Environmental Indicators of Effective

Sewage Effluent Re-use

Submitted by Robert A. Patterson
BNatRes(Honsl), PhD, GradCertEng, GradDipEng

May, 1997

[This thesis was award a high digtinction]

Submitted in fulfilment of the requirements for
SEN713 Research/Professiona Practice Project
School of Engineering and Technology, Degkin University




(i)
ABSTRACT

Armidae City Council operates a small scale re-use scheme, irrigating pasture as part of a 24.6 ha
cattle grazing operation. Since the 1960s effluent from the treetment lagoons has been used to flood
irrigate an area of about 10 ha. Environmenta indicators of the effects of the effluent on the soilsand
pasture have not been monitored and the irrigation scheme has been under-managed with respect of
water or nutrient balance.

Inasoil survey 42 sampling pointswere examined for relaive changesin plant nutrientsand satsfrom
the long term re-use scheme. Plant material was andysed to determinethe reative remova ratesfrom
varying vegetaion dengties. Effluent from the detention ponds was aso andysed.

For the essentia plant macro and micro nutrients a sgnificant increase in the stored nutrients rel ative
to the control was recorded. Nutrient increases ranged from 1200% for sodium, 700% for total
Kjeldahl nitrogen (TKN), 1800% for total phosphorus (TP) to 7000% for Bray phosphorus. That salt
levels generally increased down the dope indicated that soluble fractions were leached from the
system. The plant dendity positively correlated with the levels of organic carbon, TP and TKN.

Animportant benefit of monitoring isthat nutrients may be soread more evenly over the disposd area
to maximise the production of pasture, rather than accumulate unusable quantities close to the
discharge outlet. The environmenta indicators which most readily provide a perspective on effective
management were Bray -P, organic carbon, minerd nitrogen, exchangeable sodium percentage, pH
and electrical conductivity for the soil; pH, dectrica conductivity, orthophosphate, nitrate and sodium
adsorption ratio (SAR) for water. Observations of plant growth, vigour and species composition
indicate the outcome of management decision.

The findings indicate that the soil provided a vauable sink for nutrients, sdts and heavy metas and
providesavauable nutrient remova processin wastewater treatment. After along term re-use history
the Armidde dte maintains a buffer agang off-gte pollution without degradation of the soil
environment.
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1 INTRODUCTION
1.1  Generation and Disposal of Wastewater in Armidale

Armidde is Stuated on the New England Tablelands, in north-eastern New South Wales, a an
dtitude of approximately 1000 m above sealeve (ASL) in undulating hills of basdlt, granite and
metamorphosed sedimentary country rocks. Thelandscapeisdissected by smal to medium sized
river systems draining generdly to the seaboard 200 km to the eastern seaboard through the
magor Macleay River system. With an annud rainfal of 793 mm (Bureau of Meteorology, 1938)
which has aweak summer dominance, Armidde isfortunate to have areliable engineered water
supply in Mapas Dam, located 25 km to the north east in abasdt landscape. The city of 23 000
persons (EP) draws water from Mdpas Dam through a reticulation systiem and a high qudity
trestment plant. Wastewater is piped to the sewage treatment works (STW) located on the
junction of the Dumaresq Creek (which aso drainsthe urban area) with Commissoners Waters
which, a this point, is aready draining hundreds of square kilometres of mainly rurd landsin dl
three mgjor geologica parent materids.

Like most other inland cities, Armida e digposes of itswastewater back into the hydrologic cycle
through the locdl river systlem. Figure 1.1 indicates the location of the STW relative to the City
of Armidde.

Armidde City generates an average of about 40 megdlitres of wastewater each week (seeFigure
4.2) which, other than for the loss of evaporation from the expansve treatment lagoons, only a
smdl proportion is gpplied to land, the remainder is piped from the find trestment lagoon into
CommissionersWaters. Downstream usersbenefit from theadded phosphorusand nitrogenload,
but environmentd requirements for the naturd system may be disadvantaged by the increasein
chemica load. The smal volume of water reused for pasture production benefits the Council
through a smdl but efficient beef cattle project, providing a subsdy to minor works within the
sewerage system. Thevolume of water reused islessthan 6% of theannua STW effluent volume.

In New South Wales, the Sate government hasmoved to greetly reducetheleve of phosphorus
entering theriver sysemswhile STWshave been recognised asasignificant source of phosphorus
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pollution of the waterways. The NSW Loca Government Phosphorus Action Plan atteststo a
postive gpproach to removing phosphorus from the wastewater stream. There are many
examples of efforts being made to re-use effluent in avariety of ways, induding the consumptive
use onto pastures, golf courses and playing fields. Blessed with areiable supply of clean water,
re-use within Armidae City isnot amgor priority, but reducing stream pollution is marked for
scrutiny by the EPA and the community generdly.

The small re-use scheme has been operating a the Armidae STW since at least the 1960's,
athough an exact date has not been determined for thisreport. Effluent from the trestment ponds
is pumped to the top of a smdl gravely hill, dlowed to discharge over the surface and by
overland flow replenish soil moisture of the shalow surface soils by gravity flow. A smdl spray
irrigation system was used on theriver flats adjacent to the hill but has not been used for more
thanten years. With the potentia for expanding there-use project, either fromregulatory pressure
or for economic benefits, Council had no information on the environmenta indicators of the

condition of the pasture as aresult of the re-use scheme.

Asaproject, the author approached the Armidae City Council to investigate the on-Ste effects
from the extendve period of irrigation, select environmentd indicators and suggest astrategy for
expanding re-use options onto adjoining Council owned lands. The project suited the current
planning by the Council for expanding their system and maximising returnsto ratepayers. Council
is aware of the imminent regulatory approach to be taken by NSW EPA and the impaosition of
load based licences. The outcome of this project will provide a vaduable planning tool towards

an environmentaly sustainable end while providing environmenta indicators for a monitoring

program.

A current NSW government enquiry “Public Enquiry into the Management of Sewage and
Sewage By-Products in the Coadta Zon€’ indicates the timely investigation into the re-use
project. The author provided awritten submission to the enquiry and presented materid before
the commissioner at a gtting of the enquiry in Coffs Harbour. By invitation, the author was part
of afocus group, chaired by the Commissioner, which discussed locd re-useissues. Prliminary
results of the Armidale project were discussed.



1.2 Definitions

Wastewater isreferred to as the water which leaves the consumer, having been contaminated by
domestic, industrid, commercia operations and storm water inflows with products such as
organic matter, chemicals and other particulate matter. The wastewater is conveyed through a
sewerage system to the STW where arange of primary, secondary and tertiary trestments can
be performed. Effluent is theresulting weter flow from the STW after it has undergone either part
of or dl the available treatment processes. The use of the term “treated effluent” as used by the
NSW EPA (EPA, 1995) is redundant and not considered appropriate for use in this report.

The term “re-use”’ is used in various contexts to refer to effluent (treated wastewater) in a
beneficid use, such asirrigation for agricultureaswell asreplacing clean water with effluent where
lower grade water will suffice. In the context of this project, re-use is the consumptive use of
water in an operation which would usualy berainfed agriculture or irrigation from asurface water
such asariver or reservair. “Recycl€’ istaken to mean the return of water from part of aproject

or operation back into the system to reduce the volume of clean water consumed.

Theterms“primary”, “ secondary” and “tertiary” treatment refer totheleve of physicd, biologica
and chemical trestment delivered. In the context of re-use, the point a which water is extracted
from the treatment system is commensurate with the use and treatment provided by the re-use
scheme. For example, where water is to be used for the propagation of plants, extraction of the
effluent before the phosphorus have been precipitated in the treatment processes will provide a
vauable resource to the plants and reduce the phosphorus loading in the remainder of the
trestment system.

Biosolids, fromthe anaerobic digester at the Armidae STW, are currently disposed of by surface
applicationonto adjacent lands, athough no biosolids have been deposited on the study site. The
investigation of biosolids as part of the re-use scheme is beyond the scope of this studly.



13 Percelved Problem for Armidale

Theincreasing public perception of theenvironmenta problemsof disposa of sawageeffluentinto
the river systems is epitomised by the February, 1997 national scare over contamination of
oystersfromthe WallisLakesareanorth of Sydney. The NSW Minigter for the Environment, Ms
Pam Allen, on national media (Sydney Morning Herdd, ** ) accused loca STW effluent and
leeking septic tanksfor the pollution. The claim hasbeen refuted by theloca Council. Linked with
the national controversy over the 1000 km long blue-green agae (cyanobacteria) bloom of the
Darling River in western NSW in December 1991 (Crase, 1996), sewage effluent disposa into

inland rivers sysemsistermind.

For the Armidde City community, river disposd of up to 40 ML of high qudity effluent per week
has been taken as acceptable. Indeed, downstream irrigators rely upon the additional water inan
otherwise low flow river to boost irrigation potential on margind irrigation lands. That some
release of effluent is now required for environmenta flows and riparian uses cannot be disputed,
but thereisan increasing desire by the community to other disposal practices. In Dubbo, Wagga
Wagga, Albury and many other centres, woodlots are used to consume effluent and provide
remova of chemica components. The climate of Armidaeisnot suitable to the same intengty of
woodlot disposal because of the lower evapotranspiration and low temperature regime of the
highland climate, asconfirmed in aninvestigation by Armidae City Council (M.Chgpman, Utilities

Manager, pers. comm.).

Along the coadt, artificid wetlands such asthose at Ballina, are used to complete the trestment
of urban wagtewater. Wetlands in the Armidde environment will not provide sufficient
evaporation to be economicaly viable because of low evaporation and cold climate.

The disposal of effluent onto pasture, where application rates could be managed and soil/plant
properties monitored, offered the Council a potentid enterprise which met ther low
phosphorus/nitrogen disposal projection. In June, 1994 approval was given for the use of 100
acres (24.6 ha) of land a Armidde Wastewater Treatment Plant to graze and fatten cattle
(Councl minutes 14/8/95). This approva followed many years of various leasing agreementsin
which loca entrepreneurs grazed cettle on Council owned land irrigated with effluent from the
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trestment works. Anecdota evidence suggests that those ventures were highly profitable (R.
Motbey, farmer, pers. comm.), paying only for the cost of pumping the effluent.

Theat the Council did not have dataon theimpact of the operation of their re-use project provided
akey to their support for the proposal for an investigative project on the site.

1.4  Study Objectives

The sudy amed a determining the long term environmenta conditions which result from land
application of secondary treated wastewater (effluent) with particular interest in the potentid for
off-gteeffects, such asthemovement of nutrientsand sdts. The present Siteat the Armidde STW
has had effluent irrigated onto pasture in aflood irrigation system since the 1960s in a relatively
under-managed manner, on lands which were previoudy a gravel extraction dte, and on a

landscape with shdlow surface soils.

The objectives of the project wereto:

@ determine anutrient balance of the landscape, over which effluent has been disposed of
for many years, by soil sampling, soil, plant and effluent andlyss.

(b)  determine asuitable modd for irrigation based upon nutrient availability and potentia for
the soil to adsorb and the plants to uptake those nutrients by comparing the irrigation area with
an adjacent control Site.

(© determine environmental indicatorsand outlineamonitoring strategy whichwill adequately
record nutrient levels and dert operators to potentid environmenta or plant nutrient problems.

The project was limited to the current disposal area around the effluent disposa outlet. The
current experimental disposal of biosolids onto adjoining lands was not part of the project.



15 ThessOutline

Thisstudy isbased upon extensive primary research and examinesthe changesthat have occurred

to the surface soil over the previous years of under-managed effluent irrigation.

Chapter 2 consders the broad scae of implications that other re-use projects have experienced
from the aspects of soil chemica changes and the potentid for both on-site and off-gite effects,
particularly with respect to the operators being dert to monitoring which will indicate that
management changes require redirection. Many examples are available where trid-and-error
operations have indicated problems for STW effluent disposal.

Chapter 3 encompasses the study methodology, indicating the scale of landscape investigation,
s0il sampling and laboratory andlysis that provided the results documented in Chapter 4. The
results of the chemicd andyss are complete only with respect to the project’'s am. There are
many other aspects of soil and effluent investigation which are worthy of incluson in smilar
projects, but this project was the first quantification of the disposa areathat had occurred since
irrigation began in the 1960s.

Chapter 5 examines the implication of the results and outlines the possible causes of the non-
uniform digributions of effluent componentsin the landscape. An examination of the potentia to
better digtribute the nutrients and sdtsis used to develop amode for further irrigation of effluent.

Chapter 6 provides the conclusons and recommendetion for a monitoring program which will
more clearly identify areasthat are ether accumulating or depleting essentid plant nutrients, thus
dlowing management to optimise production. Recommendetions for upgrading work on the

disposal areaare made.
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2 LITERATURE REVIEW
21  Background

Land application of wastewater may be considered either a disposa technique, a form of
wastewater re-use or both (Peavy et al., 1985). The most common formsof land application are
irrigetion and rapid infiltration, wastewater may be used to gpply both water and nutrients to

plants.

Treated wastewater from sawage treatment plants has been accepted as a vauable irrigation
resourcefor over acentury. Themost notable re-use schemein Audtrdiaisthe Werribee Sewage
Treatment Works on the outskirts of Mebourne which treats a large proportion of wastewater
from metropolitan areas. Commenced in 1893, Werribee continues to be a world renown
example of large scae re-use (Metcaf & Eddy, 1991).

Many other towns have re-used effluent from STWs, abattoirs, flour processing plants and other
large volume wastewater generators. Often managed as a means of disposing of large volumes
of water which aretoo large or too polluted to be accepted by loca government operated STWS,
industry has found re-use as an dternative digposal system and afind trestment mechanism.

AWRC (1991) cites a number of re-use projects across Australia as examples. Richmond
(NSW) discharges chlorinated effluent onto anearby golf course and Hawkesbury Agriculturd
College where dmost 100% usage is achieved during summer. In Alice Springs (NT) - the high
evaporationrates caused serious sdinity problemson the disposal area. Bolivar (SA) irrigates 30
000 trees, 2500 ML per year on crops (tomatoes, lettuce and fodder crops) and other minor
projects with treated wastewater. The most important aspect of the Bolivar process is that
commercia vegetables are produced from secondary effluent.

In Victoria, 70 towns were reported using dl of their treated effluent while another 38 re-used
some effluent (Vic EPA, 1994). Effluent re-use onto land accounts for 8.0% of thetotal effluent

discharge while 75% is discharged to oceans.

One example of the positive economic benefit is the long termwastewater disposal of untrested
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wastewater by Goodman Fielders Mills Ltd in Tamworth, NSW, where up to 100 kL of
backwash weter per day is digposed of onto black aluvia soils along the floodplain of the Ped
River for over 25 years. Wagtewater from the starch mill is trested with lime, a process with
increases dkalinity to over pH 10.5 to reduce the growth of bacteria which produce a sickly
odour. A successful cropping operation on the disposa area overcame many of the problems of
disposing of highly sdine waters with very high solids loads when not acceptable to the locd
sewer. However, the high SAR and high pH decreased infiltration by up to two log units
(Patterson, 1994).

2.2 Beneficial Re-use

NHMRC (1987) notes the potentid benefits to the community from the aspect of water
conservation, nutrient recycling, and increased agricultura production. AWRC (1991) indicates
that re-use of sawage effluent represents a vauable resource and public attention is focussing
increasingly on dterndive digposd options, particularly those which return an economic benefit
to the community, such asthe Armida e re-use scheme. However, the report suggests that direct
use of reclaimed water for potable purposesis not warranted in Audtraiaat present. The public
perception that sewage effluent is not suitable for potable supplies is fixed, but other uses are
acceptable. Potentiad health effects are of prime importance. Wastewater quality indicators and
criteria of particular importance include bacteria counts and the need for adegree of disinfection
(AWRC, 1991). Until bacteriaand virus impact of effluent have been darified and have a high
degree of correlaion with good hedth, the public is unlikely to accept potable re-use. The
disagreement between regulators on disinfection of effluent before land application indicatesthe

scepticiam among professionas for non-potable supplies, let done for domestic re-use.

