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ABSTRACT

Land treatment is considered és aﬁ alternativé to conﬁentiﬁnal '
wastéwater'treatmeﬁt systems. Thé ecdﬁomic and environmentél advantages
. : "
of land treatment are discussed. Overland flow, a method of land ,
tréatment is'modelled‘psing.both é réductionist.and'holistic appréach.
Tﬁé findings from the modelling exercises are presented along with a

discussion of the modelling mephods.
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CHAPTER 1
INTRODUCTION

1.1 Land Treatment

Land treatment is the application of either primary and/or
secondary wasteﬁater or sludge to areas of land for the pu?pdée of
wastewater.renovafion. Wastéwater applied to laﬁd isgtreaéed by the
physical, chemical, and biological compbhénts of ghé SOil~plant ﬁatrixv
of fhe lan& treatment éyséem. -The three_priﬁcipal.methods of land
treatment, achrding,to the litefature*(EPA‘1977; Pound 1975) are
irrigation, infiltration-percolation,; and overland flow.‘ For a
‘detailed explanation of the basic methods of land treatment, see
EPA (1977). |

~In irrigation, Figure 1.1A, ﬁéétewaterlis apéiied to permeable
sdil; Treétment occurs as the wéstewater passés through the soil:
matrix. A large portion of the flow percolates to the groundwater,
-Surface ruanfA;s‘normally not allowed. Crops or pastures are normally“
'grown on the soil surface.

infiltratioﬁ—percolation, Figure l.lB, is characterised by the
‘fact that most of the_wastewate£ applied to the syétem reaches’
grouﬁdwafer. ‘Tﬁé;method is restricted to.vefy perﬁéable ;oilslsuch as
sand and‘éaqdy loam. ‘Physical, §hemicai, and-biological mechanisms in
the soil matrix aré reépohsible fof the tfeatment of the wastewater,
»Plants.é;e seldom usea as a renovation mechahiém.

' .Ovefland flow,'Figure.l.iC, is a treatment method in‘which'
WaStewater is applied over the upper reaches of slbpéd terfacés-and
alloﬁéd to flow across a vegetated sﬁrfécetto funoff»collection'_
ditches. Renovation is aCcoﬁplished by physical, chemical, aﬁd
biologiéél meaﬁs'és_the wastewater flows in a thin sheet down the

felatively'impervibus slope (EPA 1976a, p.5)..



FIGURE 11 METHODS OF LAND TREATMENT
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In coﬁventional treatment, wastewétef'is renovated by
mechanical prdcesées which incorporate chemical, physical, and
biological principleé. vConventional treatmént can be_composed of
one or a combination of treatment phases; debending upon the standard
of treated wastewater required. Suéh phases can be classified as.
primary, secondary, ér tertiary. Primary treatmeﬁt'is.simply crude
filtering or sieving of wastewéter, Secondary tféétment involvés 
‘the removal of organiq matter and biosfimulanfs such as phosphorus
and nitrogen to a-prescribed level. 1In ;erms of conventioﬂal treatméntz
the secon&ary phase is-carried oﬁt by such processes as trickling
' filtration,~activatéd'sludge, or chemicél p;ecipitation. The tertiafy
phase is designed t0'rem9Ve the biostimulants such as phosphorus and
nitrogen that remain in secondary treated wastewater, _The prescribed
sténdard‘of phosphorus and nitrogen invtértiary treated'Waétewater shoul&
not‘exceed 0.15‘mg/litré and 2 mg/iitre respectively (éalAWéll, p.li).
For a detailed explanatidn of'conventional; also referred to as

‘traditional, wastewater treatment systems refer to Ramalho (1977). .

1.1.1 ‘History»

" There is evidence to suggest that'land,tréatmént syétems,
ekisted inzwestern civilization as’faf back as the aﬁcient Greeks
'(EPA 1977, p.l—l).: Iﬁ Bunzlaﬁ, Germany,‘a wastewater irrigation
system started in 1559 is still in.operation today (Pouﬁd 1975). The
greatest proliferation of land.treatment s&étems-occurred’invEurqpe
in the'mid—ninéteenth century‘during the Industrial Révolution. Due
to ékpénding'cigies'and the lack of wastewater ;reatmeﬁt facilities,
wastewater was transported into rurai areaslfqr irriggtion énd:
disposal. As cities éontinued to expépd, irrigated rural land;

referred to as 'sewage farms', was lost due to development.



"Remaining seWége farms not affected by dévelopﬁent‘eﬁentqally failed

due to over use and poor management. .

1.1;2 An alternative fechnology
| ‘Land, treatment can Be used.as either a primary—secohdéry and/or
tertiary'system. An example of a primary-secopdary system is Wérribée
Farm, Wer;ibee, Victoria (Scott 1977) and a tertiary system is Cannock
Sewage Wbrks, Cannédk, Uﬁited Kingdom (Hopper 1973).
" The Senate Select Committee on Water.Pollution (1970,vp;iiii)
has sfated unequivocably that the addition of wastewater bofh domestic
" and industrial to the nation's draiﬁage‘pattern is a major factorfin”
vfhe detérioratién of'water'qualit§ in Australia. The Cdmmitteé Suggésts
that one &éy to improve waterVQuality iﬁ respeét'to wastewater.is fof
the'States'tﬁ pass téugher environmental legislation. -In‘New'Soufh
Wales, for example, The Clean Waters Act 1970, eétablishes‘madhinepy
which enables various government departments to regulate and coﬁtfol
the standard of wastewater entering various bodies of ‘water (Butiin
_l976).-'l
| _If the pollution,of‘ﬁafer Qays by wastewate:Ain Australia is
to decrease, it is inevitableithat the number and effectiveness of
wastewéter;freatment,Systems in.Australia must increése. This means,
to achieve the standard df(wastewatef effiﬁenf from treatment'sfstems'
that will iﬁprbﬁe apd.méintain the level of wate;ydgality‘desiréd by
g0vernmeﬁt authorities, conventional‘secondafy wastewatef systems will
need to éontain a tertiary.treatment‘component. In rggardé to
cohventiénalvtreatment, the‘tértigry component is; in~compérison to
the prim§ry and secoﬁdary component, more energy intensive) technologically
complex, and expensive'(Ramalﬁo 1977). a ' R
| .‘In most’circ#msténces, land treatment, as avtertiapy system,
in comparison to conventional tréatﬁent, is a system of ioﬁienergy_
iﬁput aﬁd'simp1e~technology. Tﬁis hold$ aSSUmihg the.effluent standard

N
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ié identical. If the level of water quaiity.in Australia is to be
improyed by:the appiication,of advanced wastewatéf treatment systems,
it is only reasonable to suggest in the search for the ﬁost effective
treatment system that both conventional and land treatment systems be
vseriouSl§ considered.

Land treatment is an ecolqgiéally éound.way of.rehqvéting'
wastewater. It is a technology that maintains the nutrieﬁt recycling
principle inherent in nature, see Figure 1.2, Once the Qastewater is
épplied to the 1éﬁd;'coﬁtaminantsiin thé wastewater aré.dispOSed ofu
in an environmentally sbuﬁa way. For'example, various contaminants
are converted intd'naturallykoccﬁ£ing gases which'are'lost ;o tﬁe'
atmosphere while otﬁef coptaminants areveither~aﬁsorbéd by-pl;nts and
micro-organisms or 'fixed' to barticles‘iﬁ the soil mét¥ix.. It is
only when resources-exisélin théif unnatural place inithe'environmentv

that they are characterised as 'pollutants'. -

FIGURE~1.2, SIMPLIFIED NUTRIENT CYCLE .
-

S’

B ———

Ap'preéent'in»the United States ahd Austré1ia;rthe most common
and traditional wasféwatéf treafﬁent system ié{cdnveﬂtionailprimary—
seéoq&ary.' Inifhe ﬁnited;Stafés, federal‘legiélétion kFeder311Watgr”

'Eollution Control Acf Amendments of 1972; Public #aw 92;5000) haé
_“pro§ided a statutory basis fof'the considerétion éndifunding of land
'tfeatment systems-in the'tfeatment of’mﬁnicipéi waéfewater (Seabrook’

1975).



Such legislation directs the top official administrators in
the United States EPA to encourage the idea that land treatment be
considered as a possible method for municipal wastewater treatment in

projects funded by Federal grants. This is‘accomplished by requestihg

subordinates to:

1. ‘reéuire-that submissions-for'construction of publicly-owned
treatment works include proof that land treatment was given
fai; conSidération as an alterﬂative waste.managemeﬁt schgme;

2. refuse to fund waste treatment projects if it can be
demonstrated thaf land treatment is sﬁperior in terms éf cost

and ability to achieve set standards.

fhe'Uhited States Federal Water’Poliutioﬁ Control»Aéﬁ also
directs thé ﬁnited States EPA to publish information on land treatment
of wastewater. Such information (EPA 1977,vl976 b.p.,l§75).is to.Ee
used in the education of the public‘oh the practicality and suitability
6f 1aﬁd treathentlas an glternative~waste management scheme and b&
" the United States EPA in evaluating the feasibiiity of iandvtreatment~
as an ;lﬁernative té p;oposed'wgstewatér treatmentjéquects.

| " Land fréatment,of'either municipal or indusﬁriél'wastéwater

as an alternative waste management scheme is sﬁpborted by the United
sﬁates Federal deérnment.and EPA. Land treatment is flexib1e énough'
“to be consideied either‘asfa'pfimary—secondarykﬁreatmenﬁ[system (EPA
1977)-or as a ﬁertiary component;in combinétion with a érimary—secondaiy.
conventional system (Seabrook‘l9f5)._ | |

At present, there are a‘nﬁmber.of suCcessfﬁi pperating 1and
tréatment syétems'throuéhout the‘wbrld\ In Paris, Texas,;the Campbell

Soup Compaﬁy, on three hundred and sixty hectares using the overlaﬁd



flow method of land;treatment, purifies waste from its food processing
plant. ‘Extensive ﬁonitoring,programmes in 1968 showed thét the
wastewatef leaving the system was of a high standard (EPA 1977, p.7-73).
In Phoenix;,Ariébna, a land infiltration-percolation sygtém has

been in Qperation‘éinge 1973. The Phoénix project has been successful
in,demonsfrating the,renovation of secondary_wastewater_intp watef that .
has unrestricted use for ir;igation and recreational‘purposgg (Stevens
1974) . Npmerous examples of éuccéssfuliland treatment systemé cén»be
found in EPA (1977) and Stevens (1974),

‘ v To further demonstrate confidence.in land'treatment systems,
‘the United'Stafes EPA,.in co—dperation with fhe United Stétes Army'
Corps of'Enginéers,rhave set db‘extensive research prbjects to
investigate the vérious methods of land treatment. .Fof'exémplé;'at the
Unitéd Stafes Army'Engineér Waterways Experiment Station, Vicksbﬁrg,
Mississippi, experimentafion on'QVerland flow as an.effective, low
cost tertiafy method of treating wastgs'on military reseryations is
under way; -The study is being‘conducted to determiné and clearly
understand mechanisms involved in wastewater ﬁreatmént‘by gverlana"
flow so that.operétional feasibility, design, and performéﬁce criteria

can be accurately evaluated (Carlson 1974; Hoeppel 1974; Lée 1976).

1.2 Ecénomics éf Land Treétment
In a general éense, land:tfeatﬁeﬁt is not only eéologically
“sounder but more cost effective than coﬁventibnal.treatment’systemé.
In terms of competitiVé systems for the treatﬁent of municipal wastewater,
Young (1974) studied‘tﬁe‘economics of'iand_and conVentional'treatment
in the éoutﬁ east United States. He cbﬁcluded thgt there is an économic
advantage'in the qée of lénd‘comﬁaréd to conventional treatment,

especially for:small-treatﬁentvplants, see Figure 1.3.



FIGURE 1.3  ESTIMATED COSTS OF LAND COMPARED
TO CONVENTIONAL WASTEWATER TREATMENT SYSTEMS
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Accordlng to Young (1975, P. 2570) al, 900 m3/day plant will
save $10 80/m> ‘while a 37 900 ma/day plant will save $5. 05/m . Young
obtalned hlS results by u51ng a cross sectional multlple regre831on . 
anélysls in whlch_;he average effect of key variables on treatment .
cost.were evaluated; lTﬁe method tojcbst treatment systems as used‘by’
Ydung (1975)>wili“befféféfred ?o infthis stﬁdy.as_the'modei costing‘
method. | = '

,Iﬁforﬁatiéﬁ'oh.vitél‘fégfo;s related to QaStewatef'treatment
mﬁét’be pbtained'befofe céstiné of a treatment éysfeﬁAEéﬁ be dndértaken.'
'jihé:féctors'that mustfbé cansidéréd_include: size of treétmént plant,
specific.procgsseg_uéea, ekcess capacity existing at'tﬁé plaﬁt;,regién
Qf-fhe eQuntry_iﬁ which the plant is located, the pbint in time'ét
which the cost estiﬁates apély, the acﬁuél flow rates of ﬁasteWater

into the plant, and the standard of. treatment required.



In the model costing method, according to Young (1975, p.2567)
a total cost functlon of Fhe form C = f1 (Q1;Qz’sl’PL’Pk’Pf’Pe’Pr)v
is derived from a production function. The total cost function presented
by Yoﬁng (1975) represents the current level of technology for the

type of wastewater treatment it characterises. The cost variables

used to, estimate f1 are as follows:

. = total annual operating and construction cost;

= average rate of wastewater flow;

—

= fihal”effluent cdﬁcentration;

[\

= size or capacity utilisation;

—

price of labour;

= annual price of capitalj

o

- = price of fuel;

= price of chemicals; and

Mo oY oY oY ! OO0
®
n

= annual price of land.

