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Currzntly 3dout half 5f the sawage zreatad in the saasitive :sfshmeni: iz
Sourh Afric2 is surifiad by mea2ns of cthe bilologicsl filtar procasa.  The

popularity of s arocess can D2 arcribuctad te izs low maintsnaace raguire-
mants, low anargy usags, stability and celiability, as well as its comoliance
iard for =2ffluaants, 4 sarious limitation of the

da
process, howevar, 1s 1ts ipability to rsmove phosphare 2iclogically o any

Methods [for wupgrading of the biologiecal Filrar procass for the rsmoval of

phosphate have bean davaloped and tescrad in South Africa. However, critasria
for cthe optimal design aad oparstiom of such processes wars lacking. In
psarticular, therz wazs a aqsad For tha development oﬁ 2 chemical dosiag
siratagy o mini— mize chemicz! zonsumption, but assurs cthe attainment of
the =f{luent phosphate standard Zor at lsast 95 per ceat of the rime. The
advantages of a process which 1is operatsd optimally are minimization of;
1) chemizal wusage, (ii) sludge oproduction, (1ii) 2fFfluent salinacion,

(i1y) creatmenr zascs.

A considarable dzgres of uncercaiaty existad as zo che additional veiumes and
udge produced when a coaventional biolegical filcer tre=acment
warxs was upgraded for chemical shosphats rzmoval, Uncertainty zalso sxistad
zonsidering properties of the mixed bdiologicai/chemieal sludges farmed in
thess procasses. This information is crucial for the design of new works, as
wall as for upgrading sxisting works for phosphate ramoval. OFf overall Lmpot—

t2nce iz rtha incramencal cost associatad with rhe introduction of ohosohace

o

uring 1982 The Town Council of Boksburz commissioned a third [8M1/4 moduls

af 1t

LE)

Vlakplaats Siological filksr sawage treatmenc works. This moduls mads
provision for chemical shasphata removal and hences made it sminantly suircablas
for obtaining :he information outlined zbove. An agraement to obtaia this
information was eaterad into betwaen ch2 Water Rasearch Commission, zhe Townm
Council of 3Hoksburg and Scott and d2 Waal Incocrporated towards the and 1984.
The =2xpsrimental invesrigation lasted cwenty seven months (from January 1983
0 March 1937). During chils parieod cthe Viakplaats Works was inteasivaly

7onitarad, lsadimg to a bettar uadarstanding of che ovarall functioaning of

733440



che niplogieal filear  procsss,..2oth..with. zed . wichouc..chesmicalo . addition. .foz.

shospihace tamoval,

The introduction of chemical phosphate rtamoval it the Viakplaats works rasul-

L1}

z2d in significantly improved phosphate ramoval, i.2. from 25 to 79 par caat
fas zotal phosphacs), In tarms of the ortho-phosphatz load discharzsd ro the
warar saviroameat, chemical phosphnztz removal rasulrtsd i{n a decrsass from 325
to 3% kg 204-P/d, The cemovzl of organic and airrogenous mattar remained

of farric chloride did, howaver, rasult in za

n

3ssencially unchangad, The us

increased affloent chloride conmeantration and 3 decreased alkalinitv,

Tntroduction of chemical phosphate removal at the Viakplaats work ta comply
with the sifluent phosphate standard resultad in an increase in the total
treatment cost of about 30 par cent. The 95 per cent compliance with the
aftfluent phosphate standard was considerad too stringent 2nd rasulted in

stly chamical ovardosage and unnecassary inersases in affluent dissolved
solids, Tn order to minimize <osC znd chemical overdosage it was found
2ssential o optimize chemical addition by adopting an appropriats chemical

dosing stracazy.

rees chamical Josing stracagles wera svaluatad, viz, dosinz sroportionmal o
law with {2j a coastant racio {or dosage rate to unit flow vate, (h) an in-
areasad catis for dosage vate to unit flow rate on Thursdays and Fridays, and
(¢) dosage rztz adjusted on a "day of the week four weekly moviang avsrags for
chosphace concsntration” stratagy. The latter was the most successful
requiring 2,9 - 2,3 times the stoichiometric FeClqy P 2mount of Fally to be
dosed, whersas the other stratagiss raquirad 3,53 - 4,5 times the stoichio-

metric dosages,

Tha introduction of chemical phosphate rewmoval ac the Vlakplaats works re—
sultsad 1a significancly incrzassd masses of "humus" (biological/chemical)
sludge, Provision nad to be made Ffor continucus sludge withdrawal from the
Aumus  tanks in ordar te =snsura that ae solids carry-over took place from
these canks. The increase in 'humus" sludge mass nad a negligible affect
on ths ecotal sludge production of the plant, The physical characteristics af
e mixed Dbiological/chemical siudges did gner  sigaificacly diffar  from
conventicnal sludges and did not require any changes in tarms of sludge

deving or disposal,

73134AD
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The suitability 2ad 2ffzctiveness of wvarious itams of mechanical plant wers
montrtored durilag che project, Tha flow metars ware found Lo 52 unexpeccadly
unraliable. In gesnaral, the back-up recsived from vendors of flow metsring
zquipment wWas poor. A aumber of flow meter prablams werz addrazssed by rhis

iavestigarion, 1,2, "huating" #ith ultrz—-sonic flow meters, Lansufficient

w

protaction against zlactrical overload and lightning; 2nd no provision for

tamperidturs compensation. Once these oproblems had besn corractad, vasndor

back-up was required on avarags at about 3 to & month Lntsrvals, .

An iavestigatton of the 3South african Bursau of Standards (SaBS) snzlytieal
mathod for suspendad solids demonstracad that this zechnigua was not suitabla
far rha determination of suspendad solids =zt concantraciens baslow about 50

mg/l, and par:icularly for the 20 mg/l as specifisd by Ths General 3Standard

for aiflusnrs., Improved suspendad solids rescovary was obtalned whan using
Wnacman T/C er GE/D, or Rundfilear MNB3/90, filter paper, although cthe rsco-

vary was stili anly 30 per cant.

It is racommendad that:

£ 1]

{a) the aythorities give consideration to 2 more ovarall eifsctive phosphata

sontrol straregy. for =axampla, ths currant

atflusnt phosphate
standard czould be raplaced by a mora cost-effzctive "racaziving water'

standard;

{b) the 3ABS bs rcegusstad to ilavestigatz a2 standard for opan channel flow
metars so :chat cha raliabilicy 20d parformance of thass iastrumen:s,
vical o sewage plant operaticon and control, can b2 ragulated and

imorovad, and

Y]

{c} twhe 3ABS also be requested to imvestizara a more suitzble analytical
tachnique for the determinacion of suspendad solids at the rzslatively low

concanfrations spacifisd for 2ffigsncs
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CHAPTER 1| : INTRGDUCTION

i.1 BACEGROUND TGO TEE PROJECT
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Approximatsly 3 sawage Ctreated in censicive catchments in

e

per
South Afries 1is purified by meszns of the biolegiczl flltrztion process
(Brodisch, 1983}, The reasons for cthe popularity of this process zre the
following

Low malnt. ince requirements, low ensrgy usages, stabilircy snd reliability, and

1{ designed zand opereted properly, will produce an effluvent which compliec
with the Cenerzl Standard fer effluents. However, a serious limitation of the
process 1g its inability to remove sufficient phosphate from sewage to ensure
compliance with the | mg/l dissolved ortho-phosphace (ze¢ P) standard for the

sensitlve catchmencs.

Reszgarch oa rthz removal of ohosphate in bilologicel {:iliration procezses has
peen undertgken both locally and overseas. ChemiLcal phosphate removal was
dezveloped for this purpose and was svzluated on an experimentzi basiz by the

~a

City Council =2f Pretoria and the Town Council of Boksburg over the pariad 197%
ce L1983, Thiz eveluation, carried out iIn collaborarion with the Water
Research Commission, demonstrated that it is both technically and przctically
feasible to remove ortho-phosphate to conceuntrztions of lese than 1 =g/l (as
P}, The resulecs of thisz research and development work were pudblished by the
Water Rgsaarch Commission (WRC, 1%87) in =z publication gntitled "Guidelines
for Chemical Phosphace Remaval from Municipal Waste Waters",

The abovementioned study identified a number of facets of chemical phosphats
removal which required further research and development. Criteriz needed to
be developed for the optimzl coperation of the process at full-scale. OQther
zspects which required attention included the development of chemical dosing

gies to minimlze chemical consumptilon bur assurad attziomeat of the

a
L 1Y

ast 93% of the time. BScope 2ls0o existed

M
b

i
i

T

Ifluent phosphats scsndard for a

Isr optimizing the oaperation of the primary znd secondary clerifisrs, a&s well

22 cthe opererion of the anearobic digesters. The advantages of & process

-

T

which was operatsd optimally were seen ag the minimization of chemicsl usage

whilch in curn wouldé resyl

rT

in minimizing the sludge production, &ffivent

czlinsfion znd Trestment cost

[£3]



\Anacther ifacat identified as regquiring urgent attantlon was the suantificatien

af the additionel volumes and masses of sludge produced whem & conventional

—

biological filtretion worke was upgraded for chemical pheosphats -

4]

move

It was 2is0 considared ascessary to inves'cj_ga:a how the propertias {&.z. ros

ny

dewastering and drving) of the biologicel siudgss changed when chemicals were
ggzd 1a the process. Thi: information is reguired for the develapment of
criteriz far upgrading existing biologiecal filtration works, as well as zhe
design of new works. More explicit design and operation information was
required for ciarifiers, pumps, digesters and sludge drying beds, Since thess

iceme represent large capital investment, these criteria were considared to bs

h

of significant economic importance.

During 1983 the Town Council of Boksburg commissicned 2z third 18 Ml/d module

af

its Vlakpleats biological Ffilter sewage treatment works. The design of
rhis maodule, whiech was based om the findings and rscommendations of the
afore~mentioned ressarch and development project, made provision for chemical
phosphate rzmoval. This works was thereforz considerad eminently sutitable for

chtainin

=

iy

hz information and criteriz outlined above and an approprilats

in rhis regacrd was negotiated between the Watar Rasearch Commission,

1

EZr22mMEn

the Town Courncil of Boksburg and Scott & De Waal Incorporzted in 1984,

1.2 RESEARCH AND DEVELOPMENT PROGRAMME

The research 2nd development programme for the project coversd [wo maln
gspects Vviz. chemical phosphate removal from sewage, and chemical sliudge
praduction, :zludge handling and treatment, The tasks addressed undar aach of

these are set out below,

1.2.1 Evaluation and Optimization of Chemical Phosphate Remowszl

&} Compliance with effluent phosphate standard

had tc be developed to ensure compliance (for at

p o3
o
V]
o
m
a
e
T
-
Q
pus
]
P
ih
"t
Ly |
m
rT
m
0t

nt, of the time) with ths | megPF/l effluent standard. This
zntailed inter zliz the optimization of chemical dosing taking into conside-
rzrion the nourly, dailv znd seasonal chenges in r&w sewsge flow and phesphate

concentratina in the design and operation of the precipitacion and fioccu-



b} Optimel operatien of secondary clarifiers

The operation of the secondary eclarifiers wes te be sveluatsd 2o define
conditions for optimem solids removal and " -ace minimal colids carrv-ovar.
aspacts to De investigated wers : hydreulic and sludge rasidence time in che

setrlars, 83 well as the linear upward flow velocity.

c) Optimal operation of the primary clarifiers

Operetional procadures o minimize solids carry-over to the biological filesrs
znd thicken the mixed raw and chemical sludge szufficlently to minimize the
hvraulic load on the znzerobic digestars was to be investigated. Paramelers
which werez to be studied includeé the rsecirculation rate of chemical/humus

sludge,
d) Evalustion of the efficacy of the plaat as & whole

od. sdlrarnarive

Thiz was E£o 9e evaluataed over the enfire gcontract per

a |
e
4]
w
=
b=
L}
O
1]
T
i

chemiceals te ferric chlovide for phosphate removzl, such zs fer

and . .uminium polychloride, were to be evaluated whera zppropriate.

iv2.2 Eveluation of biological chemical sludge production, sludge handling

and trezatmeant

Sludgs production ({(both on a volumetric and mase basis) in the primary and
secondary clarifisrs znd that treated in the znaerobic digesters was to be

valuyat

i

o

¢ gs & function af volume flow rate and strength of szawage tresztsd

I

hemical dosage rete and plant eperarional conditiems.

r:

Sludge characreristics 1acluding settleability, thickening, dewaterabiliuy,
digestion &and drving as functionc of plant operating conditions, were teo be

rablished.

1]
iy

The operation and gzentrol of the znzerobic digesters were tc De evaziuated and

cotimized, The factors to be investigsted were : feed sludge concentraziion,
nvdraulic residence time, removal of COD, solids and nitrogen, gzs production

m

né¢ the stability and drying cheracteristics of the digssteé sludge.

i




' RIBTIOR OF THE VLAKPLAATS WATER POLLUTION CONTROL WORKE

p_—
.
Lad

The Viekplaats worke consist of threes virtually idenrical self-contained bHio-

logical filtreztfion uriss (that ic Units &.G,and C) operacted in parallsl, each

%]

designed tc trest l: /4, i.e. 34 Ml/d in totel. Each unit has its own
inler works, primarv ssttlers, biologiezl filters, humus ctanks and anasrobic
¢ludge dizesters, The lavout of the Works is shown in Figure L.l (Annexurs &1
and design dertzils of the wvarious wunit processes given 1n Tabls 1.1,

{Annexurz B).

Unit C was aperated with ferric chloride addition and Unit B was operated in
the conventicnal mode, without chemicel addition, as a control a2gsinst which
to compare the rszsulte of Unit ¢, Both these units wers iptensively monitored
ovaer the period of the contraet, Figure {.2 zhows &t which polnts in each
unit flow rates of process streams werz' recorded coutinuously, ag well eas
sasmple points. The accompanving Table I lists the various parametetrs anzlvsed

% the strsam

i

sampled, as w

13}

11 as ths frequancy of analysis, 1i.e. dally,

weelkly or monchly., Figure 1.3 shows sludge stream flow rates besimg monitored

n

continucuely 25 well zs the ints being sampled. The zccompanying Table 1.2

e
Q

shows the parzmeters analvsed 1n the sludge, a3 well a3 the {reguency of

analvsis , i.8. daily, weekly or monthly.

The experimental programme extsanded over the period January (983 =o Marceh
1987. Thisz rveport does not deal with the various aspects investigabted 1n &
chronological order, but rather on & topic basis, with the following aspects
being covered ! analytical techniques, plant =squipment and iastrumentaticn,
optimization ai sfficiency of chemieal usage, effect of chemiczl dosing on
sludge management process evaluation, financial aspesets, aand conclusions and

recommendatlions.

411 figures znd tables referred to in the text te be [ound in Annexures A and



CHAPTER 2

SAMPLING PROCEDURES, ANALYTICAL TECENIQUES AND MASS BALANCES

2.1 INTRODUCT ION

In preparation for the execution of rhe experimental programme cutlined in
Chapter 1, Section 1.2, a number of datz forms were developed Lo capture
data inm & uniform and consistent format, e.g. for flows, anzlyses, dosing
rates, mass of ortho-? removed over Units B and C, stoichiometric relation-

shipe of chemically removed dissolved ortho~P and sludge analyses.

Prior to the imitiation of the experimentzl programme, as well as during
the programme, anslvtical techniquas used weve carefully scrutinized for

securacy and precision, particularly for parametere which had to be .measured

st low conceuntrations. Rasults which could net be explained as well as poor

mass balances, partieculzarly at the beginning of the test programme, indicated
possible problems with sample preparation and analvtical techniques for dissol-
ved artho-phosphate, dissolved and <total iron, znd suspended =solids.

Consaquently, these wers investigated in scme dspth.

2.2, DEVELOPHMENT OF IMPROVED ANALYTICAL TECHNIQUES.

2.2.1 Dissolved Ortho-phosphate

Two aspects rtelating to sample pretrestment Ffor anzlysis of 'dissolved
ortho-phospate” by means of the prescribed amalytical tachnique (S.4. Bureau
of Standards Method No., 198 ), were investigated. Firstly, the filter pzper
type used fo remove particulate matter, and secondly, the necessity for prs-

washing of the filter paper.

The SABS eanalvytical method for dissolved orthe-phosphate specifies that the
semple should be filtered prior to anzlysis. However, the filter paper type

iz not specified. Three types of filter paper weére investigated (see Table

I

.1}, i.e. Whatmaz No. 1 (Wi}, Whatman GF/C mictrofibre (WGF/C), and MN80/90
Macherey Nagel Rund Glassfibre (MNGF). These types were selected because they
ware commercially the most ragdily evailable and they appearsd to bhe suitabls

for the znslvricel method,



In addition to the three different fillter paper types, the effect of Ffilter
washing was alse Llnvestigated, Filters were sither used as bought {referred
to as "unwashed"), or, pre-washed (referred to as "washed"), The pre-wash
technique comprised of a wash with 50 ml of &z 2 per cent hydrochloriec acid
solution, followed by a rinse with 30 ml of distilled warer in & Buchner

funnel vacuum systam,

For the purpose of testing the three filter paper types and the filter pre-
wash rtechaique, two =ffluent samples (20 1 ezch) were drawn on the Vlakplaats
works, i.e. 20 1 at sampling point CPg (biological filter effluent from Unit
C) and 20 1 at sampling poiat CPy (humus tank effluent from Unit C). The

results are given in Tables 2.2 and 2,3,

Neither the filter paper type nor the pre-treatment appears to have a
significent effect on the determination of dissolved ortho-phosphate in
bioclogical filter effluent, i.e. the averége value for this parameter is 2,3 +
0,1 mg/l (as P}. The only exception is the value for Wl/washed, although it

is within 2 standard devizations of all the averages.

The analytical results for chemiczlly treated humus tank effluent are all
within one standard deviation (as well as the amalvtical precisien of the
technique, i.2. 0,1 mg/l as P) of one znother i.e. 0,5 % 0,1 mg/l (as P)
exeluding 2 number of obvious outliers. Again, it appears that neither the
filter paper type nor the pre-wash have any cignificant effeet on the wvzlues

of the dissolved ortho-phosphate determined.

Tt is clear from these results cthat if greater accuracy is required at these
low dissolved ortho-phosphate concentrations the analytical techanigue will
have to be altered. However, an analytical accuracy of 0,F me/l (as P) ic

sufficieat for plant cperational and legal regquirements.

2.2.2 Dissolved Irvon

The analyctically deatermined dissolved irom levels 1in biological filter
effluent were low (0,2 te 0,5 mg/l zs Fe). The average for the different
filter paper types and pre-wash, was 0,¢ + 0,2 mg/l (as Fe) (See Table 2.4),
If an analytical accuracy of 0,2 mg/l is accepted at this low dissolved irom
level, filter paper type and pre-wash do not significantly zffect the analysis

f

of "dissolved iron'",



1f a higher accuracy thaa + 0,2 mg/l (as Fe) 1is required, the enalybtical
technique will have to be refined. However, from plant operational znd legal

considerations this does not appear to be justified.

2.2.3 Suspended Solids

in contrast with the resulrs Ffor dissolved ortho-phosphate and dissolved irom,
the resulfs obtzined with the standard znalysis technique for suspended solid
(Standard Methods, 1986 ) gave significant differences batween the resulrs for
different Ffilter paper tvpes and pre-wash {see Table 2.3). Uawashed filter
peper types Wl and MNGF gave negative rasults, indicating loss of filter paper
matarial and, or, suspanded solids, This seemed to indicate that it was essen-
rial rhat Filter papers be washed prior to use for determination of suspended
salids. However, even the results for the washed filter paper differed signifi-
cantly, i.e. 100 + 12, B # 4 and 13 + 6 for WL, WGF/C and MNGF, respectively.
The results for the Whatman Wi (10l +'12) appeared unreelistically high for the
suspendad solids concentrations normally found in Beksburg humus tank effluent -
i.e. 3 = 23 mg/L, and hence Whatman No. 1 filter paper was rejected as &
suitable filter peper Ffor suspended solids detsrmination. The glass fibre
filter papers pave mare acceptable rasults, zlthough as cam be seen, with large

stzndard deviations.

Because of the poor precision of this aaalytical technigue and the inherent
difficulty of preparing and maintaiming & standard solution with & defined
suspendsd solids content, it was decided to evaluzte the techniques using clay
suspension, which are known to give better defined suspended solids suspensions,
ra determine the accutacy and precision of this analytical rteschnique. Tests
ware conductad at two concentration levels namely 980 and 20 mg/l of Fullar's
Earth znd Sodium Bentonite, respectively (sse Tables 2.8 and 2.5 for washed and

Tables 2.7 and 2.9 unwashed filter paper.)

From the resuits listed im Table 2.8 ané 2.9 i.e. tests at the 20 mg/l suspended
solids level, the recovery of suspendsd solids was much poorer than at the high
suspended solids level (See Tables 2.6 and 2.7). Recoverigs for the lower
concentration varied for the different filter paper types, 1.&. fIrom negative
recoveries for Wharmzn No. | filter paper, to the best recovervy of only 67 per

the filter paper did not appear to significently affect



Ffrom Cthese results it 1s clear that Whatman MNo. 1 filter peper 1is totally
unsyitable for =suspended solids determination, and that Whatman GF/C or GF/D or
Rundfilter MN B853/90 could be used. However, it should be realized that at the
20 mg/l suspended solids concentration level this technique will onlv give a

solids recovery of the order of 30 per cent,

2.3 IMPROVED ANALYFTICAL TECHNIQUE FOR TEE DETERMINATIOR OF FeCly IN STOCK
CHEMICAL SOLUTIORS

Initially the iron content of the FaClq bulk solution was determined by an at-
omi¢ zbsorption spectrophotometric technique. However because farric chloride
is supplisd in & 43% solution as FeCly, or 14% as Fe, the solution had to be
highly diluted to measure the iron content on an atomic absorption spectro-
photomerer, leading to considerable inaccuracies. 4 titrvometric method was
therefore adopted which can be used to determine ;he Fe conceantration in
undiluted bulk solution and 'has praoved to be ver& reliable, The method is

listed in Annexure E to this report.
2.4 SAMPLIRG TECHNIQUES ON PLANT

In order to svaluate and control the operetion of the Vlakplaats works, a suit-
eble water szmpling programme had to be developed. This required =z knowledge
of the vartability of each parameter of interest and an assessment of the samp-
ling frequency which would give z representative data set. Previcus short term
studies, i.e. taking samples at two-hourly intervels over a period of 36 hours,
demonstraced that most of‘the concentration of the parameters of intarest (COD,
phosphate, ammeonia, unitrate, alkalinity) vary significantly over a 24 hour
cvele, and that grab samples once z day {or even three times a day) gave an srro-
neous presentation of the average daily concentrztions of paramersrs of inte-

rest.

4 more satisfactory sampling strategy was to sample proportional ro flow se thsat
flow and concentration date can be correlated to produce representative laoad

1

darsa,
Two types of samplers were used:

z: Samplers like the Phillips and Century 2000 that draw samples by mesns of a

ee im & bottls vreack with 24 individual

pasiry

vacuum, &n¢ daposit the samp



borties.

b) Samplers like the Isco and the Ametican Sigms that withdraw samples by means
of & peristaltic pump and deposit the samples in = bottle rack with 24

individuzl bottles.

411 the szmplers wers egulipped wikh a power source of 12 Velt ané could also be

connected to mains supplv. The samplers are pre-set and programmed, as desired,

i.e. to take semples zither proportionzl to flew or at z constant rats.

The electriczlly driven samplers which sample proportionsl to flow require &
4-20 milliamp signal from the flow meter to activate sampling, The flow meter
sends impulses to the sampler for Fixed volumes of water passing the flow meter,
¢.g. one impulse after I3 has passed the measuring device. The sampler is then
set to take a2 sample afrter a number of impulses have been received, e.g. 30 im-
pulses which would- be equivalent to 30m-. The volume of the sample drawn is
fixed at 100ml. The sampler contains 24 bottles in its bottle rack with each
bottle having & meximum capacitvy of 300mls. Using this sampler, 96 szmples can
pe taken every 24 hours (4 x 100ml in each bottle), amd subsequently the efflu-
ent in the 2% bottles can be combined to give one representative sample for the
whole day. In the case of constant time interval sampling, the sampler need not
be connectad to the flow meter, with samples being taken at fixed time interval,

independent of fleow rate.

Figure 1.2 is 2 diagramatic rspresentation of the Vlakplaats Water Pollution
Control Works showing effluent flow measurement and szmpling points. Sludge
flow measuremant and sampling poihts are shown 1n Figure 1.3, Samples were
taken at dzily, weekly or monthly intervals and analysed for =z number of para-

maters (See Tables 1.1 and 1,2).

Problems were experisncad with obtaining representative samplas of sffluents
containing significant guantities of solids, =.g. for the raw sewage and sludge
recycle streams. Mass balances around mixing point one (Fj. Py and Py} (Ses
figure 1,}) wsrs not satisfactory (see next Section), particularly for solids.
Tnis lsad to some doubt &s to accuracy of the solids analysis and hence where
those appear in tha report, they should be viewed with circumspectionm,

"poisoning" of samplas was not practised at the beginning of the project. 1t

became apparent, howsever, that samples ip the zutomatic samplers which stood in



the sun Ctrough the day, could show bactereologiczl and chemlcal interaction,
resulting in faulty chemical analy¢is. The seamples were subsequently poisoned
using & saturated selution of HgCls (mercuric chloride). One millilitre of this
solution was added to each bottie im the automatic liquid sampler before

sampling commenced,

As 2 result of the addition of mercuric chloride, analysis of chlorides was
suspended although at that stage considerable data relating to chiorides was

glready available.
2.5 MASS BALANCES

In order to ensure that the dats collected on the plant was sefficiently accu-
rate and reiizble to allow conclusions to be drawn from it, flow and mass balan-
ces {on selected parameters) wers undertaken on a regular basis, Firstly, daily
‘ flow measurements were taken at pointg Pl, Pz;'Es and P? (See Figur; 1.2} énd
flow balancee calculated for the flows at these points of both Units B and €.
Secondly, weekly checks on masgs bzlances of various parameters were determined
at points of mixing of flows, i.e, between masses at P, Py and Py and between
masses at P,, Py and P; (see Figure 1.2). For simplicity these mixing points
were referred to in the text as MPL and MP2, respectively., Finally, phosphate
mass balances were caleculated or an hourly basis in an effort to detect reasons

for poor weekly mass balances.

2.5,1. Flow balances

Throughouyt the project it was consldered to be of fundamental importance that
the flow measurements on the two modules (Unit B - control; Unit C - chemically
dosed) should be as accurate as was practically feasible. As 2 rasult, daily

flow rate readings were Ltaken and checksd against the following formula:
Ql -+ Q2 -+ Qg = Q6 e b Y R E ¥ £ N A4 E r AN RN oA mea (2.1}
Where Q. 1s the [low rate at flow measuring poiaf n.

The operational gbjective was to ensure 2o imbalance of less than 3 per cent he-
tween the twe sides of Eguation (2.1), with an imbalance of 10 per cent beiﬁg
considered unaccepteble and reguiring correctilve action from the plant scaff,
This degree of flow rate bzlance was surprisingly difficult to maintain, mainly
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because some of the flow metare wers unreliable and because service providsd by
the suppliers of these werars was unsatisfactory. 4 detziled account of the
problems encountered in mainteining a satisfactory flow balance 1is given in
Chapter 3, Sectlon 3, It should be noted that many of the omissiens in the dats
collected (listed in Appendix D) are due to the rejection of datz sets because

of unzeceptsble flow balances.

2.%.2. Mass balance for chloride

Since chloride is a conservative parameter for both mixing points MPI zand MP2,
i,e, no chlorids is either formed or removed from effluent at these poliats, it
was used to derermine the mass balance accuracy which could be expected at these

points, The results are listed in Tables 2.10 and 2.11.

The wass balance over MPZ was excellent {see Table 2.l11), with an average im-
balance of only 3 per cent, demonstrating-the accuracy of the chloride analybi-
cal technique and the flow rats measursments for MPZ. The results for WPl were
not as geod (see Table 2,10), although they were considezred acceptable with an
average 1imbalance of 2 per cent. However, imbzlances as high as 30 per cant

were recorded and this gave rise for concern.

2.5.3, Mass bzlance for dissolved ortho-phosphate

Mzss balances of dissolved ortho-phosphate for MPL and MP2 were calculated
and the average weekly dataz is listed in Tshles 2,12 and 2,13} respective-

tv. Daily mass balances over a fwo week period were zlso determined znd

this datz is listed in Tebles 2,14 zud 2.13 for the respective two points,

Analysiec of the dataz shows that the mass balauces cobtained ac MP2 are rele-
tively good considering the scale on which the experiment is being conduct-
#d (average imbalance for whole period 8 per cent). 1In the case of the
weakly average data (Table 2.13) two of the 11 wask analyses are signifi-
cantly out of balznecs whereaz in the daily dates (Teble 2.13) three of the
10 davs snzlysed are significantlv out. However, the data oo the remaining
? deys is remarksbly accurats. It would appesr therefore that the weekly
averages tsnd to be distorted by outliesrs in the deily datas, Such outliers
are to be expected in data btzkean from & full scale experiment of this

nature, and Ln ganeral the date is considered to be satisfactory.
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In contrast most of the mass balances at MPl are significanciy out of
balance. It will be seen from the data in Tabies 2.12 and 2.14 that in
general the imbalance is caused by the fact that the mass calculzted in the
stream Pz 1s considerably lower than the masses calculated in streams Bl
and Pj, This would indicate that soluble ortho-phosphate 1s removed from
the P| stream by mixing it with the irom rich humus siudge in the Pa
stream. This supposition is boras out bv the analysis of other dates and is

discussed in detail in Chapter &,

It would appear from the forasgoing chat the unsatisfactory mass balances
obtained at MP! do not ipdicate z lack of aceuraey in the dissolved ortho-
phosphate data, and that based on the mass balaances of datz at MP? reason-
able reliance can be placed oo the dissolved ortho-phosphate coacentrarions
measured in all streams. However, beczuse of cthe large variatiomns which
occur in the mass balances only relatively wide confidence bands can be
placed in the individual datz values; thus fime tuning of the optimisation
of efficiency of chemical usage by means of small changes to operating para-

meters cannot realistically be analysed on 2 plant of this nature.

2.5.4 Mass balance for totzl phosphates

The mass balances of average weekly total phosphate data at MPl is shown in
Table 2.16 and =zt MP2 in Table 2,17, Daily mess baiances caleulated over =
two week period at MP2 are listed in Table 2.18, 1t will be seen from the
data that, as with dissolved ortho-phosphate, the mase balances at MP1 are
significantly less accurate than at MP2, bet that in this case the mass of
total P measured im the Py stream 1g always much higher than that measured
in the Py and P, streams, This observation can be ascribed to the diffi-
culties ipherent in obtaining vepresentative sewage effluent samples in
which most of the total phosphate is im & particulate form. However, why
the datz showed such & consistant trend in one direection only 1ig difficult
to explain, but could possibly be attributsd to the point and method of
sampling, although changes in these did not result in marked Lmprovements

on the mass balances.

With regard to the mass bzlances of ctotal phosphate datz ar MP2, it will be

seen chat the results are significantly more accurate than ar MPl. Tn

]

able 2,17 the averegs weekly results are considerad to be well within the

limits of experimentesl error {imbalance of 7 per cent) €xcept for two weeks



which would appear to he outliers. The seame would apply to the daily balanm-

ces shown in Table 2,18, Apert from two apparent outliers the results ar

4]

11}

considered to be remarkably good. The reason why ths mass bzlances ar

o
®

more accurate at MP2 than at MPL can be ascribed inter aliz ro the fact
that most of the particulate mzterial has been removed from the flows at

MPZ and consequentlyv ths effluent samples tzken are mora representative of

the stresams sampled,

From the foregoing it will be evident that rsasonable reliance can be
placed on total phosphate concentration data for streams which do aot com-
tain large concentrations of particulate matter. However, 1t must again be
pointed out that the bands of confidence for evem this data are not narrow

anough for ruaning very raefined optimization studies on the plant,

2.5.5 Mass balances for Chemical Oxygen Demand (COD)

The mass balances of COD st MPL and MP2 are given in Table: 2,19 and 2.120, -

respectively. At MPl (See Table 2,19) the dats shows large imbalances.
This can De atiributed to sampling inaccuracy caused by the high concasntra-
tions of perticulate materizl in rhe three streams being monitored. At MP2
(See Table 2.20) the average error over the whole period analysed was only
4

4 per cent, although iarge fluctuations in results were obtained, Again

this was ascribed to unreprasentative sempling.

This data would tend to indicate that trends of COD removal through the two
Units was identifiable but that care should be exevcised in attributing

absolute velues to individuzl readings.
2.6 MASS BALARCES OF P DATA COLLECTED AT HOURLY INTERVALS

Filtered and unfiltersd P mass balances st hourlv intervals were conductad
for sampling points Py, Pp and Py and points P, ., Py and Py, both for the
control Unit (Unit B) znd the unit receivigg chemical dosing {(Unit C).

2.6.1 Mass Bazlance over Sampling Points P), P, and Pq

The flltered and unfilteved P mass balances were czlculaceé as follows:
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To achieve 3 successful balance, the calculated mass must equal the mass
measured at Pj. The measured masses at Pj, Py and P3, together with the
calculated mass, are given in Tables 2.2! and 2.22 for Unit B and Tables
2.23 and 2.24 for Unit €, (In these tables, the sampling time is given at
the half hour as the flows are determined over the hour, and the concentra-
tions are the average of that messured at the beginning znd at the end of
the hour). In both units there zppears to be minor variations (5 to 10 per

cent) berween the mass measured at P and that cealculated. Furthermore, no

trend in variation is evident from ths datz. This minor varistlion can be

aseribed to:

1) Sampling technigue and error: The mass is calculated by multiplying

the integral of the flow over the hour with the average of the in-
¢tantaneous concentration at the begimniag aad the end of the hour.
The different timing technigques used to detarmine the flows znd the
concentrations causes that they are out of phase and so will give
rise to minor variation. 41so, naturszl statistical sampling errors -

will occur in the instantanequs concentration sampling technique.

11) Measurement error: Some error in determination of P concenkrations

will oecur, either statistical error or error in techniques, The
flow at P; 1s the sum of that at Py and Py, so no variation due to

errors in flow measurement will be evident.
Taking these two points into considerstion, the differences betwszen
the calculated and measured P masses at Py are within statistical

variation and no assignzble e¢ause can be identified.

2.6.2. Mass Balance over Samplinp Points P,, P; and Pg

The filtered and unfiltered P mass balances were calculated zs follows:
Calculatad mass = mass ac P, + mass at Py

Neither the P concentratlons nor the flows were availeblie for P9; there-
fore, the concentrations at Fg were accepted te be the same as thoses at Py,

and tha flow at Pg to be {P5-Pa/.



To zchieve a successful mess balance, the calculated mass must zqual the
mass measured at P3. The measured filtered and unfiltered P massss at Py,
Pg and P5, together with the calculated masses are given ia Tables 1.25 and

2.26 for Unit B, and Tables 2,27 and 2.28 for Unit C.

For Unit B, Tazbles 2.25 and 2.26, reasonable P mass balances weres obtained
- the differances betwsen the measured and calculated masses are minor {3 =
10 per cent) with no trend 1in variatiom evident. The same reasons for

these diffarences, as given above, zapply,

For Unit C, Tables 2.27 and 2,28, significant variation between celculated
and meazsured filtered and unfiltered P masses is evident. The variation
caanot be ascribed to the flow measurement, as flow balances are used to
calculate the flow at Pg, Therafors, the variation wmust be due tao the P

concentration companant of the mass. Furthermore, there is a trend in the

‘variation 1im that both the calculated filtered and the unfiltered P masses

are consistently lower than ths measured filtarad and unfiltersd P masses,
Reacons fot the variation are not clear. Possiblv, the very low P concen-
tratioms et Point Py (and therefore at Pg) meks difficult cthe accurats
determination of the P conceuntration, and thus P concentration is consis-

tantly undermezsursd in this low rangs,
2.7 FINAL CHOICE OF ANALYTICAL TECBNIQUES FOR PROJECT.

2.7.1 Ortho-phosphate

Total and dissolved ortho-phosphate were analysed for using the method
racommended by the S.4.B.S5, It was decided to use the Machersy Nagel Rund
Classfibre (MNGF) filter papers for removing solids for the disscolved

ortho-phosphate anzlyses.

2.7.2 1Iron Analysis

Aromic absorprion spectrophotometry was used for iron determinations, using
the SARS wmethoé, Tetel Iron znelveis ware done on unfiltered szmples and

dicsolved Lron after filtering through the MNGF filter papers.

de gL "



2.7.3 Alkalinities and Chlorides

Alkalinities and chloride samples were filtered through z Whatman No.

paper, before analysis,

2,7.4 Qther Analvticszl Techaiquas

All other parameterz analysed were done using the Staandard Mechod

techaigues,
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CEAPTER 3

PLANT EQUIPMENT ARD INSTRUMENTATION

3.1 INTRODUCTION
The efficient operation and control of szwage works requires ralisblse and
often technically advanced equipment and iastrumentation, This chapter

describes the equipment and instrumentation used for chemiczl phosphate
removal in the Viskplaats works, as well as the various problems encountered
and solutions arrived at. The specific aspects which will be dezlt with szre
flow measurement of various wastewater streams, chemicsl dosing systems, plant
control iastrumentation, om—line zutomatic analyses, humus tank effluent recir-
culation, humus/chemical sludge vecirculation, corrosion resistant materizls
of conmstruction, aggrassion of acidic waters to concrets and stroucfurss and

raw sewzge f[low distributicn to Units B and C.
3.2 WASTEWATER STREAM FLOW MEASUREMENT

The Vlakplaats works was originally equipped with Ffloat tvype {(Kent) flow
mecers for measuring the flow of incoming sewage. When the plant had ro be
modified for chemical dosing, it wae decided to use ultrasonic flow merfers
because of their reputably relisble functioning es well as the advantage of
@asy 1installation 1n open channels, 1In order to assess the characteristics of
2 variety of flow meters within che sewage works contaxt, three types of ultre-

sonlc flow metsr: wers purcheased; Miltronic, Wesmar and Warren aad Jones.
tach of the four flow mebtars usesd is described in detail below.

a, Kent float type flov meter

This wmerer wsze :wnsczlled et poiat ¥y on ths ant, It iz z mechanicel flow
P I

meter with z floac in a stilling chamber just before the flume,

-

the flow chart recorder 2s well esg the kilolitre meter z2re driven by mezns o

ity

z mechanical clock that is manuzlly wound., The same tvps of flow mefsr was
installzed ou the chemice. plane st CPi: but this metsr ics eiectricall}'
nowerad,

.
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Tvpe of flow chart: These mercers are provided with round flow charts.

Advantages: No ambizat temperaturs fluctuations or watsr wave movements infiu-
T ——— et

ance the flow wezsurament. Round flow charts ars more easily stored and

checked than strip charts.