Economic implications are addressed by the Industry Commission (1992) as part of the
wastewater digposa issue but the Commission stops short of including the effective use of
wastewater as a positive economic variable in ether rurd or urban land use. There are many
economic benefits of using wastewater on playing fields, public parks and gardens as well as
irrigationland and urban forestry and these should not just be seen as a substitute cost compared
to potable water supplies.



10

The re-use of effluent isgaining goprova by communities and seen as an essentia mechanism for
reducing in-stream pollution and blue-green dga blooms. The Queendand Government, in its
1996-97 budget, alocated $65 000 to develop guiddines for re-use or disposa of reclaimed
wastewater, $62 500 to develop the effluent re-use strategy and an additiona $109 000 to
manage research into the use of artificia wetlands. (Crosscurrent, Feb 97, p6). While the
combined totd is not large as a per capita expenditure, there are encouraging signs that re-use

is being taken serioudy.

In South Austraia, the Hills environmenta project (Crosscurrent Feb, 97 p.3) is a SA Water
initiative devoting $400 000 to re-using the entire output of treated wastewater from Umeracha
WTP on 15 ha commercid pine forest. This is a further example of the involvement of
governments in re-use projects, the research of which will further fuel other projectsin both the
public and private arenas.

2.3  Legidation, Regulation and Guidelines

The traditiona practice around the world has been the disposd of effluent to inland waters
AWRC (1991), usudly from smdler inland communities which have developed adong a river
system. Armidae and the surrounding towns al subscribe to that practice. Canberra, alarge
inland city a0 disposes of its sewage effluent into an inland river system.

INNSW, draft guiddinesfor theland gpplication of effluent arein place (EPA, 1995). The scope
of the guiddinesis towards encouraging beneficid use of effluents for land application, whatever
the source of the effluent. While these draft guiddines were availadle for public comment during
thefirg haf of 1996, no revision has been published and the draft (uncorrected) document is
being used asiif it was a standard. As a recent example, the author was made comply with the
draft guidelineswhen making gpplication for alicencetoirrigate abattoir effluent, even thoughthe

draft guiddines contain scientific inaccuracies.

A licenceto irrigate effluent is regulated by the Clean Waters Act 1970 which operates through
a system of licences and approvals. Specificaly under Section 19(1) a person shall not install,
construct or modify any apparatus equipment or works for the storage, treatment or

disposal of matter of a prescribed class. Any operation of a sewage treatment works will
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produce matter of “a prescribed class’. Therefore, al operators of effluent re-use schemes
require licenang, ingpection and regulation by the Environment Protection Authority. Smilar

legidation isin place across Audrdia

2.4  lrrigation of Effluent

The complexitiesof theinteractionsbetween sewage effluent, the soil and plant communitiesresult
ineach proposa requiring unique assessment of the potentia impacts. NHMRC (1996) provides
avauablediscusson of irrigation schemes and suggestsarange of planning issueswith achecklist
for an assessment program for the proposed irrigation areaand monitoring requirementsover the

life of the operation.

A vauable resource is available in ANZECC (1992) where the interaction of water quality and
agricultura uses are discussed. Thisreferenceis perhapsthe clearest document for interaction of
al waters on land and aguatic systems.

25 Environmental indicators

While irrigation projects may be consdered as agricultura enterprises using a different quaity
water, the need arises that the environment must be managed to take account not only of the
hydrologic impact but aso the nutrient load. While monitoring may be acritica part of any re-use
scheame, itis not sufficient for the operator to have a lengthy checklist of monitoring variables,
which have ahigh cost of collection and andysis. The parameters chosen as the environmental
indicatorsmust beindicatorswhich gaintheir meaning and sgnificancefromtheinterpretivetheory
built up around them (e.g. standards, acceptable levels, trends, norm etc) (CDEST,1996).

Environmentd indicatorsaresmplephysical, chemical, biologica or socioeconomic measuresthat
provide key information about complex ecologica systems (CDEST, 1996, p2). The indicators
must be used together with suitable interpretive frameworks to direct management to undertake
aternative actions or maintain the current direction. They must also be able to predict, with
reasonable accuracy, the likely future status of environmenta hedlth aswell as darify the current
nutrient status.
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The sdection criteriafor nationa environmental indicators has been outlined by CDEST (1996,
p21) asthose criteriawhich:

@ serve as arobugt indicator of environmental change;

2 provide an early warning of potentia problems;

3 are cgpableof being monitoredto provide satisticaly verifiableand reproducible

data that show trends over time;

4 are easy to understand; and

) are cost effective.
Other qualities were also detailed, however the five above are consdered appropriate for this
project. When items (1) and (5) are considered together, there are many valid reasonswhy the
indicators selected for aparticular project are the minimum number of indicators which can be
monitored a a more regular interva to better form a picture of the environmenta changes

occurring, therefore more eadily satifying item (2).

The characterigtics of naturd trestment systems such as irrigation schemes must examine the
wastewater treatment as the water percolates through the soil profile. An understanding by the
operator must address the microbid degradation of organic residues which are generdly
associated with dimes or filmsthat devel op on the surfaces of soil particles, vegetation and litter.
It becomes essentid that soil moisture is maintained so that such degradation occurs at an
acceptable rate.

2.6 Current Concerns.

The Wadlis Lakes oyster controversy which gained public recognition during January and
February, 1997 highlighted the sengitivity of the generd public to issues which involve human
waste management. Almost without any substantid argument, the Wallis Lake oyster growers
were branded as environmenta vandas and the NSW Minigter for the Environment |abelled the
Great Lakes Shire Council as worthy of maximum prosecution at law for failing to maintain
sewage trestment works. Since the initial scare atask force from various Government agencies
has been amassed to identify potential sources of contamination. 405 cases of Hepatitis A has
beenreported in NSW since the outbreak of the diseasein January (Crosscurrent, April, 1997),
however, no specific source has been isolated.
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Late in 1996, the NSW Government, in response to concerns about sewage outflows into
estuaries and marine environments commissioned the NSW Coagtdl Effluent Enquiry. Theaim of
the enquiry was to develop long term Strategies for sewage management and dterndives in the
context of ecologically sustainable development, environmental and socia outcomes, inditutiond
and regulatory framework (NSW Government, 1996). Managing effluent in the context of the
water cycle was given amgor section of the scoping paper. The author forwarded asubmission
to the Commissioner, addressed the Enquiry during its hearing at Coffs Harbour and wasinvited
to be part of a12 person focus meeting a Grafton. While the outcome of the enquiry is many
months away, theindications are that emphasiswill be given to ensuring that re-use projectshave
minimum impact upon the environment.

2.7  Monitoring

When acceptable environmental indicators are chosen for a project, the second stage of the
monitoring program is to decide upon the frequency of monitoring, the am of which should be
congstent with obtaining early warning of potentid problems within the disposd area. The
sampling frequency for a plant smilar to Armidae (medium sized) for total suspended solids
(TSS), nitrogen, phosphorus and BOD; is on amonthly basis while additional measurement for
nutrients and metals should be twice yearly (AWRC,1992). While this monitoring program may
auffice for water andyds, plant and soil andysis will depend upon the irrigation scheduling, the
nutrient gpplication and uptake rate. In none of the documents examined for thisproject wasany
clear indication given as to what monitoring frequency should be applied to soil and plant
monitoring. It is assumed that, by default, an annua program will suffice.

The measurement of 20 variables once per year will not provide the same window of
environmenta changethat can be gained from measuring fiveenvironmenta indicatorsat quarterly
intervals. The shorter monitoring period alows prediction to be made rather than highlighting the
need for remedia steps after degradation has occurred.
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2.8  Typical effluents

Wastewater includes water used for commercid, indudtrid, indtitutional and internd domestic
purposes (ASTEC, 1995). The range of effluent qudities through sewage trestment works will
vary with between seasons and year round (Metcalf & Eddy, 1991) and with peculiar town
enterprises. Patterson (1997) showed that around Armidde the STW effluent varied to reflect
the use of water and the chemidry of the incoming clean water. For example, the sodium
adsorptionratio (SAR) of Armidale was measured at SAR 2.6, Urdlaa SAR 5.1 and Guyraat
SAR 3.3. Mog of the variation was due to geologica inputs to the water storage reservoir and

not the wastewater stream.

DCNR (1995) records that secondary treated wastewater, smilar to the type used in the
Armidae re-use scheme, typicaly varied within the range of 8-10 mg L* for total phosphorus
(TP) and 20-30 mg L* tota nitrogen (TN). In the NSW guiddlines, the EPA (1995) cites the
expected chemica composition of STW effluent to be considered of low strength; TN <50 mg
L, tota P <10 mg L%, BODs <40 mg L™ and TDS <500 mg L™.

Smilar quaitieshavebeen published by ASTEC (1995) indicating average domestic wastewater,
after secondary treatment hasvauesof 20-30 mg L2 BODs, TN 20-50mg L™ and TP of 10mg
L% no valueis placed upon expected sodicity, even though tota sdts and sodium in particular
impinge upon the soil and plant ecosystem.

29 Disinfection

Inareview by NSW EPA of arisk study of al 17 STW discharges to Hawkesbury-Nepean
River, of 114 chemicds assessed chlorine and chloramines were most likely to threaten the
environment (Newsdrop Feb 97, pl). As a result, $120 million will be spent over 5 years
upgrading sewagetrestment ontheriver, yet chlorination beforeland gpplicationisstill consdered
preferable for disnfection

The purpose of disinfection is to achieve median level of 1000 faeca coliforms per 100 mL
which, by using detention to reduce faeca coliforms, can be achieved with 5-16 days of ponding
(NHMRC, 1987). Thisisin conflict with alater document (NHMRC, 1996) which recommends
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that the level of disnfection for the non-human food chain should be less than 10 000 faecd
coliforms per 100 mL. However, the NSW EPA (1995) requiresthat for theirrigation of pasture
for use by sheep, cattle or horses, any acceptable method of irrigation can only be carried out
withwater which hasafaeca coliforms geometric mean count of lessthan 3000 coloniesper 100
mL. ANZECC (1992) recommends 1000 faecd coliforms per 100 mL for re-use.

The NSW Recycled Water Co-ordination Committee (1993) requires high quality treatment for
re-use on municipa landscape watering, irrigation of pastures and crops, construction purposes
and groundwater recharge to a quality of less than 1 faeca coliforms per 100 mL and free
resdual chlorine <0.5 mg L-1 a point of use. The reasons for the non-conformity in levels of
disinfection between advisory and regulatory bodies is not known.

Stabilisation and maturation ponds are avery effective and smple means of providing trestment
and pathogen reduction (NHMRC, 1996) and to reachaminimum leve of disnfection, 10 days
ponding is considered sufficient (EPA, 1995).During the spraying operations the public must be
excluded and animals must be excluded for 10 days but no level of excluson or disnfection is
given by the EPA for flood irrigation. It is presumed the EPA will consder smilar disinfection
levelsfor the effluent irrespective application method.

2.10 Sodium Adsorption Ratio

The ratio of sodium to cacium and magnesum indicates the potentid for the effluent to impinge
upon soil physical properties and plant biologica processes. Patterson (1991) showed that for
SAR vauesaslow asb, theloss of saturated hydraulic conductivity was decreased by over 21og
units. In alater study, Patterson (1995) showed that sewage effluent reduced Ksat vauesin as
short a period as two hours under field trials whenmeasured using aCSIRO disc permeameter.

ANZECC (1992) reported that SAR aslow as 5.5 can have effects upon plants, and its effects
on soil structure are suggested but states that an ESP of 10-15% is required for that to occur.
VICEPA (1982) suggests amaximum SAR to suit particular crops, sdinity and sodicity hazards
as tabulated in that document.
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Battye-Smith (1992) reported a banana irrigation trid in Coffs Harbour which used effluent with
the concentrationsin mg L™ for sodium 90, calcium 18, potassium 16, magnesium 7 and nitrogen
8. While not calculated for that report, the SAR of the above effluent is 4.6 while the hardness
is74 mg L. Theirrigation caused accelerated leaching of sdts and an increase in sdinity in the
groundwater. This outcome confirms the concerns expressed by AWRC (1992) that land
discharge of effluent without proper controls for sdinity has the potentid to create serious
environmenta problems. It is, however, interesting to note how few reports on re-use address
the implication of SAR and exchangeable sodium percentages (ESP) on the environment.

211 TradeWaste Controls

Trade waste guidelines were devel oped so that trade waste can be managed to minimisethe cost
to the community of processing that waste, ensure environmental protection and encouragewaste
minimisaion. An increasein the volume of liquid wastes containing toxic materidsthat may enter
the wastewater stream has the potentia to limit re-use (ANZECC, 1994). Guiddines which
include criteriafor generd acceptance and restricted substances values should be devel oped by
each loca authority responsible for wastewater treatment.

Armidae has developed a Liquid Trade Waste Policy (ACC, 1996) which seeksto protect the
environment from the discharge of waste that may cause detrimentd effect. The guiddines set
maximum genera acceptance levelsfor TKN at 100mg L, TP at 20 mg L™ sulphate at 100 mg
L, each of copper andzincat 5mg L™*.

2.12 Nitrogen

Nitrogen in untreated wastewater is present in the form of ammonia or organic nitrogen as both
soluble and insoluble products. Soluble organic N is normally present as urea and amino acids.
Untreated wastewater generally containslittle or no nitrogen while less than 30% of the TN is
removed by secondary treatment (Metcalf & Eddy, 1991)

The potentid pool of nitrogen after treatment is reduced because organic materiads are removed
by sedimentation, ammonia by volatilisation particularly in detention ponds, and anmonia and
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nitrates take up by vegetation and soil adsorption sites (Metcalf & Eddy, 1991). What becomes
important isthe control of biological denitrification by microbia activity in anoxic zonesin the soil.
These zonesdo not need to be compl etely anoxic, because micro sitesfor denitrification can exist
around individua soil particles. The prevention of nitrates|eaching to groundweter is encouraged
by developing micro Sites.

2.13 Phosphorus

The phosphorus content of effluent islargely as orthophosphate (ANZECC, 1996b), a product
from the domestic use of detergents, foodstuffs and numerous commercid operations. In the
treatment system phosphorus can be removed by chemica precipitation and adsorption during
primary treatment by 20-50%. In soil systems up to 90% of the phosphorus can be adsorbed by

clay minerds and soil organic fractions.

Mg or sawage treatment works within the Hawkesbury-Nepean catchment (Penrith, St Marys,
Riverstone) could berequired to meet primary phosphorustargetsof 0.04t00.10mgL*and TN
of 3mgL* (Clancy, 1997). Theaim of the Hawkesbury-Nepean Catchment Management Trust
is to reduce the amount of phosphorus flowing into the waterways (HNCMT, 1995). A broad
community program isin place to achieve that target.

Typicd effluent phosphate levels have been discussed above in section 2.8. New wastewater
treatment plants to be built a Warragul and Neerin South for Gippdand Water (Victoria), have
been designed to meet 2 mg L ammonia, 10 mg L nitrogen and 0.5 mg L P (Crosscurrent,
March 1997, p2)

Treatment plants at Sunbury (Vic), Quakers Hill (NSW) and Lower Molonglo (Canberra) each
produce effluent with a TP concentration less than 1 mg L™ (Crase, 1996).

2.14 Efficient Use of Water

In the devel opment of an effluent re-use scheme ANZECC (1996b) recommends an assessment
of the land capability, undertaking land forming as required to better prepare the irrigation area
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for the particular gpplication and reusing drainage water from the irrigation area should be
undertaken. Best management Practice (BMP) is critica to achieving ecological and economic
sudtanability in managing rurd land uses

2.15 Nutrient control strategies

Nutrient enrichment in Audtrdian river systems has been linked to wastewater trestment plants
and runoff from agriculturd lands (ANZECC, 1996b). To reduce the input of STW derived
nutrients into river systems, agod of maximum vaueshasbeen set for TP<1mg L™ and total N
<15 mg L'* (ANZEEC, 1996b). The use of land application can assist in achieving this am
because the soil is an ided treatment system for biologicaly removing both nitrates and
phosphatesunder well-managed systems. Borough and Johnson (1990) showed that in an effluent
irrigated pasture trid in the Snowy Mountains, 148 kg N ha?, 130 kg and 39 kg P hal, 16 kg

were removed.