2

Yoqng.(l974)vp$fainéd data on the gi&en cost variabies by the
use of a survey. Usiﬁg a log liﬁeaﬁ muitiple ;egression analysis:
coeffiéients'fOr each variébie-were estiméted; sée fable 1.1. An
uestimatea cOSt eqUation wés,defermiﬁed byvapplying the coéfficientsa'
tb'the'cﬁsﬁ funétion.~

:Tﬁe-tost‘equatién,‘giveﬁ.the value bf.the vafious independent
vvariables, may be used to obtéin aﬁ estimate ofbthe~totél cost of a.
waéteQater treatment system. The cost equatibn méyAaléovbe uséd_to
determiﬁe the extent'td which an iﬁdependent Qafiablé;cén'effect the
total cost. 'In reference to Table 1.1,'eq#ationﬁl, a 10 percent ihcfeaée
iﬁ flpw‘results in an 8.304 pefcgﬁt increase in'totéi qost.' Estimated cost
.curQes detgfmined.frOm a cost equatioﬁ providé abvehiclg for eﬁamining
‘the'éost of éonvéntional comﬁared-to land treafment (foung 1974;p.22).
So, the coefficients from a fégréssion of a cénﬁentibnal tréatment
system‘méy be coﬁpéred wifh:coéffiéientsvfrbm a régresSiOn of a land

treatment system.
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Results in relation to the economics of land compared tov'

conventional wastewater treatment obtained from the model costing

method aré as follows:

1.

~as treatment plant size increases costs increase at a decreasing

rate; thus, suggesting that there are economies of scale in

wastewater treatment plants (Young 1975, p.2566);

with reference to copditions,’especially in relation to plant

size; as stated by Young,(1974; p.27), economies of scale for

increasing flow are smaller when land treatment is utilised;

increasing the standard of treatment causes total costs to rise
at an increasing rate (Young 1974, p.31);

the diseconomies to increasing‘the'standard of trEatmeﬁt.are

smaller with land,thén with cdnﬁehtional treatment (Young 1975,

p.2569);

increasing.concentratioﬁs of contaminants in abplied‘waétewatérv
causes .costs to iné;ease; -

a:proportional increasekin reserve cap#city wiil cause a greatgr

increase in costs for tertiary than for primary'and secondary

'treétmeﬁt'(Young 1974, p.49); .

land treatment has a highér elasticify of substituﬁion between
capital and labour, that is, the land treatment manager is able
to vary labour-land-capital combinations as prices change more

readily than those using conventibnal treatment technology.

When different types of’wastewater treatment systems are to

‘be costed for a specific site and an accurate cost function does not

exist, a detailed engineering:exercise may be applied. In the engineering

exercise, thé'tteatment system is divided into cost components. Table

1.2 represents the:va;ious cost’ components of a land'treatment system

- (Pound 1975, p.53). Pound (1975, p.52) produces a procedure for
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TABLE 1.2 COST CALCULATION SHEET

Alternative No. L Average flow -

Type of system ' Analysis date

Total Amortized O & M Total
Capital <Capital = Cost  Cost,
Cost, Cost, ©¢/1000 ¢/1,000

. $ ¢/1,000 gal.  gal..
Cost Component - ‘ gal.

Preapplication treatmeht

Transmission conveyance
, mi

Transmission - pumping

Storagé period

“wks

Application systems.

@ ' __in/wk

Underdrains‘

SUBTOTAL, BASE DATE

Trend factor

' SUBTOTAL, ANALYSIS DATE

Crop revenues : ) , - (G I ¢

Land cost

' TOTAL COST
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calculating the cost of a specific land tréatment system from‘TaBievl.Z.
By further subdividing,the.cost'components; a moré'accurate cost of the
specific treatment system is obtained, see Table 1.3 (Pound l975,'p.60).

The»individual cost of each component is calculated by
mqltiplyiﬁg the quanfity of the component by the'unit price. The
components that make up the costing sheet can be different;-depending.
on the organization doing the costingtéqdithe type of wastewater fréatment
system being costed. ,Caldwéll (1971, p.42) ana Pound (1975, p.27) show
~examples of_cdéfing-a COnventional>and land treatment sfstem'
respectively fof‘specific geographiéal sites}‘

Thé'fiﬁai capital cost of fhe treatment éysgem is calculated
by Adding togethér éllfcémponent'posté.'.The costing is chpieted by .
.calculating oéerating'and mainteﬁancé,costs in éenté”per qﬂantity-volume,
see Table 1.2. 'Té‘ﬁake into account economic féétgrs such” as inflation,
(it is nécessary'to adjuét the costs giveﬁ, frdm thé enginéering exercise;
t§ éllow for the_élapsed time between>the‘date.of compiling thé.coéts
and thévactual datévof'construdtioﬁvof the proposed facility.

Land treétment pféducés séléable by-products (reVenue prbducing
benefits). Varidus components in wastewéier such'as"nitrogén;
phoéphorus,Apotassium, watef,»énd ofganic matter which contain ﬁotential
"enérgy-are, in an econ&ﬁic sense, valuable (Young 1974; p.15; Séﬁdfdrd
1977,p.9): 'RevenuelProduging-beﬁefité that stem from'the wastewéter-v
treatment methqd,»that can be eaéily and accurately quantified, should
ibé incotpoféted into‘fhe cost analysié‘(Pound 1975, p.l37). In regafds, 
_to land‘treaﬁmgnt, sﬁch_beﬁefits may inclﬁde the prpduction of crops
" and livestoék from the irrigation oﬁ-agricﬁltural'land and‘pastﬁres,b
aﬁd thé cfeation of functional recreationai areas by the application
of_@astewater to various types of ﬁublicvland-such asAgolf coufsés

and parks.
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TABLE-1.3 DETAILED LIST OF COST COMPONENTS
OF A LAND TREATMENT SYSTEM
Categor& Component
1. Land a. Fieid area requirement
2. Preapplication treatment ‘a. Aerated lagoons
' b. Chlorination
3. Transmission a. Gravity pipe
S ‘b. Open channels
. c¢. Force main ..
d. Effluent pumping .
4, Storage’ a. 0.05-10 million gallons
b. 10—5,000 million gallons
5. Field preparation a. Site cledring
‘ b. Land leveling for surfacef
irrigation
c. Overland flow terrace
. construction.
6. Distribution a. ‘Solid set spraying (buried)
b. Center pivot spraying
c. Surface flooding using
, border strips
~d. Ridge and furrow: application
e, Overland flow .
f. Infiltration basins
g. Distribution pumping
7. Recovery of renovated ~ a. Underdrains
water b.- Tailwater return:
.C. -Runoff collectlon for overland
flow
- d. Chlorlnatlon and dlscharge for]-
. " overland flow
e. Recovery.wells
8. Additional costs a, - Admlnistratlve and laboratory
DO - - facilities
b. Monltorlng wells
- c. Service roads and fenc1ng
d. Planting, cultlvatlon and
harvesting
e. Yardwork o
f. Relocation of residents
g. Purchase of water rights
h.

Service and interest factor
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Contrdvefsy exists over how to handle‘socialvcosts and in -
particular benéfits-that arise from a'treatment method because tﬁey
afe 'difficult' té quantify. Pound (1975, p.138) suggeéts that social
costs and beqefits df a particular treatmenf method should be accoﬁnted
for descriptively in the cost analysis. Another view suggésts_(Krutilla
1975) that an effért'should be made to quanfify social cQsts and
benefits that stem from_the:treatment method. Exclusion of_sociai
cost, especially in a quantitative séﬁse, from the costing exercise
may be due to the fact that ﬁhose resﬁonsible for the costiﬁg are nbt
aware that spch»costé can be déterminéd'given adequateitime:andkfinance.
| Methods exist for aséessing and evaluating maﬁY'of the social
costs and benefits associated with lgﬁd treatment; Howevef, such a
discussibnviS;outside thé,s&ﬁpe of this study:

-Not until a specificICOst is calculated for each treatment-v

system can it be determined as to which is least costly for the

specific site.
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. } CHAPTER 2 ,
CASE STUDY OF A LAND TREATMENT SYSTEM WERRIBEE FARM

2.1 Introduction

In the following‘chapters, oné of the methods of land treatment;
namely overland.flpw, will be analysed using different'queliiqg
fechniqués. It is hoped that the ithrmétioﬁ asceréained from the
analysis will add fﬁrther light>to‘the.uhderstanaing of land treatment
syStems; A brief description of the remaining‘chapters is provided as

aniintroduction to the organisation of the study.

Chapter 2 - Casé study of ‘a land treatment systém - Werribee Farm

A brief‘description of'thé Werribee Farm wastewater treaﬁmen£
plant is presented.‘ Spécific details of the Farm to be emphésised-
are its désign, operational’féctors and perforﬁance{ ’The observed

‘data from Werribee used in the modélling exercises are presented -and

discussed.

_Chapter 3 ;.Modelling of an overland flow waspewater treatmeﬁt sfstgm
This.éﬁapter‘isvdivided inté fwo secfions.' In»seqtibn'one,
a deterministic model of an~o§erlaﬂd flow Wastewatér treatﬁentvsystem.
constructed usiﬁg a reductiénist modeiling approaéh.is ﬁresented;
Observed data -from Werribee-are used to‘éalibrafé the médgl.- Fiﬁdings
from the modeiling exercise are présgnted and dischséed. In section-
two, time se;ies analysis, a holistic'modelling apprbach,-ié'appliéd
to.obsérvedvdéta‘from Werfibee Farm; ‘Findings of this_ﬁodélling'
exerciéé.are presented and discussed. A cri;iQue of the modelling

methods and approaches used 'in the chapter is presented.



.17

Chapter 4 - Summary of the study

Major findings from the modelling in chapter three are summarized.
A further plea to seriously consider land treatment as a realistic,

practical alternative wastewater management scheme is presented.

2.2°  History

" In 1892 James Mansergh, an eminent Englisﬁ saniéatidn engineer
with wide experience.iﬁ iand'treatmeﬁt‘of wastewater_WaS'requested by.
the Victorian Government to come to Meiﬁourne and set up a wastewater
treatmeﬁﬁ system. 1In cpllaboration witthilliam Thwaites, a 1dcal
Australian engiheef, it was decided to establish a laﬁd‘ﬁastewqtef
' treatment system at Werribee, tﬁifty—five‘kilbmetresvsouth-wéét of
‘Melboufné. In Augﬁst‘l897, the Werribee Farm bécame operational.

The Farm startédvby sihply irrigatihg land with raw wgstewatér,
;but'asvtime progrésséd,jthe city of Melbourne began to érow.b The'area>
of the Farm was’iﬁcfeased and new méthods Ef land treatment instigated.
Today Werribee treats:approximately 178,600 megalitres (ML) per year -

- or réughly'seveﬂtyéfive'ﬁercgnt 6f Melbourne's wastewater kMelbourne’

and Metropolitan Board of Works{."

2.3 .Objectives and Plant Descfipfion

TheAmgjor objective‘of Werribee Farm is té ﬁurify raw wastewater
into whétAmight be qéiled"recoﬁditionéd"or1treated wasﬁewater which Qill
i meet tﬁe-victorian‘Environméntai~Pr6tection Authority's (VEPA) stanaard
lfor'disqharge_intovPort Phillip Bay. Thevphiloséphical béées of Werribee
‘Farm are to realigé and‘uée to mafimum benefiﬁ the poténtia1~value in
wastewater while at the same time assuriﬁgvthat an adequate standard of
treated wéstéwétef is maintaiﬁed.; |
A Werribeé Farm covers an area of 10,800 hectares between the Geelong
Road.and_qut Phillip Bay;_see Figure 2.1 and 2.2. Figure 2.2 schematically
represents. the saliént features of the land use of Werribee Farm. Featufes

from Figure 2.2 of'relevance'ﬁo.the study are as follows:
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1. ‘the two drains Lake Borrie and 145W whete'sampling took place
to obtain data used in the study;
2. the location of the different methods of land treatment used
~at Werfibee.in_relation to the draios;

3. the Little River channel connecting treatment areas to drains.

At Werribee, the méthods used to treat wastewater otévlagoooing,m
landhfiitration and grass"filtration (overland flow)‘ |
| Lagoonlng is used throughout the year to cater for wastewater
A .flow in excess of. 350 ML a day, the maximum amount of raw ‘'wastewater that
either the land or grass flltration areas can handle. . The wastewater |
moves through a series of elght to ten lagoons, andvls\purified by the

‘processes of sedimentation-andvthe biochemical activity of bacteria.

