
of the eucalypts. 

1.4 STUDY TEAM 

To assist in carrying out these tasks, Kinhill engaged a number of subconsultants with 
specific expertise in areas requiring investigation to confirm the technical feasibility of 
land treatment at Albany. These subconsultants included: 

Mr Bruce Mattinson (BSc Agriculture [Hons]), Integrated Tree 
Cropping Pty Ltd, Albany: Mr Mattinson has extensive experience in the 
establishment and management of fast-growing eucalypt species, including soil 
modification in the Albany area, and in the economics of such enterprises. 
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Associate Professor R.J.Gilkes (BSc, PhD), University of Western 
Australia: Associate Professor Gilkes is an internationally recognized soil scientist 
with particular expertise in the behaviour of phosphorus in soils. 

Dr A.J. Peck (BSc, PhD), A.J. Peck & Associates: Dr Peck is an expert 
on water and solute movement in the unsaturated zone and the effects of land use on 
groundwater and stream quality. 

Dr R.G. Gerritse (BSc, PhD), CSIRO: Dr Gerritse has expertise in 
phosphorus adsorption and the mathematical modelling of this phenomenon. 

Rural Water Management, Harvey: This irrigation and drainage consultancy 
firm was responsible for detailed design of the proposed irrigation system. 
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Chapter Two 
OUTLINE OF THE ALBANY SEWERAGE 
SCHEME AND PROJECTIONS OF FUTURE 
POPULATION GROWTH 

The Albany sewerage scheme currently services only about 60% of the total population of 
the Albany town site (Water Authority 1989). In 1989, an estimated 15,100 people were 
connected to the scheme out of an estimated population of 23,800. The population of the 
town has grown on average at approximately 2.2% per annum over the last 25 years but 
growth slowed to around 1.5% in the late 1980s. The number connected to the sewerage 
scheme has been growing faster than the population, at 2.5-3.5% per annum. 

The Albany sewerage scheme is served by four treatment plants, as shown in Figure 1.1. 
The largest—the No. 1 treatment plant—discharges to King George Sound and is to be 
closed down in 1994. It currently serves 10,600 people. The No. 2 treatment plant 
discharges into Five Mile Creek and serves 4,600 people. The other two treatment plants 
at Emu Point (No. 3) and Lower King (No. 4), which serve newer subdivisions, 
discharge on to sandy areas and have connected populations estimated at 570 and 390 
respectively. 

Wastewater is delivered to the No. 1 treatment plant by two pump stations located at 
Lower York Street and Middleton Beach. The flows to these pump stations will have to 
be diverted to an alternative treatment plant to allow closure of the No. 1 treatment plant. 

The Water Authority has held discussions with both the Town of Albany and the Shire of 
Albany to establish land zonings and to identify areas of high potential growth. These 
data were used in onjuncton with the historic growth raTes in 	erag CoflneciOrs, to 
predict the growth in population in the catchment area of each treatment plant until 2020 
(Water Authority 1989). The results of these projections are shown in Figure 2.1. 

The wastewater discharge from the residential sector is augmented by the discharge from 
the hotels, motels and guesthouses; the hospitals, nursing homes and retirement villages; 
and from the schools and colleges. All of these facilities, which serve the whole 
population of Albany and in some cases the wider region, are located in the sewered area. 

The flow in the system is affected by the number of visitors to the town, but as those 
occupying accommodation in the sewered area only average around 500 on any one day 
(Western Australian Tourism Commission 1991), the effect is relatively small. 

The flow is also affected by infiltration from the groundwater, which peaks in the July to 
October period and is at its lowest in April to May. 
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All of these factors combine to produce the measured flows to each treatment plant for the 
thirteen 28 day periods in the 1990-91 financial year shown in Table 2.1. 

Table 2.1 Treatment plant flows (1990-91) 

28 day period 

No.1 

Flows into treatment plant 

(kL) 

No.2 	No.3 No.4 Total 

1 	(01/07/90) 65,182 31,030 6,724 966 103,902 

2 71,034 25,229 7,707 1,282 105,252 

3 64,738 23,030 7,789 1,271 96,828 

4 68,596 25,666 7,596 1,151 103,009 

5 63,877 24,159 8,652 1,177 97,865 

6 55,651 23,895 7,457 1,047 88,050 

7 53,097 25,653 7,249 1,184 87,183 

8 51,750 25,376 6,907 1,155 85,188 

9 52,863 21,762 6,789 1,159 82,573 

10 52,838 22,542 6,013 1,213 82,606 

11 51,234 21,664 6,663 1,126 80,687 

12 51,051 22,551 6,345 1,182 81,129 

13 (30/06/91) 61,034 26,437 6,498 1,133 95,107 

Total 762,945 318,994 92,389 15,051 1,189,379 

Source: Waler Authority. 
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Chapter Three 

SUMMARY OF SITE SELECTION PROCESS 

3.1 INTRODUCTION 

This chapter summarizes the process used in selecting the preferred land treatment site 
from within the Douglas Road and airport localities identified as potentially the most 
favourable in the Stage 1 Study. 

The selection process involved: 

a reconnaissance of both localities to identify the more suitable parts 
an initial soil survey and shallow drilling to establish the water table in each locality. 

A preferred locality was selected on the basis of this information and was further 
investigated, involving: 

a contour survey 
a detailed soil survey 
infiltration testing 
further water table drilling 
drilling of deep bores to establish hydrogeology. 

All of the information obtained was then used to select a preferred site. 

In parallel with this process, the design parameters of the land treatment process were 
being reviewed (Chapters 5, 6 and 7). A conceptual design was produced, identifying 
the total area required for a land treatment system capable of treating the wastewater from 
Albany until 2020. This was a longer time period than that considered in the Stage 1 

Study. 

The preferred site was further investigated to confirm that all sections were suitable for 
land treatment. These investigations entailed: 

excavation of additional soil pits 
further infiltration testing 
further deep and shallow bore drilling 
further soil chemistry. 



3.2 INITIAL SURVEYS 

3.2.1 AIR PHOTO INTERPRETATION 

The first task was the identification of two sites at each locality. The selection process 
was based on air photo interpretation followed by limited verification on the ground 
(ground truthing). 

Once the sites had been selected from air photographs and ground truthed, detailed soil 
descriptions were carried out and investigations were undertaken on the four sites to 
determine their phosphorus retention capacity and the depth to groundwater. 

3.2.2 SOIL DESCRIPTIONS 

Twenty soil pits, each 3 m deep, were excavated over a range of soil units at both the 
airport and Douglas Road sites. Detailed soil descriptions and associated soil maps are 
provided in Appendix A. 

On all sites, the soil profiles are suitable for irrigation with wastewater. However, the 
soils at Douglas Road are more variable and have frequent sand lenses and numerous 
small sandy gullies, which would complicate the design of an irrigation system. 

3.2.3 PHOSPHORUS RETENTION 

A total of 183 soil samples were collected over both localities to determine their 
Phosphorus Retention Index (PRI) and other soil chemical characteristics. Details of the 
laboratory process and results are provided in Section 4.4 and Appendix B. 

On all sites, the upland soils had PRIs that would adsorb large quantities of phosphorus. 

3.2.4 GROUNDWATER 

The Stage 1 investigations identified the level of the groundwater as being important in 
the selection of a site for irrigation with wastewater. As part of the Stage 2 
investigations, twenty-one boreholes were drilled to a depth of between 5 m and 14 m, 
with most holes between 10 m and 14 m. The holes were cased and sealed to within 
1.5 m from the bottom. Ninety per cent of the holes on both sites were dry and the two 
bores showing water were the result of perched water tables. 

One borehole was drilled to 50 m on each of the airport sites. Fine sediments were found 
extending to the bottom of both boreholes. The static water table was 11-13 m below the 
surface (Appendix F). 

The initial drilling programme at both sites indicated that the depth to groundwater was 
suitable for irrigation with wastewater. 
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3.2.5 INFILTRATION 

Ten infiltration tests of typical soils were carried Out at the Douglas Road and airport 
localities (Appendix D). These initial tests, which were carried Out on the pits excavated 
to determine soil characteristics, measured the infiltration rates of both the sandy surface 
soils and the sandy clay subsoils. Infiltration rates in the surface soils varied from 
230 mm/d to 2,500 mm/d, and in the subsoils from 20 mm/d to 700 mm/d. The 
infiltration rates did not vary significantly between the two localities. The values were 
typical of the soil types and were in the range suitable for slow-rate irrigation. 

3.2.6 SUMMARY AND RECOMMENDATION FROM INITIAL SURVEYS 

The results of the initial surveys showed that, in the Douglas Road locality, about 380 ha 
of the selected land were suitable for irrigation with wastewater. In the airport locality, 
about 800 ha of land were suitable for irrigation with wastewater. 

The greater uniformity in the soils and generally flatter grades made the airport sites more 
suitable for irrigation than the Douglas Road sites. In view of these factors, it was 
decided to concentrate the detailed investigations on the two airport sites. 

3.3 AIRPORT LOCALITY INvEsTI(;ATION 

3.3.1 CONTOURING 

A grid survey technique was used to measure surface levels at both the southern and 
northern airport sites. The grid was generally on a 100 m x 100 m square grid. More 
intensive surveys were conducted in areas with rapid changes in elevation or with 
obstructions. 

The detailed surface level data collected were used to draw contours at 2 m intervals. 
These maps have been used in the design of the land treatment system. A number of 
benchmarks have been installed to facilitate future surveys. 

3.3.2 DETAILED SOIL SURVEY 

A grid survey and a free survey (survey targeted to identify the boundaries between soil 
mapping units) were used to draw detailed soil maps of the two airport sites. The grid 
was generally on a 150 m x 100 m grid; more detailed sampling was undertaken where 
soil mapping units were more variable. Auger holes to an impenetrable layer or to 
90 cm in depth were dug and the profile was described. 

The soil survey work confirmed the initial investigations and produced detailed soil maps 
that were later used in designing the land treatment system. A discussion of the soil 
properties and distribution is presented in Section 4.4 and Appendix B. 
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3.3.3 GROUNDWATER INVESTIGATIONS 

A further five boreholes were drilled to a depth of 10 m on the southern airport site. 
These holes were all dry, confirming that the depth to groundwater was not likely to 
affect the design of the irrigation system. 

Two further boreholes were drilled to 50 m to enable investigation of the underlying 
strata and regional hydrogeology. These confirmed the strata encountered in the initial 
two boreholes. A discussion of the strata and regional hydrogeology can be found in 
Section 4.5 and Appendix F. 

3.3.4 SOIL CHEMICAL PROPERTIES 

Soil samples collected from the backhoe pits and the auger holes were analysed to 
determine their suitability for irrigation with wastewater. The analysis focused on the 
ability of the soils to adsorb phosphorus. A discussion of the analysis and results is 
presented in Section 4.4; details of the samples are provided in Appendix B. 

In general, the soil chemical properties at both sites were found to be similar and had the 
capacity to absorb large quantities of wastewater. 

3.3.5 SELECTION OF PREFERRED SITE FOR DETAILED INVESTIGATION 

The detailed field investigations undertaken of the airport locality did not reveal any large 
differences between the suitability of the two airport sites for irrigation with wastewater. 

The only significant difference was the length of the boundary between the irrigated and 
rain-fed trees. The northern airport site is a long, low ridge with drainage on three sides. 
This would increase the cost of controlling any surface flows of wastewater. In contrast, 
the southern airport site is more compact and drains predominantly into one central creek. 
This would enable a cheaper irrigation system to be installed and allow simplified control 
and monitoring of any surface and subsurface flows. 

The Stage 1 Study identified the relatively high cost of transporting wastewater to a waste 
disposal site. The northern airport site would require a further 3 km of piping and the 
associated pumping costs. Because of this factor and, to a lesser extent, the simpler 
drainage involved, further investigations were limited to the southern airport site. The 
results of these investigations are reported in Chapter 4. 
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Chapter Four 
DESCRIPTION OF THE PROPOSED SITE 

4.1 EXISTING LAND USE 

Land use at the proposed land treatment site is limited to two major agricultural pursuits: 

grazing livestock on predominantly annual pastures 
raising pigs on feed purchased from outside the area. 

The livestock are predominantly cattle for beef production and, to a lesser extent, sheep 
for wool and meat production. The livestock are grazed on predominantly clover—
ryegrass pastures. Some perennial pastures are present, but these are not a feature of the 
pasture production. 

Hay is cut over much of the higher land in late spring. The main type of hay is meadow 
hay, although one crop of oats was cut during the spring of 1991. 

Pasture production on the uplands was assessed to be better than average for the locality 
and Albany. Although inundated for much of the year, the pastures appear to grow 
moderately well and, importantly, remain green in spring longer than most of those in the 
Albany area. 

Upland pasture production is in contrast to the poor production observed in the sandy 
valleys. With the exception of a few summer green spots, the valleys were obser.ed to 
be about a third as productive as the uplands. 

The proposed site is farmed by four individual farmers and is owned by five individual 
land owners. Two of the land owners have land adjoining the site and farm the properties 
in common with this land. A third land owner uses his property in association with a 
number of other farms within the Albany district. There is only one land owner who 
does not have farming interests outside of the proposed site, and this owner leases two 
adjoining locations within the proposed site. 

There is a large piggery, licensed for 2,500 pigs, on one property. Feed for use in the 
piggery is purchased from outside the proposed site. The piggery buildings include two 
large sheds, a feed shed, machinery sheds and a few silos. Effluent is disposed of in two 
large evaporation ponds. 
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The piggery effluent has been the subject of concern in the past, and the two large 
evaporation ponds were constructed in response to this concern. However, past disposal 
of effluent on to sands in the valley is probably still contributing nutrients to Seven Mile 
Creek. 

4.2 TOPOGRAPHY 

The proposed land treatment site is located at the headwaters of Seven Mile Creek. Over 
90% of the site drains into this creek. Minor drainage occurs to the south-east into a 
tributary of King River and a small area drains to the north-west into Marbellup Creek 
(Figure 4.1). 

The lowest point of the site is 44 m Australian Height Datum (AHD); the highest point is 
just over 68 m AHD. 

An estimated 60 ha of land outside of the proposed land treatment site slopes toward the 
site. This land is mostly covered in native vegetation and has no obvious surface 
drainage on to the site. Observations following very heavy rain in the winter of 1991 
showed no surface movement of water on to the site. 

This land has three major topographical units: 

gradually sloping uplands 
sloping transitional zone between the uplands and the valley floor 
gradually sloping valley floor. 

The uplands are generally above the 64 m contour line. This area has a slope of only 1- 
2%, with numerous small internal drainage sumps less than 1 m deep. There is little 
evidence of surface drainage in this topographical unit. 

The transitional zone falls from the 64 m contour to the 50 m contour. The slope of this 
zone is about 5%. 

The valley floors are generally about 200 m wide, with slopes of less than 2%. Seven 
Mile Creek is well defined, with a 40 m wide floodplain on either side. 

4.3 CLIMATE 

The proposed land treatment site is located only a few hundred metres from the Albany 
Airport Meteorological Station. This station has been recording detailed weather 
information since 1968. Data that include 1990 are used in this study. 

Table 4.1 shows the average rainfall for each month of the year for Albany. Rainfall is 
seasonal, with a distinct rainy period from April until September. The highest average 
rainfall of almost 123 mm occurs in July. The highest monthly rainfall recorded in the 
period to 1990 was 260 mm in May 1988. 
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Table 4.1 Average rainfall and evaporation at Albany Airport (1968-90) (mm) 

Month Jan. Feb. 	Mar. 	Apr. 	May Jun. 	Jul. Aug. Sep. 	Oct. Nov. 	Dec. 

Rainfall 27.7 25.3 	29 	64.7 	103.3 102.7 	122.6 104.5 81.2 	77.1 47.1 	23.5 

Evaporation 205 171 	149 	96 	68 54 	56 68 81 	109 132 	180 

Although less rain is recorded during October to March, rain has been recorded in every 
month over the 23 years to 1990. The average monthly rainfall during December to 
March is 24-29 mm. As a result of tropical depressions reaching the south coast, 
monthly rainfall in this period has exceeded 100 mm in January on two occasions. 

Pan evaporation is the mirror image of the rainfall. There is a distinct period between 
November and March in which pan evaporation averages between 4.4 mm/d and 
6.7 mm/d, compared with only 2-3 mm/d for the remainder of the year. The lowest 
daily pan evaporation is recorded in June and July, when the evaporation rate is on 
average 1.8 mm/d. 

4.4 SURFACE SOILS 

4.4.1 THE SOIL PROFILES 

The soil profiles were examined by auger and from deep pits excavated by backhoe. The 
soils at the proposed land treatment site are all duplex soils that have developed in deeply 
weathered Pallinup Siltstone and associated colluvium. They belong to the Redmond and 
Dempster mapping units of Churchward et al. (1988) and, as indicated by these authors, 
there is a close association between soil properties and topography. The general soil 
profile is depicted schematically in Figure 4.2 and a typical profile is shown in Plate 1. 
The profile comprises: 

a sandy surface layer rich in organic matter (Al horizon, at approximately 0-0.1 m 
depth); 

a bleached grey-white to yellow gravelly sand layer (A2 horizon, 0.1-0.35/0.7 m); 

a yellow to red and grey mottled medium clay with weak to moderate prismatic 
structure (B horizon, 0.35/0.7-1.5 m); 

variously grey, red, yellow or mottled medium clay with little or no structural 
development (lower B and C horizons 1.5—about 10 m). 

The tongues of bleached, sandy A horizon material extending into the medium clay B 
horizon are an important feature of some of these soils. These tongues provide preferred 
pathways for water movement and root penetration. 
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Horizon 

35 

70 

150 c 

Al 	Black fine sand and organic matter 

A21 	Grey white fine sand (can be absent) 

A22 Grey-yellow gravelly fine sand and 
often ferruginous stones 

Bl 	Yellow medium clay, weak to moderate 
structure, grey/yellow pedfaces 

B2 	Mottled red-white yellow medium clay, weak to 
moderate structure, pale grey-white pedfaces 
Mottled clay with pale sandy tongues 
along root zones 

C 	Weathered sediment, layers of various texture 
ranging from clay to fine sand 

Figure 4.2 A SCHEMATIC DIAGRAM SHOWING THE MAIN FEATURES 
AND HORIZONS OF THE SOILS 

A second important feature is the common presence of an iron oxide indurated layer 
(ferruginous layer) at or near the boundary between the A and B horizons and sometimes 
exposed at the soil surface. This ferruginous layer is sometimes extremely hard and 
Continuous and, as such, provides a barrier to root penetration. More commonly, the 
layer contains gravel or large aggregates in a sandy matrix (A2 horizon). The material is 
formed by the precipitation of iron oxides in a zone of impeded drainage in response to 
redox processes due to intermittent waterlogging. 

The B horizon of these soils is sufficiently well structured to enable drainage and the 
penetration of tree roots into the subsoil along the planes between peds. The present 
pattern of root development observed in soil pits shows that most roots in the B horizon 
are confined to these planes. 
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4.4.2 THE SOIL MAP 

The proposed land treatment site was mapped by a combination of grid sampling using a 
soil auger and a free survey based on the relationships between soil type and topography, 
employing air photo interpretation. 

Six soil mapping units (SMUs) were identified in the proposed site and the preliminary 
investigation of other potential sites showed that these SMUs are also widely distributed 
throughout the Albany district. The SMUs are distinguished on the basis of the 
properties discussed in Section 4.4.1 and, in particular, on the presence and nature of the 
bleached A2 horizon and the properties and extent of development of the ferruginous 
layer. The soil map is shown in Figure 4.3, where SMUs R1—R3 occur on the flat to 
gently undulating upland regions, SMU BI occurs in depressions within the upland 
regions, SMU B2 occurs on slopes, and SMU B3 occurs on swampy valley floors. 

As is evident from the soil map, the majority of the proposed site consists of SMU Ri 
which occurs on uplands and is a gravelly yellow duplex soil over a ferruginous pan at 
depths varying from 0.1 m to 0.7 rn. 

Near valley edges the ferruginous pan outcrops to give small areas of SMU R2, while in 
swampy depressions an organic matter rich Al horizon and strongly bleached A2 horizon 
may be present over a humic and gravelly ironstone horizon (SMU B3). 

4.4.3 CHEMICAL PROPERTIES OF THE SOILS 

Soil samples from all SMUs and from the principal horizons of each SMU were taken 
from several sites within the proposed site. 

The samples were analysed for pH (or acidity, 1:5 in water), electric conductivity (EC or 
salinity, 1:5 in water) and for PRI. These data are presented in diagrammatic form in 
Figure 4.4. The data have been separated into 0-0.1 m, 0.1-0.7 m, 0.7-1.5 m and 
1.5-10 m groups because these depth intervals approximately coincide with the 
boundaries between soil horizons. 

Both EC and pH values show a large range, but lie within the range considered suitable 
for normal agricultural or forestry land uses. A few samples were sufficiently acidic (pH 
<5) to indicate a possible requirement for lime, although the proposed irrigation using 
alkaline wastewater may sufficiently increase the pH of the soil. The values of EC and 
pH are comparable to those for the same soil types that were sampled elsewhere in the 
Albany district (Figure 4.4 and Appendix B). 

There was a twenty-fold (10-2,000 mL/g) range in values of PRI for soil samples from 
the proposed site as was also the case for samples from elsewhere in the Albany district. 
This large range partly reflects the non-linear nature of the PRI, but is also indicative of 
the great differences in PRI between different soil materials. The PRI data can be briefly 
summarized as follows: 

PRI values increase as the contents of reactive (phosphorus—adsorbing) aluminium—
iron oxides and aluminium—organic matter complexes increase (Appendix B). The 
distribution of these materials in the soil profile is very variable (Section 4.4.1) so 
that PRI values for each horizon/depth are also very variable. 
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Values of PRI for the various soil horizons were: 

- 	Al (0-0.1 m) 	 low (0 mL/g) to very high (1,500+ mL/g) 
- 	A2/B (0.1-0.7 m) 	low (0 mL/g) to very high (2,000+ mL/g) 
- 	B (0.7-1.5 m) 	medium (22 mL/g) to very high (2,000+ mL/g) 
- 	B/C 0. 5-10 m) 	low (9 mL/g) to very high (2,000 mL/g). 

In summary, the PRI values for the various soil materials are very variable and include 
material of low to very high phosphorus retention capacity. The low PRI values are 
mostly associated with white/grey sand of the A2 horizon, which comprises a minor part 
of the total soil profile to 10 m depth. 

4.4.4 MODELLING PHOSPHORUS ADSORPTION BY SOIL PROFILES 

It is not possible to predict the exact amounts of phosphorus that will be adsorbed by a 
particular soil profile under a particular irrigation regime. The influences of such factors 
as the variation of phosphorus retention capacity within the profile, the presence of 
preferred pathways, time-dependent phosphorus retention, and biological processes are 
not accurately known. Furthermore, PRI values do not directly indicate how much 
phosphorus will be adsorbed by the soil at various soil solution phosphorus 
concentrations. Fortunately for these soils, an approximately linear relationship between 
PRI and phosphorus adsorbed at a specified solution concentration has been 
demonstrated (Appendix B). 

However, taking these limitations into account, it is possible to derive values for the 
phosphorus that would be retained by an 'average' soil profile for any specified irrigation 
regime (Appendices B and Q. Two methods of calculation can be used: a net budget 
balance sheet approach or a dynamic model. Both procedures require that the properties 
of the average soil profile be specified; for example, using very conservative values. 

Balance sheet method 

For a solution concentration of 12 jigP/mL and with the following assumptions: 

Al horizon 0.1 m thick, phosphorus adsorption 100 igP/g soil 

A2 horizon 0.2 m thick, phosphorus adsorption 10 .tgP/g soil 

B horizon 2 m thick, phosphorus adsorption 100 jigP/g soil 

C horizon 8 m thick, phosphorus adsorption 100 .tgP/g soil 

the amount of phosphorus adsorbed by the soil profile would be approximately: 

Al horizon 0.2 tP/ha 
A2 horizon 0.1 tP/ha 
B horizon 4.0 tP/ha 
C horizon 16.0 tP/ha 

Total 	 20.3 tP/ha. 
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For the annual rates of phosphorus application proposed for this project of about 
0.08 tP/ha, this amount of phosphorus would be applied in about 250 years. Since the 
values of phosphorus adsorption co-efficient used in this calculation are extremely 
conservative, this estimate is likely to be minimal. A more realistic value would be in 
excess of 1,000 years (Appendix B). Most of the phosphorus would be adsorbed by the 
subsoil (B and C horizons) so that it would be essential that there was minimal loss of 
phosphorus from the soil profile by lateral surface or subsurface flow. 

Dynamic model 

In the balance sheet model, the variation over time in the phosphorus adsorbed by each 
soil horizon is not considered. Instead, the total amount of phosphorus that could be 
adsorbed by the specified column of soil is calculated. 

A dynamic model considers the amount of phosphorus adsorbed by each soil layer as a 
function of time. This enables the distribution of adsorbed phosphorus in the soil profile 
to be predicted for any value of time. Such models can also include the effects of time-
dependent phosphorus retention processes which may increase the total amount of 
phosphorus that can be retained by the soil column. 

Such a calculation with similar soil profile properties to those used for the balance sheet 
method predicts that the travel time for phosphorus would be at least 500 years and is 
very likely to be 1,000 years or more (Appendix Q. The close agreement (i.e. a value of 
about 400-500 years) between the two modelling procedures (balance sheet and dynamic) 
is simply a consequence of the use of similar values for soil properties in both models. 

It is evident that, on the basis of these very conservative assumptions, the soil profiles at 
the proposed land treatment site would retain almost all (>99%) of the phosphorus 
applied provided that there was no removal of phosphorus in lateral surface or shallow 
subsurface flow. 

4.5 HYDROGEOLOGY 

As part of the identification and evaluation of the proposed land treatment site, a 
hydrogeological investigation was undertaken (Appendix F). The investigation consisted 
of a review of existing information, a drilling programme, and measurements of water 
depths and salinities in some existing boreholes. 

4.5.1 GEOLOGY AND 1-JYDROGEOLOGY 

The general stratigraphic sequence in the Albany Airport area (shown in Figure 4.5) 
consists of the following: 

Quaternary to Tertiary: Sand—white, grey or brown. Commonly contains iron 
pisoliths and overlies laterite. 

Tertiary: Pallinup Siltstone of the Plantagenet Group—medium to yellow—brown 
siltstone with a maximum thickness of 60 m recorded in the Albany Airport bore. 
These sediments have been weathered and lateritized. The lateritic plateau has been 
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Figure 4.5 GENERAL STRATIGRAPHC SEQUENCE 

only slightly eroded. Spongolite occurs in outcrops of the Pallinup Siltstone from 
about 15 km north of Albany. 

Tertiary: Werillup Formation of the Plantagenet Group—dark grey to black clay, 
siltstone, sandstone and lignite, with a maximum thickness of 49 m recorded in the 
Albany Airport area. 

The structure of the stream system in the Albany Airport area suggests some effect of 
sedimentary bedding, but there is no apparent asymmetry in the valleys, which supports 
the view that the sediments are near-horizontally bedded. 

The basal sand of the Werillup Formation is a useful aquifer to the west and south-west 
of Princess Royal Harbour, but this material was not encountered in bores in the Albany 
Airport area. The Albany Airport bore, which no longer exists, is reported to have had a 
water yield of about 6 kL/d. A bore on the proposed site immediately to the west of the 
airport was drilled to 41.5 m, where a water yield of 33 kL/d was obtained from fine 
sand. This bore also no longer exists. 

Limited supplies of stock quality water are obtained from spongolite in the Pallinup 
Formation where it occurs, which is generally to the north of the Albany Airport area. 

A bore on the plateau to the west of the proposed site provides a limited supply of 
domestic quality water. Other shallow wells in the sands of the valley on the site provide 
adequate supplies of domestic quality water. 
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4.5.2 WATER LEVELS AND SALINITIES 

Three bores were drilled on the proposed site (Figure 4.6) and one bore was drilled on 
the northern airport site. All bores were drilled to the top of the Werillup Formation, 
which was encountered at depths of around 50 m below the plateau. None of the bores 
encountered an aquifer of any significance, but the weathered siltstones were saturated at 
depth. The static water level in the three bores after casing was 9-13 m below the 
surface. These water levels indicate a slow gradient from north to south which steepens 
considerably in the southern part of the proposed site. 

The water levels in these bores and the direction of the groundwater gradient show that 
groundwater discharges into the upper reaches of Seven Mile Creek, which at Gunn Road 
are about 8 m below the water level in the nearest bore. However, the nature of the 
aquifer materials shows that the groundwater discharge rates must be small, which is 
consistent with observations of the streamflow at a point just north of Gunn Road. 

Groundwater salinities range from 133 mg/L to 782 mg/L, with a mean of 345 mg/L and 
a median of 213 mg/L. The variation of salinity could indicate that there are areas of the 
sediments in which groundwater velocities are very low. 

The salinity data should be treated with some caution because of the use of water or mud 
during drilling operations. On the basis of the average salinity, and assuming a rainfall 
salinity of about 20 mg/L at the proposed site, the average rate of recharge under the 
native vegetation would have been about 6% of the rainfall, or about 50 mm/a. 

4.5.3 HYDRAULIC CONDUCTIVITIES 

Pump-in tests were conducted in all four bores, generally at depths of 10 m and 20 m 
below the surface. 

These indicated that the saturated hydraulic conductivity of the weathered siltstones at 
depth is variable and ranges from 40 mmJd to 1,000 mm!d. 

4.6 INFILTRATION TESTS AND SURFACE FLOWS 

4.6.1 INFILTRATION TESTING 

The waterlogging at the airport locality during the preliminary investigations showed that 
an accurate determination of the saturated hydraulic conductivity was important in 
determining the technical feasibility of the proposed site for land treatment. An extensive 
programme of testing (Appendix D) was undertaken, which included: 

additional ring infiltration tests at the sites shown in Figure 4.7; 

pump-out tests of some of the soil pits that had filled with water; 

diked area infiltrometer tests on two 25 m2  areas; 

4-15 



Boreslo-l4mdeep 

Bores 50 m deep 

1 

. 	. 

Gunn Road 

Figure 4.6 LOCATION OF BORES 

Infiltration test 
pits 3 m deep 

S 
S 

S 

. 
S - - ----------- 

1 

I. 
I. 

I. 

I 	 S 
I. S I 

Gunrt Road 

Figure 4.7 LOCATION OF INFILTRATION TESTS 



a water balance method to estimate the degree of saturation of the surface soils and 
balance this against the observed behaviour during the period 1 June to 30 
September 1991; 

ring infiltration tests on shatter ploughed soils. 

From all these tests it is concluded that the surface sands have moderate saturated 
hydraulic conductivities of around 100 mm/d. The clayey subsoils have much lower 
saturated hydraulic conductivities of around 5 mm/d. The weathered siltstones beneath 
the 10-13 m surface clay layer have saturated hydraulic conductivities ranging up to 

1,000 mm/d. 

The subsoil clay layer presently limits the rate of infiltration, which results in the surface 
soils beneath the shallow-rooted pastures becoming saturated during prolonged winter 
rainfall. It is proposed to shatter plough this area to a depth of approximately I m. 
Preliminary infiltration tests on an 18 month old shatter-ploughed area recorded an 
infiltration rate seven times higher than that on the adjoining unploughed land. 

4.6.2 SEVEN MILE CREEK FLOWS 

A small V-notch weir was established on Seven Mile Creek at Gunn Road on 26 
September 1991, and was monitored until the end of December. The Department of 
Agriculture has operated a gauging station on Seven Mile Creek above the confluence 
with Five Mile Creek near Lower Denmark Road (Figure 4.8) for the past 5 years. 

Table 4.2 shows the estimated flows in Seven Mile Creek at these two gauging stations 
during the period September to December 1991. The flows measured at Gunn Road were 
only approximately 3% of the flows measured at Lower Denmark Road. The V-notch 
weir was established in sandy soils and, although some water would have been seeping 
around and under the V-notch, flow at this point would not have exceeded 5% of the flow 
further down. No overland flow was observed on the proposed land treatment site 
during this period, and the flow measured is considered to be the groundwater outflow 
from the site. 

Table 4.2 Seven Mile Creek flow (1991) 

Month 
Lower Denmark Road 

Gauged flow 	Estimated flow Estimated flow 

Gunn Road 

% of Lower Denmark Road 

Jan. 180,010 185,860 * * 

Feb. 0 146,000 * * 

Mar. 0 125,700 * * 

Apr. 0 144,600 * * 

May 256,809 292,509 * * 

Jun. 804,906 804,906 * * 

Jul. 4,158,899 4,158,899 * * 

Aug. 1,688,475 1,688,475 * * 

Sep. 1,208,087 1,208,087 * * 

Oct. 429,938 429,938 11,622 2.70 

Nov. 398,620 398,620 10,640 2.67 

Dec. 12,944 179,056 4,652 2.60  

Gauging station established 26 September 1991 
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Chapter Five 

REVIEW OF EASTERN STATES' PRACTICES 

As part of the design review, contact was made with experts in the Eastern States, and a 
number of operating and research woodlots being irrigated with municipal and industrial 
wastewater were visited. 

Initial discussions were held with Mr H. Stewart of the Victorian Department of 
Conservation, Forests and Lands, who has been involved with research into plantation 
forestry, including irrigated woodlots, for many years. 

Mr Stewart had presented a set of draft guidelines for the design of woodlots irrigated 
with wastewater to the Woodlots Workshop held in Mildura in 1990, which were utilized 
in the Stage 1 Study. These draft guidelines were largely adopted by the Victorian 
Environment Protection Authority (Victorian EPA) in its 1991 publication Guidelines for 
wastewater irrigation (hereafter referred to as 'the Victorian EPA Guidelines'). 

Visits were made to the following woodlots irrigated with wastewater: 

Dow Chemicals, Melbourne: 25 ha site treating industrial wastewater—automated 
drip irrigation; 

Melbourne Board of Works, Werribee Treatment Farm: 50 ha experimental 
planting—surface irrigation; 

Sünraysia Water Board, Mildura: 62 ha site that has been treating municipal 
wastewater for 25 years—surface irrigation; 

• Berri Winery: 30 ha site treating industrial wastewater—automated surface 
irrigation; 

Moore Bros/Loxton Shire Council: 26 ha site treating combined industrial and 
municipal wastewater—automated drip irrigation; 

Department of Agriculture, Loxton: 5 ha research planting—automated drip 
irrigation; 

Engineering and Water Supply Department, Bolivar Treatment Works: 14 ha 
research planting—automated drip irrigation. 

5-1 



At each site, discussions were held with the technical staff and scientists associated with 
the operations. Mr Stewart was also present for the Melbourne inspections and 
discussions. All sites visited are irrigating fast-growing eucalypt species. Although 
poplars have been used for many years in parts of Victoria and South Australia, fast-
growing eucalypts are now the preferred species. 

The following major conclusions have emerged from the study tour: 

There is general consensus that drip irrigation using tubes with in-line emitters is the 
most economical means of irrigating trees. 

Most installations store wastewater in winter. This is necessary in the northern 
Victorian and South Australian towns in order to have sufficient water available in 
summer to keep the trees alive. In some cases, 300-700 ML turkey nest storages 
have been constructed, while in others a natural depression or lagoon is used. 

There are diverging views on the level of evapotranspiration by fast-growing 
eucalypts irrigated with wastewater. Considerable research on this subject is being 
conducted in New South Wales, Victoria and South Australia, but meaningful results 
for transpiration by the heat pulse method will not become available until late 1992 
and these will mostly relate to fairly young trees only. 

Foresters working closely with eucalypts irrigated with wastewater are generally of 
the opinion that these trees are capable of very high evapotranspiration rates which 
significantly exceed those of rain-fed trees. These foresters consider 1.2 times pan 
evaporation as certainly achievable and expect some species to do better than this. 

Other foresters take a more conservative view and believe that for design purposes 
an evapotranspiration rate equal to pan evaporation should be used. The Victorian 
EPA Guidelines concur with this view. 

Significant leaf damage has been caused by insects in all of the northern Victorian 
and South Australian woodlots. There are great differences between species in the 
amount of damage suffered. Eucalyptus globulus and some Western Australian 
species of eucalypt have been the least affected in the areas visited. 

Another important finding was that a proposed 90 ha woodlot for Mildura was approved 
by the Victorian EPA on the basis of root zone storage in winter combined with 
emergency storage, as proposed for Albany in the Stage 1 Study. This major plantation 
is to be irrigated by an automated drip irrigation system. The design is based on 
evapotranspiration by the trees equal to pan evaporation and a root zone depth of 2 m in 
sandy loam soil. 

While the rainfall and evaporation rates in Melbourne are fairly similar to those in Albany, 
all of the other towns visited are significantly dryer (e.g. Mildura receives only 270 mm/a 
of rainfall). 
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Chapter Six 
REVIEW OF EVAPOTRANSPIRATION RATE 

6.1 INTRODUCTION 

Evapotranspiration by the irrigated trees is the key parameter in achieving land treatment 
of wastewater at Albany without surface runoff in normal winters. 

The Stage I Study used evapotranspiration data measured by the Victorian Department of 
Conservation, Forests and Lands for four 3-4 year old eucalypt species irrigated in 
northern Victoria (Morris and Wehner 1987). This was the most detailed research 
available on water use by eucalypts irrigated with wastewater in Australia. Importantly, 
the research also measured all the climatic factors and developed formulae to allow 
prediction of evapotranspiration in other climates. 

In the Stage 1 Study, the evapotranspiration rates predicted from Morris and Wehners 
methodology were derated by 25% to allow for scale and other effects. These 
evapotranspiration rates were higher than normally expected but were of the same 
magnitude as those measured by the CSIRO for rain-fed trees growing over a water table 
at depths of 2-8 m at Bannister in Western Australia (Greenwood et al. 1985). 

The Stage 2 Study includes a review of the evapotranspiration rates that could be expected 
to be achieved at Albany from E. globulus irrigated with municipal wastewater. 

6.2 EVAPOTRANSPIRATION RATES SUGGESTED BY EASTERN 
STATES' AUTHORITIES 

6.2.1 VICTORIAN DEPARTMENT OF CONSERVATION, FORESTS AND LANDS 

In his paper 'Guidelines for establishment of eucalypt woodlots on irrigated land', 
presented at the Woodlots Workshop in Mildura in 1990, Mr H. Stewart, of the Victorian 
Department of Conservation, Forests and Lands, recommends that the following 
evapotranspiration rates be used to calculate the irrigation requirement: 

1.0 times Class A pan evaporation for irrigated woodlots over 50 ha or where 
smaller woodlots are surrounded by substantial areas of irrigated agricultural land; 

1.2 times Class A pan evaporation for small irrigated woodlots surrounded by dry 
land. 
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6.2.2 VICTORIAN EPA 

The Victorian EPA Guidelines recommend the use of 1.0 times Class A pan evaporation 
in all months of the year for eucalypts over 4 years of age when calculating the irrigation 
requirement. The Victorian EPA methodology makes a separate allowance for rainfall 
intercepted and evaporated from the leaves. 

6.2.3 EVAPOTRANSPIRATION BY FAST-GROWING EUCALYPTS AT VARIOUS 
AGES 

Mr Stewart and the Victorian EPA recommend the crop factors to be applied to pan 
evaporation for juvenile Irees as presented in Table 6.1. 

Table 6.1 Crop factors to be applied to pan evaporation at various ages 

Age (months) 	 6 	12 	18 	24 	36 	48 	>48 

Stewart 	 0.3 	0.4 	0.5 	0.65 	0.8 	0.95 	1.0 
Victorian EPA 	 - 	0.4 	- 	0.6 	- 	- 	1.0 

Source: Stewart 1990 and Victorian EPA Guidelines. 

The F. globulus planted in the Bolivar research woodlot achieved an evapotranspiration 
rate of 0.5 times pan evaporation at the age of 12 months (D. Hanna, South Australia, 
pers. comm., 1991). 

6.2.4 VARIATION OF EVAPOTRANSPIRATION WITH SOIL MOISTURE 
DEPLETION 

The extent to which the soil moisture can be reduced below field capacity towards the 
wilting point without affecting the rate of evapotranspiration by eucalypts varies inversely 
with the rate of evapotranspiration (Stewart 1990). Stewart's paper recommends the 
factors shown in Table 6.2 be used when determining the irrigation interval. A formula 
based on these data has been incorporated into the mathematical model used to calculate 
the water balance for the site (Section 7.3.2). 

Table 6.2 	Allowable depletion of soil moisture without impact on evaporation rate 

Evapotranspirauon (mm/d) 2 	 4 6 8 
Allowable depiction (%) 80 	 70 60 50 

Source: Stewart 1990. 

6.3 CSIRO TRIAL 

The Water Authority commissioned the CSIRO to measure the water uptake of a 3 year 
old woodlot of F. globulus at Wellard, about 35 km south of Perth. This woodlot had 

6-2 



The measurements were taken using a heat pulse sap velocity recorder over the 
period 3-25 September 1991. A Class A pan and rain gauge were established in a 
cleared paddock next to the woodlot. Similar daily measurements were taken on a 
rain-fed plantation of E. camaldulensis at Kwinana, 10 km away. The results are shown 
in Table 6.3 and graphically in Figure 6.1. 

Table 6.3 Daily water uptake of E. globulus (Wellard) and E. camaldulensis (Kwinana) 

Water uptake Pan evaporation Rain Temperature 

Date (mm) (mm) (mm) ('C) 

Wellard 	Kwinana Wellard Wellard Maximum Minimum 

03/09/91 2.1 0.5 0.2 0.2 16.9 10.5 

04/09/91 2.1 0.7 1.9 3.4 17.5 10.8 

05/09/91 2.0 0.8 0.5 0.0 20.5 11.2 

06/09/91 2.4 0.9 1.5 0.0 21.9 7.0 

07/09/91 2.4 0.8 1.6 2.6 20.5 8.9 

08/09/91 2.8 0.9 3.1 7.0 18.9 10.2 

09/09/91 0.6 0.4 3.0 21.6 15.5 12.6 

10/09/91 2.4 1.0 0.0 0.0 16.7 3.4 

11/09/91 2.8 1.0 1.0 0.0 18.6 3.7 

12/09/91 2.9 1.0 0.2 4.6 19.9 5.7 

13/09/91 1.6 0.6 2.0 8.8 19.6 11.4 

14/09/91 1.1 0.5 4.1 36.4 17.3 12.4 

15/09/91 2.5 0.9 2.8 16.0 17.5 12.2 

16/09/91 1.8 0,7 1.2 3.6 14.4 7.4 

17/09/91 2.8 1.0 0.8 0.2 17.0 3.9 

18/09/91 0.7 0.4 2.4 13.0 18.3 9.3 

19/09/91 1.2 0.5 1.0 2.2 17.8 13.2 

20/09/91 2.2 0.8 0.8 0.0 18.8 9.7 

21/09/91 2.6 0.9 1.0 0.0 20.5 6.9 

22/09/91 2.7 1.0 2.4 0.0 20.0 6.3 

23/09/91 2.5 0.9 2.4 0.0 19.0 6.3 

24/09/91 2.4 0.9 2.0 0.0 21.6 6.7 

25/09/91 2.5 0.9 2.4 0.0 22.7 8.0 

Total 49.1 18 38.3 119.6 

Notes: Pan evaporation from Wellard; rainfall from Wellard; and temperature from Jondakot Airport, 3-25 September 1991. 
All data are/or 24 hours to 9.00 a.,n. 

Source: CSIRO (Appendix G). 

During the 23 days in September, the E. globulus transpired 49 mm compared with the 
Class A pan evaporation of 38 mm. Transpiration was therefore on average 1.28 times 
Class A pan evaporation. During the 23 days, 120 mm of rain were recorded. The 
climatic data were similar to those for July in Albany, where in an average year 121 mm 
of rain falls during that month and pan evaporation is 56 mm. 
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Evapotranspiration by an irrigated woodlot consists of: 

transpiration by the leaves of water drawn up through the roots. This was measured 
by the CSIRO (Appendix G); 

evaporation from the leaves of that portion of rainfall intercepted by the leaves; 

evaporation from the leaf litter and ground between the trees. 

The measurements taken at Wellard show that transpiration by the trees was reduced 
relative to pan evaporation when rain was being evaporated from the leaves. On the 
8 days when no rain fell, transpiration by the trees was an average of 1.8 times pan 
evaporation. By comparison, during a 5 day period (12/09/91-16/09/91) when 69 mm 
of rain fell, transpiration was 0.96 times pan evaporation. 

A number of researchers have found interception by rain-fed E. globulus to be 
approximately 15% of total rainfall (Greenwood et al. 1985; Schofield 1984). If this 
factor is applied to the Wellard data, the total water uptake plus the 15% interception 
subsequently evaporated from the leaves in the 23 day period is 67 mm or 1.76 times pan 
evaporation. 
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This brief analysis indicates that E. globulus irrigated with wastewater is capable of 

evapotranspiring from its leaf surfaces approximately 1.8 times the water evaporated from 
a Class A pan. This value is within the range of values for evapotranspiration used in the 

Stage 1 Study. 

6.4 IMPACT OF IRRIGATION ON EVAPOTRANSPIRATION 

The CSIRO study at Wellard confirmed the very significant differences to the growth and 
water uptake of trees produced by irrigation with municipal wastewater. The canopies of 
the 3 year old irrigated trees, which had been planted on a 4 m x 2 m spacing, were 
extremely dense to within I m of the ground and formed a closed stand. One part of the 
woodlot had been set aside as a control and did not receive irrigation. These trees were 
less than half the height and girth of the irrigated trees. The area of water-conducting 
wood of the irrigated trees was also twice that of the rain-fed trees at Kwinana. 

Other researchers have recorded similar findings. The irrigated E. globulus at Robinvale 

measured by Morris and Wehner (1987) had an average leaf area index of 7.0 compared 
with the leaf area indices of 4.3 and 3.4 measured by Greenwood et al. (1985) on fast-

growing rain-fed E. glohulus with access to the water table at Bannister. 

Other researchers have also confirmed the increased girth and area of water-conducting 
wood measured at Wellard. McKimm (1984) found low basic density and a high 
proportion of sapwood in posts from flooded gums and mahogany gums irrigated with 

wastewater at Mildura. 

6.5 CONCLUSION 

As stated in Section 6.1, evapotranspiration is the key parameter in the successful 
performance of the land treatment system. The system has to be able to continue to 
perform, with harvesting every 6-1() years and replanting every 25-30 years. for 100 
years or more. During this period, the trees could suffer insect attack and/or diseases that 

could reduce the transpiration rate. 

It has therefore been decided, in conjunction with officers from the Water Authority and 
from the Department of Conservation and Land Management (CALM), to adopt a 
conservative value of potential transpiration by the trees equal to pan evaporation. Lower 
levels of transpiration would occur when soil moisture levels have been depleted to less 

than 50% of those at saturation. 

Evaporation from the leaf surfaces of intercepted rainfall would occur in addition to this 

transpiration. 

It has also been decided that: 

if possible, daily rainfall data should be used and interception calculated from data in 
the paper entitled 'A model predicting winter interception losses (Schofield 1984); 

the relatively small evaporation from the leaf litter and the ground would be ignored. 
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Chapter Seven 

CONCEPTUAL DESIGN FACTORS 

7.1 INTRODUCTION 

As set out in the Stage 1 Study, land neatment systems can be designed to either: 

remove contaminants from the wastewater to achieve discharge limitations imposed 

by the regulatory authorities; or 

irrigate a crop for maximum production. 

As the climate at Albany is not suited to year-round irrigated production, the system 

proposed in this report is designed to: 

evaporate as much of the wastewater as possible 
remove virtually all phosphorus from the wastewater 
remove as much of the niuogen as possible from the wastewater 
remove other contaminants from the wastewater. 

The proposed system (Figure 7.1) is a combined land treatment system incorporating: 

14 ha of overland flow through pasture treatment. This is designed to reduce the 
nitrogen content of the wastewater to the level that can be utilized by the trees. The 

eated wastewater from the overland flow area flows into the dam; 

a 300,000 kL capacity storage dam. This is designed to store part of the wastewater 
in winter to minimize runoff and downward percolation, and to provide greater 
quantities for application to the trees in summer when evapotranspiration capacity is 
highest. The storage of wastewater in the dam also achieves some further 
improvement in the quality of the wastewater and thus assists in ensuring efficient 

drip irrigation; 

300 ha of fast-growing eucalypts, slow-rate irrigated by an automated drip irrigation 

system. 

The critical factors in the selection of 300 ha were to achieve: 

- 	virtually no runoff in the 90 percentile wet year; 
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- downward percolation from the root zone at the rate necessary to maintain 
salinity in the root zone at a sustainable level; 

- 	almost full uptake of nitrogen in the wastewater applied; 

- 	adsorption of virtually all the phosphorus in the wastewater on to the soils 
above the water table for over 100 years; 

120 ha of rain-fed trees, planted downslope from the slow-rate irrigated trees and 
adjacent to the overland flow area. These trees would be capable of transpiring the 
volumes of water expected to percolate downwards from the overland flow area, the 
dam and the irrigated trees. 

These factors are discussed in detail in the following sections. 

The design of the proposed land treatment system follows the methodology set out in the 
United States Environmental Protection Agency (US EPA) Process design manual for 
land treatment of municipal wastewater (1981), hereafter referred to as the US EPA 
Manual'. It also generally incorporates the factors recommended in the Victorian EPA 
Guidelines. 

7.2 PREDICTION OF FUTURE WASTEWATER FLOWS 

7.2.1 QUANTITY OF FUTURE FLOWS 

Wastewater facilities in Western Australia are designed for dry weather flows of 180 litres 
per head per day from the residential sector. The recorded quantities pumped to the 
treatment plants in Albany confirm that this is an appropriate factor under current 
conditions. 

However, during winter and where sewers are laid below the water table, additional 
water infiltrates into the system. This is particularly true for old clay sewer pipes, 
including house connections laid with mortar joints. 

Records of flow for the Albany system (Table 7.1) show that the flow in the peak winter 
month is currently 25% greater than the summer flow. The records also show that there 
is significant infiltration, even in summer, into the reticulation supplying the No. 3 
treatment plant. The source of this latter infiltration has been identified by the Water 
Authority and will be rectified in the near future. 

Table 7.1 Albany sewerage system average daily flows (1990-91) 

28 day period 	
Jul. 	 Dec. 	Jan. 	 Jun. 

1 	2 	3 	4 	5 	6 	7 	8 	9 	10 	11 	12 	13 

Average flow (kL/4) 3,710 3,759 3,463 3,04 3,488 3,144 3,113 3,012 2,949 2,952 2,581 2,897 3,390 

Source: Table2.1. 
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The use of UPVC sewer pipe, which commenced about 10 years ago, has reduced 
infiltration, and the percentage of infiltration should reduce further in future years. 

The Water Authority conducts an active education campaign to encourage its consumers 
to conserve water. The domestic water use study carried out by the Metropolitan Water 
Authority in 1985 found that average in-house use was 471 LId, and that there was scope 
for this to be reduced. The use of the recently approved 6 litre dual flush toilets is 
estimated to be able to save 100 LId per household compared with the old single flush 
11 litre cisterns. The use of low-flow shower heads has the potential to save 46 L/d. 
There is also scope for improved washing machine and tap design. Recent studies have 
estimated the total potential savings in in-house use to be over 50%. However, these 
potential savings are currently being offset by the trend towards spa baths and increased 
installation of dishwashers. 

The use of small volume dual flush toilets has already been made mandatory in all new 
installations. A programme to label water-using appliances with their water-use 
efficiency (similar to the electrical energy rating) has been commenced by Standards 
Australia. In the future, this association will also only issue its approval certification to 
appliances with good water-use efficiency. 

Significant savings in water use are thus likely in houses constructed in the future, but 
savings in existing houses will only occur slowly as appliances and plumbing fittings are 
replaced. For this study, a conservative average saving of 15% of current use by 2020 
has been adopted, with the reduction in use not commencing until after the year 2000. 

On this basis, the average wastewater discharge from Albany in 2020 is estimated to be 
6,000 kL/d. The monthly distribution of flow is assumed to remain as measured in 
1990-91, during which the incidence of rainfall was above average for Albany. This 
therefore provides a conservative estimate of the likely average infiltration. The monthly 
wastewater flows in 2020 are therefore estimated to be as shown in Table 7.2. 

Table 7.2 Predicted 2020 wastewater flows 

Month 	Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. 

Flow (kL/d) 5,647 5,412 5,294 5,176 5,176 6.235 6,588 6,824 6,824 6,706 6,353 5,765 

7,2.2 QUALITY OF FUTURE WASTEWATER FLOWS 

The current stabilization pond treatment at the No. 2 treatment plant produces an effluent 
with the characteristics shown in Table 7.3. This plant has an aerated primary pond 
followed by two facultative secondary ponds in series. Algae, which are an essential part 
of pond treatment, grow extensively in the secondary ponds, and the effluent contains a 
high amount of fine algal fibres. If these fibres are filtered out, the effluent has an 
average biological oxygen demand (BOD) content of 5-15 mg/L. 
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Table 7.3 Quality of effluent from No. 2 treatment plant 

Date BOD 
Suspended 

solids pH TDS Nitrate Ammonium Total 
nitrogen 

Total 
phosphorus 

19/06/90 15 60 7.5 520 <0.05 30 34 7.2 
31/07/90 25 45 7.8 480 0.2 24 29 6.7 
26/09/90 45 100 7.6 650 0.1 40 41 11 
24/10/90 45 160 8.4 64() n.a. n.a. n.a. n.a. 
09/01/91 50 180 8.4 740 0.1 33 44 13 
05/02/91 50 190 7.6 840 0.1 34 50 15 
06/03/91 250 300 8.1 618 0.05 67 70 12 
10/04/91 60 180 7.6 131 1.3 34 48 12 
12/06/91 55 180 7.6 720 0.1 38 50 11 

TDS: 	Total dissolved salts. 
n.a. 	Not available. 
Note: 	Parameters in mg/L, except pH 
Source: Waler Authority. 

It is proposed that the No. 2 treatment plant be upgraded to provide pretreatment to all the 
municipal wastewater generated in Albany. The initial upgrade required to treat the 
diversion of flow from the No. 1 and possibly the No. 3 treatment plants would involve 
the construction of an additional aerated pond and increasing the amount of aeration given 
to the existing aerated pond (Appendix J). 

The upgraded treatment plant would be able to treat all of the wastewater generated from 
these treatment plants until around the year 2000 when it would need to be expanded. 
Site constraints indicate that the expansion would require the construction of an activated 
sludge plant, which would produce an effluent with lower BOD, suspended solids and 
nitrogen content than the aerated pond system. Diversion of the flow from the 
No. 4 treatment plant before the year 2000 would be likely to overload the No. 2 
treatment plant and bring forward the requirement to construct the activated sludge plant. 

Therefore, from 1994 to 2000, the land treatment system would receive wastewater of 
similar quality to the existing discharge. The quality would then improve following 
construction of the new activated sludge plant. 

As discussed in Section 7.2.1, the quantity of wastewater generated per head is expected 
to decline 15% by 2020. It is probable that the use of phosphatic detergents will also 
decline over that period as the community becomes more aware of the damage caused to 
the environment by phosphates. For this study, a 15% reduction in phosphorus has been 
assumed so that the phosphorus content of the wastewater would remain at the current 
average level of 12 mg/L. 

Reduction of the nitrogen in the raw municipal wastewater is not thought to be possible. 
The nitrogen concentration in the raw wastewater would therefore increase by 17.5% as 
the volume reduced by 15%. The new activated sludge plant would be able to handle the 
increased nitrogen load and is expected to be able to produce an effluent with a nitrogen 
content not exceeding 20 mg!L. 
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As a result of all these factors, it is expected that by 2020 the pretreated wastewater 
arriving at the land treatment site would have the following composition: 

BOD 20mg/L 
suspended solids 30 mg/L 
total phosphorus 12 mg/L 
total nitrogen 20 mg/L 
TDS 650 mg/L 
pH 7.0. 

7.2.3 HARDNESS 

The wastewater would be distributed over the woodlot by a drip irrigation system. An 
efficient high-pressure automatic backwashing sand filter system would be installed to 
prevent blockages occurring in the emitters caused by suspended particles in the water. 
Chlorine would be injected fortnightly to control the formation of bacterial slimes that also 
block emitters. 

Emitters are also prone to blockage by chemical precipitation. Calcium and magnesium 
carbonates and calcium sulphates are the principal causes of chemical clogging. 
Australian research has shown that, where the calcium carbonate saturation index is above 

plus 0.5 and the calcium hardness is above 200 mg/L, there is likely to be a problem 
(Abbott 1985). The precipitation of calcium is more likely when the pH is above 7. 
Precipitation occurs mostly when the drip irrigation system is not in operation and the 
water heats up, driving off carbon dioxide. 

Albany is supplied with water from two sources: 

the Two Peoples Bay surface source, which has a calcium hardness of 35-50 mg/L; 

the South Coast Bores and Lime Burners Creek sources, which have a combined 
calcium hardness of 250--27() mg/L. 

The wastewater is a mixture of the two sources: in winter, water is sourced 
predominantly from Two Peoples Bay; in summer, it is sourced predominantly from the 

South Coast Bores. 

Wastewater samples from the major treatment plants taken in April 1991 had calcium plus 
magnesium contents as follows: 

No. I treatment plant 	70 mg/L 
No. 2 treatment plant 	87 mg/L. 

The combined flow would have had a calcium plus magnesium content of 75 mg/L, 
which would result in an estimated calcium hardness of 210 mg/L. There is therefore 
potential for calcium precipitation in summer. The potential for precipitation is also 
increased by the pH of the effluent from the No. 2 treatment plant in summer being in the 

range 7.6-8.4. 
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Because the present water supply headworks have a capacity estimated to be sufficient to 
supply Albany until around 2010, no significant change in quality is likely before then. 
After 2010, the most likely additional source of water is at Marbellup, which will have a 
lower calcium hardness. 

The activated sludge treatment plant, which would be constructed around the year 2000, 
would produce an effluent with a pH of less than 7. This would reduce the saturation 
index to zero and thus remove the chemical precipitation hazard. 

No data are available on the performance of overland flow systems with respect to pH. 
However, the loss of ammonia through volatilization and nitrification, which occur as the 
wastewater passes down the slope, would reduce the pH. In addition, the oxidation of 
organic matter would produce carbon dioxide, which would result in the wastewater 
being saturated with carbon dioxide. This would also tend to reduce the pH. Based on 
the reported loss of 10% of ammonia as gas and the nitrification of 40% of the total 
nitrogen (US EPA 1981), it is estimated that the pH of the wastewater discharged from 
the overland flow area would be less than 7. Overland flow treatment would therefore 
also remove the chemical precipitation hazard. 

The following factors would also reduce any chemical precipitation hazard: 

The drip system piping would be underneath the trees and would be covered by leaf 
litter. It would therefore not be subject to the degree of heating that causes 
precipitation of calcium carbonate. 

The drip irrigation system would be operated daily. 

7.3 WATER BALANCES 

The land treatment system is designed to: 

produce virtually no surface runoff from the irrigated trees during a 90 percentile wet 
year; 

restrict downward percolation from the root zone of the trees to the minimum 
necessary to maintain the salinity in the root zone at a sustainable level; 

achieve minimal discharge from the site, by planting rain-fed eucalypts to offset the 
downward percolation from the overland flow area, the dam and the irrigated trees. 
The rain-fed trees would also absorb lateral subsurface flow from the irrigated tree 
area. 

These parameters are incorporated into the design of the system through the use of a 
water balance model described in detail in Appendix E. A summary of the output of the 
model is shown in Figure 7.2. 
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7.3.1 EXISTING SITE WATER BALANCE 

The water balance model has been used to calculate water balances for the pastures on the 
property and for the type of native vegetation on adjoining properties (Appendix E). 
These water balances (Tables 7.4 and 7.5) show that: 

when the site was covered with native vegetation, the typical downward percolation 
would have been 58 mm/a. This correlates with the measured salinities in the 
groundwater. There would have been no runoff in typical years. 

the current pastures on the plateau with their shallower root depth produce a much 
wetter soil moisture regime. The soils are saturated normally during parts of July, 
August and September in a typical year, and khe runoff is estimated to be 52 mm or 
6% of annual rainfall. Downward percolation is estimated to be 171 mm in typical 
years. 

7.3.2 LAND TREATMENT WATER BALANCES 

The calculated water balances for the irrigated trees, the storage dam and the overland 
flow area are described in detail in Appendix E. The methodology for estimating the 
water balance of the root zone of the trees follows that set out in the Victorian EPA 
Guidelines, but uses a daily time interval for the irrigated trees. In accordance with the 
guidelines, water balances are calculated for years with rainfall close to the median and 
for the 90 percentile wet and dry years. The 90 percentile wet year used is also the year 
with the lowest evaporation minus precipitation in the 23 periods of record. 

The following basic water balance equation has been adopted for this study; it is more 
sophisticated than the equation used in the Victorian EPA Guidelines: 

Rainfall - Interception + Irrigation = Evapotranspiration + changes in soil 
moisture storage + downward percolation + surface runoff. 

The rainfall and pan evaporation rates used are selected from the 23 years of daily records 
at Albany Airport, which is located only half a kilometre from the proposed land treatment 
site. As discussed in Appendix E, transpiration by mature trees in the irrigated woodlot 
is taken as equal to pan evaporation at all times when soil moisture is above 50% of that at 
saturation. Interception is calculated daily, based approximately on an analysis of 
interception during individual storms (Schofield 1984), and evaporates from the leaves in 
addition to the above transpiration. 

Downward percolation occurs at a rate that varies with the moisture stored in the root 
zone, dropping by a factor of 100 from saturation to field capacity. Surface runoff occurs 
when the moisture stored in the root zone reaches saturation. 

An effective root zone of 2 m is used for mature H. glohulus. This figure, which is in 
conformity with the Victorian EPA Guidelines, is based on the excavation of root zones 
of H. glohulus growing in soils that have been shatter ploughed at Albany. Lesser depths 
are used for young trees and pasture. 
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Table 7.4 Water balance of pasture-Typical weather 

Effective Rooting Depth 0.5 m 
	 Daily Balance with Monthly Summary 

	
Amounts in mm 

Jan Feb Mar Apr May Jun 
15 41 39 21 128 100 
14 40 36 19 123 94 

0 0 0 0 0 0 

211 148 143 99 67 51 
15 8 51 30 38 36 

0 0 0 0 0 11 
26 58 43 32 117 165 
0 0 0 0 0 0 

0.08 0.06 0.38 0.32 0.63 0.81 
0.00 0.00 0.00 0.00 0.00 0.11 

Jul Aug Sep Oct Nov Dec 	V 

114 122 89 68 62 13 
107 117 85 65 57 12 

0 0 0 0 0 0 
54 56 75 114 130 195 
38 39 53 80 91 69 
67 48 32 13 1 0 

160 159 147 120 84 27 
8 32 13 0 0 0 

0.83 0.79 0.75 0.73 0.73 0.36 	C 
0.62 0.41 0.37 0.20 0.02 0.00 	C 

Month 
	

Dec 
Rainfall P 
Effective P 
Irrigation I 
Pan Evap EP 
Transpiration ET 
Drainage D 
Storage S 
	

27 
Runoff A 

Total E/ EPan 
Leach Fraction LF 

Notes: 
Daily rainfall (P) and tank evaporation (EP) data from Bureau of Meteorology. 
Effective P = 	0.90 	(P<5 mm/d) 	0.95 * (P<15 mm/d) 	1.00 *D  (P>15 mm/d) 

Max ET= EPan 
ET = CF*EP*((S - SMIN)/(SCRIT - SMlN){ETFactor} where S is storage on previous day. 

SMAX = 	 175 mm 
SCRIT 	 50 mm 
SMIN = 	 25 mm 
D = KSAT*exp(a(S/SMAX_1)) where KSAT is hydraulic conductivity at saturation. 

KSAT = 	 100 mm/month 

(x)a= 	 13.8 
Crop Factor CF = 	0.70 
Total E=P-EffP+ET 
Leaching Fraction LF=D/(EfIP-i-l) 
ElFactor = 	1.00 



Table 7.5 Water balance of native vegetation-Typical weather 

Effective Rooting Depth 2.0 m 	 Daily Balance with Monthly Summary 	 Amounts in mm 

Month Dec 	Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 
RainfaliP 15 41 39 21 128 100 114 122 89 68 62 13 812 
Effective P 13 38 34 18 117 89 102 111 81 62 54 11 730 
Irrigationl 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pan EvapEP 211 148 143 99 67 51 54 56 75 114 130 195 1313 
Transpiration ET 105 74 71 50 33 25 27 28 38 57 65 98 672 
Drainage D 1 0 0 0 0 1 2 7 13 16 12 5 53 
Storage S 648 	555 518 481 449 532 596 668 744 774 763 739 648 
RunoftR 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total E/ EPan 0.51 0.52 0.53 0.53 0.66 0.71 0.73 0.70 0.61 0.56 0.56 0.51 0.56  
Leach Fraction LF 0.09 0.01 0.01 0.01 0.00 0.01 0.02 0.06 0.17 0.27 0.23 0.43 0.03 

Notes: 
(I) Daily rainfall (P) and tank evaporation (EP) data from Bureau of Meteorology. 

Effective P = 	0.85 *P (P<5 mm/d) 	0.9 *D  (P<15 mm/d) 	0.95 *P (P>15 mm/d) 
Max ET= EPan 

El = CF*EP*((S - SMIN)/(SCRIT - SMlN))'{ETFactor} where S is storage on previous day. 
SMAX = 	 900 mm 
SCRIT = 	 450 mm 
SMIN 	 300 mm 

D = KSAT*exp(a(S/SMAXt)) where KSAT is hydrauiic conductivity at saturation. 
KSAT = 	 100 mm/month 

(x)a= 	 13.8 
Crop Factor CF = 	0.50 
Total E=P-EffP+ET 
Leaching Fraction LF=D/(EffP+ I) 
ElFactor = 	1.00 



Although the area of trees to be irrigated at full development of the land treatment system 
in 2020 is 300 ha, the evapotranspiration capacity of 100 ha at any one time is affected by 
the harvesting rotation. This impact is shown in Table 7.6, which indicates the planting 
and harvesting schedule for the irrigated trees. The impact of harvesting is allowed for in 
the water balance calculations by adjustment of the area irrigated and the crop factor 
applied to pan evaporation (Appendix E). 

Full development irrigated tree water balance 

The water balance for the irrigated trees at full development in 2020 for the median 
rainfall year is presented in Table 7.7b. These show that, in a normal year, there would 
be no runoff from the irrigated trees, and downward percolation below the root zone of 
the trees would be 186 mm, which is 9% more than that which currently percolates 
downwards beneath the pastures. 

Total land treatment site water balance 

The water balances in Tables 7.7a, 7.7b and 7.8 show that, at full development, total 
downward percolation from the land treatment site would occur as set out in Table 7.9. 

Table 7.9 Downward percolation for median rainfall year 

Source Volume Nitrogen 

(kL) content 

(mg/U) 

14 haoverland flow area 153,000 16 

16 ha storage dam 49,000 12 

300 ha irrigated trees 550,000 <3 

120 ha rain-fed trees 3,000 0 

Total 755,000 Average 6.2 

Table 7.4 shows that 171 mm/a of downward percolation occurs from pasture in median 
years. The 450 ha of pasture currently established on the same area as the land treatment 
system are estimated to produce 767,000 kL/a of downward percolation. Therefore, the 
downward percolation from the land treatment site as a whole would not be increased at 
full development. 