Disadvantages: As this flow meter iLs not equipped with 2z 4-20mé =lectrical

signal, an zutomatic sampler could not be activated znd 2 special modificarion

had to be carried out, A light source electronic pulse system powered by a 12

valt battsry was 1astalled.

b. Miltronic Ultrasonic flow meter

The meter 15 an electronic instrument equipped with an ultrasonic senpser.
Flow measurement occurs by measuring ultrasonic waves that are transmifted and
reflected back. These readings are processed inm the instrument and displayed

in digital form.

Flow chart: The flow meter 1s equipped with a Strip chart recocder.
Advantages: Changes 1n the flow programme can be adjusted or amended by
chaaging the programme contained in the glectronic chips. The instrument is

squipped with & 4~20m4 signal to activate a sampler or external system,

Disadvantages: Ultrasomic flow meters need to be installed in a protactive

box e eliminate external factors such as weather and temperature variations
which influsnce the rteadings, Strip charts arz net easily handled for

checking and storage.

C Wesmar Ultrasonic flow metsar

This flow meter i3 essentizlly the cazme ac the Miltronic and is zlsc eavipped
with & strip chart recorder and z 4-20m4 signzl to zctivare am sxternal

svstem, This type of metaer was instzlied at dosing poiat CPg-
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d. Retiger Ubtrasonic flow meter {Warren aud Jones)
&

This is z computarised portabie flow merer eguipped with the nacsssary slec-
tronics that can messure, store end process flow readings. Datz czn be
retrieved from rhe memery by means of an Epson computavr. Flow graphs cean be

drawn and the meter 15 equipped with 2 4-20m& pulse facility to acrivate =
JULlpTt P

samoler.,

Advantages:

The apparatus cap stors important Information over & leng period, Flow
figuree and flow graphe can be retrieved from thse memory. The metar 1is

pertable znd csn be installed at any chosen polnt in 2 system by feeding in

the required information concerning the channel and flume.

Figure 1,2 shows the wverious points within the plant where wastewater flows
were measured. These were; taw sewage influent strzam (Pi); humus recircuo-

lzrion te the primavy clarifiers (P2); bioleagical filter 2f{fluent (P§); secon-
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tank 2ffluent (P7)} znd humus tank =ffluent recirculation (P9).
Soth Units B {Control) and Unit C {(fercic chloride dosing) were equipped with
flow metsrs a5 ladicated above, whersas Unit A4 which did not form part of the
sxperimencal programme only haed flow measursment of the raw incoming sewage

andé &t the chemical dosing point P&,

All tvhe flow meters wers equipped with chart recordsre, rhereby generating &
parmanent record of flow as a function of time. All the flow meters had 2n
slectrical signal output of 4-20 ma which corresponded to the full c¢chart recor-

der range. The Ilow charts were calibrated to read instantaneous flowrat i

~n

113
in

vnits of litre/second. The Kent meters were squipped with tound flow charts,
sach recording either | or 7 days datz. The vlitrasonic flov meters were aquip-
ped with strip chart recordere, sach role of chart covering up to 3 weeks
data. The rounc charts wers found the more convenient for dstz storzgs =znd

retrievsl.,

ol Stendard Depth Flow Curves

On testing and calibrating the wvariou: flow meter types on the Viakplaate

in
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works, 1 was found 1impe

te ger identiczl flow rates for the szme waste-
webar stream u It

o
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was asrzhiished tha:

1
e
e
rT



the flow curves programmed 1lnto Che various flow metsrs were not identical.
Some uwsed the SIA flow formula for 2z thin place rectanpular weir, whersas
others made uwse of the Kindswater-Carter Fformula, Figure 3.1 shows the

diffarences in calculzreéd flow rates when uvsing the differznt flow mecer

L1}

under the same conditions.

As a result of the above described inconsisctancies for the diffzrent makas of
flow meters, it was not possible teo obtzin 2 flow bzlance over the plant
(points P, Po, P; and Pg} even under 1ideal conditions, To overcome this
problem all the {low meters were converted to using the same standard flaw
curve, i.e. Kindswatar Carter flow formulz (see Fig. 3.2). Thi:s necessitatsd
the replacement of existing camshafts on the Kent meters and installation of
new programmes on the Miltronic and Westmar ultrasonic flow mecers. & flow
meter rtest bench was constructed aud installsd at the Vlakplaats Works work-
shop and used o0 standardize and calibrate all the flow meters to the same

flow curve formula. 4 diagram of this test bench is shown in Fig. 3.3+

3,2.2 intallation aund calibration of flow meters and weirs

In order to meke flow measurement possible at points Py Py znd Ey,

]
b
C
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th

werz ilastalled at thess points,

a) Point P; already had an existing Venturi Fflume which messured the raw

sewags Lnflow,

b) At point Py & fibreglass flume was installed to measure the flow of recir-
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humus/chemiczl siudge from the humue tanks to the raw sewage
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¢) At polat Pg 2 thin metal plate rectangular weir was installed for measuring

the flow of recycled humus tank effluent.

i} At point Pg, just downstream of the Diologicsl filters =z ractangular weir

was ilnstelled to meszsure the flow from the bHiclogical filters,

& flow meter was 1installisd at =ach of the azbovementioned points, after its
calibration agzinst the stzndard flow curve had been checked on the flow test
rig. Once instazlled zl! the Fflow meters on both Units E znd C were rezd ar

axactly the same time sach day in order te establish whether z ressonabiz flow



e balance existed, i.e. the svm of flow rares at Py Py and Pg were equal or ar
least within 3 per cen:t of the flow rafe measured at Pg. When & flow imbalan-
ce was datected, all the fiow meters were checked and vecalibrated to agsin
establish a flow balance.

it wazs Found that Ln order to obtain accurate flow weasurements, the flow
meters had to be instelled such that the average flow rssulted ip about & 73
per ceat reading on the 0-100 per ceat range on the flow chart. 1In order to
fzcilitate sasy checking of the flow calibration, 2z swing plate deviece was
developed (sze Figurs 3.4)., The plate was installed at the height zorrespon-
ding te 100 per cent flow and once =z dav was swung to intercept the ultrasonic
beam, If the 100 per cent veading was significantly differznt from the 100
per cent calibracion point, the meter was recalibrated. In addition the flow
balance over the plant was also checked, and if necessary all the flow meters
were checked and reczlibrated, When all these actions failed to bring about
zn acceptable flow balance, the flow metar suppliers were contacted to azttend

to the faulcy mecers.

5.2.3 Maier problems encountered with flow metars

At the beginning of the experimental programme numerous problems were zxperi-
enced with the [low meters. Meter vendor sarvice was often slow, resulting in
the loss of valuable dara. Lack of z2dequate ianstrumentation for sccurake cali-
bration and standardization resulted in  further delays. Several o¢f the
vandors reliad heavily on overseas technical back-up, which lezad te Ffurthear

delays.

One of the major problems experienced with the ultrasonic flow metsrs was hun-
ting. It was established that wind induced wsve action on the wastewatar
stream surfaces used to daflect the uyltrasonic beam, resultsd in the beam not

being reflected to the flow metar head, resulting in z temporary loss of sig-

s

nsl which was manifested =g meter hunting. This was particularly serious inm

1]

the case of the flowmeter which was used Lo control the chemical dosage rate

flow mecar,

{h

bazsad on & signal from kth

Hunking wae glso brought about by curbulent flow, floating foam, humus scem

and poor earthing of the flow meter, & typiczl axeample of 2 strip chart under

"hunting'' conditionms is shown Lm Fig, 3,3,



e To overcomE themeter problems—with waterturbulence, wave action, séum aid
foam om the wastewater surface, & stilling cvlinder (20Q0mm) was devzloped and
testad. This stilling oylinder had 2n immedizate beneficial effect on the
hunting action. As a result of ths success with the experimental stilling
cylinder, an off-line stilling box wae installed permanently at CPy. Tt was
used to compare different flowmerers at the same sampling point., The stilling
box was equipped %ith z zero to LlO0 per cent swing plate system, & float
height measuring stick, z mechanical f{loar flow meter, &s well as the Pg
control ultrascnic flow meter and enough space for an additonal flow metar for
test and comparison purpases. 4 diagram of the stilling box svstem is shown

in Fig. 3.6.

The ultrasonic f{low meters were equipped with raplaceable circuit board:s to
facilitate easy and rapid repair of electronic faults. However, these systems
were found to be very sensitive to overload and Llightning, and protective

devices had to be installed,
Variatlon in seasonal and diurnal &ir temperatures, had z significant effact
oc the ultrasonic flow metsrs. To overcome thisz problem all the flow meters

were fitted with temperzture COMpPENsSarors,.

3.2.4 Flow records

At the start of the experimental programme numerous problems were exparisnced
with the {low meters, as detatiled zbove. It took about six months before
these problems were adequately resolved and consistent, relisble flow dztz was
being generated. Using the procedure outlinad in Section 3.2.2, adequate flow
balances were maintzined for long périods. The flow meters have z tendency to
drift, requiring checking and recalibration with the swing plate device on &
daily basis. Recalibration of all the mecers on the flow meter test rig was
required at about two or three monthly intervals. On average vsndor back-up

for @ meter feaillure repair was required at three te six monthlv iatervals.
3.3 MEASUREMENT OF GAS FLOW FROM DIGESTERS

The gzs volume meters were set by placing diffevent sized orifices in the pipe-
lines. A4 problem experienced wae the interconmection of the digestars which
caused & back pressure on some meters as the gas production varisd frow one

digester Lo another. Condensate in the lines caused £ pressure difference.
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When the maln gas holders' level varied, it resulted in & back pressure on the
volume meters. Because of the problems stzted above, reliable zas production

figures could not be producad during this projesat,
3.4 CHEMICAL DOSING SYSTEM

The choice of chemical dosing system is pivotzl to the whole process of chemi-
cal phosphate removal. Factors which need to he taken ianto comsideration are:
the _aemicsl dosing requlirements Far the sewage works under consideration - =
veriaty of approaches are possible, as will be detailed bzlow; dosage pump
type and material of constructiom; control instrumentation; bulk storage tanks
for chemicals in design, materizl of construction and safety features; equip-

ment and iastrument supplier back-up services, and cost.

For the purpose of the Bokshurg Vlzkplzate experiment 1t was decided to
acquire & flexible chemicazl dosage system for Unit ¢ which would allow the
testing of & variscry of chemical dosage strategies i.e. from the most simple
appreoach - addition of 2 conmstant volume of chemical, to varying the dosage as
2 function of flow and phosphate concentration in the wastewater stream being
treated, Figurs 3,7 shows schematicelly the various components of the chemi-

cal dosage svstem 1installed st the Vlakplaats Works.

i.4.1 Chemical Dosing Pumps

Tt was decided to use Monc O-renge positive displacsment chemiczl dosing pumps

-t

or both ferriz chioride =z poly-electrolyie dosing, 4 polvpropylene head
waze selzcted rather than ths standard stainless steel head in order to with-

stand the gxtremegly corrosive ferric chlaride.

The doeing pumps, comprised two gang single headed metering pumps with
individually adjustable mechantisms.

The wec mechanisms are long coupled ta & D.C, mortor for wvarieble speed
oparation.

One zump head 13 manufacrursé from polvpropyviene with 22mm dizmeter
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reflon wvalve balis with & teflom diaphragm, all s for pumping & &3%



The second pump head 1s manufacturad from Grade 316 stazinlsss stael firtad
with 22mm diameter Grade 316 stainless stast vzlve bzlls and seats with =

teflon diaphragm, 2ll suitzblie for pumping polyelectrolyte solutionm.

The mechanism stroke length ic 12mm at 100% of stroke setting and it is infi-
nitely adjusable through a cylindrical wedge mechanism whnilet the pump is in

operation or at rest.

In order ro ensurs accurate chemical delivery rates it is essantial to main-
tzin the pump in good operating condition at ail times. It was found by trial
and error that a daily check of pump delivery was necessary to ensure reliable
operation. Furthermore, & weekly checkt had to be undertaken to 2nsure that
the maximum speed of cthe motor driving the pump did not exceed its rated
maximum, i.e. 1700 r.p.m. at its maximum dosage tate. A monthly check of the
pump diaphragm was necessary to ensure that its wear was within acceptable
limits.

The FeCly dosing pump calibration was tested at flow measuring point Pe. The

swing plate assembly installed on the stilling e¢vlinder at Pe, and simulating

100 per cent flow at this point (i.e. the maximum anticipated biclogical fii-
ter effiuent flow znd hence 21so the maximum chemical volume dosage reguire-
ment) was used to calibrate the chemical dosage pump to pump its maximum deli-
very race. The volume of chemical pumped over =z f{fixed period wz2s measured
with 2 measuring cylinder, This actual volume discharged was compared with
the wvolume required as based on that czleulated for tha effluent flowrats and
phosphate concentration uader consideration, 4 difference ia volume of wup to
3 per cent was considered acceptable. However, larger differencs were cbn—

sidered unaccepiable and the pump was racalibrated.

3.4.2 FeClq Bulk Storage Tanks

Criteriz to be considered in the selection of chemical bulk storage tanks
include the following: chemicezl requirements for phosphate removal, corrosivi-
tv of the chemicals to bs stored, bulk volumes 1n which the chemical are
supplied, and cost.

Fervric chloride supplied by AECY is currently delivered by tanker in 25 tonne

(9 m3(1)) lozce of & 43% FeCiz scolution. 1In order to zccommodate this large

volume 2z bulk storage tank of about onme znd z half timees thiz volume or cwe
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tanks of at lzasr 20 m3 ave raquired, 0 maks provision for delavs in_suppl
¥ pply.

Because of the danger associatad with the acidic and extremely cortosive

ferric chloride soluclon, axtreme care should be taken with the design znd

zanstruction of the bulk storape tank for this chemiczl.

The tanks were manufzetursd of glass reinforced polyester in accordancs with

the followinz speciiication and standards:

2) S.A.B.S. 141=1971 {as ezmended): Glags Reinforced Polyester {(CG.R.E.)

laminated products, A.E.C.I. Specification No. EB 212.

b} The matarial of the Etank 1is resistant to degradation by the following
chemical : 43% Fervic Chloride Solution of pH 0, specific gravicy 1,47 at

30 deg. € and maximom temperature at 40 deg. C.

.

¢) The extarior of the tank was pigmented to an off-white calour with an

ultra=violer inhibitor.
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gctor of 10 was zpplied to the strength of the tank.

e) The «tanks ars cirvcular in section, 2,3 meftre 1n dizmeter and have

3]

capacity af 30 cubic metres.

£} The tanks have a2 flzt base and conical top.
¢) The tanks have the following openinr: and fittings:

i)  AQDmm diameter round manhole with cover on taop
of the tank

ii) 100mm diameter veant with insect proof cover

1ii}  63mm diameter inletr pipe
ivi  40mm diametsr drain plpe
v] 4 suitable float type lsval indicator

he tank should be placed on & stesl reinforced flozced
The tank should be placed within retezining walls, to maks prevision far spii-

gilure o veteain all spilleéd chemiesl within & confined area
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The necessarv safetv precgufions should be observed ai z2ll cimes, for exzmple



————dmring ceithratton—of—the dosiag pumps; <izanng of im=ting filrersand trane-
far of chemical from tankere to the bulk storage tank. These 1include the

following:

&) warning signs must be displaved to maks persons within the dengerous arse

aware of the risk in this particular areza.

5) gloves, face masks and overzlls must be warn, when working with farric

chlaride.

c) an emergency shower and eye wash must be 1installed within close but safs

proximity of the bulk storage tank,

d) a2 water supplv and hosepipe must be readily available to hose down spilled

chemical.

3.4.3 In-line FeCl, solution screens and filters

The commercially suppiied FeClq is not slways complerely free fromw suspeandad
sollde. For this reason it is essencial rhat z coughing screen (2mm mesh) be
insctalled betwsen the dosags pumps and the bulk storzge tamks. This will en-
sure that coarse objects still present in FeCly solurion do not cause obstrue-
tipon to the dosags pumps. 1In additiom to the ccrgens, it has been found bene-
ficial to protect the dosage pumps with 3 micron in line PVC filter cartridge
elaments, A dual filtar syscem was used to obviate the need for system shut-

down during filter washing or replacement,

K Pipework

The pipswerk used in the ferric chloride doszge system needed to de corrosion
raesistant and vobust. PVC piping wats decided on. Couplings were made using
Nitrile rings. For the flow rates which had to be meintained at the Viak-
pleats Works (0,06 1/s), 40mm inner diameter pipes wers used, since 20mm
diameter pipes resulted 1in unacceptable pressures drops over distznces in
axcess of |Om, as well as formation of air pockets which caused obstrustion in

thess lines,



3.4.5 FeCla Balancing Tank

Operation of the system as deseribed above, i.&. pumping of FeCly from bulk
storsge tanks to the biological filrer effluent channsl (Pg). resulted in

1)
grrors in volumes of chemical dosed. The dosing rats calculated from pump

in

[[1]

errings as comparsd rto che actuel volume of Felly used, 28 measured by the
drop in level in the bulk storage tank, did not match up., A small balancing
tank (=ee Figurs 3.8) wgs introduced between the bulk storage tank and the
chemical pump to supply & constant head. This resulted 1n accurate dosing of
FeCly, with dosage rate figures from the pump matching the volume pumped from
the bulk storage tenk within (or berter than) 5 per cent. A further advantage
of chis system was the removal of szir bubbles trapped in the bulk storage de-
livery line. An additional set of 5 microu earcridge filters were ilatroduced

te filkter out sny fine suspended solids which were still in FeCly solution

laaving the bszlancing ctank,

3.4.6 FeCls Dosing Pracedures:

z) Constant volume dosing

Various chemicél dosing straregizs were consildered. The simplast method,
constant volume dosing, was not implemented because aof the wide variztions in
flow and phosphate concentration sxperienced over dzily s-hour eycles, at the
Vlakplaats Works and associated large wastase of chamical by sither under- or

over dosing.

b) Do ing proportional ko flow
B -

The major variables affecting the volumetric chemical dosing rate were
biological filter effluent flow rate and dissolved ortho-phosphzte concen-
rragion. Compensation for flow variations is not tachnically difficult, since
meny commercizl chemiczl dosing systems exist which can control volume dosing
rate proportional to wastewater flow rate. An ultrasonic flow metar (Wesmar
tvpe) was 1instszlled 1n the biologicazl filrer effluent canal just upstrezam of
the division chaanel, The flow meter weasured water height through =
rectangular weir, The ultra-soniec meter pulse was tramsmitted to an AC/DC
convertor whicsh in turn controlled che speed of the dosing pump motor, 1i.s.
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delivervy rate of chemical. The dosing pump's bplunper stroke could b=
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justed from ¢ te 100 per cent, 2nd wag set 2ccording to the required plunger
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stroke for 100% biclogical filter effluent flow. The plunger stroke was then
controlled to pump proportional te the varying flow measured in the channel,
This system was found to operate satisfactorily with only minor adjustments

from time to Cime,

3.4.7 Chemical Dosing Systenm

The chemiczl dosing systsem used on Unit € was constructed by the Boksburg
Municipalicy technical staff using individuazl components which were commer-
cially available. Another approach, to buy 2 complate chemical dosage system,
presented an alternative option. & locel company, Lektratek, supplied such =
chemical dosaze plant to the oproject for evaluation of 1ts technical
capabilities and economic viability. The system is compact and has 2 number
of novel fsatures, e.g. an automatic polyelactrolvte mz2ke~up system, a chemi-
cal dosage control svstam which, through prior ssttings, controls chemical
dosage and volume of chemical pumped, making pre-set hourly and daily dosage

variations possible.
3.5 ON~LINE CONTINUOUS MONITORING OF PHOSPHATE.

An subomabis phosphate analvser supplied by Haeh (Pty) Ltd was tested for use
a5 2n on~lime continuous monitor for dissolved ortho-phosphate, with the
intention of coupling this instrument to the FeCl3 dosage system, Lo ensure =z
more effective use of chemiczls. This instrument functiconad satisfactorily,
but the chemically treated humus tank effluent pumped to the instrument for

phosphate analysis gave rise to problzams.

Fine suspended solids present in the effluent stream adhered to the thin pipes
and plastic tubes in the anelyser. With time the solids dislodged sporadical-
ly, causing abnormally high phosphate raadings. Although this problem was
overcome by means of filtraticon system, continuous menitoring of phosphakte re-
quired an axcessive amount of the plant chemist's time Lf the system was to be
operated successfully. This system is therefore not recommended for seswage
worke which do not heve staff skilled in the operatcion and meintenance of ana-

lvtical instrumentetion, and with the necessary time to keep the system opara-

T
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1 on an on-golng basis., Similar views have been exprassed by overseas

sewage works personnel on chemical phosphate removal works (WRC, 1987).

Thne approach found to be rhe mos:t practicel on the Viakplazes Works and which



was_used_throughout the experimentel period, wss-sampling -of point P7.propor=———— . —

Fi Ly

rional to flow, using an =zutomatic sampler (ISCO} and then analyzing the sam-

ples tn the laboratory,

3.6 ON~LINE CONTINUGUS MONITORING QF pH

The pH of the chemically treated humus tank effluent was monitored and recor=-
ded continuously using & Radtiomester pH mater aznd stripchart recorder. As a
rule the pH varied very little, in the range between 7,0 and 7,3. Howevar,
during periods of low flow (at night), high recirculation rates of humus tank
effluent resulted in the chemiczsl dosing of the mainly recivculated humus rapk
effluent which had already been treared with FeClg and as a result the high
dose of acid farric cehloride reduced the alkalinity of the stream, with =z

resultant drop in pH to as low as 6,2.
3.7 HUMUS TANK EFFLUERT RECIRCULATION

Unit € of the Vlakplaarszs Works is equipped with four pumps for reciveulating
humus tank =zf{luent to & peint upstrzam of the bioleogical filters. The reason
for thiz recivculation iz to insure & minimum flow of 28 ¥M1/d through the
siologiceal filrers in order to keep the settled sewage distributor arms moving
over the filtsrs. A secondary advantage is the dilution of sertled sewapge
with an ugacceptably high COD content. Furthermors, the humus tanks are pro-
tected against soddan flow surges &nd can thus operate more consistently,
This became perticularly important when FeClq dosimg was introduced, since the
ferric phosphate and hydroxide tloecs are relatively light. The electrodes
which controlled the recirculation pumps were positioned upstream of this

measuring welr at CPg in the filter effluent channel.

3,8 HUMUS /CREMICAL SLUDGE RECIRCULATION.

"t

zch unit on the plant has two centrifugel pumps for withdrawing sludge from

m

he humus tanke and pumping it ceo the head of the works. On units A zad B hu-

rr

= |

m
i

u ludge is withdrzwn on & continuous basis from the Dortmund settling tanks
by means of the hydrostatic head of the tank (see Figure 3.9), On Unit €, the
mixad homusfchemiczl sludge is settled in four 22m diameter clarifiers, Slug-
ge withdrawsl ie accomplished by means of & mechaniczal arm system that revol-

ves once svery 20 minutes and activetes sludge velve withdrawsl system,
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On all the units the sludge flows into & sump from where it 1s tecirculaced to
point P2 by humus sludge pumps countrolled by electrodes in che humus sludge
SUMDS . In order to ensure that these pumps do not switch on and aoff continu-
ously, plates with orifices (27 mm) were fitted im the sludge lines om ths
delivery side of the humus sludge pumps to control the siudge {flow ratz cto
about 1 M1/d which more or less kespt the sludge pumps in continuous operation.
This modification leads to 2 more even spread of humus/chemical sludge on the

primary clarifiers.
3.9 CORROSION RESTISTANT MATERIALS OF CONSTRUCTION

Experience at the Vlakplaars Works showed that all metal components (pipes,
pumps and tanks) which came into contact with the 43 per ceat FeCls solution,
corrodad severely. Suitable materials of constroction for the dosing system
wara the following:

{a) 4ll pipework and valves ~ PVC or similar coerrosion resilstant matervial,

(o) The FeCly bulk storage ctanks - glassfibre reinforced polyester (SABS
standard [4l, 1971) and glass fibre reinforced polyester laminated pro-

ducts (ARG specificerion EB212).

(c) The FeCly dosing pump heads polypropvlene and fitteéd with teflonm valve

balls and z teflon diaphragms.
3.10 AGGRESSION OF ACIDIC WATER TO CONCRETE AND CEMENT STRUCTURES

Removal of phosphates with acidic fertric chioride can result in waters which
are undersaturated with respect to caleium carbonate, i.e. they have z aegas-
tive Langelier Saturation Index and will dissolve concrste and cement type
metertals, This has in fact been observed in the channel transportiung biole-
gical filter effluenc, downstream of the point of FeCly addition and in che

humus tanks.
This problem can be controllad or minimised by the following means:

(g) Closely momitoring the Lanmgelier Saturation Index of the water and dosing

en alkali {lime or sods ash).
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Minimisze— FeCly —overdesing —by—developing —&-—-suitabledosing—stratesyr;—
particular attention neede to be given to raw sawage low flow periods s¢

that overdosage of FeCly during these pericds does not teske place.

{(e¢) A well designed system for introducing the FeCl3y into the biological

filcer effluent stream; 2 drip feed 1t unacceptable.

(d) In existing plants concrets cen be protectsd by coating with bituminous

#poxy pelnt; 1o aew plants more acid resistant concrete types should be

used,
3.11 RAW SEWAGE FLOW DISTRIBUTION TO UNITS B AND C

For purposas of the experiment, it was 1lmportant to have an even distributionm
oi the raw sewage flow and quality to itnits B and C in order to make a wvalid
comparison batwsen the twa units possibls. Sewage from Vosloarus, was mixed
sewsge from Boksburg's residentizl and industrial arveas, well zhead of the
division point to Ynits B and C, tao ensure proper mixing. The division was
made dv means of & swing sluice, Flow and quality distribucion was on average

fairly even as will be ssew from Tables DB! and DCi in Aansxure D,
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__CHAPTER 4 '

_OPTIMIZATION OF THE EFFICIENCY OF CHEMICAL USAGE

4,1°7 . INTRODUCTION

' One - ‘of the main. Gb]ECEIVES of the 1ﬁ¢estigé££oﬁ'“ﬁés to optimize chemical

"-"fusége._'"This opthLzat10n process waé 'to -iaclude™ 1nvestlgatlon of various

. aspects - of chemlcal add1t1on - the mltlng 1nten51ty and method af mlxlngj '

'=them1cals-w1-"5:he effluent stream, rlocculat1un tlme, method of operatlon ofll- 

- the secondary clarifiers and- rncycang of chemlcal sludge to the head of the . .

works . Probabl.y -the most 1mportan|:-of ‘all was: the need to- develop a'-'

cost-erfectlve chemlcal dnszng strategv whlch would ensure complxance w1th the-:7

phosghate 5tandard 93 per ceat of - th: time,

4,2 ASSUMPTIONS -USED IN ESTIMATION OF EFFICIENCY OF CHEMICAL USAGE -~ . .

The measure by which . the eff1c1encv ofF: chemlcal thSphata removal s normally”:

assessad iz cha molecilar” welght ratio of ‘the. amount of P removed agalnst .the
amount- of ?ECLB dosed.a The- stozchlometrlc ratio 15 l mg P 5 24 ‘mg FeCl3 and
ftne-ef LClEﬂgV ‘of chemzcal dosage is- expressed ‘as the multlple number nf times

‘the- stolchlometrlc chemlcal requlrement must be exceeded ll‘l cn.'der to-:.ower the

P cuncentratlon down to the requlred effluent standard of omg soluhle Ortho-'

jP/i.

IIE'hQS'Becoﬁé clear during the course of -this project that the efficiency of

chemical usage i5 not a simple matter to assess for the following reasons: .

'a) P removal | occurred -;_.hj-‘ ‘both . physical and biological means ‘on the. coatrel

Untt B; it will be ‘seen from the data in Tables DBl and DBIO in Annexure D

that on average over the entire test periad the Total P conceuntration in
the influent (BP;} is reduced from 12 mgP/l to 9,6 mwgP/l in the humus tank

effluent (BP;) - a reduction of 20%. This must naturally be taken into

account 1f chemical wusage effic:unecy on Unit € is to be meantngfully

-assessed.
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b) Chemlcel P remnval does -pot -occur only .8t . the point of chem1cal d051ng. E y_-:l:'
-comparlng the Total P concentratlons plotted in Flgs‘ 4.1 and & 2 and Drtho.}
:f P cuncentrat1ons 1n Fxgs..é 3 dnd 4347 1t wlll be cleer that ‘o Unlt C whereff

_Qcﬂfchemlcals are dosed the concentratlcn af - P reduces slvn1E1cant1y between

_'f;gpolnts

V*where 1t 15 dlluted by recycled humus tenk effluent and between pulnts P5._””

'n Annexure D) Lt is teasonable. toﬂ"

:'P in the effluent fram Unlt C":ilﬁ:

e”rlow through Unlt C.: USLng thls hypothe51s the ratio or the mess;i“

dosed - to the ‘mas’s’ of chemLcelly remnved P can be . calculated tthf?;f '

'fcatieihes@been the - b351='fcr measuring - the rélative eff1c1encv of chemical = -

'i.,usage Enr the dlfferent strategles 1nveetlgated durlng this pro;ect.

'EFFECT -OF INTENS.
‘EFFLUENT =

“OF RAPID MIXING OF ‘FeCl'a WITH BIOLOGICAL FILTER

;]Tﬁesﬁikidéiecergy at the cheﬁicelcdosing pu{ﬁfj(C?G on Fig, 1.2) weS'provided'

by means of flow over#aa?eir; ThéaweirjservedgaIduel.purpdse,in that it was
lelsovesedetd_measure'tﬁe flgw'rete'at thecﬂusing'point 50 that the chemical do-
-einngete{cuuld be controlled to.be proportional to the flow rate.  The mixing
intensity at the dosing point could be varied by changing the height of the
welr, and 1t was originally proposed that weir heights of 200 mm, 400 mm and

600 mm be tested.

V33aAC
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‘However, it was found that 1if the weir: lesvel was lower than 400 mm, the Zlow

.over the weir was drownad out by the tailwater and'this resulted in -idsccurate

“flow weasurament - {as indicated by a deterioracion in the flow .balance). It

was therefore decided to test weir heights of 400 mm,HBUD-mm:and-GOOimm;g

" For the period over which these tests wefe carriad out the FeCly was dosed pro-
< ‘portional’ to. Eﬁé'Siﬁldgidél"filtér'effluent"flﬁﬁﬂréte”and5the'FeCl3faéségeidas.
';kept conbtant at 32,3 mg/l (as FeCl3) &t dDSlng leut CPge - Tﬁé“éonténtrau
'ftlous of Ortho-P measured- st poxnts Pl, P&, Pf'and P7 Dver the whole pertod'

. are showu in Flgur= 4.3,

': ;UnfbftuﬁatéLv the &allv orthu-phosphate concentratlcn 1n the. bluloglcal Ell-- f=”"

Li!ter -effluent varied SLgnlflcantly, i.e. between 2.4 and - 6,3 mg/l; {as P)aver

o -the peraod uf the” t:st mak1ng-meaniﬁgful comparlson af removal-efftclenc1es--

'onr the dLEferent weir helghts 1mp0551ble These 1nconclu51ve results made it
clear: that reallstlc compartsons are -not p0551b1e ‘on full-scale work for paraw.--*'

'ujmeters wuLch onlv have maralnal ‘ot relatlvely small effects.s However,lthe o

.Hﬂhjdata d1d show that the phosphate remuval at 211 w21r hexghts was relatLveiy e

::eEfluent. o

"“;guod Witk FeCLs P vilues of 1,8 times the stolchlometrlc (requxrement for
' "fpepo& prec1p1tat10n which ‘i con91dered qulte gffective (WRC! LQBT) “In all -

_',probabxllty the mixing LntenSltY resultlng from the minimum weir: he;ght (400 .

'. mm) was mora than -sufficient Fof - mixing the F=CL3 w1th blolog1cal filter

. i?eceuse nf the plant 11m1tat10ns and ‘the. sampllng and analytlcaljerrnfs the- L :“:'
irent in tests on this full-scale: plant as-well as the apparent relatlve 1nsen-;5;f?f
'fﬁltlvxtv of- phosphate removal to ! the degree of mlxlng 1nten51ty,_abave aicer-
’f;taln-level,.thls phase of_the.wnrk-wasﬂconszdergd-to-he Auconcluslug and"was"':'.

-terminatad.,

4.4 "EEFECT OF FLOCCULATION TIME

The time taken  for thé:fioﬁ:fo pass from the poinf-bf chemicdl’ addition to,the
‘discharge of the treated effluent iato the humus tank stilling. wells, i.=,
‘the flocculation time, zould be varied between 73 and 128'secondsiby changing
the position of the dosing point within the filter effluent channel. An expe-
‘rimental cun of two weeks ar each.of the two extréme settings was undertaken

and the orcho-phosphate concentrations mon:itored at sampling points P1s P4, P&

and Py (Figure &4.6). For the period of the test the FeCly dosage was main-
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'”between 2 0 and ﬁ 4 mg{l (35 PO&-P), msklng camparlSon betweeu the';'""“

'*htwu dlfferant flocculatlon tlmes unrealxstlc. Huwever, the data showed th&tf1 B

5 foffﬁ  th - :Hé' flocculatton tlmes studled {Eh "phosphate remnval- was qulte

CTHE'- EFFICIENCY - OF THE

j'Because of_the abovement1oned problems furﬁhef'fldbtﬁiatioﬁftimEQStudiéééﬁere'f_3'

INCREASIHG HYDRAULIC AHD SOLID .LOADS

'“ﬂ@the secondary clarlflers (humus tanks) would produca a clear overfluw water

s pe ded sollds less than 20 mg/l under 1ncreased hydrau11c loads’ which

1nureased sludge adzng rates

'J;fiéé reducxngﬁto 3 clarxfxers for about LWO - weeks (test perlod 3y and:'

” *(test perlad 1n Tahle 4, l)

e From: 0,84 m/h to 1, 12 and 1 67 ‘m/h (for periods I, 2 and 3, respective-
\iliy),.sxﬁilarly the quanttty of sludge which had to- be removed by the remaznlng
:-settlers also increased. This rvesulted im unacceéptably high solids carry-
over,ﬁi.e._suspended solids’ in the overflow water in access of 20 mg/i. 1t
'was,attempted-to reﬁedy the siteation by inereasing  sludge withdrawal rates
:frum”O,BB-ﬂlfd {period 1) to 0,87 and 1,21 M1/d (for periods 2 and 3, respec~

tively).

V3I3AAC

_ SECONDARY ' CLARIFIERS. FOR . .. -

:_xperlments werefundertaken on Unlt c ufrthe Vlakplaats wurks to. establ1sh 1f '

and Ilnear upflow rates of_'

_y¢treat1ng. hé total flow 1n only 2. clar:flers Eor ‘just over -omne’ week..3

U As more.,clarxfxers were removed from operatlon, the upflow rate 1ncreased



B gggmnd;rehowenepThpagsibLewxo_achieue_aeeeptehleeclarifieteeffLﬁentmuhder

the .increased hydraulic loads ‘during the period set aside fbf[this5putpese in

ithelexpefimentaleprogramme,,and consequently itQWasmtempafarilyxabénﬁenedjet~3'”“'u

U this:stage (July 1986).

fﬂbﬁfiﬁé'”I?B?' it“-was' again attemptéd  to .run .the . secondary eélarifiers . at.

'“rhvdraulLL_loads 1n access of the design condltlons.,”During this set. of'teste-

'-*.fiperlods of 3 to '4 weeks were allowed for stabilization of plant aperatlnn

oo i gperatién.

'3;;prlor Lo ,assessment ofm-clerlrler efELclency._ Results ,for; :hese_ tests - are-

- rgiven in Table-4.2.

'"H;fhe-difEiCurties in meesurlng suspended solxds concentratzous are- dealt w1thele'j

i detail in. Chapter 2 of this. reporkt, Because ‘of. ‘thesa d1ff1cult1es 1t wasf.:w'

not . p0551b1e to quant1fy the performance of the humus tanks under the 1nereas- -

ed hydraulzc 1oad1ngs but visual. 1nspect10n of the effluent 1nd1ceted that 1t1*=?;=

is p0551b1e by Juﬂ1C10u5 uperat1nn ‘to. produce a secondary elarlflerfeffluentﬁgff}:'

rhat meets the effluent phosphate standard Wlth secondary clar1f1er

hvdraulle loads 1,6. rimes Ln exeess of thelr de51gn 1oads.'

-peratlng -... ) . . .-

i order to-

_aehleve this, humus/chemical sludge wlthdrawel rates had ‘to he slgn1f1cent1y'

,1ncreased over notmal operation. . Furthermore, -to- cons1stant1y meet ‘the efflu-’

:ﬂent standard nolv-electrolvte had ‘to be- dosed, :of the order of 0, 11 mg/1 when

Zlf'?e elarLELersl wara in operatlon .and. 0 23 mg/l wlth only two cler1r1et5 in_;--3

4.6  EFFECT OF HUMUS TANK EFFLUENT RECYCLE RATE

Part .of the ave%flow”freﬁ-the'huﬁus teﬁks is recxrculated to a pOlnt just--

upstreaim of the biological filters: (CP; on Fig 1.2}:. -The- purpose:of.the recir= .

culation stream is to ensure that there is at all-tmﬁes _suff icient .flow to the - S

filters to - keep the distributor -arms movlng therebv preventlng the - leter;ﬂf

:L”drylng out .and’ hence kllllng off the purlfylug blomass on the filter medle.,v

" For. the Vlakpleats biclogicat’ filters this is ‘estimated t&: ‘be 18 ‘ML/d per -

Unit, Subcldlarv aims are to .dilute the incoming sattled sewage in order. that
.the COD concentration exposed to the filter 1s oaot -excessive (for the
Viakplazats works the aim is to ‘keep the COD feed to the filters less- than 400
mgfl). Normal operatioun is to set the flow rate at CP& after the bialogical
Eilters to about 28 Ml/d, i.e. an average recycle tate of 0,6 times cthe incom-

ing Flow sewage of 18 M1/d.
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fftt has been-reported ‘i the lltarature (U S FPA 19?6 Rabznowltz and Marals;
:*f(lQBO

ﬁ{7mass DfJP:removed per mass GF" chemlcsl addad Eor effluent thh hlgh P contenc-.ﬂd:a~¥

Lthat}chemlcal phosphate removal is. at its most errlc1ent 1n terms g

':"f-the reasun helng that P removal at 1ow concentratlons (2 mgfl and lnwar) re-jiv'i“'

'uch hzgher chemxcal dosages.ﬁ Covsequently, ia blolonlcal letratxonf.*f:3.

However,ﬁvf'

'hwlth thellnvestxgat1on of the effects of m1x1ngf;*~7

w'tn be cons'dered 1n =e1eat1ng theihumus!

CleT _'_E'E?Fﬁé'r-:of--RE'Ct-RCULﬁ'TI'oﬁToF 'BUMUS /CHEMICAL SLUDGE TO THE HEAD QF WORKS = . ..