FIGURE 2.1  LOCATION MAP OF. WERRIBEE FARM -

-

_ : ‘ o bt '
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Western Purification under construction
Plant @/ ll .
proposed I """ ’ i\ '

Wembee Farm N B

o XN l'Dandenong

Ny

' | ‘South Eastern
Purification Plant
I under consiruction

‘Landffiitration is used during the summer when the rate of
evaporation~is high in,compérison‘to other times of the;yéar( Graded
- pastures are irrigateo.with wastewéter,'the wastEWater’being;potified
B by chemical, physical and biologieal processes as it percolates.through:
the 5011 The lush plant growth in the pastures which is a response to
-vthe nutrlents left in the soil from the filtered wastewater is eventually

grazed by cattle.‘
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'TABLE 2.1 A SUMMARY OF FACTS CONCERNING WERRIBEE FARM

Method of Treatment
Grass 'Land
- filtration Lagoon filtration
(overland ‘ .g (irrigation)
flow) ‘
Average fldw, ML/day Total for all thrge treatment methods 440
Percent of total - ‘ o
annual flow treated 34 47 _ 19
Degree of preapplication Sedimentation | Some V»Some'
treatment ‘ ponds sedimentation | sedimentation|"
[Number of years in : _
operation ‘ 81 81 81
Land preparation Bays - 8-10 ponds Bays v
' 400 metres in series . | = 200 x 10 .
long ' 4 x8 x1 mettres
metres
Area used for
purification of
wastewater (ha) 1,463 1,499 4,281
Time sequence of S
wastewater _ : ‘ :
application 6 months . 60-70 days '18-20 days
Time of year fdr_ ' . » o
application May - All year October -
: ' September : April

A detailed explanation of‘overland flow (grass‘filtratioﬁ)

appears in section 2.5. For a'summary‘df'the essential.statisticsv

for the Werribee'WasteWater'Treatment Farm see Table 2.1.

In keeping with its philosophicél priﬁciple, Werribee functions

13

‘basically as a farm.. During-the year approximately'ZZ,OOO head of

beef cattle, mainly Angus and Hereford, are gfaied-on pastures irrigated’

by wgsteWater. Roughly 1,500 tbnnes of prime dressed beef are sold

yearly (Scott 1977, p.9). During the spring and summer, some 20,000

to S0,000'éheep are fattened for the sale yards.
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Due to shelter from predators and an ample supply of food
in lagoons andvpaétures, Werribee has become a major bird sanctuary.

Some two hundred species of birds have been identified by ornithologists.

2.4 Design Factors

- Sections 2.4, 2.5 will coﬁcehtréte on the_methodvof treatment
~at Werribée'referred to‘asAgrass fil;faﬁion. Grass fiitration and
'overlanﬁ flow are two terms which describe the - same treaﬁment meﬁﬁodﬂ
The Qveriand‘floﬁ ffeatmént is established on heévy red clay.
The bays whiéh(ﬁake up thé overland flow treatment syétem'slope (1 in
1;000) natﬁrally towards tﬁe sea. Table 2.2 gives a detailed list of
designlfactofs relating to the overland fiow waétewatér‘treatment

system at Werribee.

2.5 Operation and PerformancebQ§érland Flow

o The raw wastewétef destined for the overland flow waétewater
ftreatment’system is éhannelled iﬁto sedimentati§n tanks where the
heavy.organic%solids are allowed to settle 6u£. ’Thé wasfewater funs'
by way'of open'earth—lined dhannels to tﬁevdvérlaﬁd flow bays. .As‘
the Qastewater mo§es along thevﬁéy.it slows'doﬁn‘and spreads oﬁt.
At thé end of the bay,‘the’wastéwater is4collegtedvin'qpén‘channels.
’Thé chaﬁneis céfry the treated wéstéWater to the appropriate outlet
where it drains into Port Phillip'ﬁay.

The bays"are‘iniéially irrigatéd in Febfuary and March to
promote the growth'of italian ryébgrass. By‘April the grass is some
one hundred to oné hundréd aﬁﬂ fifty millimetres high (Scot£:1977,"
p.SS. In April, small but<coﬁtinuousnflows»§f‘wastéwaper are, applied
tokbﬁiid up bacterial pépulations; ‘After two Or»three-weeks,_the
rate of floﬁ is incfeased in stages'(ﬁver a period of a'few weeks)
:until maximum flow is.reached; 'Maximum flow ié then maintained until

the end of September.
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TABLE 2.2 DESIGN FACTORS FOR OVERLAND FLOW '
WASTEWATER TREATMENT SYSTEM ~ WERRIBEE FARM

Type of system

Average flow, ML/day/ha

.Type of wastewater

Preapplication treatment - .

Disinfection

Storage

Field area, ha

Crops

Application technlques

Routine monltorlng '

Buffer zone '

“Application cycle

Average annual prec1p1tat10n
mm

Average annual evaporation,‘mm

. Cost of treating 1,000 litres

" Grass fil

flow)
0.22
807 domes

tration (overland

tic, 20% industrial

Sedimentation ponds

None
Lagoon
11,460

Italian Rye Grass

Drainage
Yes (for
Yes

ditches
EPA 11cense)

Winter (May to September)

. 490

1,140
2.7 cents

In October when overland flow ceases there is a change back'

‘to land filtration. The bays dry out and the Italian rye grass goes’

to seed. At this stage the cattle are permitted to take advantage

of the fodder value of the dry vegetation.

The grass seed falls

to

. the gfound_where it remains until gefminated by rain or irrigation

in the autumn to provide for next winter's operation..

2;5.1 Costs

The revenue from the 1iVesthk sales,

»depending upon the

market price, is some one million dollars a year (Scott 1977, p.9).

. The net cost of purifying wastewater in 1974/75 was some 4.5 million

dollars which works out to a treatment cost of 2.7 cents per 1,000

litres (Scott 1977,,p.9).'Such7a ¢alculation ignores capital costs.

-2.5.2 ObServed data:

See observed data from Werribee Farm (Figures 2.3,~2.4; 2.5 and 2.6).

' There is-a lack of water quelity data eepeciallyewith reference

to the specific methods of wastewater treatment that exist at Werribee.

The data that do eXxist fromvscientifically‘designed sampling programmes
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are under tight bureaﬁcratic contrél and not accessible to the public.
Werribee hasvbeen functioning as a wastewater treatﬁent sysﬁem for
over eighty‘years,’but»not"ﬁntil the last two or‘thrée years have
data'colleétion programmes been in operation.

: in order for Wérfiﬁee to remain opérational, it must have an
EnvironmentélAPfotectiOn Authofity.licence; pursuant to section 20 of the
Ehvirénmental Protection Act 1970.' Thé‘EPAlligence states clearly thé
type of détg éollectionAthat must'be>carried oqu(see Appendix B).

The observed data in Figures 2.3-2.6 are from such a sampling programme;v-

Deficiencies of the observed data used in the study are as

follows:

1. the(sampling-programme used to obtéig.thé data was not
spécifically désigned for theipurfose of the modelling
‘exercises cbnsidere& in this s;udy;

2. data exist fqr only three of the outlet drains (145W, Lake

| HBorrie, Murtcain main),‘nq déta exiSt'qu'drain 15E;

3. &ata from.dré;ns 145W and Lake Borrie are based on weekly
samples whiie data from Mprtcain drain ére'as monthly‘averages;'

4. Thezarainage from'éach outlet is achmpoéité‘of at least two
different types of 1and‘tfeatmeﬁt metho¢s;f

5, the dafa.set‘for outlet drains 145W énd Lake Borrie-has'data.

. points missing.

It was not possible to obtain the concenfration of nutrients
~in the wastewater entering‘ﬁhe Werribee treatment plant.
| Werribee is fortunate in that the-treated wastewaterAfrom”the ,
- Farm drains into Port Phillip Bay. - in his study, Axelrad (1977)‘
| reports that the general lgvel of phytoplankfon and biémags in Port
- Phillip Bay'has not‘Been greatly increased as a result of the wastewatefl

-~ discharge from Werribee Farm. It appears from this study that the
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effluent standard from Werribee could increase by as mucﬁ as twenty
~percent before the nutrients from treéted wastewater bégin:to affect
the general ecology of Port Phillip Béy. o |
Even though Port Phillip Bay‘is not over sensitive to nutrient

flux, Wefribeé is stiil‘concerned witﬁ the standard.of treated

wastewater. It wouid be reasonable to suggest that'to'éither maintain
or improve_the staﬁdard of treated yastewatér,.én‘increase in the
understandingfof‘the treétment methbds would be.helpfulgﬁhqﬁéver; at
‘Werribee very little scienﬁific inveétigation iﬁté the mechanisms of
Vthe various.tfeétmeﬁf methods has taken place.

| Statistics for the overall genefal‘performance of the overland
flow method of wastewaferbfreatment'ét Werribée.are presgnted‘in

Table 2.3.

'TABLE 2.3  TREATMENT PERFORMANCE WERRIBEE, MELBOURNE

Overland Flow
" Constituents — —
' - Percent Removal
BOD N 1 96
Suspended solids o o 95
~Total nitrogen o N - 40
:Total bhosphorqus o 1 15
Boeoli . | 995
‘Heavy metals '?'~ , "  S ‘g'vf; 90" 4
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CHAPTER 3

MODELLING OF OVERLAND FLOW WASTEWATER
TREATMENT SYSTEM

3.1 Déeterministic Model

In'this section ofvthe study, ajreducﬁionist approach is used-
to conétruct éideﬁefministic model of an overlana,flow wasteWater'
treatment SYStem. In the reductionist approach, the system,ﬁo be
modelled is sudeivided into‘physical comppnents.andveaqh component
is ﬁddelled‘separately.‘ The componénts éré reaséembled to provide a

model of the complete system.

3.1.1_ vajectiveS‘of moéellihg exercise
The obﬁéctiVes of fhe modelling exercise are as fdllows:

1. to construct afdétefministic model of anfoverlgnd flow
wastewatér treatment system which incorpbfatés environﬁéntal
factérs which:affect the various procegsés tﬁat make up the
ovérland flow system;

2. to use £he overland flow waStewater treatment System at
Wér;ibee Férm as a basis in’validating the model;

3. to.evélﬁate the dete:miniétic model asla debision»makiﬁg
tpol in‘stﬁdying £he feasiﬁiiity of overland flow as a-

community wastewater treatment system.

3.1.2 Literature review

A search of the médellingrliterature:of land treatment systems

revealed th;ee,basié_typeé‘of modelling tbatvpeftainrihdifect;y to the -
. modelling attém?ted in ;his study. Thg first ﬁype covers deterministic
mOdels'éonCerned with sprgy.irrigatiéh syspems and the concentratidn of

- various nutrients in ground'Water~as_applied to agriculture.
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Dutt et al. (1972a, b) have dévised détermini§tic queis
that predict in a qUantitatiVe,way'thé éoncentration of vafious
nutrients, such as nitrogen and thsphorus, in gfound water after
they have pefcolatedbthrough and.interacted with a soil ﬁétrig;v'The'
.modéls afe»designéd to improve_wgter éualitﬁ by béttér management of
noﬁ‘point source poliution,' |

-simulation.Studiés on crop‘irrigatioﬁ have‘Been ﬁndertdken by
Fiinn (l97l)'andbAnderson (1973); The output‘from‘theéé models can
be used.to.maximiée benéfits; ﬁostly in an_economic'senée;,and to
improve decision méking iﬁ'terms of irrigation schemes. Input data"
and.pr0cesses modelled, parallel closely tbosebused‘in land freatment
systems.. Such,modéls have potential in £he_designing‘of éfficieht
irfigafion for 1aﬁd treatment systems.

In the sécond type of modeiliqg;.land treatmeﬁt systems are
modelled usingiiinear pfogramming techniques;' An.a;tempt is made,
‘under the_constrain; of # given standard of runoff, to maximize
| amount of~wés£ewater applied and ﬁiniﬁize_éost., In'modelling the
capacity of é lagoon Spraykirrigatioﬁ system to assimilate nitfqgén,
-Koening(l977),estimates tﬁe flow and concentration of wastewater phaﬁ
éan be appiied to the’éystem giveﬁ the standard of runoff‘;s‘£hé;
cpﬁStraiht; Ey desigqiﬁg é_land treatment system so that the full
cépacity of‘theAsystémvis utilized, the cost per‘given'quantity of
wastewétet,ié miniﬁized.‘ .
| 'ﬁaith'(l97l,ﬂl?73) hés?developed a linear prbgramming model
of a 1and‘treatmeﬁt1sys§emVincbrpdréting equéfioné that ;harééterisé 
specific nutrient transfofmations énd removallproéesses. Thé,moéel :
estimates the quantity and quality‘of wastewater thatvcgn‘bg pfoéerly‘

treated by the given land treatment system.
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The third type comprises simulation modéls that'are-conéérnéd
mainly wi£h<the hydrological aspecté Qf land treatment systems. _Whiting
(1975), using climatic data as an input, bresents ab.hydrolbgical-desién
model, whichiidentifies days favorable for thé applidation of wastewater.‘
One‘bbjective bf the model is to calculate thevmaximumAétoragé capacity
of the sySfém each year.

Lo (1976).simulated an'infiltration—percolatién l;nd treatment
sysﬁem. He used climatic daﬁa as input to determine thé area needed °

for such a system to function properly.

3.1.3 Description of Model

3.1.3.1 Definition of Model Type

, 'The‘type of moael presented in thié section cén be ‘described as
a deterministic,‘discrete’time model;, It is dynamic inlﬁhe sense‘that.‘
‘certain’vériables.such as plgnt giqwth andvsbil moisture'capaqity vary
. bver time. ‘In,addition, it‘éccountsvfo£~time1varying inputs'sﬁch'as the
flow and quality of applied Qastewéter andbenvironmental faéto;s such

as temperature, evaporation, and rainfall.