The downward percolating water from all three sources would have been stripped of 
almost all phosphorus, and would have a likely phosphorus concentration of only 
0.01 mg/L. However, the percolation from the overland flow area and dam would 
contain significant nitrogen levels as shown in Table 7.9. 
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Table 7.6 Planting and harvesting schedule for the irrigated trees 

Block 1 	(1) Block 2 	(2) Block 3 	(3) Block 4 	(4) Block 5 	(5) Block 6 	(6) 	Equiv 	Tree Flow t Year Area Equiv. Area Equiv. Area Equiv. Area Equiv. Area Equiv. Area (ha) 	(ha) 	(ha) 	(ha) 	(ha) 	(ha) 	(ha) 	thal I /k 	
Equiv.1 Area Capcty Area

o
Year  

1993 50 - 50 SC 1994 50 50 50 1995 50 

V50 

33 50 3 50 1996 50 40 50 40 50 1997 50 50 50 50 1998 0 0 50 50 50 1999 50 33 0 0 50 2000 50 50 50 33 0 2001 50 50 50 50 50 2002 50 50 50 50 50 2003 50 50 50 50 50 2004 0 0 50 50 50 2005 50 33 0 0 50 2006 50 50 50 33 0 2007 50 50 50 50 50 2008 50 50 50 50 50 2009 50 50 50 50 50 2010 0 0 50 50 50 2011 50 33 0 0 50 2012 50 50 50 33 0 2013 50 50 50 50 50 2014 50 50 50 50 50 2015 50 50 50 50 50 
2016 0 0 50 50 50 2017 50 33 0 0 50 2018 50 50 50 33 0 2019 50 50 50 50 50 2020 50 50 50 50 	1 50 

Note: Equivalent area represents the evaporation capacity of the 
trees, taking their age into account. Coppice growth after 
harvef is assumed to be twice as fast as that of seedlings. 

50 1993 
33 50 20 - 

____________ 
1994 

40 50 33 50 
119 2200 2400 19 95 

50 50 40 50 20 
153 3200 2500 1996 

50 50 50 50 33 
210 4800 3744 1997 

50 50 50 50 40 
183 4712 3850 1998 

0 50 50 50 50 
173 4455 3960 1999 

33 0 0 50 50 
183 4712 4066  2000 

50 50 33 0 0 
183 4712 4150 2001 

50 50 50 50 33 
183 4712 4230 2002 

50 50 50 50 50 
233 6000 4310 2003 

50 50 50 50 50 
200 5150 4400 2004 

0 50 50 50 50 
183 4712 4480 2005 

33 0 0 50 50 
183 4712 4570 2006 

50 50 33 50 50 
183 4712 4660 2007 

50 50 50 0 0 
233 6000 4750 2008 

50 50 50 50 33 
50 200 5150 4840 2009 

50 50 50 50 
50 20 203 5227 4940 2010 

0 50 50 50 
50 50 33 216 5562 5040 2011 

33 0 0 50 
50 50 40 223 5742 5140 2012 

50 50 33 0 
50 50 50 233 6000 5240 2013 

50 50 50 50 
0 
33 

50 50 233 6000 5340 2014 
50 50 50 50 50 

0 
50 

0 233 6000 5440 2015 
50 50 50 50 50 

33 233 6000 5550 2016 
0 50 50 50 50 

50 50 233 6000 5660 2017 
33 0 0 50 

50 50 233 6000 5770 2018 
50 	1 50 33 0 

50 
0 

50 50 233 6000 5880 2019 50 50 	1  233 6000 6000 2020 



Table 7.7a Water balance of overland flow area and dam, 2020 loading—Typical weather 

Average Daily Outflow From Treatment Plant: 	 6000 kLtd 	 Monthly Balance in mm 

Month Rainfall Tank Plant Grass Grass Grass Grass Inflow to P-E to Seepage Sthrçe Irrigation 

Evap Outflow Irrigation Evap Drainage Runoff Dam Dam from Dam in 	am to Trees 

(mm) (mm) (kL/day) (mm) (mm) (mm) (mm) (kL) (kL) (kL) (kL) 

201 O 

Jan 15 211 5647 1250 158 93 1014 141984 -16483 5359 t2 	4 12> 200000 

Feb 41 148 5412 1082 111 84 928 129969 -5968 3855 "20 200000 

Mar 39 143 5294 1172 107 93 1011 141543 -2952 1957 €922 175000 

Apr 21 99 5176 1109 74 90 966 135239 -651 559 34i1 137500 

May 128 67 5176 1146 50 93 1131 158336 523 351 3958 125000 

Jun 100 51 6235 1336 38 90 1308 183104 2024 1709 9576 125000 

Jul 114 54 6588 1459 41 93 1439 201505 4555 3217 :47322Q.. 125000 

Aug 122 56 6824 1511 42 93 1498 209709 7394 4789 .?b0534 125000 

Sep 89 75 6824 1462 56 90 1405 196691 3647 6288 292.08.4... 162500 

Oct 68 114 6706 1485 86 93 1374 192412 -3149 6786 2,$2 175000 

Nov 62 130 6353 1361 98 90 1236 173018 -5797 6901 2882 175000 

Dec 13 195 5765 1276 146 93 1050 147031 -19087 6674 2cc153 200000 

IYear 	 812 1343 	6000 	15651 	1007 	1095 14361 2010541 -35944 	48445 	 1925000 

Notes: 
Pasture Area 14 ha 

Pasture Evap 0.75 *Epan 

Dam Seepage 50 mm/month 

Area of Trees = 250 ha 

Dam Evap = 0.8 *Epan 

Pasture Seepage = 3 mm/day 

Outflow from Plant = 6000 kLJd 



Table 7.71, Water balance of irrigated trees, 2020 loading_Typical weather 

Effective Rooting Depth 2.0 m 
Daily Balance with Monthly Summary Amounts in mm 

Month 	 Dec 
Rainfafip 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Effective P 

15 
 12 

41 39 21 128 100 114 122 89 68 62 13 
Irrigation I  80 

36 
80 

30 16 108 81 92 103 74 57 48 9 
Pan EvapEP 211 148 

70 55 50 50 50 50 65 70 70 80 
Transpiration ET 196 138 

143 99 67 51 54 56 75 114 130 195 
DrainageD 2 0 

133 92 62 47 50 52 70 106 121 182 
Storages 	 690 583 561 

0 
528 

0 
506 

0 
601 

2 
683 

8 31 51 49 31 10 
RunoffR 0 0 0 

767 836 854 827 792 690 0 0 0 0 0 0 0 0 0 
Total E/EPan 
Leach Fraction LF 

0.95 0.97 0.99 0.98 1.22 1.31 1.34 1.27 1.13 1.03 1.03 0.95 0.02 0.00 0.00 0.00 0.00 0.01 0.06 0.20 0.37 0.39 0.26 0.11 
Notes: 

Daily rainfall (P) and tank evaporation (EP) data from Bureau of Meteorology. 
Effective P = 	0.7 *P (Pcz5 mm/d) 	0.85 *P (P<15 mm/d) 	0.9 *P (P>15 mm/d) Max ET= EPan 

El = CF*EP*((s - SMIN)/(SCRIT - SMlN)){ETFactor} where S is storage on previous day. 
SMAX = 	 900 mm 
SCRIT = 	 450 mm 
SMIN = 	 300 mm 
D = KSAT*exp(a(5/5M(_1)) where KSAT is hydraulic conductivity at saturation. 

KSAT = 	 100 mm/month 
(x)a= 	 13.8 

Crop Factor CF = 	0.93 
Total E=P-Effp-.ET 
Leaching Fraction LF=D/(P+g) 
ElFactor = 	1.00 



Table 7.8 Water balance of non-irrigated trees-Typical weather 

Effective Rooting Depth 2.0 m 
	

Daily Balance with Monthly Summary 
	

Amounts in mm 

Month Dec 	Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 

RainfaliP 15 41 39 21 128 100 114 122 89 68 62 13 812 

Effective p 12 36 30 16 108 81 92 103 74 57 48 9 

Irrigationl 0 0 0 0 0 0 0 0 0 0 0 0 0 

PanEvapEP 211 148 143 99 67 51 54 56 75 114 130 195 1:3.4:3 

Transpiration ET 30 10 29 23 26 44 54 56 75 114 121 80 E..3 

DrainageD 0 0 0 0 0 0 0 0 0 0 0 0 2 

Storage S 331 	313 338 339 331 413 449 488 534 533 475 402 331 

RunoffR 0 0 0 0 0 0 0 0 0 0 0 0 

TotalE/EPan 0.16 0.11 0.26 0.28 0.69 1.25 1.41 1.34 1.20 1.10 1.03 0.43 

Leach Fraction LF 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Notes: 
(I) Daily rainfall (P) and tank evaporation (EP) data from Bureau of Meteorology. 

Effective P = 	0.7 *D  (P<5 mm/d) 	0.85 * (P<15 mm/d) 	0.9 *fD  (P>15 mm/d) 

Max ET= EPan 
El = CF*EP*((S - SMIN)/(SCRIT - SMlN)){ETFactor} where S is storage on previous day. 

SMAX = 	 900 mm 
SCRIT = 	 450 mm 
SMIN = 	 300 mm 
D = KSAT*exp(a(S/SMAX_1)) where KSAT is hydraulic conductivity at saturation. 

KSAT= 	 100 mm/month 

(x)a= 	 13.8 
Crop Factor CF = 	1.00 
Total E=P-EffP+ET 
Leaching Fraction LF=D/(P+l) 
ElFactor = 	1.00 



Measurements taken at Seven Mile Creek on the southern boundary of the land treatment 
site indicate that groundwater outflow from the site in 1991 was probably of the order of 
150,000-200,000 kL. 

Seventy hectares of rain-fed fast-growing eucalypts would be planted on the valley floor 
below the irrigated area, 30 ha would be established around the overland flow area, and 
20 ha would be planted in the south-east corner that drains into King River. 

A number of studies in Western Australia have shown the ability of rain-fed eucalypts to 
take up water from the water table to a depth of 8 m. A planting on the Wellington Dam 
catchment lowered the water table by 6 m in 8 years. The water table under the valley 
floor is currently 1-6 m below the surface of the area proposed to be planted with trees. 
Table 7.8 shows that at Albany rain-fed E. globulus without access to the water table 
transpires around 600 mm less than evaporation during the December—April period. It is 
reasonable to assume that the rain-fed trees with access to the water table would have the 
potential to transpire up to 300 mm of groundwater from the water table during this 
period. 

The 70 ha of rain-fed trees would therefore have the potential to transpire 210,000 kL 
annually from the water table. This indicates that at full development the water table in 
the valley is likely to fall, and it is likely the flow that currently occurs in spring in Seven 
Mile Creek would decrease or cease. 

However, in the early years when the wastewater flow would be only 70% of the flow at 
full development, it is highly likely that the uptake of water by the rain-fed trees would 
cause the flow in Seven Mile Creek to cease. 

The water table under the overland flow area is currently 13 m below the surface. The 
25 ha of rain-fed eucalypts planted around this area would act as a safety measure to 
absorb any lateral seepage flow in the sandy A horizon. 

Wet year behaviour 

In accordance with the requirements of the Victorian EPA Guidelines, the behaviour of 
the land treatment system in wet years has also been modelled. The critical factor in 
management of the system is the balance between evaporation and rainfall. In a typical 
(close to median) year such as 1979, evaporation was 1,343 mm and rainfall 812 mm. 
The lowest excess of evaporation over rainfall for the 23 years of records at Albany was 
in 1971. In that year, evaporation was only 1,181 mm, while rainfall was 960mm. In 
1976, the wettest year of record, 967 mm of rainfall were recorded, but evaporation that 
year was 1,310 mm (Appendix E). 

Water balances have been calculated for the native vegetation, the existing pasture and the 
proposed land treatment system for the 1971 year, which approximates the 90 percentile 
wet year but also imposes the lowest evaporation on the water balance (Tables 7.10, 
7.11, 7.12a and 7.12b). 
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Table 7. io Water balance of native vegetation-Wet weather 

Effective Rooting Depth 2.0 m 
	

Daily Balance with Monthly Summary 
	

Amounts in mm 

Month Dec 	Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 

RainfaHP 38 21 56 66 192 45 80 96 116 104 117 29 960 

Effective P 34 18 51 60 178 39 71 86 105 95 108 26 870 

lrrigationl 0 0 0 0 0 0 0 0 0 0 0 0 0 

Pan EvapEP 176 160 139 78 43 44 49 60 78 105 103 146 1181 

Transpiration ET 88 80 70 39 21 22 25 30 39 52 52 73 590 

Drainage D 1 1 0 0 1 4 7 13 18 37 46 27 156 

Storage S 648 	593 531 512 532 687 700 740 783 831 835 846 772 

RunoffR 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total El EPan 0.52 0.51 0.54 0.59 0.83 0.63 0.68 0.67 0.64 0.59 0.59 0.52 0.58 

Leach Fraction LF 0.04 0.03 0.00 0.00 0.01 0.11 0.09 0.15 0.17 0.39 0.42 1.05 018 

Notes: 
(I) Daily rainfall (P) and tank evaporation (EP) data from Bureau of Meteorology. 

Effective P = 	0.85 *D  (P<5 mm/d) 	0.9 * (P<15 mm/d) 	0.95 *D  (P>15 mm/d) 

Max ET= EPan 
El = CF*EP*((S - SMIN)/(SCRIT - SMlN)){ETFactor} where S is storage on previous day. 

SMAX = 	 900 mm 
SCRIT = 	 450 mm 
SMIN = 	 300 mm 
D = KSAT*exp(a(S/SMAX_1)) where KSAT is hydraulic conductivity at saturation. 

KSAT = 	 100 mm/month 

(x)a= 	 13.8 
Crop Factor CF = 	0.50 
Total E=P-EffP+ET 
Leaching Fraction LF=D/(EffP+l) 
ElFactor = 	1.00 



Table 7.11 Water balance of pasture-Wet weather 

Effective Rooting Depth 0.5 m 	 Daily Balance with Monthly Summary 
	

Amounts in mm 

Month Dec 	Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 
RainfallP 38 21 56 66 192 45 80 96 116 104 117 29 960 
Effective P 36 19 54 63 188 41 75 91 111 100 113 27 918 
Irrigationl 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pan EvapEP 176 160 139 78 43 44 49 60 78 105 103 146 1181 
Transpiration ET 17 39 18 49 30 31 34 42 54 73 72 102 5€3 
Drainage D 0 0 0 0 26 30 34 46 29 47 41 2 255 
Storage S 27 	46 26 61 76 172 152 159 161 186 151 147 70 
RunoffR 0 0 0 0 35 0 0 0 2 15 5 01 57 

Total E/EPan 0.11 0.25 0.15 0.66 0.80 0,78 0.80 0.79 0.77 0.74 0.74 0.71 0.51 
Leach Fraction LF 0.00 0.00 0.00 0.00 0.14 0.74 0.45 0.51 0.27 0.47 0.36 0.08 0.28 

Notes: 
Daily rainfall (F) and tank evaporation (EP) data from Bureau of Meteorology. 
Effective P = 	0.90 * (P.<5 mm/d) 	0.95 *D  (P<15 mm/d) 	1.00 * (P>15 mm/d) 
Max ET= EPan 

El = CF*EP*((S - SMIN)/(SCRIT SMIN)){ElFactor} where S is storage on previous day. 
SMAX = 	 175 mm 
SCRIT = 	 50 mm 
SMIN = 	 25 mm 
D = KSAT*exp(a(S/SMAX_1)) where KSAT is hydraulic conductivity at saturation. 

KSAT = 	 100 mm/month 
(x)a= 	 13.8 

Crop Factor CF = 	0.70 
Total E=P-EffP+ET 
Leaching Fraction LF=D/(EffP+l) 
ElFactor = 	1.00 



Table 7.128 Water balance of overland flow area and dam, 2020 loading—Wet weather 

Average Daily Outflow From Treatment Plant: 	 6000 kL./d 	 Monthly Balance in mm 

Month Rainfall Tank Plant Grass Grass Grass Grass Inflow to P-E to Seepage St 

Evap Outflow Irrigation Evap Drainage Runoff Dam Dam from Dam 

(mm) (mm) (kL/day) (mm) (mm) (mm) (mm) (kL) (kL) (kL) 

Jan 38 176 5647 1250 132 93 1063 148879 -11017 5359 

Feb 21 160 5412 1082 120 84 899 125909 -8786 4105 

Mar 56 139 5294 1172 104 93 1031 144343 -2324 2105 

Apr 66 78 5176 1109 59 90 1027 143744 69 955 

May 192 43 5176 1146 32 93 1213 169816 415 132 

Jun 45 44 6235 1336 33 90 1258 176139 387 1975 

Jul 80 49 6588 1459 37 93 1409 197270 2626 3218 

Aug 96 60 6824 1511 45 93 1469 205649 4489 4676 

Sep 116 78 6824 1462 59 90 1430 200156 6515 6077 

Oct 104 105 6706 1485 79 93 1417 198397 2674 6686 

Nov 117 103 6353 1361 77 90 1311 183553 4754 6870 

Dec 29 146 5765 1276 110 93 1103 154416 -12036 6854 

IYear 	 960 1181 	6000 	15651 	886 	1095 14631 2048271 -12233 	49013 

Notes: 
Pasture Area 14 ha 

Pasture Evap 0.75 *Epan 

Dam Seepage 50 mm/month 

Area of Trees = 250 ha 

Dam Evap= 0.8*EPan 

Pasture Seepage = 3 mm/day 

Outflow from Plant = 6000 kL/d 

Irrigation 
to Trees 

(kL) 

200000 
200000 
175000 
157500 
125000 
125000 
125000:: 
125000 
162500 
182500 
182500 
200000 

II!sI'IsIi 



Table 7. 12b Water balance of irrigated trees, 2020 loading-Wet weather 

Effective Rooting Depth 2.0 m 	 Daily Balance with Monthly Summary 
	

Amounts in mm 

Month Dec 	Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 
RainfallP 38 21 56 66 192 45 80 96 116 104 117 29 960 
Effective P 31 17 47 54 166 34 65 78 96 87 100 24 796 
Irrigation I 80 80 70 63 50 50 50 50 65 73 73 80 784 
Pan EvapEP 176 160 139 78 43 44 49 60 78 105 103 146 1181 
Transpiration ET 164 148 130 73 40 41 46 56 72 98 96 135 098 
Drainage D 3 1 1 1 5 20 34 52 55 81 77 41 370 
Storage S 690 	634 582 568 612 782 806 842 861 895 876 873 801 
RunoffR 0 0 0 0 0 0 0 0 0 0 3 0 3 

TotalE/EPan 0.97 0.95 1.00 1.09 1.53 1.18 1.24 1.23 1,19 1.10 1,10 0.96 4.07 
Leach Fraction LF 0.02 0.01 0.00 0.01 0.02 0.21 0.26 0.36 0.30 0.46 0.40 0.38 0 21 

Notes: 
Daily rainfall (P) and tank evaporation (EP) data from Bureau of Meteorology. 
Effective P = 	0.7 	(P.z5 mm/d) 	0.85 *P (P<15 mm/d) 	0.9 *P (P>15 mm/d) 
Max ET= EPan 

El = CF*EP*((S - SMIN)/(SCRIT SMIN))ETFactor} where S is storage on previous day. 
SMAX = 	 900 mm 
SCRIT = 	 450 mm 
SMIN = 	 300 mm 
D = KSAT*exp(a(S/SMAX_1)) where KSAT is hydraulic conductivity at saturation. 

KSAT = 	 100 mm/month 
(x)a= 	 13.8 

Crop Factor CF = 	0.93 
Total E=P-EffP+ET 
Leaching Fraction LF=D/(P+l) 
ElFactor = 	1.00 



These calculations show that in a 90 percentile wet year such as 1971: 

the root zone under the pasture would have been saturated for 4 months and a total of 
57 mm of water would have run off. Downward percolation would be 255 mm; 

the root zone under native vegetation would have only approached the saturation 
level during 3 months, which would have increased downward percolation from 

58 mm to 156 mm. The calculations show that no runoff would occur from native 
vegetation on the plateau even in wet years. This is supported by observations made 
on the site in 1991; 

the root zone under the irrigated trees in the land treatment system would only have 
reached saturation for a short period in November and the calculated runoff would 
have been only 3 mm. The downward percolation in such a year would be 

370 mm; 

the dam would not overflow. 

The highest monthly rainfall of the 23 year record occurred in May 1988, when 260 mm 
of rain fell followed by 214 mm in June. Water balances have been calculated for this 
year and runoff from the pastures is estimated to have been 159 mm compared with a 

predicted 3 mm from the irrigated trees. The dam would not have overflown 
(Appendix E). 

This was possible because of: 

the higher interception of rainfall and higher evapotranspiration capacity of the 

irrigated trees; 

the ability to use the storage dam, which would be only around 15% full at the 
beginning of May, to avoid irrigation during these extreme rainfall events; 

the 10% below average rainfall that occurred in the September to November period. 

Therefore, the land treatment system would not cause any increase in flood flows in 
Seven Mile Creek; in fact, the 425 ha of trees and the storage dam would act to reduce 
flood flows in the creek. 

7.4 NUTRIENT BALANCES 

7.4.1 PHOSPHORUS BALANCE 

Phosphorus leached from farmlands on the King River and Kalgan River catchments is 
already causing eutrophication problems in Oyster Harbour at Albany (EPA 1990). 
Similar problems are being experienced in the Peel-Harvey Estuary, and there is potential 
for eutrophication to develop in other south coast estuaries. In land treatment systems, 
phosphorus is mostly removed by adsorption on to the soils. 
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The wastewater from Albany contains 12 mg/L of phosphorus. At the full development 
flow of 6,000 kL/d, 26.3 t of phosphorus would be applied to the land annually. 
Approximately 3 t/a of this phosphorus would be taken up by the slow-rate irrigated trees 
(Kinhill 1991). The balance of 23.3 t would enter the 2 m deep root zone in solution. 
The majority of this phosphorus would be adsorbed on to the clays in the root zone. A 
small proportion of the phosphorus would move below the root zone in the 186 mm of 
water that must percolate downwards to maintain the salinity in the root zone. 

The 2 m root zone would be capable of adsorbing approximately 4 t of phosphorus per 
hectare (Section 4.4.4), which is equivalent to the amount of phosphorus that would be 
applied in 50 years. Therefore, for this period the concentration of phosphorus in the 
percolating water should not exceed 0.01 mg/L. The 8-10 rn of subsoil beneath the root 
zone above the water table has significant phosphorus retention properties and it is 
estimated that it would be 300-1,000 years before any phosphorus moved below this 
depth (Section 4.4.4 and Appendix Q. 

It has been shown in Section 7.3.2 and Appendix E that, even in wet years, runoff from 
the irrigated trees would be minimal and this would be absorbed by the rain-fed trees 
planted on the valley floor. Lateral subsurface flow would also be minimal (Section 
8.3.3 and Appendix E) and this small quantity would also be absorbed by the rain-fed 
trees. Therefore, no phosphorus should leave the site in these flows. 

Water with significant phosphorus content would percolate downwards from the overland 
flow area and from the dam (Section 7.3.2). All the phosphorus in this water would be 
adsorbed on to the underlying clays for around 500-1,000 years (Appendix Q. 

The soils below the site should therefore not become saturated with phosphorus for 
hundreds of years. If the site were decommissioned, it would still be suitable for 
agriculture or rain-fed forestry. 

7.4.2 NITROGEN BALANCE 

The other important nutrient is nitrogen, which can cause problems if leached to 
groundwater or sensitive wetlands and waterways. It is of less concern in Albany than is 
phosphorus (EPA 1990). 

At full development, the treated wastewater from the activated sludge treatment plant is 
expected to have a nitrogen content of 20 mg/L, which represents an annual loading of 
43.7 t. 

At start-up in 1994, the treated wastewater from the No. 2 treatment plant is expected to 
have a nitrogen content averaging 46 mg/L. The 1994 flow would average 2,400 kL/d. 
This would increase to 3,744 kL/d in late 1996. In 1997, the annual nitrogen load would 
be 63 t, which is the critical design parameter. 

The land treatment system is designed to remove nitrogen from the wastewater in the 
overland flow area and in the irrigated tree area. 
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Overland flow systems achieve a higher percentage of nitrogen reduction from 
stabilization pond effluent than from activated sludge plant effluent. This performance is 
due to the higher percentage of ammonia in stabilization pond effluent. Table 7.13 shows 
the performance of US systems with similar loading rates to those proposed at Albany. 

Table 7.13 Nitrogen removal in typical US overland flow systems 

Hydraulic Ammonia N Tot.aI nitrogen 

application Town 	loading rate  

Influcnt 	Effluent Influent 	Effluent 
treatment 

(cmJd) (mg/L) 	(mg/L) (mg/L) 	(mg/L) 

Primary Ada 	3.5 14 	1.5 19 	 5 

Hanover 	2.8 24 	4.5 36 	11.3 

Stabilization 	Utica 	2.54 	15.6 	0.8 	20.5 	7.5 

pond 

Secondary 	Ada 	4.2 	6 	0.5 	16 	8.5 

Ammonia N Nitrogen in the ammonia and am,nonium form 
Source: US EPA 1981. 

1997 nitrogen balance 

The wastewater from the aerated pond system at Albany contains 35 mg/L of ammonia N 
out of a total nitrogen of 46 mg/L. 

On the basis of Table 7.13, it is estimated that the runoff from the overland flow area 
would contain not more than 8 mg/L ammonia N and not more than 20 mg/L total 
nitrogen. 

It is estimated that, after allowing for the rainfall, evaporation and seepage associated with 
the overland flow area and the storage dam, approximately 1,138,000 kL of wastewater 
would be applied to the irrigated trees in 1997 (Table 7.14). This represents an annual 
nitrogen loading of 22.8 t. 

Eucalypts irrigated with nutrient-rich wastewater accumulate nitrogen at the rate of 
90 kg/ha/a (Victorian EPA Guidelines). The rate is higher in the first year and then 
stabilizes (H. Stewart, Victorian Department of Conservation, Forests and Lands, pers. 
comm., 1991). In addition to this uptake, 15-25% of the nitrogen applied in irrigation 
water is lost through volatilization and denitrification in the soil (US EPA 1981). Using 
the lower figure, an irrigated woodlot is thus capable of utilizing nitrogen at the rate of 
106 kg/ha/a. In the early years, significantly more nitrogen would be removed in the 
irrigated area by storage in the humus matter than would accumulate in the surface soil 
layer. 
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Table 7.14 Water balance of overland flow area and dam, 1997 loading—Typical weather 

Average Daily Outflow From Treatment Plant: 	 3744 kL/d 	 Monthly Balance in mm 

Month Rainfall Tank Plant Grass Grass Grass Grass Inflow to P-E to Seepage,:: : Stoa Irrigation 1rr10tOn 
Evap Outflow Irrigation Evap Drainage Runoff Dam Dam from Dam in Darn to Trees tG Trees 

(mm) (mm) (kL/day) (mm) (mm) (mm) (mm) (kL) (kL) (kL) (KL) (kL) (mm) 
95037 

Jan 15 211 3524 780 158 93 544 76162 -15944 5183 175072 75000 30 
Feb 41 148 3377 675 111 84 521 72994 -7466 4823 185776 50000 20 
Mar 39 143 3304 731 107 93 570 79834 -7567 5018 215526 37500 15 Apr 21 99 3230 692 74 90 549 76849 -6449 5541 230385 50000 20 
May 128 67 3230 715 50 93 700 97999 8619 5792 2812.111) . 50000 20 
Jun 100 51 3891 834 38 90 805 112770 7834 6616 296197 100000 40 
Jul 114 54 4111 910 41 93 891 124713 9677 6834 297753 125000 50 
Aug 122 56 4258 943 42 93 930 130174 10612 6873 256666 175000 70 
Sep 89 75 4258 912 56 90 855 119721 3611 6225 73773 200000 80 Oct 68 114 4184 927 86 93 816 114249 -2227 4799 15b99(j 125000 50 
Nov 62 130 3964 849 98 90 724 101357 -3751 4466 174135 75000 30 
Dec 13 195 3597 797 146 93 570 79837 -13745 4806 160422 75000 30 

Year 812 1343 3744 9766 1007 1095 8476 1186659 -16797 66978 1137500 455 

Notes: 
Pasture Area 14 ha 
Pasture Evap 0.75 *Epan 

Dam Seepage 50 mm/month 
Area of Trees= 250 ha 
Dam Evap = 0.8 *Epan 

Pasture Seepage = 3 mm/day 
Outflow from Plant = 3744 kLJd 



Thirty-two per cent of the accumulated nitrogen is removed when the stems are harvested 
(US EPA 1981); 50% accumulates in the branches and leaves and the remainder in the 
roots. Ninety-five per cent of this nitrogen stored in the branches and leaves is volatilized 
by burning after harvesting (Steward et al. 1990). 

An area of 215 ha of E. globulus would therefore be capable of utilizing the 1997 
nitrogen loading. To establish the 50 ha harvesting rotation, it is proposed that 250 ha—

capable of utilizing 26.5 t—be irrigated in 1997, which would provide a small margin for 
a decline in performance of the overland flow area in the mid-winter months. 

Full development nitrogen balance 

When the activated sludge treatment plant is built in around the year 2000, the quality and 
composition of the wastewater are expected to change. The total nitrogen of the treated 
wastewater would be 20 mg/L, and it is estimated that the total nitrogen of the runoff 
from the overland flow area would be 12 mg/L. 

In 2020, 1,925,000 kL of wastewater (Table 7.7a) containing 12 mg/L of nitrogen 
would be applied to 250 ha of irrigated trees. 

This represents a nitrogen loading of 23.1 t compared with a utilization capacity of 
26.5 t, which again provides a margin for a decline in performance of the overland flow 
area. 

Figure 7.3 shows the nitrogen balance in the early years with aerated pond pretreatment 
and at full development with activated sludge pretreatment. 

Site nitrogen balance 

Table 7.9 shows the estimated nitrogen content of the water that would percolate 
downwards annually at full development. The total nitrogen load in this water would be 
47 t/a. The 80 ha of fast-growing eucalypts planted on the valley floor would have the 
potential to uptake 7.2 t/a of nitrogen and should therefore strip almost all of the nitrogen 
in the groundwater. Some mixing of the water in the sediments would occur, which may 
result, in the very long term, in some nitrogen below the root zones passing on down the 
valley. This is expected to be quite insignificant compared with the current discharge of 
14.65 t/a of nitrogen from the No. 2 treatment plant into Five Mile Creek. 

7.5 SALINITY BALANCE 

The wastewater from Albany is estimated to have a TDS content of around 650 mg/L. 

In a normal year, the 770 mm of wastewater applied to the trees would be mixed with an 
effective rainfall of 665 mm to provide an average salinity in the water entering the root 

zone of 330 mg/L. 
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Period 1997— 2000 
Aerated pond pretreatment 
Nitrogen content 46 mg/L 
Total nitrogen load 63 t 

Uptake by trees 

Volatilization and 
19.41 

 
denitrification in 
overland flow area 

33.5 

Volatilization and 
denitrification in soils 
in the tree area 

3.4t 

Downward percolation 
and ultimate uptake 
by rain-fed trees 

6.7 t 

Full development 2020 
Activated sludge pretreatment 
Nitrogen content 20 mg/L 
Total nitrogen load 43.7 t 

Volatilization and 
denitrification in 

Uptake by trees 
overland flow area 

19,7 
15.9t 

\\\\\ 

Downward percolation Volatilization and 
and ultimate uptake denitrification in soils 
by rain-fed trees in the tree area 

4,7t 3.4t 

Figure 7.3 NITROGEN BALANCE 



At the full development flow of 6,000 kL/d, approximately 1,400 t of salt would be 
applied annually to the 300 ha irrigated woodlot. For a sustainable project, this quantity 
of salt must be leached away from the root zone. 

The irrigation regime that has been developed provides for 186 mm/a of water to 

percolate downwards from the bottom of the root zone (Table 7.7b) in a typical year with 
2020 wastewater loading. This is slightly more than the 171 mm average downwards 
percolation calculated for the grass pasture currently established on the site under the 
same weather conditions. 

The 186 mm would provide a leaching factor for rainfall plus irrigation of 0.13, which 
would result in the salinity of the percolating water draining beneath the root zone being 
2,800 mg/L. Irrigated E. glohulus is quite capable of tolerating such a salinity in the 

bottom of the root zone. 

It is important that the soil moisture regime in the root zone of the trees be managed to 
achieve, over time, an average leaching factor of at least 0.10. 

This 186 mm/a of leachate would enter about 35 m of groundwater above the Werillup 
Formation, which, at present, has salinities of between 133 mg/L and 782 mg/L. The 
increased density of the leachate due to its high salinity would cause it to pass slowly 
down into the groundwater, mixing on the way. It is estimated that it would take 
20 years before the increased salinity of the percolating water had any impact on the 
salinity of the groundwater (Appendix E). 

7.6 FORESTRY OVERVIEW 

The proposed land treatment site has soil types suitable for the establishmentof 
fast-growing eucalypts. The underlying clays are well structured and would support 
vigorous tree growth. 

7.6.1 TREE SPECIES 

The important parameters in selecting the tree species to be grown are: 

proven high growth rates in the Albany region 
high evapotranspiration capacity. 

Other desirable attributes are: 

a history of freedom from insect attack in Western Australia; 

significant areas grown in the region which would allow easy marketing of timber 

for wood chip production. 
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E. globulus is the species which meets all of these requirements. There are around 
4,000 ha already established in the Lower Great Southern region, and high growth rates 
under rain-fed conditions are being achieved. When irrigated with wastewater, the 
species has shown outstanding growth rates both in Western Australia and in the Eastern 
States. Research in Western Australia has shown it to have amongst the highest 
evapotranspiration capacity of the species tested. E. globulus has also shown the ability 
to withstand seasonal inundation and moderate levels of salinity in the root zone. In 
addition, there is an established premium market for E. globulus wood chips. 

It is therefore proposed that: 

90% of the area be planted with E. globulus subsp. globulus. The planting seed 
would be selected from a range of provenances (different areas) to provide diversity 
against insect attack; 

approximately 5% be planted with E. grandis (rose gum), which performs well in the 
Eastern States under wastewater irrigation; 

in high fire-risk areas, near power lines and opposite the end of the east—west 
runway, tagasaste (Chamaecytisus palmensis) be planted; 

small areas of E. melliodora and Acacia melanoxylon also be planted 

a 10-20 m wide non-harvested buffer strip be established along Albany Highway. 
This would include a number of local tree species and flowering shrubs. 

A small species trial to evaluate the behaviour of other species under irrigation should also 
be established in conjunction with CALM. This trial would be monitored to ensure that 
detailed growth data about other species were available should disease or insect attack 
make it necessary to consider replanting with another species. 

The Water Authority would also give consideration to a research project to obtain data on 
the water uptake of E. globulus and other species on this site under irrigation with 
wastewater. 

7.6.2 PLANTING AND HARVESTING 

A total of 300 ha of irrigated trees and 120 ha of rain-fed trees would be established on 
the proposed site. The irrigated trees would be harvested in a 5-7 year rotation and the 
rain-fed trees in an 8 year rotation. 

Site preparation for both irrigated and rain-fed trees would require mounding to avoid 
seasonal waterlogging at planting. Shatter ploughing to a depth of about I m would also 
be carried out to improve root access through the duricrust layer present over much of the 
site. 
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A 'tramline planting configuration (two rows close together, a larger spacing, two rows 
close together) is suggested, with one drip line running down the middle of each tramline 
in the irrigated area. 

To achieve large transpiration rates by the second year, 1,500 trees per hectare would be 
planted in the irrigated area and 1,250 trees per hectare in the rain-fed area. 

The irrigated trees would be harvested in 50 ha blocks in the summer of each year. Care 
would be required to avoid damaging the drip line during the harvesting operation. 
Alternatively, it may be feasible to roll up or remove the 200 m lengths of drip line during 
harvest. The harvested timber would be suitable for sale as wood chips, which are used 
in the manufacture of high quality paper. 

Once harvested, the stumps would reshoot and the coppice growth could form the next 
crop. If superior seed were available or a change in the species were considered 
desirable, the stumps could be poisoned after harvest, and the new species could be 
planted. 

Replanting in the 5 m inter-row space after four or five coppices would be required to 
ensure that the wastewater made contact with all of the soil. Details of the proposed 
forestry practices are provided in Chapter 9. 

To provide the evapotranspiration capacity required over time and to establish the 
harvesting rotation, the irrigated tree area would be planted in accordance with the 
schedule shown in Table 7.6. 

Rain-fed E. globulus would be planted to offset the slightly increased downward 
percolation from the overland flow area, the storage dam and the irrigated tree area and to 
absorb some of the nitrogen (Section 7.3.2). The 70 ha of rain-fed trees in the Seven 
Mile Creek valley floor would be planted in 1994 and the remaining 50 ha on the plateau 
planted in 1996. 
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Chapter Eight 
DETAILED DESIGN FEATURES 

8.1 IRRIGATION SYSTEMS 

8.1.1 OVERLAND FLOW TREATMENT AREA 

There are currently two piggery effluent evaporation ponds, with a combined capacity of 
8,000 kL, on the proposed land treatment site. These ponds would be emptied and 
carefully desludged before commissioning as a holding pond for the land treatment 
system. The holding pond would be provided with an overflow into the storage dam. 
This would ensure that mechanical or electrical failures in the overland flow treatment 
system did not affect the operation of the Albany sewerage scheme. 

The wastewater from the No. 2 treatment plant would be pumped into the holding pond 
through a 400 mm rising main. This flow would commence at an average rate of 
2,400 kL/d in December 1994 when the flow from the No. 1 treatment plant was 
diverted to the No. 2 treatment plant. The quantity pumped from the No. 2 treatment 
plant would be steadily increased as the irrigated trees grew, reaching an average of 
3,750 kL/d by December 1996. At that time, the discharge from the No. 2 treatment 
plant into Five Mile Creek would have ceased. The average quantity pumped from the 
No. 2 treatment plant would continue to increase slowly, reaching an average of 
6,000 kL/d in 2020. 

The wastewater would be pumped from the holding pond to the 14 ha overland flow area 
(Figure 8.1) where it would be distributed on to the land by aluminium pipe with gated 
outlets. 

Between 1994 and 2000, a centrifugal pump delivering 60 Us against a 17 m head would 
be used. Around the year 2000, the size of the pump would be increased to 90 L/s. The 
14 ha of pasture would be divided into two equal sections, with only one section 
generally being watered at any time. Irrigation of each section would take place daily for 
between 5-10 hours on average, but for 6-12 hours in the peak flow winter months. 
When the grass was being mowed, the flow would be concentrated on to a smaller area 
and longer times of application would be used. 

The mains and submains of the overland flow irrigation system would be UPVC with 
diameters of 300-100 mm, as described in Appendix H. The aluminium pipe would be 
100 mm diameter, with gated outlets every 600 mm. This pipe would operate under a 
very low head of between 1 m and 4 m, as recommended in the US EPA Manual (1981). 
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The system would be automated using two solenoid valves and a time switch. Manually 
adjustable control valves would be installed on each 100 m length of gated pipe, to allow 
fine tuning of the flows. 

The individual overland flow bays (Figure 8.1) would be 40 m long and would have 
slopes of between 1% and 4%. Because of the shallow layer of topsoil and the presence 
of gravel stones, only minimal earthworks would be undertaken to form the bays and 
would be confined basically to smoothing the surface and erecting small borders. 

The bays would be planted with a mixture of irrigation pasture grasses suited to the fairly 
saturated soil conditions that would exist during both summer and winter. 

The runoff from the bays would be collected in surface drains and conveyed to the 
storage dam via two inlet structures (Figure 8.1). 

8.1.2 SLOW-RATE IRRIGATED TREES 

The water balance studies show that an irrigation system capable of supplying 2.7 mmld 
used in conjunction with the storage dam would enable disposal of all municipal 
wastewater from Albany until 2020. 

It is proposed to supply this small amount, mostly on a daily basis, using a drip irrigation 
system. This system would be capable of achieving uniform distribution of wastewater 
over the site. It would also be capable of regulating the amount of wastewater applied 
according to the soil moisture status of individual 12.5 ha irrigation blocks. 

The trees would be planted in a tramline configuration of two rows spaced 2 m apart, 
with a space of 5 m between each pair of rows; one drip line would be installed to supply 
the two closely planted rows of trees. There are other advantages to this system (Chapter 
9). A 20 mm drip line with an in-line dripper every 600 mm would be used to apply 
water to the trees. 

Fifty hectares has been chosen as the tree management unit for harvesting purposes 
(Chapter 9). This has been subdivided for irrigation management purposes into 12.5 ha 
blocks, as shown in Figure 7.1. Each 12.5 ha block would be controlled by a solenoid 
valve and would be capable of being irrigated separately. At full development, the system 
is designed to water four blocks (50 ha) simultaneously. It would be capable of applying 
2.7 mm to the whole area each day in 19.5 hours. 

Application of 2.7 mm/d would only be required on average in the months November to 
March; at other times when part of the flow was being stored in the dam, smaller amounts 
would be applied and less pumping hours would be required (Table 7.7 a). 

The irrigation water would be drawn from the storage dam using two submersible pumps 
mounted on the batter of the dam. The pumps would be shrouded and mounted in such a 
way that they could be readily removed for maintenance purposes. Each pump would be 
capable of supplying 60 L/s against a head of 50 m, and would be powered by a 50 kW 

motor. 
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The water from the pumps would be filtered through a bank of sand filters followed by 
screen filters. The sand filters would be backwashed as required by an automatic system. 
The backwash water would be returned to the dam. 

A chlorinator would be installed to prevent algal slime build-up in the drip lines. 

A system of main lines (Figure 8.2) would deliver the irrigation water to the blocks where 
it would be applied through the 20 mm drip line, with in-line drippers delivering 3.5 L/h 
at 600 mm intervals. The in-line drippers would be pressure regulated and would give a 
constant output between a 3 m and 40 m head. The design head is generally 20-25 m at 
the start of the drip lines. The drip lines would generally be between 150-200 m long, 
with the longest being 220 m. 

The irrigation system supplying each 12.5 ha block would be controlled by a 100 mm 
electrically operated (24 V AC) solenoid valve. The valves servicing blocks close to the 
pumps would be pressure regulated. The twenty-six solenoid valves would be controlled 
by a commercial-type irrigation controller. 

The irrigation system would be controlled by a computerized system, developed for the 
irrigation of woodlots, similar to those used in South Australia and Victoria. A group of 
moisture probes would be installed in each 12.5 ha block to measure the moisture content 
of the soil near the surface, at the bottom of the root zone beneath the drippers, and in the 
space between the tramline planting. The status of these would be monitored and 
recorded by the computer. These data, together with weather data and forecasts, would 
be used to plan the application of water on any individual day. 

8.2 STORAGE DAM 

8.2.1 CAPACITY 

The water balance calculations show that storage of some of the wastewater flow in the 
winter months is essential to avoid surface runoff and excessive downward percolation. 
The stored water would then be supplied to the trees during the summer months when the 
evapotranspiration rate is highest. 

The water balance calculations (Tables 7.7a and 7.7b) show that 300,000 kL of storage 
would be required to achieve the treatment objectives at the full development flow of 
6,000 kL/d in 2020. 

Similar calculations show that this quantity of storage would also be required to allow the 
1994 start-up flow of 2,400 kL/d to be successfully treated by 150 ha of trees planted in 
May 1993 and 50 ha planted in May 1994 (Appendix E). 

In order to provide this quantity of storage it is proposed that a storage dam with an 
effective capacity of 300,000 kL be built across a valley at the head of Seven Mile Creek, 
as shown in Figure 8.1. The maximum depth of water stored in this dam would be 
7.7 m and the height of the dam wall would be 8.5 m (Figure 8.3). 

8-4 



Figure 8.2 IRRIGATION SYSTEM 
DESIGN 



30,000mm 	 21,250mm 	 4000mm 	 23,000mm 

4 	 1.4 0. 

5,000mm 	 Wave protection 

RL 64.250 m 

Top water level RL 63.400 m 

RL 59•00.. 
 

... 
..  

RL 55 700 	 .:' 	 Homogeneous compacted clay 
RL 55.000 

, 

Compacted clay blanket 	 Filter layer 	 Approximate line of stripping 

0 	 5m 

Figure 8.3 TYPICAL DAM PROFILE 



8.2.2 SITE INVESTIGATIONS 

Geotechnical consultant Golder Associates was engaged to investigate the suitability of 
sites on two tributaries and their adjacent soils for construction of earth dams. The 
detailed results of these investigations are presented in Appendix I. 

The drilling showed that sandy clay soils with low permeability were present underneath 
surface sands on both dam sites (Figure 8.4). These sandy clays were underlain by fine 
sands. A water table was encountered 3-5 m below the surface. Comparable strata were 
found generally at similar depths under the whole land treatment site during the 
hydrogeological drilling programme. To maintain the low permeability of the dam basin, 
it has been decided to locate the borrow pits (from which the earth for dam construction 
would be obtained) outside the basin. 

Samples of the major soil types encountered were taken and the engineering properties 
were established by laboratory testing. 

Golder Associates reported the following conclusions (Appendix I): 

On the basis of the drilling and testing, both valleys would be suitable dam sites. 

The soils in the identified borrow pits above the top water level of the dams would be 
suitable for construction of a homogeneous earth dam. 
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Because the sandy clays overly more permeable sands, a 30 m upstream clay 
blanket, 0.75 m thick, would be required to increase the length of the seepage path. 
The surface sands would need to be stripped over the area of the dam, and the 
upstream clay blanket and the compacted sandy clays placed on to the underlying 
sandy clays. The upstream blanket should be placed in at least two layers. 

The estimated rate of seepage under the dam with the upstream clay blanket in place 
would be 10 kL/d. 

In order to avoid seepage along the pipe channel, a floating pump station should be 
used rather than offtake pipes 

Golder Associates advised that a satisfactory profile for the dam would be 1:2.5 side 
slopes and a 4 m top width. Further soil testing would be required for the detailed 
stability analysis, which should be undertaken in the detailed design phase. 

8.2.3 FLOOD CONSIDERATIONS 

The catchment of the proposed dam is 97.5 ha located largely on the land treatment site, 
although it extends northwards for some 200 m across the access road on the northern 
boundary of the site. A cut-off bank and drain are proposed along the northern boundary 
to divert any flows from this area off the overland flow area and irrigated woodlot 
(Section 8.3). However, this drain and bank have been ignored in calculations of the 
flood flows, as breaching could occur. 

The calculations of the storage required make provision for direct rainfall input on, and 
the runoff from, the 14 ha overland flow area in the 90 percentile wet year to be stored in 
the dam for subsequent supply to the irrigated woodlot. 

Ultimately, the remainder of the catchment would be planted with irrigated or rain-fed 
E. globulus, which has a high interception and evapotranspiration capacity. Water 
balance studies show that no runoff would occur from these areas in the 90 percentile wet 
year. 

As described in Chapter 11, the storage in the dam would be managed so that the dam 
would be empty at the end of April each year and would only approach full capacity in 
September. 

However, during the first two winters after the dam was constructed, the trees would be 
relatively small, and in the second year the storage dam would be operated at peak levels. 
It has therefore been decided to assume the dam is full at the time of the design storm and 
that 100% runoff occurs. This is a more severe condition than is likely to apply in later 
years. 

After these initial years, the dam is not expected to operate at near full capacity until close 
to full development in 2020. 
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The incremental flood hazard of the dam is assessed as low. Examination of the site 
contours and aerial photography of the downstream area show that, in the event of dam 
failure, no loss of life is expected to occur. There would be damage to fencing and a 
minor road crossing, and possible scour of some agricultural land. The wastewater in the 
dam would have been treated at the No. 2 treatment plant and by the overland flow 
treatment process. In the event of a major flood it would be heavily diluted by rainfall 
and therefore would not pose any significant health risk to downstream landholders. 

It has therefore been decided to use a design flood with an annual exceedance probability 
of I in 100 years and to provide a spillway to cope with this flood. 

The small size of the catchment of the dam means that it is possible for the dam to 
function as a detention basin and significantly attenuate major flood events. 

The 6 hour rainfall event with a 100 year average recurrence interval that would cause the 
peak reservoir level has been estimated as 82 mm, using the Intensity Frequency Duration 
Programme calculation from Australian rainfall and runoff (The Institution of Engineers, 

Australia 1987). 

The spillway (Figure 8.1) would consist of an earth channel with an entrance invert level 
of 63.4 m, a slope of 1 in 100, a base width of 3 m, and side slopes of 1:2.5. 

Using the RORB runoff routing model, the 6 hour rainfall event would cause a peak 
inflow to the dam of 6.77 m3/s, a peak outflow in the spillway of 2.20 m3/s (depth 
0.33 m) and a peak level in the dam of 63.73 m (Figure 8.5). 
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This calculation is based on 100% runoff. If the more normal 36% runoff from the 
forested catchment occurred, the flood level would only reach 63.5 m. 

As the spillway would only operate infrequently, a simple earth channel is proposed, 
which would have rock protection where it discharged into the adjoining tributary of 
Seven Mile Creek. 

8.2.4 FREEBOARD 

The maximum effective fetch for the dams is calculated at 310 m. A 38 m/s (137 km/h) 
wind (AS 1170.2-1989) would produce waves with a height of 0.52 m. However, rock 
protection on the front of the dam wall would reduce the waves and wave run-up to 
0.48 m. The 'wind tide' on the dam is 0.04 m, giving a freeboard for waves of 0.52 m. 

Therefore, the total freeboard required for storm surcharge and waves would be 0.85 m. 
The peak operating level would be 63.4 m AHD and therefore the top of the dam would 
be 64.25 m AHD. 

The upstream face of the dam would be provided with rock armour protection against 
wave erosion. The top 5 m would be armoured with a 300 mm layer of 150 mm 
maximum size graded aggregate; further down the bank where the wind fetch was less, 
100 mm of 40 mm maximum size graded aggregate would be used. The use of old tyres 
for erosion protection as an alternative to rock armour would be examined in the detailed 
design stage. 

8.2.5 SEEPAGE FROM THE DAMS 

The hydraulic conductivity of the sandy clays forming the dam basin has been measured 
by A.J. Peck & Associates and Golder Associates. This testing has shown that the 
saturated hydraulic conductivity is quite low and probably averages 3-8 mm/d. 

The water balance calculations by A.J. Peck & Associates show that the proposed 
operating regime would result in 49,000 kL of water annually seeping downwards from 
the dam. The phosphorus in this water would be adsorbed on to the clays and fine sands. 
CSIRO has calculated that at this seepage rate it would take over 500 years to saturate the 
soils below the dam with phosphorus (Appendix Q. 

8.3 SURFACE AND SHALLOW SUBSURFACE FLOWS 

8.3.1 RUNOFF FROM HIGHER GROUND 

The proposed land treatment site is close to the divide between the King River, 
Marbellup Creek and Seven Mile Creek. Virtually all of the site drains into Seven Mile 
Creek, as shown in Figure 8.6, and only the 60 ha shown to the north and west drain on 
to the site. Both of these areas are uncleared and only produce runoff in very wet years. 
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Most of the flow from the northern area is intercepted by the existing access road and is 
diverted eastwards to and under Albany Highway into a watercourse draining into the 
King River. 

Water management on the land treatment site would be assisted if no outside water flowed 
on to the land. Cut-off drains and embankments are proposed along parts of the northern 
and western boundaries to divert outside water away from the irrigated areas, as shown in 
Figure 8.6. 

8.3.2 SURFACE RUNOFF FROM THE SLOW-RATE IRRIGATED WOODLOT 

The proposed storage dam provides the necessary flexibility in irrigation of the trees to 
ensure that runoff does not occur in normal winters. The water balance calculations 
(Section 7.3) show that it is possible to manage the irrigation scheduling so that the 
surface soils do not become saturated in normal winters. As discussed in Section 8.1, 
the drip irrigation system incorporates soil moisture sensors in each block that can be 
used to shut down irrigation when the surface soil approaches saturation. It is also 
possible to incorporate a rainfall sensor that will shut off the pumps on any day when 
more than a predetermined amount of rain has fallen. 
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The water balance calculations show that, in the 1 in 10 year recurrence interval wet year, 
the surface soil would only saturate briefly during one month, which would have the 
potential to produce runoff of 3 mm. However, as the trees are to be planted on banks 
located generally along the contour, these contour banks would cause the water to pond 
on the surface rather than run off during minor rainfall events after saturation has been 
reached. 

In extreme years, runoff would take place; this has been provided for by allowing the 
banks to discharge generally into shallow depressions that flow down through the rain-
fed trees. 

The surface runoff that occurs in wet years from sites irrigated with wastewater, using 
sprinkler or drip irrigation, is of similar quality to that which occurs from normally grazed 
pasture (Victorian EPA Guidelines). Therefore, surface runoff from the proposed 
irrigated woodlot would not pose any hazard. 

8.3.3 SHALLOW SUBSURFACE FLOW 

Downslope percolation of water in the sandy A soil horizon has been shown to occur in 
the Albany region, especially in areas with over 2% slope. 

Measurements taken on the proposed site showed that the lateral saturated hydraulic 
conductivity of the A soil horizon ranged up to 0.3 m/d with an average of 0.1 m/d. 
Using the higher figure and the likely period when the A soil horizon would be close to 
saturation, the volume of shallow subsurface flow into the Seven Mile Creek has been 
estimated as 3,000 kL/a (Appendix E). This is a negligible amount which would easily 
be absorbed by the rain-fed trees planted on the valley floor. 

8.4 OVERLAND FLOW AREA 

The design of the overland flow treatment system is an empirical procedure based on a set 
of general guidelines established through successive trials with the various process 
parameters at different overland flow installations. Detailed guidelines are contained in 
the US EPA Manual (1981), which have been followed in the Albany design. These 
design criteria have been used at existing US installations to achieve (during spring, 
summer and autumn) effluent of the following standards: 

BOD 	 10-20mg/L 
suspended solids 	10-20 mg/L 
ammonia N 	 5-10 mg/L 
total nitrogen 	 7-13 mg/L. 

These guidelines reflect the successful construction and operation of overland flow 
systems, but the degree of conservatism inherent in the guidelines has not been 
established. 

The treatment process takes place by the filtering of wastewater through pasture and in the 
surface organic layer and topsoil. Diverse microbial populations in this zone act much 
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like the biological slimes on trickling filter media. It takes 3-4 months of 'slope 
conditioning' to build up the microbial population and allow formation of the slimes. 

As performance is enhanced by intermittent dosing, most land treatment plants apply 

wastewater to a bay for 6-12 hours daily, 7 days per week. 

The efficiency of the process and, in particular, nitrogen removal is reduced when the soil 
temperature falls below 13-14°C. At Albany, average air temperatures are below 14°C 
for the months of June—September but are still generally above 12°C. During this period, 
BOD removal and nitrogen removal could deteriorate by up to 30%. The design makes 
provision for lowering the hourly application rate and operating for longer hours, to 

improve the efficiency of nitrogen removal. 

The empirical criteria used in the process design vary with the degree of pretreatment. 
The Albany overland flow area would have stabilization pond pretreatment up to around 

the year 2000 and complete biological secondary treatment after that. The design has 
shown that a 14 ha overland flow area can conform to the guidelines for both 

pretreatments, as set out in Table 8.1. 

Table 8.1 Overland flow design parameters 

Parameter 

Pond 

Albany 

Secondary 

US EPA recommended 

Pond 	Secondary 

Hydraulic loading rate (cm/d) 2-3 3.4-4.3 1.3-3.3 2.8-6.7 
Application rate (m3 /mIh) 0.1 0.17 0.03-0.1 0.1-0.2 
Flow length (in) 40 40 45 30-36 
Slope (%) 1-4° 1-4 2-8 2-8 
Application period (hid) 612°  8-12 8-18 8-12 

° 	US EPA slates that slopes down to 1% can be successful 
** 	US EPA slates that 6 hId is frequently used. 
Source. US EPA 1981. 

As well as removing nitrogen from the wastewater, the overland flow area would perform 

a valuable role in improving the quality of the water to be distributed through the drip 
irrigation system. Major improvements would be as follows: 

Suspended solids would be reduced from 180 mg/L to 20 mg/L. 

The pH would be reduced from 7.5-8.4 to around 7. 

BOD would be reduced from 50 mg/L to 10-15 mg/L. In conjunction with the 

average 50 days' storage in the dam, this should reduce bacteria numbers to well 
below one million per 100 rnL. 

These improvements in quality would move the wastewater into the 'little risk of blockage 

category', as shown in Table 8.2. 
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Table8.2 Potential risk of blockage in drip irrigation systems 

Water quality indicators 	
Potential risk 

 

Little 	Slight to moderate 	Severe 

Physical: 
Suspended solids (mg/L) 	 <50 	 50-100 	 >100 

Chemical: 
pH <7.0 7.0-8.0 >8.0 
TDS (mgfL) <500 500-2,000 >2,000 
Manganese (mgIL) <0.1 0.1-1.5 >1.5 
Iron (mgfL) <0.1 0.1-1.5 >1.5 
Hydrogen sulphide (mgfL) <0.5 0.5-2.0 >2.0 

Biological: 
Bacteria (No.1100 mL) <106 1-5 x 106 >5 x 106  

Source: Victorian EPA Guidelines. 
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Chapter Nine 
DETAILS OF FORESTRY COMPONENT 

This chapter addresses the suitability of the proposed land treatment site for tree 
establishment and growth, and details the proposed method of establishing, tending and 
harvesting the trees. Cost and returns from the forestry component are also detailed. 

9.1 SUITABILITY OF SITE FOR TREE ESTABLISHMENT AND 
GROWTH 

To determine the suitability of the proposed land treatment site for tree establishment and 
growth, the following factors need to be addressed: 

soil nutrition 
soil structure 
acidity 
salinity 
waterlogging. 

9.1.1 SOIL NUTRITION 

The proposed land treatment site has been cleared for agriculture for about three decades. 
During this time, grass and clover pastures have been fertilized with phosphorus and 
potassium, with the clover contributing to a gradual build-up of nitrogen. 

The pasture production on the proposed site appears to be above the average for the 
Albany region. 

The long history of fertilizer use and the apparent agricultural productivity of the site 
indicate that it has adequate nutrition for tree growth. This inherent fertility could be 
increased by fertilizer application at planting and later by the nutrients in the wastewater. 

9.1.2 SOIL STRUCTURE 

Soil pits excavated as part of the Stage 2 Study exposed a duplex soil profile: grey sand 
on the surface (100-600 mm deep) and a sandy clay subsoil. The sandy clay was 
moderately structured with a number of sand seams and sandy pockets. In most soil pits 
a duricrust had formed just above the clay. 

9-1 



Decayed roots from the original native forest were found in all the soil pits to the limit of 
excavation at 3 m. Excavation at both the proposed site and a nearby site found 
E. globulus roots exploiting the old root channels to the limit of excavation at 2.5 m. 
Plate 2 shows decayed original native forest roots as the darker lines on the clay surface, 
with E. globulus roots near the screwdriver and axe. This excavation was beneath 
18 month old E. globulus within the proposed land treatment site. 

Extensive drilling to 10-14 m and a few bores to 50 m did not intercept any impermeable 
sheet rocks. 

The extensive decayed roots from the native forest, the moderately structured subsoil, the 
presence of deep E. globulus roots and the apparent absence of shallow sheet rock all 
indicate the soil structure is suitable for tree growth. Although the duricrust has not been 
a barrier to the roots of the native forest, it is recommended that this layer be shattered to 
allow rapid tree growth. 

9.1.3 ACIDITY 

The pH measured at the surface of the site varied from 4.7 to 5.5. Although moderately 
acidic, this pH is within the range in which fast-growing eucalypts grow vigorously at 
Albany. Acidity does therefore not present a problem for tree establishment and growth 
at the proposed land treatment site. 

9.1.4 SALINITY 

Electro-conductivity tests conducted for both the surface soils and the groundwater 
indicated low salinity (Figure 4.4). This factor therefore does not present a problem for 
tree establishment and growth at the proposed land treatment site. 

9.1.5 WATERLOGGING 

The plateau is poorly drained and subject to seasonal flooding. The original vegetation 
near local depressions on We plateau was melaleuca—a species tolerant to waterlogging. 
Without suitable site preparation, waterlogging would result in poor tree establishment 
and poor subsequent growth. 

9.2 TREE GROWTH ON AND AROUND THE PROPOSED SITE 

9.2.1 EVIDENCE FROM TREES ON THE SITE 

About 10 ha of E. globulus were established by CALM on the proposed wastewater 
disposal site in 1990. A furtherS ha were established by a farmer and CALM in 1991. 

In sections of the 10 ha where mounding was insufficient, the trees planted in 1990 grew 
poorly, and in some areas died. These trees also suffered from severe leaf desiccation 
following the extremely hot day in early 1991. The trees have since recovered from both 
the waterlogging and desiccation. When measured in November 1991 the average tree 
height was 1.9 m. 
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Trees established in areas within the 10 ha site where weed control and waterlogging have 
been adequately addressed have established well and are growing vigorously. Based on 
the very early growth, the potential ten-year yield on this site without irrigation is between 

300 m3  and 350 m3. The 5 ha of trees established by a farmer and CALM in 1991 had 
very poor weed control; most of these trees will probably die during the summer of 1992. 

9.2.2 EVIDENCE FROM TREES GROWING IN THE SURROUNDING AREA 

In 1989, E. globulus was established on Mr Bell's farm, which is about 15 km north of 
the airport site and on the Dempster landform (as is much of the proposed land treatment 
site). When measured in December 1991, these trees were an average of 7.5 m high. 
Their diameter at chest height varied from 70 mm to 200 mm. This growth rate is similar 
to that observed at the proposed land treatment site. 

9.2.3 CONCLUSION 

The physical site characteristics and the observed tree growth indicate that, with suitable 
site preparation, the proposed site is suitable for tree growth. 

9.3 PROPOSED FORESTRY PROGRAMME 

The tasks identified to convert the proposed site from four farms into one land treatment 
site are detailed below. 

9.3.1 RABBIT CONTROL 

Rabbits can destroy young seedlings. Large rabbit warrens and numerous rabbits have 
been identified on part of the land treatment site. These rabbit warrens are concentrated 
near piles of rocks. A few rabbits have been observed on Gunn Road and the water 
supply reserve. 

The Agriculture Protection Board uses a number of poison baits to control rabbit 
numbers, which is best done during the summer when green feed is in limited supply. 
It is proposed that: 

the Water Authority liaise with the Agriculture Protection Board and seek farmer 
co-operation to control rabbits over the entire site in early 1992 (cost: $1,000); 

a second rabbit control programme be carried out in January and February of 1993 
(cost: $1,000). 

9.3.2 EXISTING FENCES, SHEDS AND HOUSES 

Currently the site is fenced into numerous paddocks, with fences ranging from nearly 
new to old and dilapidated. A number of hay and machinery sheds have been constructed 
on the proposed site. None of these sheds are of any use in the proposed land treatment 
system. 
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Three houses and a cottage have been constructed on the site. With the exception of the 
house near the storage dam, none of the houses are of any use in the proposed land 
treatment system. It is proposed that the Water Authority: 

seek a small sub-division around the house in the south-east corner of the site and 
sell this house and land (net return: $40,000); 

call tenders for the dismantling and removal of all internal fences, sheds and the 
remaining house and cottage in December 1992 (no cost). 

9.3.3 NATIVE DEPAUPERATE REMNANT VEGETATION 

A number of small depauperate patches of native remnant vegetation are scattered over 
most locations. 

Two larger patches (greater than 5 ha) of remnant vegetation exist within the proposed 
land treatment site. Currently livestock, which are allowed to graze in the area, are 
damaging the vegetation. It is proposed that: 

all small patches of vegetation be cleared and burnt prior to November 1992 
(cost: $10,000); 

a four-strand electric fence be built around the two larger patches of remnant 
vegetation to exclude livestock (cost: $2,000). 

9.3.4 SPRING WEED CONTROL 

Tree growth is affected by pasture and weed competition. At the proposed land treatment 
site, four major pasture and weed problems have been identified: 

kikuyu—near most sheds and extensively on the lots near Seven Mile Creek 
couch grass—small patches throughout the site 
ryegrass—throughout the site 
dock—throughout the site 
variegated thistle—on the east bank of the proposed storage reservoir. 

These weeds cause particular problems when buried under mounds or spread by 
machinery. The setting of ryegrass seed could be controlled with an early spring 
application of a herbicide such as glyphosate. The formation of dock tubers and the 
setting of dock seed could be controlled in spring with a herbicide such as Brush-Off. 
Kikuyu and couch grass are best controlled using two small applications of glyphosate. 

With spring spraying, care needs to be taken to ensure adequate pasture cover is 
maintained over summer to avoid wind erosion on valley sands. Spring weed control 
also assists in summer rabbit control. 
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It is proposed that the entire site be broad sprayed in early spring (September or as soon 
as the perched water table disappears). This would be followed by spot spraying of 
kikuyu and couch grass areas in November (cost: $30,000). Arrangements would be 
made with the Agriculture Protecion Board to control and if possible eliminate the 
variegated thistle. 

9.3.5 SURVEY 

It is proposed that all tracks and tree block boundaries be pegged (cost: $5,000). 

9.3.6 ROADS AND TRACKS 

Numerous short trips around the site by vehicles and machinery would be required during 
tree establishment, tending and harvesting. In addition, easy and rapid access within the 
site would be required in the event of a fire. It is proposed that: 

access tracks be formed within the site using the surface sand, with a layer of gravel 
on frequently traversed routes. Rock rolling the formed surface of lightly travelled 
routes would be sufficient; 

access roads be constructed with a gravel surface suitable for heavy machinery. 
These would be constructed to the side of all State Energy Commission of Western 
Australia (SECWA) power lines, over the dam wall, through to the water supply 
reserve (Figure 8.1) and around the top of the overland flow area (cost: about 10km 
at $2,000/km = $20,000); 

a boundary track suitable for tractors and four-wheel drive vehicles be formed. This 
track would comprise a rock-rolled surface with gravel in sandy depressions and wet 
areas (cost: 8 km at $800/km = $6,400); 

formed tracks be constructed by rock rolling between each block of trees, between 
the rain-fed and irrigated trees, and from tracks to existing dams (cost: 15 km at 
$500/km = $7,500). 

9.3.7 TREE LAYOUT AND SPACING 

The standard layout for rain-fed trees in the higher rainfall zone near Albany comprises 
rows 3-5 m apart, with trees planted 1.5-2 m apart in the row. 

Rapid early seedling growth has been observed when seedlings are planted densely (1 m 
apart) within a row. Integrated Tree Cropping Pty Ltd has been exploiting this effect 
using a tramline configuration: two rows spaced 2 m apart, followed by a larger space of 
between 5 m and 10 ni (Plate 3). The resulting wider row between the tramlines allows 
improved access for monitoring, fertilizing and harvesting. 

In addition, by laying the drip-irrigation piping in the centre of the tramline, the pipe 
would be protected from vehicles and livestock. 