216 Summary

That the re-use of sewage effluent isin wide use across Audtralia and gaining in acceptance by
governments and communities, cannot be disputed. There are areas within the regulatory
processes that need to consder a uniform approach to acceptable guidelines, such as the
requirement for disnfection and monitoring of indicators a particular times or intervas.

Of concernisthe lack of uniformity in identifying environmental indicators which, through more
regular monitoring of a few specific parameters, can be used to predict the environment’s
response to a particular management operation, with sufficient lead time to permit adjustment of
the system. It should not be taken that al adjustment needs to be taken to avert a catastrophe.
Often dternative courses may need to be taken to maximise the remova of nutrient for an

economic gain.

The project, the subject of this report, sets out to identify those environmenta indicators, as
suggested above, which will dlow the maximisation of nitrogen and phosphorus remova and the
production of cattle from the scheme in an environmentaly sustainable manner.
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3 RESEARCH METHODS
3.1  Background Examination

The effluent disposa area under investigation had not been monitored by either the Council or
lessees at any time from the commencement of irrigation in the 1960s up to the present. Thusthe
present study had no base data on which to develop aclear vision of thelong term environmenta
effectsontheblock. Severd meetingsand asiteinspection were held with Council officersbefore
the development of aplan of investigation to meet Council’ s projections for extending there-use

scheme.

The previous lessee, Mr Ross Motbey, was contacted and a brief ora summary was obtained
of previousoperationsunder hismanagement. Mr Motbey grazed cattle on the disposa areafrom
approximately 1981 to about 1991.

3.2  Survey Site- Physical Description

The dte was examined with Mr Michael Porter, Process Control Manager, responsible for the
current disposal operation. During thisinspection the areareceiving regular irrigation was clearly
defined. The areaswhere biosolids had been spread were al o defined. At alater stage the author
traversed the digposa area on foot and the discontinuities in the landscape noted. The site had
previoudy been agrave quarry, however, it had not been functiond for at least thelast 14 years,
while five years ago some land reshgping was done around the quarry. Two contour banks have

been in existence for many years.

The topographic map, Armidade 1:25 000 (CMA, 1984) was the only survey available for the
disposa areaindicating contours a the 10 m interval, less precise than required for the survey.
Figure 1.1 is a photocopy of the 1:25000 CMA map showing the locdlity of the STW, the City
of Armidale and the disposal area. The Council has suitable mapsfor thetrestment facility but not
the surrounding rura land. There were no detailed soils maps avallable for the disposal area.

A theodolite survey wascarried out on the disposa areato locate each soil sampling point relative
to the discharge outlet in both horizontal and vertica planes. Theinsirument used wasaWild T1.
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Conventiond surveying caculations were performed on the field data to derive horizonta and
vertica distances. Bearings were taken directly fromthe theodolite after initia orientation with a
magnetic compass. The contours banks as shown on the plan (Figure 4.4) have been marked
from field observations, then vdidated in the field fter drafting.

3.3  Soil Survey Selection Sites

From a nearby excavation, it was expected that the soil profile would reflect the attributes of a
Red Podzolic (Great Soils Group as per Stace et al., 1972), that is a duplex soil having a pde
Al horizon, over a well deveoped A2 horizon with a bright red medium clay B horizon
underneath. When the survey was commenced the area below the discharge point was found to
be mainly aLithosol, avery shdlow surface soil over decaying rock. Asaresult, the soil survey
had to be amended from the proposed five downd ope profiles because of the difficulty obtaining
auitable soil samples and the obvious changes from the expected water movement patterns.
Instead aradiating pattern of five arms was selected.
The sdlection criteriafor the radiating transects included identifying:
@ the likely path of overland flow of effluent from the discharge point;
(b) the extremities of the likdly flow paths to the north and south of the discharge
point, used to define the irrigated ares;
(© a least one flow path to reflect the depression through which effluent was
obvioudy moving preferentidly;
(d) each radiating traverse extending beyond the obvious limit of disposd as
observed from vegetation patterns.

As the project had a working budget for |aboratory analysis, a total of five traverses were
selected, each with eght sampling points spaced at gpproximately 15-20 m depending upon local
surface conditions. An additional Site was sdlected on transect C, while a control was sdlected
above and 30 m south of the discharge point. The control was in an adjacent paddock and
unlikely to have been influenced by manures or other high grazing pressures as would have

occurred on the disposal area.
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3.4  Soil Sampling Technique

At each of the 42 sampling sSites, soil sampling was undertaken using acceptable soil science
procedures. Composite samples of the A1 were made from an gpproximately one metre circle
around the ste peg. The surface soil was often so shallow that up to five scrapings were
necessary to obtain 1 kg sample of soil. Root materid and stones were discarded at sampling.
The sampleswere bagged and marked accordingly. Soil sampleswere returned to the laboratory
for processing. No recordings were made of the moisture at time of sampling due to the heavy
rains during the previous fortnight and the effluent had not been discharged during that time. Soil
moisture could not have been correl ated with movement of effluent, however, recordsweremade

of the depressions where soil moisture was high or near saturated conditions.

Whileitwasinitidly planned to undertake soil hydraulic conductivity testing using the CSIRO disc
permeameter, that program was aborted after theinitia soil survey identified the very shdlow soil
over afractured and weather sedimentary mudstone. No purpose could have been gained by
attempting the percolation tests.

3.5 Soil Laboratory Analysis

The soils samples were returned to the laboratory and ar-dried before andyss for the
components as indicated in Appendix A. All the tests were conducted under norma quality
protocols usng reference methods acceptable for Audrdian conditions as detailed on the
laboratory procedures sheet. The author, with assstance from atechnica officer performed the
andyticd tasks a Lanfax Laboratories. Appendix D lists equipment used. The suite of soil
andyses was selected to reflect environmenta changes from effluent disposa on soils.

3.6  Plant Collection and Analysis

FHed notes were made on the depth of the sampled horizon, the density of roots within that
horizonrated onascade 1-10, and abrief description of the surface vegetation made with respect
to composition, height and dengity. A botanica description of the vegetation was beyond the
scope of thisproject asthere had been no pastureimprovement conducted over thelast 14 years,
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to the best of the operator’ s knowledge, while there had been no grazing for the previous three
months. Three vegetation samples were taken to reflect high densty, medium density and poor
qudity plants. An analysis of this materid was undertaken in the laboratory as detailed in
Appendix C.

The phosphorus, sulphur and cations determinations on the plant sampleswere performed by the
Department of Agronomy and Soil Science at the University of New England under commercia
arrangements between the author and that laboratory. Other analyses were conducted by the
author and support staff at Lanfax Laboratories.

3.7 Water Sampling and Analysis

Ontwo occas ons, water sampleswere obtained from siteswithin thetreatment ponds as detail ed
on Figure 3.1 and from upstream and downstream of the discharge point into Commissoner’s
Waters. The firgt event wasfollowing asix week period without rain while the second event was
after two days of light rain (27 mm) which produced dight runoff.

Effluent pumped to the disposa area is from Detention Pond 5 which has had 18 days of
detention. Water sampleswere not taken from the discharge point (on the disposal areq) asthere
could be no correlation between water qudity at the time of sampling and the soil properties
because of the extengive period of unmonitored disposal. Water sampleswere analysed asfresh
samples as detailed in Appendix B. All analyses were conducted at Lanfax Laboratories by the
author and support staff.

Sampleswere not analysed for biochemica oxygen demand (BOD:) or faecal coliforms because

these test were considered irrdevant to the re-use scheme under examination.

3.8 DataProcessing

A spreadsheet (Quattro Pro V6.01 produced by Novell Inc.) was prepared for the calculation
of vertica and horizontal distances fromfield theodolite readings and for the conversion of polar

coordinates to rectangular coordinates. Standard caculation procedures were employed. The
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preparation of the maps and surface diagrams was made using the three dimensiond surface
mapping system “Surfer 5.00" produced by Golden Software Inc. from rectangular coordinates
prepared in the spreadshest.

Laboratory analytica datawere tabulated, graphed and atistically analysed using Quattro Pro
V6.01 in spreadshesets developed by Lanfax Laboratories for routine anayss.

3.9 Rainfall and Evaporation Data

Long term rainfdl records were obtained from Bureau of Meteorology (1988) while short term
records came from records published in“The Armidae Express’ (Jan, 1997) and supplemented
by recordsfrom Radio Station 2AD, thelocal meteorol ogical reporting station and other sources.

Evaporation rates for Armidae are taken from materia prepared previousy by the author
(unpublished) from dataobtained fromtheUniversity of New England“Laureldal€’ researchfarm
for the period 1970-1985 inclusive.
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Figure 3.1 Layout of the Armidale STW showing facilities and detention ponds
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4 RESULTS
4.1  Description of the Disposal Area

Effluent is pumped from the STW Detention Pond No. 5 through arisng 100 mm main to the top
of a hill south of the trestment works complex on land designated as Portion 76 Parish of
Armidale, County Sandon, Shire of Dumaresg. The Armidae City Council dso owns the land
adjoining the property to the east and north, zoned for public utilities.

The digposa area has a generdly westerly aspect, with an even dope of about 12%, except for
the northern part of a steeper spur which has an old gravel quarry exposed, but fenced off from
stock. Runoff from the site is captured by the road embankment and directed through small
culvertsto the land below which drains towards Dumaresq Creek. Any polluted runoff from the
Ste could be contained at this point, athough thereis no termind dam below the site. Figure4.1
indicates the disposal area relative to the entrance to the facility (looking north) and the main
treatment works in the background. The land to the right-hand sSide (eastern side) in the
photograph is the current disposal area (see Figure 1.1).

Figure4.1 Photographlooking north from entranceto STW, thetreetment plant in distance,
the disposal area on the hill to the right-hand side (east)
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Effluent can be pumped a a maximum rate of 13 L st and up to about 10 ML per month,
athough no records are kept to substantiate the monthly application rate. Pumping is stopped
during and after heavy rain. No soil moisture monitoring of the Ste occurs, dthough visud
ingpectionand appreciation of theterrain permitsamanagement decis on with respect to pumping.
Excessirrigation gppears as additiona drainage water in the table drain and would be obvious
to staff asthey entered or departed the facility each day. Prior to December 1996, effluent has
been pumped continuoudy for many months. Heavy rainsin February 1997 reduced the need to
irrigate. Cattle had been moved from the paddock at about the same time, leaving the disposd
area unstocked for the firg five months of 1997.

The discharge at the top of the hill can be extended, by joining to duminium irrigation pipes, to
pipe effluent further south so that flood irrigation can be directed towards the drainage line. The
previous lessee Mr Ross Motbey operated a spray irrigation scheme on thewestern (lower) side
of the entrance road as well asflood irrigated the hill.

Mr Motbey related that effluent killed severd trees on the hill and that water would disappear
underground and resurface near the road. As the effluent was pumped dl the time, it is highly
likdy that the gravelly soils acted in thisway when ponded with excesswater. Herelated that the
management srategy behind the use of the effluent was to produce pasture, to sustain stocking
rates o that pasture height was maintained at about 50 mm. Water continued to be distributed
by both spray and flood irrigation during winter even when evaporation rateswere very low and
overnight temperatures dropped below zero. Stocking rates of 130-140 cattle on the 100 acres
(24.6 ha) were maintained over the summer and about 100 head during winter for most of the
lease period. This rate equates to about 60 dry sheep equivdent (DSE) per hectare, an
exceptiondly high rate for the particular soil typein Armidale. One heed of cattleis equivaent to
10 DSE per hectare. No fertiliser was ever applied to supplement the effluent. The lessee was

charged for power consumption for the pump but not for the volume of water used.

When Council resumed control of the areain 1992, the quarry below the discharge outlet was
reshaped, rubbish and old trees removed and the remaining soil spread over the reshaped
landscape. Another disused gravel quarry remains exposed closer to the treetment works but has
been fenced off to exclude stock and trees have been replanted.
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Today the management of the cattle railsing project is returning profits to the Council, however,
management of the effluent isbeing addressed through the commissioning of aspray irrigation area
to the north east on the same holding.

4.2  Layout of the Treatment System

Maps prepared by the Armidale City Council have been photo-reduced and reproduced as
Fgure 3.1 indicating the layout of the treatment facility and the system of detention (maturation)
ponds. Effluent has a detention time of about 22.5 daysin the syssemand the lagoons cover 9.5
ha. The water sampling Sites are marked on Figure 3.1 as the sample points rather than the
sequence of water flow through the system. The effluent from Detention Pond Number 5 is
pumped to the disposal area. At this point the effluent has been detained for about 15 days
depending upon the rate of inflow. Overflow from the termina pond enters Commissioner’s

Waters below the inflow from Dumaresg Creek.

4.3  Quantitative Data on Wastewater Treatment

Coundil provided the previous 12 monthly summaries of water from both the water treatment
plant (clean water) and the sewage treatment works (wastewater). The graphical presentation,
Figure 4.2, indicates the comparison of the two quantities. The Council STW officer-in-charge
suggested that the differences between the clean water produced and the wastewater received
is correlated with the weather conditions. When the wesather is hot and dry clean water
consumptionexceedswastewater productionwith thedifferencebeing used for gardensand other
outside uses. Leskages from the system into the surrounding environment may aso occur. When
the weather is cold and dry the two values are gpproximately the same and when the weether is
very wet the wastewater production is elevated because of leakages into the sewerage system.

From data provided by the Council, the clean water use and wastewater production has been
caculated for the four seasons as shown in Table 4.1. Corrdlations have not be done for the
effectsof rainfdl and temperature. The difference between thewinter and the summer clean water
use may berelated to outsde use of water. However, the similarities between summer and winter
wastewater production have not be addressed.
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TABLE 4.1

Comparison of seasond flows of clean water and wastewater for Armidae
(al vaues cdculated as litres per person per day)

Clean water production Wastewater generation
Spring (Sep-Nov) 340 195
Summer( Dec-Feb) 393 262
Autumn (Mar-May) 390 190
Winter (dun - Aug) 320 262

(Datasupplied by Armidale City Council, May 1997)

The wastewater digposed of into Commissioner’ swater isthe difference between lossesfromthe
lagoons dueto subsurface movement of water into the groundwater system, evaporation fromthe
9.5 ha surface of the ponds and up to 10 ML per month taken asirrigation water. Evaporation
inanorma year could account for upto 58 ML per annum lossfrom the pond system. Thelosses
to groundwater have not been examined.

Clean water and Wastewater - Armidale
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Figure4.2 Clean and water production, wasteweter generation and rainfal for Armidalefor
the year May 1996 to April 1997
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4.4  Rainfall and Evaporation Data

Evaporation is recorded a the Univerdty’s Laureldale farm, on the northern outskirts of
Armidae. Data obtained by the author for previous projects is shown in Table 4.2. While the
mean or median vaues are usualy published for use in hydrologic planning, the 20th and 80th
percentiles were also derived as those va ues indicate the more extreme statistics and would be
used for any sengtivity andysis for planning purposes, but not for this project.

TABLE 4.2
Monthly evaporation data - Laureldde Universty Farm, Armidale NSW
Y ears 1970 - 1985 (16 years)

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

Mean 177 | 146 140 9 62 51 56 68 105 | 140 162 | 195

Median 180 | 146 133 93 56 45 50 68 93| 140 153 | 198

20th 121 | 120 109 78 43 36 47 56 8| 118 138 | 155

80th 245 | 174] 161| 123 84| 57| 62| 87| 126| 161| 192| 239
Source: Data Analysis by R.A. Patterson, data obtained from Laureldale (unpublished)
Ranfdl dataobtained fromthe* Armidale Express’ newspaper and other sourceshave been used

to show therainfal over the previous 10 years compared with the mean annud rainfal (MAR)
or long term averages LTA) as published by the Bureau of Meteorology (1988). While drought
conditions such as the previous 8-10 years may not be repeated, such conditionswill favour the
disposa of effluent by land gpplication.