3.1.3.2 Modél,Re;triétions

Although thefébare a htmbér of éubstances in'wastewater‘tﬁét
must be rémqved éucﬁ as héavy metals‘kCérlson 1974), 6rganic matter (EPA
'1976b),'and phdsphorgs'(Thomasnl976), itjwas‘deéidedvto fdcuénattention
on the;inorgénic pitrogen component (NHa*, NOE, NOQ).of wéstewatef.

There are a number of researchérs‘(fbr example, Koening (1977),

.

Haith (l973),_ahd Digiano (1977)) who, when faced with the problem of"’
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selecting a substance.in.wastewaterAto quel have phésen nitrogen.
Excess concentra;ioﬁ of nitrogén in‘water ways can cause a number of
environmental problems. The ability ofNan overland~flow system to
reﬁove nitfogen willvhave an important effect upon the quality and

quantity of wastewater that can be applied to the system.

FIGURE 3.1 PROCESSES INVOLVING NITROGEN IN AN
. OVERLAND FLOW SYSTEM

_Applied

Runoff
Nitrification Ammonia volatilization Wastewater
NH4*+ 20, > ° mineralization
Aerobic organic ~————~—b1norgan1c
- o NO + H O + 2H+ nitrogen 4———— nitrogen
1mmob1112at10n
Dénitrifications .
CH,,0, + 4NO3~> :
_ ' R L Soil/water
Anaerobic - 7 6C0,+ 6H,0 + 2N, o matrix '
v L 4

Figﬁfe 3‘1 is a diagramatic représentation of the prbcésseé

_ihvolving nitrogen in an overland flqw treatment system. Fot the
purpése’of ﬁhe overland flow model, -the reverse processes of
mineralization»and immobilization are assumed to be occufing with the
rate of miheralizatiqn exceeding the rate of immobilization. This
assumption.is'supported bvaaith (1973, p.925). The procesées considered
in the determiniétic‘OVerland.flow model are those that have thé mdstv
prominent aff9ct on the'ﬁovement of inorganic'nitrogen. Processes

~

" not modelled are discussed in section 3.1;4.2;
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3.1.3.3 Flow Diagram of Modél

~ For a block diagram of the deterministic overland flow model,

see Figure 3.2.

FIGURE 3.2 BLOCK DIAGRAM OF DETERMINISTIC OVERLAND
FLOW WASTEWATER TREATMENT MODEL

Input (Data) —————>% Water Balance Model éé——;———lnput (Physical Constants)

_ ' o "‘ v ' 4———44 Denitrification Model |g—————Input (Data)
Input (Data)————P Nutrient Balance ' ) -
Model

S _OUTPUT - -Runoff
Concentration of nutrient-

= 4‘-—*~iPlant Growth Model ildﬁ- Toput (Data) -

3.1.3.4 Explanation of model

. A computer programme has been wrltten using the Tektronlx

4051 graphic system (m1n1—computer) to 31mulate an overland flow
wastewater treatment-system. A detalled explanatlon of the modelllng
' logit'ahd»a lietdand description of variables, parameters, and 1nputs
is g1ven in Appendix A, |

A br1ef explanatlon of(the overland flow model will be presented
in this section. The overland flowbmodel is comnosed of twobsub models
the hydrologlcal model and the nutrlent balance ‘model.

The hydrologlcal.or water balance model calculates the drainage
of wastewater from the treatment system. The logic of the model_ls “from
‘a aimple masa balance equation (1) (EPA 19775: - _l' f

(1) R+W=E+P+D
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where R = rainfall in mm/day, averaged from monthly rainfall

data (converted to megalitres (ML)/day in model);

W = applied wastewater in ML/day, averaged from weekly
' figures of the flow of applied wastewater;

E = evapbtranspiration in mm/day, averaged from monthly
evaporation data (converted to ML/day in model) ;

P = percoiation_inbper'cent,(conVerﬁed.to ML/aay<in model)
percolation is the movement of water through the
soil matrix by gravity;
D’=5draihage in ML/day,
drainage is the flow of wastewater from the treatment’
. system. -

in the overland flow ﬁeael; fainfall and applied wastewater
are represented as inpht data and drainege‘as oﬁtput. Percolation is
‘representee‘in terms of the;soil meisthre-eapacity variable., .
Evapotranspihation'is calculated using the approach of Keig fl974)
and‘the‘ariﬁhmeficvcohstants used in the calchlationecome ffqm MeAlpine
‘(1969,vp.70).’ Further details of the eVaﬁotranspiration calculations
‘arexgiyen in Appendi#IA.2.3. | | |

The nhtrient balance model is cemp05ed of thevfollqwing series
of models;,ammonium ion adserption hodel, influeh; model;adenitfificafioh‘
" model, plant growth model, and_hﬁfrient sink.medel.

The ammonihm ion_édsorption ﬁodelhcalchlates the.mase of
ammoniuﬁ“nitrogenAthe soil_can‘adsorhli The calculation of the ammonium
ion adsorption eepacityvis taken from the work of Lance (1972, p.1354).
For further details, see Appendlx A.2, 1 The cepacity of the soil.to.
adsorb (flx) ammonlum ion is used 1n the nutrlent 51nk model |

The influent model, using;the flow‘rate ahd.coneentration of -
inorganic nitrogen ef the,applie& wastewater;:calcuietesAthe nhtrient
mass enteriﬁg the treafﬁent system."A

Thevdenitrificatioh model caiculates the aﬁount:of nitrogene
lost from the appliethasfehater due to denitrificatien.: The amhuht:

of nitrogen lost is dependent upon two environmental  factors, namely
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soil moisture capacity and temperature. If‘fhe soil moisture cépécity
is equal t; or less than sigty percent, the 1qss dﬁé to denitrification
isAzero.(BroadBent'1965, p.349). Where soil moisture capacity is over
sixty percént;~denit£ifiéation proceéds. The relationship beﬁ@een
témpératﬁre and percent denitpification is quantifiéd on the basis of
déta from a paper by Nommik (1956, p.195). 1Th§ mass of nitrogen lost

_ due to dénitrifiCation is the product of the mAXimum peféen; lqst
(Lance'l972, p.1353) times the.percent dﬁe to the temperaturé_factof.“
Forvfurthér details see Appendix A.2,5.

The plant growth model calculates tﬁe»mass of.nitrdgen lost .
frqm the nutrieﬁt sink by.theAub—take'of nitrogen due-td'plant growth,
The loéiétic3¢qﬁaﬁion,modified.to a'simple'recufsiQe form, see equation
~(2), is uséd to calculate plant yield. The equation;tq.calculate'
plant yield in the overland flow model is: |

(2) We= aNp_ g (K-Neop) + Neg
| K

where N, y1e1d (blomass in dry weight) at present time
period (kg/ha);

~a =.growth rate of plant. species: as a functlon of
. temperature (kg/kg/day)

S Np_q - = yield (blomass in dry weight) at the prev1ous
time perlod (kg/ha)* :

K = maximum yield (biomass in dry weight), that is,
"the point at which the blomass is to be cut
- (kg/ha); -
where the relative growth rate is a function of temperature, see

"equation (3)vfrom Jeffery (l975,’p;36):

(3w

where a = relative'growth rate (kg/kg/day);
= natural log;
'x = temperature (degree C) ,

From the'yield; the mass of nitrogen lost due to plant growth is calculated.
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The important aspects of the nutrient sink model are the
calculation of the exchangeable and fixed nitrogen in the soil matrix. -

and the concentration-of inorganic nitrogen in .the runoff.

3.1.4. Discussion of Model

The.following is a discussion of the problems incurred in
the conétruction of the detérﬁinisﬁic overlaﬁd flow model.

The %irst problém afises‘when confliéting values for a
- specific Paraméter,‘éuch-as the denitrification decay éoefficient,
arevencbuntéred in the literature. The proééss of denitrificgtion
in déscripfivé terms is well understodd;.ﬁoﬁever, dﬁe in part'to
experimental téchniques; an accurate quantitative value under a'giVén-.
set of conditions'in terms of the mass of nitrogen denitfified is not
aVailable.>lIn the 1itérature’a'wide raﬁgé‘of vélﬁes apﬁear‘for'nitrbgen.;
loéé'due to denitrification (Broadbent 1965). The problem méy bé
resolved  to séme extent by selec#ing tﬁe.average value from the
literature;and investigating the éensitivity'of the‘model‘to_the
uncértéinty in this parameter.

The éecond'broblem>arises whenvattemp;ing‘to éhoasg fhe‘1
mathemétical eXpressioﬁ‘that will reﬁreééﬁt a specific proces§ in fhe‘:
model. vNo‘mattér how clearly a pfocess.is underétood in descriptivé
terms theré isﬁunceftainty associated with the structure of mathematical
models that represeﬁt such pfocesses; |

The third pfobiem'arises iﬁ regafds to poorly uﬁderstdbd,,.
compléx pfoggsses. .In-suchvtomplex pfocesses quantitative values of
,many of.the parémeters and/or variabies are not gvailable. One exam§1é~
1of this'in ﬁhe overland flow model is‘thé relationshié'determiﬁing the
ﬁass of inorganic nitrogen lost from the éppliéd'nutrieﬁt mass to the

nutrient sink. A number of‘complex'independéht integrated 'activities'
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make up the pfocess whereby an amount of iﬁorganic nitrogen

moves'iﬁto the soil»matrix. Exémples of such activitigs-inglhde:

the lateral‘rate bf wastewater movement along the‘soil sufface; the

vertical or percolation rate of‘water‘conﬁaining inorganicinitrogen

moving_dowh thrqﬁgh the‘soii.ﬁatrii;'the'améunt of nitrification and

denitrifiéation which establish concentra?ion gradients which.in turn

affect.the diffusipnvrate of inorganic nitrogen down tﬁroﬂgh théxsdil.-
. In this study,-the pércent'of nitrogen lost to the'nutrient

sink was determinediby simply calibrat?ng_tﬁe.model witﬁ observed

Werribee data. Howe#ef, this approach‘is'soméwhat suspect dug to

the poor quality of the Werribee data.

| : Clearly,_further,researdh is required to improve.thé

quantification of thié loss of nitrogén to the‘nutrient.sink.“Such-

information céh only,bevobtéined from ;dditional observations from

Wérribéenor_possibly ffomjépecific field experiments.

It’is,importanﬁ'to accuré;eiy quantify,the percent of ﬁitrogen
enfering ﬁhe.sink as this has a particularly'significant_effect on

~

the conceptration_of inorganic nitrogen in ;heftreated wasteWafer.

One abproach'to overcome such limited informatiog is to
conduct a sensitivity analysis. In such an anélysis;‘an undefined
parameter‘canjﬁe tes;éd'to see how sensifive the model 6utputiisfto'
quantitétive fluctﬁations_of the pafametéf.

Many of the>inadequate.aspECts of_thevoveriand flow model
discussed 1n this‘séction pertain to fhebdeficiéﬁcies of thetredqctidnist

approach to modelling. These are further discussed in section 3.1.7.

3.1.4.1 Qualification of envirommental factors
' Each process in the overland flow model is affected by various
environmental - factors. Examples of such environmental factors are

.temperaturg, pH, oxidation potential, etc. Due_to»time restriction,
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only the environmental factors that héve the most dramatic affect
upon the various processes were incorporated into‘thé‘ovérland flow
‘model. For’é more comprehensive list'of‘environmentél'féqtors and
' their effect #pon the various processes in the overlénd flow modél,

see Appendix A.4.

3.1.4.2‘ Processés not Modelled

Processes that do not‘appeaf in ﬁheVOVérlénd flow‘model
because their effect on fhé movemenf bfiinorganic nitrogen is minimgl
a?e'discusséd below. |

Ammonia volatilizétioﬁ is the conversionAbf'amhonium.into
gaseous ammonia. Researéhers‘suéh as Lance (1972, p.1354)lsugg§st
that only small quantities ofuinorganic nitfogen are lostbfrom the
syétem by fhis préééés in comparison to other‘nitroggn removal |
AproceSSes in land treatment.. HoweVér, gréwingvsﬁppoft fof_ammonia'
yolatiliiation as'a Significant process in nitrogen loss from pastures~ 
comés f;dm theiwork of- Simpson (1968).and Denmead (1974). Results
from:an’expériment by Beauchamp et al. (1978) show that‘sixty percent
of the ammoﬁiaéai nitrogen cohtéined.in séwage sludge when applied to
a field was volatilizea into'gaséoué ammonia.