9-7 



It is therefore proposed that this iramline configuration be adopted as follows: 

in the irrigated area, rows be spaced 2 m apart followed by rows spaced 5 m apart, 
with the sequence being repeated; 

in the rain-fed area, rows be spaced 2 m apart followed by rows spaced 6 m apart, 
with the sequence being repeated; 

within the row, seedlings be spaced at 1.9 m apart for the irrigated area and 2 m 
apart for the rain-fed area (resulting in a density of 1,500 and 1,250 trees per hectare 
respectively). 

9.3.8 SHATTER PLOUGHING 

Tree growth is visibly better in areas that have been shatter ploughed (i.e. ripped to a 
depth of about 1 m with an inclined wing at the bottom of the tine). Pits excavated both 
on the proposed land treatment site and at Bells farm showed that tree roots had grown 
down into the shattered soil in preference to the undisturbed soils. 

Water infiltration may be limited by the duricrust and the sandy clay subsoil. The Stage 2 
investigations found a seven-fold increase in the hydraulic conductivity of the shatter-
ploughed clay as compared to the undisturbed clay. 

In addition, shatter ploughing allows the the phosphorus to be more easily adsorbed, as it 
has to come into contact with the duricrust and clay in order for this to occur. 

Some rocks are pulled to the surface during shatter ploughing, especially when an 
underpowered tractor or bulldozer is used. These rocks then interfere with herbicide 
application. Existing rocks and those pulled to the surface could be crushed using an 
agricultural rock roller. 

Shatter ploughing is best done when the subsoils are dry, thus avoiding glazing the clays. 
It is proposed that the irrigated and rain-fed tree areas be shatter ploughed to a depth of 
1 m, using a ten-degree angled wing with a width of 400 mm. Within the irrigated tree 
area, the shatter ploughing would be directly underneath and at right angles to the 
proposed tree lines. The right-angled shatter ploughing would be at 5 m intervals. 
Within the rain-fed tree area, the shatter ploughing would be beneath the tree rows. 

The work would be carried out between January and April 1993 using a tractor with at 
least 230 draw bar horsepower (cost: 300 ha of irrigated tree area at $200/ha = $60,000; 
120 ha of rain-fed tree area at $100/ha = $12,000). 

Following the shatter ploughing, the areas between the tramline rows in the irrigated area 
would be rock rolled. The rock roller would have a width of between 2 m and 3 m and a 
weight of approximately 5,000 kg (cost: 300 ha at $50/ha = $15,000). 
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9.3.9 MOUNDING 

Mounding raises the seedlings out of the waterlogged soils; cultivates the soil, thus 
improving root growth; and ensures that residual herbicide is not in contact with slowly 
moving surface water. 

The Water Authority owns a large profile mounder which is used in the rehabilitation of 
water catchments. This mounder or a similar machine is suited to building large profile 
mounds (minimum height 200 mm; minimum top width 500 mm). It is desirable that the 
mound has a 500 mm wide, flat top. 

It is important to ensure that dock, kikuyu and couch grass are dead before the mounds 
are built. If spring control of weeds were not carried out, mounding would be delayed 
until an autumn control was possible. However, it would be best to mound in April, 
prior to the period in which autumn weed control is possible. 

Mounds have the potential to either trap or channel water. It is desirable to build mounds 
only in areas subject to waterlogging. Care would also be taken to orient rows so that the 
maximum slope along the rows never exceeded 1.5% and that no concentrated flow of 
water struck any single mound. 

It is proposed that large profile mounds be built over the entire area proposed for irrigated 
trees and over about one-half of the area proposed for rain-fed trees (cost: 360 ha at 
$70/ha = approx. $25,000). 

9.3.10 AUTUMN WEED CONTROL 

Weeds reduce the vigour of the eucalypt seedlings and, if dense, may even kill the 
seedlings during the first summer. Follow-up weed control is expensive, is detrimental 
to the seedlings and has a limited effect on some weeds. Hence, it is important to achieve 
effective weed control prior to planting. 

Knock-down herbicides that use Brush-Off and glyphosate are a cost effective mixture 
that give some residual control. Other residual herbicides have the potential to adversely 
affect the trees if not applied by a skilled operator. 

It is proposed that a herbicide be applied two weeks after the season breaks in autumn. 
The herbicide would only be applied to a 4 m wide band straddling one trarnline (two 
rows) or to 2 m wide bands straddling each row in the rain-fed area. This operation 
should be closely supervised, as correct mixing and application is critical (cost: 370 ha at 
$35/ha = approx. $13,000; supervision = $2,700). 
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9.4 TREE SPECIES AND ESTABLISHMENT 

9.4.1 SPECIES AND GENETIC STOCK 

In Albany, trials of species planted in 1989 have shown E. globulus subsp. globulus to 
be the fastest growing of all eucalypts tested. E. globulus is used extensively by the 
forestry industry, CALM and the Water Authority in the Albany region and throughout 
the South-West. 

E. globulus occurs naturally in Victoria, the Bass Strait Islands and Tasmania. Seed 
sourced from these areas and planted at Albany have shown large differences in growth 
rates and susceptibility to insect attack. E. globulus seed sourced from cross-fertilization 
of parents from geographically distant provenances have an increased vigour and 
resistance to insect attack. Unfortunately only small quantities of this seed is available. 

Alcoa of Australia Ltd is currently testing E. globulus seed sourced from the edge of salty 
estuaries. Early screening tests have shown seed sourced from trees growing in salty 
areas have a greater salt tolerance. It is expected that these trees, which typically grow in 
very wet areas, also have a greater waterlogging tolerance. 

The only other recognized pulpwood species that is growing well in Albany is E. grandis. 
This species is recognized as having higher salt and waterlogging tolerances than 
E. globulus. Young E. grandis grown under rain-fed conditions at Albany is growing 
about 10% slower than E. globulus grown under similar conditions. 

Both of these species are used for sawlogs overseas. Other recognized sawlog species 
that grow well at Albany are E. maculata and Acacia melanoxylon. The latter species is 
best planted as a companion plant among fast-growing eucalypts. 

Firewood is gradually becoming more expensive at Albany. A recognized firewood 
species that grows well under irrigation is E. melliodora. 

Evergreen fodder shrubs, such as Chamaecytisus palinensis (tagasaste) and A. saligna, 
could be grown under irrigation on the proposed land treatment site. Tagasaste does not 
burn readily and can be used to shield sensitive trees. 

It is proposed that: 

E. globulus be planted over 90% of the irrigated area and 96% of the rain-fed tree 
area; 

trial plantings of E. grandis, E. melliodora and A. inelanoxylon be established in the 
in'igated area; 

tagasaste and A. saligna be planted in fire-risk areas and in the airstrip clearance; 

cross-pollinated E. globulus seed be sown if available. Alternatively, a mixture of 
seed drawn from at least ten geographically different areas be used; 
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a non-harvested buffer zone be established along the Albany Highway boundary. 
This would contain a number of native species and flowering shrubs, including 
melaleuca, acacias and bottlebrush from the local area. 

9.4.2 SEEDLINGS 

Eucalypt seedlings grown in 64-cell plastic pots are used by the forestry industiy, CALM 
and the Water Authority. Most Albany nurseries use peat pots. However, with technical 
assistance these nurseries have indicated a willingness to grow seedlings in plastic pots 
for the proposed land treatment system. 

Field trials using different size seedlings have proved inconclusive. Integrated Tree 
Cropping Pty Ltd favours vigorously growing seedlings with a high stem-diameter to 
height ratio. 

Foliage application of fertilizer a week prior to despatch and once on site just prior to 
planting results in visibly better early seedling growth. Acacias and tagasaste are grown 
as bare-rooted seedlings. 

It is proposed that the Water Authority contracts a number of nurseries to supply eucalypt 
seedlings (foliage fertilized a week prior to dispatch) in 64-cell painted pots, and acacias 
and tagasaste as bare-rooted stock (cost: 500,000 seedlings at $0.20 = $100,000). 

9.4.3 PLANTING 

Experience over the past few years indicates that hand planting results in superior tree 
growth and is cheaper than other planting techniques. With some training, inexperienced 
people quickly learn how to hand plant seedlings. Hand planting could be used as an 
employment generating strategy. 

Herbicide applied to the planting rows should be given an opportunity to leach into the 
soil prior to planting, which normally requires 25 mm of rain. It is therefore proposed 
that the seedlings be hand planted, with herbicide applied as described (cost: $100 per 
1,000 seedlings = $50,000). 

9.4.4 FERTILIZER 

Experience in Australia and overseas has shown early growth response to the application 
of nitrogen—phosphorus fertilizers within 6 weeks of planting. Industry practice at 
Albany is to apply 100 kg/ha of the granulated fertilizer Agras I or 50 grams per tree of 
di-ammonium phosphate soon after planting. 

On those sites where the owner is sensitive about soil fertilizer application, frequent 
foliage applications of a liquid fertilizer during the first year have been used successfully 
by Integrated Tree Cropping Pty Ltd. Second or third year fertilizer application using 
200 kg/ha of Agras I is commonly used to encourage rapid canopy closure. 
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It is therefore proposed that: 

within 6 weeks of planting, 100 kg of granulated Agras I be applied on the planting 
row in both the irrigated and the rain-fed areas; 

within a week of the break of the season in the second year, a further 100 kg of 
granulated Agras I be applied to the planting row of both the rain-fed and the 
irrigated areas; 

during the spring of the second year, a further 100 kg of Agras I be applied to the 
planting row of the rain-fed area. 

9.5 GRAZING STRATEGY 

Weed control is most economically and effectively achieved using cattle and sheep. The 
livestock help to reduce the fire hazard by eating the weeds and by crushing the fallen 
leaves and bark. 

Both sheep and cattle could be grazed among the trees during the first summer. The 
quantity of vegetation available for grazing is gradually reduced as the trees grow. 
However, even in a stand that is nearing harvest there is usually some feed available. At 
the proposed land treatment site, tagasaste and A. saligna would also be grown as fodder. 

Health regulations allow only sheep to graze among trees, and require that these animals 
be clearly identified and sold directly to an abattoir. 

Observations of sheep grazing among trees indicate that stock are best rotated through 
four or five paddocks, eating all the feed before moving on to the next paddock. 
Tagasaste and A. saligna also require rotational grazing. To achieve a rotational grazing 
pattern it would be necessary to fence the area into a number of paddocks. 

It is proposed that livestock be controlled by electric fencing, which is both a cheap and 
an effective method of control. Four-strand electric fences would be constructed on both 
sides of the major formed tracks (with suitable warning signs at all entrances). The fence 
would use steel star-posts and removable plastic insulators to allow temporary access. 
Lift-up gates would be provided at the junction of formed tracks and smaller access 
tracks. To ensure easy management, isolating switches would be installed at all junctions 
(cost: 20 km at $800/km + 40 gates at $200 each = $24,000). 

A single fence similar in construction to the track fences would be constructed between all 
rain-fed and irrigated areas. Lift-up gates would be provided at all junctions (cost: 8 km 
at $800/km + 24 gates at $200 each = $1 1,200). 

9.6 FIRE 

E. globulus burns quickly and with an intense heat. The long hanging bark encourages 
the fire to run up into the canopy. Loose burning bark tends to rise into the air and start 
spot fires some distance from the original fire. 
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A fire in the irrigated trees would damage the irrigation and sensor systems. If the trees 
are only a few years old, fire damaged timber is salvageable; however, the price is 
substantially discounted. Older trees recover following a fire, however younger trees 
would have to be replanted. 

The potential damage from a wildfire is large, however the risk of fire should be viewed 
in context: of the entire CALM plantation estate, most with a higher fire risk, less than 2% 
has been damaged by fire in the past two decades. 

A detailed analysis of the fire risk in the proposed land treatment site would be carried Out 
periodically; a plan of action, including responsibilities, would be determined prior to 
each summer. 

The risk of fire can be reduced by identifying the major fire hazards and by planning to 
reduce these hazards. Damaging fire is more likely to enter the property from two of the 
four boundaries: from the north travelling through the remnant vegetation, and from the 
west travelling through the water supply reserve. 

Fires on the property are most likely to be caused by: 

faults or shorted fuses in the SECWA power lines 
machinery overheating 
exhausts and catalytic converters on vehicles igniting grass 
accidental fires starting from cigarette butts, burning off, etc. 
arson 
electric fences shorting on hot days. 

To limit the chance of fire starting on the property and to limit the spread of fire once 
started, the following precautions would be taken: 

A 15 m wide firebreak, clear of all flammable material would be maintained on all 
boundaries (cost: $300/a). 

The first two rows (one set of tramlines) on the northern and western boundaries 
would be oriented parallel to the boundaries and planted with tagasaste. The small 
area to the west of the power line on the western boundary would also be planted 
with tagasaste. 

The vegetation below the SEC WA power line in the water supply reserve would be 
kept in a low fuel status. 

Forty-metre wide firebreaks would be established and kept clear of all flammable 
material under all the SEC WA power lines and along the major formed tracks. This 
would both reduce the chance of a fire starting and divide the tree planting up into 
30-40 ha cells (Cost: $600/a). 

Vehicle movement within the trees during high or extreme fire dangers would be 
prohibited. 
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All activities requiring machinery within the trees during summer would be 
accompanied by a light-weight fire unit. 

All vehicles and machinery would carry fire extinguishers. 

Smoking would be discouraged and restricted to firebreaks and other open low fuel 
areas. 

Burning of household rubbish, garden rubbish or grass would be discouraged. 

Special care would be taken when burning harvest residues. 

All entrances to the property would be secured with gates, and electric wires across 
the gate. Prominent warnings about the electric fence would be placed on all gates to 
deter casual arsonists. 

A time clock would be installed to turn the electric fence off three hours after sunrise, 
and on two hours before sunset during summer (stock rarely move during the heat). 

Prior to summer, sheep would be grazed in paddocks on the boundary. Stock 
would be grazed in internal paddocks only once the boundary paddocks were clear 
of feed. 

A number of light-weight fire units would be purchased (cost: 4 units at $6,000 each 
= $24,000). 

Existing dams would be retained and, if necessary, filled with wastewater prior to 
summer. These dams would be connected by formed tracks and their location 
indicated by signposts. New stand-pipes and small ponds would be constructed 
along major formed tracks. 

9.7 MONITORING 

Once established, the trees would require little attention. For pulpwood production there 
is no need to prune or thin the trees. Most farmers inspect the trees every three months 
for the first year and once each year thereafter. 

To ensure the inspection is thorough, inventory plots would be established within each 
irrigation block and within every 10 ha in the rain-fed area. Every three months for the 
first year and once each year thereafter, observations of height, diameter, vigour, and any 
insect or fungal damage would be recorded for five trees at the inventory plot (cost: 
$10,000 for first year; $2,000 each year thereafter). 

9.7.1 CONTINGENCY PLANS 

Although insect and fungi have not caused any major tree losses in the Albany area, there 
is the chance that a plague may develop. 

9-14 



Rapid identification of a problem and a prompt response to any insect or fungi pests can 
limit the damage. If not organized in advance, factors such as availability of qualified 
spray contractors and obtaining Health Department approval may slow the response to 
insect attack. 

To ensure prompt response to pest attack, it is proposed that: 

the Water Authority join with CALM and the forestry industry in monitoring the 
status of potential pests in Western Australia; 

a spraying contractor with suitable misting equipment be employed on a stand-by 
basis (cost: $500/a); 

discussions be held with the Health Department to obtain approval in principle for a 
range of insecticides and fungicides to be used if required; 

all employees and contractors be encouraged to report any insect or fungal activity. 

9.8 HARVEST PLANNING 

The tree growth rates are likely to vary between blocks in both the irrigated area and the 
rain-fed area. By the fourth year, the difference in growth would be apparent. At this 
point, a plan would be made for the orderly harvest of the trees and for marketing of the 
timber or wood chips. 

To comply with airstrip height restrictions, it may be necessary to harvest the blocks in 
line with the runway earlier than the commercial optimum. 

The timing of harvest may also be influenced by the nitrogen uptake of the trees. If 
unacceptable levels of nitrogen were found to be leaching beyond the root zone, harvest 
may need to be brought forward. 

A harvest and marketing strategy would need to take into account both the volume and the 
quality of the timber being grown and match this with the harvesting and processing 
equipment and the market for the timber. A harvest plan using inventory data, harvest 
infrastructure and timber values would be drawn up in the fourth year after planting. 
Marketing negotiations would also need to commence at this time. The combined cost of 
preparing a marketing plan and marketing the product is estimated at $40,000. 

9.9 HARVESTING 

The irrigation strategy is based on a 6 year rotation requiring the harvesting of 50 ha each 
year. This would result in the production of 12,000 m3  of timber for sale annually. 

As yet no commercial harvesting of fast-growing eucalypts is carried out in Western 
Australia. However, machinery used in karri thinning, pine thinning and clearfelling 
eucalypts overseas is likely to be operating in Western Australia before the land treatment 
system trees are ready for harvest. 
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Most industry groups are planning to use mobile chipping machines to process the timber 
on site. A mobile chipper would take about three weeks to process the timber from 
50 ha. CALM favours transporting the timber to a central processing site. 

9.10 POST-HARVEST MANAGEMENT 

It would be necessary to burn the trash following harvest to volatilize the nitrogen in the 
trash. This could be achieved without damaging the drip tube if the trash were stacked 
between the tramlines and the system turned on prior to and during burning. 

If the nitrogen content of the trash were not an issue, post-harvest management would 
involve the pruning of the coppice back to one or two shoots. Given the desire to 
achieve rapid transpiration following harvest, coppice pruning could be delayed until 
about 18 months after harvest. 

Coppice pruning is a labour intensive process; the Water Authority may find it more 
efficient to poison the stumps and replant the seedlings. Poisoning the stumps and 
replanting would permit the Water Authority to change the species or provenance. 

9.11 MARKETING 

At present no wood-chip processing or export industries exist at Albany; the only outlet 
for wood chips is through Bunbury. However, CALM and many farmers are planting 
eucalypts in anticipation of an industry being established at Albany by the time the trees 
are ready to harvest. There are already 4,000 ha of eucalypts established for wood chip 
production in the Lower Great Southern. 

Once chipped, the timber would be transported to a port for storage and then exported to 
either domestic or overseas markets. If the Albany port were used, the transport cost 
would be low; however, if the Bunbury port were used the cost would be substantially 
higher. Costs would include: 

harvesting $10/rn3  
chipping $9/rn 
transport $2 flagfall and $1 .20/rn3  to Albany 
port costs $7/m3  
marketing and financing $5/rn 

Total 	$34.20/rn3  

Timber produced on the proposed land treatment site is expected to be eagerly sought by 
domestic and South-East Asian pulp mills for use in the manufacture of high quality 
paper. The Australian Bureau of Agriculture and Resources Economics forecasts that the 
South-East Asian market will increase at a compound rate of 5% per year for the next few 
years. With few other sources of new timber and a declining supply of natural timber, a 
shortage is expected by the end of this century. 
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The bleached puip yield of E. globulus is about 55%; this is about 20% higher than that 

for marri—karri. The basic density of E. glohulus irrigated with wastewater is expected to 

be 500 kg/rn3; this is lower than the 550 kg/rn3  expected for rain-fed trees. Based on 
these factors and the current price for wood chips, the free on board (199 1-92) value of 
wood chips in Albany is estimated to be $85/rn3  for irrigated trees and $90/1,13  for rain-fed 

trees. 

Over the past 6 years the value of marri—karri chips exported from Bunbury has exceeded 
the rate of inflation by an average of 2% each year. A similar if not higher rate of increase 
in timber values is expected over the next few decades. The above values are therefore 
regarded as a conservative estimate of the likely price. 

The net value of the timber on the land treatment site after deducting harvesting, 
processing and handling costs is thus approximately $50/rn3  for the irrigated trees and 

$55/rn3  for the rain-fed trees. 

Current market structures do not allow producers to sell timber on a free on board basis. 
Bunnings Ltd and CALM quote on-farm values of $20/rn3  to $35/rn3  based on average 
haulage and harvesting costs, which are much higher than those that would be incurred at 
the land treatment site. Marketing arrangements will therefore be critical to achieving the 
best return. 

The value of wood chips in the export market is dependent on the size and continuity of 
the shipments that can be achieved. To achieve the above free on board values the Water 
Authority would need to align itself with other timber producers in the area. 
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Chapter Ten 
CAPITAL AND OPERATING COSTS, 
CONSTRUCTION SCHEDULE AND PREDICTED 
INCOME 

10.1 CAPITAL COST 

The total capital cost of designing and constructing the land treatment system at Albany is 
$2,860,000. This comprises the following elements. 

Initial capital cost (to 1995-96): 

preliminary siteworks 
overland flow area 
storage dam 
250 ha of irrigated trees: 

- 	tree establishment 
- 	irrigation system 

120 ha of rain-fed trees 
fire prevention facilities 
monitoring facilities 

Total to 1995-96 

99,000 
301,000 
410,000 

297,000 
1.244,000 

1,541,000 

117,000 
58,000 
29,000 

$2,555,000 

Additional expenditure of $13,000 would be required around the year 2000 to adjust the 
overland flow system to cope with the different quality wastewater from the new activated 
sludge type treatment plant. In 2009-10 a further $292,000 would be required to 
establish the final 50 ha of irrigated trees. 

Total capital cost to 2020 is $2,860,000. 

Detailed estimates of the various elements are given in Section 10.6. 
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10.2 CONSTRUCTION SCHEDULE 

A construction schedule to achieve diversion of the No. 1 treatment plant wastewater 
flows in December 1994 has been developed and is shown in Figure 10.1. The saturated 
surface soil conditions that exist on this site make it desirable that pipe trenching and 
laying be completed by May; the programme is constructed on this basis. 

10.3 TIMING OF CAPITAL EXPENDITURE 

Based on this construction programme the expenditure required in the various financial 
years is estimated as follows: 

1992-93: 

preliminary siteworks 	 87,000 
establish 150 ha of irrigated trees 	165,000 
detailed design soil investigation for dam 	10,000 
monitoring system 	 17,000 

279,000 

design and supervision 	 22,000 

Total - Years 1992-93 	 $301,000 

1993-94: 

overland flow area: 

- 	land forming and planting 	 20,000 
- 	purchase and lay mains 	 134,000 
- 	purchase gated pipe 	 75,000 
- 	modify existing ponds 	 5,000 

234,000 

establish 50 ha of irrigated trees 	 55,000 
establish 70 ha of rain-fed trees in the valley 	 63,000 

tree irrigation system (200 ha): 

- 	purchase pumps and switchgear 75,000 - 	purchase filters and chlorinator 55,000 - 	purchase moisture sensors and controller 48,000 - 	purchase drip tubing 140,000 - 	purchase and lay main lines 536,000 - 	construct fire dams and stand-pipes 30,000 
884,000 

construct dam 375,000 

design and supervision 124,000 

Total - Years 1993-94 $1,735,000 
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LAND TREATMENT SYSTEM 

Activity 1992 1993 1994 1995 1996 

Preliminary siteworks  

Monitoring system - 
Overland flow area 

design - - 
land forming and planting - - 
purchase and lay mains - 
purchase gated pipe 
modify exist ponds - - 
install gated pipes - 
purchase and install pumps - 

Dam 
investigations 
design - - - - construct 

Irrigated trees a 
design -• 

weed control  
.2 - 

- * 	shatter plough etc - - CU - 
-- 

plant 

Irrigation system 
design - CL - - 
purchase pumps and switchgear 
purchase filters and chlorinator 
purchase sensors and controller 
purchase drip pipe 

- - 
purchase and lay mains - - 
construct tire dams and stand-pipes - - - 
SEC WA connection - 
install drip pipe - - - 
install pumps and switchgear - 
install controller - 

RaIn-ted trees 
weed control 
shatter 

:— 



1994-95: 

overland flow: 

- 	install gated pipe 	 15,000 
- 	purchase and install pumps 	 30.000 

45,000 

tree irrigation system: 

- 	install drip pipe 	 20,000 
- 	install pumps and switchgear 	 30,000 
- 	SECWA connection 	 30.000 

80,000 

purchase fire equipment 	 24,000 

design and supervision 	 12,000 
commission system 	 4.000 

Total - Years 1994-95 	 $165,000 

1995-96: 

preliminary siteworks 5,000 
establish 50 ha of irrigated trees 55,000 
install irrigation system for 50 ha 213,000 
establish 50 ha of rain-fed trees 45,000 
establish inventory plots 1IL000 

328,000 

design and supervision 	 26,000 

	

Total - Years 1995-96 	 $354,000 

10.4 OPERATING COSTS 

Operating costs comprise the elements shown in Table 10.1. The annual recurrent 
operating expenditure is $224,000 in 1995-96, increasing to $283,000 in 2020. In 
addition there is non-recurrent expenditure of: 

$40,000 in 1997-98 to survey the growth of the trees and develop a harvesting plan 
and marketing strategy; 

$40,000/a for drip tube replacement after 12 years service in the years 2004-09 and 
2015-21. 
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Labour 	Vehicle 

1994-95 69 	5 

1995-96 100 	5 

1996-97 75 	5 

1997-98 75 	5 

1998-99 75 	5 

1999-2000 75 	5 

2000-2001 75 	5 

2005 75 	5 

2010 75 	5 

2015 75 	5 

2020 75 	5 

Pumping 
energy 

25 

48 

50 
75 

77 

79 
81 

90 
99 

109 
120 

Table 10.1 Land treatment system operating expenses ($000s) 

Non-recurrent 
Financial 
	

Recurrent expenditure 	 expenditure 
year 

Pumping 	Pipe 	Site 	Monitoring Administration 	To tal 
maintenance maintenance maintenance 	tests 	(25%) 

Nil Nil 2 3 23 118 

10 5 5 6 45 224 

10 5 5 6 39 195 

10 5 5 6 45 226 

10 5 5 6 45 228 

10 5 5 6 46 231 

10 5 5 6 47 234 

10 5 5 6 49 245 

10 5 5 6 51 256 

10 5 5 6 54 269 

10 5 5 6 57 283 

Harvest planning and 

marketing 
40 

Drip tube replacement 

40 per annum 
(2004-09 inclusive) 

40 per annum 
(2015-21 inclusive) 



10.5 PROJECT INCOME 

10.5.1 SALE OF HOUSE 

There is a reasonable house and area of land in the south-east corner of the site not 
required for land treatment. This could be subdivided and sold for an estimated $40,000. 
This house would probably be sold in 1993-94. 

10.5.2 AGRICULTURAL INCOME 

Income could be derived from the following: 

grazing the land not planted with trees until 2009 
grazing the firebreaks 
grazing the tagasaste planted in the airstrip flight path. 

Grazing is required to control grass growth on the site to minimize fire risk. 

It is anticipated that the grazing rights would be contracted to an adjacent owner subject to 
approval by the Health Department of Western Australia. The income derived would be 
modest, commencing at around $15,000/a initially, declining to $5,000/a after 2010. 

10.5.3 WOOD CHIP INCOME 

A market does not exist for wood chips in Albany. However, 4,000 ha of E. globulus 
and other wood chip species have been established in the Lower Great Southern region 
and further large areas are planned to supply a market expected to develop during the late 
1990s. 

As described in Chapter 9, a conservative timber yield of 40 m3/a  is expected over a 5-7 
year rotation from the irrigated trees and 30 rn3/a  over an 8 year rotation from the rain-fed 
trees. 

Estimates of the expected income have been derived on the basis of: 

$50/rn3  for the irrigated trees and $55/rn3  for the rain-fed trees for the standing timber 
based on current free on board values as calculated in Chapter 9; 

a conservative $30/rn3  based on the average harvesting and transport costs currently 
applying in the South-West wood chip industry. 

These estimates are presented in Table 10.2 and show that income would commence in 
1997-98 and continue virtually every year thereafter. 
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Table 10.2 Estimated income from timber ($000s) 

Price 	for timber Price for timber 

Year $50/rn3  $55/rn3  $30/rn3  
Inigated Rain-fed Total Irrigated 	Rain-fed Total 

1997-98 500 - 500 300 - 300 
1998-99 600 - 600 360 - 360 
99-0 700 - 700 420 - 420 
00-01 700 - 700 420 - 420 
01-02 600 - 600 360 - 360 
02-03 - 924 924 - 504 504 
03-04 600 - 600 360 - 360 
04-05 600 660 1260 360 360 720 
05-06 600 - 600 360 - 360 
06-07 600 - 600 360 - 360 
07-08 - - - - - - 
08-09 700 - 700 420 - 420 
09-10 600 - 600 360 - 360 
10-11 600 924 1524 360 504 864 
11-12 6(X) - 600 360 - 360 
12-13 600 660 1060 360 360 720 
13-14 500 - 500 300 - 300 
14-15 600 - 600 360 - 360 
15-16 600 - 600 360 - 360 
16-17 600 - 600 360 - 360 
17-18 600 - 600 360 - 360 
18-19 600 924 1524 360 504 864 
19-20 600 - 600 360 - 360 

- No harvest. 

Based on the conservative value of $30/t for timber the annual income from the irrigated 
trees would be $360,000 in most years. The rain-fed trees would produce additional 
income of $864,000 every 8 years. 

The net present value of the income streams are as follows: 

Table 10.3 Net present value of income streams 

Price for timber (S) 

Discount rate 	 50 m3for irrigated and 	Average of 30 m3  for both 
55 m3for rain-fed 	irrigated and rain-fed 

4% 	 8.9 million 	 4.2 million 
6% 	 6.7 million 	 3.9 million 

These estimates are quite significant. Even at the conservative price of $30/rn3  the annual 
income from the irrigated trees exceeds the estimated annual operating cost of $226,000 
to $283,000 and provides some return to capital. The more likely price provides a 
significant return to capital. 
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10.6 DETAILED CAPITAL COST ESTIMATES 

10.6.1 PRELIMINARY SITEWORKS 

clear depauperate vegetation 10,000 
fence remnant vegetation 2,000 
peg out layout, roads etc. 5,000 
form roads and tracks 34,000 
fence new layout 35,000 
construt cut-off drains 2,000 
control rabbits etc. 2,000 

Subtotal 	 91,000 

overheads 	 8,000 

Total 	 $99,000 

10.6.2 OVERLAND FLOW TREATMENT AREA 

clean out existing ponds and install overflow inlet and outlet 5,000 
pump and accessories (includes solenoids/controller/electrical/shed) 15,000 
standby pump and motor 5,000 
mains, submains and fittings 68,000 
gated aluminium pipe 75,000 
installation 79,000 
earthworks 20,000 
contingency 12.000 

Subtotal 	 279,000 

final design, documentation, supervision of installation 
(8% of above cost) 	 22.000 

Total 	 $301,000 

In the year 2000, larger pumps would have to be installed (cost: $12,000). 
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10.6.3 STORAGE DAM 

clear site 
strip top soil 
remove sand under bank and clay blanket 
place flil in main embankment 
place fill in clay blanket 
gravel filter 
rock protection 
spiliway 
contingency 

Subtotal 

detailed soil investigations 
design and supervision 

Total 

10.6.4 TREE IRRIGATION SYSTEM 

Stage 1 (200 ha): 

pump and motor 
filtration 
chlorine injection 
distribution piping 
fittings/valves/etc. 
drip tube 
moisture sensors, controls, control centre 
installation 
SEC WA connection 
contingency 

Subtotal 

Stage 2 (50 ha): 

distribution piping 
fittings, valves, etc. 
drip tube 
moisture sensors and controls 
installation 
contingency 

Subtotal 
0 

3,000 
25,000 
60,000 

150,000 
50,000 
12,000 
34,000 
7,000 

34.000 

375,000 

10,000 
25,000 

$410,000 

75,000 
50,000 
5,000 

257,000 
40,000 

140,000 
48,000 

250,000 
30,000 
39.000 

934,000 

94,000 
10,000 
35,000 
9,000 

55,000 
10.000 

213,000 
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stage 1 and 2 commission 	 4,000 

Stage 3 (50 ha): 

distribution piping 94,000 
fittings, valves, etc. 10,000 
drip tube 35,000 
moisture sensors and controls 9,000 
installation 55,000 
contingency 10.000 

Subtotal 	 213,000 

final design, documentation, supervision of installation 
(8% of above figure) 	 109,()00 

Total 	 $1,473,000 

10.6.5 TREE ESTABLISHMENT (S/ha) 

Irrigated Rain-fed 
initial weed control 60 60 
shatter ploughing 200 100 
rock rolling so not applicable 
mounding 70 70 
autumn weed control 35 35 
seedlings 300 250 
planting 150 125 
fertilizing 40 60 
direct supervision and contingencies ..LL 

Subtotal 1,020 800 

design, documentation, supervision 80 64 

Total $1,100/ha $864/ha 

For the purposes of estimation, $1,100/ha for irrigated trees and $900/ha for rain-fed 
trees has been used. The latter includes an allowance for the more difficult terrain in the 
Seven Mile Creek valley. 

10.6.6 FIRE PREVENTION 

fire tenders—four secondhand light-weight units @ $6,000 each 	24,000 
fire dams and stand-pipes 	 30.000 

Total 	 $54,000 
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Chapter Eleven 
OPERATION AND MAINTENANCE 

11.1 OPERATION GUIDELINES 

The land treatment system, like most wastewater treatment systems, is a biological system 
and its performance fluctuates with weather conditions. The rates of application of 
wastewater to both the overland flow treatment area and the slow-rate irrigated tree area 
would have to be adjusted to take account of variations in a number of parameters. 

The main parameters affecting performance are as follows: 

overland flow treatment area—temperature and to a lesser extent rainfall 
slow-rate irrigated tree area—rainfall, evapotranspiration and soil moisture storage. 

The age of the trees would also influence the application rate. 

The engineering design of the land treatment system has incorporated flexibility in the 
application rate to cope with the climatic fluctuations expected in Albany. A high degree 
of automation is proposed to reduce the labour required for this 24 hours per day, 7 days 
per week operation. An electronic soil moisture monitoring system for the irrigated tree 
area would also be installed to aid decision-making for that area. 

However, the system is designed on the basis of the operator making decisions on the 
application rate and start times. In the summer, few changes to the operating regime are 
likely to be required, but in winter daily decisions could be required. Close attention 
would also be necessary during the first year when the trees would be growing rapidly, 
and the estimates that have been made on root zone storage and soil permeability would 
need to be confirmed. The following operational guidelines are proposed to indicate how 
the system would be operated. 

11.1.1 OVERLAND FLOW AREA 

The prime objective of this section of the treatment system is nitrogen removal. The 
efficiency of this operation is reduced when the soil temperature drops below 13-14°C 
(June—September in Albany). The efficiency can be improved by lowering the hourly 
application rate and operating for longer hours. 

Rainfall generally does not affect overland flow performance (US EPA 1981). 



At start-up, the objective would be to produce an effluent from the overland flow with a 
total nitrogen content of 20 mg/L (Section 7.4.2). The grassed slopes would take 3-
4 months to build up the microbial populations and slimes necessary for maximum 
denitrification. It is therefore recommended that application of wastewater to the slopes 
commence around October 1994, to prepare them for full-scale operation at the end of the 
year. It is important at start-up to avoid the development of any channelling down the 
bays which would short-circuit the treatment. The pastures would need to be mowed two 
or three times a year (US EPA 1981) to prevent them becoming rank and prone to 
channelling. 

A daily inspection of the overland flow area would be required to ensure that the 
automatic solenoid valves were operating. Monthly inspection to check for partially 
blocked gated outlets and potential channelling would be carried out. 

11.1.2 SLOW-RATE IRRIGATED TREE AREA 

The prime objectives of this area are to achieve maximum evapotranspiration of water by 
the trees, optimize downward percolation and avoid runoff as far as possible. These 
objectives are achieved when the moisture content in the 2 m root zone is maintained 
between field capacity (estimated 600 mm) and wilt point (estimated 300 mm). The 
possibility of runoff caused by saturation of the surface layer is also minimized by not 
irrigating during periods of heavy rain. The 300,000 kL capacity storage dam provides 
the required flexibility in application rate to achieve these objectives. The operator can 
vary the hours of application of water to the trees to achieve the required daily loading of 
wastewater. 

The water balance calculations (Section 7.3) indicate annual soil moisture regimes and 
dam levels that would achieve these objectives in years of varying rainfall and 
evapotranspiration. Figures 11.1 and 11.2 show the dam levels and the envelopes of 
annual soil moisture conditions within which the system would need to be operated. 
Important operating criteria are as follows: 

End of April: The dam would be at minimum storage level and the soil moisture 
down to slightly above wilt point. 

Winter: The soil moisture content would be maintained within the soil moisture 
envelope (Figure 11.2). The dam levels should be allowed to rise within the dam 
storage envelope to provide capacity for Storm events while at the same time ensuring 
sufficient water is available to maintain tree growth over summer (Figure 11.1). 

Summer: Maximum water would be applied to the trees in December to February 
when potential evapotranspiration is highest. 

The moisture probes would indicate any failure of the automatic solenoid valves. The 
dripper lines would be inspected monthly for evidence of blockages. 
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11.2 STAFFING 

One person would be capable of operating a municipal land treatment system treating 
6,000 m3  of wastewater per day (US EPA 1981). The system proposed at Albany is 
highly automated but also involves the operation of both an overland flow treatment 
system and a slow-rate irrigation system. Some farming operations (e.g. firebreaks and 
mowing) are probably best contracted to local farmers. 

Tuning the system and developing an optimum application rate regime would require 
significant input from a highly trained employee in the first year. 

The proposed system would be the first municipal land treatment system constructed in 
Western Australia and would operate in an environmentally sensitive area. Initial 
monitoring requirements to ensure that the system performs to design would be more 
intensive than those normally required. 

The operation budget is therefore based on the equivalent of one employee (tradesperson 
level), employed full-time for the year. In the initial year, another skilled full-time 
employee has been allowed for but this employee's involvement has been reduced to 50% 
in subsequent years in the budget. 

This latter employee would be involved in: 

making the daily application rate decision; 

monitoring the performance of the treatment systems (Section 11.3); 

monitoring the overall site water balance and other environmental factors 
(Section 11.3). 

11.3 PROPOSED MONITORING SYSTEM 

11.3.1 INTRODUCTION 

Monitoring of a well-designed and operated land treatment system should serve as an 
early warning system and help optimize the operation of the system's individual 
components. The programme must also provide performance monitoring data to fulfil 
regulatory requirements. The results of this type of monitoring can help avoid the onset 
of problems as well as lead to significant operation and maintenance savings (Bastian 
1978). 

The Victorian EPA Guidelines generally follow this approach and have been used to 
develop a monitoring programme appropriate to the scale of the proposed Albany land 
treatment system. 
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11.3.2 INCOMING WASTEWATER MONITORING 

Flows 

The Water Authority monitors the flow of major wastewater pump stations on a daily 
basis. Monitoring of the pump station delivering the treated effluent from the No. 2 
treatment plant to the land treatment plant would be included in this programme. 

Waste water quality 

The Water Authority monitors the quality of the incoming wastewater and the treated 
effluent from the No. 2 treatment plant on a monthly basis, testing for suspended solids, 
BOD, pH, ammonium, total nitrogen, total phosphorus and TDS. More frequent 
operational monitoring of the dissolved oxygen content is carried out to optimize the use 
of the aerators on the primary ponds. Annually, tests are undertaken for heavy metals, 
iron, calcium, magnesium and sodium. 

This testing programme should continue but, because of the monthly variation in calcium 
and magnesium levels and the importance of hardness for operation of the drip irrigation 
system, hardness should be included in the monthly monitoring. 

11.3.3 LAND TREATMENT SITE MONITORING 

Flows 

On the land treatment site, monitoring of flow and water quality would be undertaken as 
follows: 

Flow would be monitored daily at the pumps supplying the overland flow area and 
the drip irrigation area. 

Outflow from the site would be measured daily at the Seven Mile Creek measuring 
station near Gunn Road. 

Waste water quality 

Wastewater quality would be measured: 

monthly in the outflow from the overland flow area, with BOD, suspended solids, 
total nitrogen and p1-I being the critical operational parameters; 

monthly in the storage dams with tests for pH, total nitrogen, total phosphorus, TDS 
and hardness; 

at the Seven Mile Creek measuring station. The testing undertaken here would be 
for mobile elements, which indicate the presence of effluent from the land treatment 
system. Testing for EC, total nitrogen and total phosphorus on a monthly basis is 
recommended. Additional sampling in peak rainfall events should be undertaken. 
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Subsoil water 

The design of the land treatment system is based on the measured saturated hydraulic 
conductivities of the subsoils. The management objectives of the application of 
wastewater to the irrigated woodlot are to minimize runoff and to minimize percolation to 
the level needed for root zone salinity control. Runoff would be monitored at the Seven 
Mile Creek measuring station. 

The soil moisture probes installed in each 10-15 ha tree block as an aid to irrigation 
scheduling would provide a daily operational check that soil moisture storage and the drip 
irrigation system were functioning as designed. 

Movements in the water table under the irrigated woodlot area, the overland flow area, 
and the rain-fed tree area would provide the most easily measured indication of whether 
the total system is behaving as predicted. A number of the exploratory bores have been 
equipped for water table monitoring. The water level and the EC in these should be 
monitored monthly (until construction commences) to provide background data on natural 
water table movement and quality. 

The 40-50 m deep bores A2, A3 and A4 should be maintained and augmented by bores 
sunk to approximately 20 m, as shown in Figure 11.3. 

Additional bores to 15 m should be constructed in the overland flow and irrigated 
woodlot areas, downstream of the dams and in the rain-fed area, as shown in 
Figure 11.3. Initially, the water level in these bores should be measured quarterly in 
January, April, July and November. The EC of the water should be determined at the 
same time. Samples of the water in the bores should be analysed for total nitrogen and 
total phosphorus annually unless the EC measurements indicate a change in composition. 
Quarterly samples should be analysed once composition change is indicated. 

Soil monitoring 

In accordance with the recommendations of the Victorian EPA Guidelines, monitoring of 
the soils in the overland flow area and the slow-rate irrigated area should be undertaken 
every 3 years. Two samples from the overland flow area and one sample per 50 ha tree 
management unit should be analysed for pH, EC, exchangeable cations, total nitrogen, 
total phosphorus, potassium, total cation concentration and sodium adsorption ratio. 

Plant monitoring 

Some leaf tissue analysis of the trees would also be undertaken every 3 years to show that 
nitrogen uptake was continuing as predicted. 
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Chapter Twelve 
ENVIRONMENTAL AND HEALTH ISSUES 

12.1 WATER REGIME 

The Department of Agriculture monitors a weir on Seven Mile Creek above the junction 
with Five Mile Creek. The catchment of Seven Mile Creek at this point is 2,078 ha, of 
which 985 ha are cleared. The proposed land treatment site has an area of 575 ha, of 
which 550 ha, including 510 ha cleared, flow into Seven Mile Creek. The annual 
volumes of water flow measured by the Department of Agriculture are as follows: 

1988 6,900,000 kL 
1989 6,700,000 kL 
1990 9,300,000 kL. 

A gauging weir was established on Seven Mile Creek at Gunn Road on 26 September 
1991. The estimated flows at Gunn Road in the October to December 1991 period have 
been only 3% of the flows recorded at Lower Denmark Road at the same time 
(Table 4.2); for example, in October 1991 the flow was 11,600 kL compared with 
430,000 kL at Lower Denmark Road. Some of the flow in Seven Mile Creek at Gunn 
Road is seeping through the sands around the gauging weir, but the total flow probably 
does not exceed 5% of the measured flow at Lower Denmark Road. 

The water balance studies predict typical (close to median) annual runoff from the existing 
pasture of 52 mm/a, or approximately 260,000 kL from the total site above Gunn Road. 
This runoff occurs mostly in August, September and October after the soil has been filled 
to saturation by the winter rains. 

The same studies predict no runoff from the irrigated trees in a typical year and only 
3 mm of runoff in the 90 percentile wet year (960 mm rainfall). No runoff from the rain-
fed trees is predicted for either scenario. 

Therefore, average surface flow in Seven Mile Creek would be reduced by 260,000 kL/a 
after full development of the land treatment system. As this represents only 3% of the 
total creek flow, it is not expected to have a significant impact on the creek. 

12.2 NUTRIENT DISCHARGES 

The two important nutrients in wastewater are phosphorus and nitrogen, both of which 
can have adverse effects on watercourses, lakes and estuaries. In the Albany region 
phosphorus is the most critical nutrient. 
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A major factor in the decision to site the land treatment system adjacent to the airport was 
the high phosphorus adsorption capacity of the soils in this area. Very detailed 
investigations (Section 4.4) and laboratory studies were carried Out to establish the 
phosphorus adsorption properties of the various soil horizons from the surface down to 
13 m. On the basis of these data it has been calculated that the soils on the site above the 
water table would have the capacity to adsorb virtually all the phosphorus in the 
wastewater for over 300 years (Appendices B and Q. 

The proposed land treatment system has been designed to remove almost all of the 
nitrogen in the wastewater by: 

the overland flow treatment process 
uptake by the irrigated trees. 

However, the downward percolation from the overland flow area, the storage dam and 
irrigated tree area would contain approximately 10% of the applied nitrogen. The average 
nitrogen level of 6.2 mg/L is less than the National Health Research and Medical Council 
drinking water guidelines of 10 mg/L. This water would pass into the groundwater 
under the site where most would ultimately be taken up by the rain-fed trees. As 
discussed in Section 7.3.2, the land treatment system has been designed so that minimal 
quantities of water would leave the site. There would thus be almost zero discharge of 
nitrogen from the site. 

12.3 MICRO-ORGANISMS 

Three classes of micro-organisms in domestic wastewater can be pathogenic to man and 
animals: 

bacteria 
viruses 
parasitic protozoa and helminths. 

The level of these organisms would be significantly reduced at the No. 2 treatment plant. 

At the land treatment site, a number of mechanisms would eliminate the remainder of the 
pathogens (US EPA 1981). In the overland flow sections, most of the bacteria, protozoa 
and helminths would be removed by filtration, biological predation and ultraviolet 
radiation. Almost all the remainder would die off in the storage dam, which would 
provide an average of 50 days detention. 

Adsorption on to the soils is the primary mechanism for removal of viruses. This would 
take place mainly in the irrigated tree area. Because of their small size, viruses are not 
removed by filtration at the soil surface but instead travel into the soil profile. A study in 
Phoenix, Arizona, of a rapid infiltration system found that 90-99% of viruses were 
removed within 100 mm of the surface and 99.99% were removed after travelling 
through 9 m of soil (US EPA 1981). Slow-rate irrigation systems associated with finer 
textured soils are far more efficient than this in virus removal. Total removal of viruses is 
therefore expected at Albany. 
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The surface irrigation systems proposed at Albany would not generate the small airborne 
droplets known as aerosols which occur with sprinkler irrigation. Therefore, the 
proposed land treatment system would not generate a risk of disease from aerosols for the 
employees or adjoining land owners. 

12.4 TRACE ELEMENTS AND hEAVY METALS 

Municipal wastewater normally contains small amounts of trace elements and heavy 
metals. When the wastewater is used to irrigate crops and trees, 80-95% of these are 
adsorbed in the top metre of the soil and most of the remainder is taken up by the plants 
(US EPA 1981; Evans et al. 1979). The quantities normally applied to the land are low 
and below the amounts used to correct trace element deficiencies in soils. A study of the 
soils at the Werribee Treatment Farm found that after 80 years of operation the trace 
element concentrations in the soil were still within or only marginally outside the range 
for normal soils (Evans et al. 1979). 

The Victorian EPA Guidelines contain recommended maximum concentrations for trace 
elements in irrigation waters, which are provided in Table 12.1 The Albany wastewater 
contains only low levels of trace elements when compared with the guideline values in 
Table 12.1. 

Table 12.1 Comparison of Albany wastewater trace element concentrations 

Victorian EPA 

Element 	 Albany wastewater 	recommended maximum 
concentration for irrigation 

(mg/L) 	 (mg/L) 

Arsenic <0.01 0.10 

Cadmium <0.01 0.01 

Chromium <0.05 0.10 

Copper 0.04-0.12 0.2 

Lcad <0.1 5.0 

Mercury <0.0005 Not specified 

Nickel <0.05 0.2 

Zinc 0.2-0.8 2.0 

In all cases the Albany concentrations are below the guideline values, and it will take 
several hundred years before the adsorption capacity for heavy metals of the first 0.2 m 
of clay soil is used up (Victorian EPA Guidelines). 

12.5 ODOUR 

The existing ponds at the No. 2 treatment plant are mostly free of odours. The 
wastewater from this plant would be discharged to a small holding pond (1-2 days' 
storage) on the land treatment site. The wastewater is expected to have a BOD of around 
50 mg/L, which is below the generally accepted threshold for odour generation. There is 
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odours. The likelihood of this occurring would be minimized by below-surface discharge 
into the holding pond on the land treatment site. 

The wastewater would be immediately discharged on to the overland flow area where it 
would be filtered and biologically oxidized. The possibility of any odours occurring after 
this stage is extremely remote. 

12.6 IMPACT ON ALBANY AIRPORT 

Discussions have been held with the Shire of Albany to determine whether any 
restrictions would be placed on the development and operation of a land treatment system 
on the proposed site. 

The Shire stated that the following clearances would have to be maintained for aircraft 
taking off from the east—west runway: 

2% slope upwards from the end of the runway; 

the 2% slope is to be extended in an area equivalent to the runway width plus 12% 
either side extending from the end of the runway. 

This requirement has been included in the design of the irrigated area as follows: 

The grazing shrub tagasaste would be planted immediately opposite the runway as 
shown in Figure 7.1. 

The trees in the block behind the tagasaste would be harvested as necessary to 
maintain the runway clearance. 

The other issue raised by the Shire was the possibility of bird strike owing to birds being 
attracted to the trees and the dam. This issue has been discussed with CALM, the Civil 
Aviation Authority and local ornithologists. The advice from these authorities is that 
construction of the land treatment system would not create a bird hazard for the airport for 
the following reasons: 

Birds using the trees as a habitat would be expected to remain in the trees and are 
unlikely to cause a problem to aircraft. 

The proposed dam has the potential to attract migrating water fowl but it is only 
likely to be full towards the end of winter when there is an abundance of fresh water 
available near Albany. It would be practically empty towards the end of summer and 
hence unlikely to be an attraction for birds. 

The dam would be 1.5 km from the airport which further minimizes any impact. The site 
does not fall in the flight path for any migrating birds. Seagulls would be unlikely to 
frequent the site owing to the location of their existing food and water sources. 
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Appendix A 

SOIL SURVEYS AND SOIL CHEMISTRY 
(A. Koning) 

This report is large and includes many photographs; it has therefore not been bound into 
the Stage 2 Study document. A copy is available for reference at the Water Authority of 
Western Australia. 
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OF PHOSPHORUS RETENTION 
(Associate Professor Ri. Gilkes and A. Koning) 



APPENDIX B. 
PHOSPHORUS MEASUREMENTS AND ADSORPTION EXPERIMENTS 
R.J. Gilkes and A. Koning 

Bi Introduction 
In this appendix chemical soil properties (Table B I) are examined with 

particular emphasis on P retention values and mechanisms. The P retention data 
are discussed in relation to properties of soil profiles under the proposed 
irrigation regime. Although emphasis is directed towards the southern airport 
site, the chemical data are related to data that were obtained for the other 
potential disposal sites in the Albany area and where the same and similar soils 
occur (see Figure 4.3.3.). 

B2 EC and pH measurements 
The majority of soil samples from all sites and soil horizons had electrical 

conductivity values (EC in jiS/cm, 1:5 in water) smaller than lOOkS/cm 
indicating that there is presently no soil salinity problem at these sites. 

Similarly most soil samples had pH values (1:5, in water) above 5, indicating 
that plant growth will not be adversely affected by soil acidity. Some A horizon 
samples had lower pH values and these soils might respond to liming. 

B3. Phosphorus Retention Index (PRI) values for soil materials 
PRI was determined using the method of Ozanne and Shaw (1967) and 

Allen ci al. (1990). The PRI values for the various soil horizons/materials from 
both airport (SA) and other sites are shown in box and whisker plots in Figure 
4.3.3. and Table Bi. Values vary considerably but it can be concluded that 

Al horizon materials (mineral/organic horizon) mostly have moderate PRI 
values (median value 70mL/g, SA 250mL/g). 

Pale coloured A2 horizon materials (A2g, A2w in Table BI) have low PRI 
values (mostly <20mL/g). Yellow A2 horizon materials (A2y in Table BI) 
have moderate PRI values (median 300mL/g, SA 480mL/g). 
Almost all B horizon materials at depths <1 .5m have moderate to high 
values of PRI (median I 000mL/g, SA I 543mL/g). 
Some deep (B, C) materials (>1.5m) have low PRI values, but most have 
moderate PRI values (40-280mL/g, median=70mL/g, SA 74mL/g). 

Summary 
Reference is made to profile descriptions, pit photographs and particularly 

the sketch of main profile features (Figure Bl), from which can be concluded 
that: 

Some P will be retained by the Al horizon. This P may be sorbed by Al-OM 
(organic matter) complexes. 

The leached, bleached sandy A2 horizons will not retain much P whereas the 
coloured A2y horizon could retain much P. 
The coloured upper B horizon materials which contains reactive Fe and Al 
compounds will retain much P. 
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FIGURE Bi. Schematic diagram showing the horizons 
present in soil profiles at the airport site 

horizon 

Al black fine sand and organic matter 

A21 grey-white fine sand (can be absent) 

	

A22 	grey-yellow gravelly fine sand 
and often ferruginous stones 

yellow medium clay 
Bi weak to moderate structure 

grey/yellow pedfaces 

mottled red-white yellow 
medium clay 

	

B2 	weak to moderate structure 
pale grey-white pedfaces 

mottled clay with 
pale sandy tongues along root 
zones 

C 	weathered sediment, layers 
of various texture ranging 
from clay to fine sand 

The PRI values for these materials are vei-y variable which simply reflects 
the variable coments of reactive Fe and Al-compounds. The amounts of P 
retained under field conditions will ieflect PRI, presence of preferi-ed 
pathways (see profile photos) and the thickness of the reactive (upper) part 
of the B horizon. The thickness and structure of this horizon is very 
variable. 

The lower B horizon materials mostly have a lower PRI than the upper B 
horizon, but the gi-eat thickness of this horizon and also of the underlying C 
horizon will provide a substantial P retention capacity. 

Measurements of various forms of iron and aluminium in a representative 
group of samples have shown that PRI (and isotheiins) are most closely 
related (statistically) to dithionite soluble Al. Other woikers have made 
similar observations for soils from southwestern Australia (Allen et at. 
1991). 

cm 
0 

10 

35 

70 

150 
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P sorption isotherms 
The PRI values discussed above are only indicative of the P retention of 

soil materials under field conditions; they simply enable a classification of 
materials. A more quantitative measure of P retention is provided by P-sorption 
isotherms. These were obtained under standard conditions for representative soil 
materials (e.g. Figure 132). These isotherms are mostly of the usual form 
obtained for soil materials and enable the prediction of P retained for any 
specified equilibrium solution concentration of P (and vice versa). Large 
differences in P sorption between the different soil materials are apparent. There 
are approximate linear relationships between PRI values and the P sorbed at any 
specified solution P concentration. (e.g. In Figure B3 values of P sorbed are 
about 0.5 PRI for [PJ=O.ljtgP/mL). 

Prediction of P retained by the soil profile 
It is not possible to exactly simulate P sorption by complex soil profiles so 

a P budget approach has been adopted to determine the amount of P retained by 
the soil profile for a specified concentration of P in solution (effluent). In 
developing models for predicting the P retained in the soil under field conditions 
it is necessary to make a number of assumptions as follows 
(i) An equilibrium concentration of P in soil solution must be nominated, this is 

O.lp.gP/mL (average low value) and 121ig/mL (effluent) for the present 
examples. Two values of concentration have been used to show that if a 
different concentration is chosen the new amount of P retained will n o t be 
simply in proportion to the new P concentrations.. 

(ii) The P retention corresponding to 0. ltgP/mL (a common soil solution level) 
or 12tg/rnL (provided effluent) predicted by the adsorption isotherm occurs 
under field conditions. This assumption is unlikely to be valid for a variety 
of reasons including: 

Contact between P and the whole soil is unlikely to be achieved in the 
field due to preferred pathways, etc. (field sorption decreases). 
Chemical equilibrium is not reached in the '16 hours laboratory 

measurement of P sorption isotherms so that slow reactions will result in 
more P sorption in the field (sorption increases). 
Isotherms and PR! measurements are for the fine earth (<2mm) fraction 

so that P sorption by gravelly or duricrust soil materials will be 
overestimated (sorption decreases). 

Unlike in the laboratory measurement of P retention for 0. lpg/mL some 
P in the field will be sorbed at high equilibrium P concentrations 
(sorption increases). 
Dynamic soil chemical processes including Fe, Al, OM mobilisation and 

precipitation together with microbiological processes and plant uptake of 
P will modify the simple relationships predicted by P sorption isotherms 
(increases and decreases). 
Effect of rainfall and effluent application timing on P mobility are not. 
considered 

(iii) A constant soil profile is assumed (i.e. a particular combination of horizon 
types, thicknesses and properties). 
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MODEL 1 Typical values of P sorbed (isotherm), concentration of P 
in soil solution is [P]z:0.1pgP/mL 

Horizon thickness(m) P retained igPIg soil P retained tonnes/ha 
Al 0.1rn 100.ig/g 0.2tonnes/ha 
A2 0.2 5 0.02 
B 2 100 4.0 
C 8 100 16.0 

20.02tonnes/ha 

This result indicates that about 20tP/ha would need to be applied before a 
leachate concentration of 0.1jigP/mL was achieved below lOm. 

MODEL 2 Typical values of P sorbed (isotherm), concentration of P 
in soil solution is [P]=12jigP/mL 

Horizon Thickness(m) P retained 	gP/g soil P retained tonnes/ha 
Al 0.1m 300j.ig/g 0.6tonnes/ha 
A2 0.2 20 0.08 
B 2 300 12 
C 8 300 48 

60. 68tonnes/ha 

Note that if about 0.05 tP/ha is applied each year in treated effluent the majority 
of it (>99%) would be retained by the soil for at least 1000 years of application. 

Summary 
On the basis of the assumptions stated and the very conservative models 

developed above it appears that the yellow duplex soils of the study areas are 
capable of retaining most (99%+) of the P applied in effluent under the proposed 
disposal regime. The P retention capacity of the soils of the southern airport site 
will provide a lifetime of several hundred years before P loadings become 
excessive. Note that'most of the P retention is provided by the subsoil (B, C 
horizons) so that management of the site should ensure that P is not removed by 
lateral surface or shallow subsurface flow. 

B6. P sorption from effluent 
It has been suggested that PR! values obtained in the laboratory with 'pure' 

P solutions may not adequately reproduce P sorption from a complex effluent. 
This concern was investigated by 
(i) (letermining amounts and forms of P in typical Albany effluent using standard 

AOAC procedures. 

Total P = 94igP/mL 
Dissolved P = 8.3pgP/mL 
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The 10igP/mL solution used for PRI measurements is quite similar to the 
concentration of dissolved P in effluent. 

(ii) PRI measurements on 10 representative soils using typical effluent were 
carried out in duplicate and also with a further set of duplicates containing 
toluene to inhibit microbial consumption of P. Essentially identical values of 
PRI were obtained for +/- toluene showing that there was no microbial effect 
on the analyses. A comparison of PRI values for the laboratory solution and 
effluent is shown below. 

Sample No PRI (lab. solution) mLLg PRI (effluent) mLIg 

38 1400 580 

110 58 48 

181 10 18 

186 26 16 

189 210 29 

567 67 100 

571 150 101 

586 250 85 
2601 630 162 

Note that quite different values of PRI were obtained using the different P 
solutions. The same broad subdivisions into low - medium - high PRI classes 
are present but the values of PRI are mostly quite different and there is no 
simple relationship between values obtained using the different solution. These 
differences might partly reflect analytical errors (e.g. interferences) and also 
the non linear nature of the PRI parameter results in very high errors for 
PRI>100 for small errors in P analysis. Clearly PRI values can not be used as 
precise indicators of the P that will be sorbed by soil materials irrigated with 
effluent, consequently the conservative approach used in the modelling is 
necessary. 

B7. P sorption mechanisms 
The soil profiles investigated consist of assemblages of horizons of quite 

different morphology, texture, colour and mineralogy. Consequently it is 
possible that different P sorption mechanisms operate in the different horizons 
(e.g. Al-OM complexes sorb P in the Al horizon whereas amorphous Fe 
compounds sorb P in the Bi horizon). 