'Nnrmal operatzon Jof humus “tanks on the Vlakplaats Watar: Pollutlnn Controlf":T'r*

'mprlsed inter ‘alia;

'humus sludge wlthdrawal once per- Shlft Wlth the -

__1onfof chemlcal do

j(sée Chapter 5}

"ludge farmed lncreased sige-

7Qﬁifiﬁaq:_ 'qIn"order to . effect1ve"yfdeal Wlth th15 1ncreasedf f'

’ ﬁslud§€916éd_*the sludge had: to ‘be: withdrawn more. regularly and even-twice perjjfuf}'

'shlrt was ‘found :to be Lnadequate.lhThe most satlsfactoryqstrategy was;found-tol'.':':.
“be continuous humus/lchemlcaL:sludgé withdrawal -and recirculation to the head
qu;the;worké.“ Notwithstandingwthe éignificédti?;high volumes of humus/che-
 mical slﬁdgéfrecycled to'the.ﬁead'of-Worké, the Unit C prima:y:é&ttlers func-
: tianed:'hore'ﬁéffectiveiy,éfwith consistently batter phosphate ‘removal -in the

primary settlers tham in control unit B (See Chapter 6).
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IE*%&*EheieéeEeﬂeoﬁsideseééeEéﬁpime—impo;tance&thatﬂiheui;on=£ich4humus;SLuauedé~¥——;*—
. be ‘recycled to 2 _point. upstream of the prlmarv settles ot a continuous hasis

if uhemlcal usage is to’ be opt1m1sed.

" 4.8  EFFECT OF DILUTION OF FeGlj:DOSING SOLUTTON

-fOrlg1qallv it was- env1saged that the effect of dosxng dLEferent cnncentrattons'

 5£ FeCly’ wbuld . be analysed Howevar,_tn the light* oE ‘the’. etnerlence with
" test1ng of different mlxlng 1nten51tles and flocculatlon ttmes descrlbed i

_Sections ‘b, 3 and 4, 4 ‘above, as . well- as the ant1c19&ted prohlems cf controlllng.
' jche dllutxon rate undar full: scale cnndltlons, Lt was considefed. uallkely thati".”;h:.

'thls sec of axperiments . testlug the-nffect ut dLLutlon af the Fecl3 d051ug
solution would produce conclusive data and. hence’’ it was: decided not to prnceed e

- with them,.

. 4.9 " OPTIMIZATION OF CHEMICAL DOSING . '
-jiTne ObJEytLvE of chemlcal phosphate removal at the’ Vlakplaats Wbrks, is to

mgec the | m g!l dlsaolved _orCho—phDSPhate :stand=rd 85 - parcent of ‘the time
.-uﬁiﬁé the . ‘minimum amount of‘chemical to-échiévé'this-gdal. Duriﬁg*tﬁis”stﬁdv
varlous uhEﬂLLil dosing strategies were anestlgated to ldentlfy a practical .

means to achisve 'tha abave-mentloned Db]ECtIVE 1n &. cnst~effect1ve manner._}f

. Tﬁe'sihplest-srbﬁeduré fb} éddidgffhéﬁiCﬂléfiéffauﬁdgé“tﬁéﬁ-aE é"bﬁnétéﬁt-fééaEiflﬂ
rate: f1 2. ualng 'a constant feed doslng pump., The next 51mnlest procedure ig
 £0 have a dOalno pump with a varxable spaed . ﬁotur connec:ed thrnugh a. speed
‘controlier to a flow meter., In this way- the_6051ng_rate.can be.made.proporr
tional to the flow rzte of the stream'heing_doséd, and it is in this wmoda rhat
L most. . of ‘the experimental work was done at Viakplaats. The -adaption of this
fjstrategy was justified by the Ffact that the  phosphorus coacentration ét'ﬁhe
‘"dDSLQg poxnt femained remarkablv ‘constant over the day. when hourlv tests .were

run over 36 hours {see Chapter 6}.

Tn the first attempt to optimise the -use of chemicélsfthe-piant was .cun for &
- period of 12 weeks between May and July 1986 and the dosing rate was reviewsd
‘and ad justed weekly. in order to find the lowest rate which would consistantly
" produce an effluent with an ortho-P concentration below | mgP/l. The dara for

that periocd iz plotted in Fig. 4.7 and it will be seen that the effluent P con-

centration was consistently over the limit,
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- Data. Ernm as run of 13 weeks between June and Ocrnher 1985, anelysed on-: e derlv_*

basis, ere shown in Tablég 4 3.; In - thls table ell darly concentretzonc at’ CPy:f"”

'eﬂjwh;hh are hlgher than i UmgP/l heve been hlghllghted by underllnlng. The most .
fffstrlklng feature of this. data is the: fect that ‘the " quallty of the plant efflu—;
@ment thh reoard to" Orcho—? generally deterloretes progressrvely over the week,

iThe standard is" never exceeded on. &: Mondey but lS exceed 8 tlmes ot 3?k of

?durrng whxnh the hlghest doslng rate wes used end the sto1ch10metr1c re~

_"v“P 5removel ere of secondary 1mpertanee Zcompared to the:'-

eeppra;sal the do=1ng 'sreééégy was chenged Ln

'frrnm rlg. 4 8.

.{t was frnellv dec1ded thet the only wey ko take account nf dally, weekly and-
"'..'seasonal'_'ehenges in - the sewage quel:.ty was to adJust the dosmg rate nn a
':ﬁdarlv b351s to a- rete caleulated from hlstcrzcel date.g Thls ‘gave rise to whetf

'5fflwas known es the “daxlv four week mov1ng everege"‘strat:gy, and -is descrlhed"

beiow

"a) 'On each day of ‘the wéek.the Ortho~P .codcentrition in the biological Filter

effluent is averaged for the same day in the previous four weeks.

9) A target humus ramk effiuent Ortho-P coucentration of 0,8 mgP/l was adop-

ted. This figure was subtracted from the average concentration calculared

¥33AAC

riihat
relatlvely lnw rete con S&turdays 1T wednesdeysfﬂf
:.hursdavs and Fridays. Thls strategy wes nperated forf.-

”Tks frnm Julv to September 1986 w1th lrmzted success, .as wlll be seen_- 

“;.-tﬁef:""'“:'ff _“ j'i'"end tnefeverage value o Mnndeys is: approxlmatelv helf;a”ﬂﬂﬁ

It Wlll be seen that even for weeks Tfﬁ“7




iy La} Fhovehnd ZEvE tng”fgfgeEHEmauﬁtﬂufﬂorthn *fa‘b B

;c)' A'tafge:7d0siﬁg'relationshiﬁ-of 9% ‘the stoichiometric cheﬁitzlfrEGuifemen*
-was adopted -and -this was used tu .céglculate the. dusxng Tate. requlrad £o

remove the amount of Ortho-P calculated in - (b) above.
'A'tYPical example of rhis calculation is given.in Table &.4. .

'.ﬁlthb&gh ‘tHis method is :cmewhat tedlous in- that the doszns rate has to be-
-adjusted dallv .on a regular -basis it brought- about a dramatic’ 1mprovement 1n
the effluent- quallty durlng the 33 _weeks this- strategy was employed - between

' Septembec 1986.and.February'1987. This is clearly 1nd1cated_1n'FLgute;&;9.

Tabiéjd;ifgités & comparison of the performancé;bf the'thrée-dosiﬁg”Strategies
adopted. -”within_the_range of 1,8 - 2,2 times. stoichiomettic FeCl3 dosages ac'

which Unit C was operated, none of the strategles ‘achidved the legal requ1re-

. ments for - dissolved ortho-phosphate. Nanetheless, ‘thé “four - day ‘moving ave-

g raga" 5:rategy was siguificantly better than  Ehe. "“Thursday/Frlday" strategy,
:féhich in turn was & marked improvement on the comstant - dosaga stratewy. Witk
,éﬁ“increase 1n-the ?eCL3_dosage rate Lto. about 2- -times the stolchxométric
iﬁéci3 rgquirément for FePOh-precipitation the legal” dissolved orthu-:hosphate
siandard:wou d ptobahlv have been met. by the.“dally fnur week mov1ng ‘average"
 d0s1ng strategu.:_Howeverljan }ncrease of about: 3 ,0.273,5 times- the: :tOlChlo--
setric FeCl3“dosiﬁé requirement . would .be. requlred for the'"ThursdaviFr1dey“
I-6051ng strategv and an anrease of aboutfﬂga;f_4}35t1m55 the .stoichiometric
 FeClyg dosage requirement Ffor the "constaﬁt-ﬁéﬁsagé” astrétégy;}. ﬁFrom_ these
‘estimates it appears that cost savings for chemicals of the ovder of 15 - 30
pércent for the "Thursday/Friday" strvategy and 30 - 45 percent for the "four

- day moving average" strategy are possible.

.. The 95 percentile compliance to standerd is. an -extremely stringent require-

ment, i.e. not mora than | in 20 samples may contain more than 1 mg/l (as P),

* Tn efféct this requires tha averapge effluent dissolved ortho-phosphate concen-

tration to be much lower than | wmg/l (as P). This point has been made by
‘Pitman et al. (1986} for biological phosphate removal. However, in the case
gf chemical phosphate removal the coansequences are even mores severe, To con-
stantly achieve below 1 mgP/l in the affluent, the zverage concentration would
have to be say 0,4 mgP/l which will require significantly higher chemical do-

sage (say 20 - 30 percent higher) than achieving an average of 1,0 mgPp/l.



"_tphosphate'femoval

. This . highér-thémicai”dbéagé resulﬁs in higher. sludge'production races, highér
'fﬁhemlcal and other treatment costs and -a hlgher :salt contaut iu-the'ﬁater,_
1ﬂ?robab1y g more Erfectlve meaus of ach1ev1ng the'u1t1mate Dbjectlve of efr1u~-__
: ;"Eﬁt phosphate. load cnntrol ' 1.a.= SpECltlc phosphate 1Qad whick - may be_7”“
?;fdlscharged 15 tO Set monthly phosphate 1oads far each sewage treatment ‘works

VILﬂand allow chemlnal dosage ad]ustment to meet ‘the set load ‘This would ensure

f‘compllance 'WLth standard but WIth Some Elexszlxty n ‘plant con:rol ‘o
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CHAPTER >

EFFECT OF CHEMICAL DOSING OR SLUDGE MANAGEMENT

One of the major concerns of local suthorities with regard to implementing
chemical phosphate removzl has been that it will lead to a dramatic increase
in sludge production and may lead to disruption of sludge treztment facili-
ties. For this rezson monitoring of sludge production and quality parameters

farmed & large part of this investigation. The findiags are discussed belaw.

5.1 SLUDGE PRODUCTTON

5.l.1. Raw Sludge Production

Raw sludge production in the primary settling tanks a2t the Vlakplesats Works
was primarily & function of the solids im the réw‘sewage, the solids returned

in the humus tank sludge recycle to the primary settlers, and the efficienc
2 b ' ; y

Ll

of solids removed 1n the primary settling tanks. Since the selids 1in the raw
sewage were of such 2 pature that they could not be rtepresentatively samplad
{see Chapter 2, Bection 2.6.3.), raw sewage solids were not routinely deter-
mined. Conszquently, the efficiency of the solids removal by the primary

sectiars ¢could not be dertermined,

Sludge production rates in the primary settlers were detarmined as follows,
Grab samples were taken daily of the vaw sludge withdrawn from the primary
settling rtanks. The sludge was rthoroughly mixed in the sludge sump before
sampling in an attempt to ensure thar &s representative a sample as possible
was obtained. Sludge production rates were calculated by wmultiplving the
sludge concentration by the volume withdrawn. In order to produce figures
which could be compared with dzily sludge ptoduction rates on the various
different Units, this mass production rate was divided by the volume of raw

sawage treatad on the respegtive Unit, giving the sludge production rates in

i

uniks of kg/d per ¥Ml/d or kg/Mi. The sludge production rastes viEry over 2
iarge range, i.=. 130 to 1470 kg/Ml. The reason for this large varisbility
was, inter zliz the inability to represzatetively sample raw sawage sludge
solide. In an sattempc to reduce rthis variability, and smoothing the datsz,
ges ci sludge production rates were caleculated and used for compa-
rison purposes in thiz chaptsr. Weekly averages of deaily sludge production

1

rztes ars listed in Table 3.1 for both Unit B, (control) ané Unic C, (FeCla



dosed). Even these weekly averages show significant variability, with 2z stan-
dard deviation of 124 kg/M1 sbout rthe average of 4B% for Unit B, and z stan-
dard deviation of 103 kg/Ml about the average of 333 kg/Ml for iait €, Ave-
rage fEigures for the total experimental period for both Units B and C are

lisced in Table 3.3.

The unit operated with FeCls additionm produced [1% mors raw sludge on a volu-
metric basis and 9% wmorz raw sludge on a mass basis. When comparing thess

figuras with the standard deviations 1in the sludge production rates, 1t i

if

clear that these increases are considerably smaller than the variability 1in
the data, t.e. &4 kg/Ml difference compared tc the standard devistion of 124
kg/Ml for Unmit B, In terms of sludge manzgement these differences are not

significant.

The averege increase in sludge production as & result of FeClj usage, 44 kg/Ml
of sswage treated (1.e. 489 kg/Ml incteasing te 35333 kg/Ml), is considerably
less than the increzased "humus" (humus plus chemical sludge) production of 67
kg/Ml sewzge treated. However, since standard devistion of these sludge pro-

duction rates 1s so high (+ 124 kg/Ml), the difference is not significant.

The weekly average for daily raw sludge production rates displayed a marked

smaount of scatter (see Table 5.1}, No significant seasonal trends were

discernable.

5.1.2 Humus Tank Sludge Production

Humus rank slodge wss recyelad to 2 point upstream of the primary settier on 2
continuous basis and 24 hour composite samples were taken daily relative to
flow, Weekly averages of sludge production figures so obtained, are listed in
Table 5.2, both for Unit B (Control) and Unit C (FeClq dosed). Again the slud-
ge production rztes vary significently and weekly averagees of dzily sludge
production rates were used for comparing sludge production rates between Units
B and C. The averages and standard deviations for all the humus sludge produc-

tion datz for the whole experimental period are listed in Table 5.4,

Although the datz displays 2 significant amount of scztter, for example the
humus/chemical return sludge conceatrations vary between 0,6 to 5,7 g/l, there
are significant differences between humus sludge productien in Uni:z B, 1G7

(# 49%) kg/Mi of raw sewage Created, as egeinst the humus/chemical sludg

et
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production n Unit € 174 (+ B3) kg/Ml of raw sewage treated, 1.e€. 0N avarage

an additionz! 67 kg biological/chemical sludge as produced for every megalitre

of rew sewage treated.

The averzge mass dosage rate of ferrvic chlorvide was 83 kg FaCl3/Ml of sewage

treated, which is egquivalent to the formation of 77 Kg FeP0s4/ML or 34 X

[

Fe(OH)3/Ml. Assuming half of the irea to form FePQgi and half Fa(0H),, this
would represept 66 kg sludge/Ml sawage treated. The actual average measured
value was 67 kg/Ml, i.e. in good agraement with the measurzd amount of "chemi-

cal" sludge formed in Unit C with FeCly dosage.

No cignificant cerralation could be found betwsen the daily amount of addi-
tional sludge formed in the humus tanks and the deily FeCly dosage rate,
probably because the sludge dataz had a large margin of error assoclated with

it dus to problems of representative solids sampling.

At firsz glance 2z surprising finding of the study is the only marginal in-
crease in volume of humus/chemical sludge (1147 + 439 m3/d) withdrawn from
Unit C 2: comparad co humus siudge (1064 + 247 m3/d)} withdrawn from Unit B,
the latter wauld be expected to be much lowsr. However, this was an artifact
of the way 1in which the plant wae operzted, in that siudge from the humus
tanks on Unit B was withdrawn continuous as on Unit C, whereas normal practice
wauld be to only withdraw homus =ludge intermittently, say three times per

da

-1

2 SLUDGE QUALTITY
5.2.1 Raw Sludge

The raw sludpe quality was monitored on z weekly basis, Parameters measurad
were total COD, dissoived ortho-phosphate, dissolved irom, fatty acids, alka-
linity ané pH., The analytieel results are listed in Annexure C, which cover
ebout one vyear period (3/2/86 to 2/3/87). The quality of the sludge variszs
significently over the period studied, but there does not appear to be any
significant diffarence between Unitse B (Control) znd C (53013 dosed), except
for cancentrations of dissplved Ortho-phosphate and iron. 1In the case of Umit

B thece are 40 mg/l {as P} an

m

& 23 mg/l (as Fe) respectively znd in the case of
iintz C chey gre 28 and 35 wmg/l, raespectively, The relatively high dissolved

ortho-phosphats level 1s atcributed to phosphate relezse from the raw sludgs.

However the prasence of iron precipitates (Fe(OH); ané FePO.) reduce the lave:




of disgolved ortho-phosphate and slightly increase the dissolved iron leval in

raw sludge from Unit C,

5.2.2 pigested Sludge

Digested sludge quality was monitored on 2 weekly basis, with the same parame-
ters belng mezsurad as for raw sludge. The anslyrticazl results are given in
Annexurs C.  Again, the quality of the digested siudge varies signifiecantly
over the period studied, but there appears te be no sigunificant diffarances
between the guzality of digested sludge from Units B and C, except in terms af
dissolved ortho-phosphate, The digested sludge from Unit B has a dissolved
artho-phosphate content of abour 40 mgP/l as compared to 7 mgP/l for the di-
gested sludge from Unit C. It would appear that the presence of iron precipi-
tates (Fe(QH)3 and FePOQ) under anaercbic conditions result in a substantial
removal of dissolvad ortho-phosphate from the digester supernatant. The rez-
sons for this have not been investigated but it -could be due to adsorption of
the dissolved orhto-phosphate on the iron precipitates or & transformation of

the iroa hydroxide to an iron phosphate under the long reaction times reigning

in the digestsrs.
5.3 SLUDGE DRYING CHARACTERISTICS

No 1in-depth studi2zs were undertzken on the sludge drying charzcteristice of
digested sludges from Units B and €. 1In general, however, normal sludge dry-
ing proceduras were practiced with no specizl handling or treatment raquire-

ments being necessitatad for the sludge containing precipitated iron salts.
3.4 FINDINGS AND REMARES

The only major consequance of chemical dosing on =z biological filrration
sewage purification system, is the significant increase in the mzss of humus
sludge generated. Provision has te be wade for continuous sludge withdrawal
from the hovmus tanks to ensure that solids carry-over doss not occur. Ths

increase tn humus sludge mags hag 2 negligible effect on the total sludge

production for the plant.
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CHAPTER &

PROCESS EVALUATION

Lt

(1}

Oue af the objectives of this investigation was to establish the effect o
chemiczl phosphate removel on the bioclogical filtration sewage purification

process as 2 whole over an extended period.

In this chapter the avarage performance of Units B and C over the whole =xperi-
mental patviod (about 2 vears) are evaluatzd and compared, However, asz will
bacome clear from the dats tc be presented, the differences obssrved between
Units B and ¢ cannot be as¢ribed to chemical dosing alone, since there are &
number of differences betweer Units B and € other than chemical dosing.
Firstly, the designe of Units B ané C are not identical, e.g. Unit B has

Dortmund tanks as secondary clarifiers, whereas Umit € has flat bottomed

scraped clarifiers. Secondly. differences also exist on the sludge treatment
side im that direct steam .:jectlon 1s ussd in Uoit B digesters whereas
indirset hot-water heat exchangers are wuvsed 1in Unit C. Therefore, 1in

comparing diffzrences in performance betwsen Units 8 and C, the aforementioned
differences 1in plent design and operation a5 well &s the chemical dosing

should be considersad.

The Vlakplaats works was extensively monitored over the contract periad i.e.
January 1985 to March 1987. As described iIn Chapters 2 and 3, varicus pro-
blams were experienced ar the beginning of exparimental period, e.g. flow
measurement 4and anzlvtical techniques, Reliable data on flow rates,’
concentrations of various c¢riticzl parametars and hence pollutant lozds on the
various unif processes, were only determined from about June 1983 onwards.
8ecause of periodic problems with the flow meters, as indicated by flow rate
imbalances over the Units as z whole of greater than [0 per cent, tharez ars

certain periods for which accurate load date is not available,

[ 59

.. Process P - removsel evaluation over 36 hour period

4 special series of tests wers run over & 36 hour pericd in which hourly
samples wers taken at the various sampling polnts on both Units B and C to

obtein profiles showing the diurnal variation of ortho P and totzl P concen-

tration znd logds, The major finding of the tests was that, although the
concentratl: snd loads showed z marked diurnél cyvelicity in the raw sawags
V3ISALT



at sampling point Py, this was to a2 large exteant damped out by the time the
flow reached the chemical dosing point at Pg. This observed phenomenon 1is

discussed in more detail below:
Uait B (Control)

Comparison of the influent (BP)) and effluent (BP?) 36 hour profiles for the
unfiltered P concentraticns and the unfiltered P masses shows some smoothing,
principally dug to the removal of the higher peaks and lower troughs {sze
‘Figures 6.1 and 6.2). This smoothing occur:t mainly at the rvecycle points and
probably is due to the dilution effasct of the recyeles. Also some smoothing
accurs across the primary sectling tank, probably due to dilution at the
mixing point. The smoothing of the primary settlers 1s more pronounced for
the unfilrsred P profiles, indicating P removal through settling, and perhaps
resolubilization of P from the settled solids through breakdown in the primary
sludge (Figure 6.3). Very little smoothing occurs between the primary settler
sffluent and the humus tank effluent recycle (Figure 6.4) or through the

siofilter (Figure 6.3),
Uait C (FeCljy dosed unit)

Comparison of the influent (CP;) &nd biofilrer effluent (CPy) 36 hour P pro-
files shows pronounced smoot- g and flattening of the profiles {See Figures
b.6 and 6.7). In contrast to Unit B, this does not occur betwsen primary
settlad effluent and humus tank effluent recycle (Ses Figure 6.8). Quite
considerable flatteming 1is evident across the primary settler (See Figure
6.9}, probably for ths same reasons given above for Unmit B. However, rhe most
pronounced flattening of the profiles in Unit € appears to occur across the
biological filters (See Figure 6.10). Although the reasons for this ocecur-
rence =ere oot expliciteiv knmown it is probably due to the following

phenomena:

{2z} Precipitation/redissolution: The apparent lack of f{lattening of the
profiles across the biological filters im Unit B (8ee Figure 6.3) would
indicate that the chemiczl dosing of Unit C ie related to the phenomenon,
In this regard the large surface areas present in the biological filters
would stimulate precipitation of P by acting as zn absorption/precipita-
tion surface during perivds of high P concentration and 'dissolution’ due

to desorption during pericds of low P concentration. These would give

[J9]
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rise Lo 2 smoothing and flattening of the P profiles.

(b) Dilution aud back-mixing: pilution and back-mixing in the bSiological
filters possibly could account for soma of the smoothing and flattening

obsarved.

{¢) Variable COD load: The COD load to the biological filters will vary im e
similar fasnion to the P loads. The higher COD loadings will result in
more growth and s larger P demand for metabolism aad cell synthesis.
However, the apparent lack of smoothing 2md flattening of rthe profiles
across the biological filters in Unit B, would tend to imdicats that this

particular phenomenon does not play z significant role.

6.2 Process Evalustion Over Total Project Period

The rest of the process evaluarion was done on datd which has been averaged
over the total periocd of the experiment to give an overall comparison between
process operation with and withour FaCly addition, The daily (weekday)
water quality datz at the seven sampling points for Uanits B and C (see Chaptar
2} varied significantly. in ovder to get smoothed znd more represantative
data, analyses of daily composite samples taken relative to flow were reduced
to weekly avsragss (See Annsxure D). For the purpose of the averall evalu~
atlon of procsss performance an azverage and standard deviation of the weekly
averages for all relevant parametare were calculated for the period June 1983
to March 1987, The main emphasis of this chapter, however, falls on an evalu—
etion of the various pollutant loads on the wvarious unit processes of the
works aud the removel of pollutants -in tarms of load. Agzin the comparlsons
becween Units B apnd ¢ ars on the averzge load over the whols experimental

period,

B.2.1 Rzw sewage feed to Units B and ¢

The raw sewage trezted by Unite B and C have the same origins L1.e. & mixture
of domestic sewage from Voeloorus and & mixed industrizl and domestic sewage
from Boksburg. These two streams zre thoroughly mixed and the combined stream

1s then split inte two more or less equal fractloms to Uaits B and C.

The composition of ths rev sewage is highly varigblie. from hour to hour, day

to dav, &nd even week Co week. Table 6.1 gives the oaverall average and stan-
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dard deviatiom for zll the quality parametars measured from the raw sewage
faed Units B and C. The weekly averages can bz found in Tzbles DBl, DB2, pCI

and DCZ 1n Annexurs D,

Bacause of the non-homoganeous nature of raw sewage, with highly variable
concentrations of suspended solids (with a range of specific gravities - from
fleating watter to grit and sand}, this stream was sampled zfter screening and
grit removal. VWontheless, it was not possible to obtain truly representative
samples by the Limitsd practical means available to the rssearch tsam. The ra-
suits listed in Tzble 6.1 should therefore not be comsiderad absolute values,
but rather & semi-quanbitative indication of the order of magnitude the vari-
ous parameters measured. Although the average values for the various parame-~
ters for Units B and C are not identical, they do not differ significantly

when ctaking the variability of the data, indicated by the standard deviation

into consideration.

The 0D of the raw sewage was extremely variable, maximum values up to 208!
mg/l and winimum values of 328 mg/l were measured. The COD concentratioms did
not show a marked seasonal trend (See weekly average values in Tables DBL and
DB2 1in Annexure D) but the low vzlues recorded from time to time are usually
associated with heavy rainfall evente and were probably due to stormwater
intrugion into the sewage reticulabion svystem. The extremely high COD
concentrations observed from time to time were probablvy as a result of

spaoradic Lndustrizl discharges,

The total and ortho-phosphate concentration inm the sewage fead to the plant
was quite variable. This zspect is dealt with in depth in Chapter &. High
alkalinity concentrations were 2lso observed from time to time. Interesting-
ly, these were not associated with corresponding increases in pH and hence
could not be attributed to industrizl discharges of caustic sodz, sodz ash,
teipolyphosphates or ammonia but must have been due to the sporadic diccharges
of & low pH alksline marsrizl such z¢ bicarbonates. The chloride concentra-
tion (only measured on & weekly besis), was also found to be quibe variable,
Again, this can be ascribed ta sporadic industrial discharges. The same was

found for total and dissclved iron in the sewage faed.

Table 6.2 lists the overall sverzpe pollutant leads on Units B and C feor the
study period, The avarage loade for all three of the major pollutants, 1.s,

C,% and N, were within 3 par cent of each other for the twa Units znd hence
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far all practfEET_pUtgﬁggfr—the—TUadg—on—Unit—B—end—G_can—be—assumed—to—have————————

peen egual. The varizbility in the weekly averages was of the order of 20 per
cent about the overall averages. There were no discinct seasonel trends (Sse
Tables DB2 2nd DC2? in Annexure D). The relation of loads of COD to NH4-N to
Totzl P was 64,2:2,4:1,0 for Unit B and £%,8:2,5:1,0 for Unit C, i.e. & with
szwage a relatively low nitrogen to COD and P contenb. The relatively low
nitrogen can be attributed to the industrial component of the sewage, where
this works serves industries whiech produce high COD and high phosphats waste-
watars, The phosphate load was predominantly (72 per cent) in the artho form,

also 2 sign of a significant industrial contributiom.

6.2.2 Primary settlers

The feed to the primary settlers (Dortmund tzeks) comprised a mixture of raw
sewage and recycled sludge withdrawn continucusly from the humus tamks. The
anly major differencz between Unit B and C was that the sludge recycied from
Unit C contained precipitated ferric salts (FePQ; and Fe(0H)q). As explained
in Chapter 2, problems were experienced im obtzining 2 proper mass balance
about the mixing point of raw sewage with the recveled sludge. Consequently,
it was decided to use the concentrations and flows and thus the pollucant
loads confained in the taw sewage to estimate the load on the primary sett-
lers. This then shows the sffectiveness cof the primary settlers in reducing

the raw sewage loads on the resmainder of the plant.

Table 6.3 list the owvarall averzge concentrations of COD, Tetal P, Ochto P and
total and dissolved Fe in the effluent from the primary settlers from Unit B
and C for the study period., The recycling of iron-rich sludge had = signifi-
cant effect om the removal of various pollutants, based on overail average
concentrations, e.g. better COD removal (43 as against 35 per cent) and im—
provad totzl phosphate removal (25 as against § per cent). However, the iron
sontent of the primary settling tank effluent from Unit € was higher tham that

from Umit B, due to the recycling of iron-rtich humus tank sludge.

The rtesults for polilutant load reduction in the primary sertling tanks, cal-
culsted as described above, are given in Table €.4., As expected they showed &

similar trend to the concsntrations given in Table 6.3,
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6.2.3 Biological filters

The feed to the biological filters comprised 2 mixture of the effluent from
the primary sattlers and recycled humus tank effluent. There werez siguificant
differences between Unit B (control) &nd Unit C (ferric chloride dosed). 1In
Unit C the recyeled humus tank effluent had been depleted of its phosphate aad
the primary settler effluent was also lower in phosphate as =z result of soms

ramoval in the primary settlers due to humus/chemical sludge recycled upstream

of the sesttlers.

Tzble 6.5 lists the overall average concentrations of che main parametsvs in
the influent to and effluent from the biological filters for both Units B and
C for the total study period. Table 6,6 gives the loads in and out of the
biological filrers. As with the evzluation for Lthe primary sebilers, the

concentration and load data reflected more or less identical pollutant removal

treads.

COD removal in both units was nearlv identical (63 per cent), but the removal
in Unit € was te & lower lavel, t.e. 101 mg/l! in effluent from Unit € as
againsf 123 mg/l in Unit B, There was significant phosphate vemoval in Unit
¢, of the order of 10-12 par cent, whereas there was no significant phosphate
removal in Unilt B, This removal is ascribed tc the residusl ironm (both dissol-
ved and suspanded} recycled with the humus tank effiuent (see Table 6.5). The
alkalinity of the biological filter influent was significantly reduced (about
30 per cent} due to nitrification 1n beth Units B ané C., The implication of
this for Uait € 1s more serious beczuse the addition of acidic ferric chloride
to an effluent already low in alkalinity may depress its pH to an undesireably
low level, The ammoniz content in both the effluencs from Units B and C was
low, of the arder of 4,0 wmg/l, indicsting excellent nitrificarion - i.e. redue-
tion from zbout 29,0 mg/l im the raw sewage. The use of ferric chloride does
not appear to effect the nitrification process inm any significant way. The
nitrats levels are low ias both units, i,e. of the order of 4,0 mg/l, where one
would =xpect about 15,0 mgf/l. This indicated that denitrificestion has taken
place, probably im the biologiecel filters. Again the use of FeClg did not

appear to zffect the denitrification process in &any significant menner,

6.2.4 Chemical phasphate removal and sacondarv clarification
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the humus tank at CPg whereas Unit E (control) was operatsd 12 the

convent tonal mode.

£ilu-

Tzble 6.7 indicates the effect of ferric chloride on the overall average

m

ent totzl Phosphats concentvation (2,0 mg/l as against 2,6 mg/l) and orche-
phosphate concentration {1,2Zmg/l as 2gainst 8,8 mg/l), both of which were sig-
nificanctly reduced im Uait C. For the operztionazl conditions chosen during
the sxperimentel run, the affluent dissolved ortho-phaosphate concentration did
in facr not meet the regulatory standard of lass than 1,0 mg/l (as P). This
is discussed in detzil ia Chapter 4, The application of ferric chloride re-
sulted in a significant increase in the chloride concentratiom in the final
effluent (171 mg/l in Unit € as against 124 mg/l in Unit B), as well as de-~
pressing the alkalinity to lower levels (11! mg/l as against 146 mg/l (as
€aC03)) .- Furthermore, the iron content in the Final sffluent was slightly
nigher (2,0 mg/l im Unit C as against 0,7 mg/l as Tortal-Fe in Unit B). Ad-
vantages of the ferric chloride phosphate removal technique, are the’ lower
effluent GO0 (31 mg/i as against H1 mg/l), and apparently lower suépended
lids (although these were not monitored regulsrly due to difficulties with

0
this znalyrticzl method).

The overzll gualicy improvement brought szbour by the biolegical filcration
sewage purification process as z wholeg, with and without f£erric chloride
phosphate precipitation, is indicated by the overall average load raductions
over Units B and € for the totzl study periad, i.e. June 1983 - March 1987.
Tnese are listed in Table 6.8. The conventional works {Unit B} removes about
L0 tonnes/d of COD from the raw sewage (93% efficient), 40 kg P/d total-phos-
phate (25% efficlent) and 7 kg ortho-phosphate phosphorus (6 per cent
efficient) znd 306 kg ammoniz and nitrare nitrogen /4 (79 per cent efficient).
introduction of the ferric chloride phosphate removzl process improved the
total phosphate removal to 121 kg P/d (79 per cent efficient). The COD and
nitrogen removal were not significantly altered, although slightly 1improved

COD removel was evidanc.

In the case of the Vlazkplaats Weter Pollution control Works ac 2 whole, appli-
cetton of the chemiczl phosphste removal techmigue will result in & s:ignifi-
zeat reduction of the dissclved ortho-phosphats load on the water enmvironment,
i.&. iastead of 322 kg P/d onlv 34 kg P/¢ will be discharged. Strict compli-

gnce with the effivent standaréd {< 1,0 mg/l PO.-P) will rteduce this load te



FIRANCIAL ASPECTS
7.1 INTRODUCTION

The experimental study on the impact and implications of chemical phosphate
removal in a biological filter sewage purification works did not 1include an
exhaustive study of =associated financial aspects. Nonetheless, some cost
figures have been collectpd and are presented in this chapter to give an indi-
caztion of financial implication of chemical phosphate removal at the Viak-

plaats Water Pollution Control Works.
7.2 CAPITAL COSTS

The Vlakplaats Works comprises three pardllel units, 1.e, Unit 4. completed
during 1969 at a total cost of R300 000, Unit B completed during 1975 at a
cost of R1 300 000 and Unit € completed during 1982 at a cost of R4 300 0006.
4 detziled description of the wvariocus units 18 given in Chaptev 1. Units 4
and B are essentially identical, whereas Unit C is differesnt in that the secon-
dary settlers are scraped-bottom clarifiers with an linezr upflow rate of 1
m/h 25 against the Dortmund tanks with upflow rates of 2 m/h used in Units &
and B, In addition indireect warm water heating of the digesters are used in
Unit C, rather than direct steam heating as uysed in Units 4 and B. Further-
more, Unit ¢ was designed for chemical phosphate removal and included the
necessary equipment required for this., The capital cost associated with this

eguipment is set out in Table 7.1. (in Jan., 1987 Rands).

The capital cost of the chemical dosing system will depend ou the choice of
dasing system decided on. The research reported in Chapter 4 on process opti-
mization, indicatad that dosage proportiomazl to flow and dosage adjusctment
related to historic datz on phosphate concentrations in the biological filter
effluent ic decirable. This can be =chieved in manv wzys, one being by way of
the equipment used &t the Vliakplaats Works. An alternative approach may be to
buv 2 custom built dosing system toe achieve this objective; one such system is
currently (1986) being manufactured epd sold 1in South Afriece at zbout
RI0 000.



7.3 RUNNIRG COBTS

The running cost associated with chemical phoasphate removal include cost items

such as chewicals, electricity, maintenance and staif,

7.3.1 Chemicel Costs

& large variety of chemicals are available in South Africa for chemical phos-
phate removal, 1including ferric chloride, ferric sulphate, ferrous sulphzte,
aluminium sulphate and polv-aluminium chleride. Laboratory and full scate
tests indicated that ferriec chloride gave the most cost-effective results at
the Vlakplaats Works. The price of ferric chloride as delivered at the Vliak-
plaats Works was R220/tonne of 43 percent solution (1986/7). The price of
ferric chloride has increased om average about 13 percent per annum over the

last seven yearc (see Figure 7.1).

In order to control solids carry-aover from the secoundasry clarifier it was
necessary to use poly-electrolvte, Again there are numerous potentially
suitable poly-electrolytes available in South Africa., Three types were used
during the experimental investigstion, Magmafloe LT 27 and Superfloc 4130
{both powders) and Anikem 540 (& liquid). The price of Superfloc AL3D as
delivered at the Vliakplaats works was R7,00/kg (1986/87).

Based oac the abave chemical prices, the chemical c¢ost per kilalitre f{or
19B6/87 were as follows:

(a) FeCly: During 1986/87 an average 1 375,2 keg/day of 43% solution FeClj
would have been used to mzintain the standerd in an average raw 5ewape
flow of 13,63 Ml/d. The purchase price of FeCly per toune of 43 percent

solution was R220. Hence the FeCly cost per kilolitre was

FeCly cost = 1 375 (Kg/d) , 1073 (M1) 4 22000 (O

13,63 (M1l/d) (ki) 1 000 (ke)
= 2,22 c/kl
b) Poly-electrolvte : Druing 1986/87 poiy-zlectrolyte was dosed at 0,2mg/l
st z purchagse price of R7,00/kg. Hence the poly-elecrrolyte cost per

kiloplitre wacs
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Poly-electrolyte cost = 0,7 (mg) % 1073 (Iyx700 (2 ) x 10 6 (Kg)
(1) (k1) (kg? {mg)

0,14 &/kl

(c) Total Chemical Cost 2,22 + 0,14 = 2,36 c/kl.

It has been found chat in general the alkalinity of rav sewage is sufficiently
high not to result in significant pH depression (lower than 6,0) in the finzl
effluent. Wonetheless, cthis effiuvent 1is undersaturated w.r.t., calcium carbo-
nate as indicated by Langelier saturation indices of ~0,5 to =1,5 and hence pH
correction is necessary with lime to protect the concrete structures, No lime
was dosed during the experimental programme, but assuming z maximum of 30 mg/l
commercial lime is necessary to produce = water sakturated w.r.t. caleium carbo-

nate, at a lime purchase price of R160/tomne this would add 0,8 c/kl.
Toral chemical cost will therefore be 3,16 c/kl,

7.3.2 Electricity Costs

The electrical power consumptlon by Units A4, B and C on the Vlakplaats Works
was measured 1ndividually., Typicel figures are given in Table 7.2, During
period 29/10/86 to 30/11/86 the pumber of digesters operated per unit were 3,
3 and 2 for Unmits A, B and C respectively, whereas during the period 1/12/86 -
1/2/87, 3, 2 and 2 digesters wers oparational. For this 1last period the
electricity consumption per megalitre raw sewage influent per day was 76,3
69,8 and 64,2 kwh/Mi/d for Units 4, B and C, respectively. The major differ-

ences between the various units wae:

a} the use of z steam injection for heating of digesters on units & (3 diges-
ters aperational) and Unit B (2 digesters operational) as against hot water
Unit B (2 digesters opevational) as against her water circuletion in Unit C
(2 digesters operstional).

b) Units 4 2nd B have Dortmund settling tanks whersas Unit € has flat botrtom
clarifiers with mechanical sludge withdrawsl,

c) chemicals zre added to Unit C rasultipg 1in increaseé humue znd combined
raw/humus :zludpe masses.

d) age of equipment and probably fall-off of efiicieney : fnit & (1959), Unit

B (1973) and Uniz C (1982).
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7.3.3 Staff Costs

For the purposes of the research and development programme and the additional
workload to cope with extensively increased plant monitoring and specialised
experiments, if was necessary to appoint one additional chemical analyst. Ko
additienal operational staff were required zbove the normal staff complement
of one superintandant, an operator end 49 steff (tractor drivers, workshop
2ssistants, shiftmen and manual lsbourers). It can therefore be said that
although chemical phosphate removal does require additionezl actention eand work
from plant staff of a conventional biological works, this can be dealt with

quite adequately with existing staff.
7.4 TOTAL COST -~ VLAKPLAATS WORKS

in order to place chemical phosphate removal costs in context, total plant

costs are briefly delineated.