TABLE 4.3
Ranfdl for Armidde, comparing last 15 years data with long term data
(al vauesin millimetres)

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

Mean-15yr 120 85 45 56 46 35 57 4?2 45 62

3
8

Median- 100 81 36 30 37 30 52 41 41 60 65 A
15yr

mean LTA 103 87 67 46 44 59 49 49 52 69 80 88

median 0 73 54 10 A 49 44 42 49 62 75 76
LTA

No. wet 10 10 10 8 8 10 9 9 8 9 9 10
daysLTA

From the data above, the residua curve for the mean rainfal and evaporation are presented in
Figure 4.3 indicating the periods when irrigation is suitable as ameans of disposing of the water.

The graph does not account for elther asoil moisture or agroundwater recharge component. The
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summer differences do not addressthe opportunity to optimise production by accounting for il

moisture storage and |oss by deep percolation.

Residual Curve
Evaporation versus rainfall

120

Evaporation excess (mm)

Jun
Months

Figure 4.3 Resdua curve of monthly rainfal and evaporation for Armidae

The MAR from 123 years of data is 793 mm while the annua evaporation rate from the
Laureldde datais 1400 mm, resulting in excess evaporation of 607 mm per year. In irrigation
terms, that equates to 6 ML ha', which is consistent with the anecdota value suggested by the
local farmers as the requirement for irrigation. At the disposa rate of 10 ML per month, the
current system could account for about 20 ha of irrigation per year.

45  Mapping

A theodolite survey was undertaken of the disposa area, using as reference points the 41 soil
survey sitesand the accessroad below the hill. Theresults of that survey areshown in Figure4.4.
The five transects radiate from the discharge main at the top of the hill, the eevations are given
in metres below the outlet while the site labdl refersto the soil sample reference. The complete
data set produced from the field survey, together with the spreadsheet caculations are
reproduced as Appendix E.

Thethree contours have been drawn from field observations. Transects A and E were considered
the extremities of surface flow from the discharge outlet. In particular Stes A1 and D2 were
above the contour bank and not subjected to the same conditions for overland flow asthe other

dtes.
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Armidale Sewage Treatment Works - Effluent disposal area

Survey of soil sampling points

100.00+

50.00
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-100.00+

[ I
-200.00 -150.00

Figure 4.4 Contour map of the disposal area produced from theodolite survey
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Traverse C was through a depression with C5 - C8 saturated at the time of sampling, dthough
it was not possible to determine whether the excess moisture was aresult of high rainfdl of the

previous fortnight or drainage from previous irrigetion.

All the sample points have been consdered in the calculations for changes to the soil chemica
conditions. An dternative strategy would be to exclude those sites below the discharge outl €,
however, theeffect of capillary flow and thetrand ocation of minerasby grazing animasmust dso
be conddered, dthough have not been quantified in this study.

4.6  Resultsof Soil Analysis
4.6.1 Datapresentation

The 42 soil samples (41 in disposa areaand one control) were analysed as detailed in Appendix
A. The complete results are tabulated in Appendix F and soil data are ranked according to

distance from the discharge as a percentage change relative to the control.

4.6.2 Soil depth

The surface soil above the -8 m contour (see Figure 4.4) was uniformly of a very shdlow A
horizon, generdly lessthan 75 mm deep except that on the ends of the ridges, about A8, B8 and
C9 the soils returned to very shalow A horizons. It is suggested that the shalow soils are
remnant A2 horizons as they were hard setting, low in organic materid and supporting scant
vegetation. Below this contour, anA2 horizon began to appear above ared to yellow B horizon.
In the drainage line about sites C4 to C8, the soil had an A1 of about 200 mm overlying ared
(5Y R 4/4) heavy clay B horizon. Thisregion waswet with reeds (Juncus spp) being the dominant
Species.

4.6.3 Soil organic matter

Soil organic matter is quantified by Wakley & Black Method of organic carbon (OC)
determination. The results, as displayed in Figure 4.5, indicate that the higher levels of OC are
associated with the areas closer to the discharge, with afew exceptions as described above. A
weak trend (r = 0.54) of distance to concentration is suggested. OC content above 3% is
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considered desirable for soil structura stability and increase cation exchange capacity. Levels
about this threshold were found in the mgority of Sites close to the discharge outlet. At only two
sites was OC lower than the control. Thereisasignificant correlation between OC and TKN (r
=0.98).

Changes in Org C relative to control
arranged in distance from source

percentage change relative to control

C1 B2 c3 D2 A4 C5 E3 C6 D5 A7 B8 D7 c9
sample site - increasing distance

Figure 4.5 Soil OC levels ranked rdative to distance from discharge at origin

Changes in TKN relative to control
arranged in distance from source

o || |

0 R= 0.56

400
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[ iy
LR

B1 Cc2 D1 A3 c4 E2 BS D4 A6 B7 E5 A8 Ccs8 D8
Al A2 B3 E1l B4 D3 A5 B6 E4 c7 D6 E6 E7 E8
C1 B2 Cc3 D2 A4 C5 E3 C6 D5 AT B8 D7 c9

sample site with increasing distance

percentage change relative to control

Figure 4.6 TKN digtribution ranked in order of distance from discharge at origin

In a graphical presentation as contour maps and surface projections (Figure 4.7), the
concentration of OC around the discharge outlet is more obvious, with the spreading occurring

downd ope and concentrating in the depression around traverse C.
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Change in organic matter relative to control
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4.6.4 Soil totd Kjeldahl nitrogen

The TKN vaues as indicated in Figure 4.6 show that nitrogen has moved away from the
discharge outlet and is spreading down dope, with aweak trend (r=0.56). Level of 400-700%
higher than the control occur around the discharge. Again the lower levels of C1, B2 and D2
deflect the runoff away from those dtes. The minerd nitrogen correlates weskly with distance
fromthe source (r = 0.55) asit isrelatively mobile through the soil. Thereis a strong correlaion
(r = 0.98) between OC and TKN.

4.7  Soil available phosphorus

The Bray phosphorustest isameasure of the plant available (soluble) phosphate in the soil, held
lightly to the soil particles. Bray-P levels of 20 mg kg* are considered adequate for agriculture
and levels above 30 mg kg* are unlikely to show a response to additiona phosphatic fertilisers.
Around the discharge outlet levels of 328, 167, 172 mg kg* indicate extremely high levels of
phosphate. Whilethe graph in Figure 4.8 indicates the levels of phosphorusrdativeto increasing
distance from the source, Figure 4.9 indicates the concentration of phosphorus around the single
discharge outlet.

Changes in Bray P relative to control
arranged in distance from source

percentage change relative to control

D3
C1 B2 c3 D2 A4 cs5 E3 C6 D5 AT B8
sample site identity

Figure 4.8 Concentration of Bray-P clustered around the discharge, levels ranked with
increasing distance from discharge at origin.
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Change in Bray Phosphorus relative to control
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4.8  Exchangeable Sodium Percentage

The ratio of sodium to the four base cations is used to indicate the potential for sodicity to
adversdly affect elther the structura stability of the soil aggregates or the osmotic potentid of the
s0il moisture on biologica activities. Asrelated in Chapter 2, ESP levels above 5% arelikely to
cause soil problems. The control soil had an ESP 1.6%, however where effluent had been
disposed of over the surface ESP levels greater than 6% were found. ESP levelsincrease away
from the discharge outlet with dmost a negative trend. Levels more than 300% higher than the
control were common, five stes were elevated by more than 500%. While calcium and

magnesium|evel salsoincreased, thoseincreaseswerenot sufficient to offset theincreasesin ESP.

Changes in ESP relative to control
arranged in distance from source
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C1 B2 c3 D2 A4 c5 E3 C6 D5 A7 B8 D7 c9
sample site identity

Figure 4.10 ESP a sample stesranked in increasing distance from the discharge at origin.

Figure 4.10 indicates the changing levels with increasing distance from the discharge as soluble
sats move away with drainage water and in runoff water following naturd rainfal events. Figure
4.11 indicates the contour map and surface plot for sodium sdts in the disposd area, clearly
indicating the movement of sdts away from the discharge outlet. Sodium is the more mobile of
the four cations and the one giving riseto the greatest soil and plant problems. Whilethe soilsare
not sdine, al EC measurements were below 0.106 dS m?, the increases in ESP over the
threshold of 5% are conddered Sgnificant. It is obvious, that unlike the immobile Bray
phosphorus (Figure 4.8), the sodium sdts indicate their mobility as abulge forms downhill from
the discharge outlet.
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Changes in sodium relative to control
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Figure4.11.  Contour and surface plots showing the movement of basc sdts, measured as
ESP, from the point of discharge into more distant aress.
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49  Heavy metalsin soil samples

Two heavy metals which are prominent in wastewater are copper and zinc, both from water
reticulation services and other proprietary products used in the house. The reldive increases in
copper and zinc are shown in Figures 4.12 and 4.13 respectively.

Changes in copper relative to control
arranged in distance from source
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Figure4.12  Percentage increases in copper relative to the control, ranked in increasing
distance from the discharge taken asthe origin.

Changes in zinc relative to control
arranged in distance from source

percentage change relative to control
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Figure4.13  Percentage increasesin zinc relativeto the control, ranked inincreasing distance
from the discharge taken as the origin.
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Increases of up to 17000% for zinc and almost 2600% for copper at Ste C1, in closest proximity
to the discharge are extremey high. Only one sample (C1) returned a positive cadmium reading,
lessthan 1 mg kg™

4.10 Plant analysis

Three samples of plant materia were taken from sites which represented high, medium and low
quality and quantity cattle feed. The highest dendity vegetation with the highest proportion of
important grasses and cloverswere closest to the discharge outl et and where effluent ran over the
surface without ponding. Ponding tended to increase the dendity of herbs, reeds and sedges, the
less palatable materid for stock. Table 4.4 indicates the more important chemica properties of
the plants with respect to the ability to remove nutrients from the soil as well as indicating the
relaive proportions of those nutrients required for non-limiting growth.

The full liging of the plant andysesis given in Appendix G. Boron levelsin the medium and high
density crops are adequate while that in the low dengty is below threshold levels. The boron
could be derived from the wastewater but was not tested in this project.

TABLE 44
Fant nutrient status with respect to removd ability and non-limiting growth
(percentages based upon dry weight)
N P S K Na Ca Mg
% % % % % % %
High density 29 0394 |0.275 | 2040 | 0465 |0.342 | 0.224

aCl

Medium density 2.6 0381 0321 | 2362 | 0.045 ]0.332 | 0.259
at B2

L ow dendty 11 0.112 |0.106 | 1343 | 0.370 |0.194 | 0.145
beow C9

The weight of high dengity plant materid growing closeto the discharge outlet was gpproximeately
8200 kg ha* compared to the very low rate of 760 kg ha* . The desirable pasture growth is the
high density vegetation which hasthe ability to remove gpproximately 32 kg Pha'*, 237 kg N ha*
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and 38 kg Na hat. Under the low density removal rate, only 0.9 kg Pha, 9kgN hat and 3 kg
Naha™ could be removed. As most of the low density vegetationis poorly paatable, removd is
unlikely.

These values calculated above can be used to determine the idedl disposd rate of effluent of a
given qudity to ensure that the soil is not overloaded with nutrients from the effluent.

4.11 Water Quality Analysis
4.11.1 Sampling and Reporting

A totd of 18 water sampleswastaken, representing the sampling pointsas shown on Figure4.1.
The complete data for the samples are given in Appendix H. The important congtituents for the
disposd area are tabulated in Table 4.5 and show that the levels of phosphorus, nitrogen asthe
tota of ammonium and nitrate components, and SAR. It is these congtituents on which disposa
area design is developed. The leves of totd solids (TS) and totd dissolved solids (TDS) are
relatively smal compared with the residues produced by the plants and animas on the disposd
area. The TDS vaues have been caculated and do not accurately reflect the low sdinity of the
water, however, they are presented here because the regulators use the calculated vaue.

TABLE 45
Average water quality measurements for Armidale STW and Commissoner’s Weaters
(dl guantitiesin mg L unless stated)

Samplelocation pH TDS TS P N SAR
mgL? mgL* mgL? mgL?
Pond 1 7.52 393 610 6.3 1.14 24
Outlet 4 7.93 383 440 6.7 0.82 2.5
Outlet at river 7.92 376 504 7.0 0.45 2.5
Upstream 7.95 216 438 nd nd 09
Downstream 7.88 277 584 2.3 0.07 15
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4.11.2 Phosphate levelsin Effluent

The phosphate levels from Pond 1 to the outlet at the river show that phosphate level increases
by 0.7 mg L and when diluted by the non-detectable levels (<0.02 mg L) of Commissioners
Waters the river phosphate level decreased to 2.3 mg L. At the outlet to pond 4, which is
beyond the uptake for irrigation effluent the quantity of phosphorusisequivaent to 6.7 kg ML?,
which equates to 61 kg single superphosphate per ML. At thisrate, just over one bag of super,
spreading 6 ML of effluent per hectare is smilar to 7.3 bags of sngle superphosphate to the
hectare.

The annud rate of release of phosphorusinto theriver sysemisequivadent to 120 tonnesof sngle
superphosphate per annum. Single superphosphate has a current commercid vaue of $280 per

tonne.

4.11.3 Nitrogen levds

The nitrogen inthe water iscomposed of ammonium, nitrite and nitrate componentsin the soluble
form. Other forms are present as organic compounds but these have generdly precipitated asor
with particulate matter and for convenience have not been measured here. The nitrite rapidly
oxidisesto nitrate and has not been measured for this project. The ammonium level decreases
withtreatment astheion oxidisesto nitrate. Thelevel of nitrogen decreases astreatment continues
through denitrification processes. The combined nitrogen decreases throughout the process and
at the outlet is less than the 10 mg L'! recommended as the maximum in drinking water as
discussed in Chapter 2.

4.11.4 Sodium adsorption rétio

Thereislittle changeinthelevelsof sodium (68 mg L), cacium (32 mg L) and magnesium (16
mg L) throughout the trestment process (refer to complete data set at Appendix H), thus no
change inthe SAR throughout. Thereisdilution of the sodium content of the water from upstream
sources while the cadcium and magnesum levesare smilar in the natura systlem, which resultsin
adecreasein SAR. At the downstream value of 1.5, the effects of the water on the dispersibility
of theriver banksislow.
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At anirrigationrate of 10 ML per month from the discharge outlet on the disposal ares, a total
of 1750 kg of sodium chloride (NaCl) equivaent or common salt isdischarged each month, giving
atotal of gpproximately 21 tonnes per annum. The disposa field cannot sustain high sodium
vaueswhich are reflected in the movement of sodium in the surface soil (Figure 4.11).

Dischargesfrom the treetment worksinto theriver system, at avolume caculated from the values
used in Figure 4.2 (1914 ML) less an irrigation use of 120 ML, amount to 323 tonnes NaCl

equivaent reeases into the environment from the Armidae wastewater system.

412 Summay

The determination of the chemicd variahility acrossthe disposal areaindicatesthat nutrientssuch
as phosphorus and organic carbon does not move morethan 50 metresfrom the dischargewhile
nitrogen and sdlts are mobile and spread acrossthe whole area. The areahas acted asasink for
heavy metals such as copper and zinc adthough neither a sgnificant levels. None of the levels of
nutrient measured presents a toxic environment to either the plants or animas. Other than the
leskage of sdts towards the lower dopes there is no evidence that phosphorus, nitrogen (as
nitrates) or heavy metals will be transported by surface flows out of the disposd area.



5 DISCUSSION
51  Project Outline

The objectives set for the project were met after consderable dteration of the sampling
procedures. Becausethere were no historical dataon the use of the Steasan effluent re-use ares,
other than anecdota evidence, it was unclear asto how to limit the investigation, other than by
financid congderation. The shift from the proposed sampling at five pits down the landscepe to
sampling only surface soil & 42 |ocations provided aval uabl e reference to the movement of those
nutrientsknown to be sgnificant environmenta indicators, namely phosphate, nitrate and sodium.
From the findings discussed below, it is clear as to how nutrients move across the landscape in
response to irrigation, runoff and natura processes and how severa components are the key
indicators of nutrient movement.