To identify those soil properties that are most predictive of P sorption 
measurements were made of the amounts of Fe and Al that are soluble in CBD 
reagent (crystalline Fe, Al), oxalate (amorphous Fe, Al) and pyrophosphate 
(organic Fe, Al) (Allen et at. 1991). rFhese  data were related to P sorbed at 
[P]=0.1gP/mL as shown in Figure B4. By far the most predictive property is 
CBD-Al (R2=0.891) so that it appears that crystalline Al' compounds are 
controlling the amount of P sorbed. In practice the CBD reagent does not 
dissolve all of the crystalline Al minerals in soils so that much Kaolin, etcetera 
persist. Furthermore CBD is not entirely specific for crystalline Al minerals. 
This result has been reported for other WA soil types (Allen etal. 1991). 
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Table Bi. Properties of soil samples from southern airport and other sites 
Southern Airport Site 
sample pit location horizon colour gravel depth (m) pH EC PRI farm 

661 AlO AIRPORTS Bli b 15 0.25 4.3 323 22 Mar 
650 A7 AIRPORT S Al b 0 0.1 5.3 110 4 Mar 
651 A7 AIRPORT S A2 g 0 0.2 5.3 68.2 8 Mar 
652 A7 AIRPORT S 811 y 2 0.3 5.4 112 1543 Mar 
653 A7 AIRPORT S B12 y 2 0.5 5.4 80.7 1543 Mar 
657 A9a AIRPORT S Al b 2 0.1 5.5 138 27 Mar 
658 A9a AIRPORT S A2 g 80 0.2 5 55 27 Mar 
659 A9a AIRPORT S Bli b 2 0.4 5.4 85 1543 Mar 
660 A9a AIRPORT S B12 b 0 0.8 5.5 100 1543 Mar 
654 A9b AIRPORT S Al b 0 0.1 5.5 111 1409 Mar 
655 A9b AIRPORT S A21 g 0 0.2 5.7 70.4 1543 Mar 
656 A9b AIRPORTS A22 WY 30 0.3 5.7 88.5 1647 Mar 
150 sli AIRPORT S A2 yb 40 0.5 5.5 36 1800 Mar 
151 sli AIRPORT S Bll y 15 0.7 5.8 39 1800 Mar 
152 sli AIRPORT S B12 WY 1 1 5.9 31 2200 Mar 
153 sil AIRPORT S 613 ry 1 1.4 5.5 28 2200 Mar 
154 sli AIRPORT S 814 ry 2.1 4.7 26 35 Mar 
592 sli AIRPORT S Al b 5 0.1 5.4 130 450 Mar 
155 s12 AIRPORT S A2 g 5 0.2 5.3 51 250 Mar 
156 s12 AIRPORT S 811 y 70 0.4 5.8 30 190 Mar 
15702 AIRPORT S B12 Y 5 0.6 5.8 49 1800 Mar 
15802 AIRPORT S B13 ry 1 0.9 5.8 56 1800 Mar 
159 s12 AIRPORT S B14 ry 1 1.8 5 37 290 Mar 
593 s12 AIRPORT S Al b 0.1 4.8 70 440 Mar 
160 s13 AIRPORTS A22 w 1 0.2 5.7 110 980 BIck 
161 s13 AIRPORT S A23 w 30 0.4 6.1 37 73 BIck 
162 s13 AIRPORT S A24 w 90 0.8 6 25 59 BIck 
16303 AIRPORT S 611 WY 1 1 5.6 71 890 BIck 
164 s13 AIRPORT S 612 ry 2 4.9 60 50 BIck 
586 s13 AIRPORT S Al b 0.1 4.9 98 250 BIck 
16504 AIRPORTS A22 w 1 0.2 5 25 110 Bee 
166 s14 AIRPORT S A23 w 0.8 5.2 28 35 Bee 
16704 AIRPORTS Bll ry g 1.4 5.3 52 1100 Bee 
168 s14 AIRPORTS B12 ry 1.8 5.1 29 66 Bee 
169 s14 AIRPORT 5 613 ry 2.5 4.9 33 28 Bee 
170 s14 AIRPORT S 813T W 2.3 5.2 47 21 Bee 
590 s14 AIRPORT S Al b 0.1 4.7 49 9 Bee 
172 s15 AIRPORT S A2 g 30 0.2 5.4 60 420 Bee 
173 sl5 AIRPORTS B11 y 1 0.4 5.6 54 720 Bee 
174 s15 AIRPORT S 812 WY 1 1 5.7 36 1800 Bee 
17505 AIRPORTS B13 ry 1 1.6 4.9 30 78 Bee 
176 s15 AIRPORTS B14 ry 1 2.5 4.1 71 160 Bee 
588 s15 AIRPORT S Al b 5 0.1 5.5 126 140 Bee 
177 sl6 AIRPORT S A22 yb 90 0.5 5 29 67 Bee 
178 s16 AIRPORTS 811 WY 1 0.8 5.6 53 1800 Bee 
179 s16 AIRPORT S B12 WY 1 1.3 5 59 43 Bee 
180 s16 AIRPORT S 613 ry 5 2.2 4.9 47 21 Bee 
587 s16 AIRPORT S Al b 0.1 5.7 95 260 Bee 
181 s17 AIRPORTS A21 g 15 0.2 4.7 26 10 Bee 
182 s17 AIRPORTS A22 yb 70 0.4 4.7 41 110 Bee 
183 sl7 AIRPORTS Bll y 70 0.8 5.7 36 1600 Bee 
18407 AIRPORTS 612 WY 1 1.1 5.7 35 1400. Bee 



Table Bi 

185 s17 AIRPORT S B13 ry 1.6 5.2 35 50 

186 s17 AIRPORT S B14 ry 2.3 4.9 31 26 

591 s17 AIRPORT S Al b 5 0.1 5.3 63 73 

571 s24 AIRPORT S Al b 1 0.1 5.2 37 150 

572 s24 AIRPORT S A2 y 70 0.2 5.1 40 74 

573 s24 AIRPORT S A2 y 1 0.4 5.5 37 1800 

574 s24 AIRPORT S 611 y 1 1 5.7 25 2000 

575 s24 AIRPORT S B13 ry 2 5.5 24 300 

2401 s24 AIRPORT S 813 ry 0 2 5.3 26 150 

614 s25 AIRPORT S Al b 1 0.1 5.3 49 250 

615 s25 AIRPORT S A2 y 70 0.5 6.1 73 2200 

616 s25 AIRPORT S Bli y 1 0.9 6 40 2200 

617 s25 AIRPORTS B12 WY 1 1.5 5.7 37 450 

618 s25 AIRPORT S B12 ry 2 5.2 45 49 

566 s26 AIRPORT S Al b 0.1 5 130 330 

567 s26 AIRPORTS A2 y 1 0.15 5.3 67 300 

568 s26 AIRPORT S Bil y 70 0.4 5.6 38 410 

569 s26 AIRPORT S B12 ry 1 0.7 5.6 82 890 

570 s26 AIRPORTS 812 ry 1 2 4.8 64 220 

2601 s26 AIRPORT S B12 w 0 2 4.5 79 630 

73 t19 AIRPORT S Al yb g 0.2 5 179 850 

74 t19 AIRPORT S A2 yb g 0.4 5.9 72 2000 

75 09 AIRPORT S Bi ry g 0.7 6 64 2200 

76 t20 AIRPORT S Al b 0.1 5.5 94 670 

77 t20 AIRPORT S A2 yb g 0.3 5.7 34 120 

78 t20 AIRPORT S A2 yb g 0.6 5.6 35 850 

79 t21 AIRPORT S Al b g 0.2 5.1 49 370 

80 t22 AIRPORT S Al b g 0.1 5.2 61 91 

81 122 AIRPORT S A2 yb g 0.4 5.6 30 140 

82 t22 AIRPORT S Bi r' g. 0.8 5.5 30 470 

83 t23 AIRPORT S Al b g 0.2 5.5 51 300 

84 t23 AIRPORT S Bi ry g 0.7 5.5 39 540 

85 t24 AIRPORT S A2 yb g 0.3 4.9 42 150 

86 t24 AIRPORT S A2 yb g 0.8 5.3 58 1500 

87 t25 AIRPORT S Al yb g 0.1 5.3 48 1200 

88 t25 AIRPORT S Bi ry g 0.4 5.6 95 1800 

89 t25 AIRPORT S Bi ry g 0.9 5.4 143 2000 

1000 AIRPORT S C >3m 39 

1001 AIRPORTS C >3m 102 

1002 AIRPORTS C >3m 167 

1003 AIRPORTS C >3m 105 

1004 AIRPORT S C >3m 456 

1005 AIRPORT S C >3m 37 

1006 AIRPORT S C >3m 68 

1007 AIRPORT S C >3m 32 

1008 AIRPORT S C >3m 921 

1009 AIRPORT S C >3m 37 

1010 AIRPORT S C >3m 145 

loll AIRPORT S C >3m 69 

1012 AIRPORTS C >3m 282 

1013 AIRPORT S C >3m 1033 

1014 AIRPORTS C >3m 573 

1015 AIRPORTS C >3m 33 

Bee 
Bee 
Bee 
Sw 
Sw 
Sw 
Sw 
Sw 
Sw 
Sw 
Sw 
Sw 
Sw 
Sw 
Sw 
Sw 
Sw 
Sw 
Sw 
Sw 
Mar 
Mar 
Mar 
Mar 
Mar 
Mar 
Mar 
Bee 
Bee 
Bee 
Bee 
Bee 
Bee 
Bee 
B Ick 
B Ick 
B Ick 
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Table Bi 

Other Sites 
sample pit location horizon colour gravel depth (m) pH EC PRI farm 

51 tll airport mid Al b g 0.1 5.4 63 190 Ger 
52 til airport mid Bi ry g 0.4 6 62 1200 Ger 
53 til airport mid Bl ry 0.8 5.9 74 1200 Ger 
54 t12 airport mid A2 g g 0.1 5.7 35 24 Ger 
55 t12 airport mid A2 g g 0.4 6.2 49 100 Ger 
56 t12 airport mid Bi ry g 0.8 6 40 1300 Ger 
57 t12 airport mid Bi ry 1.1 5.8 49 2000 Ger 
58 tl3 airport mid Al yb 0.1 6 66 1400 Ger 
59 t13 airport mid A2 yb g 0.4 5.9 96 1200 Ger 
60 t13 airport mid A2 w g 0.8 5.8 125 2000 Ger 
61 t13 airport mid Bi yw g 1.2 5.7 158 1400 Ger 
62 t14 airport mid Al b 0.2 5.1 76 62 Ger 
63 114 airport mid A2 yb 0.6 5.7 170 1000 Ger 
64 tl5 airport mid Al yb g 0.1 5.7 39 210 Ger 
65 t15 airport mid A2 yb g 0.4 5.6 47 290 Ger 
66 t16 airport mid Al g 0.1 5.7 67 270 Ger 
67 t16 airport mid A2 w 0.3 5.5 49 930 Ger 
68 t17 airport mid Al b 0.2 5.7 63 250 Ger 
69 t17 airport mid A2 yb 0.5 6 80 1200 Ger 
70117 airport mid A2 w g 0.9 5.8 115 540 Ger 
71118 airport mid Al yb g 0.2 5.7 67 2000 Ger 
72 t18 airport mid A2 yb g 0.6 5.6 57 2000 Ger 

670 A30 AIRPORT N Al b 1 0.1 4.9 178 869 Bruno 
671 A30 AIRPORT N A2 gy 5 0.3 5.3 122 1409 Bruno 
672 A30 AIRPORT N B12 w 20 0.5 5.8 70.8 45 Bruno 
673 A30 AIRPORT N 813 b 20 0.8 6.1 108 143 Bruno 
674 A31 AIRPORT N Al b 0 0.1 5.4 81.2 170 Bruno 
675 A31 AIRPORT N A22 y 30 0.4 5.7 38.8 694 Bruno 
676 A33 AIRPORT N All b 0 0.1 5.3 56 1543 Brian 
677 A33 AIRPORT N A21 gb 0 0.2 4.9 63.4 749 Brian 
678 A33 AIRPORT N A22 g 0 0.35 4.9 123 45 Brian 
679 A35t AIRPORT N A22 y 10 0.25 5.3 50.2 647 Brian 
680 A43 AIRPORT N A2 w 0 0.9 4.6 62.9 1 Brian 
681 A45 AIRPORT N Bli b 0 0.5 5 32.4 118 Brian 
696 A93 AIRPORT N All b 0 0.1 5.7 70.6 225 Cap 
697 A93 AIRPORT N Al2 gb 0 0.15 5.6 56.8 388 Cap 
698 A93 AIRPORT N Bli y 20 0.3 5.6 40.6 480 Cap 
699 A98 AIRPORT N Al b 0 0.1 7 224 55 Bun 
700 A98 AIRPORT N A2 y 50 0.2 5.9 68.7 158 Bun 
701 A98 AIRPORT N Bll y 0 0.5 6.2 102 462 Bun 
702 A98 AIRPORT N B12 WY 0 0.7 5.4 128 780 Bun 
583 p21 AIRPORT N Al 0.1 5 70 180 Bun 

187.1 s18 AIRPORT N Al b 0 0.1 4.9 53.2 16 Cap 
187.2 s18 AIRPORT N A21 g 1 0.3 4.9 71 2 Cap 

188 s18 AIRPORT N Bll wy 1 0.8 5.8 84 1800 Cap 
189 s18 AIRPORT N B12 ry 1.1 5.3 80 210 Cap 
190 s18 AIRPORT N 813 ry 1.8 4.4 88 9 Cap 

191.1 s19 AIRPORT N Al b 0 0.1 5.2 82.6 46 Cap 
191.2 s19 AIRPORT N A2 yb 70 0.2 5 27 110 Cap 

192 sl9 AIRPORT N Bil y 2 0.6 5.7 43 1400 Cap 
193 s19 AIRPORT N B12 ry 1 1.2 5.6 26 810 Cap 
194 s19 AIRPORT N B13 ry 1 2.2 5 21 34 Cap 
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Table Bi 

195.1 s20 AIRPORT N Al b 0 0.1 5.2 62.5 20 Cap 

195.2 s20 AIRPORT N A2 g 30 0.3 5 21 31 Cap 

196 s20 AIRPORT N Bli y 30 0.5 5.6 25 1200 Cap 

197 s20 AIRPORT N B13 ry 1 1.5 4.6 22 1000 Cap 

198 s20 AIRPORT N B13 ry 1 2.2 5.5 20 92 Cap 

550 s21 AIRPORT N Al g 0.1 4.8 40 7 Bun 

562 s21 AIRPORT N A2 w 0.2 5.3 59 68 Bun 

563 s21 AIRPORT N A2 y 70 0.2 5.5 28 510 Bun 

584 s21 AIRPORT N Bi y 0.9 5.7 28 1600 Bun 

585 s21 AIRPORT N Bi ry 2 5.5 26 280 Bun 

601 s22 AIRPORT N Al b 0.05 5.5 109 24 Bun 

602 s22 AIRPORT N A2 g 0.1 4.7 57 16 Bun 

603 s22 AIRPORT N A2 g 50 0.2 5 96 2200 Bun 

604 s22 AIRPORT N A2 w 50 0.6 5.4 54 30 Bun 

605 s22 AIRPORT N Bl w 70 0.95 5.9 38 130 Bun 

606 s22 AIRPORT N Bi ry 1.5 4.6 25 37 Bun 

607 s22 AIRPORT N Bi ry 2.1 4.7 45 110 Bun 

608 s23 AIRPORT N Al b 0.1 5.5 86 3 Bun 

609 s23 AIRPORT N A2 g 0.15 4.8 90 3 Bun 

610 s23 AIRPORT N A2 b 5 0.3 5.5 58 2200 Bun 

611 s23 AIRPORT N Bil ry 70 0.6 5.6 47 2200 Bun 

612 s23 AIRPORT N B12 w 30 0.95 5.8 63 1300 Bun 

613 s23 AIRPORT N B13 ry 2 2 5.5 140 150 Bun 

614 s23 AIRPORT N B13t w 1.2 5.9 130 1800 Bun 

692 A68 KALGAN N Al b 0 0.1 5 214 9 Don 

693 A68 KALGAN N A2 g 2 0.15 4.3 73 12 Don 

694 A68 KALGAN N Bli y 2 0.5 6.3 35.5 1543 Don 

695 A68 KALGAN N B12 yr 0 0.75 6.3 45.5 1543 Don 

200 p1 KALGAN N A2 yb 0.7 5.5 93 1400 Don 

201 p1 KALGAN N Bl w 3 6 114 42 Don 

202 p1 KALGAN N Bi w 7.5 5.9 204 65 Don 

204 p2 KALGAN N A2 yb g 0.3 5.8 89 1600 Don 

205 p2 KALGAN N Bi y g 2.3 5.7 128 1100 Don 

206 p2 KALGAN N Bi w 1 5.7 129 52 Don 

207 p3 KALGANN 81 ry g 1 5.6 68 1100 Don 

208 p3 KALGAN N Bi ry 6 4.9 104 780 Don 

209 p3 KALGAN N Bi ry 1.2 5.5 196 58 Don 

31.1 Si KALGAN N Al b 0 0.1 5.5 113 13 Don 

31.2 si KALGAN N A21 g 5 0.2 4.6 32 21 Don 

32 si KALGAN N A22 yb 50 0.4 5.6 33 1100 Don 

33 sl KALGAN N 811 yw 0.7 5.5 48 1000 Don 

34 si KALGAN N B12 ry 1.7 6 140 55 Don 

35 Si KALGAN N B13 ry 2.4 4.4 179 97 Don 

36.1 s2 KALGAN N Al b 0 0.1 4.7 54.6 7 Don 

36.2 s2 KALGAN N A21 g 1 0.2 4.7 31 3 Don 

37 s2 KALGAN N A22 yb 70 0.4 5.7 56 1300 Don 

38 s2 KALGAN N 811 y 0.8 5.7 58 1400 Don 

39 s2 KALGAN N B12 ry 1.3 5.7 29 32 Don 

40 s2 KALGAN N 814 ry 1 2.4 5.1 63 23 Don 

42.1 s3 KALGAN N Al b 0 0.1 4.8 61 3 Don 

42.2 s3 KALGAN N A21 g 0.2 4.6 35 2 Don 

43 s3 KALGAN N A22 w 0.2 4.6 28 0 Don 

44 s3 KALGAN N A23 b 70 0.6 5.6 65 1400 Don 

45 s3 KALGAN N Bli y 1 5.5 40 380 Don 
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Table Bi 
46 s3 KALGAN N B12 ry 1.3 4.8 42 560 Don 

100 s4 KALGAN N A2 yb 30 0.2 5.4 37 25 DgI 
101 s4 KALGAN N Bli g 0.5 5.8 73 2000 DgI 
102 s4 KALGAN N B12 ry 1.3 5.8 52 1200 DgI 
103 s4 KALGAN N B13 ry 2.1 5.4 50 2000 DgI 
114 S5 KALGAN N A21 w 0.6 5.1 15 1 DgI 
115 s5 KALGAN N A22 yb 70 0.8 5.3 12 1 DgI 
104 s6 KALGAN N A21 g 0.2 4.6 33 8 DgI 
105 S6 KALGAN N A22 W 0.3 4.7 26 1 DgI 
106 s6 KALGAN N A23 yb 5 0.4 5.6 30 94 DgI 
107 s6 KALGAN N A24 yb 50 0.4 5.9 26 340 DgI 
108 s6 KALGAN N Bil y 0.8 6 38 930 DgI  
109 s6 KALGAN N B12 WY 1.2 5.9 30 160 DgI 
110 s6 KALGAN N B13 ry 2 5.8 32 58 DgI  
113 s6 KALGAN N Bli y 2 6 38 510 DgI 

29 t1O KALGAN N Al b g 0.1 4.6 25 2 Don 
30 tlO KALGAN N A2 yr g 0.3 5 39 700 Don 
14 t5 KALGAN N Al b 0.2 6.3 132 750 DgI  
15 t5 KALGAN N Bi yw 0.5 6.3 88 780 DgI 
16 t5 KALGAN N 81 yw p 0.7 5.8 127 130 DgI 
17 t5 KALGAN N B1 yw p 1 4.9 176 560 DgI 
18 t6 KALGAN N Al b 0.1 5.4 141 1 DgI 
19 t6 KALGAN N A2 w 0.3 4.8 11 0 DgI 
20 t6 KALGAN N A2 w 20 0.6 4.3 25 23 DgI 
21 t6 KALGAN N A2 w 50 1.5 4.4 39 330 DgI 
22 t7 KALGAN N A2 yr 0.2 5.7 6 92 DgI 
23 t8 KALGAN N Al b 0.1 4.4 43 1 Don 
24 t8 KALGAN N A2 W 0.4 4.6 17 0 Don 
25 t8 KALGAN N A2 w g 0.6 4.9 23 14 Don 
26 t9 KALGAN N Al b 0.1 4.4 47 1 Don 
27 t9 KALGAN N A2 yr g 0.2 5 39 130 Don 
28 i9 KALGAN N B1 yr g 0.4 5.3 55 310 Don 

682 A46 KALGAN S Al b 0 0.1 4.9 27.9 1 Jam 
683 A46 KALGAN S A21 g 0 0.4 4.8 20.8 1 Jam 
684 A46 KALGAN S A22 gw 50 0.75 4.6 25.8 3 Jam 
685 A50 KALGAN S Al b 0 0.1 5.3 127 0 Jam 
686 A50 KALGAN S A21 g 0 0.3 5 55.5 2 Jam 
687 A50 KALGAN S A22 gw 0 0.6 4.7 65 2 Jam 
688 A50 KALGAN S 81 b 0 0.8 4.5 346 910 Jam 
689 A57 KALGAN S Al b 10 0.1 6.6 134 69 Jam 
690 A57 KALGAN S A2 wy 30 0.4 6.3 37.8 74 Jam 
691 A57 KALGAN S B1 yr 2 0.7 6.1 28.4 152 Jam 
211 p7 KALGAN S B1 ry 5 5.8 36 23 Jam 
117 s7 KALGAN S A21 g 1 0.2 4.7 92 7 Jam 
118 s7 KALGAN S A22 g 50 0.4 5.6 25 1 Jam 
120 s8 KALGAN S Al2 g 0.2 4.8 24 0 Jam 
121 s8 KALGAN S A2 w 1 4.9 8 0 Jam 
122 s8 KALGAN S Bli b 2.1 5.9 12 520 Jam 
123 s8 KALGAN S B12 y 70 2.5 5.6 20 16 Jam 

1 ti KALGAN S Al b 0.1 5.8 54 1 Jam 
2 tl KALGAN S A2 g 0.3 4.8 34 1 Jam 
3 ti KALGAN S A2 yr g 0.4 5.2 24 130 Jam 
4 ti KALGAN S A2 yr 1.3 5.4 20 100 Jam 
5 t2 KALGAN S Al b 0.1 5.2 38 1 Jam 

5 



Table Bi 
6t2 KALGANS A2 W 0.3 4.7 	19 0 Jam 
7 t2 KALGAN S A2 w g 0.5 5.4 	16 0 Jam 
8 t2 KALGAN S A2 w 0.7 5.6 	17 1 Jam 
9 t3 KALGAN $ Al b g 0.1 5.7 	38 7 Jam 

10 t3 KALGAN S A2 g g 0.3 5.5 	56 12 Jam 
11 t4 KALGAN S Al b 0.1 6 	57 240 Jam 
12 t4 KALGAN S Bl YW 0.3 6.2 	33 830 Jam 
13 t4 KALGAN S 81 YW 0.5 6 	28 190 Jam 

582 p22 Al 0.1 4.9 	50 190 
581 p23 Al 0.1 5.2 	104 440 

Farms: col colour 
Airport Kalgan b black 
N 	Cap Caperara N Dgl Douglas gw grey/white 
S 	Mar Martin Don Doncon ry redyellow 

Bun Bunn S Jam James y yellow 
Brun Bruno w white 
Bee Beeck 
BIck Black gravel 

mid 	Ger Gerovich g gravel present 
Sw Swarbrick # gravel % 
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Figure B3. ReLationship between P sorbed at a soLution concentration 
of 0.1i.gP/mL and PRI 
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Figure B4. Relationships between P sorbed at a solution 
concentration of 0.1.tgP/mL and various forms of soil Al and Fe. 
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ABSTRACT 

Adsorption of phosphate in soils is both concentration and time dependent. An expression 
for the mobility of phosphate in a soil is obtained by substituting an equation, describing 
the adsorption of phosphate, into a mass balance equation for phosphate. Substitution is 
only allowed if the time frames of the (static) adsorption equation and the (dynamic) mass 
balance equation are compatible. 

The approach used in this report, is to calculate a minimum time for dispersive mixing in 
a soil. This time is determined by the dispersion length, which is the change in 
longitudinal dispersive spread (variance) of a solute per unit depth of soil. The average 
adsorption, as seen by the moving front of a step increase in the concentration of 
phosphate in a soil, is found by substituting the time for longitudinal dispersive mixing 
into the adsorption equation for phosphate. Mobilities are then calculated from this 
average adsorption. 

Travel times to deep groundwater of phosphate in soils at a disposal site for wastewater in 
Albany, calculated from dispersive mixing, are predicted to be at least 500 years and very 
likely to be of the order of 1000 years or more. 

Disposal of wastewater in soils makes conditions favourable for precipitation of calcium 
phosphates. Theoretically >95% of phosphate from wastewater can be stored in the soil as 
hydroxyapatite and fluoroapatite. 



1.uz 	Introduction 

Leaching of nitrogen and phosphorus (=nutricnts) to waterways from wastewater must be 
prevented if land disposal is to become a management option. Nitrogen, mainly as nitrate, 
leaches rapidly through soils to groundwater and surface water. Phosphorus, as inorganic 
phosphate, is adsorbed strongly in most soils, except sandy soils, and does not leach as 
readily as nitrogen. Nitrogen and phosphorus are key elements in the growth of all cellular 
organisms. Amounts of nitrogen in living cells range from 5-15 % of dry matter. And 
amounts of phosphorus range from 0.5-1.5 % of dry matter. 

Concentrations of nutrients in sediments and water determine the maximum biological 
productivity of water bodies. Increased levels, particularly of phosphorus, lead to more 
frequent and nuisance causing blooms of algae. Other biological species start to decline in 
numbers and diversity (e.g. sea grasses, fish, crustaceans, insects). Toxin producing algae 
(blue-greens and others) start appearing in excessive numbers at phosphate concentrations 
above = 0.02 mg P/I and ratios of nitrogen to phosphorus (NIP) below = 5. Presence of 
these algal toxins or excessive concentrations of nitrate (>10 mg Nil) limit the use of 

water for drinking water. 

Phosphate is usually the main factor in causing environmental deterioration of waterways. 
For the long-term management of a site for land disposal of waste it is essential be able to 
predict the leaching rates of phosphate through the soils to groundwater and surface water. 

Phosphate reacts strongly with most soils. At soil pH's above 6 the reaction is a 
combination of physical adsorption to iron and aluminium oxides and precipitation as 
sparingly soluble calcium phosphates (hydroxyapatite, fluoroapatite). At pH's less than 5 
the reaction is a combination of physical adsorption to iron and aluminium oxides and 
precipation as sparingly soluble iron and aluminium phosphates (strengite, variscite). 

Phosphate is adsorbed rapidly at the soil surface and equilibrium is reached within 24 
hours. This physically adsorbed phosphate on the soil surface is termed mobile as it is 
readily exchangeable. After the initial adsorption to the surface, phosphate continues to 
react with the soil. Slow diffusion into the soil matrix and precipitation reactions lead to 
formation of a relatively immobile pool of phosphate. 

The reaction of phosphate with soils can be described by the following equation (Barrow 
& Shaw, 1975): 

(1) 	 Cs  = A . (Cm)bl . (t) 

C, = amount of phosphate adsorbed to soil (mg P/kg) 

Cm  = solution concentration of phosphate (mg P/I) 
A = adsorbed phosphate after I day and for Cm=l  mg/I 

= time in days (t>1) 
bI and b2 = coefficients found from experimental data 

For soils in the south-west of WA the coefficient bi is about 0.4 (range 0.34-0.42) and b2 
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is about 0.2 (range 0.15-0.3) (Barrow, 1980). 

For a constant total level of phosphate in a soil, C  and  Cm  are related through: Cs+Cm.O = 
constant, where 0 = soil moisture content. With this condition, Eq.1 can be rearranged to 
give the time dependency of the solution concentration at a constant total level of 
phosphate 

Cm  = C. /it (t—>1 day) 

bl=0.4 and b2=0.2 
C = C. for t=O 

Barrow's data for Eq.1 were derived from batch adsorption experiments (-9 Cs+Cm.0 
constant) over a relatively short period of time (up to 30 days). Longer term experiments 
indicate different relationships: 

Cs  = C50  - K.ln(t) (van Riemsdijk, 1981, for Cm  = constant) 

C. 	+ et 	(Gerritse et al., 1982, 1989, for Cs+Cm.O = constant) 

Equations 3 and 4 have been tested for only a small number of soils. Equation I has been 
widely tested and is the best available for estimating the mobility of phosphate in a soil. 

2.uw Calculation of travel time for phosphate 

With land disposal of wastewater a relatively constant concentration of phosphate enters 
the soil more or less continuously. The resulting step increase in concentration of 
phosphate that eventually moves into the soil profile below the root zone, is determined by 
the total rate of input of phosphate and the net recharge of water beyond the root zone. 
This concentration step will move down the soil profile according to an equation derived 
from a mass balance of phosphate in a soil segment (1-luber & Gerritse, 1973): 

(5) 	 V = (R/5)/(0 + ac/Cm) = (R/ö).(CJC,,) 

v = mobility (e.g cm/day) 
R = rate of recharge of water to groundwater (cm/day) 
6 = bulk density of soil 
0 = moisture content of soil (1/kg) 

C, C. = as in Eq.1 (Cm  = concentration of phosphate in recharge) 

The strong non-linear nature of the adsorption of phosphate forces all lower concentrations 
in the soil profile ahead of the phosphate front to slow down (Eq.5) and be taken over by 
the front. The result is a steep front (van der Zee & Riemsdijk, 1986). The relationship 
between C5  and C. (Eq.1) determines the movement of the front (Eq.5) and is time 
dependent (Eq.1). The Cs/Cm  ratio in Eq.5, as "seen" by the moving front, can be 
estimated from the average residence time of phosphate at the front. This residence time is 
also compatible with the time frame of the mass balance equation used for Eq.5. 
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The next step is to find a useful expression for the average residence time of phosphate at 
the moving front, that results from a step increase in the concentration. One approach is to 
consider the longitudinal dispersion length (Singh et aL, 1987, Gerritse, 1988) as a unit of 
soil in which complete mixing occurs before phosphate moves on to the next unit of 
mixing. The actual dispersion length for adsorbed solutes such as phosphate will be greater 
than for unadsorbed salutes, because of mass transfer at the soil surface. By combining 
Eqs. 1 and 5, the time for dispersive mixing of phosphate in a soil follows from: 

(6) 	 c = 2 . (DISP.WR) . (A.(Cm)b.tb2) 

= Lime for dispersive mixing of phosphate in the soil 
DISP = longitudinal dispersion length of soil (Gerritse, 1988) 

The time it takes a step increase in the concentration of phosphate (=Cm) to travel through 

a length of soil can then be calculated from: 

(7) 	 T = L . (2.DISP)°'2'2" . (.A/R) 	. 

T = travel time through soil 
L = dcpth of soil 

	

3. 	Characteristics of wastewater disposal site 

The disposal site for wastewater in Albany features: 

	

1. 	A pasture area (40 ha) for overland flow to storage dams. Annually a total of 900 
cm wastewater runs over this pasture area. Average infiltration to groundwater is estimated 
at 3 mm/day. Average concentration of phosphate in wastewater is = 12 mg P/i. 

Two dams (capacity 450,000 m3) for storage of overland flow. Leakage from the 
dams to groundwater is estimated at = 2 mm/day. The concentration of phosphate in the 
soil below the dams is = io P mg/I. 

A large area (300 ha) with fast growing eucalypts, which are irrigated with dam 
water. Annual irrigation is equivalent to 60 cm of wastewater or = 70 kg P/ha. Rainfall is 

80 cm, of which 60 cm reaches the soil. Average concentration of phosphate entering 
the soil is = 6 mg P/I. Recharge below the root zone of the trees to groundwater is 
estimated to be 0.5 mm/day. The concentration of phosphate in the soil below the root 
zone will become = 40 mg P/i (recharge = 15%) if storage in trees is neglected. 

The duplex soils at the site have been studied by Gilkes (1991). For modelling purposes 
he recommended a system of 3.5 m topsoil consisting of 10 cm Al horizon, 20 cm A2, 20 
cm B1l+B12 and 300 cm B13+B14 overlying = 10 m silt/clay subsoil to groundwater. 
Adsorption for phosphate in batches of soil from the Al-B14 horizons were measured 
after equilibrating 1 day. The average value for parameter A in Eq.1 for 3.5 m topsoil is 
150 (range 80-450). Parameter bi (Eq.1) in the top soil (< 3.5ni) ranges from 0.25 to 0.6, 
with an average value of = 0.4. For the unsaturated subsoil (= - lOm) few data exist and 
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the adsorption parameter A (Eq.1) was estimated at 40-80. 

The pH of the soils varies between 4 and 6. 
soil (>5). 

The subsoil is more acidic (<5) than the top 

4u 	Results 

Travel times of phosphate were calculated for 3.5 m top soil and 10 m subsoil for areas I, 
II and III (section 3) of the disposal site for wastewater in Albany. Parameters in Eq.1 
were chosen to represent the worst possible case (parameters - b1 - 0.3, b2 = 0.15), 
giving the highest mobility for phosphate, and the most likely case (parameters - bi = 
0.4, b2 = 0.2). 

At site III (300 ha tree plantation), evapotranspiration causes the concentration of 
phosphate in the soil solution to increase from = 6 mg P/I at the surface to 40 mg P/I 
below the root zone (15% recharge). The relationship between water flux (R) and solution 
concentration of phosphate (Cm, Eq. 1) is given by: 

R. Cm  = 2 (cm.mg.1'.day 1 ) 

If the flux of water is assumed to decrease linearly with depth in the top 3.5 m of soil 
then the increase in solution concentration of phosphate (SCm) with depth (hz) is: 

tC,/Lz = (40-6)1350 = 0.1 (rng.1'.cni') 

Substitution in Eq.7 for the travel time and integration over the soil depth L gives an 
expression for the travel time (in days) in 3.5 in of top soil: 

T = 10 . (1 -b2)/( I +b 1 -b2) . (2.DISP) (b2/(1-b2)) 	 401 C ((1+bI-b2)/(1-b2)) 
6 m 

Results of the calculations with Eqs. 7 and 10 are given in Table I for 3.5 m of top soil 
and in Table 2 for 10 m of subsoil. 

The choice of dispersion length is important. The relative effect of dispersion length on 
calculated travel time is shown in Fig.1 for different values of b2, the adsorption 
parameter for time dependency (Eqs.1 and 7). The dispersion length affects the calculated 
travel time greatly at high values of b2 (> 0.2). 

The dispersion length representing the mixing characteristics of phosphate in the soil 
profile is most likely to be determined by longitudinal dispersion in small sections of soil 
(Gerritse, 1988) and not by field-scale dispersion. For a clay soil the dispersion length on 
a small scale is about 0.1 cm and for a sandy soil about 0.5-1 cm. The choice of 0.2 and 1 
cm in Tables 1 and 2 should be appropriate for the duplex soil type in Albany. 

Movement of phosphate is greatest under the overland flow area (section 3). In the "worst 
possible' case for this area, the estimated travel times are about 300 years in the top 3.5 m 
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(Table 1) and about 200 years in 10 
m of subsoil (Table 2). Accurate 
data for adsorption in the subsoil are 
lacking. Attenuation in the subsoil is 
probably best described with A80 
(Eqs.1, 6 and 7), giving a travel time 
of at least 400 years for 10 m of 
subsoil under the overland flow area 
(Table 2). 

Travel times of phosphate to 
groundwater in the other areas 
(dams, tree plantation) are of the 
order of or greater than 1000 years. 

Figure 1 Relative change in calculated travel time with 
dispersion length. The travel time for a dispersion length of 0.01 The subsoil is relatively 
cm was arbitrarily given the value (=factor) of 1. 

homogeneous and free of "preferred 
pathways'. Travel times in the 

topsoil (rootzone) can be affected by channelling of water flow along roots and cracks 
(preferred pathways). The predicted travel times should, however, still hold for movement 
of the bulk of phosphate in the soil profile. 

Table 1 Estimated travel times for phosphate from wastewater in 3.5m of top soil 

Dispersion length (cm) hi b2 A Travel time T (years) 

Area I (overland flow): R=0.3 cm/day, C,=12 mg P/I 

0.2 0.3 0.15 150 290 

0.2 0.4 0.2 150 540 

0.3 0.15 150 400 

1 0.4 0.2 150 810 

Area II (dams): R=0.2 cm/day, Cm=10 mg P/i 

0.2 0.3 0.15 150 550 

0.2 0.4 0.2 150 1030 

1 0.3 0.15 150 730 

1 0.4 0.2 150 1540 

Area Ill (tree plantation): R=0.3-0.05 cm/day, Cm=640 mg P/I 

0.2 0.3 0.15 150 700 

0.2 0.4 0.2 150 1480 

1 0.3 0.15 150 930 

0.4 0.2 150 2200 
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Table 2 Estimated travel times of phosphate from wastewater in 10 m of subsoil 

Dispersion length (cm) 
J 	

bi b2 A Travel time T (years) 

Area I (overland flow): Rr0.3 cm/day, Cm=12 mg P/i 

0.2 0.3 0.15 40/80 180/400 

0.2 0.4 0.2 40/80 300/700 

0.3 0.15 40/80 240/530 

0.4 0.2 40/80 44011060 

Area II (dams): R=0.2 cm/day, Cm=10 mg P/i 

0.2 0.3 0.15 40/80 330/750 

0.2 0.4 0.2 40/80 570/1350 

1 0.3 0.15 40/80 440/1000 

0.4 0.2 40/80 850/2010 

Area Ill (tree plantation): R=0.05 cm/day, Cm=40 mg Pjl 

0.2 0.3 0.15 40/80 540/1220 

0.2 0.4 0.2 40/80 1130/2690 

1 0.3 0.15 40/80 720/1630 

0.4 0.2 40/80 1690/4020 

4-w Other processes 

The storage capacity of a soil for phosphate can be increased by precipitation reactions 
(section 1.). 

Concentrations of calcium in the Albany wastewater range from 70 - 200 mg/i. Solution 
Concentrations below the root zone in the soil at the tree plantation will (= 15% recharge) 
become of the order of 400 mg Ca/l. Fluoride is also present in the wastewater and could 
reach a solution concentration of = 2 mg/i in the subsoil at the tree plantation. 

In Fig.2 solubility lines are shown for various calcium phosphates as a function of pH for 
levels of calcium and fluoride relevant to the overland flow area and dams (100 ppm Ca, 
0.5 ppm F) and relevant to the tree plantation (400 ppm Ca, 2 ppm F). 
Data of Fig.2 indicate that at a pH of 6, greater than 95% of P can be removed from 
wastewater as hythoxyapatite. Precipitation of fluoroapatite can remove 30% of phosphate 
from wastewater. In practice the rates of precipitation will be very low. Removal of P in 
precipitates, if it occurs under the specific experimental conditions, is also to some extent 
incorporated in the empirically derived Eq.1. 

The pH in the soil profile at the Albany waste disposal site ranges from about 4 to 6. The 
initial pH of the wastewater is 8 and drops to about 6-6.5. If the pH in the subsoil rises to 
6, then it is very likely that, during the long residence time of P in the subsoil, some 
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removal of phosphate in apatites will occur. The actual travel time will thus be longer than 
calculated in Tables 1 and 2. 
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Figure 2 Solubility of phosphate from calcium phosphates as a function of pH for two levels of calcium and 

fluoride. 

FA = fluoroapatite Ca10(PO4)6F2, HA = hydroxyapatite Ca10(PO4)6(0H 2, OCP = octocalcium phosphate 

Ca4H(PO4)3.3H20, TCP = tricalcium phosphate Ca3(PO4)2, DCPD = dicalcium phosphate dihydrate CaI-1PO4.2H20. 

5.9w Conclusions 

At a disposal site for wastewater in Albany, estimated minimum travel times for phosphate 
in 3.5 m of top soil range from 300-700 years. Estimated minimum travel times in a 
further 10 rn of subsoil range from 200-500 years. These estimates are conservative and 
are based on a combination of soil parameters that result in the greatest mobility of 
phosphate. 

In addition, increases in pH and levels of calcium and fluoride from wastewater in the soil 
profile could eventually lead to increased storage of phosphate as sparingly soluble 
calcium phosphates. Theoretically >95% of phosphate from wastewater could be stored in 
the soil profile as hydroxyapatite and fluoroapatite. Resulting travel times would then be 
much longer and concentrations reaching groundwater would be much lower. 
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BACKGROUND 

As part of the identification and evaluation of sites for wastewater disposal near 
Albany, infiltration rates were measured at the ground surface and in pits, and 
tests were made to determine the hydraulic conductivity of the strata. In Stages 1 
and 2 of the investigations, measurements were made at both the Douglas Road 
and Albany Airport sites. Finally, in Stage 5 additional measurements were made 
at the Airport South site. This report presents the results of the infiltration and 
hydraulic conductivity measurements. Details of other hydrological investigations 
which form parts of the total study are reported separately. 

MEASUREMENT AND ASSESSMENT METHODS 

Infiltration rates were measured using single, thin-walled stainless steel rings of 
300mm or 410mm diameter and 200mm depth. The methods used generally 
followed those described by Bouwer (1986). 

The rings were driven into the soil except in one case where it was jacked in. 
The depth to which the ring could be driven varied from 40 mm at a site with 
dense sub-soil clays to 130 mm in surface sands. Water was ponded in the 
rings to depths of up to 110 mm. The depth of water in each ring was measured 
using an inclined scale which provided vertical resolution of 0.2 mm. During 
Stages 1 and 2, only short-term infiltration rates were recorded. In Stage 5 the 
short-term behaviour was neglected and longer-term data were collected. 

In all infiltration tests the depth of ponding above the soil surface was significant 
in comparison with the depth of penetration of water into the soil. Therefore the 
measured infiltration rates are larger than they would be under rain limiting 
conditions. This factor was taken into account in the calculation of hydraulic 
conductivities from the infiltration data. 

Infiltration rates were also measured using diked area infiltrometers (Bouwer, 
1986) of approximately 5m by 5m. Plastic sheeting was used in an attempt to 
prevent lateral leakage of water from the diked area. The sheeting was firstly 
installed to the top of the lateritic duricrust, and secondly to a depth of about 1 m 
which was into the clays beneath the duricrust. Final tests used a buffer moat of 



about 1 m width in which the water level was maintained within a few millimetres 
of that in the diked area. 

Hydraulic conductivities of sub-soil materials were measured by two other 
methods. 

Water was pumped from suitable soil pits and the rate of recovery of water level 
was measured. Results of these tests were analysed using the pit-bailing 
method described by Bouwer and Rice (1983). 

Pump-in tests were conducted during drilling operations which are described in 
a separate report. The method involved adding water though drill rods which had 
been withdrawn by about 0.5 m, and measuring the rate of decline of water level 
within the rods. Results were analysed by the shallow well pump-in method 
(Amoozegar and Warrick, 1986). 

3. STAGE 1 AND 2 INFILTRATION RESULTS 

3.1 LOCATION 5185, DOUGLAS ROAD AREA 

Test 1 was in sandy clay at about 2 mbgl. The infiltration rate over the last 3 mm 
was about 700 mm/day. This result is not considered to reflect the true long-
term infiltration capacity of the soil. 

Test 2 was in surface soil (silty sand). Over the last minute the infiltration rate 
was 260 mm/day. This result is considered to be a true reflection of the 
infiltration capacity of the surface soil. 

Test 3 ran for 36 min in surface soil (silty sand). Over the last 20 min the 
infiltration rate was 500 mm/day. This result is considered to be a true reflection 
of the infiltration capacity of the surface soil. 

Test 4 was in hard sandy loam at a depth of about 1.8 mbgl. This test ran for 36 
mm, and in the final 20 min the average infiltration rate was 700 mm/day. This 
result is considered to be a true reflection of the infiltration capacity of the 
particular soil. 

3.2 LOCATION 5831, DOUGLAS ROAD AREA 

Test 5 was in hard mottled silty clay at a depth of about 1 mbgl. The test ran for 
36 min during which there was no infiltration over the final 30 mm. This result is 
considered to be a true reflection of the infiltration capacity of the sub-soil at this 
site. 
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3.3 LOCATION 4822, AIRPORT SOUTH AREA 

Test 6 was in hard mottled silty clay at a depth of about 1.1 mbgl. The test ran 
for 20 min when rock fell from the pit wall into the infiltration ring. Over the last 8 
min of the test, the average infiltration rate was -170 mm/day. That is, water was 
seeping into the ring due to the higher pressure of water in the strata, and the 
result is not a true indication of the long-term infiltration capacity of the soil. 

Test 7 was in surface soil (silty sand). The ring could not be driven beyond a 
depth of 85 mm due to boulders which were revealed after the test was 
completed. This test was terminated after 16 min because all of the water was 
infiltrated. Over the last 4 min the average infiltration rate was 2500 mm/day. 
This result is considered to be "a true reflection of the infiltration capacity of the 

surface soil at this site. 

Test 8 was in silty sand surface soil which appeared to be very close to 
saturation. The test ran for 36 mm. Over the last 20 min the average infiltration 
rate was 230 mm/day. This result is considered to be a true reflection of the 
infiltration capacity of the surface soil at this site. 

3.4 LOCATION 6047, AIRPORT SOUTH AREA 

Test 9 was in silty sand surface soil. The test ran for 36 min and over the final 20 
min the average infiltration rate was 230 mm/day. This result is considered to be 
a true reflection of the infiltration capacity of the surface soil at this site. 

3.5 LOCATION 5633, AIRPORT SOUTH 

Test 10 was in hard silty clay at a depth of about 1.4 mbgl. The test ran for 36 
mm. Over the last 20 min the average infiltration rate was 15 mm/day, which is 
the lowest detectable rate. This result is considered to be a true reflection of the 
infiltration capacity of the sub-soil at this site. 

3.6 GENERAL COMMENTS 

Infiltration rates in the surface soils ranged from 230 to 2500 mm/d, and in the 
sub-soils (silty clays) from about 20 to 700 mm/d. At all sites the soils were very 
wet, and consequently the infiltration rates are expected to be closely related to 
the rates which would occur in the field after long periods of flood irrigation. 
Because an hydraulic gradient of about 5 was imposed in these tests, the 
hydraulic conductivities of the surface soils are about 50 to 500 mm/d, and in the 
sub-soils about 4 to 140 mm/d. 

The subsoils have structural permeability both between peds and, at a larger 
scale, in tongues of sandy material which intrude at least 2 m into the silty clays. 
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In other lateritic profiles (in the Darling Range) similar features have been 
observed to depths of up to 7 mbgl. 

At some of the sites, it appeared that a significant proportion of the water which 
entered the soils did so around the perimeter of the sample. This is because 
insertion of the infiltration ring creates some abnormally large and continuous 
pores. So far as possible the cracks around the edge of the infiltration ring were 
blocked before each test began. These cracks are more of a problem when 
there is a large head of water in the ring. 

Surface soils in the airport area and at some of the Kalgan sites were very wet. 
This reflects rainfall conditions shortly before the tests. The limited drainage rate 
results from low hydraulic conductivity in the clayey sub-soil materials. 

In the Airport South pits, water flowed into the ring in the subsoil at one site, and 
there was some seepage into other pits (much less than that into the Kalgan 
pits). This seepage is evidence of water at pressures in excess of atmospheric, 
within the soils. The free water appeared to be confined to the surface soils (silty 
sands) and tongues of sand which penetrated downwards into the silty clays 
below the duricrust layer. In some pits there was also free water in root-filled 
cracks between soil peds. The matrix of the silty clay appeared to be 
unsaturated in all of the pits which were examined. 

4. STAGE 5 INFILTRATION RESULTS 

Infiltration rates were measured at 10 sites on Locations 815, 4822, 3325 and 
6047. The approximate locations of these sites are shown in Figure 1. At all but 
one of these sites, infiltration measurements were made at two different depths. 
Figures 2 and 3 are examples of the records in graphical form, and Table 1 
presents numerical results sorted by the depth of the measurement below the 
normal ground surface. 

The hydraulic conductivity of the soils was estimated from the long-term 
infiltration rates and the hydraulic gradient during the test which is estimated to 
have been about 5. Table 1 lists the hydraulic conductivity estimated from each 
test, and the average hydraulic conductivity (K) for all depths less than or equal 
to 0.6 m (average K = 109 mm/d) and greater than 0.6 m (average K = 5 mm/d). 

These results are generally in agreement with those of the Stage 1 and 2 tests, 
but are considered to be more accurate as a result of the longer time of the test 
and the greater number of measurements. 
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TABLE 1: Summary of Stage 5 Infiltration Results 

Site No Depth Infilt Rate Estim K Average K 
(mbgl) (mm/d) (mm/d) (mm/d) 

El 0.40 560 110 
Ii 0.40 180 36 
Cl 0.50 420 84 
Fl 0.50 130 26 For D<0.6m 
Dl 0.55 1440 290 109 
Bi 0.60 42 8 
Ji 0.80 40 8 
Hi 0.95 24 5 
B2 1.00 14 3 
F2 1.00 24 5 
Al 1.10 0 0 
C2 1.10 19 4 
D2 1.20 96 19 
G2 1.20 16 3 
H2 1.20 20 4 
12 1.20 12 2 
J2 1.20 30 6 For D>0.6m 
A2 2.00 0 0 5 

5. DIKED AREA TESTS 

All diked area tests were conducted at the Airport South site on location 5633. In 
the first test, surface bunds of about 0.3 m height were constructed, and the area 
was flooded to a depth which varied (because of the slope of the ground surface) 
from about 0.05 to 0.15 m. Water from a nearby dam was used to flood the 
basin. Depth measurements were made with an inclined scale allowing 
resolution of 0.2 mm. 

Over periods of 1 hour, the infiltration rate averaged 370 and then 280 mm/day. 
There were no obvious leaks through the bund, but the area surrounding the 
diked area became very wet indicating that there was significant lateral leakage 
through the surface sands and lateritic duricrust. 

Two more areas, one under pasture and one which had been ripped and planted 
to trees, were used for further diked area tests. In these areas trenches were 
dug into the clay layer below the duricrust (a depth of about 1 m), and moats 
were constructed and flooded immediately outside of the bunds. 

When water levels were maintained within 5 mm in the diked area and the 
surrounding moat, total infiltration over a period of 15 min was less than 0.2 mm. 
Therefore, the infiltration rate was less than 19 mm/d. Assuming an average 
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hydraulic gradient of 5 (due to the depth of water ponded on the soil surface). 
the hydraulic conductivity was less than 4mm/d. 

Within the forested area, when water levels were maintained within 5 mm in the 
diked area and the surrounding moat, total infiltration over a period of 66 mm 
was 1.2 mm. Therefore, the infiltration rate was 25 mm/d. Assuming an average 
hydraulic gradient of 5 (due to the depth of water ponded on the soil surface). 
the hydraulic conductivity was 5mm/d. There was no evidence of any significant 
change of hydraulic conductivity of the deeper clays as a result of the ripping 
which had been used to help in the establishment of plantation trees at this site. 

PIT BAILING TESTS 

The water which had seeped into three of the soil pits was pumped out and the 
recovery of water level in each pit was measured over a period of more than 1 
day. In each case there were only small changes of water level after the pits 
were pumped, and the dynamics did not conform to the behaviour predicted by 
the theory of Bouwer and Rice (1983). This makes it difficult to estimate 
hydraulic conductivities with confidence. 

In soil pit number 15 (Location 5633) the average hydraulic conductivity of the 
clay subsoil at depths of about 2 to 2.5 m below ground level was in the range 
100 to 400 mm/d. In soil pit number 16 (Location 5633)the average hydraulic 
conductivity of the clay subsoil at depths of about 1 to 2 m below ground level 
was in the range 100 to 800 mm/d. In a soil pit on Location 6047 there was no 
change of water level over the period 2 to 24 hours after pumping, although the 
level was about 0.9 m below that before pumping. 

BOREHOLE PUMP-IN TESTS 

A modified pump-in tests was conducted at up to three depths in each of four 
boreholes. Details of these holes are provided in a separate report. 

The first borehole (ALl) was at the airport north site on location 5772. Pump-in 
tests were conducted at depths of 11 and 20 mbg. Hydraulic conductivities of the 
strata averaged over a few metres above these depths are estimated as 700 and 
1000 mm/day respectively. 

The second borehole (AL2) was drilled at the Airport South site on location 5633. 
Pump-in tests were conducted at depths of 10, 20 and 41 metres below ground 
level (mbgl). The hydraulic conductivities were estimated to be 40, 0 and 2 
mm/day. The second measurement (at 20 mbgl) is considered to be an error, 
due to blockage of the drill rods by cuttings. 

6 



The third borehole (AL3) was drilled at the Airport South site on location 6047. 
Pump-in tests were conducted at depths of 10 and 20 m. The hydraulic 
conductivity at 10 mbgl was 170 mm/d. The test at 20 m depth was 
unsuccessful, because cuttings blocked the drill stem. 

The fourth borehole (AL4) was also drilled at the Airport South site on location 
6047. The hydraulic conductivity at 10 mbgl was 650 mm/d. The test at 20 m 
depth was unsuccessful, because cuttings were blocking the drill stem. 

8. DRAINAGE ESTIMATION .BY WATER BALANCE 

To complement the infiltration measurements, a water balance model was used 
to estimate the degree of saturation of the surface soils (0.5 m of sand and 
laterite) on a daily basis during the period 1 June to 30 September 1991. This 
period includes an exceptional rainfall event totalling 125 mm over the two days 
20 and 21 July. In operating the model, it was assumed that the soil was 
saturated when the storage reached 100 mm, and that drainage ceased when 
the storage fell below 0 mm. These levels can be considered as saturation and 
field capacity respectively. 

The model assumed that evaporation from pasture in winter takes place at the 
same rate as that from the standard evaporation tank. Further, when the soil was 
saturated (storage equals maximum), any further rainfall runs off until 
evaporation and drainage bring about a return to unsaturated conditions. 

The data input to the model was daily rainfall and tank evaporation as recorded 
by the Bureau of Meteorology at Albany Airport. 

The water balance equation which was used is: 

Storage(n-1) + Rainfall(n) - Evaporation(n) - Drainage(n) - Runoff(n) 
= Storage(n) 

Where n-i and n are day numbers. The initial storage was assumed to be 100 
mm. Effects of this assumption are not significant after the first saturating event. 

The model considered drainage at a constant rate of either 1, 2, 4 or 8 mm/d. An 
example of model output is presented in Appendix 1. 

The degree of saturation of the surface soils, as indicated by the model for each 
drainage rate, was compared with local farmer's recollections of when the soils 
began to dry out. On this basis it was concluded that the average drainage rate 
was between 2 and 4 mm/d. Since the depth of ponding of water over the 
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ground surface is negligible under natural conditions, and the soil was wet for 
several months, the drainage rate is considered to be essentially the same as 
the hydraulic conductivity of the saturated soil. That is, the hydraulic conductivity 
of the soil, on average over the area, is 2 to 4 mm/d. 

9. SUMMARY AND CONCLUSIONS 

The hydraulic conductivity of soils in areas of potential wastewater disposal near 
Albany was measured and estimated by a variety of methods. Most of the 
measuring sites were at the Airport South site. Table 2 provides a summary of 
the data. 

TABLE 2: Summary of Hydraulic Conductivities (mm/d) 

Method Surface Sub-Soil (0.6 to Deep Bores 
Soil(<0.6 m 3 m depth) 
depth) 

Infiltration S1+S2 50 to 100 4 to 140 
Infiltration S5 26 to 290 0 to 19 
Diked Area (past) <4 
Diked Area (tree) 5 
Pit Baiting 100 to 400 
Pit Bailing 100 to 800 
BoreALl 700to 1000 
Bore AL2 2to40 
Bore AL3 170 
Bore AL4 650 
Water Balance 2 to 4 

(Si, 2 and 5 represent measurements in Phases 1, 2 and 5 of the investigation.) 

It is concluded that the sandy surface soils have moderate infiltration capacities 
with hydraulic conductivities of about 100 mm/d. The clayey sub-soils have 
much lower hydraulic conductivities of about 5 mm/d. This part of the soil profile 
limits the rate of infiltration and results in surface soils becoming saturated over 
much of the area during prolonged rainfall in winter. The weathered sittstones at 
greater depth have variable hydraulic conductivities ranging up to 1000 mm/d. 

r 

i7e. \) 

25 November 1991 	 A.J.Fck & Associates 
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APPENDIX 1 

ALBANY AIRPORT WATER BALANCE  

Date Rainfall Evaporation - Drainage Storage Drainage Storage 
(mm) (mm) (mm) (mm) (mm) (mm) 

100  100 
1-Jun-91 9.6 2.6 2 105 4 103 
2-Jun-91 1 1.4 2 103 4 99 
3-Jun-91 0 1.6 2 99 4 93 
4-Jun-91 4.4 1 2 100 4 92 
5-Jun-91 3 2.4 7 2 99 4 89 
6-Jun-91 0 1.6 2 95 4 83 
7-Jun-91 0.8 1.2 2 93 4 79 
8-Jun-91 0 1.8 2 89 4 73 
9-Jun-91 

10-Jun-91 
0 
0 

2.4 
3.4 

2 
2 

85 
79 

4 
4 

67 
59 

11-Jun-91 2 0.8 2 79 4 57 
12-Jun-91 0 1.4 2 75 4 51 
13-Jun-91 0.2 1 11 	2 72 4 46 
14-Jun-91 1.8 1.6 2 71 4 43 
15-Jun-91 3.2 2.4 2 69 4 39 
16-Jun-91 1.2 1 T 	2 68 4 36 
17-Jun-91 26.6 3.4 2 89 4 55 
18-Jun-91 6.4 0.8 2 92 4 56 
19-Jun-91 
20-Jun-91 

0.6 
0.4 

1.2 
0.8 

2 
2 

90 
67 

4 
4 

52 
47 

21-Jun-91 0.8 0.2 2 86 4 44 
22-Jun-91 0.8 1 2 84 4 40 
23-Jun-91 8 2.4 2 87 4 41 
24-Jun-91 0 2.4 2 83 4 35 
25-Jun-91 4.8 1.6 2 84 4 34 
26-Jun-91 1 1.6 2 82 4 30 
27-Jun-91 
28-Jun-91 
29-Jun-91 

10 
28.8 
0 

4.8 
2.6 
1.2 

2 
2 
2 

85 
109 
106 

4 
4 

31 
53 
48 

30-Jun-91 0 0.8 2 103 E  E4E 43 
1-Jul-91 0.2 1.4 2 100 4 38 
2-Jul-91 3 3.2 2 98 4 34 

_3-Jul-91 1 2.8 2 94 4 28 
4-Jul-91 14 4 2 102 - 4 34 - 5-Jul-91 0 0.8 2 99 4 29 
6-Jul 
7-Jul-91 
8-Jul-57 
9-Juj91 

10-Jul-91 
11-Jul-91 
12-Ju1-51 
13-Jul-91 
14-Jul-91 
15-Jul-91 
16-Jul-57 
17-Jul-911 
18-Jul-911 

15.4 
1.6 
0.4 
1.2 
0.4 
0.4 
0 

1.6 
0.2 
0 

- 3.2 
5.2 
7.8 	1 

4.6 
1.8 
0 

1.2 
1 

0.4 
3.2 
1.8 
0.6 
2.2 
0 
4 

3.4 

2 
2 
2 
2 
2 
2 

- 	2 
2 

- 	2 
2 
2 
2 
2 

108 
106 
104 
102 
99 
97 
92 
90 
88 
83 	1 

84 	1 
86 	1 

85  

4 
4 
4 
4 
4 
4 
4 
4 
4 
0 

4 
0 -  

36 
32 
28 
24 
19 
15 
8 
4 
0 
-3 

-2 
2 

Numbers in BOLD represent runoff conditions at a rate depending on slope and roughness. 



APPENDIX 1 

ALBANY AIRPORT WATER BALANCE  

Date Rainfall Evaporation Drainage Storage Drainage Storage 
(mm) (mm) (mm) (mm) (mm) (mm) 

19-Jul-91 .3.8 0.2 2 88 4 2 
20-Jul-91 65.4 5 2 146 4 58 
21-Jul-91 59.2 0 2 203 4 113 
22-Jul-91 7 2.6 2 206 4 114 
23-Jul-91 1.4 0.8 2 204 4 110 
24-Jul-91 3.8 1.6 2 205 4 109 
25-Jul-91 2.4 1.4 2 204 4 106 
26-Jul-91 0.6 0.4 2 202 4 102 
27-Jul-91 4.2 3.2 2 201 4 99 
28-Jul-91 1 1 2 199 4 95 
29-Jul-91 5.4 3.2 2 199 4 93 
30-Jul-91 5 0 2 202 4 94 
31-Jul-91 1.8 2.2 2 200 4 90 
1-Aug-91 7.8 3.6 2 202 4 90 
2-Aug-91 16 5.4 2 210 4 96 
3-Aug-91 1.6 2.6 I 	2 207 4 91 
4-Aug-91 1.8 2.6 2 205 4 87 
5-Aug-91 13.4 3 2 213 4 93 
6-Aug-91 0.4 0.8 2 211 4 89 
7-Aug-91 0.4 1 2 208 4 84 
8-Aug-91 0 1.2 2 205 4 79 
9-Aug-91 0 1.8 2 201 4 73 

10-Aug-91 0 1 2 198 4 68 
11-Aug-91 1.8 2.2 2 196 4 64 
12-Aug-91 0.2 1.2 2 193 4 59 
13-Aug-91 0 2 2 189 4 53 
14-Aug-91 0 1.6 2 185 4 47 
15-Aug-91 0 1 2 182 4 42 
16-Aug-91 0 2.4 2 178 4 36 
17-Aug-91 0 2.6 2 173 4 29 
18-Aug-91 9.6 4 2 177 4 31 
19-Aug-91 9 3 2 181 4 33 
20-Aug-91 9.4 4 2 184 4 34 
21-Aug-91 0.6 1.4 2 181 4 29 
22-Aug-91 6.2 5.6 2 180 4 26 
23-Aug-911 1.8 0.6 2 179 4 23 
24-Aug-91 1.2 1.4 2 177 4 19 
25-Aug-91 0 1.4 2 173 4 13 
26-Aug-91 7.2 5.2 2 173 4 11 
27-Aug-91 3.8 2.6 2 173 4 9 
28-Aug-91 5.6 1.6 2 175 4 9 
29-Aug-91 4 2.6 2 174 4 6 
30-Aug-91 0 1 2 171 4 1 
31-Aug-91 0 3 2 166 0 -2 
1-Sep-91 7.8 2 2 170 0 4 
2-Sep-91 0 2.8 2 165 4 -3 
3-Sep-91 1.6 2.2 2 162 0 -4 
4-Sep-91 3.4 2.4 2 161 0 -3 
5-Sep-911  0 1.8 2 1 	158 0 -4 

Numbers in BOLD represent runoff conditions at a rate depending on slope and roughness. 



APPENDIX 1 

ALBANY AIRPORT WATER BALANCE  

Date Rainfall Evaporation Drainage Storage Drainage Storage 
(mm) (mm) (mm) (mm) (mm) (mm) 

6-Sep-91 0 2.4 2 153 0 -7 
7-Sep-91 6 4.2 2 153 0 -5 
8-Sep-91 0.8 3.4 2 148 0 -8 
9-Sep-91 13 2.2 2 157 0 3 

10-Sep-91 0 2.4 2 153 4 -3 
11-Sep-91 0 1.6 2 149 0 -5 
12-Sep-91 2.4 3.6 2 146 0 -6 
13-Sep-91 0 2.8 2 141 0 -9 
14-Sep-91 9.4 3.4 2 145 0 -3 
15-Sep-91 7.4 3.8 2 147 0 1 	1 
16-Sep-91 7 2.8 2 149 4 1 
17-Sep-91 0 3.4 2 144 4 -6 
18-Sep-91 - 6.2 0,6 2 147 0 -1 
19-Sep-91 3.2 1.2 2 147 0 1 
20-Sep-91 0 4 2 141 4 -7 
21-Sep-91 1 1.6 2 139 0 -7 
22-Sep-91 0 1.4 2 135 0 -9 
23-Sep-91 0 4 2 129 0 -13 
24-Sep-91 0 2 2 125 1 	0 -15 
25-Sep-91 0.4 1.8 2 122 0 -16 
26-Sep-91 0 3 2 117 0 -19 
27-Sep-91 0.2 2.8 2 112 0 -22 
28-Sep-91 0 2.8 1 	2 107 0 -25 
29-Sep-91 0 2.8 2 103 0 -27 
30-Sep-91 2.4 4.4 2 99 0 -29 

Numbers in BOLD represent runoff conditions at a rate depending on slope and roughness. 
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KINHILL ENGINEERS PTY LTD 
WASTEWATER DISPOSAL AT ALBANY 

MOVEMENT OF WATER THROUGH THE UNSATURATED ZONE 
NOVEMBER 1991 

BACKGROUND 

As part of the identification and evaluation of sites for wastewater disposal 
near Albany, estimations are required of the water balance in areas of 
irrigated trees under both normal and extreme rainfall conditions. Neither 
runoff nor soil water drainage beyond the plant root zone have been 
measured in this area; so it was decided to use numerical modelling methods 
to estimate values of these terms from records of rainfall and pan 
evaporation, using the water balance equation. 

This report describes the modelling methods and system parameters which 
were adopted for the study, and presents and discusses the results which 
were obtained. The report also discusses the impact of the wastewater 
disposal on local surface and groundwater systems. Companion reports 
present details of the hydrogeology, water infiltration rates and hydraulic 
conductivities of surface soils and underlying strata in the Albany Airport area. 

OVERVIEW OF MODELLING METHODS 

Water balances are modelled for two areas: the overland flow area and 
storage dam, and the root zone of trees or pasture. In the case of irrigated 
trees, these two water balances are linked by the amount of water which is 
discharged into the irrigation system per unit area of irrigated land. All of the 
areas considered in these models are within the Airport South site which is 
located immediately to the west of Albany Airport. 

Any water balance model is an approximation of the real situation. The 
accuracy of the output is limited by the adequacy with which the model 
represents the response of soils and vegetation to rainfall and other weather 
parameters. This is normally determined by comparison of values of one or 
more parameters estimated by modelling, with observed values of the 
particular parameter. The only data available to determine the accuracy of the 
models used here are estimates of the long-term average rate of 
groundwater recharge (from the salinity of groundwater - see the companion 
report on the hydrogeology of the area) and some measurements of flow in 
streams in the Albany area. 

The water balance of the overland flow area and the storage dam has inputs 
of rainfall and wastewater flow from the sewage treatment plants at Albany, 
and outputs of evaporation, seepage losses from the overland flow area and 



the dam, and irrigation to the trees. In this water balance, the only storage 
considered is that provided by the dam. 

The water balance of a chosen depth of soil under the trees is modelled by 
methods which generally follow those originally introduced by Black et a! 
(1969). Only one storage element is considered. This is a soil layer which 
extends from the ground surface to a depth chosen to represent that in which 
most of the plant roots are located (the effective depth of rooting). The model 
is one-dimensional in the sense that lateral flows of water are assumed to 
make no net contribution to the quantity of water in the chosen soil layer. 

Both overland flow/dam and tree/pasture water balance models are driven by 
rainfall and evaporation. Monthly data are used to model the overland flow 
area and storage dam, and daily data for the irrigated and non-irrigated trees 
and pasture. Daily rainfall and tank evaporation are recorded by the Bureau 
of Meteorology at the Albany Airport station, which is within 100 m of the 
eastern boundary of the Airport South site. 

In modelling the water balance of trees or pasture, any rainfall (P) is assumed 
to be partly intercepted by the leaf canopies, leaving an effective rainfall 
(EffP) which enters the soil. 

The equation used to model the water balance of both the trees and the 
overland flow area/dam is: 

S(N-1) + P(N) + 1(N) - E(N) - D(N) - R(N) = S(N) 

where S(N-1) and S(N) represent amounts of storage on successive days or 
months, N-i and N, P(N) is the effective rainfall on day or month N, 1(N) is 
any irrigation, E(N) is actual evaporation, D(N) is any drainage downwards in 
the soil beyond a defined depth, and R(N) is any runoff from the soil surface. 

It is necessary to assume an initial value of the storage (S) in the dam or the 
root zone of the soil. In models which cover a full year of typical rainfall and 
evaporation, and in which vegetation conditions can be assumed to remain 
essentially constant, the storage at the end of the year is used to improve on 
an initial guess of conditions at the beginning of the period, and the model is 
re-run until the initial and final storage amounts are identical. Storage at the 
end of a typical year is used as the initial value to model wet or dry 
conditions. 



3. MODEL PARAMETERS 

3.1 OVERLAND FLOW AREA AND DAM 

3.1.1 Overland Flow Area 

Kinhill Engineers advise that the area of pasture which is to be used for 
overland flow is 14 ha. 

The overland flow area gains water by rainfall and the application of treated 
sewage effluent, and loses water by evaporation, drainage to underlying 
aquifers and runoff to the dam. 

Evaporation from grasses in the overland flow area is assumed to take place 
at 75% of that from the standard Bureau of Meteorology evaporation pan. 

Drainage from the pasture is assumed to take place at a rate of 3 mm/day 
throughout the year. This value is adopted on the basis of measurements and 
preliminary water balance estimates (see the companion report on infiltration 
rates and hydraulic conductivities). The US-EPA reports that the rate of 
seepage in such areas may be only 1 % of the hydraulic conductivity of the 
soil, due to the development of bacterial mats and soil clogging. These effects 
are expected to be less important at the Airport South site where the sub-soil 
clays currently limit seepage rates. 

3.1.2 Storage Dam 

The storage dam gains water from rainfall and inflows from the overland flow 
area, and loses it by evaporation, seepage and withdrawl for irrigation. On the 
basis of studies reported by the Australian Water Resources Council, the rate 
of evaporation from the dam is taken as 80% of that from the standard 
Bureau of Meteorology pan. 

Drainage from the dam downwards to underlying soils and aquifers is taken 
to be 50 mm/month which is about one third of the estimated hydraulic 
conductivity of the sub-soils. Some reduction of rate is expected due to the 
breakdown of soil structure during construction and following flooding. The 
reduced rate is adopted on the basis of farmer advice that many dams in the 
Airport area do not leak to any noticeable extent. 

The surface area of the dam varies with storage volume up to a maximum of 
300 000 kL, following a relationship which has been calculated from 
preliminary survey data. The area of the water surface is taken into account in 



TABLE 1: Planting Schedule for Albany Wastewater Disposal Area 

Block 1 	(1) Block 2 	(2) Block 3 	(3) Block 4 	(4) Block 5 	(5) Block 6 	(6) Equlv 	Tree 	Flow to 
Year Area. 	Equiv. Area 	Equlv. Area 	Equlv. Area 	Equlv.  Area 	Equlv. I 	Area 	Equlv. Area 	Capcty 	Area Year 

(ha) 	(ha) (ha) 	(ha) (ha) 	(ha) (ha) 	(ha) (ha) 	(ha) (ha) 	(ha) (ha) 	(kLJd) 	(kL/d) 

1993 
1994 

50 
50 

50 
50 

50 
50 50 

1993 
 1994 

1995 50 33 50 33 50 33 50 20 119 2200 2400 1995 
1996 50 40 50 40 50 40 50 33 50 153 3200 2500 1996 1997 50 50 50 50 50 50 50 40 50 20 210 4800 3744 1997 
1998 0 0 50 50 50 50 50 50 50 33 183 4712 3850 1998 
1999 50 33 0 0 50 50 50 50 50 40 173 4455 3960 1999 
2000 50 50 50 33 0 0 50 50 50 50 183 4712 4066 2000 
2001 50 50 50 50 50 33 0 0 50 50 183 4712 4150 2001 
2002 50 50 50 50 50 50 50 33 0 0 183 4712 4230 2002 
2003 50 50 50 50 50 50 50 50 50 33 233 6000 4310 2003 
2004 0 0 50 50 50 50 50 50 50 50 200 5150 4400 2004 
2005 50 33 0 0 50 50 50 50 50 50 183 4712 4480 2005 2006 50 50 50 33 0 0 50 50 50 50 183 4712 4570 2006 2007 50 50 50 50 50 33 0 0 50 50 183 4712 4660 2007 
2008 50 50 50 50 50 50 50 33 50 50 233 6000 4750 2008 2009 50 50 50 50 50 50 50 50 0 0 50 200 5150 4840 2009 2010 0 0 50 50 50 50 50 50 50 33 50 20 203 5227 4940 2010 2011 50 33 0 0 50 50 50 50 50 50 50 33 216 5562 5040 2011 2012 50 50 50 33 0 0 50 50 50 50 50 40 223 5742 5140 2012 2013 50 50 50 50 50 33 0 0 50 50 50 50 233 6000 5240 2013 2014 50 50 50 50 50 50 50 33 0 0 50 50 233 6000 5340 2014 
2015 50 50 50 50 50 50 50 50 50 33 0 0 233 6000 5440 2015 2016 0 0 50 50 50 50 50 50 50 50 50 33 233 6000 5550 2016 2017 50 33 0 0 50 50 50 50 50 50 50 50 233 6000 5660 2017 2018 50 50 50 33 0 0 50 50 50 50 50 50 233 6000 5770 2018 2019 50 50 50 50 50 33 0 0 50 50 50 50 233 6000 5880 2019 2020 1 50 50 	1 50 50 	1 50 50 	1 50 33 0 0 50 50 233 6000 6000 2020 



calculating inputs by rainfall, and losses by evaporation and drainage for any 
storage volume. 