Table 7.3 1iste the various expenditures ipcurred for the Viakplaats Works
during the 1986/87 financizl year. The average volume of raw sewage treated
over this period was 43,13 Mi/d. Chemical phosphate removal was only prac-
ticed on Units A& and C during this experimental peried with Unit B being used

as 2 control, i.e. 28,653 Ml/d was chemically treated, Using this information

the following unit costs were calculated:

- " Totsl cost for gsewage purification

(trazatment + Llnterest & redemption) 16,67 c/kl

- Total treatment cost for sewsge purificaticen

(excludes interest & redemption) 10,46 e/l

- Chemical phosphate removal costs
(marginal cost associated with chemical

treacment only)¥ 3,16 ¢/kl

¥ Lime costs are ilncluded here once it was demonstrated that lime
dosage 1s essential to stabilize the- aggressive effluent produced

when dozing FeCls,
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plaats Works. This increase costs is Predominantly associsred with the cost
of chemicals, The capitsl outlay for chemical dosing equipment, as wel} as

the impact on sludge handling, treatment ang disposal facilitise at

Vlakplaats, was minimal, From the above it ig clear rhat in order £o minimize

increased costs associated with chemical phosphate removal, chemical usape

Must be minimized. The research undertaken at the works has 1indicareq wayse

and means to optimize chemiecal usage; the most important being the selection
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CONCLUS TONE AND RECOMHMENDATIONS

CONCLUSTONS

a)l

b)

c)

ency Co desigr end operecional peremetars sueh as inmitizl m

The projsct for the evaluation and optimisation of full-scale che-
mical phosphate removal in biolegicsg! filtration sewage purificstion
orocesses began on Januarv 1983 znd ended in March 1987. During
this periocd the performance of the Vlakplaats Water Pollurien Control
Works was intsosively monitored, uot only from =z chemiczl phosphats
remeval polnt of view, but alse with regard to general process con-
siderztions and relative performance of individual wunits such eas
primary settlers and anaerchiec digesters, bilological filters and
humus tanks, a5 well as the role played by various recycles within
the process. This has led to = greater understanding of the overall
Functioning of biological filtratiouw preocess both with and without

chemical dosing for phosphate removal.

Introduction of chemical phosphate removel Lo the biologicsl filera-

1
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sewage purificstion process =zt Roksburg resulted in signifi-

"t
p—t

cantiy improved phosphate removal, i,s, from 2

LAY

te 79 per ceut total
phosphate removal. In terms of ortho-phosphate load on the eaviron-
ment, the conventional unit discherped 324Kg P/d, whereas the chemi-
cally treated unit only discharged 34Kg PO,-P/d/P0,. The removal of
organic and nitrigenous mattar remained assenfially unchanged. How-
gver, chemical treatment resulted in an incressed chloride c¢ontent
and decreasec zlkzlinipy of the treated water, a2z well as slighrly

higher iron concentratlons.

Intreduction of chemiczl phospnate removal =zt the Viakplaars worke,

to comply with the effluent phosphate standard, rvesulted in an in-
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n

reasz of about 30 per cent in the totz! treztmeat cost, In order tc
minimize thece coscts 1t 1s esgenlizl Lo optimlze chemical addition by

means of &n 2ppropriste dosing strategy.

riigi-

-+

When the projszcz was first conceived Lt wss intendsd thel & major as-
2

pect would be the testing of the sansitiviry of chemical usege

1

zin
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lntensity &t the dosing point, Ilagcculation time Delwesn dosing and
settling, variation in recycle rates and concentrztion of the chemi-
cal being dosed, In practice however, 1t was found that the large
hourly, daily, weekiy and seasonsl vartstions 1n the flows and
composition of the incoming sewzge was the dominzting influence on
the chemical usage sfficieancy and the scatter in the datz caused by
these variations completely masked the mare marginal effects caused
by trying to {ine-tune design and operationzl parameters oG the
plant. Therefore this aspect of the project was inconclusive in it-
self, but it did highlight the fact that simplistic dosing strategies
are unlikely lsad to optimisad chemical uvsage efficiency on full-

scale plants,

On-line coutinucus phesphate monitoring for phosphate was found to be
labaur iatensive requiring staff qualified in operating 2nd maintain-
ing suiltable =aquipment. Analysis of daily composite samples was

found adequate for controlling chemical dosage.

Tnr

il

e chemiczl dpsage stractegies were avaluated, viz. dosing pro-
portisnal to flow with {i) a coanstant ratic for dosage vats to unit
flow rate, (ii} an increased ratic for dosage rate to unit flow rate
on Thursdays and Fridays, and (i1i} dosage rate adjusted on =z 'dav
of the week Four-weekly movimg average for phosphate councentration”
strategy, The latter was the most successful requiring only 2,0-2,3
times tha stoichiometric FeClq: P amount of ferric chloride to be
dosed, whereas the other stratesgiss requireé¢ 3,53 and 4,3 rtimes

stolchlometric dosagas.

The 95 per cent compliaznce with the current effluent phosphate stan-
dard iz considered too stringent and tesults ia costly chemical aver-

dosege znd unnecessary lncreases in effluent total dissolved solids.

Becansz of the highly corresive nsture of the phosphate precipitant

used, & 43 psr cent FeCly solution, zl1 meterizls which come into

rr

contact with this solutien must be corrosion resiscant. Chemically

dosed water m&y héve £ low elkalinity and mayv dissolve comersts on

-

cement structures; the necessary precautions agsinst this nseds to be

teken.
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One of the major perential concerns of loecal autherities with regard
to implementing phosphate removal has been that it will lead to =
dramatic increase in sludge production which would causs disruption
of sludge rtreatment facilities. For this rezson menitoring of
sludge production and qualitv parametsrs formed an integral par:i of
this investigation. The findings of the investigation can bz

summarissd as follows:

- The unit operated with FeCly additien produced on average Ll per
cent more raw sludge on 2 volumetric basis and 9 per zent mors on
2 mass basis. These incrw=ses however, are considerably smaller
(zbout 2 to 3 times) than the wvariability in the sludge produc-
tion datz, and hence in practical terms had no significant sffect
on sludpge management at the Viakplaats Works.

- The unit operatad with FeCly addition produced 63 per cent mors

i
J—t

udge in the humus tanks than the control unit. This sdditio-
nal mass of sludge resulted from tne precipization of approxi~
mately equal porrtions of ferric phosphate and hvdroxzide as &

result of farriec chloride addition tc this unit,

- The raw sludge withdrawn from the primary sectlers of the che-

mically treated unit contzined slightly lower dissolved phos-
phats and slightly higher iron concentretions than that from rhe
control unit. Digested sludge from the chemically dossd uni:
contained significantly less phosphate than the control unit,

probably as & result of further dissolvad gorthophosphats

preciplitztion ia the digesters in Ehe presence of iroun salts,

-  The drving characteristics of the sludges were not studied in

depth, but 1in generzl no markec diffzrences were obsarved in

tarme of sludge drying or handling.

-

- The only mzjor consequence of chemicel dosing on & biological

filtretion sewage purificztion plant is rthe significant imcreese
in the mase of humus sludge gemerzted. Provision has to be mede
for continuoous sludge withdrewzl from the humus tanks ©o ensurs

thar solids carrv-over doss nat oeccur, The increase in humus
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sludge mas:s has =2 naegligible =ffect on the total siudege

producktion on the plant.

The overall diffsrences in performance between the contrel and the

chemically dosed unit were as follows:

- Some phosphate removzl occurs 1n the biolo filter uni: even

)
P
r
.18
—

in the abzence of chemical addition.

- The diurnal variations 1in phosphatz concentratiens in the in-
fluent raw sewage iz Lo & large degrse smoothed out by the time

the flow has passed through rhe bilalogical filters,

- Chemically induced phosphate rempval does nok only oceur at the
dosing point, but in the primary settliers and biological filiters
as  well. A main contributer to  the removzl - in the - primary
sacclers a2ppeszrs to be the mixing of the iron-rich bumus sludge
with the raw sewage befores iz enterc the primary ssttlers. It
it therefore recommended thar the humus sludge be drawn-off from
the humus tanks and recycled to thic point on 2 continucus basis

in order tLo optimise chemical wsage in this way.

- The performance of the plant in genmerel is enhanced by chemical
phosphats removal, Qrganic matter removal 1s somewhat improved
in the primaty settlers as well as in the brological fFilters.
Nitrificarion and denitrification do not appsar to be signifi-

£Cted.

riy

v af
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- & major problem which smerged during the project 1s the corro-
sion of concrzte due to the chemically induced loss of alkali-
nity ir the effluent. This can be overcome by sither condition-
ing the warer by the addition of 1lime or by protscting the
conevete and using szlt glazed clay pilpes and bielogical filter

tiles.

By judicious operation secondary clarifiers can be operated tS mestr

the efflueant phosphate standard at hydraulic loads 1.6 times in

sxcess of deslgn loads, To achleve this, humus/chemical sludge with-

drawsl race: naves to be signifgicamtly ilncrezsed over normel opsre-
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ELan- To—consistanly mest the effluenr standard at  rhis higher

hydrualic lozding rate, polo-electrslyte has to be dosed at about

twice the normal dosage (0,1 mg/l).

1t was found beneficizl to tecireculate irop-rich humus sludge to &
point upstresm of the primary settlers or 2 coantinuous basis in
erder o optimize chemical usage. This resultad in an additional I

to 3 mg/l (2s P) phosphate removel,

Care was taken during the course of the projsct to ansurs that the
dates collectzd was reprasentative of the seswage qualicy at thes
various monltoring poiants 1in the plant. Te this end daily flow
balance calculartions were done 2znd periodic mass balance calcula-
trions &t mixing points were undertaken. Date which did not display
reasonable mass balances was discarded. Mass balances for twe
mixing points on the plant 'for chloride,. s ceanservative parametsr,
demonstrated that flow retes ané chemical anzlyses were éccurate-to
better thap 3 per cent. However, for streams containing particulats
mattsr, the mass bzlances were relatively poor, i.e. Llmbalancss of
10 per cent and higher were measured, meaking optimization based omn
such parameters (e,g. suspended solids, =nd suspended organic and

phospnorous metter), not possible,

The suitability and effectiveness of various items of mechanical
piant were monitored during the project. The most revealing aspect
of this part of the project wes rhe vnreliability eof flow mecers.
Datz nad to be discarded repesaredly because sstisfactory flaw bezlanc-
es could not be achizved. In general the back-~up support raceived
from vendors of flow metering equlpment was unsatisfactory. The
problem with ultrasonic flow meters was "hunting"” =z¢ £ rasulc of
water turbulence, wave action, scum and foem. It we&s overcome by

the incoctporation of & stilling box. It was alsc found necessary tc

=
[
1)
pot

instzll protective devices against clectri overload znd light-

g

nlng, Furthermors, it was necassary to install temperature compensa~
tors to make the necessaery corrections 2= z result of diurnal and

uetuations, Afrer resolving commissionary

p=t

=

1]

asonal cempersturs I
problems, flow meter vondor back-up foT meter repair was recuirad, on

average, &t Ehree {0 six monthly intervals,
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o) TIavestigations of the standard SABRS analytical techniques for dissol-
ved ortho-phosphate, and totsl and dissolved 1ron showed that thess
techniques were suitable for enalyses of thase parameters im the
various process streams of the Vliakplezts works. The SABS anzlivrtic
technique for suspended solids, however, was demonstrated to be
tatally unsuitabls for analysingz low concentrations (< 20 wmg/l) of
suspended solids, Improved solids racovery was found possible by
using Whatmen GE/C or GF/D, or Rundfilter MNB3/90, filter papers,
although solids recoveries were still only of the order of 30 per
cent when applied to the analvsis for low suspended solids concen-

tration (about 20 mg/l).

8.2 RECOMMENDATIONS

g

It is recommended that the authorities give consideration to =z

5}

mare overall eifective phosphate control strategy, 1l.&. by re-
placing the current "fixed ef{fluent” standard for phosphate by =z
“receiving water" standard. This could be achieved by serting
manthly phosphate loads for each sewage works and allowing chemi-
2l dosage adjustment to wmest this set lpad. This would ensure
compliance with the +receiving water standard, buk with some
flexibilicy in plant control to minimize chemical cost and the

delitarious effects zssocizted with chemical phosphats removal.,

%) [t 13 recommended that the SABS be reguested to 1investigate a
standard for open chaonel flow meters so that the reliabilicy
anéd performance of these vital pieces of equipment can be ragu-

izted and improved.

¢) It 1s recommended that the SABS be rsquested o investigate =
more suitsble and sccurarte snslytical techoique Eor suspended

solids st the low conceantration specified by c¢he General

x|
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CHEMICAL DOSING FLOW CURVES
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Design and Operationai lJetails of Uait B
dosed} of the Vliakplasre Warer Pollution

TABLE 1.1

{Controi) and Umnit ¢ (Ferric Chloride
control Works, Boksburg.

Avarage drv weather
flow (ADWF):

Primary settlers

Design (M1/d)

Type

No.

Diameter {(m)

Upflew velacity

- Design {at ADWF)(m/hr)

Biologleal filrters (Bx) Tvpe -

Humus tanks

Maturaticn pound {(17x)

Mediz

Dliameter {m)

Ave Depth {(m)

Design Loading rate
(g PV/m3/q)

Type

Ng.

Diameter (m)

Upflow rate: Design {with

1:1 recirculation) m/hr

Total retention time (days

I
I
|
|
I
|
|
I
I
|
I
|
I
I
I
I
I
|
I
|
|
I
I
I
I
|
)

Unit B |  Uniz C i
(Control) | (FeCly Dosed) |
! i
i8 | 18 !
|
Dortmund i Dortmund
I
6 ! &
11 ! L1
I
1,3 ] 1,3
|
Single Filtration | Single Filtration
Stone | Stone
37,8 | 17,8
2,3 | 2,3
25 I 23
|
|
Dor tmund ! Mechanically
| Scraped
g | 4
il I 22
|
2,0 I 1
|
12 I L2
|




Flt 7.4 ESCALATION OF CHEMICAL

R/TONNE SOLUTION (AS FECIJ
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TABLE Z.l

FILTER PAPER TYPES INVESTIGATED

| | l

| Commercial Brand Name I Type ! Diametar | Cost

|  and Abbreviation i | {cm) | (Feb.'86 Rand/100)
l | | |

! ! | 1

| Whatman No. L (Wl) | Paper | 12,5 i R 5,81
| | |

| Whatman GF/C microfibre (WGF/C) | Glassfibre | 11,0 | r86.20
! | | !

| MN80/90 Macherey Nagel Rund (MNGF) | Glassfibre | 11,0 | R28,73
! f l

TABLE 2.2
" ANALYTTCAL RESULTS FOR DISSOLVED ORTHO-PHOSPATE tmg/l as P} IN BIOLOGICAL
FILTER EFFLUENT (WITH & TOTAL PHOSPATE CONTENT OF 3,2 wmg/l as P) USING THREE
TYPES OF FILTER PAPER ARD TYPES OF FILTER PAPER PRETREATMENT.

t | - i WCE/C | MNGF i
| SAMPLE | ] ;
!NUHBER! UNWASHED% WASHED | UNWASHED % WASHED ; UNWASHED ; WASHED :
| ] ] ] ] | i
o ! 2,2 i 2,5 | 2,4 | 2,3 | 2,3 I 2,2 |
2 ! 2,3 i 2,5 | 2,3 | 2,2 | 2,4 | 2,3 )
I3 2,6 L 2,6 | 2,0 | 2,3 | 2,4 | 2,72
| & | 2,4 | 2,6 | 2,3 | 2,1 | 2,2 I 2.3
[ 3 2,4 | 2,5 | 2,2 2,1 | 2,3 1 2,3 |
I8 ! 2,1 [ 2,5 | 2,1 ! 2,4 | 2,3 l 2,3 |
b7 } 2,4 I 1,2 | 2,4 i 2,4 | 2.4 I 2,4
I8 } 2.4 ! 2,5 | 2,3 l 2,2 2,3 ! 2.3 )
e b 2,3 1 2,5 ] 2,3 2,4 2,3 | 2,2
I 10 | 2,12 ! 2,3} 2,2 l 2,3 : 7,6 E 2,3 :
! . 2,3 2,5 2,3 2,3 i 2,3 f 2,3 }
3 so.l o0 Ioou | 0.t 1 0. ; 0,1 {_ a,1 ;
Whare X Arithmetic mean

Standard deviation



TABLE 2.3

ANALYTICAL RESULTS FOR DISSOLVED ORTHO-PHOSPHATE (mg/l as P) IN HUMUS TARK

FFFLUENT WITH A TOTAL PHOSPHATE CONTENT OF 0,9 mg/l (as P) USING THREE TYPES

OF FILTER PAPER AND TWO TYPES OF FILTER PAPER PRETREATMENT
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daviation
Average

=

Standard Deviation
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TABLE 2.%.

ANALYTTCAL RESULTS FOR DISSOLVED IRON (mg/l as Fe) IN THE FEED TO THE

[LTER (WITH & TOTAL IRON CONTENT OF 3,2 mg/l Fe)

T

BIOLOGICAL

MNGF

WCF/(C
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TABLE 2.5

ANALYTICAL RESULTS FOR SUSPENDED SOLIDS (mg/l} ON HUMUS TANK EFFLUENT USTING

THREE TYPES OF FILTER PAPER AMD PREWASHING.

I |

|
SAMPLE | Wi WGF/C MNGF

I
I _ |
INUMBER! ] | T
| ] UNWASHED I WASHED UNWASHED | WASHED UNWASHED I WASHED}
i ! ! I ! I
i 1 | -138 | 78 | 10 | 16 | -55 | 24 I
I 2| -127 | 106 | 7 | 14 | ~49 | 12 |
| 3 | -134 I 105 | 11 i 9 | ~435 | 2 !
| 4 | -12& |} 97 | 7 f 7 1 -4d | 6 !
I 5 -128 | 109 | 3 ! 5 | -47 | 10 I
| 5 -151 | 1y | & | & | &0 | 13 i
| i : I
I | |
| ® -137 101 7 B ! 47 1 13

' o I
I 5.b. ia - 12 3 & - 5 | & |
l _ I |
j P 10 J 12 37 I 42 il | &7 !
% ~ Arithmetic mean
§.D. - Standard deviation
P - Percentage standard deviation

TABLE 2.6

DETERMINATION OF SUSPENDED SOLIDS USING & STANDARD SUSPENSION OF FULLER'S EARTH

(980 mg/l), ALL FILTER PAPERS WERE PREWASHED.

| SAMPLE | RUNDFILTER | WHATMAN } WHATMAN |  WHATMAN | WHATMAN |
| NUMBER | MN 38/90 | NO.1 | Gr/Cc | GF/D | GF/F |
I j I ! I I i
| 1 | 837,00 | 905,9 | 944 ,1 | 941,31 | 937,27 |
! 7 | 920,8 | 908,2 | 938,7 | 936,2 | 932,2 |
| 3 E 927,2 | 892,3 | 540,9 | 839, | 931,3 |
! | I I | | !
I [ I I

| % } 928,53 | 902,1 I 940,09 I 839,09 | 31,3 I
i ] . I I | I !
| 5 ]

j R | 95 ] 92 ] 9& ! 96 | o3 I
¥ = JAvarage

PRy
It

peErcenCags recovery



TABLE 2.7

DETERMINATION OF SUSPENDED SOLIDS USING STANDARD SUSPENSION OF FULLER'S EARTH
(980 mg/l); FILTER PAPERS WERE NOT PREWASHED.

[ SAMPLE | RUNDFILTER | WHATMAN [T WHATMAN | WHATMAN | WHATMAN |
I NUMBER | mw 835/90 | NO. | | GF/C | GF/D I GF/F I
! | [ j i
! 1 | 828,59 | 917,2 ! 97,0 | 944,0 | 266,9 |
{ 2 | 941,4 | 309,7 ] 944 ,6 | 852,5 | 970,2 |
! 3 I 937,4 | 905,49 | 962,53 | 952,1 | 975,0 |
I I
I I ) I
| X | 933,¢9 910,9 931.,4 952,1 970,7 |
I i ' I
| R I 94 | 93 | 97 | o7 | 99 i

X = Average

R - Percentzge Recovery

TABLE 2.8

DETERMINATION OF SUSPENDED SOLIDS USING A 20mg/1 SODLUM BENTONITE SUSPENSTON;
ALL FILTER PAPERS WERE WASHED WITH DISTILLED WATER AND DRIED BEFORE USE.

i SAMPLE ! RUNDFILTER | WHATMAN | WHATMAN | WHATMAN | WHATMAN |
| NUMBER | MN 58/90 | KO, ! | GF/C | GF/D ! GF/F |
I I I ] ] i |
i ! I 5.0 | -5,9 ! 13,1 | 8,9 | 12,7 |
] I 6,5 | -9,3 f 13,2 | 9,7 |} 18,6 |
] 3 | 18,7 | -2,5 i 11,8 l 10,8 | 8,9 |
| I
| {
X 13,1 -8,3 13,4 2,5 [ 13,4 |
] I
R | 66 | -4 3 i 66 I 48 ] 67 J
X = Average
R = Percentage racovery
TABLE 2.9
DETERMINATION OF SUSPENDED SOLIDS USING A 20 mg/l SQDIUM BENTONITE
SUSPENSION: FILTER PAPERS WERE USED WITHOUT ANY PRE-WASH.
| FILTER | RUNDFILTER | WHATMAN { WHATMAN |  WHATMAN | WHATMaN |
| NUMBER | MN 58/90 | ¥O.1 | GY/C I GF/D i GF/F |
! | i I ! I J
| i | 8,7 | -38,3 I 13,2 ] 5,8 i 10,9 |
|z I 17,8 | -41,2 I 13,1 ] 8,4 11,0 !
[ 3 i 13,2 | -39,6 | 10,3 | 8.3 | 10,8 i
i f | ! I | I
! | I i | | I
o= l 13,2 -38.,7 ; 12,3 | 7,3 | 10,9 |
! ] [ ! I I i
R i 66 | -12.¢ ! 62 i 38 ] 3% ]
% = Average
% = Percentsge ctIcover
VIZAAL



TABLE 2.10

WEEKLY AVERAGE MASS BALANCE FOR CHLORIDES AT SAMPLING POINTS Pj, P2 and Pj.
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TABLE 2.13

AVERAGE WEEKLY MASS BALANCES FOR DISSOLVED ORTHO-PHOSPHATE FOR POINT MPy SAMPLING POINTS

Ps, Pg AND P3
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TABLE 2.14

DAILY MASS BALANCES ON Py, P2 and Py - ORTHO PROSPHATE

P3
Cone |
mg/1 |

FTlow
| Ml/a

P+ Pzi
Mass
Xg/d

Mass
kg/d

! Flow | Conc |
I M1/d | mg/l |

1

Mase
kg/d

P
Flow | Conc |
Ml/d | mg/t i

A e e ——

s}

—

WL MO0 O — O
.3083.3_38?0)9

3%, 2

32,8

’’’’’’’’’’’’

I

lllll

!!!!!!!!!!

108,7

.1

==
(o]

[Ia]

MO OO

R T N Py

Lo B ot B B S B R R B B

??8?8?89?—0-

lllllllll

!!!!!!!!!!!

L1a T ST, I o I oot B = 1Y

b et

10
10

11

L4

lllllllllll

=
-

01.07.85
02.07.85
02.07.85
04.07.85
05.07.83
08.07.83
09.07 .85
10.07.83
11.07.85
12.07.8

107,60 |

| AVERAGES
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TABLE 2.15

DAILY MASS BALANCES ON Py, Pg and Pg - DISSOLVED ORTHO-PHOSPHATE (asP)

—— b e

Pg

| Flow | Cone !
{ M1/d | mg/1 |

I
|

| B2 + Pg |
Mazs
Kg/d

I ———— R

llllllllll

74,2
127,5

!

kg/d

Mass

|

| Flaw | Conc |
[ 1/d { mg/1 |
!

Mass
ke/d

Flow | Cone |
le/d% mg/1 |

!!!!!!!!!!

!!!!!!!!!!

01.07.85
02.07.83
G2.07.85
04 .07 .85
05.07.85
08.07.85
09.07.85
16.07.85
11,07,85
12.07.85

=11

ded

—

23,8

| 108,9

1.0

Ul
"

26,5 |

AVERAGES
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TAELE 2.16

AVERAGE WEERKLY MASS BALANCES FOR

P, P2 egnd P3.)

TOTAL PHOSPHATE FOR MP; (SAMPLING POINTS
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ING POINTS Py,

2.17

TABLE

MASS BALANCES FOR TOTAL PHOSPHATE FOR MP2 SAMPL
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TABLE 2.19

AVERACE WEEKLY MASS BALANCES FOR COD AT MP; SAMPLING POINTS Pj, Py and P3.
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TABLE 2,20

WEEKLY AVERAGE MASS BALANCES FOR COD BETWEEN SAMPLING POINTS P, Py and Py,
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TRBEL 2,271 NON-THEMICALLY DOZED,UMIT R
----- {UNFILTERED P MASS)

I SAMPLE UNFILTERED P MASE (¥gP/h) !
v TIME : SAMPLE POINT ! MASS :

BALANCE !
! : ok ; BRZ i BP3 ¢ {EP1+BR2) '

! S5:30 T.2E ! o ; 3.83 ' 3.79 ’
! TiTh 2,37 ! .73 { .83 g .70 '
: =30 | .64 ' 1,92 [ 7.04 ! 6. &6 :
: 150 1%, 42 H 1,19 i 22,58 i 15.47

L A T35 4,52 ! 1.2 : a8.47 ! 7.81 :
S 0 I et B 3,78 i .38 g 2,73 ) 16,22 H
4 D30 .26 ' .48 g 8.92 ' 7.8C

i 1230 3,48 ' LB2 : 8.37 ! 7.10 i
' Zi30 | T ' LA3 i g. 04 ! 5.508 {
} Z:T0 2,27 : s ! 4,40 H 5,41 H
! 4,30 7.22 i . g ! 8.3% ; 7.40 {
; sl Bt 3.57 ' ol H 0. 70 : S5.88 H
i 4130 b, 34 ' A5 (N 7.18 : &, 79 '
i Frag o 2. &0 i .41 H pEADENE | : ?.21 i
: g:30 2,77 ' . o9 { 8.2 \ 7.3564 i
i ;3G N : B2 ! 5.14 ' 7.77 H
S B0 s B £.23 ! L A3 ! .57 | &.35 !
; 1170 4,07 : E7F : 4,74 : 4,72 i
: GeT0 ! 4,2 : BT ! 5. 37 : .80 i
! A3 3] I I -t ' A7 ' D38 ! 4,32 i
' 150 2.95 i .54 ' 2.47 ! 3.99 !
' SrT0 2.1 ' i ' i 2,82 '
! 4y70 1-76G i .48 ! i 2.18 '
' SIS0 ! 1.91 H L2 H 2.13 i 2,3 i
' e T0 . ! .54 i 3.93 ' 3.88 {
: T 4,10 : 1,40 H 4,99 : 5.0 :
! o0 I : L.25 ! S.357 i £, 50 ;
' 1700 &.47 i 25 ' T2k ! A2 :
S £ T RuC B s.an ] L8 ! 2.92 ! 75 :
S I e 8,32 E 1.1t : 2,37 ! T.5B8 !
' G:30 12,25 ! .79 i 12,28 ; 13.24 ;
' 1+30 a,35 : ch| : 12,24 ' 16,94

! 2:30 3.5a ! 1,24 ' 16,18 : ?.80 :
: 130! .36 ! 1.z i 7,55 { ?.54

i 4:70 | 2.37 ' 1.5 ! 13,72 : .33 '




TABEL 2.22NON-CHEMICALLY DOSED,UNIT B

(FILTERED P MASS)

+
1
i
3
i
]
'
t
]
1
]
1
L]
L}
¥
3
i
3
[}
L]

]
1
t
L]
1
1
L]
1
[}
L[]
f
5
1
1
T
1
]
1
i
1
]
L
1
1
i
t
d
T
r
1
r
L
]
1
1
1
1
1
1
]
1
1
]
1
1
1
]
1
1
1
t
L]
1
1
L]
t
[}
1
]
t
t
]

SAMPLE | FILTERED F MASS (KgP/h} !
TIME | SAMPLE POINT ! MASS ‘
! ! BALANCE !
¢ BP1 ' BP2 ' BRI ! {BP1+BP2) '
&30 2.04 | .23 b 2,15 ! 2,27 '
7530 ! 1.83 .24 ! 2.07 : 2.07 ¢
g:130 z.48 .28 ' 3.92 ' 3.76 '
5:30 | 10,04 ! .22 ! 11.04 H 10,24 !
1030 ! 4,31 W27 ! 4,72 i 4,58 :
11:30 ! £.77 ¢ .21 g &.94 ! 4,58 !
O30 ! 1.20 ¢ .23 ! b. 84 ! 1,43 !
1:30 ¢ 3.97 .20 | 5, 68 H 4,17 ¢
2030 2.%4 19 ! 3.18 ! 2.73 g
330 4 4,83 | .21 ! 4,49 { 4.B4 '
4370 .60 ! .27 ' b2 L 5.87 '
S:30 ¢ 3.56 | .20 0 3.93 .76 i
6130 4,7% .22 ! 4,36 ! LI ‘
7330 6.49 | .28 ! &.54 : &5.77 {
grin | 4,52 1 28 ! 5.1 ' 4,80 ;
930 ! 4,54 .28 ! 5,78 ' 4,82 :
1030 .76 .24 : 5,07 : 4,02 !
11:30 ¢ 2.62 | ey { 7.88 ! Z.86 !
0130 3.19 23 : 3.42 ' 3. 42 {
1:30 ¢ 2.03 ¢ .21 ' 2.3% { 2.24 :
2130 & 1.51 ! 2t : 1,92 { 1.72 :
130 1.40 ¢ .24 ' {.80 ; 1.64 '
4:30 ¢ 1,13 . 2h ! 1,43 ! 1.3% !
S: 30 ! 1.19 | .23 ; .96 ! 1.42 '
6130 | 2.26 ! .22 ! 1.98 ! 2,48 !
7:30 4 .71 .27 ! 2.95 ! T2 {
8130 ! 2.76 ¢ .24 ' 2,90 ' T {
9:30 | 3.68 ! .22 ! Z.99 { 3.90 '
10:30 5.70 ¢ .22 { 6.21 : 5,92 :
11:30 4,59 i .28 ! .70 ! 4,87 !
Q130 ! 7.65 i .25 : 8.25 ! 7.90 !
1:30 ¢ 7.80 i .23 ! 7.55 f 8.03 !
2130 &5.30 | A7 ! 7.47 ! 4.87
3130 5.89 .74 : 7.18 { 8,63 !
4130 4 a.%1 i L85 : 7. 48 ! .16 {




TABEL 2.23 CHEMICALLY DOSED,UNIT €
{UNFILTERED F MASS)

UNFILTERED P MASS (KgP/h)

SAMPLE
TINME } SAMPLE POINT
i CF1 ! crP2
&30 1,98 ! 1.64
7:30 3.80 i i.1e
g:30 i .44 : .93
Q:30 4,89 | LhE
1030 ! 4.84 ' -85
1130 S04 i -3
30 7.98 } 41
1:30 65.Q07 ! i
2:30 | 4.78 ' . 24
31350 3,38 1 .
4:30 | Z.07 ! AR
30 4,32 } .39
s 30 ) 5. BG L .68
T30 A 6,34 1 1.17
B3l ! 8.489 H 1.40
F:30 &.48 : 2. 16
10:30 T.E0 H 2.04
1130 4,45 : 2.00
Q:30 S.18 i 2. 14
1130 3.97 i 1.88
2:30 | 3.52 ! 2.42
J:30 2.2% ; 1.89
4:30 1.81 H Z,18
B:30 ! 1,52 ! 1.8%5
&:30 ! 2.78 f 3.00
7230 4 .50 g .53
g:3¢ Z. 15 ' 1.79
93¢ 4,39 ' 1.37
10: 30 | 7.10 g .56
11:30 717 i .73
G130 | 7.94 ! 1.79
1:30 ! 8.47 i 1.83
2:30 | 7.14 t 1.89
130 b.464 : 1.80
4:30 7.70 ' 2.29

—

! MASS

______________ ' BALANCE
: ces ! (CF1+CP2}
: 5. 38 I S.42
; 8.47 P 4.9
; 7.06 . 7
; 7.3 1 4.5t
! 5.27 1 5.4%9
! 7.00 ! 5.45
! 11. 47 ; 8,39
! 7.34 1 6,32
: 4.8 1 5.02
! 4,13 i 3.469
: 7.27 ! 5.4
: .33 L. 4071
{ 10,07 ; &.48
; 11.47 ; 7451
| 13.72 Poo10.29
: .88 : 8.44
! 9. 61 ! 734
' g, 440 i &.45
: B.61 PooT7.28
| 5. 94 : .85
; 6.50 : 5.54
; 6,58 b 4410
! 5.75 I 3.99
! 4,33 P 3.3
! 6.21 i J.78
; 6.04 P 3.85
: 6.85 | 4.94
! 8,99 ; 5.74
: 10.28 1 B.66
: ¥.57 : B.88
! 10,78 P 9.73
! 12,12 P 10,30
! 8.93 : 7.05
: 7.37 o 8.44
N L - S R A &
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ABEL 224 CHEMICBLLY BOSED, UNIT T
----- (FILTERED P MASS)

{ SAHMPLE | FILTERED F MASS {kgP/h) t
i TIME i SAMPLE POINT i MASS i
: P - i BALANCE i
: i CP1 ! cP2 : CcP3 i (CP1+CP2) i
: 6:30 1.1 i .12 i 1.52 i 1.28 {
: 730 0 2.18 i 09 i 2:.38 ' 2.37 :
} 8:30 | 2.04 i Q3 i 1.464 1 2.07 i
! P30 3.14 ! 02 : 2.72 t 3. 18 :
S Y ¢ O 3.08 ' 03 ! 3.34 i 3. 11 i
P 11230 S.01 ; .02 i 4,24 ] g. 03 i
d :30 | B.13 i .02 ! 6.10 ! 8.17 i
‘ 130 3.45 : .01 i 3. 486 i J.46 i
! 2130 2,43 ! A3 : 3,00 i 2.44 i
i S130 ) Z2.42 i e i 2.41 ] 2,48 i
i 4:3¢ .50 ] .07 { 3.67 { 3.97 i
] D30 2.9% ; 04 i 2,69 d 5.43 :
i CHE T 4.34 d .04 ! S3.54 i 4.38 !
g 130 4. 44 ] .04 d 3.95 g 4,30 i
! g:30 5.73 ! (i ; S.19 { 377 :
i P30 | 4.41 ! 04 i 4.11 H 4,45 i
i 1030 371 ] X ! 3.28 } 3.74 i
R 0t B 2.97 i .02 ! 2.3 i 2.99 d
i Q30 3.3% i 03 : 2.98 3 3.35 :
] 1136 2,33 i ) i 2.01 : 2.26 !
i 2:30 1.99 : Q4 { 1,74 : 2.0% :
i J:30 .48 ! . 06 i 1.27 : 1.52 !
: 4:30 i.10 i . 04 { .88 : 1,14 '
g S13 ¢ T i 03 i 1.189 : .93 d
' 6130 1.78 } .04 : 2.17 i 1.80 i
g 730 0 2,33 i .01 i 2,44 : 2,34 i
g g:30 | 2.39 i .04 i 2.43 ‘ 2.43 ]
! 930 i 3.02 ! U : 3,00 { 3.03 {
o 10:30 5.23 ' .0l i 4,85 ) e 28 :
Poo11:30 5.04 ! 03 i 5. 38 i &6.07 ]
; Q30 | .61 ' i ; 5.90 | &.88 {
; 1330 8 &. 74 d W13 ] .92 ; &.85 i
i 2:30 J.86 i 12 ; 2,58 I S.98 ;
i 3130 5.09 i « 04 i 4,485 : S5.13 '
i 4:30 | 5.93 ; Q3 : .67 : 5.%6 i




TABEL 2.25 NON-CHEMICALLY DOSED,UNIT E.
————— (UNFILTERED F MASS)

1 SAMPLE UNFILTERED P MASS (KgP/h) |

! ! ]

VOTIME : SAMPLE POINT d MASS d

i § oo |  BALANCE i

: i BF4 i 5Pe t 8BRS i (BP4+BPYY |

¥ - )

H 130 3.78 H .93 H 8.06 i 7.7 4

i 7:30 1.91 i 3.95 : g.98 i S.86 :
' 8:30 | 3.32 i 3.91 ‘ 7.34 { 7.23 i

: 9:30 3.90 } 3.5% i 7.30 i 7.a0 H
P10:3 } 2. b4 : 3.29 ; 7.11 g .93 :
i 11«30 4.80 : 5.14 i 7.63 i 7.94 i
' 0130 ) 4. %26 i 3.44 ] ?.22 ] ?.70 g

i 1230 ) 4.44 i 3.04 3 7.74 i 7.48 :
; 2: 70 S.bb ] 3.03 ! &. 40 i 4.69 i
{ 3130 A,45 d 3.07 d 7.17 : 7.52 i
| 4:30 i 5. 25 i 3.09 i 8.04 ) 8.34 }
; T30 4.51 i 2.79 : 7.61 ! 7,30 i
: 6130 | 2.16 i 3.2 } B. 06 i B.41 !
: 130 9 0.63 i &, 87 i 8.64 10010 i

! g:30 .27 d 4.84d g 10,00 t10.G7 '

H 130 =.27 i 4.60 ; 11.48 t .87 i
i 10:30 .58 ] 4.41 ! 9.86 g 8.99 g
1130 ) 4,46 i 4,52 } F.22 i B.98 i
' Gr 30 4.64 ] 4,54 ] .55 } 9.30 i
i 1:30 4.7¢ g 2.04 : .92 ! Q.77 1
: 2130 3.47 i 3.3 : 8.88 i g8.82 '
{ 3130 | 2.86 ' 4,27 i 7.52 g 743 i
: 4:30 2.78 j 4.74 g 7.45 g 7.54 {
d 130 2.30 g 4,17 t 6.32 H - ¥ 1
i 6120 | 1.73 ] 4,23 ; 5.79 i o. 948 i
] 7:30 | 1.74 i 3.99 i 9.83 g .73 {
i 8:30 | 2.4& i 4.07 : 6.05 ) b6.83 i
i 9:30 | 4.58 : 3.73 H 7.83 { B, 41 '
L 4 I S 5.29 : 3.a1 i B.73 [ 2.06 i
11230 5.28 ; 3.44 : B.32 : B.74 :
' a:3¢ £.42 ! 4,01 ; 16,15 i 10,43 '
' 130 7.39 i 4.15 ! 11.64 i 1i.54 }
} 2:30 4 b.93 [ 4,323 d 14, 4Q 11,14 i
i 3130 7.37 i 3.9% : 10,63 11,348 i
' 30 B.4%9 ! 4,09 ' 12,54 Poo12.58 '

N e e e T e B e e B e B e e



TABEL 2.26 NON-CHEMICALLY DDSED,UNIT B.
{FILTERED P MASS)

FILTERED P MASS {(igP/h)

SAMPLE POINT

e et T

BR?

oo
0
L]

MASS

BALANCE
(EP3+BPY)

RY B 0 D=
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= b
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TABEL 2.27 CHEMICALLY DQSED,UNIT C.