The‘other'process of negligible éffect_in terms of»nitrogeﬂ
‘movement is, éécording to Lance (1972; p;1357),'chemodenitrificatioﬁ;
Chémodenitrification is the process by'whiéh.nitrites‘formed dﬁring
nitrification ﬁay déooﬁpose or react with soil oréanic matter to

'yield gaseous nitrogen which is lost to the atmosphere. .
3.1.5 Results

'See.reSults from deterministic overland flow model

(Figures 3.3, 3.4, 3.5 and 3.6).
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3.1.6 Discussion of Results
The concentration of nutrient in applied WaStewater, the

amount of applied wastéwater, and the potential of the land treatment

system to purify the applied wastewater are impdrtant factors in

>

’

&etérmiﬁing the areé needed for an overland flow system, 

In overland flow, the améunt.of Watér lost frgm the system -
due to gvapotransﬁira;ion énd especially percolatién ié muéh iéss iﬂ
comparison to the'éther types 6f,land treatmeﬁt'systéms; vHoWéyef,
given a éonsgant ébnéentration of ﬁutrientss the génefalkprinciple,
that a decrease in the amount of wéstewater apblied meané}a decfease
iﬁ the érea of the treatment’systém, still holds for all.treatment.
‘systems. Due tq the fact thatvlénd is the single most expensiye
componenf of an overlénd flow system, if’makés egonomic'éeﬁse, when
- thinking about'sYstgm feasibilit& to con#iderAwater ioss_poteﬁtial,
'espeéiallf in térms of evqﬁotranspirétion.‘ |

Figﬁre 3.3 shpws.the affect of'climatic factofshon~the floﬁ:
»réte.of runoffﬂgs estimated by the oVériand floﬁ'modéi.- Assuming areé'.
of £reatment sySéem remaiﬁs constant, the relationship:betweeh blot‘x
and plgt'A'accounts for the glimatic characteristics inherent in éhe
déta set. ‘For exampie, Whéﬁ évaporaﬁion exceeds raihfall,amount of .
applied wastewater excéeds<rgnoff‘and when raihfal%'exceeds evéporation,
. runoff exceeds amount of applied wastewater.

“To further investiéate'the climatic éffeét represénted‘in

Figure 3.3, a Simulation>fuﬂ of the modelfwas_qarriéd out ih which
the'evéboration’coﬁponent df the data set'wasjdoﬁBled.' The results
of the run appear.on Figure 3.3 as plot O. From the relationshiﬁ
between plot x, A -and O, the éffedt 6f water loss by the éystem in

relation to_ climatic factors is apparent.
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Simulétion funs, in which initiél conditioﬁs were varied
such as soil moisture capacity and flow of applied wastewater, revealed
interesting results, 1If initial conditions are.such that one hundred
percent soil moisture capacity is not reached,:the effect is a lag in
the system response to rqnoff. 'Tﬁe time inter&él of the-lég pe?ioa
is depenaent upon such factors as the flow rate of applied Qastewatér,
area of treétmenf‘sysfem; soil moisture capacity, and climéte.

| In Figure 3.4 the modél estimate is compéréd to the obsérved‘
data from Werribee Farm of thé concentration of inoggénic nitrogen
in the funoff. " The discrepaﬁcy'bet%een model estiﬁgte and obéerved
data is due, invpart, to the fact tha£>£he mode1 estimate was'défived

from anrinput in which thé concéntration of nitrogen was constant’
wherévas the observed data is a function of an'input'in'whichvthe'
cgﬁcentfation of nifroggﬁ varied.

,Simulation'runs using the model were carried out to determine
the relationship'betﬁeen’the concentration of inorganic nitrogen in
theirunéffand ;réavof treafment systém; 'All other parameters ﬁere
kept.ébnstant. The expected result from sucﬁ ;uns was as follows:
asithe area increased; £he conééntrgtibn bf inorgaﬁic nitrogen in the
runoff décreased{ |

The simulation runs in general Showed the expected results,
bup.at times in a confusing way. 'The confusion wés duevto the'modél
‘structufe; that is,'nitrogén loss dué to plant growth is not a direct

.fﬁnctioﬁ_of nutrient movement from.applied'nuprient mass. to the

A nutfient'sink. In the model, inoréanic ﬁitrogen lost through;pléﬁtj
gfowth is expressed directly in the variation.ofvthe amodnt‘of
'exchangeable inorganic nitrogen in‘thé nutrient sink, Tﬁé ni;rogen :
from'tﬁe nu#rient'sink is £herefofe utilised by’ the plgﬂté'and as might
be expgéted as the treatment area increases the amount of exchangeable
nitrﬁgen in ‘the nutrient sink‘decreQSES.and.agaiﬁ‘duringfthg-high

plant growth period the nitrogen levels in the nutrient sink decrease.
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The change in the mass of inorganic nitrogeﬁ in the nutrient
sink due to plant growth wiLi have an effect upon the movement of
inorganic ﬁitrqgen froﬁ the appiied_nutrient masé inﬁo.the‘nutrient-v
sink, It foliows that such movement would havebthe appropriate
cofresponding effect upon-tﬁe conéentrétibn of inorganic nitrogen in
the runoff; Such inférmation as kno&ing the relationéhiﬁ between
area and concentration of nutgieht‘in funoff is important in-determiping
the area needéq.fof the treatment. system, |

| The only 6thér separate cdmpbnent of‘tﬁé model‘fo bé'diScussed
is the plant growth model. The plant grdwth_model is the second most
imbdrtant aSpect of the overland flow model in‘respéct tq‘nitrqgen
loss from the syséem;

Figure 3.5 représents.the~yield due to pléﬁt growth given 
the various inputs. Tﬁe valﬁe 12455 kg/ha is an estiméte of tbe,plant
biomass at matﬁrity and 2504 kg/ha is an estimate of the plant bidmass
after cutting. Yields obtained from the model compare favoﬁrably Qith
. &ields from studies of pasture groﬁtﬁ of;the.same'grass species,
:pereﬁpialkryegrdss, from the literaﬁﬁfe (Brougham, 1955)

Figure'3.é fepreseﬂté the amoﬁnt.of iﬂorganic nitrogen lost
to‘plant’growth.  Aﬁ iﬁteresfing manageméﬁt‘conéeﬁt_ariseé'ftbm
Figure 3.6. An improvement in fhe~1oss of;inofgénig gitrogen from the
trgatment systém'by plant'growth‘coﬁld be aéhieved byvintreasing the
number of cuktiﬁgé pe; treatment peind.“Ffom thevreéults-of'Figure‘3{6,
to'ééﬁievéfiﬁproved inoréanic ﬁitfégen ioés by plant gfowth, ﬁhe grassv
sho@1d be éﬁt approximétély evefy seven to eight weeks;A There may'bé‘
practigél limitainng to an increased cutting rate. A diséussion of

such limitations is outside the scope of thiS'stﬁdy.

'3;1.7 Discussion of Modelling Method

The basis of the discussion on the 'modelling method ﬁili be

concernedAwith7the_deterministic model that was derived using ‘the
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reductionist modelling approach and its application to the objectives

stated in section 3.1.1. There are a number of positive aspects of

the deterministic modelling method.

L.

'The'attemptlat quaﬁtifying a process improves the qualitative

level of understanding of that process because it is necessary

to carefully consider the relationships between variables.

Processes  of the éystem'being méaelled-that are either poorly

‘defined or‘not:well understood.bgcome rea&ily apparént;
Assuming processes are accuraﬁel?»modelled, ;he method gives

" some indication of the relative.importahce-aﬁd/or éensitivity'
of a pérticular'pfocéss in referencefto fhe othef prdcesées

-of_the model.»~ 

There are a number of negative aspects of the deterministic

modelling method. -

1.

In a reductionist form of modelling,'pfoblems may occur when
processes defined and/or modelled in isolation are combined

to formulate the behaViour of a complete system. It can be

_strongiy argued (Young 1977) thét_for complex systems the
' overall system behaviour cannot be described by a combination

of a large number of sub models.

The modelling method under study has modelling limitations,
especially in regards to the model’s abiiity to,répresent the

real behaviour of a system, for example:

a. simply increasing model complexity does not in the
long run achieve further model realism, for there
" becomes a point when other factors such as model °

robustness begins to decline;
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b. it is virtually impossible to define specifically all
elements of an envirommental system, due in part to the
inherent ‘stochastic nature of certain elements; thus, such

elements may render'deterministic projections inaccurate,"

When dealing with'a poorly defined system,.it may.be.more
approprlate to use alternatlve modelllng techniques. One such example
is the modelllng work of Young (1977) |

The conc1u31on dravn from the modellingiexerciee'in relatioh 
to the set objectives is that overland flow has theb'theoretiCal'.
potenrial to'functionAae a‘coﬁpetitive Westewater‘treatmenr System.
The model'indieates that overland flow has the eapecity to‘remove
‘specific outrienrs_from Waste&ater.

| Justifieation of the,determinisric model in response to the
set objectives cannot be evaluated until eonfidenee'in thebmodel itself:
is determiped. A practicel approach to determiﬁe model confidence is
to use a stochastic analysis to assessvthe'uncertainty:essociated with‘
the;nomioally ‘determinietic' process and.paramefers thet<define the
model. This approach has been used by Spear and Hornberger (1978) to‘
test the sen51t1v1ty of various parameters of a phosphorus based model
of nuisanee algal growth,»and coulq be applied to'the overland flow’
model presented in eection 3.l.of this:shudy. This type of ana1y31s
would provide an 1nd1cat10n of the sen51t1vity of predlctlons to
'uncertalnty,in the model and consequehtly eould be_used to;assese
whether current knowledge about processes is sufficient‘to'use suehya

model as an aid in decision making.

3.2 _Time»Series Analysis

Time>seriesjanalysis provide a holistic approach to the modelling

of environmental systems. In the holistic approaeh,'the system is
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modeiled as a complete entity, and the models are derived directly
) frém and validated against the observed data (Young 19775.v In addifion,
time series models chafacterisevthe system's.bas;c éhysical nature
b§ déscribing the dominant modeé of beﬁaviour. ‘The hblistic éﬁpfoach
has been.Wideiy used in the modeiling of badly defined éystemsv(Yqung
1977). |

The model presented in this sectidnAcan be referfed»té.as'a
time-sefiés or black box model. The:timevseries model is from a class
of linear time series modeis introduced by Box and-Jenkihs (1970);
" and applied in modified form by Young (1977) and white'head -(1976, 1977)
to»envirdnmeﬁtal.Systems, 'The Black'bbx'quel_refgrs‘to<a model in |
'wﬁich it isiassumed that éll the’compléx mechanisms Opérating within
é_system.combine to Yield‘a relatively simpie or IOW_érdef system

response.

3.2.1 Time Series Model
The time series-tfansfer function or black box representation

" appears in Figure 3.7.

FIGURE 3.7 = TIME SERIES TRANSFER FUNCTION REPRESENTATION

e, —p| NOISE MODEL - ‘ ., Stochastic effect
Input s - — v » gk’ : Output
series ucy| PROCESS MODEL i Xkyo + Yk series

This black box fepreséﬁtation.is:éomposedlof two.modeis -
tﬁe 'procéss'mddel‘ (élso called the.detgrminigtic control modél (Young .
11977))'énd Fhe-!npise'model'. The output of the bla;k box model is a-
function of the inﬁuts, dk whichbis determigiétié and measurable énd
ey which is purely stochastic 'white noise’. Ihe quels wﬁich‘can be
charactetise&‘by 'transfer functioﬁs' relate the iﬁput variables tob

'output ﬁariables for each model respectively (Box and Jenkins 1970).-
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The 'process model’ charactefiseé the déterministic aspects‘
of the sysfem's behaviour., Information on the uncertainty of the model
>parametefs is obtained using statistical methods of parameter estimation.
The 'noise model"describeé the stochastic nature of unavoidable
uncertainties such as measurement érrot of,system distu:bances not -
éxpléined by thé process model. It.is the.addition ofﬂﬁhié stbchastic
component tb the final model along with>th¢ égatistical?reference'to
aneftainty-that differentiates'time series analysis frqﬁ ofherﬁmbfe'
conventional modelling‘tecﬁniques;

The mathématical details of the time series models-afé giveh_
eléeWhere (Young 1974), but absimple'firét order representation of the
process model is of'the form:

Ky = -ayx g+ bou
where X, is the'model output at time k3

uk;is the observed input at .time k;

and a, and b, are paraméters that characterise the model and have to

be estimated from the observed input and output data.

The dbsetved system_output Yk is the sum of the-process'outbut

xlcand the stochastic noise componentbék,Atﬁat‘is,‘
Y, =X fE.

The time seriés model is identified and’estimatéd usingv
rééurSi§e methods of time séries anaiysis (Young 1974) an&'a computér
programme package CAPTAIN.. CAPTAIN is an’abbfeviation for "Coﬁputer
aided prpcédure.for timé Series:aﬁalysis and identification of noiéy
proCesseS"'(Mutch~l976) a&ailéblé in the Centre for Resbﬁrce and
Enﬁirppmental Studies (CﬁES)a“For a mofe détaiié& éxplanatioh of fimé
series analygis'witﬁ examples of épplicatiqh to real problems see

" Young (1977) and Wﬁitehead (1976) .
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3.2.2 Objectives'of'modelling exercise

Objectives of the time series analysis are as follows:

1. to develop simple models for an overland flow wastewéter
treatment system based on tﬁe énalysis of’oBSerQed data; 
2. to anélyse obseryedvdata from_WgrriEee by time series
| analysis to extract information in respect to tﬁe_overland
lew wastewater treatﬁéﬁt system;
3. to see how the holistic approach can be appliéd té the

modelling of environmental Systems.

3.2.3 Description of Input, Output Data

Figufes 3.8 and 3.9 show fhe_conceﬁtration of ammonia an&
nitrite‘addediﬁo nitrate (nitfite, ni?fate) from the respectiﬁe outlees
during the beriod of'qurlénd flow at‘Wgrfibeé Farm.  In wastewater an
equilibriﬁm.eXiSfé betwéen ammonium (NH,*) and ammonia (ﬁﬂa)“as

represented by equation (4) (Lance 1972, p.1353).