3.1 .3 Irrigation Area 

The irrigation area will finally include trees of various ages as they are 
harvested and replaced. Table 1 presents the schedule for planting and 
cutting the trees, as advised by Kinhill Engineers. The area of trees at any 
time after full development is 250 ha consisting of 200 ha of mature trees 
(crop coefficient = 1) and 50 ha of coppice growth with reduced leaf area 
index (crop coefficient = 0.65). A further 50 ha is not irrigated, in the year of 
cutting. 

3.2 SOIL WATER BALANCE 

3.2.1 Effective Rooting Depth 

An effective rooting depth of 2.0 m is assumed for the native trees and shrubs 
which used to grow on this site, although abundant roots were visible in soil 
pits to depths of 3 m. 

Pasture plants are assumed to root to 0.5 m. This corresponds to the normal 
depth of silty sand and lateritic duricrust on the site. 

On the basis of observations of the depth of rooting of native vegetation and 
non-irrigated plantation trees in the Albany Airport area, an effective rooting 
depth of 2.0 m is assumed for the plantation trees. This conforms with 
Victorian EPA guide-lines which state that the effective rooting depth of 
eucalyptus is normally 1.5 to 2 m, and the lesser depth should be assumed 
for irrigated plantations, unless greater depths have been measured in the 
field, as they have been at Albany. It is expected that the plantation trees will 
draw water from throughout the soil in which roots are found, and by 
capillarity from a slightly greater depth. 

Lesser rooting depths are assumed for trees which have been planted for 
less than four years. A depth of 1.0 m is assumed after 2 years, and 1.5 m 
after 3 years. 

3.2.2 Soil Water Storage 

Water retention in unsaturated soil samples from the Airport South site was 
measured over a range of values of the matric potential. These data were 
used to estimate values of the maximum storage (SMAX), field capacity 
(SFC), and minimum storage (SMIN). The latter value was taken as slightly 
greater than the water content at which plants wilt and do not recover (the 
permanent wilting point). A critical storage for transpiration reduction 
(SCRIT), was estimated as roughly half of SMAX for the clayey sub-soil, and 
about 30 % of SMAX for the sandy and lateritic surface soil. Water contents 



were multiplied by soil layer depths to compute storage values appropriate to 
a range of effective rooting depths. 

Table 2 shows the soil water storage parameters adopted for the Airport 
South soil profile. 

TABLE 2: Water Storage in Soil Profiles (mm) 

Depth In Layer ------> <------ Cumulative ------> 
to Depth 

SMAX SFC SMIN SMAX SCRIT SMIN 
0to0.5m 175 75 25 175 50 25 

0.5to1.0m 225 225 125 400 200 150 
1.0to1.5m 250 225 75 650 325 225 
1.5to2.0m 250 225 75 900 450 300 

3.2.3 Hydraulic Conductivity and Drainage 

The rate of drainage (D) from the upper soil layers to deeper soils and 
aquifers is considered to be limited by the hydraulic conductivity of the clayey 
sub-soils. The hydraulic conductivity of this material for saturated flow 
conditions (KSAT) has been estimated by a variety of methods to be about 
5 mm/d. (See the companion report on infiltration rates and hydraulic 
cond u ctiviti es.) 

The variable nature of soils and sub-surface strata normally results in 
considerable variations of KSAT over areas as large as the Airport South site, 
and a very large number of samples is needed to get a reasonable estimate 
of the true average of the hydraulic conductivity. After preliminary model 
tests, the value KSAT = 3 mm/d was adopted for the remainder of the soil 
water balance modelling. 

Drainage downwards through the soil profile continues at water contents less 
than field capacity, but at rates which decrease rapidly with falling water 
contents. The model computes drainage (D) on any day from water storage 
on the previous day using the equation: 

D(N) = KSAT*exp[a{S(N_1)/SMAX - 1}] 

which represents an exponential decay with water storage from saturation 
when D=KSAT. The parameter 'a" controls the rate of decrease of drainage 
rate with decreasing water storage. This parameter was adjusted to provide a 
reduction of hydraulic conductivity (or drainage rate) by a factor 100 from 
saturation to field capacity, which is an approximation to the definition of field 
capacity. 
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3.2.4 Effective Rainfall 

Effective rainfall is that which infiltrates into the soil. The Victorian EPA, 
recommends that effective rainfall (EffP) beneath established woodlots 
should be taken to be 70% of monthly rainfall when this exceeds 12 mm, and 
50 % for lower falls. The factor 70 % is based on lysimeter studies and 
includes an allowance for runoff. In the present work, a daily soil water 
balance is computed, and EffP is assumed to be 70 % of P for P < 5 mm, 
85 % of P for rainfall in the range of 5 to 15 mm, and 90% of P for 
P> 15 mm. These figures are based on studies of interception by trees in 
WA by Schofield. They do not include an allowance for runoff. 

It is considered that the native vegetation would have had a much lower leaf 
area index than irrigated plantation trees will develop. Therefore it is assumed 
that for the native vegetation, on a daily basis EffP is 85 % of P for P <5 mm, 
90 % of P for rainfall in the range of 5 to 15 mm, and 95 % of P for 
P> 15 mm. These values are based on CSIRO measurements of rainfall 
throughflow beneath banksia woodland vegetation on the Gnangara Mound 
north of Perth. 

For the pasture grasses, EffP is assumed to be 90 % of daily P for P <5 mm, 
95%ofP for rainfall in the range of5tol5 mm, and l00%OfPfor 
P> 15 mm. 

3.2.5 Transoiration 

Transpiration (ET) on any day (N) is assumed to vary with pan evaporation 
and soil water storage on the previous day (N-i). For storage S less than 
SCRIT, transpiration is assumed to decrease linearly with (5-SMIN) as 
described by the following equation: 

ET(N) = CF*EPan(N)*[S(N_1)_SMIN]/[SCRIT_SMIN] 

where CF is a crop factor. 

For storage on the previous day greater than SCRIT, transpiration is taken as 
equal to pan evaporation. 

The maximum value of the crop factor (CF) is taken as one for irrigated trees 
four or more years after planting. This may be a conservative assumption. In 
his "Guide-lines for Establishment of Eucalyptus Woodlots on Irrigated 
Land", Stewart recommends a crop factor of 0.8 for 3-year old trees in large 
woodlots, increasing to 1.0 for ages of 4 years and more. Lower crop factors 
are assumed for immature trees, following guide-lines by the Victorian EPA. 

One year after mature trees are harvested and allowed to coppice from 
stumps, the value of CF is assumed to be equal to that for trees two years 
after planting, and two years after harvesting CF is assumed to be equal to 
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that for the mature trees (CF=1). For areas of mixed age, a weighted mean 
crop factor is used, calculated by the method recommended by the Victorian 
EPA. 

Following discussions with CSIRO, a crop factor of 0.5 is used for native 
vegetation, and 0.7 for pasture grasses. 

3.2.6 Irrigation 

Irrigation water (I) is assumed to be uniformly supplied over the ground 
surface. Effects of localised wetting from drip irrigation outlets are discussed 
in a later section of this report. 

3.2.7 Runoff 

In this model, runoff (R) is assumed to occur when there is an input of water 
by rainfall or irrigation and water storage in the root zone has reached 
saturation (S=SMAX). There is no runoff routine to describe overland flow or 
channel flow. In reality, water may be ponded on the soil surface, and not run 
off, due to the presence of local depressions in the ground surface. 

3.3. RAINFALL AND PAN EVAPORATION 

It is recognized that details of how rainfall is distributed throughout the year 
will affect the water balance. Both storage in the dam, and soil moisture 
beneath the trees depend on sequences of rainfall over extended periods of 
time and not only daily or monthly events. Therefore whole years of typical 
and extreme weather conditions were chosen to estimate the water balance 
of the wastewater disposal facilities. 

Daily rainfall and pan evaporation data for the Albany Airport station (number 
009741) were obtained from the Bureau of Meteorology. Table 3 presents 
annual totals sorted in order of increasing rainfall. Any of the years 1968, 
1970,1973, 1975, 1977, 1979, 1981, 1984 or 1985 could be regarded as 
having rainfall typical for the area as the totals were within 5 % of the 
average. 

Annual evaporation at this station varies apparently independently of the 
rainfall. For example, there was 1315 mm of evaporation recorded in the year 
of lowest rainfall (1983), and 1310 mm of evaporation in the wettest year. 

Victorian EPA guide-lines recommend water balance calculations for the 
median, 10 percentile and 90 percentile wet years. For the Albany water 
balance calculations, 1979 was chosen as a typical year. It had rainfall slightly 
above the average (812 mm against 802 mm), and evaporation slightly below 
the average (1343 mm against 1367 mm). With a water deficit (excess of 
evaporation over rainfall) of 531 mm, 1979 is actually slightly (35 mm) wetter 
than the median rainfall year (1975). 



The year 1971 was chosen as a very wet year for water balance calculations. 
In this year rainfall was close to the maximum recorded at the Albany Airport 
station (960 mm against 967 mm). Also, evaporation was the lowest on 
record (1181 mm against 1226 mm in the next lowest year - 1982). The net 
result is that 1971 had the lowest water deficit recorded at the Albany Airport 
weather station. 

TABLE 3: Rainfall and Evaporation at Albany Airport 

Year Rainfall 
P (mm) 

Evaporation 
E (mm) 

P - E 
(mm) 

1983 612 1315 -703 

1969 631 1401 -770 

1972 633 1442 -809 
1987 667 1487 -820 

1982 719 1226 -507 

1980 728 1313 -585 
1974 735 1306 -571 

1986 740 1430 -690 

1984 773 1410 -637 

1970 794 1332 -538 

1977 796 1340 -544 

1975 799 1295 -496 
1979 812 1343 -531 
1981 813 1397 -584 
1973 814 1390 -576 
1985 820 1440 -620 
1968 839 1379 -540 
1990 908 1350 -442 
1988 957 1546 -589 
1971 960 1181 -221 
1978 961 1374 -413 
1989 963 1432 -469 

1976 967 1310 -343 

Rainfall and evaporation data for the year 1988 were also used in some wet 
weather model runs. in this year there was heavy winter rainfall (260 mm in 
May followed by 214 mm in June and 117 mm in July) and it is reported that 
there was very high streamfiow in the Kalgan River. 

As an example of a year with unusually dry weather conditions, 1969 was 
chosen. This year had the second lowest rainfall recorded at the Albany 
Airport station, and the fifth highest pan evaporation. 



4. MODEL RESULTS 

Results of modelling water balances of both the overland flow area/dam and 
the root zone of vegetation are presented in detail in Appendixes A to F. 
These results are discussed below. 

4.1 NON-IRRIGATED AREAS 

4.1.1 Native Vegetation 

Tables Al and A2 show computed monthly water balances for native 
vegetation in typical and wet years. 

Drainage beneath this vegetation in the typical year is computed to be 
58 mm. This is in good agreement with the value (50 mm/y) estimated from 
the average salinity of water in bores in the area (see the companion report 
on hydrogeology of the area). There is much more drainage in the wet year, 
and soil water storage increases from 648 to 772 mm (average soil water 
contents of 0.32 and 0.39 by volume). 

In the typical year, there is drainage from the soil throughout the period June 
to January when the average water content of the root zone is frequently 
above field capacity. Such conditions continue for all but two months in the 
wet year. The average end-of-the-month soil water content ranges from 
0.22 to 0.39 in the typical year, and from 0.26 to 0.42 in the wet year. 

Runoff from the native vegetation is estimated to be nil in both the typical and 
the wet year. It is possible that the model underestimates runoff, but if there 
was a significant amount of overland flow under natural conditions, evidence 
of erosion would be expected on what is actually a very flat plateau. 

4.1 .2 Pasture Grasses 

Tables Bi and B2 show computed monthly water balances for the existing 
pasture grasses at the Airport South site in typical and wet years. 

In the typical year, drainage beneath the pasture is computed to be 171 mm. 
This indicates that the introduction of agriculture has greatly increased 
drainage of water beyond the plant root zone, and therefore the recharge of 
underlying aquifers, as it has in many other parts of Western Australia. In the 
wet year, drainage increases to 255 mm whilst soil water storage in the 
500 mm root zone increases from 27 to 70 mm (average soil water contents 
of 0.05 and 0.14 by volume). 

In the typical year, there is drainage from the 500 mm root zone throughout 
the period June to November. Such conditions extend over the period May to 
December in the wet year. Average end-of-the-month soil water contents in 
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the shallow root zone of silty sand and lateritic duricrust range from 0.05 to 
0.33 in the typical year, and from 0.05 to 0.37 in the wet year. 

There is 52 mm of runoff from the pasture in the typical year, all of it in the 
months of July, August and September. This represents 6 % of rainfall, which 
can be compared with yields from the neighbouring Willyung Creek 
catchment ranging from 5 to 20 % over parts of the years 1987 to 1989 (data 
provided by WA EPA). In the wet year, runoff is estimated to remain only 6% 
of rainfall. This small increase may be a consequence of the rainfall pattern in 
1971 when there was 192mm recorded in May (producing 35mm of runoff) 
followed by well below average rainfall in June, July and August. 

For further comparison, Table B3 presents the computed water balance of 
pasture in 1988. Although there was slightly less rainfall, and much more 
evaporation in 1988 than in the standard "wet" year (1971), the concentration 
of rain in winter results in a computed 159 mm of runoff, nearly three times as 
much as in the wetter year. In this year, runoff was 1 7% of rainfall, which is 
close to the measured yield of the neighbouring Willyung Creek. 

Some of the comparisons of estimations and observations suggests that the 
model may slightly underestimate runoff. Runoff takes place from areas of 
relatively low hydraulic conductivity which are not represented by the use of 
average values in the model. Also, groundwater levels (see the companion 
hydrogeology report) indicate that the valleys which have developed around 
the perimeter of this site, are groundwater discharge areas. By their nature, 
these areas will yield a greater proportion of rainfall as runoff and baseflow. 

1.3 Plantation Trees 

Non-irrigated plantation trees will provide a buffer around the wastewater 
disposal area. Tables Cl and C2 show the estimated water balance for 
mature plantation trees in the typical and wet years. There is no runoff and 
only 2 mm of drainage in each year. During summer (December to April), soil 
water storage decreases to values which are, at the end of some months, 
only slightly greater than the permanent wilting point of the soil. In this period, 
transpiration rates are estimated to be very much less than pan evaporation. 

These calculations suggest that a buffer area of non-irrigated trees has a 
considerable capacity for capturing and transpiring any runoff and seepage 
from the irrigated plantation area, and preventing movement of water, 
sediment and solutes off the site. 

4.2 IRRIGATED TREES 

4.2.1 Year 2020: Typical Weather Conditions 

Tables Dl and D2 show the treatment plant water balance and the 
associated soil water balance for the typical weather year with wastewater 
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disposal at the rate expected in the year 2020 (an average of 6000 kL/d). The 
amount of water which can be applied by the irrigation system is limited by 
design to 80 mm/month. Within this constraint, the rate of irrigation is chosen 
to: 

provide for irrigation throughout the summer months; 

minimize storage in the dam at the end of the summer; 

use the maximum storage capacity of the dam (300 000 kL) whilst 
preventing overflow; 

provide no significant net change of dam storage over a year of typical 
weather. This represents the most probable weather conditions in the 
years before and after that modelled; 

provide a leaching factor for the plantation trees of about 10 %. This 
amount of leaching is necessary to prevent an excessive accumulation 
of soluble salts in the root zone, as salinity would reduce transpiration 
and could ultimately result in tree deaths. 

The choice of amount of water to use for irrigation in each month represents 
a management decision which must be made by the operators of the facility 
in response to actual conditions. This water balance model would be a 
valuable aid to operational decision making. 

Table D2 shows that in the typical weather year there is 186 mm of drainage 
beyond the root zone of the irrigated trees. This amount of drainage is 
essentially the same as that estimated to occur beneath the existing pasture 
grasses on this site (171 mm). It is likely that the drainage could be reduced 
slightly by varying the irrigation regime, particularly by releasing water on the 
basis of weekly or even daily assessments of conditions. The overall impacts 
of the wastewater disposal facilities on groundwater beneath the site are 
discussed in a following section of this report. 

There is estimated to be no runoff from the irrigated trees in the typical year. 
Therefore it is predicted that there will be no wastewater leaving the site as 
runoff in years of typical weather. The impacts of the wastewater disposal 
facilities on streamflow leaving the site are discussed in a following section of 
this report. 

4.2.2 Year 2020: Wet Weather Conditions 

Tables D3 and D4 show estimated water balances for the treatment plant and 
the irrigated trees, under the weather conditions of a wet year (1971). The 
irrigation schedule is similar to that in the typical year, but a greater amount of 
irrigation is applied in April when water is available. Late in the year, the 
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storage capacity of the dam is used to capacity to minimise runoff and 
drainage. 

It is assumed in the irrigation schedule developed for the wet year that a net 
increase of storage is acceptable. The excess storage at the end of a wet 
year would balance a water deficit in the dam which is assumed to be 
acceptable at the end of a relatively dry year. 

Table D4 shows that soil water storage in the root zone of the irrigated trees 
is also allowed to increase from 0.34 at the beginning of the year to 0.40 at 
the end. The higher soil water content resulting from wet conditions would be 
balanced by depletion in relatively dry years. 

Under the wet conditions, drainage beyond the root zone of the irrigated trees 
is estimated to be 370 mm which is significantly larger than that beneath the 
existing pasture (255 mm). This high drainage corresponds to a leaching 
fraction of about 21 %. 

The water balance model predicts 3 mm of runoff from the irrigated trees, in 
the 1971 conditions. This remains very much less than that estimated to 
occur from existing pasture (52mm in typical weather to 57 or 159mm in wet 
conditions). 

For further comparison, Tables D5 and D6 show the estimated water 
balances for the exceptionally wet winter conditions of 1988. Dam storage is 
managed following the normal pattern so far as possible, using storage to its 
maximum in the wet months. Because the last four months of the year had 
normal rainfall or less, it is possible to release water so that there is no net 
increase of storage over the whole year. Under these exceptional weather 
conditions, the water balance of the trees (Table D6) shows no runoff and 
considerably less drainage than that from pasture in the 1971 wet weather 
conditions 

Figures 1, 2 and 3 show computed trends of storage of water in the dam, the 
root zone of the irrigated eucalyptus for dry, typical and wet weather 
conditions with expected 2020 discharges from the sewage treatment plant, 
and the existing pasture under typical and wet weather conditions. 

Within the management constraints and objectives noted above, there is very 
little variation in the dam storage regime from dry to wet years. 

The water content at saturation of the 2 m profile of irrigated soil is 0.45 on 
the volumetric basis, and runoff will occur when the water content reaches or 
exceeds this value. Figure 2 shows that during the period January to mid-
May, the average daily water content of the root zone of the trees is below 
0.35. Provided that the intensity of rainfall did not exceed the infiltration 
capacity of the soil, there is an estimated capacity to absorb up to 200 mm of 
rainfall from summer storms without runoff. 
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For comparison, Figure 3 shows the average daily water content of the 0.5 m 
deep root zone of the pasture. This more sandy and lateritic layer has a 
saturating water content of 0.35 (v/v)1  which is frequently reached (and 
exceeded) in both the typical and wet weather years, resulting in runoff. The 
smaller storage capacity of the shallow root zone results in greater changes 
of water content in response to rainfall events than are evident for the deeper 
rooting zone of the eucalyptus. 

4.3 START-UP CONDITIONS 

The first few years of operation of the wastewater disposal facilities represent 
atypical conditions with significant changes in the daily outflow of water from 
the sewage treatment plant, and rapidly growing trees. Expected daily 
outflows and the tree planting schedule shown in Table 1 were provided by 
Kinhill Engineers. 

4.3.1 1995 

With an average flow of 2400 kL/d from the treatment plant at start-up in 
1995, the initial volume of storage in the dam is assumed to be zero. In the 
first few months, water is supplied for irrigation of the young trees at close to 
the rate of inflow to the dam (Table El). Later, water is held in the dam to 
minimise runoff and drainage, and to provide for irrigation through the 
following summer. 

In 1995, an area of 200 ha of trees is assumed, with 150 ha being two years 
old (crop factor 0.65) and the remaining 50 ha only one year old (crop factor 
0.40). In the soil water balance (Table E2), the trees are assumed to have a 
weighted mean crop coefficient of 0.59. 

Table E2 shows the root zone water balance of the irrigated trees under 
assumed median rainfall conditions for 1995. There is estimated to be 
191 mm of drainage beneath the trees, and 5 mm of runoff. That is, in the first 
year of operation, runoff is estimated to be much less than that from the 
existing pasture, and drainage slightly greater. 

During 1995, the average water content of the 1.0 m root zone is estimated to 
increase from 0.18 to 0.26. 

4.3.2 1996 

For 1996, the depth of the root zone is taken to be 1.5 m, and to account for 
the additional depth, the initial water content of the root zone is taken as 0.33. 
The increase represents the stored water in an additional 0.5 m of clay soil at 
field capacity. 

Table E3 shows the overland flow/dam water balance for 1996, assuming 
typical weather conditions and an average flow from the treatment plant of 
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FIGURE 1: Water Storage in Dam 
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FIGURE 2: Average Water Content of Root Zone of 
Irrigated Eucalypts at Albany 
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FIGURE 3: Average Water Content of Root Zone of 
Pasture at Albany 
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2500 kL/d. Due to the growth of the trees, in this year it is necessary to 
increase irrigation in the winter to provide a reasonable leaching fraction, and 
maximum storage in the dam remains well below capacity. Over the full year, 
there is a small decrease of storage in the dam. As shown in Table E4, the 
weighted mean crop factor is now 0.76, drainage is estimated to be 99 mm, 
and there is no runoff. Soil water storage actually decreases over the year 
from an average water content in the root zone of 0.33 to 0.29. 

4.3.3 1997 

For 1997, the four year old trees are assumed to be mature and therefore the 
depth of the root zone is taken to be 2.0 m. To account for the additional 
depth, the initial water content of the root zone is taken as 0.33. This 
represents the water storage in an additional 0.5 m of clay soil at field 
capacity. 

Table E5 shows the overland flow/dam water balance for 1997, assuming 
typical weather conditions and an average inflow from the treatment plant of 
3744 kL/d. Another 50 ha of trees planted in 1996 is now being irrigated. In 
this year too, it is necessary to increase irrigation in the winter to provide a 
reasonable leaching fraction, but maximum storage in the dam is close to 
capacity. Greater water releases would be possible as over the full year, 
there is a further decrease of storage in the dam. 

As shown in Table E6, the weighted mean crop factor in 1997 is 0.84. 
Drainage is estimated to be 96 mm, and there is no runoff. As in the previous 
year, soil water storage decreases over the year from an average water 
content in the root zone of 0.30 to 0.31. 

4.3.4 1998 

Table E7 shows the overland flow/dam water balance for 1998, assuming 
typical weather conditions and an average inflow from the treatment plant of 
3850 kL/d. The first 50 ha of trees planted in 1993 has now been harvested, 
and it is assumed that the total area irrigated is 200 ha. In this year too, it is 
necessary to increase irrigation in the winter to provide a reasonable leaching 
fraction. Over the full year, there is a further decrease of storage in the dam. 

As shown in Table E8, the weighted mean crop factor in 1998 is 0.91. 
Drainage is estimated to be 138 mm, and there is no runoff. Soil water 
storage increases over the year from an average water content in the root 
zone of 0.31 to 0.33. 

Modelling of this sequence of years shows that significantly different 
strategies must be adopted for managing dam storage and irrigation in the 
early years of operation of the wastewater disposal facility. In year one, 
management must aim to minimise runoff and drainage. Subsequently it is 
estimated that there will be no runoff, but to provide a reasonable leaching 
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factor (and thereby prevent accumulation of soluble salts in the root zone of 
the trees) it is necessary to maintain higher irrigation rates in winter than in 
summer. 

4.4 WATER BALANCE AFTER FIRE 

In this section a fire catastrophe scenario is examined. The fire is assumed to 
remove all transpiration capacity in January, and there is no regrowth for a full 
year. The irrigation system is assumed to remain intact and to be used for 
water disposal over an area of 300 ha. 

It is necessary to change routines for calculating effective rainfall and 
transpiration (evaporation) following a fire which destroys all of the 
vegetation. The soil water balance calculations assume that: 

IF P> EPan, THEN: 

EffP = P - EPan 

and that EffP = 0 on all other days. 

The transpiration calculation in the water balance is replaced by the following: 

IF P> EPan, THEN: 

ET= EPan, 

IF 0.25*EPan < P < EPan, THEN: 

ET = P, 

IF P <0.25*EPan,  THEN: 

El = 025*E Pan. 

The latter assumption approximates evaporation from the irrigated soil on 
rainless or very low rainfall days. This assumption takes into account the 
limited areas of wetted soil around trickle irrigation emitters. 

Tables Fl and F2 present estimated water balances for the treatment plant 
and the soil in the irrigated area following a fire. The irrigation strategy is to 
make maximum use of dam storage in the winter, and of soil evaporation in 
summer. Under these conditions, it is estimated that there would be 118 mm 
of runoff and 486 mm of drainage beyond the depth of 0.5 m. Total runoff and 
drainage (604 mm) is nearly as much as the amount of irrigation (637 mm), 
and about 42 % of the total of rainfall and irrigation. However, runoff remains 
significantly less than it is estimated to have been from pasture in 1988 (see 
Table B3). 
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5. HYDROLOGICAL IMPACTS 

5.1 IMPACT ON GROUNDWATER 

5.1.1 Deeper Aquifers 

According to estimated rates of drainage beneath native vegetation and 
pastures, the introduction of agriculture has greatly altered the groundwater 
hydrology of the Albany Airport area, but there are no indications that the 
changes have lead to excessive groundwater recharge or significant erosion. 

During any year after full development of the wastewater disposal facility, this 
area would be occupied by mature trees, coppice regrowth trees, recently cut 
trees, the overland flow area, the storage dam, and an area of non-irrigated 
trees. Table 4 shows areas, estimated drainage rates in typical weather 
years, and estimated quantities of recharge together with these values for the 
existing pasture. 

TABLE 4: Estimated Recharge to Groundwater 

Land Use Area 
(ha) 

Recharge Rate 
(mm/y) 

Recharge Qty 
(kLIy) 

Pasture 448 171 766080 
Irrig Trees 250 186 465 000 
Cutlrees 50 171 85500 
Overland Flow 14 1095 153 300 
Storage Dam 14 48500 
Non-irrig Trees 120 2 2400 

This table shows that total recharge beneath the area of pasture is about 
766 080 kL/y, and the estimated total under 2020 wastewater disposal 
conditions is 754 700 kLIy. Therefore, the disposal of wastewater is predicted 
to have no net effect on the amount of groundwater recharge or the level of 
the water table beneath the site. 

The small change of recharge rates beneath irrigated trees and in the vicinity 
of the overland flow area and the dam may cause small local changes in 
groundwater levels. Assuming a normal matrix flow mechanism through the 
soil, the rate of propagation of the wetting front beneath the irrigated area is 
estimated to be about 1 m/y. Therefore it will take about 10 years before a 
change of groundwater level could be detected. A shorter period is expected 
beneath the overland flow area and in the vicinity of the dam, because of the 
greater recharge rates in these areas. A shorter period could be found 
beneath the irrigated trees if a "preferred pathway" mechanism operates in 
these soils. 
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Application of the wastewater will lead to increased salinity of the water 
draining to aquifers beneath the area, as discussed in a following section of 
this report. Assuming a matrix flow mechanism, the rate of propagation the 
solute front downwards in the soil profile is estimated to be about 0.5 m/y. 
Therefore it will take about 20 years before any change of groundwater 
salinity could be detected. However, this time could be considerably reduced 
if a preferred pathway mechanism operates through a significant depth of the 
soil profile. 

It has been concluded that there will be no net change of groundwater 
recharge in the area as a result of the wastewater disposal. However, the 
recharge will become more saline and as a result a plume of more saline 
water will develop spreading from the site in the underlying Pallinup Siltstone. 
Groundwater levels (see the companion report on hydrogeology of the area) 
indicate that in the "deep" aquifer (about 10 to 50 m below ground level) there 
is an hydraulic gradient of about 0.003 directed generally to the south in this 
area. Assuming an hydraulic conductivity of 1 m/d, which is the highest value 
measured (see the companion report on infiltration rates and hydraulic 
conductivities), the lateral rate of movement of groundwater would be about: 

0.003*1 = 0.003 m/d. 

Furthermore, assuming an effective porosity of about 0.03, the rate of lateral 
movement of more saline water would be about: 

0.003/0.03 = 0,1 m/d, 

or about 40 m/y. Given the uncertainties in estimating parameters used in this 
calculation, it is possible that the rate of movement of the salt could be a little 
greater (say 100 m/y) or considerably less than the above. The direction of 
movement of the plume is expected to be generally to the south where some 
of the groundwater is likely to discharge (by seepage and evapotranspiration) 
into the head-waters of Seven Mile Creek. 

Another factor which is likely to affect the rate of lateral movement of more 
saline water in the deeper aquifer beneath this site is the different salinity of 
the existing groundwater (about 350 mg/L) and the new recharge (increasing 
to about 2800 mg/L). This salinity difference is sufficient to result in new 
recharge moving to the bottom of the aquifer. In most cases, water moves 
more slowly at greater depths and consequently the rate of movement of the 
more saline water towards and across the boundary of the site could be 
reduced to around 10 m/y. Water moving at the bottom of the aquifer will be 
discharged at a substantial distance from the wastewater disposal site. 
Because of the long travel path and the slow movement of this water, it will 
not be discharged to the ground surface for a very long time. 
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5.1.2 Shallow Aquifer 

The low hydraulic conductivity of the clays beneath the lateritic duricrust 
results in ephemeral perching of water in the surface silty sands and the 
duricrust. This material has a hydraulic conductivity averaging about 0.1 m/d 
and ranging up to about 0.3 mId (see the companion report on infiltration 
rates and hydraulic conductivities). A, significant rate of lateral flow may be 
possible in areas of sloping land. 

Assuming a 5 % slope on the valley sides, and 0.5 m depth of surface soil 
with a hydraulic conductivity of 0.3 mId, the rate of lateral flow in this aquifer 
would be (by Darcy's Law) about: 

0.05*0.3*0.5 = 0.0075 kL/d 

beneath each metre length of surface contour. Assuming a total contour 
length of 4000 m below areas of irrigated trees and above the drainage lines 
on the Albany Airport site, the rate of lateral flow in this aquifer would be 
about 30 kLJd when the surface soils were saturated. Even if the surface 
soils remained saturated for 100 days each year (total lateral flow 3000 kL/y), 
lateral flow in the shallow aquifer would be negligible compared with current 
recharge (about 766 080 kLJy), or the amount of irrigation water to be applied 
(1 925 000 kL in the year 2020). Therefore lateral flow in the shallow aquifer 
can be safely neglected in water balance considerations. However, lateral 
flow may be an important mechanism for phosphate movement, and it may 
prove necessary to capture this flow with interceptor drains. 

5.1.3 Developed Groundwater Supplies 

Water levels in boreholes, and model estimates indicate that groundwater 
water will continue to move southwards from the site towards discharge areas 
in the valley of Seven Mile Creek. Records of the Geological Survey of WA 
show four bores on properties immediately to the south of Gunn Road. All of 
these bores are believed to take water from lenses of more sandy material 
within the Pallinup Siltstone. The water is used for (or the bores were 
constructed for) stock watering purposes. It is possible that the salinity of 
water in these bores will ultimately increase to about 2800 mgIL, which 
remains acceptable for sheep, cattle, pigs and horses. 

Not shown in the Geological Survey records is one bore which is used for 
domestic water supply in summer for a house on Location 6047. As this bore 
is about 1 km west of the wastewater disposal site, it is considered to be very 
unlikely that it will show any change of salinity, even in the very long term. 

5.2 IMPACT ON SURFACE WATER 

It is estimated that runoff from the present pasture in typical weather amounts 
to 52 mm/y, although streamgauging in the area suggests a greater 
proportion of rainfall being lost as streamfiow from catchments which are very 
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much larger than the area considered for wastewater disposal. The proposed 
facilities will reduce runoff to zero in most years from the overland flow area, 
the dam, the area of irrigated trees, and the area of non-irrigated trees. 
Surface soils in the area of most recent logging are likely to be saturated 
during part of the year, but runoff is considered to be unlikely because of the 
creation of banks of soil, roughly along contour lines, as a result of deep 
ripping operations. 

The total area of these facilities is about 450 ha (300 ha irrigated trees, 
120 ha non-irrigated trees, 14 ha overland flow area, 14 ha dam area). 
Therefore the estimated reduction of flow into Seven Mile Creek in typical 
weather is about 230 000 kL/y. 

SOIL SALINITY 

The irrigation water is expected to have a salinity (total dissolved solids) of 
about 650 mg/L. Water balance modelling indicates that the leaching fraction 
beneath irrigated trees will range from 0.08 to 0.21, being 0.13 for typical 
weather conditions in the year 2020. If the leaching fraction remained at 0.13 
for a sufficient period of time, the average salinity of water would increase 
from the ground surface reaching about 2800 mg/L at the bottom of the root 
zone (that is at a depth of about 2 m). 

Sub-soil clays are defined as saline when the chloride concentration 
expressed as sodium chloride exceeds 0.3 % by weight. Neglecting any 
adsorption of salts on clay surfaces, and assuming soil bulk density of 
1700 kg/rn3  and average volumetric water content of 0.35, it follows that the 
average salinity of water in the soil at the point of becoming saline would be 
about 15 000 mg/L. This is more than five times the salinity at the bottom of 
the root zone with the estimated leaching fraction. Therefore the irrigated soil 
will not be saline. 

It is worth noting that it would take a total accumulation of about 10 kg of salt 
to make the soil saline to a depth of 2 m. At the rate of irrigation estimated for 
the year 2020 (770 mm/y), the rate of application of salt is about 0.5 kg/m2y. 
Therefore the soil has a considerable capacity to store salts from one year to 
the next and to average out effects of variations of drainage rates from year 
to year, provided that the long-term average leaching fraction remains 
sufficient to prevent salinity. 

WETTING AROUND IRRIGATION EMITTERS 

The irrigation water is to be applied by a trickle system with emitters 
separated by 600 mm along the irrigation lines. In turn these will be separated 
by distances of about 7 m. This will result in non-uniform wetting of the soil. 
There is ample evidence that plants can obtain all of their water needs from 
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only a small part of the total root mass, and the local concentration of water 
will result in local concentrations of active roots. 

According to Howell eta! (1981), the wetted area around each emitter tends 
to stabilise at a radius of about 0.5 m. Therefore the wetted areas about 
emitters separated by 0.6 m are expected to merge along the trickle line, but 
the separation of the lines is such that there will be a strip of relatively dry soil 
between them. 

Greater lateral wetting is observed in trickle irrigation systems where there is 
a significantly lower hydraulic conductivity in a shallow sub-soil, as there is at 
the Albany Airport site. This will increase the lateral spread of the wetted zone 
about each trickle line, but it may not be sufficient to bring about uniform 
wetting of the sub-soil. 

A factor tending to provide relatively uniform wetting of the soil is the excess 
of water available in winter, most of it from rainfall. Therefore the use of a 
trickle irrigation system is not considered to significantly alter the conclusions 
reached using the one-dimensional model of soil water movement. However, 
the heavy application of irrigation water in summer, when there is little or no 
drainage to the sub-soil, will result in local accumulation of phosphate in the 
soil. Therefore trickle irrigation lines should be moved after some years to 
spread the zone of phosphate accumulation. The frequency with which the 
lines should be moved depends on phosphate accumulation characteristics of 
the soils. 

8. SUMMARY AND CONCLUSIONS 

Water balances have been computed for the overland flow area/dam and the 
root zone of irrigated and non-irrigated trees and pasture at the Albany 
Airport site. These are used to estimate the magnitude of runoff and drainage 
for amounts of wastewater disposal which are expected during start-up and 
in the year 2020. Both typical and wet weather conditions are considered for 
most years. 

With chosen values of model parameters, drainage beneath native vegetation 
is estimated to be about 50 mm/y in a year of typical weather. This is 
consistent with an estimate of the average recharge rate from measurements 
of groundwater salinity in the area. 

It is concluded that there is about 171 mm/y of drainage and 52 mm/y of 
runoff from pasture in this area under typical weather conditions. Under the 
wet weather conditions (1971), modelled, drainage increases to 255 mm/y 
and runoff to 57 mm/y. Although 1988 was a slightly drier year overall, the 
concentration of rainfall in winter results in an estimated 159 mm of runoff, 
which is 17 % of rainfall in that year. 
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Non-irrigated plantation trees are estimated to have drainage of 2 mm/y and 
no runoff in either typical or wet years. 

When the wastewater facilities are fully developed, with typical weather in the 
year 2020, drainage is estimated to bel 86 mm/y and there is no runoff. Wet 
weather conditions in the same year would result in drainage of 370 mm/y 
and runoff of 3 mm/y. Under the 1988 rainfall conditions, drainage is 
estimated to be 216 mm, and there is no runoff. 

Different management strategies are required to minimise runoff in the first 
few years of operation. In this period, water could be released for irrigation in 
winter to reduce the build-up of salts in the root zone of the small trees. 
Water balance modelling can provide a valuable tool to assist operational 
management. 

It is estimated that with full development of the facilities, and typical weather 
conditions, in the year 2020 the water balance of the entire site will be 
essentially the same as it is under pasture. 

Leaching factors are estimated to range from 0.08 to 0.18 during the start-up 
period, and to be 0.13 during a typical weather year after full development. 
These values are sufficiently high to prevent any adverse accumulation of 
soluble salts in the root zone of the trees. At the year 2020 rate of application 
of salts in the irrigation water, the root zone has the capacity to smooth out 
the effects of varying recharge rates over a period of more than 10 years. 

It is estimated that the higher salinity drainage water beneath the irrigated 
trees will take about 20 years to reach the water table, and that the rate of 
lateral movement of the saline water in the aquifer will be to the south at a 
velocity in the range of 10 to 100 m/y. Existing uses of groundwater in the 
area are not expected to be affected by any long-term changes of salinity. 

A. .Peck 
A.J.Peck & Associates 
23 January 1992 
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APPENDIX 1: 

Water Balance of Native Vegetation 



TABLE Al: Water Balance of Native Vegetation - Typical Weather 

Effective Rooting Depth 2.0 m 
	

Daily Balance with Monthly Summary 
	

Amounts in mm 

Month Dec 	Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 

RainfallP 15 41 39 21 128 100 114 122 89 68 62 13 812 

Effective P 13 38 34 18 117 89 102 111 81 62 54 11 730 

lrrigationl 0 0 0 0 0 0 0 0 0 0 0 0 0 

PanEvapEP 211 148 143 99 67 51 54 56 75 114 130 195 1343 

Transpiration ET 105 74 71 50 33 25 27 28 38 57 65 98 672 

DrainageD 1 0 0 0 0 1 2 7 13 16 12 5 58 

Storage S 648 	555 518 481 449 532 596 668 744 774 763 739 648 

Runofffl 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total E/ EPan 	. 0.51 0.52 0.53 0.53 0.66 0.71 0.73 0.70 0.61 0.56 0.56 0.51 056 

Leach Fraction LF 0.09 0.01 0.01 0.01 0.00 0.01 0.02 6.06 0.17 0.27 0.23 0.43 0.08 

Notes: 
Daily rainfall (P) and tank evaporation (EP) data from Bureau of Meteorology. 
Effective P = 	0.85 	(P<5 mm/d) 	0.9 	(P<1 5 mm/d) 	0.95 *fD  (P>1 5 mm/d) 

Max ET= EPan 
ET = CF*EP*((S - SMIN)/(SCRIT - SMlN)){ETFactor} where S is storage on previous day. 
SMAX = 	 900 mm 
SCRIT = 	 450 mm 
SMIN = 	 300 mm 
D = KSArexp(a(S/SMAX-1)) where KSAT is hydraulic conductivity at saturation. 

KSAT = 	 100 mm/month 
(x)a= 	 13.8 

Crop Factor CF = 	0.50 
Total E=P-EffP+ET 
Leaching Fraction LF=D/(EffP+l) 
ElFactor = 	1.00 



TABLE A2: Water Balance of Native Vegetation - Wet Weather 

Effective Rooting Depth 2.Om 	 Daily Balance with Monthly Summary 	 Amounts in mm 

Month Dec 	Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year  
RainfaliP 38 21 56 66 192 45 80 96 116 104 117 29 960 
Effective p 34 18 51 60 178 39 71 86 105 95 108 26 870 
Irrigationl 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pan EvapEP 176 160 139 78 43 44 49 60 78 105 103 146 1181 
Transpiration ET 88 80 70 39 21 22 25 30 39 52 52 73 590 
DrainageD 1 1 0 0 1 4 7 13 18 37 46 27 156 
Storage S 648 	593 531 512 532 687 700 740 783 831 835 846 772: 
RunoffR 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total E/ EPan 0.52 0.51 0.54 0.59 0.83 0.63 0.68 0.67 0.64 0.59 0.59 0.52 058 
Leach Fraction LF 0.04 0.03 0.00 0.00 0.01 0.11 0.09 0.15 0.17 0.39 0.42 1.05 0.18 

Notes: 
Daily rainfall (P) and tank evaporation (EP) data from Bureau of Meteorology. 
Effective P = 	0.85 * (P<5 mm/d) 	0.9 * (P<15 mm/d) 	0.95 * (P>15 mm/d) 
Max ET= EPan 
El = CF*EP*((S - SMIN)/(SCRIT - SMlN)){ETFactor} where S is storage on previous day. 
SMAX = 	 900 mm 
SCRIT = 	 450 mm 
SMIN 	 300 mm 
D = KSAT*exp(a(s/p)ç.. 1)) where KSAT is hydraulic conductivity at saturation. 

KSAT = 	 100 mm/month 
(x)a= 	 13.8 

Crop Factor CF = 	0.50 
Total E=P-EffP+ET 
Leaching Fraction LF=D/(EftP+l) 
ElFactor = 	1.00 



APPENDIX 2: 

Water Balance of Pasture 



. 
TABLE Bi: Water Balance of Pasture - Typical Weather 

Effective Rooting Depth 0.5 m 
	

Daily Balance with Monthly Summary 
	

Amounts in mm 

Month Dec 	Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 

RainfallP 15 41 39 21 128 100 114 122 89 68 62 13 812 

Effective P 14 40 36 19 123 94 107 117 85 65 57 12 771 

lrrigationl 0 0 0 0 0 0 0 0 0 0 0 0 0 

Pan EvapEP 211 148 143 99 67 51 54 56 75 114 130 195 1343 

Transpiration El 15 8 51 30 38 36 38 39 53 80 91 69 547 
DrainageD 0 0 0 0 0 11 67 48 32 13 1 

0: 
171 

Storage S 27 	26 58 43 32 117 165 160 159 147 120 84 27 
RunoffR 0 0 0 0 0 0 8 32 13 0 0 0 52 

Total E/ EPan 0.08 0.06 0.38 0.32 0.63 0.81 0.83 0.79 0.75 0.73 0.73 0.36 0.44 

Leach Fraction LF 0.00 0.00 0.00 0.00 0.00 0.11 0.62 0.41 0.37 0.20 0.02 0.00 0.22 

Notes: 
(I) Daily rainfall (P) and tank evaporation (EP) data from Bureau of Meteorology. 

Effective P = 	0.90 	(P<5 mm/d) 	0.95 	(P<15 mm/d) 	1.00 *JD  (P>15 mm/d) 
Max ET= EPan 
ET = CF*EP*((S - SMIN)/(SCRIT - SMlN)){ETFactor} where S is storage on previous day. 

(v)SMAX= 	 175mm 
SCRIT = 	 50 mm 
SMIN = 	 25 mm 
D = KSAT*exp(a(S/SMAX_1)) where KSAT is hydraulic conductivity at saturation. 

KSAT = 	 100 mm/month 
(x)a= 	 13.8 

Crop Factor CF = 	0.70 
Total E=P-EffP+ET 
Leaching Fraction LF=D/(EffP+I) 
ElFactor = 	1.00 



TABLE B2: Water Balance of Pasture - Wet Weather 

Effective Rooting Depth 0.5 m 
	

Daily Balance with Monthly Summary 
	

Amounts in mm 

Month Dec 	Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 
RainfaliP 38 21 56 66 192 45 80 96 116 104 117 29 96( 
Effective P 36 19 54 63 188 41 75 91 111 100 113 27 91 
lrrigationl 0 0 0 0 0 0 0 0 0 0 0 0 
Pan EvapEP 176 160 139 78 43 44 49 60 78 105 103 146 1181 
Transpiration ET 17 39 18 49 30 31 34 42 54 73 72 102 563 
Drainage D 0 0 0 0 26 30 34 46 29 47 41 2 255 
Storages 27 	46 26 61 76 172 152 159 161 186 151 147 70 
RunoffR 0 0 0 0 35 0 0 0 2 15 5 0 57 

Total E/EPan 0.11 0.25 0.15 0.66 0.80 0.78 0.80 0.79 0.77 0.74 0.74 0.71 0.51 
Leach Fraction LF 0.00 0.00 0.00 0.00 0.14 0.74 0.45 0.51 0.27 0.47 0.36 0.08........ 0.28 

Notes: 
(I) Daily rainfall (P) and tank evaporation (EP) data from Bureau of Meteorology. 

Effective P = 	0.90 *P (P<5 mm/d) 	0.95 	(P.ezlS mm/d) 	100 *P (P>15 mm/d) 
Max ET= EPan 
El = CF*EP*((S - SMIN)/(SCRIT - SMIN)){ElFactor} where S is storage on previous day. 

(v)SMAX= 	 175 mm 
SCRIT = 	 50 mm 
SMIN = 	 25 mm 
D = KSAT*exp(a(S/SMAX_1)) where KSAT is hydraulic conductivity at saturation. 

KSAT = 	 100 mm/month 
(x)a= 	 13.8 

Crop Factor CF = 	0.70 
Total E=P-EffP+ET 
Leaching Fraction LF=D/(EffP+I) 
ElFactor = 	1.00 



TABLE B3: Water Balance of Pasture - 1988 Weather 

Effective Rooting Depth 0.5 m 
	

Daily Balance with Monthly Summary 
	

Amounts in mm 

Month Dec 	Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 
RainfallP 13 2 37 32 260 214 117 87 87 48 48 11 957 
Effective P 12 2 35 30 254 208 113 82 83 46 46 10 920 

Irrigationl 0 0 0 0 0 0 0 0 0 0 0 0 0 
PanEvapEP 205 224 179 120 65 66 56 76 102 125 148 174 1540 

Transpiration ET 12 3 18 31 45 46 39 53 71 88 104 33 544 

DrainageD 0 0 0 0 46 66 54 22 19 9 0 0 1 . 216 
Storage S 27 	27 25 42 41 157 168 161 168 160 110 52 28 
RunoffR 0 0 0 0 47 85 27 0 0 0 0 0 159 

Total E/EPan 0.07 0.01 0.11 0.28 0.77 0.78 0.78 0.76 0.75 0.72 0.71 0.20 0.38 

Leach Fraction LF 0.00 0.00 0.00 0.00 0.18 0.32 0.48 0.27 0.23 0.19 0.01 0.00 0.24 

Notes: 
Daily rainfall (P) and tank evaporation (EP) data from Bureau of Meteorology. 
Effective P = 	0.90 *D  (P<5 mm/d) 	0.95 * (P<15 mm/d) 	1.00 *D  (P>15 mm/d) 
Max ET= EPan 
El = CF*EP*((S - SMIN)/(SCRIT - SMlN)){ETFactor} where S is storage on previous day. 
SMAX = 	 175 mm 
SCRIT = 	 50 mm 
SMIN = 	 25 mm 
D = KSAT*exp(a(S/SMAX_1)) where KSAT is hydraulic conductivity at saturation. 

KSAT = 	 100 mm/month 
(x)a= 	 13.8 

Crop Factor CF = 	0.70 
Total E=P-EffP+ET 
Leaching Fraction LF=D/(EffP+l) 
ETFactor = 	1.00 



APPENDIX 3: 

Water Balance of Non-Irrigated Trees 



TABLE Cl: Water Balance of Non-Irrigated Trees - Typical Weather 

Effective Rooting Depth 2.0 m 
	

Daily Balance with Monthly Summary 
	

Amounts In mm 

Month Dec 	Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 	Year 
RainfaliP 15 41 39 21 128 100 114 122 89 68 62 13 	812 
Effective P 12 36 30 16 108 81 92 103 74 57 48 9 	665 
Irrigatlonl 0 0 0 0 0 0 0 0 0 0 0 0 	0 
Pan EvapEP 211 148 143 99 67 51 54 56 75 114 130 195 	1343 
Transpiration ET 30 10 29 23 26 44 54 56 75 114 121 80 	663 
DrainageD 0 0 0 0 0 0 0 0 0 0 0 0 
Storage S 331 	313 338 339 331 413 449 488 534 533 475 402 331 
RunoffR 0 0 0 0 0 0 0 0 0 0 0 0 	0 

Total E/EPan 0.16 0.11 0.26 0.28 0.69 1.25 1.41 1.34 1.20 1.10 1.03 0.43. 	).6O 
Leach Fraction LF 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 	•O.•00 

Notes: 
Daily rainfall (P) and tank evaporation (EP) data from Bureau of Meteorology. 
Effective P = 	0.7 	(P<5 mm/d) 	0.85 	(P<15 mm/d) 	0.9 P  (P>15 mm/d) 
Max ET= EPan 
ET = CF*EP*((S - SMIN)/(SCRIT - SMlN)){ETFactor} where S is storage on previous day. 
SMAX = 	 900 mm 
SCRIT = 	 450 mm 
SMIN = 	 300 mm 
D = KSAT*exp(a(S/SMAX_1)) where KSAT is hydraulic conductivity at saturation. 

KSAT = 	 100 mm/month 
(x)a= 	 13.8 

Crop Factor CF = 	1.00 
Total E=P-EffP+ET 
Leaching Fraction LF=D/(P+l) 
ElFactor = 	1.00 



TABLE C2: Water Balance of Non-Irrigated Trees - Wet Weather 

Effective Rooting Depth 2.0 m 
	

Daily Balance with Monthly Summary 
	

Amounts in mm 

Month Dec 	Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 
RainfaliP 38 21 56 66 192 45 80 96 116 104 117 29 	...'........*..96 ................... 
Effective P 31 17 47 54 166 34 65 78 96 87 100 2.1 79 
Irrigationl 0 0 0 0 0 0 0 0 0 0 0 0 
Pan EvapEP 176 160 139 78 43 44 49 60 78 105 103 146 118; 
Transpiration El 29 31 18 27 29 44 49 60 78 105 103 140 7i.. 
DrainageD 0 0 0 0 0 0 0 0 0 0 0 2 
Storage S 331 	333 319 348 375 512 501 517 535 553 534 530 411 
RunoffR 0 0 0 0 0 0 0 0 0 0 0 

Total E/EPan 0.20 0.22 0.19 0.50 1.29 1.25 1.31 1.30 1.26 1.17 1.17 1.00 (J/4 
Leach Fraction LF 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.0) 

Notes: 

Daily rainfall (P) and tank evaporation (EP) data from Bureau of Meteorology. 
Effective P = 	0.7 *P (P.cz5 mm/d) 	0.85 *D  (P<15 mm/d) 	0.9 *P (P>15 mm/d) 
Max ET= EPan 

El = CF*EP*((S - SMIN)/(SCRIT - SMlN)){ETFactor} where S is storage on previous day. 
SMAX = 	 900 mm 
SCRIT = 	 450 mm 
SMIN = 	 300 mm 
D = KSAT*exp(a(S/SMAX_1)) where KSAT is hydraulic conductivity at saturation. 

KSAT = 	 100 mm/month 
(x)a= 	 13.8 

Crop Factor CF = 	1.00 
Total E=P-EffP+ET 
Leaching Fraction LF=D/(P+l) 
ETFactor = 	1.00 



APPENDIX 4: 

Water Balance of Irrigated Trees in 2020 



TABLE Dl: Water Balance of Dam - Typical Weather In 2020 

Average Daily Outflow From Treatment Plant: 
	 6000 kL/d 

	
Monthly Balance in mm 

Month Rainfall Tank Plant Grass Grass Grass Grass Inflow to P-E to Seepage. Irrigation 

Evap Outflow Irrigation Evap Drainage Runoff Dam Dam from Darn r' o Trees 

(mm) (mm) (kL/day) (mm) (mm) (mm) (mm) (kL) (kL) (kL) (kL) 

Jan 15 211 5647 1250 158 93 1014 141984 -16483 5359 200000 

Feb 41 148 5412 1082 111 84 928 129969 -5968 3855 200000 

Mar 39 143 5294 1172 107 93 1011 141543 -2952 1957 2 175000 

Apr 21 99 5176 1109 74 90 966 135239 -651 559 137500 

May 128 67 5176 1146 50 93 1131 158336 523 351 )b 125000 

Jun 100 51 6235 1336 38 90 1308 183104 2024 1709 :::1 125000 

Jul 114 54 6588 1459 41 93 1439 201505 4555 3217 ; 125000 

Aug 122 56 6824 1511 42 93 1498 209709 7394 4789 ,:..,. 125000 

Sep 89 75 6824 1462 56 90 1405 196691 3647 6288 1 162500 

Oct 68 114 6706 1485 86 93 1374 192412 -3149 6788 175000 

Nov 62 130 6353 1361 98 90 1236 173018 -5797 6901 175000 

Dec 13 195 5765 1276 146 93 1050 147031 -19087 6674 08 : 200000 

r 	812 1343 	6000 	15651 	1007 	1095 14361 2010541 -35944 	48445 	 1925000 

Notes: 
Pasture Area 14 ha 
Pasture Evap 0.75 *Epan 

Dam Seepage 50 mm/month 
Area of Trees = 250 ha 
Dam Evap = 0.8 *Epan 

Pasture Seepage = 3 mm/day 
Outflow from Plant = 6000 kLJd 



TABLE D2: Water Balance of irrigated Trees - Typical Weather in 2020 

Effective Rooting Depth 2.0 m 	 Daily Balance with Monthly Summary 
	

Amounts In mm 

Jan Feb Mar Apr May Jun 
15 41 39 21 128 100 
12 36 30 16 108 81 
80 80 70 55 50 50 

211 148 143 99 67 51 
196 138 133 92 62 47 

2 0 0 0 0 2 
583 561 528 506 601 683 

0 0 0 0 0 0 

0.95 0.97 0.99 0.98 1.22 1.31 
0.02 0.00 0.00 0.00 0.00 0.01 

Jul Aug Sep Oct Nov Dec 
114 122 89 68 62 13 
92 103 74 57 48 9 
50 50 65 70 70 80 
54 56 75 114 130 195 
50 52 70 106 121 182 
8 31 51 49 31 10 

767 836 854 827 792 690 
0 0 0 0 0 0 

1.34 1.27 1.13 1.03 1.03 0.95 
0.06 0.20 0.37 0.39 0.26 0.11 

Month 
	

Dec 
Rainfall P 
Effective P 
Irrigation I 
Pan Evap EP 
Transpiration El 
Drainage D 
Storage S 
	

690 
Runoff R 

Total E/EPan 
Leach Fraction LF 

Notes: 
Daily rainfall (P) and tank evaporation (EP) data from Bureau of Meteorology. 
Effective P = 	0.7 *P (P<5 mm/d) 	0.85 9)  (P<15 mm/d) 	0.9 9)  (P>15 mm/d) 
Max ET= EPan 
ET = CF*EP*((S - SMIN)/(SCRIT - SMlN)){ETFactor} where S is storage on previous day. 
SMAX = 	 900 mm 
SCRIT = 	 450 mm 
SMIN = 	 300 mm 
D = KSAT*exp(a(S/SMAX_1)) where KSAT is hydraulic conductivity at saturation. 

KSAT = 	 100 mm/month 
(x)a= 	 13.8 

Crop Factor CF = 	0.93 
Total E=P-EffP+ET 
Leaching Fraction LF=D/(P+l) 
ETFactor = 	1.00 



TABLE D3: Water Balance of Dam - Wet Weather in 2020 

Average Daily Outflow From Treatment Plant: 
	

6000 kLld 
	

Monthly Balance in mm 

Month Rainfall Tank Plant Grass Grass Grass Grass Inflow to P-E to Seepage 

Evap Outflow Irrigation Evap Drainage Runoff Dam Dam from Dam 

(mm) (mm) (kL'day) (mm) (mm) (mm) (mm) (kL) (kL) (kL) 

Jan 38 176 5647 1250 132 93 1063 148879 -11017 5350 

Feb 21 160 5412 1082 120 84 899 125909 -8786 4105 

Mar 56 139 5294 1172 104 93 1031 144343 -2324 2105 

Apr 66 78 5176 1109 59 90 1027 143744 69 955 

May 192 43 5176 1146 32 93 1213 169816 415 132 

Jun 45 44 6235 1336 33 90 1258 176139 387 1975 

Jul 80 49 6588 1459 37 93 1409 197270 2626 3218 

Aug 96 60 6824 1511 45 93 1469 205649 4489 4676 

Sep 116 78 6824 1462 59 90 1430 200156 6515 6077 

Oct 104 105 6706 1485 79 93 1417 198397 2674 6686 

Nov 117 103 6353 1361 77 90 1311 183553 4754 6870 

Dec 29 146 5765 1276 110 93 1103 154416 -12036 6854 

r 	960 1181 	6000 	15651 	8861095 14631 2048271 -12233 	49013 

Notes: 
Pasture Area 14 ha 
Pasture Evap 0.75 *Epan 

Dam Seepage 50 mm/month 
Area of Trees = 250 ha 
Dam Evap = 0.8 *Epan 

Pasture Seepage = 3 mm/day 
Outflow from Plant = 6000 kLJd 

Irrigation 
to Trees 

(kL) 

200000 
200000 
175000 
157500 
125000 
125000 
125000 
125000 
162500 
182500 
182500 
200000 

1960000 



TABLE 134: Water Balance of Irrigated Trees - Wet Conditions in 2020 

Effective Rooting Depth 2.0 m 	 Daily Balance with Monthly Summary 	 Amounts In mm 

Month Dec 	Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec' Ye 
RainfallP 38 21 56 66 192 45 80 96 116 104 117 29 960 
Effective P 31 17 47 54 166 34 65 78 96 87 100 24 798 
Irrigation I 80 80 70 63 50 50 50 50 65 73 73 80 784 
PanEvapEP 176 160 139 78 43 44 49 60 78 105 103 146 1181 
TranspirationET 164 148 130 73 40 41 46 56 72 98 96 135 1096 
DrainageD 3 1 1 1 5 20 34 52 55 81 77 41 370 
Storage S 690 	634 582 568 612 782 806 842 861 895 876 873 801 
RunoffR 0 0 0 0 0 0 0 0 0 0 3 U 3 

TotalE/EPan 0.97 0.95 1.00 1.09 1.53 1.18 1.24 1.23 1.19 1.10 1.10 0.96 1.07 
Leach Fraction LF 0.02 0.01 0.00 0.01 0.02 0.21 0.26 0.36 0.30 0.46 0.40 0.38 ............ 0.21 

Notes: 
Daily rainfall (P) and tank evaporation (EP) data from Bureau of Meteorology. 
Effective P = 	0.7 *p  (P<5 mm/d) 	0.85 *P (P.<15 mm/d) 	0.9 *P (P>15 mm/d) 
Max ET= EPan 
El = CF*EP*((S - SMIN)/(SCRIT - SMIN)Y'{ETFactor} where S is storage on previous day. 
SMAX = 	 900 mm 
SCRIT = 	 450 mm 
SMIN = 	 300 mm 
D = KSAT*exp(a(S/SMAX_1)) where KSAT is hydraulic conductivity at saturation. 

KSAT = 	 100 mm/month 
(x)a= 	 13.8 

Crop Factor CF = 	0.93 
Total E=P-EffP+ET 
Leaching Fraction LF=D/(P+l) 
ElFactor = 	1.00 



TABLE 135: Water Balance of Dam - 1988 Weather with 2020 Plant Discharge 

Average Daily Outflow From Treatment Plant: 	 6000 kL/d 	 Monthly Balance in mm 

Month Rainfall Tank Plant Grass Grass Grass Grass Inflow to P-E to Seepage 

Evap Outflow Irrigation Evap Drainage Runoff Dam Dam from Dam 

(mm) (mm) (kL/day) (mm) (mm) (mm) (mm) (kL) (kL) (kL) 

Jan 13 205 5647 1250 154 93 1017 142334 -16183 5359 

Feb 2 224 5412 1082 168 84 832 116529 -13711 3869 

Mar 37 179 5294 1172 134 93 982 137483 -2778 1308 

Apr 32 120 5176 1109 90 90 961 134574 -797 623 

May 260 65 5176 1146 49 93 1264 177026 1557 374 

Jun 214 66 6235 1336 50 90 1411 197489 5006 1553 

Jul 117 56 6588 1459 42 93 1441 201715 4647 3218 

Aug 87 76 6824 1511 57 93 1448 202709 2513 4796 

Sep 87 102 6824 1462 77 90 1383 193576 681 6303 

Oct 48 125 6706 1485 94 93 1346 188457 -6975 6706 

Nov 48 148 6353 1361 111 90 1208 169168 -9710 6896 

Dec 11 174 5765 1276 131 93 1064 148956 -16786 6547 

Ivear 	956 1540 	6000 	15651 	1155 	1095 14357 2010016 -52536 	47552 

Notes: 
Pasture Area 14 ha 
Pasture Evap 0.75 *Epan 

Dam Seepage 50 mm/month 
Area of Trees = 250 ha 
Dam Evap = 0.8 *Epan 

Pasture Seepage = 3 mm/day 
Outflow from Plant = 6000 kLJd 

Irrigation 
to Trees 

(kL) 

200000 
200000 
150000 
137500 
150000 
137500 
125000 
112500 
162500 
162500 
175000 
200000 

1912500 



TABLE D6: Water Balance of Irrigated Trees - 1988 Weather with 2020 Plant Discharge 

Effective Rooting Depth 2.0 m 	 Daily Balance with Monthly Summary 	 Amounts in mm 

Month Dec 	Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 
RainfaliP 13 2 37 32 260 214 117 87 87 48 48 11 957 
Effective P 9 1 30 25 226 186 100 72 71 40 40 8 807 
Irrigation I 80 80 60 55 60 55 50 45 65 65 70 80 768 
Pan EvapEP 205 224 179 120 65 66 56 76 102 125 148 171 1540 
Transpiration ET 191 208 136 80 60 61 52 70 95 117 138 16 
DrainageD 2 0 0 0 1 8 42 52 47 38 19 7 246  
Storage S 690 	586 461 415 415 640 812 867 862 857 808 761 680 
Runoff R 0 0 0 0 0 0 0 0 0 0 0 i. 0 

Total E/EPan 0.95 0.93 0.80 0.73 1.44 1.36 1.24 1.13 1.09 1.00 0.98 0. 95 0. 
Leach Fraction LF 0.02 0.00 0.00 0.00 0.00 0.03 0.28 0.44 0.34 0.36 0.18 0.08 0.14 

Notes: 
Daily rainfall (P) and tank evaporation (EP) data from Bureau of Meteorology. 
Effective P = 	0.7 *P (P<5 mm/d) 	0.85 *P (P<15 mm/d) 	0.9 *P (P>15 mm/d) 
Max ET= EPan 

El = CF*EP*((S - SMIN)/(SCRIT - SMlN))'{ETFactor} where S is storage on previous day. 
SMAX = 	 900 mm 
SCRIT = 	 450 mm 
SMIN = 	 300 mm 
D = KSAT*exp(a(S/SMAX_fl) where KSAT is hydraulic conductivity at saturation. 

KSAT = 	 100 mm/month 
(x)a= 	 13.8 

Crop Factor CF = 	0.93 
Total E=P-EffP+ET 
Leaching Fraction LF=D/(P+l) 
ElFactor = 	1.00 



APPENDIX 5: 

Water Balance of Irrigated Trees from 1995 to 1998 



Seepage Storage Irrigation 
from Dam n Dm to Trees 

(kL) L) (kL) 
0 

0 36000 
149 38000 
212 61 44000 

46 42000 
38 61f? 36000 

1359 913I 6000 
3125 Yi80 0 
4759 Q60 0 
6230 2321t 30000 
6880 205821 60000 
6844 27194 70000 
6469 20A730 80000 

36110 	 442000 

TABLE El: Water Balance of Dam - Typical Weather in 1995 

Average Daily Outflow From Treatment Plant: 
	

2400 kL/d 
	

Monthly Balance in mm 

Month Rainfall Tank Plant Grass Grass Grass Grass Inflow to P-E to 

Evap Outflow Irrigation Evap Drainage Runoff Dam Dam 

(mm) (mm) (kL/day) (mm) (mm) (mm) (mm) (kL) (kL) 

Jan 15 211 2259 500 158 93 264 36949 0 

Feb 41 148 2165 433 111 84 279 39052 -230 

Mar 39 143 2118 469 107 93 308 43072 -320 

Apr 21 99 2071 444 74 90 300 42063 -53 

May 128 67 2071 458 50 93 443 62053 57 

Jun 100 51 2494 534 38 90 506 70869 1609 

Jul 114 54 2635 584 41 93 564 78964 4424 

Aug 122 56 2729 604 42 93 591 82792 7348 

Sep 89 75 2729 585 56 90 528 73867 3613 

Oct 68 114 2682 594 86 93 483 67683 -3193 

Nov 62 130 2541 545 98 90 419 58665 -5749 

Dec 13 195 2306 511 146 93 284 39807 -18502 

Year 	 812 1343 	2400 	6261 1007 	1095 4970 695836 -10995 

Notes: 
Pasture Area 14 ha 
Pasture Evap 0.75 *Epan 

Dam Seepage 50 mm/month 

Area of Trees = 200 ha 
Dam Evap = 0.8 *Epan 

Pasture Seepage = 3 mm/day 
Outflow from Plant = 2400 kL/d 



TABLE E2: Water Balance of Irrigated Trees - Typical Weather in 1995 

Effective Rooting Depth 2.0 m 	 Daily Balance with Monthly Summary 	 Amounts in mm 

Month Dec 	Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec YYéar. 
RainfallP 15 41 39 21 128 100 114 122 89 68 62 1 612 
Effective p 12 36 30 16 108 81 92 103 74 57 48 665 
Irrigation I 18 19 22 21 18 3 0 0 15 30 35 40 221 
PanEvapEP 211 148 143 99 67 51 54 56 75 114 130 195 134 
Transpiration CT 43 23 55 43 38 30 32 33 44 67 77 115 600 
Drainage D 0 0 0 0 0 3 21 55 49 37 21 4 191 
Storage S 175 	161 193 190 184 272 322 362 372 368 350 335 2&. 
Runofffl 0 0 0 0 0 0 0 4 0 0 0 0 

Total El EPan 0.22 0.19 0.44 0.48 0.86 0.97 1.00 0.93 0.79 0.69 0.69 0.61 0.56,  
Leach Fraction LF 0.00 0.00 0.00 0.00 0.00 0.03 0.18 0.45 0.47 0.38 0.22 0.08. . 

Notes: 
(I) Daily rainfall (P) and tank evaporation (EP) data from Bureau of Meteorology. 

