
mm

^T™ 4xm nFVFT OPMENT OF DOMESTIC WASTEWSSSS™«n^TION PURPOSE

BY

SALAU, MOHAMMED

MATMC No. 2005/21667EA

WYotvawA'v^.

DEPARTMENT OF AGRICULTURAL AND BIORESOURCES
ENGINEERING

FEDERAL UNIVERSITY OF TECNOLOGY, MINNA

DECEMBER, 2010

«r - •W—TTT

&$&®gg%3&%&%i



twq¥fN AND DEVELOPMENT OF DOMESTIC WASTEWSSS PLANT FOR IRRIGATION PURPOSE

•

I

<i

i
f

}
i

t

i

BY

SALAU, MOHAMMED

MATRIC No. 2005/21667EA

< BEING AFINAL YEAR PROJECT SUBMOTED IN PARTIAL
fSSlMENT OF THE REQUIREMENTS FOR THE AWARD

! ^FBAcSoR OF ENGINEERING <*™V™f™AGRICULTURAL AND BIORESOURCES ENGINEERING

FEDERAL UNIVERSITY OF TECNOLOGY, MINNA

DECEMBER, 2010

SKSSl*"-



I DECLARATION

i ihereby declare that this project is arecord ofaresearch work that was undertaken and written
i byme.Ithasnotbeenp^^
i or institution. Information derived from personal communications, published and unpublished
i works ofothers were duly reference in the texts.

frf tfcf
DATE

SALAU, MOHAMMED

to

\
1

i

\ i

^^^M^ggg^gW^"^

I

s



•

CERTIFICATION

Ws is *certify tat «. project entitied "Design and Deve.opn.en. of Domestic Wastewater

«. award of the degree of Bache>or of Engineering (B. ENG.) of ft. Federa. University of
Technoiogy, Minna, and i, is approved for its conation «o scientific knowiedge and literary

\

presentation.

J
1 Date i

Engr. Mrs. H.I. Mustapha j

Supervisor {

/*/'*-/*°

1 -JtMr" M'° '
J

3
"I

I

Engr. Dr. A.A. Balami

Head ofDepartment

Date

I v^\ ~*-» t CiL*s t i •*»-* ^-*^ t- O I

External Examiner

I.
Date I

111



I DEDICATION

3

This research work is dedicated to Allah (SWT) and his prophet Muhammad (SAW)

IV



BMH

I ACKNOWLEDGEMENT
j* . , ^AHCSW-OWhomadeitpossibleforthecompletionofthisresearchwork.
J All the glory to ALLAH (i>.w. 1) wuuJ ^grateMforthestrengthandwisdomHegavemetoaccomplishth^
' • r Pnor Mrs HI Mustapha who has taken the pains toJ i gratefully acknowledge my supervisor, Engr. Mrs. H.i. m P

_• «f «tw risorous and time consuming\ read and make necessary corrections trrespecttve of other ngorous

\ ^^awordofappreciationtotheHeadofthe^artinent.Ensr.Dr.B^miar^^of

] Agriculturalan^BioresourcesEn^^
k

j helpful. I

' !would like to express my personal appreciation to Mr. Kehinde, Bello for guidance, direction j
and suppor.ti.roughomftisprojectworkdespiteotl^academicworksa.msdisposa.. t

Iwould like to express my personal appreciation to Mr. P. Adeoye for guidance direction and j
support throughout this project work.

Iowe million ofgratitude to my parents, Engr. K.F. Salau and Alhaja Afusat SSaiau, who gjadly
goes the extra mile for me. Iappreciate your .ove and care, support and guidance. To my
siblings, Abdulfataiand Abdulrasheed thank you for your prayers, support and love.

My immeasurab.e appreciation to my encouraging and motivating Mend rt fi-y, Uncle
Toyin, Uncie Hassan, Olufemi's, Adewoyin's and their famUv. Iapprecia* your input No,
forgetting my good «ends, Ola chemical, Bj civil, Pa jege, Abdumakeem Abdulrama* a.1 my ^
c.assmaU^myorhermends.comm.eroustomention.Mayfteskybeyourlimit. |

1
I

t

•l'
i

i

t
f
ar

\



ABSTRACT

The domestic waste water treatinent plant was developed, designed and constiucted with the
intention ofcontrolling the pathogenic and chemical load ofwaste water mthe course ofustng «
for irrigation. On evaluating the plant, i, brought down the Biochemica. Oxygen Demand eve, o

Ligation water quality. I, also brought down the pH ,evel from 9,6 to S.4, whtch -wtthtn *.
Stable range ofWHO of6, to S,. The dissolved oxygen in influent waste water ,n,o *e
ZlpJwas >« i, was brought down to CTOmgfl, however, tins is no, apposed to
content did no, meet WHO required range of 2.0 ,o 7, mg/1. The domestic waste w»ter
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Background

rfM^«--i».---*----rf'-*-"i-*,,,-*,,,*7food suppiemen* through supporting the grow* of aquatic life and a>so by i, usage for
,rrig*ion in agricuhure. Water v*h has been utii^d and d.charge from domestic

eo^aiargenumberofpotentiaJlyharrnMcompoundsCWHO^OOT).
meuseofwastewatertnatcontitin bafnwater, water from the kitchen and laundry water
_..— *Federa! Univershy Of Te^logy Mmn, Niger Sta* Nigeriacan

I ..ongerber.ored.n^wastewaterisreleas.m^riverflo.mgb^.eschoo,

j ^^^^^^^^^^^^^^ [
J ^ undertake to determhtei* degree of — and adverse effec* ., has on

\ barest minimum possible. |
1 . , i«rrf>a«!inelv scare resource ana I\ r^y arid and semi-arid countries water *becommg an mcreastngly

^y.pron.e^deve^-esametim.w.popuiation—- J

Bl.^•--»--*-•'•*«--•''*,-,,,-'1"ta,
recognized.



r

•*

•rrigated agricuhure land occupies approximate* 17% ofworld's total arable land compnses
about 34% of the world total. This potential is even tnore pronounced in arid areas, such as
ft. mid east region, where only 30% of cultivated .and is irrigated but it produce about 75%
of the too, agricuhural production In this same region, more than 50% of the food
requirements are imported and ft. rate of increase in demand for food excels the rate of
increase in agricultural production (Salvato, 1992).
^.er^ qua** water is scarce, water ofmargin- ,ua>itv „11 have to be considered
for use in agricuHure. Alftoughftere is no universal definition of marginal quahty water, for
an practical purposes it can be defined as water ft* possesses certain characteristic whtch
bavefte potential causeproblemswhenitis used for anintended purpose.
For example, brackish water is marginal qualhy water for agriculture use because of .ts hrgh
^ved sal. content, and municipa, wastewater is marginal quality water because of ft.
associated health hazards.