5.2  Management of Disposal Area

From anecdota evidence of the previous |essee-operator of an irrigation system on the disposal
areaand with theinformation obtained from Council s&ff, the underlying Srategy for theutilisation
of the effluent has been from the hydrologic benefit. That water quantity was not monitored or
controlled in any manner suggests that the water was seen as dmost a“free good”. At stocking
rates of 60 DSE on shdlow fragile soils, without pasture improvement other than self seeding or
seeds carried in with effluent or stock, a degradation of the landscape should have ensued. Such
degradation has not been observed, rather the reverse is a more accurate description of an
otherwise stony hillsde.

A current proposal by the Council l1ooks to enlarging the irrigation area to another part of the
property with the ingtalationof aspray irrigation system having commenced. That the hydrologic
component of theirrigation isthe easy planning aspect of effluent use cannot be denied. What has
been missing from the current and past gpproach is combining the vaue of the nutrients in the

water to maximise pasture production.

53  Water Monitoring

The Council does not keep records of the actud amount of water delivered to the disposd Site,
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rather the pump, with amaximum capacity of 13 L s %, is operated when the weather appears
to be favourable. The treatment plant manager stated that he believes the pump does not meet
itscapacity over itsfull operation cycle. The current operatorsmanagethewater by understanding
the disposad area and observing the “wet areas’, redtricting disposad when the wesather is
inclement. The operation isnot designed for morethan thisbas ¢ operation and no Stemonitoring.

Measurementsfor soil hydraulic conductivity on thisdisposal areawere aborted after the detailed
nature of the soil profile was observed. The extremely shallow soils and the gravelly subsurface
would have presented dternative flow paths to the percolating water rather than because of the
properties of the soil. The contour banks provide an opportunity for water to be ponded
temporarily, to increaseinfiltration into the soils of thelower dopesrather than runoff as overland
flow. The concentration of phosphorus and organic matter have been maintained around the

discharge point as aresult of these contours.

The soil texturd andlysis of thethin A1 indicatesthat the sandy loam, well endowed with adense
root mass would have a high infiltration rate. The A2 horizon above ared-ydlow clay indicates
thet laterd flow of water and periodic ponding inthe A2 islikely.

54 Soil Nutrient Imbalance

The soil sampling and chemicd andys's reveded a sgnificant imbaance in the nutrient reserves
inthe soil. Theimmediate concern isthe accumulation of phosphorus closetothe discharge point
and while deficiency levels exigt less than 50 metres from downd ope from the excessve levels.
That soluble nutrients are moving across the landscape is not uncommon, asiis reflected by the
movement of sodium.

5.4.1 Soil phosphorus

Plant available phosphorus as measured by Bray-P, indicates that there is dmaost no movement
of phosphorus away from the disposa area. Figure 4.8 is unambiguousin showing that very high
leves of phosphorus occur closeto the discharge point and are further restricted in movement by
the first contour bank. It issuggested that because the paddock isheavily vegetated, and because
of the effluent the landscape is dways vegetated, the loss of soil minerd particles by eroson
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would be an extremely dow process. The three contour bankswould prevent movement of ol
down the landscape, thus minimising the loss of phosphorus sorbed onto soil particles. Thereis
evidence to show that soil phosphorus has accumulated in the contours as Site B1 (on the first
contour) has 155 mg P kg* compared to B2 (30 mg P kg*) which is not affected directly by
ponded effluent.

The high levels of organic materid, plant residues, growing vegetation, dried senescent plants il
standing and denseroot mats are sinksfor phosphorus asindicated by the TP measurements. The
TP vdues mimic the soluble Bray-P vaues ( r = 0.97) in that they cling to the area around the
discharge point although weaker correlation exists between the TP vaues and organic carbon
(OC) (r = 0.77). The cattle grazing the pastures, preferentidly where the lush grasses are
produced close to the outlet, will provide some movement of phosphorus from that areato other
parts of the paddock. That the remainder of the disposa areais a deficiency levelsin available
phosphorus indicates that movement by either water or animas is not an effective process for
rel ocating phosphorus.

It was not possible to determine the mass of soil phosphorus available as a reserve for future
years, however, because soils with 30 mg P kg as Bray-P are considered unlikely to show a
plant response to added phosphorus, levels of 100 to 150 mg P kg* are likely to provide
reserves for many years. The strategy for future use of this site should be to move the discharge
away from its current location, develop contour banks to spill water further down the landscape
and improve the soil’ s nutrient status by spreading the phosphorus to the deficient areas. Some
alowance would have to be made to maintain water around the present discharge site to
maximise the use of the stored phosphorus.

5.4.2 Soil nitrogen

The movement of nitrogen from the disposal arealis expected as nitrate does not bond reedily to
s0il paticles, in most forms is highly soluble and will move with soil water. Messured as tota
Kjeldahl nitrogen (organic nitrogenand ammonia), and graphed in Figure 4.6, thelevelsof TKN
relative to the control show aweak trend with distance from the source (r = 0.56). Thehighlevels
of organic materid provide avauable snk for nitrogen products as well asabuffer againg their
removd from the environmen.
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There has been congderable movement of nitrate, which could not be expected on asimilar site
without irrigation with effluent, from the higher to thelower evations. Some organic nitrogen will
be reocated as anima manures and urine, thus increasing the distribution of nitrogen products
across the disposa area. Levels of soil nitrate are mostly above 15 mg N-NO; kg* and are
unlikdly to be limiting to plant growth. Thereisawesk corrdation (r = 0.55) between nitrate and
distance from discharge, thusindicating thelikely trand ocation of minerd nitrate aswater (effluent
and rain) moves through and over the surface.

As no soil below the Al was andysed because of the gravely naure of the hillsde, it is not
possible to determine the movement plane for the nitrogen products. It is expected that nitrates,
as highly soluble products, have the potentia to move with the moving soil water, either
gravitational water following rainfall or irrigation, or as capillary water. It could be expected that
inthisdisposa area, asin other disposal aress, anitrate bulge would occur in the lower horizons.
Inthis casethelower horizons are degraded sedimentary rocks and the fate of the nitrate has not
been determined. Some protection againgt the nitrates moving off Site and into the creek system
should be encouraged.

High ammonium levels adjacent to the discharge point indicate that complete oxidation of this
nitrogen product has not occurred. Ammonium ions are highly assmilable by plants and as a
cation can be bonded to soil colloids and organic fractions to reduce the remova rate from the
s0il. The oxidation product of ammonium ions is nitrite and nitrate, both free to move with il

moisture as discussed above. As animas had not grazed the pasture for over four months, it is

unlikely that high ammonium or nitrate levels are rdated to urine or dung.

5.4.3 Organic carbon

The two mgor sources of OC on the disposd area are from tota solids and soluble organic
products from the effluent and the breakdown of plant and microbid productsin the dynamic soil
environment. It is expected that due to the high nutrient status of the soil and the continuing
favourable soil moisture conditions that microbia activity is high, dthough no testing was
undertaken. The dark colour of the A1 horizon Sgnifies the rich organic content of this mineral

horizon.
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The OC content across the disposa area has been detailed in Figure 4.5. It isclear that OC is
mohbile from the discharge point and at al sampling Stesthere hasbeen anincreasein OC relative
to the control as displayed in Figure 4.4. A valid reason for the weak trend (r = 0.54) with
distance from the source is that the cattle assst the movement of OC as dung and urine, while
overland flow moves low dengity dead plant tissues with runoff water. Other soil fauna aso
provide akey to maintaining high OC levesin both trand ocating and burying plant residues, while
active growth of plant materid fixes atmospheric carbon dioxide into organic carbon.

Thereisastronger trend of association between TP and OC (0.77) but asignificant correlaion
between TKN and OC (r = 0.98). Since TKN isameasure of organic nitrogen, thelink isto be
expected. However it makes the future monitoring of movement of nutrients more smple, snce
the Walkley and Black organic carbon method is more smple than the TKN procedure. There
isawesk trend between minerad N-NO; and OC (r = 0.61) therefore, the monitoring of either
nitrate or OC will not accurately predict the other.

Theincreasein cation exchange capacity (CEC) asdetailed in Appendix F showsthat around the
discharge point there is a tendency for the CEC to increase. This occurs because the organic
fraction acts to increase the CEC potentia. Increases of 300-400% above the control are
commonacrossthe digposal area. Theincreasein CEC isabenefit to the landscapein redtricting

the movement of cations and providing asink of available nutrients.

5.4.4 Other nutrients

Essentid plant nutrients are available from the effluent other than those discussed above.
Carbonate (as bicarbonate) provides a buffer to the water and the soil water, limiting
environmenta changesbrought about by acidic or akainewaters. Thehigh pH of theeffluent (7.5
- 7.9) has limited the dteration of soil pH to less than one pH unit while the soil is around a
favourable 5.5 to 6.2 measured in 0.01M CaCl, (refer gppendix F). Within this pH range there
isunlikely to be mgor problems with nutrients forming insoluble complexes or the toxic effects
of duminium.
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The chloride level in the soil does not equate with the sodium, dthough thereis ardationship in

the water. Thelevels of chloride are unlikely to cause vegetation problems.

Thedectricd conductivity (EC) isameasure of thetotd dissolved sdts(TDS) in the soil solution.
Where EC levelsarebelow 1 dSm, it is unlikely that serious sdinity problems will arise. There
isunlikely to be asdinity problem with the soils, however, EC does not address sodicity which
is detailed in section 5.4.6.

Other nutrients required by the plant and known to occur in domestic effluent include boron,
auminium and sulphur, which, because of various reasons have not been measured in this study.
While boron can be toxic to plants its determination was outside the budget for the project.
Aluminium is only a problem in acid soil, below pH 4.5 which did not occur at this Ste. The
sulphate determination has presented a number of problems to the laboratory over the last two
months and was not able to be completed for this project. It would be expected that the sulphate
levelsin the soil would not be limiting, taking account of the plant growth. Sulphate, like nitrate,
is easy to detect in observations of growing plants. Neither sulphate nor nitrate deficiency was
seen in high or medium dengity plantsand the low densty plants lacked vigour for many reasons.

545 Heavwy mads

The metd's cadmium, copper and zinc can cause severe environmenta consequences a high
levels, while copper and zinc impinge upon plant headth at very low levels. The only regigtration
of cadmium was adjacent to the discharge with avaue of lessthan 1 mg kg™

Under the contaminated soils protocols (ANZECC, 1992) levels of copper in excess of 60 mg
kg* and 200 mg kg* for zinc require an environmental investigation, none of the samplesreached
thoselevels. However, plant toxicities can occur when levels of copper exceed 20 mg kg?. Only
the areaadjacent to the discharge point has alevel exceeding thethreshold (55 mgkg?), dl other
Stes were above deficiency levelsbut below toxic levels. Copper isderived from the dissolution
of copper pipes used in plumbing aswell asfrom dietary sources. Minute amountsin the effluent
have accumulated over the years, however, movement of copper away from the sourceis not of

concern in this re-use project.
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Zinc may be toxic to plants at levels greater than 20 mg kg* . There were seven sites which
approached or exceeded that value, the greatest (119.6 mg kg* ) located at the discharge point
and the other closdly associated with the discharge. There was an increase over the whole site
of both copper and zinc concentrations relative to the contral. In the case of zinc, there may be
a benefit in that dl the Stes were above deficiency levels. Zinc, as an important chemicd in the
elongation of internoda tissue, its addition to deficient soils is essentid whileits uptake in plants
ensures a better anima hedth. Zinc in the water is derived from galvanised fittings and pipes,

household products and commercia wastewater streams.

5.4.6 Exchangesble sodium percentage

Exchangeable sodium percentage (ESP) vaues above 5% are consistent with soil structural
problems and sodicity effects upon plant osmotic mechanisms. Of the 41 sample sites, 13 had
ESP >6, while the highest was 11.25%. Those elevated Stes are adjacent to the Stesmost likely
to bethefirg to receive effluent. The high sodium leve in the effluent (70 mg L) causesthe ESP
to increase as the sodium is easily removed from the effluent by the soil colloids. With excess
ranfdl, sodium sdts are removed from the cation exchange stes and move with the drainage
water. Thus, as shown in Figure 4.10, sodium has moved away from the discharge point and
accumulated asanumber nodes of high concentration. Sodium ismoving through the line of least
resstance that is directly from the discharge point towards the roadway - due west, forming a
bulge towardsthe end of the C1-C9 traverse. The highest ESP occursat C7 which was saturated
a thetime of the survey and reeds indicated the prolonged nature of a saturated (or high water
content) regime.

The high sodium concentrations occurred close to the discharge points, A2-A4, B1-B2, C1-C2
and D2 however, these Sites dso received added calcium and magnesium from the wastewater
as detailed in Appendix F with the resulting lowering of ESP. The potentid for the effects of
sodium to impinge negatively on the soil can be offset with the addition of calcium sdts onto the
landscape. In this case, gypsum would be distributed as it provides calcium without dtering the
pH.
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55  Water Quality
5.5.1 Vdueof nutrients

Thereislittle difference in the qudity of the water across the treatment ponds other than for the
loss of nitrate with increasing detention. As nitrate isa plant macro-nutrient and a product which
can be equated to afertiliser having acommercid vaue, the use of water from Detention Pond
No. 1 would creste a greater nutrient increase on the disposal area. A benefit may aso occur
because of theincreased solidsload, which at this point would be organic products, adding to the
cation exchange capacity in the soil. However, the nitrate vaue of the effluent fallsto replacethe
uptake by plants.

For each megalitre of water extracted only 1.14 kg N ML isremoved. The high density plants
removed 2.9% N which equates to about 237 kg N ha*. At an application rate of 6 ML ha?,
replacement of only 7 kg N occurs. This induces a deficiency status because neither water nor
phosphorus is limiting at the sametime. Thus, from the value of nitrate, it isirrdevant asto which
pond provides the effluent.

The phosphate content (measured as orthophosphate) of the effluent through the pond system
increases dightly towardsthe termina pond. Theincreasein ortho-Plevesisinggnificant and no
economic benefit would be gained by moving the current intake. Nor would there be a benefit in
choosing awater qudity suitable for flushing the irrigation area as qudity is uniform across the
system.

5.5.2 Hazardous substances

No investigation wasundertaken of the potentialy hazardous substanceswhich may comethrough
apublic wastewater system. The levels of copper, zinc and other metdsin the effluent were not
determined because of the extremely low levels expected in the wastewater.

5.5.3 Differences between upstream and downstream water chemistry

The effluent released to Commissioners Waters has a higher nutrient loading than the receiving

waters as shown in Table 4.5. That there may be downstream consequences of the increase in
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phosphate and nitrogen levels was not explored. It is known that about Sx mgjor irrigators
downstreamhave cometo depend upon theflowsintheriver e evated by Armida € swastewater

production.

5.6 Plant Nutrient Status

Although samples of plants from three distinct dengties were andysed, there was no definitive
measurement of the quantity of pasture produced over a given time period. The quantities
caculated for Section 4.10 were obtained from a single cut, representing the period between
when the cattle were moved out of the paddock and the time of sampling, approximately 4
months. The pasture varied considerably from site to Site in both density and composition. As
there had been no pasture improvement over thelast 10 yearsthe dominant speciesarelikely the
result of either less pdatable plants or more resistant species. The reeds (Juncus spp) are the
product of a saturated soil environment while the low dengty plants are likely those denied
adequate moisture and nutrients. The low dengity plants occur outside the sphere of influence of
theirrigation, dong the high pointswhich drain rgpidly following rain and in areeswherethe A1

horizon is less than 50 mm.

5.7  Effluent Disposal Strategy

That the disposal area has a higher pasture production rate than the non-irrigated around
surrounding it cannot be denied, even fromvisua examination. However, the re-use scheme has
suffered from under-utilisation of the quaity of the water and poor distribution of the surfaceflow
through inadequate contouring.

The value of the re-use scheme is in both the hydrology and chemidiry of the effluent. Water
disposed of at the rate of 10 ML per month hasavalue of 609 kg single superphosphate, 11 kg
N and 1.8 tonnes NaCl as well as other nutrients. While the benefits of the N and P can be
readily applied to pasture production, the impact of the 1.8 tonnes of NaCl are more difficult to
determine. Therefore the irrigation strategy should be to use excess water to flush the saltsfrom
the system.
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An opportunity exigts for Council to continue use of this disposa area and to profit from the
examination of the soil and water interactions on any futureirrigation areato understand the need
to didribute the effluent more uniformly across the disposd area.