———

(UNFILTERED P MASS)

i e

-

SAMPLE UNFILTERED P MASS (KgP/h)
i -
TIME H SaMPLE POINT i MASS
i i BALANCE
! Cr4 ] EpPe ' CPS v (CP4+CP9)
6130 | 1,58 ! 44 i 2,482 : 2,02
7130 1.54 ; L 3b i 2.3% d 1.92
B:30 2.14 d 32 d Z.96 : 2,44
g:30 1 2.24 : 27 i 3.42 | 2.51
10:70 2.45 ! .23 1 .81 : 2.68
11:30 i 3.24 H P11 i 4.18 ; 3.35
030 ) 4,75 : » 13 d 6,00 i 4.88
1:30 4.62 i W23 ] 5.78 d 4.8%
2:54 3.69 i 33 ; 4,48 ! 4,02
3250 2.85 i .68 I g.22 i 3. 54
4:30 &.84 d « 3 i 5.77 i 4.82
o:30 8l i 34 ; 5.29 i 3. 87
b330 4.25 ] - 55 : &.08 g 4,80
AR =, 33 ] 70 i 7.50 i &.03
g:30 | 6.1 ! .45 : 7.9 ' b. &1
9130 ) S.485 ! . 840 g 8.4Z H 8.25
10:30 4,28 i .78 : &.38 d S 0b
11:30 3 4,54 ' .87 i 6. 55 ' S.41
30 3.98 H -B87 i &5.04 i £.85
1:3¢ | 4.24 { .83 i 4,20 ! .07
43¢ 3. 20 i .84 : .25 d 4,04
3230 | 2.63 : .70 } 4.483 { S.33
4:30 4 2.56 g .83 i 4,24 i RGL
5:30 2.07 ] 71 ' 3.8C : 2.78
£:30 1.72 ! .58 i 2.85 ] 2,30
7130 1 1.63 ; Y- ' 2,862 ] 2.29
g:30 | 1.35 i « 70 ! 2,57 { 2,03
F:30 2.80 ! « 3T d 3.80 i 3. 15
10:30 | 3.28 i .25 ; 4,28 i 3.83
11:30 4,28 | A6 i b.4& i 4.74
Q:3¢ 3 5.58 i A2 ! 7.1% t .00
1:30 ¢ 5.B8 i P42 i 6.81 ! &30
2:30 4.56 i Bé ; b.67 : .22
313G 4,39 i Pl g 6. 27 ] .14
4:30 | 5.74 i -5t ! 7.30 : &6.25




TABEL 2-28 CHEMICALLY DUSED,UNIT C.

(FILTERED P MASE}

SAMPLE

T

FILTERED P MASS (KgP/h)

SAMPLE POINT

&30
7230
g: 30
9:30
1030
11+
Q30
;50
2120
330
4: 30
S0
e
FAREIE
E: 30
PRI
{0130
11:30
030
1330
S0
30
20
30
S
30
0
30
30
30

30

bJ

Y BT

AW mA WW Eu  ma

[ 1
B R ™ Tamdi= 1 I &« B s SR &, O PN VI

bt
Lol
-

L} ‘—"\1

A -

-

200
1.43
1.16
1,33
1.09
2,07
2.62
3.78
4,80
4.85
.75
3.3%
4,454

cPe

MASS
BALANCE
(CPA+CPY)

27
11
.08
.14

-
124_’

08
03
.07
.24
48
15
.19
L 30
£ 32
. 24
.47
AT

=
z\J-?

.49
Ab

=
'HE

.59
<50
.43
. 33
510
<30
24
. 0¢
<23
.34
<33

A3
—

LRI

=g

* D

— = o ==

B Mot oo

- =
[im]

LD S D 0 b O O S L G0 fa Ly

h S R  URE T o B OG  T 1

Med b o= e B3 Gl s e B s O LA LS

-
=

&.00

e L T

m e AR gw EE mM mE e Em pw s me =

1.33
1.18
1,48
1.63
2.02
2.73
4,02
3.92
3.12
2,90
4.23
3.12
3,80
4.57
4. 61
4,44
J.42
3.397
3,54
3,69
2.99
2,69
2,80
1.98
1.9
1.73
1.59
2.3

2.468
3.94
J.14
5. 18
5.18
3.72
4.72




S R _
.| CLARIFIER INFLUENT .
.- |.pates
By '

| Raw inflow to works/ -

|
[
N
'f;i
'Lﬂ
k
"Iopecatlnn e
o AT
N Average influedt ‘Feed
l'vatefelarifier (Ml/d).

' W_Average 1inear upflow
| rate {m/h)
L

’fgIABLE -4.L

-ZZCOHDITIONS REIGHING DURING TBE TEST FOR THE 1"FFEG‘I DF IHCREASED Lo
. SOLIDS LOAD -ARD INGCREASED LINEAR UPFLOW RATES IN THE. SECOHDAY CLARIFIERS_

 PERTOD 1 ;fPEﬁzon 5 4 PERIOD 3

573 éﬁze/s)&a 4!7 - 21/7z66 ?22/? - 31{?/86

2,77 - 3,87
clarifier {M1/4) - : :
Effluent Recvcle rate 486 o
clar1z1er (Ml/d) L

'm'-

Number of clar1f1ers in

om

Cod

“\ N . -

M, L
o

310;173;_M; .
i _

[
oo
£

1,12

l

|

1

!

1

|

|

!

o
ol

S

l

|

I

I

| 1,67

I ) .
1

V34AAL

:515;25,15 :;h.”..;Lm".



. TABLE 4.2

'HUMUS TANK EFFLUENT QUALTTY WITH AND WLTHODT POLY-ELECTROLYTE DOSINC

fiers .in-use

No. of Homus Clari-

1672 - 30/2/87.

9373 -:27/3/87

30/3/ - 3

/4/87

"[3-35

IZ '

Poly. Efeétfblyte;
Dosing- (mgfl}

0,11

0,23

Raw Inflow to: Works;
Unik C, _.(Hl/d)

19,103

19,146

19,326

oo Biofi@ter,Eff}ueut
: IVoluQQ;CPﬁfﬁﬂlfd)

27,572

;II-j}j_i-, 34,722

30,672

"RecydléfCPz (Ml/d)

VolumEﬂdf'Humus/Chem.;~

0,950 - -

;§;“m_[,_i,§?g;

Chemical Recycle (mgil)

" | Concentration ‘of Humus/ | .

1,780

0,673

Mass of Chem1cal/
Humus : Sludge (t/d)

1,70

1,27

1,31

IﬂVqume of Flow per
‘Humus - Tank (ML/d) -

9,191

17,361

~13,336

S 12

. 40,66

I 4382

'(ﬁ/hr).

‘FeCly .dosing (mg/l) |

L0

1,9

1,7

Upflow'ﬁéfe'

Orrho<P in. Effluent CP

It II

D Dissolved.

“VWithoot]

With

Poly | Poly

Wlthaut
"~ Poly

With
Poly

1 Without |

| Poly

" With
‘Paly

T_-

T ol T

1,9

Fe in Effiuent CPy
T Total
D bissolved

I
I
|
A
.| T ‘Total
| :
!
I
|
I

[t

I
7 1
"I
a
|
-l
y
I

2,7 2,2

|
b
b
l.
|

I

|

|
|
;
!
o
1,1 |
[
i
f
|
| 2

V3Gass
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TABLE 4.3 -

DAILY ANALYSIS OF CHEMICALLY REMOVED ORTHOP AT DOSING POTNTS

I wonpay | TuEspaY | weDNESDAY THURSOAY | FRIDay [ ave |

X
STOICH .

..?6.?8486.8628.09:_
O N T I T R R T S T

oo Q- o0

90092 .._Zn_n.,??ﬂ?n..u
—

..L._Z._l 2.._ 46.._8374?:_.4..
: : cmloo o —~ .

..?08332?5131& A

P O . TR I

.”,4:4355.3.4:423.441...

1.,”

LIRS S T

_...?..._5._ ._9.4202906.4..

OO - D 00

.3_311031.366563 .

AR W™ A AR R m A B mm W CH

..3_3-414462223332.:..

a

369_.4:“.

s—!!ll.

...91999?202.312?.3_.

: I A . T T N T At
.:..._. 3236.3;&-03433.

620806300350.&.

A ®m R R m W R R R AN

0110100110000..

Il.il-ll.ll...l..llllllal].lll.llll!.

?43056.0....
R I
.nUn..UnunuZnUl...Ul.lﬂ.l_.”
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IR
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O MO0 I~ B0 WO Bt D60
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o R I e B I I M T I N T

ElmgFe813/d -CP&J{CPyi CPg | CBy | CP51,CP75-CP57LCP?:HCPGJ:CP7' CPy
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] e et o~ o OD ) DY — — ]
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e
=]
o T
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[ L
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TABLE i, 4

CﬂLCULATED VOLUHETRIC FeCig DOSING R&TES BASED " ON THE “DAILY;FDUR WEEK HOVINC
. AVERAGE" DOSING STRATEGY. _

.
N
!

L SUN."| “MON. CTHUR. | FRI.

| ortho-r 4,6 | 5,9

w |
-
=

: 3}6 s

]

I

]

|

|
SR B
"L S s ._”";-'“'_I; o _ . -

“‘Concentration o 3,000 4,213,946 1 5,6 3,81

|

|

i

]

l

T Biofilter 3,0 13,9 | 4,1 ] 5,0 3,8

. w : :
s

73,8

)

£
n

Effiﬁéﬁf':_;ﬂ: o 3,0 - :,j¥4i5

G

|
|
[
!
|
I
I
|
|
!
I
|
|
|
|
b T
AvE. [ 3,07
: |
I
I
|
I
[
!
I
|
]
¥
51
1
|
|
I
|
|

-0,8P (Target EEf. Conc.) '-[=0,8 .
Ottho-pﬁbﬁﬁhéfé:I
to'be-remnved o

bz 4,5 ] &2 0] 3,0

| 1

| 1

| |

| I

. - l |
I mg/lx 10 48 = . S o . TR I
"I mg/1- Fe013 AU f'=23.05 3,44 47,16 :}&ﬁgiog' 31,44
['ml/min. FeClg-at - . . | _ ;
| 28860L/m (P6) : 2178 |
s I
| |
| I
| !
1 i
i 1

—
N
L9
o]

1452

| Daily dese =
-] setting at P6 ' b
“{ ml/min. 1040 1452 2032 - 1452

8
|

2178

Ln
s
v
-
<3
s
o . ]

!
f
|
i
|
|
|
!
I
|
|
|
|
!
!
|
:I'
|
{
!
|
|
|
|
[
{
!
!
!
J
J
|
]
|
i

I

I

I

I

I

I

|

o

o w o

2032 | - -
e

!

f

{

I

I

-Analysi#*on,the plant indicated that twice the 5toidhiometric dose iz required
to achieve the phosphate standard, Therefore 2 x 5,24 = 10,48 mgFeClj
salution is required to remove Llmg phosphate.

To calculate the dosing volume per aminute:
mg/L P x 10,48 = wg/1l FeCly to remove phosphate

ml/min, = mg/l P to be removed x 100% flow ar dosing point in l/m
mg/1l FeCls per litre

V3Laas



L

oy

% I
| DOSING STRATEGY
o

|
|
|
[ -
S I
"-I Dosage 2 0 x Stoich,.
I
|
|
|
|

'COMPARTSON OF THREE FeCl3 DOSTNC STRATEGIES. .

COTABLE 4.5

MONTR |
|

-

STOTICHIO—

-
TIMES |

PERCENTAGE COMPLIANCE WITH
_SET ,g/; +0,0T =

METRIC

T1.0)

(.

3)

(2 140

Constant with Incre-

" | mental Adjustment

Hay-Bs
June 86

1,95

2,64

-38
47 -

: C\.'Ul [l B

7 .
5

.70
LTGT

86

g4

Constant dase ~ad jus—
-ted Thursdavs and
Frldays

Jﬁl? 36I
Aug. 86}

1o

42

72
I;38 -

=
)

100

100

X previous 4 day
moving average
ortho-phosphate
concentration

I
|-
I
i
B
1
-
-l
a
-
|
I

|
e
Sept .86 -
Oekb. 86

Wov. 86| -

Dec. 856 }
Jan. .87 |
‘Feb. 87 ]

|

1,87 T
2,00 e
1’85 P

1,87

2,23

|
I
|

70
73

g5

90

 @41;,;
82
30
" 90

.75
100
140

68 -
91

25

|
|
I
I
I
i
| -
I
|
|
|
I
|
I
I

100 -
. 100

100

© 100

100
100




TABLE 5.1 1 Weekly Averages of Daily
Raw Sludpe Production

Perind LRIt 3 URIT C

Yoluse Conc [nélow Mass  Aaes/MW) § Yofuse Conc inflom Rase  Hass/HD
ie3)  toet1) (MEE Q) tho/K1! 5 [ad) [ea/(] (D) (&gl ikg/HL

01/07/B5-05/07 116 K7.E 4.1 SA%E 39 (3 SLe (2.6 s4BT 530
0B/07 -~ 1207 120 38,5 13,1  #20  353 W3 380 53,1 SHI 449
15467 == 19007 127 M.0 ILF 4TSE 36§ 22 W6 (22 K T
22007 -- WIOT 126 42,0 (3,3 4252 398 126 §2,0 1.5 IMT 448
PHT — Q1108 13% ®,.8 VL3 831 397 143 .6 15,1 bEOT  KAE
05/06 -- 09/08 120 S4.6 138 TEIT 593 172 458 137 995§
12006 - 16J0G 15 0.0 127 4950 570 1S9 43,0 1.7 % 5%
1905 -- 7106 139 302 {37 sI% M (42 46,0 (3,4 35E0 5B
T6/06 - J0/00 135 4b.% 127 - bH0B 505 15 402 125 T3 4o
308 -~ D603 135 41,1 117 S 4R 145 367 105 SV 505
008 - 1209 L3F A7 126 EOST  MED 145 M5 (2.3 8355 5iT
16706 — 20/09 141 S50 12,3 7870 &S0 My 49,2 1.2 T3 402
2300 -- 2700% 2 JGB 1n2 1999 440 (80 3né 1.9 5852 45¢
36409 -+ BE/10 148 42,4 121 7ITR 593 163 M2 1327 TH6 498
IS0 == L3710 162 A0 101 h0E3 S4B 12 455 1.7 TEIT b8
/10 == 20010 136 IT.2 ILL 5156 MY (5 48t 100 TIST 722
A0 - 10 U2 LS JLD 821 SKS 171 4L L0 T§? &2
28710 == 711 145 2,6 19.%  HESZ0 52 165 85,5 15,6 1014] &0
W70 -~ 10710 135 380 12T SZE N2 17 .9 100 BEE 53
HLAIL — IS/0E 142 4G5 18,1 86T 85I 16 387 162 b35S 568
19711 -- 22451 138 SB.2 L4 Al3E 699 172 B4 (.6 TR el
08 = WL 136 434 LY OIS 403 W7 4G 132 719 S5M
02/12 — 08242 142 52,1 1L0 M4k 62 1M 6.6 KB 831 T
09712 == (W12 138 S1.B (0.5 TisL g7 18 427 1,9 1§t sl
PO -- R 125 TLTOILE LO7E 348 133 $6.0 0.0 S8 St
QE/OL/BA-10/0F 120 3.5 10,4  AGBE 48 172 164 0.3 592k STe
(3401 <= $7700 131 AB4 i1D 4356 590 (7 3B §LE 513 45E
20000 - A0 142 BT 157 %EE A W3 470 160 8712 M7
e -- 301 1 40 LT 5052 M7 172 %4 0.8 5B SE
02/06 ~ 15406 136 108 120 45 381 143 5,7 1L 73T 543
09s08 -~ 13704 130 bt 20 77 3195 177 2.6 10,8 BI2t K52
La706 -- W0E 13 49,8 1L ANIF 478 80 439 (0.6 7TRI THE
2Wils - 705 132 .5 OLS IS 787 163 50,6 1.0 737% BAS
0006 == 04/0T 135 45.0 12,8 SERY €43 115 4L7 12b 950 &gs
0707 - 1107 I3 T0.1 1T A1as Jéd 49 35.2 1.0 STAS  4B2
(4407 -- 18407 1% 427 (LG B6IR  4lb 143 #.1 {14 S8R 51§
21407 == 7407 152 2.4 11.B 701 988 14¢ 45,0 12,0 &28% 543
2007 - DLJO6 §A 557 120 H1S0 &79 188 4.5 1.7 B0kl &%
04/00 -- 09/08 1B2 &0 127 IS 430 1] W4 170 SIS 4o
106 — 15706 LBE  40.4  ELE 7BAL 467 HME 404 123 BT AW
1608 -- 22/08 139 SL.L 431 THIT S 180 45.3 1.8 8094 k&7
2900 — 2408 196 T2 T T sE 3 A4 121 k203 ST
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TASEDT 73T T WREEIY Avérages o DEVTY
Eumus Sludgs Production
feriod UNET-B i Uk
Voluse Coac Infiow Mess  Kass/MD | Yoluee Conc Indlow Mass  Nass/Ml
(M} (ag/1} {HI} (kg leg/uit | (M1} {ag/11 (KD) {kg) (ka/H1)
B1/07/85-03/07 0.9006 1108 H4.F 993 ! 0.7%0 2695 12,6 2219 149
¢8/07 -- 12707 0,970 153¢ 131 14BE 114 0,850 2271 12.1 1908 158
(5007 -- 19407 L.070 583 1.9 54% £3 0. 840 2168 §2.2 1821 [49
22007 -~ 26707 1,200 1692 13,3 2030 1E] 5. 860 21 1.9 2082 173
2907 -- (2708 1.200 jo@? 12,9 1307 105 0.8t0 3542 V5.2 Z0H% 185
05708 -- 09/08 1,120 <7 14,8  LOT9 Bt 0.720 4800 13,7  J43h 292
12108 ~- 146/08 1.120 17sa 12,2 (95 140 0.756 484t 12.7  Jbdd 287
25706 -~ J0J08 1,120 129% 12,7 449 it 0.750 2068 12,3 2064 {11
69709 -- 13J0% 1,200 2071 12,7 Z4BF 1% 0,710 JIB4 12,3 274G 194
(470 -- 20709 1.250 712 16,7 890 83 p.710 JI738 12,7 2654 U8
23408 -- 27009 L300 (192 12,2 1496 023 0.950 2844 12,3 2702 230
Joj09-06/10/B5 1,210 131&¢ 92,1 1583 FRI 1,670 2442 {2,824 2048
ZB/047B4-02/05 1.020 T2 12,5 %4 58 0,872 938 121 1830 135
05/05 -- 10/03 0.1B2 2429 0.7 444 40 0.356 149¢ 11,1 3AS i
{2705 -- §&/05 0.184 Sb76 11,7 799 &b 0,211 1036 126 9 3!
18705 -~ 23703 1.021 407 1.2 bl 38 0.8%7 21248 L1 154% tal
76705 -- 30705 0.876 749 11,1 44l bt 0.482 3327 11.& 1488 128
(2/06 -- 04706 L.000 733 2.9 H 37 0.497 2726 1Z,% 1154 a
09704 - 13/06 0,842 1701 12,0 A0 34 0.367 3375 12.%  itB9 g
[6706 =~ 20106 0,817 1363 19.4 946 1% 1,192 942 0.9 1128 118
23106 -- 27706 0,881 480 133 425 12 1,563 V03 12.6  9%Y ™
6k ~- 04707 0,886 ST 2.7 SIS i 1.408 863 I2.4 124% 160
07/67 - L1707 0,064 1682 11,7 62 127 1,023 26B% 12.0 3001 248
[4/07 -- 18/07 0,883 (562 (1,3 1378 24 1,363 1777 LS 2387 245
2T -- 20007 1,149 992 (1.6 1143 97 1,347 1487 12,2 2270 190
28707 -- 01708 1,026 118% 11,9 1201 102 2,458 1406 116 4193 3%
04708 -~ 08708 0.993 1131 (3.0 1125 8¢ £.933 1229 12,3 Mo M
11408 -- 13/08 1.912 1812 12,1 {794 130 1.856 307 12,1 1477 I3
18/08 -- 22/08 0.B43 2354 12.B 2802 203 (930 716 12,8 1387 14
253408 -~ 11708 1.022 2095 12,0 229 188 L4848 1386 12.F 2254 181
01709 -- OT/0% 1.104 083 11,9 120f 102 1.83% 1182 L2 1971 174
0B/09 -~ 12709 1,118 1117 ML & 1288 110 1,565 1360 11.2 2168 193
15709 -~ 19409 1,078 2083 1.4 2241 187 £.47¢ 1583 1.4 5B 230
22/09 -~ /09 1.6t 1B32 12,3 2186 18t 1,604 2056 1.6 3248 280
29709 -- 30409 0,993 1232 f0.7 1230 123 .39 223%  1L.3 T 24
06710 ~~ 08710 LLo4T 1290 10.1 13 140 1313 1912 13,3 2505 188
£3/16 -- 17410 1,163 1747 1T 2020 147 1.230 2403 ¥9.3 2904 I79
20710 -~ 24710 L 106 1456 li.6  LA4Z 105 1,297 2120 (5.2 3T 210
22050 —- 31710 1,411 494 13,9 2057 154 1,318 2146 16,1 J24& 22
0318 -~ 07711 L1212 tii4 135 1378 78 1,613 3909 14.2 T4id 587
/L0 -~ HAAE 1157 94 147 1103 18 1,299 2187 (3.6 2877 2
L -~ 250 LBds 1239 185 2210 159 1.206 2378 12,7 2887 234
T -- 28711 5220 1697 16T 204 134 170 2102 136 13y 174
alf1z -- 08712 §.242 995 1.2 1249 73 1,453 2038 11.2 H9 144
08412 -- 12HZ 0,911 1355 15.4  J&E 35 1,215 1%07  15.%  212% |53
19412 ~ 19412 1576 18,1 £.255 188%  17.8 0 234 B4
§5/01/87-08101 1. 165 1447 14,8 1742 118 128 1991 13.3  1iad 1
12701 -- 14/01 1183 95 EB.7 M2 5 £.430 2003 1&.6  24BY 1M
19761 -~ 2300 L.}43 1179 19,7 1542 78 1,242 1325  13.B 692 ¥4
25101 -- 3001 L.OAG 1916 14,3 1997 (RO 1,067 1498  15.6 1532 2
87702 -~ 04407 1.137 %08 24,7 1013 43 1,077 14859 23,89  178¢ 13
0%402 -- £3/02 1,297 831 17.7  121° 72 6993 203%  le.1 2000 1M
16702 -- 36/0Z 1,056 B30 itz B&2 g 0,950 1790 1§01 438 g¢
13707 -~ 29702 1.130 2387 (4.5 TEBO 208 0.B14 255 151 2127 13
Gverage Logl ti0R (5.4 (37 o7 [ 167 7159 13,7 2264 1Tt
Crp Devigtien L.ZET VTR L &l t¢ 0.43 Y L fos2 B?



TABLE 5.3

COMPARISON OF SLUDGE PRODUCTION RATES IN THE PRIMARY SETTLING TANRS FROM UNITS
WITH (URIT C) AND WITHOUT (URIT B) FeClj ADDITION.

r— ! _ I _ I preFerence (%) |

i Parzmerer f Unit B I Unit € i (C-8) !

| | I |

i | I }

| Sludge volume (m3/d) | 141 (+15) [ 158 (= 18) [+13 (9% I

| i |

I | !

| Sludgs Concentration {g/l) | 44,8 (+#10} 43,1 (+ 3) {+ 0,2 (0,3%) |

i | |

| | I

| Raw Sewage Flow Rate {(ML/4) | 13,& (22,7) | 13,2 (+2,3) |- {1,32) |

| | I I

I | | |

| Yolums Sludﬁerolume i | [ |

| of Raw Sawage {m3/M1) I 10,3 | 11,7 b+ 1,2 (112)y |

I I I

I | I

| Mass of Raw Sludge (t/d) [ 6,36 (+1,45) | 8,89 (+ 1,19) ]+ 0,55 (8,7%) |

| - ‘ | " I

! . I E

| Mass of Raw Sludge/Volume | ! | !

| of Raw Sewage (kg/Ml) I 489 (+124) | 533 (#103) |+ 44 (9%) ]

! I ] I I

! E j | I

| Mass of Raw Sludge/Mass of | i | |

| BOD removad (+ sludge/t 0,) | 1,81 I 1,35 | 0,26 (la%) |

| | | I I
TABLE 3.4

COMPARISON OF RUMUS TANE SLUDGE PRODUCTION RATES FOR UNITS WITH (ONIT C) AND

WITHOUT (UNIT B) FeCly ADDITION.

| | | I

| PARAMETER | UNIT B ! UNIT C | DIFFERENCE (%)

! { ! !

| Sludge Volume {m3/d) | 1066 (s 247) | 1187 (+4,39) |+ 83 (8%)

! I

i |

| Concentration (g/l) [ 1,41 (+ 0,76) 1  2,16(+0,93) |+ 0,75 (33%)

|

I

| sew Flow Treat=zd(M1/d}} 13,4 (+ 2,8)

|

[

|

VYolume Sludge/Ml Sewege

!
]
!
I
I
i
!
|
13,7 ¢+3,2) |+ 0,3 (22 |
|
i
|
I
I
i
|
I
|
i
I

I I
P (me /ML) N 83,7 | %,3 (53%)
: ! I
i ! |
i Mzgs of Sludge (r/d) ! 1,37 (0,8L) | 2,28(+1,06) |+ 0,91 (66%)
% ! |
i i ]
! Mass of Zludgz/Voiums ! ! f+ &7 (83%)
| of sswage trearec (kg Ml} | 107 {+ 49) | 174(+ 83) |

P P
Videnan



TABLE 6.1

RAW SEWAGE OVERALL AVERAGE QUALITY FOR UNWITS B AND C
FOR PERIOD JUNE 1985 - MARCH 198B7.

PARAMETER ! UNIT ] INIT C [
| _AVE.™ | STD. DEV® AVE. | STD. DEV. |
i il E i |
con (mg/l) | 768,0 | 21,0 | 807,60 168,0 |}
Total-® (mgP/l)} | o1z,0 |} 1,8 | 11,81 2,2
Grtho=? (mgP/1) | 8,7 | 1,7 | 8,4 | 1,7 |
NHz-N (mgN/1) 29,2 | 3,6 | 28,7 | 8,3 |}
¢l (mgCl/1) I113,0 | 49,0 | 126,01 33,0 |
Alkalinity (mgCally/L) | 236,0 | 38,0 } 2%4,0 40,0 |
Ca-hardness {mgCaC04/1) Po138,0 | 26,0 | 136,01 34,0 |
Conductivity (m$/m) bo93,0 | 16,0 | 92,0 | 18,0 |
Totzl Fe (mg/1) ] 2,5 | 0,9 | 2,8 | 1,2 ]
Dissolved Fe (mg/l) ! L.l 0,5 | 1,21 g,6 |
| | - i g
* Averages and standard deviaztiong based on weeklé averages for all
parametsrs.,
TABLE 6.2
RAW SEWAGE OVERALL AVERAGE POLLUTANT LOADS OK UNITS B AND C
FOR THE PERIOD JUNE 1985 — MARCH 1987,
! i UNIT B E UNIT ¢ ]
i PARAMETERS | AVERAGE™ | STANDARD DEV™ | AVERAGE™ | STANDARD DEV” |
; ] | i ! i
bcon (kgfd) 10 266 ! 2 753 b 10 831 | 3021 |
1 i i ! I !
| Total ® (kg/d) | 160 | 37 ; 153} 38
| ! I | i ]
| orthe-? {kg/d) : 1: | 23 | Lie | 20 |
i | ! | I !
nEa-Y (x2ld) | 388 | 186 | 378 s
| [ I | | |
* Oyverzll sverzge znd stendarg deviarion are based on weekly zverages



TABLE 6.3

EFFECT OF HUMUS SLUDGE RECYCLE ON OVERALL PFOLLUTANT REMOVAL FROM RAW SEWAGE
TO THE PRIMARY SEDIMENTATION TANKS OVER PERIOD JUNE 1983 - MARCH [987.

| I I I

! I INIT B | INIT € |

I - I I | | | }

E PARAMETER | Influent | Effluent | Removel | Influent | Effluant | Removal !

I ! | ; j | | I

| ¢OD (meg/l} | 768 | 499 | 269 (33%)y 1 807 boa47 | 3860 {43%)

E | ! ] I | I

| Toral-¢ (mg/l) | 12,0 | 10,9 1,1 9%) i 1i,8 | §.8 | 2,0 (23%)

I ! f | | i | i

| orthe-% (mg/l) | 8,7 | 8,7 10,0 { 0%) | 8,4 | 6,5 | 1,9 (23%)

I - ! o A ! { I

| Toral Fefmg/1d | 2,5 | 1,9 |06 (242} 2.8 | 3,5 |-0,7(-25%)

I i | | I i I |

| piss Fe (mg/i) | L, 1 | 0,¢ {0,2 (18%) | 1,2 ! 1,3 1=0,1 (-8}

] ] I I ! I ! I

TABLE 6.4
REDUCTION IN OVERALL AVERAGE COD AND PHOSPHATE LOADS THROUGH PRIMARY
SETTLERS FOR UNITS B AND C FOR PERIOD JUNE 1985 - MARCH 1987

I I I I
; | URIT B | UNIT C !
] | I ! [ ; | I
| DPARAMETER | Tnfluent Effluent Removel | tnfluant | EfF £ Removel I
[ | | | | | [ ]
[ cop {(kg/d) (10 266 | 6 770 |3 496 (34%) | 10 682 | & 240 |4 442 (£2%) !
? I I I I I f ‘
" Taral B (kgP/d) 180 | 133 | -7 (&%) | 153 125 f 28 (18%)y |
? ! I I I I I
‘orche-F (kgP/dY} | P13 121 | -6 (=37) | SRV 84 | 16 (1&£.3%) ]
' ] I | I ] i
I ! I I ‘ ]




TABLE—6<D

OVERALL AVERAGE EFFLUENT QUALITY IMPROVEMENT BROUGHT ABOUY BY BIOLOGICAL FILTERS FOR
UNITS B8 AND C OVER THE PERIOD JUNE 1985 - MARCH 1987,

; I UNIT B | UNIT C |
! PARAMETER Infivent | Effluent Removal nfluent | Effluent | Removal |
y COD (mg/1) 321 o123 £98 (62%) 1 173 | 101 | 174 (83%) |
i Torzl=? (mg/l} | 16,3 | 0,3 | 0,0 (0%)! 3,9 5,2 1 0,6 (10%) |
| ortho-P (mg/l} I 8,86 | 8,9 | -0,3 (~31) | 4,4 | 3,9 1 0,5 (11%) |
| Alkalinity ! | ] [ ! I ]
! (mgCaCQy/1)} joo222 booL33 ] 59 (31%) 1 201 I 136 [ &3 (32%) |
| Toral Fe (mg/l) | (,3 1 1,1 ! g,2 | 2,6 | 2,6 | 0,4 (17%) |
| Diss. Fe (mg/l) | 0,7 | 0,5 | 8,2 ] 1,0 | 0,7 | ©,3 {30%) !
| NHz=-N (mg/1) ) - | 2,0 | = | - I 2,5 | - I
| HO3-N (mg/l) | - i G,4 | - | - ; 3,7 | - |
[ Ca~H (mgCaChq/1) | - [ 157 i - | - | 159 | - i
f I ] I ] ] I I
TABLE 6.6
REDUCTION OF POLLUTANT LOADS IN BIOLOGICAL FILTERS OVER
THE PERIOD JUNE 1985 - MARCH 1987
! UNIT B ! NIT C
| PARAMETER Influent | Effluent ! Removal ! Tnfluent | Effluent | Removal
| I ! | I I
| cop {mkg/d) I 8044 1 2927 | 3117 (&4%¥) 1 7335 | 2628 | 4707 {(643%)}
{ Totsl-¢ (kg/d) | 252 |} 257 | -3 (=2%) } ler ! (41 | 20 (L1233}
| archo~?  {kg/d) |} 211 | 226 1 =13 (-1 | 123 | 109 | 16 (L17) |
} Alkalinicy [ 5451 | 3603 ] 1848 (3&%2) | 30386 ] 3417 | 1619 (32%) ]
{ (kgCaC04/d) 5 | I I ! I I
| Hardness I 3902 | 3946 | td (1z) ] 4les | 4163 | 5 (0,1%)
| (kgCaCDq/d) I J ! | i ! |
| Total Fe {(kg/d) | 34 ] 26} 5 (3£%)} 54 | 52 12 (19%) |
| NH,-N (kg/d) E - I 32 | - I - I 73| - |
| NO3-¥ (kg/d) i - E Lz i - E - 98 | - |
I I I | I

V3LAAL
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TABLE 6.7

AVERAGE EFFLUENT QUALITY IMPROVEMENT BROUGHT ABOUT BY CHEMICAL PHOSPHATE REMOVAL AND
SECONDARY CLABRIFICATION OVER THE PERIOD JUNE 1285 - MARCH 1987

REDUCTION OF POLLUTANT LOADS IN ONITS

B ANB C OVER THE PERICD JiN:z

f UNIT B ! UNIT C

} PARAMETER influanc | Effluent | Removel | Influent ! ©ffluent ! Removail
[CaD 123 61 I 62 ( 30%) | gt | 51 30 ( 507y !
| Total-p | 10,3 | 9,6 1 0,7 ( 7%) 1 5,31 2,0 | 3,3 ( 62%) |
| Orcho-P ! 8,9 |} 8,8 | a,1 ¢ 1%)|{ 3,94 1,2 | 2.7 ¢ 892) |
| WHg-N ] 2,0 | 3,0 1-1,0 (-350%) | 2,51 4,6 1-2,1 (-84%) |
| NOg-N | 4.4 | &,2 1 0,2 ( 32)| 3,71 3,6 [=0,1 (- 3331
| C1 | - bo124 I - ] - 1 17 { ~ !
| Alkalinity I 133 | 146 7 0 330} 136 | Ll | 25 ( 18%Z) |
| Ca~Hardness 1 137 i 133 b4 (0 3% 15¢ | 157 iz 1%
| Conductivity ] - | 80 | - | - 82 | - ]
| Total-Fe ] 1,1 | 0.7 | 0,4 { 36%) | 2,0 2,0 } 0,0 { 0%) |
{ pigsolved-Fe I 0,5 | 0,3 | 0,2 ( 40%) | 0,7 | 0,7 | 030 ( 0%) ]
1 ] ] | I I ! i - I

TABLE 6.8

1985 - MARCH 1987.

| i UNIT 8 % MINIT C

s

| PARAMETER | Raw | Matursc, | | Raw | Maturat. |

i | Sewzge | Pond Eff. | Ramoval | Sewage | Pond Eff. | Removal

| ] I I ] I E

| cob (kg/d> I 1o 266 | 742 ] 9524 (93%) | 10 682 | 701 | 2981 {(93%)
! Toral-p i 166G | 120 } 40 (23%) i 132 | 3z [ 121 {(79%)
| Orcho-F I 1ns | 108 i 7 ( 8%) | t10 i 18 I 22 (847)
| ME, + NO3-N 388 | 82 I 06 (797) | 378 98 | 280 (74%)
i ' | ] I ! I




TABLE 7.1,

CAPITAL COSTS ASSOCTIATED CHEMICAL DOSING EQUIPMENT (1987)

TTEM

posing pump {Double headsd svescem)
AC/DC motor plus panszi
Baseplate for mounting
Pump for polyelecrrolyte, plus motor,
geatbox and baseplate
1 Inline mixzer @max, 7 bar pressurs

at 60° made of PVC
Stainless steel weir
PVC pipes, valves and filters
Ultrasenic flowmeter with chart recorder
Electronic instrument pznel
Polyelectrolvte tanks
Ferrichloride tank
Mixar for polvelactrolyvts
Lozding valvas
Chemical balancing tank plus float valvs
Emergency showers and taps

=1 o A

| =]

o WMo O R o A D
w i roaum N

Loading platform to off-load chemiea2ls {Valves & Pipiag)

Wl
-

R 3
Vs MAs



TABLE 7.2

AVERAGE ELECTRICITY CONSUMPTION ON BIOLOGICAL FILTER SYSTEMS

Electricity power consumption kwh/d.

j | UNIT B | ONIT C i LNIT
| DATE { (CONTROL) | (CHEMICAL) J
[ J I ]
1 29/10/86 - 03/10 I 1513 | 1193 I 1334
1 p6/10/86 - 12710 I 1530 | 1184 [ 1314
1 13/10/86 - 19/10 b 2218 I 1796 [ 2305
| 20/10/86 - 26/10 I 1958 | L&54 | 1666
| 27/10/86 - 02/11 1393 i 1431 | 2164
| 03/11/86 -~ 09/11 | L1087 I {142 I 1552
| Lo/11/88 — 16/11 Io1212 ] 1612 | 1624
| L7/11/786 ~ 23/1} | 1698 f 1391 | 1484
| 264/11/86 ~ 30/11 | 1127 { 1142 | 14tl -
| 01/12/86 - 07/12 1213 I 964 i 1403
| 08/12/86 - 14/12 | 1233 | 1010 I 1266
| 15/12/86 - 21/12 {1200 | 984 I 1269
[ 22/12/86 - 28/12 | L1538 I 395 I1201
| 29/12/86 - 04/01/87 | 879 ! ail | 1137
| 05/01/87 ~ 11/01 | 1148 | 984 | Ela7
| 12/01/87 - 18/01 | 1060 | 946 | tiL7
] 19/01/87 - 25/01 | 1078 { 947 [ 1009
| 26/01/87 -~ 01/02 I 1104 ] 934 | 1106
i } I




TABLE 7.3

1 092 835,00

Gapital Outlay
Water Distiiler
Clarifier
Laboratory

| Carports
Lzawnmower
Brush cutters -

i I ACTUAL COSTS |
| VLAXPLAATS WATER POLLUTION CONTROL WORKS | 1985/1986 |
I ! R E
| I I
| SALARIES, WAGES & ALLOWANCES: : 469 666,00 |
] |
[ MISCELLANEOUS SXPENSES: I I
| Admin, @ Stores | 2 887,00}
| Public Works | 105 580,00 |
| Contribution - Egualization Fund i 30 000,00 |
| Printing & Stationery | 376,00 |
| Electricicy ! 19¢ 203,00 |
| Laboratery - Cansum I 3 919,00 |
| Licences : Radios i 360,00 |
j Sample Analysis ! 4 457,00 |
| Sample Analvsis Ind. | 4 172,00 |
| Nutrient Remoaval | 224 098,00 |
| Sawerage _ ' | 73 800,00 |
| Consumable Assats | 1 744,00 i
| Regional Services Levy ' - |
| Telephaone | 3 933,00 !
| Stores Consumable ! o 811,00
| Insurancs | 7 346,00 |
| Transport | 26 340,00 |
Watar j L0 944,00 |
f 799 992,00 |
REPAIRS & MAINTENANCE: | |
Buildings | 12 009,00 |
Maters | 7 947,00 |
| FURNITURE & EQUIPMENT | - !
| Sawerage Purification Works | 108 438,00 |
i 128 394,00 |
LOAN CHARGES: | I
CLFf Interast I 706 991,00 |
CL¥ Redemptilon i 343 394,006 |
CDF Interest | 10 926,00 |
| 31 324,00 |
| |

|

|

|

|

|

I

|

|
i
|
I
!
|
I
|
|
|
|
{
| CDF Redamprion
l
I
|
|
|
|
|
|
|
|

TOTAL EXPENDITURE | RZ

Lt
—
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|
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ANNEEZURE C

TABLES SHOWING WEEKLY AVERAGES OF
DATLY RAW AND DIGESTED SLUDGE ANALYSIS
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ANNEXURE D

Izbles cshowing weeklv averages of daily water analysis

gk various monitorlag points
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Weekly Averages of Daily Loads (kg)
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21/07 -— 2T/Q7 2TYTET 135,11 T.-2 IT3.0

2g/07 —— 01/08 25386 1370 8.3

Qasng ~-— 08708 8115 104.0 g4,4 2930

1i/08 —-- 15/08 2372 151.3F 133.%9 325.40

18/08 —-— Z2/08 10991 171.2 1&83.9

E/NE ~— 2B/08 11471 14,8 1190.1 F1O.0

DL/08 —— O7/09 13560 187.%  1435.6

D8/0F == 12707 g122 17i.1 12T.T¥  28Z2.0

15/09 —— 19/0% 10535 161,31 121,37 376.0

mR0T —— 2E/0%9 11431 17S.8 113,.7 BEF.O

O&a/10 —— 09710 TSOs  139.9 112,10 3¢,

137100 —— 1T7/10 11257 1956, G 142, F 398.1

T/ —— 24710 B34 143.1 114,3 333.0

27710 —— Ji/i0 8774 144,1 itto.0 223.0

03/18 —= G7/11 510 15G.0 128.3  845.0

10/11 —— 14711 t0&as7?  202,.3 155.7 15.0

17/11 == 21711 TOAT 125. 4 g4.0 S63.0

~asi] —-- DE/11 0 13439 229.0  142.4  4T9.0

ai/zis —— QS/12 11274 184.4 139,77 3150

/17 —— 12712 211.0 1&48.7

1iS/12 —— 19712 17364 166,72 tii.2 345.0

oo/18 —— 24712 181.5 145.7

28/12 —— 3L/12 301.8 TO.