Prom the viewpoint of irrigation, use of margma, quahty water requires more co.np.ex

„used. «. project deals wift the agricultural use of waste water which is prima*
domestic sewage water.

mansion of urban populations and increased coverage of domestic water suppty and
« gives rise ft greater quantities of mu^pa. waste water. With the emphasis on
environmental heahh and pollution issues, there is an increasing awareness of the need ft
disp0se of these w*te water in agriculture could be an important consideration when „s

^uautity of waste water available in most countries win account for only asmall fraction
of fte total irrigation water requirements. Nevertheless, waste water use wiU result mthe
conservation ofhigher quahty water and hs use for purpose other than irrigation



As fte marginal cost of alternative supplies of good quality water will usually be higher in

andlanduse planning.

Property planned use of municipa. waste water alleviates surface water pohution problems
contained in sewage to grow crops. The avadable of ftis additional water near population
eeuter will tacrease the choice ofcrop which farmers can grow. The nitrogen and phosphorus
content of sewage might reduce or eUminate fte requirements for commercial fertilizer. Itts
^anfcgeous ft consider effluent reuse a, fte same time as waste water Election treatment
„. disposal are planned so ft* sewerage system design can be optimized in terms of
effluem transport and treatinen, mahods. The cos, of transmission of effluent from
inapPropnately sited sewage treatinen, plan* ft <n*ant agricultura, land is u^y
proMbitive. Additionally, swaget^

may not always be appropriate for agriculture use of effluent.
M^ countries of the world have inCuded waste water reuse as an important dimenston m
^resourcesp^mingurftemorearidareasofAusti.aiaaudUSA.wastewaterisusedm
agriculture, releasing high quality water suppli* for potable use. Some countries, for
^le, fte kingdomof Jordan and fte kingdom ofSaudi Arabia, have anation, pohcy ft

133 million hectares are irrigated with sewage effluent (FAO, 1992).
„Norftem Nigeria during fte dry season waste water effluent is used for agricuHura.
reuse.I Mor.ver.ftewatermthiscaseisuntreatedandftisposesalotofhazardsforftehealftof
te fina, consumers of agricuttura. product. Tnus, fte purpose offtis project is ft evo.ve and
design asimp, waste water treatment p.an, which can be accessible and affordable by .ocal

i

i
f

I



I

(Aberuagba, 2001).

1.2 Aims

To established physio-chemical and bacteriological design parameters for the treatment of
1 domestic waste water into awaste water treatment plant.
1 *| 1.2.1 Objectives \\ . Tocor.nuc.awastewatertteatmemp.anthasedonftedesignspecification. |
\ - Tocarryoutaperformanceevaluationofftewastewatertreatmentplant j
1 - Todetermineefficiencyofthewastewatertteatinentptant. j

13 Scope and Limitation ofthe Study
TH.scopeofftisworkcoversftedesign.constiuctionandevaluationofatieatmentplantfor

I

domestic waste water only. \
u

14 Project Justification f

. Eliminate harmful effects of fte use ofwaste water for irrigation processes. |

. Step fte contamination ofgroundwater by untreated waste water.
- Stop fte creation ofhabitats for disease vectors. j
. taprovesoilconditionsbypreventingftebmldupofchenucalponuti^insoil.

Stop fte

rcontamination ofsurface water by untreated waste water. |

i



CHAPTER TWO
i

a

i

\ 2.0 LITERATURE REVIEW

i

-i

*

Water tieatment is aprocess of removing undesirable chemicals, materia*, a». biological
comatmnants from raw water. The goal is ft produce water ft for aspecific purpose. Most
^IlF^*rta-««-^0>*^'^te^»,,da*k*",,',ta'k'

! designed for avariety of other purposes, including meeting fte requirements of medic* ,
chemical and agricultural purposes. In general fte methods used include I

\

>

pharmacology,

physical process such as filtration and sedimentetion, biologica. processes such as s.ow sand
filters or

activated sludge, chemical process such as flocculation (WHO, 2005).

2.1 Screening

Screens is fte very firs, operation carried out at asewage treatment plaut, and consists of
passing fte sewage ftrough different types of screens, so as ft trap and remove fte floating
„*., such as pieces of cloth, paper, wood, kitchen refuse eft. present in sewage. These
floating materials, if no, removed will chock fte pipes or adverse* affect fte working of fte
sewage pumps. Thus the mam idea of providing screens is ft protect fte pumps and other
e^uipmen* from fte possible damages due fte floating matter of fte sewage. It should be
p,aced beforefte gri, chambers. Howev* if fte quality of gri, is no, of much importance as
in fte case of hmding fining eft. screens may even be placed after fte gri, chambers. Tbey
„, sometimes be accommodated in fte body offte gri, chambers themselves (Massoud and
Ahmad, 2005).

t



2.2 Primary Treatment

mfte primary sedimentation stage, sewage flows through large tanks, commonly called
"primary clarifiers" or "primary sedimentation tanks". The tanks are used ft setile sludge
white grease and oils rise ft fte surface and are skimmed off Primary settling tanks are
usually equipped wift mechanically driven scrapers that continually drive the coUected
sludge towards ahopper in fte base of fte tank where it is pumped ft sludge treatment
facilities. Grease and oil from fte floating materia, can sometimes be recovered for
saponification. The dimensions of fte tank should be designed ft effect removal of ahigh

\ perceutage ofthe floatab.es and s.udge. Atypical sedimemation tank may remove from 60%
J to 65% of suspended solids, and from 30% ft 35% of BOD from fte sewage (Khopkar,

2004). ;

L

2.2.1 Odour Control t
t

treatment are typically an indication of an anaerobic or "septic" j

4

Odours emitted by sewage

condition Early stages of processing will tend to produce smelly gases, wift hydrogen sulfide
,generating complaints. Large process plants in urban areas will often treat

fte odours wift carbon reacftrs, acontact media wift bi^limes, s»^ doses of chlorine, or
^^ fluids ft biologically capture and metebohze fte obnoxious gases. Ofter methods of j
odour contro. exis, inctading addition of iron sabs, hydrogen peroxide, calcium nitrate, eft. to ,,
manage hydrogen sulfide levels (ad, 2010). j

r

«

23 Secondary Treatment j-

if755rtfM*W*WWWL*^"

I being most common in generanngcompiaui«.-cu&.r r j
i
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I AS we., as further separating fte finer organic solids from fte liquids, fte secondary stage of
J treatment removes biological nutrients, in particular nitrogen, by way offte "activated sludge"

process.