Effective P = 	0.7 * (P<5 mm/d) 	0.85 * (Pd 5 mm/d) 	0.9 * (P>1 5 mm/d) 
Max ET= EPan 

ET = CF*EP*((S - SMIN)/(SCRIT - SMlN)){ETFactor} where S is storage on previous day. 
SMAX = 	 400 mm 
SCRIT = 	 200 mm 
SMIN = 	 150 mm 
D = KSAT*exp(a(S/SMAX_l)) where KSAT is hydraulic conductivity at saturation. 

KSAT = 	 100 mm/month 
(x)a= 	 13.8 

Crop Factor CF 	0.59 
Total E=P-EffP+ET 
Leaching Fraction LF=D/(P+l) 
ETFactor = 	1.00 



TABLE E3: Water Balance of Dam - Typical Weather in 1996 

Average Daily Outflow From Treatment Plant: 
	

2500 kL/d 
	

Monthly Balance in mm 

Month Rainfall Tank Plant Grass Grass Grass Grass Inflow to P-E to Seepage 

Evap Outflow Irrigation Evap Drainage Runoff Dam Dam from Dam 

(mm) (mm) (kL/day) (mm) (mm) (mm) (mm) (kL) (kL) (kL) 

Jan 15 211 2353 521 158 93 285 39866 -16576 5389 

Feb 41 148 2255 451 111 84 297 41577 -7166 4629. 

Mar 39 143 2206 488 107 93 327 45807 -6397 4242 

Apr 21 99 2157 462 74 90 319 44651 -4827 4147.: 

May 128 67 2157 478 50 93 462 64728 6042 4061 

Jun 100 51 2598 557 38 90 528 73986 5422 4579, 

Jul 114 54 2745 608 41 93 588 82368 7384 5215 

Aug 122 56 2843 630 42 93 617 86317 8968 5808. 

Sep 89 75 2843 609 56 90 552 77279 3742 6452 

Oct 68 114 2794 619 86 93 508 71148 -3100 6682. 

Nov 62 130 2647 567 98 90 442 61842 -5630 6703 

Dec 13 195 2402 532 146 93 306 42786 -17785 6219 

IYear 	812 1343 	2500 	6521 	1007 	1095 	5231 	732355 -29923 	64125 

Notes: 
Pasture Area 14 ha 
Pasture Evap 0.75 *Epan 

Dam Seepage 50 mm/month 
Area of Trees = 200 ha 
Dam Evap = 0.8 *Epan 

Pasture Seepage = 3 mm/day 
Outflow from Plant = 2500 kL/d 

Irrigation 
to Trees 

(kL) 

60000 
50000 
40000 
40000 
40000 
40000 
50000 
50000 
60000 
60000 
80000 
80000 

[;1.I.IiIi] 



TABLE E4: Water Balance of Irrigated Trees - Typical Weather in 1996 

Effective Rooting Depth 2.0 m 	 Daily Balance with Monthly Summary 	 Amounts in mm 

Month Dec 	Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Rainfalip 15 41 39 21 128 100 114 122 89 68 62 13 812 Effective p 12 36 30 16 108 81 92 103 74 57 48 9 Irrigation I 30 25 20 20 20 20 25 25 30 30 40 40 32.5 PanEvapEP 211 148 143 99 67 51 54 56 75 114 130 195 134 Transpiration El 160 106 80 48 40 39 41 43 57 86 99 141 947 Drainage D 1 0 0 0 0 1 3 15 31 28 16 Storage S 490 	370 325 295 282 370 432 505 575 592 564 537 434 
RunoffR 0 0 0 0 0 0 0 0 0 0 0 0 

Total E/EPan 0.78 0.75 0.62 0.53 0.89 1.14 1.17 1.10 0.96 0.86 0.86 0.7; 0.82 Leach Fraction LF 0.03 0.00 0.00 0.00 0.00 0.00 0.02 0.10 0.26 0.29 0.16 0.07 0,09 

Notes: 

Daily rainfall (P) and tank evaporation (EP) data from Bureau of Meteorology. 
Effective P = 	0.7 *P (P<5 mm/d) 	0.85 *P (P<15 mm/d) 	0.9 *P (P>15 mm/d) 
Max ET= EPan 

El = CF*EP*((S - SMIN)/(SCRIT - SMIN)){ETFactor} where S is storage on 'previous day. 
SMAX = 	 650 mm 
SCRIT = 	 325 mm 
SMIN = 	 225 mm 

D = KSAT*exp(a(S/SMAX_j)) where KSAT is hydraulic conductivity at saturation. 
KSAT = 	 100 mm/month 

(x)a= 	 13.8 
Crop Factor CF = 	0.76 
Total E=P-EfIP+ET 
Leaching Fraction LF=D/(P+I) 
ElFactor = 	1.00 



TABLE E5: Water Balance of Dam - Typical Weather in 1997 

Average Daily Outflow From Treatment Plant: 
	

3744 kL/d 
	

Monthly Balance in mm 

Month Rainfall Tank Plant Grass Grass Grass Grass Inflow to P-E to Seepage Storage Irrigation Lrngation 
Evap Outflow Irrigation Evap Drainage Runoff Dam Dam from Dam in Dam to Trees to Trees 

(mm) (mm) (kL/day) (mm) (mm) (mm) (mm) (kL) (kL) (kL) (kL.) (kL) (mm) 
195037 

Jan 15 211 3524 780 158 93 544 76162 -15944 518.3 175072 75000 30 
Feb 41 148 3377 675 111 84 521 72994 -7466 4823 185776 50000 20 
Mar 39 143 3304 731 107 93 570 79834 -7567 5018 25526 37500 15 
Apr 21 99 3230 692 74 90 549 76849 -6449 5541 2303S5 50000 20 
May 128 67 3230 715 50 93 700 97999 8619 5792 281210 50000 20 
Jun 100 51 3891 834 38 90 805 112770 7834 6616 795197 100000 40 
Jul 114 54 4111 910 41 93 891 124713 9677 6834 23?753 125000 50 
Aug 122 56 4258 943 42 93 930 130174 10612 6873 256665 175000 70 
Sep 89 75 4258 912 56 90 855 119721 3611 622 173773 200000 80 
Oct 68 114 4184 927 86 93 816 114249 -2227 479" 155s6 125000 50 
Nov 62 130 3964 849 98 90 724 101357 -3751 4466 174135 75000 30 
Dec 13 195 3597 797 146 93 570 79837 -13745 4806 16042 75000 30 

Year 812 1343 3744 9766 1007 1095 8476 1186659 -16797 66978 ................................................ 1137500 ........................ 45 

Notes: 
Pasture Area 14 ha 
Pasture Evap 0.75 *Epan 

Dam Seepage 50 mm/month 
Area of Trees = 250 ha 
Dam Evap = 0.8 *Epan 

Pasture Seepage = 3 mm/day 
Outflow from Plant = 3744 kLJd 



TABLE E6: Water BaJance of Irrigated Trees - Typical Weather in 1997 

Effective Rooting Depth 2.0 m 	 Daily Balance with Monthly Summary 	 Amounts in mm 

Month Dec 	Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 
RainfallP 15 41 39 21 128 100 114 122 89 68 62 13 12 
Effective p 12 36 30 16 108 81 92 103 74 57 48 9 6 • 
Irrigation I 30 20 15 20 20 40 50 70 80 50 30 30 4 
PanEvapEP 211 148 143 99 67 51 54 56 75 114 130 195 
Transpiration El 177 123 96 53 42 43 45 47 63 95 110 164 
Drainage D 1 0 0 0 0 0 1 7 26 35 20 
Storage S 659 	522 455 405 387 473 551 647 765 830 807 755 625 
RunoffR 0 0 0 0 0 0 0 0 0 0 0 0 

TotalE/EPari 0.86 0.86 0.73 0.59 0.92 1.22 1.25 1.18 1.04 0.94 0.94 0.8 1)00 
Leach Fraction LF 0.02 0.00 0.00 0.00 0.00 0.00 0.01 0.04 0.15 0.30 0.22 0.1. 0.0• 

Notes: 

Daily rainfall (P) and tank evaporation (EP) data from Bureau of Meteorology. 
Effective P = 	0.7 *P (P<5 mm/d) 	0.85 *P (P<1 5 mm/d) 	0.9 *P (P>1 5 mm/d) 
Max ET= EPan 

El = CF*EP*((S - SMIN)/(SCRIT - SMlN))ETFactor} where S is storage on previous day. 
SMAX = 	 900 mm 
SCRIT = 	 450 mm 
SMIN = 	 300 mm 

D = KSAT*exp(a(SfSMAX_1)) where KSAT is hydraulic conductivity at saturation. 
KSAT = 	 100 mm/month 

(x)a= 	 13.8 
Crop Factor CF = 	0.84 
Total E=P-EffP+ET 
Leaching Fraction LF=D/(P+l) 
ElFactor = 	1.00 



TABLE E7: Water Balance of Dam - Typical Weather in 1998 

Average Daily Outflow From Treatment Plant: 
	

3850 kL/d 
	

Monthly Balance in mm 

Month Rainfall Tank Plant Grass Grass Grass Grass Inflow to P-E to Seepage 
Evap Outflow Irrigation Evap Drainage Runoff Dam Dam from Dam 

(mm) (mm) (kL/day) (mm) (mm) (mm) (mm) (kL) (kL) (kL) 

Jan 15 211 3624 802 158 93 566 79254 -13996 4550 
Feb 41 148 3473 695 111 84 541 75671 -6467 4177 
Mar 39 143 3397 752 107 93 591 82734 -6448 4276 
Apr 21 99 3322 712 74 90 569 79592 -5680 4880 
May 128 67 3322 735 50 93 720 100834 8030 5397 
Jun 100 51 4001 857 38 90 829 116074 7636 6450 
Jul 114 54 4227 936 41 93 917 128321 9517 6721 
Aug 122 56 4378 970 42 93 957 133911 9671 6264 
Sep 89 75 4378 938 56 90 881 123338 3418 5892 
Oct 68 114 4303 953 86 93 842 117921 -2423 5222 
Nov 62 130 4076 874 98 90 748 104724 -3614 4302 
Dec 13 195 3699 819 146 93 593 82995 -8473 2963 

Year 	812 1343 	3850 	10043 1007 	1095 8753 1225370 -8828 	61094 

Notes: 
Pasture Area 14 ha 
Pasture Evap 0.75 *Epan 

Dam Seepage 50 mm/month 
Area of Trees = 200 ha 
Dam Evap = 0.8 *Epan 

Pasture Seepage = 3 mm/day 
Outflow from Plant = 3850 kLJd 

Irrigation 
to Trees 

(kL) 

80000 
60000 
40000 
40000 
40000 

100000 
160000 
160000 
160000 
160000 
160000 
80000 

1240000 



TABLE E8: Water Balance of Irrigated Trees - Typical Weather in 1998 

Effective Rooting Depth 2.0 m 
	

Daily Balance with Monthly Summary 
	

Amounts in mm 

Dec 

625 

Month 
Rainfall P 
Effective P 
Irrigation I 
Pan Evap EP 
Transpiration ET 
Drainage D 
Storage S 
Runoff R 

Total El EPan 
Leach Fraction LF 

Jan Feb Mar Apr May Jun 
15 41 39 21 128 100 
12 36 30 16 108 81 
40 30 20 20 20 50 

211 148 143 99 67 51 
192 120 88 51 42 46 

1 0 0 0 0 0 
484 430 393 377 463 547 

0 0 0 0 0 0 

0.93 0.84 0.67 0.57 0.93 1.29 
0.01 0.00 0.00 0.00 0.00 0.00 

Jul Aug Sep Oct Nov Dec 
114 122 89 68 62 13 
92 103 74 57 48 9 
80 80 80 80 80 40 
54 56 75 114 130 195 
49 51 68 103 119 178 
1 11 34 46 35 10 

669 790 842 830 804 666 
0 0 0 0 0 0 

1.32 1.25 1.11 1.01 1.01 0.93 
0.01 0.05 0.20 0.31 0.25 0.19 

Notes: 
Daily rainfall (P) and tank evaporation (EP) data from Bureau of Meteorology. 
Effective P = 	0.7 	(P<5 mm/d) 	0.85 	(P<15 mm/d) 	0.9 * (P>15 mm/d) 
Max ET= EPan 
El = CF*EP*((S - SMIN)/(SCRIT - SMlN))'{ETFactor} where S is storage on previous day. 
SMAX = 	 900 mm 
SCRIT = 	 450 mm 
SMIN = 	 300 mm 
D = KSAT*exp(a(SISMAX_1)) where KSAT is hydraulic conductivity at saturation. 

KSAT = 	 100 mm/month 
(x)a= 	 13.8 

Crop Factor CF = 	0.91 
Total E=P-EffP+ET 
Leaching Fraction LF=D/(P+l) 
ElFactor = 	1.00 



APPENDIX 6: 

Water Balance after Fire 



TABLE Fl: Water Balance of Dam After Fire - Typical Weather in 2020 

Average Daily Outflow From Treatment Plant: 
	

6000 kL/d 
	

Monthly Balance in mm 

Month Rainfall Tank Plant Grass Grass Grass Grass Inflow to P-E to Seepage 

Evap Outflow Irrigation Evap Drainage Runoff Dam Dam from Dam 

(mm) (mm) (kL/day) (mm) (mm) (mm) (mm) (kL) (kL) (kL) 

Jan 15 211 5647 1250 158 93 1014 141984 -16483 5359 

Feb 41 148 5412 1082 111 84 928 129969 -5646 3647 

Mar 39 143 5294 1172 107 93 1011 141543 -3393 2250 
Apr 21 99 5176 1109 74 90 966 135239 -925 794 
May 128 67 5176 1146 50 93 1131 158336 1080 726 

Jun 100 51 6235 1336 38 90 1308 183104 2440 2061 
Jul 114 54 6588 1459 41 93 1439 201505 5082 3589 
Aug 122 56 6824 1511 42 93 1498 209709 8013 5190 
Sep 89 75 6824 1462 56 90 1405 196691 3844 6628 

Oct 68 114 6706 1485 86 93 1374 192412 -3197 6890 
Nov 62 130 6353 1361 98 90 1236 173018 -5779 6880 

Dec 13 195 5765 1276 146 93 1050 147031 -19472 6808 

Ivear 	812 1343 	6000 	15651 	1007 	1095 14361 2010541 -34434 	50822 

Notes: 
Pasture Area 14 ha 
Pasture Evap 0.75 *Epan 

Dam Seepage 50 mm/month 
Area of Trees = 300 ha 
Dam Evap = 0.8 *Epan 

Pasture Seepage = 3 mm/day 
Outflow from Plant = 6000 kL/d 

Irrigation 
to Trees 

(kL) 

210000 
180000 
180000 
135000 
120000 
120000 
120000 
126000 
177000 
183000 
165000 
195000 

1911000 



TABLE F2: Water Balance of Bare Soil After Irrigated Trees - Typical Weather in 2020 

Effective Rooting Depth 0.5 m 
	

Daily Balance with Monthly Summary 
	

Amounts in mm 

Month Dec 	Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 

RainfallP 15 41 39 21 128 100 114 122 89 68 62 13 8' 
Effective P 3 26 18 7 99 69 84 95 52 38 26 0 S 

Irrigation 1 70 60 60 45 40 40 40 42 59 61 55 6 b37 

Pan EvapEP 211 148 143 99 67 51 54 56 75 114 130 195,. 1343 

Transpiration ET 61 46 46 31 37 35 35 32 45 47 53 52 .  520 

DrainageD 2 8 33 27 54 60 78 66 57 49 36 16. 486 

Storage S 120 	130 163 163 157 169 172 166 167 162 162 154 151 

Runoftfl 0 0 0 0 35 11 17 37 14 3 0 0.:: 118 

Total E/EPan 0.34 0.41 0.47 0.45 0.98 1.29 1.21 1.07 1.10 0.68 0.68 0•33  0.61 
Leach Fraction LF 0.03 0.09 0.42 0.52 0.39 0.55 0.63 0.48 0.51 0.49 0.45 0.25 0.42 

Notes: 
Daily rainfall (P) and tank evaporation (EP) data from Bureau of Meteorology. 
Effective P = 	P-E for (P>EPan) 	0 for P<=EPan 
Max ET= EPan 
El = EPan for P>EPan; El = P for 0.25*EPan<P<EPan;  ET=0.25EPan for P<0.25EPan. 

(v)SMAX= 	 175 mm 
SC flIT = 	 50 mm 
SMIN = 	 25 mm 
D = KSAT*exp(a(S/SMAX_1)) where KSAT is hydraulic conductivity at saturation. 

KSAT = 	 100 mm/month 
(x)a= 	 13.8 

Total E=P-EffP+ET 
Leaching Fraction LF=D/(P+l) 
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KINHILL ENGINEERS PlY LTD 
WASTEWATER DISPOSAL AT ALBANY 

HYDROGEOLOGY OF AREA 
NOVEMBER 1991 

BACKGROUND 

As part of the identification and evaluation of sites for wastewater disposal near 
Albany, a hydrogeological investigation was undertaken. The investigation 
consisted of a review of existing information, a drilling program and 
measurements of water depths and salinities in some existing boreholes. Initially 
two areas were considered for location of wastewater dispsal facilities: the 
Douglas Road area which is south of Kalgan, and the Airport area which is about 
12 km north-west of the town of Albany. However, on the basis of other 
information it was decided to concentrate the hydrogeological work on the Airport 
area. This report presents the results of the investigation. Details of other 
hydrological investigations which form part of the total study are reported 
separately. 

GEOLOGY AND HYDROGEOLOGY 

The general stratigraphic sequence in the Albany Airport area has been 
described from borehole records by Rowston (1976) and Muhling and Brakel 
(1985): 

Quaternary to Tertiary: Sand- white, grey or brown; commonly contains iron 
pisol iths and overl les late rite. 

Tertiary: Pallinup Siltstone of the Plantagenet Group- medium to yellow-brown 
siltstone with a maximum thickness of 60 m recorded in the Albany Airport bore. 
Spongolite occurs in outcrops of the Pallinup Siltstone from about 15 km north of 
Albany. 

Tertiary: Werillup Formation of the Plantagenet Group- dark grey to black clay, 
silstone, sandstone and lignite with a maximum thickness of 49 m recorded in 
the Albany Airport bore. 

A bore at the Albany Airport was drilled to solid granite at 110 m. 

Where it outcrops, the Pallinup silstone has near-horizontal bedding, but 
otherwise it is described as massive and structureless. 



The structure of the stream system in the Albany Airport area suggests some 
effect of sedimentary bedding, but there is no apparent asymmetry in the valleys, 
which supports the view that the sediments are near-horizontally bedded. 

The basal sand of the Werillup Formation is a useful aquifer to the west and 
south-west of Princess Royal Harbour, but this material was not encountered in 
bores in the Albany Airport area. The Albany Airport bore is reported to have a 
water yield of about 6 kL/d. 

Limited supphes of stock quality water are obtained from spongolite in the 
Pallinup Siltstone where it occurs, which is generally to the north of the Albany 
Airport site. A bore on Location 4822 immediately to the west of Albany Airport 
was drilled to 41.5 m where a water yield of 33 kL/d was obtained from fine sand. 

3. DRILLING OPERATIONS 

Geo Tech Drilling Engineers were engaged to drill four exploration holes to a 
significant aquifer or to a maximum depth of 50 m in the Albany Airport area. 
One hole was drilled at the Airport North site on location 5772. Another three 
holes were drilled on locations at the Airport South site. 

The air-core reverse -ci rcu latio n method of drilling was used with a Gemco Hi 3 
rig. Moist clays blocked the air passage in drilling rods which significantly slowed 
drilling operations in most of the bores. In some cases a little water was added to 
the air stream to prevent blockage in the rods. It was necessary to complete one 
hole using the mud-rotary method, and when casing could not be inserted in 
another hole, it was redrilled by this method. 

Drilling operations were halted at nominal depths of 10, 20 and 40 m to conduct 
pump-in tests. The results of these tests are reported elsewhere. 

The bores were cased with 40 mm diameter PVC slotted over an interval of 3 m 
thickness where the sediments appeared to yield the greatest quantity of water. 
The bores were developed with air for a short period. These bores are intended 
to be used for water level measurements over a limited period of time. They are 
not constructed for long-term sampling, because damage is expected during 
any project construction operations on the site. 

4. DRILLING RESULTS 

Detailed drilling logs and summaries of bore construction are provided in 
Appendix 1. 



The strata are interpreted as weathered and lateritised Paflinup Siltstone 
overlying Werillup Formation which was encountered near the bottom of each 
hole. 

The hole on Location 5722 was terminated at a depth of 39 m when it was 
considered that there was a reasonable yield of water. None of the other bores 
encountered strata which appeared to yield significant quantities of water. 

& WATER LEVELS AND SALINITIES 

The depth to water has been measured in each of the new bores on several 
dates, and the elevation of the reference level has been estimated from 
preliminary contour maps of the area (contour interval 2 m). Salinities have been 
calculated from measurements of electrical conductivity (EC) and temperature of 
the water in each bore on one date, using a correlation established by the 
Geological Survey of WA. These results are presented in Table 1. 

Table 1 also shows water depths and salinities (by EC and temperature) 
measured in farm bores near the Airport South site. The reference numbers for 
these bores are those recorded by the Geological Survey in their records. Bore 
GS51 is on,  Location 5602, south of Gunn Road. Bore GS61 is on Location 5633. 
It was previously equipped for farm water supply, but has been abandoned 
because of inadequate yield. Bore BLACK is on Location 6047. It is currently 
equipped and used for a summer water supply to the farm house. 

It was not possible to locate the Airport bore (GS60) or another bore (GS1 02) 
shown in the environmental geology map of the Albany area as about 500 m to 
the west. 

The water level data show some changes in bores ALl and A13 over a period of 
3 weeks. These changes may be a slow response to bore construction, or they 
may be real changes of water level following the winter recharge. 

Comparing the water levels between bores, there is a small component of the 
hydraulic gradient from north to south (bore ALl to boresAL2 and AL3). The 
gradient appears to steepen considerably in the southern part of the borefield 
(bores Al2 and AL3 to AL4). There is little or no gradient in the east-west 
direction (bore AL2 to AL3); early data suggested a gradient towards theeast 
while later data indicate the reverse. 

The water levels in these bores, and the direction of the groundwater gradient, 
show that there is at least a potential for groundwater to discharge into the upper 
reaches of Seven Mile Creek. The ground elevation at the crossing of this creek 



It was not possible to locate the Airport bore (GS60) or another bore (GS1 02) 
shown in the environmental geology map of the Albany area as about 500 m to 
the west of the airport. 

The water level data show some changes in bores ALl and AL3 over a period of 
3 weeks. These changes may be a slow response to bore construction, or they 
may be real changes of water level following winter recharge. 

Comparing water levels in these bores relative to a common datum 
(approximately AHD), there is a small component of the hydraulic gradient from 
north to south (bore AU to bores AL2 and AL3). The gradient appears to 
steepen considerably in the southern part of the borefield (bores AL2 and AL3 to 
AL4). There is little or no gradient in the east-west direction (bore AL2 to AL3); 
early data suggested a gradient towards the east while later data indicate the 
reverse. 

TABLE 1: Water Levels and Salinities In Bores 

Bore 	Data 	Units 	Date ---> 
Number 	 7/10/91 14/10/91 30/10/91 

Ref Lvi 
ALl 

70 

AL2 
66 

AL3 
68 

AL4 
61 

GS51 

GS61 

BLACK 

SWL mbrp 13.43 12.00 12.00 
SWL mAHD 57 58 58 
TSS mg/L 186 
SWL mbrp 11.40 10.70 10.70 
SWL mAHD 55 55 55 
TSS mg/L 782 
SWL mbrp 10.00 10.70 13.50 
SWL mAHD 58 57 55 
TSS mg/L 213 
SWL mbrp 9.20 9.15 
SWL mAHD 52 52 
TSS mg/L 176 
SWL mbrp 0.50 
TSS mg/L 487 
SWL mbrp 5.35 
TSS mg/L 436 
SWL mbrp 13.83 
TSS mg/L 133 

SWL= static water level; TSS= total soluble salts; mbrp= metres below reference 
point; mAHD= metres above Australian height datum; mgIL= milligrams per litre. 
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The water levels in these bores, and the direction of the groundwater gradient, 
show that groundwater will discharge into the upper reaches of Seven Mile 
Creek. The ground elevation at the crossing of this creek along Gunn Road is 
about 44 mAHD, which is about 8 m below the water level in the nearest bore 
(AL4). However, the nature of the aquifer materials shows that the groundwater 
discharge rates must be small, which is consistent with observations of the 
streamfiow at a point just north of Gunn Road. 

Groundwater salinities range from 133 to 782 mg/L with a mean of 345 and a 
median of 213 mg/L. In the four new bores, the salinities are close to 200 mg/L 
except for bore AU which has the highest salinity of those tested. The variation 
of salinity could indicate that there are areas of the sediments in which 
groundwater velocities are very low. 

The salinity data should be treated with some caution, because of the use of 
water or mud during drilling operations. On the basis of the average salinity, and 
assuming a rainfall salinity of about 20 mg/L at this site, the average rate of 
recharge under the native vegetation would have been about 6% of the rainfall, 
or about 50 mm/year. 

6. SUMMARY AND CONCLUSIONS 

Four bores were drilled to depths of about 50 m in the Albany Airport area, and 
existing bores and data were examined to define the hydrogeology of this area 
for possible wastewater disposal. The area consists of weathered and lateritised 
Pallinup Siltstone which overlies siltstones of the Werillup Formation at depths of 
40 to 50 m below ground level. An existing bore at the airport encountered solid 
granite at a depth of 110 m. 

None of the bores encountered an aquifer of any significance. An existing bore 
on the Airport South site is reported to have had a water yield of 33 kL/d over a 2 
hour test. This bore has been abandoned for unknown reasons. 

The static water level in the new bores is at depths of 9 to 12 or 13 m below 
ground level. The gradient of the water table is to the south. It steepens closer to 
the head of Seven Mile Creek which is incised to elevations up to 7 m below the 
lowest water level measured in the bores. On the basis of the hydraulic gradient 
and the nature of the aquifer materials, a low rate of groundwater discharge to 
Seven Mile Creek is expected from the Airport South area. 



The salinity of groundwater in the new bores suggests an average recharge rate 
beneath the native vegetation of about 50 mm/year. Variations of salinity 
between the bores could indicate sections of the aquifer in which groundwater 
velocities are relatively low. 

26 November 1991 
	

A.J.Peck & Associates 
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Rowson, D L (1976). Geophysical Investigations for the Albany Town Water 
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APPENDIX 1 

BORE DETAILS 

Name: 	 AU 

Location: Approx. 1 km west of Albany Highway along fence 
line near dam on Location 5633 

Ground Elevation: Approx. 70 m AHD 
Drilled By: Geo Tech Drilling Engineers 
Drilling Method: Reverse-circulation air-core with added foam 
Date Drilled: 18 September 1991 
Depth Drilled: 50 m 
Casing Depth: +1.15 to 23 mbgl 
Casing Diameter: 40 mm 
Casing Material: Class 9 UPVC 
Slotted Interval: 20 to 23 mbgl 
Static Water Level: 11.4 mbrp on 7 Oct 91 
SalInity: 782 mg/L on 7 Oct 91 

Stratig raphy: 

5 m Silty clay; red-brown; wet; sticky; 
10 m Clayey silt; light brown; 
15 m Sandy clay; light brown; quartz; very fine; sub-rounded; 
20 m Sand; light brown; quartz; fine to very fine; sub-rounded; 
21 m Sand; light brown; as above but cleaner; fine; sub-rounded; 
25 m Silty sand; light brown; quartz; very fine; hard; 
27 m Silty sand; yellow-brown; quartz; some clay; 
30 m Sandy silt; light yellow-brown; quartz; 
36 m Sandy clay; yellow; very fine; 
41 m Sandy silt; variable colours; 
46 m Sandy silt; green-grey; 
50 m End of Hole. 



APPENDIX 1 

BORE DETAILS 

Name: 	 AU 

Location: Location 6047 about 2.8 km west of Albany 
Highway and just south of entry to Black's property 

Ground Elevation: Approx. 71 m AHD 
Drilled By: Geo Tech Drilling Engineers 
Drilling Method: Reverse-circulation air-core then mud-rotary 
Date Drilled: 7 October 1991 
Depth Drilled: 50 m 
Casing Depth: +0.70 to 45 mbgl 
Casing Diameter: 40 mm 
Casing Material: Class 9 UPVC 
Slotted Interval: 42 to 45 mbgl 
Static Water Level: 10.0 mbrp on 7 Oct 91 
SalinIty: 213 mg/L on 7 Oct 91 

Stratigraphy: 

5 m 	Silty clay; red-brown; some quartz; very fine; 
8 m 	Silty clay; red-brown; abundant very fine sand; 
10 m 	Silty clay; as above; 
15 m 	Clayey sand; orange-brown; quartz; fine; rounded; poorly 

sorted; 
18 m 	Silty sand; yellow-brown; little clay; quartz; rounded; hard; 
30 m 	Coal chips; small and few; 
33 m 	Silty clay; orange-brown; quartz; very fine; 
40 m 	Silty clay; light brown; 
42 m 	Some large chips of Fe cemented silt; 
45 m 	Clayey silt; dark grey; 
50 m 	Clayey silt; as above; End of Hole. 



APPENDIX 1 

BORE DETAILS 

Name: 	 ALA 

Location: 50 m north of race running north from Gunn Road 
and separating Locs 6047 and 749 

Ground Elevation: Approx. 64 m AHD 
Drilled By: Geo Tech Drilling Engineers 
Drilling Method: Reverse-circulation air-core with added water 
Date Drilled: 9 October 1991 
Depth Drilled: 50 m 
Casing Depth: +0.70 to 14 mbgl 
Casing Diameter: 40 mm 
Casing Material: Class 9 UPVC 
Slotted Interval: 11 to 14 mbgl 
Static Water Level: 9.2 mbrp on 14 Oct 91 
Salinity: 176 mgIL on 14 Oct 91 

Stratigraphy: 

5 m Sandy clay; orange-brown; 
10 m Clayey sand; orange-brown; very fine quartz with some larger 

rounded particles; 
15 m Clayey sand; as above; 
18 m Clayey sand; as above but more sandy; 
20 m Sand; light orange-brown; little clay; very fine quartz; rounded; 
27 m Sand; light grey-brown; clean; very fine quartz; rounded; 
30 m Clayey sand; light grey-brown; orange-stained chips; 
33 m Clayey sand; as above; 
35 m Clayey sand; as above; 
39 m Sand; light yellow-brown; little clay; very fine; rounded, well 

sorted; 
40 m Clayey sand; dark grey; very fine; sub-rounded; well sorted; 
48 m Clayey sand; as above; harder pieces apparently dry inside; 
50m End of Hole. 
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WATER UPTAKE BY A PLANTATION TASMANIAN BLUE GUM (Eucalyptus 
globulus) TREE IN WELL-WATERED CONDITIONS 

J.K.NARSHALL and G.W.CHESTER 

30th September 1991 

CSIRO DIVISION OF WATER RESOURCES 

Perth Laboratory 
Underwood Avenue 

FLOREAT PARK 
WA 6014 
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Water uptake of a 3 year-old plantation Tasmanian Blue Gum 
(Eucalyptus globulus) tree was measured over 23 days from 3 
to 23 September. 1991. The tree was growing under conditions 
in which near-maximum water uptake would be expected: full 
canopy closure and freely available water. Growth had been 
enhanced due to periodic irrigation with piggery effluent 
from first planting. 

Over the measurement period, tree water uptake was 1.02 times 
average pan evaporation. This equated to 0.85 times and 1.27 
times pan evaporation measured at Jandakot Airport and 
plantation site, respectively. Water uptake totalled 49mm 
(2.13mm.day 1); pan evaporation was 58mm and 38mm, 
respectively (1.67 and 2.5mm.day 1); and rainfall was 120mm. 
Temperature ranged from 3.4 to 22.70C, with a daily average 
of 13.70C for the period. 

Day-to-day water uptake pattern of the Tasmanian Blue Gum 
proved closely similar to that of a rain-fed plantation River 
Red Gum (Eucalyptus camaldulensis) tree, 9 km distant. This 
correspondence in pattern indicated site and species 
characteristics were dominated by a common external variable. 

The measured relationship between the two trees was used to 
estimate long-term water uptake for the Tasmanian Blue Gum 
from year-long measurement of the River Red Gum. Annual water 
uptake for the Tasmanian Blue Gum was estimated to be 1083mm 
- 0.6 times annual pan evaporation (Perth). 

The estimated annual water uptake for the Tasmanian Blue Gum 
was lower than expected because data for the River Red Gum 
tree reflected a lack of summer irrigation. In well-watered 
conditions, the Tasmanian Blue Gum would not have such a 
marked depression of water uptake in summer and the annual 
total should be greater. However, summer water uptake would 
not be expected to exceed pan evaporation, even if well-
watered, due to midday stomatal closure. 

The results of this study were also used to estimate monthly 
water uptake by Tasmanian Blue Gum at Albany. Using the 
relationship of water uptake to pan evaporation for Perth 
with pan evaporation data for Albany indicated a total 
evapotranspiration in excess of 716mm. This figure contrasts 
with 1881mm annual evapotranspiration at Albany estimated by 
Kinhill Engineers, Pty Ltd. 
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INTRODUCTION 

Kinhill Engineers Pty Ltd assessed several options for 
disposal of waste water from the Albany domestic sewerage 
system (WAWA 1991). They recommended land disposal of the 
secondary treated effluent using a combination of trees and 
pasture. 

Land disposal of waste water relies on the rate at which 
plantation trees are able to take up and evaporate water to 
the atmosphere. However, published information on tree water 
uptake is scant. Most is from studies using large lysimeter, 
ventilated chambers or porometry. Less directly, water uptake 
has also been estimated from catchment water balances using 
hydrological measurements. 

Kinhill's calculations of the viability of the Albany 
proposal were based on an unpublished report (Morris and 
Wehner 1987). Their calculations implied annual 
evapotranspiration would be up to 2.1 times pan evaporation. 
Concern was raised that this rate was excessive (Marshall 
1991). 

To assess this aspect of Kinhill's proposal, short-term water 
uptake measurement was made on an effluent-irrigated 
Tasmanian Blue Gum tree using a heat-pulse sap-velocity 
recorder. This instrument is the most recent technology 
applied to studies of tree water uptake. It allows 
continuous, long-term measurement of trees in-situ. Pan 
evaporation was also measured for comparison with water 
uptake. 

OBJECTIVES 

Objectives of this study were to measure daily water uptake 
by a fast-growing, well-watered, plantation Tasmanian Blue 
Gum (E.globulus) tree and compare results with: 

pan evaporation: and 
water uptake by a rain-fed plantation River 
Red Gum (E.camaldulensis) tree. 

The first comparison was to assess calculations of plantation 
water use given in the Kinhill report. The second was for 
possible extrapolation of the short-term measurements of 
Tasmanian Blue Gum using year-long measurement of the River 
Red Gum. Finally, extrapolated water uptake derived for 
Perth's evaporative conditions was to be used to estimate 
year-long Tasmanian Blue Gum water uptake for Albany. 
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METhOD 

Site Description 

Water uptake was measured on a plantation of Tasmanian Blue 
Gum irrigated with piggery effluent on Fitzpatrick's farm at 
Wellard, 35km south of Perth. River Red Gum was also measured 
in a rain-fed plantation at Kwinana (Hope Valley), 27km south 
of Perth and 4km from the coast. Wellard is 10km from the 
coast. 

Meteorological conditions were expected to be near-identical 
with both sites being 9km apart. Water was not limiting over 
the measurement period due to regular late-winter rainfall. 

The Wellard plantation consisted of several large blocks, 
planted mainly to Blue Gum, on a 2 by 4 metre spacing. The 
tree selected for measurement was planted 3 years previously 
in a 2000 m2  sub-block receiving periodic effluent 
irrigation. Canopies of these irrigated trees were extremely 
dense to within 1 metre of the ground, forming a closed 
stand. 

One part of the Wellard plantation had been set aside as a 
control not receiving effluent irrigation. These trees were 
less than half the height and girth of most irrigated trees. 

Kwinana was planted on a 2.5 by 3 metre spacing, but had a 
comparatively open and sparse canopy. Tree girth and height 
was smaller at Kwinana despite a 1.5 year age advantage over 
Wellard. 

Tree Selection 

Trees selected were in the centre of each plantation to 
eliminate edge effects. Diameter over bark was measured on 87 
trees at Wellard to determine the mean, The tree selected was 
slightly larger than the mean because a frequency 
distribution showed these larger diameters were dominant. 

Tree selection at Kwinana had followed a similar procedure 11 
months earlier when measurement began there. Characteristics 
of the two trees monitored for water uptake are given in 
results below (Table 1 and 2). 

Heat Pulse 

Water uptake was measured using a commercially available 
heat-pulse sap-velocity recorder (DSIR, Soil Conservation 
Service, Aokautere, New Zealand) at the two locations. First 
stages involved quantifying several variables needed to 
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calculate daily fluxes. These were: 

- width of conducting wood; 
- volume fractions of wood and water; and 
- wound effect. 

Determining these variables required an intensive 7 days of 
measurement and analysis before final positioning of each set 
of thermistor probes. After that, the site was visited once 
or twice a week to retrieve data and maintain instruments. 

lieteorological Measurements 

Pan evaporation was measured using a standard Class 'A' pan, 
with wire mesh cover, in a cleared paddock next to the 
Wellard plantation. Water level in the pan was monitored 
using an optical shaft encoder and float assembly (Unidata, 
Australia - modified Model 6531 Water Level Instrument) 
enabling a continuous record of evaporation without the need 
for daily site visits. Rainfall was measured using a tipping 
bucket rain gauge alongside the evaporation pan. Both 
instruments were connected to a solid-state data logger 
(Unidata, Australia). 

Daily pan evaporation and maximum and minimum temperatures 
for the period of the study were obtained from the Bureau of 
Meteorology station at Jandakot Airport. Both We].lard and 
Jandakot evaporation measurements are compared with water 
uptake in the results. 
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RESULTS 

Tree selection for Wellard was based on diameters measured on 
87 trees within the irrigated plantation (Table 1) 

Table 1. E.g-lobulus (Wellard) tree selection statistics. A tree of 14.4cm 
diameter over bark was chosen for water uptake measurement 

DIAMETER(cm) 	NUMBER 

0.0 0 
2.5 0 

MEAN 	12.2 	 5.0 4 
7.5 9 
10.0 14 

MAXIMUM 	22.9 	 12.5 15 
15.0 23 
17.5 13 

MINIMUM 	3.5 	 20.0 6 
22.5 0 
25.0 1 

Tree characteristics necessary for water uptake calculations 
of the two trees are given in Table 2. 

Table 2. Characteristics of E.globulus (Wellard) and E.camaldulensis 
(Kwinana) trees used for water uptake calculations 

E . globulus 	E . camaldu].ensis 

Diameter Over Bark (cm) 14.4 8.7 

Diameter of Cambium (cm) 13.3 7.1 

Diameter of Heartwood (cm) 3.1 1.8 

Width of Conducting Wood (cm) 5.1 2.7 

Area of Conducting Wood (cm2) 131.4 37.1 

Wound Size (mm) 2.8 3.1 

Volume Fraction of Water 0.612 0.575 

Volume Fraction of Wood 0.312 0.318 
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Water uptake and meteorological data for the 23 days of 
measurement (from 3 to 25 September) are summarised in Table 
3. Full records from which this summary was derived are given 
in Table 4. 

Table 3. Statistical summary of daily water uptake of E.globulus 
(Wellard) and E.camaldulensis (Kwinana) trees; pan 
evaporation from Wellard and Jandakot Airport; rainfall from 
Wellard; and temperature from Jandakot Airport for 3 to 25 
September, 1991. 

	

WATER UPTAXE(mm) 	RAIN(mm) TEMP(C) 	PAN EVAPORATION(mm) 

	

Wellard Kwinana 	 Wellard Jandakot 

	

MEAN 	2.1 	0.8 	5.2 	13.7 	 1.7 	2.5 

	

MAXIMUM 	3.0 	1.1 	36.4 	22.7 	 4.1 	4.2 

	

MINIMUM 	0.6 	0.4 	0.0 	3.4 	 0.0 	0.4 

	

TOTAL 	49.0 17.9 	119.6 - 	 38.3 57.6 

Cumulative water uptake and evaporation for 3 to 25 September 
are plotted in Figure 1. 

Daily water uptake of the two plantation trees was compared 
graphically by converting absolute daily values to relative 
daily values as a proportion of maximum uptake for each tree 
for the measurement period (Figure 2). A linear regression of 
absolute water uptake values of E.camaldulensis versus 
E.globulus is given by: 

	

Y 	= 2.47(X) + 2.66 	r2  = 0.7, n = 13 	(1) 

where (Y) is E.globulus water uptake and (X) is 
E.camaldulensis water uptake. 
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Figure 1. Cumulative daily values of water uptake for E.globulua 
(Wellard) and E.camaldulensis (Kwinana); and pan evaporation 
from Jandakot Airport and Wellard Site. All values are for 
24 hours to 9:00 am, 3 to 25 September. 
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Figure 2. Relative daily values of water uptake for E.globulua (Wellard) 
and E.camaldulensis (Kwinana) 



Table 4. Daily water uptake of E.globulus (Wellard) and E.camaldulensie 
(Kwinana) trees; pan evaporation from Wellard and Jandakot 
Airport; rainfall from Wellard; and temperature from Jandakot 
Airport for 3 to 25 September, 1991. All data is for 24 hours 
to 9:00am. 

DATE 	WATER UPTAXE(mm) RAIN(rnm) 	TEMP(C) 	PAN EVAPORATION(mm) 

Wellard Kwinana 	 Max Min Wellard Jandakot 

03/09/91 2.1 0.5 0.2 16.9 10.5 0.2 0.8 

04/09/91 2.1 0.7 3.4 17.5 10.8 1.9 2.4 

05/09/91 2.0 0.8 0.0 20.5 11.2 0.5 1.8 

06/09/91 2.4 0.9 0.0 21.9 7.0 1.5 3.2 

07/09/91 2.4 0.8 2.6 20.5 8.9 1.6 3.0 

08/09/91 2.8 0.9 7.0 18.9 10.2 3.1 2.8 

09/09/91 0.6 0.4 21.6 15.5 12.6 3.0 1.4 

10/09/91 2.4 1.0 0.0 16.7 3.4 0.0 2.4 

11/09/91 2.8 1.0 0.0 18.6 3.7 1.0 3.0 

12/09/91 2.9 1.0 4.6 19.9 5.7 0.2 1.8 

13/09/91 1.6 0.6 8.8 19.6 11.4 2.0 2.6 

14/09/91 1.1 0.5 36.4 17.3 12.4 4.1 1.8 

15/09/91 2.5 0.9 16.0 17.5 12.2 2.8 4.2 

16/09/91 1.8 0.7 3.6 14.4 7.4 1.2 2.2 

17/09/91 2.8 1.0 0.2 17.0 3.9 0.8 2.4 

18/09/91 0.7 0.4 13.0 18.3 9.3 2.4 2.0 

19/09/91 1.2 0.5 2.2 17.8 13.2 1.0 0.4 

20/09/91 2.2 0.8 0.0 18.8 9.7 0.8 2.8 

21/09/91 2.6 0.9 0.0 20.5 6.9 1.0 3.6 

22/09/91 2.7 1.0 0.0 20.0 6.3 2.4 2.8 

23/09/91 2.5 0.9 0.0 19.0 6.3 2.4 3.6 

24/09/91 2.4 0.9 0.0 21.6 6.7 2.0 3.2 

25/09/91 2.5 0.9 0.0 22.7 8.0 2.4 3.4 

Estimated year-long water uptake of E.globulus given in Table 
S was derived from equation (1) applied to existing long-term 
E. camaldulensis measurement. 
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Table S. Year-long water uptake estimate for E.globulus (Wellard) derived 
by comparison with water uptake of E.camaldulensjg (Kwinana). 

WATER UPTAKE(mm) 	 PAN EVAPORATION(mm) 

Wellard(-) 	 Kwinana 	 Perth(2) 

(mm/day) (mm/mth) (mm/day) (mm/mth) (mm/day) (mm/mth) 

JAN 4.2 130.5 1.5 46.6 9.1 281.2 
FEB 3.1. 86.8 1.1 31.0 8.5 237.4 
MAR 3.3 103.2 1.2 36.9 6.6 203.5 
APR 2.9 87.1 1.0 31.1 3.9 116.9 
MAY 2.5 77.4 0.9 27.7 2.5 77.4 
JUN 2.0 59.4 0.7 21.2 1.8 52.8 
JUL 2.0 60.8 0.7 21.7 1.7 52.6 
AUG 2.6 80.9 0.9 28.9 2.2 69.7 
SEP 2.4 72.9 0.9 26.0 3.5 104.8 
OCT 2.6 82.2 0.9 29.4 5.1 158.0 
NOV 3.9 115.9 1.4 41.4 7.2 216.0 
DEC 4.1 126.1 1.5 45.0 8.4 262.2 

TOTAL 1083.2 386.9 1832.5 

Estimated from relationship with E.camaldulensis. 
long-term average, Bureau of Meteorology, Perth. 

Monthly water uptake of E.globlus and E.camaldulensis 
compared to pan evaporation are also given graphically in 
Figure 3. 

Extrapolated water uptake derived for Perth's evaporative 
conditions (Table 5) was used to estimate year-long Tasmanian 
Blue Gum water uptake for Albany (Table 6). Data given by 
Kinhill Engineers (WAWA 1991) is compared with data derived 
during this study and from Australian Water Resources Council 
(AWRC). Aspects given for comparison in Table 6 are: 

- monthly ratios of water uptake to pan 
evaporation (WU:PE) for E.globulus from data in 
Table 5 and Kinhill report; 

- two sets of Albany pan evaporation (PE) values 
(AWRC and Kinhill report); 

- monthly water uptake derived from mean of two 
Albany PE'S and WU:PE, and water uptake as 
given in Kinhill report. 



Table 6. Monthly water uptake estimates for E.globulus at Albany compared 
to pan evaporation. Data from Kinhill report (WAWA 1991) 
provided for comparison. 

WU:PE(1) 	PAN EVAPORATION(mm) 	WATER UPTAKE(mm) 

CSIRO(2) Kinhill(3) AWRC(4) Kinhill 	CSIRO(5) Kinhill(6) 

JAN 0.46 1.10 132 208 79 223 

FEB 0.36 1.15 117 171 53 196 

MAR 0.51 1.22 99 149 63 182 

APR 0.74 1.50 66 96 60 144 

MAY 1.00 1.82 53 68 61 124 

JUN 1.12 2.11 33 54 49 114 

JUL 1.16 2.07 33 56 51 116 

AUG 1.16 1.88 41 65 62 122 

SEP 0.70 1.65 56 81 48 134 

OCT 0.52 1.40 79 109 49 153 

NOV 0.54 1.29 99 132 62 170 

DEC 0.48 1.13 150 180 79 203 

TOTAL 958 1369 716 1881 

WU:PE = water uptake to pan evaporation ratio for E.globulus. 
Estimated from relationship with E.camaldulensis using data given in 
Table 5. 
Derived from tree evapotranspiration and pan evaporation data given 
in Table 4.7b of Kinhill report (WAWA 1991). 
Australian Water Resources Council (1968) - long-term average for 
Albany. 
derived by multiplying the average of AWRC and Kinhill pan 
evaporation by CSIRO WU:PE for E.globulus. 
Table 4.7b of Kinhil report. 

Monthly water uptake estimates of E.globlus compared to pan 
evaporation (Table 6) are also given graphically in Figure 4. 



WATER LOSS (mm) 
300 

E.gIobuIus 	+E.oamildul.nsl. -*PAN EPORATION 

260 

200 

160 

100 

60 

0 

JAN FEB MAR APR MAY JUN JUL 800 8EP OCT NOV DEC 

MONTH 

Figure 3. Monthly pan evaporation compared with water uptake of 
E.globuluB and E.camaldulensis. 
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Figure 4. Monthly water uptake estimates of E.globlue compared to pan 
evaporation for Albany. 
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DISCUSSION AND CONCLUSIONS 

Water uptake by plantation-grown E.globulus and 
E.camaldulensis were respectively found to be 1.02 and 0.37 
times pan evaporation averaged from two sources (plantation 
site and nearby Jandakot Airport). Differences in water 
uptake are attributed to greater leaf area of the E.globulus 
due to periodic effluent irrigation promoting more vigorous 
growth, hence greater leaf area. 

Day-to--day patterns of water uptake for the two trees were 
closely similar. Long-term data collected from 
E.carnaldulensis was therefore able to be used to estimate 
long-term water uptake of E.globulus. 

Monthly estimates of water uptake of plantation-grown 
E.globulus at Albany were derived using the relationship of 
water uptake to pan evaporation for Perth with pan 
evaporation data for Albany. These estimates indicate a total 
annual water uptake by E.globulus of 716 inni - considerably 
less than 1881 nun estimated by Kinhill Engineers (WAWA 1991). 

Actual water uptake is expected to be higher than 716 mm 
because the irrigated plantation would be less water 
deficient in summer than the rain-fed Kwinana plantation used 
to derive the long-term estimate. However, water uptake by 
trees during summer would remain below pan evaporation, even 
when well-watered, due to midday stomatal closure. With 
stomata closed, water uptake is restricted when evaporative 
demand is highest. 
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DESIGN OF IRRIGATION SYSTEM 

1. IRRIGATED TREES 

1.1 Introduction 
Water balance studies indicate that the irrigation system 
has to be capable of applying a maximum of 90 mm per month 
or 3 mm per day. 

There are now numerous woodlots in eastern Australia 
irrigated with waste water. There is general consensus that 
trickle irrigation using tubes with in line drippers is an 
efficient and economic method of irrigating trees. 

1.2 Staged Development 
Initially 200 ha of trees requiring irrigation will be 
established, this will be followed by further plantings to 
give a total of 300 ha of irrigated trees. Trees will be 
planted in plots of around 12.5 ha. 

1.3 Plot Layout 
Trees will be planted on a tram line configuration, two rows 
2m apart then a space of 5m. The irrigation system provides 
for a single trickle line down the centre of the rows spaced 
2m apart. 	The rows of trees will generally follow the 
contour. 

1.4 Application Rates 
A 20 mm diameter drip line with an "in line" dripper every 
600 mm will deliver 3.5 litres per hour at each dripper. 
The area covered by each dripper is 7m by 600 mm on 4.2 m2  
A 3 mm application per day over 4.2 m2  equals 12.6 litres. 
At a dripper rate of 3.5 litres per hour it will take 3.6 
hours to apply 3 mm of irrigation water. 

Four plots (total area of 50ha) will be watered 
simultaneously. 	A 3 mm application can be made over the 
total area of 300ha in 21.6 hrs. It should be noted however 
that as trees reach maturity a harvesting rotation will be 
established. Generally there will only be 250 ha requiring 
irrigation, this in turn reduces maximum pumping times under 
average conditions to around 18 hours per day. 
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15 Pumps & Motor 
Two pumps each supplying 60 litres/second against a head of 
55m are required. The head is made up of the following - 

Static (maximum) 	 13 
Friction (approx) (mains & submains fittings) 11 
Filter (approx) 	 5 
Pressure (approx) 	 26 

The vertical height difference between when the dam is full 
and when it is almost empty is around 6m. Submersible pumps 
mounted on the batter of the dam will be used. The pumps 
will be shrouded and mounted in such a way that they can 
readily be removed for maintenance purposes. 	It is 
anticipated that each pump will be powered by a 55kw motor. 

1.6 Filtration 
The irrigation water will be filtered through a bank of sand 
filters followed by screen filters. 	An automated system 
will allow backflushing to occur. Two banks of filters will 
be installed, one for each pump. Each bank will have the 
capacity to handle a flow of 60 litres/second. 

1. 7 Control Val yes 
Each plot will be serviced by a 100 mm electrically 
controlled solonoid valve (24V AC). 	These valves will be 
anti contamination valves. Valves servicing plots close to 
the pump will be pressure regulated. 

1.8 Mains 
A network of main lines will deliver the irrigation water to 
the plots. Pipe sizes range from 375mm down to 200mm. The 
375mm diameter pipe will be vinyl iron (unpiasticised PVC). 
The other sizes (300, 225 and 200mm) will be uPVC Pressure 
Pipe. All piping will be class 6, Rubber Ring lointed. 
Derating for water temperature variations is not necessary. 

All fittings will be ductile iron or saddles. Thrust blocks 
will be installed where there are changes of direction in 
the pipeline. The network of mainline is designed such that 
any four random plots can be irrigated at any one time. 
Pipe sizes allow minimum friction loss, generally less than 
0.5m per lOOm. Velocities will be below 1.2m per second. 

1.9 Submains 
All submains within each plot will be uPVC Pressure Pipe 
Class 6, sizes range from 150 mm down to 80 mm. 	These 
submains will have solvent cement joints. Friction losses 
in submains will generally be restricted to less than im per 
lOOm. 
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1.10 Driplines 
As stated above the driplines will be 20 mm in diameter an 
"in line" dripper delivering 3.5 litres/hour will be spaced 
every 600 mm along the line. The maximum length of line 
will be 220m with the average generally being in the order 
of 150 to 200m. 	The "in line" drippers will be pressure 
regulated and give a consistent flow at a working head 
anywhere between 3m and 40m. The system has however been 
designed such that the working head where the driplines 
leave the sub main is generally in the order of 25m - 30m. 
The anticipated life of the drip line is ten years plus. 

1.11 Chlorination 
To prevent algael build up in the irrigation system, chorine 
will be injected into the main line. A diaphragm metering 
pump with manual micrometer capacity adjustment will be used 
to achieve this. 

1.12 Flushing 
A manually controlled gate valve will be placed at the end 
of each sub main to allow manual flushing of the system. 

1.13 Moisture Control 
Moisture sensors will be placed in each plot to continually 
monitor soil moisture levels. This data will be relayed to 
a central control point where the information will be made 
available to the manager of the plantation via a computer 
modem. Using this information and predicted meteorological 
data the manager will then (on a daily basis) programme a 
separate controller to control ,the days irrigation. 

1.14 Fire Control Dams 
The irrigation system also provides for water to be pumped 
to fire control dams. 	Manually controlled valves will be 
used to fascilitate the tilling of the dams on a needs 
basis. 

1.15 Costs Estimates 
Costs are divided into three stages. Stage one provides for 
an irrigation system to supply water to 200ha. Stage two 
provides for a further 50ha and stage three for the final 
5Oha. 
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COSTS 

STAGE 1 (200 ha) 

Pump and Motor $ 75 000 
Filtration 50 000 
Chlorine Injection 5 000 
Distribution Piping 257 000 
Fittings/Valves/etc 40 000 
Drip Tube 140 000 
Moisture Senses, Controls, Control Centre 48 000 
Installation 250 000 
Contingency 39 000 

	

SUB TOTAL 	$904 000 

STAGE 2 (50 ha) 

Distribution Piping 	 $ 94 000 
Fittings/Valves/etc 	 io 000 
Drip Tube 	 35 000 
Moisture Senses & Controls 	 9 000 
Installation 	 55 000 
Contingency 	 10 000 

	

SUB TOTAL 	$213 000 

STAGE 3 (50 ha) 

Distribution Piping 	 $ 94 000 
Fittings/Valves/etc 	 io 000 
Drip Tube 	 35 000 
Moisture Senses & Controls 	 9 000 
Installation 	 55 000 
Contingency 	 io 000 

	

SUB TOTAL 	$213 000 

TOTAL $1 330 000 

Final Design/Documentation/Supervision of 
Installation - 	8% of above figure 	$106 000 

GRAND TOTAL $1 436 000 
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2. OVERLAND FLOW 

2.1 Introduction 
The rising main from treatment plants in Albany will deliver 
the waste water to a small header dam with a capacity of 
around 8000m3  . Flows will increase from 2400kL/day at start 
up in January 1995 to an expected peak of around 6000kL/day 
by the year 2020. 

The waste water flow will be flood irrigated over a total of 
14ha of pasture. This 14ha of pasture will be divided into 
two equal sections with only one section being watered at 
any one time. Irrigation of each section will take place 
daily for between 7 and 11 hours. See Table 1. 

2.2 General Layout 
Waste water will be pumped to each section where it will 
then enter gated aluminium pipe (slotted aluminium pipe with 
slide gates over each outlet). 	From here it will flow 
downslope over grassed flood irrigation bays. The flow from 
the bays will be directed into the large dam via grassed 
waterways or open surface drains. See Figure 1. 

2.3 Pump and Motor 
Between 1995 and 2050 a centrifugal pump delivering 55 
litres/second against a head of 17rn will be used. 	In the 
year 2050 the size of the pump will be increased to deliver 
83 litres/second. 

2.4 Mains & Submains 
Mains and submains will be uPVC pipe class 4.5. Sizes will 
range from 300mm down to 100mm. Pipes with a diameter of 
200mm or greater will be rubber ring jointed. Pipes with a 
diameter of 150mm or less will be solvent cement jointed. 

2.5 Gated Aluminium Pipe 
This pipe will have a diameter of 100mm and gate spacings of 
around 600mm. To achieve reasonable uniformity of flow the 
gates will be manually adjusted, pipe lengths will not 
generally be greater than lOOm and a manually adjusted 
control valve will be installed at the commencement of each 
lOOm length of pipe. The system will operate under a very 
low pressure head of between 1 and 4 metres. 

2.6 	Irri ga ti on Bays 
The flood irrigation bays will be 40m in length and have 
slopes of between 1 and 4%. Because of the shallow layer of 
topsoil, earthworks to form the bays will be minimal. 
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2.7 Cost Estimates 

Pump & accessories 
(Includes sOlonOids/controller/electrjcal/shed) 
Standby pump and motor 
Mains, submains & fittings 
Gated aluminium pipe 
Installation 
Earthworks 
Contingency 

TOTAL 

Final Design/Documentation/Supervision of 
Instalilation - 	 8% of above cost 

GRAND TOTAL 

$ 15 000 

5 000 
68 000 
75 000 
79 000 
20 000 
12 000 

$274 000 

$ 22 000 

$296 000 

In the year 2050 a large pump will have to be installed. 
Cost - $7000 or $12 000 if a standby pump is also required. 

Table 1 

Overland Flow System 
Flow Regime 

Year 	 Approximate Flow 	 Pumping Time 
(kL/day) 	 (hrs/day) 

1995 	 2500 	 13 

1997 	 3800 	 19 

2000 	 4100 	 20.5 

2005 	 4500 	 15 

2020 	 6000 	 20 

* Pump Capacity 1995 - 2004 200kL/hr 
2005 - 2020 300kL/hr 
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Total waste water flow is applied to 7ha at any one time. 
Each area is therefore watered for 50% of the above hours of 
operation. This allows up to half the area to be shut down 
for re-seeding etc by maintaining flow for hours shown. 
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SUMMARY 

The results of a preliminary geotechnical investigation of two adjacent valleys for use as storage 

dams associated with the Albany Waste Water Study are presented. The work was conducted for 

Kinhill Engineers Pty Ltd by Golder Associates Pty Ltd. The sites examined were nominated by 

Kinhill. 

Evaluation of foundation conditions beneath both embankment centrelines and along valley floors 

upstream of the centrelines indicate deposits of colluvium and alluvium, predominantly fine sand 

and mixed silt and clay sizes exist to depths of about 50m. The stratigraphical correlation of 

subsurface zones is poor. The sites are covered with silty fine sand which extends to depths of 

about one metre. Cemented siltstone, laterite bands and gravel are encountered in the upper 1 

to 2m of the ground. The groundwater table at the time of field investigation was about 3.5m 

below ground level. 

The western valley has been inferred as a preferred location based on the geotechnical data 

available, although both sites can be utilized. 

Clay material for construction of the embankments is available from two borrow pits located 

upstream of the storages. Approximately 28,000m' is required. 

Seepage through the embankment foundation can be controlled by stripping of near surface sands 

and silty soils to consistent clayey material. An upstream clay blanket of minimum thickness 

0.75m must be installed to minimize risks associated with foundation seepage. Seepage through 

the embankment is expected to be minor assuming specified construction procedures are 

followed. 

A design cross-section through an embankment is shown at Figure 4. Important stages for 

geotechnical supervision are provided in Section 5.5. 

No detailed analysis of the stability of the proposed embankment and associated foundation have 

been conducted for this preliminary study. Further work including insitu permeabilty tests and 

sampling may be required prior to final design approval. A summary of this work is given in 

Section 6. 

Golder Associates 
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INTRODUCTION 

This report presents results of a preliminary geotechnical investigation for the Albany Waste 

Water Study storage dam. The investigation was performed by Golder Associates Pty Ltd for 

Kinhill Engineers Pty Ltd as confirmed on 31 October 1991 by Mr John Abbott, Project Co-

ordinator, Kinhill. 

Two sites for storage dams,each up to 7m high and 300m long, extending across adjacent valleys 

have been examined. The sites, refer Figure 1, Site Plan are located on Lots 6047, 5633 and 749 

as referred to on Sheet 2428-11, 1:50,000 scale map entitled "Oyster Harbour" prepared by the 

Department of Lands and Surveys, Western Australia. 

SCOPE OF INVESTIGATION 

The following summarises the scope of the investigation: 

evaluate founding conditions beneath the embankments 

investigate seepage characteristics of soils in valleys upstream of the embankments 

confirm the suitability of borrow material delineated by Kinhill in Borrow Areas 1 and 

2 for the construction of the embankments 

provide a design cross-section for an embankment together with construction 

requirements. 

FIELD PROGRAMME 

Field work extended over the period 6 to 8 November 1991. This work included the drilling of 

thirteen boreholes and the excavation of fourteen test pits. A geotechnical engineer located the 

boreholes and test pits, directed the sampling and logged the materials encountered. 

Goider Associates 
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3.1 	Boreholes 

The locations of the boreholes, BH1 to BH13 are shown at Figure 1. Eight were drilled to 

depths ranging from 7.0 to 7.35m across the proposed embankments' centreline. Five other 

boreholes were drilled along the inverts of the valley floors upstream of the embankment centre 

line. Drilling was performed by Denmark Drilling Company using a 210B Gemco drill rig. The 

boreholes were advanced using 55mm diameter solid augers. Samples were obtained using 48mm 

I.D thin wall tubes pushed hydraulically into the ground. 

A 50mm slotted PVC standpipe was installed in three boreholes for water level measurements. 

Table 1 presents standpipe details and water level measurements. 

Reports of the boreholes are given at Appendix A together with abbrevations used and the 

method of soil classification. 

	

3.2 	Test Pits 

Test pit locations TP1 to TP14 are shown in Figure 1. The depths of the pits ranged from 1.6m 

to 3.0m. They were distributed as follows: 

TP1 to TP5 	- Borrow Area No 1 

TP6 to TP9 	- Borrow Area No 2 

TP1O to TP11 	- Western Valley 

TP12 to TP13 - Eastern Valley 

A conventional rubber tyred backhoe was used for excavation of all test pits. Reports of the test 

pits are shown in Appendix B. 

4. LABORATORY 

The following tests were conducted on samples: 

6 particle size distribution tests as per AS1289 C6.1 

Golder Associates 
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12 sieve tests to determine percentage of material passing a 75km sieve 

4 Atterberg limit and linear shrinkage tests in accordance with AS1289 C1.1, C2.1, C3.1 

and C4.1 

2 Emerson class number tests as per AS1289 C8.1 

2 compaction curves in accordance with AS1289 E2.1 

8 constant head permeability tests. 

Results of the laboratory testing conducted on samples are summarised on Table 2. Detailed 

results are given in Appendix C. 

	

5. 	DISCUSSION 

	

5.1 	Topography and Geology 

The surface of the land slopes uniformly both in the direction of valley inverts and transverse to 

this direction, refer contours Figure 1. 

Vegetation at the site consists of cleared areas of grass in the valleys and small remnant stands 

of native trees on the ridges. 

Geological surface features involve Tertiary and Quaternary sedimentary deposits, refer 

Mt Barker Albany Regional Geology Sheet, 1:250,000 scale, produced by the Department of 

Mines. Colluvium and alluvium have been deposited within the profile extending apparently to 

depths in excess of 50m at the dam sites as evidenced from a borehole log prepared by A J Peck 

and Associates, Appendix D. It has not been possible to distinguish between the redeposited 

colluvium/alluvium and the original Tertiary deposits at the site. Regional geology mapping 

suggests that the siltstone / sandstones also occur in the area. No occurrences of these materials 

were identified at the dam sites, however cemented zones of sediments occurred within 2m of the 

ground surface. These hard deposits are likely to represent zones of iron or calcium deposition. 
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52 	Subsurface Conditions 

5.2.1 	Dam sites 

Subsurface conditions at the dam sites have been summarised at Figures 2 and 3, Cross-sections 

A-A. B-B and C-C. Stratigraphic correlation of subsurface zones at the dam sites is relatively 

poor. The profile consists primarily of sandy clays (CL), clayey sand (SC) and silty sand (SM). 

Some zones of clayey silt (ML) also occur. Gravelly zones within silty sand and sandy clay were 

restricted to the first two metres of the profile. Some soft clayey and loose sandy material was 

also encountered within this upper layer, however very stiff to hard and moderately dense to 

dense materials were encountered beneath. 

Groundwater levels measured at the time of the investigation are summarised in Table 1 and 

depicted in Cross-sections A-A, B-B and C-C. 

5.2.2 Borrow Pit Areas 

Subsurface conditions to the depths investigated at the two potential borrow pit areas can be 

summarised as follows: 

0.0 to 0.2m 	 Topsoil - Silty Sand (SM) 

0.2 to 0.5m 	 Clayey Gravel (GC) / Gravelly Clay (GL) 

0.5 to 2.8m 	 Sandy Clay (CL) 

Groundwater was not encountered in Test Pits TP1 to TP9 at the borrow areas. 

5.3 	Seepage 

Loss of stored water due to seepage will occur through the embankment and through soils which 

form the foundation of the embankment and the base of the storage reservoir. The volume of 

seepage and piezometric pressures can be controlled to comply with design criteria which relate 

to water quality and embankment stability requirements. 
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The character of the insitu ground below the upper 1 to 2m is dominated by the presence of fine 

sands and silt with varying clay content. It is also significant to note that no continuous 

"impervious" layer or bedrock exists within the upper 7m of the insitu ground. It is likely that 

zones of fine sand and silt with varying clay content extend to depths of 50m. The effect of these 

two influences will eventually direct slow and essentially vertical infiltration beneath the storage 

reservoir into the insitu soil with seepage loss being ultimately controlled by regional flow at rates 

determined by local groundwater gradients. 

Beneath the embankment, seepage paths will tend sub-horizontal. Even with further data it will 

be difficult to predict seepage vectors. Sandy clay horizons will act as aquicludes and limit flow 

rates. However, to ensure the under-bank flows are minimised the following treatments are 

recommended: 

Construct a 0.75m minimum thickness compacted sandy clay blanket extending 30m 

upstream of the embankment toe. if the blanket width is tapered on the valley sides, 

a minimum width of 20m should apply. The clay should be that used for construction 

of the embankment and compacted to the same standard, see section 5.5. The purpose 

of the blanket is to lengthen seepage paths close to the embankment rather than to act 

as an 'impermeable" cut-off. It should be placed onto clayey material after removal of 

surface silty sand. 