) N+ on — W
Thé‘concenﬁration of the subéténces.in eqﬁilibriﬁm'thatlgkist between
ammoniﬁm and ammonia is:dependent upoh the pH of the wastewater. It‘
-is aésumed théf’éﬁe equilibriﬁm thatlexist betﬁééh1ammohiuﬁ.and ammonia
- is>relatiVely constant due to stable‘pH ieVels in the‘wastewéter.‘
Accofding.to Sandford (i977 p.9) tﬁe pH of thé,wastewatef entériﬁg
Werribee farm‘rangeé between 6.0 and 7.0.

AAdiscussion of thé‘uncertainty thét'existslohlthe{oﬁserved.
_'daté appears in section12.4.2. In order. to further the justifipation,_,
~of the modeliing in ;his section, tﬁé assumpfiqns in regafﬂs‘to the

observed data are stated as follows:
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FIGURE 3.8 CONCENTRATION OF AMMONIA AND NITRITE,
- NITRATE LAKE BORRIE OUTLET
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1. the concentration of nutrients in the wastewater applied to
the given areas of lagoon and overland flow that drain to a
common outlet are relatively constant;

2. ‘the quantity of treated wastewater from the lagoon that drains

to the given outlet under study is relatively small and constant.

vathese'two assnﬁptions are correct, which from an init151 analysis

of the Werribee Farm.treatment system seems fp be the case, the results
from thé tiﬁe~ée£ies modelling exerciéé can be intefpreted aé representing
tﬁe behaviour of fhé.overland‘systém underAStudy,.

The salient feature of Figu;es.3,8 and 3.9 are that the

concentrations ofuammonia and nitrite, nitrate are inversély reiatgdw

Aﬁ exception to the-descriptian just presenfed'is'tﬁat iﬁ Fiéure 3.8
‘the. concentration of nitrite; nitrate mid way through the overland'fléw
treatment:period begins to increase. In studies by’ the Uniﬁed States.
Army’WaterwaysfEﬁgineers, on overland flow treatment éys;emé,-under
continuous fiooding, the same variation in éoﬁceﬁtration between ammonia
and nitrite; ﬁitrate has been observed'(Hoeppel 19743 Carlson 1974)., .

| ‘One ﬁyppthesis'tovexplain éuch a reversal df'conéentration'

is based on the.concehfration of ox&genfiﬁ fhe soil surface of the
qverléhﬁ‘flow»éy3£ém. The process of nittification, that is, tﬁe
oxidation of ammonium fovnitrite to nitraée'proceeds‘un&er aerobig
cpﬁditions} tRelainé to tﬁe;rage of nitrification,“thg concentration

of ammonium decreaseégand the cohcentfétionAof nitrite, ni;féte increases
in the wastewater as it moves down the bay. In anaerobic.cpnditionsﬂ

the prqcess‘of nitrification doesvnotioccur;,thé?efore, the coﬁcentratipn
of ammonia increases and the concentration of nitrite, nitfa;e décfeases.

- If waétewatér isvcontinually'appiied to an overland flow

‘system d@ring,the total treatment ﬁeriod, as is the case at Wérribee;
Farm, conditions in the soil soon'bécémeAanaerdbic. Théféfore, atAthé

beginning of the overland flow treatment period at Werribee,'the soil
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is basically aerobic and nitrification proceéds. AsAéhe soil column
becomes more anaerobic, due to the continﬁous‘ﬁovement of‘wastewater
into the soii surface, nitrifica;ion is reduced and eventually ceases
when anaérpbic.éonditions afe complete. In such a situétion, the
concentration oflammonia iﬁcfeases.and nitrite, nitrate decreases in
_respect to one aﬁother:A

In anaéroﬁic'conditions,’denitrification, that is, thé-reduction
of nitraté to ?afious forms of nitrogenous gas, bccurs. Denitfification
coﬁld be hypothesized as another‘factor in thé'decrease in thé
éoncentration'of nitrite, nitréte during thé‘overland fiow treatment
period. | |

In reference to Figures 3.8,-3.9; during'the middle to end
period of overland‘flow, the concentfatipn.of ammonié begins to decrease
an& thebconcentratjon of ﬁitrite; nitrate-increase;in respect totqne
another except intoutlet 145 W where a lag exists before.the concentration
of nitrite, nitrate inctéases. Such a révefsal in conéentrétions ét the
end of the treatment period may<Bg hue to‘tﬁe,change in the”proportion
'of drainagé‘from thé-ovefland.flow andviagoqn systeﬁs. The lagoon
éysfem'at Werriﬁee in géneral'is aerobic; the:efore; as the pr0p0r£ion.
of'draiﬁagé from fhe 1agoonvsystemHincréases the concentraﬁibﬁ'éf
aﬁmoﬁia aﬁd'ﬁitrite; nitraté at the oﬁtle; willvchange-acéordiﬁgly.
The‘iag pefiod in ?esﬁect to increasing nitrite; ﬁitratevconcentrapionév

in 0qtléf‘lésw cannot be eiplained.~”.

3.2.4 Analysis of Data

Only the defé;ministic structure of'fhe observed déta was
modélled-using the process mo§e1 deééfibéd in section 3.2.1. " The time .
Series.modelé presented in this stud&-do not‘chéractefise thé stochastic -
noise model shown in Figure 3.7. Confidence in'thé reéults from the

time series models could be weakened due té the small nuﬁber‘df samples

in the observed data. Small number of samples:in observed data 1eads:
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to relatively poor parameter estimates. In relation to analysis

'vby the CAPTAIN package, as the data set becomes larger confidence

in the estimated results increases.

- 3.2.4.1 Explanation of Time Series;Modélling»Ekercise

For the Werribee outleﬁs, Lake Borrie and 145W, two modelling

exercises were set up. The first exercise was to model the systeﬁ's

response to a step input. The second exercise was to model the change

in the concentration between ammonia and nitrite, nitrate.

“In the‘first modelling exercise, the step input.was the
concentration of ammqnia-in,the applied wastewater. 'Due to the lack

of data from Werribee, the step input was characterised as a constant

"conCehtration of 45 mg/litre (Sandford 1977, p.9). .The output was
the concentration of ammonia in the wastewater runoff that drained

. from the outlet.

In the seéond mode11ing exercise, the‘input'andloutput data
were the concentration of nitrite, nitrate and ammonia reéspectively
in the wastewater that drained from the given outlet.

"~ In explanation for all .graphs produced. from the‘analysis.

by the'CAPTAIN package, the string of dark circles représents the
~ plot of the output data. The-'dark line 'attempting' to run through

“the output daté is the plot of the model fit.

. 3.2.4.2 Results of Time Series Analysis

See results from time series modelling exercise

Wigures 3.10,. 3,11 and 3.12).
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3.2.4.3 Interpretation of Results from Time Series Analysis

Modelling exercise - step input to system resﬁonse Lake Bsrrie

dﬁtlet : | |

As shown in Figﬁre 3.10, the model ouﬁput follows‘closely-the
obééfved éystem response, and the simple three ﬁaramé;er model.adequateiy }
 gharacterises'thé system behaviour. Tﬁé time ébnstant of 5.8 weéks |
repfésents the faverage;.tiﬁe it takes the ammoniavto move tﬁrough,tﬁev
oVeriand flow treatment:system: The movemeﬁt of wastewaﬁervthrough the
overiand‘flow gyétem is accurately ‘described iﬁ section 2.4; A'ééafch,
of‘the-literatﬁre did not re&eél an estimate for the time it takes
wastewafef to ﬁove throﬁgh'the over1and flow s&stem at Werribee;

Tﬁe stgady stafe gain éuggests‘that the overland flow‘tfeatﬁent )
system at Werribée disposes qu28 percent of the‘ammonia'aﬁpliéd to tﬁe
.system. ‘Figures‘from‘Wérribee Earm'éuggest that removal rates of émmonia
from ovérland.fiow afe between 60'(Seabfook 1975) and 40 (Scott 1977) -
percent. Kirby (1976, p.14) reports that a étudy in'1974/75 éhowéd‘

.that the o&erland flow system at Werribeevremoved 17 peréehtbof ammonia
applied. A'ﬁore feliable éStimate.of:the aﬁmonia lost.to the s&stem
.could4have-been»obtained if actual concentration .of ammonia entering
the_Wérriﬁee overland flow treatment system was’uééd as input dgté,

Mddéliiﬁg exeféise.— the rélatioﬁshiﬁ ﬁetweén the change in
the concentration of twovsubstaﬁces in wasthater.runoff;.

~ Lake Bérrié outlet

in order to estimatelfhe parametérs ofvthevmoael, the mean of
thg input and:outpug data was subtracted from each data set resﬂectively.>
Thé mean of‘the input énd oQtput dafa for LakeBbriiéoutlef’was.2;75 and
. 20,24 féspectively. »The fit of thefmodel to the obéerved data,vFiguré'_
3.11 éppearsl’réééonagle’; héwevef, there are 1afgé standard errors

associated with the estimated parameters, Table 3.1.
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The 'average' time of 1.14 weeks for the relative concentration
of the two substances to change in respect to one another can be inferred

from the time constant of the quel.

145W outlet

In order to cobtain eétimétés of médel parameteis, the means
of the input,.outpufldafa were_subﬁ?actéd'from each data set,. ‘The mean g
of the input data was 7.9 and»the‘meaﬁ of the oﬁtput-data was 19;7.
The(fit ofAfhé model to thé observed.data is poor, see Figure 3.12.-
Considerable uncertéinty is éssqciated with parameter estimates as

indicated by the standard érror,.Table 3.1

TABLE 3.1 RESULTS FROM TIME SERIES ANALYSIS MODEL |
STRUCTURE, TIME CONSTANT, STEADY STATE GAIN '

' Mode Structure Parameter Time . [Steady
estimates (standard _ | Constant|State
error) ‘ . (weeks) Gain

Lake Borrie (system | X. = 40.96X _.-0O. 33X 4125 ', 5.8 " 20.75
response to ét?ZP- | - (© os>k—l '(olo‘s‘,)kﬂ(‘olﬂo;;k |
input) - B ¥ P02
Lake Borrie -  Xk =3.12Xk'i—2.8uk o } 1.14 -3;23
(Relationship v - » : o
; T . o (0.09) (0.28)
_between reversal in ,
concentration) ’
145W (Relationship X, = 0.33%, .-1.08u . 1.48 |-1.6.
between reversal in ‘A
: ) ! ; (0.2) (0.28)
concentration) St -

The bvefage' time.for the chapge”ip conéen:ration Qf thgltwo subéténéesb
according t§ the time'constént of the time series model was 1.49_weéks; 
| For the overland flow treatment systems that are dréined'by'
Lake Borrie and 145W'out1ets,'thebmodei order is identicalvbut'parametef
estimates are différent;; This suggests that-tﬁébtwo treaﬁment systems

differ by some unknown featufe,'be it'chemigal, physical, or biological.
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‘for example, features that could modify the system'g behaviour such
that time constant and.steady state gain of thé esfimated modelé of
the two éystems differ are land area, soil type, and}or végetation’
cover. Further study is needed'to iﬁvestigéte the features that exist

between the treatment systems that might account for the difference in

behaviour.

<

Time se;iésbﬁode;s are derived éiféctly from_phe data; therefore,
they chafacterisé thé,inherent‘dfnamic naﬁure thét exists.within the 
data. »The descriptioﬁ éfvfheISYStem's Behaviout_by thE_timebseriegi
models presenpedbin this‘secfiﬁn_is‘based on available obsérvéd data.

The mddel's.descriptiénﬁof-the.SyStemucan only be as good as the
. &escriptive nature ihhérent in.thé data‘ffbm which iﬁ-was &eriygd:

One method to. improve quél performance is to increase the
number Qf;sampies in the data;i In referénce to thé.time Serieé analyéis,
in this séction; to improve model description of tﬁé system“s.behaviouf,
' a worth whiléAéxergise>§ould Be,to inc;easé the sampling interval
to twolsgmples'per week. Such action would inéréaéelthé number of
samples énd assurénce.that the dynamics of the system's ﬁehaviohrsis

actually characterised in the data.

3.2.5~ | Extensions to Modelling Eie;ciSe

Ih'ordef to‘maiﬁtaiﬁ-an accurate and cofrect éharééferisati;n'
and description 6f the s&stem;vcoﬁtinual feaésessment éf the time series‘
‘_ model by’new daté from the system isvreQQiféd. Tﬁérefore,.ihe models
presented .in segtion»3}2.4.3'musf be,cbntiﬁuélly‘éValuatéd by data,
othgflfhép‘tﬁét‘use& inithg'idgntifiCétion and estiméti@n studies:
Such a procedure is referred to in time series analysis as. model
Validation;v

Further ihformatiqﬁ in regérd to an-increased understanding
.of'ﬁﬁe overland flow wastéﬁéter treatﬁent system aEIWerribéé cogld‘be

obtained, assuming suitable data is ava{lable, by'the applicatioﬁ of
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time series analysis to the input, output data listed below:

a. flow of wastewater in ——p flow of treated wastewater out

b. = total mass of substance in——-———)totai mass of substance out.

Substances of importance that could be considered in equation (b) are |

total nitrogen, phosphqrus,'brganic,matter, and heavy metals.

3.3 f Conciusion_to'Modelling Sectién
In fhis‘section,vtﬁe holistic and réductionist.apﬁroacﬁ‘fo.the
problem; associated Qith‘thé mbdelling.of gnviroﬁmentalvsystemsfis
diséusséd. |
~-Due to tﬁeir size and Eompléxity,Aénvironmentalfsystems are
' éubject to a wide'degree of unéeftaintj._ Such'uﬁcertéiﬁty exists in

many forms, for example:

1. mechanisms which make up the total system are often poorly-
' undefstood;
2. '-déta which-iskcoilected'to further,improverunderstanding of

the system is often inaccurate.