23.1 Activated Sludge Reactors

These are tanks which receive liquid from fte primary sedimentation tanks. Activated sludge
is abio.og.ca. process in which microorganisms or "bugs" convert fte organic matter and

stable form. This is achieved in anumber of compartments m
converted intonitrate, its morestaoie iorm. .«"•=. t

fte tenk, in both fte presence and absence ofoxygen. Large mechanical blower units pump I
i

I
1 ft fte botiom offte tank This vigorous aeration forms particles of "activated shrdge", which

contain targe numbers of active bacteria, togefter wift ciliates, rotifers and protozoa Micro
organisms grow rapid.y under these conditions, consuming and growing on fte orgamc
material in fte wastewater.

2.3.2 Claiifiers

Aft, leaving fte activated sludge reactor fte tiqurd flows to large circular tanks known as
Carifiers. These tanks allow fte liquid ft decant before gravhating ft fte hue, end offte first
.ake The sludge, which seti.esft.he floor ofthe Carifier is removed and returned toftemlet
.doffte activated sludge reactor where it mix* wift fte incoming effluent ft continue fte
biological process. Tbe activated sludge process usually takes between four and eight hours
and fte advantage offtis meftod oftt^tinen, is ft* relatively Utile rand area is required, and
ft. quality of fte final effluent is high Some sludge has ft be discarded from fte activated
sludge reactor onadaily basis. This -wasted' activated sludge is very watery and is thickened



7

\
in fte dissohed air flotation (DAF) tank prior ft hbeing pumped ft fte ce.. .ysis p.ant and
then to fte sludge digesters (n.d, 2010 ).

2.4 Tertiary Treatment

Tertiary treatment typicaUy involves disinfection ft destioy any rernaining harmful bacteria

2.5 Sedimentation

Waters exiting fte flocculation basin may enter fte sedimentation basin also called a
clarifier or settling basin I, is alarge ,ank wift slow flow, allowing floe ft setde to fte

1 bottom The sedimemation basin is best located close ft fte flocculation basin so fte transt.
! between does not permit setilemen, or floe break up. Sedimentation basins may be
J rectonguku, where water flows from end ft end, or circular where flow is from fte centre
1 outward. Sedimentation basin outflow is typically over aweir so only athin ftp layer ft*

1 4ho»rsAdeepbasmwiUatiownftreflocftseraeomftanashaUowbasinThisisbecause j
} .arge particles setae faster than smaller ones, so large particles collide with and integrate |

smaller particles as they settle. In effect, large particles sweep vertically through the bastn j
anacleanou.smaUerpartic.esonfteirwayftutebotftm.Aspartidessettleftftebotio^ j
fte basin, alayer of sludge is formed on the floor of fte tank. This layer of sludge must be
removed and treated. The amount of shtdge ft* is generated is significant, often 3ft 5
percent of fte total volume of water ft* is treated The cos. of treating and disposing of fte j

f

8 [

t
<
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J

\

fte tank can be taken out ofservice when the bottom needs to be cleaned (Gilbert, 1998).

2.5.1 Sludge Disposal

Waste water treattnen, processes produce large volumes ofsludge. Thetreafttentanddisposa,
of fte sludge is one of fte major problems in wastewater treatment and accounts for about
50% ofthe total cos,. As fte sludge will undergo decay and produce offensive odors it has ft
bedisposed offina proper way.

15J Disposal ofTreated Sewage or Sludge Disposal
Sewage cannot be simply disposed off due ft their microbiological and chemical

characteristics. Only after proner tieatm* ftey can be discharged, fta, fto in aproper way.
Disposal of treated sewage into water bodies and lands and recycling of waste water have j
raised objections from fte public. So fte methods of sewage disposal should ensure certain
percent safety to get public acceptance. The meftods for fte disposal of sludge and effluent
are different from each other.

2.53 Disposal Into Sea

in treatinen, plan* which are located near coastal areas disposal of sludge inft sea can be j
practiced. If fte site of disposal is deep water areas there will no. be any environment
problems. However, agitations have been raised worldwide against fte disposal into fte sea
2.5.4 Disposal ByLand Filling

The increased cos* of sludge disposal paved the way to develop new technologies which will
reduce fte amount of sludge produced in sewage treatinen,. Water tteatinen, produces less j
sludge than fte sewage treatment. Mor«,ver sludge from water treatmera has low organic ._
content and hence can be disposed by landfill wiftout any objection. Sludge from softening |
process contains high content of calcium and in this way desirable for agricultural use. I

9
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1

1

Sewage sludge - also be used as alandfill materia, thus becoming auseful way for land
reclamation For example, i, can be dump* in old quames. Bu, ft«e is apossibility of
groundwater being contaminated.

23JS Disposal By incineration

Where tiansport cos, for sludge disposal is high, for example if fte disposal site is far awa,
. from fte treatment plan,, incineration is the best alternative Incineration is afco particularly
! useful in cases in which fte sludge conteins toxic chemicals making their disposal
j environment unacceptable through other routes. Rote. multiple hearth type incinerators
\ „ widely used for sludge incineration Fluidized bed furnaces are also becoming popular.

J s^gcombustionHoWeve,,nfts.mcineraft,requneme,oilforefflcien,combusti»
J Me, incineration fte resulting inert ash is easily disposed. Still the shrdge disposal by
| mciiterationposesapotentialenvironmentalproblem
J

' 23.6 Centrifugation
J This meftod has no, been practiced much as i, is less efficient mdewatering and ,s a

1 .entieofbowlRapidrotetionofftebowlftrowsftesoUdftfteouteredgeofftebowl.
'! Scraper blades remove fte solids deposited on fte edge.

to fte treatment plant for further stabilization (ad, 2010).

2.6 Aeration

^-ft..ft.-««^~—to^«"*"','t ^^
of fte helpful microorganisms is sped up by vigorous mixing of air (aeration) wift fte

10
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wm

, * *t,d sludge) and fte wastewater. Adequate oxygen isconcentrated microorganisms (activated sludge) and
„♦;«» w<»l The ratio of food (organicsupplied ft support fte biological process *avery active level. Thesupphedto aMbMimnUallymoniftredandadjustedftntee,dailyvana«ons

matter) to organisms to oxygen is contmuauy i

^.---.—--*--«^--h,,---,,p""T

^ft.^----..*.--*-*-1'—-'*""* tft- These eel, tissues are ften subs^uentiy removed. The conversion is done ustng j
oxygen. tATypicalSurface-AeratedBasm(usingmoftr*ivenfloatingaer«.ors) ,

I

^ft»lJ»M^----«*«~---ta*•-,*•,,,,ta,**'

ft.^^*«..^^^-^^fc0^",,,,"dta
dispersing fte air and for counting fte reactents (ft* is, oxygen, wastewater at* nncrobes).
1)pW,ft.ft^-^-«---"h-*---'0',ir,*,h*,'",J"
27kg O^W-h However, ftey do no, provide as good mndng as is normally achieved -

as activated sludge units. Biological oxidaion processes are sensitive ft temperature and,

aerated vessels operate at between4°C and 32 »C (GUbert, 1998).

n

<
i

I
b

I

\
[



L6.1 FBter Beds (Oxidfetag Beds)

trickling filter beds are used where fte! molder plants and those receiving variable loadings,

\ .sopmvideasoutceofa.which^.tesnpti.oughfteb^keep.gi.aero,-^

or9mic content This biofibn , often grazed by i»^ .arvae, snafc, and worms which help
^.c^ft*-0^-«~*^,<to'ta,"*'to
clogging ofthe filter media and ponding onfte surface.