5.8 Environmental Indicators

The nutrients avallable in the effluent and the capacity of the soil to adsorb them and the plants
to assmilate them takes place when climate and soil water conditions are favourable. While
effluent may provide a hydrologic advantage in dry periods, the nutrient status should be
considered in the development of a re-use management plan. The indicators of vauable and
detrimenta components of wastewater need to be monitored. In the same way, the pool of
nutrients in the soil needs to be addressed, particularly with respect to those nutrient which may
be ether toxic to plants or at levels sufficiently low to cause deficiencies. The potentid for

nutrientsto move off -ste must be considered and action taken to avoid loss of vauable nutrients.

While a check ligt of soil, water and plant analyses can be drafted which will indicate dl these
requirementsfor monitoring the re-use area, the matter of economica monitoring arises. Thus, an
outcome of the measurements madein this project suggest that severa nutrients are keysto how
they and other nutrients react in asmilar soil and topography in Armidde. In view of the above
discussion of correlation between measurements of TP and Bray-P, for example, it is suggested
that measuring only one of those components at regular intervals will dso reflect the expected
behaviour of the other. Thus one test can replace two, which in this case the less expensive and
rgpid Bray-P would be used instead of the TP test. Through careful determination of the key
environmentd indicators a more regular monitoring system will permit fine tuning the re-use
scheme to firstly maximise pasture production and secondly reduce the potentia for off-dte
pollution.



6 CONCLUSIONSAND RECOMMENDATIONS
6.1  Project Outcome

The soil survey and andyticad work for the disposal area suggest that in the current re-use
operation there is an under-utilisation of the nutrient benefits of the effluent. The re-use scheme
has been operated as ameans of providing water to pasture to maximise production and carried
out on landswhich have been used for that purpose since the 1960s. Only minor dterationto the
landscape has been undertaken to maximise the soreading of the effluent or capture runoff. Both
effluent and rain can be captured in the three contour banksto infiltrate and percol ate downd ope
through the soil.

It is unclear as to what proportion of effluent enters the fractured gravels undernesth and
percolates to groundwater or finds a preferentia flow path to a downdope exit point. Along
transect C1-C9 there was a progressive increase in soil water to the point of saturation. At the
time of sampling it was not possible to determine whether the excess soil water resulted from
effluent disposd or rain. Due to the very wet February (, it is probable that rainfal caused the
saturation, however, the reedsindicate thet it is more usud for the soilsto have excess moisture.
The eevated leves of sodium in these lower dopes indicates that sdts are moving through the
sysem with the drainage water.

6.2 Recommendations

6.2.1 Irrigation area monitoring

While no monitoring has occurred on the disposal area over the previous years, thereis aneed
to maximise the nutrients available for plant growth and limit the potentia for environmenta
hazards. Theaccumulation of phosphorusaround the discharge outl et needsto be addressed with
aview to spreading the effluent further afield and improve plant nutrition away from the outlet. It
isimportant, therefore, to monitor soil phosphorus. Asit was shown that the Bray-P and the TP
vaues are well correlated, the more smple Bray-P test is recommended as a means of
understanding the extent of the soil phosphorus pool.

As the nitrate nitrogen and TKN levels are very low in both the effluent and the sall, it is
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recommended that only the measurement of nitrates occur in the soil and tail water. Itisunlikely
that the nitrogen levelsin the effluent will suffer Sgnificant increasesover time. However, agrester
understanding of thevertical and horizontal movement of water onthis, or any other irrigation Ste,

isa prerequidite to thorough planning.

ESP has the potentia for a sgnificant impact upon the landscape because of its potentid to
impinge upon soil sructurd and plant nutrient qudities. That rain will move the soluble bases
(sodium, cacium, potassium and magnesium) with drainage water isnot disouted, however asthe
sodium sdts are trandocated with drainage water while calcium and magnesium ions remain
absorbed by plants, monitoring of the ESP is essentidl.

The monitoring model is one which provides a view of changes in the soil nutrient satus. It is
recommended that a grid of at least 10 sites be set up on the disposa areaand monitored every
ax monthsat the minimum. Thereisno evidence to show that an environmentd hazard isbrewing
on the site after more than 30 years of operation. Therefore asix monthly survey will permit the
fine tuning of nutrient maximisation to be developed. At the sametime, the effluent qudity should
be monitored.

6.3 Environmentd Indicators

The environmentd indicators, as shown in Table 6.1, are suggested as the mode for annud soil
and water moddling. It is expected that sound agricultural management of the pastures will dert
farm managers to plant nutritiona problems as they occur rather than waiting for a monitoring
schedule to commence. Animd hedthwill so indicate potentid problemswith either deficiencies

or toxic properties of plants.

The program would be idedly carried out in winter after the effects of maximum growth and
highest rainfal have occurred. At this time the plants will have removed the maximum amount
possible and soluble sdts will have had the greatest opportunity to move under wet conditions.
For reasons presented in Chapter 3, qualities such asBOD;, faecal coliformsand total solidsare
not considered relevant to sewage effluent disposa onto soils.
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TABLE 6.1
Environmental indicators for Armidale re-use scheme

I ndicator Effluent Sail
pH pH pH in 0.01M CaCl,
buffer capacity dkdinity no
<inity eectricd conductivity electricd conductivity
sodicity sodium adsorption ratio exchangeable sodium

percentage

phosphorus orthophosphate Bray-P
nitrogen nitrete nitrogen minerad nitrogen
organic matter no organic carbon

6.3.1 Landscape engineering

The digtribution of effluent is not uniformacross the landscape, duein part to the previous use of
the hillade asagravd quarry. Drainageistypicdly into the naturd drainage lines at the detriment
of the ridges and spurs. A series of small contours, less than 150 mm in depth can be utilised to
re-digtribute the effluent away from the naturd drainage lines. These smdl contours could be
developed using aripper, running at less than one degree off the contour away from the drainage

lines, adesign smilar to Yeoman'sKeyline,

A terminal pond below the disposa arealisessentia to capture and re-gpply runoff fromthesite.
Account will have to be made of the sdt content of any re-gpplication.

6.3.2 Nutrient imbdance

The dgnificant quantity of phosphorus reldive to the smal amount of nitrogen creates an
imbaance in the plant nutrient availability. While correcting such an imbaance is important to
pasture production, the Council may not consider the additiona use of fertiliser an economic

proposition, particularly considering the poor soil and the digointed nature of the paddock.
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However, the use of gypsum to ameliorate the potentid hazardous effects of the annua
application of 21.6 tonnes of sodium must be considered essential.

6.3.3 Management condderations

The drategy that the re-use area has been used as a means of grazing cattle on pastureirrigated
with ardative “free-good” must be enlarged to consider the maximisation of that operation by
soreading the nutrients more evenly across the landscape. In any extension of the operation,
planning and management must consider that the effluent is a valuable resource of “free
phosphorus’ and other plant nutrients. Whereasthe present operation hasl ocked phosphorusinto
avery smal area, future operations need to address the benefits of integrating hydrologica and

chemica consderations.

6.4  Further Investigation

The study did not examinethe potentia for nutrientsto moveverticaly through the shdlow profile,
into and through the gravels underneath. An opportunity existsto expand upon the current study
by making excavations into the landscape and anadysing the weathered minerd for patterns of
ether binding or rgecting nutrients. Of particular interest should be the movement and adsorption
of phasphorus, nitrate and sodium.
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Appendix B - Water Analyss

Offi
TN orrettsy LANFAX
Fax 067 751043

Mobile 015006648 LABORATORIES

493 Old Inverell Road, Armidale NSW 2350 Soil and Water Resource Consultants
Director: Dr Robert Patterson

Water Analysis:

Parameter Method

total solids (TS) 2540B gravimetric

volaile solids 2450 E gravimetric

suspended solids (TSS) 2540D gravimetric

pH 4500 - H* B  potentiometric

EC 2510-B potentiometric

dinity (TDS) 2320 A cdculation

dkdinity 2320-B titration

anions
carbonate 2320-B titration to 8.3
bicarbonate 2320-B titration to 4.5
Sulphate J1(a) modified BaCl,/Tween
chloride 4500 - CI D  lon specific dectrode

Nitrogen-NH," Gla digtillationvtitration

Nitrogen-NO, Gla didtillationvtitration

Nitrogen TKN Gla digest/steam didtillation

phosphorus- total Hla digestion/colorimetric

phosphorus-ortho- H2a colorimetric

caions
Na, CaMg,K 3500 flame AAS
Fe,Zn,Mn,Cu 3500 flame AAS

hardness 2340B cdculation

SAR Mla cdculation

Four digit prefix: APHA (1995) Sandard Methods For the Examination of Water and

Wastewater. 19th Edition. American Public Health Association.

Alphanumeric. Rayment, G.E. and Higginson, F.R. (1992) Australian Laboratory Handbook
of Soil and Water Chemical Methods. Inkata Press. Mebourne.

(Methods as at 20 Dec 96)

Accredited by Australian Soil and Plant Analysis Council under Soil Quality Assurance Program
Environmental assessment & monitoring, waste disposal assessments, soil and landscape analysis



Appendix A - Soil andlys's

Phone Office 067726700
Lab 067 751157
Fax 067 751043
Mobile 015005648

493 Old Inverell Road, Armidale NSW 2350
Director: Dr Robert Patterson

LANFAX
LABORATORIES

Accredited by Aust. Soil and Plant Analysis
Council Soil and Water Resource Consultants

Soil Analysis:
Method
moisture content 2A1 gravimetric (ar-dry)
Dry Matter 2A1 cdculation
pH 1.5 water 4A1 potentiometric
pH 1:5 CaCl, 481 potentiometric
EC 1:5 water 3A1
anions
chloride(1:5 water) ISE
carbonate 19A1 titrometric
ulphate 10B3# MCP turbidimetric
organic carbon 6A1 Wadkley & Black
Nitrogen-NH," 7C1 digtillationvtitration
Nitrogen-NO, 7cl didtillationvtitration
Nitrogen TKN 7A1 digest/steam didtillation
phosphorus- total Hla# digegtion/colorimetric
phosphorus-ortho
Bray 9E1 fluoride extr./colorimetric
cation
Na, Ca,Mg,K 15D3 Amm.acetae/flane AAS
Fe,Zn,Mn,Cu 12A1 DTPA extraction/flame AAS
CEC cdculation
ESP 15N1 cdculation
# modification to test method
Reference methods:
Four digit prefix: APHA (1995) Standard Methods For the Examination of Water and

Wastewater. 19th Edition. American Public Heath Association.

Alphanumeric: Rayment, G.E. and Higginson, F.R. (1992) Australian Laboratory Handbook of
Soil and Water Chemical Methods. Inkata Press. Melbourne.

Environmental assessment & monitoring, waste disposal assessments, contaminated site reporting



Appendix C - Plant analyss

e b oo et LANFAX
Fax 067 751043

Mobile. 015006648 LABORATORIES

493 Old Inverell Road, Armidale NSW 2350 Accredited by Aust. Soil and Plant Analysis
Director: Dr Robert Patterson Council Soil and Water Resource Consultants

Feed, vegetative matter

Physica parameters Method
Moisture content 2A1 gravimetric
Dry Matter 2A1 gravimetric
Ash ignition/gravimetric
Voldile solids ignition/gravimetric

Chemica Parameters

Nitrogen-TKN acid/peroxide, colorimetric
Chloride digestion/ ISE
Phosphorus - totd digestion/ ICP
Sulphur - total digestion/ ICP
Cations
Na, Ca, Mg, K 3500 digestion/ ICP
Fe,Zn,Mn,Cu digestion/ ICP
Refer ence methods:

Four digit methods: APHA (1995) Sandard Methods For the Examination of Water and
Wastewater. 19th Edition. American Public Hedlth Association.

Alphanumeric:. Rayment, G.E. and Higginson, F.R. (1992) Australian Laboratory Handbook
of Soil and Water Chemical Methods. Inkata Press. Mebourne.

A referencefor plant andyssiscurrently being prepared by the Augtrdian Soil and Plant Andysis
Council and will be used as the reference when published.

Environmental assessment & monitoring, waste disposal assessments, contaminated site reporting



Appendix D - Equipment

e b oo et LANFAX
Fax 067 751043

Mobile. 015006648 LABORATORIES

493 Old Inverell Road, Armidale NSW 2350 Accr_ed”e_? by Aust. 5‘;‘ and Plant A“"’l‘JVSiS
Director: Dr Robert Patterson Council Soil and Water Resource Consultants

Equipment used in Analysis

IL 951 Atomic Absorption Spectrophotometer
Philips UV-VIS spectrophotometer

Hach 2100A Turbidimeter

Labec 300 L refrigerated incubator

BTL Bench centrifuge

Sunvic - 6 position heating mantle, 1500 W
Orbita tumbler

Qualtex 50-200 degree oven, 150 L
Gdlenkamp muffle furnace

Duralab seve shaker

“Novaglass’ steam didlillation equipment
Hanna pH meter, ATC probe

Activon conductivity meter, ATC probe

Assorted glass ware

Environmental assessment & monitoring, waste disposal assessments, contaminated site reporting






1 2 3 4 5 [ 6 7 8 9 10 11 12 13 14.00 15.00

Instr. Stn Staff Horizontal| Vertical (tadia Reading S =Col5-Col6| Stadia Horizontal Vertical +/-V minus|Ht of Instf R.L.at | CALCULATED| CALCULATED
and Station Angle Angle upper lower D=100S Mid distance distance Midreading| (R.L.) staff | X COORDINATE[ Y COORDINATE
Height of (degrees)| 0.0000 reading |100S.[Co0s0]*2[100S.Sin20/2 X=D.SIN(h.o0.) Y=D.Cos(h.o.)
Instr. axis (m) (m) (m) (m) col 9*@SIN(col 3 col 9 *@cos(col

1471 A1 65.6300 86.5167 1.520 1.420 10.000 1.470 9.963 0.606 -0.864 0.7 -0.16 9.08 4.11 Al

A2 9.6306 92.1783 1.565 1.375 19.000 1.470 18.973 -0.722 -2.192 -1.49 3.17 18.71 A2

A3 354.6000 93.9222 1.655 1.295 36.000 1.470 35.832 -2.457 -3.927 -3.23 -3.37 35.67 A3

A4 349.1417 93.5300 1.730 1.200 53.000 1.470 52.799 -3.257 -4.727 -4.03 -9.95 51.85 A4

A5 346.5711 94.7350 1.820 1.115 70.500 1.470 70.020 -5.800 -7.270 -6.57 -16.26 68.11 A5

A6 344.9983 94.4033 2.440 1.555 88.500 2.000 87.978 -6.775 -8.775 -8.07 -22.77 84.98 A6

A7 343.9933 94.6422 2.540 1.490 105.000 2.000 104.312 -8.470 -10.470 -9.77 -28.76 100.27 A7

A8 343.2083 94.7458 3.400 2.200 120.000 2.800 119.179 -9.894 -12.694 -11.99 -34.43 114.10 A8

Bl 236.0833 94.0850 1.486 1.455 3.100 1.470 3.084 -0.220 -1.690 -0.99 -2.56 -1.72 Bl

B2 293.3225 99.6467 1.570 1.360 21.000 1.470 20.410 -3.469 -4.939 -4.24 -18.74 8.08 B2

B3 297.7800 96.0183 1.650 1.290 36.000 1.470 35.604 -3.754 -5.224 -4.52 -31.50 16.59 B3

B4 299.3717 96.0325 1.730 1.210 52.000 1.470 51.426 -5.435 -6.905 -6.20 -44.82 25.22 B4

B5 300.2658 96.0650 1.820 1.120 70.000 1.470 69.219 -7.355 -8.825 -8.12 -59.78 34.89 B5

B6 300.8517 95.9383 2.430 1.570 86.000 2.000 85.080 -8.850 -10.850 -10.15 -73.04 43.63 B6

B7 301.1017 95.9683 3.915 2.890 102.500 3.400 101.392 -10.600 -14.000 -13.30 -86.82 52.37 B7

B8 301.4292 96.1292 4.900 3.710 119.000 4.300 117.643 -12.633 -16.933 -16.23 -100.38 61.34 B8

Cl 163.7556 87.4000 1.530 1.410 12.000 1.470 11.975 0.544 -0.926 -0.23 3.35 -11.50 Cl