05/01/87-07/0G1 141.1 9a.

12/01 — 16/01 13352 213.5 146, &55.0

19701 -—- 23701 107B8 1BZ.0 1il. 378.0

24501 —— 30/01 9e4F  185.7 23. 4725.0

AT 02 —— 0&s/02 L4&EZ4  18Z.4  13T. BBEB. O

QY /0s —— LI3/02
14/02 == 30702
2ILOE —— TR0
D2 A0S =-— nh/a3

|
i

i2oeg  1&85.4 1.
10ES3 149,22 101,
14130 153.8 1i5.
S&9E 165, 1 i1i8.

253.0

Average

102648 132.7 114,

Stz Devistion

U T (S S R O B 0 LR B B U

- = : 1
2TES 38,6 25,



Table ¢ OB 3 UrRit & 3 Sampling Fgint EFX
Faed to Frimary Settliers

Weskly Averages of Daily Loads (kg)
Feriod (R }2 Taotal Ortho Total
F = Fe
31/03 -~ N4/04 TET4 TS.? 121.% 41
Or/04 -~ 11/04 12974 200,0 144.8 31
14704 —— 18/04 8434 1B&.T 12B.4 34
21704 —— 23/04 14313 150,92 101.2 AT
ZR/0E —— O2/05 TSOL 135,95 87.9 ZT
12705 —— 1&6/05 8871 174. & 115,99 3&
19/05 — 23705 2378 1iv4.5 12B.7 a2
26705 —-=— [0/05 831 135.8 11B.& 27
O02/086 —— D&E/DE Ra91 167.3 117v.8 38
DF/06 —— 13/046 12483 1S2.9 110.9 a3
23706 —= 2T/7 5 10368 138,72 102.0 S
3o/08 — 045 ?rEs6 Z0O4.46 124.8 ar
QAT/07 — 11/07 1Q002 163, 0 P2.2 43
14,07 —-— 18707 8338 i146.4 To. 1 42
21/07 —— 2?/07 11484 171i.0 10S8,.7 37
2B/67T == 01/08 11364 146&6.4 1ES.5 473
04/,08 - NB/OS 417 133.5 t09.3 34
11/08 — 15/08 10945 192.4 . 160.5 49
18/08 —— ZZ/08B 12424 217.&6 175.8 a0
2I/0B -~ Z29/0B 142185 189.3  137.1 e
1705 —— 0709 150985 227.8  165.1 45
0a/A07 ~-— 132/09 FR1IB 200.5 144,46 41
12/09 —- 19/0% 12902 211.3 140.7 34
RSO —— ZHE/0Q 13325 230.3 138.8 S0
Qas I —— /10 P3O0 177.3 122.7 24
13710 == 17710 13383 231i.8 1S7.1 44
20100 —— 24710 10314 1ES.5 132, a4
27710 == 31/190 11330 202.1 13B.9 &
O3/11 - GF/1 11048 ig6.1 145.1 44
101t —-— 14711 117923 239.2 14&7.7 34
17711 —— 21711 10123 1&60.3 89.9% 44
24711 —— 28/1t 13710 274.9 152, =] )
Ql/12 —— GS/12 219.8 1592.9 24
2212 -= 24712 24T.&  156.8
*8/12 —— 31/12 Ar4.9 -
QF/OL /8709701 162, 4 106,35 B3
12/01 -~ 1&/01 14478 2346.3 173.9 138
19/01 - 2F/01 12108 209.8 12ti.1% TS
26701 —— 30701 11411 ig?.0 133,22 146
02/02 —— 0&/02 7RI 203.8 145.8 109
DR/02 —— 13702 13028 195.1 B8. & Té
16702 —— Z3R/02 12509 17V3.8 11i.7 3é
23I/02 —— ZQ/02 19827 192.8  129.0 S0
Q2705 = O&/0F 2o96C 18B&.1 13. 4 S0
AvEerage 11839 192.4 127.B = 54
Std Dewviatiaon 23445 43,7 25.0 T



Feriod COD Jotal Di=splved
P Fe
OL/QT/BE~0T /07 a5s 12,3 10,2 &
LR/AT ~«— 12407 a4y 11.8 10, E g
15707 —— 2707 Sea 13,1 1.1 =1
QT/UT == THIGT 541 14,4 9.8 &
29/07 —— OZ/08 &84 12. 6 5.3
NS08 —— N9/08 463 11.4 F.0 =-a
12708 —— 1&/06 T22 13,1 1i.1 .5
z&/08 —— 08, a2 T4, 43 B.T 1.9
09/09 w— 13/09 TES  13.3 0 10,9 2.2
16/0F —— Z0/08 541 1Z.1 114, 3 1.4
D30T —— ZTI09 494 1Z. 1 il.1 1.4
3INNG —— 04/10 437 11.%9 g0 1.8
ZO/L/BE—3Z4/01 73T Z.B 1.8 [
2701 —— 3O/s01 =51 10.% .2
17/02 — 21702 4408 B.6 s.B 3.1 .5
O2/03 ——= 0703 aTe .S = .2 0.5
10403 == 15/03 5499 16,2 L.ds .7
IT/O3 —— 2T/43 34 T.7 1.1 Q.3
ZRA0F —— 2203 388 8.3 &. 4 1.0 [N
31703 == 04/04 210 o.& a3 1.5 0.8
GV/N4 == 11/443 E2& 2.8 T.5 0.9 G.35
ta/7048 —— 18/08 357 10,2 B.5 i.1 0.4
21704 —— 25/04 573 . 2 &.4& 2.3 0.8
ZE/04 —— Q2/0T as2 0.5 T.7 1.7 0.5
12705 —= 14705 345 11.2 F.1 1.6 0.8
19/0% —-— 23/035 44 11.7 10,1 1.7 0.5
26705 —— 3005 SQS 13.2 ti. 4 1.5 0.7
D2208 w— DA/05 383 1.6 8.3 1.8 0.8
DSINE —— 13704 435 7.4 B.& =Pt 1.5
1&/0E —— ZR/08 297 10.% T.1 3.9 2.3
2308 —— 2T /0DE T3T F.T 8.1 .S 1.3
/0 - Q&G SUT 452 13,9 i 2.4 1.5
Uv/ay —— L1407 ETA 1.4 g.1 Z.2 3,9
IES0T7 —— 1B/GT &89 izZ.1 B.& JE | J R |
1707 —- ZT/OF =T 1.2 7.8 I.b DA
TBAGT —=- Q1/0B =l = 12, 1.2 1.6 2.5
0a/08 —— OB/0E 552 .2 T.3= 1.8 L.
117G —— 15708 S30 iS4 11.5 1.& L
18/08 -— Z22/70B Sl 13.4 10,1 2.3 1.8
TS0 —— 29708 503 12,35 .8 4.4 .8
GLANS —— 0709 &19 13,0 10,7 2.0 1.0
08/0% —— 12709 - 13.2 0, & 1.8 0.3
18709 —— 19/0%9 4720 135.73 1i.4 1.1 0,7
SZAIR = ZH/07 486 11.B F.1 i.4 0,4
GalIn == AF/10 a405 12. L. 7 1.4 0.9
137100 — 1V/10 454 13.5 11.80 1.3 . b
SRALI0 -~ 24710 352 11.7 F.3 1.E .8
2T/L0 == 31/10 4SE 12.4 1. & Z.4 HI
23/11 == 0OT7/11 372 12,2 1.3 1.3 0,8
1071 == 14711 Jb6E 11.9 2.2 1.4 0.3
1AL —— 2i/1t 34& 2.9 T-1 1.8 0.3
24711 —— 2&/11 3as .S g.4 2.& 0,7
1/ == 5/12 il g.% 1.B 1.2
GE/Y2 -- L2712 10,3 8.0 1.8 1.0
15412 —— 1%/12 8.1 &8,3 Z. 4 1.4
o213 ——- 28712 2.3 T.E
T84 —— 217512 6.1 L=
OS/GL/BT-09/ 08 E.T £.9 1.8
13701 —= 1a/3t 43S 8. 0.5 1.5
12/01 —-— 237018 310 g.-1 T3 ot 0,9
TEAOL == 30/ 470 1. % Tel 1.5 1.1
GTANE —— ESQT 487 P S.E 1.1 . E
DS 0T == 13/0% 320 N 5.7 1.3 1.3
LE/OZ == 3Os02 3SE B.Z2 & it 1.9
TROD == TR/0T S04 2.5 .2 2.3 1.7
GOTANE == Qe/03 i G.E g, 4 1. & 1. G
AuEr 2GE 395 11, S 5.7 1.7 0, g
Sto Daeviat:ion 13T Z.id LT . T 0.5

TTUER
iy Concentr



Table « DB S Unit B : Samplima Foint BF4

Effluent from Frimary bBDettlers
Weekly Averages of Daily Losads (kg)

Feriod COoD Total Oriha
P F
10/0% ~— 15/03  TOOF 188.0 11%.4

1T/03 —— 22/03 8697 130.9 110,
24/03 —— 2/03 564  122.0  9T.
31/0F -~ 04/04 3197 136.3  B8.
OT /04 —— 11/04 9834 1ST.0 121,
14/04 ~- 1B/04 4933 153,

Dl 1

M

? L0
21704 —— 2Z5/04 4728 111.%9 Be.
2B/0%F —— QZ/4G5 4395 127.9 ?8.
12/05 -~ 146705 4354 141.4 1114,
7

19/03 —— 2F/05 S932 148,
ZH/0D —-- 30/05 61T 152.0  13T.
O2/048 —— 0D&L/DS 4783 138.8 108,
ne/0s —-— 13/04 4533 135.4 1256,
PIS0LH —— ZT/06 103387 137.4 i14.,
30/ 04 —— 04,07 6223 153.8 115.
AT/707 —— 11707 T481 123.2 B84.
14707 —— 18/07T -3TB 109.7 - T8.

127

daoe 00 A0 @ D O Faoe D B e oy

21707 —— Z7/07 T4A& 144,
28707 —— O1/08 T124 1467
Qaso8 —— QB/0OB A&513  11%.7 T.

i

1 128,

3

T
11/08 — 13/08 10258 2Z04.3 150,

s’

&

138.

[
-

18/708 ~— 22708 Tiw8 175, 149,
25/08 —— 22708 &87T1 1567. 130,
ni/09 —— O7F/70% Taig 175. & 150,
O8/0% ~= 12/09 12203 172.0 144,
15/09 —— 19/09 5667 1TA.T  146.
D2/0T —— 24/09 L2  157.2  1i2t.
DE/LO —— 097110 437V 132.2  iia,
13710 —— 17/10 bbb&T 18410 132,
2010 —— 24710 41460 13&6.3 109,
DFL10 —— Fl/LG TO3E 181.% 154,
O3/l — oY/l 5408 177.5 14%,
10/11 — 14711 S3ad 189,32 145,
iv/11 — 21/11 2545 101.8 &1,
24/11 —— ZB/LG TIZS 18%9.9 150,

0L~ ~f LY LR

-

L i o B 1B 14 IR 1 % I O I I I T I 1)

01/12 — Q5712 iBa4. o 1&1.
22/12 —— 247172 175.4 145,
28/12 — 31712 192.3 Rh,
OS/01/87-02701 145.2 113,
12/01 - 16/01 THTE 1&6%.2 22,
i19/01 —— 23704 a&33 TA.0 156,
oes0l - B/ B5&0 162.8 1135,
Q202 —= O&/G2 111900 17l.2 139.
OP/07 —— 1Z/02 SP0s  142.Z 104,56
15/02 — 30702 6142 140,373 1v3.8
DI/ —— TR BO1S i46.S 7. T
Q20T - 057073 D167 144, & 124, &
Averags arrd 153,22 12i.8
St Deviation 1977 L 3.9



in

o2 D gy i A b B s — R ARG LN S PSR BF -

CTTETECITTESR T "“ i —
™o X
farlv Concentratians

Feriod £ao Total Qrthe Alksl Total Dissalved
= = e FE
Q1 /07/85-05/07 317 1Z.5 1,2 255
OUB/IT =— 1LZ/0T 42z il.2 2.5 247
15/07 —— 19707 455 1.5 1G.0 273
TZI0OT == THIOT 3&aT e, 5 .7 Py =
IL0T —— N2/08 2ac 11.7 1,0 270
uS/ e —— 09/08 372 13.% G. o 251
12/08 —= 1&/08 304 12. & 10,3 293
o5/08 —— 30/08 2oz t1.8 2.3 st
0209 —~ LI/0TF 284 12,3 2,¢ 3t
14/0F —— 20209 342 11,7 C.7 a5
*3/09 —— 27209 232 1. & 10, 4 213
IO/ = QAL 195 1.2 .4 23
20/01/B5~25/01 130 1o.1 2.5 164
T/l -~ J/0L 309 4.3 2.1 143
L7702 — 21702 178 .3 &.8 202 1.6 3.2
Q2/03 —— OT/03 283 e.2 5. % Z32 [ = 2
(/032 —— 15703 208 5.3 T 244 1.4 n.S
LP/03 —— 22/03 284 T.B =1 25 0.9 G.4
284/03 —— Z9703 357 g.g T.2 281 0.8 Q.2
FLAO3 —— &/l 21& .3 T.7 199 1.9 0.8
a7 /0l ~— 11/04 3&1 9,3 g.1 244 Q.7 0,3
14/04 —— 168/04 373 .7 T.8 234 3.a 0.3
21/04 —— Z25/03 222 e.i 7.9 220 1.2 0.9
28/04 —— H2/05 st =35 1D, 4 5.1 1786 i.2 0.3
127205 —— 14703 aTti . 10,8 ].5 183 0.9 B.&
19705 -—— 23705 318 11.0 2.5 1T4 1.2 0.7
DE/NS —m BOIOG 361 12.1 11.2 28 1.2 6.4
N2/08 ~— D&/06 2rT 11.0 F.32 2484 1.6 iy, 4
OQF0E -~ 13/08 3446 T.2 T, 7T 242 1.7 Q. %
1&/08 —— 20/04 age ti.1 T8 ALD o, 2 1.3
ZI s —— 270G 4&7 1G.5 g.7 EE0 2.3 1.5
AOF0e —— 34 /07 235 T-5 Ted o 1.9 1.0
ar/o7 - 11/07 AL 12.¢ PO 285 1.2 0, a
14/07 —— 1B/07 349 14,7 5.3 245 i.4 1.4
RI/OT == ZT/OT 3E9 10.8 5.1 230 1.2 3.9
~8/CT -- OL1/08 S0% 11.89 1.5 267 1.3 .35
aisoag —— OE/0B L84 10.0 8.8 253 1.1 0.5
11/008 —— 15708 482 12,35 2.z 290 1.1 3,2
18/3B —— Z2/70E8 A3 e S g.2 23& 2.9 1.0
IS/0E —-- 29/048 457 il.E 7.5 ar2 Z.0Q 0.2
OL/G9 —— QT Sf07 443 12,0 9.2 =&kZ 1.5 .8
OB/ OG -— 12707 438 12.5 2.7 333 1.3 0.4
15/09 —— 18/0% 2% 12,0 10,2 2Rl e 0.3
SR/OR —= D&/0% 343 11,3 B.o —0& 1.1 0.3
Qs =-— QF/10 343 11.6 10,2 203 1.1 0. O
13/10 —— 17510 ZT1 Z. 1 1.2 135 G.8 [ I3
DO -— Z2a/10 215 il.2 0.3 144 1.3 5.3
2P/10 —— I1/10 -=8 11,1 F. 7T 148 1.5 3.7
G371 —— OF/11 364 12.7 101 213 1.0 0.3
10/11 —-— 14/11 354 11.2 G,.4 220 . & 0.
1P/ — 21713 B0 10,0 E.Z2 174 0.7 0.5
Z2q4/1i1 —— 28411 280 10,7 g.8 1932 1.3 Q.5
OL/712 —— 05712 Q0D 8.2 1392 1.9 1,73
ag/12 ~— 12712 10, & T.7T 1464 1.3 o, T
15412 —— 19/12 8.7 2.2 14& 2.3 1.7
o212 = 24710 Q.3 8.3
*B/12 —-- 31713 L. B a.2
O5/01 /8T—097/01 Te& S.4 147 P 1.5
12701 —- la/sa0l prars. H.o& &.F i7e 1.8 1.2
12/01 ——- Z3/01 213 Ta c. 1&7 1.3 (W]
o&AL == 3701 221 E.2 T.3 130 1.1 L. T
QoG —— s /0Z 197 T.9 S.5 15 1.5 LB
NFLOZ == TIAD 2B B.T 5.4 V& 1.0 b
1as0n —— Fos0l TBE T.E 6.4 bR=T-3 1.4 Q.r
TUOD —— IS0 332 .0 .= S0 1,5 t.5
Go/NT - &S 263 S. 5 E.Z b1 1% 1.0
AviErzae 323 = 2,= e 1.3 G
€t Devietion g5 i . ag 9.5 0, A



Table : DB ¥ Unit B : Bampling Foint BRPS
Feed to Bio—+filtars

Weekly Averages of Daily lLoads (kg)

Feriod COD Total Orthe Alkal Hard Tots
F F Fs

10/03 —— 15703 &609  2TV.S Z34.& TETO.4: £&&14 az
17/03 —— Z2ZE/03 6839 1BS.7 157.4 6067, 3 3TTE 21
24703 ~— 122703 7124 17v3. & 1482.1 H5144.0 3080 15
F1/03 —— 04704 SETS  219.8 18204 4834.40 3720 3T
07 /04 —— 11/04 BBgT 2Z¥.8 198.2 SIPT3.0 3699 Ly
13/04 ~— 18/04 B421 219.0 (746.9 5284, 33EET 13

21704 —— 25/04 &511 227.4 Zig.1 &24%.2  §6345 30
2B/ —-— 0Z/05 Briz2 314,00 243.8 S326.0 4983 0 3&
12/05 —— 16705 FOIZ O 2PT.9 243,48 4736, 4041 23
19/08 —- 23703 2162 3F13.4 2T2.0 S248.5 4712 41
ZHAS -~ 3O/0S 10587 351.5 327.8 &600. 4 40B% 35
O2/046 — 0&/04 &74%  Z62.B Z19.3 6©632.8 3JF8B&3 27
O/ 06 —~ 13706 10387 16T.1 200,73 6&613.7 3b23 &2
237086 - Z2T/046 L4243 3IZ0.9  295.4 10984 4941 g
3I0O/086 — 4707 &281 216.9 Z23.4 &401.2 4163 =S
OFA07 —— 11707 @443 299,77 244.5 T4Z28.2 3370 29
14707 == 18/07 &344 2i7.5 148,99 4841.0 27058 246
21707 == 2707 0 Q130 268.4 200,72 o245.3 3482 30 7
28/07 —— 01/08 11794 274.1 247 .3 &2053.6 3371 30
04 /08 —-— QB/G8 10523 214.9 192,32 SS42.2 3349 5
11708 - 1S/408 11122 336.0 Igi.2 &6F5.2 2942 2=
18708 ~~ 22708 8B5s IF5.E  194.72 4HKTZ. 0 3025 S&
25/08 -- 29708 11091 2B4.& 236.46 AZ946.0 3548 48
01/09 —— 0D7/09 gg41 ZT0.7T 202.3 S4T8.E5 2547 24
Og/0% —-— 12/09 T8R4 Z28.8 1T74.0 41@2. & 2492 Z4
15/09 — 192/09 8o32  240.8 192.2 4535.8 2487 i
2209 — 24709 gBL3  210.% 158. & 3849.0 22434 21
G&/ 10 -~—— Q9710 3391 208,66 1T75.0 2470.7 2354 20
13310 —— 17710 10034 A33.8 204,35 5721.8 4281 29
AOSLG —— R4/10 ToBU  387Y.Z2 3&1.0 4949 . 0 47229 44
2T/10 — 31710 &6SE3 3IEZT.S O ZBT.9 4232 .4  34&51 a0
03f1r —— GT/11 T227  280.2 198.8 4lrv¥i.g 283° 1%
146211 —— t&/11 TOOS Z223.3 18T. 4 43AT2.4  JILeT iz
17711 —— Zt1/11 4207 Z&d.B 1%4.9 Srii.o o8 0
247481 —— 2871t TL91L Z99%.0. 242.4 S284.2 4401 35
O1/12 —— 05712 2T5.7 236.2 53335, 6 St
0B/12 -— 12712 29Z.48 213.1 ATTR.9 3&
19712 — 19/71Z2 157.F 131,00 4597.3 B
22/12 -— 24/1Z 2B84.2 253.6

*B/12 — 31/12 ) 139.2 112.3

0S/01/87-079/01 201,464 L25.7 SEA43E.0 &4
12/01 —-= 14701 a7v1n 234.4  180.10 S08%.8 4704 S3
19/01 —— 23/01 &N9Z2 Z200.4 188.% 4707.2  4ABZR3 37
2&/01 —— T/0G dléés 205.8 190,10 4398.0 443305 oo
O2/02 —— 0&/03 SO0 DTG0 14&TLE 49&67T. & £4B3 3B
e /a2 —— 13702 TS29 ipgi. 2 145. 4 agss.z grze =g
16702 —— 30/032 TS&2 204.4 148.9 4885.0 49T0O 27
2R/02 —— ZR/0Z% 8308 224.7  1a40.7 SP25.2 4409 4T
OQT/0F —— 0&/703 5759 ZE%.,4 193.8B &H&LF2. 0 a5EE =5
AvErade BOo&ada  IFZ.0 0 211,13 S451.&8 3902 34
Skd Daviation 1270 oBE. B —-r.B8 1285. 4 =1 i7



Big~filters céfluent
Keekly Averanes gf Daily Comcenteitions

Pariae £00—Tot &l —Driho—Aseonia—K03—Alka) HiraTokal Disselved
F P Fe rs
01/07/85-05/47 133 1.5 &8 1 bl
08407 ~- 12447 3 114 2.4 16E 9.7
15007 - 19067 126 113103 175 0,7
12407 -- 1840F T8 %3 At 22 1.1
29407 ~~ 02/08 150 L7 10uE Fi¥e
G3/98 -~ 09/06 182 139 0.5 175 L9
1308 -- 16708 208 12,8 9.% 200 .5
26408 ~- 10708 17 1.4 8.7 132 1,8
105 -~ 1309 145 12,3 9.2 142 0.3
16407 -= 20407 a7 7.9 138 L
2309 -- 219 119 1R 1 18} 0.k
30409 -~ G4/10 127 LL.e 7.7 14% 1.7
20/01/84-24 101 96 19.1 §.3 124 [
2715 - 30t 18 51 B 112 0.4
11402 -~ 21402 L1 S P S W 140 231 6.4 0l
0203 -~ 97703 12 &7 & 40 L5 170 0k 0.5 0.0
10493 -- 15703 8 &7 BS 40 he B0 135 0.8 0.z
17103 -- 22703 63 YE 7.0 0.0 .Y 18 148 .7 0.1
24703 -~ 29407 142 1.8 &2 LB 1.0 134 10 0.6 0.1
3703 - 04104 &2 83 .3 193 133 L2 L
07704 -- L1104 8 9.4 B3 &0 L% 2 ¥4 I T 6.3 0.}
1404 -- 16/04 it 8.7 8.0 138 130 6.3 0.0
L8 - 25N 44 e 16 O B.1 150 189 0.8 0.4
20700 - 02405 g 8.5 1.3 40 3.2 113 & 0.5 0.2
12705 == 16J03 I A R §.2 103 15% 0.d 0.1
19705 -- 2305 L T 7S CR 1 P S 1.8 112 143 1.1 0.4
26403 - j03 % .7 10.E 145 ° 147 6.8 0.3
G206 <~ 0405 1 .3 B3 L0 ST e B &1 6.8 0.0
OF/0E - 13408 150 8.1 8.3 L0 LI OW 1 .5 0t
14700 -~ 20/04 13 1,3 9.7 2.8 4,7 WS ISk 1.5 0.8
134Dk -~ 3FI0b 127 1.2 5.5 &40 Ls M ek 2.3 1.2
30408 == Q8107 A | 9% bt .5 175 1% . &8
9THT -- HLNT YT - T ) LRI E LY [
{4707 — 12107 i1 i .5 &0 R ¥ o B € X4 8,9 0.4
SHRT == 20H07 1:L A P I S - X LA BT I Y 0.9 8
28707 -- 04108 13 1% e 5.8 Lt 192 i 6.8 0.2
34108 -~ $B/0G 1% 10,9 9.7 50 .7 1B M5 0.4 0.2
L1{0E ~~ LESOE 02 LB 144 Lo O S LI L0 0l
iB/O8 -~ 22708 188 131 4Lt 187 15t 1.9 0z
I5/08 -- J9f08 is 12,2 10,0 &0 3.0 181 M7 1.6 0.4
LAY -~ 00 123 1L 16T 1.3 158 144 LI 03
OBs09 -~ $210% 88 1.8 57 4. .4 15 R 0.8 0.2
1370% -~ 19/0% ICCTE [P S - N 5.8 (44 140 0.7 0
22008 -- /08 31 t1.% 7.0 N0 L0 19 1 1.0 &2
0Ei L0 -~ 09410 BB ILL4 0 9.1 Lo 8.7 121 1% 1.0 A2
13410 -~ 1THD 188 12,4 0L 0 L2 Hr one 6.5 %1
20710 -~ /10 13 11LF %0 LE O G0e 12 0.5 8.1
70 — 30 [T Y S T 1 T B R 9.5 106 133 L1o03
0311 ~- aTiE BE 134 10,8 20 L7 125 1 6.8 bt
Wil - 1] 92 1.4 S8 145 13 [ N
17741 - 2018 10¢ 1.6 9.1 LD 6.4 118 18 6.5 0.2
L - B ¢ 14,1 5.7 4.9 3,8 121 165 6.8 &%
23212 - 05412 1o g.t 0.0 122 | P 9
08tz -~ 12412 .4 &b 100 0.t 0.4
1312 - 1913 81 it L0 1.2 g7 LN
AL - 24T .2 B3
- e 1.6 513
05403767-0%70) 4.7 R i 1 LE
{301 - 18/01 3 BE  T.F 0 5.0 % L& LE Lt
19401 -~ 2370t 48 3.4 A0 4.1 &8 ikt 0.8 0.4
20491 -- 10404 g E.¥ EY 09 4,8 I3 14E 6.7 0.5
03/02 -- G&IO7 {3 £%F &9 GG 7 6o I 1.} 6.7
9703 - 1302 106 T4 BB D 5.2 103 23 2.7 0.6
18403 -~ 30402 HE A Y bR 115 18% 2.0 Lt
1367 - 29002 #1052 &G O0LG - L T T ] 1.8 L
GAOS = GEICT § 5.6 E! 131 1B 1.2 0.7
Sverige 127 10,3 5.8 Lb £h 155 13T l.i_ @.35
Stf Devisbien oLy Lt Lt i § ik e 44



Tabple 1 DB 2 Unibt B : Sampiing Foint &R
Effluent from Bio-filters

WeellvyAverages ot Daidtyloads—thog)

Feriod £an Total 0Ortho Ammonia  NO32 Alkal  Hard Total
F &= Fa

10/03F —— 15743 22086 283,35 27T.1 DUPER 133 2R23.32 4405 2T
LTAO3 —— 232/03 2080 191.F  17E.5 .0 T1 384,00 F&H0 18
24/03F ~— 29/03 3205 S5.4 134.7 21,4 &3 R2QEIN,. D 3147 iz
1703 —— Q4704 1497 195.5 iv2.56 2421.5 ZETa3 S0
QT /04 —= 131/08 239 22B.4 202,40 154.0 134 4189.2 38515 nd
14/04 —— 18/04 2809 197, i i8n.8 3Dba6. 0 3405 11
2L/08 —-— 25704 1491 244.4 217.9 4248.2 48448 27
IB/O4 —-— 02/00 2627 28T7.86 23&.9 3.0 1SY 3ITiB.4 5008 15
12/05 —— 16/05 1283 2461.3 245.4 27 .0 112 28482.2 4114 15
19/05 —— 23/05 2840 230.0 307, 4 29.0 228 3F4T4.2 4831 37
DE/ND —= FTQ0E 2590 344.5 313,09 4070.2  az2B 23
O2/06 == D&A&/O4 JIR03 226.9 Z046.7 &H2.0 445 3SH1.S 4DR4 14
OR/0& —-— 13/06 2083 221.7 188.3 3Ag43,3 3T83 27
23/0E = 27 /4 A8%& 31,7 Zvl.4 0 2582.0 106 82B3.7 4994 Y-
3006 == 04707 2982 294.0 ZF4.0 149,10 B 4g98.2 4113 35
T 07T —=- 11707 4800 2Q0.&£ 2Z243.% a928.¢ 3612 28
14/07 — 1B/707 34869 2R6.7 175.% 184.40 TB  3392.2 2BZT 22
21/07 —— 2T/07 4809 278.9 24%.4 130.0 @& 44846.4 3BFL 22
2B/0OT —— Q1/08 4384 2TT.4 246.7. 11&.0 S .444B.8 3392 iB
04/08 —- ag/og 32474 237.S 200,72 112.4 4%  4Q22.8 3201 7
11/08 == 15/08 4583 3J15.&68 284.4 Piu 55 4T712.3 2972 23
ig/08 ~-— Z22/08 3669 2V3.4 239.9 IFBN.S 3Fis8 23
Te/08 -~ 29708 SBss 293,53 240,14 BE.0 T 43G7.E 3252 41
D1/0% —— OT/09 148684 Z49.9 215.4 287358 25468 id
O/ 0% —— 12/09 14630 214. 2 iT&,.3 0.0 43 ZTO?.4 24458 3
15/09 —-— 19/09 36569 Z13.3 1TO.L 3.0 128 ZTOT.00 2647 1z
2708 —w DHO9 2809 217.6& 165. 46 &£5. 0 T Z2234.8 2444 19
De/10 —— GR/10 3147 199,90 1546.4 16.0 160 20922, 2393 17
13710 —— 17/10 5254 443.7 0 395.1 Q1 186 4200.8 4247 18
20O/10 ~-= 248/10 271é6 448.2 3F7.T 0.0 169 J&bLT.Z 4274 18
27/10 —— 31710 S4A38  345.4 30GL3 38.0 179 Jirig. 2 3ITi9 32
03/11 —— D7V /11 1749 2T0.T7T 214,48 49. 0 121 2H25.0 2872 14
10/11 —— 14/11 1839 2285.8 195.1 2880.2 3109 4
17/11 — 21/11 IR0T ZTO.R Z239.4 0.0 219 3IBET.0 41586 L
Z24/11 —— 28711 2483 27V5.9 2&64. 7 0.0 T4 3331.4 4012 23
G1/12 —=— 05712 Z¥9.1 R39.8 0,10 122 3381.9 44
ag/12 —— 12712 2&61.9 238.5 2721.8 lé&
15/12 —= 19/12 225.9 00,4 &S. 0 104 2544.0 T4
2D - 24712 26T.6 2484.8

28/12 -— 31742 228.1  186&6.9

OS/01/87-0F/701 23,4 194.7 1927.2 a3
12701 —— 146701 TS0 R40.4  210.T O 159 2904.0 4S540 a4
19/01 —= 23701 2738 237T.89 214,59 0,0 5. ZTAT.D 4&TS 24
TESDL —— 30701 210z 233.2 2i%.% 0.0 124 3203.2 4574 i8
O2/02 —— G&/02 angd  208.37 1B84.Z2 0.0 108 ZRiB.B  &Z04 a7
DF/02 —-= 13/02 2740 204.8 179,11 O 139 2T92.0 9776 20
16707 —— 30/02 2978 Z14.2 184.,4 30iT.4 494G 3
DB —— IF/0Z2 2300 22B.8 198, 7 g, 34 3963.8 4334T 41
D2/0OT —— O/ S118 212,99 191,13 ATT7.T 4403 o7
Aver age D292V 256,80 Z25.B Dl.& 112 3&0Z2. & FR46 =&
Sto Dewviation <88 ST.0 oS8, £5. 5 o2 1137.3 o5z 15



Tebie.; BB 10_Unik B ; Saepiing Poial 57T

Beckly Averages of Daiiy Conceatrations

Feriad C0S {otal Ortho Aesonia 803 Chioeidz 4ikal Herd Comduct  Total bissolved
I ¥ fe Fe
01107183-05107 5% 10.0 10,0 126 g3 0%
08I0 — 12107 3 0.5 9.7 108 lie 0.5
15107 == 15407 3F oy T M 173 0.7
2107 ~- A7 b I [ B T 114 19] 1,3
%707 -- 02/08 311 10,8 115 032
§3/08 -- 05108 i1 T 14,2 109 H:L 1.3
12408 == Lb/0B 125 L6 i 135 i3k 1.
25708 == J0ME g 38 g e 8.9
G409 - 1309 59 102 %.6 129 141 4.3
1640% == 20408 4 1.2 1.7 13¢ 140 2.3
23108 - IV 0% JEO10.% 1002 {1 132 0.E
30405 - Q4il0 & 101 B.7 112 142 fb
20/01/Ba-2410} 5ot 5.B 127 {95 0.4
A0 -- 304 136 ST o 105 127 8,2
17462 ~- 21402 34 b.? 3.5 145 2% 2.3 &1
07083 - 97/8 9z A.4 8.0 5.0 1.4 144 150 t@¢ 12 23 0.
19403 -- 13403 LY} 1.3 T8 LD .5 i1 B9 13® 12} 0.4 i
17703 — 220463 57 T8 &s DO 1.: 12 158 i3% % .2 &0
24103 -- 29103 i B.3 8,3 G0 7.9 1R 140 543 31 5t 0.0
3103 -- 04404 i B.J .7 9 14h 0.5 40
07704 -~ 11404 - L2 9.0 8.7 2.% L3 I8F 145 143 # hg 0.0
1404 - 18404 14 8.4 6.1 142 13 0.2 0.0
50 - 25704 L1 X S I 3.5 BS T4 1A% Tt &8 0.2
28404 —- 02705 L)) 8.2 .46 0.0 .7 112 107 146 83 2 b
12405 =- 14105 X’ .87 %1 00 f 121 g8 15 B & o
19405 -- 23/05 %109 1.3 o .8 13 10§ 158 B4 [ T ¢
26105 -~ 0408 Y T T 135 14 [ I |
JH0L -~ 05104 52 5.4 A% L0 1.4 134 15 0.0 6.0
070 -- 1310 g 0.3 70 (4 137 0.% 0.2
16408 - 20408 & 10,1 .4 40 3.¢ PAL IR ) L3 0.5
3HE — 2110k g 0.0 .7 8.0 3.1 03 (g4 Bi 2.5 L7
004 -~ 08107 580 5.9 8.0 .7 1M 176 147 e 1.2 0.8
07797 == Lii07 i .§ 9.6 2 1315 0.6 0.4
14107 -- 18107 &7 9.1 .8 &0 s 104 B¢ 137 Té I N
20T~ ZTI07 1t 10.3 8.1 &L L3 it fay 148 b3 0.4 Gt
28407 -- 01708 8 1. 9.9 .48 .27 2 138 138 Bk [ N |
94/08 -- 0B/06 5 g.¢ 8,6 7.0 30158 i%8 1% -1 to 8.0
Y1708« §5/GE T e S § R Y W .4 13 208 12 B7 2.1 00
1&g -~ 12108 716, 9.E 188 147 [ S |
23/08 -~ 29708 B 0. %5 50 i.4 k7] g2 13 8¢ &7 0l
01707 -- 07469 [T L .7 30 &0 119 18¢ 133 ] 0.5 0.0
48H0% ~- 12/0F R 390 S T B R .7 M 142 41 &0 a4 02
j3ree — tR/0% W lo.% 2.9 1.0 1.2 W2 145 138 52 6.8 3.1
1T -~ e of 2.1 5.4 B 1.7 2 115 1z8 5 LY 0.0
G&/10 == 09110 Il 9.3 Lo 5,2 I IS N1 9E 0.t 0,2
13740 -- L¥710 8 1Lg 1W.E LS [ FH IR 1- b 0.2 4.0
0430 -- 210 w120 LS L L7 U3 LI Ve gk a1 0.9
0D -- 3t &l 0.8 9.3 0.0 1.0 B2 1% T RN
0§y - 071 S 12,0 1LE L@ e 1% IFAIE # .l 00
LO7LE == $4111L L1 E S ¢ 48 138 0.0 0.0
1711 - it s 9.9 8.2 L0 7.3 120 136 163 LD 0.t G
e - 2B 1 LI L 108 13 15 B4 0.3 2.3
0112 -~ 95/12 g} 4.0 B3I 3.0 125 128 9% 1 L3
08442 - 12412 5.2 82 U 1.1 0.&
15712 = 19012 L1 B.5 £.5 L1 4.1 3 gt L3 b 1.8
22718 -~ 2412 g.1 1
|/ - W2 5.1 L8
03701 HET-09/08 1.5 73 i3 e LI
12700 - 15/ 30 B.0 a3 0.6 0.6 8% 9% {57 78 1.4 1.6
{340) —- 230! 1] EZ T R 0.k T3 LU T3 73 8.7 0t
2610) == 30/01 43 B4 1.5 126 13t .3 0.
u2i02 == db/O% 8 £.5 &0 0.0 2,7 i% 11 I LT LR -
3102 ~= 13062 &7 7.0 8.2 0.0 3% 7 LTI Vi 1L g7 0.5
L&z — 3492 53 .3 5.7 {11 15 oL R
F146E - TUG2 b1 D SR A L ¢ 0.y 18 134 178 tt L3 L.z
YehhE -- Q8103 50 g1 BT 135 26 LBT §.0 BT
Hver age (R b1 13 Mg 152 5 w703
Sid Dbeviaticn il it e 2.8 20 I L} 24 i G.é 0.5