2JS2 BiologicalAerated Filters

I Biological Aerated (or Anoxic) Filter (BAF) or Biofihers combine fihration wift biological

Tne dual purpose of ftis media is ft stupor, high* active bioma. ft* is attach* ft it and ft

t

1

1 sometime achieved in asmgle reacftr while nrhate conversion occurs in anoxic mode. BAF ,s |
\ operated enher in up flow or down flow oonfiguration depending on design specified by ,

V

'• manufacturer (Kingston, 1998). j
| I
I 2.7 Filtration I

♦ <w the water is filtered as the final step to remove remaining jAfter separating most floe, the water is nu»c j

suspended particles and unsettled floe. \

\
12 *



2.7.1 Rapid Sand Filters

partic.es i, larger ft. *e smal.es, suspended particles,

particles. Bffective fixation extends into fte depft of fte fi.«er. This property of fte futer
^toits operation:^ fteftp layer of sat, were ft block al, fte particles, the filter would
^yclogTocleanftefilter, water , p.sed qutekly upward ftrough the filter, oppostte
fte norma, direction (called backflushing or backwashing) ft remove embedded particles.
Ptoteft*«^*^*^*^to^*to^,'',,"k,,P*'
competed filter media ft aid fte backwashing process; this is known as air scouring. Tnts
comaminated water can be disposed of, along wift fte sludge from fte .edimentation basm,
or it can be recycled by mixing wift fte raw water entering fte plant Some water treatment
plan* employ pressure filters. These works on fte same principle as rapid gravity ft-.

i ~Ain a«t«»1 vessel and ftewater is forced throughdiffering in that the filter medium is enclosed in asteel vessel ana tn

it under pressure.

2.7.2 Advantages:

. Filters out much smaller particles than paper and sand filters can.
. Filters out virtually all particles larger than their specified pore sizes.

They are quite ftin and so liquids flow through them fairly rapidly.
. mey are reasonably strong and so can withstand pressure differences across ftem of

typically 2-5 atmospheres.
- They can be cleaned (back flushed) and reused.

13



F0I drmkhtg water, membrane fitters can remove virtuaUy all particles larger man 0,um
includmg,ardia and Cryptosporidium Membr»e filters are an effective form of tertiary
.r^whenitisdesir.ftreuseftewaterforind.tiy.forlM.eddomesticpu^es.^

rfftft used ft industiy, particularly for beverage Ration (includmg bottled water).

phosphorus, nitrates and heavy metid ions (Bobbins, 2003).

2.73 Slow SandFilters

Slowsa^filtersmay boused witere ftere is sufficient land and space as me water must be

^^*ft**.,*-^«-—"^-,"7

ft.ft^--.-.-*-->^--*'--*-,*r•,*-,l,*"surfaceof fte fitter. Aneffective slow sand filter may remain mservice for many weeksor
_ monfts if fte pre-treatmen, „we,, designed and produces water wift avery ow
availab,e nutiient .eve, which phystcal meftods of treatment rarely achreve^Very low
uu^en, .eve, allow water ft be safely sen, ftrough distribution system wtft very low
,,ft~~^—~'------",,*rf~"
^iT^-^-^---^^--,-,,4,'i,r!

-ft-ft.-----•.-«-••'--•---,-,,,,,*•M,
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really no, sufficiently dean enough to be used directiy for drinktng water, fte w**
l.ft,ft.-------*—-—**-,h•,,-',,i,"
^ft.fti-#--—------,,*,,,-<,**W*

t

2.1A Lava Filters *

layers„ftoa,bb,esandaftpteye,ofnu^m,-fieesoi,(<m.ya,fteP--»--
ir-pori^ng ,„, (such . ** — - — — " ^

^l~.-.«^~-^-~~*"',",,,',d
the bottom layer (Kozisek, 2004).

2.8 Removal of Ions and Other Dissolved Substances

nation membranes use *- — - « *-".orestr.canbeusedftfi.teroutd^sub^avoidtngfteuseofcoagula^^e

rf what sizes ofmicroorganisms can be filtered out

, exchange systems use ion exchange resin- or zeolite-packed cohunns ft
Ion exchange: Ion exchange systems us trmmmiaf

„• The most common case is water softening consisting of removal ofreplace unwanted tons. The mo, comm rk.tartrCa-andM^ionsreplacingftemwiftbeni^XsoapfitendlylNaorK
Iestas m.so used ft remove toxic ft- such as -ft*-*- — —
manyothers.

15
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J 2.8.1 Electrodeionization

1 water is passed between apositive electtode and anegative electrode. Ion exchange
1 membranes allow only positive ions ft migrate from fte treated water toward fte negative

J .reduced wift aftft worse degree of purification in comparison wift ion —*

J 2.8.2 pH Adjustment
! Mstil,ed„,erh.apHof7(neiftera.k,men„racidic)andseawaterhasanaveragepHof

83 (slightly «** If- water is acidic (lower man 7), lime, soda ash, or sodtum
hydroxide is add* ft raise fte PR For somewhat acidic, alkaline waters (lower man 6.5),
forcedftafldegas.fiersareftecheapestwayftraiseftepH.a.fteprocessraisesftepHby
s.rippmg dissolved carbon diox.de (carbonrc acid) from fte water. Ume is commonly usedforpHadiustmentformunicrpalwater.oratftestertofatieatmentp^forprocesswater,

.»**«—-*—-»"—*—i-",i-'7 |^r slightiy alkaline ensures ft, coagulation and flocctnation processes work effectively j

pipefiftngs.Acid.HClorH^maybeadd-fta.ka.mew^insomec.cun^ft
. ,w not tiecessarilv mean that lead or copper from ftelower fte pH. Having alkaline water does not necessarily m

phnnmng system wil, no, be dissolved mto the water bu, as agenerality, water wiftapH
^ove 7is much less likely ft dissolve heavy metals than awater wift apH below
(Zagorodni, 2006). |

I 2.83 Flocculation
t

16



or colour so fta, *e water is dear and colourless. Clarification ft done by -ft. .