C2 235.0000 96.9683 2.080 1.930 15.000 2.000 14.779 -1.806 -3.806 -3.11 -12.11 -8.48 Cc2

C3 265.4083 95.9350 1.650 1.290 36.000 1.470 35.615 -3.702 -5.172 -4.47 -35.50 -2.85 C3

c4 271.2842 96.7683 1.740 1.230 51.000 1.470 50.292 -5.969 -7.439 -6.74 -50.28 1.13 4

C5 274.0783 96.5778 2.540 1.855 68.500 2.200 67.601 -7.795 -9.995 -9.30 -67.43 4.81 C5

C6 275.9533 96.5792 2.640 1.770 87.000 2.200 85.858 -9.903 -12.103 -11.40 -85.39 8.90 C6

C7 277.3069 96.4778 2.930 1.880 105.000 2.400 103.664 -11.770 -14.170 -13.47 -102.82 13.18 C7

C8 278.0806 96.1567 3.940 2.630 131.000 3.300 129.493 -13.968 -17.268 -16.57 -128.21 18.20 C8

C9 278.7667 96.1308 4515 3.085 143.000 3.800 141.369 -15.185 -18.985 -18.28 -139.72 21.55 C9

D1 185.4150 90.0467 1.600 1.335 26.500 1.470 26.500 -0.022 -1.492 -0.79 -2.50 -26.38 D1

D2 209.8367 93.6850 2.420 1.975 44.500 2.200 44.316 -2.854 -5.054 -4.35 -22.05 -38.44 D2

D3 217.5292 93.9014 1.770 1.170 60.000 1.470 59.722 -4.073 -5.543 -4.84 -36.38 -47.36 D3

D4 222.3383 94.0342 1.860 1.080 78.000 1.470 77.614 -5.474 -6.944 -6.24 -52.27 -57.37 D4

D5 225.0433 94.1333 1.940 1.000 94.000 1.470 93.512 -6.758 -8.228 -7.53 -66.17 -66.07 D5

D6 226.9550 94.1233 2.040 0.915 112.500 1.470 111.918 -8.068 -9.538 -8.84 -81.79 -76.39 D6

D7 228.3817 93.8967 2.640 1.350 129.000 2.000 128.404 -8.746 -10.746 -10.05 -95.99 -85.28 D7

D8 229.4533 93.8550 3.120 1.670 145.000 2.400 144.345 -9.727 -12.127 -11.43 -109.68 -93.83 D8

E1l 178.3458 90.0050 1.685 1.255 43.000 1.470 43.000 -0.004 -1.474 -0.77 1.24 -42.98 E1l

E2 186.6611 91.3075 1.770 1.180 59.000 1.470 58.969 -1.346 -2.816 -2.12 -6.84 -58.57 E2

E3 191.6972 91.5333 2.380 1.630 75.000 2.000 74.946 -2.006 -4.006 -3.31 -15.19 -73.39 E3

E4 194.6422 92.0100 2.450 1.550 90.000 2.000 89.889 -3.155 -5.155 -4.45 -22.72 -86.97 E4

E5 196.5472 92.3333 2.535 1.460 107.500 2.000 107.322 -4.373 -6.373 -5.67 -30.57 -102.88 E5

E6 198.1817 92.4433 2.615 1.390 122.500 2.000 122.277 -5.218 -7.218 -6.52 -38.15 -116.17 E6

E7 199.2894 92.4891 2.680 1.310 137.000 2.000 136.742 -5.944 -7.944 -7.24 -45.17 -129.07 E7

E8 200.2056 92.5617 2.780 1.220 156.000 2.000 155.688 -6.965 -8.965 -8.27 -53.77 -146.11 E8

ROADWA| 269.4883 96.5517 2.530 0.390 214.000 1.470 211.214 -24.258 -25.728 -25.03 -211.21 -1.89 [ROADWAY|
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Summary of results of soil samples from Sewage Treatment Works

as received- air dry air dry
Unique moisture|dry matter loss on pH pH EC | chloride air-dry| oven dry
Lab No. | Sample No 6 O.D. wt. Po O.D. wt. ignition % L:5 water [L:5 CaCl2 [L:5 water [L:5 water [carbonate [carbonate
from O.D. uS/cm mg/kg mg/kg mg/kg
1 Al 3.77 96.23 6.15 5.20 77 46 0 0.0
2 A2 4.96 95.04 6.78 6.01 119 35 125 131
3 A3 4.29 95.71 6.80 6.00 102 27 25 26.1
4 A4 4.17 95.83 6.85 5.94 95 35 25 26.0
5 A5 2.86 97.14 6.52 5.50 73 46 125 12.9
6 A6 2.79 97.21 6.99 6.07 69 50 125 12.8
7 A7 3.75 96.25 6.46 5.43 79 36 125 13.0
8 A8 3.23 96.77 6.06 5.02 51 33 25 25.8
9 B1 5.01 94.99 6.92 6.17 103 35 37.5 394
10 B2 2.59 97.41 6.80 5.76 70 46 0 0.0
11 B3 3.62 96.38 6.12 5.01 70 26 125 13.0
12 B4 3.29 96.71 6.75 5.82 85 41 25 25.8
13 B5 2.74 97.26 6.74 5.63 63 55 25 25.7
14 B6 4.06 95.94 6.99 6.08 87 50 375 39.0
15 B7 2.34 97.66 7.02 6.02 58 43 25 25.6
16 B8 1.88 98.12 6.73 5.60 44 46 125 127
17 Cl 5.09 94.91 6.83 6.08 115 36 37.5 39.4
18 Cc2 4.63 95.37 6.92 6.15 122 79 37.5 39.2
19 C3 3.99 96.01 5.88 4.96 98 35 37.5 39.0
20 c4 3.18 96.82 6.43 5.55 90 50 25 25.8
21 C5 3.00 97.00 6.30 5.23 51 50 12.5 12.9
22 C6 2.16 97.84 6.81 5.76 51 57 25 255
23 C7 1.63 98.37 6.30 5.02 46 59 25 25.4
24 C8 1.90 98.10 6.70 5.58 61 55 12.5 12.7
25 C9 2.74 97.26 6.87 5.67 70 67 25 25.7
26 D1 4.21 95.79 5.90 5.08 128 39 25 26.1
27 D2 4.72 95.28 7.49 6.45 94 67 12.5 13.1
28 D3 3.38 96.62 6.13 5.13 69 38 25 25.8
29 D4 1.79 98.21 6.77 5.73 44 48 125 12.7
30 D5 2.62 97.38 6.36 5.36 76 57 25 25.7
31 D6 2.39 97.61 6.09 491 47 32 0 0.0
32 D7 1.97 98.03 5.97 5.00 36 32 25 25.5
33 D8 1.98 98.02 6.19 5.06 89 73 25 255
34 E1l 3.27 96.73 6.06 5.20 63 39 37.5 38.7
35 E2 2.88 97.12 5.58 4.87 133 26 375 38.6
36 E3 2.87 97.13 6.27 5.33 68 50 25 25.7
37 E4 2.27 97.73 6.15 5.31 43 39 37.5 38.4
38 ES 2.22 97.78 6.40 5.52 51 28 25 25.6
39 E6 2.69 97.31 6.42 5.50 58 48 25 25.7
40 E/ 2.80 97.20 6.45 571 64 43 375 385
41 E8 2.79 97.21 6.39 5.42 67 46 25 25.7
42| CONTROL 1.15 98.85 6.27 5.15 25 28 0 0.0
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Summary of results of soil samples from Sewage Treatment Wq air-dry
Unique air-dry| ovendry air dryJoven dry air dryloven dry | air-dry|[Oven dry air-dryloven dry Bray

Lab No.| Sample No OC (%) OC(%) NH4-N| NH4-N NO3-N| NO3-N TKN TKN]| soil TP| soil TP soil P
mgN/kg | mgN/kg mgN/kg| mgN/kg % % % % mg/kg

1 Al 5.03 5.22 18.68 19.38 13.34 13.85 0.487 0.506 0.274 0.284 59.2
2 A2 5.91 6.20 5.34 5.60 29.35 30.81 0.669 0.702 0.612 0.643 167.4
3 A3 4.34 4.53 13.34 13.91 21.35 22.26 0.423 0.441 0.506 0.527 172.2
4 A 4.31 4.49 8.01 8.34 24.02 25.02 0.414 0.432 0.441 0.459 93.7
5 A5 2.14 2.20 0.00 0.00 24.02 24.71 0.220 0.226 0.158 0.163 6.2
6 A6 2.45 2.52 5.34 5.49 16.01 16.46 0.253 0.260 0.141 0.144 3.7
7 A7 4.35 4.51 13.34 13.84 13.34 13.84 0.451 0.468 0.249 0.258 44.4
8 A8 4.03 4.16 10.67 11.02 10.67 11.02 0.344 0.356 0.248 0.256 30.7
9 B1 6.71 7.04 10.67 11.21 21.35 22.42 0.792 0.832 0.580 0.609 155.5
10 B2 2.02 2.07 5.34 5.48 10.67 10.95 0.167 0.171 0.148 0.152 29.8
11 B3 3.11 3.22 8.01 8.30 13.34 13.83 0.316 0.328 0.219 0.227 40.4
12 B4 2.94 3.04 0.00 0.00 24.02 24.81 0.321 0.331 0.202 0.208 20.1
13 B5 2.90 2.98 8.01 8.23 10.67 10.97 0.218 0.224 0.134 0.137 7.5
14 B6 3.14 3.26 2.67 2.78 21.35 22.22 0.295 0.307 0.206 0.215 26.0
15 B7 2.43 2.48 0.00 0.00 13.34 13.66 0.202 0.206 0.123 0.126 13.9
16 B8 1.76 1.79 2.67 2.72 10.67 10.87 0.154 0.157 0.077 0.079 3.7
17 C1 5.96 6.27 8.01 8.41 26.69 28.04 0.671 0.705 1.085 1.140 328.1
18 Cc2 3.17 3.32 8.01 8.38 16.01 16.75 0.323 0.338 0.294 0.307 38.7
19 C3 4.79 4.98 8.01 8.32 24.02 24.97 0.475 0.494 0.215 0.223 75.0
20 C4 2.74 2.82 5.34 5.51 18.68 19.27 0.249 0.257 0.275 0.284 58.2
21 C5 1.65 1.70 2.67 2.75 10.67 10.99 0.157 0.161 0.105 0.108 3.7
22 C6 1.50 1.53 0.00 0.00 13.34 13.63 0.141 0.144 0.114 0.117 4.7
23 Cc7 1.45 1.47 5.34 5.42 0.00 0.00 0.108 0.110 0.088 0.090 2.8
24 C8 1.96 1.99 0.00 0.00 13.34 13.60 0.171 0.174 0.103 0.105 18.4
25 C9 2.44 2.50 0.00 0.00 13.34 13.71 0.213 0.219 0.102 0.105 3.5
26 D1 4.82 5.02 16.01 16.68 13.34 13.90 0.500 0.521 0.299 0.311 90.3
27 D2 1.28 1.34 2.67 2.79 2.67 2.79 0.120 0.126 0.144 0.151 4.7
28 D3 3.27 3.38 8.01 8.28 8.01 8.28 0.325 0.336 0.207 0.214 33.5
29 D4 1.34 1.36 5.34 5.43 8.01 8.15 0.120 0.123 0.102 0.104 21.2
30 D5 2.41 2.47 8.01 8.22 13.34 13.69 0.244 0.250 0.156 0.160 22.6
31 D6 1.93 1.98 2.67 2.73 13.34 13.66 0.183 0.188 0.110 0.112 7.6
32 D7 1.77 1.81 0.00 0.00 10.67 10.88 0.165 0.168 0.094 0.096 8.6
33 D8 2.41 2.46 8.01 8.16 8.01 8.16 0.246 0.251 0.110 0.112 10.0
34 E1l 4.42 4.56 5.34 5.51 18.68 19.29 0.400 0.413 0.196 0.202 60.9
35 E2 4.06 4.17 18.68 19.22 18.68 19.22 0.371 0.382 0.214 0.220 51.1
36 E3 3.97 4.08 5.34 5.49 8.01 8.24 0.354 0.364 0.185 0.190 53.6
37 E4 2.45 2.51 5.34 5.46 8.01 8.19 0.258 0.263 0.155 0.158 27.5
38 E5 2.36 2.41 5.34 5.46 5.34 5.46 0.234 0.239 0.158 0.161 31.9
39 E6 3.27 3.36 5.34 5.48 5.34 5.48 0.298 0.306 0.148 0.152 11.7
40 E7 3.41 3.51 34.69 35.66 8.01 8.23 0.311 0.319 0.204 0.210 35.2
41 E8 3.18 3.27 2.67 2.74 13.34 13.72 0.321 0.330 0.185 0.190 34.8
42| CONTROL 1.38 1.40 0.00 0.00 10.67 10.80 0.116 0.118 0.061 0.061 4.7
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Summary of results of soil samples from Sewage Treatment Works
Cations and Metal lons | [ |
Results reported on air-dry basis Results reported on air-dry basis

Unique result result result result ESP CEC Cu Zn Mn Fe
Lab No. | Sample No Na Ca K Mg 4 bases | 4 bases mg/kg mg/kg mg/kg mg/kg
mg/kg mg/kg mg/kg mg/kg % [me/100g air-dry| air-dry air-dry air-dry
1 Al 26.2 2908.4 1273.4 824.6 0.46 24.7 3.3 245 65.5 280.5
2 A2 205.2 20311 621.4| 1466.2 3.62 247 16.7 38.2 29.1 162.9
3 A3 164.2 1543.7 680.3 | 1140.5 3.65 19.5 6.6 19.2 27.2 170.9
4 Ad 248.2 1507.0 588.2 | 13075 5.17 20.9 6.1 214 36.0 222.7
5 AS 177.8 661.7 401.9 665.6 731 10.6 9.0 4.9 84.3 246.4
6 A6 166.6 1310.9 430.8 979.4 4.41 16.4 5.1 3.7 43.0 91.4
7 A7 1255 1753.7 1147.5 925.8 2.75 19.8 4.9 17.1 105.2 118.9
8 A8 62.6 1018.1 810.9 5311 231 118 2.6 8.8 75.0 131.0
9 B1 185.8 2114.6 550.4 | 1467.5 3.25 24.8 16.0 10.2 22.4 154.5
10 B2 249.1 909.8 512.0 762.2 8.21 13.2 4.4 5.2 24.0 213.4
11 B3 42.2 1047.8 12214 562.3 1.40 13.2 6.9 154 90.9 286.8
12 B4 197.5 1417.9 486.2 836.0 5.35 16.1 8.6 7.0 48.1 211.1
13 B5 226.3 917.3 334.8 714.6 8.00 12.3 5.4 2.6 35.0 190.1
14 B6 247.4 1548.0 34451 1057.3 5.86 18.4 2.9 3.5 215 125.2
15 B7 152.4 1076.4 433.8 794.2 4.85 13.7 2.7 3.1 26.5 53.8
16 B8 142.6 890.2 327.8 556.2 5.92 10.5 2.6 1.6 37.1 85.3
17 Cl 228.0 1727.0 4234 14221 4.43 224 55.0 119.6 59.6 194.8
18 C2 304.6 1740.2 499.0 | 2581.5 4.07 32.5 104 8.7 24.3 167.2
19 C3 36.5 1356.5 1364.9 702.7 0.98 16.2 4.5 14.5 77.3 268.2
20 c4 187.0 1359.6 422.0 692.6 5.66 144 8.9 4.8 50.6 180.2
21 C5 138.0 1179.1 315.4 461.5 541 11.1 9.1 2.5 77.6 208.9
22 C6 125.0 1318.8 272.2 687.8 4.03 13.5 5.5 1.9 34.6 141.0
23 Cr 161.5 590.6 173.3 261.8 11.25 6.2 6.0 1.6 56.8 1715
24 C8 221.3 1181.5 196.6 439.2 8.77 11.0 6.0 6.6 24.2 206.0
25 C9 329.3 1712.9 437.8 768.7 8.22 17.4 3.7 4.2 38.7 136.6
26 D1 38.6 1415.8 1448.5 846.1 0.94 17.9 5.5 18.7 102.7 197.6
27 D2 252.2 1269.1 1885.0 843.5 5.72 19.2 1.9 6.3 1.8 17.0
28 D3 54.7 1836.0 1002.2 664.8 1.37 17.4 3.0 8.4 90.9 162.9
29 D4 715 1163.8 450.0 443.0 2.85 10.9 4.7 1.6 44.1 45.8
30 D5 218.9 1646.6 313.9 586.1 6.44 14.8 4.4 4.1 40.2 305.0
31 D6 133.4 1152.7 463.2 422.6 5.28 11.0 3.3 4.7 83.9 161.1
32 D7 35.0 1184.4 402.2 452.9 141 10.8 2.7 2.8 69.7 85.2
33 D38 70.6 1309.7 529.9 479.3 2.53 12.1 3.8 4.3 70.4 248.6
34 El 36.0 2105.0 1528.8 820.1 0.73 21.3 3.9 13.4 62.2 162.7
35 E2 30.2 1942.6 1817.2 | 1231.6 0.53 24.6 7.3 25.0 71.2 217.0
36 E3 28.3 1198.1 579.8 463.4 1.08 114 3.0 12.0 44.6 164.2
37 E4 27.8 1824.5 345.4 681.1 0.77 15.7 2.7 7.9 39.8 175.8
38 E5 33.1 1791.8 511.9 611.8 0.93 154 2.8 4.3 29.7 217.2
39 E6 108.5 1987.4 320.4 796.3 2.66 17.8 3.9 6.3 449 2225
40 E7 78.7 1274.9 366.5 891.4 2.29 15.0 4.3 8.7 28.2 180.1
41 E8 102.7 2100.7 512.9 784.6 2.39 18.7 4.4 8.5 35.2 219.0
421 CONTROL 24.0 751.9 368.6 214.1 1.59 6.6 21 0.7 46.5 37.8
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comparison of the changes in soil analysis relative to the control