The embankment must be founded upon a consistent clayey material, CL or SC, rather 

than on cemented sandy gravelly or silty material. No cut-off trench is envisaged, 

however the upper foundation zone should be carefully prepared to remove more 

permeable or cemented materials. 

In recommending these two treatments recognition has been given to the likely depth of the 

storage (6m) the likely seasonal fluctuations in water level and the influence of these factors on 

seepage. 

It would also appear from comparison of the two valley cross-sections B-B and C-C that the 

western valley has a slightly higher proportion of clayey material to the depths investigated than 

the eastern valley. This suggests a lower seepage loss would occur in the western valley but this 

would not obviate the need for the above treatments. 

Golder Associates 



December 1991 	 -6- 	 91640199 

Based upon an isotropic saturated conductivity of 10 7m/sec applying to the insitu ground and 

presuming recommendations i) and ii) above are implemented it is estimated that for a 6m deep 

storage, seepage of water passing under a 350m long embankment will be of the order of 

10m3/day. Should the upstream blanket not be employed there is a higher risk that more direct 

seepage paths through higher permeability zones close to the toe will be activated by greater 

upstream hydrostatic heads. Flow rates of about 30-50m3/day could be generated by flow under 

the embankment in this case. The form of analysis used to estimate seepage flow rates is based 

upon hand drawn flow nets and assumptions involving experience and engineering judgement. 

Seepage flow may be modelled using computer analysis packages. Golder Associates can if 

requested perform sensitivity analyses to examine the impact of parameter, geometry and 

boundary condition changes on seepage. However, such definition is not required at this stage. 

The clay material to be used for construction of the embankment, assuming specified construction 

practices are achieved, is likely to restrict seepage through the embankment to relatively minor 

volumes. 

5.4 Embankment 

It is understood that approximately 28,000m' of material will be required for construction of two 

embankments. 

From the results of test pits in Borrow Areas Site 1 and 2, it is provisionally estimated that 

15,000m' of material suitable for embankment construction would be available from each area. 

For the CL classification material from the borrow pits the upstream and downstream slopes 

should be designed at 2.5 horizontal to 1.0 vertical. It is not expected that drawdown will exceed 

150mm per day. If this drawdown rate is to be exceeded flattening of the upstream batter will 

be needed. 

It is assumed that for a 6m storage depth of water an embankment height of 7m above reservoir 

base would be employed. Figure 4 presents a cross-section of an embankment. This cross-section 

should be used for preliminary design purposes. 
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No analysis of the stability of the embankment and its foundation has been conducted. This is 

beyond the scope of this present preliminary study but it is recommended that such a check be 

performed prior to final design approval. 

Consideration has also been given to provision of a horizontal filter blanket beneath the 

downstream toe. Given the fluctuations in storage level and the specified construction practices 

it is not considered necessary to include a downstream drainage blanket. 

5.5 	Construction 

Supervision of construction of the storage dam will be required. At certain stages geotechnical 

engineering input will be needed. These stages include: 

i) 	Proving of quality and volume of clay available from Borrow Areas together with the 

development of a working plan for extraction and placement which includes control of 

moisture. 

Inspection of footprint stripping beneath embankment and upstream blanket. 

Compaction control at commencement of fill placement to assess adequate control 

practices are in place 

Confirmation that upstream blanket is placed employing at least two compacted layers. 

Generally all fill should compacted to at least 95% of Standard Maximum density as defined by 

AS1289. The moisture content at placement should be within the range of Standard optimum 

to plus 2%. 

Further field and laboratory work should be undertaken to confirm various aspects of the design 

of the embankment as planning progresses. Some of these aspects will be dependent upon the 

scope of the works which are required and their location. 
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To pursue analysis of seepage and stability it may be necessary to perform an appropriate number 

of insitu borehole permeability tests and laboratory shear strength tests. For completion of these 

tasks further field tests and boreholes will be required. Golder Associates would be able to plan 

and undertake this work if requested. 

GOLDER ASSOCIATES FrY LTD 
Per: 

Doug Mclnnes 
DBM:jmu-199wp001.rep 
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TABLE 1 

STANDPIPE DETAILS AND WATER DEPTH MEASUREMENTS 

Location 
Depth of Base 

of Pipe (m) 
Water Depth Below 
Ground Level (m) Date Measured 

13141 Open Hole 3.38 7/11/91 

BH2 6.85 Dry 7/11/91 

BH3 Open Hole 2.65 7/11/91 

BH4 - - - 

BH5 6.85 Dry 7/11/91 

BH6 Open Hole 5.15 7/11/91 

BH7 3.95 3.90 7/11/91 

BH8 - - - 

BH9 Open Hole 2.49 8/11/91 

BH1O - - - 

BH11 Open Hole 3.00 8/11/91 

BH12 Open Hole 2.85 8/11/91 

BH13 Open Hole 2.48 8/11/91 
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TABLE 2 

SUMMARY OF LABORATORY RESULTS 

Borehole 
Number 

Depth 
(m) 

Percent Passing 
75m Sieve 

Permeability 
rn/sec 

2 6.0 - 6.2 28 2x10 7  

3 2.0 - 2.2 48 1x10 8  

3 3.0 - 3.2 31 1x10 7  

5 1.0 - 1.2 36 2x10 8  

6 3.0-3.2 44 - 

7 2.0-2.2 23 - 

7 4.0-4.2 33 - 

8 4.0 - 4.2 34 8x10 7  

9 1.0 - 1.2 14 2x10 6  

9 2.0 - 2.2 39 1x10 9  

10 1.0-1.2 15 - 

11 2.0-2.2 39 - 

12 4.0 -4.2 11 - 

13 2.0 - 2.2 25 3x10 8  

Test 
Pit 

Number 

Depth 
(m) 

Liquid 
Limit 

% 

Plastic 
Limit 

% 

Linear 
Shrinkage 

Percent 
Passing 
75im 
sieve 

Emerson 
Class 

Number 

Insitu 
Moisture 
Content 

TP4 0.5 52 23 7.5 77 - - 

TP4 2.5 56 23 11.0 70 - - 

TP1 1.5 - 2.5 63 22 11.5 66 6 19.4 

TP6 1.3 - 1.8 42 18 5.0 64 6 17.4 
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FIGURE 2: Infiltration at Site "I '  at 0.4 mbgl 
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FIGURE 3: Infiltration at Site "I" at 1.2 mbgl 
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BOREHOLE REPOR - BOREHOLE BHI TO BH13 
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Peat and other highly organic soils. MEMO 0 

EMENANIAM V 

M M ONE 
fficalown fIIUI 

METHOD OF SOIL CLASSIFICATION 

- 

I,.. o..o.I 	GW Well graded gravels or sand-gravel 

r 

0I 
mixtures, less than 12% fines. 

ro oI 
I 	GP 

° 01 i? 
Poorly graded gravels or gravel-sand 

W mixtures, less than 12% fines. 

GM Silty gravel, gravel-sand.silt 
(I) mixtures. 

0 I 
00 	GO Clayey gravel, gravel-sand-clay 

WeL 
I 

00 
mixtures. 

z
zz 

W .2 SW Well graded sands or gravelly sands, 
I less than 12% fines. 

Ol 
o 

SP Poorly graded sands or gravelly 
0) sands, less than 12% fines. 
0 
z 

SM Silty sand, sand-silt mixtures. 
(I) 

- L 

SC Clayey sand, sand-clay mixtures. 

CL 

(I) i:-:-i 	OL 

°'L 00 0
Uj Li 

to 
LU 

00 
MH 

:: 

rL! 

CLASSIFICATION PARTICLE EQUIVALENT 
SIZE AS SIEVE 

SIZE 

COBBLES 200-60mm 

GRAVEL 	coase 60-20mm 63-19mm 
medium 20-6mm 19-6.7mm 
fine 6-2mm 6.7-2.36mm 

SAND 	coarse 2.0.6mm 2.36-0.6mm 
medium 0.6.0.2mm 600-2121,m 
fine 0.2-0.06mm 212-7514m 

SILT 0.06-0.002mm 
<75im 

CLAY <0.002mm 

AS 1726 1981 App D 	 AS 1289 C6.1-1977 

COHESIONLESS SOILS 

RELATIVE N (SPT) VALUE 
DENSITY b1ows/300mm 

VERY LOOSE 01c,4 
LOOSE 4 to 10 

MODERATELY DENSE 10 to 30 
DENSE 301050 

VERY DENSE above 50 

COHESIVE SOILS 

CONSISTENCY UNDRAINED SHEAR 
STRENGTH (kPa) 

VERY SOFT 0 to 12.5 
SOFT 12.5 to 25 
FIRM 25 to 50 
STIFF 5010100 

VERY STIFF 100 to 200 
I-lARD above 200 

Fines defined as material 
which passes a 75im sieve. 

For logging purposes the 
pocket penetrometer 
reading is taken as twice 
the undrained shear strength. 

Inorganic silts, rock flour, sandy 
or clayey silts of low plasticity. 

Inorganic clays of low to medium 
plasticity, gravelly clays, sandy 
clays, silty clays, lean clay. 

Organic silts and organic silty clays 
of low to medium plasticity. 

Inorganic silts, micaceous or diatom-
aceous silty soils, elastic silts. 

Inorganic clays of high plasticity, fat 
clays. 

Organic clays of high plasticity, 
organic silty clay, organic silt. 

NOTE: I) 

ZU 	30 	W 	bu 	bU 	I') 
1101)10 111111 
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NOTES AND ABBREVIATIONS USED ON LOGS I 	FIGURE 

FIELD SAMPLING AND TESTING 

Recovery 	Depth interval of recovered soil sample or rock core 
Lost 	 Depth interval of lost soil sample or rock core (default location at base of run) 
DS 	 Disturbed sample 
U63 	 Thin waU tube sample 

- 	number indicates nominal sample diameter in millimetres 
- 	R indicates refusal to penetration 
- 	PH indicates advance by hydraulic pressure from drill rig 

SPT 	 Standard penetration test to AS 1289 F3.1 - 1977 
N = penetration resistance (blows for 300mm penetration following 150mm seating drive). 
Result reported according to pcnctration (P) achieved: 

- 	P = 450mm 	N, and blows for each 150mm of penetration 
- 	150 < P < 450 	blows for seating drive, plus subsequent blows and penetration 
- 	P < 150mm 	total blows and penetration 

NMLC 	52mm dia. rock core obtained in triple tube core barrel 
NO 	 47mm dia. rock core obtained in wireline triple tube core barrel 
FV 	 Field vane shear test (result expressed as shear strength s) 
PP 	 Pocket penetrometer test (results expressed as shear strength s) 
FP 	 Field permeability test over section noted 	 (k = hydraulic conductivity) 
PM 	 Pressuremeter test over section noted. 	 (E = Youngs Modulus) 

= undrained shear strength) 

GROUNDWATER 

GWL 	Observed groundwater level at date shown 

GROUNDWATER NOT OBSERVED: the observations of groundwater whether present or not, was not possible due 
to drilling water, surface seepage, rain, etc, or caving of hole or test pit 

GROUNDWATER NOT ENCOUNTERED: hole or test pit dry after drilling, but groundwater could still be present 
in impermeable soil or where hole or test pit was back-filled soon after completion. 

LABORATORY TESTING 

Strength Tests 
	

Index Properties 

I 	triaxial shear test (o = cell confining pressure) 	p 	Bulk density 
D 	direct shear test (o, = surcharge pressure) 	Pd 	Dry density 
U 	unconfined compression test 	 w 	Field moisture content 
LV 	laboratory vane test 	 WL 	Liquid Limit 

w, 	Plastic limit 
Test Results 	 l 	Plasticity Index 

LS 	Linear Shrinkage 
C', 0, 	effective stress strength parameters 
s 	undrained shear strength 
Qu 	uniaxial compressive strength 
E 	Young's Modulus by static test 
v 	Poisson's ratio by static test 

Rev: 	JAN 91 

Golder Associates 





Golder Associates 	 REPORT OF BOREHOLE: 2 

CLIENT: KINHILL 	 BOREHOLE LOCATION : SEE SITE PLAN 	 SHEET: 1 OF 1 
PROJECT: ALBANY WASTE WATER 	 ELEVATION: 	 DRILL RIG: GEMCO 2108 
JOB NUMBER: 91640199 	 DATUM: 	 LOGGED: PZ 
DATE STARTED: 6 NOVEMBER 1991 	 INCLINATION: -90 	 CHECKED: DBM 

Depth INFERRED STR6.1]GRAPHY 	 12 	 FIELD SAMPUNG 	 OTHER 

	

}- ' 	 CL 	 ANDTEST1NG 
-5 	811 

CC 

	

= 	TOPSOIL SILTY SAND (SM) 
grey, fine to medium grained 

SANDY CLAY (CL)/CLAYEY SAND (SC) 
very stiff to hard, orange-brown, fine grained 
sand 

U48 (1.0' 1.2m) PH 

I-  2 I 
U48 (2.0 - 2.2m) PH 

CLAYEY SAND (SC) 
moderately dense, light brown, fine grained 

3 

w 

------------------------ '4 
near Silty Sand in parts 

0 

4 

-----------------------
Sandy Clay (CL) in parts 

I—  5 I 

-----------------------
near Silly Sand (SM) in parts 

-8 

-----------------------
red-brown, fine to medium grained 

-7 - 
END OF BOREHOLE AT 7.0m 

- 	GROUNDWATER NOT ENCOUNTERED 
STANDPIPE INSTALLED TO 6.8m 
DRY 7/11/91 

I— a I 

I—  9 I 

U48 (3.0- 3.2m) PH 

U48T0 (4.0- 4.2m) PH 

U40 (5.0- 5.2m) PH 

U48 (6.0 - 6.2m) PH 

U48 f6.8 - 7.0m PH 

F

10  ------------------------------------------------------------------ 
Report of borehole must be read in conjunction with accompanying notes and abbreviations 



Golder Associates 	 REPORT OF BOREHOLE: 3 

CLIENT; KINHILL 	 BOREHOLE LOCATION : SEE SITE PLAN 	 SHEET: 1 OF 1 
PROJECT: ALBANY WASTE WATER 	 ELEVATION: 	 DRILL RIG; GEMCO 2108 
JOB NUMBER: 91640199 	 DATUM: 	 LOGGED; PZ 
DATE STARTED; 6 NOVEMBER 1991 	 INCLINATION: '90 	 CHECKED; DBM 

8 .. RL 
INFERRED STRAT1GRAPHY 	 FIELD SAMPLING 	 OTHER 

0. AND TESTING 

r
0 F.  

SILlY SAND (SM> 
loose, grey-while, line grained sand 

E I DS (0.8- lOm) 

SANDY SILT (ML) 	 - 
hard, black-brown, line grained sand 	

U48 (1.0 - 1.2m) PH 

1 2 

U48 (2.0- 2.2m) PH 

- 	 SILTY SAND (SM) 	 2.80  
3 	 moderately dense 	

U48 (3.0- 3.2m) PH 

IL 
w 

- 	(a 
- 	D 

a 
-J 

SANDY CLAY (CL) 
very stiff, orange'brown, fine grained sand 

DS (4.45- 46m) 

5 	 - SILTY SAND (SM) 	 1,148 (5.0- 5.2m) PH loose to moderately dense, orange-brown, fine 
grained sand 

SANDY CLAY (CL) 
very stiff to hard, grey-white, line grained 
sand 

END OF BOREHOLE AT 7.35m 
GWL AT 2.65m 7/11191 
BOREHOLE OPEN TO 3.4m 
NO STANDPIPE INSTALLED 

U48 (6.0- 6.2m) PH 

U48 (7.2- 7.35m) PH 

1O 	-------------------------- L.L_J.LL ------------------ j 
Report of borehole musl be read in conjunction with accompanying notes and abbreviations 



Golder Associates 	 REPORT OF BOREHOLE: 4 

CLIENT: KINHILL 	 BOREHOLE LOCATION : SEE SITE PLAN 	 SHEET: 1 OF I 

PROJECT: ALBANY WASTE WATER 	 ELEVATION: 	 DRILL RIG: GEMCO 210B 

JOB NUMBER: 91640199 	 DATUM: 	 LOGGED: PZ 

DATE STARTED: 6 NOVEMBER 1991 	 INCLINATION: -90 	 CHECKED: DBM 

8 	RL 
I 

INFERREDSTRATIGRAPI-IY 	 FIELDSAMPLING 	 OTHER 
- 	x 	 CL 	I 	 AND TESTING 

< 	3;; 

- 0 	i 	 I 
TOPSOIL SILTY SAND (SM) 

loose, grey, fine to medium grained 

CLAYEY GRAVEL (GC) 
orange-brown, fine to medium gravel 

SANDY CLAY (CL) 
very stiff to hard, grey-white and 
orange-brown, fine grained sand 

U48 (1.0 - 1.2m) PH 

CLAYEY SAND (SC) 
moderately dense, grey-white and orange-brown, 
fine grained sand 

2 
U48 (2.0- 2.2m) PH 

81 
U48 (3.0- 3.2m) PH 

w 
C!, 

0 

0 
Co 

4 

U48 (4.1 - 4.2m) PH 

5 

TO (5.1 - 5.2m) PlIU'tll 

SILTY SAND (SM) 
moderately dense, grey-white, fine to medium 
grained 

I- 	6 

U46 (6.15 - 6.25m) PH 

I-'-- 7 
DS (7.0- 7.2m) 

END OF BOREHOLE AT 7.2m 
GROUNDWATER NOT ENCOUNTERED 
BOREHOLE OPEN TO 6.7m 
NO STANDPIPE INSTALLED 

I— 8 

1— 9 

F
10 	

Report of borehole must be read in conjunction with accompanying notes and abbreviations 



Golder Associates 	 REPORT OF BOREHOLE: 5 

CLIENT: KINHILL 	 BOREHOLE LOCATION : SEE SITE PLAN 	 SHEET: I OF 1 
PROJECT: ALBANY WASTE WATER 	 ELEVATION: 	 DRILL RIG: GEMCO 2105 
JOB NUMBER: 91640199 	 DATUM: 	 LOGGED: DBM 
DATE STARTED: 7 NOVEMBER 1991 	 INCLINATION: -90 	 CHECKED: IMS 

INFERRED STRATIGRAPHY 	 C) 00pth 
FIELD SAMPLING 	 OTHER 

CL 
FC 	 I 	 AND TESTING 

<cc 8- 

-o  
TOPSOIL SILTY SAND (SM) 

loose, grey, medium grained 	
F 

CLAYEY SAND (SC) 
moderately dense, orange-red/yellow, line 
grained 

U45 (1.0- 1.2m) PH 

2 

U48 (20. 2.2m) PH 

3 

w 
(3 

0 
(0 

4 

moderately dense, pale grey with orange-red 
mottling, line grained 

U48 (3.0- 3.2m) PH 

U48 (4.0- 4.2m) PH 

S 
SILTY SAND (SM) 

moderately dense, pale orange, nodules of 
clayey sand, pale grey, line grained 

r CLAYEY SAND (SC) 
8 	moderately dense, pale orange-grey mottled, 

L 	tine grained 

SILTY SAND (SM) 
moderately dense, pale orange, fine grained 

END OF BOREHOLE AT 7.Om b 	GROUNDWATER NOT ENCOUNTERED 
STANDPIPE INSTALLED TO 6.85m 

U48 (5.0 - 5.2m) PH 

U48 (6.0 - 6.2m) PH 

U48 (6.8 - 7.0m) PH 

1 	8 

I-  9 

10 	-------------------------- L..._L_.,iLL------------------j 
Report of borehole must be read in Conjunction with accompanying notes and abbreviations 



Golder Associates 	 REPORT OF BOREHOLE: 6 

CLIENT: KINHILL ENGINEERS 	 BOREHOLE LOCATION: SEE SITE PLAN 	 SHEET: 1 OF 1 

PROJECT: ALBANY WASTE WATER 	 ELEVATION: 	 DRILL RIG: GEMCO 2108 

JOB NUMBER: 91640199 	 DATUM: 	 LOGGED: DBM 

DATE STARTED: 7 NOVEMBER 1991 	 INCLINATION: '90 	 CHECKED: IMS 

8W 
- ZO INFERRED STRATIGRAPHY 	 FIELD SAMPLING 	 OThER 
I 	 AND TESTING 

'5 	8- 

- 	 TOPSOIL SILTY SAND (SM) 
] loose, orange-yellow, fine grained. minor 

I gravel 

SILTY SAND (SM) 
loose, grey, fine grained 

CLAYEY SAND (SC) 
moderately dense. orange-red mottled, fine to 
medium grained 

SANDY CLAY (CL) 
- 	 hard, yellow-orange, fine grained. Iriable 

U48 (1.0- 1.2m) PH 

h" 2 

4 

I—  S 
SANDY CLAY (CL)/CLAYEY SAND (SC) 

moderately dense, orange brown, fine grained 

SILTY SAND (SM) 

L
moderately dense, orange-yellow, predominantly 

6 	
fine grained sands, trace clay 

U48 (2.0- 2.2m) PH 

U48 (3.0- 3.2m) PH 

U48 (4.0- 4.2m) PH 

U48 (5.0- 5.2m) PH 

U48 (6.0. 6.2m) PH 

U48 (6.8- 70m) PH 
1'—  7 

END OF BOREHOLE AT 7.Om 
OWL AT 5.15m 7 /11191 
BOREHOLE OPEN TO 6.30m 
NO STANDPIPE INSTALLED 

I-'-  8 

I—  9 

F

10 	- - - - - -- - - - - - - - - - - - - - - - -- - - - -  - - - - 

Report 01 borehole must be read in conjunction with accompanying notes and abbreviations 





GoJder Associates 	 REPORT OF BOREHOLE: 8 

CLIENT: KINHILL ENGINEERS 	 BOREHOLE LOCATION SEE SITE PLAN 	 SHEET: 1 OF 1 

PROJECT: ALBANY WASTE WATER 	 ELEVATION: 	 DRILL RIG: GEMCO 210B 

,JOB NUMBER: 91640199 	 DATUM: 	 LOGGED: DBM 

DATE STARTED: 7 NOVEMBER 1991 	 INCLINATION: -90 	 CHECKED: IMS 

INFERRED STRATIGRAPHY 	 9 	 FIELD SAMPUNG 	 OTHER 

AND TESTING 
W E Cc 

- 	TOPSOIL SILTY SAND (SM) 
loose, black, line grained 

- 	SANDY CLAY (CL) 
- 	 hard, white-orange red mottled 

U48 (1.0- 1.2m) PH 

U48 (2.0 . 2.2m) PH 

- 	CLAVEY SAND (SC) 	 U48 (3.0 - 3.2m) PH - Cr 	 moderately dense, orange-red, fine grained 
<a - - 

- 	a 
-I 

- 0 - 	(0 

-4 
- 	 U48 (4.0- 4.2m) PH 

— 5 
U48 (5.0 - 5.2m) PH 

U48 (6.0- 6.2m) PH 

U48 (6.8 - 7.0m) PH 
7 

END OF BOREHOLE AT 7.Om 
GROUNDWATER NOT ENCOUNTERED 
NO STANDPIPE INSTALLED 

a 

9 

F 
10 ------------------------------------------------------------------ 

Report of borehole must be read in conjunction with accompanying notes and abbreviations 



Go!der Associates 	 REPORT OF BOREHOLE: 9 

CLIENT: KINI-IILL ENGINEERS 	 BOREHOLE LOCATION : SEE SITE PLAN 	 SHEET I OF I 
PROJECT: ALBANY WASTE WATER 	 ELEVATION: 	 DRILL RIO: GEMCO 210B 
JOB NUMBER: 91640199 	 DATUM: 	 LOGGED: DBM 
DATE STARTED: 7 NOVEMBER 1991 	 INCLINATION: -DO 	 CHECKED: IMS 

INFERRED STRATIGRAPHY 	 0 	 FIELD SAMPLING 	 OTHER CL  

AND TESTING 
Cr 

 

TOPSOIL SILTY SAND (SM) 
loose, black fine grained 

SILTY SAND (SM) 
dense, dark brown, fine grained. weakly 
cemented 

H 

U48 (1.0- 1.2m) PH 

CLAYEY SAND (SC) 

2 	dense. Orange-brown to while, fine grained 

cr 
(3 

0 

0 
a) 

3 

U48 (2.0- 2.2m) PH 

U48 (3.0- 3.2m) PH 

4 
SANDY CLAY (CL) 

stiff to hard, orange-while U48 (4.0- 4.2m) PH 

5 
END OF BOREHOLE AT 5Dm 
OWL AT 2.49m 8/11/91 
BOREHOLE OPEN TO 2.75m 
NO STANDPIPE INSTALLED 

U48 (4.8 - 5.0m) PH 

1' 6 

h' 7 

I—  9 

-------------------------- L__L_JLL.------------------j 
Report of borehole must be read in conjunction with accompanying notes and abbreviations 



Golder Associates 	 REPORT OF BOREHOLE: 10 

CLIENT: KINHILL ENGINEERS 	 BOREHOLE LOCATION : SEE SITE PLAN 	 SHEET: 1 OF I 

PROJECT: ALBANY WASTE WATER 	 ELEVATION: 	 DRILL RIG: GEMCO 210B 

JOB NUMBER: 91640199 	 DATUM: 	 LOGGED: DBM 

DATE STARTED: 7 NOVEMBVER 1991 	 INCLINATION: .90 	 CHECKED: IMS 

INFERRED STRATIGRAPHY 	 9 	 FIELD SAMPLING 	 OTHER 

AND TESTING 

E 7~r' 

TOPSOIL SILTY SAND (SM) 
loose, black, fine grained 

SILTY SAND (SM) 
moderately dense, grey-white, line grained. 
gravelly 

I- 1 
U46 (1.0. 1.2m) PH 

SANDY CLAY (CL) 
very stiff to hard, orange-white. fine grained 
sand 

2 	
U48 (2.0. 2.2m) PH 

cr w 
(a 

C 

0 
a) 

U48 (3.0- 3.2m) PH 

I— 4 
U48 (4.0' 4.2m) PH 

I— 5 
U48 (5.0. 5.2m) PH 

END OF BOREHOLE AT 5.2m 
GROUNDWATER NOT ENCOUNTERED 
NO STANDPIPE INSTALLED 

I—' 6 

17 

I— 8 

I— 9 

10 L_L--------------------------L...._L__..L.------------------ --------------- 

r 	
Report of borehole must be read in conjunction with accompanying notes and abbreviations 



Go!der Associates 	 REPORT OF BOREHOLE: 11 

CLIENT: KINHILL ENGINEERS 	 BOREHOLE LOCATION SEE SITE PLAN 	 SHEET: 1 OF I 
PROJECT: ALBANY WASTE WATER 	 ELEVATION: 	 DRILL RIG: GEMCO21OB 
JOB NUMBER: 91640199 	 DATUM: 	 LOGGED: DBM 
DATE STARTED: 8 NOVEMBER 1991 	 INCLINATION: .90 	 CHECKED: MS 

KO 	 INFERRED STRATIGRAPHY 	 2 o;s1 	
FIELD SAMPUNG 	 OTHER 

x 	
AND TESTING 

8- 
CC 

-o  
TOPSOIL SILTY SAND (SM) 

loose, black-grey, fine grained 

SILTY SAND (SM)  
moderately dense, red-brown, gravelly, fine 
grained, well cemented band 

	

CLAYEY SAND (SC)/SANDY CLAY (CL) 	 - 	
DS 1 0- 1 3 dense/stilt, white-orange brown, fine grained 	 ( . 	. m) 

2 
U48 (2.0- 2.2m) PH 

U48 (3.0. 3.2m) PH 

4 
U48 (4.0. 4.2m) PH 

5 
U48 (50 - 52m) PH 

END OF BOREHOLE AT 5.2m 
GWL AT 3.00m 8/11/91 
BOREHOLE OPEN TO 3.75m 
NO STANOPIPE INSTALLED 

6 

7 

8 

9 

10 	-------------------------- LL_JLL------------------j 

Report of borehole must be read in conunclion with accompanying notes and abbreviations 



Golder Associates 	 REPORT OF BOREHOLE: 12 

CLIENT: KINHILL ENGINEERS 	 BOREHOLE LOCATION : SEE SITE PLAN 	 SHEET: 1 OF 1 

PROJECT : ALBANY WASTE WATER 	 ELEVATION: 	 DRILL RIG: GEMCO 210B 

JOB NUMBER: 91640199 	 DATUM: 	 LOGGED: DBM 

DATE STARTED: 8 NOVEMBER 1991 	 INCLINATION: '90 	 CHECKED: IMS 

INFERRED STRATIGRAPHY 	 C) 	 FIELD SAMPLING 	 OTHER 

a 	a 	 a- 	 AND TESTING 
3Lo - 

- o - 	 - 
TOPSOIL SILTY SAND (SM) 

loose, dark brown-black, line sand, gravelly 

CLAYEY SAND (SC) 	 "00 DS (1.0- 1.2m) 
moderately dense, red-brown yellow mottled, 
tine grained, latorito gravel (medium grained) 

2 	
U48 (2.0- 2.2m) PH 

cr 
0 

- 	0 
-J 

- 	0 
- 	(0 

- 3 	 dark brown 	
DS (30- 3.2m) 

SILTY SAND (ML) 
dense, light brown, medium grained. clayey 

DS (10- 4.2m) 

SANDY CLAY (CL) 
still, red-while mottled, line grained sand 

U4I3 (-1.8- 5.0m) PH 

END OF BOREHOLE AT 5.0m 	
500 

OWL AT 2.85m 8/11/91 
BOREHOLE OPEN TO 375m 
NO STANDPIPE INSTALLED 

L_L_------------------------------------------------------------------

I Report of borehole must be read in conjunction with accompanying notes and abbreviations 



Golder Associates REPORT OF BOREHOLE: 13 

CLIENT: KINHILL ENGINEERS BOREHOLE LOCATION SEE SITE PLAN 	 SHEET: 1 OF 1 
PROJECT: ALBANY WASTE WATER ELEVATION: DRILL RIG: GEMCO 2108 
JOB NUMBER: 91640199 DATUM: LOGGED: DBM 
DATE STARTED: 8 NOVEMBER 1991 INCLINATION: -go CHECKED: IMS 

8 J 
INFERRED STRATIGRAPHY 0 Depth 

FIELD SAMPLING 

AND TESTING 
OTHER 

EC 

0 
-0, 

TOPSOIL SILTY SAND (SM) 
loose, light grey-dark brown, fine grained 

SILTY SAND (SM)/CLAYEY SAND (SC) 
moderately dense, dark brown, white nodules 
fine grained 

DS (1.0- 1.2m) 

CLAYEY SAND (SC) 
dense, red-light brown mottled, fine grained 
sand 

2 

U48 (2.0 - 2.2m) PH 

3 

U48 (3.0 - 3.2m) PH 

4 

U48 (4.0- 4.2m) PH 

5 

U48 (5.0 - 5.2m) PH 
END OF BOREHOLE AT 5.2m 
OWL AT 2.48m 8/11/91 
BOREHOLE OPEN TO 2.72m 
NO STANDPIPE INSTALLED 

6 

7 

8 

9 

—10 --- -------------------------- L__LIJL ------------------ J 

Repori of borehole must be read in Conjunction with accompanying notes and abbreviations 



APPENDIX B 

TEST PiT REPORTS - TEST PIT TP1 TO TP14 

Golder Associates 



Golder Associates 	 REPORT OF TEST PIT: 1 

CLIENT: KINHILL 	 TEST PIT LOCATION: BORROW SITE AREA 1 	SHEET: I OF 1 
PROJECT: ALBANY WASTE WATER 	 ELEVATION: 	 MACHINE: 
JOB NUMBER: 91640199 	 DATUM: 	 LOGGED: PZ 
DATE STARTED: 	

CHECKED: DBM 

RL 
INFERRED STRATIGRAPHY 	 Depth 	

SAMPLING 	 OTHER 
AND TESTING 

CIE 

TOPSOIL SILTY SAND (SM) 
grey, fine to medium grain size, some gravelly 
material, roots 

CLAYEY GRAVEL (GC)/GRAVELLY CLAY (CL) 
lateritic gravel, orange-brown, fine to coarse 
gravel, some cobble size pieces of laterite 

SANDY CLAY (CL) 
fvery stiff, orange-brown, near Silty Clay (CL) 
in parts, fine grained sand 

Fey-white with some red browntainin sg, Silty 
ay (CL) in parts, fine grained sand 

DS 
	

1.5. 2.5m 
Bulk Sample 

80T1'OM OF TEST PIT AT 2.7m 

3 
	GROUNDWATER NOT ENCOUNTERED 

4 

I—  5 

-• 6 

1— 7 

1— 8 

1 	9 

f— b 	------------------------------ L_._L__L.LL. ------------- j 
Report of test pit must be read in conjunction With accompanying notes and abbreviations 

AR 



Golder Associates 	 REPORT OF TEST PIT: 2 

CIJENT: KINHILL 	 TEST PIT LOCATION BORROW AREA SITE 1 	 SHEET: 1 OF 1 

PROJECT: ALBANY WASTE WATER 	 ELEVATION: 	 MACHINE: 

JOB NUMBER: 91640199 	 DATUM: 	 LOGGED: PZ 

DATE STARTED: 	 CHECKED: DBM 

J3L_ 
INFERREDSTRATIGRAPHY 

Depth 
(m) 

o SAMPLING OTHER 

AND TESTING Q_ Qtu  

—O - - - TOPSOIL SILTYSAND(SM) - 
loose, grey, tine to medium grained, root 
material  

- - CLAYEY GRAVEL (GC)/LATEF1ITE - laterite pieces from gravel size to large - 
cobbles, orange brown, fine to coarse grained 

- SANDY CLAY (CL) - 1 very stiff to hard, orange brown, fine grained DS - 
sand, near Silty Clay (CL) 

- grey-white with some red-brown staining, near 
DS Silty Clay (CL), fine grained sand 

1- 21 	I 	 I 	I 	lIDS 

BOTTOM OF TEST PIT AT 2.7m 
GROUNDWATER NOT ENCOUNTERED 

I—  3 

1— 4 

1-5 

1-6 

1- 7 

I—  8 

9 

10 '--i- ---' 

F Report of test pit must be read in conjunction with accompanying notes and abbreviations 
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Golder Associates 	 REPORT OF TEST PIT: 4 

CLIENT: KINHILL 	 TEST PIT LOCATION: BORROW AREA SITE 1 	SHEET: 1 OF 1 
PROJECT: ALBANY WASTE WATER 	 ELEVATION: 	 MACHINE: 
JOB NUMBER: 91640199 	 DATUM: 	 LOGGED: PZ 

DATE STARTED: 	 CHECKED: DBM 

Z 	 RL 0 	 0 
INFERRED STRATIGRAPHY 	 Dep th 	

SAMPLING 	 OTHER 
AND TESTING 

—o  
TOPSOIL SILTY SAND (SM) 	 0.10 

grey, some gravel, fine to medium size 

SANDY CLAY (CL) DS 
very stiff to hard. orango.brown, fine grained 
sand, near Silty Clay (CL) 

- I ----------------------------- 
while-grey and red-brown, near Silty Clay (CL) 

DS 

BOUOM OF TEST PIT AT 2.6m 
GROUNDWATER NOT ENCOUNTERED 

- 3 

-4 

- 5 

- 7 

8 

9 

10 LL------------------------------- 

Reportt of lest pit must be read in conlunct ion with accompanying notes and abbreviations 



Golder Associates 	 REPORT OF TEST PIT: 5 

CLIENT: KINHILL 	 TEST PIT LOCATION: BORROW AREA SITE 1 	SHEET: 1 OF 1 
PROJECT: ALBANY WASTE WATER 	 ELEVATION: 	 MACHINE: 
JOB NUMBER: 91640199 	 DATUM: 	 LOGGED: PZ 
DATE STARTED: 	 CHECKED: DBM 

INFERRED STFIATIGRAPHY 
.cr a_ 

-'0 - 
TOPSOIL SILTY SAND (SM) 

loose, grey, some gravel, fine to medium size 
SANDY CLAY (Cl) 

very stiff to hard. Orange-brown fine grained 
sand, near Silty Clay (CL) 

RI 
Depth 
(m) i 	SAMPLING 

a- 

I 
I 	 AND TESTING 

DS 

OTHER 

3 

-----------------------------
grey-white and red-brown, near Silly Clay (CL) 

----------------------------
grey-white and orange-brown 

BOTTOM OF TEST PIT AT 2.8m 
GROUNDWATER NOT ENCOUNTERED 

DS 

DS 

4 

1' 5 

F—s 

I-• 7 

I-'-  a 

I—  9 

1-10 	----------------------------- L..._L_J,LL. ------------- j 
Report of test pit must be read in con junction with accompanying notes and abbreviations 



INFERRED STI1ATIGRAPHY 
Dept 

i-a 
CL 

<I 

• TOPSOIL SILTY SAND (SM) - -- 
• grey, loose, fine to medium grained, some 

gravel 

CLAVEY GRAVEL (GC)IGRAVELLY CLAY (CL) 
• with laterite cobbles up to small boulder size, 

orango.brown, fine to coarse gravel 

• SANDY CLAY (CL) - I very soft to hard, orange-brown, fine grained 
I sand, near Silty Clay (CL) 

• grey-while with some red brown, near Silty Clay 
(CL). fine grained sand 

SAMPLING 
	

OTHER 
AND TESTING 

OS 

1.3- 1.9m 
Bulk Sample 

Gokier Associates 	 REPORT OF TEST PIT: 6 

CLIENT: KINHILL 	 TEST PIT LOCATION: BORROW AREA SITE 2 	SHEET: 1 OF 1 

PROJECT: ALBANY WASTE WATER 	 ELEVATION: 	 MACHINE: 

JOB NUMBER: 91640199 	 DATUM: 	 LOGGED: PZ 

DATE STARTED: 	 CHECKED: DBM 

DS 

OS 

BOTTOM OF TEST PIT AT 2.8m 
GROUNDWATER NOT ENCOUNTERED 

I— 4 

1—  5 

1-6 

I—  7 

I—B 

I— 9 

I 10 L._L---------------------------------- 

Reportt of test pit must be read in conjunction with accompanying notes and abbreviations 

1- 2 

I—  3 



Golder Associates 	 REPORT OF TEST PIT: 7 

CLIENT: KINHILL 	 TEST PIT LOCATION: BORROW AREA SITE 2 	SHEET: 1 OF I 
PROJECT: ALBANY WASTE WATER 	 ELEVATION: 	 MACHINE: 
JOB NUMBER: 91640199 	 DATUM: 	 LOGGED: PZ 
DATE STARTED: 	

CHECKED: DBM 

INFERRED STRATIGRAPHY 	 Depth 	
SAMPLING 	 OTHER <I 	

AND TESTING 

II 

TOPSOIL SILTY SAND (SM) 	 -11T grey, loose, tine to medium grained 	 0.10 

 SANDY CLAY (CL) 	 I DS 
very stiff to hard, orange-brown, fine grained, 

iYLC) 
grey-white With some red-brown staining 

DS 

2 
	

DS 

BOTTOM OF TEST PIT AT 2.8m 
GROUNDWATER NOT ENCOUNTERED 

4 

5 

1-6 

1-7 

I-  8 

I— 9 

1-10 
	

------------------------------ L.._L_LLL. ------------- j 
Report of test pit must be road in Conjunction with accompanying notes and abbreviations 

3 



Golder Associates 	 REPORT OF TEST PIT: 8 

CLIENT: KINHILL 	 TEST PIT LOCATION: BORROW AREA SITE 2 	 SHEET: I OF 1 

PROJECT: ALBANY WASTE WATER 	 ELEVATION: 	 MACHINE: 

JOB NUMBER: 91640199 	 DATUM: 	 LOGGED: PZ 

DATE STARTED: 	 CHECKED: DBM 

I ' 	I

INFERRED STRATIGRAPHY 	
Depth I 

	

SAMPLING 	 OTHER 

tz 	 °I RL I I 	 I 	 I I 	IQ' 

I o- 	 ANDTESTING 	 I 	 I IotL 	 I 	<I 	1g.-i 	 i 
I 	I 	l 	 I 	 I 

TOPSOIL SILTY SAND (SM) 	 --10 1 I 
loose, grey, line to medium grained 	 I 

SANDY CLAY (CL) 	 DS 
very stiff to hard, orange-brown with some 
white grey, line grained sand, near Silly Clay 

(CL)  

grey-white with red.brown staining, fine 
grained sand, near Silty Clay (CL) 

DS 

DS 

BOUOM OF TEST PIT AT 2.9m 
GROUNDWATER NOT ENCOUNTERED 

4 

5 

6 

7 

8 

9 

10 L__L.--------------------------------- ----------------------------- 
Report 01 test pit must be read in conIunction with accompanying notes and abbreviations 

2 

3 



Golder Associates 	 REPORT OF TEST PIT: 9 

CLIENT KINHILL 	 TEST PIT LOCATION: BORROW AREA SITE 2 	SHEET: 1 OF 1 
PROJECT: ALBANY WASTE WATER 	 ELEVATION: 	 MACHINE: 
JOB NUMBER: 91640199 	 DATUM: 	 LOGGED: PZ 
DATE STARTED: 	

CHECKED: 

TO

I-,- 
INFERRED STRATIGRAPI-ly 

I u. 
IDepIh I 
I (m) IL 	 SAMPLING 

cl_I 	I 	AND TESTING 
OTHER 

El 

TOPSOIL SILTY SAND (SM) 
loose, grey, line to medium grained 

CLAYEY GRAVEL (GC)/GRAVELLy CLAY (CL) 
orange-brown lateritic gravel with some cobble 
size pieces 

SANDY CLAY (CL) 
very stiff to hard, orange-brown with some 
white-grey, line grained sand 

-----------------------------
grey-white with red-brown staining, fine 
grained sand 

DS 

0.65- 1.15m 
Bulk Sample 

2 

DS 

3 
	 DS 

BOTTOM OF TEST PIT AT 3.Om 
GROUNDWATER NOT ENCOUNTERED 

4 

5 

6 

7 

8 

9 

------------------------------ LL__..I1.L ------------- 

Report of test pit must be read in conjunction with accompanying notes and abbreviations 



INFERRED STRATIGRAPHY 

-o - 
TOPSOIL SILTY SAND (SM) 

loose, grey, roots 

SILTY SAND (SM) 
loose to moderately dense, grey-while, line 
grained sand 

SILTSTONEICLAYEY SILT (ML) 
brown-black, some fine grained sand 

CLAYEY SAND (SC) • 
dense, orange-brown and while-grey, fine to • medium grained 

I RL 
I Depth 10  I 	SAMPLING I (m)  j 

ANDTESTING 

DS 

DS 

OTHER 

Golder Associates 	 REPORT OF TEST PIT: 10 

CLIENT: KINHILL 	 TEST PIT LOCATION WESTERN VALLEY 	 SHEET: I OF 1 

PROJECT: ALBANY WASTE WATER 	 ELEVATION: 	 MACHINE: 

JOB NUMBER: 91640199 	 DATUM: 	 LOGGED: PZ 

DATE STARTED: 	 CHECKED: DBM 

2 

DS 

SILTY SAND (SM) 
	

DS 
moderately dense, light brown, fine grained 
sand 

BOUOM OF TEST PIT AT 2,7m 
GROUNDWATER SEEPAGE INTO PIT AT 2.4m 

4 

S 

6 

7 

8 

9 

r io - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Report of test pit must be read in conjunction with accompanying notes and abbreviations 





Golder Associates 	 REPORT OF TEST PIT: 12 

CLIENT: KINHILL 	 TEST PIT LOCATION: EASTERN VALLEY 	 SHEET: 1 OF 1 

PROJECT: ALBANY WASTE WATER 	 ELEVATION: 	 MACHINE: 

JOB NUMBER: 91640199 	 DATUM: 	 LOGGED: PZ 

DATE STARTED: 	 CHECKED: DBM 

8RL 

INFERRED STRATIGRAPHY 	 0 
Depth 	

SAMPLING 	 OTHER 

<' 	 ANDTESTING 

1
Q_ o 	 0 

- 0 1z -1 	
0 
 1 IT; 

SILTY SAND (SM) 
loose, grey-white, tine grained 

DS 

- 	 CYEY SAND (SC) 
	 DS 

I very dense, brown-black 

- I 	 dense to Vjryi dense, orange-brown 	 DS 

b 	SILTYSAND(SM) 
dense, light yellow-brown, line grained. near 

2 	
Clayey Sand (SC) in parts 	

DS 

moderately dense 

3 
F' 	BOTTOM OF TEST PIT AT 3.Om 

GROUNDWATER NOT ENCOUNTERED 

I—  4 

I— 5 

I"-6 

I— 7 

I— B 

I— 9 

to t_._L_-------------------------------------------------------------------

I
Report 01 test pit must be read in conjunction with accompanying notes and abbreviations 



Golder Associates 	 REPORT OF TEST PIT: 13 

CLIENT: KINHILL 	 TEST PIT LOCATION: EASTERN VALLEY 	 SHEET: 1 OF 1 
PROJECT: ALBANY WASTE WATER 	 ELEVATION: 	 MACHINE: 
JOB NUMBER: 91640199 	 DATUM: 	 LOGGED: PZ 
DATE STARTED: 	

CHECKED: DBM 

	

-- 	 8LLJ 

	

8 	INFERRED STRATIGRAPHY 	 Depth7

f ANDMTPSTING 
LING 	 OTHER 

SILTY SAND (SM) 
loose, grey, tine grained 

SILTSTONEJSANDy SILT (ML) 
very hard, black 

CLAYEY SAND (SC) 
very dense, orange-brown with some white-grey, 
tine to medium grained sand 

near Silty Sand in parts, very dense 

BOTTOM OF TEST PIT AT 1 .9m 2 	SLOW DIGGING 
GROUNDWATER NOT ENCOUNTERED 

3 

I— 4 

F 5 

1— 7 

- 9 

DS 

DS 

DS 

--------------------L_LJLL------------ 
Report of test pit must be read in conjunction with accompanying notes and abbreviations 



GoiderAssociates 	 REPORT OF TEST PIT: 	14 

CLIL:NT KINIIILL 	 TEST PIT LOCATION: EASTERN VALLEY 	 SHEET: 1 OF I 

PROJECT: ALBANY WASTE WATER 	 ELEVATION: 	 MACHINE: 

JOB NUMBER: 91640199 	 DATUM: 	 LOGGED: PZ 

DATE STARTED: 	 CHECKED: 0GM 

I 	Izi 	 I 
I 	101 	 I ol IlL I I 	 I 	 I 

INFERRED STRATIGRAPHY 	 I N IDepth 	 I 	 I 
SAMPLING 	 I 	OTHER 	 I 

AND TESTING 	 I 
ci 	8I 	 I I 	rat 	Ira_I 	 • 	 I 

- 	 SILTY SAND (SM) 
loose, grey-white, fine grained sand 	 DS 

0 53 
- CLAYEY SAND (SC) 	 DS 
- 	 very dense to hard "coffee rock", dark brown, 
- 	 fine to medium grained, weakly to moderately 
= 	 cemented 

weakly cemented 

- 	 -- 	DS 
- 	 SILTY SAND (SM)/CLAYEY SAND (SC) 
- 	 very dense, light brown, weakly cemented in 	 DS 

paris 	
j-'- - 'TT 
	- 

- 	 BOTtOM OF TEST PIT AT 1.6m 
- 2 	SLOW DIGGING 
- 	 GROUNDWATER NOT ENCOUNTERED 

—3 

4 

5 

6 

7 

8 

9 

—10 LI 	LJJtL 
Reporl of lest Pit must he read in conjunction with accompanying notes and abbreviations 



APPENDIX C 

LABORATORY RESULTS 

Golder Associates 



	

CLASSIFICATION TEST CERTIFICATE 	FIGURE C 
PARTICLE SIZE DISTRIBUTION AND ATTERBERO LIMITS 

CLIENT: Kinhill 	 SAMPLE No: 	 SHEET: 1 of 1 

	

PROJECT: Storage Darn 	 Pit No. r TP4 	 DATE : 15 November 1991 
JOB NUMBER: 91640199 	 Depth (m): 0.5rn 	 TESTED: PE 

	

100---- 	
- 

	

go -  --- 	--- - 

80- --- --- 

70 -  ---- 	---- 	--- 	--- 	---- - 

60 -  ---- ---- 

% 
Passing 50- 

40 -  ---- ---- 

30 -  --- ---- 

20- --- --- 

0 F-T.. 
0.! 	 I 10 

Particle Size (mm) 

FINE 	I MEDIUM I 	COMM FINE MEUluMj 
SANI) GRAVEL 

ATTERBERG LIMITS 
Tested according to 

AS 1289.C1.1,C2.I,C3.1,C4.1 

Liquid Limit (%) : 52.0 
Plastic Limit (%) : 23.0 
Plasticity Index (%) : 29.0 
Linear Shrinkage (%) : 7.5 

'J.UW 	 0.0! 

V 1 FINE 	I MEDIUM 

SIEVE ANALYSIS 
Tested according to AS 1289.C6. 1 

Sieve Size (mm) % Passing 
75 100 
63 100 
37.5 100 
26.5 100 
19.0 100 
13.2 100 

9.5 100 
6.7 100 
4.75 99 
2.36 98 
1.18 98 
0.600 98 
0.425 98 
0.300 98 
0.150 96 
0.075 77 

Approved Signatory : 	(D.B.Mclnnes) Date 
Golder Associates 



CLASSIFICATION TEST CERTIFICATE 	FIGURE C2 
PARTICLE SIZE DISTRiBUTION AND ATTERBERG LIMITS 

CLIENT: Kinhill 	 SAMPLE No: 	 SHEET: 1 of 1 

PROJECT : Storage Dam 	 Pit No. : TP4 	 DATE : 15 November 1991 

JOB NUMBER: 91640199 	 Depth (m): 2.5m 	 TESTED: PE 

100 

90 

80 

70 

60 

% 
Passing 50 

40 

30 

20 

10 

Q
I 	 1 I 	1111111 I 	II 	I 	11111 lIlt 	lilt 	 III! till 

0.001 0.01 0.1 	 1 10 
Particle Size (mm) 

CLAY FINE 	MEDIUM 	COARSE 	j -- FiNE 	I MEDIUM 	j 	COARSE FINE 	I MEDIUM 	COARSE 

SILT SAND GRAVEL 

SIEVE ANALYSIS ATTERBERG LIMITS 
Tested according to AS 1289.C6. 1 Tested according to 

AS 1289.C1.1,C2.1,C3.1,C4.1 

Sieve Size (mm) % Passing 
75 100 Liquid Limit (%) : 56.0 

63 100 Plastic Limit (%) : 23.0 

37.5 100 Plasticity Index (%) : 33.0 

26.5 100 Linear Shrinkage (%) : 11.0 

19.0 100 
13.2 100 

9.5 100 
6.7 100 
4.75 100 
2.36 100 
1.18 100 
0.600 100 
0.425 100 
0.300 100 
0.150 98 
0.075 70 

Approved Signatory 
	 (D.B.Mclnnes) Date: 

Golder Associates 



CLASSIFICATION TEST CERTIFICATE 	FIGURE C3 
PARTICLE SIZE DISTRIBUTION AND ATTERBERG LIMITS 

CLIENT: Kinhill 	 SAMPLE No: 	 SHEET: 1 of 1 
PROJECT : Storage Dam 	 Pit No. : TP1 	 DATE : 15 November 1991 

JOB NUMBER: 91640199 	 Depth (m): 1.5 - 2.5m 	 TESTED: PE 

100 

90 

80 

70 

60 

% 
Passing 50 

40 

30 

20 

10 

0 
0.01 

FINI 	MEDIUM 

slur 

SIEVE ANALYSIS 
Tested according to AS 1289.C6.1 

Sieve Size (mm) % Passing 
75 100 
63 100 
37.5 100 
26.5 100 
19.0 100 
13.2 98 

9.5 97 
6.7 97 
4.75 97 
2.36 97 
1.18 97 
0.600 97 
0.425 97 
0.300 97 
0.150 95 
0.075 66 

0.1 	 1 10 
Particle Size (mm) 

FINE 	MEDIUM 	I 	COARSC FINE 	I MEDIUM] 
SAN I) GRAV1L 

ATTERBERG LIMITS 

Tested according to 

AS 1289.C1.1,C2.I,C3.I,C4.1 

Liquid Limit (%) : 63.0 
Plastic Limit (%) : 22.0 
Plasticity Index (%) : 41.0 
Linear Shrinkage (%) : 11.5 

Approved Signatory 	 (D.B.Mclnnes) Date 
Golder Associates 



CLASSIFICATION TEST CERTIFICATE 	FIGURE C4 
PARTICLE SIZE DISTRIBUTION AND ATTERBERG LIMITS 

CLIENT: Kinhill 	 SAMPLE No: 	 SHEET: I of 1 

PROJECT : Storage Dam 	 Pit No. : TP6 	 DATE : 15 November 1991 
JOB NUMBER: 91640199 	 Depth (m): 1.3 - 1.8m 	 TESTED: PE 

100 

90 

80 

70 

60 

% 
Passing 50 

40 

30 

20 

10 

0 IlIlliti, 

0.001 0.01 0.1 	 1 10 
Particle Size (mm) 

CI.AY FINE 	MEI)JUM 	COARSE FINE 	I MEI)IUM I 	COARSE I 	FINE I 	MEDIUM 	I COARSE 

SILT SAND I GRAVEL 

SIEVE ANALYSIS ATTERBERG LIMITS 

Tested according to AS 1289.C6. 1 Tested according to 
AS 1289.C1.1,C2.1,C3.1,C4.1 

Sieve Size (mm) % Passing 

75 100 Liquid Limit (%): 42.0 

63 100 Plastic Limit (%) : 18.0 

37.5 100 Plasticity Index (%) : 24.0 

26.5 100 Linear Shrinkage (%) : 5.0 

19.0 100 
13.2 100 

9.5 99 
6.7 99 
4.75 99 

2.36 98 
1.18 97 
0.600 97 
0.425 97 

0.300 97 
0.150 95 
0.075 64 

Approved Signatory :______________________________ (D.B.Mclnnes) Date 
Golder Associates 

100 



CLASSIFICATION TEST CERTIFICATE 	FIGURE 
PARTICLE SIZE DISTRIBUTION AND ATTERBERG LIMITS 

CLIENT: Kinhill 	 SAMPLE No: 	 SHEET: 1 of 1 
PROJECT: Storage Dam 	 Bore Hole: BH3 	 DATE: 15 November 1991 

JOB NUMBER: 91640199 	 Depth (m): 2.0 - 2.2m 	 TESTED: PE 

100 

90 

80 

70 

60 

% 
Passing 50 

40 

30 

20 

10 

0 
0.001 	 0.01 0.1 	 1 	 10 	 100 

Particle Size (mm) 

CLAY LFINE 	J MEDIUM 	COARSE FINE 	MEDIUM 	COARSE FINE 	J 	MEDIUM 	COARSE r 	SILT SAND GRAVEL 

SIEVE ANALYSIS ATTERBERG LIMITS 
Tested according to AS 1289.C6.1 Tested according to 

AS 1289.C1.1,C2.1,c3.1,C4.1 
Sieve Size (mm) 	% Passing 

75 	 100 Liquid Limit (%): 
63 	 100 Plastic Limit (%) 
37.5 	 100 Plasticity Index (%) 
26.5 	 100 Linear Shrinkage (%): 
19.0 	 100 
13.2 	 100 

9.5 	 100 
6.7 	 100 
4.75 	 100 
2.36 	 99 
1.18 	 99 
0.600 	 99 
0.425 	 99 
0.300 	 82 
0.150 	 49 
0.075 

Approved Signatory : 	(D.B.Mclnnes) Date: 
Golder Associates 



CLASSIFICATION TEST CERTIFICATE 	FIGURE C6 
PARTICLE SIZE DISTRIBUTION AND ATTERBERG LIMITS 

CLIENT : Kinhill Engineering 	SAMPLE No : 	 SHEET : 1 of 1 

PROJECT : Storage Dam 	 Pit No. : BFI5 SA#1 	 DATE : 25 November 1991 

JOB NUMBER: 91640199 	 Depth (m): 1.0-1.2 	 TESTED: PE 

- 	
0.001 0.01 0.1 	 1 	 10 

Particle Size (mm) 

CI.AY FINE 	I 	MEDIUM 	COARSE FINE 	MEDIUM I 	COARSE FINE 	I 	MEDIUM 	COARSE 

SILT SAND GRAVEL 

SIEVE ANALYSIS ATTERBERG LIMITS 

Tested according to AS 1289.C6. I Tested according to 
AS 1289.C1.1,C2.1,C3.1,C4.1 

Sieve Size (mm) % Passing 
75 100 Liquid Limit (%) 

63 100 Plastic Limit (%) 

37.5 100 Plasticity Index (%) 

26.5 100 Linear Shrinkage (%) 

19.0 100 

13.2 100 

9.5 100 

6.7 100 
4.75 100 
2.36 100 
1.18 100 
0.600 100 
0.425 100 
0.300 100 
0.150 59 

0.075 36 

Approved Signatory: 	 (D.B.Mclnnes) Date: 
Golder Associates 

I 



COMPACTION TEST FIGURE AC7 

MOISTURE CONTENT 	(% of dry mass) 
2.8°  __________ 5 	 10 	1  

2. 

2.1+  

2.2 

E 
N 
-4- 

2.0 

I- 
(ii z 1.8 

.8 LU 
C) 

>- 
a:: 
CD 

1.6 

.4 

1.2 
.2 

1.0 

0.8 
0 w 	 zu L5 30 	 35 40 

METHOD OF COMPACTION 
AS 1289 Test E2..1 Modified 

DESCRIPTION OF SAMPLE 
TP6 1.3 - 	18 

SUMMARY OF RESULTS 
MAX. 	DRY 	DENSITY 	...................................... f/rn3  

OPTIMUM MOISTURE CONTENT 	. 5 0/ 

NATURAL MOISTURE CONTENT ...7 
Golder Associates 

\ J) LI 
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2. 

COMPACTION TEST 	 FIGURE C8 

MOISTURE CONTENT (% of dry mass) 
10 	15 	20 	25 	30 	 3S  

1.0 

5 
\ \ \ 
\\ 

\\\\\\\\ 

\\ \ 
\\ 

\\ 	\ \ 
\ \ \ \ 

\ 	\ 	\ \\\\\ 

\ 	\ \ 	\\ \ 
\ 

\ 
\\ \ N . N 

N 	N 
N " N 

N 

N N 
N 

N. 

NNN. 

-.- 

..-. 	- 

.0 I 

2.6 

2.4 

2.2 I 

1.2 

1.0 

5 	10 	15 	20 	25 	 30 	35 	8.8 

METHOD OF COMPACTION 
AS 1289 Test E2.1 Modified 

DESCRIPTION OF SAMPLE 
1P1 1.5 - 2.5 

SUMMARY OF RESULTS 
MAX. DRY DENSITY.................1...69..............f/rn3  

OPTIMUM MOISTURE CONTENT ).•9.5% 

NATURAL MOISTURE CONTENT .1.9.... 
Golder Associates 



APPENDIX D 

BOREHOLE LOG PREPARED BY A J PECK AND ASSOCIATES 

Golder Associates 



AJ.PECK & ASSOCIATES 
Consultant l-iydm1ogbts 

P0 Box 1213, SublMeo WA 6009 
Fho 	09) 381-3962 Pa (0) 388-1022 

Fax To; 	John Abboti, KInhfll 	3 

Subject: 	Albany Drilling Log 

Fallo: 	3625627 

Date: 	29 Oct 1991 	 No of Ngc3; I 

John, 

My log of bore ALA follows. This bore Is on a spur separating the two valleys which 1 
i.mdcrstand you are considering as dam 2itcs. The bore site is close to a fencelinc and 
about S0 in north of a race wmlng north from Gunn Road and separating Locs 6047 and 
749. 

S rn Sandy clay; nrmW brown: 
10 in Q4ycy sand; orange brown; vcty fL'a quartz with somc larger rounded particles; 
15 m Qayey sand; as above with some srn?il black tind sonio orane,od particles; 
18 in Claycy sand; as above, but more sandy; 
20 m Sand: light orange/brown; little clay; very fire quartz; rounded; 
27 in Snd; light grey/brown; clean; very fine quartz; rounded; some black and some 

red/brnwn partides; 
30 m Claycy sand; light grey/brown; orange stalncd ag gt/chipe; some lrgcr 

dark chips like hardened moules; 
33 in Chiyuy sand; as above 
3$ in Clay' sand; A3 above; mottled chipa with yellow and orin&1Drown staining 
39 in Sand; light yellow/brown; llcrle clay; very fine; rounded and well sorted; 
40 in Clayey sand; dark grey; very fine; sub—rounded and well sorttd quartz; 
48 in Claycy sand; asabove: harder pieces apparuntly dry inside; 
$0 in End of hole; above. 

Regards, 

Adiian Peck 



Appendix J 

REVIEW OF TREATMENT PLANT UPGRADE 
(Water Authority of Western Australia) 



ALE'ANY SEtAJERAGE 
STRATEGY FOR WASTEWATER TREATMENT AND 

CONVEYANCE - 1994 LIPGRADE 

CONTENTS: 

Summary and Recomrneridat.iori 

1.0 	I rt.rc'duct i on 

2. 0 Froject.ed FIos and Lcaadirigs 

:3. 0 	Effl'ient. [:' iF.l:'. ai 

4,0 Wat.ewat.er  Treatment. 

5.0 Raw Wastewater Conveyance 

6. CI Costs and Program of Works 

7.0 i:::,n.:1usic'n 

Refer erice 

Append i ce 

Plans  

Wast.ewat.er  Planning and t:'esign 
Branch, Wat.er Aut.hor it.y of 
Wet.ern Autra1 Ia, 
.Jarivary, 1992. 

1 



SUMMARY ANt:' RECI:INMENL:'ATIONS 

The Aut.horit.y is current.ly  pursuing a land disposal site in 
the vicini t.y of the airport for the disposal of treated 
domestic wast.ewat.er  in Albany. This report provides det.aj is 
of the raw wast.ewater-  conveyarce, treatment and delivery of 
effluent to the disposal site. The following are the main 
recomrner,,Jat.ions on these aspects: 

1 	The Albany No 2 Wastewat.er  Treatment. Plant should be 
developed by expandiriq the e>ist.inq aerated pond system 
to the max i mum capaci t.y limited by site const.ra I nt.s.. or 
riit.nu:'en removal efficiency. The capacit.y of this 
faci 1 it.y is expect.ed to be adequat.e for 5 to 111 years 
1999-2004) depending on future growth in load ir,q. 

When the capacit.v of the aerated ponds is exceeded, an 
xt.ended aeration plant, such as an ox i dat.ioni ditch, 

should be c':'nist.ruct.ed. 

Effluent is to be purnpe'j approximately 9 km to the land 
disposal site. 

The capital cost. (excludiniq the land disposal system) 
of the initial upgrade (t.':t 1994) is $10.6 mi 11 ion. 



1 0 INTRODUCTION 

In 1989 the Was.teat.er  P1 ar-ir-  1 ng and Des igri Br arch 
iriJert.c":'k a review of lt:'rig term wast.ewat.ier t.eat.rn'erit 
and disposal opt.i':'ris for the Albany regi':'ri (Ref 1) 

F:'l lowing a. period of Fjb]. ic part.icipatic'ri, c:risuit.ant.s 
F::jr i i 11 Erigi rreers. Ft.y Ltd were eric.jaqed to uriclert.ake the 
initial field investigations for the fc'i ic'wirig 'effluent 
disposal opt. 1 onis: 

Three alternative mar inc based ':'pt. loris 

A range of land based opt. :i onis 

In addi .icrIF the cc':sU1tEtflt wc'rI:ed with Authority st.aff 
to corrip 1 et.e an ecc'ni':'rn i': analys is of these opt. ions in 
order to assess the i rripact. on the sewerage rat.epayers 
of Albany. 

i::irihi 11 	report was cc'mplet.ed in May, 1991 'Ref 25  
with the major finding being that a land disposal 
syst.em was ecc'nc'rnicai ly viable (compared to the mar Inc 
based opt. ions) and env i r c'nrnerit.a 11 y accept.ab 1 C in 
Albany. Th i s f I rid i rig was widely supported in subsequent 
rneet.ir,gs with the various interest groups in A1L:'ariyF 
and is now being pursued by the Author i t.y 

K I rihi 11s were subsequently engaged to undert.ake a more 
det.a. I led st.udy of the land disposal option at. two 
1 cicat. I c's. This seccinid st.udy is now cc'nicent. rat. i rig or an 
area immedi at.ely to the west of the ai rport.F  and heru'_e, 
wastewater treat.ment. is 1 ikely to be coricierit.rat.ed at 
the existing Albany N':'. 2 Wast.ewat.'er Treat.merit Plant. 
(WW1 F) located at. Tirnew'el i Road. 

Kinh i. 11 are al o prepar inig the d':'cument.at.ic'ni for........ 
Public Env i rorimerit.a I Review for the overall prc'j ect. for 
submission to the EPA.  

The purpose of this report is to provide project. 	- 
'Jef in, it. ± c'ri (and I ripi_t. to the PER) for t.hos'e aspect.s ni':'t 
covered by F::inihj 11 F these being: 

Raw wast.ewat.er  cc'nveyartce to the WWTF' 

Wast.ewat.er  t.reat.mnerit. 

L'el ivery of effluent to the land disposal site. 