Mal,y fte precipe forms as very small particles but as fte water rs gentiy[, efter,oformmggerpartides-ftisprocessissometimescal.edflocculation
particles stick together to torm Digger p

^e of ftese sm.1 precipitate p^les - so get ftW- .ft fte ft, P-* j
lI,offtewaterandisftenfi,teredoff,general,ybypassingftenuxtureftrou^a

* „,* and oranulated anftracite (high k.oarsesandfilterorson^nres^amixtitreofsanda^gran,
agents that may be used include:oarbonandlowvolati.es coal). Coagulan*/flocculating,

^^hydroxtde.Th.tsformedbyadftngasoluti.tofanuonOn) compound
suchasnon(n,cUorideftpre-«eatedwaterwiftapHof7orgreater.hon(1I0
hydroxide.extteme.y-uble-forn.evenatapHas.owas,.—
ft— of ft. salts were tiaditional, marketed in the UK under fte .me

"lium hydrox.de *aUo widdy used as fte flocculating predphate « J
ft. have been concerns about possftle healft impacts and mis-handUng led ft a
mere uavs. "~w~ ,

. Polydadmac ft an artificrally prCuced polymer and is one of aCass of synthetic^ersftatarenowwide.yused.Thesepolymershaveahighmo.ecularweightand
rorm very stable and re* removed floes, bu, tend ft be more expensive muse

17
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(mpared ft inorganic materials. The materia, can also be biodegradable (Dormer,
i C01

I

\ 1991)

i t-| 2.8.4 Nutrient Removal *

ftft.—*-^«~-'',—*,,~** i
. ^ableandeva-y most of ftem die. The de«mpos.tion of fte algae by bacter,a
1 lupson.chofoxy.eninthewaterft-n.torallofftea^alsdi.whrdt^tes

| some alg, spedes produce toxins mat —ate drinking water supphes. Dtfferent ,

. effected through fte btologica, oxrdation of nitrogen from ammoma ft—ft*
—followed by — - — -- *— - ~-J)
*-.ftftft*--*.—-**1—^7,aerobtc process, each step fad- by a— „ of bacterta The ox,d*ftn
—*» ft -**»* - -—*—-* r;

..ugh«—* -*- - -—* "—w (m,ro :

te appropriate -ft- commun.es to form ,t ft factiitated by awide ftverstty ohactel Sand fittors, ^ and re. b^ can al, be .ed ft reducenitiog. b..
I M sludge process (if designed wdl) can do fte )ob fte most easdy. Stnce

18
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ft-ft^ft^-^------'"-----*-'"^;

^ ft— Many sewage — - - - flow pumps ft — -
i ^sareoftenrefertedftasn^M.edUq.rKe.c.epumps^pumps,
I

I
•I

I 2.85 Phosphorus Removal

* • - tn.it is alimiting nutrient for algae growth in many freshPhosphorus removal is important as it is alimiting
! • ^, of algae see Nutrient removal). It is also particularlywater systems (for negative effects of algae see
I t„™ where high phosphorus concentrations may lead to foulingimoortant for water reuse systems where mgnpnup

! 7*———-•—---'•---niiftZ! ftapmcesscaUed^Mo.og.ca.phosphor.remova.. ft*.—*.-*—
! ca.ll phosphate accumulating organise (PAOs), - selectively —. -

: ft.--—.^^--^-'-•'--^tl-.rave ahigh fertilizer value. Phosphor, rental can also be achieved by chemtca,
1 „ ,„ofiron(egferriccWoride),alununum(e.g.a.um),or.1me.:. preciphation, usually wtftsalB of rron (eg tern
i «. tnay lead ft excessive sludge productions as hydroxides precipna.es and *e —
i Temtcal can be expense. Chemical phosphorus removal requrres signdicanuy smaUe
< !,_»---«---—^————-"Tft-tl, 1 biological phosphorus removal. Another method ft, phosphor, removal . ft -

eouhosphorusintheformofaphosphaterichsludge.maybe
granular laterite. Once removed, phosphorus, in\ ^redinalandmiorresoMforuse.fertilizer^uravievaMGorsrd.v^C^).

I

I
f
r

i
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CHAPTERTHREE

1 3.0 MATERIALS AND METHOD
31 Description offte Study Site

' nducted on the premises of Federal University of Technology Mmna,^ project was conducted ^^flfttaft,^
i Bosso Caucus, Niger State. Bosso campus (latitude 810«* and
S „nfNkeria The vegetation ofMinna consist ofand 7°30°E) is in the southern Guinea savanna ofNtgena The
' .,• -. .hn*s •yililaria paradox, vitex damanscattered trees such as mango ««•*« mie*. shrubs .«M.

xh* rainv season begins in April and•a wh Hrv and wet season. The ramy sedbou u*&"The climate alternate with both dry and w

^fto—*-—----•-a-D•",0"*,,"
u-i w the influence ofharmattan (tropicaloccurrence (N1MET, 2010). The dry season. marked by fte mfluen

—•—"—• -r:r.:rrrFebruary. The mean monftly temperature ranges from 2,01

I!,—-*—-—~k ftom—- ***s".chann^e^eced to fte ma, schoo, dtanne. fbr *scharge of don«sric

fT^hnoloav Minna, Bosso campus to Ayan- gwan area offtrough Federal universe of Technology M ,
Mitma, Niger state of Nigeria Then* chapel serv^ as source of

20
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3J Experim«talD«ig»ofth.Tr«ati»e»,Pla»«

3M Besign.fTreaanen.P.ao, ^^.——-*--»

aeration and filtration

Influent

Sludge.

mM • ^cesses of fte domestic waste water treatment
Fig 3.1. Flow diagrams for the operation processes

plant.

"J ^^rrectedonfte^ofprdn^-eslikedetermhting
»*"**~~*1?<td.fferentgradesofsands.htfteco.seofco—g
rfng velodties, and permeabdity of dtfferen, grad

i ^ ^t,P following matenals were unu/«ufte domestic waste water treatment plan, ft. ^
,011 v»lves Elbow, Back Nut, Adapter, Pressure «pBucke, Union Lmt Ball Valves, Elbo^ ^^^

o«^ Wooden Stand. The sedimentation, aeration anOxygenPump, and Wooden Stan ^^^^imentation tank for domestic
odrilled at fte top-most part offte semmenuuAplastic. Anonf.ee was dru>ed a, ft V fer ^ and

^ water ft* into fte tank. Anofter onfice was tinned ft

21



Fnet=(^-^)gVP

V =Velocity ofparticle (m/s)

particle is accelerated in fte direction ofthe force:
(3.3)

Where,

Pp =Density ofparticle (Kg/m3)
p=Density ofwater (m)

I g= Gravity (N)

i V„=velocity ofparticle (m/s)
1 This net force becomes fte driving force.