Tathe-+-08-i.- Unit-8.-; Saapling Point _BET

CUTTTTTTTUER Ndent iR g Ragus Tanke
Weekly Averages of Baily Loads lkes)

PerTod 00— Tatsl —Orthu Amaonia—NG3—Chloride—Alkal-Hard—Total
p P fe

10703 -~ 15703 4427 285.3 2340 3e.6 196 £710  5307.4 43352 12
17/03 -- 22403 1735 |49.8 149.B 0,0 7 28 J40s,! 3t4d 3
24703 — 29703 1477 148.8 1134 6.0 138 2332 513,50 2924 2
JI703 ~- 04704 526 17B.& 184,31 2179.5 328D 12
PTI0E - (1704 441 209.0 201.6 47,0 102 3447 J3bk.e 334S 0
14708 -- 18704 933 1844 179 J508,4 2898 4
21704 -= 25704 758 LB4.4 189.3 4035.0 4388 13
28708 - 02705 251 239.2 2147 0.6 299 45T 3218 493G b
£2/05 - 16/09 743 248,37 2333 0.0 b0 3184 250k.0 3954 ?
19703 -- 23703 1508 315.7 290.5 67.0 226 J9&y  32E7.5 AdaE 22
25405 -~ 30405 1932 328.8 325.0 3935.6 3972 |
02706 —- DAFOS 1244 232,7 214.8  &L.0 3 3573.5 4233 ]
09706 -- 13/0E 1288 214.4 {BB.4 J809.7 3457 15
1608 -~ 20/0h 323.8 318,40
23706 -- 27J06 2447 2917 281,% 236.0 109 3RO  BYRA.? X775 T2
30706 -- 04707 14802 2318 271.8 240 44 3620 9218 3T T3
07407 == 11707 2019 2Bi.& 21h.2 5430.0 3238 12
14407 -- 18407 V12 175,37 164,00 1890.0 108 3111 34¢7.4 2348 J0
21707 -- 27407 EBO? 242.&4 194,% §7.0 105 2338  4383.% 3494 10
8107 -- OL/OB 1957 296.5 219.0 45.0¢ 49 3140  3504.8 3033 ¢
04708 ~- 0870R EI7TS 194.7 $63.1 14B.0 7B 3293 413B.2 2HEO ¢
11408 -~ 15/08 1913 289.1 242,27 129.0 &0 2457  4A0d.p 2844 ?
(8708 -- 22/08 1404 213,01 2016 163,35 2840 0
25408 -~ 29400 1490 2304 2126 7300 7 1419 094,90 3100 15
01708 -- 07700 1029 234.1 209.4 3293.8 2346 g
08/0% -- 12/0% 93 197.6 172.3 0,0 2 1799 21975 2340 1¢
15709 ~~ 12409  124% 192.% i78.% 123.¢ 126 35347 2309.6 2390 7
22709 -- 26709 1171 214.5 1&t.7 145.0 8¢ 291§ 2035.4 225H 8
96410 — 08/10 970 (62.% I54.9  A6.0 147 19h4 1814,7 2148 3
13710 -- 17710 2398 403.0 3e2.0 139.0 233 314l 3021.0 4033 A
20/10 -~ 2416 léak 300.1 381.8 4.9 & 3923 76,2 8028 &
20410 —~ A0 1741 309,84 274.3 2.9 {7 1542 2592.0 3319 L4
03711 -- 67/11 1035 223.4 ZiB.7 45,0 139 2934 72944 2636 2
$0741 - 18/)1 839 1%3,7 191.5 2616.8 2944 0
PP/ -~ 21411 2045 2540 2045 3300 241 3939 A4, 0 SEDA b
24713 -- 2811F 1895 Z88.9 246,53 510 112 2958 3150.2 4147 §
D112 -~ 05712  1s71 23%.1 219.9 79,0 336 3325.2 St
21711 — 4012 277.8 215.%
28412 - H/12 144,.6 137.0
05/01/87-09/01 1B&.7 179.2 1733.7 kL
12701 —- 16701 2057 208.1 1914 0.0 ¢ 2350  2573.2 4299 37
19/ — 23/00  1T&R 222.0 1B%.I 0.0 22 2113 ZB43.7 4adg i8
26701 -- 30401  10mb 294,53 19%.1 7823.3 4080 14
02/07 -~ 04402 1718 1BB.¢4 §73.8 0.0 & 5364 3521.6 4241 &0
09402 -- 13/02 1747 186.2 159,85 0.0 00 4343 2571.4 50%4 24
16002 -- 30707 1379 18B.7 144.% 2799.0 47L3 50
23707 -- 19202 1184 214.9 i77.% 2160 O 8207 31RA.2 419 11
02703 -~ 0&/03  113% 1B7.} 18L.1 285¢ 4876.7 4294 73
&verage 1479 2326 210.9 7. 101 3Gt J444,7 3673 7
Std Devietion 457 5.7 565 TILE 77 10BD (19,2 979 19



T T Te 08 137 Uni € B¢ Sanpling Fint BT

Husug Tank Effluent Racycle
Heekly fverapes of Daily teade (kps!

el
L% 38 (0 . -]

Pericd CBD  Tetal Ortho Assoniz NOJ Chloride Alkal  Hard Total
P 3 Fe
10/43 -~ 15403 95k 1742 1599.2 0.0 146 3512 ekl e 2997 B
(0703 - 22703 1036 (19,4 92,0 0.0 27 TIAD MOT.I 7249 b
28003 - /03 2087 (1B.F 1846 0,0 35 4190 (99B.8 2405 1
31703 -~ 04194 282 83.6 1.4 985.0 1914 ¢
07/04 -~ 11704 %% 87.0 53,8 1B.© %133 1400.0 1408 ]
1A704 -- 1B/0L 348 87,2 BT 12392.2 1037 2
0k -- 25704 St 1218 124.0 26G1,2 2947 %
28704 -- 02/03 519 135.0 §23.2 0.0 17t 1977 (741.8 2730 ]
§2005 -= 16705 s 140,86 131.2 0.0 B 2007 §431.6 2243 Y3
19405 -- 23405 BSY 191.3 :81.9 55.0 {42 2478  1919.0 2719 1§
26/03 -- 30405 1081 181,9 i@0.¢ 2135.0 2204 4
02/08 -~ 0h/04 BI? 165.8 134.2 42,0 K 215,35 2618 0
0908 -- 13/06 914 153.0 135.7 2739.7 A% 1
16706 -~ 20404 211.0 207.2
23i06 -~ 27706 15383 JB7.9 191.7 150.0 A%  241h  3650.F 3076 &7
J0/0b -- 04/07 913 183.2 §76.7 §43.0 30 2403 31345 2543
o7107 = 11707 1304 1872 183,71 I5ki0 2132
07 — 18T 722 1312.1 109.5 1340 80 2322 2159.9 1810
07 - 27TH07 932 12,7 9B &l.0 bh 1470 2206.0 752
(2RS0T -- $1105 30 1227 104,720 23 1408 1692, 4 {4h) 2
04/08 -~ 08/08 97 %4t 7.7 7.0 18 1733 2013.2 1413 0
108 - 15/08 844 17,8 105 53.0 25 10%7  2012.0 1251 1
L8/0B -- 22766 420 63,7 40.3 1126.¢ B3l 0
23708 -~ 29408 736 15,4 106,27 34,0 30 SB4.0 203B.8 1545 7
01789 - 47708 28 97.1 Y LY a0 ?
GBS -- 12705 137 S5.¢ 4.2 0.0 10 547,90 667,86 4§59 3
13/0% -~ 19709 329 50,9 4.0 320 33 934.0 662,72 &35 2
22009 -- 26709 238 534 42,8 9.6 14 514.0 513.2 570 |
06710 - 09710 356 40,7 SR.O 230 71 976.0 705.0 B2 1
1319 -- 17/80 1366 281.9 238.&8 90.0 §52 2058  2613.&6 2432 g
26010 -- 28710 1103 2h4.4 232,5 0.0 104 2543 2102.4 2457 2
THO -- 31/16 857 162,64 143.% 0.0 6 L0 1340.2 1419 4
31 - Q3 241 92,7 S4.4 5.0 b 336.0 53Z.0 599 9
L0/1) -~ 14711 81 38.2 3.4 511.8 575 G
1P701 == 20740 1449 180,0 144.9 23,0 (71 205 2454.0 41553 4%
2400 - 28211 8% HAS §B.Z 2400 47 1159 12795 14M 3
01/12 -- 05112  A44  80.7 BI.S 310 1376 1232.0 gy
08712 ~- {2/12 78.9  7L.8 860.2 9
03/01/87-09/01 BE.0 848 g3z.0 18
{2708 - 18708 1 0.3 &% 6.0 0 902,0 Bad. & 1473 13
19700 -- 23/08 97¢ BB 517 0.0 7 830.0 B34.2 1392 ]
24701 -- J0/0F 465 B7.¢  82.% 1221,3 1723 &
02102 -- 04702 370 382 33§ 0.0 1 1319 700.2 1248 19
09702 -- 13767 BB 70,2 EZG 6.0 3% 2405 1002.8 284 1D
16702 -~ 30707  34¢ 5.9 57. 1Ho3.6 1878 19
23/07 -- 29702 479 85,9 1.3 9.0 0 iBIY 13726 1483  i§
02703 - 06101 43 BB.L AT 1284 1662.0 1993 13
Average 723 119.% (04,7 362 33 1510 1692, 6 1814 B
St feviztian 414 56,9 33,8 43.9 52 813.9 1094,7 B22 (¢



PNt

Efiluent tg Naturation Ppnds

Heekly fAverages of Daily Loads (kgs)

Period C30  Total grtho Ameoniz NOI Chloride Alkzl Hard Jotal
P P Fe

ko703 -- 13703 M1 8Ll LB 9.0 50 198 1433.8 1355 4
17/63 - 22003 73F 1.0 0L 0.0 32 1404 237%.2 2030 i
W03 - 29403 770 109,82 82,3 0.0 103 1813 1835.0 2123 2
31103 == DE/04 M3 95,0 8B,k 1194.5 1744 7
07704 - 1if0d B42 1221 078 29.0 &2 Z128 19646 1937 0
14704 - 18/04 03 117.3 110.2 2229.2 1841 3
21004 «- 25006 B b2,4 45,5 1433.8 821 &
28704 -- 02405 432 104,27 91,5 0.0 128 1480 1379.8 2200 3
12705 -- 16705 326 107.9 102.¢ 0.0 22 0t 1058.4 170% 1
19405 - 23703 gg 123.9 17,2 32,0 B8 {4&E {283.8 1736 9
20705 -- 30/05 B3] 144.9 (44,9 1700.6 1763 ¢
D2/06 -~ 0B/O4 518 95,5 BILY 19,0 1] 1300.0 1811 a
0%/06 - 13/04 43 39.% 9.8 £070.0  FA1 4
16706 - 20708 1i2.8 11¢.4
23/06 ~- 27706 BA4 103.7 100.2 B0 40 1385 311B.3 16§y 25
0706 -- 0407 AR} 986 55 73,0 15 1242 16B7.2 370 2
07/07 ~- 11707 Tk 97.4 715 190%.0 1104 4
1407 -~ 1BO7T 460 43,4 5B.5 4h0 27 789.0  1247.6 51 &
2007 == 3707 877 120.7  %h.4 0 360 39 BEB.O,  217T.% 1R 5
28407 -- 01708 1028 133,28 E14.3 2400 2 1652 1B44.4 1592 2
a4/08 -- 0B/08 378 100.7 B85.4 70.0 13 1540 2123.0 1447 ¢
11/08 -- 15708 1069 154,73 135.6 76,0 J6 1585  25%t.4 (593 1
19708 -~ 22108 984 149.¢ [41.3 2637.5 1990 0
25100 -- 2%/08 754 1153.0 106.5 44,0 A2 935,60 2055.2 1559 f
01/08 -- 07409 702 154.8 123,0 37,7 1836 4
0BSOT -- 12/09 33T 182,86 124.8 0.0 22 1232 [729.8 1701 ?
13/09 -~ 1909 920 142.0 130.9 9.0 93 2413  {R4T.4 1TSS 5
22/0% -- 24409  B74 14101 18,9 1360 A6 2399 1522.2 14B7 [
06/18 -~ 09/10 534 101.7 96,9 23.0 72 98s.0  109.7 132% 2
13/10 = 17710 B3] 141,31 128.1 49.0 81 ({03  1407.% 140% 2
20/10 -~ 28/10 SR 135.7 {293 0.0 54 1380 1073.6 1348 L
M0 -- 3810 04 143.6 1284 0.0 1t §90.0  {251.8 1499 |
03/1E -~ OFSE1 794 172 165.2 41.0 120 2599 i762.4 2037 l
10411 -~ 1411 798 182,57 154.1 , 2107.0 2384 )
fe7kl 28 5% T4 S%.6 10.0 70 1154 1010.0 1493 1%
24415 -- B/ 1176 172,48 1483 30.0 AT L59F 1920.4 2503 &
P11z -~ 03732 1627 150,5 138.¢  48.0 2038 2093.2 35
05/01/67-0%/04 98.7 9.6 921.2 21
12701 ~- §4/01 1316 137.8 1285 0.0 0 1458 17142 28K4 28
19701 -- 2300 119 133.2 135,300 t& 1483  LHO%.0 3053 1?2
28/01 -~ J0400 601 1L7.01 14,2 1402,0 2357 g
02/02 —- 06402 1348 152.1 140,90 0.0 £ 4045 W28 £993 S0
p9702 -~ 13/62 1065 £10,0 97.5 0.0 Al 3B4B  1584.4 J410 15
16/03 -~ 30402 B3I 14,1 82.% 1694.0 2885 31
W42 -- 23402 TIS 19,4 106k 1230 6 7392 1903.4 2508 8
02103 -- 04/03 392 B9.6 87.B 1575 2472.0 2774 1%
fiver age 742 12002 10B.3 34,2 48 L&I0 175,01 §947 %
Std Devistion 5 28,9 2.2 3T T J00.2 723 11



B R R T R R g R A
liw Sewage
weetly Averiges of Dafly Concentrations

Faripd COk Eata]l Oetho Aeapnia-Chlaride-Alkal_Hard Conduct— Totsl-Gissolved
F P Fe Fe
01F07195-95/07 1032 114 8.1
0B/07 -~ 12187 85T 4.8 §.4
15707 ~- 19407 1035 14,6 10,3
ZH0T == 26407 FOOT 10.% B.1
29407 ~- JEH0B 5 §.0
05/08 -~ 03/0B B 13,7 o
12108 —- 18706 130} 1£.1 a7
5098 - 30108 4 154 9.9
05509 —- 135 L I T
12105 -- 200§ B0 14.3 19,5
TGy = 20N 280 15.% L7
/09 -- ad/10 1604 L4 1903
20,08 JRE-2450 T 138 10,7
7 - B i L I E.¥
ET/87 -~ 21707 35F 12,5 7.5 20 7% A
02703 == 074103 847 10,1 .8 200 18] it 193 "7 3 LD
10443 -« 15703 it g 0.1 .6 138 3L 133 11 1.8 0.3
§TH3 -- 17103 iz 10.4 I BTN 125 I 102 400
24703 -- 29403 1016 7.9 &3 0 13 0 18 9b .2 0.9
10463 -~ 0hi0R TiE 17 9.4 18] LN
AT/ - 1104 20 10.5 S A 104 %0 )53 74 LB 0.8
{4104 -- 18704 3T 164 7.3 5 154 .9 .3
2104 == 25/04 FLYI S P .3 1.0 % 03 188 ik} 7. 0.8
8104 -~ 02105 a6 131 .4 200 116 23 1 95 1.2 0.8
12705 =~ 4408 432 1.5 B4 0.0 1 1% 7 HH .4 0.8
19705 -~ 73405 n 1.4 9.5 2.0 15% 700 165 180 41
25105 - J0/08 782 3.« 9.3 w152 33 0%
a3feh — F4/06 FEY I A E.1 i 142 .7 0.8
09106 - 13404 154 £.3 6,3 .0 3 255 187 B4 1,7 1A
18404 -- 20/G& |02 18,7 b8 I8 Bé a6 134 7b LTOOLE
4086 - 27104 443 a.0 85 310 193 B s 47 L LT
006 -~ 4107 598 13 LT n 233 85 84 7.3 LE
07407 ~- 11407 B26 11,5 &.B ;LI P11 7 I P
1441 - 18407 LTS -1 Ll 8.3 7 % 13t o3 L
407 -- 24N LD LN .6 30 143 27 156 42 1?7 1.
Bi07 - 01/0B 1145 (). 10.0 251 144 262 14D 81 L7 G
04408 -- GESOR BBE  10.3 7.6 30,0 152 %8 137 2% 1.7 1.3
11/08 -~ 15768  t018 14.B  §L.0  32.0 123 ws 132 36 Ls 0.5
13/08 — 2768 EER I g.7 6% 140 ¢ .5
25108 -- 28408 &3 1%.4 1G4 1§.9 %3 31y 182 71 .0 1.4
01109 -- 07)0% 37 153 10.% Zh0 134 ML 42 8 T R
0as09 -= 12409 315 7.1 1B 102 8 134 kL] .8 Ll
15709 -- |9/09 FEE ¥ . 3.0 157 ST ¥ 98 2.2 Lo
2709 == 2409 14,0 8.8 1) 27 3 L] 2.1 G.6
26710 -- 031D B4 15.3 1.8 &40 10 248 L4Q 03 1.9 L.¢
13418 -~ 17410 Ml 139 10,8 3L 120 08 145 73 L5 05
20410 =~ 24418 5 133 $.p .0 185 A 18 11 £, L4
IEID -= 3110 8§11 11,8 7.8 102 196 119 g5 Y T
03251 - a7t s 1,7 9.4 L0 110 I 14 Bl .8 LD
ta7Eg - (448 ard IfE 104 213 im 0 (.4
171 - 211 a7 10,1 6.3 38,0 120 Y132 341} 23 44
411 -- /11 ked LB B 9.0 127 w0 1T 95 3 Lo
01432 ~~ 05/12 &7 LT e 200 ¥4 204 i Le 1.5
8712 — (3412 9.k i.é 00 .7 1.z
15412 - 14412 fis 5.4 &5 INd 4 178 b4 ot 2.3
2L - 2842 12,3 3. 1
BT - 342 T8 5.¢
A3/ 0LIBI-09101 12,4 .1 21 I LE
12701 -~ &/ =T E.7 T 20 5t 197 171 78 2.9 L%
1950t — 2304 312 1.5 9 N0 73 19 178 .4 12
A7) - 304G i3 5.9 g4 20,0 142 I a0 HE -
§I002 -- GhiD2Z 555 1.2 8.6 22,0 2% 22 223 125 E Lt
U057 -- 1307 59z B.& F R F R 13 185 213 Y L3
1802 - 30067 M BT L% W3 LeT 3 30
13062 -~ M woed 7.6 .0 H %1% 104 35 LB
0103 - DEFYT ABS  1Z.E KT 75 187 L1 1.3
Grarine g0 11,% g4 8.7 128 HIEE 9% LE 1.7
Std Deviatyion (B i 17 .3 I ig H 13 SR




Tsble : DC 2 Unit C : Sampling Poinc CFI
Raw Sewage
Weekly Averages of Daily Loads (kgs)

Period caop Total Ortha Ammoniz
F F

1O/03 —— 15/03 2480 135.2  L0&.3  F64.0
17703 == 22703 10343 151.9  113.0 314.0

PA/OTF —— 2Y/OF 13TIB L0403 BX.7 3@a7.0
FLI03 —— D4/04 Q&EZ 1460.1 12%.H
O7F/04 —— 11704 23846 1346.0 102.8 499.0
14/0&4 —— 1B/04 TE03 129.35 95.4
Z1L/04 - 2F/04  10Q0BT 147.7F 2.8
2E/04 —— 02703 5921 124.9 Bgi.3 297.0
12705 —-= 16/05 TTER 1356.7 101.9 37&.0
19/05 - 23/05 10477 143.4 110,2 363.0
2L/03 —— 30O/0O5 g84s5 150.4 106,73

OR2/08 -~ Q&/D6 QuSz 153,92 10i.9
008 — 13/004& FR45 ?2.8B &61.2
DI0E =~ 2T/0E B&l1ll  10&.2 TZ2. 444.0
ROS0E —— OG0T TEAE 103,00 Ti.0 3J3&61.0

OTAO07T ~-— 11707 583995 1i09.8 53.8

14/0F —~— 1B/07 10135 131. 1 TE.S 274.0
2LAO0T —— 2T/OT 10180 1549.2 0.2 328.0
28/07 —— 01/08 13445 1S54.T7  114.7 288.0
0d/08 —— OB/0E iozg? 118.8 -BF.4 34%9.0
11/08 —— L5706 12¥32 182. 3 134.9 405,10
1i8/08 —— 22/08 11424 157.4 144.3

L5508 —— 29/08 10223 1770 1Z27.0  3A57.0
G1/709 —= OT7T/09 2706 1T6.8 13T.9

OB/0G% — LZ/0°9 8290 147, 2 13,2 2Z15.0
15709 —— 19/09 QT2 145, 2 109.1 Z7V2.0

2E/09 —— 2&5/0% 11772 1740 107.1
Oe/10 —— 02/10 11376 207.5 170,55 TS5L.0
13/140 —= 1iF/10 1i81é& 1720 i33.8 453.10
/10 —— 24710 11014 200.8 145.0 S22.0
oT/t0 -~ Filn 15604 1TR.9 16201
03/11 -— OF/1L g1Bs iS4.1 125.4 332.0
10/11 —— 14711 11383 208B.a 1Z0.8
1v/11 — 21711 TTOD3 £6. 4 42,834 &413.0

24/11 —-— 28711 194 1&61.9 11S.4 324,40
0i/17 —— 05712 11929 201,373 1T7i.3 3%4.0
GB/12 —— 12/12 . 148, 7 3114.7

15/12 —-— 19717 103467 147.2 112.7 &73.0
2R/ —= 247172 149.4 124.7

°g8/12 -— 3IL/128 141.4 10O7.9
0S/01/87—09/Q1 SOL.0 0 L07.9

12/01 -— 16701 24272 14T.& 114.1

19701 —— 23701 TeZ28 117.E .S 293.0
DE/GL —— 3001 11995 153, - 03 433.10
GR/QT -— Q&0 ZO40T 0 207.4 Led3.00 44600
Q02 —— 1353/02 F53L5 112,00 TH.B 0 191.0
158702 —= 30/02 20739 132.2 25.1

2R/0T - PQ/OT 0 1144é 161.3 117.& 333.0
GT/03 —— Q&/03 1T228 254.5  158.4
Averages 1NsBT 153.4 110.4 2 3IVB.
Std Deviation 3021 37.& o8, 7 115, 3



------- o o L AT Tt e T o = (V1 B8 o Y S e k-0, A
Frea to Primary Settlers

Weskly Averages aof Daily Leads ikgs)

Feriod cop Total Oritho Totsl
F F Fe
1G4/03F —— 1S/03 82946 1427 28.5 162
-1V /03 —— Z22/030 11180 1T9. 1138 . BS
24703 — Z2/037 14481 1248.B A4.Z2 144
JI1A03 —— 04034 10382 1B84.0  12T. L Zéa4
ae/a4 — 11 /04 105486 176.0 13,9 o9
14704 —— 1B/048 8459 1721 4.1 B
21/04 —— 25704 11474 190,06 D5. 3 126
28/04 —— 02/05 6741 1585.5 82.7 I
12/,0% — 1&/05 Boig 141.1 1a02.0 33
19705 —— 23/05 121537 186.9 113.2 i18
26705 —-— 3005 10724 200.7 110.%9 =38
Q2/06 — O&/06 12780 195,55 103.9 110
DP/06 —— 13706 12768 13T.0 &£5.3 193
2F/0E ~-— 2T/04 g324 141.1 T30 Te
A/OE —— Q4707 BEao? 2.3 TZ. 43 T
Q7T /07T —— 131/07 R25B 14%5.& &4.48 89
14/07 —-— 18707 114146 14%.9 T&.0 83
2L/0T ~— 2P/07 118512 2it.2 ?i.4 130
28/07 —— Q1/08 1ST06 2Z21.7  122.7 112
as08 —— OB/LOE 13298 183.1 1.5 117
11/08 ~— 13738 14370 239.4 139.S5S Fé&
igs0g —— 22708 12885 2046, 4 i47.43 138
2T5/08 -~ 2%9/08 11357 221.9 129.8 128
31/70] -~ 0OV/09 11265 237.0 4G, 1 128
OB/OF —— 12/09 PTol 191.,4  105.5 125
1S/0% ~= 19/09 11198 203.4 111.°7 13&
220 —— 2H/0T 13252 240,31 108.8 131
D&/ —— 0OF/10 13575 2T70.0  1T3.2 110
1310 —— L7710 143072 217.5 135. 4 e
20/10 -— 24710 13057 255.0 14T7.1 147
2°0/10 — 31710 18143 263.3 165. 7 &3
03/11 —— AF/11 105186 207.1 128.8 204
10/ —— 14711 13554 2544 153.2 137
17711 —— 21/11 10490 T4.8 3.9 141
24713 —— 2B/11 11246 2Z211.7 117.1 2?3
1/12 -— 05/12 234,46 17S.1 139
08/12 -~ 12712 201.1 114.1 147
15/12 — 19/12 122, 7 114.2 439
22/12 ~— 24712 214.2 130.°7
28712 - 31/12 i7Ti.32  109,2
OS/01/87-0%/01 225.3 10%.86 ITH
12701 —— 146/01 10447 1B3.4 117.0 a37
12/01 —— 23/01 8934 145. & Q5.4 123
2H/01 —— 3a/01 13QIZ ITR.9 0 104,77 QS
Q202 —— 0&/02 213371 24468 149.7 532
O/ —— 13702 104678 15t.1 Ti. 4 an
16/02 ~— ZG/02 21734 148.1 ?8.3 401
D3/0Z ~- Z9/0Z 0 12402 18B.Z2 118.5 326
H2/0F —— NE/0F 17934 333LL i&1.2 —o4

|

Average 12192 124,95 iiZ. 4 184
Etc Deviation 2173 45,3 =Z9. 3 184




Primery
Weekly Aver=ges o

-

[l )

R R T WY TN DR TR e f::f-”_; ............................................. T
Siflusnt

Concantrations

TEr [mix]s) Totsl 1 Drsseived
F Fe
DL/OTF/RS-05/07 aFl P.& T.T 3.3
OB/07T — 12707 a0y Pl & T L0
15707 19707 S35 8.9 &5 1.3
23/07 Z&/07 S40 2.9 T z.2
DCSUT —— Onsng 453 10.9 T-7F
UTA0E -~ OF/0H aT1 13.7 g.2 4,0
1708 14&/08 T3z 14, & B, & .5
- T a1 30/ 08 &05 10,35 .7 3.7
09709 13509 jal-w T.3 S. .
1&/70¢ DSOS 3Tz S.T 7.5 3.a
ZT509 T 0e 4C3 .7 T.S .3
JIN/GT —— 0§/10 =95 2.2 Tal X1
SO0/ B4H=-2470] 241 F.1 T.1 i.3
2V == JG/01 T3 Ted 5.3
LTFA02 21700 412 T.3 2.8 .4 L&
Q2402 —— NT/03F 450 8.0 S8 2.7 .5
10 /1075 15752 &£22 T.7 3.3 4,1 0.8
1T/03 22703 343 &7 5.3 3.Z 0.7
2&7413 z2e /03 497 5.8 4,3 Z.1 [
31703 G /04 331 g.4a b.& 5.0 1.2
0T /04 11/048 414 B.1 4.2 2.5 3.7
14,04 tB/04 371 g.1 =T 2.2 .4
21704 2S/Qg 631 5,0 S.3 3.4 0.9
SB/AO4 —e D205 293 T3 .4 2.5 0.7
12/ 16705 353 11,2 8.7 3.2 0.7
19705 23705 450 i, 1 TW9. S.0 1.2
28705 J0IGT 428 11.3 F.1 = 1.3
OR/40G w= D&/ 491 .4 T2 2.9 1.0
LT/ 06 13708 423 8.5 &2 2.1 Z.0
1& /064 ZR/NE =TT 7.8 &a. & 8.7 i.B
23/96 ZTI08 &7Te 8.7 .8 a, 3 2.0
In/s0E == 04707 392 T.a& o.2 4.0 1.5
OF SO7 LL/07 S34 2.1 D4 3.& 2.1
14/07 1B/07 47 Tl Yl 4.1 1.1
Z1/07 ZTAOT 3za T.9 S.3 - 1,40
TE/OTF == OL/08 563 1Z2.7 .8 .1 0.5
3408 —— Q8/08 Si7 ] [~ 4.1 1.9
11708 1S/708 ave 12. & F.2 3.2 DB
1g/08 22708 489 L, G 7.5 3.4 i.l
os5/08 29708 &£1E 8.% T8 5.4 1,2
D109 —— OV /09 484 1.9 2.3 3.1 1.1
8/ 0% 12709 306 il Ta3 3.5 1.3
13/09 12/09 495 8.0 ba. 4 3.2 .9
T/ 26/09 4G, 12,1 F.E 4.8 1.5
&0 —— D10 394 11.5 D 3.9 1.6
13710 17710 402 241 Q.0 3.4 1.3
20710 247110 fld 5. e 5.5 3.5 0.7
27/1a —— 3t1/10 352 E.2 =1 o, 7 1.8
Q3/11 —~ 07/11 S04 2.9 4] 2.6 . g
in/s11 14711 231 11.8 & 4.0 1.4
1T/l — 21/t 375 8.2 e} 3.8 L i
24711 =B/t 320 Tl & 3.1 &.8
O1/12 — NDS/12 TWE& &a.2 5.1 =1
nE/tZ 12712 B.2 S2.9 2.1 1.3
15712 1e/12 &2 4.4 3.2 .3
el e, Z&/713 &7 B
B —-—= 31/12 4,5 3.3
/LSBT -N9 501 E.T 4.3 203 Z.S
1201 JR-Faua] Z&5 5.5 4,3 2.1 1.8
1T /0L E3701 3EEB T3 S.5 z.1 1.7
I WAREN TS 401 2.2 S.5 1.5 1.0
b v et g, 02 ol =) 3.3 2ub 1,1
G5 /02 L300 3% S.Z 3,6 1.9 0,7
-y av)el MG oy T3 &. = 4.0 2.4 2.5
2302 TS 0D SEC £.7 P D1 1.8
T A2 DT ST E.ZS &. 1.9 100
ByvEr Sizg ds7 2.8 [ 2.2 !
Srteo Devian:ion ilé Z.l 1. i.4 G, T




DEe St oS S LA

EF%TUEEEI?Fd%mﬁﬁimawy Settlgrs
Weekly Averages of zily Loads (kgs)

Fariod con Total QJrtho
F =
1G0T - 15/0G3 S7eS (04,7 TS, &
17/03 —= 22/03 S21T 13,4 B, 3
24/03 —— 29/03 &774 TB.S &HOL 10
JI1/03 ~— 04/04 4728 131.3 21.9
QT /0% ~— 11/04 5743 112.3 80,0
147048 -— 18704 4908 110.9%5 T4.6&
217048 — 25/04 11047 i1g.% B, 2
I28/04 —— Q2705 S0ET T3. & o3.4
12/05 —— 1&6/05 4127 132.8 102.9
19/05 == 23I/05 S4T1 0 128,72 100,3
26/05 —— 30/05 S0T2 135.2  10&6.3
D270 —— 0&8/04 6822 124.1 3.8
OR/08 —— 13/06 &B4% 124.2 F3.0
23/0&6 —— 2T/0b 2TDe  124.7 B3.4
30/08 —— Q//0OT SeEDesE L1S.3 TL.Z
OF/07 == 11/07 49324 B4.4 857.2
14707 —— 18707 SBZ26 t14a.3 B&. 4
Z1/07 —— ZTV/07 4334 5.4 &51.4
Z2B/UT —=— 01708 TEGZ 1745 -134.4
D4/08 —-— O8/08 TO3S1 129.7 B?. 4
11/08 «= 15/08 PSTE 178.8 13t.5
18708 —- Z22/0B T2Te 180.2 Ltia.n
25/083 -— 29/08 B33& 117,00 1O0.B
QL7089 - G709 6024 198.7 128.0
og/0g7 —— 12/09 3271 iZ28.6 P&4.B
15/70% —— 19/09 63286 10F.0 BT .5
22709 — DA/ Se13 L65.4 131.&
e/ 1) —— 0F/10 SBT4 171.B 13%.7
13/10 ——~ 17710 ettt 165.7 122.8
20710 w= 24710 FEAT 1682.0 115.5
27710 == 31/10 S7839 131.4 i05.9
03/11 —— OF/1t BEzd 152.4 119.7
10/11 —— 14711 3459 185.2 149.8
iTALY —— 25711 2823 TN, ? S0l
24/11 -— 2B/ TTa 1095.2 8i1.7
01/12 —— 05712 14000 114,14
g8/12 -— 12712 13¢.3 24, 4
1S5/18 == 19712 113.4 BO.S
22712 —— 2Ras12 2.9 2.8
28712 — 31712 B&. 4 62.2
0S/0L/87-09/01 4.4 T3.8
12/01 — 14701 44693 111.3 .7
19/01 -~ 23/01 38939 121.46 Fi.4
265/01 == FO/01 L&462 120.8 84,7
G202 —— 0&/02 4241 131.8 g2.e2
9/GE - {3702 S&AZ28 g9.7>% &1. 73
14/02 —— J30D/02 &4472 100, 4 TO.E
23/02 — 2@/02 2TTe  108.5 84.73
GR2/03 == 06/03 1275 =i3.8 170.2
Averaqge 240 125.& 5.9
Std Deviation 2048 3.3 Zh.T



B S Y et 1_','1:...__| "'Ur‘-l ™ &
Fzed tc Dip—~ilters
llazkiy Avzrages oy Daily Concentrations
Ferioa CoD Total OrThc ARIR&EL Total Dissolved
F F Fe Fe
0L/07T/BS-95/07 o S.1 4.3 2z5
AR/OT —— L2/07 253 .6 4.4 248
LB/07 —— L9707 ppal= &, d DL 210
DZAUT —— ZaF0T i T-T- 4.9 3.5 232
TRAAT == G208 it 3.7 2.8 2&2
NE/0E —— G20 J&% r.8 Tk 285
12408 —— 1&/0E 3z8 8.4 3.3 244
ZhEA0E —— 30/085 6T &. 4 4.5 25
ag 0 == 13/0%9 1973 4.3 2.7 170
15708 = Z0/09 176 4.9 3.7 193
DALUGF —— DT /OT 095 5.7 4.1 z1z
TO/NG —— GAS10 181 5.9 3.8 222
TS0V ABE-23 701 prad-) 5.3 3.4 174
2FAOL —— AN/0l 23 3.0 3.1 135
1T/02 —— Z1/702 222 4.2 3.3 171 1.2 .3
G203 == 077033 280 S.a 4,3 221 1.4 W3
/03 —— 15/073 31T &.2 4,3 22 1.5 .4
17403 == Z22/073 2TE 4.5 3.4 213 1.3 O.3
24/03 - 28/073 254 3.7 2.9 204 1,2 th, 4
RL/0T e 404G 208 5.2 3T L7 2.2 0.5
ar/sid —— 11/04 257 =.7 4.1 208 1.5 0.&
14534 «— 1B/{34 137 3. & 2.4 181 1.2 0,3
T1/04 —— IT/04 167 3.7 z.8 143 1.7 0.7
28/10% —— QZ/08 238 4.5 3.9 133 1.8 0.5
12705 —— 1&/70% 2485 T.45 S.S 145 1.7 0.8
19405 —— 2%/08 238 W 4.8 167 Z.2 0,8
2&/05 —— Aos0S 265 8.3 7.4 =13 1.8 . &
G208 —— Q&504 5% 5.7 L 184 i.h 2.9
ngShs ~= 13/0& 292 4.4 .9 184 4.2 1.1
14508 ~= T0O/04 2ra Sk 4.3 325 4.3 .7
2T/ —— =T S04 xZa . & 4. B 31z S 2.0
JIRf0E = 04707 & 6.7 7.9 IES 3.4 2
OT /07 —— 11707 309 T.0 Z.9 287 3.7 1.3
1407 —= 18/07 300 5.3 3.4 183 . 1.4
21707 —— ZV/O0V 373 8.1 4,9 28T 4,0 1.1
HE/OT e Q1708 408 6.2 &.7 235 2.8 O.F
Qa/08 —— 0g/n08 A4 T.7 5.4 267 s 1,0
11708 —— 15708 4282 a.% T.2 = i .4
1g/08 -— 2708 344 T.4a 5.3 23 gt 1.3
oS/oB —— 29708 IiTe 7.5 .7 257 2.% 3.9
$L/08 —— OF/09 Asz T.7 &.0 224 Z. 6 0,7
ag/0ae —— 12709 320 Te0 4.2 176 2. . T
IS/A0F —— 19/09 342 b.1 4.8 203 2. i, T
22/0F —— 24707 331 2. % &.9 174 3.2 1.2
g/ i —— 09/10 336 e.1 &.3 1894 3.4 1.8
13410 == 17/14; 283 &.7 F.00 137 3.4 O, F
TO/L0 == 23710 215 5.5 3.2 131 . Db
DTLE0 —— 21410 243 &.& 4.8 154 Z.4 1.0
371 == DP/LL oeQ 5.7 5.5 170 1.8 0. &
1Q/11 —— 14731 o= T.1 5.3 182 2.2 . &
17711 — 21/11 200G 4.7 2.7 143 1.7 0.3
24/11 —-— Z6/11 281 3. & 4.4 171 .1 .y
Bi/12 —— 0S/:12 &, % 3.9 178 2.5 .z
Qa2 —— 12712 6.3 G.& 1aa .5 0.7
15712 —= 187512 4.& 3.2 148 I.0 t.B
ToAL2 - 247102 4.6 3.7
SE/LD - 31S12 .8 3.4
GSAOL/ET 0T 00 G, & 4.2 1VE 2.2 1.7
1201 —— 16401 2406 5.2 T &= .5 1.5
19,08 —— 23701 188 = S04 154 1.6 1.0
Talhl —— 3a/01 Z3E 3.7 3.4 198 1.5 . 8
DDSND == s/ 0T ig1 5.8 3.4 151 1. & 1.1
0P D -~ 1370T 2% 4.2 2.7 g 1.4 0.8
1707 == JN/0Z 405 3.7 2.2 135 2.7 2.z
230D -= IR s S8 4.2 230 2.5 2.0
CTRT mm Oy o7 .= L, T TG 1.E2 1.3
Average Ry 5. & , 20 Z.= 1.0
Zre Devistion & i.s iL.E 273 G,z L E