2.0 	PROJEfTED FLOWS ANt:' LOAD IN1S 

Table 1 gives projiect.e'i gn':'wt.h in fl':'ws and loadings 
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to the four existing WWTP 's at Albany. These 
proiect. loris are based on CCnSL.ss figures and hi stor i cal 
water and seweraqe cciririectjoni rates. The cx ist.irig dry 
weather flow, cxcludiriq irifi lt.rat.ic'ri, is est.irnat.ed to 
be apprc'ximat.ely 2,900 rn3/d. Actual flows recorded in 
1990/91 are as follows: 

Period 2 (July) flow 	- 3,760 rn3/d 
Pcr iod 7 (t:'ec/.Jai-r) fi':'w 	3,110 m:3/d 
Per i':id 11 (April) flow - 2,880 m3/d 
Averaqe yearly flow 	- :3,240 rn:3/d, 

The high infi lt.rat.ion rate reflect.s the age of the 
ccii iect.iori syst.em in many of the ':'lder areas of Albany. 
As new areas are sewered with PVC pipe, infi itrat.ionr is 
not expected to j ricrease. and the per cap i ta flow i 
expected to approach approx irnat.el y 130 L/d in the 1 ong 
t.errn (perhaps less with Future water conservation 
rneasu res)Hence projected flows are t.akeri as cx ist.irig 
flows iricludjr,q irifi lt.rat.ion plus future flows based on 
540 L/d for each new connection (3 persons per 
cor,ruectior-i x :180 L/capi ta/day) 

On this basis, year 2010 flows are expected to be: 

[:'ry weather flow 	- 4,900 rn3/d 
Wint.er Design Flow 	-- 5.800 m:3/d 
summer D'2siqn Fl ow 	- 5, 100 m:3/d 
Averaqe yearly flow 	- 5,300 rn3/d. 
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TABLE I - ALBANY SEI(RA 	- PROJECTED GROWTH IN FLOWS AND LOADIN6S (Domestic (i1y) 
+ 	f+ 	f 	_f 	- f 	f 	f+ 	 -84ff 	+ 	4 	f 	-4 	-8 	-f-f 	-I- + 	-f-f-f-f-f-f 

1983 1 	1984 	1985 1 	1986 	1987 1 	1988 1 	1989 	1990 	1991 	1992 	1993 1 	1994 1 	1995 1 	1996 1997 	1998 1 	1999 1 	2000 	2002 1 	2004 1 	2006 	2008 2010 1 	2015 1 	2020 

4-------------+-------+---------------------------------------+---------------4-------f-------f-------+-------f-------+-------f-------+--------------- 

* 	* 	9940 * 10063* 10196 * 10315 	10584 * 10701k 1081810935 	11052 * 11169k 
+-------+-------4-------+------- +-------+-------+-------+-------4-------4-------+ 

11286 	11403 * 11520 9  11637* 11877 * 12117 * 12357 * 12597 	12837 * 13437 * 24037 
No.1 WWTP 	Equiv. Persons 	94361 	9555 	9660 	9800' 

at3.5/cori. 	11  

No.2 ITP 	ati1 1991, 	2751 	3108 s 	3458 * 	3689 8 	3889 	4025 $ 	4162 8 	4298 * 	4645 * 	4789 * 	4933 $ 	5077 * 	5221 * 	5365 * 5509 * 	5653 	5797 8 	5941 $ 	6229 * 	6517 * 	6805 * 	7093 * 7381 t 	8101 * 	8821 

then 
No.3 WWTP 	ccw. for all 	1 	221 : 	270 * 	291 * 	336 * 	417 $ 	473 * 	501 4 	536 * 	567 S 	657 $ 	732 $ 	813 * 	903 * 	993 * 1083 8 	1173 	1263 * 	1353 * 	1533 $ 	1713 * 	1953 * 	2193 * 2493 * 	3243 * 	3993 

	

new corwectzonsl 	1 

	

1 	53 	9 	* 	123 $ 	172 * 	393 I 	259 $ 	308 4 	354 * 	389 * 	464 * 	554 	659 * 	764 	884 * 1034 * 	1184 $ 	1334 * 	1484 8 	1784 * 	2084 * 	2444 * 	2804 * 3164 * 	4064 8 	4964 
No.4 WWTP 

15 1 	36 $ 68 * 	120 $ 	180 * 	270 * 	480 8 	720 * 	1020 * 	1320 * 1620 * 	2370 8 	3120 1 
New areas 1 	1 

I 	INCLUDING 	1 	1 	1 1 	 1 	1 

+-------+-------I-------4-------4 -------4-------+-------4-------+-------8-------I-------I-------4-------+-------+-------+-------I -------I-------+-------+-------+-------*-------I-------+-------+ -------+-------4-------4 
f------------- 

TOTAL 	Ec,nv. Persons 112460 113024 * 13531 * 13997 * 14448 * 14819 * 15166 * 15502 0  16184 * 16610 8  17036 * 17483 * 17954 	18446 * 18971 $ 19532 8  20093 8  20684 * 21902 	23150 $ 24578 * 26006 4  27494 8  31214 * 34934 

+-------------4.-------+-------f--------4.-------+-------+-------+-------4.-------I---------------+-------+-------4.-------f-------+-------f-------+ -------4-------+-------+-------+-------4-------+-------+-------+ ---------------+------- 

Note: 	I • Asstaed growth = 3. OX pa. 
Historical growth in pulation (Csus) 	- 1961 to 1986 = 2.2% pa. 
Historical growth in sewerage comections - 1964 to 1986 = 4.4X pa. 

- 1981 to 1991 r  3500 to 4650 = 2.94 pa. 
- 1986 to 1991 = 3999 to 4650 = 3.07 pa. 

+------------- + ----------------------- +------- 
----------------+-------+-------+---------------+--------------- I-------4-------f-------f-------+-------f-------+-------4-------+-------+-------f-------I-------+-------+-------I-------f 

I Estimated DWF in .3/d see 141 22431 2344 * 2436 * 2519 * 2681 8  2667 * 2730 8  2790 	2913 * 2990 8  3066 ' 3147 8  3232 * 3320 * 3415 $ 3516 * 3617 	3723 * 3942 8  4167 8  4424 * 4681 I  4949 	5619 * 6288 1 

f
-------------+-------+-------+-------4-------4-------+-------+-------+-------+-------+-------+-------+-------+-------+---------------4-------+-------*------- +-------+-------+-------+-------+-------4-------I-------+-------+------- 

I Estimated AF in a3/d see 151 	1 	* 	8 	* 	* 	* 	* 	* 3260 * 3337 * 3413 * 3494 * 3579 * 3667 * 3762 $ 3863 * 3964 * 4070 * 4289 8  4514 * 4771 * 5028 S  5296 * 5966 * 6635 1 
+-------------+-------+-------+--------------- ----------------+-------f-------+-------f-------+-------4-------4-------+-------+-------4-------+-------+-------+-------+-------+-------+---------------+---------------I-------+-------I 

Estimated SDF in m3/d see 16 	1 	* 	$ 	* 	* 	* 	* 	8 3110 	3187 8 3263 * 3344 	3429 * 3517 * 3612 * 3713 * 3314 * 3920 $ 4139 * 4364 8  4621 * 4878 8  5146 * 5816 	6485 1 

+-------------+-------+-------I-------+-------+-------+-------+---------------I---------------I-------4-------+-----------------------------------------------------------------------------------------------------------------------+  

1 Estimated WOF in m3/d see Ill 	 * 	* 	* 	* 	$ 	* 	3760 * 3837 * 3913 * 3994 * 4079 * 4167 * 4262 * 4363 * 4464 * 4570 S  4789 8  5014 * 5271 * 5528 $ 5796 ' 6466 $ 7135 1 

----+---------------+-------4---------------+-------+-------+-----------------------+-------+---------------+-------+-------4-------4-------+-------+-------+-------f-------4-------4-------+-------+-------I-------+------- 

I Estimated 801) in kg/d see 481 673 I 	703 * 731 * 756 S  780 * 800 * 819 * 837 * 874 * 897 8  920 • 944 * 970 * 996 * 1024 $ 1055 * 1085 * 1117 * 1183 8  1250 	1327 * 1404 * 1485 * 1686 * 1886 1 

+------------------------------------- 
+-------+-------+-------f-------+-------4-------4-------+-------f-------f-------+-------+-------+-------+ ------- + ------- --------+-------+-------+-------I-------I-------+-------+-------I-------I 

Note: 14. Estimated Dry Weather Flow (D*) t E'jiva1ont Persons (EP) x 180 L/EP/d. 
15. Yearly Average Flow (AF) = D + average yearly infiltration ass*aed constant at 347 m3/d. Note that 1990/91 average yearly flow was 3260 0/cL 

M. SI.er  Design Flow (SI*) = 0* + ster infiltration ass*aed constant at 197 m3Id. Note that 1990/91 Period 7 flow was 3110 .31d. 
V. Winter Design Flow (WDF) z 0* f winter infiltration assed constant at 847 .3/d. Note that 1990/91 Period 2 flow was 3760 m3/d. 
18. 800 @ 300 igIL of 0*. 

+-------------I-------4--------+-------+-------+-------+-------+-------+-------4-------+-------I-------+-------+-------+-------+-------+-------f-------+-------+-------+-------4-------+-------+-------+-------+-------+--------------- 

1 Estimated 0* in m3/d see 191 	1 	* 	8 	 * 	* 4399 * 4994 * 5589 1 

+-------------+-------+-------4---------------I-------+-------+-------+-------+-------+-------+---------------+-------+-------f------- +-------4.-------+-------+-------+-------  $-------+-------+-------+-------+-------+-------+-------+ 

lEsti.atedflFinm3/dseellO 	1 	* 	* 	* 	 * 	* 	3260 	8 	8 	 8 	* 	I 	* 	8 	* 	* 	8 	* 	 * 4746*5341*59361 
-------------- + ------- + ------- $ ------- I-------+-------+-------+-------+-------+-------+-..--- ---I-------+-------+-------+-------+-------+-------+-------+---------------+-------+-------+-------+-------+-------I-------+-------*-------+ 
Note: 19. Estimated Dry Weather Flow (0w) = Ejivalwt Persons (EP) x 160 L/EP/d (154L/cld + 6L/c/d allowance for future infiltration). 	 a:\a1b22.wkl 29/01/92 

110. Yearly Average Flow (AF) = 0* + average yearly infiltration assi.aed constant at 347 .3/cl. Note that 1990/91 average yearly flow was 3260 m3/d. 
TABLE I 



3. 0 EFFLUENT DISPOSAL 

Opt. ic'ns for eff 1 uent. disposal have been addressed in 
previous report.s. The 1 c'cat. i on of the rec':'mrnended 1 arid 
disposal site currently being assessed by Kinhi 11 is 
shown on Plan 1 This piar-  also shows two alternative 
effluent pipe]. inc routes to this sit.e. The prop':'sed 
rout.e cut.s t.hnu:iucih rural land between Lancaster Road 
and Albany Highway and is approximately :E:00 metres 
short.er  t.hari the al t.erriatj ye along Links Road. 

[:'et.ai is of the disposal site can be found in KiriF-ii 11 ' 
report.. 

It is proposed to pump effluent at a rate of 110 L/s 
(7,100 m:3/d pump i ri; 18 hours/day) t.hrc'ugh a 400 
diameter pressure main to a storage reservoir at the 
disposal site. The effluent pumping station at. the (4WTF' 
will incorpc'rat.e emergency overflow storage whi. ch  will 
also enable a sinai icr pressure main to be constructed 

Incc'rnj n; raw wast.ewat.er  is pumped to the plant. at. 131:1 
L/s t.hro'gh a .500 diameter pressure main).  

Est.imnat.ed capital cost for the effluent delivery system 
is $2.9 mniliior-j (see Appendix A. Table A:3) 

4.0 WASTEWATER TREATMENT 

4.1 Size and Timing of next. Extension 

The AutF-ior i t.y has a comm i t.rrient. to divert. the No. 1 WWTF' 
at Kin,'; Foint. by December of 1994. The dry weather flow 
(E:'WF) to the new plant, at this time is estimated to be 
2,900 rn3/d (16,000 Equi valenit. Persc'r-,s, EP) 	and summer- 
design flow (SDF) 3,100 mn:3/d. 

Table 1 also projects that. the No.3 and 4 Fackage 
F'lanit.s (nc'minial capacit.y 1,200 EF' each) will need to be 
divert.ed in 1997/98, based on the number of 
cc'ninrect.i onis. Diversion of the N':'. 3 plant may occur 
earl icr depending on eff':'rt.s to reduce the high 
irifi lt.rat.ic'n irit.cs the reticulation sy .. f em feeding this 
plant.. The Nc'. 4 plant is presently very 1 ight.ly  loaded. 
and, un less the high prc'pc'r t. ion of unicc'nnect.e'j sewer-ed 
lc't.s is reduced, is uril ikely to require diversion 
before 1998. The t.ot.a 1 i ncorn i rig St:'F is estimated to be 
37 71:11:1 mn3/'j (19.400 EP) following these diversi:t-is, 
assuming they occur in 1997/98. 

4.2 Treatment Options at. the No.2 Site 

The existing fan 1 it.ies at. the No.2 WWTP are shown on 
Plan 2. C'ue to the prc'ximnit.y exist.inq residenit.ial 
dwell ings to the F'iarit., only predornin,arit.i y aen':'bic 
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met.h':'ds. of tr eat.ment. will be :c'rs i 'icr ed for future 
exparisi':'n of this Flarit.. 

Aerated Fc'rids (AP) 

t'ue to the relatively steep topography and restricted 
nature of the site, the pot.ent.ia 1 for expanding the 
exist. inig aerated pond system is I im it.e'i to 
approx I mat.el y 350 kg ECIL:'/d (17.500 EF; 3,400 m:3/d , L:'F) 
based on the aerated p':'nids reduc i rig EC1[S' by :30 Fr i ':'r to 
enter I ng the s ecori'ia r y F':'rids- Note that. there is some 
Fc't.er,t.ial for a further increase in capacity by 
install irig surface aerat.c'rs at the inlet, of the 
sec':'nidary ponds). The expanded plant would compr 1 SC 2 
S day aerated ponds in series or parallel (a new 
aerated pond would be cc'nst.ruct.ed immediately to the 
north of the cx ist.ing - operat.I':'ri in series is likely 
to be necessary to ensure 80 rcm':'va 1 or greater 
fc'li owed by the cx ist. a rig seconda r y ponds oper at. i rig in 
Faral id . This plant would serve Albany unt.i 1 the 
diversion of the N':'. 3 and 4 package plants in about. 
1997/98, or si ight.iy later if the addit.ional aeration 
is provi dcii (year-  2011 11/1:11 assumed in ecc'nioml 

analysis). 

While Kirihi ii have concluded t.hat pond effluent, is 
general ly suitable for application to the land disp':'sal 
si t.e , they are c':'nicer ned abc'ut the pc":'r re'iuct. ion in 
nit.ni:'geni from the cx ist.1 rig plant.., and advise t.hat 
nit.n':'gen reduction of approx irnat.ei y 50 	(to :25 mg/L) 
may be required beyond about the year 201:11:1 n- is is 
cons i st.ent. with the proj ect.ed capacity and ii fe of an 
expanded aerated pond at. the No. 2 sit.e. 

Ext.ended Aerat.ic'n - 1J<jdat.ion Dit.ch (OL') 

The Nc'. ' j t.e cc'u lii accc'mrnc'dat.e a convent. I c'nia 1 
oxidation dit.ch  plant sirni lan to the plants at. Gordon 
Road and Halls. Head in Maridurah. The p1 ant. would be 
const.ruct.ed in stages. For example, either :3 x :3, 5':'I:s 

rn3/d or 2 x 5. 200 mn:3/d ditches c':'u lii be cc'nis.t.rurt.ed to 
pr':'vide sufficient, capacity for the next. :311-411 years at 
present qrc'wt.h rates. A sensitivity analysis of these 
t.w':' staging alternatives indicates riegi igible 
difference in Present. Value at the growth rat.e assurneii 
in Table 1. 

Nc'nrnai ly new faci 1 it.ies are staged sc' that expansion is 
required in 7 to ii:, years. Table I ini'iicat.cs t.E-iat. a 
3 7 500 1113/li p1 ant. cc,nist.ni_ct.c,i in 1994 would req'_4 ir-e 
'iupl icat.iori in 1998, while a 5,21:11:1 rn:3/ii Flant would be 
duFi icat.ed in 2010. In view of the uncertain fut.i.ire 
gr c'wt.h in Albany, it is prc'pc'se'i to r':'nist.r uct. St.age 1 
of the new plant, with a nic'minal capacity of 3,500 m3/d 
(if cc'rist.nuct.ed in 1994) 	Stage 2 would t.her-i be 
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scheduled for c':'nst. ruct. ion in 1998 • and 'ie 1 ayed i f 
future revisions iridi rated 1 ower growth 

Flaris :3 and 4 show the site plan and general 
arrangement. of a 3, 500 m:3/d oxidation ditch plant.. This 
plant would have the fol lowing features: 

Nominal det.int.j.rir, time in aeration t.aril.:: 	24 hours 
An ariox ic selector at the head of the ditch to aid 
sludge set.t.leabilit.y. 
Screen inqs removal would be undert.aker-j initial 1 y 
mnariva). 1 y in the ditch, and u it. I rnat.e 1 y downstr earn 
of the ditch in order to reduce odours and 
hand ii rig problems (a charine 1 mounted rotary drum 
screen incorporating a screw and press would be 
suit.able for this purpose) 
Provision for future flow spi it.t.inq and grit. 
removal at the head of the plant.. 
The cx ist. :i ng nor t.hern secondary pond would be 
converted to sludge 1 agooris (Not.e that the sludge 
wi 1 1 have been aerobically stab i ii sed in the 
oxidation ditch for 2030 days) 
Aerat.ion would be by fine bubble diffused air or 
propel icr asperat.or aerat.':'rs. 
j:qje to site rest.r ict.ioris ditch const.ruct.jon would 
be vert.ical reinforced concret.e walls. 

The est.imat.ed capit.al  cost of this plant, is $4.2 
mill ion (see AFpendi x A, Table Al) based on det.ai led 
i nformat. ion avai 1 able from the recent cx tens ion to the 
Nandurah No. 1 WWTF at. Gordon Road. 

Int.ermit.t.erit. Extended Aeratior, (lEA) 

lEA plant.s have been developed by the NSW FWt:' over the 
last. 10 years. Wast.ewat.er  is int.ermnit.tent.ly  aerat.ed, 
set.t.led, and effluent decartt.ed in the aeration tank, 
ci iminat.iniq the need for separat.e clar i ficat.iori and 
large return act.ivat.euj sludge (RAS) Pumping systems. 

The major advant.aqes over conventional activated sludge 
are the plants simnpl icit.y, srnai 1cr land requirements 

for the same type of construct. i on) and genera 11 y 1 owen 
cost. 

The maj or di sadvanit.aqe is the requ i remenit. for douL-' 1 e 
the aeration power,  , a 1 though this can be overcome by 
inct:irpoi.-at.rjq two aeration tanks and alternating the 
direction of air flow (di ffused air only) . Recent 
problems w i t.h poor 1 y set.t. i i rig sludge have been overcome 
by incorporat. irig a sludge return to a selector zone at. 
the t.arik inlet.. 

The Aut.hrin it.y is currently operat.ing a .500 EF lEA pi lot. 
plant at. the Subiaco WWTF, and resuit.s of this study 



will be reported progressively over the next 6 to 12 
mont.hs 

Plans 5 and 4 show the site plan and general 
arrangement, of a 3,500 m:3/d IE. This plant would have 
the fol lowing feat.ures 

Nominal det.erit.ion time in aeration t.ank - 40 hours 
An ar':'xi': select.or 
Screenings removal would be requ I red upstream of 
the aeration tank. 
Provision for future ficiw spl it.t.irig and grit 
removal at the head of the plant.. 
The cx i st i rig nort.hern secondary pond would be 
convert.ed to sludge 1 ago':'nis. 

- 	Aerat.i':'n would be by fine bubble diffused air or 
ci:'nvent. i ona 1 f 1 oat. i rig sur face aerat.or.  
Wall const.ruct.iori to be 100 mm slab cast on a 1 1 
si ope. 

The arrangement. on Plan 6 allows the exist.ir,g aerated 
pond to be converted to lEA at fut.ure ext.ertsi':'rts. 
Alt.erniat.ively, an lEA plant could be constructed in the 
locat.ioni occupied by the Clx idation t:'it.ch (see Plan :3) 
This would free the sout.hern location for conit.r uct. ion 
of the second aerated pond in 1994, enrabl irig the lEA to 
be delayed unit.i 1 2000. If fli:iat.ing aerators are used, 
it may also be possible to provide the infrastruct.ure 
for lEA but operate as an aerated pond initially. 

The estimated capital cost of the lEA plant is in the 
raricle $2.9 to $3.6 mi 11 ion. including inlet. screening. 
Eludqet prices from local suppliers supports the lower 
and of this range. NSW F'W[:' advise that their cost.s are 
$250 per person (19.400 EF implies $4 S mi 11 ion) • They 
are wi 11 irig to further advise the Aut.hority at a fee. 

43 Treatment. Options at Alt.ernative Sites 

As a large area of land is to be purchased at the land 
disposal site, t.here are pot.eritial ly savings to be made 
by cc'nist.nuct.ing the new plant at this site and 
iricorporat. inig the tree farm as the buffer zc'rte 

Long det.enut.iori aerated ponds with sufficient aeration 
power could be const.ruct.ed to max i mi se ri i t.rogeri 
removal, at a relat.ively l':'w cost. This t.ype of plant 
could also be incorporat.ed in the design for the winter 
storage darns. The major disadvantage is the possibi 1 it.y 
of at.tracting birds t.hat may mnignat.e through the flight 
pat.hs of the nearby airport.. This effect could be 
miriimnied with careful design, but may be difficult to 
el irniriat.e. 



Alternatively, a relatively compact. type of plant., such 
as an Ox idat.ion Ditch coul ii be ccirist.ri.,-t.ed at this 
site (riot.e t.hat savinqs or eart.hwc'rks will be 
comperisat.ed by the riced to construct new sludge dryinq 
beds). 

4.4 Summary of WWTP Development Options 

The opt. i ':'ris for deve 1 oprnent. of the No. 2 WWTP are: 

A) 	Extend the aerated ponds in 1994, followed by a 
7,000 m3/d (or smaller, depend i rig on revised 
growth predict.i':'r,$) oxidation ditch in 2000 

EU 	Lc'nst.r-uct. a :3,500 m3/d oxidation ditch in 1994, 
and duplicate this in 1998 

C:) 	Ext.ent the aerated ponds in 1994, followed by a 
7,000 m3/d TEA plant, at the nic'rt.herr location in 
20(11:' 

[:1) 	C':'nst.ruct. a 3,500 m3/d TEA plant at the southern 
lc'cat.ioni in 1994, and duplicate this in 1998 by 
convert.i rig the exist. i rig aerated pond 

Not.e that. sludge 1 ag':'ons will be requl red for either 
extended aerat.i':'ni plant soon after their conist.ruct.i':n, 
so t.hat the aerated pond syst.ern will need to be 
deccirnm i ss i oned soon after 2000 sc' t.hat. •:'rie of the 
secondary ponds can be conivert.ed to sludge lagoons. 

The options for deve 1 oF•ment. of the WWTP at. the 1 arid 
dispc'sal sit.e,are: 

C:onst.ruct. a 37 500 m3/d aerated pond in 1994 and 
duplicate this in 1998. 

Const.ruct. a 3,500 m3/d oxidation ditch in 1994. 
and duplicate this in 1998. 

With respect to developing either WWTP site, until a 
more det.ai led assessment has been made of lEA, 
financial assessment of the Albany syst.ern will be made 
on the basis of ':':'rist.t-uct.i rig an Ox i dat. i or Di tc}-i either 
in 1994 or in, 2000 i f the aerated pond system (N':'. 2 
site only) is upgraded in 1994. To ensure that the 
implement.at.ion program is meet. by [:'ecernuer 1994, the 
asse'ssrnert. of TEA should be programmed for cc'mplet.ic.n 
by June, 1992 ('see Section G) 

4.5 Effluent Qualit.y 

E'ot.h Clx idat. ion Ditch and TEA plant.s are expect.ed to 
produce an effluent of similar quality: 



BIJL:'/SS - <20/:10 rn;/L 
TN 	- 10 mg/L_ 	(::lJ reduction) 
IF 	12 rng/L 

An aerated pond plant is expected to 
pr':'duce an eff 1 uerit. of the f': 1 1 owl ng quail ty 

BOD/S 	- .:::.'il/fl rn'i/L 	(mostly al ';ae) 
TN 	- 25-50 rn; / L 
TF' 	- 12 rn';/L 

4.6 Buffer Zones 

While F I ures :3 and 5 sh'::'w that both extended aerat. i c'ri 
opt. loris can be accommodat.ed on the cx i st. in'; No. 2 si t.e 
it is essential to est.abl ish a secure odour buffer 
a r ounid t.h is plant.. 

Fast exper i ence has shown that. the Author i t.y cannot. 
rely on the town piaririln'; pro':ess to maintain suitable 
buffers aru:'urid WWTPS. Elec:ause of this, it has been 
recant practice for the Author it.y to purchase at least 
a ml nirnurn buffer around major WWTF'S. 

Work cur rent.ly  be in'; undertaken by the Aut.hor it.y in 
consultation with the EPA, hc'pefui ly will lead to well 
founded criteria for select.in'; odour buffer zones. This 
in turn may result. in EPA support for secur iri•; buffer 
c'nes under .e  Town F'lanniri'j pn':'cess. Initial resul t.z 

of this work, Which involves ident.i ficat.ion and 
'auarit.i f icat.i on of a ran';e of odours at s.our':e, and 
computer rn':mde ill ni•; subsequent di spers I on, should be 
available by the end of February:. 1992. 
Based on past exper icnice, Victor ian EPA ';uidel inies, and 
results of very crude model 1 in'; for the Gordon Road 
plant., minimum buffr re'aui rernent.s at. the No. 2 plant. 
will be approx imnat.ely 401:1-501:1 in frorri the source of 
odour. This buffer is shown on Fiqure 7 for both 
extended aeration options. This assessment, will be 
ref iried fc'l l':'win'; the Author it.y s work in February, so 
t.hat negot.iat.ionis with affected land owners can be 
completed. 

A WWTF' plant const.ruct.ed at the effluent disposal site 
would be provided with a 1 arge buffer from the t.ree 
plarit.at.ionts, so that only small addit.ic'nal land areas 
would be required. 

5.0 RAW WASTEWATER CONVEYANCE 

The abandonment,  of the Kin'; F'o I nit. WWTF requires a ma j or 
reversal and up';radinig of Albany's raw wast.ewat.er  
cc'l lect.icsri syst.emn. It is proposed to ccmnist.ruct a mnajc'r 
pumnpiri'; st.at.ioni (F'S 15) at the top of Yakamnia Creek 
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OPT I ON 

Treatment. Sit.e: 

Treatment Type 

Capital to 1994: 

Land 	 - 
C:oriveyar-ice - 
Treat.rnent. 	- 
Effi delivery-
SLIEI - TOTAL 

Tree farm 
TOTAL 

A  

No. 2 No. 2 

AP to Or:' 
2000 
t. hen 0 

($ 	miii ion) 

6.9 
:1.2 
6.9 

0.6 4.2 
2.9 2.9 

11:1.6 14.2 

4.7 4.7 
15.:3 18.9 

E 	 F 

Airport. Airport. 

AF' 	 OD 

0.1 NA 
9.6 9.6 
1.8 4.2 
NA NA 

11.5 1:3.8 

4.7 4.7 
16.2 18.5 

Present. Value (( G ( irici t.ree farm costs and ret.urns) 

23.6 	24.9 	20.4 	24.5 

Not.e: UF•t. ions E and F do not cons i 'icr a credit for the 
sale of the existing No.2 WWTP sit.e. 

6.2 F'rc'gram of Works 

A program of wi-irks for the desi gri and construction 
phases of the first stage is given belu:'w: 

Complete assessment. of I EA 	- .Jui-j 1992 
EPA approval 	 Jun 1992 
Complete 'iet.ai led 'ics 1 gn & dcc. - Jun 1993 
Order major i t.erns of equipment. - Dec 1 99:3 

• Complete c':unst.n'_4ct. ion 	 - Oct. 1994 
Complete comm issi on j ri 	 - Dec 1994 
L:'ecomrn i ssi on No. 1 WWTF 	 - Dec 1994 

7.0 CONCLUSIONS 

The fo 11 ':'w ± rig coric 1 us i ores have been made from the 
preceding sect.ions: 

7.1 Assuming disposal of trat.e'i wast.ewat.er  to land near 
the ai rpc'rt., the most. ecororni ':a 1 syst.em for Al barty in, 
the long term is to construct, a pon'i base.i t.reat.mnent 
plant at the land disposal site (PV @ 6' = $20.4 
mill ion) . However, proximity to the airport may 
ci imir.at.e this ':'pt.ioni. 

13 



The 1 ong t.erm cost of corist.ruct. 1 n'; an ox i dat-i ':'n ditch 
plant. in 1994 at the airp':'rt. sit.e, or at. the N':'. 2 site, 
is sirni lar at. the growth rates assumed. 

Fully deve 1 opi rg the aerat.ed p':'nd plant,  at. the No. 2 
site prior to the cc,nst.nij,t.jr,n of an oxidation ditch 
plant. results in a system with the lower-  initial 
capital cost. Of $1.5. :3 mill ion ( including $4.7 mill ic'rr 
to establish the land disposal system). FV @. 	is 
$23.6 mi 11 ion. If gr':'wt.h rate s1ows allowing the 
ox i dat. i on di t.ch plant. to be 'Je 1 ayed beyond the year 
2000, PV will re.-Juce. 

7.2 Financial planniriq for the new system sh':'uld be based 
on c':'nst.ruct. ion of the foi li:'wirig works (see Table A:3, 
Appendix A): 

Dupi icat.e the aerated pond at. the No. 2 WWTF, and 
associated raw wast.ewat.er  and effluent conveyance 
systems by t:'ecemnber 1994 (Note that. the effluent. 
cc'riveyarice syst.emn may be requi red earl icr to 
establish the t.ree farm) 
C:omnmnission the first. st.age of an oxidation ditch 
plant. in 2000. 

7.3 In view of the large pot.ent.ial saviriqs of an lEA plant., 
funds shoul ii be a 1 located for further invest. i gat. j ons I ri 
this area. These invest.iqations are likely ti:' be 
relevant to other Aut.hor i t.y pn':'ject.s. such as. R':'t.t.riest. 
WWTF'. The Albany program cal is for completion, of these 
irivest.iqatj,:,ns by June, 1992. 

7.4 Upport.ur,it.ies for opt.jinisinq the raw wast.ewat.er  
conveyance system are currently being investiqat.e,j by 
Wast.ewat.er  Planning and Desiqr, Branch. These 
opport.un,it.ies will be further refined following 
det.ailed site invest.iqat.ions. 

7.5 The land hc'ldir,g at. the No.2 WWTF site should be 
increased to include a minimum buffer zc'ne of 400- 0fl 
met.res. The exact requirernent.s will be final ised 
fol 1 ':'wi rig the Author i t.y ' s odour inivest.i.at.i':.ns at. the 
Mandurah No. 1 WWTF in February 1992. 

a:\albdcr.doc  
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APPENDIX A - COSTS 

Table Al 3,500 and 5,200 rn:3/d Ox idat.ic'ri 	Ditch 	Plarit.s 
Table A2 - 	3,500 	rn3/'J Int.errnitt.ent. Ext.ended Aerat.ion 

Plant. 
Table A3 - 	Upt.ic'ri A, List. of Works 
Table A4 - Opt.ion B, List. of Works 
Table A5 - Opt.ion E. List of Works 
Table A6 - Opt.ion F, List. of Works 
Table A7 - Present Value @ 6' t:':iscount. 	Rate 
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TABLE Al - 3500M3/I) AND 5200M3/d CIXIDATION DITCH PLANTS - COSTS IN DECEMBER 1990 $ (1000's) 

+------+----------------------------------------+------------+------------+ 

Item 	Description 	 Stage I 	: Stage 1 	1 
No. 1 	 35000/d 	5200m31d 

+------+----------------------------------------+------------+------------+ 
I 
I I 

I 
I 

A General 90: 110: 

B Siteworks 240 320 

C Roadworks 80 100 

D Pipework, manholes etc 360 410 

E Oxidation Ditch No.1 1 1090 1380 

F Clarifier No.1 	(1&2 if 5200m3/d) 430 820 

a : Activated Sludge Puing 180 	i 180 

H 1 Sludge treatment 40 	1 40 

Operations building 1 110 110 

K 1 Electrical 600 600 

L Miscellaneous 40 	1 60 

I 

Sub-total 

I 

: 3260 1 4130 

N Albany/Perth cost index @ 10 

I 

1 

I 

326 : 413 

N 1 Design, doc. & supervision @ 8% 1 261 330 

0 WAWA Head Office Overhead @ 1O7 
I I 

326 1 
I 

413 

+------+----------------------------------------+------------+------------+ 

TOTAL : 4173: 5286: 

+------+----------------------------------------+------------+------------+ 

TABLE A2 - 3500M3/D lEA PLANT (Vertical concrete walls)- COSTS IN DECEMBER 1990 $ (1000's) 

+------+----------------------------------------+------------+ 

Item I 	Description 	 I Total Cost 

No. I 	 I ($10005) 

+------+----------------------------------------+------------+ 
I 	 I 	 I 
I 	 , 	 I 

A IGeneral 	 so: 
B 	I Siteworks 	 150 

C IRoadworks 	 1 	50: 

D 	: Pipework, manholes etc 	 1 	260 

E 	I lEA Tank complete (vert concrete walls): 	1200 

F 	I Inlet screening 	 200 

6 	1 Activated Sludge Pumping 	 : 	120 

H 	I Sludge treatment 	 1 	40: 

j 	: Operations building 	 : 	110 

K 	I Electrical 	 1 	520 

L 	1 Miscellaneous 	 1 	60: 

Sub-total 1 	2790 

M 	I Albany/Perth cost index @ lOX 	1 	279 

N 	I Design, doc. & supervision @ 8% 	I 	223 

0 	WAWA Head Office Overhead lOX 	1 	279 
I 	 I 
I 	 I 	 I 

+------+----------------------------------------+------------+ 

I 	 TOTAL 	1 	3571: 

+------+----------------------------------------+------------+ 

Note: A less expensive version of this plant utilizing savings 

such as 100m concrete on sloping earthen walls has been 

estimated at $2 900 000 	 a:\albcost 



TABLE A3 - OPTION A (Sec.T.t by A. ponds then ext.ended aerat.ion at No.2 site - disp. to land - Municipial only) 
+---------+-----------------------------------------------+--------------------------------------------------+---------+ 

WWTP CATCHI4ENT POPULATION (EP) 	: CAPITAL 
+---------------+-------t-------+-------+-------+ 	 PROJECT DESCRIPTION 12/90 $ 

I 	 I 	I 	I 	 I 	 I 	 I 	 I 	?klt 	I 
I 	 I 	I 	I 	 I 	 I 	 I 	 I 	IEU/ 	I I 	IAAAI,. 	I 

I 	IVVVI 

+---------+-------+-------+-------+-------+-------+-------+-------------------------------------------------- +---------+ 
1992 	11 	 11 	: 	 -Purchase additional land at No.2 WWTP 200 

+---------+-------+-------+-------+-------+-------+-------+-------------------------------------------------- +---------+ 
10400 : 	1994 	1 10935 1 	5077 1 	813 	659 

to 	i 	to 	 -1grade aerated ponds at No.2 WWTP to 17500ep 550 
I 	

I U 
( 	I 	

U
flI

I 	I
I 	 I 	 I 	 I 	 I I 	 I 	 I I 

-Construct. effluent PS for 110 1/s i 	360 
!SDF= 900 to 3100 m3Id 	 -Construct 400 DIA effluent PM 8800. from No.2 2560 

:WWTP t.OTREEFARM 
-Construct TREE FARM 

I 	 I 	 I 	 I 	 I 	 I 
I 	 I 

Kinhill 
I 	 I 	 I 	 I 	 I 

-1grade P915 to 130 L/s station (350 1/s shell) 
I 

1060 
1-Construct 6100. of 500 DIA PM from P615 to WWTP 1 	2160 
-Construct 750. of 600 DIA sewer in Lockyer Av 850 

I 	 I 	 I 	 I 	 I 	 I 	 I 	 I 	I. I 	 I 	 I 	 I 	 I 	 I 	 I 	I..O 	PS15 I 
I 

I 	 1-Construct 800. of 450 DIA sewer and 750. of 1 	860 	I 
375 DIA PM from PSi to Lockyer Av sewer 1 	350 

1-Construct 1700. of 225 DIA PM ,1400m of 260 
375 DIA sewer to Lockyer Av sewer 1360 

I-Grade out PS2 to main sewer system 30 
+---------+-------+-------+-------+-------+-------+-------+-------------------------------------------------- I.---------+ 

780 1997 	1 16795 	1083 11 	1034 	 1-Divert No.3 WWTP to No.2 WWTP: 
to 	to 	 -Upgrade PS1I pumps to 30 L/s 60: 

17878 1 	Ci 	 I 	-Construct 4100. of 225 DIA PM from P911 to P615 640 
I-Install additional aerators at head of Sec. Pond 1 	601 +---------+-------+-------+-------+-------+-------+-------+--------------------------------------------------+---------+ 

700 1 	1998 	i 	18229 	1 	1184 1 	 -Divert No.4 WWTP to No.2 WWTP: 
to 	: 	to 	I 	I 	I-Cotruct 30 L/s PS at No.4 WWTP site (P920) 1 	250 

19413 1 	1 	0 	 1 	(initial PR:12 L/s) 
I 	I 	 1-Construct 4800. of 150 DIA PM from P920 to P611 450 

SVF:3500 to 3700 $3/li 	I 
I 	 I 	 I 	 I 	 I 	 I 

I 	 I 	 I 	 I 	 I 	 I I 

+---------+-------+-------+-------+-------4-------+-------+--------------------------------------------------+---------+ 

6800 1 	2000 	1 	1 20684 1 	 :-Cotruct 1st, stage 01) plant at No.2 WWTP for 6800 
ISDF:3900 s3/d 	1 	 1 38800ep (70000/d) 

+---------+-------+-------+-------+-------+-------+-------+--------------------------------------------------+---------+ 
2740 2005 	1 	1 23846 1 	 1 	 :-upgrade P920 to 30 L/s and PM to 225 DIA 1 	740 

11 	 1-tgrade P911 to 110 L/s and PM to 400 DIA 1 	2000 +---------+-------+-------+-------+-------+-------+-------+--------------------------------------------------+---------+ 
3500: 2010 	1 	1 27494 1 	I 	11 	i 	1-Construct 2nd stage OD plant at No.2 WWTP for 

2015 	1 	1 31214 1 	i 	1 	1 	19400ep 
2020 	1 	34934 1 	1 1 	3500: 

+---------+-------+-------+-------+-------+-------+-------+--------------------------------------------------+---------+ 
24920 aibstage 



TABLE A4 - OPTION B (Sec.Tmt by extended aeration at. No.2 site - disp. to land - Municipial only) 
+---------+----------------------------------------------- +--------------------------------------------------+---------+ 

WWTP CATCHMENT POPULATION (EP) CAPITAL 

YEAR 	+-------+-------+-------+-------+-------+------- + 	PROJECT DESCRIPTION 1 	12/90 $ 

1 	2 	1 	3 	4 	 1ND :1000's: 

+---------+-------+-------+-------+-------+-------4.------- +--------------------------------------------------+---------+ 

1992 	:i 	 i HPurchase additional land at No.2 WWTP 200 

+---------+-------+-------+-------4.-------+-------+------- +--------------------------------------------------+---------+ 

14050 	1994 	10935 	5077 I 	813 1 	659 

to 	to 	I 	: I-Construct 1st stage OD plant at No.2 WWTP for 1 	4200 

0 	1 	16012 	: 	I 19400ep (3500m3/d) 

-Construct effluent PS for 110 L/s 360 

SDF: 900 to 3100 m3/d 	1 -Construct 400 DIA effluent PM 8800m from No.2 2560 

WWTP to TREE FARM 

I-Construct TREE FARM U(intull 
I 

I 	 I 	 I 
I 	 I 	 I 	 I 

I 
I 

-Iipgrade P515 to 130 L/s station 	(350 L/s shell) 

I 

1 	1060 

I -Construct 6100m of 500 DIA PM from P615 to WWTP : 	2160 

I 	 I -Construct ThOm of 600 DIA sewer in Lockyer Av 

I 

	

to 	i 
850 

I 	 I 	 I 
I 	 I 	 I 	 I 

I 

I-Construct. 800m of 450 DIA sewer and 750m of 1 	860 

:375 DIA PM from PSi to Lockyer Av sewer 1 	350 

-Construct 1700m of 225 DIA PM 	1400m of : 	260 

1 375 DIA sewer to Lockyer Av sewer 1 	1360 

I 	I I-Grade out P82 to main sewer system 1 	30: 

+---------+-------+-------+-------+-------+-------+-------+-------------------------------------------------- +---------+ 

700 	1997 	1 	:16795 	1083 1 	1034 1 	1 I-Divert No.3 WWTP to No.2 WWTP: 

to 	I 	to 	I 	I 1-Upgrade P811 pips to 30 L/s 1 	60: 

17878 	0: 	1 	1 
I 	 I 	 I 	 I 	 I 	 I 

-Construct 4100m of 225 DIA PM from P511 to P815 
I 

1 	640 
I 	 I 

I 	 I 	 I 	 I 	 I 	 I 

+---------+-------+-------+-------+-------+-------+-------+-------------------------------------------------- 

I 

+---------+ 

3600 	1 	1998 	1 	18229 1 	1 	1184 	1 I-Divert No.4 WWTP to No.2 WWTP: 

to 	1 	to 	I 	I I-Construct 30 L/s PS at No.4 WWTP site (P520) 1 	250 

119413 	1 	 0: 1 	(initial PR:12 L/s) 
I-Construct 4800m of 150 DIA PM from P620 to P611 450 

ISDF:3500 to 3700 m3/d 	I I-Construct 2nd stage OD plant. at No.2 WWTP for I 	2900 

1 	I I 	19400ep (38800ep Total) 

4.---------+-------+-------+-------+-------+-------+-------+-------------------------------------------------- +---------+ 
I 	(lIlA 	I 	 I 	(I 	I 	 I 	 I 

U 	I 	U!JU 	I 	 I 	U 	I 	 I I I 

0F:3900 m3/d 	: 	 1 
+---------+-------+-------+-------+-------+-------+-------+--------------------------------------------------+---------+ 

2740 	I 	2005 	1 	1 23846 1 	 1 	1 I-Upgrade P620 to 30 L/s and PM to 225 DIA I 	740 	1 

I 	I 	: 	1 I-upgrade PS11 to 110 L/s and PM to 400 DIA 1 	2000 	1 

+---------+-------+-------+-------+-------+-------+-------+--------------------------------------------------+---------+ 

35001 	2010 	1 	1 27494 	1 	 1 I-Construct 3rd stage OD plant at No.2 WWTP for I 

1 	2015 	1 	1 	31214 	1 	 1 1 	19400ep I 

I 	2020 	1 	1 	34934 	1 	1 	 1 1 1 	3500: 

+---------+-------+-------+-------+-------+-------+-------+--------------------------------------------------+---------+ 

24590 albstage 



TABLE A5 - OPTION E (Sec.Tmt by aerated ponds at airport site - disp. to land - Municipial only) 
+---------+----------------------------------------------- +--------------------------------------------------+ ---------+ 

IØ.TP  CATCIENT POPtLATION (EP) CAPITAL 
YEM 	+-------+-------+-------+-------+-------+------- + 	PROJECT DESCRIPTION 	 112/90 $ I 	 I 	

I I 	 I 	 I 	Q 	 I & I 	I 	 I 	) 	
I 
I 	

I 	
I IND  I 	 I I 	 I 

IAAAI 

+---------+-------+-------+-------+-------+-------+------- +--------------------------------------------------+ ---------+ 
1992 	1 	 11 : 	 I 1-Purchase additional land at land disposal site 	1 130 +---------+-------+-------+-------+-------+-------+------- +--------------------------------------------------+ ---------+ 

11360 1 	1994 	110935 1 	5077 	813 I 	659 
to 	I 	to 	I 	I 	I :-Construct 1st stage AR plant at tree farm for 	1 1800 

1 	0 	116012 	1 	 I 	I 
I 	 I 	 I 	 I 	 I 	 I 	 I 

1 19400ep (3500m3/d) 
I I 	 I 	 I 	 I 	 I 	 I 	 I 

1 	SDF: 900 to 3100 	3/d 	I 	I 
6 	 6 	 I 	 I 	 I 	 I 	 I 

I 

1 
I I 	 I 	 I 	 I 	 I 	 I 	 I 

1 	1 	1 
I 	 I 	I 	I 	I I 

I I 	 I 

-Construct TREE FARM 	 1Kinhill 
I I 	 I 	 I 	 I 	 I 	 I 

1 	1 	1 	1 	1 

I I 	 I 

-Upgrade P915 to 130 L/s station (350 1/s shell) 	I 1260 
1 	 1 	1 I-Cottruct 12900m of 500 DIA PM from P915 to WWTP 1 4590 1 
1 	 1 -Construct. 750m of 600 DIA sewer in Lockyer Av 850 I 

I 	 I 	 I 	 I 	 I 	 I 	 I I 	 I 	 I 	 I 	 I 	 I 	 I 
I. 

I 
I 	bI 	 I 

I 

1 	1 -Construct 800m of 450 DIA sewer and 750m of 860 1 
I 	I 	I : 375 DIA PM from PSI to Lockyer Av sewer 	i 350 1 

-Construct 1700m of 225 DIA PM ,1400m of 260 1 
1 	1 	1 1 375 DIA sewer to Lockyer Av sewer 	 1 1360 

I 	I 	I 	I I-Grade out. P52 to main sewer system 	 1 30 
+---------+-------+-------+-------+-------+-------+-------+--------------------------------------------------+---------+ 

700 1 	1997 	I 	16795 1 	1083 1 	1034 	1 	1 -Divert No.3 WWTP to No.2 WWTP: 
I 	to 	I 	to 	I 	 I -Upgrade Psi! pUS to 30 L/s 60 

17878 	1 	01 	1 	1 
I 	 I 	 I 	 I 	 I 	 I 	 I 

I 	 I 

1-Construct 4100m of 225 DIA PM from PS11 to P915 	I 
I 	 I 

640 
I I 	 I 	 I 	 I 	 1 

+---------+-------+-------+-------+-------+-------+-------+--------------------------------------------------+--------- + 
2500 1 	1998 	1 	1 	18229 	1 	1184 1 -Divert No.4 WWTP to No.2 WWTP: 

I 	to 	I 	1 	to 	1 1-Construct 30 L/s PS at No.4 WWTP site (P920) 	1 250 1 
19413 	1 	 0: 	1 1 	(initial PR:12 L/s) 

I 	I 	I 1-Construct 4800m of 150 DIA PM from P920 to PSi! 	1 450 1 
SW:3500 to 3700 m3/d 	1 1-Construct 2nd stage AR plant at tree farm 	1 1800 	I 
1i 	1 I 19400ep (38800ep Total) 	 1 

+---------+-------+-------+-------+-------+-------+-------+--------------------------------------------------+--------- + (I U I 	AAA 	$ 	I 	A 	I 	I 	I I 	UVU 	I 	I 	U 	I 	I 	I 	I I 	 I I 
SDF:3900 m3/d 	1 	1 1 	 1 

I 

+---------+-------+-------+-------+-------+-------4------- +--------------------------------------------------+--------- + 
2740 I 	2005 	1 	1 23846 1 	 I 1-Upgrade P620 to 30 L/s and PM to 225 DIA 	1 740 1 

1 	1 1-Upgrade P911 to 110 L/s and PM to 400 DIA 	1 2000 1 +---------+-------+-------+-------+-------+-------+------- +--------------------------------------------------+--------- + 
1800 2010 	1 	1 	27494 	1 	1 	1 	I -construct 3rd stage AR plant WWTP for 

1 	2015 	I 	1 	31214 	1 	1 	1 1 19400ep 
I 	2020 	1 	1 	34934 	1 	I 	1 I 	 1 1800 1 +---------+-------+-------+-------+-------+-------+------- +--------------------------------------------------+---------+ 

19100 
albstage 



TABLE A6 - OPTiON F (Sec.T.t by extended aeration at airport site - disp. to land - Nt,iicipial only) 
+---------+-----------------------------------------------+--------------------------------------------------+---------+ 

TP CATCH1NT POPULATION (EP) 	 CAPITPL 
YEAR +---------------+-------+-------+-------+-------+ 	PROJECT DESCRIPTION 	 12/90 $ 

	

4 	4 	I 	 I 	 I 	A 	I 	 I 	 I 	 I 	IAAAI 	I 
I 	 I 	 I L I .) I •t 	 I 14W I 	 I LUUUSI 

+---------+-------+-------+-------+-------+-------+-------+--------------------------------------------------4.---------+ 

	

1992 1 	 -Purchase additional land at land disposal site 	38 
+---------+-------+-------+-------+-------+-------+-------+--------------------------------------------------+---------+ 

	

13760 : 1994 	:10935 1 5077 	813 	659 1 11  

to I to 	 -Construct 1st stage 01) plant at tree fan, for 	4200 

0 	16012 	 1 19400 	(3500.3/d) 	 11  

mci sludge drying beds 
!SDF= 900 to 3100 m3/d 1 I 

I 	 I 	 I 	 I 	 I 	 I 	 I 
I 	 I 	 I 	 I 	 I 	 I 	 4 	 4 	 I 	 I 

1-Construct TREE FARM 	 IKithill 
I 	 I 	 I 	 I 	 I 	 I 	 i 
I 	 I 	 I 	 I 	 I 	 I 	 I 	 I 	 I 	 I 

I-(grade P915 to 130 L/s station (350 L/s shell) 	1260 
-Construct 12900. of 500 DIA PM from P915 to WTP 	4590 1 
-Construct 7509 of 600 DIA sewer in Lockyer Av 	850 

	

I 	 I 	 I 	 I I. 
I u r 

D1 
Q1J 	

I 	 I 
I 	.  

1-Construct 800. of 450 DIA sewer and 750. of 	1 	860 1 
1 375 DIA PM fro. PS! to Lockyer Av sewer 	1 	3501 

I 	 I 	-Construct 1700. of 225 DIA PM ,1400. of 	i 	260 1 

I 	 I 1 375 DIA sewer to Lockyer Av sewer 	 1 	1360 1 

	

1 	1 	 -Grade out P92 to iain sewer syste. 	 1 	30: 
+---------+-------+-------+-------+-------+-------+-------+--------------------------------------------------4.---------+ 

	

700 1 1997 	1 	I 16795 	1083 I 1034 1 	 1-Divert No.3 MdTP to No.2 WNTP: 
1 	to 	to 1 	 1 	1-1grade P911 pumps to 30 Us 	 1 	601 

117878 1 	0 	i1 	1-Construct 4100. of 225 DIA PM fro. P911 to P915 1 	640 1 
I 	 I 	 I 	 I 	 I 	 I 	 I 	 I 
I 	 I 	 I 	 I 	 I 	 I 	 I 	 I 	 I 

+---------+-------+-------+-------+-------+-------+-------+--------------------------------------------------+---------+ 

	

3600 1 1998 	1 	118229 	1 1184 1 	: 	1-Divert No.4 WTP to No.2 WWTP: 
1 	to 1 	to 	 -Construct. 30 L/s PS at No.4 ØTP site (P920) 	1 	250 

	

1 	19413 : 	1 	0 	1 	1 	(initial PR:12 L/s) 
1 	 1 	NConstruct. 4800. of 150 DIA PM fro. P920 to P911 1 	450 1 

	

I 	ISDF:3500 to 3700 .3/d 1 	 -Construct 2nd stage 01) plant at tree far. 	1 	29001 

	

1 	1 	11 	 i1 	1 	1 19400ep (38800w Total) 
+---------+-------+-------4.-------+-------+-------+-------+--------------------------------------------------+---------+ 

A(4 I 	(4A 	I 	 I 	A 	I 	 I 	 I 	 I 	 I 
I 	UUU 	I 	 I 	U 	I 	 I 	 I 	 I 	 4 684 

:SDF=3900 .3/d 1 	1 	1 
4.---------+-------+-------+-------+-------+-------+-------+--------------------------------------------------+---------+ 

	

2740 	2005 1 	1 23846 	 1 	 1-Upgrade P920 to 30 L/s and PM to 225 DIA 	I 	740 1 

	

I 	 1 	I 	1 	1 	-Upgrade PSI! to 110 L/s and PM to 400 DIA 	2000 

+---------+-------+-------+-------+---------------+-------+------------------------------------------------------------+ 

	

3500 1 2010 	1 	I 27494 	1 	 1-Construct 3rd stage 01) plant WTP for 	I 

1 2015 	1 	1 31214 : 	 1 	1 19400ep 	 1 

1 2020 	: 	1 34934 1 	1 	 3500 1 

+---------+-------+-------+-------+-------+-------+-------+--------------------------------------------------+---------+ 

	

24300 	 albstage 



TABLE A7 - PRESENT VILtE (Decber 1990 $ (1,000's) mcI all overheads 
Interest Rate 0.06 

read 1991 as 91/92 
'T10t4 YEAR 	1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

-1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 

CAPITAL 200 5200 5200 780 700 6800 2740 - 3500 
A 	FARM CAP --------- 2824 1233 636 129 256 18 92 210 
Sec titO&M 164 169 173 185 200 209 300 300 317 317 335 335 	366 	366 386 386 435 435 435 499 	499 499 499 499 499 499 499 
A.pondsFAR$ 0W4 115 224 195 226 228 231 234 234 234 234 234 245 	245 	245 245 245 256 256 256 256 	256 269 269 269 269 269 283 
to2000FARMREflJ(S -300 -360 -420 -420 -360 -920 -360 	-735 	-360 -360 -360 -360 -360 -360 	-920 -360 -735 -360 -360 -550 -360 
disp9k -------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

to treeTOTAL 	0 0 3024 6433 6115 522 624 891 768 20 6932 534 191 551 -351 2960 	-124 	251 631 363 541 331 331 395 	-165 408 33 408 408 218 3922 
far.. 
no md pv 	0 0 2853 5725 5134 413 466 628 511 13 4103 298 101 274 -165 1309 	-52 	99 234 127 179 103 97 110 	-43 101 8 90 85 43 724 

so 	0 0 2853 8578 13712 14126 14592 15220 15731 15744 19847 20145 20245 20519 20355 2166421612 21711 21945 22073 22251 22355 22452 22562 22518 22619 22627 22716 22801 22844 23568 

CAPITAL 200 7020 7020 700 3600 2740 3500 
B 	FARK CAP --------- 2824 1233 636 129 256 18 92 210 
Sect.tO&M 234239243255270279300300317317335335366366386386435435435499499499499499499499499 
oxid 	FARM 0&0 115 224 195 226 228 231 234 234 234 234 234 245 	245 	245 245 245 256 256 256 256 	256 269 269 269 269 269 283 
ditch 	FARM REflJ1NS -300 -360 -420 -420 -360 -920-360 -735 	-360 -360 -360 -360 -360 -360 	-920 -360 -735 -360 -360 -550 -360 
disp9k ________________________________________________________________________________________________________________________________________________________________________________________________ 
to treeTOTAL 	0 0 3024 8253 .8005 592 694 881 3738 90 132 534 191 551 -351 2960 	-124 	251 631 363 541 331 331 395 	-165 408 33 408 408 218 3922 
far__________________________________________________________________________________________________________________________________________________________________________________________________ 
no md pv 	0 0 2853 7345 6721 469 519 621 2486 56 78 298 101 274 -165 1309 	-52 	99 234 127 179 103 97 110 	-43 101 8 90 85 43 724 

sum 	0 0 2853 10198 16919 17388 17907 18528 21014 21070 21148 21446 21547 21821 21656 22966 22914 23013 23247 23374 23553 23656 23754 23863 23820 23921 23928 24018 24103 24145 24869 

CAPITAL 130 5680 5680 700 2500 2740 1800 
E 	FN CAP --------- 2824 1233 636 129 256 18 92 210 
Sec t.tO&M 164 169 173 185 200 209 225 225 238 238 251 251 	275 	275 290 290 326 326 326 374 	374 374 374 374 374 374 374 
A.pondsFARM O&K 115 224 195 226 228 231 234 234 234 234 234 245 	245 	245 245 245 256 256 256 256 	256 269 269 269 269 269 283 
at treARM RETIJ1NS -300 -360 -420 -420 -360 -920 -360 	-735 	-360 -360 -360 -360 -360 -360 	-920 -360 -735 -360 -360 -550 -360 
far__________________________________________________________________________________________________________________________________________________________________________________________________ 

TOTAL 	0 0 2954 6913 6595 522 624 811 2568 20 57 459 112 472 -435 2876 	-216 	160 535 267 432 222 222 270 	-290 283 -92 283 283 93 2097 
nond 

pv 	0 0 2787 6153 5537 413 466 572 1708 13 34 256 59 234 -204 1272 	-90 	63 198 93 143 69 65 75 	-76 70 -21 62 59 18 387 
sum 	0 0 2787 8939 14477 14890 15356 15928 17636 17649 17682 17939 17997 18232 18028 19300 19210 19273 19472 19565 19708 19777 1984219917 19842 19912 19890 19952 20011 20029 20417 

CAPITAL 30 6880 6880 700 3600 2740 3500 
F 	FARM CAP --------- 2824 1233 636 129 256 18 92 210 
SectatO&M 234239 243255270279300300317317335335366366386386435435435499499499499499499499499 
oxid 	FARM O&fl 115 224 195 226 228 231 234 234 234 234 234 245 	245 	245 245 245 256 256 256 256 	256 269 269 269 269 269 283 
ditch FARM RETLFM -300 -360 -420 -420 -360 -920 -360 	-735 	-360 -360 -360 -360 -360 -360 	-920 -360 -735 -360 -360 -550 -360 
at tree 
far. 	TOTAL 	0 0 2854 8113 7865 592 694 881 3738 90 132 534 191 551 -351 2960 	-124 	251 631 363 541 331 321 395 	-165 408 33 408 408 218 3922 

no md pv 	0 0 2692 7221 6604 469 519 621 2486 56 78 298 101 274 

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

-165 1309 	-52 	99 234 127 179 103 97 110 	43 101 8 90 85 43 724 
sum 	0 0 2692 9913 16517 16986 1750418125 20611 20668 20746 21044 21145 21418 21254 22563 22511 22610 22844 22972 23150 23254 23351 23461 23417 23518 23526 23616 23700 23743 24467 

a:\albv2  31/1/92 	 TABlE A7 



PLANS 

Plan 1 	Lc'ci it.y F1.n 
Plan 2 - Nc'. 2 WWTF, As E>1Et1ri'; 
Plan 3 - Ox idat.i':'ri [:'jt.:f-  Flant., Site Plan 
Plan 4 - lJx idat.ic'ri [:'i.t.ch P1ant. Ierterai Arrarigern'nt. 
Plan 5 - Int.errnit.t.ent. Extended Aerat.ic'n Flant., Site 

Plan 
Plan 6 - Int.errnit.t.erit. Extended Aerat.ic'n Plant., 'eneral 

Arrangement. 
Plan 7 - Frel imiriary Buffer Zones 
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absorption 

adsorption 

aquifer 

The penetration of one substance into the inner 
structure of another. 

The adherence of the atoms, ions or molecules of a 
gas or liquid to the surface of another substance. 

A soil stratum beneath the surface that is saturated 
with water. 

activated sludge treatment plant 	A treatment plant in which aerated bacteria from 
recycled sludge convert the organic component of 
wastewater into bacterial mass and stabilized 
compounds such as nitrates, suiphates and carbon 
dioxide. 

aerated primary pond 	 A pond that is equipped with an aerator (usually a 
rotating paddle) and receives untreated wastewater. 
The aerator accelerates the normal treatment 
process, which takes place in waste stabilization 
ponds. 

annual exceedence probability 	Used to describe the likelihood of a flood flow or 
rainfall event occurring. 

auger holes 	 Holes sunk with a small, post hole borer-type 
auger to obtain soil samples from the top 1 m of 
soil. 

backlog sewerage 	 The provision of reticulated sewerage to dwellings 
and commercial properties that currently use septic 
tanks for wastewater treatment. 

biological slimes 	 Slimes created by bacterial reaction with some of 
me components in the wastewater. 

'blackwater' streams 	 Water usually of a high pH and with low, light 
penetration, which are often caused by tannins in 
the water. 



borrow pit 	 A pit from which earth is taken to construct a dam. 

coppice 	 The growth from the stump of a tree after it has 
been cut down. 

crop factor 	 A factor that is multiplied by recorded pan 
evaporation to provide an estimate of the 
evapotranspiration by a crop. 

denitrification 	 The breakdown of nitrates by bacteria resulting in 
the release of free nitrogen. This process takes 
place under anaerobic conditions. 

depletion (of soil moisture) 	Reduction in soil moisture due to evapotrans- 
piration. 

downward percolation 	 The term used in this report to describe water from 
the bottom of the root zone of pasture and trees 
draining through the unsaturated zone above the 
water table. 

drip irrigation 	 Irrigation through emitters- (drippers), which 
deliver the water directly into the soil above the 
root zone of the plant. 

dry weather flow 	 The flow in a sewerage system at the end of 
summer when infiltration due to rainfall and high 
water tables is minimal. 

duricrust 	 A cemented layer of ironstone nodules. 

ecosystem 	 The physical and biological systems in an area. 

effluent 	 The treated wastewater discharged from a 
treatment plant or process. 

electrical conductivity (of water) 	The ability of water to conduct electricity increases 
with the salt content. Measurement of the electrical 
conductivity of the water is a simple method used 
to obtain the approximate salt content. 

eutrophication 	 Enrichment of a body of water by the input of 
organic material or surface runoff containing 
nutrients. It leads to an increase in the growth of 
aquatic plants and to excessive algal growths 
which can smother higher plants, reduce light 
intensity, produce toxins that kill fish, or cause 
deoxygenation of the water. 



evapotranspiration 	 The actual total loss of water from an area by 
evaporation from the soil and water, and by 
transpiration from vegetation. 

facultative secondary ponds 	Wastewater stabilization ponds that provide 
secondary treatment to wastewater by a 
combination of anaerobic and aerobic processes. 

ferruginous 	 Containing iron. 

field capacity 	 The moisture content of a soil when free drainage 
ceases. 

hydraulic conductivity 	 The volume of water per unit of time flowing 
through a unit cross-section of earth. 

land treatment system 	 A system that utilizes the filtering, bacterial and 
adsorbent properties of soil and vegetation to 
remove impurities from wastewater. 

leaching 	 The washing of organic and mineral salts into a 
lower layer of soil by percolating water. 

macro-inveterbrate species 	Animals, usually over 1 mm in length, without 
backbones. 

mounding 	 The process of building continuous earth mounds 
on which trees are planted to improve the drainage 
of the soil in the root zone of the seedlings. 

municipal wastewater 	 Wastewater from dwellings, institutions, 
commercial premises and light industry. It does 
not include industrial wastewater discharged from 
industries that use large amounts of water. 

nitrification 	 The conversion of organic and ammonia nitrogen 
by bacteria into nitrites and nitrates. 

nutrient load 	 The load of nutrients (normally the phosphorus 
and nitrogen content in wastewater). 

overland flow process 	 A land treatment process in which wastewater is 
treated by causing it to flow in a shallow sheet 
through a pasture. 

pan evaporation 	 The measured evaporation from the standard 
meterological evaporation pan used in Australia. 



pedface 	 The faces of the blocks of soil (peds) common in 
clay soils. 

perched water table 	 A saturated layer of soil located above a relatively 
impervious layer beneath which the soil is not 
saturated. 

phytoplankton bloom 	 A population explosion of microscopic aquatic 
plants. 

preferred pathway 	 Channels in the soil through which water can pass 
much more rapidly than by percolation. The most 
common channels are old root passages and insect 
burrows. 

pretreatment 	 Treatment of wastewater in a primary or secondary 
wastewater treatment plant prior to treatment in the 
land treatment system. 

riffle-pool sequences 	 A rocky shoal that causes rapids. 

riparian vegetation 	 Vegetation growing on the bed and banks of 
watercourses. 

root zone storage 	 The quantity of water that can be stored in the 
pores in the soil in the root zone of a plant, without 
downward percolation occurring. 

sand lenses 	 Small areas of sand in a clayey soil that do not 
form a continuous layer. 

secondary treatment 	 A biological treatment process subsequent to 
primary treatment. Organic wastes are consumed 
by bacteria under controlled conditions so that 
most of the BOD is removed in the treatment 
process. Secondary treatment can reduce the 
nitrogen level in the wastewater but has little 
impact on the phosphorus content. 

shatter ploughing 	 A means of breaking up the soil to a significant 
depth by pulling a ripper tyne with a winged blade 
through it. 

sorption 	 A surface phenomenon which may be either 
absorption or adsorption. 

spreading basin 	 A basin constructed to allow water to be spread 
evenly over an area of land as an aid to infiltration. 



stabilization pond (treatment plant) 	A secondary, biological wastewater treatment 
technique using ponds. Stabilization ponds have 
very low energy input and operating costs but 
require large land areas and provide little control 
over process effectiveness on a daily basis. In the 
right conditions, ponds can produce good quality 
effluent. 

stratigraphic sequence 	 Tilzscence of the strata of soil at any given site. 

surface irrigation 	 The irrigation process in which water is spread 
over the surface of the soil. Furrow and flood 
irrigation are examples of this process. 

surface runoff 	 Runoff of water during rainfall over the surface of 
the soil. 

trickling media filters 	 A filter system used in wastewater treatment that 
allows water to trickle down over stones or 
artificial media in an aerated tank. Slimes build up 
on the stones or media during this process. 

turkey nest storage 	 A dam constructed to store water above the soil 
surface by building a bank (usually circular) 
around an area. 

unsaturated zone 	 The zone of soil above the water table which is not 
saturated but still contains water in the soil pores, 
some of which can be extracted by plants. 

upstream earth blanket 	 A compacted earth blanket placed on the floor of a 
reservoir upstream of the dam to lengthen the 
seepage path under the dam. 

volatilization 	 The process of moving into the gaseous form. 

water balance 	 The balance between incoming and outgoing water 
(in any form) in a process or on a land area. 

well injection 	 The injection of water down wells or bores into an 
aquifer. 

wilting point 	 T moisture content in the soil at which the plant 
has difficulty in extracting water and begins to 
wilt. 

wind fetch 	 The distance that wind can blow across water to 
create waves. 



woodlot 	 A term commonly used in Australia to describe a 
plantation of trees. 

zooplankton 	 Small (usually less than 1 mm) animals that live in 
the water column. 

1 in 100 year rainfall event 	A rainfall event that is calculated (from existing 
records) as likely to occur, on average, only once 
every 100 years. It can always occur next year. 

90 percentile wet year 	 The year with a rainfall which (calculated from 
past records) will only be exceeded by 10% of the 
years. 
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GENERAL ABBREVIATIONS 

AHD Australian Height Datum 
BOD biochemical oxygen demand 
CALM Department of Conservation and Land Management 
EC electrical conductivity 
EPA Environmental Protection Authority 
Kinhill Kinhill Engineers Pty Ltd 
PRI phosphorus retention index 
SECWA State Energy Commission of Western Australia 
SMU soil mapping unit 
TDS total dissolved salts 
UPVC unplasticized polyvinyl chloride 
US EPA United States Environmental Protection Agency 
Victorian EPA Victorian Environment Protection Authority 
Water Authority Water Authority of Western Australia 



TECHNICAL ABBREVIATIONS 

cm centimetre 
cm/d centimetre per day 
g gram 
g/ha gram per hectare 
hid hour per day 
ha hectare 
kg kilogram 
kg/a kilogram per annum 
kg/ha kilogram per hectare 
kg/ha/a kilogram per hectare per annum 
kg/rn3  kilogram per cubic metre 
kL kilolitre 
kL/a kilolitre per annum 
kL/d kilolitre per day 
km kilometre 
km/h kilometre per hour 
kW kilowatt 
L litre 
L/d litre per day 
Lih litre per hour 
LJha litre per hectare 
L/s litre per second 
m metre 
n-Va metre per annum 
m/d metre per day 
m/s metre per second 
m3  cubic metre 
m3/d cubic metre per day 
m3/s cubic metre per second 
mg/h milligram per hour 
mg/L milligram per litre 
mL millilitre 
mUg millilitre per gram 
mm millimetre 
mn-Va millimetre per annum 
mnd millimetre per day 
mm/month millimetre per month 
pH a measure of acidity and alkalinity 
RL (in figures) height above mean sea level 
t tonne 
t/a tonne per annum 
iF/ha tonne of phosphorus per hectare 
V volt 
p.gP/g soil microgram of phosphorus per gram of soil 
p.g/L microgram per litre 
% percent 

degree Celsius 
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