! <--—*—.~"-^--'•'i•',,•",,,~,l•,•'
is caned fte drag force, is quantified by (Gilbert, 1998):

! * (34)

3

i Where, r

j Fd =Dragforce(N) |
ICD= Drag coefficient |

] Ap=Projected area offte particle (m2) |
I y =Velocity (m/s) [
| 3 i
\ P= Density ofwater (m) I

1 u * Hrae force equals the driving force (Gilbert, 1998).J reached at a point where fte drag force equ j

Where,

23
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tarn

CD= Drag coefficient

Ap=Projected area ofthe particle (m2)
V=Velocity (m/s)

p=Density ofwater (m )

g=Gravity (N)
For spherical particles (Gilbert, 1998)

I 2 4gQ»~ffi
\ Thus, F ~ »*»*

¥j, =—andAp- 4
(3.7)

• • f^iffpn-nt flow regimes. For Laminar,ExpressionsforCochangewHhcharactertsticsofftfferentflow g»n
Transition, and Turbulent flow, are (Gilbert, 1998):

c = B (Lamina)
(3.8)

(3.9) \^ =2+̂ (Transition) |
(3.10) I

Cd= o.4 (Turbulent)

Where, r
i

CD= Drag coefficient

A^ projected area offte particle (m2)
g=Gravity (N)

Vp= Velocity ofparticle, (m/s)
Re= Reynolds number

1
=Density ofparticle (Kg/m) |

f
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^dsnum.rlessftanl.O.dicate.^narflow.whaevalues.eaterftanlO.dicate
,—fto.. mtermediatevaluesindicatetiansitionalflow.

• +»«v i« a kind of aerated lagoon. Air is suppneuThe aeration tank is a iana o , m-0vided by
-i mOliver oxygen to fte aeration system is typically proviapump. The equipment used to deliver oxygen

Table^JipicaLA^^Type ofAeration System Mva1^
Course bubble diffuse aeration

Fine bubble diffuse

Mechanical surface aeration

"Source: (Hunt, lW
3^.4.1 Calculation OfOxygen Required

m«r«l for BOD oxidation in aeration basins:The amount ofoxygen required for Buu o
Oreq.BOD =(BODm-BODef)8.34Cor,Q

Oreq. BOD =1,668

20to30scfin/1000cu.ft.

7to 10 scfm/1000 cu.ft.

0.6tol.l5hp/1000cuft.

(3.11)

Coa=10 Pounds ofoxygen

q =1Municipal waste water

required per pound ofBOD removed,
flow in tens of gallons per day.
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3^!,-——*-- Rte(Fom)oftheMechanicalAerationSysten,TocalculatefteFieldOxygenTransferRate(FOm)o
. isforfteeffectsofsurfactants,temperature,sahmty,etc.

4 This equation is for the enec nT_R19
i • T««n =25°C therefore CsT-8.iy1 ExampleforDrySeasonOperation-Temp.

j FOTR=LabOTR\ cg20 / ^
1 Dry season: FOTR= 1-27 (O^p/hr)

(3.12)

3.2^DMi«se4 Ae«a.nSystems ^ ^ ^ rf
-i ^ oxveen Transfer Rate (SOTR). inis> *hTo calculate fte standard Oxygen inn

.„u«itv membrane fouling, etc.surfactants, temperature, salinity, memo
i t««™ =25°C therefore Cs,T-8.19| Dryseason:Temp.-^^u (313)

* SOTR= CfSEiE'
*

3

i

r

Dry season: SOTR=378 (02/hr) ^

Where, 0 |
Cs20=Oxygensaturation concentration for tap water at20 .
Cs20-Oxyge teffiperature ,C^Oxygensatu^onc^centiationcorrectedo^ti

| Cw '̂OperaungdissolvedoxygenconcentiationH,^ |
I ^n^*^1*18; ^^^correc^forcor.tituentsmtitewastewater |
] p. 095 (MwastewateryCs (tap water). This term ^
] whichimpaCftesolubilityofoxyge«(Hunll996).
I 3.2.5 Design OfFiltration Tank

FromDarcy's law, p 14^

r =? =iCT

26
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Where,

K=Permeability of filter material

V =velocity (m/s)

q =volume (m)

A = area (m )

S= Hydraulic Gradient.

is rvelocity of ft. water flows ft. ft. « — -- ~ — ^
calculated. (3.15)

Q = LBH

Where,

q =Volume (m3)

L = Length (m)

B = Breath (m)

H = Height (m)

= 0.6 x 0.4 x 0.54

= 0.1296m3^isftequantityofwaterftechamberwilltekeforftereftbeaflow.

Q=0.1296m3

„ , •«„_«_ J£2L- = 054«/sVelocity---^^4

Thisis the velodty a, which water entersftefflter bed.
Assumeftepermeability for fine sand=0.3 xlO^cm/s

An° ©3xnr*

To find fte depft of sand and gravel, we use fte assumed Aft.
From Darcy'slaw'

27



Km0
L =

_tyxie'8^^ —culm - 10cm
K forfine sand - 0,s*

Kforgravel =2xl0'1m/s

AHo=18cm=018m

V = 0.54m/s

The

L 3.54, ficmThefilterisdesignedsoftatftedepftofftefinesandis
depth ofthe gravel =6cm. The filter

while ftat of gravel is 6cm (n.d,2010).
about 10cm

33 Tank Calculation

Fi&34.Thetank diagram showing ft dimensions
Volume(vH*f«R2+Rl+,3)

Where,

Tankheight (h) =0.35m

Top radius (R) =0.30m

28
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Base radius (r) =0.28m
V=ix-x0.35(0.302+0.30 +0.28 +0.28)
V 3 7

V = 20.8Uter

3.4 performance Evaluation

^41 Parameters Evaluated
•„Hhv treatment plan, are; Biochemical Oxygen Demanded,The major parameters evaluated by treatment p

0^o^D---*»*--*•~fcl,-a,,*•i^
3A3 •—« ^^^ft-*.-.-
The sedimentation tank was filled to uv

:lZ,--e lead.g ft ^ filtiation - was opet. Tbe wa. san^le

ta*«,«ftfl.-«-••*to'*"-",m',W,•thp filtration chamber, it rose m me v, i

cess proceeded The water sample s,arted seeping ftrough fte fine sands and
filtration process proceeded h„ The water was collected in apavelsftfteunderdrains.Tnis»owleadftfteou,l«chamber.Thewater

L —ft..**—--—fc,*fc,-,—~ IMyftesludgeoudetvalvewasopenforreleaseofsludge. |
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M Wastewater Treatment Plan, Costing
^ebdowdescribesftema^alcostingoffte wastewater

TABLE-L2.
Ma^al^osftiaofJieato^tUnit

5

6

7

8

9

10
TOTAL

Gum
Ball valves
Union link
Tank stand

Back nut
Pressurepipe

Plastic
bucket
Plastic

Plastic
Electronic
device
Pvcgum

Plastic
Plastic
Woodstand

Plastic
Plastic

7

l(6m)

treatmentplant.