Armidale Sewage Treatment Plant soil samples from disposal area %change %change| %change| %change| %change| %change| %change
unique |distance change |change | %change|%change [%change %change| Na CEC Copper |Zinc Mn Iron ESP
Lab No. | site from outld pH CaCl2| EC OD OC OD TKN OD TP Bray P mg/kg 4 bases | mg/kg mg/kg mg/kg mg/kg %
dS/m (%) (%) (%) mg/kg me/100g
1l Al 9.96 0.05 52 374 430 462 1271 109 29 153 3646 141 741 29
2| A2 18.97 0.86 94 444 598 1045 3593 855 227 786 5680 63 430 227
3| A3 35.83 0.85 77 324 375 858 3696 684 230 308 2852 59 452 230
4| A4 52.80 0.79 70 322 367 746 2011 1034 325 286 3183 77 589 325
5[ A5 70.02 0.35 48 158 192 265 134 741 460 421 727 181 651 460
6| A6 87.98 0.92 44 181 222 235 80 694 277 241 552 93 241 277
7| A7 104.31 0.28 54 323 398 420 953 523 173 231 2539 226 314 173
8| A8 119.18 -0.13 26 298 302 417 659 261 145 124 1313 161 346 145
9(B1 3.08 1.02 78 504 708 991 3338 774 204 750 1511 48 408 204
10| B2 20.41 0.61 45 148 145 247 641 1038 516 209 771 52 564 516
11( B3 35.60 -0.14 45 231 279 369 868 176 88 326 2292 196 758 88
12( B4 51.43 0.67 60 217 282 339 432 823 336 402 1036 103 558 336
13[ B5 69.22 0.48 38 213 191 223 162 943 503 256 382 75 502 503
14 [ B6 85.08 0.93 62 234 262 349 559 1031 368 134 525 46 331 368
15| B7 101.39 0.87 33 178 176 204 299 635 305 126 468 57 142 305
16| B8 117.64 0.45 19 129 133 128 79 594 372 124 233 80 225 372
17{C1 11.98 0.93 90 449 600 1854 7043 950 278 2585 17804 128 515 278
18| C2 14.78 1.00 97 238 288 499 832 1269 256 489 1289 52 442 256
19 C3 35.62 -0.19 73 357 420 363 1610 152 62 212 2164 166 709 62
20| C4 50.29 0.40 65 202 219 462 1249 779 356 417 715 109 476 356
21| C5 67.60 0.08 26 121 137 176 79 575 340 428 377 167 552 340
22| C6 85.86 0.61 26 109 123 190 102 521 254 259 276 74 373 254
23| C7 103.66 -0.13 21 106 93 146 60 673 707 281 239 122 453 707
24| C8 129.49 0.43 36 143 148 171 396 922 551 280 988 52 544 551
25| C9 141.37 0.52 45 179 186 170 75 1372 517 176 632 83 361 517
26| D1 26.50 -0.07 103 360 443 506 1939 161 59 257 2785 221 522 59
27| D2 44.32 1.30 69 96 107 245 101 1051 359 88 936 4 45 359
28| D3 59.72 -0.02 44 242 286 348 720 228 86 142 1245 196 430 86
29| D4 77.61 0.58 19 97 104 170 454 298 179 221 232 95 121 179
30| D5 93.51 0.21 51 177 213 260 486 912 404 205 608 86 806 404
31| D6 111.92 -0.24 22 142 160 183 164 556 332 155 704 181 426 332
32| D7 128.40 -0.15 11 129 143 156 184 146 89 126 413 150 225 89
33| D8 144.34 -0.09 64 176 214 182 214 294 159 179 643 151 657 159
34| EL 43.00 0.05 38 327 352 328 1307 150 46 181 1990 134 430 46
35| B2 58.97 -0.28 108 299 325 358 1096 126 34 343 3718 153 573 34
36| E3 74.95 0.18 43 292 310 309 1150 118 68 140 1788 96 434 68
37| E4 89.89 0.16 18 180 224 258 590 116 48 128 1174 86 465 48
38| E5 107.32 0.37 26 172 203 262 684 138 59 134 645 64 574 59
39| E6 122.28 0.35 33 240 261 247 252 452 167 182 938 97 588 167
40| E7 136.74 0.56 39 251 272 341 756 328 144 202 1292 61 476 144
41| E8 155.69 0.27 42 234 280 310 747 428 150 205 1258 76 579 150
42| CONTROL 0.00 0 100 100 100 100 100 100 100 100 100 100 100
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Data ranked by distance from discharge outlet - all site taken

Armidale Sewage Treatment Plant soil samples from disposal area %change| %change| %change| %change %change| %change| %change
unique |distance change |change [%change|%change %change|%change| Na CEC Copper |Zinc Mn Iron ESP
Lab No. |site from outlg pH CaClI2| EC OD OC OD TKN oD TP Bray P mg/kg 4 bases [ mg/kg mg/kg mg/kg mg/kg | %
dS/m (%) (%) (%) mg/kg me/100g

9([B1 3.08 1.02 78 504 708 991 3338 774 204 750 1511 48 408 204
1]A1 9.96 0.05 52 374 430 462 1271 109 29 153 3646 141 741 29
17|C1 11.98 0.93 90 449 600 1854 7043 950 278 2585 17804 128 515 278
18[(C2 14.78 1.00 97 238 288 499 832 1269 256 489 1289 52 442 256
2| A2 18.97 0.86 94 444 598 1045 3593 855 227 786 5680 63 430 227
10 | B2 20.41 0.61 45 148 145 247 641 1038 516 209 771 52 564 516
26 | D1 26.50 -0.07 103 360 443 506 1939 161 59 257 2785 221 522 59
11 | B3 35.60 -0.14 45 231 279 369 868 176 88 326 2292 196 758 88
19| C3 35.62 -0.19 73 357 420 363 1610 152 62 212 2164 166 709 62
3| A3 35.83 0.85 77 324 375 858 3696 684 230 308 2852 59 452 230
34| E1 43.00 0.05 38 327 352 328 1307 150 46 181 1990 134 430 46
27 | D2 44.32 1.30 69 96 107 245 101 1051 359 88 936 4 45 359
20| C4 50.29 0.40 65 202 219 462 1249 779 356 417 715 109 476 356
12 | B4 51.43 0.67 60 217 282 339 432 823 336 402 1036 103 558 336
4 A4 52.80 0.79 70 322 367 746 2011 1034 325 286 3183 77 589 325
35| E2 58.97 -0.28 108 299 325 358 1096 126 34 343 3718 153 573 34
28 | D3 59.72 -0.02 44 242 286 348 720 228 86 142 1245 196 430 86
21[(C5 67.60 0.08 26 121 137 176 79 575 340 428 377 167 552 340
13| B5 69.22 0.48 38 213 191 223 162 943 503 256 382 75 502 503
5|A5 70.02 0.35 48 158 192 265 134 741 460 421 727 181 651 460
36 | E3 74.95 0.18 43 292 310 309 1150 118 68 140 1788 96 434 68
29 | D4 77.61 0.58 19 97 104 170 454 298 179 221 232 95 121 179
14 | B6 85.08 0.93 62 234 262 349 559 1031 368 134 525 46 331 368
22| C6 85.86 0.61 26 109 123 190 102 521 254 259 276 74 373 254
6| A6 87.98 0.92 44 181 222 235 80 694 277 241 552 93 241 277
37 |E4 89.89 0.16 18 180 224 258 590 116 48 128 1174 86 465 48
30| D5 93.51 0.21 51 177 213 260 486 912 404 205 608 86 806 404
15| B7 101.39 0.87 33 178 176 204 299 635 305 126 468 57 142 305
23| C7 103.66 -0.13 21 106 93 146 60 673 707 281 239 122 453 707
7| A7 104.31 0.28 54 323 398 420 953 523 173 231 2539 226 314 173
38| E5 107.32 0.37 26 172 203 262 684 138 59 134 645 64 574 59
31 | D6 111.92 -0.24 22 142 160 183 164 556 332 155 704 181 426 332
16 | B8 117.64 0.45 19 129 133 128 79 594 372 124 233 80 225 372
8| A8 119.18 -0.13 26 298 302 417 659 261 145 124 1313 161 346 145
39 | E6 122.28 0.35 33 240 261 247 252 452 167 182 938 97 588 167
32| D7 128.40 -0.15 11 129 143 156 184 146 89 126 413 150 225 89
24| C8 129.49 0.43 36 143 148 171 396 922 551 280 988 52 544 551
40 | E7 136.74 0.56 39 251 272 341 756 328 144 202 1292 61 476 144
25| C9 141.37 0.52 45 179 186 170 75 1372 517 176 632 83 361 517
33| D8 144.34 -0.09 64 176 214 182 214 294 159 179 643 151 657 159
41 | E8 155.69 0.27 42 234 280 310 747 428 150 205 1258 76 579 150
42 | CONTROL 0.00 0 100 100 100 100 100 100 100 100 100
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STW PLANT ANALYSIS

Nutrient Units high density medium density low density
dry matter % 99.3 92.5 94.0
fibre % 99.4 99.4 99.6
nitrogen % 2.92 2.62 1.05
protein % 18.3 16.4 6.59
Cl % 0.34 0.34 0.320
P % 0.394 0.381 0.112
S % 0.275 0.321 0.106
K % 2.04 2.36 1.34
Ca % 0.342 0.332 0.194
Mg % 0.224 0.259 0.145
Na % 0.465 0.045 0.067
Mn mg/kg 29.1 87.2 90.4
Fe mg/kg 65.2 66.1 69.7
Zn mg/kg 41.8 37.2 37.0
Cu mg/kg 12.2 12.3 8.33
Al % 0.006 0.007 0.007
B mg/kg 5.08 5.91 1.04

PLANT ANALYSIS
APPENDIX G



Sample Na Ca K| Mg SAR| hard | sample ID pH EC| TDS| TS EC |C- PO4 [NH4 |NO3 | NH4+N turbidity
No. | mg/L | mg/L | mg/L | mg/L mg/L | sample ID us’cm | mg/L|mg/L {uS/cml mg/L| mg/L|{mg/L |mg/L [mg/L |NTU
7 66 33| 28| 16 24| 147|pond 1 11f 751 667 400 736| 667 56 6.3] 061 054 115 6.3
16 64 31| 18| 15 2.3 140|pond 1 12 752 642 385 484 642 46 6.2l 054/ 058 112 6.5
65 32| 23| 16 2.4 144)|average pond 1 7.52 655 393 610 655 51 6.3] 058 056 114 6
1 69 31 15[ 16 2.5 145|outlet 1 21| 7.68 683 410]  448] 683 53 71 063 030 093 6
10 64 30] 15| 16 24 139|outlet 1 22| 798 614 368 412 614 58 6.5 026 037 063 6
66 31 15| 16 2.4] 142|averageoutlet 1|22|  7.83 649 389 430 649 58 6.8 045 034 0.78 6
3 77 3B 17 16 2.7 155|outlet 4 31| 7.73 656 39| 492 656 56 6.6f 049 033 082 5
12 65 30| 16| 16 24 141|outlet 4 32| 813 620 372| 388] 620 48 6.8) 047 035 082 6
71 33| 16| 16 2.5] 148|averageoutlet 4/32| 7.93 638 383| 440 638 52 6.7 048 034 082 6
6 73 37| 18| 17 2.5 163|outlet 5 41] 793 5838 353 772| 588 56 55 070 040 110 4
15 65 32| 15| 17 2.3] 150|outlet 5 42|  7.90 562 337] 492| 562 46 53 007, 0190 0.26 5
69 3H| 16| 17 2.4] 156|averageoutlet 5{42|  7.92 575 A5 632 575 51 54 039] 030 0.68 5
2 71 32| 17 17 2.5 147|outlet 6 51| 7.73 662 397] 500 662 58 6.8) 035 033 0.68 5
11 67 31 16/ 16 2.4] 143|outlet 6 52|  7.77, 624 374| 464] 624 52 6.4 049 019 0.68 5
69 31| 16| 16 25| 145 average outlet 6|52| 7.7 643 386| 482|643 25 6.6 042 026 068 5_|
4 71 32| 171 17 2.5 148|outlet 7 61| /.89 646 338] 540[ 646 56 6.3] 033 019 052 6.5
13 66 31| 15| 16 24 141)outlet 7 62| 7.79 609 365 396 609 48 6.3] 042 014 056 6
68 31 16| 16 2.5 145|averageoutlet 7|62| 784 628 377 468 628 52 6.3] 038 0171 054 6
5 73 35| 16| 17 2.5 157] outlet river 71  7.98 640 384| 656 640 53 70 028 014 042 6
14 66 31| 16| 16 2.4 145|outlet river 72|  7.85 612 367 352| 612 43 6.9 033 014 047 6
70 33| 16| 16 2.5 151|averageoutlet r{ 72|  7.92 626 376 504/ 626 53 70, 031 014 045 6
8 27 31 3| 18 1.0] 152|upstream 81 7.9]] 364 218| 472 364 38 nd nd nd nd 45
17 26 31 3] 19 0.9 157|upstream 82| 7.98 355 213] 404| 355 36 nd nd nd nd 6
26 31 3] 19 0.9] 154|average upstreal 82|  7.95 360 216] 438 360 37 0.0f 000 0.0 0.00 5
9 44 33 9] 18 1.5] 154|downstream 91| 7.86] 465 279 604 465 46 2.4 nd 0.05 005 55
18 43 31 8| 17 1.5 150| downstream 92| 789 457 274 564 457 41 22| 009 nd 0.09 6
14 43 32 8| 17 1.5] 152|averagedownstr| 92| 7.88] 461 277) 584 461 a4 23 005 003 0.07 6
Sample Na| Ca K| Mg SAR] hard [ sample ID Raw
pH EC| TDS|TS EC |C- PO4 |NH4 |NO3 | NH4+N turbidity
No. | mg/L | mg/L | mg/L | mg/L mg/L | sample ID us’cm | mg/L| mg/LjuS/cm mg/L| mg/L|mg/L |mg/L [mg/L |NTU
RESULTS OF WATER ANALYSIS
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