"""""""""""" T TabTET T DCTT T URIT DY mampling Foint RS

Feed to Hio—-filterc
Weekly Averages of Daily Losds (kgs)

Fariod Can Total Ortha Al ksl Hard Total
F & Fe

1T/03 =~ 22/07% Sh g 2.4 &4, 2 21,0 12948 14
F4/03 — T003R 3452 aZ.é 3.5 2739.2 2irva iv
AM/OT — 0a/04 o342 130.3 3.2 43516, 40637 58
OF/d — 11/04 &SET 145,40 104.7 SXFe.2 3918 -8
14,04 —— 18/04% 4058 3.3 BP0 1 4504&6.8 3712 24
217048 —— 25/04 4557 100D.0 T, O 4151.,9 4206 44
28/04 —— D2/0F 2920 100,86 T4.9 AL58.0 4281 44
12/0% —— 16/05 SY3g igd.0  1i18.0 I053.&  393T 3&
19/05 —— 23705 4847 127.4 e8.9 33BT.8 34048 44
26/05 —— 30/05 s038  157T.4  L40,2 4030.0 2771 34
N2/048 —— 06/06 o338 115.4 B5.3 J802.8 2984 34
Q708 —— 13/08 &rY1l7 BB. oB8. B 3382.3 3537 0
2I/0E —— 2T/D6 6488 132.1 ?6.1 &2446.0 4384 100
3ID/0E == 08707 ROAB. 166:%- 254.4 &8192.5 Al&s . . 21
O7 /07 —— 11/07 ATO2 1Q5.F a2, a S5424.2 2981 Té
14707 -— 18/407 T4 139.9 g8. 3 AB1G.0  2EED &
21/07 == 27707 11473 195.9 115.3 Fgre. 7Y 3631 2
TB/O0FT —— 01708 ITZ6 19604 16140 &334.8 3892 &7
o4/08 -~ OB/0B8 10844 Z202,%9 138.0 &B41.6 4013 =Y
11708 —— 15/08 10STY Ziv.l 1¥8.6 &338,.2 3:i3e o2
18708 ~— 22708 10532 254.4 186.1 &3B2.5 4452 20
2SN -~ 29/08 Ta24  158.% 114.0 5229.4 2981 o0
G1/0F =~ QT/09 9236 225,22 1i79.1 S913.5 3555 &7
CR/OF —-— 12709 8511 185. 2 i30.0 S244.13 3447 T
15709 —— 19709 884 158.% 125. 4 Ss2gs.8 3530 . 24
DRVF == 2H/07 B452 229.3 1T4.2 491F.8 3394 a1
Oa/10 —— 09/10 FI0S  220.7 1T4.2 SO00.2 3824 22
13710 == 1T/10 B&32 219.7  28BZ.0 4443, 4 381EB 19
2010 - 24710 Ti4g 183.9 107.1 4364,2 4042 &3
2T/I0 ——= 3IL/10 #2218 21i9.4 138.6 S1IT3.B 4438 82
O3/ L — G718 19158 182.3 131.a a0B4.5 361 T3
to/11 ~~ 14711 TIOZ?  22T.4 iTi. 1 a850.8 Sioz TR
17731 — 21/11 548% 105.7 T3.2 S44F.10  TO4T &1
24/11 —-— ZB/11 Togd 15,9 124,00 4430, 2 297 ST
DisL2 —— 05712 196.1 148.48 4983.8 g1
012 — 12712 187.2 132.0 A7T30.6 TR
1S/L2 - 12712 129.0 0.4 42328, 0 B4
22712 —— 24512 1546.4 129.7
28/12 -~ 31/12 106, 4 84,2
RS/QL/BY—0F/01 15&6.9 106.T 427B. & &8
12701 —— 14701 Se08 1592.9 105.5 4286.& AS&T &7
19701 — 23701 ST44 18Z.7 14i.9 4T80.0 4836 39
265701 —— F0rsal s1a05 147.3 D0O,3 SEw8.2 4183 o4
QD00 —= 0&6/02 4749 177.8 loS. 6 SSBZ2.0  &524 SaG
OF/OZ ~- (F/02 BOZE lié.8 81.3 AF917.,.2 L0320 44
1602 —— 30s0Z TZir 1d8. 1 60, T JgsG.0 S5 Th
RI/OZ —— 2202 Go0Ls  LFL.D 130,45 T114, 4 5622 TS
QT/UR = O&H/03 &%8% Ti3.% 248.5 FEE2,.0 T34 T2
Aversgs T30 1&i.1 1233 S036.7 418 =5
Etd Deviation 2029 51i.3 51.8 1268.3 1234 22



Tebie : L2 Umit £ Jeemiing Foiaf CRE
Big-fiiters Efiluent
¥eakly Averages of Daity Concestrstions

Period CHD Total Orthc Aasoniz  NO3 Alkzl Hard  Total Dissolves
p F fe fz
OHAOTIOS-4307 L T O B N 151 to4
08 - 1307 07 5.k L 164 1.3
15007 == 19707 H [ A} 3.t 140 1,0
1278Y - 0T 35 1.9 1.7 1587 2.8
29007 - Ji/0E i 5.1 L5 Ho
45108 -~ 0%08 132 1.8 {.8 153 4.0
1208 — 1hf08 e B4 1.8 205 5.8
15708 -~ J0S08 193 54 1B 13¢ L0
09/0% == 13009 o 4.3 .7 a4 ol
16799 -- 20404 93 i.5 1.1 122 1.8
305 -~ 27709 132 S0 3.6 11& .
048 -~ M 105 9.9 3.2 1e FR
20/01106-28101 LT 3.3 [ %] 16¢ 1.2
7001 -- /61 " LT .8 112 4.9
17402 -- 21462 13 3.3 2.4 06 23 0.7 GO
02403 ~ 7403 43 t.é kN 4.0 0.5 M9 1% b 9.2
19793 -- 13703 g2 3 ld .0 .3 15 14 [
17/03 == 22403 Y i1 i) 0.0 H U -1 B 0.6 0.}
Hig3 -~ 290) I 3.6 7.4 2.0 4 112 182 0.8 0.1
JHAY -= 0004 :H L9 3.5 f0B {44 1.2 6.1
07104 -- 1104 18 LA 7 1.8 1.5 118 153 L1 4.3
14004 - 1BM4 A3 4.4 1.7 156 |4k 0.7 0Lt
11704 ~ 25704 L] 3.3 .8 4.6 B3 138 173 6.7 0.2
W - 02103 5 1l it 4.0 50 13 178 o8 0.1
12205 -—- 14i03 ~ 99 3.8 T ¢.9 i3 B9 1% 1,2 01
19408 == 21405 73 57 4,3 1.0 4 112 17 bl 0.3
05 —~ 0408 &0 7.0 6.5 136 148 LB 0.t
Q210k «~ DhIDE a3 L [N} .0 5.1 NE 182 L4 B3
09405 -~ 13704 i I.E 1.2 [ 2,1 i3l 147 708
YES0h - I0408 100 )b 11 2.8 5.0 184 172 ;LS
231086 — 2710 1448 3T 2.9 b.0 1.4  %& 16% 3.6 0.8
ik -~ 0&SOT 160 3.8 1.7 £.8 L S T - 9 Y
02707 -~ 1207 95 b4 1.0 157 147 I
14407 - (8407 13 5.3 .3 g L3 % L2 L
10 - 2THT m 8.9 1.8 5.0 .} 188 15% EN Y
28707 -- 01/08 17§ 7. i.8 30 f.4 A 147 1.2 0.7
O4roR -~ 35106 lak Lt i.b 7.0 {4 202 150 .8 1l
15408 -- 15/08 137 T [N 3.0 L1 W 128 1.2 0.2
1as08 - 22/08 133 .0 Lt 174 153 21 &9
25/08 -- 297406 1 34 3.8 440 5,2 182 142 2.0 6,7
VLG == OFI0F (1} 7.4 [N LI T l.s 0.4
10§ - 12607 &7 &1 L LN 4 1M1l .3 0.7
15F0%F == 15409 130 {7 L S0 £ 130 145 2.3 0.3
/6T -= ZhMS 117 &1 £.2 5.0 LY our oun 2.8 0.4
45414 - 00112 105 7.2 .4 5.0 7 L 136 143 4 1.2
13410 - 17410 B2 5.8 [ L4 4.0 L b LE Gk
456 == 4110 132 %8 1.3 0.9 .z 87 1725 1.4 0.1
TG - J1e 33 .8 [ A [ /] i.5 w132 2. 0%
03711 == 0774 128 g1 b 2.0 1.E 85 14 2.0 0.3
101 - 43 7 5,4 [ N3 (44 181 Y 43
1711} -- Ui 143 3.6 1.8 FERY .5 0.2
248211 -~ 28/11 ki) 5.1 3.k 0.0 kP g8 159 LT LG
YIFLY - DESL2 a7 ET 3.0 o.f 102 3. LT
4812 -- 12412 5.2 1E 83 30 0T
13112 - 15713 4.7 Lo .4 [N i e 1.8
224D - TR 39 2.2
W4T - 3T Lt 7.7
05/01,/67-09/01 £.7 i3 90 .5 L9
12491 -= 13491 7 &7 3,z 4.0 3 W1 1.7 L.}
18401 -~ 23401 a8 S5 £.¢ iR 1.8 75 188 1.2 19
28401 -- TG40 5 £.5 5,2 a0 ;) 11 158 .o 0.& -
LB -- GRIGT M [ 3] Lé a0 5 8 2l 1.8 6.8
09702 -- L1102 1 i.2 3.5 0.6 .k i U8 1.2 0B
1670z -~ 0452 93 L3 3.5 1064 153 24070
2307 -- 19402 it 5.c b s a.b 131 13 PR )
GIEDS -- M3 87 V.3 B.4 0E 148 1,8 .0
A4Er 40E 164 5.2 1.8 L. 37T 13g if§ : 3.7
sid Bevietlon 2 I8 L N it 1.6 B.S



Tarber o Dooges oyt oo

e Sampling n Eolng CRgm s i e

cTtluent from Bio—-filters

Weeskly Averages of Daily Loads (kgs)
Feriod CoD Total Ortho Amamonia NO3 Alkal Hard Total
F F Fe
17/76003 —— 22703 A0 S8.7 48.8 183950 1948 i0
24/03 == Z22/03 9z 40,8 35.4 28, 0 47 1TBO.B 2184 10
F1L/0F == 04/04 20H4 2T. 4 BY.1 254,35 3TEB 45
OF /08 == 11/04 1993 113.5 ?S.2 S3.0 22 3522, 3P0z =
14/04 — 18704 1601 122.9 101.B Irg3.0 3834 i
21704 - Z25/1004 1208 85. 1 T4.35 3=80.4d 4488 2<
2B/E - QR2/05 ITVa 1,1 1.2 ST 0 121 27¥82.B 4351 1¢
12/0% —— 1&6/05 1277 1i2.1 1060.4 Q.G 69 1BBO.4 3273 26
19/05 -- 23703 1481 117.4 8%.7 22.0 TY 2257.4 3JSis 22
Z5/05 =— 30/05 1525 148.3 122.7 2414.8B 2791 31
O2/048 —— Q&/06 1713 8.3 BL.O gT.0 5 2443.10 33465 2d
O09/08 —— 13/06 1408 T7.1 =S0.&8 JI2TF.T 302 32
DRAOE —-— DTI04 J00g TES.T SB8.C¢ 12400 2 5455.0 3T44 &t
307048 —— O&/GT 2041 141.1 120,373 237.0 24 4T?5.8 4318 48
Q7T /OF — 11707 1972 8.3 65.5 4045.0 2931 38
14707 —~ 18/07 3412 145.9 1i7.7 119.0 #83 4098.8 34678 84
21/07 —— ZT/OT 5014 144,272 B2.2 105.9 69 4424.8 3T4H3 B4
28707 —— 1/08 4478 1T1.0 129.8 TB.0 3& 4945.8 3ITVR0 b
O4/08 —— nasog 4216 129.7 21.4 .1Bi1.0 346 5132.6 3820 T2
1170 —— 153/708 3321 187.2 149,272 Ti.0 26 4%987.46 3128 2q
18708 —-— 2Q2/0B 4033 20i.Z2 143.4 5210.5 4480 B3
IS/0B —— 29708 2294 110.2 TT.4 5.0 124 371i9.8B 28873 40
01/0% —— O7/09 1739 184.&68 1&3.2 ?ie.5 3@14 ird
g/ —— 12702 1294 163.1 121.35 10B.O &5 3A554.0 3460 &é&
18/0F —— 13709 368 121.5 g8.9 127.0 122 3F397.Z2 37?1 52
2209 —— 26/09 A000 i55.3 105.9  131.0 81 297oL.0 0 3367 art
G&/10 == 09710 2644 19S5S.0 145,46 133.0 174 34B0.2 3889 =
13410 —— 17/10 2680 120.8 134.2 131,90 131 30674 #1326 TT
2010 —— 24710 4409 i&1 ~ 116.4 Q.0 120 2204.0 4180 av
2T/10 == F1/10 3160 18T 137.2 138B.o 156 3303.&8 4454 Fif=
03/11 —— OT/11 4573 1BS.0 151.4 TOL0 &3 353V.0 SiST s
1011 —-=— 14/11 3104 212,00  146.9 3453.2 H5igs &i
1ITAL] - 21711 44TE 117.9 BS. 4 I415.0 8010 &1
z4/11 —— Z28/11 266 139.4 ?7T.8 0.0 4 23A7O. & 4290 P
D1I/12 == 05/12 1t44.2 13%.4 0.0 1948 290462 88
ngsL — 12712 14g. 4 1092 2344, 4 8&
19/12 —— 192/12 135.2 Ri. S && . G 217 1975.40 Bl
DI/ = 24712 115.7 105,7
oB/12 —— 31512 100, % Ta. S
AS/01/87-0%/01 110, 2 86.7 238646. 1 B
12/01 —— 16701 23T 132.&6 111.3 4,0 B 2180.4 4501 AB
19701 —— 23701 2712 LTI 147.8 O 4g 22&3.8 4903 i
2&/01 —-— 30701 1744 16%9.2 140.3 0.0 b IZ0T.0 41043 28
D2/02 —— D&/02 1663 191.0  111.7 G, 0 161 ZBEY.4 L4a98 =29
G2/02 —-— 13702 2233 11T.2 103.% .0 28 2456.8 4055 35
16/02 —— 30/072 2066 L2Z2.4 24,3 288602 5323 &7
DE/02 - 2R9/02 2ENS 181.3  148.3 53,0 224 AQT4, S6BZ2 &
G270 —— 057003 32T ZR0.&  260.4 8383.3 &80T Te
Qvarans 2628 140, 7 iog.B TALD 8 34i4.8 SH1b63 52
Std Ceviation 1095 45.5 37.5 aZ.8 =] 1212.7 1190 >4



Uabie I ety Sedpling EEAUFTT
Huays Taak Effigent
Reekiy Averages of Daily Copcentrationz

Period LOD Toti]l Oethe fAasomia  HOJ Chloride Alkal Hard Condyct  Tolal Dissolved
3 F fe Fg

01/07/85-05/07 210 uF i3 122 14

06407 == 12107 LT Le 14 134 12
15007 == 15407 LT | 138 136 LLE
2407 - Wi B oLy bE 15§ 15% 2.5

707 - 02408 ¥ L& L2 147 H:

05/06 -- ¢9/08 &8 i Lt 14} 115 4.2

12208 - 188 Ne LY L2 1y {bb b

%6708 — 30/00 3l ITL R 136 106 1.4

DR/8Y -~ 13/0Y ¥ Le 0T 164 [ .0

1a}o% - 20407 0Ly Wy " 120 .7

23008 - 08 LT 1.0 163 103 1.2

J0H0S - 0410 50 L1 0T 174 ik 0.%
20/01/B8-2410} ¥ nLE oL 197 93 '

2001 - /0l 132 81 DE ¥3 ¥k 1.1

17062 - 21402 A bk 0E B 223 0.2 4.0
02703 == 07443 LT .4 0.0 2.5 18 2 S T [ 03 0.l
10703 -- §5403 LU S P I N 4.1 158 i 14 Lk dt 0.0
13463 ~— 21/0] L7 T U P N N .5 13 120 i3 15 .B Lt
214403 -- 3903 7 02 Lo 2.+ 18p 7% J&k $2 LY 0.0
01~ 04704 2 L3 Db By 15 1.8 1.3
07104 ~~ 1ir04 2 1y B L0 418 %% lal 94 i.8 9.5
14704 =~ 1B/04 I¥IoOLE LS 124 &7 o 0.3 &l
2708 - 25104 WwW L2 63 00 (A L L nt 172 B¢ 6.5 0o
20004 == 02/05 LT LE 40 .2 7 97 1N B4 L2 6.3
12405 == 16035 e L1 L 00 kR I TY] T2 1% 81 1.1 &2
18705 ~- 23183 i s L% Lo 1B 186 8% |68 HB .1 0l
24/05 —- 30405 W Lz 5B {1t 134 L3 b
02/08 —- 25/0b % Lé bE 50 8.3 5 153 2.4 0%
0940b -~ 13108 L3 T 00 2.6 2 1% E I
16f0L -- 20704 1 LY LI &R0 L0 I8¢ 177 LIy Lz
20h - TEI0S B¢ s il LG i1 37 L4 7.8 L2
30706 ~- Q4407 B 23 LI e Ly 182 (LT B? 3.2 w7
0 - 1NN ]} OLY 03 15& 140 3.0 o.d
HhOT - 18007 L} B Y T S N 1T i RN E 73 3.& Lo
e - 270 104 31 LY L0 .6 150 1wy 13 " LY 05
87 == 1408 L1 S Y-S % A N 1.9 193 179 132 69 23 L
Q408 ~— 03108 L R L A L4 M ik 137 gt Le L2
11408 -~ 15/08 LS T S SN LT ik 18 12 87 64 B
16708 - 2208 g  3E L. i¢6 157 &2 0.4
T5i08 -- 19/08 LI S P A K L5 b 159 14l 1 1.7 8.3
09 -~ 07407 0 LI LY A0 29 182 1389 142 8 0.3 0.4
0BI0% — 12409 rL N BN N .7 L& e 3 ao LT LG
13709 -~ 15/0% Bl Lk AE L0 L ] 13 140 9 2.7 04
2T709 - 24409 1 24 2 e .8 92 8 13 7% 2.3 0.4
DE/ LD - 0310 S S A N 5.2 15k °% 135 9€ 3.e Lt
13110 -~ 1110 #0019 6t LD 43 13 FE. 4 g9 L. 0.3
20730 == 24710 LU 10 P N K Y b 2 i 51 Lo 6.2
014 == /0 8 LI LT 7.0 83125 013 i 2.2 4.k
03/4L - 0¥/ 83 73 LI ue £.3 145 w4 ) .6 05
10411 == 4411 b (N S Y 93 18 .4 0.3
17711 - 2844 0 LE L2 6.9 193 LA T Y § 1.3 04
w1 - WAL 8 L& L 0o 5,7 187 4 160 %2 2.0 0.5
01412 ~- 95712 3l L3 sd 00 3.3 IS &7 kL) .8 1.3
08/ 12 -~ 12112 1.2 B.E 36 - { L0 L&
13012 == 19712 FAT - T N O B 3.9 13 3t 4B L3 LT
AT - W2 3 R

B2 - NN Li o 0,8

SIH{ET-0%741 i b 35 2B LE
12798 -~ 16/ 1,8 GE 0.0 L8 13 S 160 8 LE 0t
15191 -- 23701 ™oLy 0 0 3.5 GE AT 11 1 1.3 0.9
it == 30701 Iy &E O O0G LT 1o O 198 IPE N
82102 == 0102 ¥ LI0f 00 5.0 &4t 207 i3 13 nd
09707 -- 13702 5 0. I 00 L3 33 e e L T (3
WRIGZ - 30997 LIS L 219§ LB Ol
12002 - 3940z LU 0 S S N SOW™ BE 164 .9 Ld
B33 ~— 0701 8 5.6 5 281 170 1.5 B¢
AVErisE it e LI hd i i 11: 15t B2 AN
St Jevistion W e i 1l Li & LT n 1.6 0.6



T gdtluent YrOR Uk Taaks T
Keekiy Averages od Daily Loads lkgs!

Feriod €00 Total OUrtho Amaoniz  MO3— Chilorlde Abkal HardTetal
P P Fe

17703 - 22/03 400 20.4  10.9 17,0 2002 =
03 -- 2993 S99 %2 3.1 3.0 3 231E f189.5 2089 13
31403 -- 04704 443 3.5 13.9 1683.0 3732 43
07/04 -- 11706 1037 .3 15,8 7h.0 112 471E 7433.4 3978 5
14704 — 18104 934 43¢ 28,5 3059.0 30BS {6
21004 - 35006 694 31,5 1.7 H50.2 4236 15
28004 -~ 02705 T 39,0 331 9.0 e 3187 2292, A0fZ 28
12705 -- 16705 1019 448 29.4 0.¢ T 330 t507.2 3292 25
15405 -- 23/03 584 50.8 3h.& A0 79 37SL 1%G).e 3332 4
26405 -- 30405 1257 937  48.% 2082.6 2434 4¢
02706 -~ 04708  BES 30.4 5.3 780 tib 1977.6 3J0ls 48
09706 -- 13706  BI3 26,7 8.8 2450.3 346 5t
23706 -~ 27406 |&4% 1441 13T.6 1370 BG 5878.0 3igs 49
30406 -- 04707 1206 542 32,0 288.0 35 5540 3%es.0 440% 10O
07/07 -- £1407  A24 30,27 9.B o470 2876 56
18707 -- 18707 2006 4%.6 27.1 4.0 85 3I®i1 J207.5 MW 99
20007 -- 27707 1182 h&.G 295 10t.0 52 3017 3T25.B MM W
28707 -- ci/oB 1802 78.4 A6 94,0 4T 4§31 4¢34.0 Iel2 G0
Q4708 -- 0B/GB 123 48,3 244 219.0 49§50 J8ITE w2 N0
11/08 == 1508 1445  vh. % 50,2 110.0 31 31 4100.4 28B% 14
LB/0R -- 22/08  EAO4  79.4 441 I67.3 &34 W
29/08 -- 29/08 1804 34,1 321 ee.C 55 3109 J04B.& 2680 33
01708 ~- 4709 1028 V5.6 38.3 3377.% /O3 25
0R709 -~ 12003 T2 192,88 46.% S0 A% 35&4 2940.6 408 4B
15/09 - 19469 1322 3%.0 1B.& 94,0 191 473 2507.4 J40B 53
72/09 -~ 26409 LO2Y S7.8  29.4 1740 6% 4756 2334k 3B 55
08H0 -- G910 1432 SB.¢ 30,5 1SEL.0 132 3994 2954.2 3500 %4
13000 -- 7710 1507 S59.4 27.3 126,06 135 AA1T 0 241Z2.4 39 S0
2090 -~ 24710 1533 56,3 28,1 0.0 D6 5475 167R.4¢ E29 12
A0 -~ 3110 2142 78,2 52.F 23L.0 149 113§ 2287.4 4294 12
63711 -- Q7/11 2213 7h.9 33,5 34,0 146 531 2616.2 5034 99
10711 -~ 14441 (T4 851 61.3 2761.5 3022
PRA1L - 2008t 3028 0.0 0.0 315 7588 14540 TE2E 9
AL - 20710 6 ALE 265 0.0 O 4304 128Z.5 A130 52
01712 ~- 93/12 1386 AL.9 - 15.3 0,0 14 4267 1824.8 3
0812 -~ 12112 Jjz.8 2% 1360, 4 o4
15/12 -~ 1912 893 14.2 3.2 H.0 178 3733 §53.0 89
2113 — 24712 Be.d 8.1
W2 — /L2 0.2 20,3
05/01767-09/04 8.4 15,4 1382.2 [}
12/81 -- 16701 1307 52,2 2.5 0,0 50 363%  1491.%F 4328 1|
19701 -- 23401 1890 79,1 35.6 0.0 8% 2349  1403.7 44} 42
4701 - 30401 107 40,0 2508 0.0 94 BO%E  2333.2 J9TI O
02702 -- D602  10RD 4, 21.2 0.0 141 53&3 1799.0 35997 7o
09702 -= 13402 1196 fb.7 8.1 8.0 &6 B840 1539.0 5@47 a4
16702 -- 3002 1280 6.5 1.4 1913.4 S/ 19
23102 ~- 29007 490 It 54T 6.0 216 1474 2672.0 5503 %0
02/03 -- 06/03  ITAE 1901.1 {7L3 BI08.5 L4346 52
fAverzge 131%  5&.3 32E 75,7 1027 A&7% 25B3.4 950 55
Sid Deviatian 523 JB.F 3.9 TR 58 183% 1307.7 li4% S



Table s GC. 4% _Uait C i Baspling Paint 0.7 i oo

= Hyue Tang "R € weatRerycie
¥eskly Averagas of Dzily Lamade (kgs!

Pariqd COb—Total—Drtho-Ausoniz—HU3—Chioride-Al kal—Hard-Total
P P Fe

10703 -- 1303 432 30,4 36,5 00 AR 200 2007.% 2072 &
103 -- 22/03 331 18,5 8.6 53,0 33 142 (506.2 1758 g
28703 -- 29403 SBY 10,0 L5 140 33 M52 13185 231 14
31403 -- 04704 44 188 7.4 04,5 1998 3
07704 -- 1704 538 18,3 16,6 40,0 5B 2451 13094 213
14/04 - 18404  GSi4 24,0 15,B 1657.2 2094 ?
21404 - 25704 356 16,0 &.1 1843,2 2148 B
28704 -= 02795 413 209 12,4 48,0 &0 1653 1225.4 2159 1&
12703 -- 16403 413 15,2 .2 0.0 30 1390 339.6 1139 4
(9703 -- 23705 431 24,0 15.4 23,0 30 147 735.2 1424 18
26405 -- 30/03 T 3. MY Bi7.8 982 LY
02/06 — 04706 Jog 1.7 2.3 34,0 54 &8%9.5 1097 1
0906 - 13706 217 ¢ 1.0 at3.7 1036 18
§h708 -- 20406 7.9 10,2
23/06 -- 27106 990 35.6 524 45,0 7R 2154,7 11BB 18
3606 -- 0407 823 384 20.9. 193.0 37 3708 7703.0 3004 48
07107 -~ L1107 S5i4 18.8 6.2 1904.9 1777 3
14407 —- 18/07 (328 £3,0 15.9 34,0 B¢  291F 49930 2070 43
/07 - 22007 1086 31.T A0 ALLD 32 §E28 1BOZ.H A94 W2
20/07 -- 61708 950 41,3 19,7 48,0 23 331 2084.2 1740 28
04/08 -- 08708 §12 251 1LF (1.0 22 414 (WSy {422 3§
1408 -~ 1508 879 35.7 23,4 480 |7 MALR 1913.4 1357 &
16708 -- 22/0B 992 436 25.3 2180.5 2218 %3
280668 ~- 29708 329 70,7 1LY 440 34 1935 (099.4 915 )¢
01709 -~ G7/08 392 434 14 1939.8 2007 15
0B/09 -« 12/0% 418 110.2 28,3 ZB.0 3B 195F  1AS3.B 1985 19
15/99 -- 1970% B34 21.6 0.1 S0 5B 271) 1391.8 1902 30
22109 -- 25709 o0 28.% 18,2 720 2% 1980 1203.6 6% 27
Go/i0 -- 09410 306 191 9.7 520 45 13h5 ey 11e 30
13410 -- 12710 900 34.8 15.9 79.0 84 3008 1351.0 2248 29
0000 -~ 28710 0 991 3[p 172 0.0 73 1% f0L3.§ 2599 20
A0 - L0 984 4C.0 28.4 FIL00 &7 1308 10%8.0 2076 29
03/11 -~ 02451 1067 .0 .1 130 5% 2107 123s,0 23R 10
1011 - 1441} 876 50.% 782 i&3t.4 2786 12
19 - 23111 1993 0.0 Fead IB6 4493 B&2,0 4518 ar
4L - 810 T 1993 9% 0.0 32 1857 460.8 1839 22
G112 -~ 05112 49 4.3 5.3 0.0 51 1508 643,2 I
0812 -~ 12/12 13.4  B.7 §32.2 36
15/12 -- 19412 441 5.5 L.7 1E.0  3& 7a0.0 .2 H
2112 -~ 212 £2.3 4.0
8712 -- 31{12 .8 7.2
03/01/87-09/01 12,0 4.3 571.6 29
§2001 ~- 16701 308 19,0 8.2 8.0 20 14§72 .7 1eBE 78
19701 -~ 23701  B74 46.4 8.9 02,3 2183 &
280010 -~ 30001 &16 tLE 29 00 35 3000 148.2 1443 8
02702 -- 06702 196 T. & 5.2 0.6 26 11BY 352.2 1133 1l
09702 -- 13402 457 63 30 0.0 25 3303 Mi.b 22 2
16702 —- 36702 506 [G.6  ILE 732.4 2076 ¢
23102 -- 29407 5B 14,3 233 000 10T 3526 i072.8 2140 35
03703 -~ Gb103 a7t 89,9 45,0 2203.0 1804 15
Average edé 6.4 145 368 4T 2244 j256.8 1908 25
Std Devyiation M OIRY 11,2 802 32 83930 3.3 A4 i4



Table : OC 13 Unit € : Saapling Point CPT
Effluant tn Katuration Ponds

ade—JL

et
3

Heeki ¥ ﬁverages—a{—l}a-i-i-y—hunua =g
Feriod CBD  Total drtho Aesoniz NB3 Chleride Alkal Haed Total
P P Fa

703 - 08704 B 14,4 h.4 786.3 {734 20
07/04 -- 11704 483 16,0 9.2 360 54 2267 1144.0 1548 2
14704 - 1BJ04 4% 1R 1.7 1361.8 1494 &
21404 -- 25504 1§ 154 4.2 1407.0 2088 7
28/04 -- 02405 363 1B.Y 10,7 45,0 586 (534 1044.8 1852 12
12705 =~ 18703 407 31.& 20,8 6.0 £2 1984 947.6 2133 21
19/05 -~ 23/0% 583 28,9 2{.2 39.6 S50 2344 986.¢ 1808 23
26105 -- 30405 M5 S48 &L,2 1264.8 1472 2B
42104 -- 04/06 517 18.7 9.4 380 & 1187.3 1920 31
09/06 -- 13706 33 17.7 5.8 1634,7 2112 33
23106 ~- 27106 1039  90.5 85,7 GBR.0 002 37237 1998 3t
Jer06 - Q4407 3B 1T.B 10.1 95,0 1B 1832 1283.0 1405 32
47707 -- 11707 L3 b 1t58.2 1100 22
14507 - 1B/07 482 25,3 1.2 12.0 22 993.¢ 1224.5 1304 33
2707 -~ 23407 1016 WLI 155 4.0 2 11B% 1923 119e 39
28707 -- GL/0B B8 A3 19,0 460 22 2220 2024, 1769
04/¢8 ~- 08708  H44 23,3 1.9 U180 24 2645 1@92.2 15B0C 33
11/08 ~- 13/06 76t #0.7 25,8 41.0 210 1997 2187.0 1528 7
18008 -- 22708 813 15.B 0.6 1767.0 18&0 &3
23/08 - 19408 673 334 0.8 250 21 117t 1949,0 1755 19
aLie -- 01709 36 3.4 2%, 14410 14%4 1
08799 -- 12/09 368 2.6 205 750 3t 1408 11BA. B 1424 29
15709 - 19708 hab  17.4  B.3 40,0 &4 2047 [115.4 1507 24
22105 -- 246499 0 8.8 14,2 102, 40 277h 113t,0 13582 28
0b750 ~- 09710 92%  39.2 0.E 100.0  B? 262%  ITIF.Z 2380 &3
13710 - 17790 ROV 2&.b  ML.& 47.0 51 1B0S g8t 4 1923 2
20016 -- 28710 &0 22,94 0.8 &0 N1 b66.0 15810 12
a0 -~ 3110 1158 38,2 24,3 1SE.0 102 2R3F 17386 2220 43
03281 -~ 07741 LIS 42,9 3L.1 2.0 B?  J408 1396.2 2634 47
11l == 141y I 387 257 1167.0 2148 1l
§7AL - 21 1238 0.0 0.0 128 1093 §92.¢ 10 32
4411 -- L 97T 2T 1.5 0.0 38 2340 38,8 2318 30
aLs1z -- 05412 897 2.6 10,0 0.0 33 2741 119l.& 48
08112 -- 12/12 1.4 i b44.8 29
15/12 - 19/12 552 B¢ 2.7 7.0 4y 2973 578,85 g
22417 -~ U2 4.0 4
28717 -~ JH12 iB. 4 13.0
45/0i/87-09/01 14.6 7.1 B1d.a {2
12701 — 16401 79% 3312 14,2 0.0 30 2547 920.2 2640 44
19/ -- 23401 398 TT.T 0.7 1093.0 2728 36
8761 -~ 30401 697 20,3 13,8 0.0 5% 509 1436.2 23%0 12
62/02 -- 0812 g84 332 2,9 .0 114 FiTh 144h.8 4844 3B
0%202 -- 13762 319,22 3.9 ¢.8 43 85537 945,4 3584 33
14792 -~ 02 it 5.7 {3 Tiel.¢ 3213 &3
362 -- 29797 907 12,8 3.5 0.0 HHE 3R4E 1849.7 23a7 36
02703 -- D80T Y272 141,21 1%8.4 6003.5 4630 ¥
Rverige 700 1.7 B3 81,6 37 25AF 1408, 3T 3
Std Daviation .- I TS U T ' S R O P 893.9 B3T 15



ANNEXURE E

Analysis method for Total Fe, §5G and Free Acid
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ANNEXURE E

ANALYSIS METHOD FOR FERRIC CHLORIDE/SULPHATE SOLUTIOR

L.

bt 4
L]

3

F

o

PROCEDURE FOR TOTAL Fe CONTENT

A.

AAR

REAGENTS

(i) 0,108 POTASSIUMDICHROMATE SQLUTION

Dissolve 4,903 grammes of A.R, potassium dichromate in 200mil
of dist:illed water and dilute to one litre with distilled
water in a volumetric flask,

(ii)  CONCENTRATED HYDROCHLORIC ACID C.P. (300 g/l HCI min.)

(111} MIXED ACIDS

To 700 ml of ¢old distilled water add 100ml of concentrated
,sulphuric acid with. caution. When -ambient temperature add
100ml of concentrated phosphoric scid and dilute' the mixture
to one litre. '

(1iv) STANNOUS CHLORIDE SOLUTION &% m/v

Dissolve 60g of stamnous chloride dihydrate C.P. in 300ml of
warm conceutrated hydrochloric geid. Cool and dilute to one
litre with distilled water.

{v) SATURATED MERCURIC CHLORIDE SCLUTIOM C.P., 7%

Dissolve 70g of mercuric chioride in 1 Q0Oml of hot distilled
water,

(vi) SODIUM DIPHENYLAMINE — &4 - SULPHONATE  2g/100ml, (SAARCHEM
CAT. No. 126200)

PROCEDURE

Welgh out 25ml of ferric solutien asccurately and tramsfer teo a 500ml
volumetric flask. Dilute to the mark with water., TInvert sufficient—
ly to ensure thorough mixing.

Pipette 2 25ml eliquot into & 500ml wide mouth Erlenmeyer flask. add
25ml of coucentrzted hydrochloric acid and hezt to beil. Add 6%
steznnous chloride solutiom dropwise until the vyellow colour 1is
discharged. Add z few drops in excess. Cool rapidly and add 10mi
saturated mercuric chloride solution and let stand for 10 minutes.
Add 30ml of mixed acids and dilucte the contents of the flask ro
200-300ml with distilled water. Adé 2,0ml of Sodium dipbenylamine
sulphonate indicator solution and titrate to & permanent purple end
point with 0,108 Po tassium dichromate solution.



With the same reagent and without the ferric sclution, perform 2
blank determinatien, Subtract the blank determination from che
titre.

C. CALCULATION

% Toral Fe = Titre (corrected) x 11,17
mass taken

(this should be 10 + 0,5% m/m}

2, PROCEDURE FOR FERROUS CONTENT

A, REAGENTS (same 25 mentioned under 1A4)
B. PROCEDURE

Pipette 3,0ml of £ferrie sulphate solution into a 300ml wide wmouth
Erlenmeyar flask. Add 15ml of concentrated hydrochloric acid solu-
tion and evaporate to dryaness on & hot plate. Cool the flask and
contents and redissolve the solids in 15ml of councentrated hydro-
chlorie acid solution, Dilute the flask and contents to 200-300ml
with distilled water., Add 30ml of mixed acids followed by L1,0ml of
barium diphenylamine sulphonate indicator solution Lo =z permanent
purple end point. Perform a2 blank determination as mentioned under
14 and deduct this figure from the titration figure,

C. CALCULATION

%2 Ferrous m/m = Titre {corrected) x 0,117
5.G. or the sample

(This should not exceed 0,06% mn/m)}

3. PROCEDURE FOR 8.G.

Use & hydrometer 1n the range 1,3 - 1,4 or 1,4 - 1,5 1f required.

4, TFREE ACID
A REAGENTS

{i} 0,108 Bodiumhydroxide solution, prepared from A.R. carbounate
free sodiumhydroxide pellets. The reagent shoulé be standar-
dised using potessium acid phthalate with phenoliphalein as an
indicator.

{ii) 18% Potassium fluoride solution. This reagent is preparad by
dissolving 180 grams of A.R. potassium fluoride, 800ml of
distilled water &nd dilutimg of ! Q00ml in & velumetric
flask., The pH of the reageat is adjusted to 8,5 using =z 1%
sodium hvdroxide solutiom,

{Method 1} FREE ACID

V21 4AN
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PRGCEDURE

Transfer 2,0ml of the ferric solution into & !00ml beaker. Add 10ml
distilled water and 10ml of potassiuc fluoride solurtion amd = TEFLON
coated magnet. Place on 2 wmagnetic stirrer, Inssert & pH probe {(glass-
silver ; silver chloride) coupled to z pB meter and titrate slowly to an
gud point of pHB,5 on the pH meter,

CALCULATION

% Free acid m/v = Titre x 4,9 % 100
2 x 1 000

(Method 2) FREE ACID

Measure 10ml ferric solution in. & 500ml Ecrbenmeyer flask, dilute the
volume to + 300ml with distilled water. Add 100ml 20% calcium fluoride
solution. Stir well and floe¢ out with 1-2 ml 0,7% "Magnafioe". 4dd 3
drops phenclphtaleen and titrate with LN ¥aOH Solution.

? 880, = IX4,9 x 100
10 x 8.G.