400.00
300.00
200.00
500.00

200.00
500.00

800.00
1,200.00
4,500.00

400.00
1,200.00
400.00
1,500.00

1,400.00
500.00
13,500

Material = M13,500.00
=20% oftotal material cost taken to

me labour cost oftreatment plant.
Labour cost

Labour cost:

1350. Kg-**"*""
Cost of fabrication offte wastewater
=M 13,500.00 +^2,700

=M16,200.00

treatmentplant material cost-Mabour cost
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CHAPTERFOUR

4.0 RESULTS AND DISCUSSION

4.1 Results ofPerformance Evaluation
42 Result for influent and EffluentWastewater

T,eTable4,^~~«**^^**~~~~
plant.Ihisftcludesfte^^
Table 4.1. Results of influent and effluent wastewater.

S/NO Parameter

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

1

2

3

4

Physico-Chemical
Bicarbonate (HC03)mg/l
Phosphate (P04)mg/1
Chloride (Cl)mg/1
Total Hardness mg/1
Total Dissolved solids mg/1Biological OxygenDemand (BOD) mg/1
Nitrate(N03")mg/l
Chemical OxygenDemand (COD) mg/l

Electrical conductivity (uS/cm)
Calcium (Ca)mg/1
Sodium (Na)mg/1
Potassium (K) mg/1
Magnesium (Mg) mg/1
Dissolved Oxygen (DO) mg/1
Sukphate(S042")mg^
Iron(Fe) mg/l
Temperature CQ
Bacteriological
Faecal Coliform(CFU/100ml)
E.coli(CFU/100ml)
Total Plate Count (CFU/100ml)

influent Result Effluent

Result

143.6 0.00

5.27 3.49

165.0 0.30

45
0.25

89.3 84.7

100.0 0.4

0.65 0.22

165.0 0.00

9.16 8.4

598 169.3

50 0.51

173
0.036

72
3.63

0.30 0.24

1.29 0.70

212.5 28

0.63 0.27

28
30.8

186 14

163.0 0.00

349
18.0

0.0 0.0

*, K««lts with FAO Standards for Irrigation4X1 Comparison of Treated Wastewater Results with FA

Water Quality

The table 4

standards for irrigation water quality.
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Table4.2. Comparing fte result

S/NO Parameter

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

1

2

3

4

l^hysico^Chemicar
Bicarbonate (HC03)mg/l
Phosphate (PO^mg^1
Chloride (Cl)mg/1
Total Hardness mg/l

Electrical conductivity (uS/cm)
Calcium (Ca)mgA
Sodium (Na)mg/1
Potassium (K) mg/1
Magnesium (Mg) mg/l
Dissolved Oxygen (DO) mg/l
Sukphate(S042')mg/l
Iron (Fe) mg/1
Temperature ( <-)

?Sric^(CFmoomi)
E.coli(CFU/100ml)Total Plate Count CFU/10«
_Sataonella^^

Effluent Result

0.0

3.49

0.30

0.25

84.7

0.40

0.22

0.00

8.4

168.2

0.51
0.036

3.63
0.24

0.70

28.0

0.27
30.3

18

0.0

18

0.0

FAO
Standard.

1.88

5.0
100-700

<1000

2.0

6.5-8.5
<260

1.41

0.89

0.44

2-7.5
500

5.0

<100

43 Discussion ofResults

43.1 Physio-Chemical Analysis ^^ ^ .^

———-1ZZ 'ft* -ectiveness of fte sedimentation unit The

— • a «,+ rf»D was very high.
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OOmgA, the pH of influent wastewater was
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^uctiv, was mgh It - «ft*-~, -was reduc. ft H» ^
• ♦ »a of increasing it was reduced to 0.70mg/l, it• - ♦ nn was 129 mg/l. However, instead of increasing,

influent DO was \.n ™&i.^esfted^ontin^wasnotenoughinfteaerationunlta^noteABBS.,^,

am Bacteriological Analysis
4.3J. »a«« * bacteriological characteristics

♦ «w was effective in reducing fte bacteriologyThe wastewater treatment plant was ettecuve

offte influent waste water sample., rform was 186 CFU/lOOml and this was brought down to
The influent faecal coliform was iso v.r

.^^-.^-ft,-^--———»««~~--«

ip, However, ., was - - — ** «- *" ^
Z- ** effluent waste water ft— —n agah. »0 stendards
irrigation water quality. „,«,<*,-

J BOO level ft ft. —- -*- ~ " *"̂ '^
,, of 65-85 fte dissolved oxygen in the effluent was

falls between fte FAO standards of 6.5 8.5, me
talis oerwe However, this is not

^ ,« «rith the FAO standards of2.0 - i.zw&l>l0.07mg/l, this did not meet up wift the FAUit imolies that the detention time for aeration not enough The effluent
supposed to decrease, it implies mat tne
J 16S2PS/cm ftis is less man fte maximum recommended .eve, of 26 pS/cm fte
EC was 168.2 ub/cm, una « -^^wd ofIgOmsA this falls under fte maximum recommended standard
effluent sulphate was 28.0mg/i. nut, i«u

, ,f„™ was HCFU/lOOml. this falls below fte requued50mg/l. The effluent faecal conform was MU-u
.^umrecommended level at 100 CFU/lOOml.
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„3 Sftft*-A-»* ,was redout, using the Microsoft excel.
• • , „»iv™ of the treatment plant was carneu o* ""tftt-- effectiveness of fte tieatinen, „- and how eff,cien, ,s fte

^nncplan,. The- ^ mdgrapWcall,Thestetistica,analys.s
plantfromlaboraftrywasusedftana, ^^^^offteeffluen,
auoenableftplotabarchartindicatrngfteeff. . ^ md Correlatlon

are shown in Appendix A.