: 3.3.l‘>: HolisticAModelling

4Th§ hdlistic.approachfcircumﬁents to“some ektent‘the uncertainty,
problem‘of enviroﬁmental systems by charédtefising-the'potél physical
- nature of the system within a stochastic framework. The time series
-analysis approach doeélno; describe each mechaniém,épecifically,.but
integraﬁeSvand aggrégates méchanisms'and variablgs_respeétively,:and in
a simple liﬁéar,udynamic model descfibes fhe,dominaﬁt'modéé bflbehavibur.
The'techﬁiqués of'parameter‘estimétionAand identification provide a
statistical agalyéis of unceftéinty and‘yield simple‘médels with aAlow

number of parameters.
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The stoﬁhastigAdisturbances and»measuremenﬁ_error assoéiated
wifhvenvironmental systems are modglied ﬁsing.the,'noise model' of the
timevseries tfan§fer function. The noise model characterises the
relationship between:'white nqise' and the residual between the observed
data and fhé.output of the deferministic‘model..‘Thé stdchéstic_model
is combined with the deterministié.model:tp formulate the-cOmplete~time‘:

’

series model.

The forﬁulation, that is identification and batamétér:estimation,
and iﬁterpretatibn, in a’phyéical sense, of'the.resultélfrom"a'time sériés
model is not an éasy task. In order to formulate and‘interpret tiﬁe
series models, the'analyst must have a high level of expertisé and‘
expérience initime séries analysis. |

Modél_idéntification and esfimation may be Aifficult, if not
impoSsible,vif an anaiyst attemp£s-t§ fitva linear time series quel to
'é non—lineaf system. Difficulties can also éécﬁr,when.éttempting to
interpret the physiéal meaning of the résnlts dbtéined'frbmJthe giﬁe

‘series'modei. The mbdel'sllevel.of_descriptive ability is'étrdngly'
-dependent upon the qﬁanfity of data availabie and the level of confidence
associated with Fhat data. Physical interpretatiOn ffém tim; series
models may'Be,limited if behaviourrOriginating'from,a spécifig process:
of the system'is”tovbé described of paramefef estiﬁateé“ére statisticaiiy

suspect.

3.3.2  Reductionist Modelling

‘Deterministic ﬁodels:coﬁstrucfed by the redgcﬁibnist appfoach
do” not account for the stochastic nature orbuncertainty of envifqnmentalk
B systéms. 'Nofﬁally;tﬁere is'no-éttempt to statiStically evaluage.
paramepers,for uncertainty'as done by Spear aﬁd'Hornbéfger (1978);'AThe
‘classical'mefhéds'of ﬁérameter tuning and déterﬁinistic sensitivity
analysis have little’effect uﬁon reducihg>ﬁncerﬁéiﬁt§ in'determiﬁié;ic

models constructed by the reductioﬁist approach,
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Models derived from the réductioniét approach are often hiéhly.
complicated; such complexity may lead to problems. &heré ié the'trap
that the analytical construction of the!model becbmes.so involved,
intereéting“and challeﬁging, that the aﬁalySt may,become SO absorbéd in
the model itself that modei'ébjectives ére’lgst sight.qfﬂ Other -
problem% that may occur due td'the‘cémpiexity ofvmbdels derived from the .

reduétionist approach are as follows: o s

1. dgfail-of the model often cannot be féconciléd in rglation
to ava;ilable‘data (Whitehead 1977, p.17);
2. it'iéloften'difficult £o ;;ansfo;m résults'from a~compiex,
mbaél so that they ‘can be effectively ana efficiently used
- by plannersfaﬁd/dr.de;ignefé;
3, ﬁhé analyst can at times be:his;ed into,believing'thét the

model represents more tﬁan what it is truely capable of.’

Modelling éarried out carefﬁ}ly, sensibly, and intelligéntlyy.
is‘oneiway‘to charaCtefiie'aﬁd/éf dgééribe an ehvifoﬁmentél syétém.

'As stated b& many authorities such as Newséme (1975, p.é), in oréef to
achieve-mﬁximﬁm benefit from -the modél, its limitafions.muéf béwfuily
ﬁndergtéod. . |

The most important criteria in selecting a model‘are the

~ objectives established to rgéolve the specified problem. The model
'vmust,bé cohsiétént'with the objecfiﬁes. For example,’holistic models

wQuld‘mdst likely be bettér suitedvté.objectives that~emphasise general

manégement and/or conttol; whéreés, reductionist modelsiwould be bétter
suifed to objectives that emphasise é detailed physical ﬁechanised’analyéis

of a specific process. | o

It is also extremely important, in ferms of deellingltéChnique,
to have a éood geheral uhderstanding of the physical make up-of the

system beihg modelled. Such an underétanding will impréve éhd simpLify N

both model construction and interpretation of results. An accurate
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understanding of the environmental system under study will increase the
assurance that the. type of data, sampling time interval, and method of

analysis is correct.
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CHAPTER. 4
CONCLUSION

‘4.1 - Summary of Findings from the Modelling Chapter .
Findings from the deterministic reductionist modelling

section can be summarized as follows:

1. Climafié factors pléy an-important part‘iﬂ tﬁévdesigﬁ of
land.treatmeﬁ; systems. Thé model demonétrateé that‘the
ioss of waterlfrom,thé»treatﬁgnt'éystém is depéndentfupbn
éyaporaﬁion.

2. Ina theoretical sense,1the-basis of¢which is séiéntifié

-experimentation, fﬁeicapaci;y exists in fhg overland flow
system at'WerribeeAFarm to rembveinutrieﬁts‘in the form of

~ ‘nitrogenous coﬁpéunds_from’waStewater. The_actual_amoﬁnt
that the;éystem ié‘capable of'rémoﬁing ié qUestionéble due
to the level of uncertainty assbciqtéd with the mechanisms
of the-sfstgm‘and thé available data.

3. ' From the model analysis, a ffuitfﬁl érga‘to in&eétigate in .
.feiation’td overland fiow.tréétﬁent systéms would be fhe
'movemént of nitrogen from the applied‘waéteWatér:into the
.éoil matrix. o |

4, In a management sense, to increase the qﬁantit&véf.nitrogéhf
removedvbi plaﬁts, the grass in the baysfof the o&efland
;reatmeﬁt syéteﬁ wheq reachiﬁg:ﬁaximum biomasé should be |
,cut and,femoVed, From the modeljanaiYSiﬁ of Werribee, thié
'should be doné more thaﬁ once a year.

~ Findings of‘the'timevséries'mOdelliﬁg section can be summgrizéd

as. follows:
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1.  From tﬁe time series analysis the ovérlénd flow treatment
:éystem removed 28 percent of the ammonia appliéd.
2. Accoxdiné to the time seriesianalysié, the time it takes
ammonia to move through the completé overland fléw-éystem
at Werribee'is‘S.B weeks,
3. Accérdiﬁg fO‘the time series anélysis; the changes in the
-concentration of ammonia with réspect to changes in the
cbﬁgentrafion of’nitrite, ﬁit:até,:téké platé over a beriod

of one to one and a half wéeks.

4,2  Land Treatment of Wastewater

Land‘treatmentvis not a panacea for the ﬁfeatment éf_waétewatér,
but a land treétment system, properly designed for a given environment,
is worth ¢0psidefing as a-vialable wastewater ﬁreatment system. Land
treatment'appeéls to modern;COmmunities:in-that they arévbased on a
éimple re-cycling technology. and haVé beneficial environmental effects.
;Compared to convén;ional treafment systems, assuﬁing idéntiéai'trgatment:
étandardé are acﬁievéd, land trgatﬁeﬁt ié cost éffective(éither as(a
primaryg secondary (Seabrobk 1975)Vor tertiary (Yoﬁng 1974, pfﬁ)
treatment unit.  Cénventional wésteﬁater tfea;ment:sjstems compared to.1
land treatment‘éyStems are also ﬁephqologically'moré complex and énergy
infensive. |

. »'Many areas in‘Apstraliajhave suitablé epviroﬁmentél conditions

fof the successful renovation of w§étewater,by land ‘treatment. Vﬁssential‘
conditions for land treatment sjstéms include largé éreés of underdeveloped
iand, sunshine, and é need to conserve watér,

AAmplé technicél infofmation‘exists fdr”designing (EPA 1977),
' evaluafing~(EPAul975) of_gaining a geﬁéral pérspééfive (EPA 1976 a,ﬁ,c)

on land treatment systems. The'technologf-df'land treatment is variable
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en0ugh for effective land treatment systems to be established in a
wide range of environments. For land treatment to be successful, it
must be.designed specifically for a given environment, and managed

correctly.
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APPENDIX A
DETERMINISTIC MODEL

Al Listing and descripfion of model variables and parameters. -

WATER BALANCE PROGRAMME

Al Actual eﬁapotranSpirationvéoefficient
FT Total amount of wéter addéa fo the éystem per time unit
’ (ML/ha/day) ‘ ' :
M1l Soil méisture coritent in previous fime'period (ML/ha/day)
M | Soil moisture capacity (ML/ha) |
M2 "-Dummy variable (%) |
M7 | Level of éoil block’saturated before wastewater applied (ML/ha)~
M9 . | Dummy'vafiable | | | | | |
W Water loss (ML/ha/day) |
s . ; Net water.gaih.or‘ioss to syéteﬁ'(ML/hé/day)
D ' Drainége flow from treatment system-(ML/ha/déy)
Dl Drainage‘flow from treatﬁent:system,(1/ha[daY)‘
D1. Drainage>of‘tbtal treatment system (1/day) |
:D2 _ ‘Drainage~of total treatment Systemv(llday):
PZ" ?Qtential evapotranspiratién‘coéfficientv

° AMMONIUM ION ADSORPTION PROGRAMME

B "AAR" (ammonihm-ion adsbrptidh.ratio)

E2 . VEAP" (exéhange'ammonia percentage)'

N5 4 Numbervof mg—nitrogehv(Ni)/IOO ar 6f:s§il 
v ' Volume of block of soil |

N6 Number of mg;Ni/fixed/hé |

N7 Number of kg-Ni/fixed/ha
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INFLUENT PROGRAMME

L. Flow of npplied wastewater into the treatment system (1/da;)

L2 - Number of (1/ha/day) Of applied wastewater |

M4 A ﬁass of applied nutrient for_present timenperiod (mg-Ni/ha/day)
 K , ',- Mass of applied nutrient for present tine'period (kg-Ni/ha/day)

" DENITRIFICATION PROGRAMME.

Fl | Dummy ?ariable
F2  Per cent of nitrogen lost with respect toitemperature'(mg—Ni/day)
‘N9 - . Loss of n1trogen from the system due to den1tr1fclat10n

(mg—Nl/ha/day)

P ‘ ‘Remaining nitrogen in applied nutrient mass after loss of
‘nitrogen due to denitrification (mg-Ni/ha/day)

Pl - Nittogen in applied nutrient mass lost to nutrient sink (méQNi/ha—day)

R2 Nitrogen runoff (mg—Nifha/day)‘

~ PLANT GROWTH PROGRAMME

F3_ Function relatlng temperature to growth rate (kg/ha)

Y3 Y1e1d in present time perlod (kg/ha)

D5v'7 ' ; Weekly yield (kg/ha)

N8 a Nitrogen iost due to plant growth‘(mg-Ni7ha/day)

N2 Nitrogen lost per ‘week (kg/ha)

N9 - V<Accumulated weekly n1tr0gen lost by plant growth (kg/ha)
N3 ~ Accumulated total of nltrogen lost by plant growth (kg/ha)

NUTRIENT SINK .

S2 - Total exchangeable nitrogen in nutrient Sink»(mg-Ni/ha)A
Si AExchangeable n1trogen in nutrlent sink after plant growth
‘ (mg-Ni/ha)
1.3 ' _.-Amount of.nitrogen lost from nutrient sink (mg—Ni/ha).
L4 A’_Nitrogen to ammonium adsorption (mg—Ni/ha)
L5 Excess ammonium adsorption capacity after nitrogen fixation
(mg—Nl/ha)

.

A2 »Calculated ammoninm'ion adsorption value (mg—Ni/ha)
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NUTRIENT SINK (Continued)

R1 ~ Nitrogen runoff due to ammonium ion adsorptlon capacity
-~ being filled (mg-Nl/ha)

R3 . Total runoff (mg—Ni/ha/day).
R4 _ Concentration of nitrogen,in runoff (mgQNi/l)
1NPUTS :

WATER BALANCE PROGRAMME

Maximum soil storage water capacity (mm) °
Soil block saturated (%)
Area of one hectare (sq m)-

Total number of hectares of the treatment system

AMMONIUMION ADSORPTION FIXATION - PROGRAMME .