Fig 4.1 Bar chart showing
the bacteriological result of the influent and effluent result

Ota*** fA0Stand3^_^ tt*X*i***

FAOstandard
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Fig 4.3 Bar
chart showing the physio hemical result comparing

the effluent result with

FAO standard

ftchemica-resuHoffteiuBnentandeanentresul,
m4.4 Bar chart showing the pnysi
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CHAPTER*^

50 CO^O,—Oft—- I
5, C-— pl0bl6ms ind.efature.To decrease tins \
pftblem, new ways of water use must be .^ ^ fte irrigation of

• ,♦, «i areas land scape and go* w ,^1;,^ Thus I. *• „ r.f agricultural areas, *«* , fertilizers-

—-—:ni—-——r;VroiKa ft fte vegetation penod - be operated seasonal

version from anmto.aftni-e.s^^^^,^
—-— —"-*^ — *-— "^Mnitrification after periods wiftout NH. ^ rf fc ^^
option, wastewater —-*-** *
*— tan, was very effective in contioumg,he pa»oge»o
^domestic waste water^^^^wnceutiation in hmuent wastewater
^chemicalloadofftewaste -ft*< lw ^^uued TAO standard of 1SS,
-»«*«-»-*-^c^Lwasbroughtdownft!-^^
^.calcohfonnoffteinfl—186C noo CUF/ml, of FAO stendard The
ft*-** — —*^fc^-~•<*•-•
—-——nft.-—-* —-—"*•watertieatinertp.aotwasde.ermmedbyusmg
e^ivenessandefticiencyofftetream-P-
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5j -~~Z~**~-~~~~*"*%'Future research projects have

process, which seems to be succe

,easonal

be realized. This may ^^t plant seasonally m
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accurate results ftomfte use offte waste water

39



REFERENCE
,qanitatioa John WUey and Sons inc.

,* (1992) Environmental Engineenng and Samtatioa
Newyork3riEditionPpl-20 ^ Control William Daniel,

„,»1 Pollution Monitenng and Contro
Kh.^S-M-(M04)EnV1IOra^

NewDelhil.Pp229 Wastewater Management for
M^T and —A (2005). ft—* Approach

«^-«-A^"::L, ^onmen,«-
, ntttt Sewage Pollution Control. United nsKings**,. (M «•• ^^^^l*-

T——**- ^ nation Measure ft Water Quatity
H^g, (1996) Apractical Guide To Energy

^^^"Tirioffte.oti.eSoUoffte.niversi^ar,
Iysu,da,O.A(2008).Nitioga,andsodReaa.o ^

Unpub.ish (B. Tech, Projec,-p— "*-8-*
Technology, Minna, Pp26.rAO,(1992,.Sun^^o--reuse,FAO,Ro»e.^ ^

Pp7°"8° ^ «ilUncNewYork.PP15-35

l-ft*. I* <**»). Wastewater Engmeenng Edw
"5"51 • aridrerions E&F.K Spon Ltd, London Pp***.w* (1994). UrbanEffluentReuseu, and reg.cn

, dWaterReuseEngi,«ringBrockNewDelhi..Pp51T»rf„er,T.B.(1991)Env»omenti*a»dWaterReus

• 80

40



Mnravlev, J. and <**** D. (2u00, Environmental Engineeting. John Wiley and Sons
Inc. New York, Pp45-52.

Wikipedia, 2010. Waste water treatment from

^.,/^^.^<^—'• w founda*on- tac ^ *"
06 - 2010

41



S
U

M
M

A
R

Y
O

U
T

P
U

TRegression
Statistics

M
ultiple

R

R
Square

A
djustedR

Square

Standard
E

rror

O
b

se
rv

a
tio

n
s

A
N

O
V

A

R
esid

u
a

l

T
o

ta
l

In
tercep

t

E
fflu

en
tR

esu
lt

|
-
^
w

i
f
i
W

"
*

0
.8

2
1

7
1

9
5

4
2

0
.6

7
5

2
2

3
0

0
6

0
.5

1
2

8
3

4
5

0
9

99.661890534

J
L

74.43939394

12.50757576

A
nova:

Single
F

actor

s
s

4
1

3
0

0
.0

1
5

1
5

19864.98485

6
1

1
6

5

6
9

.9
3

5
6

8
5

1
5

6
,1

3
3

7
6

5
3

5

t
n

w
y
"
»

y
y

>
~

M
S

4
1

3
0

0
.0

2

9
9

3
2

.4
9

2

1
.0

6
4

3
9

8

2
.0

3
9

1
3

5

4
.1

5
8

0
7

2

0
.3

9
8

6
4

9

0
.1

7
8

2
8

A
P

P
E

N
D

IX
A

SignificanceF

0
.1

7
8

2
8

0
4

6

-2
2

6
.4

6
9

5
7

3

-1
3

.8
8

3
8

8
6

5

3
7

5
.3

4
8

3
6

0
5

3
8

.8
9

9
0

3
7

9
8

4
2

-2
2

6
.4

6
9

5
7

-1
3

.8
8

3
8

8
6

r35»w
P

tiv!iw
w

T
T

,'*w
rw

w
"*T

"*J,""w
IW

''
l^

in
n

;
ri—

JTEn

U
pper95.0%

375.3483605

3
8

.8
9

9
0

3
7

9
8

M
y

H
M

'yH
jU

V
J

ift|llW
»ffll»

w
tg

m
m



SU
M

M
ARY

_
_

G
ro

u
p

s

Influent
R

esult

E
ffluentR

esult

A
N

O
V

A.Sourceo
fV

ariation

B
etw

een
G

ro
u

p
s

W
ith

in
G

ro
u

p
s

T
o

ta
l

SU
M

M
A

R
Y

O
U

TPU
T

M
ultiple

R

R
S

q
u

a
re

A
djusted

R
Square

S
ta

n
d

a
rd

E
rror

O
b

serva
tio

n
s

A
N

O
V

A

1

6
4
8
0
8
.
7
7

1
6
4
8
0
8
.
7
7

3
7
5
9
8
1
.
1

3
4

1
1
0
5
8
.
2
7

4
4
0
7
8
9
.
9

3
5

0.785454247

0
.6

1
6

9
3

8
3

7
4

0.592997022

9
0

.8
0

5
5

8
0

6
41
8

5.860662
0.020972

4.130018

4
3

rw
.fn

*—
•«-*»

J
"
^

"
*

•«
*

«
^

•»
*

»
-
"
^

r



^aaB
jm

fcJSu™
.

,„
...«—

•-«•-
*

'
Stw

pr,<
--T?rw

-"
-
^



APPENDIX B

,*7 102.8 164.2 I***

2W3 °° °'° l74 1146 213 123.0 ,91.6 1«* «" "

- °° °:: «. - - - -»°°:
"" U2 l 31 156, B» 3U.0 310, 330, UM - «

"" °'° °'° l 315 «. *» *» *" 1611 13°»» 00 °'° " Z* ,358,193,52520,2W—3,2,1,6 0.0

45

0.0

0.0

0.0