Catlon exchange capacity of soil (me/lOO gr of 3011)
‘Concentration of,1norgan1c nitrogen 1n_app11ed wastewater (me/1)
Coﬁcgntration of'calcium ioﬁvin applied wastewatér (me/l)-
Concentration»of magnesium ionfin"apﬁlied.waétewater (mé/l)A
Molecular weight of ﬁitrogen

Density of. soil (kg/1). |

. Depth of treatment system (m)

INFLUENT_PROGRAMME

Concentration of nitrogen in applied wastewatér (mg~-Ni/1)

PLANT GROWTH PROGRAMME

‘Maximum growth rate of planti(kg/kg/day)
Maximum biomass of treatment system before cutting (kg/ha) -
 Minimum biomass of treatment system after'cutting>(kg/ha5

Percent of nitrogen. in plant
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NUTRIENT SINK
At start of programme, initial source of Ni in soil (mg-Ni/ha)
~Initial source of nitrogen in soil (mg-Ni/ha)

At start of programme, maximum ammonium adsorption (mg-Ni/ha)
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A2 - Detailed explanation of overland flow model

A.2.1  Calculation of constants used in the overland flow model

Water Balance Model

In this section of the overland flow model the maximum
soil moisture. capacity of one hectare block (depth of block is
determined by input parameter) is calculated. ~ Table A.1l can be used
to determine the point source maximum soil storage water capacity}

TABLE A.1 ESTIMATING AVAILABLE SOIL WATER STORAGE
CAPACITY FOR DIFFERENT SOIL. MATERIALS
AND HORIZON THICKNESSES

. , , Available Soil Water
Soil Material e . Stctage Capacity‘per‘]
12in | 20in |- 25in 27in
Gravel . : Co 0.50| 0.85| 1.00| 1.10
Sand o 0.75| 1.25| 1.50} 1.70
Loamy sand, coarse f1brous peat . 1,00 1.70| 2.00| 2.25
.Compact heavy clay - 1.25| 2.10| 2.50| 2.80
Sandy loam, compact clay loam to clay{ 1.50| 2,50 3.00 | 3.40
Loam : ' ~1.75| 3.00 | 3.50| 4.00
‘Friable clay to heavy clay _ ) 2.00 | 3,40 | 4,00 | 4.50
Organic loamy sand to organic sandy =~ | - = _
loam e . 1 2.00{ 3.40 | 4.00 | 4.50
Friable clay-loam ’ - | 2.25) 3.85| 4.50| 5.10°
Organic sandy clay—loam to organic , ' .
clay 2,50 4.25| 5,00 5.60
‘Peaty loam to peaty clay e | 2.75| 4.65| 5.50|.6.20
Well decomposed peat : - 3.00| 5.,10| 6.00 6.75

From Haantjens (1969)

‘To determine the initial level of soil block saturated before
- wastewater is applied, the maximum soil moisture capacity. is multiplied
by an input parameter - percent of soil block saturated. The level of
the soil block saturated with water is obtained and transferred to the.
~ water balance programme where the parameter under discussion becomes

the initial soil moisture capacity for the start of the programme.

Ammonlum_lon Adsorptlon model

The ammonium ion adsorption model calculates the ‘amount of
.ammonium ion that can be adsorbed (fixed) by the soil matrix. The
method used in the model to calculate ammonium ion adsorption comes
from Lance (1972, p.1354). A brief description of ‘the method appears

below. The value obtained from the calculation is used in the nutrient
Slnk model.
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. ) - - : _ *’
AAR = ]
Ammonium Ion Adsorption Ratio

y/%‘([gaff] + Mgt

]

EAP = 100 (0.036 + 0.1051 x AAR)
Exchange Ammonia Percentage : 1 + (0.036 + 0.1051 x AAR) .

mg'NHh~»N/100 g Soil

EAP x CEC x AMU

It

where CEC - Cation Exchange Capac1ty
: ~ AMU = Atomic Mass of nutrient under con51derat10n

The product of the above equatlon is then converted. 1nto m1111grams
of nltrogen flxed per hectare.

A.2.3 Hydrological Model
The model struéture is organized into three stages.

Stage 1

By.addiﬁg together rainfall and flow of applied wésféwéter,‘
the total amount of water added to the system per time perlod is
calculated. .

Stage 2 -

Water loss from the system, other than by dra1nage and’
percolatlon, is by evapotranspiratlon. Evapotranspiration is. calculated’
-using the programming logic in WATBAL (Keig 1974). For a good o
description of the lagic see McAlpine (1970, p.484). The logic is as
follows: to calculate evapotranspiration, pan evaporation is multiplied
by the potential evapotranspiration coefficient as suggested by-McAlpine
(1969, p.70). To obtain a more accurate value of evapotranspiration,
the value of evapotranspiration is multiplied by the actual
‘evapotranspiration coefficient which is a step function relatlng
. evapotranspiration to 5011 m01sture capacity.

Stage 3

Drainage from the system is dependent upon the following
factors: amount of water added and lost per time period to the system;
maximum soil moisture capacity and soil moisture in the previous time
period. By subtracting water loss‘(evapotranspiration)‘from the water
gain (applied wastewater and rainfall), net water loss or gain from
or to the system is obtained. Drainage from the system.is determined
by subtracting the difference between maximum soil moisture capacity
and soil moisture capacity in previous time period from net water loss
or gain, If drainage is positive, soil moisture capacity for next
time period is set'equal.toxmaximum'soil moisture capacity.
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If drainage is equal to or less than zero, the soil moisture content

for the next time period is adJusted accordlng to the value of net
water loss or gain.

A.2:4 Infernt Model

This section of the model calculates, given the flow and ‘
concentration of nutrient in the applied wastewater, the nutrient mass
entering the overland flow system. '

A,2.5 Denitrification Model

The denitrification model calculates the loss of inorganic -
~nitrogen from the applied nutrient mass. In the model, the nitrogen
loss due to den1tr1f1cat10n is affected by two env1ronmental factors -
oxygen content of soil and temperature. If the soil moisture content

is less than or equal to sixty percent, the loss.of inorganic nitrogen

© by denitrification is zero. Studies by Wijler (1954, p.160) demonstrate
that denitrification increases with increasing soil moisture content,

. The increase in s0il moisture content affects the diffusion rate of
oxygen. Broadbent (1965, p.349) states that even if other conditionms
are favorable, little loss of nitrogen occurs from denitrification
until the’ 3011 moisture content is sixty percent or greater,

If soil moisture content is greater than,slxty percent the
effect of temperature on denitrification is calculated. The logic and
data for quantifying the effect of temperature on denitrification
occurs in the paper by Nommik (1956, p.195). . Depending upon the
temperature, - the model selects the correct regression to calculate
the percent of nitrogen lost. The actual loss of nitrogen by
denitrification is obtained by multiplying the applied nutrient mass
by the percent lost due to maximum denitrification by the temperature
‘adjustment percentage.. Many authorities Lancée (1972, p.1353) and
Broadbent (1965, p.349) have suggested that fifteen percent is a-
realistic value for the maximum amount of nitrogen lost from the
applled nutrlent mass due to denitrification. '

_ Nitrogen loss frOm denitrification is then subtracted from

the applied nutrient mass. A percentage of the remaining applied
nutrient mass goes to the nutrient sink model; the remainder is runoff.
If drainage from the water balance model is zero, no nutrients are

- lost to runoff. The total value of the remalnlng applied nutrient
mass goes to the nutrlent sink model.

A.2.6 Plant Growth Model

 The plant growth model calculates the amount of inorganic
nitrogen lost due to the growth of plants. The rate of plant growth
and hence nitrogen uptake is dependent on the environmental factor
temperature. The logistic¢ equation modified to a simple recursive
- form is used in the model to calculate the y1eld. By subtractlng the
yield of the previous time period from the yield of the present time
period, the weekly yield is obtained. Inorganic nitrogen lost by

plant growth is obtained by multlplylng the weekly y1e1d by the percent
nitrogen in the plants blomass.
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A.2.7 " Nutrient Sink Model

This model calculates the amount of 1norganlc nltrogen
in. the soil matrix and the concentration of inorganic nit rogen in
the runoff that drains from the treatment system. The total
exchangeable inorganic nitrogen in the soil matrix for the present
time period is obtained by adding the percent of inorganic nitrogen
lost from the applled nutrient mass from the denitrification model
.to the initial source of inorganic nitrogen present in the soil
matrix. From the total exchangeable nitrogen in the nutrient sink
is subtracted the amount of inorganic nitrogen lost due to plant’
growth. - The difference from the above subtraction shall be referred
‘to as the remaining inorganic nitrogen in the nutrient sink.

If the remaining nltrogen in the nutrlent sink is less
than the initial source of inorganic nltrogen, the difference is
found and the value for the source of inorganic nitrogen in the
nutrient sink for the next time period is adjusted. The nutrient
mass runoff for the nutrient sink model becomes zero.

v If the remaining inorganic nitrogen in the sink is .
greater than the initial source of nitrogen, the difference is
found and the value of the initial source is reset to its input
value. The 'excess' inorganic nitrogen from the subtraction in
the first sentence of this paragraph is subtracted from the
~ammonium ion adsorption capacity of the system. If the ammonium’
ion adsorption capacity is exceeded, the calculated ammonium ion -
adsorption value of the present time period is subtracted from
the ammonium ion adsorption capacity of the system, the difference
being the inorganic nitrogen in runoff. If the calculated ammonium
ion adsorption value is less than the ammonlum ion adsorptlon
capaclty, runoff is zero.

'

To calculate the‘nutrieﬁtvcopcentration of the final
runoff, the runoff from the denitrification and nutrient sink
programmes are added together. That sum is divided by the drainage

from the hydrological model to obtaln the final concentration of
nitrogen in the runoff

JA.3 " Programme Listing

‘See Listing of Programme, model output.
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A.4 Environmental Qualification

Below is a list of the processes of nitrogen removal
in the land treatment model. Under each process is a list of
those environmental factors that do not appear in the .overland
flow deterministic model. Following each environmental factor

is a short, but accurate description of the affect of the factor
upon the process it modifies. ‘ '

Hydrological Model

Factors affecting evapotranspiration

. type.of crop,
humidity,

length of growing season,‘and
wind velocity.

B> w -
PR

.

Ammonium Ion AdSOrption,Model

The amount of ammonium-nitrogen fixed by the soil matrix -

can be altered by environmental factors not stated in the model.

Environmental Factors Affect on Ammonium Fixation

1. Temperature As temperature increases the amount of

fixation increases for a temperature
‘range of O degrees - 60 degrees C
(Nommlk 1965 p. 209)

2. Soil moistufe B Ba51cally, the drier the soil after
application of the ammonium the more
ammonium fixed (Nommik 1965, p.209).

3. Other cations in

particular potassium has an affect upon the calculation
potassium ' _ of AAR. Basically, potassium competes with
‘ ammonium for the fixation sites on the soil
" particles. As the concentration of potassium:
‘increases, the ability of ammonium to
" become fixed decreases (Nommik 1965, p.212).
4, pH

Fixation increases with increasing. pH of
the soil. : :

' 5. Organic matter Organic matter in the soil increases the

The concentration of cations in particular

CEC; however, organic matter in the soil
has a greater tendency to fix ammonia 1ons

(Lance 1972 p 1354),



Denitrification Model

Environmental Factors

1. Organic factors

C(H,,0  + 4NOj—»

1 -
2N,§ + 6H,0 + 600,

2, pH

Plant Growth

Environmental ‘Factors

1. Soil moisture

Affect on Denitrification

Increase in organic matter has an affect
of increasing denitrification. Denitrifying-

bacteria need organic matter as an energy

source .to maintain metabolic activity to
reduce nitrates in the absence of oxygen
(Broadbent 1956, p.348), '

The rate of denitrification is rapid in

. soil of high pH and slow in soils of low

pH.

2. Light intensity and day length .
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 APPENDIX B
SAMPLING PROCEDURE FOR WERRIBEE FARM

(from Victoria EPA Licence)

~ The sampling point shall be as close as is practicable to the

discharge point consistent with obtaining a true sample of the
effluent.

Immediate access to the sampling point shall be available at all

times to Officers of the Enviromment Protection Authority.

A figure for the volume of effluent discharged each week to Port
Ph1111p Bay from the discharge point shall be forwarded weekly
to the Env1ronment Protection Authority.

A device to accurately record the flow of the waste at the point
of discharge shall be installed by the first day of February 1976.

Within 30 deys of the issue of this licence a sampling programme
relevant to the waste discharged shall be implemented and-carried

" out by the licencee. That programme shall incorporate the folloWing

features:

(a) At 1eest once in every seven days a grab sample of the
effluent taken at the sampling point shall be analysed with
respect to the follow1ng components or characteristics:

. Total organic carbon,

if. Biochemical oxygen demand (5 day) unfiltered sample
iii. Biochemical oxygen demand (5 day) filtered sample,

iv. Suspended SOlldS,
V. Colour,
vi.,  pH,

-vii.v»Nitrate,as nitrogen,
viii., Ammonia as nitrogen,
~ix.  Organic nitrogen,

X.  Orthophosphate as phosphorus
xi. Total phosphorus., v

~(b) At 1east.once in every fourteen days‘a‘graB semple of ‘the

effluent taken at the sampling point shall be analysed with
respect to the following components or characteristics: .

i.  Volatile suspended SOlldS
ii.  Copper,
iii., Chromium,

- iv. Cadmium,
V.- Iron,
vi.. Lead,

vii. Mercury,
viii. Nickel,
Cix. Ziric.

(c) At least once in every thirty days a grap sample of the effluent.
taken at the sampling point shall be analysed w1th respect to
the follow1ng components or characteristics:
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i. = Total dissolved solids,
ii, Anionic surfectants,
iii. 0il-and grease..

(d)  The samples referred to in paragraphs (a), (b) and (c)
above shall be.identified as to the time and date of sampling.



